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A new photochemical reaction of phenanthrenequinone (PQ), the reversible 1,4-addition of ethers, is described. 
In the resulting 1:1 adducts the original ether function is converted to an acetal group. Attempts to apply the 
photoreaction for cleavage of ethers by hydrolysis of the adducts have met with limited success; 3,8-methoxy- 
cholestane was converted to a mixture of cholestanone plus cholestanol in 50% yield while 3/S-methoxycholestene 
was not cleaved.

Since the first report of a light-catalyzed reaction of
9,10-phenanthrenequinone (PQ) in 1886,1 2 many in
vestigators, notably Schönberg and his collaborators, 
have described studies of four photochemical addition 
reactions of PQ and related o-quinones.2a’b These are 
the addition of sulfur dioxide to form a cyclic sulfate,3 
of olefins to form dioxenes,4 5 of aldehydes to give mono
esters of 9,10-dihydroxyphenanthrene,6 and of sub
stituted methylbenzenes to form 9,10-dihydro-9-keto-
10-hydroxy-10(X-benzyl)phenanthrenes.6 The extent 
of these investigations may be illustrated by the fact 
that olefin addition reactions involving at least thirteen
o-quinones and forty-five olefins have been docu
mented.4 This report describes the photochemical 
addition of ethers to PQ,8 representing the fifth example 
of what promises to be a very general class of reactions.

Irradiation of a suspension of PQ in dioxane resulted 
in isolation, after removal of excess dioxane, of a crystal
line 1:1 adduct (Ta)un 90% yield. The conversion of 
the ether to an acetal was confirmed by facile hydrolysis 
in the present of dilute mineral acid to give PQ in high 
yield.9 Further evidence on this point was provided

(1) H . K linger, B e r . ,  19, 1862 (1886).
(2) (a) A n ex c e lle n t g en e ra l su m m a ry  is to  b e  fo u n d  in  “ P rä p a ra t iv e  

O rgan ische  P h o to c h e m ie ,’’ A. S chönberg , S p rin g er-V erlag , B erlin , 1958; 
(b) c f .  a lso  “ U ltra v io le t  P h o to c h e m is try ,”  P . de M ay o , in  “ A d v an ces  in  
O rgan ic  C h e m is try ,” V ol. I I ,  In te rsc ie n c e  P u b lish e rs , N ew  Y o rk , N . Y ., 
1960, pp . 367 -425 .

(3) G . O. S chenck  a n d  G . A . S c h m id t-T h o m ee , A n n . ,  584, 199 (1953).
(4) R ef. 2a , p. 89 ff.
(5) R ef. 2a, p. 101.
(6) T h e  e a rl ie r  a s s ig n m e n t7®-0 of th e  9 -h y d ro x y -1 0 (X -b e n zy lo x y )p h e n an - 

th re n e  s tru c tu re  to  th e se  a d d u c ts  h a s  been  show n  to  b e  in c o rre c t; M . B. 
R u b in  a n d  P . Z w itk o w its , to b e  p u b lish e d .

(7) (a) A. B e n ra th  a n d  A. V on M ey er, J .  p r a k t .  C h e m . ,  89, 258 (1914); 
(b ) R . F . M oore a n d  W . A. W a te rs , J .  C h e m .  S o c . ,  3405 (1953).

(8) K lin g e r1 re p o rte d  th e  fo rm a tio n  of a  c ry s ta llin e  p ro d u c t on  ex p o su re  
of a d ie th y l e th e r  s o lu tio n  o f P Q  to  su n lig h t. T h is  p ro d u c t w as c o n v e rted  
to  th e  d ia c e ta te  of 9 ,1 0 -d 'ih y d ro x y p h en an th ren e  b y  h o t  ac e tic  ac id , b u t  w as 
n o t o the rw ise  c h a ra c te rized .

(9) T h e  a n t ic ip a te d  h y d ro ly s is  p ro d u c t, 9 ,1 0 -d ih y d ro x y p h e n a n th re n e ,
u n d erg o es  ra p id  a ir  o x id a tio n  to  PQ .

by the results obtained with 3/3-methoxycholestane (II) 
(visible-infrared).

The ultraviolet spectrum of la was rich in detail (six 
maxima) and corresponded closely to that of the 
adduct (Id) of benzaldehyde and PQ.10 This spectrum 
underwent marked change in alkaline solution as ex
pected of a phenol. Further confirmation that 1,4- 
addition across the dione moiety had occurred was 
provided by infrared and n.m.r. spectra. The infrared 
spectrum exhibited a strong hydroxyl band at 3.0 p 
and no significant absorption in the 5.5-6.05-m region. 
In addition to the expected complex absorption at low 
field characteristic of phenanthrenes and the phenolic 
hydroxyl group in the n.m.r., a quartet centered at
4.96 t  (O-CH-O) and a complex group of lines at 5.7-
6.3 r (O-CH-OH-O) were observed. The ratio o: the 
integrated areas of these three groups of lines was 
9 :1 :6 in agreement with the structure assigned.

The photochemical reversibility of the addition was 
demonstrated by irradiation.of la in refluxing benzene.11 
Analysis by chromatography on Florisil after irradia
tion for seventy-two hours indicated 69% la, 22% PQ, 
and 9% phenanthrenequinhydrone.12 This appears to 
approximate the photostationary state since a mixture 
of essentially the same composition was obtained from 
irradiation of an equimolar solution of PQ and dioxane 
under similar conditions. The amount of quinhydrone 
formed increased slowly on more prolonged irradiation.

Adducts similar to la were also obtained from tetra- 
hydrofuran (97% yield) and anisole (86% yield) As 
expected, the tetrahydrofuran adduct (lb) resulted from 
attack at the a- rather than the /3-position of tetrahydro
furan. This was clearly established by the n.m.r. spec-

(10) R . F . M oore a n d  W . A . W a te rs , J .  C h e m .  S o c . ,  238  (1953).
(11) I n  th e  ab sen ce  o f l ig h t l a  w as reco v e red  q u a n t i ta t iv e ly  a f te r  72 h r. 

reflux  in  ben zen e  so lu tio n .
(12) P h e n a n th re n e q u in h y d ro n e  p re su m a b ly  is  fo rm e d  b y  d im eriz a tio n  

of in te rm e d ia te  sem iq u in o n e  ra d ic a ls .7*3
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trum which showed a poorly resolved triplet centered at
4.96 r (O-CH-O), and multiplets centered at 6.34 r 
(C-CHr-O) and 8.49 t (C-CIR-C) with areas in the 
ratio of 1:2:4 in addition to the expected complex 
lower held absorption. Both lb and the anisole adduct
(Ic) had ultraviolet spectra essentially identical with 
that of la.

An intriguing aspect of this new addition reaction is 
the conversion of the normally unreactive ether func
tion to the readily hydrolyzable acetal or ketal group, 
suggesting the possibility of a convenient, two-step 
procedure for cleavage of ethers. As a model com
pound for investigation of this attractive possibility 
we selected 3/J-methoxycholestane (II). A further 
point of interest in this choice lay in the fact that two 
adducts, III and IV, are possible, resulting from reac
tion either at the primary or tertiary carbon atoms 
adjacent to the ether oxygen. Since acid hydrolysis of 
III would lead to cholestanol and of IV to cholestanone, 
this experiment also was expected to provide informa
tion on the behavior of unsymmetrical ethers.

In the event, irradiation of a benzene solution of PQ 
and II did lead to formation of adduct (s) as shown by 
spectroscopic examination of fractions separated by 
chromatography. The best fractions obtained, how
ever, were contaminated with II and contained about 
50% of adduct (based on ultraviolet spectra). Since no 
crystalline material could be obtained, the crude irradia
tion product was hydrolyzed directly in aqueous acidic 
dioxane. Chromatographic separation of the resulting 
mixture afforded recovered PQ, II (24%), cholestanol 
(15%), and cholestanone (4.2%). It is noteworthy 
that the 3.6:1 ratio of cholestanol to cholestanone which 
reflects a corresponding ratio of adducts III and IV is 
close to the 3:1 ratio would be predicted on purely 
statistical grounds.

Results previously presented represent the best yield 
of ether cleavage products obtained by varying time, 
temperature, and concentration of reactants. In an 
effort to improve these results we investigated the 
photochemical reaction of PQ and II in benzene-acetic 
acid and benzene-acetic acid-water solutions. It was 
anticipated that the presence of acetic acid would lead 
to hydrolysis of the adducts to cholestanol and choles
tanone (c/. reference 9) with concomitant shifting

of the photochemical equilibrium and thus provide in 
higher yield a one-step ether cleavage. This expecta
tion was realized to a limited extent. Irradiation of PQ 
and II for seventy-one hours in benzene containing 
15% of acetic acid afforded recovered II (30%), choles
tanol (15%), and cholestanone (35%), representing a 
two and one-half fold improvement in total cleavage 
product. Similar results were obtained in benzene- 
acetic acid-water solution. The change in cholestanol 
cholestanone ratio from 3.6:1 to 0.43:1 probably does 
not reflect a change in the ratio of adducts III and IV, 
since it was demonstrated that cholestanol undergoes 
oxidation under the conditions of the photochemical 
reaction.

A further limitation on any practical value of the 
ether cleavage reaction was revealed by irradiation of 
PQ and 3/3-methoxy-5-cholestene (V) in benzene or 
benzene-acetic acid solution. In addition to consider
able recovered ether there could be isolated by chroma
tography noncrystalline fractions with complex ultra
violet spectra. These apparently contained adducts 
formed by addition of the olefinic bond of V to PQ 
since they exhibited characteristic methoxyl absorption 
at 9.1 p and afforded unchanged spectra after attempted 
acid-catalyzed hydrolysis.

The photochemical behavior of a number of other 
quinones was also investigated in dioxane solution (or 
suspension). Tetrachloro-o-benzoquinone gave a 1:1 
adduct (VI) in 20% yield.13 14 * Benzil and acenaphthene- 
quinone underwent photochemical change as shown by 
infrared analysis of crude reaction product but no pure 
substances have been isolated from these reactions. 
p-Benzoquinone, 1,4-naphthoquinone, and 9,10-anthra- 
quinone were recovered substantially unchanged after 
prolonged irradiation.

The mechanism of photochemical addition and de
hydrogenation reactions of PQ is generally ac
cepted Wo.i-ta.b as being of a free radical nature. 
Moore and Waters have proposed that the benzaldehyde 
and p-xylene addition reactions involve abstraction of a 
hydrogen atom by an excited PQ molecule to give a 
semiquinone radical and a benzoyl or p-methylbenzyl 
radical. For the reactions described in this work, a se-

quence involving initial abstraction of hydrogen atom 
from the carbon adjacent to oxygen seems eminently 
reasonable. Both radical recombination and radical 
chain mechanisms have been suggested for the sub
sequent steps in the earlier additions although no ex
perimental evidence is available. We currently are 
investigating this question particularly with regard 
to providing an explanation for the occurrence of 1,2- 
addition with substituted toluenes and of 1,4-addition 
with aldehydes and ethers.

Experimental16
Photoirradiations.—Except where noted otherwise, the photo

irradiations were performed in an atmosphere of nitrogen using a
(13) T h e  low  y ie ld  is  p re su m a b ly  d u e  to  c o m p e tin g  p h o to re a c tio n s  o f  

te trach lo ro -o -q u in o n e  its e lf  s ince  ir r a d ia tio n  o f th e  q u in o n e  a lo n e  in  b en z en e  
so lu tio n  re s u lte d  in  p ro n o u n c e d  a l te ra t io n  of i t s  u l t r a v io le t  sp e c tru m .

(14) (a) H . L . J .  B ä c k s trö m , Z .  P h y s i k .  C h e m . ,  25, 99 (1934); N a t u r 

w i s s e n s c h a f t e n ,  22, 170 (1934). (b) G . O. S chenck , Z .  E l e k t r o c h e m i e ,  64, 997
(I9 6 0 ).
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General Electric 1000-w., water-cooled, high pressure mercury 
lamp (AH-6) with Corning 7-51 glass filter to eliminate radiation 
below 3000 A.

Photoadduct of Phenanthrenequinone and Dioxane (la).—A 
suspension of 1.00 g. of quinone in 20 ml. of dioxane15 16 was ir
radiated for 20 hr. The solid had completely dissolved and the 
characteristic orange color of the quinone faded to a pale yellow. 
The solution fluoresced strongly. Removal of excess dioxane 
under reduced pressure left 1.37 g. of tan solid which was washed 
through a column of 50 g. of Florisil with 500 ml. of benzene to 
give 1.21 g. (90%) of nearly colorless crystals of la, m.p. 105- 
106°. The analytical sample was obtained by recrystallization 
from isopropyl ether, m.p. 105-105.5°; Xma* (CH3OH) 249 m/i 
(sh) (44,000), 255 (51,000), 273 (14,000), 295 (9000), 307 (9000), 
327 (sh) (800), 343 (1200), 360 (1300); (0.1 M  NaOH, 40% 
dioxane) 256 mM (37,000), 335 (6000), 385 (sh) (2000); (KBr)
3 .0  m-

Anal. Calcd. for CisHieCh: C, 72.96; H, 5.44. Found: C 
72.93; H, 5.59.

Ia gave a negative ferric chloride test in alcohol solution.
Refluxing 331 mg. of Ia in benzene under nitrogen for 72 hr. in 

the absence of light gave 327 mg. of recovered starting material, 
m.p. 104.5-106°.

Extraction of a chloroform solution of Ia with five portions of 
5% aqueous sodium hydroxide afforded after acidification, etc., 
30% of Ia. The remaining 70% was recovered by evaporation of 
the neutral fraction.

Hydrolysis of Ia.—A solution of 29 mg. of Ia in 2 ml. of meth
anol containing 1 drop of concentrated hydrochloric acid was kept 
at 50° for 10 min. Sodium bicarbonate and water were added 
and the mixture concentrated under reduced pressure to remove 
methanol. The aqueous residue was extracted with ethyl acetate 
and these extracts, after drying and concentration under reduced 
pressure, yielded 26 mg. of orange solid. Recrystallization from 
ethyl acetate-petroleum ether gave 16 mg. (80%) of orange 
needles, m.p. 208-210°, identical with PQ.

Photoadduct of PQ and Benzaldehyde (Id).—This compound, 
m.p. 186-187°, was prepared by the procedure of Moore and 
Waters10-17 in order to determine the ultraviolet spectrum for 
comparison purposes; Xmax (dioxane) 249 mm (sh) (51,000), 254
(56,000), 274 (18,000), 295 (10,000), 306 (9000), 325 (1500), 341 
(1800), 359 (1900). The spectrum underwent rapid change in 
alkaline solution.

Photochemical Reversibility of PQ-Dioxane Addition.18—Two
experiments were performed in Pyrex flasks fitted with reflux 
condensers. One flask (forward reaction) contained 0.50 ml. 
(0.0117 mole) of dioxane and 1.207 g. (0.0117 mole) of PQ in 75 
ml. of benzene and the second (reverse reaction) contained 1.732 
g. (0.0117 mole) of Ia in 75 ml. of benzene, both in nitrogen 
atmospheres. Each flask was irradiated with a General Electric
S-4 mercury vapor lamp placed about 2 in. below the bottom 
of the flask so that reflux was maintained by the heat of the lamp. 
Aliquots of each were withdrawn after 24 and 72 hr. and analyzed 
by chromatography on Florisil. Elution with 50% benzene- 
petroleum ether, 90% benzene-petroleum ether, and pure ben
zene gave the adduct Ia; ethyl acetate eluted PQ; and methanol 
eluted phenanthrenequinhydrone (characterized by color reac
tions and by oxidation to PQ). The composition of the mixtures 
was as follows: after 24 hr., forward reaction, 63% Ia, 27% PQ, 
7% quinhydrone; reverse reaction, 76% Ia, 15% PQ, 8% quin- 
hydrone; after 72 hr., forward reaction, 72% Ia, 21% PQ, 6% 
quinhydrone; reverse reaction, 69% Ia, 22% PQ, 9% quinhy
drone.

Photoadduct of PQ and Tetrahydrofuran (lb).—The experi
ment was performed as described for the dioxane reaction. From
1.00 g. of quinone and 20 ml. of tetrahydrofuran (distilled over 
lithium aluminum hydride) there was obtained after chromatog
raphy on Florisil 1.10 g. (82%, 97% based on recovered starting 
material) of nearly colorless adduct (lb), m.p. 94-96°, and 0.16 g. 
of PQ (eluted with ethyl acetate). The analytical sample of lb

(15) M e ltin g  p o in ts  a re  c o rrec ted . N .m .r . s p e c tra  w ere  d e te rm in e d  in  
deu te rio ch lo ro fo rm  a t  60 M e. u s in g  te tra m e th y ls ila n e  a s  in te rn a l s ta n d a rd . 
M icro a n a ly ses  w ere p erfo rm e d  b y  W eiler a n d  S tra u s s  a n d  b y  G a lb ra i th  L a b 
o ra to r ie s . P e tro leu m  e th e r  w as a  f ra c t io n  of b .p . 6 6 -7 5 ° .

(16) P u rifie d  o v e r a lu m in a ; W . D o sle r a n d  C . D . B au e r, I n i .  E n g .  C h e m . ,  

A n a l .  E d . .  18, 52 (1946).
(17) T h e  a u th o rs  rev ise d  th e  e a rlie r  p ro p o sa l of a  cyclic p seu d o -e s te r  

s t ru c tu re  on  th e  b as is  of a s tro n g  b a n d  a t  5 .82  /x in  N u jo l. W e ob serv ed  
th is  b a n d  in  p o ta ss iu m  b ro m id e  a n d  in  m e th y le n e  ch lo rid e  so lu tio n .

(18) E x p e rim e n ts  p e rfo rm e d  b y  J .  Y ev ich .

was obtained by crystallization from isopropyl ether, m.p.
96.5-97.5°; Xma* (CIROH) 249 mM (sh) (48,000), 256 (54,000), 
272 (15,000), 295 (9000), 308 (9000), 326 (sh) (900), 345 (1300), 
362 (1400); (KBr) 3.0 m-

Anal. Calcd. for C18H160 3: C, 77.12; H, 5.75. Found: C, 
77.21; H, 5.98.

Photoadduct of PQ and Anisole (Ic).—Irradiation of a suspen
sion of 1.00 g. of quinone in 20 ml. of distilled anisole was con
tinued for 130 hr., when all the quinone had dissolved. Removal 
of excess anisole under reduced pressure left 1.50 g. of red-orange 
solid which was washed through a column of 50 g. of Florisil with 
500 ml. of benzene to give 1.30 g. (86%) of nearly colorless 
crystals, m.p. 93.5-96.5°. The analytical sample was obtained 
by recrystallization from isopropyl ether, m.p. 115-115.5°; Xmax 
(CH3OH) 249 mM (sh) (45,000), 254 (51,000), 270 (sh) (14,COO), 
295 (9000), 307 (9000), 328 (sh) (800), 343 (1200), 361 (1200); 
(KBr) 3.0 m- N.m.r., singlet at 4.25 r  (0-CH2-0 )  in addition to 
aromatic and phenolic protons.

Anal. Calcd. for C2iHi60a: C, 79.72; H, 5.09. Found: 
C, 79.43; H, 5.40.

Photoaddition of PQ and 3/3-Methoxycholestane (II) in Ben
zene.—A solution of 0.50 g. of quinone and 1.00 g. of II19 in 50 
ml. of dry benzene was irradiated for 92 hr. A 5-ml. aliquot was 
chromatographed on 10 g. of Florisil. Elution with 350 ml. of 
benzene and 100 ml. of 1% ethyl acetate-benzene afforded 113 
mg. of nearly colorless oil which could not be induced to crystal
lize; Xma* (dioxane) 251 mM (sh) (22,800), 257 (25,500), 271 (sh) 
(9000), 298 (4600), 310 (4600), 334 (1100), 364 (700); (CH2C12)
3.0 m, 6.1, 6.2. Elution with 100 ml. of ethyl acetate gave 33 mg. 
of PQ and with 100 ml. of methanol gave 22 mg. of quinhydrone.

Hydrolysis of Adduct(s) of PQ and 3/3-Methoxycholestane (II). 
—The crude reaction mixture from irradiation of 0.50 g. of PQ 
and 0.50 g. of II in 50 ml. of benzene for 72 hr. was dissolved 
(after removal of benzene) in 25 ml. of dioxane, and 5 ml. of 
water containing 0.5 ml. of concentrated sulfuric acid was added. 
Clear solution was heated on the steam bath for 1.5 hr., cooled, 
and excess sc lid sodium carbonate added. The mixture was 
concentrated to ca. 5 ml. under reduced pressure and the residue 
taken up in ethyl acetate. The layers were separated, the organic 
layer washed with water and saturated salt solution, dried over 
anhydrous sodium sulfate, and concentrated to dryness on the 
steam bath under reduced pressure. The benzene-soluble portion 
(545 mg.) of the yellow residue was chromatographed on 20 g. of 
Florisil collecting 200-mi. fractions. Elution with 20% benzene 
in petroleum ether gave 120 mg. (24%) of crystalline II.

Further elution with 90% benzene in petroleum ether and 
pure benzene gave 135 mg. of light orange solid. This was re- 
chromatographed on 4 g. of alumina collecting 40-ml. fractions. 
With 20% benzene in petroleum ether there was obtained 20 mg. 
(4.2%) of cholestanone, white crystals, m.p. 114-121°, identical 
by infrared spectral comparison with an authentic sample.20 
One recrystallization from methanol gave 11 mg., m.p. 127-129° 
(reported20 m.p. 129-129.5°).

Elution with 50% benzene in petroleum ether and pure benzene 
gave 72 mg. (15%) of cholestanol, m.p. 139-142° (reported21 m.p. 
140-141°), identical by infrared spectra with an authentic sample.

Irradiation of PQ and II in Benzene-Acetic Acid.—A suspension 
of 1.00 g. of PQ and 0.91 g. of II in 50 ml. of 15% acetic acid in 
benzene (v./v.) was irradiated for 71 hr. The quinone dissolved 
slowly and the solution became dark, wine red in color. The 
solvents were removed under reduced pressure on the steam bath 
and the dark residue was treated with three 5-ml. portions of hot 
benzene.

Chromatographic separation of the benzene-soluble portion on 
Florisil and alumina as described earlier afforded 274 mg. (30%) 
of II, 303 mg. (35%) of cholestanone, and 130 mg. (15%) of 
cholestanol.

Photooxidation of Cholestanol with PQ.—A suspension of 1.0 
g. of PQ and 1.0 g. of cholestanol in 50 ml. of 15% acetic acid in 
benzene was irradiated for 24 hr. The clear, wine red solution 
was concentrated under reduced pressure and the residue treated

(19) L. D u n n , I . M . H eilb ro n , R . J . P n ip e rs , K . M . S a m a n t, a n d  F . S. 
S p ring , J .  C h e m .  S o c . ,  1576 (1934); c f .  a lso  J . C . B ab c o ck  a n d  L. F . F ieser, 
J .  A m .  C h e m .  S o c . ,  74 , 5472 (1952). I n  o rd e r  to  e lim in a te  th e  p o ss ib ili ty  of 
c o n ta m in a tio n  b y  ch o le s tan o l th e  re c ry s ta lliz e d  e th e r  w as w ash ed  th ro u g h  
a lu m in a  w ith  p e tro le u m  e th e r .

(20) W . F . B ruce , “ O rgan ic  S y n th e s e s ,”  Coll. Vol. I I ,  J o h n  W iley  an d  
S ons, In c ., N ew  Y ork , N . Y ., p . 139.

(21) W . F . B ru ce  a n d  J . O. R a lls , i b i d . ,  p . 191.
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with three portions of benzene. The benzene-soluble material 
was washed through 50 g. of Florisil with 1.5 1. of benzene to give 
0.98 g. of faintly yellow, oily solid. This was chromatographed 
on 30 g. of alumina collecting 300-ml. fractions. Elution with 
petroleum ether and two fractions of 20% benzene in petroleum 
ether gave 0.275 g. (28%) of cholestanone, m.p. 125.5-128°, 
identical with an authentic sample.20 Elution with 50% benzene 
in petroleum ether and pure benzene gave 0.497 g. (50%) of re
covered cholestanol, m.p. 141.5-142.5°.

Photoirradiation of PQ and 3/3-Methoxy-5-cholestene (V).—A 
suspension of 2 g. of PQ and 0.91 g. of V19 in 70 ml. of benzene 
was irradiated for 94 hr. The dark, wine red solution was con
centrated on the steam bath to 10 ml., the 0.44-g. sample of un
changed PQ was filtered, and the filtrate washed through 50 g. of 
Florisil to give 1.19 g. of faintly yellow oil. This was dissolved in 
petroleum ether and chromatographed on 50 g. of Florisil, collect
ing 250-ml. fractions. Elution with four fractions of 10% ben
zene-petroleum ether, two of 20%, and one of 30% afforded0.29 
g. of nearly colorless oil, identical by infrared spectra with V.

Further elution with one fraction each of 30%, 50%, and 90% 
benzene-petroleum ether and one of pure benzene yielded 0.66 g. 
of faintly yellow oil; Xmax (dioxane) 251 m/x (sh) (39,000), 256 
(47,500), 272 (sh) (18,800), 305 (7500), 318 (9100), 335 (6000), 
373 (1500), 395 (770) (extinctions based on molecular weight of a 
1:1 adduct); (CH2CI2) 6.1 y, 6 .2, 9.1, no absorption at 2 .5-3.1.

Treatment of 287 mg. of the oil with aqueous acidic dioxane as de
scribed for the adducts of PQ and II afforded 262 mg. of crude 
product with essentially unchanged ultraviolet and infrared 
spectra. Repeated chromatography on Florisil failed to give any 
crystalline products.

Photoadduct (VI) of Tetrachloro-o-quinone and Dioxane.—A
solution of 3 g. of quinone in 90 ml. of dioxane was irradiated for 
14 hr. when the deep red color had faded to light orange. The 
excess dioxane was removed under reduced pressure without 
heating to give a tan solid which after one recrystallization from 
ethyl acetate gave 946 mg. (20%) of V as white needles, m.p.
159-161 °. The analytical sample was obtained by crystallization 
from ethyl acetate, m.p. 167-168°; Xmajt (dioxane) 291 my (sh) 
(2000), 298 (2400); (KBr) 3.05 y, no strong maxima at 5.5-6.05.

Anal. Calcd. for CidhACh: C, 35.96; H, 2.41; Cl, 42.46. 
Found: C, 35.78; H, 2.23; 01,42.28.

Attempted isolation of additional product yielded only solids 
with broad melting ranges.
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Methanethiol, benzenethiol, and thiolacetic acid added readily to allene under homolytic conditions. The 
initial attack of the corresponding thiyl radicals occurred quite selectively at the terminal positions of allene, to 
yield 1:1 and 2:1 adducts. The methanethiol-allene reaction has been studied in greater detail with the help 
of capillary gas chromatography, n.m.r., and infrared analysis. Allyl methyl sulfide, l,3-bis(methylthio)pro- 
pane, and l,2-bis(methylthio)propane were the reaction products. The yield of the 1:1 adduct (allyl methyl 
sulfide) varied between 40 and 75 mole % when the reaction temperature was changed from —75 to +17°.
l,3-Bis(methylthio)propane was derived from allyl methyl sulfide, whereas l,2-bis(methylthio)propane was 
mainly (>93%) derived from 2-methylthiopropene, the product of a center attack to allene. The selectivity 
of the initial attack of the thiyl radicals at the terminal positions of allene increased with decreasing reaction 
temperature. I t was found to be 88% at 17° and 95% at —75°. In the addition of thiolacetic acid to allene 
terminal attack by the thiyl radical occurs with about 91% selectivity, whereas the benzenethiol-allene reaction 
is less selective. At 17 ° only about 80 % terminal attack was observed.

Free radical reactions of diolefins containing isolated3 
and conjugated4-6 double bonds have been examined 
previously in this laboratory. This paper reports 
about the consequent extension of these studies to the 
cumulative double bond system of allene.

The over-all course of free radical addition reactions 
to allene is obviously dependent on the point of initial 
attack of the radical species which starts the chain. 
In the case of unsymmetrically substituted mono-7a 
and diolefins,6 it has been generally demonstrated that 
the reaction path involving the more stable of the 
possible radical intermediates is preferred. On this 
basis it might at first glance seem that initial attack 
at the center carbon of allene should be favored, since 
one can write a resonance-stabilized allylic radical

(1) C e n tra l  B asic  R esea rc h  L a b o ra to ry , E sso  R esea rch  a n d  E n g in ee rin g  
C o ., E sso  R esea rch  C en te r , P . O. B ox 45, L inden , N . J .

(2) A n a ly tica l R esea rch  D iv is ion , E sso  R esea rc h  a n d  E n g in ee rin g  C o ., 
P . O. Box 121, L in d en , N . J .

(3) A. A. O sw ald  a n d  F . N o e l, J .  O r g .  C h e m . ,  26 , 3948 (1961).
(4) A. A. O sw ald , B . E . H u d so n , J r . ,  G . R o d g ers , an d  F . N oel, i b i d . ,  27, 

2439 (1962).
(5) A. A. O sw ald , K . G rie sb au m , W . A. T h a le r, a n d  B . E . H u d so n , J r . ,  

J .  A m .  C h e m .  S o c . ,  84, 3897 (1962).
(6) A. A. O sw ald , K . G rie sb a u m , a n d  B. E . H u d so n , J r . ,  J .  O r g .  C h e m . ,  28, 

1262 (1963).
(7) C . W alling , “ F re e  R ad ica ls  in  S o lu tio n ,”  J o h n  W iley  an d  S ons, In c ., 

N ew  Y o rk , N . Y ., 1957: (a) p. 314; (b) p p . 321 -323 .

intermediate (I), whereas terminal attack leads to a 
vinylic radical (II). However, in view of the special 
geometry of the allene molecule, such a representation 
of the initial attack is certainly oversimplified. The 
incipient radical from a center attack resembles a pri
mary radical rather than an allylic one, since the orbital 
of the odd electron does not overlap with the 7r-orbitals 
of the remaining double bond.

This complication, though it might cause an increase 
of the activation energy for the center attack and 
possibly favor terminal addition, has never been dis
cussed in previous publications on this subject.

The question of terminal and center attack in free 
radical additions to allene has been answered differently 
by previous workers. Szwarc and co-workers8 have

(8) A. P . S te fan i, L. H erk , a n d  M . Szw arc, J .  A m .  C h e m .  S o c . ,  83, 4732
(1961).
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X—C H sr-i^C H , - X H> X—CH2—CH—CII2 ( +  X ) 
II

studied the rate constants for the addition of CF3 and 
CH3 radicals to allene and substituted allenes. They 
concluded from their work that the point of initial 
attack to the unsubstituted allene is dependent upon 
the polarity of the starting radical. Thus, the slightly 
nucleophilic9 methyl radicals were reported to attack 
at the center carbon atom, whereas the highly electro
philic trifluoromethyl radical was assumed to attack 
at the terminal positions.

On the other hand, Pullman10 suggested that free 
radicals generally attack at the terminal positions of 
allene. His prediction was based on a calculation of 
the radical polarization energies of the carbon atoms in 
allene.

Aside from these theoretical considerations and some 
thermally11'12 13 and photochemically18 induced reactions 
which yielded polymers of unidentified structures, 
there was only one known definitely free radical addition 
to allene when this work was started. Haszeldine and 
co-workers14 15 found that the photochemical addition 
of trifluoroiodomethane yields 4,4,4-trifluoroiodobut-l- 
ene by an exclusively terminal attack of the starting CF3 
radical on allene.
(F3CI — v)F3C- + CH2=0=CH2 —

FaC I
f 3c — c h 2— c = c h 2 — >- F,C—CH* - c i = c h 2( + f 3c  •)

Kovachic and Leitch16 claim to have added hydrogen

the consequence of a preferential center attack by the 
bromine atom in the first propagation step.
( H B r — > -)B r-  +  C H ^ C ^ C H , ----- s-

H B r
C H 2= C B r — C H 2 • — C H 2= O B r — C H .,( +  3 r  •)

However, the 2-bromopropenes also could have been 
formed by an ionic mechanism, analogous to the one 
reported for the addition of hydrogen chloride to 
allene.16

C H 2= C = C H 2 C H 2= C -  -C H 3 - i »

C H 2= C X — C H 3 ( X  =  C l, B r )

Having this somewhat conflicting literature informa
tion, we selected thiols17 as adding agents, since their 
reactions with diolefins in general can be carried out 
readily by an exclusively free radical mechanism to 
yield stable compounds.

Results

Mixtures containing 0.1 mole of a thiol, 0.3 mole of 
allene, and 0.001 mole of ¿-butyl hydroperoxide were 
irradiated in quartz tubes for different lengths of times 
and at different temperatures (Table I). The crude 
reaction mixtures were analyzed by gas-liquid chro
matography as well as n.m.r. and infrared spectroscopy.

T a b l e  I
E x p e r i m e n t a l  a n d  A n a l y t i c a l  D a t a  o k  T h i o l - A l l e n e  A d d i t i o n s

C en te r
C on  ver- Y ie ld“ ✓----------A m o u n t of co m p o n en ts  in m ix tu re , m o le  % ---------- . a t ta c k 6
sion  of of C H , on

T h io ls P erox ide T e m p ., T im e, th io ls , a d d u c t 1 allene,
R used a d d e d °C . hr. % m ix tu re R S— C H ,— C H = =CH, R S — (C H ,) ,— S R  R S — C H — C H ,— SR %

C H , M e th a n e th io l Y es 15-17 56 100 88 66= 15c 14
C H , M e th a n e th io l Y es 17 4 .6 6 100 87 76 12 12 11
C H , M e th a n e th io l Y es 17 1 .5 100 86 76 13 11 10
C H , M e th a n e th io l Y es 17 15 m in . 58 54 74 13 13 12
C H , M e th a n e th io l N o - 4 5 25 39 53 8 8
C H , M e th a n e th io l Y es - 7 5 12 100 71 57 37 6 6
C H ,— CO T h io lac e tic  ac id Y es 17 15 m in . 92 73 18 9 9
C ,H , B enzene th io l Y es 17-18 52 100 70 11 19 19
C .H , B enzeneth io l N o A m b ie n t 35 100 75 73 10 17 17
C»H, B enzen e th io l Y es 17 3 .5 100 83 72 7 21 21

« Based on thiol conversion and product distribution. 4 Based on the amount of VI in the product mixture leas the amount of VI 
formed from III. c Retention time, 6.8 min. d Retention time, 24.4 min. * Retention time, 22.7 min.

bromide and deuterium bromide to allene and deu- 
terated allenes by a free radical mechanism. The 
main reaction products were the corresponding 2- 
bromopropenes. Their formation was assumed to be

(9) A . R a jb e n b a c h  an d  M . S zw are, P r o c .  R o y .  S o c .  (L o n d o n ), 251A, 349 
(1959).

(10) B . P u llm an . J .  c h i m .  p h y a . ,  55, 790 (1958).
(11) S. L ebedew , C h e m .  Z e n t r . ,  I ,  1410 (1914).
(12) J . B. H ark n ers , G. B . K is tiak o w sk i, a n d  W . H . M ears , J .  C h e m .  

P h y a . ,  5, 684 (1937).
(13) S. C . L ind  an d  R . L iv in g s to n , J .  A m .  C h e m .  S o c . ,  55, 1038 (1933).
(14) R . N . H aszeld ine , K . L e ed h am , a n d  B . R . S tee le , J .  C h e m .  S o c . ,  

204 0 (1 9 5 4 ).
(15) D . K ovach ic  an d  L. C . L e itc h , C a n .  J .  C h e m . ,  39, 363 (1961).

The peaks in the gas chromatograms have been in
dividually identified by authentic compounds. The
g.l.c. results have been supported by semiquantitative
n.m.r. analyses. These were based on the relative 
areas of peaks which were characteristic of the indi
vidual components and which did not interfere with 
each other in the spectra of the reaction mixtures 
(Fig. 1).

The free radical character of these peroxide- and
(16) T . L . J aco b s  an d  R . N . Jo h n so n , J .  A m .  C h e m .  S o c . ,  82, 6397 (1960 ).
(17) W hen  th e  e x p e rim en ta l s tu d ie s  of th is  w ork  w ere  fin ished , w e le a rn ed  

of a  s im ila r in v e s tig a tio n  b y  T . L . J a c o b s  a n d  G . E . I ll in g w o rth  a t  th e  
U n iv e rs ity  of C alifo rn ia .
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Fig. 1.—Nuclear magnetic resonance spectra of methanethiol- 
allene adducts.

ultraviolet-catalyzed reactions has been demonstrated 
in the case of the benzenethiol-allene additions. 
Mixtures of allene and benzenethiol have been treated 
without any initiation, with ultraviolet initiation, and 
with a combined peroxide and ultraviolet initiation. 
The relative rates, based on the thiol decrease, were 
1:5.5:7.5, respectively.

Methanethiol.—The main part of the work has been 
carried out using methanethiol as the adding agent. 
This resulted in reaction mixtures consisting of rela
tively low boiling components which could be easily 
analyzed by capillary gas chromatography. Further
more, in the semi quantitative n.m.r. analysis of these 
mixtures the interference of the signals arising from the 
alkyl group of the starting thiol was reduced to a 
minimum (Fig. 1).

At 17° the reaction was half completed in fifteen 
minutes. After ninety minutes no unchanged mercap
tan could be detected. The colorless liquid reaction 
mixture consisted of allyl methyl sulfide (Ilia), 1,3- 
bis(methylthio)propane (IVa), and l,2-bis(methyl- 
thio) propane (Via) in the average molar ratio of

6.5:1:1. Methyl propyl sulfide also was formed from a 
propylene impurity in the starting allene. Only trace 
amounts of unidentified impurities showed up in the 
gas chromatograms, and none of the other possible 
reaction products Va or Vila were present.

If the reaction was carried out at lower temperatures, 
much longer reaction times were required. The mix
tures again consisted of the same components; how
ever, their ratio was considerably changed. Thus, at 
— 75° the yield of the monoadduct I lia  had dropped 
in favor of the 1,3-diadduct IVa and the actual ratio 
(Ilia:IV a:V ia) was 10:6.4:1.

These results can be generally explained by the 
following reaction sequences.

R S - C H 2- C H = C H 2 - h f i i h  R S — C H 2— C H 2— C H 2— S R  
III ^  IV

7 C H a

c h 2= c = c h 2v /.T  c h 3- c= c h  r s - c h - c h 2- s r

R = CH3 (a); CHr—CO (b); C6H6 (c)

It is obvious that the allyl methyl sulfide (Ilia) and 
the l,3-bis(methylthio)propane (IVa) originally are 
derived from a terminal attack of the thiyl radical on 
the allene molecule. The third reaction product, 1,2- 
bis(methylthio)propane (Via), however, can arise 
by three different routes.

Center attack of the thiyl radical on allene would 
lead to methyl 2-propenyl sulfide (Va), which could 
react subsequently with methanethiol to form the 
diadduct Via. If this were the exclusive reaction path, 
the per cent of Via in the reaction mixture could be 
related directly to the amount of center attack. The 
fact that no monoadduct Va was ever found is not 
surprising, since it has been shown recently by Shosta- 
kowskii and co-workers18 that the corresponding ethyl 
2-propenyl sulfide is very reactive towards ethanethiol 
and readily forms the corresponding l,2-bis(diethyl- 
thio)propane.

An alternate route to form Via starts out with a 
possible isomerization of allene to methylacetylene 
under the influence of ultraviolet irradiation or thiyl 
radicals. We showed in an independent experiment 
that methylacetylene reacts readily with methanethiol 
to form the diadduct Via. Therefore, the critical 
step would be the isomerization reaction. I t was known 
that allene does not isomerize below 320-400° in the 
absence of a catalyst.12 However, the combined effect 
of ultraviolet light and thiyl radicals on allene isomeriza- 
tions was not known. Therefore, the excess of allene 
from the addition reaction was analyzed by g.l.c. 
I t could be shown that no methylacetylene was present. 
Of course, this evidence is conclusive only if the thiol

(18) M . F . S ho stak o v sk ii, E . P . G rach ev a , an d  N . N . K u l’b o v s k a y a , Z h -  

O b a c h .  K h i m . ,  SO, 383 (1960).
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is added with about equal rates to allene and methyl- 
acetylene.

This could be confirmed by treating a mixture of the 
two with less than the required amount of thiol and 
analyzing the unchanged gaseous allene-methylacety- 
lene mixture as well as the liquid products formed. We 
can, therefore, rule out this route to Via under the 
prevailing reaction conditions.

The third route to Via, namely thiol addition to 
Ilia, is highly improbable in view of the general direc
tion of free radical additions of thiols to olefins.7a 
In independent experiments we could indeed show that 
this “reverse” addition occurs to less than 7%.

On the basis of these results it can be concluded that 
at least 93% of the l,2-bis(methylthio)propane forma
tion occurs through the vinyl sulfide Va and, therefore, 
reflects the amount of center attack to allene. At 17° 
center attack occurs with 12%, at —45° it occurs with 
only 8%, and at —75° the ratio drops to 6%. The 
situation is, however, just the reverse for the ratio of 
mono- (Ilia) to diadduct (IVa). At 17° this ratio was 
about 5:1 as compared to 1.5:1 at —75°.

Thiolacetic Acid.—Addition of thiolacetic acid to 
allene also occurred readily under the conditions de
scribed before. A mixture of the monoadduct Illb  and 
two diadducts IVb and VIb was formed (Table I). 
With the assumption that the previous conclusion 
concerning the mode of formation of the diadduct VIb 
can be generalized, terminal attack was found to occur 
with 91%. The molar ratio of the mono- (Illb) to the 
diadduct VIb is 4:1.

Benzenethiol.—The peroxide- and ultraviolet-cat
alyzed addition of benzenethiól to allene was completed 
in three and a half hours.

The crude reaction mixtures consisted of the mono
adduct IIIc, the two diadducts IVc and Vic, very little 
phenyl propyl sulfide, and between 5-10% unidentified 
impurities. The main impurity showed a single peak 
in the n.m.r. at the same position (1.45 p.p.m.) as the 
diadduct Vile. V.p.c. analysis of a blend, containing 
synthetic Vile and the crude benzenethiol-allene ad
duct, demonstrated, however, that Vile was not a 
product of the addition reaction. Fractional distil
lation of the reaction mixture largely confirmed the 
results of the g.l.c. and n.m.r. analyses. The per cent 
of the diadduct Vic in the reaction mixture was higher 
than in the two previous cases (Table I). I t was 
shown that less than 2% of Vic arises from the allyl 
phenyl sulfide IIIc. Assuming that benzenethiyl 
radicals do not isomerize allene, the amount of terminal 
attack is thus only 80%.

Discussion

The present work has shown that thiyl radicals add 
selectively to the terminal positions of allene. In the 
second propagation step, the vinylic type radical 
intërmediate then abstracts hydrogen from the thiol 
to yield alkyl (or aryl) allyl sulfides. The over-all 
reaction is, therefore, a 1,2-addition of a thiol to aliene.19® 
This reaction course is largely in line with Pullman’s 
theory. Since thiyl radicals are electrophilic species,19b 
one would expect, however, the same results on the 
basis of Szwarc’s prediction. Therefore, the infor
mation which was obtained in the present investigation

does not allow a decision between the two conflicting 
theories. Nevertheless, the thiol addition reaction 
might be a potential means of solving this question, 
using various para-substituted benzenethiols as adding 
reagents. A correlation between the nature of the sub
stituent and its effect on the selectivity of the reaction 
should give an indication as to the validity of Szwarc’s 
prediction.

The observed difference in selectivity between the 
thiyl radicals derived from methanethiol and thiolacetic 
acid on one side and benzenethiol on the other side is 
somewhat puzzling. Since the latter thiyl radicals 
are resonance stabilized and less reactive7b than the 
former ones, one might have anticipated an increased 
selectivity for the benzenethiol-allene addition. Even 
though the reverse has been observed, the effect is too 
small to suggest any definite conclusion.

The yield of the diadduct IVa is increasing at the 
expense of the monoadduct I lia  with falling reaction 
temperatures. It is believed that this effect reflects the 
higher reactivity of the monoadduct over that of 
allene. The first propagation step in this diadduct for
mation might involve a fast equilibrium of the following 
type.

f a s t
RS—CH2—CH=CH2 +  -SR

R S H
RS—CH2—CH—CH2—SR -— > RS—CH2—CH2-C H 2—SR

slow

The lower ratio of the diadduct IVc relative to the 
monoadduct IIIc in the benzenethiol-allene addition re
action seems to support this assumption. The enhanced 
stability of the resonance-stabilized thiyl radical, 
derived from benzenethiol, would favor the reversi
bility of the first propagation step and thus decrease the 
over-all yield of the diadduct IVc.

Experimental
Materials.—The allene and methylacetylene used were Math- 

eson products. Allene contained 0.038 % of propane and between 
0.5 and 7.3% (depending on the batch) of propylene; however, 
no methylacetylene was present. The thiols used were C.p . 
chemicals. All reference samples have been prepared by known 
methods, starting from the corresponding bromides or chlorides 
and sodium mercaptides. Characteristic n.m.r. parameters of 
them are listed in Table II.

Method of Analyses.—The adduct mixtures of methanethiol, 
thiolacetic acid, and allene have been analyzed by capillary gas 
chromatography. A Perkin-Elmer Model 226 linear programmed 
temperature gas chromatograph with a 200-ft., 0.02-in. i.d. 
Golay column coated with a mixture of 50% phenylsilicone and 
50% nitrilesilicone was used. Temperatures of the injection 
block and detector were 270° and 190°, respectively. The 
temperature of the column was first held for 10 min. at 50°; 
afterwards, it was programmed at a rate of 10° per min. up to 
160° and then maintained at that temperature isothermally until 
the end of the analyses. A CRS-1 digital chromatogram integra
tor (supplied by Infotronics Co., Houston, Tex.) was used for 
recording the peak areas. Data from the integrator were auto
matically transferred to a printer which in turn printed out peak 
retention times and peak areas on a printer tape.

The higher boiling benzenethiol-allene adducts were separated 
on a F & M Model 500 linear programmed temperature gas 
chromatograph with a 2-ft., 0.25-in. o.d. column. The column

(19) (a) N o t e  Ad d e d  in  P r o o f .— A f te r  th is  w ork  w as s u b m it te d  fo r 
p u b lic a tio n  w e le a rn e d  th a t  w o rk ers  a t  Shell [H . J .  V an  d e r  P lo eg , J . 
K n o te ru s , a n d  A. F . B ickel, R e c .  t r a v .  c h i m 81, 775 (1962)] co n c lu d ed  th a t  
th io l a d d itio n s  to  a llen e  a re  r a th e r  in d isc r im in a te . W e feel t h a t  th e ir  con 
c lu sio n  is  va lid  on ly  w hen  a  la rg e  excess of a llen e  is  u sed , (b ) W . A. Pryor> 
“ M ech an ism  of S u lfu r  R e a c tio n s ,’’ M cG raw -H ill B ook  C o., In c ., N ew  V o rk j 
N . Y ., 1962, p . 85. j  -------“— — —------------—  __

U H u i m W i j «  n j u i n t n « ™ - , ’'
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T a b l e  II
P a r a m e t e r s  o f  N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r a  o f  T h i o l - A l l e n e  A d d u c t s  

(Chemical shifts of structural units, p.p.m. downfield from tetramethylsilane internal reference; s, singlet; d, doublet; t, triplet;
q, quartet; m, multiplet)

C H ,

----------------------R S — CH s— C H — S— R-
-RS— C H ,— C H — CHa---------— .  *—R S — C H 2— C H 2— C H 2— S R —- |

R

C H 3

R S —  — C H 2—  

s 1 .94  d 3 .0 5 °

— C H =  

m 5 .77°

= C H ;  
m 5.021 
m 5.041

c
R S —  

s 2 .07

— S— C H 2 

t  2 . 57a

— e a 

rn 1 .82 “

R S —  

s 2 .08

— C H ,—  
q 2 .5 3 l ' ‘ 
q 2 .8 0  j

— C H —  

m 2 .86e

(— C H ,) 

d 1 .3 2 d

— S R  

s 2 .07

CH aCO — 8 2 .2 3  d 3 .4 9 “ m 5 .826 m 5.031 
m 5 . 16J

c
s 2 .29 t 2 . 90a m 1 .79 “ s 2 .32 d3 .1 0 V  

d 3 . 1 2 /  
q 2 .6 8  \ i 
m ca. 3 . 0 /

m 3 .67 " d 1 .27 “ s 2 .2 7 °

CfiHg m 7 .0 - 7 .5  4 3 .3 8 “ m 5 .82° m 4 .93  
m 5 .0 0 Jr m 6 .8 -7 .4  t  2 .8 4 “ m 1 .77 “ B *<i 0 m ~ 3 .0 J d 1 .33d m 7 .0 - 7 .4

J  = 7 c.p.s. 6 X part of an ABXY2 spin system, .7 = 9 c.p.s., 17 c.p.s., and 7 c.p.s. c AB part of an ABXY2 spin system, J ab
3 c.p.s., remote coupling constant 1 c.p.s. d J  = 6 c.p.s. e X part of an ABXY3 spin system, / Ax = 9 c.p.s., J Bx = 12 e.p.s., J x y  = 
7 c.p.s. f  AB part of an ABXY3 spin system. CX part of an ABXY3 spin system, / Ax  =  9 c.p.s., J b x  =  7 c.p.s.
h AB part of an ABXY3 spin system. 1 AB part of an ABXY3 spin system not sufficiently resolved for detailed assign
ments. ’ X part of an ABXY3 spin system not sufficiently resolved for detailed assignments.

packing consisted of 3% Dowfax 9N40 (obtainable from Dow 
Chemical Co., Midland, Mich.) on 60-80-mesh Gas Chrom P.

Operating conditions were as follows: detector cell temperature, 
370°; detector cell current, 150 ma.; injector part temperature, 
295°; helium flow at exit, 60 cc./min.; column heating rate, 
5 .6°/min.; starting column temperature, 100°; finished column 
temperature, 225°; sample size, 0.5 ¡A.

The crude reaction mixtures were analyzed as such or after re
moval of the excess thiol. The components were identified by 
comparison of their retention times with those of the pure com
pounds. In addition to that, blends, containing the reaction 
mixture and the authentic compound, were individually run for 
each component. The added components showed up in the area 
of the respective peaks and did not cause any change (broadening 
or splitting) in the shape of the peaks.

The response factors for the adducts of methanethiol and al- 
lene have been determined with synthetic blends of the individual 
components. I t was found that the relative areas can be directly 
related to the weight per cent.20

Allene and the allene-methylacetylene mixtures were analyzed 
on the F & M Model 500 gas chromatograph, using a 10-ft. 
column, packed with 20% dimethyl sulfolane on Chromosorb P. 
The column temperature was maintained at 30°.

N.m.r. spectra were recorded and integrated on a Varian 
Model A-60 proton resonance spectrometer. The infrared spec
tra were obtained using a Baird recording spectrophotometer, 
Model B.

Addition of Thiols to Allene.—In a 100-ml. quartz tube 12 g. 
(0.3 mole) of allene was condensed at —80°; 0.1 mole of a mer
captan and 0.001 mole of ¿-butyl hydroperoxide were added. 
The sealed tube was placed into a temperature-controlled water 
(17 ±  1°) or “Freon 11” bath. A 100-w. Hanovia ultraviolet 
immersion lamp was placed about 5 cm. from the reaction tube. 
If the reaction was carried out below room temperature, the lamp 
was surrounded by a quartz mantle to avoid excessive cooling of 
the lamp.

After an arbitrary period of reaction time the tubes were 
opened at —80°. If methanethiol was the adding agent, the 
excess gases subsequently were passed through a saturated 
methanol solution of lead acetate and a wet test meter to deter
mine the unreacted thiol and allene selectively. The lead-bis- 
methyl sulfide was determined gravimetrically. In the benzene- 
thiol-allene reaction mixtures the excess thiol was titrated 
potentiometrically with silver nitrate and was removed by wash
ing with a 5% aqueous sodium hydroxide solution. The re
maining crude reaction mixtures were in all cases colorless or 
slightly yellow liquids, depending on the reaction times.

In one experiment, 9.1 g. of a crude benzenethiol-allene adduct 
mixture was distilled to yield 4.7 g. (51.7 wt. % as compared to 
56% by g.l.c. analysis) of allyl phenyl sulfide, b.p. 68-69° (1 
mm.). The remaining mixture of higher boiling diadducts was 
subsequently analyzed by g.l.c. and n.m.r.

Addition of Methanethiol to Methylacetylene.—A mixture of 
4 g. (0.1 mole) of methylacetylene, 9.6 g. (0.2 mole) of methane
thiol, and 90 mg. of ¿-butyl hydroperoxide was irradiated in a 
sealed quartz tube for 4.5 hr. at 15°. The crude reaction product

(20) See also N . D . Nogare and R . S . Ju ve t , J r . ,  “ G as L iq u id  Chrom a
to g rap hy,”  Interscience, New  Y o rk , N . Y .  1962, p. 197.

(11.8 g., 86%) was a colorless liquid. G.l.c. analysis showed 
that it consisted with 93% of the diadduct, Via, b.p. 84° (20 
mm.).

Anal. Calcd. for C6H12S2: C, 44.07; H, 8.87; S, 47.06. 
Found: C, 44.31; H, 8 .86; S, 47.06.

Addition of Methanethiol of a Mixture of Allene and Methyl
acetylene.—A mixture, containing 0.05 mole of allene and 
methylacetylene each, 90 mg. of ¿-butyl hydroperoxide, and 0.05 
mole of methanethiol was irradiated in a sealed quartz tube for 
1 hr. at 15°. The unchanged gaseous allene-methylacetylene 
mixture and the liquid reaction product were analyzed by g.l.c.

Aliene M ethylacetylene
Mole % at start 48 52
Mole % after reaction 53 47
Mole % product derived from 52 48

The discrepancy in the analyses of the unchanged gases and of the 
liquid reaction mixture might be due to the fact that two different 
chromatographic instruments were used.

Addition of Methanethiol to Allyl Methyl Sulfide.—Mixtures 
containing 2 g. (0.023 mole) of allyl methyl sulfide, 1.2 g. (0.025 
mole) of methanethiol, and 10 mg. of ¿-butyl hydroperoxide were 
irradiated in sealed quartz tubes for the indicated lengths of time 
at 17°. The reaction products were analyzed by g.l.c. and n.m.r.

Reaction  tim e, Y ie ld  of crude R atio  of the d iadducts in  m ixture
h r. adduct, % IV a V ia

2 94 93 7
18 100 94 6

Relative Rates of Benzenethiol-Allene Additions Dependent 
on the Initiation.—Mixtures of 0.3 mole of allene and 0.1 mole of 
benzenethiol reacted for 20 min. at 17° under the indicated dif
ferent conditions. At the end the amount of unchanged benzene
thiol in the liquid reaction mixture was potentiometrically titrated 
with a silver nitrate solution.

Reaction U ltrav io le t
i-B u ty l
hydro

Th io l
reacted, R e la tiv e

vessel irradiation peroxide % rates
Glass tube No No 11.7 1
Quartz tube Yes No 65 5.5
Quartz tube Yes 0 .001% 87.5 7.5

Addition of Benzenethiol to Allyl Phenyl Sulfide.—Allyl pheny 
sulfide (7.5 g., 0.05 mole) and benzenethiol (5.5 g., 0.05 mole) 
were irradiated in the presence of 10 mg. of ¿-butyl hydroperoxide 
at 17°. After 2 hr. only 53% of the thiol had disappeared. 
The crude reaction product was washed with a 5% aqueous solu
tion of sodium hydroxide and water. The dried (over sodium 
sulfate) product was analyzed by g.l.c. I t consisted of 98% of
l,3-bis(phenylthio)propane and 2% of l,2-bis(phenylthio)pro- 
pane.

Independent Syntheses of the G.c. Reference Samples.—
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The monoadducts have been prepared by the method of Price 
and Gillis.21 Allyl methyl sulfide21: b.p. 93.5-95°; infrared,22
3.27 (=C H ),23» 5.45 (overtone to = C H 2),23b 6.14 (C =C ),23c
10.95 fi (=CH2 deform.).23d Allyl acetyl sulfide: b.p. 48-49° (27 
mm.) (Anal. Calcd. for C5H8OS: C, 51.69; H, 6.94. Found: 
C, 51.98; H, 6.97); infrared, 3.26 (=C H ),23a 5.45 (overtone to 
=C H 2),23b 6.13 (C=C),23” 10.90 M (=CH2 deform.).23-1 Allyl 
phenyl sulfide24: b.p. 51-52° (0.4 mm.); infrared, 6.12 (C=C 
olefinic.),230 10.90 /i (=CH2 deform.).23d

The diadducts have been prepared by the general method of 
Mann and Purdie.26 l,3-Bis(methylthio)propane26: b.p. 99- 
100° (27 mm.); infrared, 3.45, 7.0, 7.95, 8.04, 10.50 M. 1,3-Bis- 
(acetylthio)propane: b.p. 105-106° (2 mm.) (Anal. Calcd.

(21) C . C . P rice  a n d  R . G . G illis, J .  A m .  C h e m .  S o c . ,  76 , 4750 (1953).
(22) F o r  th e  m o n o a d d u c ts  th e  b a n d s  c h a ra c te r is tic  of th e  do u b le  bo n d  

a re  rep o rte d . F o r  th e  d ia d d u c ts  th e  s tro n g e s t b a n d s  of th e  sp e c tru m  are  
rep o rte d  w ith o u t co rre la tin g  th e m  to  p a r t ic u la r  s t ru c tu ra l  e lem en ts .

(23) L. J .  B e llam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M o lec u le s ,” Jo h n  
W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1959: (a) p . 43; (b) p . 50; (c) 
pp . 35 -3 8 ; (d ) pp . 4 9 -51 .

(24) C . D . H u rd  a n d  H . G reen g a rd , J .  A m .  C h e m .  S o c . ,  52, 3356 (1930).

for C7H12O1.S2: C, 43.73; H, 6.29. Found: C, 43.53; H, 6.25); 
infrared, 3.40, 5.90, 6.97, 7.39, 8.07, 8.80 1,3-Bis(phenyl- 
thio)propane26: b.p. 170-171 ° (0.3 mm.). l,2-Bis(methylthio)- 
propane: b.p. 90.5-91° (27 mm.) (Anal. Calcd. for C5Hi2S2: 
C, 44.06; H, 8.87; S, 47.06. Found: C, 44.45; H, 9.01: S,
47.1); infrared, 3.36 and 3.43, 6.99, 7.29, 7.60, 7.94, 8.17, 8.43, 
9.05, 9.38, 9.83, 10.47, 14.82 y. 1,2-Bis(acetylthio)propane: 
b.p. 70-72° (0.2 mm.) (Anal. Calcd. for C7Hi20 2S2: C, 43.72; 
H, 6.29. Found: C, 43.59; H, 6.15). l,2-Bis(phenylthio)- 
propane: b.p., 158-160° (0.3 mm.) (Anal. Calcd. for Ci6H1#S2: 
C, 69.18; H, 6.19; S, 24.63. Found: C, 69.50; H, 6.36: S, 
24.75); infrared, 3.29, 3.40, 3.45, 6.34, 6.77, 6.97, 7.32, 8.50,
9.20, 9.77, 13.50, 14.50 M.

Acknowledgment.—The authors wish to thank A. M. 
Palmer and G. F. Shea for technical help and Miss M. 
J. Doolan for the g.c. analyses.

(25) F . G . M a n n  a n d  D . P u rd ie , J .  C h e m .  S o c . ,  1557 (1935).
(26) See also S. M a th ia s , B o l .  F a c .  F i l o s o f . ,  c i e n c .  l e t r a s ,  U n i v .  S a o  P a u l o ; 

Q u i m .  N o .  1 ,  14, 75 (1942).
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This investigation has established for the first time the occurrence of a transannular reaction between sulfoxide 
and ketone groups, with protonation, across a seven-membered ring: l-thiacycloheptan-4-one 1-oxide (III)
with perchloric or fluoboric acid gave the corresponding 5-hydroxy-8-oxa-l-thioniabicyclo[3.2.1]octane salt 
(IVa,b), with an oxygen bridge between the sulfur and the carbonyl carbon. The bicyclic fluoborate was methyl
ated with 2,2-dimethoxypropane to give 5-methoxy-8-oxa-l-thioniabicyclo[3.2.1]octane fluoborate (IVc). 
Hydrolysis of both the bridgehead hydroxy and methoxy salts occurred so readily that all operations had to be 
conducted in a dry box. We found it hazardous to work with the perchlorate salts in this bicyclic series.

In an investigation of the occurrence of transannular 
interactions and reactions of diametric sulfoxide and 
ketone groups in medium rings (eight-eleven members), 
monocyclic l-thiacyclooctan-5-one 1-oxide (I) was con
verted to a bicyclic perchlorate salt by transannular 
reaction involving protonation of the carbonyl oxygen.2 
The protonic salt and its methoxy and acetoxy deriva
tives were shown to have 1-thioniabicyclo [3.3.1 ]nonane 
structures (II), with an oxygen bridge between the sul-

Ila, R = H
b, R = CH3
c, R = COCH3

fur and the carbonyl carbon. This type of bridging 
generates two six-membered rings from an eight- 
membered ring rather than two five-membered rings, 
as would have been the case had sulfur acted as the 
donor. The action of oxygen of the sulfoxide as the 
donor suggested that in the seven-membered ring sys
tem, l-thiacycloheptan-4-one 1-oxide (III), similar 
bridging could lead to a probable structure of the 1- 
thioniabicyclo [3.2.1 [octane type (IV) consisting of a 
five- and a six-membered ring, whereas the result of 
direct sulfur-carbon bridging would be a structure con
sisting of four- and five-membered rings, thermody
namically unstable under the reversible conditions of 
salt formation.

(1) S u p p o r t of th is  w o rk  b y  research  g ra n ts  (N S F -G 6040  a n d  N S F - 
G 14121) from  th e  N a tio n a l Science F o u n d a tio n  is g ra te fu lly  acknow ledged .

(2) N . J .  L e o n ard  a n d  C . R . Jo h n so n , J .  A m .  C h e m .  S o c . ,  84, 3701 (1962).

IVa, R=H, X = C104
b, R=H, X = BF4
c, R=CH3, x = b f 4

A test of the ability of III, and possibly of a six- 
membered-ring compound of the l-thiacyclohexan-4- 
one 1-oxide type, to undergo transannular reaction is 
also of theoretical interest because it should provide 
information concerning the lower limits of ring size for 
this phenomenon to occur. The lower limit for trans
annular bond formation, accompanying protonation, 
between diametric tertiaryamine and ketone3 or sulfide 
and ketone, functions4-6 is presently at the eight-mem- 
bered ring. However, when an additional atom is intro
duced between amino nitrogen and the 4-carbon of a six- 
membered ring in configuration and conformation favor
able for reaction, a bridge may be formed creating two 
five-membered rings in an azoniabicyclo [2.2.1 [heptane 
system. Thus, Bell and Archer6 have shown that the salt 
of 3 a-phenyl-3/3-tropanyl phenyl ketone exists mainly

OH
+ I

in a transannular bridged structure (> N —C—C <) 

and Polonovski and Polonovski7 reported that scopin-
(3) N . J .  L e o n ard , R . C . Fox, an d  M . O ki, i b i d . ,  76 , 5708 (1954).
(4) N . J . L eo n ard , T . L . B row n, an d  T . W . M illigan , i b i d . ,  81, 504 (1959); 

82, 4075 (1960).
(5) C . G. O v erb erg er an d  A. L usi, i b i d . ,  81, 506 (1959).
(6) M . R . Bel! a n d  S. A rcher, i b i d . ,  82, 151 (1960).



1958 L e o n a r d  a n d  R ip p ie V o l . 28

+
ium tropate (containing > N—0 —C <) is formed when 
/-scopolamine is treated with hydrogen peroxide. In 
carhocyclic systems, Cope, Liss, and Wood3 have pro
vided an example of a proximity effect operating across 
a seven-membered ring, by detection of 2.4% of trans- 
annular products in the solvolysis of cycloheptene oxide 
with dilute hydrochloric acid; further, by careful prod
uct isolation procedures evidence was found for trans- 
annular participation to the extent of 0.3% in a six- 
membered ring analog.

The synthesis of the required l-thiacycloheptan-4- 
one 1-oxide (III), m.p. 75.5-76°, was accomplished by 
oxidation of l-thiacycloheptan-4-one7 8 9 with aqueous 
sodium metaperiodate.10 The infrared spectrum of III, 
as in the case of the analogous eight-membered ring 
compound, showed no anomaly. The ultraviolet spec
trum in cyclohexane solution exhibited a maximum cor
responding to the low energy carbonyl transition at 287 
m/i and a second maximum at 217 m/x, which is in the 
region of absorption of some model sulfoxides. The 
absorption curve did not show an intermediate maxi
mum such as that observed for l-thiacyclooctan-5-one
1-oxide (I), i.e., at 235 m^, responsive to solvent 
change.2 The electron donor and basic characteristics 
of sulfoxides have been demonstrated by the obtain- 
ment of salts with perchloric acid.11 Addition of 70% 
perchloric, 48% and 70% fluoboric, and 70% nitric acid 
to ether solutions of l-thiacycloheptan-4-one 1-oxide 
uniformly failed to produce any separation of salt. 
We ascribe the failure to the presence of water, which 
has been shown to hydrolyze 5-hydroxy-9-oxa-l-thionia- 
bicyclo [3.3.1 [nonane perchlorate (Ha) very rapidly.2 In 
order to reduce the water content of the acids a distribu
tion of the strong acid between its concentrated aqueous 
solution and ether was utilized. Upon admixture of a 
saturated ethereal solution of the sulfoxide-ketone and 
the appropriate ethereal-distributed acid, only perchloric 
acid among the three cited before produced an ether- 
insoluble salt. The mixture resulting from the addition 
of ethereal-distributed perchloric acid to the sulfoxide 
ketone in ether was allowed to stand six hours in a 
nitrogen-filled dry box, or until the salt had separated 
completely and the supernatant was clear. The micro
crystalline perchlorate was triturated with fresh an
hydrous ether. The salt-ether suspension was filtered 
through a coarse glass fritted filter. It was advisable 
because of the electrostatic and explosive nature of the 
perchlorate to perform all transfers of the salt as an 
ether slush and to perform microanalytical and spectral 
analyses immediately when the salt reached constant 
weight. The salt underwent rapid decomposition when 
dry. An attempt to obtain a I80-mg. sample failed 
when the sample exploded in vacuo. A better acid—■ 
nonaqueous, nonoxidizing, strong,12’13 and having an 
anion of low nucleophilicity—-to employ in salt forma
tion was anhydrous hydrogen tetrafluoborate.14 A

(7) M . P o lo n o v sk i a n d  M . P o lonovsk i, B u l l .  s o c .  c h i m . ,  [IV ] 43, 79 
(1928 ); C o m p t .  r e n d . ,  186, 277 (1927).

(8) A .  C .  C ope, T . A. Lies, a n d  G . W . W ood, C h e m .  I n d .  (L o n d o n ), 823 
(1956); J .  A m .  C h e m .  S o c . ,  79, 6287 (1957).

(9) C . G . O v e rb e rg e r a n d  A . K a tc h m a n , i b i d . ,  78, 1965 (1956).
(10) N . J . L e o n a rd  a n d  C . R . Jo h n so n , J .  O r g .  C h e m . ,  27, 282 (1962).
(11) J .  de P a sc u a l T e re sa , A n d i e s  s o c .  e s p a f i .  f i s .  y  q u i m . ,  45B, 235 (1949); 

C h e m .  A b s t r . ,  44, 3935 '(1950).
(12) E . L. M ack o r, A . H o fs tra , a n d  J .  H . v a n  d e r  W aals , T r a n s .  F a r a d a y

S o c . ,  54, 66 (1958).
(13) E . W ilk e -D o rfu r t, Z .  a n g e w .  C h e m . ,  37, 712 (1924).

stoichiometric quantity of distilled boron trifluoride 
ethereate was brought into contact with freshly con
densed dry hydrogen fluoride. To the fuming oil an
hydrous ether was added in a dry box. After shaking 
and allowing the solution, in which some of the oil was 
suspended, to settle, dropwise addition of the ethereal 
hydrogen tetrafluoborate to l-thiacycloheptan-4-one
1-oxide (III) dissolved in anhydrous ether produced a 
white milky mixture. The supernatant became clear 
after standing overnight and was decanted and replaced 
by fresh anhydrous ether. The microcrystalline residue 
was shaved from the sides of the flask with a spatula and 
triturated with ether. The hygroscopic ethereal slush 
was transferred and analyzed satisfactorily as described 
for the perchlorate salt.
, Both the perchlorate and the fluoborate of III ex
hibited strong infrared absorption (in acetonitrile 
solution) at 3320 cm.-1 indicative of 0 —H. Neither 
salt was transparent in the region of S = 0  stretch be
cause of absorption by the anions, but neither salt 
showed a strong absorption band in the 1245 cm.-1 
region corresponding to S 1 —O stretch as in trimethyl- 
oxosulfonium perchlorate (in acetonitrile).2 The spec
tral observations require modification of both ketone 
and sulfoxide function in III on salt formation. The 
presence of strong 0 —H absorption and apparent ab
sence of an > S += 0  function in the cationic species 
limit the structure to IV (a or b), 5-hydroxy-8-oxa-l- 
thioniabicyclo [3.2.1 [octane perchlorate or fluoborate. 
The very weak absorption of these salts observed just 
above 1700 cm.“ 1 is considered to arise from the forma
tion of the original sulfoxide ketone (k™ cn 1704 cm.-1) 
as a result of very rapid hydrolysis of the salt. In sup
port, when a Nujol mull of the hydroxy salt was ex
posed to a moist atmosphere the hydroxyl band dis
appeared and the carbonyl band became intense. The 
alternative possibility that the salts contain a mixture

of >S—O—C—OH and >S—OH >C= O cations is

less likely on the basis of n.m.r. spectra and the be
havior of model compounds, such as methyl 4-keto- 
pentyl sulfoxide and l-thiacyclohexan-4-one 1-oxide,2’10 
on attempted salt formation.

Recovery of the original sulfoxide ketone (III) from 
the salt was possible by titration with base followed by 
continuous extraction with methylene chloride, thereby 
establishing the point that compound III had not 
undergone rearrangement during acid treatment and 
completing the assignment of the salt structure as IV 
(a or b). Chemical evidence for the transannular salt 
structure was obtained, as in the case of the eight- 
membered ring analog,2 by the preparation of an O- 
methyl derivative. This was accomplished by addition 
of 2,2-dimethoxypropane to an acetone solution of 5- 
hydroxy-8-oxa-l-thioniabicyclo [3.2.1 [octane fluoborate 
(IVb). A compound was obtained which had the cor
rect analysis for IVb plus CH2, consistent with the struc
ture IVc. Any alternative alkylated structure appears 
less likely in view of the failure of C = 0  models to add 
CH2 and of S = 0  models to form derivatives under the 
the reaction conditions specified. The crystals of 5- 
methoxy-8-oxa-l-thioniabicyclo [3.2.1 [octane fluoborate 
(IVc) were electrostatic and hygroscopic, reverting

(14) E . M tille r a n d  H . H u b e r-E m d e n , A n n . ,  649, 70 (1961).



A u g u s t , 1963 T r a n s a n n u l a r  S u l f o x id e - K e t o n e  Sa l t  F o rm atio n 1959

rapidly by hydrolysis to the sulfoxide ketone (III), as 
evidenced by the appearance of carbonyl absorption in 
the infrared spectrum. In comparison with the cor
responding transannular hydroxy and methoxy salts of 
the eight-membered ring sulfoxide ketone (Ha and b),2 
compounds IVa, b, and c are much less stable and are 
more susceptible to hydrolysis.

The n.m.r. spectrum of l-thiacycloheptan-4-one 1- 
oxide (III) in deuteriochloroform was complicated and 
consisted of overlapping sets of signals corresponding 
to the ten different C—II protons in the unsymmetrical 
molecule. Reading from high to low field, one en
counters two proton signals with different chemical 
shifts and different splitting patterns corresponding to 
the C-6 hydrogens, signals corresponding to the four 
protons adjacent to C = 0  and signals for the four pro
tons adjacent to S = 0 . There was no proton resonance 
at lower field than r value 6.2.15 16 Both the perchlorate 
and fluoborate salt, which were determined in trifluoro- 
acetic acid solution, showed a shift of the low field 
group, due to the protons on the carbons adjacent to 
sulfur, terminating downfield at r value 5.5, consistent 
with the introduction of a positive charge on the sulfur. 
The conformation of the Oco-protonated bicyclic salt 
structure IVa,b is relatively fixed, with a near-planar 
or envelope-conformed five-membered ring on one side 
and a six-membered ring, with probable preferred chair 
structure, on the other. Two postulated conforma
tions of l-thiacycloheptan-4-one may be constructed, 
V and VI, in which 1,2-interactions are at a minimum 
and the opposing H:H interactions have been balanced 
as much as possible.16 The sulfoxide oxygen may then 
be introduced into V or VI on either side of the C—S—C 
plane to indicate the possible preferred conformations 
of l-thiacycloheptan-4-one 1-oxide (III). The dynamic 
process of protonation and bridging has not been in
vestigated.

V VI

Experimental17
l-Thiacycloheptan-4-one 1-Oxide (III).—1-Thiacycloheptan-

4-one9 (6.78 g., 0.052 mole) was added to an ice-cold magnetically 
stirred solution of sodium metaperiodate (12.24 g., 0.057 mole) 
in 212 ml. of water. The mixture was stirred for 21 hr. in the 
ice bath. The precipitated sodium iodate was removed by filtra
tion and the solution was extracted continuously with methylene 
chloride. The contents of the flask containing the methylene 
chloride was changed frequently to avoid pyrolysis of the ac
cumulating sulfoxide.18 The solvent was evaporated at reduced

(1 5 ) G . V . D . T ie r s ,  “ T a b le  o f r  V a lu e s  f o r  a  V a r ie t y  o f  O r g a n ic  C o m 
p o u n d s , ’’ M in n e s o ta  M in in g  a n d  M a n u f a c tu r i n g  C o .,  S t .  P a u l ,  M in n . ,  
1 958 ; G . V . D . T ie rs ,  J .  P h y s .  C h e m .,  62, 1151 (1 9 5 8 ).

(1 6 ) D a t a  f ro m  h e a t s  o f c o m b u s t io n  h a v e  s h o w n  t h a t  r e p l a c e m e n t  o f  a  
m e th y le n e  g r o u p  in  a  c y c lo a lk a n e  b y  a  s u l f u r  a to m  r e l ie v e s  s t r a in  d u e  to  
H : H  n o n b o n d e d  in t e r a c t io n s  (S j.  K a a r s e m a k e r  a n d  J .  C o o p s , R ec . trav . 
c h im .,  71, 2 6 1  (1 9 5 2 )) .

(1 7 ) T h e  a u th o r s  a r e  in d e b te d  t o  J o s e f  N e m e th  f o r  t h e  m ic r o a n a ly s e s  
a n d  to  O l iv e r  N o r t o n  a n d  D ic k  J o h n s o n  f o r  t h e  n .m . r .  a n d  
th e  in f r a r e d  s p e c t r a .  A ll t r a n s f e r s  o f  a n a ly t ic a l  s a m p le s  t o  p re w e ig h e d  
a n a ly t ic a l  p l a t i n u m  b o a t s  e n c lo s e d  i n  a lu m in u m  p ig s  f o r  n .m .r .  a n d  in f r a r e d  
s p e c t r a  w e re  p e r f o r m e d  in  a  d r y b o x  th r o u g h  w h ic h  d r y  n i t r o g e n  w a s  re 
c i r c u la t e d  a f t e r  p a s s in g  th r o u g h  a  d r y in g  to w e r .

(1 8 ) C . A. K in g s b u ry  a n d  D . J .  C r a m ,  J .  A m .  C h e m . S o c .,  82, 1 8 1 0  (1 9 6 0 ).

pressure. The crude product was twice sublimed at 50° (0.1 
mm.) to give analytically pure l-thiacycloheptan-4-one 1-oxide, 
m.p. 75.5-76°; r™j,CN<5%) 1704c m .( C = 0 )  a n d 1705 (C = 0) 
and 1017 cm.-1 (S = 0); X°®CN 287 and 217 m^, with the mag
nitude of the extinction coefficients in some doubt due to the 
hygroscopic nature of the compound.

Anal. Calcd. for C6Hk>02S: C, 49.30; H, 6.89. Found: C, 
49.64; H, 6.68.

5-Hydroxy-8-oxa-1 -thioniabicy clo [3.2.1] octane Perchlorate 
(IVa).—A mixture of 10 g. of 70% aqueous perchloric acid and 
300 g. of anhydrous ether was shaken and allowed to stand in 
order to separate completely. A freshly prepared solution may 
be utilized if the upper layer is first centrifuged to separate sus
pended water. In a drybox under nitrogen the ethereal per
chloric acid was added dropwise to an ether solution containing 
co. 300 mg. of l-thiacycloheptan-4-one 1-oxide until precipita
tion was complete and the presence of excess perchloric acid was 
indicated. The crystals which separated from the mixture after 
6 hr. were scraped from the flask, washed onto a coarse fritted 
glass filter, and thoroughly washed with ether. The electro
statically charged crystals were easily transferred when wet with 
ether to the platinum combustion boat which was placed in an 
aluminum pig. The sample was dried under high vacuum and 
weighed at 3-min. intervals until a constant weight was obtained. 
It was then quickly transferred to the combustion train for anal
ysis. I t explodes at 77°. The infrared spectrum (15% in aceto
nitrile) had only slight absorption in the carbonyl region but ex
hibited a strong band at 3320 cm.-1 (O-H). Special precautions 
were taken during combustion for microanalysis.

Anal. Calcd. for C6HuC106S: C, 29.21; H, 4.50; neut. 
equiv., 246.6. Found: C, 29.17; H, 4.49; neut. equiv. (titra
tion in cold ethanol), 247.6.

Upon attempted vacuum desiccation (complete ether removal), 
a 180-mg. sample exploded.

5-Hydroxy-8-oxa-l-thioniabicyclo[3.2.1]octane Fluoborate 
(IVb).—Anhydrous hydrogen tetrafluoborate in ether14 was pre
pared in the following manner. Redistilled boron trifluoride 
etherate (14.379 g., 0.1014 mole) was contained in a tightly 
closed 30-ml. polyethylene bottle. The requisite amount 
(2.025 g., 0.1014 mole) of anhydrous hydrogen fluoride was con
densed in a dry, nitrogen-filled 250-ml. side-siphon polyethylene 
wash bottle. The gas was passed from a cylinder of anhydrous 
hydrogen fluoride through polyethylene tubing and safety bottle 
to a 5-ft. coiled piece of 304 stainless steel tubing which had been 
immersed in a ice-salt bath. The first few milliliters of the 
liquefied gas were discarded. A slight excess of the liquid hy
drogen fluoride was passed into the polyethylene bottle. The 
cap was secured, and the excess hydrogen fluoride was allowed to 
evaporate. Slight pressure was applied to the bottle while the 
exit tube was below the surface of the boron trifluoride etherate. 
Upon releasing the pressure, the liquid was drawn into the 
wash bottle containing hydrogen fluoride. In a drybox, an
hydrous ether was added to the small polyethylene bottle con
taining the remaining boron trifluoride etherate and then drawn 
into the wash bottle. Additional anhydrous ether was added 
with shaking to the anhydrous hydrogen tetrafluoborate, bring
ing the volume to about 200 ml. After standing for 1 hr. a small 
amount of straw-colored liquid remained uncissolved. The 
depth of the dispensing tube was adjusted to deliver only the 
colorless solution. To 200 ml. of anhydrous ether containing 
ca. 200 mg. of l-thiacycloheptan-4-one 1-oxide which had been 
filtered in the dry box, ethereal acid was added until no further 
cloudiness appeared and the mixture was allowed to stand 6 hr. 
The ether was decanted from the deposited solid and replaced by 
fresh anhydrous ether. After the crystals were scraped from the 
flask onto a coarse fritted glass filter, a few milligrams were trans
ferred to a preweighed analytical boat in an aluminum pig. These 
electrostatic crystals were dried to a constant weight and then 
analyzed immediately. The compound decomposes at 92°. 
The infrared spectrum (10% in acetonitrile) had only sligho ab
sorption in the carbonyl region but exhibited a strong band at 
3320 cm .-1 (O-H).

Anal. Calcd. for C6H„BF40 2S: C, 30.79; H, 4.74. Found: 
C, 31.02; H, 4.85.

5-Methoxy-8-oxa-1-thioniabicyclo [3.2.1] octane Fluoborate 
(IVc).—To 100 mg. of 5-hydroxy-8-oxa-l-thioniabicyclo[3.2.1]- 
octane fluoborate in 2 ml. of acetone was added 2 ml. of 2,2-di- 
methoxypropane. The sample immediately became orange- 
yellow. Anhydrous ether (10 ml.) was added and the sample
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was transferred to a refrigerator at 5° for 4 hr. to complete the 
crystallization. The supernatant liquid was decanted and the 
crystals were triturated with ether. These hygroscopic, electro
static crystals were transferred to an analytical boat and dried

to a constant weight prior to analysis. The infrared spectrum 
(Nujol) was not free of O-H absorption.

Anal. Calcd. for C,H13BF40 2S: C, 33.89; H, 5.28. Found: 
C, 34.07; H, 5.50.
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The reductive condensation of styrene and acetone by sodium metal to form phenylmethylbutanols, dimethyl- 
phenylhexanediol, dimethyldiphenyloctanediols, and related co-reduction products has been examined. The 
formation and distribution of these condensation products are highly solvent dependent. It is postulated that 
the styrene radical-anion, PhCH=CH2, is the intermediate directly responsible for the products of co-reduction. 
The mechanism of the reactions is discussed with respect to the nucleophilic properties of the styrene radical-
anion and the effect of solvent on the dimerization equilibrium to form styrene dimer dianion, [ PhCH—CH2- 
CH2—CHPhjNa». Initiation by electron transfer from sodium to styrene via the ketyl of acetone is discussed.

The addition of alkali metals to multiple bonds of 
organic compounds to form ion-radical intermediates I 
is a relatively common process.

\  p v . ■ - TC =Y  +  M — C—Y C—Y M + (1)
/  L /  /  J

i
Y = C, O, N, etc.
M = alkali metal.

With compounds which contain carbon-carbon un
saturation, such species as I (Y = carbon) have been 
postulated in the sodium or lithium ammonia2“ and 
amine2b reduction of aromatic compounds, in displace
ment reactions3 4 5“ and the polymerization of conjugated 
olefins such as butadiene3b,c and styrene.4ab Such, 
intermediates as I from aromatic compounds also have 
been detected and studied spectroscopically.6 In a 
similar manner heteropolar multiple bonds, especially 
between carbon and oxygen (Y = oxygen), have been 
subjected to reaction by alkali metals as in the pinacolic 
reduction of ketones,6 acyloin condensation of esters,7 
and reduction of esters to alcohols.8 Metal ketyls (I, Y 
= oxygen) have been postulated as intermediates in 
the reduction of these carbonyl-containing compounds, 
and also as “carriers” for electron transfer reactions 
from sodium to peroxides9 and unsaturated com
pounds.10

In many of these cases where ion-radicals from un

(1 )  D e p a r tm e n t  o f  C h e m is t r y ,  C a s e  I n s t i t u t e  o f  T e c h n o lo g y .
( 2 )  ( a )  A . P .  K r a p c h o  a n d  A . A . B o th n e r - B y ,  J .  A m .  C h e m .  S o c . ,  81, 

3 6 5 8  (1 9 5 9 ) ;  J .  J .  E i s c h  a n d  W . C . K a s h a ,  J .  O r g .  C h e m . ,  27, 3 7 4 5 , 4 171
(1 9 6 2 );  (b )  R .  A . B e n k e s e r ,  J. A m .  C h e m .  S o c . ,  77, 3 2 3 0 , 3 3 7 8 , 6 0 4 2  (1 9 5 5 ).

( 3 )  ( a )  D . R .  W e y e n b e r g  a n d  L . H . T o p o r c e r ,  i b i d . ,  84, 2 8 4 4  (1 9 6 2 ) ;  (b )  
M . S i t t ig ,  “ S o d iu m ,”  R e in h o ld  P u b l is h in g  C o .,  N e w  Y o r k ,  N .  Y .,  1 9 5 6 , p p . 
3 1 3  ff.; (c) A . V . T o b o ls k y ,  e t  a l . ,  J .  P o l y m e r  S c i . ,  31, 1 15 , 123  (1 9 5 8 ).

(4 )  (a )  M . S z w a rc , M . L e v y ,  a n d  R . M ilk o v ic h ,  J .  A m .  C h e m .  S o c . ,  78, 
2 6 5 7  (1 9 5 6 );  (b )  C . G e a c in to v ,  J .  S m id ,  a n d  M . S z w a rc , i b i d . ,  84. 2 5 0 8  
(1 9 6 2 ).

( 5 )  ( a )  D . E .  P a u l ,  D . L ip k in ,  a n d  S . I .  W e is s m a n ,  i b i d . ,  80, 5 3 4 2  (1 9 5 8 );  
116  (1 9 5 6 );  J .  C h e m .  P h y s . ,  21, 2 2 2 7  (1 9 5 3 );  26, 1 8 8  (1 9 5 6 ) ;  (b )  T .  L . 
C h u  a n d  S . C . Y u ,  i b i d . ,  76, 3 3 6 7  (1 9 5 4 ) ;  re f .  2 7 , p . 1 5 9  f.

( 6 )  ( a )  G . W . W h e la n d ,  “ A d v a n c e d  O r g a n ic  C h e m is t r y , ”  3 r d  E d . ,  J o h n  
W ile y  a n d  S o n s , I n c . ,  N e w  Y o r k ,  N . Y .,  1960 , p . 7 9 3  ff.; (b )  J .  W ie m a n ,  
B u l l .  s o c .  c h i m .  F r a n c e ,  6 3  (1 9 5 4 );  C o m p t .  r e n d . ,  232, 1 9 4 1 , 2 0 2 9  (1 9 5 1 ) .

(7 )  M . K h a r a s c h ,  E .  S te rn f e ld ,  a n d  F . M a y o ,  J .  O r g .  C h e m . ,  5 , 36 2  
(1 9 4 0 ).

( 8 )  ( a )  R e f . 4 a , p . 2 8 6  i f . ;  (b )  G . D a r z e n s ,  C o m p t .  r e n d . ,  224, 5 7 0  (1 9 4 7 );  
(c) S . M . M c E lv a in ,  O r g .  R e a c t i o n s ,  4, C h a p .  4  (1 9 4 8 ).

(9) J .  F. G a r s t ,  D . W a lm s le y ,  a n d  W. R . R ic h a r d s ,  J .  O r g .  C h e m . ,  27, 
292 4  (1 9 6 2 ) .

(1 0 ) A . Z i lk h a ,  P .  N e ta ,  a n d  M . F r a n k e l ,  P r o c .  C h e m .  S o c . ,  3 6 4  (1 9 6 0 ).

saturated compounds or metal ketyls from carbonyl 
compounds are formed as intermediates, condensations 
to yield dimers or polymers as well as simple reduction 
products result. Although crossed products from unlike 
unsaturated compounds (for example in the anionic 
copolymerization of monomers)3“ or from unlike metal 
ketyls in mixed acyloin condensations11 have been 
effected, crossed condensation between ion radicals 
from unsaturated compounds and ketyls appears not 
to have been studied.

In this series of studies we examined the chemistry of 
radical ions and ketyls derived simultaneously as inter
mediates from alkali metals and such organic com
pounds possessing unsaturated centers as aromatic, 
olefinic, carbonyl, and nitrile-containing compounds. 
In this report we wish to describe the co-reduction12 
of styrene and acetone with sodium. The possible 
ion-radical intermediates in this case are the styrene 
radical-anion (II) and the ketyl (III) from acetone.

[C6H5—CH—CH2 «----» C,H6—CH—CH2]-Na+
II

r c H 3\ .  .. c—o
/

_c h 3
III

CH,

c—o
/

Na +

These co-reductions, under conditions in which the 
unsaturated and carbonyl compounds react together 
with sodium, differ from those condensations of alkali 
metal adducts of hydrocarbons with electrophilic rea
gents such as carbon dioxide13 and ethylene oxide14 de
scribed recently. In the latter cases the alkali metal is 
first treated with the unsaturated compound to preform 
the organoalkali metal adduct which is then treated with 
the electrophilic reagent in a subsequent step. These 
reactions are, thus, essentially those of “conventional” 
carbanions such as Grignard,16 organolithium,16

(11) J .  K a p ro n , C o m p t .  r e n d . ,  223, 421 (1946 ); A n n .  c h i m . ,  12, 3, 117 
(1948).

(12) W e w ish to  a p p ly  th e  te rm  “ co -red u c tio n ”  to  th o se  c o n d e n sa tio n s  
effec ted  b y  a lk a li m e ta ls  o r  re la te d  red u c in g  a g e n ts  in  th e  p re sen ce  of b o th  
co m p o n en ts  s im u ltan e o u sly .

(13) T . M . L yssy , J .  O r g .  C h e m . ,  27, 5 (1962); C . E . F r a n k  a n d  W . E . 
F o ste r, i b i d . ,  26, 303 (1961); C . E . F ra n k , e t  a l . ,  i b i d . ,  26, 307 (1961).

(14) J .  F . N ob is  a n d  E . A. A llgeier, U . S. P a te n t  2 ,850 ,538  (1958).
(15) M . S. K h a ra sch  a n d  O. R e in m u th , “ G r ig n a rd  R e a c tio n s  of N o n - 

m e ta llic  S u b s ta n c e s ,” P re n tic e -H a ll , In c ., N ew  Y o rk , N . Y ., 1954.
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sodium,16 17 and aluminum18 reagents. Although the 
stoichiometry of both types of reactions is the same, 
the co-reductions we wish to describe here are more re
lated to the chemistry of radical-anion intermediates.

Results
The reaction of acetone and styrene with sodium is an 

exothermic one. In most cases the temperature was 
regulated between -1 0 °  and +10°, but, if the reaction 
was allowed to warm up, a reaction ensued which 
led to polymerization of styrene.

To maintain control, acetone that was diluted in 
solvent was added dropwise to a stirred mixture of 
styrene in ethereal solution and freshly pressed sodium 
wire at the requisite low temperatures. Styrene is 
polymerized by sodium in ether solvents even at —10°. 
In order to obviate the anionic polymerization of the 
styrene, it was added to the mixture of sodium and 
ethereal solvent at —78°. Acetone prevented the 
polymerization of styrene and, if a small amount was 
added at —78° and the temperature was slowly allowed 
to rise to —10°, the co-reduction could be carried out 
smoothly with very little polymerization of styrene.

The products obtained from the co-reduction of 
styrene and acetone are highly dependent on the solvent 
employed. In diethyl ether the most important prod
ucts were the 1:1 acetone-styrene adducts, 2-methyl-3- 
phenylbutanol-2 (IV) (26%) and 2-methyl-4-phenyl- 
butanol-2 (V) (28%), in addition to the 2:1 adduct,
2,5-dimethyl-3-phenylhexanediol-2,5 (VI) (6%).
CH3

N a
CH3 CH.

•¿— ¿ h —:C = 0  +  Ph—CH=CH2 — >  CHs
V  E tsO

c h 3 o h
IV

CHs Ph CH3 Ph CH;

CHs—i — CH2-  -CH2 +  CH3—C—CHs—CH—1

Ph +

OH
V

JH2 +  CH3—G—w i r
I

OH

C—CH3 (2) 

OH
VI

Structures of the isomeric 1:1 adducts IV and V 
were proved by comparison of their infrared and 
nuclear magnetic resonance spectra and phenyl carba
mate derivatives with authentic samples. The Gri
gnard reaction was used to prepare authentic 2-methyl-3- 
phenylbutanol-2 from a-phenethylmagnesium bromide 
and acetone and 2-methyl-4-phenylbutanol-2 from 
ethyl hydrocinnamate and méthylmagnésium iodide.

The structure of the diol VI was assigned primarily on 
the basis of its elemental and hydroxyl group analysis 
and molecular weight. The infrared spectrum indicated 
the presence of a monosubstituted benzene ring and 
this, together with the nuclear magnetic resonance 
spectrum indicating two pairs of nonequivalent methyl 
groups, further strengthened the case for the assignment 
of structure VI.

In tetrahydrofuran as solvent, the most important 
product was the 2:2 acetone-styrene adduct, 2,7-di- 
methyl-3,6-diphenyloctanediol-2,7 (VII) (31%), in ad

(16) D . L. E sm a y , in  “ M e ta l-O rg a n ic  C o m p o u n d s ,” A d v an ces  in  C h em 
is try  Series, A m erican  C hem ica l S ocie ty , W a sh in g to n , D . C ., 1959, p . 46 ff.

(17) J . F . N obis. L. F . M o o rm eir, a n d  R . E . R o b in so n , i b i d . ,  p. 63 ff.
(18) K . Z iegler, in  “ O rg an o m e ta ll ic  C h e m is try ,” H . Zeiss, E d ., R e in 

ho ld  P u b lish in g  C o rp ., N ew  Y o rk , N . Y ., I960 , p. 194 ff.

dition to 1:1 adducts (13%) IV and V, and the 2:1 
adduct (2%) VI.
CH3

\  N a
C = 0  +  Ph—CH=CH2 — >-

/  T H F
c h 3

CHs Ph Ph CHS

CH3—C-----¿H —CH2—CH2—¿H —6----- CH3 +  IV,V,VI (3)

OH OH
VII

Diol VII was isolated in two diastereomeric forms 
which melted at 118° and 138°. These two isomers, 
which exhibited different solubility behavior, both 
underwent facile iodine-catalyzed dehydration to a 
mixture of diolefins. In each case the mixture of dicle- 
fins was ozonized to yield 1,2-dibenzoylethane in 21% 
(118° isomer) and 46% (138° isomer) yields, in addition 
to other ketonic products which were not identified. 
Although electronic factors controlling the dehydration 
of a tertiary alcohol such as VII would favor the internal 
olefin (a), it is possible that steric control19 may be im
posed by the neighboring groups to cause a significant 
amount of dehydration to the terminal position ( b ) .  

The less than quantitative yields of dibenzoylethane 
are attributed to partial dehydration through route b.

Ph CH3

-CH2—¿H —¿ ---- CHs
I
OH

Ph CH3

r— —CH2—¿ = C  CHs
\ b  ph CH3

—CHï—¿H —¿ = = C H 2

Infrared spectra of the ketonic by-products indi
cated the presence of carbonyl groups at saturated 
(5.82 g) center as well as at unsaturated centers (5.95 
fi) and are compatible with a mixture consisting of di
acetyl and acetyl-benzoyl end groups.

In dioxane-diethyl ether solutions (80% by volume) 
a mixture of all four compounds, IV (7%), V (8%), VI 
(16%), and VII (27%), in addition to the 1:2 acetone- 
styrene adduct, 2-methyl-3,6-diphenylhexanol-2 (VIII) 
(27%), was formed.
CH3

\
C = 0  +  Ph—CH=CH2

N a

D ioxane
CH,

Ph

¿ h 2—c h 2—c h 2

Ph c h 3

-¿ H —¿ —(
I

OH
VIII

CH, +  IV,V,VI,VII :4)

Diphenylhexanol VIII was easily dehydrated with iod
ine to yield an olefin which, onozonolysis, yielded, 1,4-dip- 
henylbutanone-1 (IX) in 88% yield, (see p. 1962, col. 1) 

In addition to these alcohols the simple reduction 
products isopropyl alcohol and ethylbenzene were 
formed in small yields. The homobimolecular reduction 
product from styrene, 1,4-diphenylbutane (X), was 
formed in varying yields depending on the temperature 
of the reaction. The isomeric 1,3-diphenyl- and 2,3- 
diphenylbutanes were not formed.

(19) H . C . B row n, e i  a l ,  J .  A m .  C h e m .  S o c . ,  77, 3607, 3610, 3614, 3619, 
3623 (1955).



1 9 6 2 K o c h i V o l . 2 8

Ph Ph CH3

¿H 2—CH2—CH2—¿H —(!)—c h 3
I

OH
Ph Ph c h 3

¿ h 2—c h 2—c h 2— c h 3
Ph Ph

¿H 2—CH2—CH2—¿ = 0  (5) 
IX

2PhCH=CH2
N a

------ >- PhCH2—CH2—CH;
D M K

X

CH2Ph (6)

Bimolecular reduction product from acetone, pina- 
col, was not found, although under the alkaline condi
tions of the experiments the acetone condensation prod
ucts, mesityl oxide, isophorone, and a crystalline ketone, 
were present, especially when acetone was added in 
excessive amounts. In tetrahydrofuran in the absence 
of olefin, acetone was reduced by sodium solely to iso
propyl alcohol.

The effect of a carbon dioxide atmosphere on the reac
tion is a retarding one. In the presence of carbon di
oxide the reaction of sodium with acetone and styrene 
was very slow under the usual reaction conditions. 
However, at elevated temperatures the reaction pro
ceeded quite readily. Thus, if a nitrogen atmosphere is 
replaced by carbon dioxide, the reaction in diethyl ether 
could be carried out at 65° and slight excess carbon 
dioxide pressure in a controllable manner, whereas 
under the usual operating conditions extensive homo
polymerization of styrene would have resulted at 
these temperatures.

It is interesting to note that the yields of 1,4-di- 
phenylbutane and ethylbenzene at 65° were signifi
cantly higher under these conditions than at 0 0 and the 
absence of carbon dioxide. The low yields of carboxylic 
acids formed under a carbon dioxide atmosphere indi
cated that the concentration of carbon dioxide in solu
tion at the elevated temperatures was small (probably 
due to the high partial pressure of the solvent).

In addition to solvent and temperature effects the 
yields of products also were dependent on the concentra
tion of the olefinic component. In fairly concentrated 
solutions, telomers higher than the 2:2 adduct were 
formed. Polystyrene (mol. wt., 150,000), containing 
the dimethylcarbinol end groups, in addition to an 
amorphous mixture of lower molecular weight (~500) 
material which contained three and four styrene units 
associated with two acetone moieties, was observed. 
The structures of these compounds taken by analogy 
with lower condensation products are assigned as XI.

CH3Ph

CH3—¿ —(CH—CH2)„
I I
OH CH Ph Ph CH3

F h - |  | I |
CH2—CH2—CH—(CH2—CH )„—C—OH,

XI

Conditions for the optimum formation of these higher 
molecular weight products were not explored further. 

The reaction of diacetone alcohol and styrene with

sodium yielded products which are the same as those 
obtained with acetone. Less contamination from 
mesityl oxide and isophorone, however, was apparent. 
The retroaldol reaction of diacetone alcohol is appar
ently faster than the condensation with styrene under 
these conditions.

Discussion
The co-reduction of styrene and acetone with sodium 

is more akin in many ways to the anionic polymerization 
of styrene than the pinacolic reduction of acetone. 
Although sodium ketyl may be actually the first inter
mediate in the reaction (vide infra), the actual inter
mediate which leads directly to products appears to be 
the styrene radical-anion II. There is no direct evi
dence that sodium ketyl reacts with styrene in a reac
tion such as 7 to form the radieal-alkoxides XII or 
XIII, and ultimately to yield the 1:1 reduction prod
ucts IV and V, respectively, by either an electron

CH3
\

C = 0
/

CH,
III

Na +

CH20

Ph—c h = c h 2—
Ph—CH—C(CH3)2ONa

XIII
G

Ph—CH—CH2—C( CH3 )2ONa 
XII

(7)

transfer to the anion-alkoxide followed by proton 
transfer or by a free radical chain transfer of hydrogen. 
With respect to the latter, isopropyl alcohol or its 
sodium salt, which are reasonably effective radical 
chain transfer agents for free alkyl radicals such as XII 
or XIII, did not increase the yield of either IV or V. 
The possibility of a radical chain addition (7, 8) of 
sodium isopropoxide to styrene via a ketyl intermediate

CH3
\

XII (XIII) +  CHONa — >
/

c h 3
c h 3

\ o
IV (V) +  CONa, etc. (8)

/
c h 3

III

was, therefore, not realized. On the contrary, active 
hydrogen compounds decreased the yields of co-reduc
tion products by reacting directly with sodium metal. 
Furthermore the addition, if possible, of sodium ketyl to 
styrene is expected not to differ significantly from the 
behavior of other free radicals to styrene.20 The 
formation of the 1:1 adduct IV in amounts equal to the 
isomeric V by a ketyl addition to styrene as in reactions 
7 is highly unlikely since free radical addition would 
be expected to occur more readily at the d-position of 
styrene to produce the more stable benzylic radical 
XIII. That ketyl is formed is indicated by the forma
tion of small amounts of isopropyl alcohol from acetone 
even in the presence of styrene. The ketyl itself, how-

(20) C . W alling , “ F ree  R a d ic a ls  in  S o lu tio n ,”  J o h n  W iley  a n d  S ons, In c ., 
N ew  Y o rk , N . Y ., 1957.



A u g u s t , 1963 C o-R e d u c t io n  w it h  A lk a l  i M e t a l s . I 1963

ever, does not appear to be the addendum directly re
sponsible for the co-reduction products.

On the other hand, if the styrene radical-anion II is 
postulated as the intermediate leading directly to prod
ucts, a more coherent reaction path can be delineated. 
This olefin radical-anion could be formed in the primary 
step from sodium as evidenced by the formation ini
tially of colored intermediates when styrene is added to 
sodium; the color is readily discharged by carbonylic 
compounds. We have observed qualitatively that the 
rate of co-reduction of styrene with carbonyl compounds 
varies significantly21 with the structure of the carbonyl 
component. For this reason we prefer an alternative 
postulation in which the styrene radical-anion is formed 
by electron transfer from an initially formed sodium 
ketyl to styrene.

CH3 "CHs

C = 0  +  Na

CH3

c h 3

C = 0

/
C = 0 Na

CH3

Na +  Ph—CH=CH2

(9)

from kety l to olefin10 has been demonstrated with 
benzophenone ketyl9 and the naphthalene radical- 
anion23 as initiators in anionic polymerizations and as 
reducing agents.

The styrene radical-anion in diethyl ether solvent 
reacts as a nucleophile24 with acetone at either the a- 
or /3-positio n to produce the isomeric 4-phenylbutyl and 
3-phenylbubyl radicals X II and XIII, respectively.26

i----->■ XII
[PhCH==CH2]Na +  (CH3)2CO—| b

1----->- XIII
(11)

The radical-alkoxides XII and XIII are easily reduced7 
further by sodium or ketyl to the dianions XIV and 
XV, respectively, which react with acetone by proton

(iCHihCO

CH2:

_Ph—¿H —C(CH3)20 . 

XIV

Na2 (12)

Na
X I I I -------- -> [Ph—CH—CH2—C(CH3)20]Na2 (13)

(CHsLC'O
XV

l_CH3 J
c h 3

\
C = 0  +  [Ph—CH=CH2]Na (10) 

CH3 II

It can be argued, mainly on intuitive grounds, that 
the more elect ronegative carbonyl group would be re
duced to the anion-radical in competition with the olefin 
moiety. The relative rates of reduction of compounds 
such as these by sodium are unknown, but thermody
namic values cf the energy changes involved may be of 
some guide. Streitwieser22® has shown that in a series 
of related compounds, the polarographic reduction 
potentials are related to the energies of the lowest un
occupied molecular orbital. The half-wave poten
tials2211 of acetone ( — 2.46  vs. S.C.E.) and styrene ( — 2.35 
volts vs. S.C.E .) in 7 5 %  dioxane are similar. We have 
made crude Hiickel molecular orbital calculations of the 
energies of the lowest unoccupied molecular orbitals in 
acetone and styrene, and they indicate that the forma
tion of the ket yl III requires about 2 kcal./mole less 
energy than the formation of the styrene radical-anion 
II. Thus, the relative values of the polarographic 
reduction potentials of acetone and styrene are reason
ably consistent with the calculated energies of the lowest 
unoccupied molecular orbital. If these gross thermo
dynamic comparisons are valid, it might be expected 
that they may be interpreted in terms of activation 
processes220 if, ¿n addition, the electronegative oxygen 
atom in acetone facilitates the rate of electron transfer 
from the sodium surface.

The variation in rates of reaction with the carbonyl 
component is then attributed to the formation of ketyls 
in the initial step. The subsequent electron transfer
(21) See following paioer, J .  K. Kochi, J .  Org. Chem., 28, 1969 (1963).
(22) (a) Ref. 27, p. 173 ff. (b) I. M. Kolthoff and J. J. Lingane, “Polarog- 

raphy,” Vol. 2, Interscience Publishers, New York, N. Y., 1952, pp. 635, 661. 
(c) The correlation between electron density and the rate of proton transfer 
has been applied to the reduction of unsaturated hydrocarbons at the drop
ping mercury electrode by Hoijtink [Rec. trav. chim., 76, 885 (1957); 72, 
691 (1953); 71, 1089 (19L>2)] and by Streitwieser (ref. 27, p. 425) to the re
duction of aromatic compounds by alkali metals in the presence of a proton 
source. See also discussioi i presented earlier.

transfer to yield the isomeric 1:1 adducts, IV and V, or 
by addition to the carbonyl group to yield the 1:2 
styrene-acetone adduct, VI.

Since this bim olecular reaction must compete with 
the po’lymerizatio n of styrene, the free energy of activa
tion of the addi tion of the styrene radical-anion to 
acetone must be lower than that of the addition to 
styrene. The ai fionic polymerization of styrene is 
exothermic and th( 3 activation energy of the propagation 
step is low (1.0 kcal./mole in tetrahydrofuran).4 26 It 
can be concluded oi n the basis of Hammond’s postulate26 
that the transition state of the addition of styrene radi
cal-anion to styrene has a high degree of carbanionic 
character. By the same token, the transition state for 
the addition of the1, styrene radical-anion to acetone 
must have at least as much or more carbanionic char
acter. Therefore, th e relative spin densities at various 
positions in thu styrene radical-anion can serve as a 
suitable model for determining the relative rates of 
reaction of acetone a t  these positions of the radical- 
anion. In Fig. 1 is gi ven the calculated spin densities 
in the radical-a nion, us sing the simple Hiickel molecular 
orbital method.27

This model correctly predicts28a that nucleophilic 
centers of the styrene r. adical-anion reside at both the

(23) (a) M. Szwa.rc, Makromol. Chem., 35, 133 (1960); (b) M. Levy and
M. Szwarc, J .  Am. Chem. Soc., 82 , 521 (1960); (c) A. V. Tobolsky and D.
B. Hartley, Ibid. 8 4, 13 91 (1962).
(24) The rate of addition of sty) rene radical-anion to acetone is certainly 

not so fast as the reaction of a con ventional organosodium compound since 
the negative charge is delocalize d in the radical-anion. The relative 
rate of addition of these nucleophilei s to acetone compared to styrene should 
be much faster if taken in analogy with organometallic reagents such as 
Grignard compounds, etc.18-18
(25) Radical alkoxides XII and XI 'II are the same intermediates as those 

produced by the addition of acetone k etyl to styrene by another mechanism 
(vide supra).
(26) G. S. Hammond, J. Am. Chem. >, Soc., 77, 334 (1955).
(27) A. Streitwieser, “Molecular On bital Theory,” John Wiley and Sons, 

Inc.,New York, N. Y., 1961.
(28) (a) This assumes that the additio ’ns are irreversible and that the sub

sequent reduction followed by protcmatn on of the radical-alkoxides, XII and 
XIII, proceed in comparable fashion. S -ee also J. E. Leffier, “The Reactive 
Intermediates of Organic Chemistr y,” I. nterscience Publishers, New York,
N. Y., 1956, p. 207 ff. (b) The relative 1 ligh electron density at the para- 
position would indicate the formation c *f another isomer, p-ethylphenyl- 
dimethyl carbinol, as a possibility. We o bserved no such product.
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HC (o.i6)

H2
C (0.35)

(0.11)
' (0.095)

(0.017)

(0.16)

Fig. 1.—Spin densities at various positions in the styrene radical-
anion.

a- and /3-carbon atoms. The formation of khe i someric 
(1:1) adducts IV and V are in accord with t his.28 b

The same result, however, is obtainable if a styrene 
dianion XVI is postulated as an intermediate whose 
condensation with acetone occurs more or less ran
domly at either the a- or /3-position. It is unlikely that

[Ph—CH=CH2]Na +  Na ^  [Ph—CH --CH 2]Na2 (14)
XVI

2 [Ph—CH=CHJ N a ^
PhCH=CH2 +  [Ph—CH--CH2]Na2 (15)a8

the formation of such a dianion from the styrene radical- 
anion29 can compete with such processe s of low activa
tion energy as condensation or proto n transfer with 
acetone or polymerization. Moreover, there is no a 
;priori basis for styrene radical-anion to be reduced more 
easily to the dianion by electron transfer in ether than 
in tetrahydrofuran31 (vide infra). T he formation of 
ethylbenzene is not necessarily eviden ce in favor of the 
styrene dianion XVI since it is possible for it to arise 
via two successive pairs of electron an d proton transfers 
from styrene.

In tetrahydrofuran as solvent, the 1:1 and 2:1 ace
tone-styrene adducts are replaced la: rgely by 2:2 (VII) 
and 1:2 (VIII) adducts and 1,4-dipli.enylbutane, which 
arise from the dimer dianion X VII by condensation 
with either two or one acetone mo ieties or by proton 
transfer.

[Ph—CH—CH2—CH2—CH—Ph]Na2 +  (CH A CO---->■
XVII

Ph

Ph—CH—CH2—CH2-  -¿H —CCCH,)ONa (16)
X.VIII

Ph
I

-CH2—CH—C( CH3 )20. J2Na2 
XIX

XVIII +  (CH3)2CO-

Ph

Ph—CH2CH2CH2(!)H—C(CH3)2OI sa +  CH3COCH2Na 
XX

(17)

The dimer dianion (XVII) can arise via several paths :
(29) T h e  d ia n io n  X V I possib ly  co u ld  a lso  be fo rm e d  b y  th e  d isp ro p o r

tio n a tio n  of th e  s ty re n e  rad ic a l-a n io n . ! to

(30) J .  F . G a rs t  an d  R . S. Cole, A b s tra c ts , 142nd N a tio n a l M e e tin g  of 
th e  A m erican  C hem ica l S ocie ty , A tls  vn tic  C ity , N .J .,  S ep te m b er, 1962, p. 5Q.

(31) H ow ever, G a rs t  a n d  C o le30 1 iave  ishow n re c e n tly  t h a t  in  an  eq u ilib 
riu m  su ch  a s  15 in v o lv in g  te t r a p l  îeny l e th y le n e , good  so lv a t in g  m ed ia  
such  as  d im e th o x y e th a n e  fa v o r  th< ? ra d ic a l-a n io n  a n d  d ie th y l e th e r  fav o rs  
th e  d ian ion . T h e  a n a lo g y  ap p lic  ab le  t o  te tra p h e n y le th y le n e  c a n n o t be 
e x ten d ed  ea sily  to  s ty re n e  b ecau se  th e  abs ence of p h en y l g ro u p s  to  s tab iliz e  
th e  m e th y le n e  ca rb a n io n ic  c e n te r  ii a th e  s ty r e n e  d ia n io n  X V I.

the dimerization of styrene radical-anion (18)4a or the 
addition of the styrene radical-anion to styrene (19)
2[Ph—CH=CH2] N a ^

[PhCH—CH2CH2—CHPh] Na2 (18) 
XVII

to form the dimer anion-radical XXI followed by re
duction (20) by electron transfer to the dimer dianion 
XVII.
[Ph—CH=CH2]Na +  Ph—CH=CH2---->

[Ph—CH—CH2CH2—CH—Ph]Na (19) 
XXI

XXI +  N a(S)---> XVII (20

The formation of the 2:2 diastereomeric adducts VII 
by the former path through the dimer dianion (equa
tions 16-17) is preferred to alternative paths. Since 
the activation energies for the dimerization of carbon 
radicals is generally low, the coupling of the radical 
alkoxide X III to the dialkoxide XIX should not be 
favored particularly over the coupling of the isomeric 
radical-alkoxide XII or the mixed coupling of XII and
XIII. Therefore, the absence of structural isomers of 
the 2:2 adducts VII precludes the formation of the latter 
by this route. Alternatively, the dimer anion-radical 
XXI could condense with acetone to form the dimer 
radical-alkoxide XXII as an intermediate which subse
quently is reduced by electron transfer to the dimer
XXI +  (CH3)2CO — >-

Ph

Ph—CH—CH2CH2—¿HC( CH3 )2ON a (21) 
XXII

anion-alkoxide XVIII followed by reaction 17. How
ever, it is not expected that the free radical intermedi
ates are of such reactivity to enable these reactions to 
compete with their facile destruction by electron 
transfer.24'23'26-32

The validity of the latter alternative path (equations 
19 and 21) for the formation of 2:2 adducts is difficult 
to assess, but we question whether the dimer anion- 
radical XXI or the dimer radical-alkox ide XXII are 
significant intermediates in these reactions.

Szwarc in his extensive studies of the mechanism of 
anionic polymerization has indicated tha t with olefins 
such as 1,1-diphenylethylene33 and a-m ethylstyrene,34 
the rate constants for dimerization of the radical-anion, 
and the addition of the radical-anion to another olefin 
unit are within orders of magnitude the same. Our 
qualitative results, of course, cannot serve to distinguish 
between these two possibilities for the formation of the 
dimer dianion XVII.36 However, we disfavor the 
dimer radical-anion as an intermediate in our co-re
duction reactions. There is a rather striking alteration 
in the complexion of the reaction from the formation of 
monomeric styrene products (i.e., 1:1 and 2:1 acetone- 
styrene adducts) in diethyl ether to largely dimeric 
styrene products (2:2 and 1:2 acetone- -styrene adducts)

(32) S ince th e  e le c tro n  tra n s fe r  rea c tio n  is p a r t i a l ly  h e te ro g en eo u s , th e  
su rface  a re a  as  w ell as th e  s ta te  of th e  su rface  of thf» so d iu m  a n d  th e  s te a d y  
s ta te  co n c e n tra t io n  of k e ty ls  w ill a ffec t th e se  ra te s .

(33) G. S p ach , H . M o n te iro , M . L ev y , a n d  M . S zw arc , T r a n s .  F a r a d a y  

S o c . ,  58, 1809 (1962).
(34) M , S zw arc  a n d  R . A sam i, J .  A m .  C h e m .  S o ’S . ,  84 , 2269 (1962).
(35) T h a t  is, a f te r  e lec tro n  tr a n s fe r  to  th e  d im e r  a n io n -ra d ic a l fo rm e d  by  

th e  a d d itio n  process.
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in tetrahydrofuran. This is difficult to reconcile with 
the occurrence of a reaction sequence such as 19 and 21 
(which involve the dimer radical-anion XXI as an inter
mediate) as a major route for the production of dimeric 
styrene adducts XIX and XX.36 It is known that 
solvents such as tetrahydrofuran facilitate solvation of 
alkali ketyls37 and anion-radica’s.39 The change in the 
course of the co-reduction with solvent can be reason
ably accommodated if the dimerization of styrene 
radical-anion (equation 18) is considered reversible.40 
The variation in the complexion of the products with 
solvent can then be attributed to the different equilib
rium (or steady state) concentrations of the styrene 
radical-anion as monomer II or dimer XVII in tetra
hydrofuran, dioxane, and diethyl ether solvents. The 
equilibrium constant for formation of the dimer dianion 
would be expected to be favored by such solvents as 
tetrahydrofuran, dioxane and, to a higher degree, di- 
methoxyethane (a solvent unfortunately not employed 
in these studies) and less favored by the relatively 
poorly solvating diethyl ether.4142

The inhibitory effect of carbon dioxide is at present 
not explained too adequately. Since the reaction is 
heterogeneous the surface of the sodium is an important 
factor to be considered. It is possible that the carbon 
dioxide reacts with either styrene radical-anion or ithe 
dimer dianiori13 to form insoluble sodium carboxylates. 
This is apparent by the dull surface of the sodium when 
a carbon dioxide atmosphere is maintained. Whether 
carbon dioxide also prevents electron transfer from 
sodium by some other mechanism is unclear.

Experimental
M aterials.—Sodium: A. R. grade, Mallinckrodt Chemical 

Works. Ether: A. R. grade, Mallinckrodt Chemical Works. 
Tetrahydrofuran: Du Pont Co., refluxed with lithium alumi
num hydride two days and distilled, under nitrogen, b.p. 68 °. 
Dioxane: Du Pont Co., distilled from potassium hydroxide 
and then from lithium aluminum hydride. Styrene: Eastman 
Kodak, distilled, b.p. 49.5-50.5 (25 mm.). Carbon dioxide: 
Pureco (99.87 +% ) passed over manganous oxide (gas reduced, 
Foote Chemical Co.), at 150° then through a tube packed with 
lithium aluminum hydride.

Synthesis of l-M ethyl-3-phenylbutanol-2.—The Grignard

(36) U nless s o lv e n t p la y s  a  la rg e r  ro le in  th e  a d d itio n  of th e  s ty re n e  rad: i- 
c a l-an io n  to  s ty re n e  th a n  i t  does w ith  a d d itio n  to  ac e to n e . A lterruative l y  
th e  fo rm a tio n  of th e  d im e r rad ic a l-a n io n  cou ld  b e  revers ib le  a n d  th e  e q u ilil >  
r iu m  c o n s ta n t h ig h ly  s o lv e n t d e p e n d e n t.

(37) T h e  m ech an ism  of th is  so lv a t io n  h as  n o t  b ee n  fu lly  d e v e lo p e d .38 41
(38) J . F . G a rs t, e t o l . ,  J .  A m .  C k e m .  S o c . ,  83, 5034 (1961); J . F.. G a r s t  

a n d  R . J . Cole, i b i d . ,  84, 4352 (1962).
(39) R . L. W a rd  a n d  S. I . W e issm an , i b i d . ,  79, 2086 (1957).
(40) M . S zw arc  a n d  R . A sa m i34 h a v e  g iv en  a  va lu e , how ever, fo r  t h e  

a c tiv a t io n  en e rg y  of th e  d im e r d ia n io n  fro m  1 ,1 -d ip h e n y le th y len e  ,as t ip -  
p ro x im a te ly  10 kca l., a n d  th e  r a te  of d isso c ia tio n  (8 X 1 0 -7 s e c .-1 a t  3 0 ° )  
is  e s tim a te d  to  be a p p ro x im a te ly  a n  o rd e r  of m a g n itu d e  f a s te r  t h a n  t l i a t  
of th e  d im er d ia n io n  of « -m e th y ls ty re n e .

(4 1 ) (a) N . D. S c o tt , J .  F . W a lk er, an d  V. L . H ansley , J .  A m .  C h e m .  S - o c . ,

58, 2442 (1936); (b ) G. E . C o a tes , “ O rg an o -M eta llic  C o m p o u n d s ,” M e t h 
u en  a n d  C o., L ondon , 1960, p . 33.

(42) F o r  exam p le  th e  d im e riz a tio n  eq u ilib r iu m  of b e n z o p h en o n e  k e t y l  is 
h ig h ly  so lv e n t d e p e n d e n t.6a

2 [P h 2C = 0 ] N a  (P h 2C O )2N a 2 ( 22)

H ow ever, a t  p re s e n t th e  e ffec t so lv en ts  w ill h a v e  o n  su ch  re v e rs i b le  
e q u ilib r ia  as  18 a n d  22 is d iff icu lt to  s ta te  u n e q u iv o c a b ly . If  so lv en ts  s u c h  
a s  te tr a h y d ro fu ra n  a n d  d im e th o x y e th a n e  so lv a te  th e  m e ta l c a tio n s ,41 42 th e y  
also  w ould  se rv e  to  p u t  m ore of a n  effec tive  ch a rg e  on  th e  an io n ic  c e n te r s .  
If  su ch  is th e  case, th e se  so lv en ts  sho u ld  in c rease  th e  fo rces of eou lom  bic 
repu lsions  in  th e  d im er d ia n io n  a n d  d e c r e a s e  th e  fo rm a tio n  c o n s ta n ts  of 
these  d ia n io n s  re la tiv e  to  th o se  in  p o o rly  so lv a t in g  m ed ia . I f  th e se  so lv e  n ts  
a ffec t th e  d eg ree  o r  k in d  of ion ic  ag g reg a te s  in  s o lu tio n ,38 th e y  m a y  w e ll 
s ta b iliz e  d ian io n s .

reagent -of a-bromoethylbenzene (50 g.) was prepared from ,2 g. 
of magnesium. It was treated with 20 g. of acetone in 50 ml. of 
other. The reaction mixture separated into two liquid layers, but 
it was vForked up in the usual manner using ammonium chloride. 
The crude ethereal solution on distillation yielded 5 g. of desired 
alcohol, 2-methyl-3-phenylbutanol-2 (b.p. 62-63° (1 mm.); 
rn.p. 4'0-42°; ra20D 1.5161; lit.43 b.p. 10.5-107° (12 mm.); n ™D 

1 .5193 ) and 33 g. of 2,3-diphenylbutane (recrystallized from 
inethy lcyclohexane-petroleum ether, (b.p. 40-50°)) (m.m.p.
125-126°). The phenylurethane of 2-methyl-3-phenylbutanol-2 
was made by heating on a steam bath a solution of 1 g. of the 
alcohol, 0.5 g. of phenyl isocyanate, and 1 drop of pyridine in a 
seale d tube for 36 hr. I t was recrystallized twice from petroleum 
ethev (b.p. 40-50°) (m.p. 101.5-102.0°).

A nal. Calcd. for 2-methyl-3-phenylbutanol-2 (CnIlieO): 
C, 80.5; H, 9.82. Found: C, 79.67, 79.82; H, 9.87, 9.86.

Anal. Calcd. for urethane of 2-methyl-3-phenylbutanol-2 
(C l8H21N 02): C, 76.4; H, 7.48; N, 4.95. Found: C, 76.3 H, 
7.7; N, 5.00.

Anal. Calcd. for 2,3-diphenylbutane (Ci6Hi8): C, 91.4; H,
8.6. Found: C, 91.7; H, 8.6.

Synthesis of 2-Methyl-4-phenylbutanol-2.—This alcohol was 
prepared by K. Dewhirst from ethyl hydrocinnamate and 
méthylmagnésium iodide. Further rectification through a spin
ning band column gave material boiling at 86-87° (1 mm.) (? i 20d  
1.5103). The urethane was prepared by heating a mixture of 1 g. 
of alcohol with 0.5 g. of phenyl isocyanate and 1 drop of pyridine 
in a sealed tube over a steam bath for 18 hr.; recrystallization 
from petroleum ether (b.p. 40-50° yielded material melting at
138.5- 139.5° (lit.44 m.p. 138-139°)).

Anal. Calcd. for 2-methyl-4-phenylbutanol-2 (CuHi60) C, 
80.5; H, 9.86. Found: C, 79.6; H, 9.8.

Anal. Calcd. for urethane of 2-methyl-4-phenylbutanol-2 
(C,8H21N02): C, 76.4; H, 7.48; N, 4.95. Found: C, 76.1 H, 
7.6; N, 4.92.

Synthesis of 1,4-Diphenylbutane.—Phenethyl Grignard rea
gent was prepared from a-phenethyl chloride (10 g.) and magne
sium (4 g.) in ether. Anhydrous cobaltous chloride (1 g.) and 
a-phenethyl chloride (5 g.) were added and the reaction refluxed 
for 1 hr. Water was added and the reaction worked up ir the 
usual manner. 1,4-Diphenylbutane was obtained in 31% yield 
(b.p. 127-131° (3.5 mm.), m.p. 52-53°).

Anal. Calcd. for 1,4-diphenylbutane (Ci6Hi8): C, 91.5;
H, 8.63; mol. wt. (cryoscopic in dioxane), 210. Found: C, 
91.5; H, 8.6; mol. wt., 185 ±  5.

Synthesis of 2,5-Dimethyl-3-phenylhexanediol-2,5 .—The sub
ject diol was obtained from the reaction of styrene and acetone 
with sodium in ether (vide infra) and represented the condensation 
of two acetone units with one of styrene. After repeated recti
fication it was obtained pure (b.p. 130-132° (2 mm.), ra20D
I. 5272). On prolonged standing it crystallized into dense crys
tals, m.p. 73-74°. The crystalline diol, however, after melting, 
supercooled badly and was difficult to crystallize. A solution of 
the diol in isopentane on chilling in a Dry Ice bath absorbed 
enough moisture to deposit fine needles of hemihydrate, m.p. 
62-63°.

Anal. Calcd. for 2,5-dimethyl-3-phenylhexanediol-2,5 (CM- 
H220 2): C, 75.6; H,9.97; hydroxyl value (equiv./100 g.), 0 900; 
mol. wt., 222. Found: C, 75.4, 75.7; H, 10.0, 10.1; hydroxyl 
value, 0.894; mol. wt., 228 ±  7.

Anal. Calcd. for 2,5-dimethyl-3-phenylhexanediol-2,5-hemi- 
hydrate (Ci4lI220 2'1/ 2 H20): C, 72.8; H, 10.0; mol. wt. (ethanol 
azeotrope), 231.3; hydroxyl value (LiAlH4), 0.862; water (% 
weight) (Fischer), 3.9. Found: C, 72.9, 72.7; H, 10.1, 10.0; 
mol. wt., 242 ±  7; hydroxyl value, 0.85; water, 3.8.

Synthesis of 2-Methyl-3,6-diphenylhexanol-2 (CigH^O).—The 
subject alcohol was a product obtained from the reaction of 
styrene and acetone with sodium in dioxane (vide infra) and 
represented the incorporation of two styrene moieties with each 
acetone. Distillation yielded material boiling at 168-175° at 2.5 
mm. which was a viscous liquid ( ra 26D 1.5483), but could not be 
crystallized. A urethane was prepared from a mixture of 2 g. of 
the alcohol, 1 g. of phenyl isocyanate, and 1 drop of pyridine 
heated in a sealed tube on a steam bath for 60 hr. I t was re- 
crystallized from n-hexane to yield phenylurethane melting at
122.5- 123.0°.

Anal. Calcd. for 2-methyl-3,6-diphenylhexanol-2 (Ci9H2,iO):

(43) A . L ep in , C h e m .  Z e n t r . ,  l i b ,  2080 (1912).
(44) A. B irch . J .  C h e m .  S o c . ,  809 (1945).
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C, 85.0; H, 9.03; mol. wt., 268.4; hydroxyl value (eqiuiv./lOO 
g.), 0.373. Found: C, 84.5, 84.7; H, 9.2, 9.1; mol. wt., 284 
±  5; hydroxyl value, 0.368, 0.405.

Anal. Calcd. for urethane of methyldiphenylhexamol (C26- 
H270 2N): C, 80.3; H, 7.28; N (Kjeldahl), 3.75. Found: C,
80.60, 80.68; H, 7.55, 7.62; N, 3.61, 3.69.

The Proof of Structure of 2-Methyl-3,6-diphenylhej:anol- 2. 
Iodine Dehydration.—A mixture of 6 g. of 2-methyl--3,6-cli- 
phenylhexanol-2 and 0.1 g. of iodine was intimately ground.45 46 
It was then heated to 130° for 0.5 hr. under nitrogen. Water 
and iodine were then distilled in vacuo. The residue (containing 
no hydroxyl bands in the infrared spectrum) was taken up in 
isopentane, washed twice with sodium bisulfite solution, anol them 
added dropwise to a refluxing mixture of 13 g. of zinc dusit and 
75 ml. of ethanol over 0.5 hr. The mixture after refluxing for 2 
hr. was diluted with water and extracted with n-pentane. The 
solution after drying overnight with calcium chloride was dis
tilled in vacuo to yield 4.5 g. of hydrocarbon boiling at 147.5- 
149.5° at 2 mm. {n2hd 1.5542-1.555). The infrared spectra of all 
the fractions were the same.

Anal. Calcd. for 2-methyl-3,6-diphenylhexene-2 (Ci9H21>): 
C, 91.1; H, 8.85; bromine no. (g./lOO g.), 63.8. Found: O, 
91.1,91.3; H, 8.8, 9.0; bromine no., 69.3.

Ozonolysis.—A solution of 2.3 g. of 2-methyl-3,6-diphenyl'- 
hexene-2 in 15 ml. of methylene chloride was ozonized a t  
— 78°.46 The methylene chloride solution was added dropwise to  
a refluxing 50% solution of aqueous acetic acid and 3 g. of zinc: 
dust. The mixture was refluxed for 1.5 hr. after the methylene 
chloride had distilled. I t was then taken up in ether, and the 
ethereal solution washed with aqueous sodium iodide (2%), dilute 
sodium hydroxide (8%), dilute hydrochloric acid, and twice with 
water, and dried with calcium chloride. Distillation of the ether 
yielded a ketonic oil. Sublimation of the oil (50-65° at 3 mm.) 
yielded a colorless solid (1.8 g., 88%, m.p. 55.0-55.5°) identified 
as 1,4-diphenylbutanone-l (lit.47 m.p. 55-56°).

Anal. Calcd. for 1,4-diphenylbutanone-l (!C16Hi60): C,
85.7; H , 7.15. Found: C, 85.4; H, 7.2.

A 2,4-dinitrophenylhydrazone derivative recrystallized from 
ethyl acetate-ethanol solutions yielded orange needles (m.p.
145.0-145.5°; lit.48 m.p. 144.5-145.0°).

Anal. Calcd. for 1,4-diphenylbutanone-l 2,4-dinitrophenyl
hydrazone (C22H20N4O4): C, 65.3; H, 4.98; N, 13.84. Found: 
C, 65.1; N, 4.8; N, 13.9.

Synthesis of 2,7-Dimethyl-3,6-diphenyloctanediol-2,7.—The
diol, 2,7-dimethyl-3,6-diphenyloctanediol-2,7, exists as two dias- 
tereoisomers, dl and meso. Both compounds were isolated from 
the reaction of styrene and acetone with sodium in dioxane or 
tetrahydrofuran and represented the condensation of two styrene 
and two acetone units. They were crystalline compounds re- 
crystallizable from methylcyclohexane and were roughly sepa
rable by cooling their concentrated solution in isopentane, where
upon the higher melting isomer crystallized quickly. Filtration 
and further standing allowed the lower melting isomer to sepa
rate. They were further purified by recrystallization from ab
solute ethanol in which the higher melting isomer was quite solu
ble and the lower melting isomer crystallized in beautiful hex
agonal crystals containing loose molecules of solvation. The 
ethanol of solvation deliquesced in air to leave a colorless white 
solid (m.p. 118-119°; b.p. 192-196° (1 mm.)). The higher melt
ing isomer was recrystallized from methylcyclohexane to yield 
colorless crystals melting at 135.5-136.0°. The diurethane of 
the 118° isomer melted with decomposition at 188.5°.

Anal. Calcd. for 2,7-dimethyl-3,6-diphenyloctanediol-2,7 
(ChHsoOz) (118° isomer): C, 81.0; H, 9.27; hydroxyl value 
(equiv./100 g.; LiAlH4), 0.613. Found: C, 81.44, 81.38; H,
9.32, 9.33; hydroxyl value, 0.605.

Anal. Calcd. for bisphenylurethane of dimethyldiphenyloc- 
tanediol-2,7 (Cs6H4o04N2) (118° isomer): C, 76.6; H, 7.15; N,
4.96. Found: C, 76.7, 76.9; H, 7.3, 7.4; N, 4.97.

Anal. Calcd. for 2,7-dimethyl-3,6-diphenyloctanediol-2,7 
([C22H30O2) (136° isomer): C, 81.0; H, 9.27; hydroxyl value, 
0.613. Found: C,81.0; H,9.3; hydroxyl value, 0.606.

Proof of Structure of 2,7-Dimethyl-3,6-diphenyloctanediol-2,7

(45) F . W h itm o re , J .  A m .  C h e m .  S o c . ,  *1, 1485 (1929); 56, 180 (1934).
(4fi) A. H en n e  an d  P . H ill, i b i d . ,  65, 752 (1943).
(47) von  A uw ers, J .  p r a k t .  C h e m . ,  109, 124 (1925 ); J . B rew ste r, J .  A m .  

C h e m .  S o c . ,  74, 5179 (1952).
(48) C . R o n d e s v e d t , J .  O r g .  C h e m . ,  19, 548 (1954); D . C ram , J .  A m .

C h e m .  S o c . ,  76, 726 (1954).

118° Isomer.—A mixture of 1.50 g. of diol and 0.05 g. of iodine 
was heated under nitrogen for 1 hr. The water and iodine were 
vacuum distilled and the residue taken up in chloroform. The 
chloroform solution was added to a refluxing mixture of zinc and 
ethanol and heated for an additional hour after distilling the 
chloroform. The mixture was diluted with water and taken up In 
n-hexane. The hexane solution was washed with sodium thio
sulfate and water, dried with calcium chloride, and distilled from 
zinc dust. The first fraction (b.p. 146-148° (2 mm.)) crystallized 
on standing. Recrystallization from isopentane yielded colorless 
crystals (m.p. 112-114°). The presence of infrared absorption 
bands at 10.25 and 10.9 p indicated that the olefin probably 
contained the isopropenyl structure.

Anal. Calcd. for C22H26: C, 91.0; H, 9.0. Found: C, 91.0; 
H, 9.1.

The major dehydration product (1 g.) boiled at 148-149° 
at 2 mm. (n25d 1.5588) and could not be crystallized. It was 
ozonized in methylene chloride solution at —78°. The ozonide 
was treated with refluxing ethanol and zinc dust to yield 0.8 g. of 
ketonic oil and 0.25 g. (21%) of dibenzoylethane. Recrystal- 
li.zation of the 1,2-dibenzoylethane from absolute alcohol yielded 
colorless needles (m.p. 144.5-145.5°).

Anal. Calcd. for 1,2-dibenzoylethane (Ci6Hi40 2): C, 80.6;
H, 5.92. Found: C, 79.8, 79'.9; H, 6.0, 6.2.

The infrared spectrum (potassium bromide) was identical with 
an authentic sample.49 The ketonic oil was treated with DNP re
agent but yielded a mixture of 2,4-dinitrophenylhydrazones 
which were not further investigated.

The crystallized olefin was also ozonized but did not yield the 
easily identifiable dibenzoylethane. The ketonic product was 
treated with DNP reagent to give a yellow DNP (m.p. 150-154°, 
re crystallized twice from aqueous ethanol solutions).

136° Isomer.—The diol (10 g.) was dehydrated by heating with 
iodine (0.1 g.) at 140-150°. The water and iodine were vacuum 
distilled and the residue treated with zinc and ethanol in the usual 
manner to yield 8 g. of hydrocarbon boiling at 151-152° («26d
I .  5582-1.5588). The infrared spectrum was quite similar (es
pecially in the fingerprint region) to the liquid olefin obtained 
firom the dehydration of the 118° isomer.

Anal. Calcd. for C22H26: C, 91.0; H, 9.04; bromine no., 110. 
Found: 0,91.06,90.96; H, 9.07, 9.04; bromine no., 115, 115.

The olefin (1.38 g.) was ozonized in the usual manner to yield 
0.46 g. (46%) 1,2-dibenzoylethane.

Reaction of Styrene and Acetone with Sodium.—In a typical 
experiment a 1-1., three-neck round-bottom flask equipped with a 
reflux condenser, trubore stirrer, and gas inlet was flushed with 
dry oxygen-free nitrogen and a head of nitrogen pressure was 
maintained in all of the subsequent operations. The solvent was 
added and sodium wire (1.5-mm. diameter) was pressed directly 
into the kettle. It was then cooled to the appropriate tempera
ture and 5 to 10 ml. of the carbonyl component added with stir
ring. The latter was necessary particularly if the olefinic com
ponent is susceptible to anionic polymerization (e.g., butadiene 
and styrene). As the olefin was added the surface of the sodium 
turned yellow to red depending on the olefin; the color probably 
was due to the formation of a carbanion since it was readily dis- 

< charged by the addition of the carbonyl compound. The progress 
of the reaction was readily followed by the disappearance of the 
b odium. With reactive systems (carbonyl component) the sur
face of the sodium remained shiny until it was consumed com
pletely.

Reaction of Styrene and Acetone with Sodium in Diethyl 
E ther.—Sodium (30 g.) was pressed in wire form into 600 ml. of 
absolute ether. The mixture was continuously flushed with dry 
n itrogen. It was cooled to —40° and 10 ml. of anhydrous acetone 
added. This was followed by the simultaneous addition of 150 
m l. of styrene and 95 ml. of acetone at such a rate to maintain 
the temperature at approximately —10° (~1 hr.). As the reac- 
ti on proceeded the surface of the sodium remained shiny and ap
peared molten. The reaction was stirred for an additional hour 
uiat.il the sodium was completely consumed; the mixture was 
homogeneous and appeared faintly gray. Acetic acid (100 ml.) 
and water were added simultaneously and the temperature main
tained at 0°. The mixture was poured into an ice-water slurry 
and extracted twice with ether. The colorless ethereal extract 
was washed with sodium bicarbonate twice and dried to yield a 
colorless ethereal solution. Vacuum distillation yielded un
changed styrene (19 g., b.p. 49-52° (30 mm.)) contaminated with

(49) I . B enge lsdorf, J .  O r g .  C h e m . ,  26, 1468 (1960).
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mesityl oxide and ethylbenzene. The latter were identified by 
gas-liquid chromatography using a 6-ft. DC-710 silicone fire
brick column operated at 105-107° and 9 p.s.i. The emergence 
times are mesityl oxide, 7.5 min., ethylbenzene, 10.3 min., and 
styrene, 14.5 min. The infrared spectrum of the trapped ethyl
benzene g.l.c. peak was the same as that of an authentic sample. 
Mesityl oxide was identified by its 2,4-dinitrophenylhydrazone 
(m.p. 202°). In addition, there was obtained 58.1 g. of a mixture 
of the isomeric 3-phenyl- and 4-phenyl-2-methylbutanol-2’s 
(b.p., 62-71° (3 mm.)). Rectification of this mixture resolved it 
into its component alcohols consisting of 53.5% 3-phenyl-2- 
methylbutanol-2 (b.p. 62 (2 mm.)) and 46.5% 4-phenyl-2-methyl- 
butanol-2 (b.p. 86° (2 mm.)). The material (17.7 g.) boiling at 
110-121° at 3 mm. was predominantly 2,5-dimethyl-3-phenyl- 
hexanediol-2,5. The high boiling residue (3.6 g.) was predom
inantly 2-methyI-3,6-diphenylhexanol-2.

To a mixture of 30 g. of sodium wire and 350 ml. of absolute 
ether at —75° were added 5 ml. of acetone and 200 ml. of styrene 
in approximately 5 min. Acetone was then added drop wise to 
maintain the temperature at —15° to —10° (1 hr.). The reac
tion was stirred for an additional hour at —10° until most of the 
sodium was consumed. The homogeneous solution was then 
cooled to —20° and 130 ml. of acetic acid and occasional portions 
of water were added to maintain the temperature of 0°. The 
reaction was then poured into an ice-water slurry and extracted 
twice with ether. The combined ethereal extracts were washed 
with water, potassium carbonate solution and water again, and 
dried over sodium sulfate. The volatile components consisting of 
ether and styrene were then removed by vacuum distillation to 
yield 109 g. of styrene and 11 g. of ethylbenzene. The latter 
was obtained by comparing the relative areas of styrene and 
ethylbenzene in a g.l.c. chromatogram with known mixtures. 
There also was obtained 51.5 g. of phenylmethylbutanols (b.p. 
76-86° (2.5 mm.)), 17.8g. of phenyldimethylhexanediol, and 3.1 
g of high boiling residues.

The previous reaction was repeated at 0° and yielded 119 g. of 
recovered styrene, 10 g. of ethylbenzene, 52.4 g. of isomeric 
phenylmethylbutanols (b.p., 77-90° (4 mm.)), 21.4 g. of di
methylphenylhexanediol (b.p. 125-134° (3 mm.)), 2.0 g. of 1,4- 
diphenylbutane, and 6.7 g. of high boiling residues.

Reaction of Styrene and Acetone with Sodium and Carbon 
Dioxide in Ether.—A mixture of 30 g. of sodium wire in 500 ml. 
of ether was chilled to —78° and 10 ml. of acetone and 150 ml. of 
styrene were added. The system was then pressured with two 
atmospheres of carbon dioxide and acetone was added dropwise at 
a rate such that the temperature was maintained at 0°. The sur
face of the sodium remained dull. After 60 ml. of acetone had 
been added the temperature was allowed to rise to 32° (1 hr.). 
The surface of the sodium appeared dull and a small amount of 
flocculent solid was found suspended in the ether. The carbon 
dioxide pressure was replaced with argon and after a short in
duction period (approximately 5 min.) the temperature rose 
rapidly (40°, 0.5 hr.). The carbon dioxide pressure was rein
stituted but the temperature continued to rise (65°). At this 
temperature the partial pressure of carbon dioxide in solution was 
low. With a 0.5-atm. carbon dioxide applied pressure, the addi
tion of acetone was continued and the temperature remained at 
60-65°. The reaction mixture became orange and solidified. To 
the mixture water was added slowly and the whole poured into 
ice-water. The ether extracts were washed twice with saturated 
sodium bicarbonate and then water. The sodium bicarbonate ex
tracts were decolorized with Norit and filtered to yield a clear 
cream-colored solution. It was acidified with dilute sulfuric acid 
at 0° and reextracted twice with ether. The ether solutions 
after drying yielded 3.5 g. of a viscous carboxylic acid(s) which 
was not identified further.

Distillation of the original ethereal solution yielded 60.9 g. of 
isomeric methylphenylbutanols, 12.1 g. of 1,4-diphenylbutane,
18.5 g. of dimethylphenylhexanediol, 5.5 g. of an unidentified 
crystalline ketone, 6.3 g. of dimethyldiphenyloctanediol, and 8.5 
g. of nondistillable residues. The unidentified ketone was re
crystallized from methyleyclohexane and sublimed in vacuo to 
yield colorless crystals (m.p. 127.0-127.5°). The infrared spec
trum showed absorption bands at 5.87 (very strong), 6.82 
(strong), 6.90 (strong), 7.08 (strong), 7.20 (medium), 7.33 
(strong), 7.49 (strong), 7.85 (very strong), and 8.15 (very 
strong) ,u. The characteristic aromatic bands were absent.

Anal. Calcd. for unidentified ketone (C15H24O2): C, 76.2; H,
10.25. Found: C, 76.3, 76.4; H, 10.3, 10.4.

The ketone was treated with DNP reagent to form a yellow 
DNP which was recrystallized from ethyl acetate (m.p. 240- 
241°, with decomposition in vacuum capillary). No lcwer 
melting derivative was formed.

Anal. Calcd. for CisEU-A^ DNP (C27H32NS0 8): C, 54.5; 
H, 5.41; N, 18.8. Found: C, 54.4, 54.4; H, 5.4, 5.5; N, 18.8,
18.6.

The material is, therefore, a diketone. This diketone was 
derived from acetone exclusively since it was also obtained when 
styrene was not present (vide infra).

Since the dimethylphenylhexanediol, 1,4-diphenylbutane, and 
the ketone codistill it was necessary to separate them by crystal
lization from isopentane in which the ketone and diphenylbutane 
were insoluble in the cold. The ketone was separated from the 
hydrocarbon by recrystallization from isopentane. The di
methylphenylhexanediol was obtained most conveniently as the 
hemihydrate by chilling an isopentane solution in a Dry Ice bath 
and allowing atmospheric moisture to condense. It could be 
purified by sublimation as a supercooled liquid or by distilling off 
the water of hydration.

If the reaction was repeated continuously maintaining the ap
plied total pressure of carbon dioxide at two atmospheres, the 
reaction was sluggish. It was moderately exothermic, however, 
and after half an hour the temperature rose to 37° (90 ml. of 
acetone added). After an hour the reaction temperature reached 
40° and the reaction became more vigorous and maintained itself 
despite applied carbon dioxide pressure at 56°. At the end of
2.5 hr. the reaction was complete. Under these conditions it ap
peared that the applied carbon dioxide pressure moderated the 
reaction and enabled it to be carried out at higher temperatures. 
Under these conditions 45.0 g. of phenylmethylbutanols, 19.5 g. 
of dimethylphenylhexanediol, and 5.7 g. of nondistillable residues 
were obtained.

Reaction of Acetone with Sodium in Tetrahydrofuran.—To 15
g. of sodium wire in 200 ml. of tetrahydrofuran at —20° was 
added 60 ml. of acetone dropwise. The addition was carried out 
at a rate such that the temperature was kept at 0-5° (1 hr.). 
After the reaction was stirred an additional hour, acetic acid (80 
ml.) was added and the reaction mixture poured into water. 
The colorless solution was vacuum distilled directly to yield 15.3 
g. (0.255 mole, 78%) of isopropyl alcohol determined by nbrite 
ester. The residues were extracted with benzene continuously 
but yielded no pinacol.

Reaction of Styrene and Acetone with Sodium in Tetrahydro
furan.—To 30 g. of sodium wire in 350 ml. of tetrahydrofuran at 
— 60° was added 10 ml. of acetone. Acetone (150 ml.) and 230 
ml. of styrene were then added dropwise simultaneously to main
tain the temperature at —25° (1 hr.). The reaction was "hen 
stirred for 2 hr. at 0°. Acetic acid (100 ml.) and water were 
added at 0° and the reaction mixture poured into an ice-water 
slurry. When the mixture was extracted with ether a colorless 
solid (6 g.) separated. It was identified as polystyrene (with 
hydroxyl end groups). The intrinsic viscosity was determined in 
toluene at 25° to be 0.61 dl./g. Applying the equation, mol. 
wt. = 3.09 X 106 v1Al, the viscosity average molecular weight 
was 150,000.

Anal. Calcd. for polystyrene (CsHs),,: C, 92.3; H, 7.74. 
Found: C, 92.1,92.1; H, 7.8, 7.8.

The viscous ethereal solution was treated with 1.5 1. of meth
anol whereupon more colorless solid (11 g.) precipitated. The 
analysis was consistent with a compound consisting of three 
styrene units for each two acetone units. The structure was 
probably 2,9-dimethyl-3,5-triphenyldecanediol-2.9.

Anal. Calcd. for (C8H„)3-(C3H70 )2= C MH380 2: C, 83.7; H, 
8.9; mol. wt., 431. Found: C, 82.8; H, 9.1; mol. wt., 412 ±
16.

Vacuum distillation of the ether-methanol solution yielded a 
very viscous oil and a crystalline solid. When it was treated with 
petroleum ether it deposited more heavy crystalline precipitate. 
The crystalline precipitate (66.6 g.) was a mixture of the diastsrio- 
meric dimethyldiphenyloctanediols with the higher melting isomer 
predominating ( —430%). The viscous oil was fractionated into
14.1 g. of methylphenylbutanols, 5 g. of isophorone (2,4-dinitro
phenylhydrazone, m.p. 129°), 3g. of dimethylphenylhexanediol, 
and 94.7 g. of nondistillable residues (b.p. >140° at 2 mm.).

Anal. Calcd. for isophorone 2,4-dinitrophenylhydrazone (Cis- 
H20N4O4): C, 56.3; H, 6.29; N (Dumas), 17.5. Found: C, 
57.5,56.5; H, 6 .1, 5.9; N, 17.7, 17.7.

Anal. Calcd. for residues (C8H8V(C3H70 )2= C 39H4602: C,
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85.4; H, 8.5; mol. wt., 535; hydroxyl value, 0.372. Found: 
C, 86.2, 85.9; H, 8.6, 8.6; mol. wt., 551 ±  12; hydroxyl 
value, 0.348, 0.398.

A mixture of 30 g. of sodium wire and 350 ml. of tetrahydro- 
furan was chilled to —75°. Initially 5 ml. of acetone was added 
and then 150 ml. of acetone and 130 ml. styrene were added 
simultaneously at —40° to —35° (10 min.). The reaction was 
stirred at 0° and after 20 min. the reaction was viscous and 
opaque. An additional 120 ml. of acetone was added at 0° (1 hr.) 
and the reaction stirred for an additional hour. Acetic acid (130 
ml.) and water were added to the mixture and the whole poured 
into an ice-water slurry. The reaction was extracted with ether; 
the ethereal extract was washed with saturated sodium bicarbonate 
and water. No polystyrene was formed. Vacuum distillation 
of the ether and styrene yielded a heterogeneous mixture of a 
viscous liquid and a crystalline solid. The ethereal distillate was 
a mixture containing styrene (10.1 g.), ethylbenzene (4.8 g.), 
and mesityl oxide (3.9 g.). Petroleum ether was added to the 
semisolid mixture to separate the crystalline insoluble material 
which was dimethyldiphenyloctanediol (78 g.). The petroleum 
ether solution on vacuum distillation yielded 17.9 g. of a mixture 
of methylphenylbutanols, 3.2 g. of isophorone, and 60.5 g. of a 
light yellow amorphous solid (b.p. >140° (3 ml.)).

The nondistillable amorphous residues showed an hydroxyl 
absorption at 2.8 m and characteristic aromatic bands in the in
frared spectrum. Its analysis was compatible with a structure 
consisting of three sytrene and two acetone units.

Anal. Calcd. for (CsHVbfC3H7O)2= (̂C3oH^h02): C, 83.7;
H, 8.9; hydroxyl value (equiv./lOO g.), 0.464; mol. wt. (ebull. 
ethanol, ebull. methylene chloride), 431. Found: C, 83.8; H, 
9.0; hydroxyl value, 0.464; mol. wt., ethanol, 315 ±  20, methyl
ene chloride, 350 ±  17.

Reaction of Styrene and Acetone with Sodium and Carbon 
Dioxide in Tetrahydrofuran.—To 30 g. of sodium wire in 500 ml. 
of tetrahydrofuran at —45° were added 15 ml. of acetone and 
then 150 ml of styrene. The nitrogen was replaced with carbon 
dioxide and the total applied pressure maintained at 2 atm. 
Acetone (120 ml.) was added over 1 hr. at 0° but the reaction did 
not appear to be going. The temperature was allowed to rise to 
35° by removing the cold bath (0.5 hr.) and the reaction allowed 
to proceed at 35-40° for an additional hour. The gray but homo
geneous mixture was quenched by pouring it into an ice-dilute 
sulfuric acid solution. Approximately 10 g. of unchanged sodium 
remained in the kettle. The light brown mixture was extracted 
with ether and the ether solutions washed with saturated sodium 
bicarbonate threee times. The dark brown bicarbonate extracts 
were treated with Norit and carefully reacidified to yield 3 g. of 
carboxylic acid(s). Its infrared spectrum was similar to that 
obtained in ether. The original ether extract yielded styrene 
(103 g.), methylphenylbutanol (14.1 g.), 1,4-diphenylbutane (3 
g.), dimethyldiphenylhexanediol (5.1 g.), and 17 g. of nondistill
able residues (b.p. >160°(1 mm.)).

Anal. Calcd. for residues (CsHa)4-(C3H,0)2=C38H.602: 
C, 85.4; H,8.5; mol. wt., 535; hydroxyl value, 0.372 (equiv./lOO 
g.). Found: C, 86.5; H, 8.5; hydroxyl value, 0.385, 0.356.

Reaction of Styrene and Acetone with Sodium in Dioxane.—
To 30 g. of sodium wire in 400 ml. of dioxane and 100 ml. of ether 
at 3° were added dropwise simultaneously 150 ml. of styrene and 
100 ml. of acetone at a rate (0.5 hr.) to maintain the temperature 
at 3° with external cooling. This was followed by an additional 
100 ml. of acetone (1 hr.). Most of the sodium was consumed. 
The clear colorless fairly viscous solution was treated with 150 
ml. of acetic acid and water, and then poured onto 500 ml. of 
ice-water slurry and extracted with ether. After drying with 
sodium sulfate the ethereal solution was vacuum distilled to re
move styrene (2 g.) and ethylbenzene (3 g.). The residue was a 
viscous oil (197 g.). Isopentane (100 ml.) was added and the 
solution on setting overnight deposited crystals of dimethyldi
phenyloctanediol (m.p. 135-138°), 30.5 g. More isopentane (50
ml. ) was added and the solution cooled to 0° whereupon 6.5 g. of 
the diasteriomeric dimethyldiphenyloctanediol (m.p. 113-117°) 
was obtained. The higher melting isomer was purified by crys
tallization from methylcyclohexane, vacuum sublimation, and 
recrystallization (m.p. 135.0-135.7°). The lower melting isomer 
was purified by crystallization from absolute ethanol from which 
it crystallized as transparent platelets containing ethanol of 
solvation which was removed by vacuum drying (m.p. 118-119°).

The remaining isopentane mother liquor was vacuum distilled 
to yield 17.5 g. of isomeric methylphenylbutanols (b.p. 71-94° 
(3 mm.); re26d 1.4878-1.5202), 22.1 g. of dimethylphenylhexane- 
diol (b.p. 130-147° (3 mm.); n®d 1.5382-1.5453), 46.4 g. of di- 
phenylhexanol (b.p. 168-176° (3 mm.); »“d 1.5483-1.5495),
19.6 g. of additional dimethyldiphenyloctanediol (b.p. 176-192° 
(1 mm.); n ® D  1.5498-1.5490), 7 g. of 1,4-diphenylbutane, and
25.8 g. of nondistillable residues (b.p. >200° (2 mm.)). The 
latter analyzed approximately for a compound consisting of 
three styrene and two acetone units.

Anal. Calcd. for residue (C8H8V(C3H70)2=C3oH3802: C, 
83.7; H, 8.9; mol. wt., 431; hydroxyl value, 0.464. Found: C, 
83.8; H, 9.2; mol. wt., 392 ±  14; hydroxyl value, 0.497.

Reaction of Styrene and Diacetone Alcohol with Sodium in 
Ether.—To a mixture of 30 g. of sodium wire in 450 ml. of ether 
at —54° were added 10 ml. of diacetone alcohol and then 150 ml. 
of styrene. Diacetone alcohol (100 ml.) was then added dropwise 
at such a rate as to maintain the temperature at 0-5° (2 hr.). 
The clear homogeneous solution was chilled to —5° and 100 ml. 
of acetic acid and 100 ml. of water added. The mixture was then 
poured into an ice-water slurry and extracted with ether. The 
ethereal solution yielded 66.4 g. of methyl phenylbutanols (b.p.
68-87° (2.5 mm.); n®d 1.4951-1.5090), 23.6 g. of dimethyl- 
phenylhexanediol (b.p. 124-137° (2.5 mm.); k25d 1.5292-1.5211),
14.5 g. of diphenylhexanol(b.p. 163-184° (2.5 mm.); re26d 1.5427- 
1.5437), and only 4.1 g. of nondistillable residue (b.p. >  185° (2.5
mm. )).
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1,3-Butadiene and isoprene react with ketones, esters, and aldehydes in the presence of sodium in ethereal 
solvents. Butadiene and acetone yield a mixture of 1:1 adducts which are identified as 2,3-dimethylpenten-4-
oI-2 (I), cis- and <rons-2-methylhexen-4-ol-2 (II and III), and 2-methylhexen-5-ol-2 (IV). In addition, small 
amounts of 2:1 adducts incorporating two acetone and one butadiene units and 1:2 adducts are formed. The 
anionic polymerization is not a significant side reaction. The same mixture of adducts is obtained in diethyl ether 
and tetrahydrofuran. The absence of dimeric butadiene adducts in tetrahydrofuran contrasts with the con
densations using styrene. The difference is examined in terms of the effect of solvent on the formation of dimer 
dianion from the radical-anion of butadiene and styrene. The nucleophilic properties of the radical-anion of 
butadiene is discussed by employing a simple theoretical model. The condensation of isoprene with acetone 
produces in good yield a mixture of octenols by 1,2-, 1,4-, and 4,1-addition to isoprene. A mixture of heptenones 
and octenones are obtained from the co-reduction of methyl propionate with butadiene and isoprene, respec
tively. Acetaldehyde and acrolein react sluggishly with butadiene and sodium. Simple alkenes are not co
reduced with acetone by sodium.

In the previous paper1 the co-reduction of styrene and 
acetone with sodium to form hydroxylic 1:1, 2:1, 1:2, 
and 2:2 adducts of acetone and styrene was discussed. 
These adducts were characterized as phenyl methyl- 
butanols, dimethylphenylhexanediol, diphenylheptanol, 
and diphenyldecanediols. The reductive condensation 
to form monomeric or dimeric styrene products was 
markedly influenced by solvent. The reaction was in
terpreted to proceed via styrene radical-anion and dimer 
dianion intermediates. In this report we have extended 
the study of co-reductions with sodium to other con
jugated dienes such as butadiene and isoprene with 
aldehydes or esters as the carbonyl components.

Results
Butadiene and acetone react readily with sodium in 

tetrahydrofuran at —5° to 0° to produce a mixture of 
1:1 acetone-butadiene adducts in 64% yield, in addi
tion to a 2:1 adduct of two acetone and one butadiene 
units in 16% yield and a 1:2 adduct in 3% yield. Less 
than 3% undistillable polymeric material was formed. 
The mixture of 1:1 adducts was examined by distilla
tion, gas-liquid chromatography and ozonolysis. Four 
component heptenols were identified and characterized :
2,3-dimethylpenten-4-ol-2 (I) (45%), ¿rans-2-methyl- 
hexen-4-ol-2 (II) (24%), as-2-methylhexen-4-ol-2

2,3-Dimethylpenten-4-ol-2 (I) was obtained by the 
procedure of Roberts and Young3 which employs 
“crotyl” magnesium bromide and acetone. In addition 
to ozonolysis to formaldehyde,3 we also identified the 
keto alcohol as the 2,4-dinitrophenylhydrazone of 2,3- 
dimethylcrotonaldehyde, a product of acid-catalyzed 
dehydration. The mixture of cis- and ¿rans-2-methyl- 
hexen-4-ol-2 (II and III) was synthesized from 1-lithio- 
propene-1 and isobutylene oxide. It was hydrogenated 
to 2-methylhexanol-2 and ozonized to a mixture of 
acetaldehyde and a keto alcohol which was identified as 
the 2,4-dinitrophenylhydrazone of senecialdehyde, a 
product of facile dehydration catalyzed by acid. 2- 
Methylhexen-5-ol-2 (IV) was synthesized from allylace- 
tone and méthylmagnésium bromide. I t was hydro
genated to 2-methylhexanol-2 and ozonized to yield 
formaldehyde.

The 2:1 adduct comprised of two acetone and one 
butadiene units was obtained as a crystalline solid. 
On the basis of its infrared spectrum (10.25 and 112 
p), its structure was assigned as the 1,4-adduct, 2,7-di- 
methyloctene-4-diol-2,7 (V).

ch3 ch3
CHs—C—CH2—CH=CH—CH2— CH3

I IOH OH
V

CH2=CH—CH=CH2 + CH3COCH3 -I- Na 
CH C(CH3)2OH

/  \  /CH2 CH +
I ¿Hs

CH;
CH=CH

/
, HI

CH CH2—C(CHa)2OH
/  \  /CH3 CH

II

CH2—C(CHa)2OH +
CH CH2—C(CH3)2OH

/  \  /  (1)CH2 CH2 IV

(III) (18%), and 2-methylhexen-5-ol-2 (IV) (13%). 
These heptenols were compared with authentic samples.

(1) P a r t  I , J .  K . K och i, J .  O r g .  C h e m . ,  28 , 1960 (1963).
(2) D e p a r tm e n t of C h e m is try , C ase  In s t i tu te  of T ech n o lo g y , C lev e lan d

6 , O hio .

The same mixture of 1:1 and 2:1 acetone-butadiene 
adducts was formed in the same relative yields in diethyl 
ether solvent, but less polymeric material was found. 
This contrasts strongly with the co-reduction of styrene 
and acetone with sodium, in which the product com
position was markedly influenced by solvent. In either 
solvent the amounts of butadiene polymers formed were 
much smaller than the polystyrene residues obtained in 
tetrahydrofuran.

Reaction of Isoprene and Acetone with Sodium.—
Isoprene underwent a reaction with acetone in the 
presence of sodium in a manner analogous to butadiene: 
There was formed in 81% yield a mixture of 1:1 adducts 
which were distillable into two fractions (b.p. 70-73° 
(40 mm.) and b.p. 78-81° (40 mm.)). Each fraction 
and intermediate fractions all had the same elemental, 
hydroxyl, and bromine number analyses. In addition 
they all formed phenyl carbamate derivatives which

(3) J. D. Roberts and W. G. Young, J. A m . C h e m . S o c .. 67, 148 (1944).
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were not obtained pure (by melting point), but whose 
analyses corresponded to the isomeric octenols. The 
lower boiling fraction (70-73°) appeared homogeneous 
on g.l.c. while the higher boiling fraction (78-81°) 
showed two distinct components. Neither was pure 
since ozonolysis of the various distillation cuts produced 
acetone, acetaldehyde, and formaldehyde, in varying 
proportions.

These results indicated that in addition to 1,4 (VI) 
and 1,2 (VII) addition, 4,1 (VIII) addition was a sig
nificant route.

C H ,

C H 2= i -  C H = C H 2 +  C H 3C O C H 3 +  Na ■ 
C H s  C H s

C H 3- - i  - g h 2-  - ¿ = c h — c h ,  +

O H

V I

C H 3 c h 3

C H 3— C — C H 2— C H — C H = C H 2 (2 )

¿H
VII

c h 3 c h 3

C H 3— C H 2— C H = i — C H 3 

O H

VIII

In addition to the 1:1 adducts of acetone and isoprene 
there was formed a mixture of 2:1 adducts (10%), 1:2 
adducts (3%), and polyisoprene telomers, none of which 
were resolved. The formation of polymeric residues 
was a more important process with isoprene than it was 
with butadiene.

The addition of isopropyl alcohol served to lower the 
yield of reduction adducts presumably by reacting di
rectly with sodium. Sodium isopropoxide did not en
hance the yields of adducts and thus obviated the 
possibility of a radical chain reaction.

C H 3 c h 3

C H 3—L  -(- C 4H 6 — >- C H s — C — C , H 6- (3 )

ONa ONa

c h 3

-(- CH3—C- etc. (4)
I

ONa

Reactions of Esters and Dienes with Sod ium -
Methyl propionate reacted readily with sodium in 
tetrahydrofuran solvent to produce propionoin in 40% 
yield. Both methyl propionate and ethyl acetate 
reacted with sodium in the presence of butadiene and 
isoprene at a reduced rate compared to acetone. 
Methyl propionate and butadiene reacted with sodium 
in tetrahydrofuran to produce a mixture of heptenones 
(27%), which was not separated, in addition to higher 
boiling unidentified products.

c h 3I c h 31
-c—c4h 6- +  CH3—CH —1
ONa

|
ONa

c h 3|
c h 3—c —c 4:

ONa

Na
c h 3c h 2co2c h 3 +  c h 2= c h —c h = c h 2 — >

0
II

C H 3C H 2C — C H 2— C H — C H —  C H 2 (5 )

Methyl propionate and isoprene reacted with sodium 
in tetrahydrofuran to form a mixture of unsaturated 
ketones similar to those formed from butadiene in ap
proximately 20% yield. The reaction of methyl pro
pionate and styrene with sodium in diethyl ether was 
slow compared to the reaction with acetone. Neither 
condensation products nor polymeric styrene were ob
tained, and reduction of the reactants to simple mono
meric products was the only reaction observed. Al
though these reactions of esters and dienes with sodium 
in tetrahydrofuran were carried out at 15-25°, the po
lymerizations of butadiene or isoprene were not signifi
cant side reactions.

Benzalacetone and butadiene reacted with sodium in 
tetrahydrofuran very slowly to form a viscous amor
phous products(s) which was not characterized. After 
approximately 10% of the reaction was completed, 
acrolein underwent an undesirable base-catalyzed po
lymerization to a product similar to disacryl. Mesityl 
oxide reacted readily with sodium in the presence of 
butadiene in tetrahydrofuran to form in reasonable 
yield a product of dimeric reduction of mesityl oxide. 
Acetaldehyde reacted easily with sodium in the presence 
of butadiene but after the reaction was approximately 
10% complete, the surface of the sodium appeared 
deactivated. If the reaction was run in the presence of 
acetic acid, the sodium was consumed readily, largely by 
its reaction with acetic acid. There was formed in low 
yields mixtures of alcoholic products which were 1:1 
and 1:2 adducts of acetaldehyde and butadiene. If 
acetic anhydride was used to replace the acetic acid, 
the yields of adducts were slightly better. There was 
formed in low yields a mixture of acetates which were 
not identified.

Reaction of Acetone and Alkenes with Sodium.—
When the reduction of acetone with sodium was carried 
out in the presence of either hexene-1 or 2-methylpen- 
tene-1 in tetrahydrofuran, the primary reduction prod
uct was isopropyl alcohol. In addition there was 
formed a variety of base-catalyzed condensation prod
ucts of acetone which included mesityl oxide, iso- 
phorone, and an unidentified crystalline ketone (the 
same as that obtained from acetone and styrene). 
There was no indication that either hexene-1 or 2- 
methylpentene-1 reacted with acetone.

Discussion
The reactions of conjugated dienes such as butadiene 

and isoprene with acetone and sodium are distinguished 
from the related condensations which involve styrene in 
that the ether solvents have a leveling effect with the 
former olefins. Thus, reactions in diethyl ether and 
tetrahydrofuran solvents are indistinguishable in co
reductions involving butadiene, whereas diethyl ether 
favors monomeric styrene condensation products and 
tetrahydrofuran is conducive to the formation of dimeric 
styrene products.1 We attribute this difference to the 
dimer dianion equilibrium involving the radical-anion 
from each olefin. With styrene radicai-anion IX, the 
equilibrium equation 7 is presumed to be more facile
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and sensitive to solvent (vide infra) than it is with buta
diene radical-anion XI (equation 7).

2NaPhCH=CH2^  [PhCH—CH2CH2—CHPh]Na2 (6) 
IX X

2NaCH2= C H —CH=CH2 
XI

[CH2—CH=CH—CH2CH2CH=CH—CH2] Na2 (7) 
XII

It is difficult to assess quantitatively the magnitude 
of free energy changes involved in each of the dimeriza
tion equilibria 6 and 7. If these changes are reflected 
mainly in the energy of the anions (i.e., neglecting the 
sodium counterions, solvation effects, coulombic repul
sions, entropy changes, etc.), it is possible to make some 
attempts to calculate by the use of the simple Hiickel 
molecular orbital method4 the differences involved in 
the dimerization reactions 6 and 7. The lowest unoc
cupied molecular orbital in butadiene is 1.24 ¡3 higher in 
energy than that of the highest filled orbital, and it is 
1.32 f3 higher in styrene. This indicates that the “elec
tron affinity” of butadiene is 0.08 /3 greater than styrene. 
Benzyl and allyl carbanions can be used as models for 
the dimer dianions of styrene X and butadiene XII. 
The calculated difference in energy between benzyl 
carbanion and toluene is 2 a +  0.72 /3, while that between 
allyl carbanion and propylene is 2 a +  0.83 f3. The dif
ference, 0.09 ¡3, measures the amount by which allyl 
carbanion is more stable than its conjugate acid relative 
to benzyl carbanion and its conjugate acid.6 The 
amount that butadiene radical-anion is more stable than 
styrene radical-anion is vitiated by almost the same 
amount as the allyl carbanion is stable relative to 
benzyl carbanion. Therefore, the driving force for 
dimer dianion formation from the radical-anion on the 
basis of these crude calculations appears to be the same 
for butadiene and styrene. If the differences in driving 
force are real, then it must be attributed to factors other 
than simple energy considerations, such as solvation, 
coulombic repulsion, etc.7

The alternate route for the formation of dimeric 
styrene products is via the dimer anion-radical inter
mediate XIII formed from the addition of styrene 
radical-anion to styrene.1
NaPhCH=CH2 +  PhCH=CH2 — >

[PhCH—CH2CH2—CHPh]Na (8) 
XIII

This was followed by electron transfer.
XIII +  Na — >- [PhCH—CH2CH2—CH—PhiNa2 (9)

X

(4) A . S t r e i tw ie s e r ,  " M o le c u la r  O r b i ta l  T h e o r y  f o r  O r g a n ic  C h e m is t s , ”  
J o h n  W ile y  a n d  S o n s , I n c . ,  N e w  Y o r k ,  N .  Y .,  1 9 6 1 .

(5 ) I f  a  v a lu e  o f 5 0  k c a l . /m o le  is  u s e d  f o r  t h i s  d i f f e re n c e  a m o u n t s  to
4 .5  k c a l.  E x p e r im e n ta l ly ,  t h e s e  v a lu e s  s h o u ld  b e  re f le c te d  in  p K A v a lu e s ,  
b u t  t h e s e  a r e  n o t  r e a d i ly  a v a i la b le .  H o w e v e r ,  s in c e  b o th  b e n z y l  a n d  a l ly l  
r a d i c a l s  a r e  o d d  a l t e r n a n t  h y d r o c a r b o n s ,  t h e  a d d i t i o n  o r  s u b t r a c t i o n  o f  a n  
e le c t r o n  to  t h e  0 th  m o le c u la r  o r b i t a l  in v o lv e s  n o  c h a n g e  in  t h e  r e l a t i v e  
d i f f e re n c e s  in  e n e rg y .  T h e r e f o r e ,  t h e  d i f f e re n c e  in  e n e rg ie s  o f  t h e  b e n z y l  
a n d  a l ly l  m o ie t ie s  a s  c a rb a n io n s ,  f re e  r a d ic a ls ,  o r  c a rb o n iu m  io n s  a re  t h e  
s a m e .  T h e  r e a d i ly  a c c e s s ib le  b o n d  d i s s o c ia t io n  e n e rg ie s 6 a re  in  a g r e e m e n t  
w i th  th e s e  c a lc u la te d  v a lu e s .  F o r  e x a m p le ,  t h e  b o n d  d i s s o c ia t io n  e n e rg ie s  
o f  P h C H 2— C H a  a n d  C H 2= C H C H 2— C H s  a re  63  =fc 1 .5  a n d  6 1 .5  k c a l . /m o le ,  
r e s p e c t iv e ly  (d if fe re n c e  =  ~ 2  k c a l . /m o le ) ,  a n d  P h C H 2— I a n d  C H 2=
C H C H z — I  a re  ~ 3 9  a n d  3 6  ±  1 k c a l . /m o le ,  r e s p e c t iv e ly  (d if fe r e n c e  =  ~ 3  
k c a l . /m o le ) .

(6 )  T .  L . C o t t r e l l ,  " T h e  S t r e n g t h s  o f C h e m ic a l  B o n d s ,”  B u t te r w o r t h s  
S c ie n t i f i c  P u b l ic a t io n s ,  L o n d o n ,  1 9 5 4 , p p .  2 0 1 , 2 1 3 .

If such were the case there is no a priori reason for a 
similar process not to be obtained with butadiene radi
cal-anion, since the latter also readily undergoes anionic 
polymerization* (10 and 11).
NaCH2= C H —CH=CH2 +  C4H6 —

[CH2—CH=CH—CH2CH2—CH=CH—CH2] Na (10) 
XIV

XIV +  N a --->■

[CH2—CH=CH—CH2CH2—CH=CH—CH,] Na2 (11) 
XII

The ineffectiveness of a change in solvent from diethyl 
ether to tetrahydrofuran to effect the formation of 
significant quantities of dimeric butadiene adducts of 
acetone militates against such a mechanism.

Frank and Foster93 have shown that such dimeric 
butadiene products can be formed under special condi
tions in a manner not dissimilar to the formation of di
meric styrene adducts. There are certain indications 
that the dimer dianions X or XII are not readily dis
sociated.910 And it is not necessary to postulate reac
tions 6 and 7 as reversible (vide supra), provided solvents 
affect the rates of the dimerizations.11 The critical role 
played by solvent in the formation of octadiene dianion 
XII from butadiene and diphenyl butane dianion X 
from styrene has been demonstrated.9

The composition of the mixture of 1:1 adducts of 
acetone and butadiene which are the only significant 
products from sodium, shows interesting distribution of 
isomers. The intermediate which directly leads to 
reaction with acetone is the butadiene radical-anion. 
The calculated spin densities at positions 1 and 2 of this 
species are shown in Fig. 1. These densities correspond

CH CH2
/  \  /

H2C CH
■36 -U

Fig. 1.—Spin densities in the butadiene radical-anion.

to the nucleophilic center being mainly on the terminal 
positions which react with acetone by addition to form 
the alkoxide-radical XV in preference to the alkoxide- 
radical XVI, formed by reaction at the internal 
positions.

• CH2—CH=CH—CH,—C(CH3)2ONa 
XV

N aCH2= C H —CH=CH2 +  CH3COCH3—

'' b

c h 2-
ICH2= C H —CH—C(CH3)2ONa 

XVI

(12)

( 7 )  ( a )  N .  D . S c o t t ,  J .  F .  W a lk e r ,  a n d  V . L . H a n s le y ,  J. Am. Chem. Soc 
58, 2 4 4 2  (1 9 3 6 );  ( b )  D .  E .  P a u l ,  D .  L ip k in ,  a n d  S . I .  W e is s m a n ,  ibid.., 78, 
116 (1 9 5 6 );  (c) J .  L . D o w n , et al., Proc. Chem. Soc., 2 0 9  ( 1 9 5 7 ) ;  (d )  M - 
S z w a rc , Makromol. Chem., 35, 133 (1 9 6 0 ) .

( 8 )  ( a )  K .  Z ie g le r , Angew. Chem., 49, 4 9 9  (1 9 3 6 );  Ann., 567, 72 ( .,9 5 0 ) ,  
(b )  F . W . S ta v e ly ,  et al., Ind. Eng. Chem., 48, 7 7 8  (1 9 5 6 );  (c )  M . S i t t i g ,  
“ S o d iu m ,”  R e in h o ld  P u b l is h in g  C o r p . ,  N e w  Y o rk ,  N . Y .,  1 9 5 6 , p . 3 1 3  ff.

( 9 )  (a )  C . E .  F r a n k  a n d  W . E .  F o s t e r ,  J. Org. Chem., 26, 3 0 3  (1 9 6 1 )  : 
(b )  C . E . F r a n k ,  J .  R . L e c b r ic k ,  L . F . M o o rm e ir ,  J .  A . S c h e b e n ,  a n d  O . 
H o m b e rg ,  ibid., 26, 3 0 7  (1 9 6 1 ).

(1 0 ) M . S z w a rc  a n d  R . A s a m i, . / .  Am. Chem. Soc., 84, 2 2 6 9  (1 9 6 2 ).
(1 1 ) T h i s  s t a t e m e n t  is  a ls o  a p p l i c a b le  to  o u r  e a r l ie r  d i s c u s s io n 1 o f th e  

f o r m a t io n  o f s ty r e n e  d im e r  d ia n io n .
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Formation of terminal adducts II, III, and IV in 
larger yield (55%) than the sole secondary product I is 
consistent with this formulation. On the other hand, if 
acetone ketyl were the intermediate which added to 
butadiene, only terminally substituted products from 
the alkoxide-radical intermediate XV are expected.

The reduction by electron transfer of alkoxide-radical 
XV yields an alkoxide-anion XVII which can suffer pro
tonation at three positions to yield the isomeric hepten- 
ols II, III, and IV, or addition to acetone to form dec- 
enediol V.
CH2—CH=CH—CH2—C(CH3)2ONa +  Na — >

[: CH2—CH=CH—CH2—C(CH3)20 : ] Na2 (13) 
XVII

XVII +  CH3COCH3

II

III +  CHsCOCEUNa

IV

(14),

such adducts are not the sole products of co-reduction. 
Significant amounts of additions at the 4-position occur, 
and it is further evidence that the co-reduction reactions 
are not proceeding via an addition of the acetone ketyl 
intermediate. Although anionic polymerization is 
quite a facile process with isoprene, little dimeric iso
prene condensation products were observed in the reac
tion with acetone and sodium.

The reaction of esters with conjugated dienes to pro
duce unsaturated ketones is analogous to reactions 
with acetone. It probably involves the addition of the 
radical-ion to the ester to form a hemiketal intermediate 
XVIII which suffers electron transfer, protonation, and
C H ^C H —CH=CH2 +  CH3CH2C02CH3 —

0:

CH3CH2—Ì —CH2—CH=CH—CH2 ( 16 )

o c h 3
XVIII

XVII +  CH3COCH3 — >- V (15)

The position of protonation of the allylic carbanion 
XVII is not easy to predict. The simple butenyl 
Grignard reagent reacts with acetone and other car
bonyl electrophiles3 and ethylene oxide12 exclusively at 
the secondary position. The position it is neutralized 
to yield butene is dependent on the acid, and is not 
specific to the 3-position, although butene-1 is usually 
the predominant product.13 However, the cinnamyl 
carbanionic moiety reacts with electrophiles at either 
the primary or secondary position depending on the 
electrophile and the metal gegenion.1415

The alkoxide-anion XVII exists in two geometric 
forms. The formation of approximately equal amounts 
of cis- and frans-2-methylhexen-4-ol-2 reflects their 
relative populations. Statistically, it is expected that 
protonation at the internal position of XVII to form 2- 
methylhexen-5-ol-2 (IV) would be favored by a factor of 
two over either cis- or irans-2-methylhexen-4-ol-2 (II or
III). However, the negative charge on the alkoxide 
oxygen may repel the negative charge to the terminal 
position of the allylic system and favor the formation of 
II or III. The low yield of IV relative to II and III is 
in accord with such a formulation.

An alternative path involving protonation first of the 
butadiene radical-anion followed by reduction and con
densation with acetone is a possibility which can
not be discounted. The formation of a butadiene di
anion, which results from two electron transfers, as an 
intermediate is disfavored on energetic grounds. The 
dianion of such a simple structure711 would not be ex
pected to produce the heptenols observed in such yields.

The chemistry of isoprene is related to that of buta
diene and its reaction with acetone and sodium resem
bles that of the latter. Whereas free radical additions 
to isoprene occur predominantly at the 1-position,16

(12) L. S. W u, R . A . F in n eg o n , a n d  K . W . G reen lee , A b s tra c ts , 142nd 
N a tio n a l M ee tin g  of th e  A m erican  C h em ica l S o c ie ty , A tla n tic  C ity , N . J ., 
S ep te m b er, 1962, p. 7Q,

(1 3 )  (a) W . G. Y oung , S. W in ste in , a n d  A. N . P ra te r ,  J .  A m .  C h e m .  S o c  

58, 289 (1936); (b) W . G . Y o u n g  a n d  M . E isn e r, i b i d . ,  63, 2113 (1941); 
(c) M . S. K h a ra sc h  a n d  O. R e in m u th , “ G rig n a rd  R ea c tio n s  of N o n m eta ll ic  
S u b s ta n c e s ,’’ P re n tic e -H a ll  C o., N ew  Y ork , N . Y .. 1954, pp . 1145 £f.

(14) J . E . Leffier, “ T h e  R e a c tiv e  In te rm e d ia te s  in  O rg an ic  C h e m is try ,” 
In te rsc ie n c e  P u b lish e rs , In c ., N ew  Y o rk , 1956, pp . 215 -216 .

(15) W e a re  ex a m in in g  th e  effec t of s t ru c tu re  on  th e  re a c tio n s  of ally lic  
ca rb an io n s .

hydrolysis. The unreactivity of styrene radical-anion 
in this reaction is probably due to the slowness of the 
addition step such as 12. In this respect the anion- 
radicals of styrene and butadiene show lower nucleo
philic reactivity than conventional organo-sodium 
derivatives.

The possibility of carrying out co-reductive cycliza- 
tions with a,/3-conjugated carbonyl compounds and 
butadiene was investigated.

Na
C H ^C H —CHO +  CH2= C H —CH=CH2 — >•

ONa

c h 2= c h —c —c h 2—c h = c h —c h 2
L H _

XIX

__.ONa

XIX  * /  \  etc.

However, we found no indications that such reactions 
were successful.

Experimental
Materials.—1,3-Butadiene: Matheson Co., C.p . grade, bulb 

distilled in vacuo after drying over calcium chloride. Isoprene: 
Phillips Petroleum Co., polymerization grade, redistilled. 2- 
Methylbutene-1 and hexene-1: Phillips Petroleum Co., pure 
grade. Methyl propionate, benzalacetone: Eastman Kodak, 
White Label. Mesityl oxide, acrolein: Shell Chemical Co.
1-Bromopropene-l: Matheson Coleman and Bell. Material was 
carefully redistilled through a 40-plate Oldershaw column. 
Other materials were the same as those used in the previous re
port.1

Synthesis of 2,3-Dimethylpenten-4-ol-2 (I).—Butadiene (427 
g.) was added to 500 ml. of benzene and chilled to 0°. Anhydrous 
hydrogen bromide was bubbled through the solution at 0° for 2 
hr. The solution was -washed with aqueous sodium bicarbonate 
and dried over calcium chloride. Distillation yielded 350 g. of 
butenyl bromide boiling at 97-104°. The butenyl bromide (300 
g.) in 3 1. of diethyl ether was added slowly over 11 hr. to 160 g. of 
magnesium in a liter of ether. Acetone (130 g.) in 300 ml. of 
ether was added over an hour and the reaction worked up under 
near neutral conditions (ammonium sulfate). I t yielded 240 g. of
2,3-dimethylpentene-4-ol-2 boiling at 133-135°; n25d 1.4323- 
1.4332. It was contaminated with a ketonic impurity which was

(1 6 )(a) J . K. K och i, J .  A m .  C h e m .  Soc., 84, 3946 (1992); (b ) A. A. O sw ald , 
K. G riesb au m , W . A. T h a le r , a n d  B. E . H u d so n , i b i d . ,  84, 3897 (1962).
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readily removed by treatment with Girard P reagent (re26d 
1.4331).

A n a l . Calcd. for C7H14O: C, 73.63; H, 12.4; bromine no., 
130. Found: C, 73.67; H, 12.36; bromine no., 145.

Hydrogenation over Adam’s catalyst in ethyl acetate yielded
2,3-dimethylpentanol-2. 17 Examination by g.l.c. showed the 
presence of only one component (emergence time: 10-ft. Ucon 
Polar/firebrick at 114°, 25.7 min.; 10-ft. DEGS/firebrick at 
90°, 33 min.).

Synthesis of 2-Methylhexen-4-ol-2 ( c is and ira n s Mixture) 
(II and III).—1-Bromopropene-l (186 g.) was added to a solution 
of 15.6 g. of lithium in 1 1. of diethyl ether over a period of 4 hr. 
1-Lithiopropene-l then reacted with a solution of 108 g. of iso
butylene oxide in 100 ml. of ether. The reaction was worked up 
under near neutral conditions and yielded 47 g. of 2-methylhexen-
4-ol-2 boiling at 142-143°; ra26d 1.4365-1.4369.

A n a l . Calcd. for C7 H 1 4O: C, 73.63; H, 12.4; bromine no., 
140. Found: C, 73.2; H, 12.3; bromine no., 142.

It was hydrogenated over platinum to 2-methylhexanol-2.17 
The methylhexenol was examined by g.l.c. and found to consist 
of two components of approximately equal amounts (emergence 
times: 29 and 35 min. on 10-ft. Ucon Polar at 114° and 39 and 
46 min. on 10-ft. DEGS/firebrick at 90°). The early emerging 
component was assigned the t r a m  structure and the later com
ponent the c is structure. The infrared spectrum was also consist
ent with these structures, since strong bands appeared at 965 
cm r1 ( tr a n s )  and 980 cm.- ' ( c is ) .

2-Methylhexen-5-ol-2 (IV) was prepared from allylacetone and 
methylmagnesium bromide.17 It was separated by g.l.c. from 
the isomeric alcohols using a 10-ft. Ucon Polar/firebrick column 
at 114° (emergence time, 37.3 min.) and less efficiently with a
10-ft. DEGS/firebrick column at 90° (emergence time, 48.7 min.).

Reaction of Butadiene and Acetone with Sodium in Tetra- 
hydrofuran.—Sodium wire (30 g.) and 350 ml. of tetrahydrofuran 
were cooled to —80° and 5 ml. of acetone and 300 ml. of buta
diene were added. Acetone (135 ml.) was added drop wise at 
10° to —5° over 1 hr. The reaction was stirred for an additional 
10 min. at 0 ° and then poured onto a mixture of ice and water 
containing 80 g. of sulfuric acid. It was extracted with ether and 
the ethereal solution washed with saturated sodium bicarbonate 
and water. It yielded 55.5 g. of 1:1 adducts (b.p. 122-131°; 
n26D 1.4313-1.4347), 18 g. of 2:1 adducts, 3.1 g. of 1:2 adducts, 
and 1.4 g. of nondistillable residue (b.p. >120° (2 mm.); ti25d 
1.5014).

The same reaction conducted in diethyl ether at —5° to 0° 
gave essentially the same results. The reaction yielded 47 g. of 
1:1 adducts, 10 g. of 2:1 adducts, 1.5 g. of 1:2 adducts, and 1 g. 
of nondistillable residue.

A similar reaction containing 25 ml. of isopropyl alcohol con
ducted at 0° in tetrahydrofuran yielded 36.5 g. of 1:1 adducts,
7.1 g. of 2:1 adducts, and 2.3 g. of nondistillable residues (b.p., 
>150° (2 mm.), n26D 1.4976). These reactions also yielded 
mesityl oxide and isophorone.

Butadiene-Acetone Adducts. 1:1 Adducts.—The mixture of 
adducts containing one acetone and one butadiene unit (b.p. 
122-131°) was carefully refractionated at 90 mm. with a 3-ft. 
spinning band column. The distillation pattern is as follows. 
Fraction, boiling range (°C.), n25D, wt. (g.): 16, 77.0-77.5,
I. 4398, 5.8; 17,77.5,1.4389,10.8; 18,76.8-78.0,1.4389, 15.0; 
19, 78.0-77.8, 1.4368, 15.6; 20, 77.8-80.0, 1.4348, 13.0; 21,
80.0-84.0, 1.4343, 12.0; 22, 84.0-85.0, 1.4349, 17.5; 23, 85.0-
85.6, 1.4352, 9.2; 24, 85.8-86.5, 1.4352, 15.7.

The analyses for each fraction are as follows. Fraction, C, H, 
hydroxyl value (equiv./100g.), bromine no. (g./100g.): 17, 73.9,
II. 5,—, —; 18,73.1,11.7,—, —; 19,72.9,11.9 (0.809,0.827), 
—; 20, 73.6, 12.2 (0.853, 0.907), —; 21, 73.4, 12.4, —, —; 22,
73.5, 12.3 (0.868, 0.898), 135 ; 23, 13.3, 12.3, —, —; 24, 73.2,
12.3, —■, —; theoretical (calcd. for heptenol, C7H14O), 73.6, 
12.37, 0.876, 138.

The phenyl carbamate derivatives were obtained crystalline 
by the same procedure employed for the octenols obtained from 
isoprene. Fraction 24 yielded a urethane derivative melting at 
60-62° and fraction 19 yielded a derivative melting at 48.5- 
49.5°.

A n a l . Calcd. for phenylurethane of fractions 19, 22, 24 (C 1 4- 
H 1 9NO 2 ): C, 72.0; H, 8.22; N, 6.0. Found (fraction 19): C, 
72.2; H, 8.2; N, 5.8. (Fraction 221: C, 72.0; H, 8.1; N,6.1. 
(Fraction 24): C, 72.1; H, 8.1; N, 5.8.

(17) J .  K . K och i, J .  A m .  C h e m .  S o c . ,  85 , 1958 (1963).

The mixtures of 1:1 adducts of acetone and butadiene were ex
amined by g.l.c. Mesityl oxide was poorly separated from 2,3- 
dimethylpenten-4-ol-2 on a 10-ft. DEGS/firebrick column at 90° 
but was cleanly separated on a 10-ft. UCON Polar/firebrick 
column at 114°. The former column poorly separated c is -2- 
methylhexen-4-ol-2 from 2-methylhexen-5-ol-2 while the latter 
column separated them cleanly. The two columns used in con
junction enabled determination of four isomeric heptenols. The 
total yields of heptenols also were determined by hydrogenating 
an aliquot of the reaction mixture with Adam’s catalyst. The 
heptenols, 2,3-dimethylpentanol-2 and 2-methylhexanol-2 , were 
not separated from each other by g.l.c., but were cleanly sepa
rated from 4-methylpentanone-2 and they were analyzed by the 
marker technique.

The relative yields of heptenols were as follows: 2,3-dimethyl- 
penten-4-ol-2, 44.7%; ¿r<ms-2-methylhexen-4-ol-2, 24.4%; c is -2- 
methylhexen-4-ol-2, 17.6%; 2-methylhexen-5-ol-2, 13.4%. Vir
tually the same ratios of isomeric heptenols were obtained in di
ethyl ether and tetrahydrofuran solvents.

Thus, fractions 18 and 19 consisted mainly of 2,3-dimethyl- 
penten-4-ol-2. Fractions 23 and 24 were mixtures of c is -2- 
methylhexen-4-ol-2 and 2-methylhexen-5-ol-2. The intermediate 
fractions consisted of mixtures of all four components. Further 
evidence was obtained from ozonolysis studies. As expected, no 
acetone was formed. The two lower carbonyl compounds were 
acetaldehyde estimated by g.l.c. and formaldehyde estimated by 
methone formation. The yields of these two components were as 
follows: fraction, formaldehyde, acetaldehyde: 19, 18%, —; 
20, 4.5%, 12.5%; 23, 8.5%, 38%.

The aqueous mother liquor from the ozonation of fraction 19 
was clear and homogeneous. It was treated directly with 2,4-di- 
nitrophenylhydrazine reagent which on standing gave a heavy 
red precipitate. It was recrystallized twice from ethyl acetate- 
ethanol mixture to yield dense scarlet crystals, m.p. 195-196°. 
The same DNP was obtained from the urethane of fraction 19. 
The reported melting point of the DNP from 2,3-dimethylcroton- 
aldehyde was 198°18a and 200-201 °.18b

The mixture melting point with an authentic sample18“ made 
from the selenium dioxide oxidation of 2,3-dimethylbutene-2 was 
undepressed (m.p. 194—196°).

A n a l . Calcd. for 2,3-dimethylcrotonaldehyde DNP (C 1 2 H 1 4- 
N 4O4 ): C, 51.8; H, 5.08; N, 20.1. Found: C, 51.3, 51.0, 
51.218“; H, 5.0, 5.0, 5.018“; N, 20.3, 20.1, 20.2.188

The aqueous mother liquor was treated directly with semi- 
carbazide in ethanol. Within 1 hr. a heavy precipitate of semi- 
carbazone was formed. Recrystallization from methanol yielded 
platelets (m.p. 239-240°, sealed capillary). Literature value for
2,3-dimethylcrotonaldehyde semicarbazone is 234°18a and 239- 
240°.18b The mother liquor was acidified with sulfuric acid and 
stirred with ether for 36 hr. The ether solution on washing with 
sodium bicarbonate and water and drying with sodium sulfate, 
yielded a mixture of carbonylic oils (infrared bands at 5.75 yu 
(shoulder), 5.82, 6.00, and 6 .1  u). It reacted rapidly with 
semicarbazide to form the same derivative (m.p. 239-240°) ob
tained from the mother liquor directly.

Anal. Calcd. for 2,3-dimethylcrotonaldehyde semicarbazone 
(C 7H 1 3N 3O): C, 54.1; H, 8.45; N, 27.1. Found: C, 53.9, 
54.2; H, 8.4, 8.5; N, 27.6.

Fraction 24 on ozonolysis yielded primarily acetaldehyde, and 
the homogeneous aqueous mother liquor on treatment with 2,4- 
DNP reagent yielded red crystals which on recrystallization from 
ethyl acetate-ethanol yielded a scarlet DNP, melting at 180.0- 
180.5°. The DNP of senecialdehyde (/3-methylcrotonaldehyde) 
melted at 181.6°,19 * * 181-182°, 179°.

A n a l . Calcd. for senecialdehyde DNP (C 1 1H 1 2N 4O4 ): C,
49.9; H, 4.58; N (Dumas), 21.2. Found: C, 49.3, 49.2; H,
4.5, 4.6; N, 21.2, 21.3.

2:1 Adducts,—The 2:1 adduct consisting of two acetone and 
one butadiene unit distilled at 82-84° (1 mm.) ( r a 26D  1.4634) and 
melted at 68-69 °. Its infrared absorption spectrum showed prom
inent bands at 10.25 and 11.10. It was probably the 1,4-adduct,
2,7-dimethyloetene-4-diol-2,7.

A n a l . Calcd. for dimethyloctenediol (C10H20O2): C, 69.8;
H, 11.69; hydroxyl value, 1.16; bromine no., 93. Found: C,

(1 8 )  (a) W . H ic k in b o tto m , J .  C h e m .  S o c . ,  4400 (1954); (b) E . B rau d e ,
i b i d . ,  3334 (19551.

(19) W . H ic k in b o tto m , i b i d . ,  1380 (1955); R . H e ilm an  a n d  G len a t,
B u l l .  s o c .  c h i m .  F r a n c e ,  1586 (1955); M . J u l ia  a n d  J .  S u rzu r , C o m p ,

r e n d . ,  238 , 2426 (1954).
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69.9,69.8; H, 11.7, 11.7; hydroxyl value, 1.11, 1.11; bromine 
no., 93.

Reaction of Isoprene and Acetone with Sodium in Tetrahydro- 
furan.—To a mixture of sodium wire (33 g.) in 400 ml. of tetra- 
hydrofuran at —40° was added 125 ml. of isoprene. Acetone 
(150 ml.) was then added dropwise at such a rate to maintain the 
temperature at 3-5° (30 min.). The light yellow homogeneous 
reaction was allowed to stir at 25° for 30 min. to react all of the 
sodium. Sulfuric acid (30%) was added dropwise to the mixture 
with cooling. The mixture was then added to an ice-water slurry 
and extracted three times with ether. The ethereal solution was 
washed with saturated sodium bicarbonate and water and dried 
with sodium sulfate. The ethereal solution on distillation yielded 
67 g. of a mixture of dimethylhexenols (b.p. 143-151°; rt25d 
1.4746-1.4754), 4 g. of trimethyldecadienols (b.p. 95-125° (2 
mm.); ?i25d 1.4829) and 10.3 g. of nondistillable residue (n25d 
1.5018-1.5035; b.p. >190° (2 mm.)). In addition, mesityl 
oxide (10.5 g.) and isophorone (6.7 g.) were formed from the base- 
catalyzed condensation of acetone.

If the reaction was carried out at 20-25° the amount of 1:1 
adduct (55.9 g.) remained approximately constant. There was 
formed, however, 33.4 g. of a mixture of 2:1 and 1:2 adducts and
22.2 g. of polyisoprene residues.

The addition of sodium isopropox ide did not enhance the forma
tion of addition products. For example, a reaction consisting of 
26 g. of sodium in 375 ml. of tetrahydrofuran and 50 ml. of iso
propyl alcohol was refluxed for 3 hr. to convert the alcohol to 
sodium isopropoxide. The reaction mixture was cooled to —30° 
and 100 ml. of isoprene added, and followed by the dropwise addi
tion of 75 ml. of acetone. The temperature was maintained at 
— 10° (20 min.). The mixture was stirred for an additional 15 
min. at 0°. The homogeneous solution was poured into an ice- 
water slurry containing 60 g. of sulfuric acid and extracted with 
ether. The mixture yielded 15.4 g. of 1:1 adducts, 1.5 g. of a 
mixture of 1:2 and 2:1 adducts, and 3.8 g. of polyisoprene res
idues .

The addition of isopropyl alcohol decreased the amount of 
1:2 and 2:1 adducts. A reaction consisting of 30 g. of sodium 
wire in 350 ml. of tetrahydrofuran was chilled to —40° and 25 
ml. of isopropyl alcohol and 200 ml. of isoprene were added. 
Acetone (130 ml.) was then added dropwise (30 min.) keeping the 
temperature at —5° to 0°, and the reaction stirred for 30 min. 
at 0°. The mixture was poured onto an ice-water slurry contain
ing 70 g. of sulfuric acid and extracted with ether. I t  yielded
36.1 g. of 1:1 adducts, 6.0 g. of a mixture of 2:1 and 1:2 adducts, 
and 4.7 g. of nondistillable residues.

Isoprene-Acetone Adducts. 1:1 Adducts.—The 1:1 adducts 
of isoprene and acetone consisted of a mixture containing, at 
most, four possible structural isomers: 2,4-dimethylhexen-4-ol-2,
2,4-dimethylhexen-5-ol-2, 2,5-dimethylhexen-4-ol-2, and 2,5- 
dimethylhexen-5-ol-2. The distillation pattern is as follows. 
Fraction, boiling range, n 25D, weight: 3, 67.5-69.5°, 1.443 , 2.4 
g.; 4, 69.5-71.0°, 1.4438, 7.3 g.; 5, 71.0-73.5°, 1.4438, 6.8 g.; 
6, 73.5-75.2°, 1.4438, 7.8 g.; 7, 75.2-76.7°, 1.4444, 4.4 g.; 8,
76.7- 76.8°, 1.4443, 4.6 g.; 9, 76.8-78.8, 1.4452, 7.8 g.; 10,
78.8- 80.2°, 1.4442, 9.8 g.; 11, 80.2-80.5°, 1.4440, 52 g.; 12,
80.5-98.0°, 1.4440, 2.7 g.

Analyses of various fractions were also obtained. Frac
tion, C, H, bromine no. (g./lOO g.), hydroxyl value (equiv./lOO 
g.): 3, 77.1%, 12.2%, —, —; 4, 77.3%; 12.5%, —, —; 5,
76.4%, 12.5%, —, —; 6, 76.0%; 12.5%, —, —; 7, (75.18,
75.14), (12.53, 12.52), —, .732; 8, 75.0%, 12.5%, 149, —; 9, 
74.7%, 12.5%, —, —; 10, 74.9%, 12.5%, 111, .763; 11, 74.9%, 
12.5%,—, —; 12, 73.6%, 12.3%,—, —; theoretical (calculated 
for CsHi60, octenol): 75.0%, 12.6%, 125, 0.771. Fraction 6 was 
treated with phenyl isocyanate and 1 drop of pyridine on a steam 
bath for 48 hr. The mixture was diluted with isopentane and 
filtered to remove the diphenylureas. The filtrate was vacuum 
distilled to remove solvent and unchanged alcohol. The viscous 
residue was chromatographed over neutral alumina and the eluate 
yielded colorless crystals. Recrystallization three times from 
isopentane yielded phenyl carbamate derivatives melting at
67-72°.

Anal. Calcd. for phenylurethane of fraction 6 (C1.H21NO2): C, 
72.9; H, 8.65, N (Kjeldahl), 5.67. Found: C, 73.0; H, 8.6; 
N (Kjeldahl), 5.7.

A similar treatment of fraction 10 gave a urethane which was 
much more difficult to purify (melting point criterion). Re
crystallization six times from isopentane yielded material melting 
at 52-59°.

Anal. Calcd. for phenylurethane of fraction 10 (C 1 5H 2 1 O2 N ): 
C, 72.9; H, 8.65; N, 5.67. Found: C, 72.6; H, 8.5; N, 5.7.

The alcohol fractions were examined by g.l.c. on a 5-ft. 
UCON Polar/acid-washed Chromosorb at 113°. There were 
three important constituents with emergence times: A (10.7 
min.), B (14.8 min.), and C (1S.1 min.). Fraction 5 contained all 
three constituents in the approximate ratio A: B : C as 1:5:1. In 
fraction 7 the ratio was 1:5:7; in fraction 9, 1:1:5; and fraction 
10, 2:30:1.

Ozonolysis studies indicated further that the fractions con
tained more than one component. The compounds were ozonized 
in methylene chloride at —78°. The methylene chloride solution 
was then added to a mixture of zinc in 50% aqueous acetic 
acid and the methylene chloride distillate condensed in an ice 
bath. Acetaldehyde and acetone were analyzed by g.l.c. on a
10-ft. oxydipropionitrile column at 42°. The emergence times 
were: methylene chloride, 5.6 min.; acetaldehyde, 3.3 min.; 
and acetone, 9.5 min. Formaldehyde was determined by weigh
ing the methone derivative formed from the aqueous mother 
liquors. The estimates of the yields of these three carbonyl 
components are as follows: fraction, formaldehyde, acetalde
hyde, acetone: 5, 13%, 20%, 7%; 6, —, 7%, —;'8, 23%, 20%, 
6%; 10, 25%, 1%, 13%; 11, 15%, 4.2%, 9%.

The positive identification of acetone in these ozonolyses indi
cate the presence of an isopropylidene end group, which can 
arise only if the addition of the hydroxy isopropyl moiety is 
added to isoprene at the 3- or 4-position.

CH3 CH3 C
I I I

CH3—C— +  C6H8 — >- CHa—C—C—C =C —C or

OH OH
CH3 CHs CH3'
I I I

CH3—C---- C = C —CH3
I
OH

Since mechanistically it is difficult to rationalize addition at th e
3-position, structure 3,5-dimethylhexen-4-ol-2 was preferred for 
the isomer yielding acetone on ozonolysis.

2:1 Adducts.—The mixture of adducts consisting of two ace
tone and one isoprene units boiled at 84-95° (2 mm.) and was not 
resolved into its components. Its structure was presumably 
predominantly that of the 1,4-adduct, 2,4,7-trimethyloctene-4- 
diol-2,7.

Anal. Calcd. for trimethyloctenediol (C11H22O2): C, 70.9; 
H, 11.9; hydroxyl value(equ.v./100g.), 1.076; bromine no. (g./- 
100 g.), 86. Found: C, 71.9, 71.4; H, 11.7, 11.7; hydroxyl 
value, 0.963; bromine no., 93.

1:2 Adducts.—The mixture of adducts consisting of one acetone 
and two isoprene units boiled at 95-125° (2 mm.) and was a mix
ture of several isomers. A possible structure is related to 2,4,8- 
trimethy ldecadien-4,8-ol-2.

Anal. Calcd. for trimethyldecadienol (Ci3H240): C, 79.4; 
H, 12.3; hydroxyl value, 0.51; bromine no., 172. Found: C,
79.8, 77.6; H, 11.0, 11.7; hydroxyl value, 0.452; bromine no., 
150.

Analysis for Nondistillable Residues (Polyisoprene) (C5HS)„.— 
The infrared spectra of these residues showed the presence in 
varying degrees of intensity hydroxyl absorptions (2.95 m)-

Anal. Calcd. for CsHs: C, 88.2; H, 11.8. Found: C,
87.0, 86.5; H, 11.8, 11.9.

Reaction of Mesityl Oxide and Butadiene with Sodium in 
Tetrahydrofuran.—Sodium wire (30 g.) and 350 ml. of tetrahy
drofuran were cooled to -80° and 300 ml. of butadiene and 80 
ml. of mesityl oxide added. The reaction was allowed to warm to 
0° and an additional 70 ml. cf mesityl oxide was added dropwise 
(20 min.). The reaction was stirred for 40min. at 0° and 80 min. 
at 6°. To the light yellow fairly mobile solution was added 200 
ml. of isopropyl alcohol and the whole poured onto a mixture of 
80 g. of sulfuric acid and an ice-water slurry. The ether extracts 
after washing with sodium bicarbonate were dried with sodium 
sulfate and distilled. Fraction, pressure (mm.), boiling range, 
n 26D ,  weight, C, H: 5, 30, 36-50°, 1.4266, 11.9 (mesityl oxide); 
6, 30, 55-55°, 1.4406, 17.6 (mesityl oxide); 7, 3, 55-66°, 1.4581,
11.1, 76.5, 11.6; 8, 3, 66-67°, 1.4652, 23.6, 75.7, 11.4; 9, 2, 
67-69°, 1.4688, 11.4, 74.3, 11.1; 10, 2, 70-94°, 1.4758, 5.5,
75.4, 11.2; 11, 2, 94-119°, 1.4806, 7.9, 76.2, 11.2; 12, 2, 119-
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122°, 1.4817, 3.4, 76.1, 11.4; 13, 2, 122-150°, 1.4848, 2.8, 76.7, 
11.5; residue, —, —, 1.4981, 5.6, 82.3, 11.3.

Fractions 8, 9, 10, and 11 were quite similar and showed the 
presence of hydroxyl (2.95 m) and carbonyl (5.95, 6.05 m) bands 
in the infrared spectra.

Fractions 9 and 10 crystallized partially. After filtering, the 
solid recrystallized from petroleum ether to yield colorless solid 
(m.p. 73-74°). The infrared spectrum in carbon tetrachloride 
showed important absorption bands at 2.90, 5.95, 8.60, 9.43, 
9.75, 10.62, 11.00, and 12.00 m-

Anal. Calcd. for hydroxy ketone (CuHUCb): C, 73.5; H, 
10.3; hydroxyl value (LiAlH4) (equiv./lOO g.), 0.510; carbonyl 
value (equiv./lOO g.), 0.510. Found: C, 73.5, 73.6; H, 10.3, 
10.3; hydroxyl value, 0.557; carbonyl value, 0.393.

R e a c t io n  o f  M e th y l  P r o p io n a te  w i th  S o d iu m  in  T e t r a h y d r o -  
f u r a n .—Sodium wire (23 g.) in 500 ml. of tetrahydrofuran was 
cooled to 20° and a solution of 100 g. of methyl propionate in 100 
ml. of tetrahydrofuran added dropwise. The temperature was 
maintained at 20-25° (1.5 hr.). Acetic acid (80 g.) and water 
were added to the clear homogeneous solution and the reaction 
mixture then poured into a large excess of water. I t was ex
tracted several times with ether, washed with sodium bicarbonate, 
and dried over sodium sulfate. Distillation yielded 12.1 g. of 
material boiling at 64-66° at 15.5 mm. ( u 26d  1.4252).

Anal. Calcd. for propionoin (CsHuCh): C, 62.1; H, 10.42. 
Found: 0,62.2,61.9; H, 10.3, 10.3.

The 2,4-dinitrophenylhydrazone was recrystallized from 
ethanol-water mixtures (m.p. 124.0-125.5°; lit.3 m.p. 154°). 

Anal. Calcd. for propionoin DNP (Ci2Hi6N40 6): C, 48.7;
H, 5.45; N, 18.9. Found: C, 48.9, 48.5; H, 5.4, 5.2; N, 18.7,
19.0,

R e a c t io n  o f  M e th y l  P r o p io n a te  a n d  B u ta d i e n e  w i th  S o d iu m  in  
T e t r a h y d r o f u r a n .—Butadiene (300 ml.) was added to a mixture 
of 30 g. of sodium wire and 350 ml. of tetrahydrofuran at —10°. 
Methyl propionate (130 g.) was added dropwise at a temperature 
of approximately 15° (1.5 hr.). The reaction was allowed to stir 
at 15° for 4 hr. and then poured into a mixture of ice slurry and 
80 g. of sulfuric acid. The ethereal extracts were washed with 
sodium bicarbonate and water, dried with sodium sulfate, and 
distilled. Fraction, pressure (mm.), boiling range, u 26d , weight, 
C, H: 5, 760, 143-145°, 1.4319, 4.1, 72.8, 10.7; 6, 40, 68-72°,
I . 4348, 8 .8, 74.3 and 73.5, 10.7 and 10.6; 7, 40, 72-74°, 1.4365,
11.6, 73.7 and 73.7, 10.6 and 10.6; 8 , 40, 74-78°, 1.4369, 6.1,
74.0 and 74.2, 10.7 and 10.7; 9, 40, 83-118°, 1.4442, 5.8, 73.3, 
10.4; 10, 2, 100-103°, 1.4613, 8.0, 73.9, 10.3; 11, 2, 103-119°, 
1.4658, 3.3, 73.5, 10.2; 12, 2, 126-150°, 1.4798, 6 .8 , 74.3, 10.5; 
13, 2, 148-150°, 1.4842, 1.3, 75.0, 10.5; residue, —, —, 1.4971,
18.8, 75.3, 11.7.

Fraction 7 is fairly pure heptenone. It reacted with 2,4-DNP 
reagent to form an amorphous derivative with, however, correct 
analysis for heptenone-DNP.

Anal. Calcd. for heptenone DNP (Ci3Hi6N40 4): C, 53.4;
H, 5.53; N, 19.15. Found: C, 53.0, 52.7; H, 5.5, 5.6; N,
19.0, 18.3.

Hydroxyl value (0.725 equiv./lOO g.) and bromine number 
(127 g./lOO g.) are in fair agreement with theory, 0.89 and 143, 
respectively.

R e a c t io n  o f  M e th y l  P r o p io n a te  a n d  I s o p r e n e  w i th  S o d iu m  in  
E th e r .—Sodium (15 g.) was dispersed in 50 ml. of xylene. The 
xylene was decanted and the sodium pellets washed with absolute 
ether several times. Ether (200 ml.) was added and the mixture 
cooled to —25° and 50 ml. of isoprene added. A solution of 39 g. 
of methyl propionate in 50 ml. of ether was added and the reac
tion refluxed simultaneously (30 min.). The reaction was re
fluxed an additional hour and poured into a mixture of 35 g. of 
sulfuric acid and water. The upper layer was decanted and 
washed with sodium bicarbonate and dried with potassium car
bonate. Fraction, pressure (mm.), boiling range, re26d weight:
I, 2.5, 34-40°, 1.4473, 8.7; 2, 2.5, 40-47°, 1.4485, 11.3; 3,
2.0, 49-62°, 1.4526, 2.5; 4, 1.0, 54-68°, 1.4686, 1.3; 5, 1.0,
68-102°, 1.4732, 1.4; 6, 1.0, 102-128°, 1.4850, 2.3.

The lower boiling fractions (1-4) from several runs were com
bined and redistilled at 12 mm. Fraction, boiling range, m 25d , 

weight, C, H: 1, 45-62°, 1.4530, 2.9, —, —; 2, 62-64°, 1.4478,
4.8, 75.3, 11.0; 4, 65-66°, 1.4498, 4.4, 74.7, 10.8; 4, 66-67°, 
1.4516, 4.0, 74.1, 10.9; 5, 67-68°, 1.4520, 4.1, —, —; 6, 68-74, 
1.4480, 3.7, 70.7, 10.4; 7, 74-87°, 1.4332, 3.9, —, —.

Fractions 2 and 4 were treated with 2,4-dinitrophenylhydrazine 
reagent and yielded solid derivatives. They were both recrystal
lized twice from ethanol-water solutions but yielded material

melting, over a range (fraction 2, DNP, m.p. 80-85; fraction 4, 
DNP, m.p. 80-90°). They both had correct analyses for an oc- 
tenone.

Anal. Calcd. for DNP of octenone (Ci4Hi8N40 4): C, 55.0;
H, 5.93; N (Dumas), 18.3. Found (fraction 2, DNP): C, 
54.9; H, 6.3; N, 18.0. (Fraction 4, DNP): C, 55.0; H,6.1; N,
18.3.

R e a c t io n  o f  B e n z a la c e to n e  a n d  B u ta d i e n e  w i th  S o d iu m  in  
T e t r a h y d r o f u r a n .—A mixture of 23 g. of sodium ribbon in 350 ml. 
of tetrahydrofuran was cooled to —60° and 300 ml. of butadiene 
added. The temperature was raised to —10° and a solution of 90 
g. of benzalacetone in 100 ml. of tetrahydrofuran was added at 
such a rate to maintain the temperature at 12-14° (1 hr.). The 
reaction was stirred for 3 hr. at 14° and became quite viscous. 
I t was poured into ice-water and separated as a very viscous, ether 
soluble, mass. I t was not worked up.

R e a c t io n  o f  A c ro le in  a n d  B u ta d i e n e  w i th  S o d iu m .—Sodium 
wire (30 g.) in 350 ml. of tetrahydrofuran was cooled to —70° and 
350 ml. of butadiene added. A solution of 100 ml. acrolein in 100 
ml. of tetrahydrofuran solvent was added dropwise at —70° and 
the addition continued until the temperature reached —10° 
(30 min.). The solution became opaque and as the acrolein was 
added a solid material separated (disacryl?). The sodium was not 
apparently consumed as evidence by its dull surface.

R e a c t io n  o f  A c e ta ld e h y d e  a n d  B u ta d i e n e  w i th  S o d iu m .—  
Sodium wire (30 g.) in 350 ml. of tetrahydrofuran was cooled to 
— 70° and 350 ml. of butadiene added. An aliquot (20 ml.) of a 
solution of 100 ml. of acetaldehyde and 100 ml. of tetrahydro
furan was added and the reaction allowed to warm to —10°. 
The surface of the sodium was shiny, but, as the addition of the 
acetaldehyde solution was continued, the solution became opaque 
and the sodium surface became dull. After all the aldehyde had 
been added the sodium was less than 10% consumed. Addition 
of more acetaldehyde did not appear to activate the sodium. 
The reaction was stirred for 1 hr. at room temperature at which 
time most of the sodium wire remained unchanged. It was 
worked up in the usual manner by decanting the solution into 
ice-water. I t  yielded no material boiling where hexenol is ex
pected.

The reaction was repeated with the simultaneous addition of 
acetic acid (100 ml.) with the acetaldehyde solution. After ap
proximately half the solution was added (temperature, 0°, 1 hr.) 
the solution became opaque. After the acetaldehyde and acetic 
acid were added approximately 50% of the sodium was still un
changed. The reaction was stirred for an additional hour at 5°, 
but no visible reaction occurred. Approximately 10 g. of 3-mm. 
diameter glass oeads was added and the reaction became exother
mic (temperature rise to 20°). The mixture was cooled to 10° and 
after 0.5 hr. of stirring the sodium was completely dissipated. 
It was poured into sulfuric acid-ice mixture and extracted with 
ether. The ethereal extract, after washing three times with 
sodium bicarbonate and drying over sodium sulfate, was distilled 
to remove the ether. The residue (approximately 50 ml.) was 
vacuum distilled. Fraction, pressure, boiling range, ?i 26d , 

weight, C, H: 1, 70, 31-41°, 1.4192, 1.5, —, —; 2, 70, 45-46°,
I. 4282, 3.5, 81.1, 12.4; 3, 30, 39^2°, 1.4322, 4.6, 82.8, 12.6; 
4,20a 10, 36-84°, 1.4362, 6.3, 73.8, 12.1; 5,20b 10 , 84-92°, 1.4613,
1.0, 73.7, 11.2: residue, —, —, 1.5003, 1.2, — .

A reaction was also run in which acetic anhydride (80 ml.) was 
used to replace the acetic acid in the previous reaction (23 g. of 
sodium, 75 ml. of acetaldehyde, 300 ml. of butadiene in 350 ml. of 
tetrahydrofuran). The products were distilled into the following 
fractions. Fraction, pressure (mm.), boiling range, weight (g.), 
»“ d, C, H: 3, 3, 25-42°, 2.9, 1.4341, —, —; 4, 2, 42-49°, 8 .6 , 
1.4426, 66.8, 9.8; 5, 2, 52-66°, 5.3, 1.4469, 64.4, 9.3; 6 , 2,
66-83°, 1.5, 1.4576, 64.3, 8.7; 7, 2, 83-91°, 7.8, 1.4574, —, —; 
8, 2, 91-99°, 4.9, 1.4663, 64.4, 8 .8 ; 9, 2, 100-106°, 4.8, 1.457, 
—, —; residue, —, —, 32.2, 1.5012, 71.7, 9.4.

R e a c t io n  o f  E th y l  A c e ta te  a n d  B u ta d i e n e  w i th  S o d iu m  a n d  
A c e tic  A n h y d r id e  in  T e t r a h y d r o f u r a n .—A mixture of 30 g. of 
sodium wire in 350 ml. of tetrahydrofuran reacted with 350 ml. 
of butadiene and 122 ml. of acetic anhydride in the usual manner. 
The addition took approximately 1 hr. and the reaction was 
stirred an additional 2 hr. at 5°. The consumption of the sodium 
occurred very slowly. The work-up yielded products distilling 
over a wide range. Fraction, pressure, boiling range, weight, 
»“ d, C, H: 1,8, 26-28°, 1.5, 1.4279, —, —; 2, 5, 28-37°, 2.1,

(20)(a) Hydrexyl value (equiv./lOO g., acetic anhydride), 0.86, 0.88;
(b) hydroxyl value (equiv./lOO g., acetic anhydride), 0.66, 0.64.
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1.4492, 68.5, 9.1; 3, 2.5, 41-42°, 17.9, 1.4632, 69.5, 9.0; 4, 2;
42-47°, 10.6, 1.4697, 69.5, 9.0; 5, 2, 47-58°, 1.9, 1.4670, —, 
—; 6, 2, 58-70°, 2.5, 1.4662, —, —; 7, 2, 70-84°, 4.1, 1.4700, 
—, —; 8 , 2, 84-117°, 1.9, 1.4832, —, —; 9, 2, 117-124°, 7.9, 
1.5035, —, —; residue, —, —, 32.6, 1.5150, 70.6, 8.7.

Fraction 4 on treatment with 2,4-DNP reagent yielded an 
orange-red DNP (recrystallized from absolute ethanol), m.p.
158-160°.

Anal. Calcd. for hexenone DNP (C12H14N4O4): C, 51.8;
H, 5.07; N, 20.1. Found: C, 51.9, 52.1, 51.6; H, 4.9, 4.9, 
5.0; N, 19.8, 19.8, 19.7. That fraction 4 was not pure hexenone 
also was indicated by its bromine number (137) and hydroxyl 
value (208).

R e a c t io n  o f 2 - M e th y lb u te n e - l  a n d  H e x e n e -1  a n d  A c e to n e  w ith  
S o d iu m  in  T e t r a h y d r o f u r a n .—A mixture of 30 g. of sodium wire 
and 400 ml. of tetrahydrofuran was chilled to —20° and 150 ml. 
of 2-methylbutene-l was added. Acetone was added dropwise at 
such a rate to maintain the temperature at 30° (2.5 hr.). The 
clear homogeneous solution was quenched with 100 ml. of acetic 
acid and water and poured into an ice-water slurry. The mixture 
was extracted three times with ether and the ethereal solutions 
washed with sodium bicarbonate and dried over sodium sulfate. 
The distillation of the ethereal extracts yielded in addition to 
isopropyl alcohol, mesityl oxide, and isophorone. In addition 
there was formed a high boiling ketonic product(s) (b.p. 98-147° 
(1 mm.); re25d 1.5053-1.5231; 7.1 g.) which showed hydroxyl 
absorption in the infrared spectrum (2.80, strong; 5.80, strong,

6.05, strong; 6.4, weak y). The distillation pattern from the 
reaction of acetone with 2-methylbutene-l is given below. Boil
ing range, w 25d , weight (g.), C, H, hydroxyl value: 49.3-53.0°, 
1.4705, 6.5, —, —, —; 53.0-53.5°, 1.4745, 8.5, 76.2, 10.2, —;
53.5-62.0°,— ,3.3, 77.5, 10.3,0.624; 84-86°, 1.5089, 2.4, —, —, 
—; 86- 88°, 1.5122, 3.0, —, —, —; 88-89°, 1.5158, 2.8, 79.9,
10.2, 0.500; 89-98°, 1.5156, 1.5, 79.2,10.2, —; 98-128°, 1.5053,
3.3, —, —, —; 128-147°, 1.511, 3.0, —, —, —. A similar 
spectrum of products was obtained from the reaction of hexene-1 
with acetone and sodium.

R e a c t io n  o f  S ty r e n e  a n d  M e th y l  P r o p io n a te  w i th  S o d iu m  in  
E t h e r .—To a mixture of 30 g. of sodium wire in 400 ml. of ether 
at —40° was added 10 ml. of methyl propionate and 150 ml. of 
styrene. Methyl propionate (150 ml.) was then added dropwise 
at 5-10° (0.5 hr.) and the reaction allowed to stir at 30-40° for 2 
hr. (12 g. of unchanged sodium remained). The solution was 
decanted into a mixture of acetic acid and water and worked up in 
the usual manner. Distillation of the ether left approximately 100 
g. of material which on distillation was primarily styrene. The 
reduction products although not isolated were probably mono
meric products such as ethyl benzene and propanol. There was 
less than 3 g. of material 'boiling higher than styrene. It ap
peared thus that no condensation between methyl propionate and 
styrene occurred.
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Novel syntheses are outlined of A1’3- and A2-4-androstadien-17^-ols, A2’4-pregnadien-20-one, and A2'5-pregna- 
dien-17a-ol-20-one 17-acetate. A2'5-Pregnadiene-ll£,17a,21-triol-20-one 21-acetate was obtained, but with 
the A3>5-isomer as a contaminant. Diagnostic features of ultraviolet absorption, infrared absorption, and nuclear 
magnetic resonance spectra, and optical rotatory dispersion are discussed.

Until very recently an oxygen atom at C-3 of the 
steroid nucleus was considered mandatory for biological 
activity. However, in 1959 biological activity was 
demonstrated for steroids carrying either no substitu
ent at C-32 or a nitrogen substituent.3 There rapidly 
followed reports of other active steroids devoid of a C-3 
oxygen atom,4-6 and further extensive investigations 
were initiated in the Syntex Laboratories. As a result 
there was discovered a new class of highly active andro- 
stenes, sp2 hybridized at C-2 or C-3, or at both posi
tions.7 Substitution at the C-2 position of these 
steroid ring A olefins by methyl8 or substituted 
methyl9'10 led to further variations in activity, and 
some of these derivatives displayed an unusually favor-

(1) (a) Steroids CCXX, J. A. Edwards, O. Halpern, and J. A. Zderie, 
C h e m .  I n d .  (London), 1571 (1962); (b) a part of this work was presented 
(B. B.) at the 142nd National Meeting of the American Chemical Society, 
Atlantic City, N. J., September, 1962.

(2) M. S. de Winter, C. M. Siegmann, and S. A. Szpilfogel, C h e m .  I n d .  

(London), 905 (1959).
(3) R. O. Clinton, A. J. Manson, F. W. Stonner, A. L. Beyler, G. O. Potts, 

and A. J. Arnold, J .  A m .  C h e m .  S o c . ,  81, 1513 (1959); R. 0. Clinton, e t  a l . ,  

i  b i d . ,  83, 1478 (1961).
(4) N. E. Borglin, A c t a  E n d o c r i n o l . ,  Supplementum LVIII (1960).
(5) J. A. Zderie, O. Halpern, H. Carpio, A. Ruiz, D. C. Limón, L. Magana, 

H. Jiménez, A. Bowers, and H. J. Ringold, C h e m .  I n d .  (London), 1625 
(1960).

(6) R. O. Clinton, A. J. Manson, F. W. Stonner, A. L. Beyler, R. G. 
Christiansen, G. 0. Potts, and A. J. Arnold, J .  O r g .  C h e m . ,  26 , 279 (1961).

(7) (a) J. A. Edwards and A. Bowers, C h e m .  I n d .  (London), 1962 (1961); 
(h) A. Bowers, A. D. Cross, J. A. Edwards, H. Carpio, M. C. Calzada, and 
E. Denot, J .  M e d .  C h e m . ,  6, 156 (1963).

(8) A. D. Cross, J. A. Edwards, and A. Bowers, i b i d . ,  5, 406 (1962); 
A. D. Cross, J. A. Edwards, J. C. Orr, B. Berkoz, M. C. Calzada, L. Cer
vantes, and A. Bowers, i b i d . ,  6, 162 (1963).

able separation of androgenic and anabolic (myo- 
trophic) activity. It was of distinct interest, therefore, 
to study the activity coincident upon the introduction 
of further unsaturation into the electron-rich ring A 
of these steroid olefins.

Accordingly, syntheses of such compounds have 
been developed by routes which also should prove 
applicable to other cyclic systems.

S/S-Chloro-A^androsten-D/S-ol acetate7b (la), from 
the reaction of the 3/3-alcohol lb with thionyl chloride, 
was converted smoothly in 80% yield into A1-3-andro- 
stadien-17/S-o 1 acetate (Ila) by treatment with boiling 
dimethylformamide containing calcium carbonate or a 
little pyridine. Alternatively, boiling dimethyl sul
foxide alone, or in conjunction with a small quantity 
of pyridine, eliminated hydrogen chloride from la to 
give Ila. Earlier preparations of steroid A‘̂ -dienes 
proceeded in substantially inferior yields.11 Hydrol
ysis of the acetate Ila furnished the corresponding 
17/3-alcohol lib, which on oxidation with chromic acid14

(9) J. C. Orr, O. Halpern, and A. Bowers, i b i d . ,  5, 409 (1962); J. C. 
Orr, O. Halpern, P. G. Holton, F. Alvarez, A. de la Roz, A. M. Ruiz, and A. 
Bowers, i b i d . ,  6, 166 (1963).

(10) J. A. Edwards, P. G. Holton, J. C. Orr, E. Neeoeehea, A. de la Roz, 
E. Segovia, R. Urquiza, and A. Bowers, i b i d . ,  6, 174 (1963).

(11) Henbest and Wilson12 reported A!.s-cholestadiene as a minor non
isolated contaminant of AUcholestene formed through reductive dehalo- 
genation of S/i-ehloro-Ai-eholestene. Our synthesis of AL-androstenes by 
the same experimental method furnished no trace of a A13-diene elimination 
reaction product.713 A^-Cholestadiene was obtained in 4.3% yield by the 
action of alumina on, or pyrolysis of, Al-cholestene-3/S-ol benzoate.13

(12) H. B. Henbest and R. A. L. Wilson, J .  C h e m .  S o c . ,  3289 (1956).
(13) Ch. Tamm and R. Albrecht, H e l v .  C h i m .  A c t a ,  42 , 2177 (1959).
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yielded A^-androstadien-lT-one (lie). Treatment of 
the latter with methyl- or ethynylmagnesium bromide 
led to 17a-methyl-A1'3-androstadien-170-ol (lid) or the 
17a-ethynyl analog lie, respectively. Brief treatment 
with 60% formic acid under reflux converted the A1’3- 
diene acetate Ha into a A3'6-diene, probably Ilia  ad
mixed with its 17-formate.

A2 ■ 4-Cho lestad iene was prepared by Bergmann and 
his associates15'16 by high temperature vacuum distilla
tion of cholesterol from alumina, but the product is 
thermolabile, and it was considered essential, therefore, 
to develop a more attractive synthetic method. A 
synthesis of A2'4-estradienes from a 2a-acetoxy-A4-3- 
ketone17 was announced recently after the completion 
of our work.

Bromination of androstan-170-ol-3-one acetate fur
nishes the 2a,4a-dibromo derivative IVa.18'19 The 
latter when treated with sodium iodide in acetone 
afforded 2a-iodotestosterone acetate (Ya)20 in which the 
a-con figuration of the iodine is equatorial as evidenced 
by the rotatory dispersion curve and infrared spec
trum.21 Reduction of the a-iodo ketone Va proceeded 
with sodium borohydride in aqueous dioxane to yield 
2a-iodo-A4-androstene-3,170-diol 17-acetate (Vb).22 A 
modified Cornforth reaction23 on the iodohydrin Vb 
with a zinc-copper couple24 in buffered acetic acid 
solution led to A2■ 4-androstadien-17/3-01 acetate (Via) 
in 35% over-all yield. This diene proved to be thermo
labile, a hot solution in heptane developing ultraviolet 
absorption at 235 rnpi characteristic of the isomeric 
A3'5-diene Illb . Reductive cleavage of the acetate 
Via furnished the corresponding 170-aleohol VIb, 
from which the 17-ketone Vic was derived by oxida
tion in a two-phase system by the procedure of Brown 
and Garg.26 Treatment of this ketone Vic with 
methylmagnesium iodide made available 17a-methyl- 
A2-4-androstadien-170-ol (VId).

In a similar manner 5a-pregnan-2O0-ol-3-one acetate26 
when brominated gave 2 a,4 a-dibromo-5 a-pregnan-200-
ol-3-one acetate26 (IVb), a crystalline compound, which 
upon treatment with sodium iodide furnished 2a- 
iodo-A4-pregnen-2O0-ol-3-one acetate (Vc). The latter 
was reduced by sodium borohydride in aqueous dioxane 
to afford the corresponding iodohydrin Vd22 which, 
without further purification, was converted into A2 4- 
pregnadien-200-ol acetate (Vie) by a modified Corn
forth reaction.23 Reductive cleavage of the 200- 
acetate Vie with lithium aluminum hydride led to the

(14) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 
J. C h e m .  Soc., 39 (1946); A. Bowers, T. G. Halsall, E. R. H. Jones, and A. 
J .  Lemin, i b i d . ,  2548 (1953).

(15) H. E. Stavely and W. Bergmann, J .  O r g .  C h e m . ,  1, 575 (1936).
(16) E. L. Skau and W. Bergmann, i b i d . ,  3 , 166 (1938).
(17) P. N. Rao and H. R. Gollberg, C h e m .  I n d .  (London), 1317 (1961).
(18) H. H. Inhoffen, G. Zuehlsdorff, and Huang-Minlon, C h e m .  B e r . ,  

73, 451 (1960).
(19) C. Djerassi and C. R. Scholz, J .  A m .  C h e m .  Soc., 69, 2404 (1947).
(20) This type of elimination-substitution reaction was described earlier 

by G. Rosenkranz, O. Mancera, J . Gatica, and C. Djerassi, i b i d . ,  72, 4077 
(1950).

(21) C f .  L. F. Fieser and M. Fieser, “Steroids,” Reinhold Publishing Co., 
New York, N. Y., 1959, pp. 286-287.

(22) Previous examination715 of similar reductions showed that the reac
tion product is largely the 3/3-alcohol with minor quantities of the 3a-epimer 
present.

(23) J .  W. Cornforth, R. H. Cornforth, and K . K. Mathew, J .  C h e m .  Soc., 
112 (1959).

(24) D. H. R. Barton and P. T. Gilliam, i b i d . ,  4596 (1960).
(25) H. C. Brown and C. P. Garg, J .  A m .  C h e m .  Soc., 83, 2952 (1961).
(26) F. Sondheimer, M. Velasco, and G. Rosenkranz, i b i d . ,  77 , 5673 

(1955).

derived 200-alcohol Vlf. Oxidation28 of this alcohol 
Vlf yielded the required A2-4-pregnadien-20-one (VIg). 
With hot acetic acid-hydrochloric acid the A2 4-diene 
Vie underwent conversion to a product showing ultra
violet maxima at 242, 235, and 227 mju, which is con
sidered to be mainly the isomeric A3'5-diene (Hid).

la, R -  Cl Ila, R = OAc; R ' = H
b, R = CH b, R = OH; R ' = H

c, R and R ' = = 0
d, R = OH; R ' = Me
e, R = H; OR' = C=CH

Ilia, R = OH; R ' = H IVa, R = OAc
b, R = OAc; R ' = H b, R = CH(OAc)Me
c, R = Ac; R ' = OAc
d, R = CH(OAc)Me; R ' = H

R
J L . . R '

' ■ w V - J  U
l

Va, Z = = 0 ;  R OAc Via, R = OAc; R ' = H
b, Z = H: R = OAc b, R =OH; R ' = H
c, Z = = 0 ;  R = CH(OAc)Me c, R and R ' = = 0
d, Z = H, OH; R = d, R = OH; H ' = Me

CH(OAc)Me e, R = CH(OAc)Me; 
R ' = H

f, R = CHOH Me; 
R ' = H

g, R = Ac; R ' = H

Pyrolysis of cholesteryl-2-naphthyl carbonate at 280° 
gives, besides conjugated dienes, a diene which shows no 
strong absorption in the ultraviolet spectrum and 
which is considered to be A2'6-cholestadiene in spite 
of the absence of any supporting evidence.27 In 
view of this a more definitive synthesis was sought.

Epoxidation of A6-pregnene-30-17 a-diol-20-one 17- 
acetate28 with monoperphthalic acid furnished a mix
ture of a- and 0-epoxides which proved separable by 
chromatography over alumina. The major product 
was assigned the a-configuration from a consideration 
of molecular rotation differences29 and its nuclear mag
netic resonance spectrum.30 Tosylation of this a -  

epoxide Vila gave the 30-tosylate Vllb which under
went an elimination reaction when heated with lithium 
carbonate in dimethylacetamide to afford 5a,6a-epoxy- 
A2-5a-pregnen-17a-ol-20-one acetate (Vile). A  Corn
forth reaction2324 upon the A2-5a,6a-epoxide Vile 
furnished A2-6-pregnadien-17a-ol-20-one acetate (VIII).

(27) K. C. Tsou, ibid., 76, 0108 (1954).
(28) R. B. Turner, ibid., 78, 3489 (1953).
(29) A. Bowers, L. C. Ibrinez,. and H. J. Ringold, Tetrahedron, 7 , 138 

(1959).
(30) A. D. Cross, J. Am. Chem. Soc., 84, 3206 (1962).
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Isomerization of this A2-6-diene VIII occurred on 
exposure to acetic acid containing hydrochloric acid, 
whereupon A3'5-pregnadien-17a-ol-20-one acetate (IIIc) 
was obtained with ultraviolet absorption spectrum 
resembling closely that of an authentic sample.31

By similar method 17,20:20,21-bismethylenedioxy- 
A5-pregnen-3/3-ol-ll-one (IX)33 was epoxidized and the 
a-epoxide Xa converted to the 3/3-tosylate Xb which 
underwent elimination to afford the A2-5a,6a-epoxide 
Xc. A Cornforth reaction then provided the A25- 
diene XIa. Lithium aluminum hydride reduced the 
corticoid 11-ketone XIa to the 11/3-alcohol Xlb. The 
free corticoid side chain was regenerated by brief acid 
hydrolysis of the bismethylenedioxy protecting group 
in Xlb to furnish a mixture. This mixture was sub
jected to mild alkaline hydrolysis, acetylation, and 
chromatography over silica, but, in spite of repeated 
attempts, A2'5-pregnadiene-ll/3,17a,21-triol-20-one 21- 
acetate (XII) and its A3-6-isomer proved inseparable. 
Ultraviolet spectra analysis indicated that the mixture 
contained roughly equal proportions of the two isomers.

Physical Properties.—Ultraviolet absorption spectral 
data for some of the conjugated dienes and related com
pounds are collected in Table I. The molecular ex
tinction coefficient of the A^-androstadienes (II) 
is less than one-half of that of A^-cyclohexadiene. 
Examination of Dreiding molecular models34 suggests 
that this is due to the much greater difficulty in at
tainment of coplanarity of the double bonds in these 
A13-steroids than in the monocyclic compound. An 
unaccountable discrepancy exists between the e values 
reported by Tamm and Albrecht13 for A^-cholestadiene 
and the analogs described in this paper. Models34 
also reveal ring A of A2’4-steroid dienes to be more 
flexible than the A'^-isomers, in keeping with their 
higher e values.

T a b l e  I

U l t r a v i o l e t  A b s o r p t i o n  o f  C y c l ic  C o n j u g a t e d  D i e n e s

C o m p o u n d Inmx €

A1,3-Cy clohexadiene“ 256.5 8000
A ’ ' ̂ Cholestadiene” 262 5500
Ila 262 3800
lib 262 3720
He 262 3800
A2,4-Estradien-17/3-oI-3-one 

acetate“1 259, 268, 2796 4450, 5270, 4620
Via 266 6030
Vlf 266 6450
VIg 266 6600

0 V. Henri and L. W. Pickett, J. Chem. Phys., 7, 439 (1939). 
6 Only a single maximum was observed for the A2’4-dienes pre
pared in the current work, though all showed a shoulder at 271- 
274 m/t- AV-Cholestadiene is reported as having maxima at 
267 and 275 my [W. Bergmann and F. Hirschmann, J. Org. 
Chem., 4 ,40 ( 1939)]. c See ref. 13. d See ref. 17.

(31) P re p a re d  b y  th e  fo llow ing u n am b ig u o u s  ro u te . O p p en au e r ox ida
tio n  of As-p regnene-3 /3 ,17a-d io l-20-one e th y len e  k e ta l32 gave A4-p reg n en - 
17a-o l-3 ,20-d ione 2 0 -e th y len e  k e ta l, w h ich  w as t r e a te d  success ively  w ith  
l i th iu m  a lu m in u m  h y d rid e , th e n  ac id , to  y ie ld  A3 5-p reg n ad ien -1 7 a-o l-2 0 - 
one, a c e ty la tio n  of w hich  g ave  th e  d iene  I I I c .  O. H a lp e rn  an d  J .  A. Zderic , 
C h e m .  I n d ., (L o n d o n ) , 1540 (1962).

(32) P . L . J u lia n , E . W . M eyer, a n d  I . R y d e n , J .  A m .  C h e m .  S o c . ,  72, 
367 (1950).

(33) P re p a re d  from  co rtiso n e  B M D  b y  successive convers ion  to  th e  A3-5- 
enol a c e ta te , b o ro h y d rid e  red u c tio n  to  th e  A8-3/3,ll/S-diol, se lec tive  a c e ty la 
tion  a t  C-3, a n d  o x id a tio n  to  th e  11-ketone  X . W e th a n k  J . Z deric  an d  H. 
C arp io  for th is  in fo rm a tio n  in  ad v a n ce  of th e ir  p u b lica tio n .

(34) A. D re id in g , H e l v .  C h i m .  A c t a ,  42, 1339 (1959).

In the infrared spectra all of the conjugated dienes 
show two absorption bonds characteristic for = C —H 
deformations of cfs-disubstituted olefins. Both A1'3- 
and A2'“-dienes absorb strongly in the region 693-703 
cm.-1. For the A^-dienes the second absorption, 
of medium intensity, occurs at 735-740 cm.-1, whereas 
in the A2'“-dienes this second absorption is observed in 
the range 719-728 cm.-1.

The nuclear magnetic resonance (n.m.r.) spectra35 
clearly distinguish between the diene systems. Long 
range desliielding of the 19-angular methyl protons 
by the double bonds leads to characteristic shifts, 
A5, relative to 5a-androstane (Table II), for each diene

T a b l e  I I

N . m .r . F r e q u e n c i e s  o f  t h e  A n g u l a r  M e t h y l  P r o t o n s  o f  
A 1’3- ,  A 2’4- , a n d  A 2' 6- S t e r o i d  D i e n e s 35

C o m p o u n d

Androstane
D iene 19-H AS“ 18-H

(in CDCfi/ 46.5 0 40.4
lib  (in CDCfi) A 1' 3 47.5 +  1.0 44.1
Ila (in CCfiF A 1' 3 46.1 - 0 .4 46.1
VIII (in CDCfi) A 2.6 59.2 +  12.7 38.7
Via (in CCfiF A 2’4 54.1 +  7.6 46.6
Vie (in CDCfi/ A 2.4 55.7 +  9.2 39.7
Vlf (in CDCfi/ A 2’4 56.6 +  10.1 47.0
VIg (in CDCfi/ A 2' 4 56.2 + 9 .7 39.2

a Positive values of AS indicate shifts downfield from the TMS
reference and are caused by over-all deshielding. s R. F.
Ztircher, Helv. Chim. Ada, 44, 1380 (1961). c For steroids a
change of solvent from carbon tetrachloride to deuteriochloro- 
form generally causes small downfield frequency shifts. These 
shifts are largest for the resonances of protons which are part of, 
or adjacent to, polar groups (e.g., acetate methyl). Values of 
A5 should not be used for calculating angular methyl proton fre
quencies unless the solvent employed was the same for all AS 
determinations. d The small variations of the 19-H frequency 
in A2'4-dienes reflects small differences in the shielding contribu
tions of substituents at C-17, as well as experimental error.

type. The olefinic proton resonance patterns (Fig. 1), 
though complex, are quite distinctive. For the A1’3- 
dienes, the only steroid nuclear conjugated dienes which 
carry four vinyl protons, the integrated areas are diag
nostic. The A2’5-dienes show a two-proton absorp
tion ca. 336 c.p.s. as a "‘hump,” typical of the olefinic 
protons in a ring A unsubstituted A2-steroid.36

The rotatory dispersion curves (Fig. 2) of the A2’4- 
dienes VI (right-handed helices) all show a strong 
positive Cotton effect,37 that of the 17-ketone Vic 
being the strongest due to the positive contribution 
of the cyclopentanone.38 In the Ab3-dienes II the 
helicity of the diene is left-handed, and in consequence 
a negative Cotton effect curve is obtained.37 The A1-3- 
17-ketone lie, however, shows a positive Cotton effect 
curve since the amplitude of the cyclopentanone con
siderably outweighs that due to the diene.

(35) N .m .r . sp e c tra  w ere ta k e n  w ith  d ilu te  d eu te r io c h lo ro fo rm  o r  ca rb o n  
te tra c h lo r id e  so lu tio n s  an d  a te tra m e th y ls ila n e  (T M S ) in te rn a l re fe ren ce  on 
a  V a ria n  A -60 sp ec tro m e te r. C a l ib ra tio n  w as checked  a g a in s t  a  V arian  
H R 6 0  s p e c tro m e te r  s u ita b ly  eq u ip p ed  fo r  c a lib ra t io n  b y  th e  s ta n d a r d  s id e
b a n d  te ch n iq u e . C hem ica l sh ifts , S, a re  q u o te d  as c .p .s . dow nfie ld  from  th e  
T M S  reference  a n d  a re  a c c u ra te  to  ± 1  c.p .s .

(36) A. D . C ross, fo r th c o m in g  p u b lica tio n .
(37) C f .  A . W . B u rg s ta h le r , H. Ziffer, an d  U . W eiss, J .  A m .  C h e m .  S o c . ,  

83, 4660 (1961); A. M oscow itz , E . C h a rn e y , U . W eiss, a n d  H . Z iffer, i b i d . ,  

83, 4661 (1961).
(38) C . D je rass i, “ O p tic a l R o ta to ry  D isp e rs io n ,” M cG raw -H ill Book 

C o ., N ew  Y ork , N . Y ., 1960, p. 45.
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Vila, R = OH 
b, R = OTs

V I I I
Fig. 1.—N.m.r. olefinic proton resonance patterns.

XIa, Rand R' = =  0  
b, R = OH; R ' = H

Xa, R = OH
b, R = OTc
c, R = H; A2

Experimental39
A M -A n d ro s ta d ie n -1 7 |3 -o l A c e ta te  ( H a ) .—(a) 3/3-Chloro-A1- 

androsten-17/3-ol acetate7b (la) (1 g.) was dissolved in 40 ml. 
of dimethylformamide and 2 ml. of pyridine, and the solution 
was boiled under reflux during 16 hr. Dilution with water 
was followed by extraction with ethyl acetate, and the latter 
solution was washed well with dilute hydrochloric acid, water, 
sodium bicarbonate solution, with water to neutrality, and 
dried. Filtration, then evaporation to dryness, afforded 810 
mg. of solid residue which was recrystallized from aqueous 
methanol to furnish 730 mg. of A’^-androstadien-Hfi-ol acetate 
(Ha), m.p. 115-118°. Further recrystallizations from the same 
solvent pair yielded a pure specimen, m.p. 124-125°; [a ]D  
+62°; \ max 262 mM, log e 3.58; xma* 3020 (w), 1738 (s), 1655 
(w), 1250 (s), 738 (m), and 703 (s) cm .-1; R.D., [a]589 +179°, 
[oc]320 —24°, [a]295 —153°, [a]29o —82° (c 0.034 in dioxane).

Anal. Calcd. for C2 1H 30O2 : C, 80.21; H, 9.62; 0 , 10.18. 
Found: C, 80.11; H, 9.21; O, 10.53.

On a 7.5-g. scale the yield was 80%.
(b) A solution of 0.3 g. of 3/5-chloro-A‘-androsten-l7i3-ol 

acetate (la) in 5 ml. of dimethylformamide was heated under re
flux for 4 hr. together with 0.60 g. of calcium carbonate and then 
poured cautiously into 5% hydrochloric acid. Extraction with 
ethyl acetate led to the A‘.3-diene Ila, Xmal 262 m/n, log t 3.56, for 
the crude product. Recrystallization from methanol afforded 
110 mg. of sample indistinguishable from the compound de
scribed previously.

(39) E x c e p t w here  s ta te d  o th e rw ise  ro ta tio n s  a re  fo r ch lo ro fo rm  solu
tio n s, u lt ra v io le t  sp e c tra  are  fo r e th a n o l so lu tio n s, a n d  in fra re d  sp e c tra  a re  
fo r  p o ta ss iu m  b ro m id e  d isks. M e ltin g  p o in ts  w ere ta k e n  on  th e  F isher- 
Jo h n s  b lo ck  a n d  a re  u n co rrec ted . R o ta to ry  d ispers ion  m e asu re m e n ts  w ere 
m a d e  o n  a  R u d o lp h  a u to m a t ic  sp e c tro p o la r im e te r . W e a re  in d e b te d  to  
J . M a tth e w s  a n d  h is  s ta ff fo r  th e se  m e asu rem en ts . M icro a n a ly ses  a re  
b y  e i th e r  M id -W e st M ic ro lab o ra to rie s , In d ia n a p o lis  20, In d . ,  o r  b y  A. 
B e rn h a rd t , M u lh e im  (R u h r) , G e rm an y . A lu m in a  used  fo r c h ro m a to g ra p h y  
w as n eu tra liz e d  b y  s tir r in g  w ith  e th y l a c e ta te  a n d  re a c t iv a te d  b y  h ea tin g  
a t  120° fo r 72 h r . U n less  s ta te d  o th e rw ise  th e  a lu m in a  h ad  a c tiv i ty  g rade  
III, as  defined  b y  H . B ro ck m an n  a n d  H . S chodder, B e r . ,  74, 73 (1941).

Fig' 2.—Optical rotatory dispersion curves of A1'3- and A2.4- 
androstenes.

(c) Replacement of dimethylformamide in method a by di
methyl sulfoxide gave the A'.3-diene Ila  in 60% yield.

(d) Repetition of method c, but omitting the pyridine, again 
furnished the diene Ha in 60% yield.

A'A-Androstadien-Dii-ol (lib).—The acetate Ila  (2 g.) and 2 
g. of sodium hydroxide were dissolved in 100 ml. of methanol, 
the solution kept 1.5 hr. under reflux, and then poured intc ice- 
water. Ethyl acetate extracts were washed with hydrochloric 
acid and with water, dried, and evaporated to afford 1.57 g. of 
AM-androstadien-Hfl-ol (lib) (91%), m.p. 143-145°. Several 
recrystallizations from methanol-water furnished a pure speci
men, m.p. 147-148°; [a ]D  +79°; Xmax 262 m j i ,  log e 3.57; xmal 
3300 (s), 3025 (w), 1640 (w), 735 (m), and 700 (s) c m .'1.

Anal. Calcd. for C,9H28O l/2 H 20: C, 81.09; H, 10.39; O, 
8.53. Found: C, 81.33; H, 10.25; 0,8.30.

AM-Androstadien-17-one (lie).—A solution of 1.5 g. of the 
17/9-alcohol lib  in 15 ml. of pyridine was added to a stirred ice- 
cold slurry cf 1.5 g. of chromic oxide in 15 ml. of pyridine. 
After being kept 18 hr. at room temperature, the mixture was 
diluted with 120 ml. of ethyl acetate and filtered through Celite, 
washing well with more ethyl acetate. The filtrate was passed 
quickly through an alumina column and evaporated to a solid 
mass. Upon further chromatographic separation hexane re
moved 770 mg. of A'’3-androstadien-17-one (lie) (52%). and 
elution with benzene afforded unchanged alcohol. Several re- 
crystallizations of the ketone from methanol yielded a pure sam
ple, m.p. 129—130°; [q:]d +184°; Xma!t 262 m^, log e 3.57; xmax 
3020 (w), 1745 (s), 735 (m), 712 (m), and 698 (s) cm.“1; R.D.,
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[̂ ]589 +182°, [a]320 +2265°, [a+12.5 +2685°, [a+oo +18/0°, (c 
0.064 in methanol).

Anal. Calcd. for C,9Hi60: C, 84.39; H, 9.69; O, 5.92. 
Found: C, 84.36; H, 9.47; 0,5.92.

17a-Methyl-Ah3-androstadien-17+ol (lid).—To a solution of 
the above 17-ketone lie (250 mg.) in 30 ml. of anhydrous ether 
was added 5.9 ml. of 4 N methylmagnesium bromide in ether. 
The mixture was boiled under reflux during 15 hr. and then 
poured into aqueous ammonium chloride. Ethyl acetate ex
tracts were washed to neutrality, dried, and evaporated. The 
resultant oil was subjected to chromatography over alumina. 
Hexane eluents furnished upon evaporation 120 mg. of 17a- 
methyl-AM-androstadien-D+ol (lid) which, after several re
crystallizations from aqueous acetone, had m.p. 118-119°; [ « ] d 
+48°; \ max 262 mu, log e 3.55; >>max 3350 (s), 3020 (w), 1645 
(w), 739 (m), and 698 (s) cm.-1; R.D., [a]589 ^48°, [a+o 
+37°, [a]300 -67°, [a]297.5 -  31°, [a]295 +31° (c 0.065 in 
methanol).

Anal. Calcd. for C20H30O: C, 83.86; H, 10.56; O, 5.59. 
Found: C, 83.62; H, 10.55; 0,5.85.

l7a-Ethynyl-Ah3-androstadien-17+ol (He).—A solution of 
AM-androstadien-17-one (660 mg.) in tetrahydrofuran (10 ml.) 
was added to an excess of ethynylmagnesium bromide in the same 
solvent. After being kept under reflux during 3.5 hr., the solu
tion was stirred a further 18 hr. at room temperature and then 
poured into ice-cold aqueous ammonium chloride. Ethyl ace
tate extracts were washed with water to neutrality, dried, and 
evaporated, Chromatography of the residue over 26 g. of alu
mina (grade IV) afforded, by elution with 10:1 hexane-benzene, 
17a-ethinyl-A1'3-androstadien-17/3-ol (He) (330 mg.) which, 
after recrystallization from acetone-water, showed m.p. 142— 
143°; [a ]D  +17°; Xra!ix 262 mu, log e 3.58; > w  3560 (m), 3280 
(m), 3020 (m), 736 (m), 711 (s), 700 (s), and 668 cm.-1; R.D., 
[c+sg +10°, [a+20 —148°, [a]298 —315°, [a]295 —271° (c 0.052 in 
dioxane).

Anal. Calcd. for GnH^O: C, 85.08; H, 9.52; O, 5.40. 
Found: C, 84.76; H, 9.60; O, 5.78.

Action of Acid on A1 •3-Androstadien-17/3-ol Acetate (Ha).— 
A solution of 20 mg. of A'^-androstadien-G+ol acetare (Ha) in 5 
ml. of 60% aqueous formic acid was brought rapidly to reflux and 
1-ml. aliquots were removed at intervals of 5 min. and added to 
aqueous sodium hydroxide. Ethyl acetate extracts of the al
kaline solutions were washed, dried, and evaporated. The 
residual oils were examined for absorption in the ultraviolet. 
Substantial absorption at 235 mu (A3>6-diene) was recorded for 
the second aliquot.

2a-Iodo-A4-androsten-17+ol Acetate (Va).—A solution of 30 
g. of 2a,4a-dibromoandrostan-17+ol-3-one acetate 18'19 and 30 g. 
of sodium iodide in 750 ml. of acetone was refluxed for 21 hr. 
Sodium bromide which precipitated from the dark-colored solu
tion was filtered off and the color discharged from the filtrate by 
the addition of 5% sodium thiosulfate solution. Dilution with 
ice-water afforded a solid which was collected, washed with 
water, and crystallized from methylene chloride-heptane to fur
nish 20 g. of 2a-iodo-A4-androsten-17+ol acetate, m.p. 113-124° 
dec. Further recrystallization from the same solvent mixture 
gave the analytical sample, m.p. 126-130° dec.; [ « ] d  +80°; 
Xmnx 244 mu, log e 4.15; 1732 (s), 1677 (s), and 1250 (s)
cm. k R.D., [«]589 —44°, [a)wo +171°, [a+62.5 +285°, [0+35 
+  117°, [a]32o +348°, [0+ 07-5 +629°, [a]29o +308° (c 0.06 in 
methanol).

Anal. Calcd. for C2lH290 3I: C, 55.26; H, 6.40; I, 27.80. 
Found: C, 55.56; H, 6.53; I, 27.77.

2 a - Io d o -A 4- a n d r o s t e n e - 3 ,1 7 + d io l  1 7 + A c e ta te  ( V b ) .— A solu
tion of 20 g. of previous 2a-iodo-3-ketone Va in 300 ml. of diox
ane was mixed with a solution of 10 g. of sodium borohydride 
in 30 ml. of water and then kept for 18 hr. at 10° before diluting 
with ice-water. The solid which separated was collected (19 g.) 
and 3 g. subjected to chromatography over neutral alumina. 
Benzene eluted 1.3 g. of 2a-iodo-A4-androstene-3,17+diol 17+ 
acetate which was crystallized several times from methylene 
chloride—isopropyl alcohol to furnish the analytical sample, m.p.
105-110° dec.; [a]o +19°; Ama* 258 mu, log e 2.94; rmax 3320 
(m), 1740 (s), and 1260 (s) cm.-1.

Anal. Calcd. for C21H.„03I: C, 55.02; H, 6.81; I, 27.68. 
Found: C, 55.40; H, 6.51; 1,27.26.

A2-4-Androstadien-17+ol Acetate (Via).—A mixture of 1.0 g. 
of the iodohydrin (Vb), 6.0 g. of copper-zinc couple,24 and 2.5 g. 
of sodium acetate in 30 ml. of glacial acetic acid was stirred at or 
below room temperature for 6 hr. Temperature control was

ensured by initial placement of the reaction vessel in a bath at 
10°, the temperature of which slowly rose to 20°. Thereafter 
inorganic materials were removed by filtration and washed well 
with hexane. After being diluted with water the filtrate was 
extracted with hexane, and the extracts were washed to neu
trality, dried, concentrated in vacuo at 40° to small volume, and 
passed through alumina. Elution with hexane furnished 610 
mg. of product which after four recrystallizations from methylene 
chloride-pentane gave an analytical sample of A2>4-androstadien- 
17+ol acetate (Via), m.p. 102-104°; [a]n +158°; Xraax 266 
mu, log e 3.78, with a shoulder at 272-274 mu, log e 3.74; rmax 
1732 (s), 1250 (s), 725 (s), and 696 (s) cm.-1; R.D., [a]S89 
+  135°, [ a ] 320 +1682°, [a]295 +3430°, [ a ] 292.s +3325° (c  0.052 
in methanol).

Anal. Calcd. for C2IHM<+: C, 80.21; H, 9.62; O, 10.18. 
Found: 0,80.24; H, 9.74; O, 10.28.

A2,4-Androstadien-17+ol (VIb).—To 300 mg. of lithium alumi
num hydride in 80 ml. of anhydrous ether was added 1.0 g. of 
A2'4-androst,adien-17+ol acetave (Via) in 70 ml. of the same sol
vent. Addition was complete in 2 min., and the mixture was 
then stirred at room temperature for 0.5 hr. Destruction of the 
excess of lithium aluminum hydride was effected with a saturated 
solution of sodium sulfate, and the ethereal layer was separated 
and dried (anhydrous sodium sulfate). Removal of the solvent 
under reduced pressure left a solid residue, m.p. 152-158°, 
which was chromatographed over neutral alumina (grade II). 
Methylene chloride-hexane (1:1) eluent afforded upon evapora
tion 620 mg. of A2'4-androstadien-17+ol, further purified by 
crystallization from methylene chloride-hexane mixture and then 
sublimation, to give the analytical sample, m.p. 171-173°; 
[a]d +209°; \ max 266 mu, log e 3.77, with a shoulder at 271- 
275 mu, log e 3.72; r,„„x 3260 (m), 721 (m), and 694 (s) cm.-1; 
R.D., [a]589 +93°, [ahso +1042°, [a]295 +3225°,[a]29o +2790° 
(c 0.0075 in methanol).

Anal. Calcd. for 0 ,9H280: C, 83.77; H, 10.36; O, 5.87. 
Found: C, 84.00; H, 10.36; 0,6.21.

A24-Androstadien-17-one (VIc).—Concentrated sulfuric acid 
(1.87 ml.) was added to a solution of 2.6 g. of potassium di
chromate in 50 ml. of water, and the resultant mixture was cooled 
to room temperature before the further addition of a solution of 
700 mg. of A2’4-androstadien-17+ol (VIb) in 200 ml. of ether. 
The two-phase system was stirred efficiently during 2 hr. at room 
temperature after which time the ether layer was separated and 
washed successively with water, aqueous sodium bicarbonate, 
and water, before being dried. Evaporation under reduced 
pressure led to a crystalline mass, m.p. 103-110°, which was 
purified by chromatography over neutral alumina. Methylene 
chloride-pentane (1:9) eluent on evaporation yielded A2-4- 
androstadien-17-one, further purified by recrystallization from 
methylene chloride-pentane to prisms, m.p. 134-136°; [a]D 
+292°; Xmax 266 mu, log 6 3.79, with a shoulder at 271-275 mu; 
>w  1740 (s), 728 (m), and 698 (s) cm.-1; R.D., [«U  +182°, 
[ a ] 350 +2170°, [ a ] 307.5 +5900°, [ a ] 290 +4330° (c 0.01 in meth
anol).

Anal. Calcd. for C,9H260: C, 84.39; H, 9.69; O, 5.92. 
Found: C, 84.40; H, 9.79; 0,5.81.

l7a-Methyl-A2'4-androstadien-l7+ol (VId).—To a solution of 
methylmagnesium iodide (prepared from 540 mg. of magnesium) 
in 600 ml. of anhydrous ether was added, in one portion, 790 
mg. of the 17-ketone VIc in 600 ml. of anhydrous ether, and the 
mixture was kept 1 hr. at room temperature. Destruction of 
the excess of Grignard reagent was achieved through the cautious 
addition of ammonium chloride solution to the stirred reaction 
mixture. After being washed with water and then dried, the 
ethereal solution was evaporated to dryness. The residual 
solid was subjected to chromatography over neutral alumina 
from which methylene chloride-hexane (1:1) removed 510 mg. 
of 17a-methyl-A2'4-androstadien-17+ol. An analytical sample, 
prepared by four crystallizations from aqueous acetone, and sub
limation, had m.p. 166-168°; [«]d +128°; Xmax 266 mu, log 
e 3.75 with a shoulder at 271-275 mu; rmax 3300 (m), 722 (m), 
and 695 (s) cm.-1; R.D., [a]m +132°, [ a ] s 6 9  +1182°, [ 0 + 9 5 .5  

+4050°, [a]29o +3735° (c 0.009 in methanol).
Anal. Calcd. for C2oH320: C, 83.86; H, 10.56; 0 , 5.59. 

Found: C ,83.51; H, 10.42; 0,6.05.
2a,4a-Dibromopregnan-20+ol-3-one Acetate (IVb).—To a 

solution of 5.52 g. of pregnane-20+ol-3-one acetate26 in 55 ml. 
of glacial acetic acid, 5.5 g. of bromine in 50 ml. of glacial acetic 
acid was added dropwise in 10 min. at room temperature. The 
mixture was kept at room temperature for 1 hr. and then poured
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into ice-water. The precipitate which formed was collected 
and washed with water. Crystallization from methylene chlo
ride-isopropyl alcohol afforded 5.4 g. of the dibromopregnane, 
IVb, from which an analytical sample was obtained by recrystal
lization from the same solvent pair, m.p. 184-186° dec [a t] D
+  18°; m̂ax 264-268 m/i, log e 2.05 y J'max 1750 (s), 1735 (s), 
1245 (s) cm. *; R.D., [or]589 +4°, [or]305 -f-454°, [o+oo +443° 
(c 0.001 in dioxane).

Anal. Calcd. for C23H340 3Br2: C, 53.28; H, 6.61; Br, 30.84. 
Found: C, 53.54; H,6.59; Br, 31.22.

2«-Iodo-A'-pregnen-20j3-ol-3-one Acetate (Vc).—The mixture 
of 3.8 g. of the dibromopregnane, IVb, and 4.6 g. of sodium iodide 
in 160 ml. of acetone was refluxed for 7 hr. Sodium bromide 
was removed from the dark-colored solution by filtration and 
washed with acetone. The iodine color of the filtrate was dis
charged through the addition of 10% sodium thiosulfate solution. 
Addition of ice-water caused the precipitation of 2«-iodo-A4- 
pregnen-20/3-ol-3-one acetate (Ye), which was filtered, washed 
with water, and dried (yield, 3.8 g.), m.p. 124-128° dec. An 
analytical sample crystallized several times from methylene 
chloride-isopropyl alcohol exhibited m.p. 127-129° dec.; [or]d 
+  136°; Xmax 246 upi, log t 4.15 y i'max 1736 (s), 1683 (s), and 
1612 (s) cm. 1: R.D., [a]s89 “hi 10, [or]374 ~f-579, [or]345 -j~267°, 
[a] I4i +247°, [a] 330 +380°, [«Isos +1328°, [o:]290 +1019° (c 
0.001 in dioxane).

Anal. Calcd. for CaH,,0,1: C, 57.02; H, 6.87; 0 ,9 .91; I,
26.20. Found: C, 57.21; H, 7.13; 0,10.03; 1,26.47.

A2’4-Pregnad:en-20+ol Acetate (Vic).—To a solution of 14 g. 
of sodium borohydride in 42 ml. of water, 27.8 g. of 2a-iodo-A4- 
pregnen-20/3-ol-3-one acetate (Vc) dissolved in 43 ml. of dioxane 
was added and the two-phase mixture kept at 5° for 17 hr. Pre
cipitation from the above mixture with ice-water and filtration 
afforded 23.9 g. of the iodohydrin, m.p. 113-117° dec. A mix
ture of 5 g. of this crude iodohydrin, 9.25 g. of sodium acetate, 
and 10 g. of zinc-copper couple24 in 275 ml. of glacial acetic acid 
was stirred efficiently at room temperature for 6 hr. Filtration 
followed by addition of ice-water to the filtrate afforded a milky 
precipitate which was extracted with hexane. The hexane solu
tion was washed with water, 5%. sodium bicarbonate solution, 
and finally with water until the washings were neutral. After 
being dried, the hexane solution was filtered and evaporated to 
furnish a crystalline mixture. This was chromatographed over 
neutral alumina and the fractions eluted with benzene-hexane 
(1:4) were collected to afford 1.3 g. of A2-4-pregnadien-20£i-ol 
acetate (Vie). An analytical sample was obtained by crystal
lization from acetone, m.p. 140-142°; [«]d +209°; Xm8x 266
mp, log e 3.80 (shoulder at 271-274 mu); rmax 1735 (s), 1245 
(s), 721 (m), 695 (s) cm.-1; R.D., [a]5s9 +255°, [a+92.5 +  4380°, 
[a]290 +4160° (c 0.04 in methanol).

Anal. Calcd. for C23H3406: C, 80.66; H, 9.92; O, 9.11. 
Found: C, 80.72; H, 10.10; 0,9.28.

A2-4-Pregnadien-20/3-oI (Vllf).—To a suspension of 900 mg. 
of lithium aluminum hydride in 1500 ml. of ether 3.0 g. of A2-4- 
pregnadien-20/3-ol acetate (Vie) was added, and the mixture was 
kept at room temperature for 2 hr. The excess of the hydride 
was destroyed with a saturated solution of sodium sulfate and 
the ethereal solution dried and filtered. Evaporation afforded
2.9 g., m.p. 110-116°, of A2’4-pregnadien-2O0-ol (Vlf), from 
which an analytical sample was obtained by recrystallization from 
methylene chloride-hexane, m.p. 121-122°; [<*]d +182°;
Xmax 266 m/j, log e 3.81 (shoulder at 271-274 m/i); i>m„  3400 
(m), 719 (m), and 684 (s) cm.-1; R.D., [0+89 +284°, M 292.5 
+4190°, [a+90 +3845° (c0.04 in methanol).

Anal. Calcd. for C21H32O: C, 84.01; H, 10.75; O, 5.44. 
Found: C, 84.00; H, 10.78; 0,5.60.

A2'4-Pregnadien-20-one (VIg).—A two-phase system of 2000 
ml. of ether containing 1.77 g. of A2-4-pregnadien-20/3-ol (Vlf) 
and 260 ml. of water containing 13.4 g. of potassium dichromate 
and 9.6 ml. of concentrated sulfuric acid was stirred efficiently 
for 24 hr. at room temperature. Thereafter the ether solution 
was washed with water, 5% sodium bicarbonate solution, and 
finally with water until the washings were neutral. The solu
tion was dried over sodium sulfate and evaporated to give the 
crude diene, VIg, m.p. 99-107°, which was chromatographed 
over neutral alumina. Elution with chloroform-hexane (1:9) 
afforded 930 mg. of A2'4-pregnadien-20-one (VIg). An analytical 
sample crystallized from acetone-hexane had m.p. 116-118°; 
[a ]D  +296°; Xmax 266 m^, log e 3.82 (shoulder at 271-274 mM); 
Cmax 1700 (s), 728 (ni), and 702 (s) cm. 4; R.D., [a]6g9 +541°, 
[o;]292.5 +7740° [a]29o +7230° (c 0.001 in methanol).

Anal. Calcd. for C21H30O: C, 84.51; H, 10.13; 0 , 5.36. 
Found: C, 84.48; H, 10.17; 0,5.48.

Action of Acid on A2-4-Pregnadien-20/3-ol Acetate (Vie).— 
A solution of 26 mg. of A2-4-pregnadien-20/9-ol acetate (Vie) 
in 5 ml. of acetic acid and one drop of 15% hydrochloric acid 
was refluxed for 2 hr. The mixture was then extracted with 
ethyl acetate and washed with water, 5% sodium bicarbonate 
solution, and finally with water. Evaporation of the solvent 
led to an oil which exhibited Xmax 242, 235, 227 m^.

5«,6a-Epoxy-pregnane-3+17«-diol 20-one 17-Acetate (Vila).— 
To 50 g. of 17<*-acetoxy-A5-pregnen-3/3-ol-20-one28 in solution in 
250 ml. of chloroform was added, in one portion, an excess (900 
ml.) of monoperphthalic acid solution40 and the mixture kept at 
0° for 16 hr. Ethyl acetate was added and the solution washed 
successively with water (enough ethyl acetate was used to ensure 
a good separation into two layers with water), sodium bicarbonate 
solution, water, sodium thiosulfate solution, and water. Distil
lation of the washed and dried solution gave a crystalline mass 
which was delivered (in benzene solution) to a column of neutral 
alumina. Elution with chloroform-benzene (1:1) furnished 
25 g. of the epoxide Vila, which was purified through recrystal
lization from methylene chloride-heptane to obtain the analytical 
sample, m.p. 252-254°; [ « ] d  —57°; r max 3420 (m), 1735 (s), 
1720 (s), and 1250 (s) cm.-1-

Anal. Calcd. for C23H340 5: C, 70.74; H, 8.78; O, 20.49. 
Found: C, 71.21; H, 8.56; 0,20.15.

5«,6a-Epoxypregnane-3,+ 17«-diol-20-one 3-Tosylate 17- 
Acetate (VHb).—To a solution of 7.0 g. of previous epoxide Vila 
in 200 ml. of dry pyridine was added 7.0 g. of p-toluenesulfonyl 
chloride, and yhe mixture was kept at room temperature for 20 
hr. Work-up in the normal manner furnished the tosylate VHb 
as a solid which was purified by chromatography over neutral 
alumina. Elution with benzene provided 6 g. of the tosylate 
which, after several recrystallizations from isopropyl alcohol, 
had m.p. 184-186° dec.; [<x] d  —54°; Xmal 226, 262, and 274 
m/i, log e 4.10, 2.76, and 2.69, respectivelv; rmax 1735 (s), 
1712 (s), 1250(s),and668(s)cm.-1-

Anal. Calcd. for C30H40O7S: S, 5.88. Found: S, 5.73.
5«,6«-Epoxy-A2-pregnen-17»-ol-20-one Acetate (Vile).— 

A mixture of 1 g. of the 5<*,6a-epoxide 3(¡-tosylate VHb and 1 g. 
of lithium carbonate in 50 ml. of dimethylacetamide was kept 
under reflux during 3.5 hr. Thereafter the inorganic salts were 
removed by filtration and washed well with ethyl acetate. The 
combined washings and filtrate were washed with water, dried, 
and evaporated. Chromatography of the residue over alumina 
and elution w:th benzene led to 200 mg. of the A2-5a,6a-epc-xide 
Vile. Crystallization from methylene chloride-heptane fol
lowed by sublimation gave a sample with m.p. 214-216°; [a]D 
— 40°; xmax 1735 (s), 1715 (s), 1250 (s), and 750 (s) cm.-1-

Anal. Calcd. for C23H32O4: C, 74.16; H, 8.66; O, 17.18. 
Found: C, 73.90; H, 8.77; 0 , 17.14.

A2-5-Pregnadien-17«-ol-20-one Acetate (VIII).—A mixture of
1.2 g. of 5a,6a-epoxv-A2-pregnen-17a-ol-20-one acetate (Vile),
1.5 g. of sodium iodide, 400 mg. of sodium acetate, and 280 mg. 
of zinc, in 20 ml. of acetic acid containing 0.25 ml. of water, was 
stirred at room temperature for 6 hr. Solid material was collected 
by filtration, and the filtrate was diluted with water and ex
tracted with ethyl acetate. These extracts were washed with 
water, with 5% aqueous sodium bicarbonate, and with water 
again. Evaporation of the dried extracts and subsequent chro
matography cf the residual solid over neutral alumina gave from 
the benzene eluent 845 mg. of the A2-5-diene VIII, further purified 
by recrystallization from ethyl alcohol to obtain the analytical 
sample, m.p. 176-178°; [q-]d  —47°; rmax 1740 (s), 171c (s), 
1250 (s), and 798 (s) cm.-1.

Anal. Calcd. for C^H^Os: C, 77.05; H, 9.56; O, 13.39. 
Found: C, 77.25; H, 9.30; 0,13.54.

Acid-Catalyzed Isomerization of A2-6-Pregnadien-17a-ol-20- 
one Acetate (VIII).—(a) A solution of the A2-5-diene VIII 
in acetic acid containing 1% hydrochloric acid was kept at room 
temperature 24 hr. Isolation of the diene by dilution with water 
and extraction furnished a solid with weak ultraviolet absorption, 
Xmax 235 mM, log e 2.05.

(b) A solution of 20 mg. of the A2-5-diene VIII in 5 ml. of 
acetic acid containing 4 drops of concentrated hydrochloric acid 
and 3 drops of water was boiled under reflux during 3 hr. Dilution 
with water ar.d ethyl acetate extraction led to a gum from which

(40) E . E . R o y a ls  an d  L. L. H arre ll, J .  A m .  C h e m .  S o c . ,  77 , 3405 (19 55).
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was obtained by chromatographic separation over alumina and 
elution with benzene 15 mg. of a product, m.p. 130-145°.

Recrystallization from aqueous acetone furnished a sample, 
m.p. 155-163°; Xmax 235 m,u, log c 4.24, with shoulders at 243 
and 229 m,u- The infrared spectrum and chromatographic 
behavior were very similar to those of authentic A3’6-pregnadien- 
17a-ol-20-one acetate31 (IIIc) (Xmax 228, 235, and 243 m/j, log 
e 4.30, 4.35, and 4.15, respectively).

17a,20:20,21-Bismethylenedioxy-5«,6rt-epoxy-pregnan-3/3-ol-
11-one (Xa).—To 10 g. of 17a,20:20,21-bismethylenedioxy-A6- 
pregnen-3/3-ol-ll-one33 (IX) in 150 ml. of chloroform was added 
an excess (1000 ml.) of monoperphthalic acid solution, and the 
mixture was kept at 0° for 18 hr. Some crystalline material 
separated and was collected (1.03 g.) by filtration. The filtrate 
was diluted with ethyl acetate, sufficient to ensure formation of 
a two-phase system, after which the organic solution was washed 
with water, 5% sodium bicarbonate solution, and water again. 
Traces of monoperphthalic acid which persisted in the ethyl 
acetate solution were destroyed with 5% sodium iodide solution, 
and the liberated iodine was then discharged with 5% sodium 
thiosulfate solution. Finally, the dried ethyl acetate solution 
was evaporated to dryness, and the crystalline residue was then 
combined with the precipitate obtained earlier and subjected to 
chromatography over neutral alumina. Benzene-chloroform 
(1:3) eluted 9.0 g. of the 5a,6a-epoxide (Xa) which, after several 
crystallizations -from isopropyl alcohol, had m.p. 260-261°; 
[a]D -116 > I'max 3280 (m) and 1705 (s) cm. X

Anal. Calcd. for C23H320 7: C, 65.69; H, 7.67; O, 26.64. 
Found: C, 65.73; H, 7.75; 0,26.09.

17«,20:20,21-Bismethylenedioxy-5a,6a-epoxypregnan-3/!-ol- 
20-one Tosylate -(Xb).—p-Toluenesulfonyl chloride (5.0 g.) 
was added to a solution of 5 g. of preceding 5a,6a-epoxy 3)3- 
alcohol Xa in 100 ml. of anhydrous pyridine, and the mixture was 
then kept 17 hr. at room temperature. When the mixture was 
poured into ice-water, a precipitate formed which was collected, 
washed with water, and purified by chromatography over 
alumina. Chloroform-benzene (3:7) eluent removed the tosylate 
Xb which was recrystallized from chloroform-isopropyl alcohol 
to furnish 3.9 g. of the pure material, m.p. 192-194°; [ a ] D  

-96°; Xmai 226, 256, 262, 267, and 274 mM, log e 4.08, 265, 
2.75, 2.70, and 2.61, respectively; rmal: 1699 (s), 1600 (m), 
1500 (w), and 668 (s) cm.-1.

Anal. Calcd. for C joH 380 # S :  C, 62.69; H, 6 .66; S, 5.57. 
Found: C, 63.02; H ,6 .66; S, 5.62.

17a,20:20,21-Bismethylenedioxy-5a,6a-epoxy-A2-pregnen-l 1- 
one (Xc).—A mixture of 3.8 g. of the tosylate Xb and 2.0 g. of 
lithium carbonate in 25 ml. of dimethylacetamide was boiled 
under reflux for 5 hr. After filtration the solution was poured 
into water, and the precipitate was collected and subjected to 
chromatographic purification over alumina. Benzene eluted 
950 mg. of the A2-5a,6a-epoxide Xc containing impurities which 
absorbed in the ultraviolet (Xma* 320, 308, and 297 m^). Re
chromatography over silica gel sequestered these impurities and 
ethyl acetate-benzene (1:4) eluted 780 mg. of the A2-5a,6a- 
epoxide Xc. Further recrystallization from isopropyl alcohol 
and sublimation gave the analytical sample, m.p. 213-214°; 
[a ]D  -76°; . w  1700 (s) cm.“1.

Anal. Calcd. for CssHsoOe: C, 68.63; H, 7.51; O, 23.85. 
Found: C, 68.38; H, 7.47; 0,23.72.

17a,20:20,21-Bismethylenedioxy-A2>6-pregnadien-ll-one (XIa). 
—A Cornforth reaction was carried out, as described before, on a 
mixture consisting of 700 mg. of the A2-5«,6a-epoxide Xc, 400 
mg. of sodium acetate, 1 g. of sodium iodide, and 320 mg. of zinc- 
copper couple24 in 10 ml. of acetic acid containing 2 drops of 
water, for 1.5 hr. at room temperature. Work-up as before fol
lowed by chromatography of the crude product over alumina 
led to 530 mg. of the A2>6-diene XIa from evaporation of the ben
zene-hexane (1:1) eluent. Recrystallization from isopropyl 
alcohol afforded the analytical sample, m.p. 155-158°; [«]d
-113 > J'max 1700 (s) and 803 (s)cm.-1.

Anal. Calcd. for C23H30O6: C, 71.48; H, 7.82; O, 20.70. 
Found: C, 71.39; H, 7.92; O, 20.42.

17a,20:20,21 -Bismethylenedioxy-A6'2-pregnadien-11 /3-ol (Xlb). 
—The A2’6-diene 11-ketone XIa (400 mg.) in 30 ml. of dry tetra- 
hydrofuran was added during 5 min. to a suspension of 400 mg. 
of lithium aluminum hydride in 40 ml. of the same solvent. 
The mixture was then stirred for 1 hr. at room temperature be
fore being worked up as described earlier for a similar reduction 
with this reagent. Chromatography of the crude product over 
silica gel gave 360 mg. of the A2'6-diene-ll(3-ol Xlb in the chloro
form-benzene (1:9) eluent. An analytical sample prepared by 
several recrystallizations from isopropyl alcohol had m.p. 219- 
220°; [«]d -61° > Pmax 3450 (m) and 800 (s) cm.-1; and no 
detectable absorption in the ultraviolet, at 235 m/x.

Anal. Calcd. for C23H320 5: C, 71.10; H, 8.30; O, 20.59. 
Found: C, 71.14; H, 8.45; 0,20.42.

Acid Hydrolysis of 17a,20:20,21-Bismethylenedioxy-A2'6- 
pregnadien-1 lpi-ol (Xlb).—The bismethylenedioxy compound 
Xlb (200 rag.) in solution in 50 ml. of dioxane was added to a 
boiling solution of 70% aqueous formic acid, and the mixture was 
refluxed for 2 min. Thereafter the clear solution was poured into 
ice-water, and to the slightly turbid solution which resulted was 
added dropwise a cold solution of 20% sodium hydroxide to pH
7. The precipitate which formed was collected, washed with 
water, and dried (136 mg.; Xma* 236 m l o g  e 3.10). A solution 
of this material in 5 ml. of dioxane was diluted with 10 ml. of 
methanol and then treated with 10 ml. of 2% methanolic potas
sium hydroxide at 0° for 1 hr., during which time dry nitrogen 
was slowly bubbled through the solution. When the solution 
was poured into ice-water a solid separated, which was collected, 
washed with water, and dried. To the dry product were added 
5 ml. of pyridine and 2 ml. of acetic anhydride, and the mixture 
was kept for 16 hr. at room temperature then poured into ice- 
water. The solids which were precipitated were filtered off, 
washed with water, and dried (80 mg.), m.p. 100-210°. Paper 
chromatography revealed the presence of at least three products. 
Chromatography of the mixture over silica gel and elution with 
chloroform-hexane, chloroform, and acetone-chloroform afforded 
a succession of heterogeneous oily fractions all of which absorbed 
in the ultraviolet at 235 m^ and gave strong positive tests for the 
free corticoid side chain. Only traces of crystalline product 
resulted.
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Aromatic aldehydes undergo base-catalyzed condensations with propionitriles having electron-withdrawing 
substituents in the /3-position to give mixtures of isomers resulting from condensation a to the nitrile function. 
The condensation products react with guanidine to give 2,4-diamino-5-benzylpyrimidines in fair to good yields. 
I t is shown that losses are mainly due to nucleophilic attack of the base on the para position of the arylidene 
propionitrile when that position is substituted by an alkoxy group.

A number of 2,4-diamino-5-benzylpyrimidines, es
pecially la and lb, possess marked antibacterial 
activity.2 Utilization of these compounds has been 
limited by expense , since the previously known synthesis3 
involves seven steps, some of them rather unsatis-

Ia, X = H 
b, X = OCH,

factory, with an over-all yield of 20% or less. The 
synthesis of the closely related 5-arylpyrimidines,4 
on the other hand, is quite efficient. The superiority 
of the latter synthesis depends on the availability of 
a-arv l-/3-alkoxyacrvIonitriles, which are readily pre
pared by several methods4 not applicable to the inter
mediates for benzylpyrimidine synthesis.-

If an aldehyde could be condensed with a suitable 
propionitrile (such as the readily available /3-ethoxy- 
propionitrile), the expected product would have the 
structure Ha which would be in tautomeric equilibrium 
with lib. The latter is a homolog of enol ethers used 
in 5-arylpyrimidine synthesis (lib, Ar in place of 
CH2Ar) and would be expected to cyclize with guanidine 
along the line of Reaction Scheme A. Alternatively,

R e a c t i o n  S c h e m e  A

(1) P re se n te d  in  p a r t  be fo re  th e  O rgan ic  D iv is ion , 138 th  N a tio n a l M eetin g  
of th e  A m erican  C hem ica l S o c ie ty , N ew  Y o rk , N . Y ., S ep tem b er, 1960.

(2) F o r  a  d iscussion  of th e se  ac tiv itie s , see B . R o th , E . A. F alco , G . H . 
H itch ings , a n d  S. R . M . B u sh b y , J .  M e d .  P h a r m .  C h e m . ,  5, 1103 (1962).

(3) E . A. F a lco , S. D u B reu il, an d  G . H . H itch in g s , J .  A m .  C h e m .  S o c . ,  

7 3 ,3 7 5 8  (1951).
(4) (a) P . B. R usse ll a n d  G . H . H itc h in g s , i b i d . ,  73, 3763 

(1951); (b) P . B . R ussell a n d  N . W h itta k e r , i b i d . ,  74, 1310 (1952); (c) 
B. H . C hase , J . P . T h u rs to n , a n d  J . W a lker, J .  C h e m .  S o c . ,  3439 (1951); 
(d) B. H . C h ase  an d  J . W a lker, i b i d . ,  3518 (1953); (e) R . B a ltz ly  an d  P . B. 
R usse ll, J .  O r g .  C h e m . ,  21, 912 (1956).

attack might be initiated on Ila itself which possesses 
an allylic carbon atom.

In a preliminary experiment veratric aldehyde and 
/3-ethqxypropionilrile were refluxed in a benzene suspen
sion of sodium methoxide and an ethanolic solution 
of guanidine was added thereto. From the reaction 
mixture la  was isolated in about 7% yield. As a 
result it was decided to investigate the two steps sepa
rately and systematically.

The results of condensations of aromatic aldehy des 
with propionitriles having electron-withdrawing sub
stituents in the /3-position are shown in Table I. The 
reaction appears to be fairly general but no conditions 
were found that were superior to simple condensations 
in lower alcohols with alkoxide ion as the base. The 
products were oils, boiling higher than the parsnt 
aldehydes, and appeared to be mixtures of isomers, 
presumably Ila and lib, each of which can have two 
geometrical forms. These crude products are re
ferred to as “benzal nitriles.” From three of these 
“benzal nitriles.” namely those derived from vera
tric aldehyde, piperonaldehyde, and 3,4,5-trimethoxy- 
benzaldehyde, crystalline substances were obtained 
which are believed to have the structure Ila.

In Fig. 1 is shown the absorption curve 2 for a- 
veratrylidene-/3-methoxypropionitrile (III), which is 
formed by condensation of veratric aldehyde with ¡3- 
methoxypropionitrile (or by refluxing the /3-ethoxy 
homolog with catalytic amounts of sodium methylate in 
methanol). Comparison with the absorption curve 1 
of p-methoxycinnamonitrile indicated conjugation 
between the aromatic ring and the nitrile function.5 6 
While no clear evidence as to the geometry is available, 
the trans position of ring and cyano group seems 
probable.

OMe

CH2 CN 

II
CH

OMe

OMe
III

(5) T h e  a d d itio n a l m e th o x y m e th y l s u b s t i tu e n t  w ould  be  ex p e c ted  to
p ro d u c t a  b a th o ch ro m io  s h if t  co m p arab le  to  t h a t  o b served  (15 m a) w hile 
th e  low ered  ab so rp tio n  coefficient could  b e  caused  b y  s te r ic  in te rfe re n c e  w ith  
co m plete  co -p lan a rity .
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f.'B e n z a l  N i t r i l e s ”  f r o m  ArCHO a n d  XCH2CH2CN
S u b s t itu t io n C a ta ly s t  a n d  reac tio n T im e, B .p . of p ro d u c t, Y ield ,

in  A r X co n d itio n s“ h r. °C . (p re s su re )6 %
3,4-(MeO)2 EtO 1.25 eq. of NaOEt in EtO IT 2 155-175 

(0.45 mm.)
76“

3,4-(MeO)2 EtO 0.75 eq. of NaNH2 in benzene. 
Reflux

5 150-200 
(2 mm.)

27

3,4-( MeO)2 EtO 1 eq. of NaNH2 in liq. NH3 4 160-180 
(0.5 mm.)

29

3,4-(MeO)2 EtO 0.6 eq. of NaOMe in dioxane at 100° 4 172-186 
(0.9 mm.)

16

3,4-(MeO)2 EtO 0.5 eq. of NaOMe in MeOH. Reflux 24 38
3,4-(MeO)2 MeO“ 0.33 eq. of NaOMe +  Mg(OMe)2 in 

MeOH at reflux7
7 125-130 

(0.1 mm.)
so*4

3,4-( MeO)2 EtO 0.5 eq. of NaOCAb in ra-C3H7OH at 
reflux

24 20

3,4-(MeO)2 EtO 0.5 eq. of NaOC4H9 in n-C4H9OH at 
reflux

4 20

3,4-(MeO)2 Br 1.5 eq. of NaOEt in EtOH. Reflux“’" 3 170-180 
(1 mm.)

49

3,4-(MeO)2 Me2N— 0.5 eq. of NaOEt in EtOH. Reflux“ 6 150-175 32*
3,4-(MeO)2 k-C3H,S-— 0.67 eq. of NaOEt in EtOH. Reflux“ 4 (0.7 mm.) 73*'
None EtO 0.5 eq. of NaOEt in EtOH. Reflux' 3 160-180 

(5 mm.)
49

4-C1 EtO 0.3 eq. of NaOEt in EtOH. Reflux“ 4 75
4-Me2N EtO 0.5 eq. of NaOEt in EtOH. Reflux“ 3 170-190

(0.5mm.)
24

3-EtO EtO 1 eq. of NaOEt in EtOH. Reflux7 ■ ’ 8 140-165 
(1 mm.)

50

2-MeO EtO 0.5 eq. of NaOEt in EtOH. Reflux“ 2 148-154 
(1.5 mm.)

31

3-Me0-4-C4H90 EtO 0.5 eq. of NaOEt in EtOH. Reflux“ 3 67
3-Me0-4-C4H90-5-Br EtO 0.25 eq. of NaOEt in EtOH. Reflux“ 3 80
3-Me0-4-s-C4H90 EtO 1 eq. of NaOEt in EtOH. Reflux71 ’ 6 80
3-Me0-4-«-C8H„0 EtO 1 eq. of NaOEt in EtOH. Reflux7,1 6 70
3,4,5-(MeO)3 EtO 0.5 eq. of NaOEt in EtOH. Reflux“ 3 87“
3,4-0CH20 — MeO“ 0.33 eq. of NaOMe in MeOH +  

Mg(OMe)2. Reflux7
7 135-180 

( 1 mm.)
75d

“ Except where otherwise stated, the amount of ¿¡-substituted propionitrile was equivalent to that of aldehyde. The equivalence of 
catalyst is reckoned on amount of aldehyde used. 5 Where no boiling point is given, product, in ethereal solution, was washed free of 
aldehyde, dried, and evaporated in vacuo on the steam bath. c Azeotropic distillation to remove water. d Crystalline isomer obtained. 
* By addition of 2 eq. of acrylonitrile to the methylate solution before addition of aldehyde. 7 Product freed of residual aldehyde by 
bisulfite treatment. 0 Rapid separation of salt (NaBr) was observed. h The product was a mixture of ethoxy and dimethylamino 
derivatives. 4 Mercaptan odors were noted during the reaction. The product probably was not homogeneous. 1 Azeotropic distilla
tion with added benzene.

The distilled oil from which no more of III could 
be isolated had the absorption shown by curve 3 
in Fig. 1. Assuming that the oil could still contain 25% 
of III (from comparison of the absorption coefficients 
at 340 m/x) another curve can be reconstructed for the 
remaining components of the oil [curve 4, I?IV = 
4/s (Em  — y 4 Eu)]. This strongly suggests that the 
oil contains at least two components of which at least 
one lacks conjugation between the ring and the CN 
group. When the oil was refluxed in methanol with a 
catalytic amount of sodium methylate a further amount 
of III could be recovered. We take this to indicate 
that the base-catalyzed tautomeric change between III 
and its isomers does actually exist. As will be seen 
later, complete and efficient conversion is probably 
prevented by other factors.

Both the solid III and the unseparated mixture of 
isomers reacted with guanidine to yield la. Yields 
from III were somewhat the better, reaching a maxi
mum of 40-45% under optimal conditions. The 
two steps together, therefore, afford an over-all yield 
of about 30%. Cyclization is best accomplished in

relatively concentrated solution with methanol as 
solvent and a considerable excess of guanidine (2-3 
equivalents6) . The best yields were obtained by warm
ing about twenty-four hours at 56° but a shorter reac
tion period at reflux is not significantly inferior. Use 
of an inert atmosphere gave no gain in yield. The 
quantity of ammonia volatilized during such a reaction 
was found to be somewhat in excess of that produced 
by heating a methanolic solution of guanidine for the 
same period, but the quantity was too small to be 
significant as regards the yield of pyrimidine.

Referring to the proposed Reaction Scheme A, if the 
bulk of the pyrimidine is formed by attack of guani
dine on tautomer lib  present initially as ca. 25% of the 
“benzal nitrile” mixture and replenished by isomeriza-

(6) H ig h e r a lcoho ls a re  u sab le  b u t  g ive in fe rio r re su lts  b o th  in  y ie ld  an d  
in  ra p id i ty  of re a c tio n . O ne e x p e rim e n t w as tr ie d  in  d im e th y l su lfox ide  
u sing  “ g u an id in e  b a se .”  R ea c tio n  w as rap id  a t  room  te m p e ra tu r e  a n d  th e  
o n ly  p ro d u c t w as th e  yellow  p o ly m er d iscussed  la te r .  “ G u a n id in e  b a s e ” 
w as th e  s y ru p  o b ta in e d  b y  e v a p o ra tin g  a  m e th an o lic  s o lu tio n  of g u an id in e  
i n  v a c u o ,  fina lly  a t  0 .1 -m m . p re ssu re  w ith  a D ry  Ic e  t r a p .  T h e  w e ig h t of th e  
s iru p  w as co n s is te n t n o t w ith  “ g u an id in e  b a s e ” b u t  w ith  g u a n id in iu m  m e th - 
oxide.
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T a b l e  II
2 ,4 - D i a m i n o - 5 - b e n z y l p y r i m i d i n e s

n h 2

Ni^rpCH aA r
h 2n -L 'n JJ

-A nal. %-

A r
M .p .,
°c.

Y ield  in 
cyc liza tio n , %

E m p iric a l
fo rm u la

,------------c-
C aled . F o u n d

,------------H -
C aled . F o u n d

.----------  N
C aled . F o u n d

2-MeOC6H4 154 25 C12Hi4N40 62.6 62.9 6 . 1 6 . 3 24.4 24.4
3-EtOC6H4 173.5-174 75 C13H16N4C) 63.9 63.7 6 . 6 6 . 9 22.9 23.3
3-MeO-4-EtO-CeH3 188-190 30 C14H18N402 61.3 61.3 6 . 6 6 . 6 20.5 20.6
3,4-(0-CH20)C6H3 255-256 35 C12H12N402 59 0 58.9 5.0 5.1 22.9 22.6
3-Me0-4-sC4H90-C6H3 181-181.5 20 C16H22N402 63.6 63.2 7.3 7.1 18.5 18.2
3-MeO-4-CsH„OC6H3 155.5-156 30 c 20h 3„n 4o 2 67.0 67.2 8.4 8 . 6 15.6 15.7
a-CioHî 240-241 80 C1&H14N4 72.0 72.6 5.6 5.7 22.2 22.4

Ci6H14N4-HC1 62.8 63.0 5.3 5.5

tion during the reaction, it is rather surprising that the 
actual cyclization is so slow in comparison to the 5- 
arylpyrimidine synthesis (complete in good yield in 
less than one hour). The unseparated isomer mixture 
should give a better result than pure Ha. Further
more, the “benzal nitrile” from m-ethoxybenzaldehyde 
and d-ethoxypropionitrile, whose absorption spectrum 
suggested presence of a smaller proportion of conju
gated isomer, reacted much less rapidly than usual, 
though eventually giving a good yield. Accordingly 
we believe that the cyclization is initiated predomi
nantly by attack on I la.

The other “benzal nitriles” of Table I were cyclized 
with guanidine to give the corresponding 2,4-diamino-
5-benzylpyrimidines. The yields were mainly from 
25 to 45%, deviations from which range being critical 
to the following discussion. Most of the products 
were known previously. Properties of the new pyrimi
dines are presented in Table II. Their antibacterial 
properties have already been reported.2

The major loss in these cyclizations is due to develop
ment of a yellow gummy material, soluble in hot 
methanol and in aqueous acid and corresponding 
roughly to about half the starting nitrile. Attempts 
to separate it effectively into fractions were unsuccess
ful. Its intractable nature suggests that it is a poly
mer. Any further considerable improvement in the 
synthesis must be dependent on an understanding of 
the nature of this material and its mode of origin. 
Its formation evidently is not due to oxidation or to 
reactions of ammonia present or to a reaction involving 
the elimination of ammonia.

Further information bearing on the side reaction 
that produces polymer came from experiments with the 
“benzal nitriles” derived from a-naphthaldehyde and 
m-ethoxybenzaldehyde. Although crystalline compo
nents could be obtained from neither of these condensa
tion products, both gave high yields (80% and 75%) 
of pyrimidines. In both cases considerable amounts 
of apparently unchanged “benzal nitrile” could be 
found when the reactions were stopped while with III 
not more than traces were present. With neither of 
these compounds was there any sign of polymer for
mation. Clearly the formation of polymer is a func
tion of the p-alkoxyl group.

Two obvious side reactions that involve a 4-alkoxyl 
group are possible with such compounds as these “ben
zal nitriles.” These are nucleophilic attacks on the

ether alkyl group (1) and on the ring in the para 
position to the conjugated system (2). Both of these 
points should be made somewhat vulnerable by elec
tron-shift toward the nitrile grouping. It is believed 
that both these processes do occur, the presumptive 
nucleophilic reagents being methoxide ion and guani
dine base.7 (See p. 1986, top of col. 1.)

Fig. 1.—Curves 1-------- , p-methoxycinnamonitrile; 2 ,--------,
compound III; 3, ......... , isomer mixture remaining after re
moval of III; 4, -  - -  • reconstructed curve for other com
ponents of isomer mixture.

(7) T h e  re la tiv e  c o n c en tra tio n s  of th e se  a re  u n c e rta in  d u e  to  la c k  of p re 
cise in fo rm a tio n  as to  th e  ac id it ie s  of e i th e r  g u an id in iu m  io n  o r  m e th an o l.
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(1) Attack on the Ether Alkyl Group.—The products 
would be phenolic material plus dimethyl ether and 
methylguanidine. However, it is not apparent why 
small amounts of phenolic material should lead to 
formation of polymers under conditions unfavorable to 
electrophilic substitution.

(2) Attack on the Ring.—If methoxide ion engaged 
in this attack, no alteration would result in III, though 
compounds with different alkoxyl groups would be 
modified (resulting in diminished yield of the main prod
uct). Attack by guanidine base would result in an 
N-phenyl substituted guanidine. Since that would 
be a weaker base than guanidine itself, it should be 
present extensively as base rather than conjugate acid, 
and should, therefore, enjoy a favored opportunity for 
further attacks on other molecules of III. Such an 
operation would thus lead to a polymeric product.

Consideration of such processes involves the effec
tiveness of guanidine as a nucleophile. On this point 
exact information is lacking although guanidine is 
employed extensively in syntheses most readily for
mulated as involving nucleophilic attack (usually on 
unsaturated systems and resulting in cyclic products). 
Experiments involving substitution in 2,4-dichloro- 
benzyl chloride suggest that, for substitution in ali
phatic systems, guanidine is about as active as meth
oxide ion and much more active than ammonia.

It was possible to demonstrate both of these modes 
of attack through methoxide ion by conducting the 
cyclization in methanol enriched by C14H3OH. Radio
activity in the isolated pyrimidine la corresponded to 
about 3.5% of exchange, and a radioactive dimethyl 
ether fraction was obtained corresponding to about 
two-thirds as much exchange at the methyl group.

Attempts to demonstrate similar substitution on 
simpler compounds unlikely to cyclize were partially 
successful. From refluxing solutions of guanidine in 
methanol, p-methoxybenzonitrile and 4-methoxy-a- 
naphthonitrile were recovered unchanged. However, 
p-methoxycinnamonitrile was largely converted to a 
yellow polymeric gum similar to that found in the 
pyrimidine syntheses. Two crystalline substances 
were isolated in trace amounts during the working up 
of the reaction product. The first was a hydrochlo
ride with a composition consistent with that of p- 
guanidinocinnamide. The second was obtained as 
base and as hydrochloride and is formulated as IV.

NH NH
Il II

C H C H -C -N H -C -N
IV

» O '
c h =c h c o o c h 3

Both of these structures correspond to probable trans
formations of primary products from displacement 
attack of guanidine in the para position of p-methoxy- 
cinnamonitrile.

It, consequently, is believed that diversion of p- 
alkoxy “benzal nitriles” does occur by processes 1 and 
2 essentially as outlined earlier. Reactions of this 
sort have not often been invoked in the past but an 
analogy can be found in Bunnett’s demonstration 
of attack by methoxide ion on the ester methyl group 
of methyl benzoate.8 * Such examples will doubtless 
be multiplied in course of time when suitable techniques 
are applied to their demonstration.

Experimental
Two main variations were employed in the condensations of 

aldehydes with /3-alkoxy propionitriles. The following illustrate 
each of these variations. On the subject of the related condensa
tions (in nonalcoholic solvents) it may be said that optimal con
ditions for reaction have not been determined.

/3 -E th o x y - a -v e r a t r y l id e n e p ro p io n i t r i le .—To a solution of 2.8 g. 
of sodium methoxide in 140 ml. of absolute ethanol were added 
33 g. (0.2 mole) of veratric aldehyde and 20 g. of /3-ethoxypro- 
pionitrile. The reaction mixture was heated under a fractionat
ing column allowing about 40 ml. to distil each half hour and re
placing these quantities with absolute ethanol. After 2 hr., the 
solution was concentrated in vacuo to a thick sirup and partitioned 
between ether and cold water. Much of the color went into the 
aqueous layer. The ethereal layer was washed with water until 
the washings were neutral and then dried over sodium sulfate. 
The ethereal solution was filtered, the solvent was evaporated, 
and the residue was distilled at 0.45-mm. pressure, the fraction 
(37.7 g.) coming over from 155-175° being saved. From a por
tion of this distillate a solid was obtained. The solid could be 
recrystallized from ethanol, methanol, or ether-hexane mixture. 
It melted at 57.5-58° when pure. The absorption spectrum in 
alcohol showed maxima at 324 m/i (e 13,600), 295 m/i (e 10,900), 
and 238 m,u (e 10,000). (This curve is virtually identical with 
curve 2 of Fig. 1.)

Anal. Calcd. for C14H„N30: C, 68.0; H, 6.9; N, 5.7. 
Found: C, 68.1; H, 6.9; N, 5.2.

¿ ¡-E th o x y -a -f  3 ,4 ,5 - t r im e th o x y b e n z y l id e n e  ) p r o p io n i t r i l e .—The
condensation was carried out as in the previous preparation. 
After evaporation of solvent, cold water was added and acetic 
acid to bring the pH to 6 . Ammonia was then added until a 
pH of 8.5 was reached. The oily product separated and crystal
lized on further washing with ice-water. After one crystalliza
tion from ethanol, the product melted at 74-75°. Further 
crystallization from methanol raised the melting point to 79-80°.

Anal. Calcd. for Ci5Hi9NO,i: C, 65.0; H, 6.9. Found: C, 
65.3; H, 6.9.

C o n v e r s io n  o f  jS -E th o x y -a -v e r a t r y lid e n e p ro p io n i t r i le  t o  8- 
M e th o x y - a - v e r a t r y l id e n e p r o p io n i t r i l e .—The preceding solid iso
mer (4 g.) melting at 57° was added to 50 ml. of methanol in 
which 0.1 g. of sodium had been dissolved. The solution was 
heated on the steam bath for 1 hr. and then cooled. Overnight, 
a solid separated that melted at 45-48°. The entire material 
was heated a second hour and a solid again was obtained; melting 
point was now 61-68.5°. After 2 hr. further heating (at or close 
to reflux) the solid obtained melted at 69.5-72°. This was 
identical with the (i-methoxy derivative whose preparation is de
scribed later.

d - M e th o x y - a - v e r a t r y l id e n e p r o p io n i t r i l e .—A solution of mag
nesium methylate was prepared from 3.5 g. of magnesium and 
100 ml. of methanol. To it was added 100 ml. of methanol in 
which 1.5 g. of sodium had been dissolved. The combined 
solution was placed in a three-necked flask equipped with a me
chanical stirrer and a reflux condenser. To this was added 13 ml. 
of acrylonitrile rather cautiously. After stirring 15 min., 33.2 
g. (0.2 mole) of veratric aldehyde was added and the solution was 
heated rapidly to reflux. By the time boiling had begun, the 
solution had become markedly turbid. Methanol was allowed 
to evaporate until the volume had diminished to about 150 ml., 
after rvhich the reaction mixture was refluxed 6 hr. and allowed 
to stand overnight.

Ice was added to the stirred reaction mixture, 150 ml. of 2 N 
hydrochloric acid and about 150 ml. of ether. A considerable

(8) J .  F . B u n n e tt ,  M . M . R ob iso n , a n d  F . C . P e n n in g to n , J .  A m .  C h e m .

S o c . ,  72 , 2378 (1950).
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amount of crystalline solid separated. This was filtered off and 
washed with water and ether, the ethereal layers being combined 
and separated. The solid was dissolved in 50:50 ether-benzene 
and was washed successively with water, potassium bisulfite 
solution, water, dilute sodium hydroxide solution, and again with 
water. It was then dried over potassium carbonate. The 
ethereal layers from the original filtration were treated in the 
same wa\r, bisulfite washing being continued until no more alde
hyde was removed. In all, about 3 g. of aldehyde was re
covered .

Both solutions, after removal of the desiccant, were put 
through a short (2 cm.) column of alumina, which removed a 
small amount of dark impurity, and were evaporated to small 
volume and diluted with hexane. Several crops of solid were ob
tained from each, total 26 g.

The mother liquors were combined and distilled at 0.1-mm. 
pressure (bath temperature, 125-130°). There was obtained 12 
g. of a nearly colorless oil. When dissolved in methanol and 
cooled, this afforded 3 g. more of the solid.

The combined crops of solid were recrystallized from methanol, 
m.p. 73.5-74°. The absorption spectrum in alcohol is shown 
in Fig. 1 (curve 2).

Anal. Calcd. for C13Hi6N 03: C, 66.9; H, 6.5. Found: C, 
66.7; H, 6.4.

The oil obtained when the solvent was evaporated from the 
last mother liquors had the absorption shown in curve 3 of Fig. 
1. Two grams of this oil was dissolved in 10 ml. of methanol in 
which a trace of sodium (ca. 0.05 g.) had been dissolved. After 
refluxing 6 hr. the solution was cooled and seeded. One-half 
gram more of the 74° melting solid separated.

0 -M  e th o x y -a - (  3 ,4 ,5 - t r im e th o x y b e n z y l id e n e  jp r o p io n i t r i l e .—In 
20 ml. of methanol was dissolved 0.1 g. of sodium. To this was 
added 3.5 g. of the 0-ethoxy derivative, m. p. 79-80°, in 50 ml. of 
methanol. The solution was refluxed 4 hr. and cooled. The 
solid that separated was recrystallized twice from methanol. It 
weighed 1.5 g. and melted at 85-85.5°. The mixture melting 
point with the starting compound showed a large depression.

Anal. Calcd. for Ci4HnN04: C, 63.9; H, 6.5. Found: C, 
64.1; H, 6.5.

The absorption spectrum of this compound was simpler than 
those of the 3,4-disubstituted derivatives, showing Xmax at 232 
nm (€ 15,140) and 308 mn (e 15,060) and Xmm at 260 m^ (e 2760).

0- M e th o x y - a - p ip e r o n y l id e n e p r o p io n i t r i l e .—The preparation 
followed the procedure described for the veratrylidene analog. 
Since the product did not crystallize during the early working up, 
it was distilled after washing and drying. About half of the dis
tillate was obtained as a solid, m.p. 50-51°, after crystallization 
from methanol.

Anal. Calcd. for C 12H 11N O 3 : C, 66.3; H, 5.1. Found: C, 
6 6 .6 ; H ,  4 .9 .

The absorption curve of this compound was virtually identical 
with that of its veratrylidene analog (curve 2, Fig. 1), Xmax 237 
him (e 11,200), 291 m/x (e 9500), 327 m« (e 13,500); andXmi„ 265 
ni|ii (e 3700), 301 m/i (e 8100).

P r e p a r a t io n  o f  2 ,4 - D ia m in o -5 - ( 3 ' , 4 '- d im e th o x y b e n z y lp y r im i 
d in e  f ro m  0 - M e th o x y - a - v e r a t r y I id e n e p r o p io n i t r i le .—One-tenth 
g.-atom (2.3 g.) of sodium was dissolved in 40 ml. of methanol. 
Ten grams (0.102 mole) of guanidine hydrochloride was dissolved 
in 25 ml. of warm methanol. The solution was allowed to cool 
and added to the sodium methylate solution. The sodium chlo
ride was filtered off and the filtrate was made up to 100 ml. A
5-ml. portion was diluted with water and titrated electrometri- 
cally against standard hydrochloric acid. From the curve it was 
deduced that the guanidine solution was 0.83 M  in guanidine and 
0.05 M in ammonia.

Forty milliliters of the preceding guanidine solution and 4.7 g. 
(0.02 mole) of 0-methoxy-a-veratrylidenepropionitrile were 
placed in a flask heated by boiling acetone.9 A slow stream of 
nitrogen was passed through the reaction mixture and thereafter 
through a gas-wash bottle containing water acidified by 1 ml. of
1.75 N perchloric acid and containing methyl red indicator. 
As the reaction solution became concentrated by evaporation of 
methanol it was replenished by adding more of the standard 
guanidine solution. In all, 25 ml. of this solution was added. 
Heating was continued through 26 hr. During this time the 
evolution of ammonia was followed, a total of 5.8 mmoles being

(9) T h e  a p p a ra tu s  consists  of a  1-1. ro u n d -b o tto m  flask h a v in g  a  2 4 :4 0  
jo in t  av a ilab le  fo r a  condenser. S ealed  in to  i t  w ith  on ly  th e  o u t le t  p ro 
t ru d in g  is a  50-m l. spherica l flask  w hose o u tle t  is a  fem ale  1 4 :3 5  jo in t.

collected. Since the guanidine solution originally contained 3.3 
mmoles of ammonia 2.5 mmoles in excess had developed. (Simi - 
lar aeration of 30 ml. of the guanidine solution for 21 hr. resulted 
in collection of 1.7 mmoles of excess ammonia.)

The reaction mixture was initially colorless but was markedly 
yellow within 2 hr. and solid had begun to precipitate. After 26 
hr., the contents of the flask were filtered hot and the precipitate 
was washed with hot methanol. I t weighed 2.3 g. (calcd. 5.4 g.) 
and, though still yellow, was almost pure la.

A duplicate experiment employing 30 ml. of a guanidine solu
tion initially 2.03 M  in guanidine and 0.05 M  in ammonia resulted 
in collection of 6 mmoles of ammonia. The yield of product was
2.4 g .  (44% yield). Comparable runs with 1 and 2 equiv. of 
guanidine to I cf nitrile gave 25% and 40% yields of la, respec
tively.

No difficulties have been observed in preparation on a much 
larger scale.

P r e p a r a t io n  o f  l a  U s in g  C 14H 3O H  .—The same apparatus was 
employed as in the experiment described before. No gas was 
passed through the reaction chamber but the outlet was con
nected to a Dry Ice trap.

One-tenth g.-atom (2.3 g.) of sodium was dissolved in 40 
ml. of methanol and added to a solution of 10 g. guanidine hy
drochloride in 25 ml. of methanol. After filtration, the solution 
was taken down in vacuo to about 15 ml. and filtered into a 25-ml. 
volumetric flask. After making up to volume, 1 ml. was removed 
and titrated against standard acid. The solution was 3.8 molar. 
Fourteen milliliters of this solution was placed in the reac
tion chamber together with 4 g. (0.017 mole) of 0-methoxy-a- 
veratrylidenepropionitrile. To this was added in 5 ml. of 
ordinary methanol 8 mg. (0.5 me.) of C14H3OH. The acetone 
in the outer chamber of the apparatus was brought to reflux and 
heating was continued for 23 hr. After cooling for an hour, a 
boiling chip and 5 ml. of ethyl ether were introduced into the 
reaction chamber and heating was resumed for 1 hr. The Dry- 
Ice trap was then opened, attached to a vessel containing ordi
nary dimethyl ether, and 4 g. of that was distilled into the trap. 
This was closed and left in the Dry Ice bath overnight.

The contents of the reaction vessel was filtered and washed 
with hot methanol, the filtrate and washings being saved for re
covery.

The precipitate (la) was dissolved in 10% acetic acid, treated 
with charcoal, and re-precipitated by ammonia. The solid was 
filtered off, washed with water, and recrystallized from 83% 
ethanol. I t was subjected to counting at this stage and recrystal
lized twice more with re-counting at each stage. The average of 
the counting values corresponded to 1.3 ±  0.3 X 10 “6 fic./mg. 
or to 3.5 ±  1% exchange of the p-methoxyl group.

The trap containing the dimethyl ether was removed from the 
Dry Ice dewar and connected to a vial immersed in Dry Ice. A 
portion (0.88 g ) of the liquid was distilled by placing the original 
trap in cold water. The vial was sealed and dispatched for count
ing.10 The value obtained was 0.21 /¿c. for the 0.88 g. = 2.3 
X 10-4 mc./g. corresponding to 2.3% exchange at the methyl 
group of the 4-methoxyl moiety (in relation to the total amount 
of nitrile used).

0- M e th o x y - a - ( n a p h th y lm e th y le n e ) p r o p io n i t r i l e .—The proce
dure was the same as that described for the veratrylidene analog. 
When the product could not be induced to crystallize, purification 
was attempted by chromatography on alumina. This removed 
much of the color but none of the fractions could be induced to 
crystallize. The collected material was then distilled at 1-m 
pressure. Most of the material came over at 90-100° (bath 
temperature). Thirty-four grams of distillate was collected 
(from a 0 .2-mcle run: a quantity of a-naphthoic acid equivalent 
to 7% of the starting aldehyde was recovered—it was presumably 
contained in the aldehyde).

The absorption spectrum of this material in ethanol showed a 
medium peak at 280 m,u (e 6360 calcd. for mol. wt., 223) and a 
strong peak (e 36,700) at 226 m«. There is a possible shoulder at 
about 290 mp.

2,4-Diamino-5-(a-menaphthyl)pyrimidine.—Twelve grams of 
this nitrile was added to 100 ml. of methanol containing 
guanidine base from 15 g. of guanidine hydrochloride. The solu
tion was heated with stirring and methanol allowed to evaporate 
until the volume had been diminished to about 75 ml. Reflux
ing was continued for 22 hr. Solid began to separate after about 
3 hr. refluxing, but no increase in depth of color was noted at any

(10) C o u n tin g  w as d one  b y  th e  N ew  E n g la n d  N u c le a r  A ssay  C orp .
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time. The reaction mixture was filtered hot and the precipitate 
was washed with water, methanol, and finally with ether; weight,
9.8 g. From the mother liquors 0.4 g. more was obtained. Re
crystallization from a rather large volume of 80% ethanol gave 
material melting at 240-241°. On titration in 50% methanol, 
the pAa appears to be about 7 (the situation was complicated by 
the sparing solubility of both the base and its hydrochloride). 
The neutral equivalent was 250. The hydrochloride is moder
ately soluble in alcohol and very sparingly soluble in water.

C o n d e n s a t io n  o f m - E th o x y b e n z a ld e h y d e  w ith  S -E th o x y p ro p io -  
n i t r i l e .—Twenty milliliters of (3-ethoxypropionitrile and 22.5 g. 
(0.15 mole) of m-ethoxybenzaldehyde were added to 160 ml. of 
absolute ethanol in which 2.5 g. of sodium had been dissolved. 
Forty milliliters of benzene was added and the solution was 
boiled under a fractionating column for 6 hr., about half of the 
solvent being allowed to distil during that time. The solution 
was allowed to stand overnight, concentrated rapidly, and the 
residue was partitioned between ether and water. The ethereal 
layer was washed with water, bisulfite solution, and again with 
water. I t  was dried briefly over a little calcium chloride, passed 
through a short alumina column (which removed most of the 
color), concentrated, and distilled at 1-mm. pressure. A 17.5-g. 
sample was obtained over the range 140-165°. This oil showed 
\ max 224 mf. (e 11,300), 275m^ (e3050); and Xmin 259 mM(e 2000), 
from which it is concluded that much of the material was not 
conjugated completely.

2,4 - D ia m in o -5 - (m - e th o x y b e n z y l ) p y r im id m e .—A guanidine 
solution was prepared from 30 g. of guanidine hydrochloride and 
sodium methylate (from 7.2 g. of sodium). After filtration of 
salt, the solution was concentrated in vacuo to 150 ml. To it was 
added 12.8 g. (0.055 mole) of the described nitrile; the solution 
was stirred and refluxed for 20 hr. Stirring was continued while 
the solution (still nearly colorless) was allowed to cool and 100 
ml. of water was added. A solid separated that was filtered off, 
washed with ether, and dried. It melted at 164-166° and 
weighed 3.5 g. Further evaporation of the mother liquors gave 
1 g. more of this solid but there was also obtained 8 g. of an 
ether-soluble neutral oil, spectrometrically identical with the 
starting nitrile.

This recovered nitrile together with a further portion to make 
a total of 11 g. (0.048 mole) was recyclized with a guanidine solu
tion as before, except that the refluxing period was 48 hr. and 
the solution was allowed to stand overnight. The product, 
washed with methanol, water, acetone, and ether, weighed 8.3 
g. and melted at 166-167.5°. The mother liquors afforded 0.7 
g. more of this solid, m.p. 164-166°, and also about 3 g. of neu
tral, ether-soluble oil.

For analysis, the main crop was recrystallized from 150 ml. of 
methanol, 6.8 g. being obtained and with melting point un
changed.

4 - n -O c ty lo x y - 3 - m e th o x y b e n z a ld e h y d e .—This was prepared 
from vanillin with octyl iodide and alkali in alcoholic solution. It 
boils at 165-167° at 1 mm. and melts at 40-42° after crystalliza
tion from pentane.

Anal. Calcd. for Ci6HM0 3: C, 72.7; H, 9.2. Found: C, 
72.8; H, 9.4.

R e a c t io n s  o f  2 ,4 - D ic h lo ro b e n z y l  C h lo r id e  w i th  G u a n id in e  a n d  
O th e r  N u c le o p h i le s ,  ( a )  G u a n id in e  a t  R o o m  T e m p e r a t u r e .—
A solution of 0.2 mole of guanidine and 0.3 mole of 2,4-dichloro- 
benzyl chloride in 140 ml. of methanol was allowed to stand 8 
days at room temperature. There were obtained 2.5 g. of a base 
hydrochloride soluble in cold water and 1.5 g. of an insoluble one. 
The former proved to be 2,4-dichlorobenzylguanidine hydro
chloride, m.p. 146-147°.

Anal. Calcd. for C8H9CI2N3-HC1: C, 37.7; H, 4.0; N, 16.5. 
Found: C, 37.6; H,4.1; N, 16.3 (Kjeldahl).

The sulfate crystallized from water, m.p. 219°.
Anal. Calcd. for C8H9Cl2N3-0.5H2SO4: C, 36.0; H, 3.7. 

Found: C, 35.9; H, 3.8.
The less soluble hydrochloride appeared to be a mixture of 

more highly alkylated bases. About 100 mg. of one component, 
probably N,N'-bis(2,4-dichlorobenzyl)guanidine hydrochloride, 
m.p. 180-181°, was isolated by repeated crystallization from 
hot water.

Anal. Calcd. for Ci5H13Cl4N3-HCl: C,43.6; H,3.4; N. 10.2. 
Found: C, 43.3; H, 3.7; N, 10.0 (Kjeldahl).

The total amount of the bases corresponded to 7% of the orig
inal guanidine.

(b) A m m o n ia  a t  R o o m  T e m p e r a t u r e .—A solution of 0.2 mole 
of 2,4-dichlorobenzyl chloride and 1.5 moles of ammonia in 200

ml. of methanol was allowed to stand 21 days at room tempera
ture. The bases formed were separated as a water-insoluble 
hydrochloride (5.2 g.) and a water-soluble hydrochloride. The 
latter (6.5 g.) was identified as the hydrochloride of 2,4-dichloro- 
benzylamine by melting point and conversion to the guanidine 
described above. The water-insoluble hydrochloride melted at
212-215° and is the salt of bis(2,4-dichlorobenzyl)amine.

Anal. Calcd. for CnHnChN-HCl: C, 45.3; H, 3.3; N, 3.8. 
Found: C, 44.7; H, 3.0; N, 3.9 (Kjeldahl).

( c )  G u a n id in e  in  M e th a n o l  a t  R e f lu x .—One-half mole of 
“guanidine” and 50 g. (0.255 mole) of 2,4-dichlorobenzyl chlo
ride were refluxed 16 hr. in methanol (total volume 300 ml.). 
The reaction mixture, after partial evaporation of solvent, was 
partitioned between water and hexane. Analysis of the aqueous 
layer showed the presence of chloride equivalent to 0.233 mole 
(90% of the original dichlorobenzyl chloride). The hexane 
layers were evaporated and 2,4-dichlorobenzylguanidine equiv
alent to 0.04 mole isolated by conversion to the hydrochloride 
and sulfate described before. It is evident that about one-sixth 
of the dichlorobenzyl chloride had reacted with guanidine and 
most of the rest with methoxide ion. As mentioned previously, 
the concentrations of these nucleophiles cannot be calculated. 
On the assumption that pKa values for guanidinium ion and 
methanol are the same, the concentration of methoxide would 
have been much larger.

( d )  G u a n id in e  in  D im e th y l  S u l fo x id e .—“Guanidine base” 
(0.5 mole obtained by evaporation of a methanolic solution in 
vacuo) was dissolved in 130 ml. of dimethyl sulfoxide (it is sub
stantially insoluble in ether, benzene, and dioxane). On addi
tion of 0.25 mole of 2,4-dichlorobenzyl chloride, an exothermic 
reaction ensued and the temperature was around 50° despite 
cooling under the tap. The reaction product was a mixture of 
bases whose hydrochlorides were largely insoluble in water. The 
only substance that could be isolated in pure form (by crystalliza
tion from dimethyl sulfoxide) melted at 279-280° dec. and had 
the composition of tris(2,4-diehlorobenzyl)guanidine hydro
chloride.

Anal. Calcd. for C22Hi,C16N3-HC1: C, 45.1; H, 3.2; N, 7.3. 
Found: C, 45.2; H, 3.5; N, 7.4 (Dumas). About 12 g. of this 
compound was isolated.

R e a c t io n  o f  G u a n id in e  w i th  p - M e th o x y c in n a m o n i t r i le .—To a
solution of guanidine (0.15 mole) in methanol was added 8 g. 
(0.05 mole) of p-methoxycinnamonitrile (wt. of solution, 55 g.). 
The solution was refluxed for 30 hr.; it was then a deep yellow. 
Most of the methanol was boiled off and water and ether were 
added to the residue from which a yellow gum precipitated. 
The gum was collected, redissolved in methanol, and repre
cipitated by dilution with water. The ethereal washes were 
evaporated; the residue weighed less than 0.5 g.

The yellow gum was largely soluble in acetone. After filtering 
off a small amount of undissolved material, dilute hydrochloric 
acid was added to bring the pH to about 4, water was added, and 
the solution was allowed to stand. By gradual evaporation 
small amounts of two crystalline compounds were obtained (A 
and B) but the bulk of the material remained gummy and 
reminiscent of the polymeric by-product of the benzylpyrimidine 
syntheses.

Compound A was a yellow solid melting at 284-288° and at 
286-288° after recrystallization from methanol.

Anal. Calcd. for CioHi2N40-HC1: C, 50.1; H, 5.5; N, 23.3. 
Found: C, 50.4; H, 5.9; N, 23.0 (Dumas).

Compound B forms a hydrochloride crystallizing in yellow 
needles from methanol. The color deepens to an orange-red 
in concentrated hydrochloric acid. When made basic the color 
disappeared and a colorless base crystallizing from methanol in 
needles was isolated. It had no useful melting point.

Anal, (of base). Calcd. for C2iH22N40 3: C, 66.7; H, 5.8; N,
14.8. Found: C, 67.2; H, 5.7; N, 14.8 (Dumas).

Anal, (of hydrochloride). Calcd. for C2iH22N40 3-HC1CH40: 
C, 59.1; H, 6.1; N, 12.5; CH40, 7.2. Found: C, 58.5; H, 
5.9; N, 12.5; loss in weight at 90° and 1-m pressure, 7.1%.
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The synthesis of several nitrobenzylpyridines is presented. These compounds are all photochromic in solu
tion and some are photochromic in the crystalline form. The visible spectra of the irradiated isomers are shown.

A kinetic study on the photoisomerization of 2-(2,4- 
dinitrobenzyl) pyridine and 2-(2-nitro-4-cyanobenzyl)- 
pyridine recently was reported.1 When pale yellow 
crystals of 2-(2,4-dinitrobenzyl)pyridine or colorless 
crystals of 2-(2-nitro-4-cyanobenzyl)pyridine are ex
posed to light the crystals change to blue and green, re
spectively. When stored in the dark the crystals fade 
to their original color. Chilled solutions of these com
pounds also exhibit reversible photochromism.

In order to study this phenomenon, we have prepared 
a number of substituted benzylpyridines. All of these 
new compounds show a reversible photochromism in 
the solution phase and some also exhibit photochrom
ism in the solid state.

The benzylpyridines synthesized are listed in Table
I. Compounds I—III were prepared directly from 2-(2- 
nitro-4-cyanobenzyl)pyridine (VIII), the preparation 
of which was described by Sousa and Weinstein.1 
Amide III was obtained initially by alkaline peroxide 
treatment of VIII similar to a procedure reported by 
Radziszewski.2 The amide also was obtained when 
cyano compound VIII was heated with isopropyl alco
hol saturated with hydrogen chloride gas. It was not 
possible to prepare 2-(2-nitro-4-carboxybenzyl) pyridine
(IV) by extended hydrolysis of VIII with either 50% 
sulfuric or 18% hydrochloric acid. However, treat
ment of the methyl ester (I) with hot 18% hydrochloric 
acid furnished the acid in good yield. Esters I and II 
were prepared by the acid-catalyzed alcoholysis of VIII. 
The azoxy compound V was obtained when 2-(2-nitro-
4-aminobenzyl) pyridine was exposed at room tem
perature to a peroxidic glacial acetic acid solution 
containing a trace of sulfuric acid. This procedure has 
been utilized to oxidize aromatic amines to nitroso 
compounds.3 It is likely that an intermediate nitroso 
compound is formed which then reacts with unchanged 
amine to form an azo compound which in the peroxidic 
medium oxidizes to the azoxy form.

O
[O] f

RNH2 — R—N = 0  +  RNH2 — >- RN=NR — RN= NR

Holmes and Bayer3 reported that their nitroso com
pounds precipitated from the reaction mixture. How
ever, in our preparation no material precipitated during 
the reaction, due to the solubility of the pyridine entity 
in the acid medium. This solubility factor most likely 
permits any intermediate nitroso compound to condense 
with unreacted amine.

The hydroxy compound VI was prepared by the 
reduction of 2-(2,4-dinitrobenzoyl)pyridine with sodium 
borohydride in methanol. The benzoyl compound was 
prepared by the procedure of Nunn and Schofield.4

(1) J .  A. S ousa a n d  J .  W e in s te in , J .  O r g .  C h e m . ,  27 , 3155 (1962).
(2) R . R adz iszew sk i, B e r . ,  18, 355 (1885).
(3) R . R . H olm es a n d  R . P . B ay e r, J .  A m .  C h e m .  S o c . ,  82 , 3454 (1960).
(4) A. J .  N u n n  an d  K . Schofie ld , J .  C h e m .  S o c . ,  5813 (1952).

The cyano compound VII was obtained from diazo- 
tization of 4-(2-nitro-4-aminobenzyl)pyridine4 similarly 
to the preparation of VIII.1

Photochromic Properties
The reversible photochromic change from a pale 

yellow to a deep blue color observed when crystals of
2-(2,4-dinitrobenzyl)pyridine are exposed to light was 
first reported by Tschitschibabin and co-workers.6 
Since then other workers1-67 have reported the revers
ible photochromism of cooled solutions of some benzyl
pyridines. It is believed that the color change shown 
by these compounds on irradiation is due to the for
mation of the tautomeric acf-nitro structure.1-7-8

This view is consistent with the observation that in 
compounds of this type the requirement for photo-

. 1chromism is the presence of a nitro and —C—H group
I

ortho to each other.1-9 The criterion which is respon
sible for the apparent lack of photochromism in the 
crystalline form of some of the benzylpyridines is 
not clear at this time. In Table I are shown the colors 
obtained when the crystalline forms are irradiated 
with a Hanovia lamp. Compounds I—III give a 
colored form on irradiation at room temperature. 
In order to observe the photochromism of IV and V, 
the solid was cooled on Dry Ice. Compounds VI 
and VII did not show photochromism in the solid 
phase even when cooled.

The visible spectra of the irradiated colored forms 
of the benzylpyridines in solution are shown in Fig. 1. 
Their maxima are given in Table I. The benzyl- 
pyridine solutions are essentially colorless before 
irradiation and revert to the colorless form in the dark. 
The kinetics of the fading reaction are being investigated 
and will be the subject of a future paper.

Experimental10
V is ib le  A b s o rp t io n  M e a s u r e m e n t s .— A Cary Model 14 spec

trophotometer was used. Solutions were measured in absolute
(5) A. E . T sch itsc h ib a b in , B . M . K u in d sh si, a n d  S. W . B en e w o len sk a ja  

B e r . ,  58, 1580 (1925).
(6) R . H ard w ick , H . S. M osher, a n d  P . P assa ila ig u e , T r a n s .  F a r a d a y  

S o c . ,  5 6 ,4 4 (1 9 6 0 ) .
(7) H . S. M osher, C . S ouers, a n d  R . H a rd w ick , J .  C h e m .  P h y s . ,  32 , 1888 

1960).
(8) R . H a rd w ic k  a n d  H . S. M osher, J .  C h e m .  P h y s . ,  36, 1402 (1962).
(9) G . W e tte rm a rk , N a t u r e ,  194, 677 (1962).
(10) M e ltin g  p o in ts  w ere ta k e n  o n  a  F is h e r-Jo h n s  b lo c k  a n d  a re  n o t  co r

rec ted .
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Fig. 1.—Visible absorption spectra of irradiated ethanol solutions 
measured at —91.0°. The ordinate is in arbitrary units.

“Spectro Grade” ethanol in a cryostated 2.5-cm. cell,11 against a 
reference of pure solvent. The solutions at —91.0° were exposed 
for 2 min. to the unfiltered radiation from a Hanovia Type 16200 
lamp with a quartz envelope.

2-(2-Nitro-4-cyanobenzyl)pyridine (VIII).—This cyano com
pound was prepared according to the procedure of Sousa and 
Weinstein.1 The colorless crystals melted at 102-103°.

2-(2-Nitro-4-carbomethoxybenzyl)pyridine (I).—Dry hydro
gen chloride gas was passed through 3 ml. of commercial absolute 
methanol in a 10-ml. round-bottom flask fitted with a condenser 
protected with a calcium chloride drying tube and a gas inlet 
tube, for 10 min. To this solution 0.20 g. of the preceding cyano 
compound VIII was added and the solution heated over a 
steam bath for 3 hr. On cooling a solid (the hydrochloride) 
deposited. To this mixture 3 ml. of water was added and the 
solution made alkaline with 28% ammonium hydroxide. The 
crystals which deposited were filtered after chilling and washed 
with water. Recrystallization from aqueous methanol furnished 
colorless lancelets melting at 67-68° in 75% yield. The infrared 
spectrum showed no C =N  group and the presence of a carboxyl- 
ate group.

Anal. Calcd. for C14H12N2O1: C, 61.76; H, 4.44; N, 10.29. 
Found: C, 61.49; H, 4.32; N, 10.33.

2-(2-Nitro-4-carboethoxybenzyl)pyridine (II).—The procedure 
was similar to the preceding reaction, starting with 0.20 g. of
VIII. Recrystallization of the product from aqueous ethanol 
furnished white crystals melting at 72-73° in 83% yield.

Anal. Calcd. for C15HHN2O4: C, 62.93; H, 4.93; N, 9.79. 
Found: C, 62.63; H, 4.70; N, 9.65.

2-(2-Nitro-4-carbamylbenzyl)pyridine (III).—In a 50-ml. erlen- 
meyer flask 0.30 g. of cyano compound VIII was dissolved in 15 
ml. of acetone. Two ml. of 10% hydrogen peroxide and 0.10 
ml. of 10% sodium hydroxide were added. The solution was 
placed in the dark at room temperature for 2 days and then 
evaporated in a current of air. Pale yellow crystals deposited 
which were filtered and washed with water. Recrystallization 
from 50% aqueous ethanol furnished cream colored needles 
melting at 169-170.5° in 70% yield. The infrared spectrum 
showed absence of C=N  group, and the presence of a carbonyl 
group at 1685 cm.~l. The NH2 group was observed at 3120 
and 3305 cm. -1 in a halocarbon mull and at 3411 and 3528 
cm.-1 in chloroform solution.

Anal. Calcd. for C13H„03N3: C, 60.69; H, 4.31; N, 16.33. 
Found: C, 60.40; H, 4.43; N, 16.40.

2-(2-Nitro-4-carboxybenzyl)pyridine (IV).—2-(2-Nitro-4-car- 
bomethoxybenzyllpyridine (I) (0.25 g.) was refluxed with 18% 
hydrochloric acid for 8 hr. The cooled solution deposited fine 
white needles (hydrochloride) which were filtered and washed 
with a little ice-water. This product was dissolved in 15 ml. of

(11) J . A. S o u sa  a n d  J .  W e inste in , R e v . S c i .  I n s t r . ,  34 , 150 (1963).
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warm water and just neutralized with 5% sodium hydroxide. 
The white solid which precipitated was filtered and washed with a 
small amount of ice-water and recrystallized from 95% ethanol, 
m.p. 208-210°, white, 0.10 g.

Anal. Calcd. for C13Hi0N2O4: C, 60.46; H, 3.90; N, 10.85. 
Found: C, 60.26; H, 3.91; N, 10.98.

3,3'-Dinitro-4,4'-di(2-pyridylmethyl)azoxybenzene (V).—In a
125-ml. erlenmeyer flask 5 g. of 2-(2-nitro-4-aminobenzyl)pyri- 
dine (m.p. 118.5°, prepared according to the procedure of Nunn 
and Schofield4), 40 ml. of glacial acetic acid, 10 ml. of 30% 
hydrogen peroxide, and 2 drops of concentrated sulfuric acid were 
combined. The mixture was kept at room temperature for 48 
hr., and 50 ml. of water was added followed by treatment with 
20% sodium hydroxide. An oil which separated was extracted 
with toluene, the toluene extract washed with water and dried 
over anhydrous magnesium sulfate. After removal of the drying 
agent, the toluene was removed in a current of warm air. The 
solid yellow residue was recrystallized with a charcoal treatment 
from aqueous ethanol. The pure compound was yellow and 
melted at 135-136° (70% yield). The infrared spectrum 
showed no NH absorption bands.

Anal. Calcd. for C24H18N60 6: C, 61.27; H, 3.86; N, 17.87; 
mol. wt., 470.43. Found: C, 61.36; H, 3.97; N, 18.01; 
mol. wt., 464.0 (vapor pressure method).

2-(2,4-Dinitrobenzoyl)pyridine.—This material was prepared 
from 2-(2,4-dinitrobenzyl)pyridine by a procedure utilized by 
Nunn and Schofield4 to oxidize analogous benzylpyridines. 
The 2-(2,4-dinitrobenzoyl)pyridine was obtained as white crys
tals melting at 149.5-151° (lit.5 m.p. 148°).

2-(2,4-Dinitro-«-hydroxybenzyl)pyridine (VI).—In a 500-ml. 
round-bottom flask fitted with a condenser, stirrer, and addition 
funnel, a suspension of 2.75 g. (0.010 mole) of 2-(2,4-dinitro- 
benzoyl)pyridine in 150 ml. of commercial absolute methanol 
was cooled to 0° and an ice-cold solution of 1.04 g. (0.028 mole) 
of sodium borohydride in 15 ml. of methanol was quickly added. 
The reddish purple mixture was stirred at 0° for 1 hr. and then 
the temperature allowed to rise. After 1.5 hr. at room tempera
ture the reaction mixture was heated at 50° for 1 hr. Dilute

sulfuric acid was added and the inorganic material filtered. The 
filtrate was evaporated to one-fifth its original volume, an equal 
volume of water added, and the solution made basic with 
2% sodium hydroxide. This mixture was extracted with 
ether, the ether extracts dried over anhydrous magnesium 
sulfate, and the drying agent removed. Evaporation of the 
ether afforded a yellow solid. Recrystallization from ethanol 
furnished pale yellow crystals melting at 134.5-135° dec. The 
infrared spectrum showed absence of C = 0  band and presence of 
OH band.

Anal. Calcd. for C12H9N30 5: C, 52.37; H, 3.30; N, 15.27. 
Found: C, 52.62; H, 3.36; N, 15.13.

4-(2-Nitro-4-cyanobenzyl)pyridine (VII).—A magnetically 
stirred solution of 1.5 g. (0.0065 mole) of 4-(2-nitro-4-aminoben- 
zyl)pyridine (m.p. 129-130°, lit .4 m.p. 130-131°) and 1.68 ml. 
(0.020 mole) of concentrated hydrochloric acid in 5 ml. of water 
was cooled to 0° and the amine diazotized by gradual addition of 
0.45 g. (0.0065 mole) of sodium nitrite in 4 ml. of water. The dia- 
zonium solution was then added to a magnetically stirred mixture 
of 0.58 g. (0.0065 mole) of cuprous cyanide, 0.85 g. (0.013 mole) 
of potassium cyanide, 5 ml. of water, and 75 ml. of toluene at
5-10°. The reaction mixture was heated at 80° for 2.5 hr., 
cooled, and made basic with 5% sodium hydroxide. Solids 
were collected on a filter. They and the water layer of the filtrate 
were extracted several times with toluene. The combined ex
tracts were washed with 3% sodium hydroxide, water, and then 
dried over anhydrous magnesium sulfate. Evaporation of the 
toluene afforded 0.63 g. of amber residue which rapidly crystal
lized. Several crystallizations from toluene-ligroin (charcoal 
treatment) furnished pale yellow crystals melting at 73-74°. 
The infrared spectrum showed the presence of C =N  group.

Anal. Calcd. for C13H9N30 2: C, 65.27; H, 3.79. Found: 
C, 64.89; H 3.95.

Acknowledgment.—The authors wish to thank Mr. 
C. DiPietro for the chemical analyses.
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4-Chloropyrrolo [2,3-d]pyrimidines react with acrylonitrile and ethyl acrylate under strong base catalysis giving 
N-7 adducts. These addition compounds are shown to be valuable synthetic intermediates.

It previously has been reported that 4-chloropyrrolo- 
[2,3-d]pyrimidine and its 2-methyl relative were readily 
alkylated on the pyrrole nitrogen (N-7) using alkyl 
halides under alkaline conditions at room tempera
tures. 1

The present investigation deals with the addition of 
these chloropyrrolopyrimidines, presumably as their 
anions, to acrylonitrile and to ethyl acrylate. These 
additions proceeded in excellent yields in refluxing 
ethanol with a catalytic amount of sodium ethoxide 
using excesses of the acrylic reagents (Table I). Paper 
chromatographic studies revealed that, with three moles 
of either ethyl acrylate ouacrylonitrile to each mole of 
the pyrimidine, the additions were essentially complete 
after two hours. However, with four or five reactant 
molar ratios, much troublesome polymeric material 
resulted. With one or two reactant molar ratios of the 
acrylic reagents, unchanged materials were detected 
chromatographically even after four hours at reflux 
temperatures.2

Paper chromatographic studies failed to detect any

(1) R . A. W est a n d  L . B ea u ch am p , J .  O r g .  C h e m . ,  26, 3809 (1961).

di- or tri- addition products even after twenty-four 
hours at reflux. Further paper chromatographic studies 
revealed that strong base and moderately elevated 
temperatures were absolute requirements for these addi
tion reactions to proceed within a reasonable length of 
time (twenty-four hours). The additions did not pro
ceed in glacial acetic acid as shown by chromatography 
and by quantitative recovery of unchanged pyrrolo- 
pyrimidine.

Reaction of these adducts in alkaline media showed 
them to be reasonably stable. No retrogression was 
evident when they were heated in aqueous potassium 
hydroxide solutions (see experimental data and Reaction 
Scheme II) or when refluxed with an equimolar amount 
of sodium ethoxide for several hours. The chlorc ester 
compounds under the former conditions yielded the 
chlorocarboxylic acids, however, as expected. The 
chloronitrile derivatives did not react under these

(2) T h e  so lv en t sy s te m  em p loyed  in  th e se  c h ro m a to g ra p h ic  s tu d ie s  w as  
a  m ix tu re  of 5 ml. of iso p ro p y l a lcohol a n d  95 m l. of a 5 %  a q u e o u s  am m o n iu m  
su lfa te  so lu tio n  u s ing  1 .5 -in .-w ide W h a tm a n  no . 1 p a p e r  s tr ip s  u s in g  th e  
ascen d in g  te c h n iq u e . T h e  sp o ts  w ere  d e te c te d  on  th e  d rie d  p a p e rs , in  a 
d a rk ro o m , u s ing  a  F ish er M in e ra lite  u lt r a v io le t  la m p  (2537 A.).



1992 W e s t V o l . 28

conditions; there was no evidence of nitrile hydrolysis, 
chlorine displacement, or retrogression. Retrogression 
does occur, however, if 2 M  sodium ethoxide is used at 
reflux temperatures for short periods, however, even 
after five to six hours at reflux, retrogression is not com
plete.

Although simple alkylations of 4-chloropyrrolo[2,3-d]- 
pyrimidines yielded N-7 derivatives, it could not be as
sumed that such would be the case with these addition 
reactions. The heat requirement for the addition 
reactions as well as the excessive molar proportions of 
the acrylic reagents required as optimum reaction condi
tions evoked speculation that the modes of attack dif
fered. The reaction mechanisms differ somewhat. 
The simple alkylations are Sn2 reactions, whereas these 
additions are, presumably, the addition of the pyrrolo- 
pyrimidine anion to the electron-deficient /3-carbon of 
the a,/3-unsaturated acceptor moleculer. By resonance 
considerations, the pyrrolopyrimidine anion hybrid 
should receive contributions from a /3-carbanion struc
ture through which C-5 addition might occur.3 To 
prove that such C-5 addition did not occur, a C-5 deriva
tive was prepared by the Reaction Scheme I. The

R e a c t i o n  S c h e m e  I

+ H2C(COOC2H6)2
1. N a 0 C 2H 5

n 2
2. H 30  +

H
CH2C(COOH)2

N—
180—190°C

N /j>-co2 CH2CH2COOH

structure of the Mannich base methiodide (A) has been 
established previously.4

The 4-hyd roxy-5- (/3-carboxyethyl) pyrrolo [2,3-d]py- 
rimidine (B) arising from this reaction sequence proved 
to be isomeric (analyses) with that product obtained by 
the aqueous acid hydrolysis of the 4-chloropyrrolo- 
pyrimidine-ethyl acrylate adduct (see Reaction Scheme 
II and Experimental). The isomers proved to be 
distinctly different by ultraviolet absorption spectra, 
paper chromatography, and by melting point properties 
as described later. The adducts, therefore, were assigned 
the structures as indicated in Table I and in Reaction 
Scheme II.

These addition compounds proved to be valuable 
synthetic intermediates. Being bifunctional, by virtue 
of a displaceable chlorine and an aliphatic-type of 
nitrile or ester group, they give rise to a variety of in
teresting derivatives which would be difficultly acces
sible by other routes. Reaction Scheme II indicates the 
facile transformations which may be effected thereby. 
Benzylamine was chosen as a model amine (being of 
intermediate nucleophilicity) in these chlorine displace
ment reactions. These reactions proceed readily in

(3) T h e  fo llow ing s tru c tu re s , a m o n g  o th e rs , c o n tr ib u te  to  th e  an io n  h y b rid .

(4) R . A. W est, ./ . O t q . C h e m . ,  26, 4959 (1961).

water using a slight excess of the amine with potassium 
carbonate as the proton acceptor. With the chloro- 
nitrile adducts only the halogen was displaced, the 
nitrile group being unaffected. However, the chloro 
esters yielded the 4-benzylamino-7-carboxylic acid 
derivatives. These latter derivatives also are obtained 
by similar treatment of the corresponding 4-chloro-7- 
carboxylic acid compounds with benzylamine in water. 
The 4-benzylamine-7-carboxylic esters could be ob
tained, however, by the reaction of the chloro ester ad
duct in ethanol with three molar equivalents of the 
amine at elevated temperatures in sealed containers. 
These esters are readily saponified to the corresponding 
carboxylic acids without affecting the benzylamino 
moiety as described in the Experimental. Despite the 
elevated temperatures and excess of amine employed, 
there was no evidence of amide formation in these reac
tions.

R e a c t i o n  S c h e m e  II
(R = H or CH3 throughout, R ' = benzyl throughout)

c h 2c h 2x  c h 2c h 2c o o h :

\ L i A l H ,
\ . ( x -  — C 0 0 C 2H 5)

c h 2c h 2c h 2n h 2 c h 2c h 2c h 2o k

lliAIH. 
( X -  - C N )

Excesses of lithium aluminum hydride were used to 
reduce the 4-benzylamino esters and nitriles to their
7-7-hydroxypropyl and 7-y-aminopropyl derivatives, 
respectively. There was no evidence of ring reduction 
or reductive débenzylation in these reactions. These 
derivatives were best isolated and purified as their an
hydrous monohydrochlorides as noted in Table II.

All of these 4-benzylamino compounds have quite 
characteristic ultraviolet absorption spectra. The 
peaks of maximum absorption are between 274-282 
m^ with molar absorptivity coefficients on the order of
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Table I
Addition Compounds and Derivatives 

/Y

T
CHaCRaZ

X Y z M.p.,° °C.
Y ield ,

% F o rm u la
✓— C arb o n , % — ■> 

C alcd . F o u n d
✓—H y d ro g en , % — > 

C alcd . F o u n d
<■—N itro g e n , % —- 
C alcd . F o u n d

H C l CN 110-111° 90 c 9h 7n 4ci 52.1 52.0 3.4 3.5 27.1 26.9
H C l COOC2H6 b 92 c „ h 12n 3o 2ci 52.3 52.1 4.7 4.7
c h 3 C l CN 99-100° 84 C,cH9N4C1 54.4 54.3 4.1 3.8 25.3 25.1
c h 3 C l COOC2H6 27° 84 Ci2H,4N30 2C1 53.8 54.0 5.3 5.2 15.7 15.7
H C l COOH 169-17.1 92 c 9h 8n 3o2ci 47.8 47.9 3.6 3.7 18.6 18.2
c h 3 C l COOH 155-157 98 c 10h 10n 3o 2ci 50.1 50.3 4.2 4.4 17.5 17.8
H OH COOH 250-253 86 c 9h 9n 3o 3 52.2 52.3 4.4 4.5 20.2 19.9
c h 3 OH

H
c 6h 6c h 2n —

H
c 6h 6c h 2n —

H
C6H5CH2N—

H
c 6h 6c h 2n —

H
C6H„CH2N—

H
CsHsCHiN—

H
C6H6CH2N—

H
CeH5CH2N—

COOH 265-267 72 c 10h „ n 3o 3 54.3 53.9 5.0 5.0 19.0 18.8

H COOH 189-190 81 CigHigNíOü 64.9 64.6 5.4 5.4 18.9 19 1

c h 3 COOH 233-234 83 CnH]tN40 2 65.7 65.4 5.8 5.6 18.1 17 9

H CN 110-111° 82 Cl6Hi6N6 69.3 69.3 5.5 5.6 25.2 24 8

c h 3 CN 114° 82 CnH17N6 70.2 70.0 5.8 5.8 24.0 23 7

H —c h 2n h 2 149-150 76 c 16h 19n 6 68.3 68.2 6.8 7.0 24.9 24 8

c h 3 —c h 2n h 2 193-194“ 80“ c „ h 21h 6 h ci 61.5 61.5 6.7 6.8 21.1 21 0

H —c h 2o h 180—181d 73“ c 16h 18n 4o h c i 60.2 60.3 5.9 5.7 17.6 17.5

c h 3 —c h 2o h 163-164“ 84“ c „ h 24n 4o h c i 61.2 60.9 6.3 6.7 16.8 16.8
° Uncorrected. Kofler hot plate. From aqueous 

pentane. “ Isolated and purified as these salts.
ethanol unless noted otherwise. b Oil at room temperatures. e From ether-

1.5 X  104 and 1.8 X  104 in acid and base buffers, re
spectively (pH 1.0 and 13.0).

Experimental5 6
4 -H y d ro x y -5 - ( f3 ,/3 -d ic a rb o x y e th y l)p y rro lo  [2 ,3-d] p y r im id in e .—

To 70 ml. of absolute ethanol containing 0.042 mole of sodium 
ethoxide were added 0.036 mole (11.5 g.) of 4-hydroxy-5-di- 
methylaminomethylpyrrolo[2,3-d]pyrimidine methiodide and 
0.039 mole (6.2 g.) of diethyl malonate. The reaction mixture 
was refluxed under a stream of nitrogen until amine was no longer 
liberated (16 hr.). The solvent was removed in vacuo, and the 
residue was taken up in 75 ml. of water containing 3.5 g. of potas
sium hydroxide and heated on low steam for 1 hr. After chilling 
and acidifying to pH 2.0 a flocculent precipitate formed. It was 
refrigerated overnight, filtered, and dried in vacuo giving 6.0 g. 
(67% yield) of the expected dicarboxylic acid which required no 
further purification. It decomposed slowly above 220° and 
became a black tar between 290-300°.

Anal. Calcd. for C10H9N3O6: C, 47.8; H, 3.6; N, 16.7. 
Found: C, 47.7; H, 3.7; N, 16.7.

4 -H y d ro x v - 5 - (d - c a r b o x y e th y l jp y r r o lo  [2 ,3 -d ] p y r im id in e  (C o m 
p o u n d  B , R e a c t io n  S c h e m e  I ) .—The dicarboxylic acid was best de- 
carboxylated in a dry state as described later. Earlier attempts at 
aqueous alkali decarboxylations were only partially successful.

Two grams of this preparation was heated in an open 
flask at 185-190° for 2 hr. Most of the carbon dioxide was 
evolved during the first hour of heating. The remaining residue 
was recrystallized from water using a small amount of Darco 
yielding 1.5 g. (91%) of the desired product. I t turned tan at 
270°, black at 285°, and decomposed further to a dark oil at 
310°.

Anal. Calcd. for C9H9N30 8: C, 52.1; H, 4.4; N, 20.1. 
Found: C, 52.4; H,4.7; N, 20.1.

(5) All m e ltin g  p o in ts  w ere  ta k e n  on  a  K&fler h o t p la te  a n d  a re  u n 
co rrec ted .

Compound B was compared chromatographically and spec- 
trophotometrically with its isomer, compound C, which is de
scribed in Table II and later in these experimental details. The 
data (Table II) serve to differentiate between the two iscmers. 
The isomers were chromatographed in duplicate in two different 
solvent systems. They were applied along opposite sides of 
the same paper strip in each case and detected as previously de
scribed. The solvent systems employed were re-butyl alcohol 
saturated with 0.1 N  acetic acid at room temperature (solvent 
A) and the same alcohol saturated with 0.1 N  hydrochloric acid 
at room temperature (solvent B).

T a b l e  II
.--------------U ltra v io le t sp e c tra l d a ta -----------

R i  so lv en ts  .----------p H  1.0---------- - .------ p H  13.0— —'
A B Xmax (m /i) « (1 0 s) X max (m/i) e (103)

Isomer C 0.33 0.43 263 8.7 267 7.3
Isomer B .21 .56 270 7.9 272 8.9

P r e p a r a t io n  o f  the Adducts ( T a b le  I ) .—A small piece of sodium 
metal (25-35 mg.) was allowed to react with 100 ml. of absolute 
ethanol. To this were added 0.03 mole of the appropriate 4- 
chloropyrro.opyrimidine and 0.09 mole of either ethyl acrylate or 
acrylonitrile. After 3 hr. at reflux under anhydrous conditions, 
the solvent was driven off and the thick oils remaining were ex
tracted with 200 ml. of ether leaving a small amount of tarry 
residue. The ether solution was dried over anhydrous sodium 
sulfate overnight, filtered, and two volumes of pentane were 
added. After chilling overnight, the pure adducts were filtered 
off and air dried.

4 -C h lo ro -7 -(  /3 -c a rb o x y e th y l )p y rro lo  [2 ,3-d] p y r im id in e s .—One 
gram of the appropriate chloro ester addition compound in 25 ml. 
of a 70% aqueous ethanol solution containing 1.5 g. of potassium 
hydroxide was warmed for 0.5 hr. on low steam. After the addi
tion of two volumes of cold water and acidifying to pH 2.0, the 
carboxylic acids were obtained quantitatively almost in a pure
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4-Hydroxy-7-0-carboxyethyl)pyrrolo [2,3-d] pyrimidines.—One
and one-half grams of the appropriate 4-chloropyrrolopyrimidine 
ethyl acrylate adduct was refluxed for 3 hr. in 60 ml. of 3.0 N  
hydrochloric acid. The solution was taken to dryness with water 
pump vacuum in a 60° water bath. The residues were triturated 
with 5 ml. of water, filtered, and recrystallized from ethanol 
yielding 0.7-0.8 g. of the desired products. The 4-hydroxy-7- 
carboxylic compound (referred to as compound C) was compared 
to its isomer, compound B, for structural proof.

4-Benzylamino-7-( /3-cyanoethyl jpyrrolo [2 ,3-d] pyrimidines.—To 
0.0113 mole of the appropriate 4-ehloro-7-cyanoethyl derivative 
in 75 ml. of water containing 0.0115 mole (1.6 g.) of anhydrous 
potassium carbonate was added 0.0123 mole of benzylamine. 
After heating at slow reflux for 3 hr., the suspension was chilled 
and the solid was taken up in 200 ml. of ether and dried overnight 
over anhydrous sodium sulfate. Addition of an equal volume of 
pentane to the filtered ethereal solutions yielded the pure desired 
compounds.

4-Benzylamino-7-(/3-carbethoxyethyl)pyrrolo [2,3-d] pyrimidines. 
—To 0.0113 mole of the appropriate chloro ester adduct in 100 ml. 
of absolute ethanol was added 0.034 mole of benzylamine and 
then heated at 130° for 3 hr. in sealed containers. The solvent 
was driven off and the thick oils were taken up in ether and dried 
over anhydrous sodium sulfate. (Paper chromatography on 
these solutions revealed only one component present.) Addition 
of pentane to the filtered ethereal solutions gave gums which re
sisted all attempts to crystallize. They were used as such in the 
reductions described later. They also were hydrolyzed to the 
carboxylic acids by the method described earlier for the alkaline 
hydrolysis of the 4-chloro adducts except that the pH was ad
justed carefully to 3.5 for maximum recovery. These 4-benzyl-

amino-7-carboxylic acids also may be prepared as described sub
sequently.

4-Benzylamino-7-((3-carboxyethyl)pyrrolo [2,3-d] pyrimidines.
—These may be prepared likewise by the reaction of the 4-chloro- 
pyrrolopyrimidine-ethyl acrylate adducts using water as solvent 
and potassium carbonate with benzylamine as described before 
for the 4-benzylamino-7-(/3-cyanoethyl)-compounds. They may 
be prepared also by similarly treating the 4-chloro-7-carboxylic 
acids with aqueous benzylamine and potassium carbonate. 
These compounds precipitate maximally at pH 3.5-3.8 .

4-Benzylamino-7-(7-hydroxypropyl and 7-aminopropyl)pyrrolo- 
[2,3-d]pyrimidines.—To rapidly stirred suspensions of 0.01 mole 
(0.38 g.) of lithium aluminum hydride in 300 ml. of anhydrous 
ether was added, dropwise over 20 min., 0.009 mole of the appro
priate 4-benzylamino-7-^-carbethoxy or -/S-cyanoethyl compound 
in 70 ml. of anhydrous ether. After stirring at room temperature 
for 0.5 hr. longer, 1.0 ml. of water was added dropwise to the 
vigorously stirred mixtures, followed by 2 ml. of a 25% aqueous 
sodium hydroxide solution, and finally 2 ml. more of water. 
After 30 min. of vigorous stirring, the inorganic materials were 
filtered off and extracted twice with 100 ml. of anhydrous 
sodium sulfate. The products were best obtained pure as mono- 
hydrochlorides by the addition of a slight excess (5-10%) of an 
ethanolic solution of hydrogen chloride to the previously filtered 
ethereal solutions and allowing them to stand overnight at room 
temperature.

Acknowledgment.—The author thanks Miss Lilia 
Beauchamp for her technical assistance and Dr. S. 
Blackman and Mrs. R. Purdey for their microanalytical 
contributions.

Synthesis and Reactions of Some l,2,4-Pyrimido[4,5-e]thiadiazine 1,1-Dioxides1
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Synthesis of 5,7-dimethyl-l,2,4-pyrimido[4,5-e]thiadiazine-6,8-dione 1,1-dioxide and 8-amino-6-methylthio-
l,2,4-pyrimido[4,5-eJthiadiazine 1,1-dioxide was effected by the cyclization of the corresponding 4-amino-5- 
pyrimidinesulfonamides with ethyl orthofo'mate. N-Alkylation of 5,7-dimethyl-l,2,4-pyrimido[4,5-e]thiadia- 
zine-6,8-dione 1,1-dioxide was observed giving evidence that the double bond is localized in the 3,4-position. 
Various reactions of the l,2,4-pyrimido[4,5-i Jthiadiazine 1,1-dioxides are reported together with the preparation 
and reactions of some 5-pyrimidinesulfonic acids and their derivatives.

As a part of the intensive current effort to find more 
effective anticancer agents, considerable attention has 
been given to the fields of pyrimidine and purine chemis
try in a search for potential antimetabolites of the 
naturally occurring pyrimidines and purines involved in 
biosyntheses. A large number of pyrimidine and purine 
derivatives containing sulfur have been reported and 
also tested for anticancer properties. 6-Mercaptopurine 
is one of the more effective of this group.3 It is felt 
that pyrimidine and purine derivatives containing sul
fur in some of its higher oxidation states have been 
neglected. The first synthesis of a purinesulfonamide 
was described recently by Beaman and Robins.4 5 
Kromov-Borisov and Karlinskaya6 have shown that 
derivatives of pyrimidine-5-sulfonic acids display anti
leukemic activity. This prompted us to prepare various 
purine and pyrimidine derivatives containing sulfonic

(1) T h is  in v e s tig a tio n  w as s u p p o r te d  b y  th e  N a tio n a l C a n c e r  I n s t i tu te ,  
N a tio n a l I n s t i tu te s  of H e a lth , c o n t r a c t  no . C Y -5252 .

(2) U n d e rg ra d u a te  R e sea rc h  P a r t i c ip a n t  s u p p o r te d  b y  a  g ra n t ,  N S F  G - 
12070, from  th e  N a tio n a l S cience F o u n d a tio n .

(3) H . E . S k ip p e r, J . A . M o n tg o m e ry , J . R . T h o m so n , a n d  F . M . S ch ab e l 
J r . ,  C a n c e r  R e s . ,  19, N o. 4, 425 (1959).

(4) A. G . B e a m a n  a n d  R . K . R o b in s , J .  A m .  C h e m .  S o c . ,  83 , 4038 (1961).
(5) N . V. K h ro m o v -B o riso v  a n d  R . L . K a rlin sk a y a , Z h .  O b s c h c h .  K h i m . ,

24, 2212 (1954 ); C h e m .  A b s t r . ,  50, 355 (1956).

acid and sulfonamide groups so that their anticancer 
properties could be evaluated.

Two examples of a 1,2,4-thiadiazine 1,1-dioxide ring 
system fused to a heterocyclic system have been re
ported. Blicke and Lee6 reported the fusion of this 
system to an imidazole ring while Yale, Losee, and 
Bernstein7 have fused it to a pyridine ring. If the 1,2,4- 
thiadiazine 1,1-dioxide ring system also could be fused 
to a pyrimidine ring, two general types of derivatives 
could be formed (1 and 2).8

1 2

(6) F . F . B licke a n d  C .-M . Lee, J .  O r g .  C h e m . ,  26 , 1861 (1961).
(7) H . L . Y ale , K . L osee , a n d  J .  B ern s te in , J .  A m .  C h e m .  S o c . ,  82 , 2044 

(1960).
(8) I t  h a s  b ee n  show n  b y  F . C . N ovello , e t  a l . ,  (ref. 15), E k b o m  [ B i h .  

S v e n s k  V e l e n s k a k a d  H a n d l . ,  27 , I I ,  3 (1902 )], a n d  H . L. Y a le  a n d  J .  T . 
S h eeh an  (ref. 14) t h a t  th e  1 ,2 ,4 -th iad iaz in e  1 ,1-d ioxide sy s te m  e x is ts  a s  a 
ta u to m e r ic  eq u ilib r iu m  in  w h ich  th e  h y d ro g en  res ides  on  e i th e r  th e  2- or 
4 -p o sitio n . T h is  w o u ld  in d ic a te  t h a t  I  a n d  I I  a lso  m ig h t e x is t a s  a 
ta u to m e r ic  eq u ilib r iu m ; h o w ev er, fo r  s im p lic ity  o n ly  one  of th e  ta u to m e rs  
is sh o w n  in  each  case.
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The preparation of derivatives of 1 has been accom
plished and will be reported here.

In order to obtain derivatives of 1 it appeared that 
the easiest approach would be the cyclization of some
4-amino-5-pyrimidinesulfonamides. Direct introduc
tion of a sulfonyl chloride group in the 5-position of 
various pyrimidines has been reported by numerous 
authors.69-12

6-Amino-l ,3-dimethyl uracil (3) reacted with chloro- 
sulfonic acid to form the relatively stable 5-sulfonyl 
chloride 4. The 5-sulfonyl chloride 4 reacted with water, 
methanol, ammonia, methylamine, and ethylamine in a 
manner characteristic of sulfonyl chlorides to form 
5, 6, 7, 8, and 9, respectively.

CK>
+  2CISO3H  —  f  I

CH3v 
RH N

O
A . s o 2r

O ^ P H N ,
ch3

c h 3

4

5. R = OH
6. R = OCH3
7. R = NH2
8. R = NHCH3
9. R = NHCH2CH,

Preparation of 5,7-dimethyl-l,2,4-pyrimido[4,5-e]- 
thiadiazine-6,8-dione 1,1-dioxide (10) and 2,5,7-tri
methyl- 1,2,4-pyrimido [4,5-e ]thidiazine-6,8-dione 1,1-di
oxide (11) was effected by heating 7 and 8, respectively, 
in an excess of triethyl orthoformate or trimethyl 
orthoformate. Cyclization could not be effected when 
the sulfonamides were heated with formic acid or 
formaldehyde. It also has been observed by Freeman 
and Wagner9 10 11 12 13 that triethyl orthoformate can bring 
about cyclization more readily than does formic acid. 
N - Ethyl - 6 - amino - 1,3 - dimethyl - 5 - pyrimidine- 
sulfonamide (9), when treated withtriethylorthoformate, 
did not form the corresponding N-ethylthiadiazine 12. 
Freeman and Wagner13 and also Blicke and Lee6 have 
observed similar difficulty in cyclization of N-alkyl- 
sulfamoyls.

When the cyclization reactions were run at higher 
temperatures both cyclization and N-alkylation of the 
thiadiazine nucleus occurred. For example, when 7 was 
heated with triethyl orthoformate at 150° instead of the 
usual 120-130°, a 74% yield of 2-ethyl-5,7-dimethyl-
1,2,4-pyrimido [4,5-e ]thiadiazine - 6,8 - dione 1,1-dioxide 
(12) was formed. Similar treatment of 7 with tri
methyl orthoformate yielded a 76% yield of 2,5,7-tri
methyl- 1,2,4-pyrimido [4,5-e]thiadiazine-6,8-dione 1,1- 
dioxide (11) together with a 15% yield of 10. The fact 
that none of the 4-alkylthiadiazines was isolated in 
the reactions carried out and the relatively high yield of
(9) G. R. Barker, N. G. Luthy, and M. M. Dhar, J . Chem. Soc., 4206, 

(1954).
(10) R. C. Elderfield and R. N. Prasad, J . Org. Chem., 26, 3863 (1961).
(11) R. R. Herr, T. Enklji, and R. J. Bardo, J. Am. Chem. Soc., 78, 401 

(1956).
(12) N. V. Khromov-Borisov and R. S. Karlinskaya, Zh. Obskch. Khim., 

27, 2518 (1957); Chem. Abatr., 52, 7327 (1958).
(13) J. H. Freeman and E. C. Wagner, J. Org. Chem., 16, 815 (1951).

2-alkylthiadiazines indicates that very little, if any, of 
the 4-alkyl product was formed in these cases. Yale 
and Sheehan have observed the reaction of triethyl 
orthoformate and benzothiadazines at 150° and report 
the formation of both the 2- and 4-alkylthiadiazines.14

Both 11 and 12 readily undergo cleavage of the thi
adiazine ring when crystallized from water to form 1,3- 
dimethyl - 5 - methylsulfamoyl - 6 - uracilformamide
(13) and l,3-dimethyl-5-ethylsulfamoyl-6-uracilform- 
amide (14), respectively. Cleavage of 2-alkylthia- 
diazines is known to take place with hydroxylic solvents; 
however, 4-alkylthiadiazines are stable to hydroxylic 
solvents14 and are cleaved only under basic conditions.16 
This together with the fact that the preparation of 11 
also was accomplished by the reaction of triethyl ortho
formate and 8, which was identical with the product ob
tained from the reaction of 7 and trimethyl orthofor
mate at the higher temperature, indicated that 11 and 
probably 12 were the 2-alkylthiadiazines and not the 4- 
alkylthiadiazines. The ultraviolet spectra of 11 and 12 
were similar , also indicating that both thiadiazines were 
alkylated in the same position.

Cyclization of 7 with trimethyl orthoformate and 
triethyl orthoformate to form the corresponding 2- 
alkylthiadiazine in a 78 and 74% yield, respectively, 
indicates that the double bond of 10 exists predomi
nantly, if not entirely, in the 3,4-poshion under these 
conditions. This is different from the results obtained 
with the benzothiadiazines where the major product 
was the 4-alkyl product.1416

The ultraviolet spectra also support these findings 
since 10 shows maxima at 308 mp and 258 mp. similar 
to the 2-alkylthiadiazine, 11 and 12, both of which have 
maxima at 309 m/u and 263 m/i. This is in agreement 
with Yale and Sheehan14 who found that the 1,2,4-thi- 
adiazine with the double bond in the 2,3-position has 
only one absorption maximum at 278 mp with a shoulder 
at 295 mju.

The reaction of 7 with formaldehyde did not form the 
desired 5,7-dimethyl-3,4-dihydro-l,2,4-pyrimido [4,5-e]- 
thiadiazine-6,8-dione 1,1-dioxide (15). However, 15 
was prepared by the reaction of 10 v/ith an excess of 
sodium borohydride.

Preparation of other pyrimido-_,2,4-thiadiazines
1,1-dioxides was limited by the difficulty encountered in 
the preparation of other 4-amino-5-pyrimidinesulfon- 
amides needed to form thiadiazines of type 1. Pyrimi
dines such as 4,6-diamino-2-methylthiopyrimidine, 4,6- 
diamino - 2 - hydroxypyrimidine, 2,6 - diamino - 4 - 
hy droxypyrimidine, 4-amino-6-hydroxy-2-methylpyrim- 
idine, or 2,6-diamino-4-chloropyrimidine were sul- 
fonated with chlorosulfonic acid to form the correspond
ing 5-pyrimidinesulfonic acids. In no case was the 
corresponding sulfonyl chloride isolated. 4,6-Diamino-
2-methylth:o-5-pyrimidinesulfonic acid (16) was con
verted to 4,6-diamino-2-methylthio-5-pyrimidinesul- 
fonyl chloride with phosphorus oxychloride. The rel
atively unstable sulfonyl chloride formed 4,5-diamino- 
2 - methylthio - 5 - pyrimidinesulfonamide (18) when 
treated with ammonia. None of the other sulfonic 
acids could be converted to the corresponding sulfon
amides in this way.

(14) H. L. Yale and J. T. Sheehan, ibid., 26, 4315 (1961).
(15) F. C. Novello, S. C. Bell, E. L. A. Abrams, C. Ziegler, and J. M. 

Sprague, ibid., 25, 970 (1960).
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CH:
0

N ^ | i —SO2 NHCH2 CH3

O ^IjT ^N H C H O

CH3
14

4,6 - Diamino - 5 - pyrimidinesulfonamide (19) was 
formed when the methylthio group of sulfonamide 18 
was replaced by a hydrogen in refluxing Raney nickel. 
Oxidation of the methylthio group of 18 to the methyl- 
sulfonyl group with chlorine or hydrogen peroxide could 
also be effected without affecting the sulfonamide group. 
These reactions could not be carried out on the cor
responding sulfonic acid or sulfonyl chloride.

When 4,6-diamino-2-methylthio - 5 - pyrimidinesulfon
amide (18) or 4,6-diamino-5-pyrimidinesulfonamide 
(19) was heated with an excess of triethyl orthoformate 
ring closure was effected to form 8-amino-6-methylthio- 
l,2,4-pyrimido[4,5-e]thiadiazine 1,1-dioxide (20) and 8- 
amino - 1,2,4 - pyrimido [4,5-e]thiadiazine 1,1 - dioxide 
(21), respectively, with no N-alkylation being observed. 
Ring closure of 18 also was effected with refluxing tri
methyl orthoformate to form 20 or with triethyl ortho
acetate to form 22. Sodium borohydride reduced 20 to 
form 8-amino-3,4-dihydro-6-methylthio-l,2,4-pyrimido- 
[4,5-e]thiadiazine 1,1-dioxide (23).

NH2
X . so2n h 2

n r
¡ U 'N 'S m

+  R iC(OCH2CH3)3
1 2 0

NH2
I so2

-130  ̂ I s r V '' 'N H  

r^ N  N ^ r 1

18.
19.

R = 
R =

s e n ,
H

20.
21.
22.

R = 
R = 
R =

SCH3, 
H, R,
s c h 3,

Ri = 
= H 
Ri =

H

CH3

N aB H ,

All of the sulfonamides prepared showed characteris
tic absorption bands at 1134-1177 cm.-1 and at 1020- 
1043 cm.-1. The sulfonamides of substituted uracils 
also showed characteristic bands at 1372-1385 cm.-1. 
The sulfonic acids and the one methylsulfonate 6

showed characteristic absorption 
bands at 1030-1051 cm.-1 and at 
1204-1220 cm.-1.16

Tests for anticancer activity of 
the compounds reported in this 
paper are being obtained by the 
National Cancer Chemotherapy Ser
vice Center, Bethesda, Maryland. 
Significant results of these tests 
will be reported elsewhere.

Experimental17

Sulfonation of Substituted Pyrimidines.
—To 25 ml. of freshly distilled chlorosul- 
fonic acid, which was cooled on ice, was 
added 10 g. of 6-amino-l ,3-dimethyluracil 
(3 )  at such a rate so that the temperature 
of the reaction mixture did not go above 
20°. After addition was complete the re
action mixture was heated on a water bath 
for 2 hr. or refluxed for 1 hr., cooled, and 
poured on 300 g. of crushed ice with vig
orous stirring. The excess ice was removed 
and the sulfonyl chloride was rapidly fil

tered. The light tan precipitate was washed with a little cold 
water and sucked as dry as possible. This product was never 
purified but was used as such in subsequent reactions.

4,6-Diamino-2-methylthiopyrimidine, 4,6-diamino-2-hydroxy- 
pyrimidine, 2,6-diamino-4-hydroxypyrimidine, and 4-amino-6- 
hydroxy-2-methylpyrimidine were sulfonated by the same pro
cedure as was 3 .  In all cases the only product isolated was the
5- sulfonic acid. Analytical data for these sulfonic acids are 
given in Table I.

2,4-Diamino-6-ehloropyrimidine (2.9 g.) could be sulfonated 
only when refluxed with chlorosulfonic acid (10 ml.) for 1 hr. 
When the reaction mixture was poured on ice an immediate 
precipitate of starting material formed. The filtrate yielded 
2,4-diamino-6-chloro-5-pyrimidinesulfonic acid in a 31% yield 
(1.4 g.) on standing overnight. The sulfonic acid was crystallized 
from water to give a pure sample which did not melt below 330°. 
A satisfactory C-H analysis could not be obtained on 2,4-di- 
amino-6-chloro-5-pyrimidinesulfonic acid, but it could be converted 
to 2,4,6-triamino-5-pyrimidinesulfonic acid by heating at 150° in 
an excess of alcoholic ammonia which did give acceptable analyti
cal data (Table I).

6-A m in o - 1 ,3 -d im e th y l -5 - u r a c i l s u l f o n a m id e  ( 7 ) .—6-Amino-l ,3- 
dimethyl-5-uracilsulfonyl chloride (4), obtained from the chloro- 
sulfonation of 10 g. of 3 , was added to 200 ml. of anhydrous 
ammonia. Evaporation of the excess ammonia left a tan solid 
which was dissolved in a small amount of water, decolorized 
with animal charcoal, and cooled to give 5.05 g. (31% yield 
based on 10 g. of 3 )  of the monohydrate as white needles, m.p. 
117-119°. After -several crystallizations from water the an
hydrous product, m.p. 218-220°, was obtained when the mono
hydrate was heated at 150° under reduced pressure overnight.

Anal. Caled. for C6HI0N4O4S: C, 30.76; H, 4.30; N, 23.92; 
S, 13.69. Found: C, 30.60; H, 4.32; N, 23.71; S, 13.30.

6 - A m m o - N - m e th y l - l ,3 - d im e th y l - 5 - u r a c i ls u l f o n a m id e  ( 8 )  a n d
6-  A m in o  -  N  -  e th y l  - 1 ,3  - d im e th y l  - 5 - u r a c i l s u l f  o n a m id e  ( 9 ) .— 6- 
Amino-l,3-dimethyl-5-uracilsulfonyl chloride (4 ) , obtained from 
the chlorosulfonation of 10 g. of 3 ,  was added to 100 ml. of an
hydrous methylamine, or 100 ml. of anhydrous ethylamine if 9 
was the desired product, and kept at the temperature of Dry 
I c e .  After all of the solid had gone into solution it was removed 
from the Dry Ice and the excess amine evaporated. (If the 
mixture is removed from the Dry Ice before all of the solid had 
gone into solution the mixture becomes hot and the product 
isolated is mainly the corresponding amine salt of the sulfonic 
acid.) A 25% yield (4.0 g.) of the pure N-methylsulfonamide

(16) L. J . B ellam y , “ T h e  In f ra re d  S p ec tra  of C om plex  M o lec u le s ,” 2 nd  
E d ., J o h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1954, p p . 363, 364.

(17) All m e ltin g  p o in ts  a re  u n co rrec ted . A ll u l t r a v io le t  s p e c t ra  w ere 
m ade  in  w a te r  u n le ss  o th e rw ise  n o te d  u s ing  a  B ec k m an  D B  sp e c tro p h o to m 
e te r . T h e  in f ra re d  s p e c tra  w ere  ta k e n  w ith  p o ta ss iu m  b ro m id e  p e lle ts  u sing  
a P e rk in -E lm e r  In f ra c o rd  s p e c tro p h o to m e te r .
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Table I
2,4,6-T risubstituted  5-Py rim idinesulfonic  Acids and D eriv a tiv es

Y ield , C a rb o n , % H y droge n, % N itro g e n , % S u lfu r, %
C o m p o u n d % M.p.,- °C . F o rm u la 6 C alcd . F o u n d C alcd . F o u n d C alcd . F o u n d C alcd . F o u n d

4.6- Diamino-2-methylthio- 
5-pyrimidinesulfonic acid

4.6- Diamino-2-hydroxy-
33 265-267 CJUoNiOrS/ 23.62 23.57 3.96 3.73 22.04 22.23 25.22 25.44

5-pyrimidinesulfonie acid 23 >330 C4H6N40 3S 23.30 23.49 2.94 3.10 27.17 27.18 15.55 15.64
2,4-Diamino-6-hydroxy- 

5-pyrimidinesulfonic acid 
4-Amino-6-hydroxy-2-methyl-

34 >330 CiHsNsOiS1' 21.57 21.67 4.06 3.94 31.38 31.48 14.37 14.33

5-pyrimidinesulfonic acid 
2,4-Diamino-6-chloro-

43 305-306 C6H7N30 4S 29.26 29.01 3.44 3.51 20.48 20.62 15.63 15.51

5-pyrimidinesulfonic acid 
2,4,6-Triamino-5-pyrimidine-

31 >330 C4H5C1N40 3S 21.34 2.24 24.94 25.01 14.28 14.54

sulfonic acid 82 >310 c4h ,n 6o3s 23.41 23.39 3.44 3.69 34.13 34.06 15.63 15.66
4.6- Diamino-2-methylthio- 

5-pyrimidinesulfonamide
4.6- Diamino-5-pyrimidine-

59 198-199 c 5h »n 5o2s2 25.52 25.28 3.81 3.77 29.77 29.66 27.26 27.19

sulfonamide
4,6-D iamino-2-methylsulfonyl-

31 217-218 c4h 7n 5o2s 25.39 25.55 3.72 3.87 37.02 37.28 16.95 16.83

5-pyrimidinesulfonamide 79 238-239 c 6h 9n 6o4s2 22.47 22.61 3.39 3.28 26.20 26.46 24.00 24.00
a All melting points are uneorreeted. 6 All samples were crystallized from water except 4,6-diamino-2-hydroxy-5-pyrimidinesulfonic 

acid which was dissolved in 5% sodium hydroxide and precipitated by the addition of acetic acid. c Formula and calculations based on 
monohydrate. d Formula and calculation based on ammonium salt.

8 was obtained by decolorizing with animal charcoal and three 
crystallizations from water, m.p. 203-204°.

Anal. Calcd. for C,H12N404S: C, 33.87; H, 4.88; N, 22.57; 
S, 12.92. Found: C, 33.55; H, 4.86; N, 22.32; S, 12.96.

The N-ethylsulfonamide 9 was dissolved in methanol, de
colorized with animal charcoal, and cooled to yield 4.5 g. (26% 
yield based on 10 g. of 3 ) ,  m.p. 260-263°.

Anal. Calcd. for CgHi4N40 4S: C, 36.63; H, 5.38; N, 21.36; 
S, 12.23. Found C, 36.38; H, 5.68; N, 21.35; S, 12.52.

M e th y l  6 - a m in o - l ,3 - d im e th y l - 5 - u r a c i l s u I f o n a te  ( 6 ) .—Crude
4 , obtained from 10 g. of 3 , was stirred in 350 ml. methanol 
overnight at room temperature. Enough methanol was added 
to the mixture so that on heating the ester went into solution. 
Upon cooling the crude methylsulfonate 6 was obtained in a 
46% yield (7.4 g.), m.p. 204-206°. Further crystallization 
from methanol yielded a product which began to soften at 193°, 
m.p. 206-208°. When water was used as a solvent, only a very 
small portion of the ester could be reclaimed.

Anal. Calcd. for C,H„N405S: C, 33.73; H, 4.45; N, 16.88;
5, 12.88. Found: C, 33.59; H, 4.63; N, 16:94; S, 13.07.

5 ,7 - D im e th y l - l ,2 ,4 - p y r im id o [ 4 ,5 - e ] th ia d ia z in e - 6 ,8 - d io n e  1 ,1 -
D io x id e  (10).—6-Amino-l ,3-dimethyl-5-pyrimidinesulfonamide 
(7 )  (4 g.) was added to 50 ml. of triethyl orthoformate and kept 
at 120-130° for 2 hr. with stirring. It is best to carry out this 
reaction in an open container in order to allow the ethanol to 
escape as the reaction proceeds. After the reaction was com
plete, it was cooled and diluted with 50 ml. of ether to assure com
plete precipitation of the product. A 67% yield (2.8 g.) of the 
thiadiazine 10 was obtained by dissolving in N,N-dimethylform- 
amide and then diluting with methanol, m .p. 271-272 °. Further 
purification gave an analytical sample, m.p. 274-275°; rmax 
1219, 1162, 1134, and 1031 cm.“1; Xmax 308 mM (t 7100) and 
258 mfi (e  8490).

Anal. Calcd. for C,HsN40 4S: C, 34.43; H, 3.30; N, 22.951 
S, 13.13. Found: C, 34.53; H, 3.62; N, 22.82; S, 13.10.

2- E th y l - 5 ,7 - d im e th y l - l ,2 ,4 - p y r im id o [ 4 ,5 - < ] th ia d ia z m e - 6 ,8 - d i-  
o n e  1 ,1 -D io x id e  ( 1 2 ) .—6-Amino-l,3-dimethyl-5-pyrimidine-
sulfonamide (7 )  (1  g.) was heated in 25 ml. of triethyl ortho- 
formate for 3 hr. at 150°. Upon cooling a 74% yield (0.86 g.) 
of the N-ethylthiadiazine 12 was isolated, m.p. 180-181°. 
Two crystallizations from triethyl orthoformate yielded white 
needles, m.p. 182-183° j Pmax 1232, 1166, 1134, 1041, and 1022 
cm C ; x"«®El>3 309 mM (e 4050) and 263 mM (« 12,200).

Anal. Calcd. for C8H12N40 4S: C, 39.70; H, 4.48; N, 20.58, 
S, 11.78. Found: C, 39.83; H, 4.43; N, 20.37; S, 12.03.

5 - E th y ls u l f a m o y l- l ,3 - d im e th y l -6 - u r a c i l fo r m a m id e  (14).—A 
96% yield (0.31 g.) of formamide 14 was obtained when 0.30 
g. of the thiadiazine 12 was dissolved in a minimum amount of 
hot water. The product melted 181-182° and showed a de

pression to 148-158° when mixed with 12 ; Xmax 250 m« (e
17,300) and 230 m/i (e 10,600).

Anal. Calcd. for C9HI4N404S: C, 37.23; H, 4.86; N, 16.30; 
S, 11.12. Found: C, 37.09; H, 4.91; N, 19.38; S, 11.05.

2,5,7-Trimethyl-l,2,4-pyrimido[4,5-e]thiadiazine-6,8-dione
1,1-Dioxide (11).—N-Methyl-6-amino-l ,3-dimethyl-5-pyrimi-
dinesulfonamide (8) (1 g.) was heated with stirring at 120-130° 
for 6 hr. in 100 ml. of triethyl orthoformate. On cooling a 78% 
yield (0.82 g.), m.p. 235-237°, of the 2-alkylthiadiazine 11 was 
obtained. The analytical sample was crystallized twice from 
triethyl ortho:"ormate, m.p. 243-244°; r>max 1233, 1166, 1132, 
1064, and 1088 c m r ';  xS«‘0El>3 309 mM (e 4480) and 263 mM 
(e 12,300).

Anal. Calcd. for C8H10N,O4S: C, 37.22; H, 3.90; N, 21.70; 
S, 12.42. Found: C, 36.92; H, 4.04; N, 21.68; S, 12.64.

The 2-alkylthiadiazine 11 also was prepared by heating 0.5 g. 
of 6-amino-l ,3-dimethyl-5-pyrimidinesulfonamide ( 7 )  and 25 ml. 
of trimethyl orthoformate at 150° in a pressure bottle for 6 hr. 
Upon cooling 15% yield (0.08 g.) of the thiadiazine 10, m.p. 
273-275°, wa3 obtained. The thiadiazine 10 was the same in 
all respects as the product obtained from the reaction of triethyl 
orthoformate and the sulfonamide 7 . When the filtrate was 
diluted with 75 ml. of ether a 76% yield (0.42 g.) of the 2-alkyl
thiadiazine 11 was obtained, m.p. 242-243°. Mixture melting 
point with the 2-alkylthiadiazine 11 obtained from the reaction 
of the N-methylsulfonamide 8 and triethyl orthoformate showed 
no depression.

1,3 - D im e th y l- 5 - m e th y ls u l f a m o y l- 6 - u ra c i l f o n n a m id e  ( 1 3 ) .—
An 88% yield (0.39 g.) of the formamide 13 was obtained when 
0.40 g. of the thiadiazine 11 was dissolved in a minimum amount 
of hot water. The product melted 238-239° and showed a de
pression to 213-227° when mixed with 10 ; Xmax 250 (e 16,100) 
and 230 m/r (e 9000).

Anal. Calcd. for C8H12N40 5S: C, 34.78; H, 4.38; N, 20.28; 
S, 11.61. Found: C, 34.74; H.4.63; N, 20.34; S, 11.84.

3 ,4 - D ih y d ro - 5 ,7 -d im e th y l - l  , 2 ,4 -p y r im id o  [4 ,5 -e] th ia d ia z in e -  
6,8 -d io n e  1 ,1 -D io x id e  ( 1 5 ) .—To 0.1 g. of sodium borohydride 
dissolved in 2 ml. of water was added slowly 0.8 g. of 5,7-di
methyl -1,2,4 - pyrimido [4,5-e] thiadiazine - 6,8 - dione 1,1- dioxide
( 1 0 ) .  After 2 hr. a small amount of precipitate formed which 
was removed and then acidified with acetic acid. Upon filtra
tion of the acidic mixture the dihydro product 15 was isolated in 
a 37% yield (0.3 g.). After one crystallization from water an 
analytical sample was obtained, m.p. 298-299°; 1240,
1148, 1089, 1065, 1022, and 1000 cm .-'; Xmax 259 mM U 11,500).

Anal. Calcd. for C,H10N4O4S: C, 34.14; H, 4.09; N, 22.76; 
S, 13.02. Found: C, 34.17; H, 4.31; N, 22.91; S, 13.19.

4 ,6 -D ia m ir .o - 2 -m e th y l th io - 5 -p y r im id in e s u l f o n a m id e  (1 8 ) .—4,6- 
Diamino-2-methylthio-5-pyrimidinesulfonic acid trihydrate (1 6 )  
(20 g.) was refluxed for 1 hr. with 75 ml. of phosphorus oxvchlo-
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ride. The excess phosphorus oxychloride was distilled by heating 
the sample on a water bath under reduced pressure. Heating 
was continued until the solution became a thick sirup. If 
heating was continued for a longer period of time the sulfonyl 
chloride decomposed to a crystalline material and the desired 
product was not obtained. The thick sirup was added to 400 
ml. of ammonia. Evaporation of the ammonia left a tan solid 
which was decolorized with animal charcoal and crystallized 
from water yielding 9.7 g. (59% yield) of long white needles, 
m.p. 195-197°. Further crystallization from water increased 
the m.p. to 198-199°. Analytical data are given in Table I.

4,6-Diammo-5-pyrimdinesulfonamide (19).—4,6-Diamino-2- 
methylthio-5-pyrimidinesulfonamide (18) (2.5 g.) was dissolved 
in 50 ml. water to which 5 g. of Raney nickel18 was added. This 
reaction mixture was refluxed for 3 hr. with vigorous stirring. 
Longer refluxing also will remove the sulfonamide group while a 
shorter reflux time leaves too much starting material. A 31% 
yield (0.63 g.) of 19 was obtained upon evaporation of the filtrate 
and crystallization of the residue from a small amount of water, 
m.p. 215-216.5°. Further crystallization from water gave an 
analytical sample, m.p. 221- 222°. Analytical data are given 
in Table I.

4.6- Diamino-2-methylsulfonyl-5-pyrimidinesulfonamide.—4,6- 
Diamino-2-methylthio-5-pyrimidinesulfonamide (18) (2 g.) was 
added to 50 ml. water and cooled to 0° in an ice bath. Chlorine 
was slowly bubbled through this suspension until all of the solid 
went into solution and the solution was light yellow in color. 
(This takes a few minutes depending on how rapidly the chlorine 
is bubbled through the suspension. A large excess of chlorine 
should be avoided or the yield will be reduced greatly.) The 
product begins to separate shortly after the solid goes into solu
tion. After standing in an ice bath for 0.5 hr. the mixture was 
filtered and after one crystallization from water yielded 1.6 g. 
(70% yield), m.p. 235-237°, with evolution of a gas. Further 
crystallization from water gave a sample that turns yellow at 
235°, m.p. 249-250° dec.

4.6- Diamino-2-metbylsulfonyl-5-pyrimidinesulfonamide also 
was prepared by dissolving 18 (0.9 g.) in 10 ml. of acetic acid and 
10 ml. of acetic anhydride. To this solution was added 1 ml. 
of 30% hydrogen peroxide. After a short time the reaction 
mixture became hot and the product separated from the solution. 
A 79% yield (0.81 g.) of crude product was obtained upon 
filtration. Two crystallizations from water gave material that * 1625

(18) X . A . D o m in q u e z , I .  C . L opez , a n d  R . F ra n c o , J .  O r g .  C h e m . ,  26,
1625 (1961).

was identical with that from the oxidation with chlorine. Ana
lytical data are given in Table I.

8-Amino-6-methylthio-l ,2,4-pyrimido [4,5-e] thiadiazine 1,1 
Dioxide (20) and 8-Amino-l,2,4-pyrimido[4,5-e]thiadiazine 1,1 
Dioxide (21).—4,6-Diamino-2-methylthio-5-pyrimidinesulfon-
amide (18) (1 g.) was heated for 2 hr. at 120-130° in 20 ml. of 
triethyl orthoformate. Upon cooling the thiadiazine 20 was 
obtained in an 86% yield (0.9 g.), m.p. 315-317°. An analytical 
sample was obtained by two crystallizations from N,N-dimethyl- 
formamide and water, m.p. 321-322° dec • > i'max 1204, 1136, 
and 1079 c m r 1; Xmnx 249 m,u (e 26,700).

Anal. Calcd. for C6H7N602S2: C, 29.34; H, 2.86; N, 28.39; 
S, 26.15. Found: C, 29.16; H, 3.06; N, 28.24; S, 26.17.

Cyelization of sulfonamide 18 also was effected with refluxing 
trimethyl orthoformate yielding 20 in a 62% yield.

To 4,6-diamino-5-pyrimidinesulfonamide (19) (1.8 g.) was 
added 50 ml. of triethyl orthoformate and treated in a manner 
similar to 18. Thiadiazine 21 was obtained in a 97% yield (1.76 
g.). Two crystallizations from N,N-dimethylformamide and 
water gave an analytical sample, m.p. 308-309°; «max 1219, 
1159, 1078, 1020, and 1002 cm.“1; Xmal 244 m(u (« 11,200) and 
223 mM(e 22,000).

Anal. Calcd. for C6HsN502S: C, 30.15; H, 2.53; N, 35.16; 
S, 16.10. Found: C, 29.88; H, 2.71; N, 35.02; S, 16.30.

8-Amino-3-methyl-6-methylthio-l ,2,4-pyrimido [4,5-«] thiadi- 
azine 1,1-Dioxide (22).—4,6-Diamino-2-methylthio-5-pyrimidine- 
sulfonamide (18) (1 g.) was heated for 1 hr. at 120-130° with 
stirring in 15 ml. of triethyl orthoacetate. Upon cooling the 
thiadiazine 22 was obtained in a 54% yield, m.p. 314-315°; 
i'max 1149, 1099, 1050, and 1020 cm • Xmax 247 mju («28,300).

Anal. Calcd. for C,H9N60 2S2: C, 32.42; H, 3.50; N, 27.01; 
S, 24.73. Found: C, 32.27; H, 3.61; N, 27.29; S, 24.90.

8-Amino-3,4-dihydro-6-methylthio-l ,2,4-pyrimido [4,5-e] thia- 
diazine 1,1-Dioxide (23).—8-Amino-6-methylthio-l,2,4-pyrimido 
[4,5-e]thiadiazine 1,1-dioxide (20) (0.5 g.) was added slowly to 
0.1 g. of sodium borohydride in 5 ml. of water. After standing 
for 3 hr. the reaction mixture was filtered to obtain the dihydro 
product 23 in an 81% yield (0.41 g.). One crystallization from 
water gave an analytical sample, m.p. 261-262°; pmal 1202 and 
1148 cm.“1; Xma* 230 m^ (« 26,600) and 255 m̂ i (sh).

Anal. Calcd. for C6H9N602S2: C, 29.14; H, 3.67; N, 28.32; 
S, 25.93. Found: C, 29.11; H, 3.69; N, 28.41; S, 25.81.

Acknowledgment.—The authors wish to thank F. C. 
Chang of the University of Tennessee, Medical Units, 
for the infrared spectra.
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N,N-Disubstitution was found to labilize the aromatic amino bond of 9-aminoacridine to permit a previously 
unreported type of reaction with alcohols, yielding 9-acridinyl ethers. An analogous reaction in similarly N,N- 
disubstituted 4-aminoquinolines was not found; however, a pronounced effect on base strength and ultraviolet 
spectra upon increasing the bulk of the substituents was noted.

structively exothermic nature of such reactions,3 and a 
compound subsequently identified as IV was isolated. 
Compound III was then synthesized in the absence of 
Methyl Cellosolve and its reactivity to or the alcohols 
near the boiling point of Methyl Cellosolve was investi
gated with a series of simple glycols, with ethylene 
chlorohydrin, and with diethylene glycol. The reac
tions all occurred rapidly near 115° and apparently were 
uncomplicated by side reactions, except in the case of 
ethylene chlorohydrin, where too long a reaction time 
led to alkylation of the nucleus. No attempt was made, 
however, to obtain optimum yields. Table I lists the 
products which are stable in the absence of active hydro-

(3) R . M . P eck , R . K . P re s to n , a n d  H . J . C reech , ibid., 26, 3409 (1961).

N,N-Disubstitution of 9-aminoacridine and 4-amino- 
quinoline derivatives was initially attempted to reduce 
intramolecular reactivity to other groups which were to 
be introduced at the end of an alkyl side chain; these 
objectives were abandoned in the quinoline series due 
to an unexpected rearrangement2 and now in the 
acridine series due to inherent instability of the com
pounds to the conditions of subsequent reactions. In an 
attempt at synthesis of compound III, the reaction was 
carried out in refluxing Methyl Cellosolve, a procedure 
often found useful in moderating the sometimes de

ep S u p p o rte d  in  p a r t  b y  research  g r a n t  C A -02975 from  th e  N a tio n a l 
C a n c e r  In s t i tu te ,  U . S. P u b lic  H e a lth  Service.

(2) R . M . P eck , J .  O r g .  C h e m . ,  27, 2677 (1962).
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T a b l e  I

O C H3

-A n a l.a-
9 -A crid iny l -C a le d . - - F o u n d -
s u b s t i tu e n t M .p ., °C . C H N Cl c H N Cl

—OCH2CH2OH 216-217.5 63.30 4.65 4.62 11.69 63.51 4.67 4.68 12.34
— 0(CH2)30H 157.5-159.5 64.38 5.08 4.41 64.66 5.22 4.52
— 0(CH j)4OH 166-168.5 65.18 5.46 4.22 65.56 5.84 4.27
—0(CH,)eOH 131.5-132 66.03 5.83 4.05 66.18 5.95 4.09
—o c h 2c h 2o c h 3 113-115 64.30 5.08 4.41 11.17 64.12 5.05 4.72 11.59
—o c h 2c h 2o c h 2c h 2o h 131.5-134 62.19 5.22 4.02 62.71 5.29 4.11
—o c h 2c h 2ci 122-123.5 59.64 4.06 4.35 22.00 59.60 4.20 4.43 22.10
Values are either single analyses or averages of checks.

Cl None of these underwent a corresponding read
D C H ,

4- C H 3N H C H 2C H 2O H  

II
I I

C H j^  / C H 2C H 2O H  
OCH2C H 2OCH3 ch3och2ch2oh  N

o c h 3

gen compounds, but are quickly decomposed even by

with alcohols, even at elevated temperatures. With the 
most hindered compound, V, an hour’s heating at 170° 
in ethylene glycol yielded only starting material and an 
approximately equal quantity of 7-chloro-3-methyl-4- 
quinolinol.

When the ultraviolet spectra and basicity of these 
compounds were determined, it was found that the pres
ence of alkyl groups on the nitrogen and on the 3-posi- 
tion of the ring produced parallel and profound effects, 
additional substitution weakening the base strength 
and displacing the absorption maxima toward the visi
ble (Fig. 1).

dilute acetic acid.4
To investigate whether other N,N-disubstituted 9- 

aminoacridines have the same property or whether the 
nature of the substituents is a factor, 6-chloro-2- 
methoxy-9-morpholinoacridine6 was heated in the 
presence of ethylene glycol. It was found that no 
reaction occurred at 115°; reaction occurred, but did 
not go to completion, over a two-hour period at 140°. 
These results suggest that the degree of conjugation of 
the nitrogen at position 9 with the acridine nucleus is a 
function of the bulkiness of the nitrogen substituents 
which determine the ease with which that group is dis
placed by the alcohol.

To discover if a corresponding reaction was readily 
demonstrable in the quinoline series when a 3-substituent 
simulates the crowding effect of the second benzenoid 
ring of acridine, compounds V, VI, and VII were 
synthesized and compared with one another and with 
the reference compound VIII.6

(4) R . O. C lin to n  a n d  C . M . S u te r , J .  A m .  C h e m .  S o c . ,  70 , 491 (1948).
(5) O. Y u . M ag id so n , A. M . G rig o ro v sk ii, a n d  E . P . H a l’p erin , J .  G e n .  

C h e m .  U S S R ,  8, 5 6 (1 9 3 8 ).
(6) R . C . E ld erfie ld , W . J .  G en sle r, O. B irs te in , F . J .  K rey sa , J .  T . M ay n - 

n a rd , a n d  J . G a lb re a th , J .  A m .  C h e m .  S o c . ,  68 , 1250 (1946).

Fig. 1.—Roman numerals refer to designations in the text; 
the corresponding pK a values (pH of one-half neutralization) were 
determined in 20% ethanol. VIII, pK„ 7.91; VII, pKa 725; 
VI, pKa 7.C7; and V, pft'„ 5.92. Spectra were determined in 
0.01 N HC1.

In a pertinent comparison, Steck and Ewing7 round 
that N,N-disubstitution per se produced no such shift 
in absorption spectrum where the substituents were 
small (methyl groups), and, in an even more interesting 
parallel with the present work, Irvin and Irvin3 pre
sented both absorption and base strength data on the 
antimalarial compounds SN-7618 and SN-6911 [7-

(7) E . A . S tec k  a n d  G . W . E w ing , i b i d . ,  70 , 3397 (1948).
(8) J . L . I rv in  a n d  E . M . I rv in , i b i d . ,  69, 1091 (1947).
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Table II
Derivatives o f  4-Aminoqtjinoline

-A nal.“
O th e r M.p., -------- C a le d .------- — ------ —------ Fo u nd—-----

---- N, N -S u b s ti tu e n ts-------■> s u b s t itu e n ts S a lt °C . c H N Cl c H N Cl

c h 3 CH2CH2OH (VII) 7-C1 HN036 136-138 48.11 4.70 14.02 47.92 4.84 13.88
c h 3 CH2CH2C1 7-Cl HC1 186-189 49.50 4.50 9.62 36.46 49.68 4.38 9.47 36.44
c 2h 6 CH2CH2OH(VI) 7-C1 HN03c 137-139 49.85 5.14 13.40 11.30 49.97 5.28 13.46 11.59
c 2h 6 c h 2c h 2ci 7-Cl HC1 185-187 51.14 4.95 9.17 34.81 51.46 5.38 9.15 34.33
c h 3 CH2CH2OH (V) 7-Cl-3-CH3 HNOs" 133-138 49.85 5.14 13.40 50.27 5.19 13.24
c h 3 c h 2c h 2ci 7-Cl-3-CH3 HC1 198-201 51.15 4.95 9.17 34.80 51.37 5.10 8.46 34.84

Values are either single analyses or averages of checks. 6 Free base, m.p. 95-97°. «Free base, m.p. 85-87°. d Free base, m.p.
120- 121°.

cliloro-4-(4-diethylamino-l-methylbutylamino) - quino
line and 7-chloro-3-methyl-4~(4-diethylamino-l-methyl- 
butylamino) quinoline, respectively], among others, which 
showed the effect of a 3-methyl substituent on these two 
parameters. Presence of a 3-methyl group lowered the 
base strength of the aromatic moiety by about 0.8 unit 
and displaced the absorption peak in acid solution to 
longer wave lengths by about 10 m/i. In the present 
work the parallel pair, V and VII, show significantly 
greater shifts, namely, 1.3 units and 30 mfi. This is 
consistent with ascribing the cause of these effects to 
steric hindrance which becomes more critical as crowd
ing increases. The steric factor in this case arises from 
interference with molecular planarity of one of the 
resonance forms of the salt cation.9

Table II lists the constants and analyses for these 
compounds and their chloro derivatives which have 
been prepared in a project on the synthesis of anti
tumor agents.8

Experimental
6 -C h lo r o -2 - m e th o x y -9 - [ (2 - h y d ro x y e th y l ) m e th y la m in o ]  a c r id in e

( I I I ) . — A mixture of 5.0 g. of 6,9-dichloro-2-methoxyacridine and
10.0 g. of redistilled methylaminoethanol was stirred in a heating 
bath maintained at 110-112°. An exothermic reaction was noted 
and the internal temperature rose a degree above the external 
while the solid dissolved (0.75 hr.). After an additional 0.25 hr. 
the product crystallized; after a further 0.5 hr., the mixture was 
cooled, diluted with 50 ml. of ethanol, filtered, washed, and 
dried. The yield was 4.4 g. (69%), m.p. 173-180°. An analyti
cal sample melted at 185-186° on rapid heating; on slower heat
ing, an intramolecular reaction apparently occurred and a high- 
melting product was formed.

(9) R . C . E lderfie ld , "H e te ro c y c lic  C o m p o u n d s ,”  Vol. 4, R . C . E lderfie ld , 
E d ., J o h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1950, p . 170.

Anal. Calcd. for Ci7Hi,C1N20 2: C, 64.38; H, 5.41; N, 8.83; 
Cl, 11.17. Found: 0,64.59; H, 5.51; N, 8.63; Cl,11.22.

(6 -C h lo ro - 2 -m e th o x y - 9 - a c r id in y l) -2 - h y d r o x y e th y l  E t h e r . — A 
mixture of 1.0 g. of the 9-amino compound and 10 ml. of ethylene 
glycol was stirred and heated in a bath held at 115 ±  2° for 15 
min. The product precipitated from the solution, was removed 
by filtration and washed. It weighed 0.8 g. (83%), m.p. 212- 
217°. Recrystallization from ethanol gave the analytical sample 
reported in Table I.

The compounds in Table II were synthesized by well known 
methods of amination and chlorination.3 An example of the 
former is included.

7 -C h lo r o -4 - (2 - h y d r o x y e th y l )m e th y la m in o q u in o l in e  ( V I I ) .—A
mixture of 20 g. (0.1 mole) of 4,7-dichloroquinoline and 15 g. of 
methylaminoethanol was stirred and heated. At 115° the reac
tion became exothermic and proceeded at 115-120° without 
further heating, and was complete after an hour’s heating at 
120°. The mixture was taken up in dilute acetic acid, filtered, 
and the nitric acid salt precipitated by addition of a large excess of 
saturated sodium nitrate (alternatively the base was precipitated 
with alkali and recrystallized). The crude material weighed 26 
g.; recrystallization from water gave 16.5 g., m.p. 132-135° 
(55%).

P h y s ic a l  M e a s u r e m e n t s .—Ultraviolet spectra were determined 
on a Beckman Model DU spectrophotometer, the pH determina
tions on a Beckman pH meter with glass electrode. In the latter, 
an accurately weighed sample of 1 mmole of base was dissolved in 
a small amount of ethanol, 0.5 meq. of standardized 0.1 N  
hydrochloric acid was added, and the mixture made up im
mediately to 500 ml. containing in all 100 ml. of ethanol. The 
pH was measured immediately. As a check, a solution of 1 meq. 
of the nitric acid salt half-neutralized with standard sodium 
hydroxide was diluted to the same concentration and the pH 
measured immediately.

Acknowledgment.—The technical assistance in the 
determination of physical constants by Miss Evelyn 
R. Breuninger, Mr. Richard H. Creech, and Mrs. Ann
J. Miller is gratefully acknowledged.
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Catalytic amounts of copper acetate in methanol will convert the a-ketolic side chain of steroids to a glyoxal 
group. Oxidation is hastened by passing air over or through the solution, and retarded by addition of water. 
The reaction is general and gives high yields of steroidal glyoxals. In dry methylene chloride or benzene the 
glyoxals tend to polymerize; in aqueous ethyl acetate they are stable. With a ratio of copper acetate to ketolic 
steroid of 1:8, oxidation to the glyoxal is complete in an hour or less. With a longer reaction time the yield de
creases because of a rearrangement of the glyoxal side chain to a methyl glycolate side chain. The glyoxals are 
characterized as hydrates, dimethyl acetals, and quinoxalines. The glyoxal from cortisone crystallizes from 
aqueous methanol as a stable 21-hemiacetal. The preparation of six 3a-hydroxy-5/3-pregnanes with an a-ketolic 
function in the side chain and with variations in the molecule at C-9, C-ll, and C-16 is described.

The finding that the a-ketolic side chain of steroids 
was altered in the presence of a trace of cupric ions3 
stimulated us to investigate this reaction in detail. 
One of the products of the reaction gave an immediate 
yellow color with the Porter- Silber4 reagent, but did not 
reduce alkaline tetrazolium. These results indicated 
that the product contained a glyoxal (20-oxo-21 -alde
hyde) function. This oxidative process offered promise 
for the preparation of steroidal glyoxals which were 
needed for a study on the Porter-Silber reaction. The 
preparation of several a-ketolic steroids is described at 
the end of the discussion in this paper.

Various copper salts were tested for their ability to 
convert cortisone to the corresponding glyoxal. Of the 
salts investigated, copper acetate gave by far the most 
rapid and complete oxidation. Methanol was a satis
factory solvent for the reactants. At the time this work 
was done it was not known that Conbere6 and Weijlard6 
had assigned patents to Merck and Company ■ dealing 
with the preparation of steroidal glyoxals from a-ketols 
using copper acetate as the oxidant in both catalytic 
and stoichiometric amounts. Our results are presented 
since they are a confirmation and extension of the find
ings described in the patents.

3a,21-Dihydroxy-5/3-pregnane-l 1,20-dione (I) was 
used as a model a-ketol in preliminary studies. The 
Porter-Silber reaction, given by the glyoxal (II) but 
not by the a-ketol (I), served as a convenient means of 
determining the extent of the oxidation.7 The reac
tion can be terminated immediately by addition of 
EDTA (disodium ethylenedinitrilotetraacetate) to bind 
the copper; this reagent does not interfere with the 
Porter -Silber reaction.

The rate of oxidation of 3a,21-dihydroxy-5/3-preg- 
nane-ll,20-dione (I) with methanolic cupric acetate at 
room temperature under conditions in which the ratio of 
copper to steroid varied from 1; 2 to 1:100 is shown in 
Fig. 1. The catalytic nature of the process is illus
trated by the fact that even with a ratio of 1:20 there is 
rapid and apparently complete' conversion of the a- 
ketol to the glyoxal. When the copper to steroid ratio

(1) A b rid g em en t of th e s is  s u b m it te d  b y  M . L . L e w b a r t to  th e  F a c u l ty  of 
th e  G ra d u a te  School of th e  U n iv e rs ity  of M in n e s o ta  in  p a r t ia l  fu lfi llm en t 
of th e  re q u ire m e n ts  fo r th e  deg ree  of D o c to r  of P h ilo so p h y  in  B io c h em istry , 
J u n e , 1961.

(2) T h is  in v e s t ig a t io n  w as ca rr ie d  o u t  d u r in g  th e  te n u re  of a  F ellow sh ip  
from  th e  D iv is ion  of G en e ra l M ed ica l Sciences, U . S. P u b lic  H e a lth  Service.

(3) M . L. L e w b a rt a n d  V. R . M a tto x , N a t u r e ,  183, 820 (1959).
(4) R . H . S ilbe r a n d  C . C . P o r te r , “ M e th o d s  of B iochem ical A n a ly s is ,” 

Vol. 4, In te rsc ien ce  P u b lish e rs , N ew  Y o rk , N . Y ., 1957, pp . 139-169 .
(5) J .  P . C onbere , U . S. P a te n t  2 ,773 ,077  (1956).
(6) J .  W e ijla rd , U . S. P a te n t  2 ,773 ,078  (1956).
(7) M . L. L e w b a rt a n d  V. R . M a tto x , A n a l .  C h e m . ,  33, 559 (1961).

Fig. 1.—Rates of oxidation of 3a,21-dihydroxy-5/3-pregnane- 
11,20-dione (I) with methanolic cupric acetate as indicated by in
crease in color produced in the Porter-Silber reaction. Molar ra
tios of copper to steroid were 1 :2, 1 :20, 1:40, and 1 : 100; steroid 
concentration was 0.00091 M.

was 1:40 or less, oxidation proceeded slowly and was in
complete after two hours. The presence of water 
lowers the rate of oxidation. With a copper to steroid 
ratio of 1; 8 and a reaction time of one hour, absorbance 
readings in the Porter-Silber reaction for solutions con
taining 0, 5, 12.5, and 25% of water in methanol 
were 0.650, 0.655, 0.540, and 0.300, respectively.

Preparative scale experiments with a number of a- 
ketols were performed using copper to steroid ratios 
varying from 1:8 to 1:2 and oxidation times ranging 
from fifteen minutes to one hour. Oxidation rates were 
raised substantially by passing air into or over the sur
face of the reaction mixtures.

The optimal yield of glyoxal (II) from 3a,21-dihy- 
droxy-5/3-pregnane-ll,20-dione (I) was obtained with a 
copper to steroid ratio of 1:8 and a reaction time of 
fifteen minutes. More prolonged reaction was attended 
by lower yields because of rearrangement of the glyoxal 
to a 20-epimeric mixture of methyl 3a,20-dihydroxy-ll- 
oxo-5/3-pregnan-21-oates.8

Almost immediately after mixing methanolic solu
tions of 3a ,21 -dihydroxy-5/3-pregnane-11,20-dione (I) 
and cupric acetate, the originally blue-green solution 
became amethyst in color, then the solution became 
turbid, and the color changed from amethyst to yellow 
to green. The original clear blue-green color was re
stored in about ten minutes. In several experiments in 
which smaller amounts of copper acetate were used it was 
possible to regenerate repeatedly the blue-green from 
the amethyst color merely by swirling the flask or by 
bubbling air into the solution for a few seconds.

(8) M. L. Lewbart and V. R. M attox, J. Org. Chem., 28, 1779 (1963).



2002 L e w b a r t  a n d  M a t t o x Vol. 28

Initially, the glyoxal (II) was recovered from the 
reaction mixture by addition of an excess of aqueous 
EDTA, concentration of the solution under reduced 
pressure to remove the methanol, and extraction with 
methylene chloride. When the methylene chloride 
solution was washed with water and taken almost to 
dryness, the residue was no longer completely soluble in 
methanol and a crystalline polymer9 was obtained in 
low yield. When the residue was treated with benzene, 
the polymer was obtained in almost quantitative yield. 
In one experiment one-half of a methylene chloride ex
tract of glyoxal was washed with both dilute sodium bi
carbonate and water and the other half was washed with 
water alone. When the solvent was removed and the 
residues were dissolved in benzene, that fraction washed 
with water gave a heavy deposit of polymer in approxi
mately one minute. The product from the bicarbonate- 
washed fraction deposited polymer to the same extent 
after about eighteen hours. These findings suggest 
that polymerization may be promoted by the small 
amounts of acetic or steroidal acid which are present.

Polymerization of the glyoxal (II) was avoided in the 
following manner. The oxidation mixture was diluted 
with water and extracted with ethyl acetate. After 
being washed with dilute sodium bicarbonate solution 
and water, the wet organic phase was taken to dryness. 
Crystallization from aqueous acetone gave the glyoxal 
hydrate in 94% yield.

A small amount of 3a-hydroxy-ll-oxo-5/3-etianic 
acid10 (V) was obtained from the aqueous bicarbonate 
solution. This result indicates that during the oxida
tion, a small amount of steroid underwent cleavage 
between C-20 and C-21.

Successive treatment of both the glyoxal (II) and the 
polymer with dry methanolic hydrogen chloride fol
lowed by acetylation afforded the known acetoxy di
methyl acetal11 (IV) in yields of 80 and 60%, respec
tively. The glyoxal (II) was convertible into a quin- 
oxaline (III) by the method of Leanza, et ah12

nan-20-one (XIV) than with the 11-dehydro analog (I); 
the reaction time had to be extended to forty-five 
minutes. The corresponding glyoxals were obtained 
in 76 and 89% yield.

The rate of cupric acetate oxidation of 3a,21-di- 
hydroxy-5d-pregn-16-ene-ll,20-dione (IX) was slower 
than that of other a-ketols and a reaction time of one 
hour was employed. The glyoxal (X) was obtained in 
82% yield. Of all the glyoxals studied this one showed 
the greatest tendency to undergo polymerization. 
However, if the product from the oxidation reaction 
was processed rapidly and crystallized immediately 
from aqueous acetone, the amount of methanol-in
soluble material in the final product could be reduced to 
less than 1%.

Treatment of the A16-steroidal glyoxal (X) with meth
anolic hydrogen chloride followed by neutralization of 
the acid with potassium carbonate and acetylation of 
the product with acetic anhydride-pyridine gave the 
acetoxy dimethoxy derivative (XII) in 86% yield. In 
earlier experiments when the methanolic hydrogen 
chloride was neutralized by addition of an excess of 
potassium carbonate, the yield of XII was only 40%. 
By neutralization with an equivalent amount of alkali 
the yield was more than doubled. A possible explana
tion for these results stems from the work of Fukushima 
and Gallagher13 who found that A16-20-keto steroids 
undergo a 1,4-attack by methanolic alkali to give 
saturated 16a-methoxy derivatives.

The quinoxaline of X could not be obtained from its 
precursor by the method of Leanza, et al.14 Presumably 
addition of sodium bisulfite to the A16-steroidal glyoxal
(X) occurs. The quinoxaline (XI) was obtained by 
refluxing an alcoholic solution of the glyoxal and o- 
phenylenediamine.

Treatment of cortisone (XVII) for one hour at room 
temperature with 0.5 molar equivalent of cupric acetate 
resulted in essentially complete oxidation to the cor
responding 21-aldehyde (XVIII). In the work of Con-

I, R = O
H

II, R = O
H

III, R = O IV
H

VI, R = VII, R = V ili, R =

OH
IX, R = O; A16 

XIV, R = H2

OH
X, R = O; A16 

XV, R = H2

OH
XI, R = O; A16 XII, A16

XVI, R = Hi

V

XIII, A1«

Figure 2

The sequence of color changes and the rate of oxida
tion occurred more slowly with 3a,ll/3,21-trihydroxy- 
5j3-pregnan-20-one (VI) and 3a,21-dihydroxy-5(3-preg-

(9) T h e  te n d e n c y  fo r th is  ty p e  of co m p o u n d  to  po ly m erize  is w ell k now n. 
H. R eich  a n d  T . R e ich s te in , H e l v .  C h i m .  A c t a ,  22, 1124 (1949).

(10) J .  v o n  E u w , A. L a rd o n , a n d  T . R e ich s te in , i b i d . ,  27, 1287 (1944).
(11) V. R . M a tto x , J .  A m .  C h e m .  S o c . ,  74, 434 0  (1952).
(12) T h is  p ro ced u re  inv o lv es  th e  in itia l fo rm a tio n  of a n  a ld e h y d e -b isu lf i te

a d d i tio n  com p o u n d , fo llow ed b y  t r e a tm e n t  w ith  o -p h en y len ed ia m in e .u

bere6 and Weijlard,6 the copper to cortisone ratio was 
1:30 and the reaction was carried out at 50-55° for 
fourteen hours in methanol which contained a small 
amount of water and acetic acid. Whereas they found 
that “any additional amount of catalyst (cupric ace-

(13) D . K . F u k u sh im a  a n d  T . F . G allag h er, J .  A m .  C h e m .  S o c . ,  73, 196 
(1951).

(14) W . J .  L ean za , J .  P . C o n b e re , E . F , R ogers , a n d  K . P fis te r , 3 rd , i b i d . ,  
76, 1691 (1954).
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tate) above about 3% will not increase the rate of reac
tion or the yield obtained,” it is apparent from the pres
ent study that, under the specified conditions, larger 
amounts of cupric acetate bring about a greater rate of 
oxidation.

The glyoxal from cortisone was characterized as a 
hydrate (XVIII) and a quinoxaline (XIX) which had 
properties in good agreement with those reported.14 
When the glyoxal was crystallized from aqueous meth
anol, it separated as a colorless substance which had a 
melting point different from that of the hydrate. Ele-

c h o c h 3

Figure 3

mental and Zeisel analyses showed that the glyoxal was 
associated with one molecule of methanol. This product 
is formulated as a hemiacetal (XX) rather than as a 
free glyoxal with methanol of crystallization. Re
crystallization of the hemiacetal from aqueous acetone 
yielded the glyoxal hydrate (XVIII). Crystallization 
of the glyoxal from aqueous ethanol gave a compound 
different from the one obtained by crystallization from 
methanol. The infrared spectra in Nujol of the two 
hemiacetals and the glyoxal were different. After 
evaporation of benzene solutions of the hemiacetals 
and the glyoxal hydrate the residues had identical 
spectra in chloroform. The glyoxal hydrate is sparingly 
soluble in chloroform, but the hemiacetals dissolve 
readily. Solutions of this glyoxal and others described 
in the paper are colorless in methanol and aqueous 
methanol. Solutions of the glyoxals in chloroform are 
yellow and have maxima15 16 17 at about 450 m^ with molec
ular extinction coefficients of less than 40. These 
properties suggest that the mole of solvent in the 
hydrates and alcoholates is combined with the aldehyde 
group at C-21.

Steps used in the preparation of several a-ketolic 
steroids are indicated in Fig. 4. Three of these com
pounds (C, E, and N) are metabolites of adrenocortical 
hormones. In reports dealing with their isolation, 16~18 
identification has been made largely by comparison of 
infrared spectra with reference compounds supplied by 
other workers in the field. To the authors’ knowledge,

(15) T h is  sp e c tra l c o n s ta n t  is ty p ic a l of t h a t  fo r s te ro id a l g lyoxals.
(16) L. L. E nge l, P . C a r te r , a n d  L. L. F ie ld in g , J .  B i o l .  C h e m . ,  213, 99

(1955) .
(17) E . M . R ic h a rd so n , J .  C . T o u c h sto n e , a n d  F . C . D o h an , J .  C l i n .  

I n v e s t . ,  34, 285 (1955).
(18) W . R . E b e rle in  a n d  A . M . B on g io v an n i, J .  B i o l .  C h e m . ,  223, 85

(1956) .
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the physical constants and analyses for these substances 
have not been reported.

The presence of an a-ketolic group was deduced from 
the method of preparation and was verified by the rapid 
reduction of tetrazolium blue by the compounds in 
question. Several of the substances have been con
verted to the corresponding glyoxals. The double bond
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in G and H  is assigned A9 (1I), rather than A11, because 
dehydration of 11/3-hydroxy steroids with boron tri
fluoride gives A9 (11) derivatives.19

Experimental
Melting points were determined on a Fisher-Johns apparatus 

and are uncorrected. Optical rotations were measured in meth
anol at a concentration of about 1% and at a temperature of 24 
±  2° unless otherwise designated. Analyses were by J. F. 
Alicino, Metuchen, N. J.

3a ,21-Dihydroxy-l 2a-bromo-5/3-pregnane-l 1,20-dione (B).—
To 153.6 g. (0.3 mole) of 3a,21-diacetoxy-12a-bromo-5/3-preg- 
nane-ll^O-dione20 in 800 ml. of chloroform and 2800 ml. of 
methanol was added 200 ml. of water and 338 ml. of concentrated 
hydrochloric acid. After 22 hr. at room temperature, 400 g. of 
sodium acetate trihydrate in 1 1. of water was added and most of 
the organic phase was evaporated under reduced pressure. 
The aqueous residue was extracted three times with a total of 
2 1. of methylene chloride. The organic layer was washed with 
dilute sodium hydroxide and water, dried, and concentrated to 
dryness. Recrystallization from 1100 ml. of hot acetone gave 
105 g. (m.p. 152.5-155.5°) of bromodiol (B) as a 1:1 solvate. 
The mother liquor yielded an additional 23.5 g. (m.p. 151-153°) 
of product. A sample, which had been recrystallized from acetone 
and air dried, lost 11.35% in 2 hr. at 100° and 0.1 mm.; calcd. 
for loss of 1 mole of acetone, 11.95%; m.p. 163-165°; [ a ] D  

— 1 ±  2° (chloroform).
Anal. Calcd. for C2iH3i04Br: C, 59.01; H, 7.31. Found: 

C, 59.34; H, 7.59.
3a,21-Dihydroxy-5/3-pregnane-ll,20-dione (C).—To an agi

tated solution of 29.2 g. (60 mmoles) of 3a,21-dihydroxy-12a- 
bromo-5/3-pregnane-l 1,20-dione (containing 1 mole of acetone) 
in 500 ml. of glacial acetic acid was added 40 g. of powdered zinc 
in portions over a period of 1 hr. The temperature was 
maintained at 40-45° during the addition of zinc and for a subse
quent 30-min. period. The reaction mixture was filtered into 2 1. 
of water and the zinc was washed with 50 ml. of acetic acid. 
The product was recovered by extraction with methylene chlo
ride (1250 ml. in three portions). After successive washings 
with 300 ml. of water, 400 ml. of N sodium hydroxide, and 300 
ml. of water, the organic phase was dried and concentrated to 
dryness. Three crops of cubes were obtained from methanol 
(14.9 g., m.p. 215-217°; 4.3 g., m.p. 213-215°; 1.0 g., m.p.
209-211°). A sample for analysis was recrystallized from 
methanol; m.p. 215-216°; [ a ] D  +  129 ±  2°.

Anal. Calcd. for C2iH320 4: C, 72.38; H, 9.26. Found: 
C, 72.51; H, 8.97.

3a,21-Dihydroxy-5(3-pregnane-ll,20-dione 20-Ethylene Ketal
(D).—A suspension of 10.5 g. (30 mmoles) of 3a,21-dihydroxy-5/3- 
pregnane-ll,20-dione in 300 ml. of benzene and 15 ml. of ethylene 
glycol was dried by refluxing for 10 min. in an apparatus fitted 
with a water separator.21 To the dried mixture was added 300 
mg. of p-toluenesulfonie acid and refluxing was resumed for 3 hr. 
The reaction mixture was cooled, washed with dilute sodium bi
carbonate and water, and concentrated to dryness. Crystalliza
tion from acetone afforded three crops of needles (6.7 g., m.p.
188.5- 190.5°; 2.2 g., m.p. 187-189°; 0.4 g., m.p. 183-186°). 
A sample for analysis was recrystallized from methanol; m.p.
191.5- 193.5°; [ « ] d  +  67 ±  2°.

Anal. Calcd. for C23H360 6: C, 70.37; H, 9.24. Found: 
C, 70.33; H, 9.09.

3a, 118,21-Trihydroxy-5/3-pregnan-20-one (E).—To 7.84 g. 
(20 mmoles) of 3a,21-dihydroxy-5/3-pregnane-ll,20-dione 20- 
ethylene ketal in 250 ml. of methanol was added 15.2 g. (400 
mmoles) of sodium borohydride in 75 ml. of water. After 36 
hr. at room temperature, excess reducing agent was decomposed 
with acetic acid. The reaction mixture was added to 400 ml. of 
water and extracted with methylene chloride, which, after being 
washed with water, was dried, and concentrated to dryness. The 
ll+hydroxy-20-ketal, which could not be obtained in crystalline

(19) H . H ey m a n  a n d  L. F . F ieser, J .  A m .  C h e m .  S o c . ,  73 , 5252 (1951).
(20) T h e  physica l c o n s ta n ts  a n d  an a ly tic a l d a ta  (G . A . F le ish e r, u n p u b 

lished  findings) a re  g iven . C o n s ta n ts :  m .p . 162 .5 -1 6 3 °; [<x]d + 3 2  ±  2°
(ch lo ro fo rm ). A n a l .  C a lcd . fo r C^sHssOaBr: C , 58 .71; H , 6 .90; B r,
15.63. F o u n d : C , 58 .93; H , 6 .86; B r, 15.82.

(21) R . A n to n u cc i, S. B e rn s te in , R . L itte ll, K . J .  Sax, a n d  J .  H . W illiam s,
J .  O r g .  C h e m . ,  17, 1341 (1952).

f o r m , w a s  d is s o lv e d  in  a  m ix tu r e  o f 2 5 0  m l .  o f  m e th a n o l  a n d  2 5  m l.  
of 8 %  ( v . / v . )  s u lf u r ic  a c id  in  w a te r  a n d  t h e  s o lu t io n  w a s  r e f lu x e d  
fo r  50  m in .  T h e  r e a c t io n  m ix tu r e  w a s  d i lu t e d  w i th  4 5 0  m l .  of 
w a te r  a n d  e x t r a c t e d  w ith  m e th y le n e  c h lo r id e .  A d d i t io n  o f 15 m l .  
o f a c e to n e  a n d  3 0  m l.  o f e t h e r  to  t h e  r e s id u e  f ro m  th e  m e th y le n e  
c h lo r id e  e x t r a c t  b r o u g h t  a b o u t  c r y s ta l l i z a t io n  ( 5 .1 5  g . ,  m .p .  
1 4 5 - 1 4 6 .5 ° ;  0 .7 2  g . ,  m .p .  1 4 4 .5 - 1 4 6 ° ) .  T h e  s a m p le  f o r  a n a ly s is  
w a s  r e c r y s ta l l i z e d  f ro m  a c e to n e - e th e r ;  m .p .  1 4 5 .5 - 1 4 7 ° ;  [ a ]D  
+  133 ±  2 ° .

Anal. C a lc d .  fo r  C 2,H 340 4: C ,  7 1 .9 6 ;  H ,  9 .7 8 .  F o u n d :  C ,  
7 1 .9 8 ;  H ,  9 .9 8 .

3 a ,l la ,2 1 - T r ih y d r o x y - 5 /S - p r e g n a n - 2 0 - o n e  2 0 - E th y le n e  K e ta l
( F ) .— T o  3 .9 2  g . (1 0  m m o le s )  o f 3 ,2 1 -d ih y d ro x y -5 /3 -p re g n a n e
1 1 ,2 0 -d io n e  2 0 - e th y le n e  k e t a l  in  4 0 0  m l. o f » - p r o p y l  a lc o h o l  w a s  
a d d e d  in  o n e  p o r t io n  40  g . o f m e ta l l ic  s o d iu m .22 T h e  m ix tu r e  w a s  
a llo w e d  to  r e f lu x  s p o n ta n e o u s ly  fo r  1 h r .  T h e  p r e c ip i t a t e d  s o d iu m  
p r o p o x id e  w a s  d is s o lv e d  b y  a d d i t io n  o f  150 m l .  o f  m e th a n o l  a n d  
t h e  u n c h a n g e d  s o d iu m  w a s  d e c o m p o s e d  b y  s lo w  a d d i t i o n  o f  2 5 0  
m l. o f w a te r .  A f te r  e v a p o r a t io n  o f m o s t  o f  t h e  o r g a n ic  s o lv e n ts  
t h e  a q u e o u s  r e s id u e  w a s  e x t r a c t e d  w i th  th r e e  1 0 0 -m l. p o r t io n s  o f 
e th y l  a c e t a t e .  T h e  e x t r a c t  w a s  w a s h e d  tw ic e  w i th  w a te r ,  d r i e d ,  
a n d  c o n c e n t r a t e d .  C r y s t a ls  s e p a r a te d  s lo w ly  (3 .4  g . ,  m .p .  2 0 0 -  
2 0 1 ° ;  0 .2 4  g . ,  m .p .  1 9 5 .5 - 1 9 7 .5 ° ) .  R e c r y s ta l l iz a t io n  f ro m  e th y l  
a c e t a t e  g a v e  th e  a n a ly t ic a l  s a m p le ;  m .p .  2 0 0 - 2 0 1 ° ;  [a ]D  + 3 3 ±  
1°.

Anal. C a lc d .  f o r  C 23H 38O s: C , 7 0 .0 2 ; H ,  9 .7 0 .  F o u n d :  C , 
7 0 .7 7 ;  H ,  9 .3 0 .

3 a ,2 1 - D ia c e to x y - 5 /3 -p r e g n - 9 ( l l ) - e n - 2 0 - o n e  ( G ) . — T o  7 0 0  m g .
(2  m m o le s )  o f  3 a , l l /3 ,2 1 - t r ih y d ro x y - 5 /S -p r e g n a n - 2 0 - o n e  w a s  
a d d e d  2 m l .  e a c h  o f  p y r i d in e  a n d  a c e t i c  a n h y d r i d e .  A f t e r  10 
h r .  a t  ro o m  t e m p e r a t u r e  th e  p r o d u c t  w a s  r e c o v e r e d  in  t h e  u s u a l  
m a n n e r .  S in c e  th e  r e s u l t in g  3 a ,2 1 -d ia c e to x y - ll /3 - h y d r o x y -5 /3 -  
p r e g n a n - 2 0 -o n e  c o u ld  n o t  b e  c r y s ta l l i z e d ,  i t  w a s  d is s o lv e d  in  5 0  
m l.  o f g la c ia l  a c e t ic  a c id  a n d  t r e a t e d  w i th  2 m l .  o f  b o r o n  f lu o r id e  
e t h e r a t e  fo r  20  h r .  a t  ro o m  t e m p e r a t u r e .  T h e  p r o d u c t ,  r e c o v e r e d  
b y  d i lu t io n  o f th e  r e a c t io n  m ix tu r e  w i th  w a te r  a n d  e x t r a c t io n  w i th  
m e th y le n e  c h lo r id e ,  c r y s ta l l iz e d  a s  n e e d le s  a n d  r o s e t t e s  f ro m  e th e r  
(4 8 9  m g . ,  m .p .  1 0 8 -1 1 2 ° ;  119 m g .,  m .p .  1 0 6 - 1 0 8 ° ;  100  m g . ,  
m .p .  1 0 5 - 1 0 6 .5 ° ) .  O n  r e c r y s ta l l i z a t io n  f ro m  e th e r ,  p r i s m s  w e re  
o b t a in e d  (6 7 3  m g .) ;  m .p .  1 2 4 -1 2 7 ° ;  [a ]D  + 1 3 4  ±  3 ° .

Anal. C a lc d .  f o r  C ^ H ^ O . :  C ,  7 2 .0 8 ;  H ,  8 .7 1 .  F o u n d :  C , 
7 2 .1 9 ; H ,  8 .8 1 .

3 a ,2 1 - D ih y d ro x y - 5 /3 - p re g n - 9 ( l l ) - e n -2 0 - o n e  ( H ) . — T o  4 1 6  m g .
(1  m m o le )  o f  3 a ,2 1 - d ia c e to x y - 5 /3 - p r e g n -9 ( l l ) - e n - 2 0 - o n e  in  2 5  m l .  
o f m e th a n o l  a n d  4  m l. o f  w a te r  w a s  a d d e d  2 m l .  o f  c o n c e n t r a t e d  
h y d r o c h lo r ic  a c id .  A f te r  20  h r .  a t  ro o m  t e m p e r a t u r e ,  2 .5  g .  o f 
s o d iu m  a c e t a t e  t r i h y d r a t e  in  10 m l .  o f w a te r  w a s  a d d e d  a n d  t h e  
m ix tu r e  w a s  c o n c e n t r a t e d  to  t u r b id i t y .  T h e  a q u e o u s  r e s id u e  w a s  
e x t r a c t e d  w i th  m e th y le n e  c h lo r id e  a n d  th e  o rg a n ic  p h a s e ,  a f t e r  
b e in g  w a s h e d  w i th  d i l u t e  s o d iu m  b ic a r b o n a te  a n d  w a te r ,  w a s  c o n 
c e n t r a t e d  t o  d r y n e s s .  C r y s ta l l i z a t io n  f ro m  e t h e r  g a v e  n e e d le s  
(1 6 8  m g . ,  m .p .  1 4 5 .5 - 1 4 6 .5 ° ;  82  m g . ,  m .p .  1 4 4 - 1 4 5 ° ) ;  [ « ] d  

+  121 ±  2°.
Anal. C a lc d .  f o r  C 2iH 320 3: C ,  7 5 .8 6 ;  H ,  9 .7 0 .  F o u n d :  C ,  

7 5 .8 8 ;  H ,  9 .7 6 .
3 « , 11 a ,21 -T r ih y d ro x y - 5 8 - p re g n a n - 2 0 - o n e  ( J ) . — A  s o lu t io n  o f 

3 a , l la ,2 1 - t r ih y d r o x y - 5 /3 - p r e g n a n - 2 0 - o n e  2 0 - e th y le n e  k e t a l  ( 3 .4  
g .)  in  m e th a n o l  (1 0 0  m l . )  a n d  8 %  ( v . / v . )  s u lfu r ic  a c id  (1 0  m l . )  
w as  re f lu x e d  fo r  1 h r .  T h e  p r o d u c t ,  r e c o v e r e d  b y  a d d i t i o n  o f t h e  
r e a c t io n  m ix tu r e  t o  5 0 0  m l. o f  w a te r  a n d  e x t r a c t io n  w i th  m e th y l 
e n e  c h lo r id e ,  c r y s ta l l i z e d  f ro m  e th y l  a c e t a t e  a s  n e e d le s  ( 2 .5  g . ,  
m .p .  1 8 0 .5 - 1 8 2 .5 ° ;  0 .4 6  g . ,  m .p .  1 8 0 - 1 8 1 ° ;  0 .0 5  g . ,  m .p .  1 7 9 -  
1 8 0 ° ) .  A  s a m p le  fo r  a n a ly s is  w a s  r e c r y s ta l l iz e d  f ro m  a c e to n e  
a n d  d r ie d  f o r  3 h r .  a t  1 0 0 °  a n d  1 -2  m m . ;  m .p .  1 8 0 - 1 8 1 .5 ° ;  [a ]D  
+  103 ±  2 ° .

Anal. C a lc d .  fo r  C 2iH 340 4 C H 3C 0 C H , :  C ,  7 0 .5 5 ;  H ,  9 .8 7 . 
F o u n d :  C ,  7 0 .9 8 ;  H ,  9 .5 4 .

3 a , l la ,2 1 - T r ia c e to x y - 5 /3 - p r e g n a n - 2 0 - o n e  ( K ) .— A c e ty l a t i o n  o f 
3 a , 11 a ,21  - t r i h y d ro x y -5 /3 -p re g n a n -2 0 -o n e  (2 4 0  m g .)  w a s  c a r r ie d  
o u t  in  1 m l .  e a c h  o f  p y r id in e  a n d  a c e t ic  a n h y d r id e  f o r  11 h r .  a t  
ro o m  t e m p e r a t u r e .  T h e  p r o d u c t  c r y s ta l l i z e d  f ro m  a c e t o n e -  
p e t r o le u m  e t h e r  (301  m g . ,  9 2 .1 % ;  m .p .  1 8 7 - 1 8 9 ° ) .  R e c r y s t a l 
l i z a t io n  f ro m  a c e to n e - p e t r o le u m  e th e r  d id  n o t  r a is e  t h e  m e l t 
in g  p o in t ;  [a ]D  + 8 8  ±  2 ° .

Anal. C a lc d .  f o r  C 2, H 40O 7: C , 6 8 .0 4 ;  H ,  8 .4 6 ;  C H 3C O ,
2 7 .0 1 . F o u n d :  C ,  6 7 .8 1 ;  H ,  8 .3 5 ;  C H 3C O , 2 8 .4 4 .

3 a ,2 1 - D ih y d ro x y -5 /3 -p re g n a n -2 0 -o n e  ( N ) .— A  s o lu t io n  o f 1 0 .8

(22) H . L . H erzog , M . A. Jev n ik , an d  E . B . H ersh b erg , J .  A m .  C h e m .  

S o c . ,  75, 269 (1953).
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g. (30 mmoles) of 3a-aeetoxy-5/3-pregnan-20-one23 (m.p. 101- 
102°) in 400 ml. of glacial acetic acid and 10 ml. of acetic an
hydride was maintained at 70-80° while being agitated with a 
magnetic stirring bar. To this solution was added 14.7 g. (33 
mmoles) of lead tetraacetate24 25 in portions over a 2-hr. period. 
After an additional 16 hr. at 70-80°, at which time a test with 
starch-iodide paper was negative, the reaction mixture was 
added to ice, diluted with 1500 ml. of water, and extracted three 
times with a total volume of 450 ml. of methylene chloride. The 
organic phase was washed with dilute sodium hydroxide and 
water, dried, and concentrated to dryness. Since only a small 
amount of poor quality diacetate (M) could be crystallized from 
the residue, it was hydrolyzed directly by treatment with a mix
ture of 350 ml. of methanol, 35 ml. of water, and 42 ml. of con
centrated hydrochloric acid for 24 hr. at room temperature. 
After addition of 50 g. of sodium acetate trihydrate in 250 ml. of 
water, most of the methanol was removed under reduced pressure. 
The aqueous residue was extracted with 250 ml. of petroleum 
ether and, since the residue from the organic phase gave only a 
faint test with alkaline blue tetrazolium, it was discarded. The 
aqueous layer was extracted with methylene chloride and, after 
successive washings with dilute sodium hydroxide and water, the 
solvent was evaporated. The crude diolone (N) crystallized 
from benzene with 0.5 mole of solvent of crystallization (6.0 g., 
m.p. 138-143°; 1.8 g., m.p. 128-133°). Repeated crystalliza
tions from ethyl acetate, aqueous methanol, and ether furnished
4.2 g. (42%, m.p. 153-154°) of pure 3a,21-dihydroxy-5/3-pregnan- 
20-one. A sample for analysis was recrystallized from acetone; 
m.p. 152.5-153.5°; [<*]d +113 ±  2°.

Anal. Calcd. for C2iH340 3: C, 75.44; H, 10.25. Found: 
C, 75.72; H, 10.15.

3a,21-Diacetoxy-5/3-pregnan-20-one (M).—To 334 mg. (1 
mmole) of 3a,21-dihydroxy-5/3-pregnan-20-one was added 1 ml. 
each of pyridine and acetic anhydride. After 10 hr. at room tem
perature the product was recovered. Crystallization from ether- 
petroleum ether gave 309 mg. (74%, m.p. 94-96°) of needles. A 
sample, recrystallized from ether and dried at 65° and 0.1 mm., 
melted at 97-98°; [a]D +148 ±  2°.

Anal. Calcd. for C26H380 6: C, 71.73; H, 9.15. Found: C, 
71.51; H, 9.28.

3a,21-Dihydroxy-5/3-pregn-16-ene-l 1,20-dione (P).—A stirred 
solution of 4.5 g. of 3a,21-dihydroxy-12a-bromo-5/3-pregn-16-ene-
11,20-dione26 (O) in 150 ml. of methanol was treated under nitro
gen with excess chromous chloride, prepared by percolating 15.9 
g. of CrCl3 • 6H.0 in 100 ml. of methanol and 1 ml. of concentrated 
hydrochloric acid through a 1 X 13 cm. column of amalgamated 
zinc.26 The addition of chromous chloride took 30 min. After an 
additional 15-min. period the reaction mixture was added to 11. of 
water and the solution was extracted with methylene chloride. 
The extract was washed with dilute sodium hydroxide and water, 
dried, and concentrated to dryness. Crystallization from ethyl 
acetate gave needles (2.67 g., m.p. 181.5-182.5°; 0.12 g., m.p.
178.5-180°). The sample for analysis was prepared by recrystal
lization from acetone; m.p. 183-185°; |«]d +88  ±  2°; X“^ H 238 
m/j, e 8400.

Anal. Calcd. for C21H30O4: C, 72.79; H, 8.73. Found: 
C, 72.59; H, 8.69.

3a ,21,21-Trihydroxy-5+pregnane-l 1,20-dione (II) and 3a- 
Hydroxy-1 l-oxo-5+etianic Acid (V).—To 3.48 g. (10 mmoles) of 
3a,21-dihydroxy-5d-pregnane-l 1,20-dione in 100 ml. of methanol 
was added 50 ml. of 0.025 M  (1.25 mmoles) methanolic cupric 
acetate. After 20 sec. the color changed from blue to amethyst. 
Air was bubbled into the solution rapidly to hasten the oxidation. 
A sequence of further color changes ensued, but after approxi
mately 10 min. the reaction mixture was blue once more. After 
15 min. at room temperature the solution was added to 1 1. of 
water and the mixture was extracted twice with 200 ml. of ethyl 
acetate. The extract was washed with dilute sodium bicarbonate 
and water, filtered, and concentrated to dryness.

The combined aqueous washes were acidified with dilute hydro
chloric acid and extracted with ethyl acetate. The extract 
yielded a crystalline product (86 mg., 2.5%, m.p. 291-293° dec.).

(23) P re p a re d  b y  a c e ty la tio n  of 3 a -h yd roxy -5 (3 -p regnan -20 -one (C a n a d a  
P ack e rs , L td ., T o ro n to , C a n a d a )  w ith  p y r id in e  a n d  ac e tic  an h y d rid e .

(24) F . S ondheim er, G . R o sen k ran z , O. M an ce ra , a n d  C . D je rass i, J .  

A m .  C h e m .  S o c . ,  75 , 2601 (1953).
(25) F . C . C o lto n , W . R . N es, D . A . V an  D o rp , H . L . M aso n , a n d  E . C . 

K endall, J .  B i o l .  C h e m . ,  194, 235 (1952).
(26) W . F . M cG u ck in  a n d  H . L . M ason , J .  A m .  C h e m .  S o c . ,  77, 1822 

(1955).

Mixture melting point with authentic 3a-hydroxy-l l-oxo-5/3-eti- 
anic acid10 (V) (m.p. 292-294° dec.) showed no depression. The 
acetylation products of both authentic (m.p. 217.5-219.5°) and 
copper acetate-derived (m.p. 218-220°) acids showed no depres
sion of melting point on admixture.

The residue from the neutral fraction gave crystals from aque
ous acetone (3.14 g., m.p. 154-155°; 0.27 g., m.p. 153-155°) in a 
yield of 94%. The sample for analysis was recrystallized from 
acetone and dried at room temperature to constant weight under 
reduced pressure over anhydrous calcium chloride; m.p. 153.5- 
155°; [a]D +109 ± 1°.

A n a l .  Calcd. for C2iH„206: C, 69.28; H, 8.78. Found: C, 
69.32; H, 9.18.

A sample of the glyoxal hydrate was dried for 18 hr. at 1-2 mm. 
and 125° in order to remove water of hydration; X™cl 1 450 i~im, e 
23.15

Formation of Polymer from 3a,21,21-Trihydroxy-5/3-pregnane-
11,20-dione.—In another preparation of II from 3.48 g. of I the 
reaction mixture was extracted with methylene chloride; the 
extract was washed with water and taken to dryness. When the 
residue was dissolved in benzene, a fine, white solid separated 
slowly. By repeated filtration of the white precipitate and con
centration of the yellow mother liquor, a total of 3.39 g. (m.p.
200.5- 201.5°) of product was obtained. The compound was 
poorly soluble in benzene, methylene chloride, acetone, methanol, 
and ethyl acetate. It gave a positive Porter-Silber reaction and, 
on successive treatment with dry methanolic hydrogen chloride 
and pyridine-acetic anhydride in the manner described later, 
afforded 3a-acetoxy-21,21-dimethoxy-5+pregnane-l 1,20-dione11
(IV) in 60% yield.

3a-Acetoxy-21,21 -dimethoxy-5/3-pregnane-11,20-dione (IV).— 
3a,21-Dihydrcxy-5/3-pregnane-l1,20-dione (3.48 g., 10 mmoles) 
was oxidized to the glyoxal in the manner described earlier. The 
amorphous yellow product was dissolved in 130 ml. of methanol 
and 30 ml. of 1.35 N  hydrogen chloride in dry methanol was 
added. The colorless solution was refluxed for 2 hr. and, follow
ing addition cf potassium carbonate (10 g. in 25 ml. of water), 
it was concentrated to remove the organic solvent. The aqueous 
residue was extracted with methylene chloride. The organic 
layer was washed with water, filtered through anhydrous sodium 
sulfate, and concentrated to dryness. The residue was treated 
with 10 ml. each of pyridine and acetic anhydride for 10 hr. at 
room temperature. The product (IV) crystallized from ether- 
petroleum ether to give 2.78 g. (64.0%) of rosettes, m.p. 104.5- 
105°; [a]D —132 ± 2° (chloroform); reported11 m.p. 106-107°; 
[a]D +131 ±  2° (chloroform). The mother liquor gave succes
sive crops (0.37 g., m.p. 101-102°; 0.31 g., m.p. 91-92°) of 
crystals. The infrared spectra of the purified product and of 
authentic dimethyl acetal (IV) were identical.

2-(3a-Hydroxy-l l-oxo-5/3-androstan-l7/3-yl)quinoxaline (HI).— 
To a solution of 364 mg. (1 mmole) of 3a,21,21-trihydroxy-5/3- 
pregnane-ll,20-dione in 2 ml. of methanol was added 160 mg. of 
sodium bisulfite in 10 ml. of water. The mixture was heated on a 
steam bath for 5 min., the methanol was removed, and the residue 
in 10 ml. of water was treated with 160 mg. of o-phenylenediamine 
in 5 ml. of hot water for 30 min. on a steam bath. The product 
was crystallized from methanol-ether to give yellow needles (270 
mg., 65%, m.p. 181.5-182.5°). Additional crops of product 
brought the total yield to 91%. The analytical sample had m.p.
180.5- 181.5°; [a]D +111 ±  1°; xIe°H 237 mM, e 31,000;
319 m̂ , e8000.

A n a l .  Calcd. for C2,H3402N2: C, 77.60; H, 8.13; N, 6.70. 
Found: C, 77.52; H, 8.04; N, 6.84.

3a, 11/3,21,2l-Tetrahydroxy-5|S-pregnan-20-one (VII).—To a 
solution of 350 mg. (1 mmole) of 3a,ll/3,21-trihydroxy-5|3-preg- 
nan-20-one in 25 ml. of methanol was added 25 ml. of 0.005 M  
(0.125 mmole) methanolic cupric acetate. Air was bubbled into 
the solution for 45 min. and, following the addition of 50 mg. of 
EDTA (disodium ethylenedinitrilotetraacetate) in 3 ml. of water, 
the methanol was removed. The residue was diluted with water 
and extracted with methylene chloride. The yellow extract, 
after being washed with dilute sodium bicarbonate and water, 
was concentrated to dryness. Yellow crystals were obtained 
from aqueous acetic acid (240 mg., m.p. 154.4-155.5°; 25 mg., 
m.p. 152-154.5°). The sample for analysis was dried to constant 
weight at room temperature and 1-2 mm. over anhydrous cal
cium chloride; m.p. 154.5-155.5°; [a]D +120 ± 2°.

A n a l .  Calcd. for C2iH3204 1.5 H20: C, 67.19; H, 9.39. 
Found: C, 66.91, 67.27; H, 10.02, 9.38.

A portion of the analytical sample, dried for 2 hr. at 5-10 n
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mercury and 100° lost 7.22%; calcd. for loss of 1.5 moles of 
water, 7.20%.

2-(3a,ll(3-Dihydroxy-50-androstan-17/3-yl)quinoxaline (VIII).—
Conversion of 183 mg. (0.5 mmole) of 3a,ll/3,21,21-tetrahy- 
droxy-5(3-pregnan-20-one to its quinoxaline derivative was ac
complished by the procedure used for the preparation of III from 
II. The crude product crystallized from acetone to give 189 mg. 
of yellow needles, m.p. 118-127°. A sample for analysis was 
crystallized from acetone and dried to constant weight under re
duced pressure at room temperature.

Anal. Calcd. for C2,H360 2N2 CH3C0CH3: C, 75.27; H, 
8.84; N, 5.86. Found: C, 75.37; H, 8.74; N, 6.42.

Another sample, which had been recrystallized from acetone 
and dried to constant weight under reduced pressure at room 
temperature, was dried for a further 46 hr. at 1-2 mm. and 100°. 
The weight loss was 11.25%; calcd. for loss of 1 mole of acetone, 
12.15%; m.p. 127-129° [<*]d  +127 ±  1°; xL‘°K 237 m 
e 28,800; X“,e°H 319 m,u,«8000.

Anal. Calcd. for C27H360 2N2: C, 77.10; H, 8.56; N, 6.67. 
Found; C, 76.51; H, 8.85; N,6.47.

3«,21,21 Trihydroxy-5/3-pregn-16-ene-l 1,20-dione (X) and 3a- 
Hydroxy-ll-oxo-5|3-eti-16-enic Acid (XIII).—To 1.73 g. (5 
mmoles) of 3a,21-dihydroxy-5/3-pregn-16-ene-ll,20-dione in 125 
ml. of methanol was added an equal volume of 0.005 M  metha- 
nolic cupric acetate. After 1 hr., during which time the solution 
was aerated, EDTA (250 mg.) in water (10 ml.) was added and 
the methanol was evaporated. The aqueous residue was diluted 
with 50 ml. of water and extracted with methylene chloride. 
The organic layer was washed with dilute sodium bicarbonate and 
water and concentrated to dryness.

The acidic fraction recovered from the aqueous washings was 
recrystallized from acetone to give 25 mg. of needles, m.p.
267.5-268.5° dec. Product, recrystallized from ethyl acetate 
while solution was hot, gave prisms (m.p. 276-278° dec.; X“»°H 
218 m/i, « 7600) which did not depress melting point of the 
acid obtained by treatment of 3a,21-dihydroxy-5/3-pregn-16-ene-
11,20-dione with periodic acid. The infrared spectra of the two 
samples of XIII in Nujol were identical. Crystals separated from 
cold ethyl acetate as long needles; in Nujol the infrared spectrum 
of the long needles was markedly different from that of the prisms. 
Neither the prisms nor the needles was solvated.

Treatment of 200 mg. of 3a,21-dihydroxy-5|3-pregn-16-ene-ll,- 
20-dione in 10 ml. of methanol with 400 mg. of H2I0 6 in 2 ml. of 
water at room temperature for 5 hr. followed by separation of the 
organic acid and crystallization gave 54 mg. of 3a-hydroxy-l 1-oxo- 
5)3-eti-16-enic acid, m.p. 276-279°. The product crystallized 
from hot ethyl acetate as prisms, m.p. 276-278°.

Anal. Calcd. for C2oH2804: C, 72.26; H, 8.49. Found: C, 
72.41; H, 8.51.

The neutral fraction from the cupric acetate oxidation was 
dissolved in 25 ml. of 80% aqueous acetone and water was added 
to the point of turbidity. After removal of a small amount of 
insoluble material, the solution was concentrated until crystals 
began to form. The yield of air-dried product was 1.48 g. (82%). 
The compound exhibited unusual melting behavior. When 
placed on the stage at or above 170°, it melted immediately. 
After being subjected to initial temperatures below 160° for a 
brief period, the crystals melted only partially even when the 
temperature was raised to over 250°. The sample for analysis was 
crystallized from aqueous acetone and dried to constant weight 
at room temperature and 1-2 mm. over anhydrous calcium chlo
ride; [a]n +63 ±  2°; X“'xOH 242 mM, «8500.

Anal. Calcd. for C2iH3o05-H20 : C, 66.29; H, 8.46. Found: 
C, 65.79; H,8.53.

3a-Acetoxy-21,21-dimethoxy-5/3-pregn-16-ene-l 1,20-dione 
(XII).—To a solution of 362 mg. (1 mmole) of 3a,21,21-trihy- 
droxy-5/3-pregn-16-ene-ll,20-dione (X) in 25 ml. of methanol was 
added 5 ml. of 1.35 N  hydrogen chloride in dry methanol. After 
15 hr. at room temperature the reaction mixture was neutralized 
by the slow addition of 4.5 ml. of 5% sodium carbonate plus 100 
ml. of water, and extracted with methylene chloride. The extract 
was washed with water and concentrated to dryness. The residue 
was treated with 1 ml. each of pyridine and acetic anhydride for 5 
hr. at room temperature. The acetylated product was crystal
lized from ether-petroleum ether (352 mg., m.p. 149-151°; 20 
mg., m.p. 147-149°). After being stored several weeks at room 
temperature the originally colorless compound had become yellow 
and its melting point had decreased by approximately 10°. 
Recrystallization from aqueous methanol gave the analytical 
sample; m.p. 153.5-155°; [a]n +75 ±  2°; x“exOH245mM, «8650.

Anal. Calcd. for C26H30O6: CHsO, 14.37. Found: CH30 ,
14.75.

2-(3a-Hydroxy-ll-oxo-5f3-androst-16-en-l7+yl)quinoxaline
(XI).—To 181 mg. (0.5 mmole) of 3a,21,21-trihydroxy-5+pregn- 
16-ene-ll,20-dione in 5 ml. of absolute ethanol was added 80 mg. 
of o-phenylenediamine. After being refluxed for 1 hr., the solvent 
was evaporated and the residue crystallized from acetone (134 
mg., 65%). Two crystal forms were present; one melted at 202- 
203°, and the other at 225-227°. When the temperature of a 
sample on the stage was raised above 228° and then cooled, all of 
the resulting crystals melted at 226.5-227.5°; [ a ] D  +129 ±  1°; 
x“,f,H 213 mM, « 21,900; xIc°H 260 mM, « 23,400; x“'°H 338 mM, « 
9600.

Anal. Calcd. for C2,H320 2N2: C, 77.86; H, 7.75; N, 6.73. 
Found: C, 77.46; H, 7.88; N, 6.94.

3 a  ,21,21 -T rihydroxy-5+pregnan-20-one (XV).—3 a  ,21-Di- 
hydroxy-5(3-pregnan-20-one (334 mg., 1 mmole) was converted to 
its glyoxal by the procedure used for the preparation of VII from
VI. Crystallization from aqueous acetone gave a light yellow 
product (310 mg., 89%, m.p. 128-130°). A sample for analysis 
was crystallized from aqueous acetic acid and dried to constant 
weight under reduced pressure over anhydrous calcium chloride; 
m.p. 128.5-130°; [ « ] d  +99 ±  2°.

Anal. Calcd. for C2iH3404: C, 71.96; H, 9.78. Found: C, 
72.08; H, 9.89.

2-( 3a-Hydroxy-5(3-androstan-l 7+yl )quinoxaline (XVI).—Con
version of 3a,21,21-trihydroxy-5/3-pregnan-20-one (175 mg., 0.5 
mmole) to its quinoxaline derivative was effected by the procedure 
used for the preparation of III from II. Crystallization from 
acetone gave yellow needles (112 mg., m.p. 198-201°; 22 mg., 
m.p. 195-200°). The analytical sample had m.p. 205-205.5°; 
[a]d +140 ±  2°; X“T  238“mM, « 31,300; x“j°H 319 mM, « 8200.

Anal. Calcd. for C27H36ON2: C, 80.15; H, 8.97; N, 6.92. 
Found: C, 79.86; H, 8 .88; N, 6 .88.

17,2 l-Dihydroxy-2 l-methoxypregn-4-ene-3,11,20-trione (XX) 
and 17-Hydroxy-3,11-dioxo-4-etienic Acid (XXI).—To a solution 
of 3.60 g. (10 mmoles) of cortisone27 in 250 ml. of methanol was 
added 250 ml. of 0.01 M  methanolic cupric acetate. Air was 
bubbled into the solution for 1 hr. After addition of 500 mg. 
of EDTA in 50 ml. of water, the methanol was evaporated. The 
aqueous residue was extracted with methylene chloride and, after 
being washed with dilute sodium bicarbonate and water, the 
yellow solution was concentrated to dryness.

The acidic fraction yielded 16 mg. of needles (m.p. 251-258° 
dec.) from acetone. A mixture melting point with an authentic 
sample of 17-hydroxy-3,ll-dioxo-4-etienic acid showed no de
pression.

Crystallization of the neutral fraction from aqueous methanol 
gave 2.93 g. (75%) of hemiacetal (XX), m.p. 125-126° (on melt
ing point stage at 120°), and0.52 g., m.p. 123-126°. Asamplefor 
analysis was recrystallized from aqueous methanol and dried for 
14 hr. at room temperature and 0.1 mm. over phosphorus pent- 
oxide; m.p. 113-115° (on melting point stage at 100°); [a]D 
+  179 ± 2 ° ;  X":™238 m ^,«15,900.

Anal. Calcd. for C22H30O6: C, 67.66; H, 7.74; CH30 , 7.94. 
Found: C, 67.50; H, 7.77; CH30, 7.44.

17,21,21 -Trihydroxypregn-4-ene-3,11,20-trione (XVIII).—The 
hemiacetal (XX) was recrystallized from aqueous acetone to 
yield the hydrate (XVIII) which was dried for 14 hr. at room 
temperature and 0.1 mm. over phosphorus pentoxide; m.p. 
140-145° (on stage at 130°); [a]D +182 ±  2°; \ ”:°H238 mM, « 
15,800; reported14 m.p. 170-190°; [a]D +182° (c 2, meth
anol); X“’™ 238 mu, E\7lm 418 (which corresponds to « 15,700).

Anal. Calcd. for C2iH280 6: C, 67.01; H, 7.49. Found: C, 
67.02; H, 7.65.

2-( 17-Hydroxy-3,11 -dioxopregn-4-en-17/3-yl )quinoxaline (XIX).
—Conversion of 17,21-dihydroxy-21-methoxypregn-4-ene-3,ll,- 
20-trione (200 mg.) to its quinoxalyl derivative was effected in 
the usual manner.14 The crude product (203 mg., 92%, m.p. 
231-234°) gave needles (173 mg., m.p. 243-244.5°) from meth
anol. A sample, recrystallized from methanol and air dried, lost 
7.06% when dried for 3 hr. at 100° and 1-2 mm. over phosphorus 
pentoxide; calcd. for loss of 1 mole of methanol, 6.92%; m p
245-246°; X“”°H237 mM, « 47,500; X”:°H319 mM, « 8150.’ 
The reported constants are m.p. 242-243°; x“'°,H 238 m<u, E\7°m 
1045 (which corresponds to « 44,900); x”'„°H 319 mM, 185
(which corresponds to « 7950).

(27) The cortisone was kindly donated by Merck and Co., Rahway, N. J.
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Amides of DL-d-carboxy-7-aminobutyric acid have been synthesized, starting with itaconic anhydride. This 
was opened by the appropriate amine to yield 2-methylene-N-alkylsuecinamic acids, to the double bond of which 
one mole of benzylamine was added. Hydrogenolysis of the resulting benzylamino derivatives gave the required 
amides of the free amino acid. The structure of the 2-methylene-N-alkylsuccinamic acids is established.

DL-/3-Carboxy-7-aminobutyric acid (aminomethyl- 
succinic acid, a-carboxymethyl-/3-alanine) (I) was pre-

H2N—CH2—CH—CH2COOH

OOH 
I

pared by addition of benzylamine to the double bond of 
itaconic acid and subsequent debenzylation.1 It is a 
,8-amino acid which, due to its special structure, may be 
a potential antagonist to aspartic acid, glutamic acid,
7-aminobutyric acid, or /3-alanine, all of which have 
great importance in many biological processes.

It seemed interesting to synthesize amide (peptide) 
derivatives of this amino acid. Itaconic anhydride was 
used as starting material. This on reaction with amines 
led to the formation of the corresponding amides. 
Only a few aromatic itaconamides are known2 4 and 
their structure (position of the amide group) has not 
been identified. They were prepared either by reaction 
of amines with itaconic anhydride or by opening of the 
corresponding itaconimides with alkali. The derivatives 
obtained by the former method had higher melting 
points and our derivatives were similar to them in re
gards to solubility and melting points.

The following evidence proves that the opening of 
itaconic anhydride with amines results in the formation 
of 2-methylene-N-alkylsuccinamic acids (I).

CH2=CCO +  RNH2 — >- CH2=CCOOH

!H2CONHR

I

Reaction of methanol with the anhydride leads to the 
formation of only one monomethyl ester,6 m.p. 70°. 
The structure of this ester has been proved by Hancock 
and Linstead6 and shown to be 4-methyl 2-methylene 
succinate (II).

c h 2= c c o o h

¿ h 2c o o c h s
II

We found additional evidence from the fact that 
reaction of the ester with benzylamine in dioxane led to 
elimination of methanol and formation of N-benzyl-4- 
carboxy-2-pyrrolidone,1'7 showing that the methyl ester 
occupied the 7-position with respect to the methylene 
group. The same pyrrolidone derivative was obtained

(1) A. Zilkha, E. S. Rachman, and J. Rivlin, J. O r g .  Chem., 26, 376 (1961).
(2) G. Piutti, G a z .  chim. ital., 40,1, 538 (1910).
(3) R. Ansehiitz and F. Reuter, A n n . ,  254, 129 (1889).
(4) N. Bland and J. F . Thorpe, J. Chem.  Soc., 1496 (1912).
(5) R. Anschutz and J. Drugman, Ber., 30, 2649 (1897).
(6) J. E. H. Hancock and R. P. Linstead, J. Chem. Soc., 3490 (1953).
(7) P. L. Paytash, E. Sparrow, and J. C. Gathe, J. Am. Chem. Soc., 

72, 1415(1950).

\
0
1

c h 2co

on reaction of monobenzyl ester8 (obtained similarly on 
reaction of benzyl alcohol with itaconic anhydride) 
with benzylamine, showing that opening of the an
hydride leads to the exclusive formation of 4-alxyl 
esters of 2-methylene succinic acid. It may be men
tioned that reaction of dimethyl itaconate with one 
mole benzylamine led to the formation of N-benzyl-4 - 
carbomethoxy-2 -pyrrolidone, 9 and with two moles of 
benzylamine the second methyl ester group was re
placed by benzylamine to form the corresponding amide.

It is expected that opening of the anhydride with 
amines will lead similarly to the preferential formation 
of 2-methylene-N-alkylsuccinamic acids. In itaconic 
anhydride the two carbonyl groups are attached to an 
unsaturated and saturated carbon atom, respectively, 
thus making a decisive difference in their reaction with 
nucleophilic reagents. The exclusive formation of t.he 
ester or amide derivatives in a 7 -position with respect 
to the methylene group, may be due to conjugation of 
C = C  bond of the anhydride to the nearby C = 0  group, 
which leads to lowering of the partial positive charge of 
the carbon atom of the carbonyl group, whereas ehe 
remote carbonyl group is not affected.

» ^ Ç o '
c h2=k i—c

I G o
CH2C

2\ o0

Thus attack by a nucleophilic reagent will occur at 
the 7-carbonyl group with formation of 7-derivatives. 
Steric effects of the methylene group also may favor the 
preferential formation of the 7-derivatives.

Indeed, the amides obtained added benzylamine to 
their double bonds, giving 3-carboxy-4-benzylamino 
butyramides (III), and without formation of pyrroli
done derivatives, which should have been formed if the 
carboxyl group, which is in a 7-position with respect to 
the methylene group, was free.

CH2=CCOOH +  C6H6CH2NH2 — >-

CH/JONHR
CH2—CHCOOH
I I

c 6h 6c h 2n h  c h 2c o n h r
III

It is known710-12 that itaconic acid very readily gives 
pyrrolidone derivatives on reaction with amines and,

(8 )  R .  A n s c h u tz ,  A n n . ,  461, 1 9 0  (1 9 2 8 ).
(9 )  Y. Wu a n d  R .  F .  F e ld k a m p ,  J. O r g .  C h e m .,  26, 1 5 1 9  (1 9 6 1 ).
(1 0 )  P .  L . P a y t a s h ,  M . J .  T h o m s o n ,  a n d  M. E .  F y k e s ,  J.  A m .  C a e m .  

S o c .,  74, 4 5 4 9  (1 9 5 2 ) .
(1 1 )  P .  L . P a y t a s h ,  M . J .  T h o m s o n ,  a n d  E .  B . C la r k e ,  i b i d . ,  7 6 ,  3 5 0 0  

(1 9 5 4 ).
(1 2 )  M . L ip p ,  F .  D a l la c k e r ,  a n d  H .  R e y ,  B e r . ,  91, 2 2 4 2  (1 9 5 8 ).
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T a b l e  I
P reparation  o f  2-M et h y le n e-N -alkylsuccinamic Acids

Substance,A 
N-alkyl-2- 

methylene- 
succinamic Yield, M .p., .------- Carbon, %-------- • .---- Hydrogen, % — ■ ,------N itrogen, %------ <

acid % °C. Form ula Calcd. Found Calcd. Found Calcd. Found

rc-Butyl 50“ 115 c 9h I6n o 3 58.4 58.3 8.1 7.9 7.6 7.5
Isobutyl 73 130 C9H15N03 58.4 58.3 8.1 8.1 7.6 7.4
n-Hexyl 55“ 125 C11H19N03 62.0 62.4 8.9 8.8 6.6 6.7
Cyclohexyl 50“ 153 CuH„N03 62.6 62.5 8.1 7.9 6.6 6.3
Benzyl 90 149 C12H13N03 65.8 65.7 5.9 5.9 6.4 6.3
Phenyl1 88 166 CnHnNC>3 64.4 63.8 5.4 5.4 6.8 6.8
4-MethoxyphenyF 95 176 C12H13NC)4 61.3 62.1 5.5 5.7 6.0 6.3
2-Methoxyphenyl<i 75 129 c 12h 13n o 4 61.3 60.5 5.5 5.6 6.0 5.8
4-EthoxyphenyF 95 184 C13H16N04 62.7 62.7 6.0 6.4 5.6 5.7
Carbethoxy methy V •'° 66“ 102 c 9h 13n o 6 50.2 50.3 6.1 6.4 6.5 6.5

The rather low yield was due to difficulties in crystallizing the product. 6 M.p. previously reported, 151.5°. 162°.4 c M.p. pre\
ously reported,2 167°. d Same m.p as previously reported.2 e M.p. previously reported,2166°. / Calcd. % of ethoxyl: 20.9. Found:
21.0. “ Recrystallized from ethyl acetate. k Substances were recrystallized from water or ethanol if not indicated otherwise.

T a b l e  I I

P reparation  o f  dl-3-C arboxy-4-benzylamino-N -alkylbutyramides

Substance,0
3-carboxy-

4-benzylamino-
N-alkyl- Yield, M .p., -------Carbon, % ------ • .—Hydrogen, ✓— Nitrogen, % ---- *

butyram ide % °c. Form ula Calcd. Found Calcd. Found Calcd. Found

ra-Butyl 60 184 C16H24N20 3 65.8 66.0 8.2 8.2 9.6 9.4
Isobutyl 55 182 C16H24N203 65.8 65.6 8.2 8.4 9.6 9.6
re-Hexyl 80 185 CI8H28N203 67.5 67.9 8 . 8 8.7 8.8 8.9
Cyclohexyl 87 202 C18H26N203 67.9 67.7 8.2 8.1 8.8 8.5
Benzyl 75 188 C19H22N203 69.9 70.2 6.8 6.8 8.6 8.7
Phenyl 90 200 C18H20N2O3 69.2 70.1 6.4 6.0 9.0 8.7
4-Methoxyphenyl 10“ 161 c 19h 22n 2o4 66.7 66.6 6.4 6.2 8.2 8.1
2-Methoxyphenyl 35 145 C19H22N204 66.7 66.7 6.4 6.5 8.2 8.1
4-Ethoxyphenyl 10“ 175 C20H24N 20 4 67.4 68.4 6.7 6.7 7.9 7.7
Carbethoxymethyl6 70 194 C16H22N206 59.6 59.5 6.8 7.0 8.7 8.5

“ Yield of substance that crystallized directly from the reaction mixture. From the filtrate it was not possible to isolate another crop. 
b Calcd.% of ethoxyl: 14.0. Found: 14.3. c Substances were recrystallized from alcohol or water.

only under very careful conditions, have we previously 
found1 that it is possible to add benzylamine to the 
double bond without causing cyclization (pvrrolidone 
formation). It may be mentioned that 2-methylene-N- 
phenylsuccinamic acid did not cyclize to the correspond
ing pyrrolidone derivative even on heating in dioxane 
solution for several hours.

Several aliphatic and aromatic amides of itaconic 
acid were obtained in good yield (Table I) by reaction of 
itaconic anhydride with amines in chloroform solution; 
with ethyl glycinate the derivative crystallized with 
difficulty. 2-Methylenesuccinamic acid was obtained 
on reaction of gaseous ammonia with itaconic anhydride 
in chloroform.

Addition of one mole of benzylamine to the double 
bond of the 2-methylenesuccinamic acids led to the 
formation of 3-carboxy-4-benzylamino-N-alkylbutyr- 
amides (Table II). These gave a positive reaction with 
ninhydrin on paper chromatograms and were reduced, 
in the presence of palladium chloride on charcoal (30%), 
to the corresponding debenzylated amino acids (Table
III), contrary to N-benzyl-4-carboxy-2-pyrrolidone; 
which being an N-benzylamide did not give these reac
tions. With 2 - methylene - N - carbethoxymethylsuc- 
cinamic acid, smooth addition of benzylamine to the 
double bond occurred without attack of the ester group; 
showing that addition to the double bond is preferable 
to amidation.13

The double bond of the 2-methylenesuccinamic acids 
is reactive and other amines besides benzylamine add 
to the double bond.

The dipeptide ester, DL-ethyl-3-carboxy-4-amino- 
butyryl glycinate, was similarly obtained. We tried to 
obtain the free dipeptide by preferential saponification 
of the ester group with dilute alkali,14 but the peptide 
bond also was disrupted leading to the formation of the 
free amino acids.

It was of interest to prepare the N,N-dibenzyl deriv
ative of 3-carboxy-4-aminobutyric acid. The N,N- 
dibenzyl group can act as a protecting group for the 
synthesis of peptides of this amino acid (it can be re
moved by hydrogenolysis). I t has no secondary hydro
gen available on the nitrogen for lactam formation and, 
in this respect, offers advantage over the N-benzyl 
group where the secondary amino group can easily cy
clize to a 7-lactam, in cases where the 1-carboxyl group 
of the amino acid is free. 3-Carboxy-4-dibenzylamino- 
butyric acid was obtained by heating itaconic acid with 
dibenzylamine in dioxane.

Experimental
Melting points were determined in a Fisher-Johns apparatus. 

The ascending method of paper chromatography (80% phenol) 
was used. 13

(13) A. Zilkha and M. D. Bachi, J .  O r g .  C h e m . ,  24, 1096 (1959).
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Substance/
3- carboxy-
4- Amino-

Table III
P repa ration  o f  dl-3-C arboxy-4-amino-N -alkylbutyram ides

N-alkyl- M .p., ✓------Carbon, %------ > ✓------Hydrogen, % ------• <•—- N itrogen, %— •
butyram ide °c. B i Form ula Calcd. Found Calcd. Found Calcd. Found

n-Butyl“ 220 0.92 C9H18N2O3 53.5 53.2 8.9 9.1 13.9 14.1
Isobutyl“ 232 0.90 c 9h 18n 2o3 53.5 52.9 8 . 9 9.0 13.9 13.9
n-Hexyl“ 234 0.94 CuH22N20 3 57.4 56.9 9.6 9.3 12.2 12.1
Cyclohexyl“ 231 0.94 C11H20N2O3 57.9 58.6 8.8 9.0 12.3 12.4
Carbethoxymethyl6c 202 0.94 c 9h 16n 2o6 46.6 46.2 6.9 7.0 12.1 12.3
“ Obtained in approximately quantitative yield . 6 Recrystallized from water-acetone. c Obtained in 80% yield. d Substances were

recrystallized from water if not indicated otherwise.

Itaconic anhydride was prepared in 92% yield by heating 
itaconic acid with acetyl chloride,16 m.p. 65°.

Preparation of 2-Methylene-N-alkylsuccinamic Acids.—To an 
ice-cooled solution of 0.1 mole of itaconic anhydride in 60 ml. of 
dry chloroform, 0.1 mole of amine was added dropwise with 
mechanical stirring during 15 min. The reaction mixture was 
stirred for 2 hr. at room temperature, and the product was fil
tered and washed with chloroform. Another crop (5-20% yield) 
was obtained on evaporation of the filtrate.

With amino acid esters, the reaction mixture was stirred for 
another hour at 40°. The chloroform was evaporated in vacuo; 
the residue was dissolved in a small volume of ethyl acetate and 
left to crystallize in a refrigerator.

The products gave a positive reaction for double bonds with 
aqueous permanganate solution and a negative reaction with 
n inhydrin.

2-Methylenesuccinamic Acid.—Excess dry gaseous ammonia 
was passed into an ice-cooled solution of itaconic anhydride in 
chloroform. The ammonium salt which precipitated was fil
tered, dissolved in water, and heated for a few minutes to expell 
excess ammonia. The solution was then passed through a 
column packed with cation exchange resin (nuclear sulfonic acid 
type resin, Amberlite IR-120) and evaporated in vacuo. The 
product which crystallized was obtained in 40% yield. I t was 
recrystallized from ethanol, m.p. 152°.

Anal. Calcd. for C5H7NO3: C, 46.5; H, 5.4; N, 10.8. 
Found: C, 46.9; H, 5.5; N, 10.8.

Preparation of DL-3-Carboxy-4-benzylamino-N-alkylbutyr- 
amides.—2-Methylene-N-alkylsuccinamic acid (0.1 mole) was 
suspended in 70 ml. of dry dioxane and heated under reflux and 
mechanical stirring until it dissolved. Benzylamine (0.1 mole) 
was then added and the reaction mixture heated in an oil bath at 
120° for 2-3 hr. The reaction product generally started to 
precipitate within 15-30 min. The reaction mixture was cooled 
and the product was filtered and washed with acetone. An addi- 14 15

(14) Y. Liwschitz and A. Zilkha, J .  A m .  C h e m .  S o c . ,  76, 3698 (1954); 
J .  C h e m .  S o c . .  4394 (1954).

(15) A. Anschütz and  W. Pétri, B e r . ,  13, 1539 (1880).

tional crop was obtained on evaporation of the filtrate and re- 
crystallization of the residue from alcohol, acetone, or water.

The pure products gave negative permanganate and ninhydrin 
reactions.

Preparation of DL-3-Carboxy-4-amino-N-alkylbutyramides.—
DL-3-Carboxy-4-benzylamino-N-alkylbutyramide (0.02 mole) was 
suspended in 120 ml. of absolute ethanol and 0.4 g. of catalyst 
(palladium chloride on charcoal, 30%, was added). The hydro- 
genolysis was carried out in a Parr low pressure hydrogenation 
apparatus for about 16 hr. at 50-60°. The product generally 
precipitated on the catalyst from which it was extracted with 
boiling water. The free amino acids generally crystallized out 
on cooling.

DL-3-Carboxy-4-dibenzylaminobutyric Acid.—Itaconic acid 
(13 g., 0.1 mole) was dissolved in 50 ml. of dry dioxane, dibenzyl- 
amine (19.7 g., 0.1 mole) was added, and the reaction mixture was 
heated for 4 hr. at 120°. The dioxane was evaporated in vacuo; 
the residue was dissolved in a small volume of ethanol and left to 
crystallize in a refrigerator; yield, 19 g. (58%); m.p. 148°, on 
recrystallization from ethanol.

Anal. Calcd. for CisFhiNO,: C, 69.7; H, 6.4; N, 4.3. 
Found: C, 70.3; H, 6 .6 ; N, 4.1.

N-Benzyl-4-carboxy-2-pyrrolidone.—To a solution of 2.9 g. 
(0.02 mole) of monomethyl ester of itaconic acid, m.p. 70°, in 
20 ml. of dioxane was added 2.1 g. (0.02 mole) of benzylamine. 
The solution was heated in an oil bath at 110-120° for 2 hr. 
The solvent was removed in vacuo and the pyrrolidone crystal
lized from water, m.p. and m.m.p.,1 144°.

Anal. Calcd. for Ci2H13N 03: C, 65.7; H, 5.9; N, 6.4. 
Found: C, 66.1; H, 6.1; N, 6 .6 .

On using 2 moles of benzylamine, the benzylamine salt of the 
pyrrolidone was obtained; m.p. and m.m.p. ,1 111°.

Benzylamide Derivative of N-Benzyl-4-carboxy-2-pyrrolidone.— 
To a solution of 5.2 g. (0.033 mole) of dimethyl itaconate in 2C ml. 
of dioxane was added 7.1 g. (0.066 mole) of benzylamine. The 
solution was heated in an oil bath at 110-120° for 2 hr. The 
solvent was removed in vacuo, and the product crystallized from 
water; yield, 3 g. (30%); m.p. 104°. I t contained no methoxyl 
groups.

Anal. Calcd. for C19H20N2O2: N, 9.1. Found: N, 9.2.

E poxide S tu d ies . I. T h e R ing O pening o f  c is -  and  t r a n s -  
N ,N -D ieth y  lp h en y  lg ly  c id am id e
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Treatment of frows-N,N-diethyl-3-phenylglycidamide (trans-1) with hydrogen chloride in benzene gave the 
ffireo-chlorohydrin II with retention of configuration whereas with hydrogen chloride in methanol, the erythro- 
chlorohydrin III was formed. cis-Glycidamide (cis-l) with either of these reagents afforded only II. In the 
presence of base, II gave mixtures of cis-trans-1 and III gave only trans-1. The stereochemistry and mechanisms 
of these transformations are reported.

The opening of an epoxide ring by nucleophilic rea
gents has been regarded generally as a bimolecular 
nucleophilic displacement (Sn 2) on carbon proceeding 
with inversion of configuration.1 For example, the

reaction of cis- and irans-stilbene oxides with hydrogen
(1) (a) R. E . P arker and  N. S. Isaacs, C h e m .  R e v . ,  69, 737-799 (1959); 

(b) S. W instein an d  R. B. H enderson, “ H eterocyclic C om pounds,” Vol. I. 
R . C. Elderfield, E d ., John  W iley and  Sons, Inc., New York, N. Y., 1950, 
Chap. l ,p p .  27.
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halides to form halohydrins2 and the acid-catalyzed 
hydrolysis of frans-N,N-diethyl-3-phenylglycidamide 
to erythro-diol3 both proceed with inversion of config
uration. Certain epoxides, however, open with reten
tion of configuration. The acid hydrolysis of trans-a- 
methylstilbene oxide to the f/treo-diol,4 the conversion of 
cis- and ¿rans-dypnone oxides to the erythro- and threo- 
chlorohydrins,6 respectively, with hydrogen chloride in 
acetic acid or in ethanol, and the formation of the 
threo-diol from irans-3-phenv 1 g 1 ycidic acid in dilute 
acid6 proceed with retention of configuration.

This paper describes the stereochemistry of the ring 
opening of cis- and frans-N,N-diethyl-3-phenylglycid- 
amides by hydrogen chloride in nonpolar (benzene) 
and polar (methanol) solvents, trans-N,N-Dietliy 1-3- 
phenylglycidamide (irows-I) with hydrogen chloride in 
benzene gave the i/ireo-chlorohydrin II whereas with 
hydrogen chloride in methanol, the en/f/iro-chlorohydrin 
III was formed. cfs-N, N -1 )iethyl-3-pheny Iglycidamide 
(cfs-I) with either of these reagents afforded only the 
ifireo-chlorohydrin II.7 The erythro configuration for 
chlorohydrin III (m.p. 119-120°) was established by its 
conversion3'8 to frans-I with base (98% yield).

Cl
\

c6h5—c ß

A
/ 0H -C “

C H
0 ^ C"N (C 2H5)2

ihreo -chlorohydrin 
II

^ HCl/benzene

HCI/benzene
or

HCI/CH3OH

neighboring amido group.6'9 The net result would 
involve two inversions at the d-carbon atom or reten
tion of configuration. In methanol, participation of 
the amido group is inhibited by hydrogen bonding 
(solvation) of the carbonyl group with the solvent. 
Consequently, the chlorohydrin III is formed with 
inversion of configuration. The clean inversion of con
figuration in the formation of the thre o-c h !o ro h y d r i n II 
from cis-l in benzene could be interpreted as the result 
of steric interaction. The effects attributable to the 
participation of the neighboring amido group could be 
eliminated or greatly reduced when phenyl and amido 
groups are czs.10

A
C6H5- C — C -H  

H ,C

HCl
benzene

/
\
N(C2H6)2 

trans -I 
n  T_r OH

b A
t :— c

1 /
O— C— N(C2H6)2 

Cl

r r

H

</°\
C6H5- C — C - HA)A

(O ) N(C2H5)2

Cl©
CaH

h v i y ^ H
C — C
K  I ©

0 ^ -C ^ N (C 2Hs)2

t r -

/
,OH

C„H6- C ---- C -H

H C
J \o  N(C2H6)2 

threo-chlorohydrin 
II

C6H6- C ------C -H

H Jc.
cA XN(C2H6)2tram-1

\ ^ hci/ch3oh

c 6h 5

Cl

H ^A
C
C6H

cis-l

V h
3 -p  \0 /  N(C2H6)z

/ 0H
<
A H^ C —N (C2H5)2

erythro - chlorohydrin 
III

The chlorohydrin II (m.p. 87-88°) obtained from
trans-1 was assigned the threo configuration since it was 
identical with the ring-opening product from cis-1 
and its infrared spectrum was identical with that of the 
erythro isomer III.

The observed retention of configuration in the forma
tion of ¿/ireo-chlorohydrin II from trans-1 in benzene 
could be explained on the basis of participation of the

(2) (a) D. Reulos, Compt. rend,., 2 1 6 ,  774 (1943); (b) D. Reulos and C. 
Collin, ibid., 2 1 8 , 795 (1944).

(3) C. C. Tung, A. J. Speziale, and H. W. Frazier, J. Org. Chem., 2 8 , 
1514 (1963).

(4) J. H. Brewster, J. Am. Chem. Soc., 7 8 , 4061 (1956).
(5) H. H. Wasserman and N. E. Aubrey, ibid., 7 8 , 1726 (1956).
(6) J. Boeseken, Rev. trav. chim., 4 1 , 199 (1922).
(7) The chlorohydrins are assigned the a-hydroxy-/3-chloro structures; 

see ref. 3.
(8) (a) S. Winstein and H. J. Lucas, J. Am. Chem. Soc., 6 1 , 1576 (1939);

(b) H. J. Lucas and C. W. Gould, Jr., ibid., 6 3 , 2541 (1941); (c) S. J. Cristol
and W. P. Norris, ibid., lb, 632 (1953).

„ A
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A A
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A
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A A
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,,0 N(C2H5)2
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&
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Cl9 H A
(CHsOHh

N(C2H5)2

H C6H5 OH 
\  /  /

I A H
C1 / A

0  N(C2H6)s 
erythro -chlorohydrin 

III

It is noteworthy that in the presence of base which 
brings about complete conversion of erythro-chloro
hydrin III to trans-1, the /V re o-c h 1 o ro h yd ri n II yields 
a mixture containing cis-trans-l in 60 and 40%, re
spectively.11 Since cfs-I does not undergo epimeriza- 
tion under the experimental conditions, the observed 
differences in intramolecular Sn2 reactions of the di- 
astereoisomeric chlorohydrins II and III are undoubt
edly due to steric effects. With the aid of Newman 
projections, the formation of trans-1 from erythro- 
chlorohydrin III would involve the more favored con- 
former in the transition state in which the two bulky 
groups (phenyl and diethylamido) are trans to each 
other. On the other hand, ring closure of threo-chloro-

(9) S. Winstein and R. B. Henderson, ibid., 6 5 , 2196 (1943).
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hydrin II to cis-I involves the eclipsing of two bulky 
groups. Because of this unfavorable conformation in 
the transition state for i/ireo-chlorohydrin II, other 
reactions take place which lead to trans-l.

HC1/CH3OH

OH
C6H6̂  A  -H

"XT

CON(C2H5)2
trans- 1

H C l/b e n z e n e

OH
H ^ A jC6H5

H ' ^ f X ° N (c !H5),
Cl

threo -chlorohy drin
II

in tra m o le c u la r

H"vt''"CON(C2Hs)2
Cl

erylhro -chlorohydrin
III Be

in tra m o le c u la r  

S n 2

H
ON(C2H5)2

trans—I

H-
H ^ '^ ' 'C 6H5

CON(C2H5)2
cis—I

+  other reactions

As a result of the relatively greater steric strain in the 
ring closure of the i/ireo-chlorohydrin II, the rate of the 
intramolecular Sn2 displacement of II to cfs-I is un
doubtedly slower than that of III to trans-I (fc2 <  h)- 
Racemization of II to form a mixture of the diastereo- 
isomeric chlorohydrin II and III could, therefore, take 
place by chloride ion liberated from the ring closure. 
Consequently II would give a mixture of cis-trans-1. 
As a test of this mechanism, the reaction of the threo- 
chlorohydrin II with base was repeated, in the presence 
of lithium chloride. Since the rate of racemization is 
proportional to the concentration of the halide ion,12 
the ratio of trans-l-cis-1 should be increased.13 In-

(1 0 ) A  le s s  a t t r a c t i v e  i n t e r p r e t a t i o n  f o r  t h e  o b s e rv e d  r e t e n t i o n  o f  c o n 
f ig u r a t io n  f o r  t r a n s - l  in  b e n z e n e  c o u ld  b e  d e p ic t e d  a s  a n  i n t e r n a l  d i s p la c e 
m e n t  m e c h a n is m  ( S m )  [see  W . A . C o w d ry ,  E .  D .  H u g h e s ,  C .  K .  I n g o ld ,  S . 
M a s t e r m a n ,  a n d  A . D .  S c o t t ,  J .  C h e m . S o c .,  1 2 5 2  (1 9 3 7 ) , a n d  D .  J .  C r a m ,  
J .  A m .  C h e m . S o c .,  7 5 , 3 3 2  (1 9 5 3 ) ] .  T h e  io n  p a i r  I V  w o u ld  c le a v e  s o  t h a t  
c h lo r id e  io n  w o u ld  a t t a c k  t h e  /3 -c a rb o n  a to m  f ro m  t h e  s a m e  s id e  a s  t h a t  
u n d e rg o in g  C - 0  f is s io n  t o  g iv e  I I .  T h e  o b s e r v e d  i n v e r s io n  o f  c o n f ig u r a t io n

in  m e th a n o l  c o u ld  t h e n  b e  d u e  t o  t h e  s h ie ld in g  o f  t h e  s o lv a t e d  io n  p a i r  a n d  
th e r e b y  f a c i l i t a t in g  t h e  S n 2 d i s p l a c e m e n t  a t  t h e  /3 -p o s i tio n . A  b im o le c u la r  
n u c le o p h i lic  d i s p l a c e m e n t  w i th  i n v e r s io n  w o u ld ,  th e r e fo r e ,  b e  f a v o r e d .  
H o w e v e r ,  t h e  p r e v io u s  i n t e r p r e t a t i o n  a p p e a r s  u n t e n a b le  s in c e  t h e  c o r r e s p o n d 
in g  c is - I  i n  b o t h  t y p e s  o f  s o lv e n t  g a v e  o n ly  c h lo r o h y d r in  I I  w i th  i n v e r s io n  o f 
c o n f ig u r a t io n .

(1 1 ) T h e  y ie ld s  w e re  c a lc u l a t e d  f ro m  n .m . r .  s p e c t r u m .  T h e  r e l i a b i l i t y  
o f  n .m .r .  s p e c t r a  in  q u a n t i t a t i v e  d e te r m i n a t i o n  o f  c i s - t r a n s - e p o x y  a m id e s  
is  d e m o n s t r a t e d  in  a  p r e v io u s  p a p e r ;  s e e  r e f .  3 .

(1 2 ) B . H o lm b e rg ,  J .  p r a k t .  C h e m .,  (2 ) 8 8 , 5 5 3  (1 9 1 3 ).
(1 3 ) F o r  t h e  r a c e m iz a t io n  o f  a lk y l  h a l id e s  b y  h a l id e  i o n  s e e  E .  D .  H u g h e s ,  

F .  J a l i n s b e r g e r ,  S . M a s t e r m a n ,  B .  T o p le y ,  a n d  J .  W e is s ,  J .  C h e m . S o c .,  152 5  
(1 9 3 5 ).

deed, from this experiment, we obtained a higher ratio 
of trans-I-cis-I (75:25)14 15 as compared with the ratio 
of 40:60 in the absence of the lithium chloride.

H
O©

H' X 7 ' CfH5
H C0N(C2H5)2

threo -chlorohydrin 
II

R acem izs

C IS-I

+ CR

Racemizati l /  + II

mixture
threo -chlorohydrin + erythro - chlorohydrin

II III
&2 j S n 2 fe, |  S n 2

c i s -I irans-I

Experimental

i/ireo-N,N-Diethyl-3-chloro-2-hydroxy-3-phenylpropioamide 
(ftreo-Chlorohydrin II from trans-I).—To a solution of 2.0 g. (0.075 
mole) of dried (hydrogen sulfate) hydrogen chloride in 95 g. of 
benzene (dried over sodium) was added 4.24 g. (0.019 mole) 
of ¿rans-N,N-diethyl-3-phenylglycidamide.3 The solution was 
stirred at 25° for 1 hr. The solution was evaporated to dryness 
at room temperature under reduced pressure. The crude product 
was recrystallized from heptane-benzene to give 4.76 g. (97% 
yield) of colorless solid, m.p. 87-88°.

Anal. Calcd. for C13H18C1N02: C, 61.20; H, 7.12; N, 
5.47; Cl, 13.89; mol. wt., 255. Found: C, 61.14; H, 7.02; 
N, 5.44; Cl, 14.23; mol. wt.,16 259.

er?//tro-N,N-Diethyl-3-chloro-2-hydroxy-3-phenylpropioamide 
(«nyi/tro-Chlorohy drin III from trans-l).—To a stirred solution at 
2° containing 31 g. of 22% by weight of hydrogen chloride (0.187 
mole) in methanol was added dropwise a solution of 8.18 g. 
(0.0373 mole) of frans-N,N-diethyl-3-phenylglycidamide in 20 
ml. of methanol. The solution was allowed to stand at room 
temperature for 1 hr. Removal of the solvent under vacuum 
left a light yellow viscous oil. The oil was taken up in chloroform, 
washed with dilute sodium bicarbonate solution, then with water, 
and dried over magnesium sulfate. The crude material after 
recrystallization from hexane gave 8.96 g. (94% yield) of colorless 
plates, m.p. 119-120°.

(1 4 ) A  le s s  f a v o r a b le  m e c h a n is m  f o r  t h e  f o r m a t i o n  o f  c i s - t r a n s -1 m ix tu re  
f ro m  i / t re o - c h lo r o h y d r in  I I  w o u ld  b e  a s  d e p ic t e d .  A l th o u g h  b e n z y l  c h lo r id e  
w il l  r e a d i ly  u n d e rg o  S n I  r e a c t io n s  b e c a u s e  o f  t h e  r e s o n a n c e  s ta b i l i z a t i o n  o f 
t h e  b e n z y l  c a rb o n iu m  io n  V , t h i s  r e a c t io n  w o u ld  b e  d e p re s s e d  b y  t h e  p re s e n c e  
o f  a  c o m m o n  io n  s a l t  s u c h  a s  l i t h iu m  c h lo r id e .  C o n s e q u e n t ly ,  a  d e c re a s e  in  
t h e  r a t i o  o f f r a n s - I - c i s - I  s h o u ld  b e  o b s e rv e d .  S e e  L . C . B a t e m a n ,  E .  D . 
H u g h e s ,  a n d  C . K . I n g o ld ,  ib id . ,  1 0 1 7  (1 9 4 0 ).

(1 5 ) M o le c u la r  w e ig h t  h a s  d e te r m in e d  b y  v a p o r  p r e s s u r e  o s m o m e te r
u s in g  b e n z e n e  a s  t h e  s o lv e n t .
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Anal. Calcd. for C,3H18C1N02: C, 61.20; H, 7.12; N, 
5.47; Cl, 13.89; mol. wt., 255. Found: C, 61.34; H, 7.27; 
N, 5.47; Cl, 14.02; mol. wt.,16 242.

Preparation of i/ireo-Chlorohydrin II from cis-l.—By following 
the same procedure as described for trans-l, cis-l gave 84% yield 
of ffireo-chlorohydrin II, m.p. 87-88°, from hydrogen chloride in 
benzene solution and 76% yield of II, m.p. 87-88°, from hydrogen 
chloride in methanol. A mixture melting point of these chloro- 
hydrins with that from trans-l gave no depression and their 
infrared spectra were identical. Their elemental analyses and 
molecular weights were in agreement with those calculated for 
the desired product.

Treatment of erythro-Chlorohydrin III with Base.—A solution 
of 0.20 g. (0.0037 mole) of sodium methoxide in 10 ml. of methanol 
was added over a period of 10 min. to a solution of 0.94 g. 
(0.0037 mole) of en/iftro-chlorobydrin III in 11 ml. of 95% 
ethanol at 0°. After standing at room temperature for 20 min., 
the solvent was evaporated in vacuo at room temperature. The 
solid was stirred with water and taken up in ether. The ether 
solution was washed with water and dried over magnesium sul
fate. Removal of ether afforded 0.84 g. of a colorless solid 
which was chromatographed on alumina. Elution with chloro
form-benzene gave 0.80 g. (98% yield) of trans-l, m.p. 87-88°.

The infrared and n.m.r. spectra were identical with that of 
trans-l.3

Treatment of ffireo-Chlorohydrin II with Base.—The same 
procedure as described for eryffiro-chlorohydrin III with base 
was followed. There was obtained 0.74 g. (91% yield) of viscous 
oil which solidified slowly on standing. The n.m.r. spectrum3 
indicated this product to consist solely of 60% cfs-I and 40% of 
trans-l.11

Treatment of ffireo-Chlorohydrin II with Base in the Presence 
of Lithium Chloride.—A solution of 0.1150 g. (0.00212 mole) of 
sodium methoxide in 5 ml. of 95% ethanol was gelded to a solu
tion of 0.5411 g. (0.00212 mole) of ffo-eo-ehlorohydrin II and 
0.1217 g. (0.00287 mole) of lithium chloride in 20 ml. of 95% 
ethanol\ The solution was allowed to stand at room temperature 
for 16 hh, After the work-up as described in the previous 
experiment^ there remained 0.3953 g. (85% yield) of solid. 
The n.m.r. spectrum3 showed this material to contain only 25% 
of cfs-I and 75% of trans-l."

Epimerization Study of cis-I with Base.—When the cfs-I was 
treated with sodium methoxide in ethanol solution at room tem
perature, the n.m.r. spectrum and melting point of the product 
were identical with the starting cfs-I.

N itriles  and  A m id ines o f  O p tica lly  A ctive A cylam in o  A cids and P ep tid es
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Nitriles of acylated amino acids and peptides were made by treatment of the corresponding amides with 
pyridine and phosphorus oxychloride. The optical activity was retained. The amidines were made by con
version of the nitriles to iminoethers, which then were converted to amidines. In this way acetyl-L-phenyl- 
alanine nitrile, a-acetyl-e-tosyllysine nitrile, N-benzoyl-L-phenylalanylserine nitrile, N-benzoyl-L-phenylalanyl- 
O-benzylserine nitrile, N-acetyl-L-phenylalanineamidine, the corresponding N-benzylamidine, or-acetyl-e- 
tosvllysineamidine, and the corresponding N-benzylamidine were prepared. The conversion of the dipeptide 
nitriles to their amidines was largely unsuccessful because of an intramolecular decomposition which gave N- 
benzoylserineamidine from N-benzoylphenylalanylserine nitrile.

To understand the fundamental mechanism of action 
of certain enzymes, Woolley, et al.,1 proposed that poly
peptides of two new and unusual amino acids should 
be synthesized. One of these amino acids, which may 
be given the trivial name of acetylphenylalanohistidine 
(Fig. 1), was expected, when polymerized, to exhibit 
the specific enzymic activity of chymotrypsin, and the 
other, acetyllysohistidine, was expected to have the 
specific activity of trypsin. The synthesis of these 
compounds, according to either of the two routes 
previously explored,1 would require the preparation of 
amidines and N-benzylamidines of acetylated a-amino 
acids. The purpose of the present paper is to describe 
the synthesis of such amidines in optically active 
condition. Such optical activity was necessary for 
the purpose in hand. In addition, a third route leading 
toward phenylalanohistidine has been explored. It 
would begin with the amidine of the dipeptide, ben- 
zoylphenylalanylserine, which would then be caused to 
cyclize to a 4-aminoimidazole according to the method 
of imidazole ring formation developed by Shaw and 
Woolley.2 The peptide should thus yield an imidazole 
which, by removal of the 4-amino group and comple
tion of the histidine side chain, should give the desired 
phenylalanohistidine derivative. The formation of 
dipeptide amidines was, therefore, investigated.

A convenient route to amidines starts with nitriles
(1) D. W. W oolley, J . W. B. Hershey, and I. H. Koehelik, P r o c .  N a t l .  

A c a d .  S c i .  U .  S . t 48, 709 (1962).
(2) E. Shaw and D. W. Woolley, J .  B i o l .  C h e m . ,  181, 89 (1949).

which are converted to imino ethers (imino esters) 
with alcohol and hydrogen chloride. The imino ethers 
are then treated with ammonia or other amines to 
yield the amidines. Racemic a-aminonitriles and their 
acyl derivatives have been known for a long time since 
they are intermediates in the Strecker synthesis of 
amino acids from aldehydes and ammonium cyanide. 
Because optically active amidines were needed for the 
present work, a route which could be expected to yield 
optically active compounds was sought. The dehydra
tion of optically active amides to optically active ni
triles was attempted. The usual methods for this 
reaction (phosphorus oxychloride, phosphorus pent- 
oxide, toluenesulfonyl chloride) failed when applied to 
acetylphenylalanine amide or a-acetyl-c-tosyllysine 
amide. However, the method of Delaby, et al.,3 in 
which an amide is treated briefly in the cold with pyri
dine and phosphorus oxychloride, succeeded both for 
the amino acid derivatives as well as for the peptide 
derivatives.

The conversion of the nitriles to amidines proved to 
be difficult, but was accomplished finally when adequate 
methods for the separation of the final products were 
developed and when the lability to acid of the acetyl 
group attached to the a-amino group was appreciated. 
Thus, in the formation of the imino ethers it was neces
sary to avoid large excesses of hydrogen chloride. 
Similarly, in order to escape deacetylation, strong acids

(3) R. D elaby, G. Tsatsas, and X .  Lusinchi, B u l l .  s o c .  c h i m .  F r a n c e .  409 
(1958).
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were not used during the isolation of the amidines. 
No effort was made to isolate the imino ethers, but, 
instead, they were converted directly to the amidines. 
These were obtained pure only by means of counter- 
current distribution. The conventional methods of 
isolation failed, probably because of the difficulty 
with which these amidine hydrochlorides crystallized.

A curious rearrangement prevented the realization of 
the dipeptide amidines. When N-benzoylphenylalanyl- 
serine nitrile was subjected to the reactions for forma
tion of the imino ether and amidine, a mixture was ob
tained. The only product which was isolated in pure 
condition was benzoylserine amidine. The phenyl
alanine residue had been extruded. It was thought that 
protection of the hydroxyl group of the serine residue 
might prevent this surprising reaction, but when N- 
benzoylphenylalanyl-O-benzylserine nitrile was treated 
similarly, the same type of rearrangement occurred. 
A fraction was obtained which yielded on hydrolysis 
only O-benzylserine and no phenylalanine. It was 
not possible to separate the desired dipeptide amidine 
from either reaction in analytically pure condition, 
although in both cases a separate fraction was obtained 
by countercurrent distribution, which on hydrolysis 
gave the expected two amino acids. The yields, how
ever, were too small to justify pursuit of this route to 
the phenylalanohistidine compounds.

Experimental
Methods.—All melting points were determined in capillary 

tubes. All evaporations were conducted under reduced pressure 
below 40°. All compounds were recrystallized to constant melt
ing point. Countercurrent distributions were carried out in the 
apparatus of Craig. Paper electrophoresis was done at room 
temperature with paper strips 54 cm. long in 0.1 M  pyridine 
acetate at pH 5.0 and with 800 v. across the length of the paper. 
When “dry” pyridine was required, it was distilled from sodium 
shortly before use. Chloroform was dried over calcium chloride.

N-Acetyl-L-phenylalanine Nitrile, or L-2-Acetamido-3-phenyl- 
propionitrile.—A solution of 20.6 g. (100 mmoles) of N-aeetyl-L- 
phenylalanine amide in 320 ml. of dry pyridine was cooled to
— 5°, stirred vigorously, and treated dropwise with 10 ml. (100 
mmoles) of freshly distilled phosphorus oxychloride. The addi
tion required 10 min. The mixture was held at 0° for an addi
tional 10 min. and was then quickly concentrated below 40° to a 
sirup (less than 80 g.). Benzene (700 ml.) and water (200 ml.) 
were added, followed by enough concentrated hydrochloric acid 
to give a pH of 2-3 in the aqueous phase. The aqueous phase 
was separated and extracted twice more with benzene. The 
combined extracts were washed with 20 ml. of water which con
tained enough sodium bicarbonate to give a final pH of 7, dried 
with magnesium sulfate, and freed of solvent under reduced 
pressure. The residue was then recrystallized from hot benzene 
(50 ml.) by addition of hexane (125 ml.). The yield was 9.5 g.; 
m.p. 106-108°, unchanged by further crystallization; [a]21D
— 10.2° (c 2.5, ethanol).

Anal. Calcd. for C„Hi2N20: C, 70.2; H, 6.4; N, 14.9. 
Found: C, 70.0; H, 6.6; N, 15.1.

Although N-acetyl-L-phenylalanine amide has been described 
as being prepared via the ester, it was found advantageous to 
make it from acetylphenylalanine by the mixed anhydride 
method with triethylamine, ethyl chloroformate, and aqueous 
ammonia.

N-Acetyl-L-phenylalanineamidine Hydrochloride.—Acetyl-L- 
phenylalanine nitrile (5.64 g., 30 mmoles) dissolved in 30 ml. of 
dry chloroform was cooled to 4° and treated with 5.4 ml. of 
absolute ethanol which was 6.6 M with respect to dry hydrogen 
chloride (20% excess hydrogen chloride). The solution was held 
at 4° overnight and then at 25° for 2 hr. At this point the imino 
ether hydrochloride had separated either as an oil or as crystals. 
The solvents were removed under reduced pressure at 25° and 
the residue was dissolved in 10 ml. of absolute ethanol at 0°.

COOH
I

H2N-C-H
I
CH2
I

HC=C
H N ^ N

I
CH3-C-HI\]-C-H 

3 II I

Acetylphenylalanohistidine
Figure 1
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I
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I
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I
CH,
I 2 
CH,
I
CH,
I 2 
NH2

Acetyllysohistidine

A saturated solution of dry ammonia in absolute ethanol (20 
ml.) was added and the mixture was held in a tightly stoppered 
flask for 4 days at 25°. The solvents were removed under re
duced pressure and the residue was dissolved in the system 
methanol-chloroform-water, 2:2:1; the top layer was adjusted 
to pH 3 with hydrochloric acid; and a countercurrent distribution 
was performed. The positions of the peaks were located by 
measurement cf absorption at 260 m,». Unchanged nitrile (1.11 
g.) was found in tubes 0 to 30 after 160 transfers and could be 
recovered. The desired amidine exhibited its peak in tube 130. 
The contents of the tubes which contained the amidine were 
combined and a small amount of ammonium chloride was re
moved by evaporation of the solvents and extraction of the residue 
with absolute ethanol, in which the amidine hydrochloride was 
very soluble. The yield was 2.2-3.3 g.

The crystallization of this amidine hydrochloride was ex
tremely difficult. Usually it was obtained an as amorphous solid, 
but it could be crystallized by rubbing with chloroform. It was 
rather hygroscopic. I t gave no ninhydrin test when it was pure 
but, if any deacetylated amidine was present, it gave a positive 
test with ninhydrin.

The pure amidine hydrochloride showed only slight optical 
activity, [a]26D +2.7° (c 3.0, ethanol). The low optical activity 
was not the result of racemization of the optical center because 
hydrolysis for 24 hr. with refluxing 6 N  hydrochloric acid yielded 
L-phenylalanine with the correct rotation. The amidine was 
unusually difficult to hydrolyze completely with acid. Condi
tions which caused complete liberation of phenylalanine from 
acetylphenylalanine amide (6 N  hydrochloric acid, 20 hr. at 
100°) still left detectable amounts of the deacetylated amidine 
(i.e., phenylalanineamidine).

If the holding of the imino ether reaction at 25° for 2 hr. was 
omitted, the yield was considerably reduced, but, if the condi
tions were made more vigorous than those given before, some 
deacetylation occurred at the imino ether stage. The hydrochlo
ride was so hygroscopic that its melting point (82°) was not a 
useful criterion of purity. The compound did not form a water- 
insoluble picrate or flavianate.

Anal. Calcd. for ChHi6C1N30: C, 54.7; H, 6.6; N, 17.4. 
Found: C, 54.0; H, 6.6; N, 17.4.

In order to obtain analytical values for carbon approaching the 
theoretical, it was necessary to burn the compound slcwly. 
With the usual conditions for burning, values for C were always 
low (52 to 53% C).

Acetylphenylalanine-N-benzylamidine Hydrochloride.—The
imino ether hydrochloride was prepared from acetyl-L-phenyl- 
alanine nitrile (1.88 g., 10 mmoles) exactly as described for the 
preceding experiment, but, instead of an alcoholic solution o: am
monia, a solution of 1.25 ml. (11.5 mmoles) of benzylamine in 5 
ml. of absolute ethanol was used. It was important to avoid the 
use of a larger excess of benzylamine. The subsequent operations 
were then the same as for the unbenzylated amidine except that 
the countercurrent system was chloroform-methanol-water, 
2:1:1. In the countercurrent separation, the benzylamidine 
showed a peak in tube 74 of 97 transfers. The benzylamidine
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hydrochloride was difficult to crystallize, but, by careful addition 
of ether to a dry, alcoholic solution, crystals which melted at 165° 
could sometimes be obtained. It did, however, form a picrate 
which was slightly soluble in water and well crystallized. When 
recrystallized the picrate melted at 135-137°. The yield of 
hydrochloride was 1.2 g.

'Anal. Calcd. for C,8H22C1N30: C, 65.1; H, 6.6; N, 12.7. 
Found: C, 64.2; H, 6.8; N, 12.6.

Calcd. for picrate, CwH24N60 8: C, 55.0; H, 4.6; N, 16.0. 
Found: C, 54.7; H, 4.7; N, 15.9.

I t was found quite impossible to isolate either the benzylated or 
unbenzylated amidine without the use of countercurrent distri
bution.

Hydrolysis for 24 hr. in refluxing 6 N  hydrochloric acid yielded 
phenylalanine and benzylamine as revealed by paper electro
phoresis. If the hydrolysis was for less than 24 hr., a third spot 
always appeared on the papers. This was due to phenylalanine- 
benzylamidine which moved 12 cm. at pH 5.0 when histidine 
moved 13.8 cm. and benzylamine 17.5 cm.

Phenylalanine-N-benzylaxnidine Dihydrochloride.—When a 
solution of 1 g. of acetylphenylalanine-N-benzylamidine hydro
chloride in 100 ml. of 0.05 N  hydrochloric acid was concentrated 
under reduced pressure at 40° to a sirup and this residue was 
triturated with absolute ethanol (10 ml.), a crystalline solid 
remained undissolved. This was recrystallized from water by 
addition of ethanol to give L-phenylalanine-N-benzylamidine 
dihydrochloride (111 mg.), m.p. 215°.

Anal. Calcd. for Ci6H2iC12N3: C, 58.9; H, 6.4. Found: 
C, 59.1; H, 6.6.

Hydrolysis of this compound, and electrophoresis of the 
hydrolysate gave benzylamine and phenylalanine. The intact 
amidine formed a purple color with ninhydrin and moved 12 cm. 
at pH 5.0 when histidine alongside moved 13.8 cm.

«-Acetyl-e-tosyl-L-lysine—e-Tosyl-L-lysine (25 g., 83 mmoles) 
was acetylated with 9.2 ml. (98 mmoles) of acetic anhydride by 
the usual Schotten-Baumann procedure for the acylation of 
amino acids. The product was recrystallized from water; 27.4 
g., m.p. 145-146°; [a]23D +6.1° (c 3.0, ethanol).

Anal. Calcd. for C16H22N20 6S: C, 52.6; H, 6.5; N, 8.2. 
Found: C, 52.5; H, 6.4; N, 8.2.

o-Acetyl-e-tosyl-i)i,-lysine Amide.—A solution of a-acetyl-e- 
tosyl-L-lysine (21.1 g., 61.7 mmoles) and triethylamine (17.3 ml.,
123.4 mmoles) in 500 ml. of dry tetrahydrofuran was cooled to 
— 10°. Ethyl chloroformate (6.5 ml., 67.9 mmoles) was added 
dropwise during 5 min. with vigorous mechanical stirring. The 
solution was stirred an additional 10 min. and then 13 ml. of 
aqueous concentrated ammonium hydroxide was added all at 
once. The cooling bath was removed and the contents stirred 30 
min. Water (200 ml.) was added and the solution was concen
trated to about 150 ml. and stored overnight at 4°. The white 
precipitate was filtered off and recrystallized from water; 18.7 g., 
m.p. 167-168°.

Anal. Calcd. for C15H23N30 4S: C, 52.7; H, 6.8; N, 12.3. 
Found: C, 52.5; H, 6.8; N, 12.2.

The lysine underwent racemization during the formation of the 
amide. This was demonstrated by hydrolysis (refluxing 6 N  
hydrochloric acid for 3 hr.) to e-tosyllysine, which was isolated. 
It was found to have no rotation, whereas material similarly 
isolated from the hydrolysis of a-acetyl-e-tosyllysine (the starting 
material of the synthesis) had [< * ]22d  +13.1° (c 3.0, 2 N  hydro
chloric acid) (lit.* [a]22d +13.6°).

Attempts to synthesize the amide by treatment of the cor
responding ester with alcoholic ammonia were unsuccessful.

a-Acetyl-c-tosyl-i>L-lysine Nitrile.—a-Acetyl-e-tosyl-D L-lysine 
amide (10.0 g., 29.3 mmoles) in 200 ml. of dry pyridine was 
treated dropwise with phosphorus oxychloride (2.69 ml., 29.3 
mmoles) at —5° and worked up as in the case of acetylphenyl- 
alanine nitrile, except that ethyl acetate instead of benzene was 
used for partitioning. The crude product, 7.5 g., was finally 
purified by countercurrent distribution (60 transfers) in the sys
tem ethanol 460-ethyl acetate 675-hexane 225-water 440. The 
nitrile peak was in tube 32. A small amount of amide with a 
peak in tube 8 was thus removed. The nitrile could not be 
crystallized. Infrared spectroscopy showed an absorption peak 
for nitriles at 2235 cm.-1.

Anal. Calcd. for C15H21N30 3S: C, 55.7; H, 6.6; N, 13.0. 
Found: C, 55.4; H, 6.7; N, 12.5.

(4) R. R.oeske, F. H. C. Stewart, R. J. Stedman, and V. du Vigneaud,
J .  A m .  C h em . S o c ., 78, 5883 (1956).

a-Acetyl-e-tosyl-DL-lysineamidine Hydrochloride.—a-Acetyl- 
«-tosyl-DL-lysine nitrile (7.0 g., 21.5 mmoles) was dissolved in
l .  5 ml. of ethanol (25 mmoles) and 50 ml. of dry chloroform. 
Dry hydrogen chloride was bubbled through the solution for 20 
min. at 0°. The flask was tightly stoppered and placed at 4° 
overnight. The solvents were removed under reduced pressure 
and the residue was dissolved in cold ethanol saturated with am
monia (150 ml.). The solution was held at room temperature in a 
tightly stoppered flask for 3 days. The solvents were removed 
under reduced pressure and the residue was dissolved in the sol
vent system chloroform-methanol-0.1 N  hydrochloric acid, 
3:2:2, acidified to about pH 1 and separated by counter- 
current distribution (100 transfers). The amidine hydro
chloride was in tubes 80 to 95, whereas unchanged nitrile 
was maximal in tube 15 and a small amount of amide was maximal 
in tube 45. The amidine fraction was brought to pH 5 with am
monium hydroxide, evaporated, and the residue freed of am
monium chloride by fractional precipitation with ether from 
absolute ethanol. By careful addition of more ether, crystals of 
the amidine hydrochloride were obtained; m.p. 171-172°.

Anal. Calcd. for C16H26C1N40 3S: C, 47.8; H, 6.6; N, 14.9. 
Found: C, 47.3; H, 6.6; N, 14.5.

The amidine picrate was prepared and crystallized from water;
m. p. 172-174°.

Anal. Calcd. for C21H27N70ioS: N, 17.2. Found: N, 17.2.
a-Acetyl-i-tosyl-i) L-lysine-N-benzylamidine Acetate.—The a-

acetyl-e-tosyl-DL-lysine nitrile (6.37 g., 19.7 mmoles) was con
verted to the imino ether hydrochloride, as in the preceeding ex
ample, and was caused to react with benzylamine (3.26 ml., 30 
mmoles) in absolute ethanol for 3 days at room temperature. 
Evaporation of the solvents and countercurrent distribution (96 
transfers) in 1-butanol-water-acetic acid, 15:18:2, gave the 
benzylamidine as the acetate with a peak in tube 84. Evapora
tion of the solvents gave the oily salt which was purified further 
by precipitation from alcohol with ether, but which was never 
crystallized.

Anal. Calcd. for C22H30N4O3SC2H4O2: C, 58.7; H, 7.0; N,
11.4. Found: C, 58.4; H, 6.5; N, 11.3.

N-Benzoyl-L-phenylalanylserine Ethyl Ester.—DL-Serine ethyl 
ester hydrochloride (1.7 g., 10 mmoles) was suspended in 20 ml. 
of methylene chloride and treated with 1.41 ml. of triethylamine. 
The suspension was stirred for 5 min., filtered, and the filtrate 
was treated with a solution of 2.1 g . (10 mmoles) of dicyclohexyl- 
carbodiimide in 10 ml. of methylene chloride, and immediately 
thereafter with 2.7 g. of benzoyl-L-phenylalanine in 10 ml. of the 
same solvent. The mixture was held at room temperature over
night, treated with 0.3 ml. of acetic acid for 1 hr., and filtered. 
The filtrate was extracted with aqueous N  hydrochloric acid and 
then with sodium bicarbonate, and the solvent was evaporated. 
A small amount of dicyclohexylurea was removed by solution of 
the dipeptide ester in ethyl acetate and filtration. The ester was 
then crystallized from ethyl acetate-benzene to yield 1.2 g. of the 
pure compound. It was not determined whether both diastereo- 
isomers were present or whether resolution of the serine residue 
had occurred during the recrystallization. The use envisioned 
for the dipeptide did not require optically active serine. This 
use was the conversion to 2-(a-benzamido-+phenylethyl)-4- 
amino-5-hydroxymethylimidazole In which the asymmetric 
center of the serine would disappear. The dipeptide ester melted 
at 142-143°.

Anal. Calcd. for C2iH24N20 5: C, 65.6; H, 6.3; N, 7.3. 
Found: C, 65.6; H, 6.3; N, 7.4.

N-Benzoyl-L-phenylalanylserine Amide. (A) From the 
Ester.—N-Benzoyl-L-phenylalanylserine ethyl ester (1.2 g.) 
was dissolved in 50 ml. of absolute ethanol and the solution was 
saturated with dry ammonia. After 4 days at room temperature, 
the reaction mixture was concentrated under reduced pressure to 
dryness and the residue was recrystallized from ethyl acetate by 
addition of benzene. The yield was 1.0 g.; m.p. 176°, unchanged 
by further recrystallization.

Anal. Calcd. for Ci9H2iN30 4: C, 64.2; H, 5.9; N, 11.8. 
Found: C, 64.6; H, 5.9; N, 11.5.

(B)l From Serine Amide.—A suspension of 3.13 g. (20 
mmoles) of DL-serine amide hydrochloride in 25 ml. of methylene 
chloride was stirred and treated with 2.82 ml. (20 mmoles) of 
triethylamine. Immediately thereafter, the resulting suspension 
was treated with a solution of 4.2 g. (20 mmoles) of dicyclohexyl- 
carbodiimide in 20 ml. of methylene chloride, and then with 5.4 
g. (20 mmoles) of N-benzoyl-L-phenylalanine in 30 ml. of the 
same solvent. The mixture was stirred at room temperature
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overnight and then worked up aa described before for the corre
sponding ester. The resulting dipeptide amide was recrystallized 
as described in A and was found to melt at 176°.

N-Benzoyl-L-phenylalanyl-O-benzylserine Ethyl Ester.—d l -  
O-Benzylserine (9.75 g., 50 mmoles) was converted to its ethyl 
ester hydrochloride by treatment first with refluxing absolute 
ethanol containing 2 equivalents of dry hydrogen chloride and 
then by repeated treatment with refluxing absolute ethanol in the 
customary fashion for esterifications. The ester hydrochloride 
was dried thoroughly in vacuo and then was dissolved in methylene 
chloride (50 ml.). Condensation was then carried out with 
benzoyl-L-phenylalanine (13.5 g., 50 mmoles) by addition of 
triethylamine (7.05 ml., 50 mmoles) and dicyclohexylcarbodi- 
imide (10.3 g., 50 mmoles) exactly as was described in the pre
ceding examples. The product was recrystallized from ethyl 
acetate-benzene; m.p. 120- 121°.

Anal. Calcd. for C28H30N2O6: C, 70.9; H, 6.3; N, 5.9. 
Found: C, 70.9; H, 6.4; N, 5.7.

N-Benzoyl-L-phenylalanyl-O-benzylserine.—The ethyl ester of 
the preceding section (21.6 g.) was dissolved in 200 ml. of ethanol 
and treated with 60 ml. of iV sodium hydroxide for 2 hr. Acidi
fication with hydrochloric acid, evaporation of the ethanol, and 
partition between benzene and water at pH 8 gave the sodium 
salt of the desired acid in the aqueous phase. Acidification 
yielded an oil which was crystallized from benzene to give 17.6 
g., m.p. 162-163°.

Anal. Calcd. for C26H26N2O5: C, 70.0; H, 5.8; N, 6.3. 
Found: C, 69.8; H, 5.7; N, 6.1.

N-Benzoyl-L-phenylalanyl-O-benzylserine Amide.—In con
trast to the behavior of benzoylphenylalanylserine ethyl ester, 
the corresponding O-benzylserine ester failed to yield the amide 
when treated either with alcoholic ammonia at room tempera
ture, or with liquid ammonia in a bomb at room temperature. 
Unchanged ester was always recovered. Consequently, the 
desired amide was prepared from the dipeptide acid by way of 
the mixed anhydride.

Benzoyl-L-phenylalanyl-O-benzylserine (17.6 g., 40 mmoles) in 
100 ml. of tetrahydrofuran and 5.61 ml. (40 mmoles) of triethyi- 
amine was Stirred and cooled to —5° and treated drop wise with
4.3 ml. (45 mmoles) of ethyl chloroformate. Ten minutes'after 
the end of the addition, concentrated aqueous ammonia (11 ml.) 
was added quickly in one portion. The mixture was stirred for 
30 min., diluted with 250 ml. of water, and concentrated under 
reduced pressure to 75 ml. The solution was then extracted four 
times with ethyl acetate at pH 7.0 and the combined extracts 
were evaporated. The residue was recrystallized from benzene to 
yield 8.8 g., m.p. 157-160°.

Anal. Calcd. for CieHijNsOu C, 70.1; H, 6.1; N, 9.4. 
Found: C, 70.2; H, 6.0; N, 9.3.

N-Benzoyl-L-phenylalanyl-O-acetylserine Nitrile.—Benzoyl- 
L-phenylalanylserine amide (2.24 g., 6.3 mmoles) was dissolved 
in 15 ml. of dry pyridine, and the solution was cooled to —5°, 
stirred, and treated first with 0.5 ml. (7.0 mmoles) of acetyl 
chloride and then with 0.64 ml. (6.3 mmoles) of phosphorus 
oxychloride. The reaction mixture was worked up in the way 
described for acetylphenvlalanine nitrile and the product was 
recrystallized from benzene; 400 mg.; m.p. 169-170°.

Anal. Calcd. for C21H21N3O4: C, 66.5; H, 5.6; N, 11 1
Found: C, 66.1; H, 5.7; N, 10.8.

N-Benzoyl-L-phenylalanyl-O-benzylserine Nitrile.—Treatment 
of benzoylpher.ylalanyl-0 -benzylserine amide with pyridine and 
phosphorus oxychloride in the manner described for acetyl- 
phenylalanine amide gave the desired nitrile which was crystallized 
from benzene. The yield was 2.8 g. from 8.3 g. of amide, m.p. 
142-144°.

Anal. Calcd. for C26H26N3O3: N, 9.8. Found: N, 9.6.
Formation of Benzoylserineamidine in the Attempted Conver

sion of Benzoylphenylalanylserine Nitrile to the Dipeptide 
Amidine.—Benzoylphenylalanylserine nitrile (1.87 g.) was con
verted to the imino ether in chloroform solution (15 ml.) by 
addition of 0.71 ml. of 8.4 M  ethanolic hydrogen chloride in the 
manner described for the corresponding reaction with acetyl- 
phenylalanine nitrile. The reaction product was then treated at 
room temperature for 4 days with ethanolic ammonia. The 
product of this reaction was then separated countercurrently 
through 96 transfers in the solvent system composed of chloro
form-methanol-water, 2:1:1. Peaks detectable by ultraviolet 
absorption at 260 m/n were found in the starting tubes (unchanged 
nitrile), in tube 50, and in the final tubes. The peak in tube 50 
probably contained the desired dipeptide amidine hydrochloride, 
because it yielded serine and phenylalanine when hydrol
yzed, but an analytically pure compound was not obtained 
from it. The material in tubes 81-99 was redistributed through 
68 transfers in the solvent system, chloroform-methanol-water, 
2 :2 : 1. The peak of ultraviolet absorption was in tube 53. The 
material recovered from this peak by evaporation of the solvents 
was a glassy substance (200 mg.) which proved to be benzoyl
serineamidine hydrochloride. When hydrolyzed and chromato
graphed on paper, it gave serine as the only amino acid.

Anal. Calcd. for C.oHhCINsOj: C, 49.3; H, 5.7; N, 17.2. 
Found: C, 49.8; H, 5.7; N, 17.1.
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The effect of para and ortho substitutents on the ultraviolet spectra and half-wave reduction potentials of 
frans-cinnamic acid is interpreted in terms of their electronic and, in the case of orf/io-substitution, steric effects. 
Only qualitative relations exist between the spectroscopic and polarographic data.

The effect of substituents on the dissociation con
stants2® of frans-cinnamic acid and the rates of hydroly
sis of its ethyl esters2b have been discussed. However, 
no detailed study has been published concerning the 
effect of the substituents on the ultraviolet spectra or 
polarographic reduction potentials of these acids. 
(Such limited data as are available on the ultraviolet

(1) C ontribution  num ber 130 from  th e  In s titu to  de Quím ica de la 
U niversidad Nacional A utónom a de México.

(2) (a) C f .  M. C harton  and H. M eislich, J .  A m .  C h e m .  S o c . ,  80, 5940 
(1959); (b) B. Jones and J . G. W atkinson, J .  C h e m .  S o c . ,  4064 (1958).

spectra of simple derivatives is indicated in the foot
notes to Table I s).

A series of frans-cinnamic acids was prepared (see 
Table II) by standard methods and their ultraviolet 
spectra determined in 95% ethanol. These acids 
showed two regions of high intensity absorption (Table 
I), at 215-230 mp and 270-320 rnp. The first region 
usually possessed two maxima of about equal intensity 
and the wave lengths and intensities varied little with

(3) C f .  A. M angini and F. M ontanari, B o l l .  s c i .  f a c .  c h i m .  i n d . ,  B o l c g n o  

12, 166 (1954).
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T a b l e  I
U l t r a v io l e t  A b s o r p t io n  a n d  H a l f - W a v e  R e d u c t io n  

P o t e n t ia l s  o f  î w i s - C in n a m ic  A c id s “

kmux1 kraax3 —  E l / 2 V. i (i /c m .2/*,

C innam ic acid 216 (17,700) 
222 (15,600)

273 (21,000)4 2 . 0 5 ° 2.01*

p-M ethyl 209 (10,600) 
222 (14,250)

283 (21,400)“ 2 .05 2 .0 0

o-M ethyl 210(17,300) 277 (17,000)“* 1.59 0 .95
222 (15,400) 2 .0 7 1 .08

p-M ethoxy 226 (10,000) 297 (21,700) 
306 (22,150)

2 .04 2 .10

m -  M ethoxy 216(20,300) 275(17,500) 
314* (5,400)

2 .0 0 1.86

o-M ethoxy 214 (16,500) 274 (18,500) 1.65 0 .88
224 (16,800) 320(10,800) 2 .06 0 .94

p-H ydroxy 223 (14,450) 286 (19,000) 1.55 0 .65
2 .0 5 1 .20

m -  H ydroxy 215(13,000) 276 (16,900) 1 .60 0 .85
234 (10,750) 314* (4,600) 2 .05 1.22

o-Hydroxy 224 (9,100) 273 (12,200) 2 .04 0 .60
320 (7,800) 2 .15 0 .38

p-N itro 211 (12,100) 282 (18,900)' 0 .85 0 .3 5
1.01 0 .75
2 .25 0 .92

m -N itro 216 (10,200) 260 (27,600)' 0 .87 0 .35
1.15 0 .87
2 .15 1.03

o-N itro 211 (20,450) 302 (18,400)' 0 .85 0 .26
1.00 0 .80
2 .15 0 .97

p-Chloro 216(16,700) 
228* (9,900)

275 (22,800) 1.90 2 .36

o-Chloro 210(18,400) 265 (14,900)“* 1.89 0.41
317* (1,700) 
281 (21,300)7

1.95 1.90
p-Bromo 220(11,900) 2.01 2.31
o-Bromo 212 (17,500) 273 (15,350)“* 1.85 1.04

220(17,250) 2 .07 0 .7 0
p-Iodo 224 (18,600) 287 (28,000) 1.67 1.60

“ Wave lengths in mp, molar extinction coefficients in parenthe
ses. Asterisk denotes inflection. Spectroscopic data refer to 
95% ethanol solution. Em values against the saturated calomel 
electrode for 0.175 M tetra-ra-butylammonium iodide in 75% 
dioxane-water, id/cm.ll3tlle in microamp./mmole mg.2'3 sec.1'2. 
6 Ref. 18 gives 220 (17,500), 267 (20,200). * R. Andrisano and A. 
Tundo, Atti Accad. naz. Lincei, [8] 13, 158 (1952), give 219 
(15,500), 279 (21,500) for water. d Ref. 3 gives o-methyl, 208
(18,200), 270 (16,600); o-chloro, 212 (19,500), 222* (17,000),
265.5 (17,000), 306* (2,400); and o-bromo, 212 (20,500), 218*
(19,000), 266 (17,000), 300* (3,200), 318* (1800). f P. Gram- 
maticakis, Compt. rend., 239, 883 (1954), gives p, 295 (20,000); 
m, 263 ( 25,000), 305* (1,250); and o, 248 (12,500), 290* (40,000) 
(data taken from curves). 1 R. Andrisano and G. Pappalardo, 
Gazz. chim. ital., 85, 391 (1955), give 212 (14,800), 218 (16,000), 
272 (24,500). “ Ref. 5 gives Em 2.04 v., id/cm.213 t1*6 1.99
microamp./mmole mg.2'3 sec.1'6.

substitution. These maxima can be attributed to 
electronic transitions in the benzene ring iteslf (E- 
bands) and substitution has little effect on such bands.4® 
However, the second band or group of maxima varied 
in both wave length and intensity on substitution and 
must arise from electronic transitions throughout the 
whole conjugate system (a K-band).4a

(4)(a) O. H. W heeler and P. H. Gore, J .  O r g .  C h e m . ,  26, 3298 (1961); 
(b) P. H. Gore and O. H. W heeler, i b i d . ,  26, 3295 (1961). A referee has 
pointed o u t th a t  cinnam ic acid is largely dissociated in w ater [Aa =  4.4 X 
10-5, H. C. Brown, D. H. M cDaniel, and O. Hafliger, “ D eterm ination  of 
Organic S tructu res by Physical M ethods,” E. A. B raude and F. C. Nachod, 
Ed., Academic Press, Inc., New York, N. Y., 1955, Chap. 14] and a 
2 X 10 “5 M  solution (for optical density  0.4) is 72% as its anion in pure 
w ater. However, the Ka in 95%  ethanol will be much sm aller [Xa in 40% 
ace tone-w ater is 2.6 X 10""; R. D. Kleene, F. H. W estheimer, and G. W. 
W heland, J .  A m .  C h e m .  S o c . ,  63, 791 (1941)] and  a value of 10~7 would 
correspond to 8%  anion in 2 X 10 “6 M  solution. Traces of base would re
su lt in anion form ation, and  m ay account for the num erous m axim a previ
ously observed3 for o-chloro- and o-brom ocinnam ic acid (see footnote, Table 
[). In  the present work the  spectra  of cinnam ic acid in 95%  ethanol con
taining a drop  of 2 A  hydrochloric acid was the sam e as in 95% ethanol, 
and it was assum ed th a t all the  su bstitu ted  cinnam ic acids were in the form 
of their undissociated acids.

T a b l e  I I

M e l t in g  P o in t s  o f  ¿raras-CiNNAM ic A c id s

M .p., "C. Lit. m .p., °C,

Cinnamic acid 132
COCOT—H

o-Methyl 174 174-175b
p-Methyl 198 198-1996
o-Methoxy 183 185-186'
m-Methoxy 120 117"
p-Methoxy 170 172'
o-Hydroxy 205 207-2087
m-IIydroxy 191 191“
p-Hydroxy 210 207'
o-Nitro 240 240*“
m-Nitro 200-201 198'
p-Nitro 284-285 290-29T
o-Chloro 213 212’
p-Chloro 245 240-242’
o-Bromo 215-216 212-212.5*
p-Bromo 257-260 246-248*
p-Iodo 254 255!

a W. M. Radionow, J. Am. Chem. Soc., 51, 847 (1929). 6 R. 
Stoermer, F. Grimm, and E. Laage Ber., 50, 980 (1917). c R. 
Stoermer and C. Friemel. ibid., 44, 1843 (1911). d H. Bauer 
and P. Vogel, J. prakt. Chem., 88, 329 (1863). '  P. N. Kurien,
K. C. Pandya, and V. R. Surange, J. Indian Chem. Soc., 11, 823
(1934). 1 R. Fittig and A. Ebert, Ann., 226, 351 (1884). “ W.
Borsche and F. Streitberger, Ber. 37, 4128 (1907). h R. Stoer
mer, ibid., 45, 3100 (1912). * G. Carrara, R. Ettorre, F. Fava,
G. Rolland, E. Testa, and A. Vecchi, J. Am. Chem. Soc., 76, 
4391 (1954). 1 K. C. Pandya and R. B. Pandya, Proc. Indian
Acad. Sci., 14A, 112 (1941). * M. M. Katon, E. P. Matkuina,
and F. S. Florinsky, Zh. Obschch. Khim., 21, 1843 (1951). 1 R.
L. Datta and N. R. Chatterjee, J. Am. Chem. Soc., 41,295 (1919).

The order of bathochromic displacements for para 
substitution was: Cl (+  2) < Br (+8) ~  N 02 (+  9) ~  
Me ( + 1 0 )  < OH ( + 1 3 )  — I ( + 1 4 ) <  MeO ( + 2 4 ) .  

The changes in intensity were generally small, the para 
iodo compound alone showing a small decrease and the 
p-methoxy derivative giving a double maximum. The 
effect of a para substituent can only be electronic, and a 
substituent with a positive resonance effect, which by 
slightly lowering the energy level of the ground state 
and further lowering the energy level of the excited 
state, will reduce the energy of the transition to the 
excited state (la to lb), resulting in an increase in the 
wave length of maximal absorption. Hydroxy and 
methoxy group (+ R  effects, although —I effects) pro
duced the expected large shifts. The order of displace
ments of the halogen atoms (Cl <  Br < I) is

that of the increasing resonance effect of these atoms.4® b 
The origin of the wave-length displacement for a 
p-nitro ( — R and —I effects) is probably different 
in that the transition involved is Ha to lib.

The resonance effect cannot operate throughout the 
whole molecule for a meta substituent and the displace-



A u g u s t , 1963 U l t r a v io l e t  S p e c t r a  o f  S o m e  C in n a m ic  A c id s 2017

ments observed were accordingly very small (MeO 
+2, OH +3, and NO2 —13 mp, with decrease in inten
sity in the last two cases and splitting of maximum in 
the first). Hypsochromic shift in the m-nitro compound 
may result from an increase in the energy level of the 
excited state of the benzene ring thereby increasing the 
energy of transition, although a transition between the 
nitro group and the aromatic ring may also be involved. 
Similar electronic effects for meta and para substitution 
have been observed in other conjugate aromatic 
systems.4

Substituents in an ortho position can exert both an 
electronic and steric effect. The wave-length displace
ments were much smaller than for the para isomers (OH 
and Br 0, MeO +1, Me +  4, and Cl —8) and the in
tensities much less due to the opposing steric effect of 
the bulky ortho substituents. The hydroxy, methoxy, 
and nitro compounds showed a second maximum at 
much higher wave length. In the case of the hydroxy 
compound, this is most probably due to hydrogen 
bonding,4 which could take place between the hydroxy 
group and the x-electrons of the side-chain double bond
(III).

The hydrocinnamic acids (Table III) showed the same 
E-band (at 220 mu), but only low absorption at ca. 280 
m/u.

T a b l e  III
P h y s ic a l  C o n s t a n t s  o f  H y d r o c in n a m ic  A c id s

M .p., L it. m.p.,
X a Amax ^max° °C. °C.

o-M ethoxy 224 (11,050) 277 (3,100) 
284* (2,750) 82 81b

ra-M ethoxy 218(7,500) 273 (2,100) 
279 (1,900)

50-52 56c

p-M ethoxy 218 (7,250) 272 (2,000) 103 K M -lO i8
278 (1,900)

“ Wave lengths in m^, molar extinction coefficients in paren
theses. Asterisk denotes inflection. b R. Pschorr and H. Ein- 
bech, Ber., 38, 2074 (1905). c K. H. Slotta an'd H. Heller, ibid,., 
63, 3029 (1930). d G. Barger and G. S. Walpole, J. Chem. Soc.., 
95,1723(1909).

The polarographic half-wave reduction potentials of 
the cinnamic acids were measured (see Table I) in 75% 
dioxane-water using 0.175 M  tetra-n-butylammonium 
iodide as supporting electrolyte and 0.05 M  tetra-n- 
butylammonium hydroxide to eliminate the carboxylic 
acid hydrogen wave.5 6 It has been shown6 that the 
reduction involves two electrons, giving d-phenylpro- 
pionie acid. All the cinnamic acids gave a reduction 
wave of E,/, about 2.0 v. and this must arise from reduc
tion of the side-chain double bond. However, many of 
the substituted cinnamic acids, particularly those with 
nitro and iodo groups, showed other reduction waves at 
lower potentials, and these must arise from reduction of 
these substituents. Para Methyl, methoxy, and hydroxy 
substituents produced no change in the E,/, values, with

(5) S. Wawzonek, S. C. W ang, and  P. Lyons, J .  O r g .  C h e m . ,  15, 543 
(1950).

(6) G. Semerano and A. Chisini, G a z e .  c h i m .  i t a l . ,  66, 510 (1936).

little difference in the diffusion current constants (id/  
c m t'/e) in the first two cases.

A para chloro substituent caused reduction at a less 
negative potential ( — 0.15 v.). The reduction poten
tials are a measure of the energy barrier to addition of 
electronic charge to the double bond,7 and the —I 
effect of chlorine, by decreasing the electronic charge 
on the double bond (lb), will facilitate reduction. A 
further decrease in reduction potential might be ex
pected for the p-bromo compound, but the bromo group 
will be reduced at about —2.0 v. and the single reduc
tion wave must involve this process, together with that 
of the side-chain double bond. The first wave of the 
p-iodo acid corresponds to reduction of the iodo grcup7 
and the second to that of the cinnamic acid formed by 
this reduction. Aromatic nitro compounds often re
duce in alkaline medium in two stages affording the 
hydroxylamine and aniline.8 The nitrocinnamic acids 
all showed three reduction waves, corresponding to the 
reduction of the nitro group and the subsequent reduc
tion of the hydroxylamino or amino acids so formed. 
The increase in potential of the last wave of p-nitro 
cinnamic acid as compared with cinnamic acid itself 
(+0.20 v.) is consistent with the +1 effect of an amino 
group, transmitted to the side-chain double bond and 
this effect is less in the case of the meta and ortho 
compounds.

o-Methyl-, methoxy-, chloro-, and bromocinnamic 
acids all gave two reduction waves, in contrast to their 
para isomers, and the Em value of the second wave 
was always more negative. The diffusion current con
stants were, moreover, much smaller, suggesting that 
reduction occurs by a different process. The origin of 
these effects must be in steric inhibition of resonance 
with the side chain by the bulky ortho substituents re
ducing the effectiveness of the resonance effect and 
making reduction more difficult.8 The Em of the 
third wave of o-nitrocinnamic acid was similarly less 
negative (NHS has —I effect), although the Em  values 
of the first two waves, attributed to reduction of the 
nitro group itself, remained unchanged. The o-hydroxy 
acid was apparently anomolous (two waves, the second 
at a very negative potential), but such effects have been 
noted in hydrogen-bonded compounds.9

No quantitative relation existed between the wave 
lengths or frequencies of the maxima of the conjugate, 
absorption band and the half-wave reduction potentials, 
although certain parallelisms have been noted in sim
pler carbonyl compounds.10 No relation is to be ex
pected since the processes taking place are quite dif
ferent. The wave length of maximal- absorption de
pends on the energy difference between the ground and 
excited states and polar effects by increasing the energy 
levels of the ground and excited states to different ex
tents cause displacements to longer wave length. 
However, the polarographic reduction potentials de
pend on the electron density at the reduced site, and 
substituents only produce differences (which may be in

(7) E. Gergely and T. Iredale, J .  C h e m .  S o c . ,  3226 (1953).
(8) (a) M. Fields, C. Valle, and M. Kane, J .  A m .  C h e m .  S o c . ,  7 1 , 421 

(1949); (b) S. F. Dennis, A. S. Powell, and M. J. Astle, i b i d . ,  7 1 , 1484 
(1949); (c) C. Frevost, P. Souchay, and C. M alen, B u l l .  s o c .  c h i m .  F r a n c e ,  

78(1953).
(9) L. Holleck, H. M arsen, and H. J .  Exner, Z .  N a t u r f o r s c h . ,  9b, 90 

(1954).
(10) (a) A. W inkel and G. Proske, B e r . ,  69, 1917 (1936); (b) N. J . Leon

ard, H. A. Laitinen, and E. H. M attu s, J .  A m .  C h e m .  S o c . ,  7 6 ,  3300 (1953).
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either direction) when their effects are transmitted to 
the reducible group.

Experimental
Cinnamic Acids.—¿ran.s-Cinnamie acid was an Eastman Kodak 

White Label sample. p-Nitrocinnamic acid was prepared by 
nitration of cinnamic acid and purified via its ethyl ester." p- 
Iodocinnamic acid was prepared by iodination of cinnamic acid 
with iodine in acetic acid in the presence of nitric acid11 12 and puri
fied by chromatography on magnesol and elution with acetone.

o- and p-methyl-, chloro-, and bromo-, m-nitro-, and p-hydroxy- 
and p-methoxy-, as well as p-iodocinnamic acids were prepared by 
reaction of the appropriate benzaldehyde with malonic acid in 
95% ethanol in the presence of piperidine.13

o- and m-hydroxy- and methoxy- and o-nitrocinnamie acids 
were prepared similarly in pyridine solution with piperidine.14

o- and m-methoxybenzaldehydes were prepared by methylation 
of the hydroxybenzaldehyde with methyl sulfate and sodium 
hydroxide.15 o- and p-chloro- and bromobenzaldehydes were

(11) W. D avey and  J. R. Guilt, J .  C h e m .  S o c . ,  204 (1950).
(12) R. L. D a tta  and N. R. C hatterjee , J .  A m .  C h e m .  S o c . ,  41, 295 

(1919).
(13) A. I. Vogel, “ P ractical Organic C hem istry ,” Longm ans Green and 

Co., New Y ork, N. Y., 1948, p. 682.
(14) J. Koo, M . S. Fish, G. N. W alker, and J .  Blake, O r g .  S y n . ,  31, 35 

(1951).
(15) C f .  D. A. Shirley, “ P repara tion  of Organic In te rm ed ia te s,"  John

W iley and  Sons, Inc., New York, N. Y., 1951, p. 37.

prepared by Etard oxidation of the corresponding toluenes,16 
and o-nitrobenz aldehyde was prepared by oxidation of o-nitro- 
toluene in acetic acid and anhydride followed by hydrolysis of 
the so-formed diacetate.17

The hydrocinnamic acids were prepared by hydrogenation of 
the cinnamic acids in acetic acid using a platinum oxide catalyst.

The corrected melting points were determined on a Kofler 
block and are recorded in Tables II and III.

Absorption Spectra.—The absorption spectra were determined 
in purified 95% ethanol using a Beckman DK2 spectrometer and
1-cm. cells at concentrations such that the optical density was 
0.8-0.2 (see Table I).

Polarographic Reductions.—The polarographic determinations 
were made in 0.175 M tetra-ra-butylammonium iodide-0.05 M 
tetra-ra-butylammonium hydroxide in 75% dioxane-water (d2526
1.037, dioxane purified by refluxing with sodium) using stand
ard conditions6 and employing a Sargent Model XI polarograph. 
The half-wave reduction potentials were measured against a 
saturated calomel electrode (Table I). The capillary had a drop 
time of 3.6 sec. and mercury flow of 1.51 mg./sec.

Acknowledgment.—This study was supported in 
part by grants from the Rockefeller Foundation, 
New York, New York.

(16) O. H. Wheeler, C a n .  J .  C h e m . ,  36, 667 (1958).
(17) Ref. 13, p.666.
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The action of trifluoroacetic anhydride on various N-aryl amic acids was investigated to determine whether 
dehydration by this reagent always forms isoimides. N-Substituted maleamic and phthalamic acids were de
hydrated to isoimides, and the method appears to be general for the synthesis of N-aryl maleisoimides and 
phthalisoimides. Several products were obtained from saturated amic acids depending on the number of carbon 
atoms separating the amide and carboxyl groups, but in no instance was a saturated isoimide formed. Although 
the a- and /S-N-methylcamphoramic acids were not dehydrated by trifluoroacetic anhydride, the reported de
hydrations by acetyl chloride and phosphorus oxychloride to isoimides, the only report of saturated isoimides, 
have been confirmed. Maleisoimdes have been found to react with piperidine by ring opening to form diamides 
rather than by addition to the carbon-carbon double bond, and this reaction has been used to confirm the struc
ture of N-1 -naphthylmaleisoimide. The intensities of the two characteristic infrared bands of cyclic isoimides 
have been shown to be useful in distinguishing isoimides from imides.

The dehydration of N-substituted amic acids (I) 
is known to produce imides (II) or isoimides (III), 
depending on the conditions employed for the dehydra
tion and on the nature of the amic acid. The literature
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on imides is quite extensive, and a variety of reagents 
has been used in the synthesis of imides. The reagents 
most commonly employed to effect dehydration of amic 
acids to imides are phosphorus pentoxide,34 acetic

(1) Support of this work by a Frederick G ardner C ottre ll g ran t from the 
R esearch Corporation is gratefully  acknowledged.

(2) P resented  in p a rt a t  the 140th N ational M eeting of the American 
Chemical Society, Chicago, 111., Septem ber, 1961, p. 111-Q of the  abstracts .

(3) A. E. K retov  an d  N. E . K ul’chitskaya, Z h .  O b s h c h .  K n i m . ,  26, 208 
(1956); C h e m .  A b s t r . ,  50, 13771 (1956).

(4) A. P iu tti, A t t i  r e a l e  a c c a d .  L i n c e i ,  C l a s s e  s c i .  f i s .  m a t .  e  n a t . ,  [5] 18, 
I I ,  312 (1909); C h e m .  A b s t r . ,  4, 2451 (1910).

anhydride plus fused sodium acetate,5 acetyl chloride,67 
and thionyl chloride.3 8 9 Simple heating of the amic 
acid or direct fusion of a mixture of the anhydride and 
amine without isolation of the intermediate amic acid 
are also very common methods. Various other dehy
drating agents have been employed less extensively: 
in the preparation of phthaloylamino acids, for example, 
numerous techniques have been developed for dehydra
tion under relatively mild conditions to avoid de
composition or racemization of the amino acid.911

The reagents reported to dehydrate amic acids to 
isoimides are fewer in number and, judging from the 
literature, several would appear not to be general in 
their action. These reagents, in chronological order of

(5) N. E. Searle, U .S. P a ten t 2,444,536 (1948); C h e m .  A b s t r . ,  42, 7340 
(1948).

(6) E. G iustiniani, G a z z .  c h i m .  i t a l . ,  28, I I ,  189 (1898).
(7) K. von Auwers, A n n . ,  3 0 9 , 316 (1899).
(8) W. H. W arren and R. A. Briggs, B e r . ,  64, 26 (1931).
(9) F. E. King and  D, A. A. K idd, J .  C h e m .  S o c . ,  3315 (1949),
(10) A. K. Bose, F, Greer, and  C. C. Price, J .  O r g .  C h e m . ,  23, 1335 

(1958).
(11) B. R. Baker, J . P, Joseph, R. E. Schaub, and  J . H. W illiams, i b i d . .  

19, 1786 (1954).
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their reported use in the synthesis of isoimides, are 
acetyl chloride,12 phosphorus oxychloride,12 trifluoro
acetic anhydride,13 trifluoroacetic anhydride plus tri- 
ethylamine,14 other halogenated aliphatic acid anhy
drides plus triethylamine,14 ethyl chloroformate plus 
triethylamine,14 N,N'-dicyclohexylcarbodiimide,14 and 
acetic anhydride plus sodium acetate.1616 Of these, 
however, acetyl chloride, phosphorus oxychloride, 
ethyl chloroformate plus triethylamine, and acetic 
anhydride plus sodium acetate also have been used to 
form imides; trifluoroacetic anhydride alone has been 
reported to effect the dehydration of only one amic acid 
to the corresponding isoimide, and acetic anhydride 
plus sodium acetate formed isoimides only in certain 
instances.15

Isoimides constitute a potentially interesting class of 
compounds on which there has been relatively little 
investigation until recently and which appear to be 
reaction intermediates in several reactions. There is 
evidence to suggest that one path in the formation of 
imides by dehydration of amic acids may proceed via 
isoimides.14’17 Isoimides have been postulated as inter
mediates in the reaction of phthaloyl chloride with 
ammonia to form o-cyanobenzoic acid,18 in the synthe
sis of /i-cyano esters from N-unsubstituted amic acids,19 
in the reaction of amides with carboxylic anhydrides to 
form nitriles or imides,20 in the interconversion of 
nitriles and carboxylic acids,21 in the reaction of keti- 
mines with carboxylic acids,22 in the reaction of imidoyl 
chlorides with salts of carboxylic acids,23 and in the 
reaction of the N-methyl-5-phenylisoxazolium cation 
with acetate.24 In some of these reactions the product 
isolated was the imide, assumed to have resulted by 
isomerization of an initially formed isoimide.

We have been interested in a general study of the 
chemistry of isoimides and, as part of this investiga
tion, we have studied the formation of isoimides by the 
dehydration of amic acids. The results obtained 
employing trifluoroacetic anhydride as the dehydrating 
agent are reported in this paper.

N-Substituted Maleamic and Phthalamic Acids.— 
With only one exception, trifluoroacetic anhydride in 
dioxane was found to dehydrate N-arylmaleamic and 
N-arylphthalamic acids to N-arylmaleisoimides25 and

(12) S. Hoogewerff and  W. A. van  D orp, R e c .  t r a v .  c h i m . ,  12, 12 (1893); 
13 ,93  (1894); 14,252 (1895).

(13) K. C. Taou, R . J . B arrn e tt, and  A. M. Seligman, J .  A m .  C h e m .  S o c . ,  

77,4613 (1955).
(14) (a) R. J. C otter, C. K. Sauers, and  J . M. W helan, J .  O r g .  C h e m . ,  

2 6 , 10 (1961); (b) C. K . Sauers and  R . J . C o tte r, U .S. P a te n t 2,995,577 
(1961); C h e m .  A b s t r . ,  5 6 , 5839 (1962).

(15) A. E. K retov, N. E . K ul’chitskaya, and  A. E. M al’nev, J .  G e n .  C h e m .  

U S S R ,  3 1 , 2415 (1961).
(16) T. L. F le tcher and  H. L. Pan, J .  O r g .  C h e m . ,  2 6 ,  2037 (1961).
(17) W . R . Roderick, paper p resented  a t  the  Southeast-Southw est 

Regional M eeting of th e  Am erican Chem ical Society, New Orleans, La., 
1961.

(18) S. Hoogewerff and W. A. van  D orp, R e c .  t r a v .  c k i m . ,  11, 84 (1892).
(19) C. K. Sauers a nd  R . J . C o tter, J .  O r g .  C h e m . ,  2 6 , 6 (1961).
(20) D . D avidson and  H . Skovronek, J .  A m .  C h e m .  S o c . ,  8 0 , 376 (1958).
(21) W. G. Toland and  L. L. Ferstandig , J .  O r g .  C h e m . ,  2 3 , 1350 (1958).
(22) C. L. Stevens and  M. E . M unk, J .  A m .  C h e m .  S o c . ,  8 0 , 4065 (1959).
(23) F . C ram er and  K. B aer, B e r . ,  9 3 , 1231 (1960).
(24) R. B. W oodward and  R . A. Olofson, J .  A m .  C h e m .  S o c . ,  8 3 , 1007 

(1961).
(25) We prefer to  use the term  i s o i m i d e  as a  class name, adding  the usual

prefix to indicate the  paren t acid: e . g . ,  m a l e i s o i m i d e  ra the r th an  i s o m a l e i -

m i d e .  This usage is consistent w ith the  nom enclature of imides and amic 
acids and  should lessen, any  confusion w ith acids th e  nam es of which include 
the prefix i s o  ( e . g . ,  te trahydroisophthalic  acid). Isoimides are nam ed sys
tem atically  as imino derivatives of lactones: e . g . ,  3-(4-m ethoxyphenyl-
im ino)phthalide and  5-(4-m ethoxyphenylim ino)-2(5H )-furanone.

N-arylphthalisoimides, respectively, with yields gener
ally in the range of 70-90% (c/. Tables I and II). 
The method was essentially that employed by Tsou, 
et aZ.,13 in which a slight excess of trifluoroacetic anhy
dride is added to a solution or suspension of the amic 
acid in dioxane at room temperature. Since the hy
drolysis of maleisoimides is catalyzed by acids,16 Cotter, 
et ah,14 have proposed that, in those instances in which 
trifluoroacetic anhydride has been found to be ineffec
tive, the initially formed isoimide is subsequently hy
drolyzed, presumably during the work-up procedure, 
catalyzed by the trifluoroacetic acid formed as a by
product. In an experiment designed to test this hy
pothesis, they treated maleanilic acid with trifluoro
acetic anhydride in the presence of sufficient triethyl
amine to neutralize the liberated trifluoroacetic acid 
and obtained the maleisoimide in 50% yield.

This interpretation would appear to account satis
factorily for the failure to obtain maleisoimides from 
the action of trifluoroacetic anhydride on certain male
amic acids. Nevertheless, in our studies dehydration 
in the absence of any added base was successful :n all 
but one instance. The yield of N-phenylmaleisoimide 
was low (30%); this isoimide appeared to be somewhat 
less stable toward hydrolysis than the other aryl male
isoimides. Since N-(m-nitrophenyl)maleisoimide was 
found to hydrolyze very rapidly during the isolation, 
the reaction mixture was poured into 10% sodium 
bicarbonate solution to prevent hydrolysis. With 
N - (1-n apl i thy]) maleamic acid, however, even this 
modified procedure was not completely successful. 
An impure oil having infrared absorption bands at
5.60 and 5.99 /i (sh 5.85 ¡i) characteristic of cyclic 
isoimides was obtained, but it could not be purified, and 
the elemental analysis was unsatisfactory owing to 
hydrolysis to the amic acid. That the product was the 
isoimide was shown by the reaction with piperidine 
(following). The N-(l-naphthyl)maleamic acid was 
studied because Tsou, et al, had tried trifluoroacetic 
anhydride on only three amic acids: N-(l-naphthyl)-, 
N-(5-hydroxy-l-naphthyl)-, and N-(4-hydroxy-l-naph- 
thyl) maleamic acids. Only the last compound was 
dehydrated to an isoimide, the other two being recov
ered unchanged. Consequently, a better test of Cotter’s 
hypothesis that the failure to obtain these isoimides 
results from hydrolysis of the initially formed isoimides 
is with one of these naphthyl derivatives. The method 
of Cotter, et al., using triethylamine in the dehydration 
mixture was also employed; an oil identical in infrared 
spectrum to that obtained using trifluoroacetic anhy
dride alone’ was obtained, and elemental analysis was 
again unsatisfactory and indicated hydrolysis. These 
observations thus support the interpretation of Cotter, 
et al., and demonstrate that hydrolysis of isoimides can 
be prevented by pouring the reaction mixture into 
bicarbonate as well as by having triethylamine present 
during the dehydration.

Saturated Amic Acids.—Since trifluoroacetic anhy
dride was found to be a general reagent for the forma
tion of isoimides in the maleic and phthalic series the 
action of this anhydride on a homologous series of 
saturated amic acids was investigated since the on_y ex
amples of a saturated isoimide ring are the camphor- 
isoimides.12 The results of treatment of N-aryl:nalo- 
namic, -succinamic, -glutaramic, and -adipamic acids
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T a b l e  I
N - A r y l m a l e is o im id e s

0

N -A r
M olecular M .p., Yield, -------C arbon, % ------ • -------Hydrogen, % ------■ ✓------N itrogen, % —•—.

Ar form ula °c. % Calcd. Found Calcd. Found Calcd. Found

p-Dimethylaminophenyl C12H 12N2O2 137 85 66.65 6 6 . 4 3 5.59 5.72 12.96 12.78
p-Methoxyphenyl c „h 9n o 3 71 75 65.02 63.81 4.46 4.26 6.89 6.85
p-Ethoxyphenyl CisHnNOi 71-74 75 66.35 66.08 5.10 5.11 6.45 6.40
p-Tolyl c „h 9n o 2 74 70 70.58 70.77 4.85 5.00 7.48 7.45
Phenyl C,oH,N0 2 60 30 69.36 a 4.07 8.09
o-Nitrophenyl C10H6N2O4 107-109 82 55.05 55.04 2.77 2.79 12.84 13.08
m-Nitrophenyl C10H6N2O4 57 50 55.05 55.05 2.77 2.79 12.84 12.92
p-Nitrophenyl Cj0H6N2O4 112-113 80 55.05 54.05 2.77 2.74 12.84 12.69
° Could not be purified; reported as a pure compound (ref. 14).

T a b l e  II
N  -  A R Y L P H T H  A L 1 S O I M I D E S

0

N -A r
M olecular M.p., Yield, r------C arbon, % -----• -------Hydrogen, %------ > -------N itrogen, %------ «

Ar form ula °c. % Calcd. Found Calcd. Found Calcd. Found

p-Dimethylaminophenyl Cl9H14N20 2 170 55 72.16 71.93 5.30 5.59 10.52 10.58
o-Methoxyphenyl c I6h „ n o 3 121 70 71.14 71.26 4.37 4.29 5.53 5.62
p-Methoxyphenyl c ,sh „ n o 3 134 80 71.14 70.60 4.37 4.34 5.53 5.66
o-T olyl c 16h „ n o 2 136 80 75.93 75.84 4.67 4.49 5.90 5.98
p-Tolyl c 16h „ n o 2 123 80 75.93 76.07 4.67 4.41 5.90 5.85
Phenyl c i4h 9n o 2 1 12“ 80 75.32 4.06 6.28
o-Chlorophenyl c „ h 8n o 2ci 139 90 65.25 65.35 3.13 3.30 5.44 5.44
p-Chlorophenyl c 14h 8n o 2ci 160 89 65.25 65.64 3.13 3.23 5.44 5.39
o-Nitrophenyl c 14h 8n 2o 4 162 60 62.69 62.22 3.01 3.16 10.45 10.41
TO-Nitrophenyl c „ h î,n 2o 4 138 50 62.69 62.56 3.01 3.03 10.45 10.60
p-Nitrophenyl c 14h 8n 2o 4 172 91 62.69 62.49 3.01 3.07 10.45 10.58

a Lit. m.p. 116°.

T a b l e  III
P r o d u c t s  O b t a in e d f r o m  t h e  A c t io n  o f T r i f l u o r a c e t ic

A n h y d r id e  o n  S a t u r a t e d  A m ic  A c id s

M .p., Yield,
Amic acid Product "C . %

N-Phenylmalonamic Polymer ? ca. 210 77
N-Phenylsuccinamic Succinic di anilide 231 60
N-( p-Methoxyphenyl )-• Amic acid recovered

succinamic
N-Phenylglutaramic N-Pheny Iglutaramic 145 40

anhydride
N-(p-Methoxyphenyl )-■ N-(p-Methoxyphenyl)- 159 50

glutaramic glutaramic
anhydride

N-Phenyladipamie N-Phenyladipamic 138 50
anhydride

with trifluoroacetic anhydride under the same condi
tions employed for N-substituted maleamic and phthal- 
amic acids are summarised in Table III.

Treatment of N-phenylmalonamic acid (malonanilic 
acid) with trifluoroacetic anhydride gave products 
which, although they could not be identified, appeared 
not to be the imide and which are definitely not the 
isoimide. The products were amorphous, without 
definite melting point, gave unsatisfactory analyses, and 
could not be purified. The action of thionyl chloride

on malonanilic acid has been reported to give the imide,8 
but the properties of the product and difficulty in re
producing the reaction suggest a polymer.26 Phos
phorus pentachloride has been reported to convert 
malonanilic acid to a trichloroquinoline.27 We have 
treated malonanilic acid with these two reagents and 
found the products to be very similar but not identical 
with those obtained with trifluoroacetic anhydride. 
The action of dehydrating agents on malonamic acids 
is, therefore, complex; all that can be concluded from 
the previous data is that imide or isoimide are not formed.

N-(p-Methoxyphenyl)succinamic acid was recovered 
unchanged from treatment with trifluoroacetic anhy
dride, but N-phenylsuccinamic acid was converted to 
succinic dianilide. N-Phenylglutaramic, N-(p-meth- 
oxyphenyl)glutaramic, and N-phenyladipamic acids 
were each dehydrated to the respective amic acid 
anhydrides (IV). The amic acid anhydride structures
2 Ar—NH—C—(CH2 )„COOH +  (CF3CO)2G — >

A
[Ar—NH—C—(CH2)„C]20  +  2CF3COOH

A A
IV, n = 3 or 4

(26) F . E . K ing, J .  C k e m .  S o c . ,  1318 (1949).
(27) L. Riigheimer, B e r . ,  17, 736 (1884).
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were assigned on the basis of the following chemical, 
spectral, and analytical evidence. The product from 
N-phenylglutaramic acid had three infrared absorption 
bands in the carbonyl region at 5.55, 5.75, and 6.05 n, 
as well as an N-H band at 2.98 m, indicating that the 
product was neither the isoimide or imide. The bands 
indicated an amide and an anhydride and were similar 
to those reported by Thamm for N-aryl succinamic 
anhydrides obtained from the action of ketenes on amic 
acids.28 Elemental analyses supported the structural 
assignments, although the per cent carbon was low, 
probably the result of hydrolysis to amic acid. Chem
ical evidence included hydrolysis of these products to 
the amic acids and ammonolysis with aniline to give 
both the amic acids and dianilides.

With this failure to dehydrate saturated amic acids 
to isoimides using trifluoroacetic anhydride, the action 
of another fluorinated anhydride, heptafluorobutyric 
anhydride, was studied with the succinamic acids, since 
these seemed most likely to give rise to stable isoimides. 
Because of the different and unexpected products ob
tained, it was necessary to investigate the action of this 
reagent on each of the other types of amic acid as well. 
The products from the other amic acids, however, 
were in each case the same as those obtained using 
trifluoroacetic anhydride. With the two succinamic 
acids studied, an acyl exchange occurred rather than 
dehydration. Thus N-phenylsuccinamic acid gave 
heptafluorobutyranilide, and N - (p-met hoxy p he nyl) - 
succinamic acid gave p-methoxyheptafluorobutyr- 
anilide. Succinic anhydride, which should be the other 
product, was not isolated.

Because of the failure to obtain saturated isoimides 
from the amic acids discussed earlier as well as from 
several other saturated amic acids, the reported prep
arations of the N-methylcamphorisoimides12 were 
repeated. T reatment of N-methyl- a-camphoramic acid 
with acetyl chloride gave N-methyl-a-camphoriso- 
imide. Treatment of N-methyl-/3-carnphoramic acid 
with phosphorus oxychloride gave, in very low yield, a 
mixture of N-methylcamphorimide and a compound 
having carbonyl absorptions similar to those of the 
«-isoimide and hence, presumably, the /3-isoimide. The 
assignment of the isoimide structure to the product from 
the «-amic acid was confirmed by determination of the 
intensities of the infrared absorption bands (following). 
The existence of these saturated isoimides is thus 
confirmed. Trifluoroacetic anhydride, however, did 
not dehydrate these amic acids.

Interpretation of Results.—From the data presented 
it can be seen that the action of trifluoroacetic anhy
dride on amic acids may result in the formation of iso
imides or of several other products. The formation of 
the various products observed can be rationalized by 
the scheme shown in Fig. 1. I t is likely that the N- 
aryl amic acid first reacts with trifluoroacetic anhydride 
to form a mixed anhydride.29 The mixed anhydride can 
undergo intramolecular cyclization in three ways: 
elimination of trifluoroacetic acid with formation of 
imide; elimination of trifluoroacetic acid with forma
tion of isoimide; or elimination of trifluoroacetanilide 
with formation of anhydride. Reaction of the mixed

(28) R. C. Tham m , Ph.D . d issertation, U niversity  of Illinois, 1957; *c/. 
D i s s e r t a t i o n  A b s t r . ,  17 , 2428 (1957).

(29) J. M. Tedder, C h e m .  R e v . ,  5 5 , 787 (1955).

^COOH
(R) +  (CF3C0)20

'''C O —N H -A r

Fig. 1.—Possible scheme for the reaction of trifluoroacetic 
anhydride with amic acids.

anhydride with a second molecule of amic acid forms 
the amic acid anhydride, which may be isolated or may 
undergo a cyclization analogous to the third cyclization 
path of the mixed anhydride, forming diamide and 
anhydride. It is conceivable that the amic acid an
hydride could also cyclize by elimination of amic acid 
and formation of imide or isoimide, analogous to the first 
two paths for the mixed anhydride.

Each of these intermediates and products has been 
obtained from amic acids in other studies. Evidence 
for the mixed anhydride as an intermediate in the 
dehydration of amic acids has been obtained,17 and 
acetic succinamic anhydrides have been obtained by 
other means.28 N-Aryl succinamic acid anhydrides 
have been reported as products from the action o: di- 
phenylketene on the amic acids.28 Diamides have been 
obtained from the treatment of N-phenylmaleamic acid 
with phosphorus oxychloride,30 from treatment of N -  
(p-ethoxypheny 1 )maleamic acid with acetyl chloride,31 
and from thermal decomposition of d,l-erythro-dimethy\- 
succinanilic acetic anhydride.28 Acyl exchange has 
been observed in the treatment of maleamic acids with 
excess acetic anhydride3 and in the action of trifluoro
acetic anhydride on peptides.32

In this scheme all amic acids are assumed to form the 
mixed anhydrides; subsequent behavior of the anhy
dride depends mainly on the structure of the amic acid. 
Formation of a cyclic product occurs when the most

(30) W. A. van D orp and  P. M. H aarst, R e c .  t r a v .  c h i m . ,  1 9 , 311 (If 00).
(31) W. R. Roderick, J .  A m .  C h e m .  S o c . ,  7 9 , 1710 (1957).
(32) F. W eygand, R. Geiger, and  U. Glöckler, B e r , ,  8 9 , 1543 (195*3); c j . 

K. D. Kopple and  E. Bachli, J .  O r g .  C h e m . ,  24, 2053 (1959).
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stable ring, a five-membered ring,33 is formed; thus 
N-substituted phthalamic and maleamic acids form 
isoimides. The failure of succinamic acids to cyclize is 
not surprising even though they would form a five- 
membered ring, since studies have shown that succinic 
derivatives cyclize much less readily than maleic deriva
tives owing to the existence of the former in conforma
tions unfavorable toward cyclization.34 As predicted, 
succinic derivatives which are forced into favorable 
conformations by several a-substituents cyclize more 
readily.34 Bicyclic amic acids in which the carboxyl 
(and, therefore, the mixed anhydride) and amide groups 
are held in a conformation favorable for cyclization 
should be dehydrated readily to cyclic products, and 
this is the case. For example, the reaction of 3,6- 
endo-methylene-l,2,3,6-tetrahydrophthalic anhydride 
with aniline gives the imide directly; when the amic 
acid is isolated, it cannot be recrystallized and spon
taneously dehydrates to the imide.35 The same factor 
is undoubtedly responsible for the relative ease of forma
tion of camphorisoimides, since the carboxyl and amide 
groups of the camphoramic acids are fixed in a con
formation suitable for cyclization. In the reaction of 
succinamic acids with heptafluorobutyric anhydride, 
cyclization of the mixed anhydride presumably does 
occur, except by path three to form succinic anhydride. 
With the mixed anhydrides from longer chain amic 
acids, cyclization does not occur readily and the mixed 
anhydride reacts with a second molecule of the amic 
acid to form the amic acid anhydride.

The action of fluorinated acid anhydrides on amic 
acids depends, therefore, on the number of carbon 
atoms separating the carboxyl and amide groups and, 
at least in the case of succinamic acids, on the nature 
of the N-substitutent and the nature of the dehydrating 
agent. The action of dehydrating agents on amic acids 
probably is also dependent upon other experimental 
conditions, such as temperature and reaction time, so 
that different products may be obtained from the 
action of a given dehydrating agent on an amic acid 
under different conditions.17

Reaction of Isoimides with Piperidine.—In the course 
of other attempts to prepare saturated isoimides by 
means other than the dehydration of amic acids, the 
reaction of piperidine with isoimides was studied. Vari
ous reagents, including piperidine, have been shown to 
add to N-arylmaleimides to form N-arylsuceinimides.36 
The addition of such reagents to the carbon-carbon 
double bond of a maleisoimide would give a succin- 
isoimide. Of course, the isoimide ring should be more 
susceptible to nucleophilic attack than the imide ring, 
and ring cleavage may occur more readily than addition. 
Maleisoimides have been reported to react with amines 
by ring cleavage.37

Treatment of N-(p-methoxyphenyl)maleisoimide 
with piperidine at room temperature did not result in 
addition to give the desired a-piperidylsuccinisoimide. 
Instead, ring cleavage occurred forming the diamide,

(33) H. C. Brown, J. H. Brewster, and  H. Schechter, J .  A m .  C h e m .  S o c . ,  

76, 467 (1954).
(34) T . C. Bruice and  U. K. P an d it, i b i d . ,  82 , 5858 (I960)'.
(35) (a) M. S. M organ, R. S. Tipson, A. Lowry, and  W. E. Baldwin, i b i d . ,  

66, 404 (1944); (b) S. W. Fox and F. N. M inard , i b i d . ,  74, 2085 (1952).
(36) A. M ustafa , W. Asker, S. K ha ttab , and  S. M. A. D. Zayed, J .  O r g .  

C h e m . ,  26, 787 (1961), and previous papers cited therein.
(37) C. K. Sauers and  R. J . C otter, U. S. P a ten ts  3,023,240 (1962) [ C h e m .

A b s t r . ,  57, 11100 (1962)] and 3,041,376 (1962).

the piperidide of N-(p-methoxyphenyl)maleamic acid. 
Hence it would appear that saturated isoimides cannot 
be obtained by this route. This difference of male- 
imides and maleisbimide! 'in their reactivity toward 
amines can be utilized to differentiate between these 
two structures. Thus with N-(l-naphthyl)maleiso- 
imide, a viscous red oil which could not be purified 
or analyzed owing to its ready hydrolysis, the reaction 
with piperidine gave a product for which infrared, 
chemical, and analytical data indicated the piperidide 
of N-(l-naphthyl)maleamic acid. The formation of 
this product under such mild conditions is consistent 
with the isoimide structure, but not with the imide 
structure.

Infrared Absorption of Isoimides.—The N-arylmale- 
isoimides and N-arylphthalisoimides prepared in this 
study all exhibited two strong bands in the carbonyl 
region at 5.54 (C =0) and 5.88 n (C=N), in agreement 
with the findings of other workers. While it is gen
erally possible to distinguish isoimides from the cor
responding imides, which also absorb in this region, in a 
few instances the bands of isoimides are at wave lengths 
quite different from the average wave lengths and 
hence they are not sufficient for assignment of the 
isoimide structure. It appeared that the intensities 
of the absorptions might be more characteristic of the 
structure than the wave lengths and would at least 
provide additional data to support the isoimide struc
ture for certain members.

Accordingly, quantitative spectra of isoimides and 
the corresponding imides in dioxane solution were deter
mined for the region 5.0-6.0 n, and apparent molecular 
extinction coefficients were calculated from the max
imum absorptions.38 The results, presented in Table 
IV, show that it is possible to distinguish isoimides from 
imides by extinction coefficients. The value of the 
apparent molecular extinction coefficient of the longest 
wave-length band is of the order of 200-400 for iso
imides and 850-1300 for imides. The difference is so 
large that it enables assignment of structure to an 
imide or isoimide in the absence of the infrared spectrum 
of the isomer.

The method was employed to confirm the assignment 
of the isoimide structure when it was in doubt. The 
mull spectrum of N-(p-dimethylaminophenyl)phthaliso- 
imide, for example, has bands at 5.57 (sh), 5.67, and
5.95 yu and is more characteristic of an imide than of an 
isoimide. In dioxane solution there are only two bands, 
at 5.57 n (e 369) and 5.93 /t (e 167); and, although the 
bands are at somewhat longer wave lengths than ob
served for other phthalisoimides, the intensities defi
nitely are in the range for isoimides. N-Methyl-a- 
camphorisoimide was studied since there are no modern 
physical data to support this sole example of a saturated 
isoimide. This isoimide has absorptions at 5.63 n 
(t 314) and 5.85 n (e 471), whereas the imide has ab
sorptions at 5.78 m (e 241) and 5.96 m U 1233). Here the 
wave lengths differ quite widely from those of imides 
and isoimides in the maleic and phthalic series, but the 
apparent extinction coefficients fall in the appropriate

(38) W hile ap p aren t molecular extinction  coefficients lack the precision 
of in tegrated  absorption in tensities [D. A. R am say, J .  A m .  C h e m .  S o c . ,  74, 
72 (1952); L. J . Bellam y, “ The In fra-red  Spectra of Complex M olecules,’’ 
John  W iley and  Sons, Inc., New York, N. Y., 2nd E d ., 1958, p. 271; T. L. 
Brown, C h e m .  R e v . ,  58, 581 (1958)], the use of the form er in s tudies where the 
differences betw een different s truc tu res are large is justified b y  their ease 
of calculation.
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T a b l e  IV
A p p a r e n t  M o l e c u l a r  E x t in c t io n  C o e f f i c i e n t s  o f  N - A r y l  I m id e s  a n d  I s o im id e s  i n  D io x a n e

-Imides-
N -Substituen t 

Phthalic series
x, € X C

o-CH30 —C6H4— 5.60 94 5.73 313
P-CHjO—CeH4— 5.60 70 5.72 189
o-C H r- C6H4— 5.60 99 5.73 226
J9-CH3—C6H4— 5.61 83 5.74 255
o-Cl—C6H4— 5.59 114 5.73 391
p-C\—c6h 4— 5.60 89 5.74 395
Average 5.60 92 5.73 294

Maleic series
p-CH.O—C6H4— 
p-CH3—C6H4—
p-(Ch 3)2n —c 6h 4—
Average

Taoimides-
X e X € X e

5.80 1240 5.53 372 5.85 415
5.80 1110 5.55 366 5.91 273
5.81 1136 5.54 359 5.87 371
5.82 1288 5.54 358 5.90 256
5.78 1146 5.52 329 5.85 509
5.81 374 5.54 340 5.88 383
5.80 1149 5.54 354 5.88 367

5.80 844 5.56 334 5.95 134
5.79 847 5.55 358 5.93 205
5.82 852 5.58 617 5.65 304
5.80 848 5.56 436 5.84 214

range and clearly support the assigned structures. 
For structural assignments where isomers absorb in the 
same region such that the range of wave lengths for one 
isomer overlaps the range for the other, as with imides 
and isoimides, the ranges of intensities of the absorp
tions may be widely separated and hence of considerable 
value in differentiating between isomeric structures.

Experimental39
Amic Acids.—The amic acids were prepared by reaction of 

equimolar amounts of the anhydride and of the amine at room 
temperature in solvents such as chloroform, ether, or benzene. 
The crude amic acids were dissolved in dilute sodium bicarbonate, 
and the resultant solutions were filtered and acidified. The 
amic acids were obtained in yields of 70-80% after purification 
and generally were used without recrystallization. Three new 
amic acids were prepared.

(a) N-(p-Dimethylaminophenyl)ph thalamic acid was ob
tained in 53% yield as off-white crystals (from ethanol), m.p. 
261-264°.

Anal. Calcd. for Ci6Hi6N20 3: C, 67.61; H, 5.63; N, 9.86. 
Found: C, 67.60; H, 5.50; N, 10.02.

(b) N-(p-Dimethylaminophenylhnaleamic acid was obtained 
in 83% yield as scarlet crystals (from ethanol), m.p. 212°.

Anal. Calcd. for Cj2HI4N20 3: C, 61.55; H, 5.98; N, 11.96. 
Found: C, 61.18; H, 5.20; N, 11.68.

(c) N-(p-Methoxyphenyl/succinamic acid40 was obtained in 
81% yield as slightly pink crystals (from water), m.p. 162.5- 
163.0°.

Anal. Calcd. for C„H)3N 04: C, 59.18; H, 5.87; N, 6.28. 
Found: C, 59.23; H, 5.94; N, 6.22.

Imides.—To support the assignment of isoimide structures, 
many of the corresponding imides were prepared for comparisons 
of infrared spectra. The imides were obtained by dehydration of 
the amic acid using acetic anhydride and sodium acetate or by 
direct heating. One new imide was prepared. N-(jo-Dimethyl- 
aminophenyl)maleimide was obtained in 80% yield as reddish 
brown crystals (from acetone), m.p. 153-154°.

Anal. Calcd. for C12H12N20 2: C, 66.67; H, 5.55; N, 12.96. 
Found: C, 66.42; H, 5.65; N, 12.75.

Maleisoimides and Phthalisoimides.—Since the procedures 
employed in the dehydration of N-substituted maleamic and 
phthaiamic acids to isoimides were essentially the same for all 
compounds, only a general procedure is described.

To a solution or suspension of the amic acid in dry dioxane,
1.0 to 1.5 equivalents of trifluoroacetic anhydride was added. 
The solutions were allowed to stand at room temperature for 5

(39) M elting points are no t corrected. Analyses were perform ed by  the 
Weiler and  S trauss M icroanaly tical Laboratories, Oxford, England, and  by  
G albraith  Laboratories, Inc., Knoxville, Tenn.

(40) T his acid has been reported  [A. P iu tti, B e r . ,  29, 84 (1896)] w ithout 
analy tical d a ta  and  as having a  m .p. of 156-157°, w ith the  im ide, m.p. 
162-163°. A sam ple of im ide p repared  from the amic acid had a m.p. 
of 161.0-162.5°.

to 60 min.; the suspensions were stirred for 1 hr. at room tem
perature, during which time the amic acid went into solution. 
The solutions were poured into water to precipitate the products, 
which were collected within a few minutes and washed succes
sively with water, 10% sodium bicarbonate, and water; in a few 
instances the precipitates were allowed to stand in 10% sodium 
bicarbonate for 30 min. The isoimides were crystallized from 
aqueous acetc ne. The yields, physical properties, and analyses of 
the isoimides prepared by this procedure are listed in Tables I 
and II.

The action of heptafluorobutyric anhydride was studied on N- 
(p-methoxyphenyl)maleamic acid and on N-(j»-methoxyph€nyl )- 
phthaiamic acid using the same general procedure. The prod
ucts, N-(p-methoxyphenyl)maleisoimide, obtained in 45% 
yield, m.p. 71°, and N-(p-methoxyphenyl)phthalisoimide, ob
tained in 65% yield, m.p. 134°, were identical in infrared spectra 
and melting points with the products obtained using trifluoroace
tic anhydride.

Amic Acid Anhydrides.—Treatment of N-phenylglutaramic, 
N-(p-methoxyphenyl)glutaramie, and N-phenyladipamie acids 
with trifluoroacetic anhydride or heptafluorobutyric anhydride 
according to the general procedure described earlier yielded the 
amic acid anhydrides in each instance. To confirm the amic acid 
anhydride structures, each of the products was hydrolyzed to the 
original amic acid and treated with aniline or p-anisidine to form 
a mixture of the amic acid and the dianilide. Thus, from N- 
phenylglutaramic anhydride and aniline, both N-phenylglutara
mic acid and glutaric dianilide were isolated and identified by 
melting points and infrared spectra.

(a) N-Phenylglutaramic anhydride was obtained in 40% 
yield as colorless crystals (from ethanol), m.p. 145°.

Anal. Calcd. for C22H24N20 5: C, 66.65; H, 6.10; N, 7.07. 
Found: C, 66.52; H, 6.09; N, 6.88.

(b) N-%-Methoxyphenyl)glutaramic anhydride was obtained 
in 50% yield as colorless crystals, m.p. 159°.

Anal. Calcd. for C24H2SN2C>7: C, 63.16; H, 6.14; N, 6.14. 
Found: C, 62.56; H, 5.95; N, 6.17.

(c) N-Phenyladipamic anhydride was obtained in 50% yield 
as colorless crystals, m.p. 135-138°.

Anal. Calcd. for C24H28N20 5: C, 67.90; H, 6.60; N, 6.60. 
Found: C, 66.58; H, 6.51; N, 6.60.

Products from. Succinamic Acids.—N-(p-Methoxyphenyl)- 
succinamic acid was recovered unchanged from treatment with 
trifluoroacetic anhydride. Similar treatment of N-phenylsuc- 
cinamic acid gave succinic dianilide in 60% yield as colorless 
needles (from acetone), m.p. 230.5-231.0° (lit.41 m.p. 230°).

Anal. Calcd. for C16H16N20 2: C, 71.62; H, 6.01; N, 10.44.
Found: C, M.41; H, 6.03; N, 10.25.

Treatment of N-phenylsuccinamic acid with heptafluorobutyric 
anhydride gave heptafluorobutyraniLide in 30% yield, m.p. 
85° (lit.42 m.p. 92°). Product was identical in infrared spectrum 
and melting point with the amide prepared directly from aniline 
and heptafluorobutyric anhydride, and a mixture showed no 
depression in melting point. From N-(p-methoxyphenyl)suc- 
cinamic acic and heptafluorobutyric anhydride, p-methoxy-

(41) G. F. M orrell, J .  C h e m .  S o c . ,  105, 1733 (1914).
(42) R. N. Hazeldine, i b i d . ,2789 (1950).
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heptafluorobutyranilide was obtained in 21% yield as colorless 
needles, m.p. 97°. The product was identical with the amide 
prepared directly from p-anisidine.

Products from N-Phenylmalonamic Acid.—Treatment of this 
amie acid with trifluoroacetic or heptafluorobutyric anhydrides 
gave a colorless powder in yields of 60-80%, (calculated as de
hydration product). The melting point varied with different 
preparations (210°, 186-190° dec.) and appeared to depend on the 
rate of heating. The infrared spectrum contained bands at
3.08 and 5.95 y.

Anal. Calcd. for C9H,N02 (malonanilic acid-water): C,
67.07; H, 4.38; N, 8.69. Found: C, 66.63; H, 5.05; N,
8.49, corresponding to C9H8N 02.

The products from thionyl chloride were colored, amorphous 
solids with broad melting range (205-220°). Attempted hydrol
ysis of an orange sample by boiling potassium hydroxide solu
tion formed on acidification hydrogen sulfide and a green preci
pitate. The green solid had an infrared spectrum differing from 
that of the orange solid only in the sharpness of the carbonyl 
absorption.

Camphorisoimides and Related Compounds.—The literature 
procedures12 were followed for the preparation of compounds in 
this series. N-Methyl-a-camphoramic acid was obtained by 
direct reaction of aqueous methylamine with suspended d- 
camphoric anhydride. N-Methylcamphorimide was prepared by 
heating the a-amic acid above its melting point and then distilling 
the melt. The yellow distillate did not solidify at room tem
perature; the infrared spectrum had four carbonyl bands indi
cating a mixture of camphoric anhydride (5.52, 5.65 y) and the 
imide (5.80, 6.00 y). One crystallization from ether and two 
from absolute ethanol gave needles, m.p. 38-40° (lit. m.p. 40-42°) 
having only the imide carbonyl bands. N-Methyl-^-camphor- 
amic acid was obtained by dehydration of the a-amic acid to 
imide followed by hydrolysis of the crude imide. The fi-amic 
acid was separated from a-amie acid, formed in smaller amounts, 
by fractional crystallization. The a-amic acid was dehydrated 
by heating with acetyl chloride followed by treatment with 
aqueous hydroxide to liberate the free Isoimide; N-methyl-«- 
camphorisoimide was isolated in 16% yield as fine crystals 
(from ether), m.p. 132-133°. The (i-amie acid was dehydrated

with phosphorus oxychloride to a neutral product (9% yield) 
having four carbonyl bands indicating imide (5.80, 5.98 y) 
and, presumably, /3-isoimide (5.63, 5.90 y).

Reaction of Isoimides with Piperidine.—The method was that 
of Mustafa, et al.x The products were not the amine adducts of 
the maleisoimides as shown by insolubility in acid and by infrared 
bands at 3.02 (N—H) and 5.97 y (amide C = 0 ) and absence of 
the original isoimide bands.

(a) Piperidide of N-(p-methoxyphenyl)maleamic acid was
obtained in 40% yield as pale yellow crystals (from aqueous 
ethanol), m.p. 151.0-154.0°. The low yield resulted from the 
presence of amic acid in the sample of maleisoimide, indicated 
by the precipitation of the piperidinium salt of N-(p-methoxy- 
phenyl)maleamic acid in 42% yield Immediately on addition of 
piperidine; this salt was identified by comparison of its infrared 
spectrum with that of the salt prepared directly from the amic 
acid and piperidine.

Anal. Calcd. for Ci6H2oN20 3: C, 66.64; H, 6.99; N, 9.72. 
Found: C, 66.54; H, 6.96; N, 9.85.

(b) Piperidide of N-( 1-naphthyl)maleamic acid was obtained 
in 86% yield as off-white needles (from acetone), m.p. 150.0- 
152.0°.

Anal. Calcd. for C19H20N2O2: C, 74.00; H, 6.54, N, 9.09. 
Found: C, 73.82; H, 6.38; N, 9.10.

(c) «-Piperidyl-N-( 1 -naphthyl)succinimide.—The piperidine 
adduct of N-( 1-naphthyl)maleimide was prepared for comparison 
with the diamide obtained from the isoimide. The product was 
obtained in 74% yield as a semisolid which after several re
crystallizations from 95% ethanol gave colorless crystals, m.p.
147-151°. The infrared spectrum had no N-H absorption and a 
sharp imide band at 5.86 m, with shoulders at 5.66 and 5.95 y.

Anal. Calcd. for Ci9H20N2: C, 74.00; H, 6.54; N, 9.09. 
Found: C, 74.04; H, 6.77; N, 9.08.

Infrared Measurements.—Qualitative spectra were obtained 
in Nujol mulls on a Perkin-Elmer Infracord spectrophotometer, 
Model 137-B. Quantitative spectra were determined in purified 
dioxane43 in an 0.0252-mm. cell on a Perkin-Elmer Mpdel 21 
spectrophotometer.

(43) L. F . Fieser, “ Experim ents in  Organic C hem istry ;“ 3rd E d .; D . C. 
H eath  and Co., Boston, M ass.; 1955, p. 285.
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The reactions of phenylmercuric acetate with triethyl phosphite or tri-re-butylphosphine have been investi
gated. Further, a novel method for the preparation of acid anhydrides by means of diphenylmercury and 
tri-n-butylphosphine has been studied. The reactions of two moles of carboxylic acids with one mole each 
of diphenylmercury and of tri-n-butylphosphine gave the corresponding carboxylic acid anhydrides in high 
yields along with mercury, benzene, and tri-n-butylphosphine oxide. Similarly, pyrophosphates or sulfonic 
acid anhydride were prepared in high yields by the reactions of two moles of phosphoric monoesters or sul
fonic acid with one mole each of diphenylmercury and of tri-n-butylphosphine. The mechanisms of these 
reactions are discussed.

It recently has been found that mercuric and mer
curous carboxylates are reduced by means of triethyl 
phosphite or tertiary phosphines to give mercury and 
the corresponding acid anhydrides in good yields.1

(RC02)2Hg +  R /P  — J- Hg +  (RCO)sO +  R3'P = 0  
R ' = C2H50 -  n-C4H9-, C6H5-

In the present study, the reduction of phenylmercuric 
acetate by the trivalent phosphorus compounds was 
tested first under the assumption that it would, when 
reduced, yield mercury and acetophenone. Indeed, an 
exothermic reaction was observed when the acetate 
reacted with triethyl phosphite at room temperature.

(1) T. M ukaiyam a, H. Nam bu, and I. K uw ajim a, J .  O r g .  C h e m . ,  28, 917
(1963).

Mercury and acetophenone, however, were not ob
tained, but ethyl acetate was produced in 74% yield 
along with a large amount of white crystals (I), m.p. 
163-166°. These white crystals (I) were shown to be 
diethyl phenylmercuric phosphonate by means of ele
mental analysis and infrared absorption spectrum which 
has characteristic bands attributable to phosphorus- 
oxygen double bonds (1260 cm.“ 1) and to a monosub- 
stituted benzene ring (1600, 730 and 695 cm.-1).

This reaction may proceed through an initial forma
tion of adduct II of phenylmercuric acetate, and tri
ethyl phosphite; this, subsequently, is transformed into 
III, conceivably by way of an internal nucleophilic 
displacement. The intermediate (III) thus formed has



A u g u s t , 1963 N o v e l  M e t h o d  f o b  t h e  P r e p a r a t io n  of  A cid  A n h y d r id e s 2025

two possible pathways of decomposition, namely (1) the 
formation of mercury, acetophenone, and triethyl 
phosphate by electrophilic attack of an acetyl group on 
a phenyl group and (2) the formation of ethyl acetate 
and diethyl phenylmercuric phosphonate (I) by nucleo
philic attack of an acetoxyl group on an ethyl group— 
i.e., the Arbuzov type reaction—as described in the 
following scheme. Since the decomposition of III 
occurs more readily by the Arbuzov type reaction, the 
two products mentioned previously may result.
C6H6—Hg— 0— CCHS + (C2H60)3P — >

II
O

r(C 2HeO)3P 0  -| —
s

CCHj

-  C«HS—Hg—O 
II

'( C2HtO )SP—Hg-—C«H6
I

CL

(l)

III

\ c c h 3
II

o

.1.(2)

Hg +  CbH5—C— CHs

l
+ (C2H50)3P = 0

CHS—C—OC2H5 +  ( CtH60  )2P—Hg—C«H5
Il II
O 0

On the other hand, when tri-n-butylphosphine, 
which can not undergo the Arbuzov type reaction, was 
used in place of triethyl phosphite, mercury (46%), di- 
phenylmercury (34%), acetic anhydride (31%), and 
tri-n-butylphosphine oxide (45%) were obtained, and 
tri-n-butylphosphine (40%) was recovered. However, 
when the reaction of two moles of phenylmercuric ace
tate with one mole of tri-n-butylphosphine was ex
amined, mercury (80%), diphenylmercury (62%), ace
tic anhydride (49%), and tri-n-butylphosphine oxide 
(86%) were obtained, and tri-n-butylphosphine was 
not recovered.

2C6H6—Hg—O—CCH, +  (n-C4H9)3P Hg +  (C,H6)2Hg

O
+  (CH3C0)20  +  (n-C4H9)3P = 0

This reaction can be explained in the following man
ner. The phosphonium acetate (IV), which may be 
derived from the reaction of phenylmercuric acetate 
with tri-n-butylphosphine, reacts further with phenyl
mercuric acetate to yield diphenylmercury and mercuric 
acetate. Of the two compounds thus formed, the latter 
is successively reduced by tri-n-butylphosphine to give 
mercury and acetic anhydride.
C«H6—Hg—O—CCHe -{- (n-C4H9)3P ■ 

0
CeHe—Hg—P(n-C4H9)3- 

Ö—CCH3

O
IV

IV +  CeHs—Hg—O—CCH3

0
(C.HehHg +  [(CHeCOehHg +  (n-C4H„)3P]

Hg +  (CH3C0)20  +  (n-C4H9)3P = 0  -e

When equimolar amounts of phenylmercuric acetate 
and tri-n-butylphosphine reacted in the presence of an 
equimolar amount of carboxylic acid, the anhydride of 
the carboxylic acid was obtained along with mercury, 
acetic anhydride, tri-n-butylphosphine oxide, and ben
zene (see Table I).

T a b l e  I
T h e  R e a c t io n s  o f  P h e n y l m e r c u r ic  A c e t a t e  a n d  T n z - n -  

B u t y l p h o s p h i n e  in  t h e  P r e s e n c e  o f  C a r b o x y l ic  A c id s

,-------- ——----------Yield, %---- ---------
(n-

Carboxylic (CH3- C.H,)j-
acid (RCO),0 CORO Hg P = 0 C.H.

Acetic acid 82 82 92 90 86
Propionic acid 62 62 89 92 100

“ These reactions were carried out at 60-65° for two hours 
without solvent.

2C,He—Hg—O—CCH3 +  2(ra-C4H9)3P +  2RC—OH — >-

A A
2Hg +  (CH3C0)20  +  (RCO)20  +  2(n-C4H9)3P = 0  +  2C6H6

The reaction was extended further to the preparation 
of various carboxylic acid anhydrides in yields ranging 
from 74 to 87% by treating two moles of carboxylic 
acids with one mole each of diphenylmercury and of 
tri-n-butylphosphine (see Table II).

T a b l e  II
T h e  R e a c t io n s  o f  D i p h e n y l m e r c u r y  a n d  T r i -r - B u t y l p h o s - 

p h i n e  i n  t h e  P r e s e n c e  o f  C a r b o x y l ic  A c id s

Yield, % ■

Carboxylic Reaction Time, Temp., An (n-C,H,)a-
acid solvent hr. °C. hydride Hg P=0

Acetic Benzene 2.0 80 80 94 86
Propionic Benzene 2.0 80 80 92 95
Butyric Benzene 2.0 80 87 94 89
Benzoic Dioxane 4.0 100 74 85 87
Phthalic a 78 71 92

a In the case of phthalic acid, a white precipitate, m.p. 142- 
143°, was obtained by refluxing the benzene solution for 2 hr. 
Its mercury and phosphorus content could not be analyzed by the 
methods of A. Koten and R. Adams, J . Am. Chem. Soc., 46, 2764 
(1924), and D. F. Boltz and M. G. Mellon, Anal. Chem., 19. 873 
(1947). But, when it was pyrolyzed at 180°, mercury, phthalic 
anhydride, and tri-n-butylphosphine oxide were obtained. As
suming the precipitate to be a 1:1:1 adduct of the three starting 
materials, the yields were calculated.

(5)
(C6H6)2Hg +  (to-C4H9)3P +  2RC—OH -  >

O
Hg +  (RCO)20  +  (n-C4H9)3P = 0  +  2C6H,

These two types of reactions (4 and 5) are regarded 
as proceeding through an initial formation of phenyl
mercuric carboxylates which result by the reaction of 
diphenylmercury with carboxylic acids.2 The subse
quent reduction of phenylmercuric carboxylates by 
tri-n-butylphosphine yields the corresponding acid 
anhydrides, mercury, tri-n-butylphosphine oxide, and 
diphenylmercury. Diphenylmercury thus reproduced 
reacts again through the same process.

(2) M. M . Koton, J .  G e n .  C h e m .  U S S R  (Eng. Transi.), 9, 912 «1939): 
C h e m .  A b s t r . ,  34, 392« (1940).
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Table III
The Reactions of Diphenylmercury, Tri-w-Butylphosphine, and the Monoesters of 

Phosphoric Acid or p-Toltjenesulfonic Acid
Acid Anhydride

O 0
Il II

c 6h 6o—P—O—P—OC6H6

Yield, % Hg, % (n-C4H,)!,P=

c6h 5o—p (o h )2 
II
0

86“ 85 781 1 
OH oh  

O 0

P-C1CSH40 —P—O—P—OC6H4—p-Clp-c ic6h 4o—p (o h )2 
II
0

926 89 83
1 I

OH OH 
O 0
Il II

p-N02C6H40 —P—0 —P—OC6H4—p-N02p-n o 2c6h 4o—p (o h )2 
II
0

p-CH3C6H4S03H

95e 95 831 1 
OH OH

p-CH3C6H43 0 2—O—S02C6H4—p-CH3 76 93 88
" R, 0.74 (»-Pr0H:NH3:H20  = 6:3:1). 6 R, 0.79 (n-PrOH : NH3 : H20  = 6:3:1). c Ä, 0.90 (5% Na2HP04 : i-AmOH = 2:1), C. E 

Carter, J. Am. Chem. Soc., 72, 1466 (1950).

Table IV
The Reactions oe Diphenylmercury, Tri-7i-Butylphosphine, and Carboxylic Acids in the Presence of

Alcohols or Amines
-Y ield , % -

Time, (ti-
Acid RO H  or R N H ! Solvent hr. Hg C4H .)3P = 0 E sters or am ides

Acetic C6H6CH2OH Dioxane 10 88 83 CH3C02CH2C6H6 83
Propionic c 6h 5c h 2oh Dioxane 10 85 70 C2H9C02CH2C6H5 75
Butyric c 6h 6c h 2oh Benzene 10 88 82 C3H,C02CH2C6H5 79
Benzoic c2h 3o h Benzene 10 85 80 C6HsC02C2H5 76
Acetic c 6h 6n h 2 Benzene 5.0 89 87 CH3CONHC6H6 80
Benzoic c 6h 6n h 2 Benzene 5.0 92 85 C6H„CONHC6H6 83

>)2Hg +  RC—OH
ii

— > C6H6—H g --O—CR +  C6H8 
11 When aniline was used in place of alcohol

o o
2C6Hs—Hg—O—CR +  (n-C4H„)3P — >

II
0

Hg +  (C6H5)2Hg +  (RCO)20  +  (k,-C4H9)3P = 0

Further, it was established that the reaction of 
monoesters of phosphoric acid or of ¡»-toluenesulfonic 
acid with tri-n-butylphosphine and diphenylmercury 
gave sym-diesters of pyrophosphate or p-toluenesulfonic 
acid anhydride in high yields.
(C6H6)2Hg +  (n-C4H9)3P +  2RO—P(OH)2 >-

O
o

Hg +  RO O—P—OR +  (n-C4H9)3P = 0  +  2C8H6

OH OH
(C6H5)2Hg +  (n-C4H9)3P +  2p-CH3—C5H4—S03H ----

Hg +  (p-CH3—C6H4—S02)20  +  (w-C4H9)3P = 0  +  2C6H6

When a solution of equimolar amounts of diphenyl
mercury, tri-n-butylphosphine, benzoic acid, and eth
anol was refluxed for eight hours, ethyl benzoate was 
obtained in 76% yield along with mercury (85%) and 
tri-n-butylphosphine oxide (80%).
(C6H5)2Hg +  (n-C4H9)3P +  C„H6C—OH +  C2H5OH — >

O
Hg +  C6H5C—OC2H5 +  (re-C4H9)3P = 0  +  2C6H6

0
Similarly, various carboxylic esters were produced in 

good yields by the reactions of diphenylmercury and 
tr i -n-b utylphosphine.

the
preceding experiment, the corresponding anilides were 
obtained in good yields (see Table IV).

Furthermore, it became apparent that the reaction 
proceeds more readily when di-p-anisylmercury is used 
in place of diphenylmercury. These reactions are 
examined further.

Experimental
Materials.—Phenylmercurie acetate (m.p. 147-148°) and 

diphenylmercury (m.p. 121°) were prepared by the methods of 
Seide, el. al.,3 and Blicke and Smith.4

Reaction of Phenylmercurie Acetate with Triethyl Phosphite.— 
When triethyl phosphite (3.4 g., 0.02 mole) was added all at 
once to phenylmercurie acetate (6.7 g., 0.02 mole) with vigorous 
shaking at room temperature, the reaction soon started with 
liberation of heat. After the reaction mixture was heated at 
100° for 4 hr. with occasional shaking, the solid which was de
posited was filtered. The filtrate was distilled, giving ethyl 
acetate, 1.3 g. (74%), b.p. 74-76°, and triethyl phosphate, 0.2 g. 
(5.5%), b.p. 90-92° (10 mm). Then the solid was dissolved in 
anhydrous dioxane and a trace of mercury was filtered off. 
The filtrate was evaporated in vacuo and a white crystal was ob
tained. It was washed with a small volume of anhydrous di
oxane and dried in vacuo, yielding 5.2 g. (62%), m.p. 163-166°.

Anal. Calcd. for Ci0Hi5O3PHg: P, 7.44; Hg, 48.1. Found: 
P, 7.21; Hg, 48.4.

Reaction of Phenylmercurie Acetate with Tri-n-Butylphosphine.
—A solution of phenylmercurie acetate (6.7 g., 0.02 mole) and 
tri-re-butylphosphine (2.0 g., 0.01 mole) in 30 ml. of anhydrous 
benzene was refluxed for half an hour. Then the liberated 
mercury (1.65 g., 82%) was filtered off and the filtrate was con
centrated. By the addition of petroleum ether to the residue, 
diphenylmercury, 2.2 g. (62%), m.p. and m.m.p. 115-117°, 
was obtained. After it was filtered off, the filtrate was concen

(3) O. A. Seide, S. M. Scherlin, and G. J. Bras, J .  p r a k t .  C h e m 1 3 8 , 55 
(1933).

(4) F. F. Blicke and F. D. Sm ith, J .  A m .  C h e m .  S o c . ,  6 1 , 3479 (1929).
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trated and distilled. Acetic anhydride, 0.5 g. (49%), b.p. 
136-137°, and tri-re-butylphosphine oxide, 1.9 g. (86%), b.p.
123-125° (0.2 mm.), were obtained.

Reaction of Phenylmercuric Acetate with Tri-re-Butylphosphine 
and Acetic Acid.—A mixture of phenylmercuric acetate (6.7 g., 
0.02 mole), tri-n-butylphosphine (4.0 g., 0.02 mole), and glacial 
acetic acid (1.3 g., 0.02 mole) was heated with stirring at 65° 
for 2 hr. Mercury (3.4 g., 86%) w'as separated and the filtrate 
was distilled. Benzene, 1.4 g. (90%), b.p. 80-82°, acetic an
hydride,6 1.63 g. (82 X 2%), b.p. 70-72° (92 mm.), and tri-n- 
butylphosphine oxide, 3.8 g. (94%), b.p. 123-125° (0.2 mm.), 
were obtained.

Reaction of Diphenylmercury and Tri-n-Butylphosphine with 
Acetic Acid.—A solution of diphenylmercury (5.3 g., 0.015 mole), 
tri-n-butylphosphine (3.0 g., 0.015 mole), and glacial acetic 
acid (1.8g., 0.03 mole) in 10 ml. of anhydrous benzene was refluxed 
for 2 hr. Then the liberated mercury (2.84 g., 94%) was filtered 
off and the filtrate was concentrated. The residue was distilled, 
giving acetic anhydride, 1.38 g. (80%), b.p. 134-136°, and tri- 
n-butylphosphine oxide, 2.6 g. (86%), b.p. 123-125° (0.2 mm.).

By a similar procedure, propionic, butyric, and benzoic an
hydrides were obtained (see Table II).

Reaction of Diphenylmercury and Tri-n-Butylphosphine with 
Phthalic Acid.—A solution of diphenylmercury (5.3 g., 0.015 
mole), tri-n-butylphosphine (3.0 g., 0.015 mole), and phthalic 
acid (2.5 g., 0.03 mole) in 10 ml. of anhydrous benzene was 
refluxed for 2 hr. Then a trace of liberated mercury was filtered 
off and the filtrate was cooled. The resulting white precipitate,
6.95 g., m.p. 128-133°, was filtered and the nitrate was concen
trated in vacuo. An additional white precipitate, 2.35 g., m.p. 
125-128°, was obtained. These were combined and recrystal
lized twice from benzene, m.p. 142-143°.

When 4.60 g. of these crystals was heated at 180° for 20 
min., mercury, 0.90 g., was liberated and the residue solidified.

(5) Acetic anhydride, derived from  tw o sources, can not be determ ined 
separate ly ; consequently, i t  is assum ed th a t  equal volum es are obtained  
from them .

This solid was washed with a small volume of dry ether and 
phthalic anhydride, 0.73 g., m.p. and m.m.p. 130-132°. From 
the filtrate, tri-re-butylphosphine oxide, 1.28 g., b.p. 123-135 
(0.2 mm.), was obtained.

Reaction of Diphenylmercury and Tri-re-Butylphosphine with 
Phenyl Dihydrogen Phosphate.—A solution of diphenylmercury 
(3.5 g., 0.01 mole), tri-re-butylphosphine (2.0 g., 0.01 mole), 
and phenyl dihydrogen phosphate (3.4 g., 0.02 mole) in 15 ml. of 
anhydrous benzene was refluxed for 3 hr. After the liberated 
mercury, 1.70 g. (85%), was filtered off, a solution of barium 
chloride (BaCB-HsO, 5 g.) in 20 ml. of water and pyridine (10 
ml.) was added to the cold filtrate and allowed to stand in a 
refrigerator for about 30 min. The white precipitate was washed 
twice with acetone, dried, and then thoroughly washed with 50 
ml. of water. The undissolved precipitate was filtered and dried 
in vacuo over phosphorus pentoxide, yielding 4.50 g. (86%) of 
barium diphenyl pyrophosphate, R, 0.74 (re-Pr0H:NH3:H20  
= 6:3:1). From the filtrate, tri-re-butylphosphine oxide, 1.70 
g. (78%), b.p. 121-122° (0.8 mm.), was obtained.

By a similar procedure, sj/m-di-p-chlorophenyl pyrophosphate 
and sj/m-di-p-nitrophenyl pyrophosphate were obtained.

Reaction of Diphenylmercury and Tri-re-Butylphosphine with 
p-Toluenesulfonic Acid.—Diphenylmercury (3.5 g., 0.01 mole), 
tri-re-butylphosphine (2.0 g., 0.01 mole), and p-toluenesulfonic 
acid (3.4 g., 0.02 mole) were dissolved in 15 ml. of anhydrous 
benzene and refluxed for 3 hr. Then the liberated mercury, 1.86 
g. (93%), was filtered off and the filtrate was evaporated in 
vacuo. On addition of 0.9 g. (0.01 mole) of aniline to the residue, 
a white precipitate deposited. I t was filtered off and washed with 
a small volume of water and dried in vacuo; 1.88 g. (76%) of 
p-toluenesulfonyl anilide, m.p. and m.m.p. 100-102°, was ob
tained. From the filtrate, tri-re-butylphosphine oxide, 1.92 g. 
(88%), b.p. 120-122° (0.2 mm.), was isolated.

Acknowledgment.—The authors wish to express their 
hearty thanks to Mr. Hirohiko Nambu for his kind 
advice during the course of this experiment.
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Several atom-bridged bicyclic carbonyl compounds were synthesized. The saponification or hydrolysis rates 
of these and related compounds were determined. Ground state strains were assessed by determining the posi
tion of the monomer-polymer equilibrium. The rates were interpreted using a postulate of Bruice and Pandit 
about the location of the transition states. Because these cage structures reacted readily in most cases, a con
figuration of the transition state wherein the hydroxyl ion is colinear with the carbonyl oxygen was rejected.

Interest in the mechanisms of hydrolysis and saponi
fication reactions1 prompted determination of the rates 
of these reactions for several atom-bridged bicyclic 
compounds prepared earlier2 and for several new ones.

Results
Preparation of Compounds.—Ethyl 3-hydroxycyclo- 

pentanecarboxylate was prepared according to Vaughan3 
and Toki.4 5 When heated with a trace of litharge,2 
ethanol was eliminated and the lactone, 2-oxabicyclo- 
[2.2.1 ]heptan-3-one (1), distilled as a waxy solid.6 2-

(1) H. K. Hall, Jr., M. K. B rand t, and R. M, M ason, J .  A m .  C h e m .  S o c . ,  

80,6420 (1958).
(2) H. K. Hall, Jr., i b i d . ,  80, 6412 (1958).
(3) H. A. Vaughan, J r .,  Ph .D . thesis, Colum bia U niversity , 1955; C h e m .  

A b s t r . ,  51, 16314 (1957).
(4) K . Toki. B u l l .  C h e m .  S o c .  J a p a n ,  32, 233 (1959).
(5) The same lactone has been reported  by  D. S. Noyce and J . Fessenden, 

J .  O r g .  C h e m . ,  24, 715 (1959).

Oxabicyclo [3.2.1 ]octan-3-one (2) was prepared by 
Baeyer-Villiger oxidation of norcamphor.6-7 3-Oxabicy-

clo [3.2.1 [octane-2,4-dione (3)8 and 3-oxabicyclo [3.2.2] 
nonane-2,4-dione (4)9 were prepared from corresponding 
dicarboxylic acids by literature procedures. N-Methyl-
3-azabicyclo [3.2.1 [octane-2,4-dione (5) and N-methyl-3- 
azabicyclo [3.3.l]nonane-2,4-dione (6) were prepared by 
treating cfs-cyclopentane-l,3-dicarboxylic acid and cis,-

(6) A. R assat and G. Ourisson, B u l l .  s o c .  c h i m .  F r a n c e ,  1133 (1959).
(7) J. M einwald and E. Frauenglass, J .  A m .  C h e m .  S o c . ,  82, 5235 (1960).
(8) K. Posspischill, B e r . ,  31, 1952 (1898).
(9) R. M alachowski and J. Jankiewiczowna, i b i d . ,  67, 1783 (1934).
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T a b l e  I
Rates of Saponification and Hydrolysis in Water at 25.0°

G round Initial
s ta te  s tra in concn., M X 103,

by  polym erization of acyl
Acyl derivative criterion Ref. derivative fa X 103<i kf Ref.

Anhydrides
Glutaric anhydride 0 / 2.80 11
3-Oxabicyclo [3.2.1 ]octane-2,4-dione (3) 0 c 35.8 1.41“ c

35.8 0 .414b c

3-Oxabicy clo [3.2.2 ]nonane-2,4-dione (4 ) + 0 39.0 Insol.“ c

39.0 0.38T c

N-Methylimides
N-Methylglutarimide 0 c 1.81 f
N-Methyl-3-azabicyclo[3.2.1 ]octane-2,4-dione (5) 0 c 5.14 8.51 1.65 c

10.0 14.5 1.45 c

19.4 30.1 1.55 c

N-Methy]-3-azabicyclo[3.3.1 ]nonane-2,4-dione (6) 0 0 12.0 8.97 0.75 c

Lactones
7-Butyrolactone 0 0 0.81 {
5-V alerolactone + 0 13.8 }
6-Oxabicyclo [3.2.1 ]octane-7-one (7 ) + a 0.36 /
2-Oxabicyclo [2.2.1 ]heptane-3-one ( 1 ) + c 15.5 3.80 .25 c

35.6 9.00 .25 c

2-Oxabicyclo[2.2.2]oetane-3-one (8) + 0 .027 /
2-Oxabicyclo[3.2.1 ]octane-3-one (2) 0 c 13.2 0.0576 .0044 c

79.7 .340 .0043 c

“ Solvent 20% acetone-80% water by weight. 6 Solvent 40% acetone-60% water by weight. c Present work. d First-order rate 
constant in sec.-1 for solvolysis in initially neutral water or pseudo first-order rate constant for disappearance of hydroxide 
ion1. e Second-order rate constant in 1. mole-1 sec.-I for bimolecular saponification by hydroxide ion. 1 Ref. 1. " Ref. 2.

£rans-cyclohexane-l,3-dicarboxylic acid, respectively, 
with methylamine and distilling the reaction mixtures.

Polymerizations and Rate Measurements.—The
ability of these atom-bridged bicyclic compounds to 
polymerize via ring-opening was established by the 
methods described earlier.2 The results are presented 
in Table I. The saponification rates of the esters and 
N-methylimides were determined as described earlier.110

Discussion
Ground State Strains.—Ground state strains were 

assessed by ring-opening polymerizations since heat 
of combustion data for these compounds are lacking. 
As described earlier,2 polymerization of a cyclic mono
mer is an equilibrium process. Destabilizing factors, 
mainly nonbonded hydrogen interactions or angle 
strain, favor the formation of polymer, which is usually 
unstrained.

The strained bicycloheptane system in 2-oxabicyclo- 
[2.2.1 ]heptan-3-one (1) favors polymerization. The 
bicyclo [3.2.1 [octane system is marginal. None of the 
new compounds 2, 3, or 5 belonging to this class poly-

(10) J .  Koskikallio, A n n .  A c a d .  S c i .  F e n n i c a e ,  S e r .  A ,  57, 1 (1954).

merized, although 6-oxabicyclo[3.2.1]octan-7-one (7) 
does so.2

3-Oxabicyclo[3.2.2]nonane-2,4-dione (4) polymerized 
as expected to relieve the strained boat form of the cy
clohexane ring. The strainless two-chair form of N- 
methyl-3-azabicyclo[3.3.1]nonane-2,4-dione (6) did not 
polymerize, also as predicted.

Configuration of the Transition State.—Earlier work1 
suggested that the hydroxyl ion and carbonyl oxygen 
group might be at a 180° angle in the transition state. 
Such a transition state would not be possible for com
pounds 1, 3, 4, and 5 of the present study, yet they are 
quite reactive. Accordingly, the suggestion of a 180° 
transition state can be dropped11 and the results can 
be discussed in terms of the 90° transition state sug
gested by Bender.12

Additionally, we shall use the postulate of Bruice 
and Pandit,13 who suggest that the carbonyl group in 
anhydride hydrolysis is mostly sp2 hybridized (the tran
sition state is close to reactants), in N-methylimide 
saponification is intermediate in hybridization, and in 
lactone saponification is mostly sp3 hybridized (the 
transition state possesses a fairly strong bond between 
the hydroxide ion and the lactone). Their proposal was 
based on the relative reactivities of six- and five-mem- 
bered rings.

(11) T he  sam e conclusion was claimed recently  for ph thalam ic acid by  
Zerner and  B ender [ J .  A m .  C h e m .  S o c . ,  83, 2267 (1961)], b u t  th e ir  criterion, 
based on k  D 2O/ k  H 2O ratios, was apparen tly  no t decisive [M. L. Bender, 
E . J . Pollack, and M. C. Neveu, i b i d . ,  84, 595 (1962) ].

(12) M . L. Bender, C h e m .  R e v . ,  60, 53 (1960).
(13) T. C. B ruice and TJ. K. P and it, J .  A m .  C h e m .  S o c . ,  82, 5858 (1960).
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Hydrolysis of Anhydrides.—The strained bicyclic 
anhydride 4 hydrolyzes at the same rate as the un
strained anhydride 3 and as monocyclic or acyclic- 
anhydrides. The ground state strain in 4 is, therefore, 
still present in the transition state. Since the latter 
resembles the reactants, the anhydride ring is not 
opening to provide relief of strain and enhancement of 
rate.

Saponification of N-Methylimides.—The particular 
compounds studied, 5 and 6, were not strained. The 
transition state for. these reactions is further along the 
reaction coordinate',’but the hydroxyl group is still not 
firmly bonded or close enough to undergo steric crowd
ing by the bridges. Accordingly, these compounds 
saponify at equal rates to each other and to monocyclic 
and acyclic N-methylimides.

Saponification of Lactones.—Here considerable bond 
formation between hydroxide ion and the reactant 
is present in the transition state. Steric crowding 
between the hydrated hydroxyl ion and the reactant 
will be more important for these compounds. We may 
ask whether the ring is being broken as the hydroxyl 
ion attacks the carbonyl group.14 Strained lactones 
should saponify faster than unstrained ones if this were 
true. The strained compounds 1 and 7 saponify at 
rates similar to those of model compounds, while the 
strained lactone 8 saponifies quite slowly. Moreover, 
the unstrained lactone 2 reacts much more slowly than 
any of the others. Therefore, no significant cleavage 
of the ring has occurred at the transition state for 
the saponification of the lactones. The same conclu
sion can be reached by considering the fact that the 
saponification rates of thè strained propiolactone and 
the unstrained y-butyrolactone are equal.1 The mark
edly lower reactivity of lactones 2 and 8 can be 
ascribed to drastic steric interference between the 
hydroxyl ion and the ethylene bridges of these mole
cules.

Experimental
2-Oxabicyclo [2.2.1] heptan-3-one ( 1 ).—Cyclopentanone-3-car- 

boxylic acid was prepared according to literature procedures.3'4 
During the distillation of the product, it was difficult to maintain 
the vacuum, owing to slight decomposition in the boiler, and it 
was necessary to continue the distillation over several hours 
while gradually increasing the bath temperature in order to distil 
all of the acid. The product, obtained in 58.7% yield, melted 
at 54.0-60.5° (lit.4 m.p. 64-65°) and was sufficiently pure for 
conversion to the ester. Ethyl cyclopentanone-3-carboxylate 
was prepared according to Toki4 except that the reaction was 
terminated after 18 hr. Hydrogenation was carried out in ethanol 
over Raney nickel at 80°.

A mixture of 13.1 g. (0.0828 mole) of ethyl 3-hydroxycyclo- 
pentanecarboxylate and 0.16 g. of red Pb30 4 was held at 190-200° 
for 1 hr. under 150-mm. pressure. Ethanol, b.p. 42-47° (150 
mm.), 4 ml., distilled. Pressure was reduced to 0.3 mm. and the 
lactone distilled slowly over a 3-hr. period, b.p. up to 80°. The 
product, a mixture of liquid and solid, weighed 4.5 g. I t  was 
crystallized from a mixture of 12 ml. of ether and 6 ml. of hexane 
at —80°, filtered onto a Dry Ice-chilled Allihn sintered glass 
funnel under nitrogen, and spun in a centrifuge until it attained 
room temperature.16 There was obtained 2.44 g. (26.3%) of 
nicely crystalline, hygroscopic, 2-oxabicyclo[2.2.1]heptan-3-one 
(1), m.p. 51.0-56.0° (sealed cap.). The analytical sample had

(14) M. L. Bender, H. M atsui, R. J. Thom as, and S. W. Tobey, J .  

A m .  C h e m .  S o c . ,  8 3 , 4193 (1961), have shown th a t  no te trahed ra l in te r
m ediate is detectable in lactone saponification.

(15) S. I. M iller and R. M. Noyes, J .  A m .  C h e m .  S o c . ,  7 3 , 2377 (1951).

m.p. 56.5-60.5C (lit.5 m.p. 53.7-54.5°). Its infrared spectrum 
was consistent with the assigned structure, in particular showing 
carbonyl absorption at 1775 cm.-1, which is characteristic of 
five-membered lactones.

Anal. Calcd. for C6H«02: C, 64.0; H, 7.0. Found: C, 
64.3; H, 7.2.

2- Oxabicycloi3.2.1]octan-3-one 2.—The procedure was that of 
Sauers,16 starting from norcamphor. The lactone had b.p. 81° 
(0.20 mm.), m.p. 58.5-60.5° (sealed cap.) (lit.6'7 m.p. 64°), 
66.2% yield.

Anal. Calcd. for C7H10O2: C, 66.6 ; H, 8.0. Found: C, 
66.9; H, 8 .1.

The infrared spectrum was consistent with the assigned struc
ture, the carbonyl absorption occurring at 1742 cm.-1.

Attempted Preparation of 3-Oxabicyclo[3.2.1]octan-2-one.—
Hydrogenolysis of 25 g. of as-cyclopentane-l,3-dicarboxylic an
hydride in dioxane over copper chromite at 200° gave 13.6 g. of 
cis-cyclopentane-l,3-dimethanol, b.p. 117° (0.55 mm.), n26d
l .  4842.

Anal. Calcd. for C7H12O2: C, 64.6; H, 10.8. Found: C,
63.8, 64.1; H, 10.5, 10.8.

The infrared spectrum was consistent with this formulation 
showing strong hydroxyl absorption but no carbonyl absorption.

3-Oxabicyclo[3.2.1]octane-2,4-dione (3).—This anhydride
melted at 160.5-163.0° (lit.8 m.p. 160-161.5°).

3- Oxabicyclo[3.2.2]nonane-2,4-dione (4).—A mixture9of 70g. 
(0.406 mole) cf ns,frans-l,4-cyclohexanedicarboxylic acid and 
225 g. of acetic anhydride was refluxed for 5 hr. Acetic acid and 
acetic anhydride were removed by distillation. The resulting 
solid polyanhvdride depolymerized smoothly when heated with a 
pale blue flame at 1-3 mm., head temperature 210°, to give 56.3 
g. of solid distillate. Recrystallization from benzene-hexane 
containing a little acetone gave 28.8 g. (46.1%) of white crystals 
of the desired anhydride, m.p. 160-168°, on a heated bar (lit.9
m. p. 150-160°) (polymerization occurs during the determination).

N-Methyl-3-azabicyclo [3.2.1 ] octane-2,4-dione (5).—The proce
dure was that of Grogan and Rice.17 The imide (38.9% yield) 
had m.p. 43.5-47.0°.

Anal. Calcd. for CaHu0 2N: N, 9.14. Found: N, 9.04.
N-Methyl-3-azabicyclo[3.3.1]nonane-2,4-dione (6).—This im

ide has been prepared previously.2
Kinetics Methods.—The rates of hydrolysis of the lactone and 

imides were determined by the pH method previously described.1 
The anhydride rates were determined by the aniline titration 
method.10 Because saponification and hydrolysis rate constants 
are very sensitive to solvent composition,10’18'19 the rates were 
determined generally using water alone at 25° as the solvent. 
Only in the cases of the two bicyclic anhydrides was acetone 
added to form a homogeneous solution.

Polymerizations.—These were performed as previously de
scribed.2 The lactones were sealed in glass tubes with traces of 
litharge or tetraisopropyl titanate and heated at 150° for 48 hr.
3-Oxabicyclo[3.2.1]octane-2,4-dione was heated similarly with 
water at 170°. Under these conditions 2-oxabicyclo [2.2. l]hep- 
tan-3-one became a rather viscous sirup on cooling. This was ex
tracted twice with ether to remove most of the unreacted lactone. 
The remaining polymer, ca. 50% yield, had a molecular weight of 
1100 (isopiestic in chloroform). Its infrared spectrum was con
sistent with the polyester structure and a little unchanged 
lactone was present also.
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(16) R. R. Sauers, ibid., 81, 975 (1959).
(17) C. H. Grogan and  L. M. Rice, J .  O r g .  C h e m . ,  22, 1223 (1957).
(18) E. Tom m ila and  M. P. O. Ilom aki, A c t a  C h e m .  S c a n d . ,  6, 1246 

(1952), and o ther articles in th is series.
(19) For example, Huisgen and O tt20 showed th a t  the  saponification ra te  

ratio  k  butyrolactone/fc a liphatic  este r was 1.8 X 102 in d ioxane-w ater a t 
0°, whereas d a ta  obtained  in w ater a t  25°, give the sam e ra tio  k  butyrolac- 
tone/A ethyl ace ta te  as 7.3.

(20) R. Huisgen and H. O tt, T e t r a h e d r o n ,  6, 253 (1959).
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Indole and sodium acrylate react at 250° to give high yields of 3-indolepropionic acid. Methacrylate salts react 
similarly. The probable mechanism, origin of by-products, and limitations of this novel reaction are discussed.

The formation of 1-indolepropionic acid is reported2 3 
to proceed in high yield via the reaction of indole with 
sodium acrylate in aqueous solution at about 180°. 
Analogous to other reactions of amines with a,¡3-un
saturated esters and nitriles,4 this reaction may be re
versible. In contrast, 3-indolepropionate salts might 
be expected to be more stable. Therefore, by consider
ing the 1-addition of sodium acrylate reversible and the
3-addition, if it occurs at all, irreversible reaction con-

CH2CH2C07

ditions should be possible to allow the formation of
3-indolepropionic acid from these reagents. This 
communication describes the syntheses of various 3- 
indolepropionic acid derivatives by the reaction of 
indole with salts of a,/3-unsaturated acids at tempera
tures from 225-300°.

Experiments in which indole, potassium acrylate, and 
a catalytic quantity of potassium hydroxide were 
allowed to react at 250° for seventeen hours provided 
a 60% yield of 3-indolepropionic acid. Although an 
exhaustive study of the reaction conditions was not 
made, it was determined that reaction times from two to 
twenty-one hours were about equally effective in pro
ducing the desired product. The reaction temperature, 

wever, was more critical: at 225° mixtures (approx- 
tely 1:1) of 1- and 3-indolepropionic acids were 

.served and at 300° some degradation of the indole 
nucleus was noted.5 Best results were obtained by 
performing the reaction in the presence of sodium 
hydroxide at 260° for about seventeen hours and em
ploying indole-acrylic acid-sodium hydroxide in a 
ratio of 1:0.90:1.35. In this manner there was ob
tained a 69% yield (based on indole charged) of light 
tan 3-indolepropionic acid having a melting point less 
than 5° below that of pure material. As 21% of the 
starting indole could be recovered, a 90% efficiency 
based on this reactant was realized. A small amount 
( < 5%) of acidic impurities persist in the reaction 
product and most probably consist of acrylate poly
mers. These materials are difficultly removable by 
crystallization techniques; consequently, esterification 
followed by distillation was used to purify the reaction

(1) Paper I I I  in a series of R eactions of Indole. Papers by  H. E. John
son and D. G. Crosby, J .  O r g .  C h e m . ,  2 5 , 569 (1960), and  2 8 , 1246 (1963), 
to  be considered I and I I  of this series.

(2) W. Reppe and H. Ufer, U. S. P a ten t 2,195,974.
(3) W. Reppe an d  H. Ufer, G erm an Paten t 698,273.
(4) H. A. Bruson, Organic Reactions, Vol. 5, John Wiley and  Sons, 

Inc ., New York, N . Y., 1949, p. 79.
(5) R. W eissgerber and  C. Seidler, B e r . , 60 , 2090 (1927).

product. No /3-{l -indolyl) propionate could be de
tected in the distillate.

Several variations in the reaction conditions produced 
results of interest. In particular, the reaction of indole, 
acrylic acid, and triethylamine at 260°, and in a mole 
ratio of 1:1:1.5, deserves mention. From this reac
tion was isolated, inter alia, N,N-diethylpropionamide 
(7%), 3-ethylindole (15%), 1,2,3,4-tetrahydrocarbazole 
(5%), N,N-diethyl-/3-(l-indolyl)propionamide (9%), 
N,N-diethyl-/3-(3-indolyl)propionamide (8%), and con
siderable nonvolatile intractable residue. With the 
exception of the 1-propionamide, all of the reaction 
products were identified by comparison of a purified 
sample with authentic material. As this amide could 
not be obtained in a pure state its presence can only be 
inferred by comparison of the infrared spectrum of this 
fraction and the g.l.c. retention time of the major 
component to those of an authentic crystalline sample. 
Hydrolysis to /J-(l-indolyl)propionic acid by prolonged 
heating with 40% aqueous potassium hydroxide was 
not successful; the 3-isomer behaved similarly.

A triethylacylammonium hydroxide may be an inter
mediate in the formation of 3-ethylindole and the di
ethylamides, as this base could be expected to decom
pose to an ethyl fragment (ethanol or ethylene) thus, 
producing the observed amides and 3-ethylindole. 
As indole and ethanol do not react at 250° in the pres
ence of triethylamine, and indole and ethylene are un- 
reactive in the presence of aqueous sodium hydroxide at 
temperatures to 250°, it is possible that the triethyl
acylammonium hydroxide catalyzes the reaction of 
indole and ethanol6 7 as well as the acrylate additions.

The origin of 1,2,3,4-tetrahydrocarbazole remains 
obscure. However, methacrylic acid, when treated 
with indole and triethylamine under similar conditions, 
produced some l-methyl-l,2,3,4-tetrahydrocarbazole, 
establishing that the presence of an acrylate is necessary 
for the formation of these carbazoles. The structure of 
this carbazole derivative was inferred by its n.m.r. 
spectrum and established by dehydrogenation to 1- 
methycarbazole .8

Large amounts of water added to the reaction mixture 
were found to be deleterious to the formation of 3- 
indolepropionic acid. Esterification of the crude acidic 
product, obtained as an oil, enabled the reaction prod
ucts to be characterized as being predominantly 1-in
dolepropionic acid. Some 3,3-diindolylmethane was 
also formed and probably is derived from the base- 
catalyzed reaction of indole with formaldehyde.9 Hy-

(6) B. Oddo and C. Alberti, G a z z .  c h i m .  i t a l . ,  6 3 , 236 (1933); C h e m .  

A b s t r . ,  27, 3933 (1933).
(7) R. H. C ornforth and  R. Robinson, J .  C h e m .  S o c . ,  680 (1942).
(8) F. Ullman, A n n . ,  3 3 2 , 82 (1904).
(9) J. Thesing, S. Klussendorf, P. Ballach, and  H . M eyer, C h e m .  B e r . ,  

88, 1295 (1955).
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dration of acrylic acid followed by a reverse aldol con
densation possibly accounts for the presence of formal
dehyde.

It is worth noting that the reaction of methacrylate 
salts with indole at 300° produced appreciable amounts 
of 3-n-propylindole and o-toludine,5 in addition to 
considerable quantities of the 3-acid derivative. At 
280°, crotonate salts yielded some 3-ethylindole. Al
though no /3-(3-indolyI)butyric acid was ever observed 
among the reaction products, at 250° some /3-(l-in- 
dolyl)butyric acid could be isolated (via esterification of 
the crude acidic product).

The use of 2-methyl- and 2,5-dimethvlindole pro
duced the corresponding 3-propionic acids in 30 and 
48% yields, respectively. 1,2-Dimethylindole, under 
the present conditions, was not reactive, presumably 
due to its inability to form a.reactive anion. As ex
pected, methacrylate salts and indole reacted to give 
a-methyl-/3-(3-indolyl)propionic acid in 60-70% yield. 
The structure of this acid was substantiated by its 
identity to an acid prepared by the reaction of indole 
with methacrylic acid in the presence of acetic anhy
dride.10 Crotonic, itaconic, maleic, and fumaric acids 
did not react noticeably with the 3-position of indole, 
employing the present reaction conditions. The indole 
acids prepared by this method are shown in Table I.

Table I
Indolepropionic Acids

R Ri Rj Re
Yield,

%
M .p.;
°C. O ther

H H H H 70 134-136 R eported3 m.p. 135-136°
c h 3 H H H 60 129-130 See Experim ental
H H CRa H 30 135-136 Reported** m .p. 137-138°
H H CHa c h 3 48 169-170 A n a l .  Calcd. for CisHisNO?:

H CHa CH# H No reaction

C, 71.86; H, 6.96; N, 
6.45. Found: C, 71.82; 
H, 7.17; N, 6.38.

a See ref. 11. 6 See ref. 12.

Experimental
Melting points are corrected and boiling points are uncor

rected. Infrared spectra were recorded by a Perkin-Elmer 
Model 21 spectrophotometer, ultraviolet spectra by a Cary Model 
21 spectrophotometer, and nuclear magnetic resonance spectra 
by a Varian Associates Model A-60 spectrometer. (1.1.c. 
analyses were performed at 200-250° with a 5-ft. column con
taining Apiezon-L supported on Fluoropak.

3-Indolepropionic Acid.—To a 3-1. stainless steel rocker auto
clave was added 234 g. (2.0 moles) of indole, 144 g. (2.0 moles) of 
acrylic acid, and 180 g. (2.7 moles) of 85% potassium hydroxide. 
The reaction mixture was heated under autogenous pressure with 
rocking at 275° for 20 hr. and then cooled to about 100°. Eight 
hundred milliliters of water was added to dissolve the reaction 
product and, after cooling the mixture further, it was extracted 
with ether to remove unchanged indole and other neutral ma
terials. Acidification of the aqueous phase followed by filtration 
and drying afforded 229 g. (61%) of light tan 3-indolepropionic 
acid, m.p. 121-125°. Repeated crystallization of a sample 
from water raised the m.p. to 134-136° (lit.11 m.p. 135-136°), 
undepressed when mixed with an authentic sample. The nature 
of the acidic impurity in the crude reaction product is unknown

(10) H. E. Johnson and  D. G. C rosby, J .  O r g .  C h e m . ,  25, 569 (1960).
(11) A. Ellinger, B e r . ,  38, 2884 (1905).

and is difficultly removable by crystallization. A more satis
factory method for the purification of the crude reaction product 
consists of the preparation of the ethyl ester followed by fractional 
distillation and saponification, as described later for ethyl 
a-methyl-/3-(3-indolyl )propionate.

In another experiment using 234 g. (2.0 moles) of indole, 130 
g. (1.8 moles) of acrylic acid, and 108 g. (2.7 moles) of sodium 
hydroxide, 260 g. (76% based on acrylic acid, 69% based on 
indole) of very light tan 3-indolepropionic acid was obtained, 
m.p. 127-131°. Distillation of the neutral material recovered 
from the reaction mixture afforded 49 g. (21%) of indole. In
creasing the amount of acrylic acid in the reaction mixture led to 
higher yields of reaction products; the quality, however, was 
poorer.

«-Methyl-ff-O-indolylipropionic Acid, (a) By the Reaction 
of Indole with Potassium Methacrylate.—In the manner de
scribed before for preparation of 3-indolepropionic acid, 234 g. 
(2.0 moles) of indole, 172 g. (2.0 moles) of methacrylic acid, and 
180 g. (2.7 moles) of 85% potassium hydroxide reacted at 280° 
for 19 hr. to give 244 g. (60%) of light brown product, m.p. 109- 
119°. Several crystallizations from water afforded an analytical 
sample as short off-white needles, m.p. 127-129°.

Anal. Calcd. for Ci2Hi3N 02: C, 70.91; H, 6.45; N, 6.89. 
Found: C, 7C.88; H, 6.38; N, 6.80.

From a similar experiment in which the reaction temperature 
was 300°, 250 g. (61%) of dark brown acid was obtained, m.p.
112-117°, and 101 g. of neutral material, b.p. 76-130° (3.0 mm.). 
Fractional distillation of this product afforded 6 g. of pure o- 
toluidine, b.p. 610 (3.0 mm.), w.md 1.5675; 58 g. (25%) of indole; 
and 10 g. of 3-(n-propyl)indole, b.p. 116° (1.25 mm.), n30d 
1.5762, m.p. 26-27° (lit.13 m.p. 29° and as an oil7). The in
frared spectra of the toluidine and propylindole were identical in 
detail to the respective spectra of authentic samples and a mix
ture melting point, of the two indole samples was undepressed.

(b) By the Reaction of Indole with Methacrylic Acid in the 
Presence of Acetic Anhydride and Sodium Acetate.10—A mixture 
of 240 g. (2.04 moles) of indole, 344 g. (4.0 moles) of methacrylic 
acid, 816 g. (8.0 moles) of acetic anhydride, 128 g. (1.56 moles) 
of sodium acetate, and 960 ml. of acetic acid was heated under 
reflux for 5 hr. All volatile material was removed quickly in 
vacuo and the remaining 853 g. of residue added to 360 g. of 
sodium hydroxide in 1.2 1. of water. Considerable nonacidic oil 
was present and was removed by extraction with ether. The 
aqueous phase was acidified with concentrated hydrochloric acid 
to give, after collection by filtering and drying, 129 g. (31%) of 
dark brown product, m.p. 118-125°. Crystallization from water 
raised the m.p. to 129-130°, which was undepressed when mixed 
with the acid as prepared in method a.

Ethyl «-Methyl-/3-(3-indolyl (propionate.—A solution of 519 
g. (2.54 moles) of <x-methyl-/3-(3-indolyl)propionic acid in 2 1. of 
ethanol containing 25 g. of p-toluenesulfonic acid monohydrate 
was prepared and heated under reflux for a total of 18 hr. The 
ethanol was removed by distillation under reduced pressure and 
the remaining residue dissolved in 1 1. of ether. After washing the 
ether solution successively with 5% sodium hydroxide solution 
and water, the ether was evaporated and the residue distilled. 
A total of 471 g. (80%) of slightly yellow distillate was obtained, 
b.p. 182-185° (1.5 mm.), n30D 1.5492. A portion was redistilled 
and analyzed, b.p. 165° (0.75 mm.), n30d 1 .5504.

Anal. Calcd. for Ci4H,7N02: C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.47; H.7.41; N, 5.99.

The Reaction of Indole with Sodium Crotonate.—As described 
for the preparation of 3-indolepropionic acid, 234 g. (2.0 moles) 
of indole, 155 g. (1.8 moles) of crotonic acid, and 80 g. (2.0 moles) 
of sodium hydroxide were heated at 250° for 21 hr. Acidification 
of the crude reaction mixture produced a thick oil that would not 
solidify. Ether extraction followed by evaporation led to 144 g. 
of acidic product which was esterified by treatment with ethanol 
and p-toluenesulfonic acid. From this reaction was obtained 66 
g. of produce, b.p. 123-160° (2.0 mm.). Fractional distillation 
provided 35 g. of colorless ester, b.p. 167° (4.0 mm.), 7t30D 1.5452. 
The analytical data, lack of an NH absorption at about 3 and 
boiling point are consistent with ethyl ff-( 1-indolvl Ibutyrat.e.

Anal. Calcd. for C,4H17N02: C, 72.70; H, 7.41; X, 6.06. 
Found: C, 72.55; H, 7.51; N,6.22.

The Reaction of Indole with Acrylic Acid in the Presence of 
Triethylamine.—A mixture of 234 g. (2.0 moles) of indole, 144 g.

(12) J. H arley-M ason, J .  C h e m .  S o c . ,  2433 (1952).
(13) G. F. Sm ith and A. E. W aters, i b i d . ,  940 (1961).
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(2.0 moles) of acrylic acid, and 303 g. (3.0 moles) of triethylamine 
was prepared and heated, with agitation, at 260° in a 3-1. stain
less steel autoclave. After 21 hr. the reaction mixture was cooled, 
diluted with 11. of water, and extracted with ether. Acidification 
of the aqueous phase provided only a trace of acidic material, 
which was not investigated further. Distillation of the ether ex
tracts gave 227 g. of a mixture of reaction products, b.p. to 243° 
(1.0 mm.), and 140 g. of nonvolatile intractable residue. Frac
tional distillation of the volatile reaction products using a 3-ft. 
spinning band column produced the following major fractions: 
(A) 28 g., b.p. to 82° (1.0 mm.); (B) 46 g., b.p. 82-88° (1.0 
mm.); (C) 30 g., b.p. 88-112° (1.0 mm.); (D) 11 g., b.p. 145- 
147° (1.0 mm.); (E) 44 g., b.p. 180-183° (1.0 mm.); (F) 37 g., 
b.p. 220-229° (1.0 mm.); and (G) 34 g. residue and mid-frac
tions.

Fraction A consisted of a multitude of products of which indole 
was found in minor amounts. No indoline was present. Further 
fractionation of this mixture afforded a pure sample of N,N-di- 
ethylpropionamide, b.p. 46° (1.85 mm.). Its infrared spectrum 
was found to be identical to the spectrum of an authentic sample, 
b.p. 62° (2.0 mm.), re»D 1.4351.

Fraction B was redistilled and identified as being predominantly 
indole from its g.l.c. retention time and physical constants, b.p. 
82° (1.0 mm.) and m.p. 51-52°. Approximately 10% of a mix
ture of lower boiling materials also was present.

Fraction C contained 7.5% of lower boiling unidentified mate
rial, 17% of indole, 0.5% of skatole (by retention time only), and 
75% of 3-ethylindole. Additional fractionation afforded pure 3- 
ethylindole as a colorless solid, m.p. 36-37°, undepressed when 
mixed with an authentic sample (lit.7 m.p. 37°).

Fraction D solidified and was purified further by repeated 
crystallizations from hexane, m.p. 117-118°. Elemental analysis 
suggested a Ci2H,3N formula; infrared, ultraviolet, and n.m.r. 
spectra indicated the material to be 1,2,3,4-tetrahydrocarbazole. 
A mixture melting point with an authentic sample14 of m.p.
118-119° was undepressed.

Fraction E was redistilled and a constant-boiling fraction was 
collected at 164° (0.06 mm.). G.l.c. indicated a purity of 82%; 
the material could not be induced to solidify. Further purifica
tion by chromatography on alumina resulted in an oily fraction, 
about 90% pure, which still would not crystallize, even when 
seeded with N,N-diethyl-0-(l-indolyl)propionamide (see col. 2). 
The retention time (63 min.) of this material was found to be the 
same as that of pure N,N-diethyl-(3-( l-indolyl)propionamide and, 
with the exception of minor OH (2.90 n), NH (3.02), and C = 0
(5.78) absorptions, the infrared spectra of these two materials 
were very similar.

Fraction F slowly solidified and an analytical sample was ob
tained as colorless microcrystals, m.p. 114-116°, after several 
crystallizations from isopropjd ether followed by toluene. A 
mixture melting point with authentic N,N-diethyl-|S-(3-indolyl)- 
propionamide (see col. 2) was undepressed, and the infrared 
spectra of the two were found to be identical in detail.

Anal. Calcd. for Ci6H20N2O: C, 73.73; H, 8.25; N, 11.47. 
Found: C, 73.67; H, 8.40; N, 11.29.

Integration of the g.l.c. peak areas of all fractions and mid- 
fractions provided the following approximate yields of the reaction 
products: 7% N,N-diethylpropionamide; 7% indole; 15% 3- 
ethylindole; 5% 1,2,3,4-tetrahydrocarbazole; 9% N.N-diethyl- 
/3-(l-indolyl)propionamide; and 8% N,N-diethyl-/3-(3-indolyI)- 
propionamide.

(14) C. U. Rogers and  B. B. Carson, O r g .  S y n . ,  30, 90 (1950).

The Reaction of Indole with Methacrylic Acid in the Presence 
of Triethylamine. Isolation of l-Methyl-l,2,3,4-tetrahydrocar- 
bazole.—In the manner described for the reaction of indole with 
acrylic acid and triethylamine, 234 g. (2.0 moles) of indole, 172 
g. (2.0 moles) of methacylic acid, and 303 g. (3.0 moles) of tri
ethylamine reacted to give 292 g. of distilled products, b.p. to 
250° (0.75 mm.), and 79 g. of nonvolatile residue. Further 
fractionationation produced 138 g. of a mixture containing indole 
(34%) and 3-ethylindole (66%), b.p. to 104° (0.75 mm.), and 20 
g. (5%) of l-methyl-l,2,3,4-tetrahydrocarbazole, b.p. 128-131° 
(0.5 mm.), nxd 1.6007. The sample slowly solidified but defied 
recrystallization (lit.16 m.p. 65°), m/r («), 278 (shoulder), 283 
(7050), 292 (5850). Signals in the nuclear magnetic resonance 
spectrum were observed at 1.1 p.p.m. (doublet, methyl group),
1.75 p.p.m. (multiplet, 2,3-methylene groups), and 2.66 p.p.m. 
(multiplet, methine and 4-methylene group) in a ratio of 3:4:3. 
Resonance due to the 5,6 ,7,8, and N protons occurred at 7.0-7.5 
p.p.m.

Anal. Calcd. for C13H15N: C, 84.28; H, 8.16; N, 7.56. 
Found: C, 84.42; H, 8.49; N, 7.43.

Dehydrogenation of l-Methyl-l,2,3,4-tetrahydrocarbazole.— 
A 1.02-g. sample of the tetrahydrocarbazole from the reaction of 
indole, methyacrylic acid, and triethylamine and 0.10 g. of 5% 
palladium on carbon were mixed and heated to 300° until the 
evolution of hydrogen ceased. The cooled mixture was slurried 
with hot ethanol and 'filtered to remove the catalyst. Evapora
tion of the filtrate and crystallization of the residue from hexane 
afforded 0.72 g. of colorless plates, m.p. 117-118°. Further 
crystallization from the same solvent raised the m.p. to 120- 121° 
(lit.8 m.p. 120.5°).

N,N-Diethyl-/3-( 1-indolyl(propionamide.—Following the pro
cedure of Shaw and Wooley,16 20 g. (0.1 mole) of 1-indolepropionic 
acid3 and 23 g. (0.1 mole) of phosphorus pentachloride were 
mixed in 200 ml. of dry ether. After 30 min. at 0° and 30 min. at 
25°, the mixture was poured over 100 g. of diethylamine and ice. 
The ether was evaporated in a stream of nitrogen to leave 22 g. 
(90%) of light brown solids, m.p. 40-44°. Several crystalliza
tions from hexane (Dry Ice-acetone cooling) provided an analyti
cal sample as colorless microcrystals, m.p. 42-44°.

Anal. Calcd. for C,6H20N2O: C, 73.73; H, 8.25; N, 11.47. 
Found: C, 74.00; H, 8.32; N, 11.51.

N,N-Diethyl-/3-(3-indolyl)propionamide.—This amide was 
prepared17 in 95% yield by the procedure described for the syn
thesis of the 1-isomer. Several crystallizations from ethyl acetate 
gave a sample, m.p. 115-117°, identical in all respects to the 
material isolated from the reaction of indole, acrylic acid, and tri
ethylamine.

Ethyl 1-Indolepropionate.—A solution of 115 g. (0.61 mole) of
1-indolepropionic acid,3 20 g. of p-toluenesulfonic acid monohy
drate, and 1500 ml. of ethanol was refluxed for 17 hr. The ester 
(115 g., 88%) was isolated in the usual manner as a colorless 
liquid, b.p. 132-134° (0.75 mm.), ri*>D 1.5565.

Anal Calcd. for C„H16N02: C, 71.86; H, 6.96; N, 6 45. 
Found: C, 72.06; H, 7.20, N, 6.74.
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Ozonolysis of the trimethyl ester of maleopimaric acid (la) has been shown to yield, in addition to the previ
ously reported «,/3-unsaturated ketone II and diene III, the following crystalline products: a saturated ketone
(IVa), an alcohol (IX), a 7-lactone (VIII), a 5-lactone (X), and two acids (XII and XIII). All of these compounds 
arise by attack of ozone on the isopropyl group, rather than the expected reaction at the double bond. Isolation 
of alcohol IX provides evidence for the oxidation scheme suggested earlier by Ruzicka and Kaufmann.1 2 3 Nuclear 
magnetic resonance was employed in the structure and stereochemical elucidation of the various products.

In a study of the ozonolysis of the trimethyl ester of 
maleopimaric acid (la), Ruzicka and Kaufmann found 
that the reaction took an unusual course.3’4 5 Oxidation 
of the isopropyl group occurred rather than cleavage 
of the double bond, as evidenced by the isolation of the 
a,/3-unsaturated ketone II and the diene III.

The stereochemistry of the Diels-Alder adduct of 
levopimaric acid and dimethyl maleate is now well 
established; the adduct possesses the absolute con
figuration as depicted in la.5 -9 An examination of a 
molecular model of la clearly indicates that both faces 
of the double bond are blocked, thus suggesting an 
explanation for the abnormal ozonolysis observed by 
Ruzicka and Kaufmann.3 They suggested the follow
ing scheme to explain the reaction.

— jK  — )ri

la, C-15 carbomethoxy group 0 
b, C-15 carbomethoxy group a

(The «-configuration signifies that the group lies behind the 
general plane of the ring system, where in the ^-configuration 
the group lies in front of the plane.10)

C 02CH3

-co2ch3
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We have had occasion to repeat the ozonolysis of la 
and have found that Ha is indeed the major product of 
the reaction, but, in addition, six other crystalline 
compounds, previously unreported, have been isolated. 
All of these products arise by oxidation of the isopropyl 
group and offer strong support for the oxidation scheme 
proposed by the earlier workers.3

Following the previous procedure a solution of la 
in acetic acid was exposed to a steady stream of oxygen 
containing ozone for forty-eight hours. The crude 
product was separated into acidic (~20%) and neutral 
(~80%) fractions. The neutral fraction was further 
separated into nonketonic (~25%) and ketonic 
(~75%) fractions using Girard’s T reagent. Hy
drolysis of the Girard derivative gave the previously 
reported ketone Ila, together with a second ketone, 
IVa (C24H34O7). Nuclear magnetic resonance spectros
copy proved to be particularly useful in arriving at the 
structure of IVa. Ayer, McDonald, and Stothers6 7 8 9 10 
have made a detailed study of the n.m.r. spectra of 
derivatives of maleopimaric acid. These workers ob
served that, in compounds such as I and II, the double 
bond at C-13-C-14 has a long range shielding effect on 
protons of the methyl group at C-10. These protons 
appear at ~<5 0.50 in compounds such as I and II, 
whereas the protons of the methyl group at C-4 appear 
at approximately 5 1.10. Removal of C-13-C-14 
double bond results in a shift of the C-10 methyl pro
tons to ~5 1.0.

The signal at highest field in the n.m.r. spectrum of 
IVa appeared at 5 0.83, and the vinylic proton present 
in the spectra of la (5 5.31) and Ila (5 6.90) was absent. 
Both la and Ila gave a positive test for a double bond 
with tetranitromethane, but IVa did not. The n.m.r. 
spectrum of IVa also indicated the absence of an iso
propyl group, and of a methyl group attached to a 
carbonyl group (as present in Ila  at 5 2.36). On the 
basis of these facts together with the elemental analysis 
and infrared spectrum, it appeared likely that this 
ketone possessed structure IVa. Since the double bond

IVa, C-15 0-carbomethoxy 
b, C-15 a-carbomethoxy

in la was so hindered as to be unaffected by ozone, it 
seemed possible that the Baeyer-Villiger reaction on 
Ila  would likewise proceed without attack on the double
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bond and would lead, therefore, to ester V. Hydrolysis 
of ester V should give IVa. This was found to be the 
case. Treatment of Ila with peroxytrifluoroacetic 
acid gave V in good yield. The n.m.r. spectrum of V 
showed the C-14 vinyl proton at 8 5.34, upheld from 
the C-14 proton in Ila, since in the latter compound the 
double bond is conjugated. The methyl protons of 
the acetoxy group in V appeared at 5 2.18 and the C-10 
methyl protons at 8 0.75.

Acid-catalyzed hydrolysis of V at room temperature 
gave IVa identical in all respects with that isolated 
from the ozonolysis reaction. The optical rotatory 
dispersion curve of IVa showed a strong negative 
Cotton effect in methanol which was unchanged upon 
the addition of hydrochloric acid. This is character
istic of ketones which are unable to form ketals.11 Thus, 
structure IVa is firmly established.

A second compound, VI, was isolated in low yield 
from the Baeyer-Villiger reaction. This substance was 
found not to be the tetramethyl ester resulting from 
the insertion of an oxygen atom on the methyl side of 
ketone Ila; the latter ester, XHIa (following), was 
available for comparison. The infrared and n.m.r. 
spectra of VI showed it to be an alcohol and to contain 
three carbomethoxy groups. Since the C-10 methyl 
protons appeared at 8 0.67 in the n.m.r., the C-13-C-14 
double bond was apparently still present. However, 
no vinylic protons were evident and an unexplained
3-proton signal was present at 5 3.05. No satisfactory 
structure for VI can be offered at this time.

When la, Ila, and IVa were refluxed in alkaline solu
tion, the resulting acids re-esterified with diazometh
ane, the respective, isomeric compounds lb, lib, and 
IVb were obtained. The trimethyl ester lb was iden
tical with that obtained from the Diels-Alder reaction 
between methyl abietate and fumaric acid followed by 
esterification with diazomethane. The more stable 
trans isomers have been assigned structures in which 
the C-15 carboxyl group is down (a), since Ayer, et al.,6 
reported the conversion of lb to a 7-lactone, VII, 
with the oxygen atom attached at C-14. The cor
responding isomer of VII with the C-15 carboxyl group 
up (/3) has been reported from this laboratory pre
viously.5

VII

After chromatography on alumina, the nonketonic 
portion of the neutral fraction obtained from the ozonol
ysis of la yielded three previously unreported com
pounds, VIII (m.p. 220-221°), IX (m.p. 194-196°), 
and X (m.p. 264-265°). In addition, the ultraviolet 
spectrum of the noncrystalline part of this fraction indi
cated the presence of approximately 15% of the pre
viously reported diene III.

Compound IX, when treated with phosphorus oxy
chloride in pyridine, gave a substance which had the 
same ultraviolet spectrum as III. The infrared and
n.m.r. spectra of IX and its conversion to a diene with 
the ultraviolet cliromophore of III support the structure 
shown later. The presence of a hydroxyl group was

(11) C. D jerassi, “ O ptical R o ta to ry  D ispersion,” M cG raw -H ill Book Co., 
Inc., New York, N. Y., 1960, p. 143.

shown by the band at 3472 cm.-1 in the infrared, and 
by n.m.r. (5 5.0, which disappears on the addition of 
deuterium oxide). Three carbomethoxy groups were 
established by three sharp signals (three protons each) 
at 8 3.58, 3.60, 3.67 in the n.m.r., and by a band at 1727 
cm.-1 in the infrared. The double bond at C-13-C-14 
was apparent from the position of the C-10 methyl 
protons at 8 0.62 and by the C-14 vinyl proton at 8 5.70. 
The double bond also gave a weak peak at 1638 cm.-1 
in the infrared. The two methyl groups flanking the 
carbon atom containing the hydroxyl group have n.m.r. 
signals at 5 1.22 and 5 1.28, downfield from where the iso
propyl methyl protons appeared in I (5 1.08). The iso
lation of IX provides strong support for Ruzicka’s 
proposed oxidation scheme.

Compound X (C26H3807), obtained in very low yield, 
exhibited a hydroxyl group (3401 cm.-1) and three 
carbonyl bands (1739, 1718, and 1691 cm.-1) in its 
infrared spectrum. The band at highest wave length 
has been assigned to a 5-lactone and the other two are 
assigned to the A- and D-ring ester groups. Since X 
had no signals in its n.m.r. spectrum at field higher than 
5 1.0, and gave a negative test with tetranitrometh- 
ane, the absence of a double bond was concluded. On 
the basis of this evidence structures Xa and Xb are

suggested for this compound. Another structure con
taining a 5-lactone (Xc) was not considered a likely 
possibility because of the absence of a signal in the
n.m.r. corresponding to the C-14 proton.

The third crystalline compound isolated from the 
nonketonic fraction has been assigned structure VIII. 
Compound VIII exhibited a hydroxyl band (3448 
cm.-1) and a band due to a 7-lactone (1786 cm.-1) 
in the infrared. The n.m.r. spectrum showed that it 
contained only two carbomethoxy groups and no 
C-13-C-14 double bond (tetranitromethane test was 
negative). Methyl protons of the isopropyl group were 
moved downfield (5 1.35 and 1.47) showing that an ox
ygen atom was attached at C-19. The C-14 proton 
appeared at 5 4.35. If the lactone had been attached 
at C-14, then this latter proton would have been ex
pected to give a signal at ~ 5  5.00; however, the 
attachment of a hydroxyl group at C-14 is completely 
consistent with the observed data.5

The acids XII and XIII were isolated from the acidic 
fraction of the ozonolysis product; after esterification
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with diazomethane, they were separated by chroma
tography on alumina. The first material to be eluted 
from the column, X lla, could also be prepared from 
X llla  by alkaline isomerization followed by re-esteri
fication. The haloform reaction of Ha, followed by 
esterification with diazomethane, gave X lla identical 
in all respects with that isolated from the ozonolysis 
experiment. The n.m.r. spectra of X lla  and X llla  
were completely consistent with the suggested struc
tures.

XII, C-15 a-earbomethoxy, R = H; X lla, R = CH3
XIII, C-15 /3-carbomethoxy, R = H; X llla , R = CH3

It is not possible to offer a detailed mechanism for the 
unusual ozonolysis observed in this case. However, it 
does appear likely that Ruzicka’s original suggestion of 
a stepwise oxidation of the isopropyl group is valid. 
A scheme of oxidation as shown can be visualized.

Peracetic acid, formed by the prolonged action of 
ozone on the acetic acid solvent, may be the active 
oxidizing agent. If this were the case, then IV might 
arise from II via a Baeyer-Villiger reaction followed by 
hydrolysis in the work-up. However, XII and XIII 
must not arise from II by the action of peracetic acid, 
since in that case the methyl esters and not the free 
acids should have been isolated. Ketone IV may arise 
by a double bond migration to give an isopropylidine 
group, followed by cleavage of the double bond. Lac
tones VIII and X also may arise from the same inter
mediate by hydroxylation followed by lactonization. 
When a stream of oxygen containing no ozone was 
passed through an acetic acid solution of la under 
conditions identical to those used in the ozonolysis, no 
change in la occurred.

Experimental

Melting points were taken on a Fisher-Johns apparatus and 
are uncorrected. Analyses were performed by Midwest Microlab, 
Inc., Indianapcks, Ind. Infrared spectra were recorded using a 
Beckman IR-5 spectrophotometer. Nuclear magnetic resonance 
spectra were recorded with the Varian A-60 n.m.r. spectrometer, 
using tetramethylsilane as an internal standard (S 0) and 
deuteriochloroform as solvent. Ultraviolet spectra were obtained 
with the Beckman recording spectrometer, Model DK1.

Ozonolysis of Trimethyl Ester of Maleopimaric Acid (la).— 
The trimethyl ester la was prepared as previously described5 and 
ozonized as follows. A rapid stream of ozone (approximately 3%) 
was passed through a solution of 29.8 g. of la in 225 cc. of glacial 
acetic acid for 48 hr. at room temperature. After the addition of 
15 cc. of water, the solution was stirred for a short time and then 
taken to dryness on a steam bath using the w'ater aspirator. 
The glassy j^ellow solid thus obtained was then separated into 
acidic and neutral fractions; it. was dissolved in ether and the 
resulting solution was repeatedly extracted with 5% ice-cold 
sodium hydroxide solution until the alkaline extract was colorless. 
The ether layer, after drying over anhydrous sodium sulfate, was 
concentrated to give 22.7 g. of the yellow neutral fraction.

The aqueous sodium hydroxide extracts were combined, acidi
fied with dilute hydrochloric acid, and extracted with ether. 
After washing with water and drying over anhydrous sodium 
sulfate, the combined ether extracts were concentrated to yield
4.52 g. of glassy acidic fraction.

The Ketonic Fraction. Isolation of Ketones Ha and IVa.—A 
solution of 6.75 g. of previous neutral fraction in 70 cc. of an
hydrous methanol containing 2 cc. of glacial acetic acid and 2.7 g. 
of Girard’s T reagent was refluxed for 4 hr. The cooled reaction 
mixture was then poured into a solution of 2.8 g. of sodium bi
carbonate in 280 cc. of water, and this solution was extracted 
with ether. The ether extract was washed with water, dried over 
anhydrous sodium sulfate, and concentrated to give 1.87 g. of 
the nonketonic fraction as a viscous gum. The separation of 
this fraction is described in the section on the nonketonic fraction.

The aqueous layer, which contained the ketones, was acidified 
by adding 10 cc. of 6 N  hydrochloric acid. After standing for 1 
hr., ketone Ha crystallized and was collected by filtration, washed 
with water, and dried to give m.p. 161-163° (3.5 g.). Two re
crystallizations from methanol gave m.p. 168-169° (lit.3 m.p.
168-169°); iw  1724, 1661, and 1610 cm. n.m.r. (p.p.m. down- 
field from tetramethylsilane), <S 0.50 (3 protons), 1.13 (3), 2.36 
(3), and 6.90(1).

The filtrate remaining after the removal of ketone Ila, on 
standing open to the atmosphere for 2 weeks, became turbid and 
then was extracted with ether. After washing with water and 
drying over anhydrous sodium sulfate, evaporation of the ether 
gave 1.1 g. of ketone IVa. Recrystallization from methanol 
gave 0.8 g., m.p. 193-194°; negative tetranitromethane test; 
>w 1745, 1740, and 1725 cm.“1; n.m.r., 5 0.83 (3), 1.12 (3). 
This substance exhibited a strongly' negative Cotton effect in 
methanol solution (c 0.0565) which was unchanged on the addi
tion of a small amount of hydrochloric acid: [a]589 m̂ i —46°, 
[a]302 -1071°, [a]267 +  302°, [a]25o -250°.’

Anal. Calcd. for C24H3407: C, 66.33; H, 7.88. Found: C, 
66.57; H, 7.95.

Ketone IVa also could be isolated by further acidification of the 
aqueous filtrate remaining after the removal of ketone Ila.

Alkaline Isomerization of Ila. Preparation of lib.—A solution 
prepared by dissolving 0.34 g. of Ila in 10 cc. of methanol and 25 
cc. of 2 N  sodium hydroxide was refluxed for 10 hr. After cooling, 
it was diluted with water, acidified with dilute hydrochloric acid, 
and extracted with ether. After washing with water and drying 
over anhydrous sodium sulfate, the ether extract was con
centrated to g.ve the crystalline trans acid; after crystallization 
from aqueous acetic acid it had m.p. 287-289°; tv!‘l 3703-2127, 
1709, 1661, and 1626 cm.“1.

Treatment of the crystalline trans acid with ethereal d:azo- 
methane gave lib  as a viscous gum which could not be crystal
lized; n.m.r., S 0.50 (3), 1.08 (3), 2.25 (3) and 6.88 (1).

Conversion of Ila into IVa.—A solution of peroxytrifluoroacetie 
acid was prepared by the dropwise addition of 3 cc. of trifluoro- 
acetic anhydride to a suspension of 0.5 cc. of 90% hydrogen 
peroxide in 10 cc. of methylene chloride. This solution was added 
over a period of 15 min. to a stirred suspension of 7.86 g. of dry, 
finely powdered disodium hydrogen phosphate in a solution cf 5.5 
g. of ketone Ila in 30 cc. of methylene chloride. After addition
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was complete, the solution was heated under reflux for 1 hr. The 
inorganic salts were removed by filtration and washed with 
methylene chloride. The combined methylene chloride layers 
were washed with 10% sodium carbonate, dried over anhydrous 
sodium sulfate, and the solution finally concentrated to give 5.4 
g. of crude products.

Two recrystallizations from a mixture of methanol-dioxane 
gave 3.5 g. (61%) of V, m.p. 208-210°. The analytical sample of 
V obtained by recrystallization from methanol gave m.p. 210- 
212°; 1757, 1750, 1727, 1669 cm .-'; n.m.r., 5 0.75 (3),
1.13 (3), 2.18 (3), 5.34 (doublet, 1 proton).

Anal. Calcd. for C26Ha60 8: C, 65.52; H, 7.61. Found: 
C, 65.41; H, 7.72.

Concentration of the mother liquor from which V was obtained 
gave a viscous gum which upon the addition of methanol gave 
0.55 g. of VI. The analytical sample was obtained by recrystal
lization from methanol-acetone and had m.p. 268-271°;
3425, 1725 cm."1; n.m.r., 5 0.67 (3), 1.12 (3), 3.05 (3), and 4.10 
(doublet which disappears on addition of deuterium oxide).

Anal. Calcd. for C24H34CV. C, 63.98; H, 7.61. Found: C, 
64.04; H, 7.55.

A solution containing 3.37 g. of V, 175 cc. of dioxane, 175 cc. of 
methanol, and 100 cc. of 6 N hydrochloric acid was allowed to 
stand at room temperature for 10 hr. Addition of 1200 cc. of 
water yielded 2.95 g. of ketone IVa, m.p. 191-193°. Recrystal
lization from methanol gave ketone IVa of identical melting and 
mixture melting point, infrared, and n.m.r. spectra, with IVa 
obtained by treatment of la  with ozone.

Alkaline Isomerization of IVa. Preparation of IVb.—A solu
tion prepared by the addition of 0.5 g. of IVa to 10 cc. of meth
anol, to which was added 15 cc. of 2 N  sodium hydroxide, was 
refluxed for 3 hr. After cooling, it was diluted with 100 cc. of 
water and acidified with dilute hydrochloric acid, then extracted 
with ether. After washing with water and drying over anhy
drous sodium sulfate, the ether extract was concentrated to 
yield an amorphous solid which was treated directly with an ex
cess of an ethereal solution of diazomethane. The crude product 
was crystallized from methanol to give 0.41 g. of ketone IVb, m.p.
148-149°; . S  1730 cm."1; n.m.r., S 0.80 (3), 1.13 (3).

Anal. Calcd. for C24H34O7: C, 66.33; H, 7.88. Found: C, 
66.56; H, 8.03.

The Nonketonic Fraction.—The fraction (1.87 g.) remaining 
after removal of the ketones with Girard’s T reagent was chroma
tographed on neutral activated alumina (100 g.). Elution with 
25% ether-75% benzene gave 1.26 g. of a viscous gum from which 
was obtained, on crystallization with benzene-re-heptane, 40 mg. 
of compound VIII. Further elution with ether gave 0.34 g. of a 
viscous gum which could be partially crystallized from aqueous 
methanol to give 70 mg. of compound IX. Rechromatography of 
the noncrystalline material (1.08 g.) on 60 g. of neutral activated 
alumina gave as crystalline material 35 mg. of ketone IVa (which 
apparently escaped reaction with Girard’s T reagent), 10 mg. of a 
new crystalline compound X, and a further 50 mg. of VIII; these 
were all eluted with 25% ether-75% benzene. The remainder of 
the material could not be crystallized, but its ultraviolet spectrum 
(X®la°H 240 m ĵ, « 2392) indicated the presence of 15% of the pre
viously reported diene III (Xm»% 240 m,u, e 17,780).

Compound VIII.—This substance, obtained as described before, 
after recrystallization from benzene-re-heptane and drying at 140° 
and 1-mm. pressure for 10 hr., had m.p. 220- 221° and gave a 
negative tetranitromethane test; iv®) 3448, 1786, and 1712 cm."1; 
n.m.r., S 1.10, 1.17, 1.35, 1.47, 3.65, 3.70, 4.35, and 7.36.

Anal. Calcd. for C26H3sO8-0 .5H2O: C, 64.05; H, 8.06.
Found: C, 63.82; 64.12, H, 7.82, 7.99.

Maleopimaric acid and related substances have been shown to 
hold tenaciously solvents of crystallization and to form hydrates.12

Compound IX.—Recrystallization from methanol and drying 
for 12 hr. at 140° and 1-mm. pressure gave m.p. 194-196° and a 
positive tetranitromethane test; 3472, 1727, 1638 cm.“1; 
n.m.r., S 0.62, 1.15, 1.22, 1.33, 3.58, 3.60, 3.67, 5.0 (disappears 
with deuterium oxide), and 5.70 (doublet, 11 c.p.s.).

Anal. Calcd. for C^IRoCVIUO: C, 65.56; H, 8.55. Found: 
C, 65.83; H, 8.33.

(12) L. H. Zalkow and  M. L. Corser, P r o c .  O k l a h o m a  A c a d .  S c i . ,  42, 190 
(1962).

Reaction of IX with Phosphorus Oxychloride.—A solution pre
pared by dissolving 0.132 g. of IX in 5 cc. of pyridine and 1 cc. 
of phosphorus oxychloride was heated on the steam bath for 4 
hr., then allowed to stand at room temperature for 12 hr. The 
reaction mixture was diluted with water and then extracted with 
ether. The ether extract was washed with dilute hydrochloric 
acid, then with water, and finally dried over anhydrous sodium 
sulfate. Removal of the solvent yielded 0.070 g. of a glassy prod
uct which resisted attempts at crystallization. The infrared 
spectrum of this material showed no O-H absorption and gave 
X®“°H 240 m#j (log e 3.84). Reported for diene III, Xmwc 240 mu 
(log e 4.25).

Compound X.—Compound X, eluted from alumina with 15% 
ether-85% benzene, had m.p. 264-265° after recrystallization 
from benzene-re-hexane and drying for 10 hr. at 60° and 1 mm., 
and gave a negative test with tetranitromethane; 3401,
1739, 1718, and 1691 cm."1; n.m.r., due to the small size of 
sample available, a strong spectrum could not be obtained, but 
there were no signals at field higher than S 1.0.

Anal. Calcd. for C26H38O7: C, 67.50; H, 8.28. Found: 
C, 67.43; H,8.01.

The Acid Fraction. Isolation of Tetraesters Xlla and XHIa.—
The glassy acidic fraction (4.52 g.) obtained as described earlier 
was treated with an excess of an ethereal solution of diazometh
ane. After the usual work-up, the crude ester mixture (4.7 g.) 
was chromatographed directly on 200 g. of neutral activated 
alumina. Crystallization of the glassy fraction, eluted with 10% 
ether-90% benzene, gave 160 mg. of X lla, m.p. 155-156° (lit.3 
m.p. 152-153°); 1724, 1709 and 1634 cm."1; n.m.r., 6
0.50 (3), 1.10 (3), 3.57 (3), 3.64 (3), 3.70 (3), 3.74 (3), and 6.93 
(1). The remainder of the noncrystalline material eluted from 
the column was rechromatographed on neutral alumina. Elution 
with ether-benzene and crystallization from benzene-hexane 
gave an additional 60 mg. of pure X lla and 340 mg. of pure 
XHIa. Recrystallization of XHIa from re-hexane-benzene gave 
m.p. 177-178°; 1754, 1712, and 1628 cm."1; n.m.r., 5
0.53(3), 1.11 (3), 3.49 (3), 3.52 (3), 3.64 (3), 3.75 (3), and 6.92(1).

Anal. Calcd. for C26H360 8: C, 65.52; H, 7.61. Found: 
C, 65.93; H, 7.68.

The rest of the material eluted in the chromatography could 
not be crystallized. Infrared spectra of the noncrystalline frac
tions indicated the presence of hydroxyl-containing compounds 
and y-Iactones.

Preparation of Xlla and XHIa by Alkaline Isomerization.—A
solution prepared by mixing 40 mg. of XHIa, 5 cc. of methanol, 
and 10 cc. of 2 N  sodium hydroxide was refluxed for 8 hr. The 
cold reaction mixture was diluted with 50 cc. of water, acidified 
with dilute hydrochloric acid, and extracted with ether. The 
ether layer, after drying over anhydrous sodium sulfate, was con
centrated to give a white solid, which was immediately esterified 
with a solution of diazomethane in ether. Evaporation of the 
ether and crystallization of the residue from ether-re-hexane gave 
34 mg. of XITa, m.p. 155-156° identical in all respects with that 
obtained as already described.

Preparation of Xlla from Ha by the Haloform Reaction.—Using 
the procedure reported by Ruzicka and Kaufmann3 ketone Ha 
was oxidized with sodium hypobromite. The crude acid product 
was esterified directly with ethereal diazomethane to yield X lla, 
m.p. 155-156°, m.m.p. 155-156° (lit.3 m.p. 152-153°), identical 
in all respects with X lla isolated as described earlier.

Alkaline Isomerization of la. Preparation of lb.—A solution 
prepared by dissolving 0.30 g. of la in 10 cc. of methanol and 25 
cc. of 2 N  sodium hydroxide, was refluxed for 10 hr., then cooled, 
diluted with 150 cc. of water, acidified with dilute hydrochloric 
acid, and extracted with ether. The ether extract was washed 
with water, dried over anhydrous sodium sulfate, and concen
trated to give the crystalline acid. Recrystallization from aque
ous acetic acid gave m.p. 252-253°, with previous melting at 
190-210°, followed by resolidification.12 This substance was 
identical in mixture melting point and infrared spectrum with the 
product obtained from the Diels-Alder reaction of abietic acid 
and fumaric acid.12

Treatment of the acid with ethereal diazomethane gave lb as a 
viscous gum which could not be crystallized. The n.m.r. spectra 
of la and lb were almost identical, the C-10 methyl protons ap
pearing at S 0.60, and the C-14 vinylic proton at 5 5.34.
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The synthesis of 5a,8,8-trimethyl-3,lOa-ethanoperhydrophenanthrene (III, C19H32), which contains the same 
structure and relative stereochemistry as found in the diterpenoid skeleton of the atisine alkaloids is described.

Atisine (I) and related diterpenoid alkaloids contain a 
bicyclo[2.2.2]octane C,D ring system, whereas the 
closely related Garrya alkaloids and the diterpenes of 
the phyllocladene group possess a bicyclo [3.2.1]- 
octane C,D ring. structure.2-6 A synthesis of phyl
locladene (II) was reported recently by Turner and 
Ganshirt.6 We wish now to report the synthesis of the 
hydrocarbon III, which contains nineteen of the twenty 
carbon atoms of the diterpenoid skeleton of atisine, and 
in addition contains a trans-anti ring fusion as found 
in the naturally occurring alkaloids.

Maleopimaric acid (IV) was the starting material for 
the synthesis of III. It is readily prepared from maleic 
anhydride and abietic acid, and the latter compound 
has been totally synthesized.7-8 9 10 11 12 13 The stereochemistry 
shown for maleopimaric acid (IV) is now well estab
lished.9-14 The conversion of IV into III involves three 
phases: first, the removal of the isopropyl group of 
ring C; second, removal of the anhydride moiety of 
ring D; and finally, conversion of the C-4 carboxyl 
group to a methyl.15

The ozonolysis of the trimethyl ester of IV has been 
found to proceed in an unusual manner, leading to 
attack on the isopropyl group rather than the hindered 
double bond, to give as the major product the methyl 
ketone V.14-16 The Baeyer-Villiger reaction on V fol
lowed by hydrolysis led directly to the ketone VI.14 
Again, the hindered double bond in V was not affected;

(1) This work was supported  generously b y  the  N ational Science F ounda
tion  through g ran t GP-233.

(2) K. W iesner and  Z. V alenta, “ Progress in the C hem istry  of Organic 
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1958, p. 26.
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(5) D. D vornik and  O. E . E dw ards, i b i d . ,  14, 54 (1961).
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(9) L. H. Zalkow, R. A. F ord , and  J. P . K utney , J .  O r g .  C h e m . ,  27, 3535
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(12) W. H. Schuller and  R . V. Lawrence, J .  A m .  C h e m .  S o c . ,  83, 2563 
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(13) A. W. Burgstahler, H. Ziffer, and  U. Weiss, i b i d . ,  83, 4660 (1961).
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peroxytrifluoroacetic acid converted V into an enol 
acetate which on hydrolysis gave the desired ketone.14 
Thus, the isopropyl group of the starting material 
could be removed readily.

The most obvious method of removing 1,2-dicarboxyl 
groups is that of oxidative bisdecarboxylation. How
ever, this method has been known to be quite unre
liable.17-19 A recent modification20 of the oxidative 
bisdecarboxylation procedure which utilizes lead tetra
acetate in pyridine was found to give VII in good yield. 
The n.m.r. spectrum of VII showed the protons of the 
C-10 methyl group at 8 0.93, no noticeable shielding 
effect being exerted by the carbonyl group. In con
trast, the C-10 methyl protons in IV and V appear at 
5 0.59 and 0.50, a much larger shielding effect resulting 
from the C-13-C-14 double bond. Thus the n.m.r. spec
trum of VII provides additional support for the assign
ment of the double bond at C-15-C-16. The C-15 proton 
in VII appeared as a doublet at 6 6.07 (J  = 3) and the 
C-16 proton as a sharp singlet at 8 6.13, while the protons 
of the C-4 methyl group appeared at 5 1.12 and the pro
tons of the carbomethoxy group at 8 3.62.

(17) W. Von E . Doering, M . Farber, an d  A. Sayiigii, J .  A m .  C h e m .  S o c . ,  

74, 4370(1952).
(18) C. A. Grob, M . O hta, an d  A. Weiss, A n g e w .  C h e m . ,  70, 343 (1958).
(19) W. von E . Doering and  M. Finkelstein , J .  O r g .  C h e m . ,  23, 141 

(1958).
(20) E. G rovenstein, D. V. Rao, and  J . W. Taylor, J .  A m .  C h e m .  S o c . ;  

83, 1705 (1961).
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The further conversion of VII to III was accom
plished as follows. The double bond of VII was 
reduced smoothly using palladium-on-charcoal catalyst 
to give VIII. Under identical conditions the double 
bond of IV was unaffected. The C-10 methyl protons 
of the saturated ketone VIII appeared slightly upheld 
(5 0.82) from the corresponding protons in VII, while 
C-4 methyl protons in VIII (S 1.10) were in almost the 
identical position to the corresponding protons in VII. 
The carbonyl group showed an absorption band at 
exactly the same wave length (1724 cm v1) in both VII 
and VIII. Compound VIII was saponihed to give the 
keto acid IX in order to prevent reaction of the ester 
grouping with hydrazine during the Wolff-Kishner 
reaction. The carbonyl group of the keto acid IX was 
removed smoothly by the Huang-Minlon procedure to 
give an acid which was converted directly into the ester 
X with diazomethane. The n.m.r. spectrum of X 
showed the C-10 methyl protons at S 0.95, while C-4 
methyl protons appeared at 5 1.10. Reduction of X 
with lithium aluminum hydride gave the alcohol XI, 
which showed two sharp, three proton singlets at 
5 0.73 (C-4 methyl) and 0.97 (C-10 methyl), and a pair 
of doublets (,/ = 10 c.p.s.) at S 2.98 and 3.36 correspond
ing to the two protons attached to the carbon bearing 
the hydroxyl group; the hydroxyl proton appeared at 
S 2.18 and this signal disappeared on the addition of 
deuterium oxide. Oxidation of alcohol XI with chromic 
anhydride in pyridine gave aldehyde XII which was 
characterized by infrared only (v™l 2680, 1724 cm.“ 1) 
because of its rapid oxidation. Huang-Minlon reduc
tion of XII gave hydrocarbon III (87%) as white 
needles, m.p. 86-87°, [c*]d +  38.7°. The n.m.r. spec
trum of III showed three sharp, three proton singlets 
at 5 0.82, 0.85, and 0.93 corresponding to the two 
methyl groups at C-4 and the one at C-10, respectively.

Hydrocarbon III, of absolute configuration shown, is 
potentially a useful intermediate for correlation with the 
atisine alkaloids. Atisine and ajaconine have both 
been degraded to the oxygen-free azomethine base, 
XIII, which in turn has been converted to XIV.4

The atisine alkaloids recently have been reported to 
possess a configuration at C-5, C-9, and C-10 which is 
the mirror image of that found in the resin acids and 
steroids.21 Therefore, conversion of the carbonyl 
group of XIV (R = CHO) to a methyl group should 
give a hydrocarbon which is the enantiomer of III.

Experimental
Melting points were taken on a Fisher-Johns apparatus and are 

uncorrected. Analyses were performed by Midwest Microlab, 
Inc., Indianapolis, Ind. Infrared spectra were recorded using 
the Beckman IR-5 spectrophotometer. Nuclear magnetic reso
nance spectra were recorded with the Varian A-60 n.m.r. spec
trometer, using tetramethylsilane as an internal standard (6 0) and 
carbon tetrachloride as solvent (except where indicated).

Preparation of VII.—A mixture of ketone VI14 (R = 8 C02CH3,

(21) H. Vorbrueggen and Carl Djerassi, J .  A m .  C h e m . S o c ., 84, 2990
(1962).

R' = CH3) (11.1 g.), methanol (55 cc.), sodium hydroxide (2.1 
g.), and water (66 cc.) was refluxed for 45 min. After cooling, 
the reaction mixture was diluted with water (250 cc.), acidified 
with 6 N  hydrochloric acid, and finally extracted with ether. 
The ether extract was washed with water, dried over anhydrous 
magnesium sulfate, and evaporated to give 10.9 g. of glassy solid 
which solidified on the addition of ethyl acetate. The solid (VI, 
R = a C02H, R ' = H) had m.p. 260-268° after recrystallization 
from ethyl acetate-acetone; 3279 broad, 1730-1695 broad;
n.m.r., 5 0.95(3 protons), 1.22 (3), and 3.89 (3) (run in CF3C02H).

The noncrystalline residue was converted to the previously 
described trimethyd ester VI (R = a C02CH3, R = CH3), with 
ethereal diazomethane; this latter ester could be partially saponi
fied as described earlier to give VI (R = a C02H, R = H).

The diacid ester VI (R = a C02H, R = H), 8.1 g., was dis
solved in 150 cc. of pyridine maintained at 70° and 8.8 g. of lead 
tetraacetate was added to the stirred solution under an atmos
phere of nitrogen. After 10 min., when the initial reaction had 
subsided, an additional 4.4 g. of lead tetraacetate was added and 
the reaction mixture allowed to reflux for 1.5 hr. The pyridine 
was removed on the steam bath with a water aspirator and the 
dark brown residue was acidified with 6 N  hyrdochloric acid and 
extracted with ether. The ether extract was washed with water, 
dried over anhydrous magnesium sulfate, and evaporated to give
6.3 g. of a brown solid. This solid was chromatographed on 100 
g. of neutral alumina. Elution with 750 cc. of benzene and 9:1 
benzene-ether (200 cc.) gave 3.46 g. of VII, m.p. 166-168°; 
positive tetranitromethane test; 1724, 1616, 1248 cm .-1;
n.m.r., 5 0.93 (3), 1.12 (3), 3.62 (3), 6.06 (doublet J = 3 c.p.s., 1 
proton), and 6.13 (1).

Anal. Calcd. for C2oH280 3: C, 75.91; H, 8.92. Found: 
C, 75.90; H, 8.92.

Hydrogenation of VII. Preparation of VIII.—The unsaturated 
ketone VII (3.46 g.) was hydrogenated with 0.37 g. of 10% palla
dium-on-charcoal catalyst in 130 cc. of ethyl acetate at atmos
pheric pressure. The theoretical volume of hydrogen was ab
sorbed in 45 min. Filtration of the catalyst followed by evapora
tion of the ethyl acetate gave a quantitative yield of VIII, m.p. 
128-130°. The analytical sample, prepared by recrystallization 
from hexane, had m.p. 129-130°, and gave a negative tetranitro
methane test; 1724, 1248 cm. n.m.r., 6 0.82 (3), 1.10 (3), 
and 3.60 (3).

Anal. Calcd. for C20H30O3: C, 75.43; H, 9.49. Found: 
C, 75.36; H, 9.49.

Preparation of X.—A suspension of 3.5 g. of the saturated keto 
ester VIII in a mixture of 100 cc. of 5% sodium hydroxide and 100 
cc. of methanol was refluxed for 10 hr. The clear, cooled solution 
was diluted with 500 cc. of water and extracted with ether to 
remove unchanged VIII. The remaining aqueous alkaline 
solution was made acidic with 6 N  hydrochloric acid and then 
extracted with ether. After washing with water and drying over 
anhydrous magnesium sulfate, the ether was evaporated to give
2.68 g. of keto acid IX, m.p. 238-240°.

Keto acid IX (2.63 g.) was added to a solution of 5 g. of 
potassium hydroxide in 30 cc. of diethylene glycol and 5 cc. of 
95% hydrazine. The reaction solution was refluxed for 4 hr., 
after which the temperature of the mixture was raised to 240° by 
distilling water and hydrazine. Hydrazine (5 cc.) was again added 
to the residue and refluxing was continued an additional 12 hr. 
After the addition of 250 cc. of water, the reaction mixture was 
made acidic with 6 N  hydrochloric acid and extracted with ether. 
After washing with water and drying over anhydrous magnesium 
sulfate, the ether extract was evaporated to give a solid which was 
immediately treated with an excess of an ethereal solution of 
diazomethane. Removal of the solid gave crude X, which on 
recrystallization from methanol gave 2.5 g. (95%) of pure X, 
m.p. 97-98°; r“ r 1724, 1253 cm.“1; n.m.r., 6 0.95 (3), 1.10 (3), 
and 3.59 (3).

Anal. Calcd. for C20H32O2: C, 78.89; H, 10.59. Found: 
C, 78.54; H, 10.28.

Ester X (2.18 g.) in 75 cc. of anhydrous ether was added drop- 
wise to a well stirred suspension of 600 mg. of lithium aluminum 
hydride in 100 cc. of anhydrous ether. After refluxing the reac
tion mixture for 3 hr., the excess hydride was decomposed by the 
addition of ethyl acetate and then water. The solution was acidi
fied with cold 6 N  hydrochloric acid and extracted with ether. 
The ether layer, after washing with water and drying over an
hydrous magnesium sulfate, was evaporated to give 1.9 g. of 
residue which on crystallization from methanol gave 1.8 g. 
(91%) of XI (m.p. 129-130°). The analytical sample was ob-
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tained by further recrystallization from n-hexane and ga-̂ e m.p. 
129-130°; x“ r 3311, 1038 cm.“1; n.m.r., S 0.73 (3), 0.97 (3),
2.18 (disappears on the addition of deuterium oxide), 2.98 (doub
let, 1 proton), 3.36 (doublet, 1 proton).

Anal. Calcd. for Ci9H320 : C, 82.54; H, 11.66. Found: 
C, 82.93; H, 11.57.

A solution of 0.79 g. of XI in 10 cc. of anhydrous pyridine was 
added to a stirred mixture of 1 g. of chromic anhydride in 10 cc. 
of pyridine, and the entire mixture was then stirred at room tem
perature for 2 hr. After pouring into ice-water the solution was 
extracted with ether; the ether extract was washed successively 
with 5% hydrochloric acid and 5% sodium hydroxide, and then 
dried over anhydrous magnesium sulfate. The solvent was re
moved by evaporation and 0.7 g. of crude product was obtained. 
Crystallization from methanol gave the air-sensitive aldehyde 
(0.5 g.), m.p. 85-92°; r™( 2680, 1724 cm ."1. The aldehyde was 
reduced to III without further purification.

Potassium hydroxide (1.5 g.) was heated with 1.5 cc. of 95% 
hydrazine and 10 cc. of diethylene glycol until it dissolved.

The aldehyde XII (400 mg.) was added to this solution and the 
reaction mixture was refluxed for 3 hr. Some of the product 
sublimed into the condenser during this period. Excess hydra
zine and water were distilled until the temperature of the resi
due reached 240°. The distillate was saved and the sublimed 
material was washed out of the condenser with ether. Hydrazine 
(1.5 cc.) was again added to the residue and refluxing continued 
for an additional 12 hr. The reaction mixture, distillate, and 
ether washings were combined, added to water (150 cc.), and the 
entire mixture was extracted with ether. The ether extract was 
thoroughly washed with water and then dried over anhydrous 
magnesium sulfate. Evaporation of the ether gave 350 mg. of 
hydrocarbon III, m.p. 75-79°. Recrystallization from acetone 
gave 320 mg., m.p. 84-86°. The analytical sample was obtained 
by two recrystallizations from acetone and had m.p. 86-87°; 
[a]d +38.7° (c 0.036 in CCh); r™r2941,1460, 1390, 1370 cm."1;
n.m.r., 5 0.82 (3), 0.85 (3), and 0.93 (3).

Anal. Calcd. for Ci9H32: C, 87.61; H, 12.38. Found: C, 
87.96; H, 12.41.

P yrolysis o f  T rity l E sters P ossessin g  ,8-Hydrogen. II1-2

K. D a r r e l l  B e r l i n ,3 L e o n  H. G o w e r , B r ij r a j  S. R a t h o r e , G e n e  P. S t u r m , J o e  W . W h i t e ,
J u d y  B . R ic h a r d s , a n d  M e l b e r t  P e t e r s o n 4

Department of Chemistry, Oklahoma State University, Stillwater, Oklahoma 
Received December IS, 1962

Pyrolysis of trityl propionate, trityl hydrocinnamate, and trityl pivalate has been examined over a temperature 
range of 225-430°. Nearly complete decomposition was observed in all examples whose reaction mixtures were 
analyzed meticulously by gas chromatography. Except in the case of trityl pivalate, the pyrolysates of the 
trityl esters were complex. The presence of tritan, tritanol, and benzophenone in the mixtures testified to the 
occurrence of both alkyl-oxygen and acyl-oxygen fission. Only with trityl pivalate was a degree of specificity 
observed, since isobutylene, carbon dioxide, and tritan were produced in high yields. Rather copious quantities 
of the respective acids were found in the other two pyrolysates, and only minor amounts of olefins were obtained. 
Mechanistic considerations involving radicals are proposed to explain the degradation results.

Trityl esters have been made readily accessible by a 
method described recently.2 We now wish to report the 
pyrolysis studies of three trityl esters all of which possess 
at least one 0-hydrogen atom in the acid portion of the 
molecule. Examination of the pyrolysate of trityl 
triphenylmethylacetate5 appears to be the first recorded 
example in the area of trityl-substituted carbonyl com
pounds.6 Tritan and carbon dioxide were the only 
components identified unequivocally in the reaction 
mixture.6 Although stable at room temperature, trityl 
formate decomposed rapidly near 49° to give tritan and 
carbon dioxide.7 Similarly, trityl fluoromethylacetate 
melted at 106° with decomposition but no details of a 
product analysis were presented.8 In a study of the 
pyrolysis of several benzyl esters, Jones and Ritchie 
followed the thermal degradation of trityl benzoate.9 
The ester decomposed at 225° and 500° to give pyroly
sates of nearly identical composition. The major path
way of cleavage involved aryl-acyl and alkyl-oxygen 
bond severance to give carbon dioxide and tetraphenyl-

(1) (a) We gratefully  acknowledge th e  support of th e  N ational Science 
Foundation, g ran t G-19733. P artia l support by the  Oklahom a State 
U niversity Research Foundation  is acknowledged, (b) Presented a t  the 
Southwest Regional M eeting of the  Am erican Chem ical Society, Dallas, 
Tex., December 6—8, 1962.

(2) For paper I in  the  series, see J .  O r g .  C h e m . ,  27, 3595 (1962).
(3) To whom inquiries should be addressed.
(4) N ational Science Foundation  teacher tra in ing  partic ipan t, summer, 

1962; on leave from the  D epartm ent of Chem istry, A ugustana College, 
Rock Island, 111.

(5) R. Anschutz, A n n . ,  359, 196 (1908).
(6) For a  review of pyrolysis reactions of tr i ty l ketones, see R . C. Fuson 

and K. D. Berlin, J .  A m .  C h e m .  S o c . ,  81, 2130 (1959).
(7) S. T. Bowden and T. F . W atkins, J .  C h e m .  S o c . ,  1333 (1940).
(8) P. W. Sharp and N. Shephard, i b i d . . , 674 (1957).
(9) E. Jones and  P. D . R itchie, i b i d . ,  4141 (1960).

methane. Minor products included benzoic acid, 
benzene, and triphenylmethane.10

Pyrolysis of acetates and xanthates has become a pre
ferred method for preparation of olefins.11 A decom
position process similar to that described in the acetate 
elimination reaction could be envisioned for the ther
mal collapse of a trityl ester whose structure is shown. 
Moreover, the absence of acidic products was an at
tractive possibility since a neutral medium at elevated 
temperatures would provide for minimum rearrange
ments.

O
II

R / \ 0  a
| | -*■ RCH=CHR' +  C02 +  (C6H5)3CH

r \  C(C,Hs)i
H

Thermal decomposition of trityl propionate (1) was 
examined in a static system over the range 220-310°, 
which was above the boiling point of the ester. Con
tents of the pyrolysate were virtually unaltered at 
temperatures studied within the preceding range. 
Neither a bromine trap nor direct infrared analysis of 
the gaseous products from 1 indicated more than a trace 
of ethylene formed.

Clearly a concerted, intramolecular decomposition is 
not operative here as is known in acetate pyrolysis.11 
Table I contains pertinent data of a typical run on the 
type and weight of components in the pyrolysate from

(10) The use of vapor phase chrom atography was not referenced as an 
analy tical tool in th is research.

(11) C. H . D ePuy and R. W. King, C h e m .  R e v . ,  60, 431 (1960).
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CH3
3

1. Below 220° little decomposition of 1 occurred after 
four hours since analysis of the residue by infrared 
spectroscopy and gas chromatography indicated nearly 
pure starting material. Noteworthy is the substantial 
amount of propionic acid isolated. This is reminiscent

1 — >- CHsCthCCV + (C6H6)3C-

of the behavior of other simple aliphatic propionates. 
For example, pyrolysis of 4 gave 4-methyl-2-butene and 
propionic acid in good yields.12

Similarly, ¿-butyl propionate (5) was converted to
O

(CH3)2CHCH2C H o icH 2CH3 — >

CH3
4 C2HsC02H +  (CH3)2CHCH=CHCH3

O
|J 240°

(CH3)3COCCH2CH3 — (CH3)2C=CH 2 +  c2h 6c o 2h  
5

isobutylene and propionic acid at 240°.18 Since de
composition was heterogeneous and not reproducible in 
clean glass vessels and some polymerization of iso
butylene was implied, the reaction may be radical in 
nature.

Analysis of the pyrolysate from 1 revealed tritan, 
tritanol, benzophenone, benzene, styrene, ethylbenzene, 
ethane, ethylene, and butane as the major components 
in addition to propionic acid. However, some polymeric 
material also could be obtained and it was carefully 
isolated and characterized. The weight of products 
separated by column chromatography totaled more than 
90% of the initial weight of ester. Such complexity in 
the pyrolysate has been reported when esters of tri- 
phenylacetic acid were thermally decomposed.14 Tri
tan, carbon dioxide, and a mixture of saturated and un
saturated hydrocarbons were obtained, and an inter
mediate trityl radical was postulated.

Initial homolytic fission of the alkyl-oxygen bond to 
give trityl and propionoyloxy radicals seems probable 
for several reasons: (1) the low yield of ethylene de
tected precludes a concerted intramolecular abstraction 
of hydrogen by the trityl radical; (2) the high yields of 
tritan and propionic acid; (3) a probable low O-C bond 
dissociation energy16; and (4) the presence of benzo- 
phonone in the pyrolysate.16 In addition, an effort was 
made to trap trityl radicals by conducting a stream of 
molecular oxygen through the melt of 1 at 300°. Dis-

(12) W . J .  B a ile y  and J .  J .  H ew itt, J .  O r g .  C h e m . ,  21, 543 (1956).
(13) E. W arrich  and P. Fugassi, J .  P h y s .  C o l l o i d  C h e m . ,  52, 1314 (1948).
(14) J .  F .  N orris and A. Cresswell, J .  A m .  C h e m . S o c . ,  56, 423 (1934).

coloration of the liqiud in this experiment was essentially 
the same as when the pyrolysis was performed under 
nitrogen, namely from clear to yellow to red to brown. 
A marked increase in the amount of benzophenone was 
observed along with propionic acid in high yield. The 
interpretation here is that trityl radicals are oxidized to 
triphenylmethylperoxy radicals which might be ex
pected to couple with trityl radicals to give trityl per
oxide. However, trityl peroxide is known to decompose 
in solution below 150017 and thus it is reasonable that a 
similar reaction could occur in the melt to give phenyl 
radicals and benzophenone. Tritan also was formed, but 
the yield was reduced, as expected, by approximately 
50%. Therefore, this observation lends credence to the 
postulate that initial homolytic cleavage occurs in 
pyrolysis of 1, to give trityl and propionyloxy radicals.

Pertinent to this discussion are the results of Rem- 
baum and Szwarc who investigated the degradation of 
propionyl peroxide in the gas phase near 245°.18 In 
spite of the low, comparable 0 - 0  bond dissociation 
energy (ca. 30 kcal./mole) and the similar over-all rate 
of decomposition of acetyl peroxide and propionyl 
peroxide, it was suggested that the efficiency at which 
the corresponding acyloxy radicals decay must differ 
markedly. Loss of carbon dioxide from the propyl 
derivative and formation of butane was rationalized on 
the supposition that ethyl radicals were created; this 
was supported further by the detection of ethane and 
ethylene.19 These same three hydrocarbons were iso
lated from the decomposition of 1 in addition to styrene 
and ethylbenzene. The data suggest that propionyloxy 
radicals from 1 decay by a route similar to that shown 
in the decomposition of propionyl peroxide. Formation 
of the latter two compounds may well be dependent 
upon the presence of phenyl radical whose evolution 
from collapse of triphenylmethoxy radical is well doc
umented.16 A general scheme for the pyrolysis under 
nitrogen is provided.

Propionic acid is formed early in the decomposition as 
it could be isolated from a static pyrolysis after one 
hour at 250°. The acid is reported to be stable to 460° 
and decomposes near 600°.20 Stability of the alkyl 
radical, which results from loss of carbon dioxide, may

(15) The low bond dissociation energy of tr i ty l com pounds has been 
determ ined in a few cases: see J . Hine, “ Physical Organic C hem istry ,” 
M cGraw-Hill Book Co., Inc., New York, N. Y., 1962, Chap. 18; C. 
Walling, “ Free Radicals in  Solution,” John  Wiley and  Sons, Inc., New Y ork, 
N. Y., 1957; M . Szwarc, P r o c . S o c .  (London), A207, 5 (1951); and W. A. 
W aters, “ The C hem istry of Free Radicals,” Oxford U niversity  Press, New 
York, N. Y., 1946.

A ttem pts were m ade to assemble a molecular model of 1 from C ourtau ld  
models. The system  could only be m ade when the  norm al 0 .5-A. brass 
link was extended to  0.6 A. The van der W aals envelope of each a tom  
causes molecular crowding between the  tr i ty l  group and th e  oxygen a to m s of 
th e  carboxyl function w ith th e  normal b rass links. I t  is im plied th a t  per
haps th e  O—C bond m ay be stretched som ew hat. For exam ple, th is  is the  
apparen t s ituation  in (CeHeHCBr where the  C -B r d istance is 1.99 A. as com
pared to  C—Br value of 1.91 ±  0.06 in  C H iB r; see L. E . S u tton , “ T ables of 
In teratom ic D istances and Configurations in M olecules and  Ions ,”  S .P . 11, 
T he Chem ical Society, London, England, 1958.

(16) P. G ray  and A. Williams, C h e m .  R e v . ,  59, 239 (1959); on p. 274 the 
sim ultaneous form ation of phenyl radical is discussed in regard  to  th e  de 
com position of triphenylm ethoxy radicals.

(17) M . Gomberg, J .  A m .  C h e m .  S o c . ,  22, 757 (1900); see also ref. 16.
(18) A. Rem baum  and M. Szwarc, J .  C h e m .  P h y s . ,  23, 909 (1955); for 

a general review of th is type of decom position, see J. O. Edw ards, E d ., 
“ Peroxide R eaction M echanism s,” Interscience Publishers, Inc ., New York, 
N. Y., 1962.

(19) For a recent review on the  degradation of ethyl radicals, see M . 
M atsuoka, P. S. Dixon, A. P. Stefani, and  M. Szwarc, P r o c .  C h e m .  S o c . ,  304 
(1962).

(20) C. D. H urd, “ T he Pyrolysis of C arbon Com pounds,” The Chem ical 
Catalog Co., New York, N. Y., 1929, C hap. 13.



A u g u s t , 196 3 P y r o l y s is  o f  T r it y l  E s t e r s 2 0 4 1

Major
KC6H6)sC-

i—»CHaCHîCOî-

1

Minor

-COs
CH8CHs-  
-CO Î
>CH3CH2CO 

+

<C6H6)8CH +  c o 2 
C2H4 -+- polymer

— >CH3CH2C02H 

^C2H4 +  C2H6 +  ra-C4H10

C6H6
Î

1—»c 6h 6-
CîH,

C6H6CH=CH2 +  
(C6H6)3CO—  j +  c 6h 6c2h e

I l^ (C 6H5)2C = 0
(CeHOaCOH

Scheme I

well govern the process. As will be seen later trityl 
pivalate undergoes thermal collapse rather specifically 
at 420° and pivalic acid is not isolated. For comparison, 
phenyl propionate is only slightly decomposed at 500° 
at short contact time but suffers complete degradation 
at 650°. Styrene, carbon dioxide, ethylene, ethane, 
phenol, and several other volatile products were re
corded.21 Although phenyl acrylate was suggested as 
the precursor of styrene,20 the ester is known to yield 
acetylene, carbon monoxide, and phenol in a sealed tube 
at 320°.22 However, the pyrolysate of phenyl pro
pionate did contain some methyl ketene,21 a product 
also possible from 1 if acyl-oxygen fission occurred and 
an «-hydrogen atom was removed. Tritanol was iso-

CH3CH2CO- +  R- — >  CH3C H = C = 0  +  RH

lated from the reaction mixture, but a ketone or a ketene 
dimer was not detected in the evolved gases by infrared 
or gas chromatographic analysis with a hydrogen flame 
detection unit. Lifetime of the propionoyl radical is 
probably short and disintegration to carbon monoxide 
and ethyl radical would be predicted although trace 
quantities of ketenes may have been undetected.

Styrene and ethylbenzene most likely arise from dis
proportionation of two /3-phenethyl radicals23 which 
could conceivably result from attack of phenyl radicals 
on ethylene. Direct coupling of phenyl radicals with 
ethyl radicals is also possible since ethane and ethylene 
are gaseous products. Szwarc and co-workers have 
noted also that ethyl radicals produced from propionyl 
peroxide can add to aromatic systems to form an un
known hydrogen donor.24 Ethylbenzene may be 
formed via this route. Careful analysis of the amount of 
benzene recovered in the residue and traps from pyroly
sis of 1 revealed the quantity was always less than the 
total benzophenone obtained. Thus it is attractive to 
consider that the origin of phenyl radical occurs pri
marily from collapse of triphenylmethoxy radical. 
Consequently, the yield of ethylbenzene and styrene 
should never exceed the benzophenone isolated as is 
actually observed.

Infrared analysis of the glassy, polymeric material 
(melting range 70-90°) isolated from the residue of 1 
contains peaks for the hydroxyl group (3448 em u1), 
a carbonyl group (1715 em u1 broad), and monosub- 
stituted benzene (701 cm.-1). Attempted methanolysis 
of the polymer in pure methanol did not result in the

(21) C. D . Hurd, P . Perletz, and  S. S. D rake, J .  O r g .  C h e m . ,  10, 62 
(1945).

(22) See ref. 20, p . 532.
(23) W. A. W aters, “ The C hem istry  of Free R adicals,”  Oxford U niversity  

Press, New York, N. Y ., 1946, p. 212.
(24) J. Smid and M. Szwarc, J .  A m .  C h e m .  S o c . ,  78, 3322 (1956).

formation of a trityl methyl ether which would be ex
pected if a trityl ester was present.26 Solution of the 
polymer occurred slowly in cold, aqueous sodium hydrox
ide and suggested a carboxyl function. Esterification 
of the acidic group was accomplished in ethanol with 
concentrated hydrochloric acid as catalyst. The new 
polyester exhibited bands for a carbonyl group (1730 
cm.-1) and monosubstituted benzene (699 cm.-1), but 
the hydroxyl band had vanished. In view of the in
frared absorption for a monosubstituted phenyl group 
in the polymer and the fact that styrene is a component 
of the pyrolysate, the obvious assumption is for a co
polymer structure. The infrared spectrum and physi
cal appearance of the polymer and polyester also suggest 
an acrylate repeating unit.26 Support of the postulated 
copolymer structure was afforded by comparison of its 
infrared spectrum with that of a copolymer prepared 
from ethyl methacrylate and styrene. Except for a 
few peaks of low intensity the spectra were nearly super
imposable. Acrylic acid and styrene polymerize readily 
with radical catalysts27 and by thermal initiation.28

The unsaturation necessary in the pyrolysate to 
provide the stoichiometry for hydrogen balance in the 
formation of tritan and propionic acid is partially ac
counted for by the monomers required in the copoly
merization. Assuming styrene was formed by dispro
portionation of /Lphenyl radicals with another radical, 
one-half mole of hydrogen would be produced per mole 
of styrene. Likewise, assuming propionic acid furnished 
one mole of hydrogen when converted to acrylic acid, a 
total of 0.025 mole of hydrogen made available can be 
calculated from data in Table I. Certainly, if the ratio 
of acrylic acid to styrene was greater than one in the 
copolymer, the value for total moles of hydrogen avail
able would be increased. From weights of tritan and 
propionic acid in Table I, a total of 0.037 mole of hydro
gen is calculable as needed to convert trityl radicals and 
propionyloxy radicals to the hydrocarbon and acid, 
respectively. The approximately 30% hydrogen defi
ciency cannot be due entirely in the residual styrene, and 
we estimate it may be found in the 5-10% (by weight) 
of trace materials unidentified.

Trityl hydrocinnamate (2) should possess active 
benzylic hydrogen and, consequently, styrene, carbon 
dioxide, and tritan might be anticipated as major prod
ucts. Unfortunately, the pyrolysis residue is much more 
complex as indicated in the scheme with many paral
lelisms to the decomposition of trityl propionate (1).

(25) See ref. 2 for a discussion of th is  reaction.
(26) A referee has suggested th a t  th e  radicals produced in  th e  in itia l 

hom olytic bond cleavage process m ay never be free w ith  special em phasis 
on th e  probable in s tab ility  of th e  acyloxy radicals a t  th e  pyrolysis tem p era 
tu re . An intram olecular hydrogen transfer in  th e  acyloxy radical v i a  a 
five-m embered cyclic transition  s ta te  has been recorded; see W. P ritzkau  and

o  c h 2= c h c o 2h

c h 3c h 2c o 2h
K. D ietzsch, B e r . ,  93, 1733 (1960). D isproportionation  of th e  alkyl rad ical 
could lead to  propionic acid and  acrylic acid in the  case of ester 1 . T o  be 
sure the  alkylearboxylate radical could be a ttack ed  by  tr i ty l radical to  give 
acrylic acid also. In  any  even t th e  in tram olecular hydrogen sh ift is reason
able and  would reduce the  acyloxy radical population, b u t not exclusively. 
For a  sum m ary of transfer reactions in radical processes, see T . J . W allace 
and R . J. G ritter, J .  O r g . C h e m . ,  27, 3067 (1962).

(27) F . R . M ayo and  F. M. Lewis, J .  A m .  C h e m .  S o c . ,  66, 1594 (1944).
(28) C. Walling, “ Free Radicals In  Solution,”  John  Wiley and  Sons, Inc ., 

New Y ork, N. Y., 1957, p. 180.
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Major j—* ( OßHß^Cj----------

- +L- > C6H6CH2CH2CO;

(C6H6)3CH
(C6H6)3CH +  C6H6CH=CH2 +  C02

C02 +  C6H6CH2CH2- I— > c6h 6c 2h 6 !_________________

C6H6CH2CH2C02H -*■ anhydride +  H20

—CO_r< TT r 'u  r<vr n n
Minor r€ 6H6CH2CH2CO-

+
4 C 6II6)3CO- -*•

(C,H,),COH

0

)6H6AC6HbCC6Hb +  c 6h ,

S c h e m e  2

(2) C6H6CH2CH2C«H6

c 6h 6c h = c h c 6h 5
+

(2) C6H6CH3

T a b l e  I
P y r o l y s is  o f  T r it y l  P r o p io n a t e  in  a  S t a t ic  S y s t e m  

(Temperature, 300-310°; time, 6 hr.)

Products W t., g.
M oles p roduct/ 

mole ester

Carbon dioxide 0.3343 0.12
Carbon monoxide .2053
ra-Butane
Benzene .047 .01
Water .021 .01
Ethylbenzene .103 .01
Styrene .010 .001
Propionic acid 2.120 .60
Tritan 10.952 .77
Benzophenone 1.408 .13
Tritanol 0.299 .001
Copolymer 2.886 .27
Trace materials (mixture) 0 316
Total weight of products 18.8016
Initial weight of ester 1 18.960

As in the propyl analog 1, components from the minor 
route probably decay in part to products which also 
arise from the major alkyl-oxygen cleavage process. 
Table II contains a summary of the quantities of com
ponents found in the pyrolysis of 2. Several compounds 
must serve as sources of hydrogen for the trityl radical 
since with the two main products, tritan and hydrocin- 
namic acid; the yield of acid did not exceed 50% al
though tritan was isolated in yield of 85-90%. Styrene 
could result from disproportionation of d-phenethyl 
radicals as described previously. In addition toluene 
and/or ethylbenzene are reported to yield small 
quantities of the olefin at high temperature.29 Hydro- 
cinnamic anhydride was found in the residue from 2, 
which is in agreement with the recorded preparation of 
the anhydride from the acid.30 31 Confirmation of this 
dehydration process to form the anhydride wTas achieved 
in this laboratory. Hydrocinnamic acid is relatively 
stable being only slightly decomposed at 370° in a 
sealed tube.31a

iran.s'-Stilbene, 1,2-diphenylethane, and toluene make 
appearances in the pyrolysate of 2, all of which probably 
originate from the acid portion of the ester.31b Related 
to this situation is the moderate yield of benzophenone 
found. The significance of this is that an equal amount 
of phenyl radical must have formed simultaneously. 
It was observed that in all runs the total yield of stil- 
bene and toluene never exceeded the total return of 
benzophenone. The inference is that 1,2-diphenyl-

(29) See ref. 20, pp. 103-104.
(30) D. D avidson and  P. Newm an, J .  A m .  C h e m .  S o c . ,  74, 1515 (1952).
(31) (a) See ref. 20, p .336 ; (b) see ref. 22, p. 98.

T a b l e  II
P y r o l y s is  o f  T r it y l  H y d r o c in n a m a t e  in  a  S t a t ic  S y s t e m

(Temperature, 290-310° ; time, 6 hr.)

Products W t., g.
M oles p ro d u c t/ 

mole ester

Carbon dioxide 0.413 0.22
Carbon monoxide plus 

other volatiles 0.423
Benzene .053 .017
Toluene .069 .018
Ethyl benzene .021 .004
Styrene .579 .13
Water Trace
Diphenylmethane 0.278 .04
1,2-Diphenyleth ane .072 .009
frans-Stilbene .830 .039
Hydrocinnamic acid \ 
Hydrocinnamic anhydride/ 2.874

Tritan 8.340 .807
Benzophenone 1.036 .147
Traces of unknowns plus 

tritanol 0.090
Total weight of products 15.078
Initial weight of ester 2 15.680

ethane may be created primarily via a coupling of j8- 
phenethyl and phenyl radicals.

In view of the reported tendency of trityl peroxide to 
decompose in xylene,16 an attempt was made to effect a 
decomposition of 2 in boiling 71-xylene with ultraviolet 
light. A stream of dry oxygen was passed through a 
50% solution of the ester which was irradiated with a 
100-watt Hanovia lamp for seventy-two hours. As 
anticipated, hydrocinnamic acid and benzophenone were 
major constituents of the decomposition with more than 
50% recovery of starting material.32 The similarity of 
these results to those obtained from the oxidation of the 
melt of 1 is consistent with a radical mechanism for the 
decompositions.

Surprisingly, the exhaustive analyses of pyrolysates 
from 1 and 2 by gas chromatography did not divulge the 
presence of 1,1,1-triphenylpropane or 1,1,1,4-tetra- 
phenylpropane, respectively. Two factors which must 
be considered as influential are the rate of hydrogen 
abstraction by the trityl group33 and the availability of 
the alkyl radicals. Diffusion of radicals formed initially 
seems probable in view of the high yields of tritan and

(32) F u rth er results of the  photolysis experim ents will be reported  a t a 
la te r date.

(33) R apid abstrac tion  of hydrogen by  tr i ty l  radical has been recorded 
on several occasions; see ref. 25, p. 52, and F . Benington, “ T hird  Symposium 
on Com bustion, F lam e and Explosion Phenom ena,” W illiams and W ilkens 
Co., Baltim ore, M d., 1949, p. 448; also, D . Y. C urtin  and T. C. M iller, J .  

O r g .  C h e m . ,  25, 885 (I960).
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respective acid in each case. Although trityl radical is 
known to add to aromatic systems,34 no tetraphenyl- 
methane was observed in pyrolysates of 1 and 2 is spite 
of the presence of benzene. All trace materials un
identified in each pyrolysate were extremely volatile and, 
therefore, probably of low molecular weight. Appar
ently the rate of hydrogen abstraction is great at pyroly
sis temperatures. Moreover, loss of carbon monoxide 
and carbon dioxide is small which suggests a low popula
tion of alkyl radicals. Such an observation has been 
made recently with trityl benzoate in which presum
ably only aromatic hydrogen is available to trityl 
radical.9 Considerable tritan was extracted from the 
pyrolysis residue.

Trityl pivalate as observed in Table III decomposed 
in a clean manner to give tritan, carbon dioxide, and 
isobutylene in high yields. Remarkably little decom
position occurred below 300° in a static system after 
three hours.36 However, a smooth pyrolysis resulted 
at 430° in a rapid flow system (see Experimental). 
Since pivalic acid is known to be stable at 450°,12 it 
probably does not form in the pyrolysis of 3. The

O-
/

0 = C  •CfC.Ht),
I

(CH3)2 c H — (CH3)2C=CH 2 +  C0 2 +  (C,H5)3CH

i
marked affinity of trityl radical to abstract hydrogen 
prompts an immediate postulation that the decomposi
tion involves attack of this radical on pivaloyloxy 
radical. A particularly attractive feature of this 
theory is that it allows for a reasonable explanation for 
the high yields of all three products. Some charring 
does occur in the pyrolysis chamber, and the yields of 
products were influenced by the degree of charring. 
Courtauld molecular models imply a close proximity of 
the trityl moiety to a hydrogen atom on a methyl group. 
In view of the ease of formation of trityl radical in 
esters I and 2, a completely concerted mechanism is 
unattractive. Whether or not carbon dioxide is lost 
with simultaneous abstraction of hydrogen to yield iso
butylene cannot be stated definitively. It should be 
pointed out, however, that the i-butyl radical, if formed, 
could be expected to abstract hydrogen as has been 
shown in the photolysis of trimethylacetaldehyde.36

T a b l e  III
P y r o l y s i s  o f  T r i t y l  P i v a l a t e  i n  a  R a p i d  F l o w  S y s t e m  

(Temperature, 430 ±  10°.)
Moles product/

P ro d u cts W t „  g. mole ester
Tritan 12.484 0.921

2.6656 .858
Isobutylene 
Carbon dioxide

1.9639 .804

Tritanol 0.9114 .056
Benzophenone and biphenyl Trace
Initial weight of ester 3 19.1165

(34) R . A . B e n k eser a n d  W . Sch roed er, J . A m .  C h e m .  S o c . ,  80, 3314 

(1958).
(35) T ra ce s  of p iv a lic  acid  a n d  t r ita n  w ere  is o la te d  b u t in fra red  a n a ly s is  

o f th e  resid u e in d ica te d  n e a rly  p u re  s ta r t in g  m a te r ia l 3.
(36) J . B . C o n a n t, C .  N . W e b b , a n d  W . C .  M en d u m , J .  A m .  C h e m .  S o c . ,  

51, 1246 (1929).

No isobutane was found in the gaseous products of 3. 
Tritanol and benzophenone in the pyrolysate testify to 
a minor acyl-oxygen fission process.

Experimental37
Trityl Esters.—The esters were prepared as described pre

viously.2 Some improvements in yields were noted when an
hydrous carbon tetrachloride was used as a solvent.

Pyrolysis of Trityl Propionate (1) and Trityl Hydrocinnamate
(2) in a Static System.—The pyrolyses were conducted in a 
Pyrex system in a nitrogen atmosphere. All volatile components 
were swept into Dry Ice-acetone traps except for components 
gaseous at room temperature which were collected over salt 
water or in liquid nitrogen traps. Liquid components were 
analyzed directly on the hydrogen flame gas chromatographic 
unit. Gases were analyzed by gas chromatography and infrared 
spectrometry. Solution of the individual residues was essentially 
complete in ether-benzene. Extraction of the acid (and an
hydride in 2) was accomplished with a known quantity of stand
ard aqueous base. Titration of the excess base and salt with 
standard hydrochloric acid afforded standard titration curves for 
propionic and hydrocinnamic acids, respectively. This was 
checked with the known acids in this laboratory. In the pyroly
sate of 1 the copolymer also dissolved in aqueous base, but was 
precipitated by the addition of acid.

Analysis of the extracted residue was completed by gas chro
matography. Columns which proved superior were 10% SE-30 
on Chromosorb W, 20% Apiezon L on Chromosorb W, and Lac-
32-728 on Chromosorb W. Gaseous products could be analyzed 
reasonably well with a 10% di-n-butyl phthalate on Fluoropak 90. 
Pure samples of all components were injected to verify all re
tention times under a particular set of conditions with a column. 
The weights given in Table I and II for products obtained from 
1 and 2 were typical of more than a dozen runs in each case. 
Some fluctuation of individual yields of products was noted over 
the range 225-330° but no other compounds were detected by 
the methods employed. Carbon dioxide was absorbed in an 
Ascarite trap and weighed. Carbon monoxide was detected by 
means of infrared analysis as mentioned and by reaction with 
palladium chloride.38 Chromatography of the residues was most 
convenient on alumina with a cyclohexane-benzene-petroleum 
ether system.

Interestingly, the liquid /3-form of benzophenone was obtained 
directly from the pyrolysates of 1 and 2 rather than the more 
common «-modification which melts at 48°.39 Since the «-form 
can be distilled at 1900 (15 mm.),40 it is possible that the /3-form is 
produced specifically although the temperature differential may 
be significant here.39 Cristol and LefHer have noted the decom
position of trityl nitrate in a sealed tube at 110° gave the «-form 
of benzophenone from the collapse of triphenylmethoxy radicals.41

Pyrolysis of Trityl Pivalate (3).—Since little decomposition of 3 
occurred below 300° in 3 hr. in a static system, a rapid flow ap
paratus was utilized. It consisted of a Vycor tube mounted verti
cally in heavy-duty hinged, electric, combustion tube furnace;
i.d., 2.375 in.; length, 12 in. An addition funnel with gas inlet 
tube was placed on top of the combustion tube which was packed 
with Pyrex helices; o.d., 0.094 in. Ice, Dry Ice-acetone traps, an 
Ascarite absorber, and a liquid nitrogen trap were used to capture 
all products. A calibrated pyrometer controller42 maintained 
the pyrolysis temperature of 430 ±  10° during the runs. A 10% 
solution of the ester in benzene was added dropwise (ca. 1.5 ml. 
per minute) over a 5-hr. period to a helium-purged system.

(37) A ll m eltin g  p o in ts  a re  co rre cte d . A ll b o ilin g  p o in ts  a re  u n co rre cte d . 
A ll  in frared  s p e ctra  w ere  record ed  on  a  B e c k m a n  IR -5  a n d / o r  I R - 7  in s tr u 
m en t. A ll  gas c h ro m a to g ra p h ic  a n a ly s e s  w ere  p erfo rm ed  w ith  a  W ilk e n s  
M o d e l A -550  H y  F i h y d ro g en  flam e u n it  an d  a  W ilk e n s  M o d e l A -3 50  w ith  
a  d u a l co lu m n  s y ste m  a n d  lin e a r  te m p e ra tu re  p ro gra m m er.

(38) V . J. A ltie r i, “ G a s  A n a ly s is , ’ ’ A m e ric a n  G a s  A ss o c ia tio n , In c ., N ew  

Y o r k , N . Y . ,  1945, p. 257.
(39) Iso m e riza tio n  of th e  a -fo rm  to  th e  /3-form w as o b se rv ed  on  a  s ilico n e 

co lu m n  a t  210 ° in  a  gas ch ro m a to g ra p h . W h e n  h ea ted  a t  22 0 °, th e  « -form  
is c o n v e rte d  to  th e  /3-compound (8 0 % ); see K .  S ch au m , K .  S ch a elin g , a n d  F . 

K la u sin g , A n n . ,  441, 161 (19 16 ) .
(40) C . S. M a rv e l an d  W . M . S p e rry , “ O rg an ic  S y n th e s e s ,”  C o ll.  V o l. I ,  

Jo h n  W ile y  and Sons, In c .,  N e w  Y o r k , N . Y . ,  19 4 1, p . 95.
(41) S. J . C ris to l an d  J . E . L effler, J .  A m .  C h e m .  S o c . ,  76, 4468 (1 9 5 4 ).
(42) M o d e l 478 is  a v a ila b le  from  th e  B ris to l C o ., W a te rb u ry  20, 

C o n n .
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Tritan, tritanol, benzophenone, and biphenyl were caught in the 
ice trap, but isobutylene was found in all containers including the 
liquid nitrogen trap. After rinsing the column with dry benzene, 
the solution of pyrolysate in the ice trap was made up to a total 
volume of 500 ml. The solid products caught in the ice trap 
were chromatographed on alumina as described previously, and 
were analyzed by gas chromatography with columns cited earlier. 
The remaining cold traps were warmed and purged with helium 
through a gas scrubber to dissolve residual isobutylene in benzene. 
All solutions were combined and made up to a volume of 500 nil. 
with benzene. Isobutylene proved more difficult to determine, 
but with meticulous effort a modification of the Fritz and Ham
mond method43 was developed which gave reproducible results. 
Bromine was generated in an evacuated system by introducing 5 
ml. of 6 N  sulfuric acid into the bromination flask containing a 
known quantity of standardized potassium bromate solution (ca. 
15% excess). After 3 min. a sample (20-ml. aliquot) from the ice

(43) J. L. F ritz  and G. S. H am m ond, “ Q uantita tive  Organic Analysis,” 
John  W iley and  Sons, Inc., New York, N. Y., 1957, p. 275.

trap solution was introduced into the dark bromination flask. 
Enough benzene was added to bring the volume to 40 ml. and an 
additional 20 ml. of acetic acid was introduced. The mixture was 
stirred and shaken vigorously for 9 min. and 15 ml. of 20% potas
sium iodide solution was added. After another minute, vacuum 
was alleviated in the system, and the excess free iodine was 
titrated at once with standard sodium thiosulfate solution to a 
starch end point. Triplicate runs were performed on aliquots 
from both the ice traps and the combined contents of the other 
cold traps. In several determinations an average yield of 86% 
was obtained for isobutylene. Duplicate blanks were also run in 
benzene to check the fading end point and to establish the small 
correction factor for the end point observed in titration of the 
aliquot from the ice trap solution. Moreover, to ascertain the 
reliability of the method a sample of 1-heptene (98% pure by gas 
chromatography) served as a test substrate. An average re
covery of 97% was realized. To complete the determination, a 
sample of the pyrolysate was treated with bromine and 1,2-di- 
bromo-2-methylpropane was actually isolated from the mixture. 
Comparison of the dihalide with the bromination product from 
pure isobutylene showed them to be identical.

Polarographie R ed u ction  o f  Som e A lkyl-, A lk ylen e-, and  P o ly m eth y ln a p h th a len es1

L. H. K l e m m  a n d  A. J. K o h l ik 2

Department of Chemistry, University of Oregon, Eugene, Oregon 
Received January 9, 1963

Polarography was conducted on naphthalene and twenty-seven substituted naphthalenes (bearing mono
alkyl, dimethyl, trimethyl, allyl, and alkylene substituents) in 0.1 M  tetra-ra-butylammonium iodide in 75% 
dioxane-water. Using naphthalene as a standard of comparison the change in the half-wave reduction potential, 
— A E \ / V  for the single wave obtained for each of the derivatives is positive, consistent with a decrease in ease of 
electroreduction due to the substituent(s). For the monoalkyl derivatives plots of —AEi/t vs. a*, the polar 
substituent constant, for the 1- and for the 2-series are linear. There is no indication of a steric effect due to 
the bulkiness of the alkyl group. For dimethylnaphthalenes approximate additivity in — A E i / ,  exists, except 
for the cases of the 1,8- and 2,3-isomers, where an enhancement potential must be included in order to retain 
additivity. For trimethylnaphthalenes, acenaphthene, and hexahydropyrene, — A E \ / 2 is an additive function 
of the effects of the individual substituents and the over-all geometric pattern of substitution.

In a previous paper3 data were reported on the polaro- 
graphic reduction of some alkyl- and polymethylan- 
thracenes in 0.1 M tetra-n-butylammonium iodide in 
75% dioxane-25% water as solvent-electrolyte. The 
present paper concerns an extension of this study to 
polarographic reduction of alkyl-, allyl-, alkylene-, and 
polymethylnaphthalenes.

Used in these studies were the parent naphthalene 
itself, as well as nine monoalkyl, the two allyl, all of the 
ten possible dimethyl, four trimethyl, and two alkylene 
derivatives. Six of these compounds were synthesized 
by new or modified procedures. Thus, the allylnaph- 
thalenes were obtained by coupling the naphthylmagne- 
sium bromides with allyl bromide (62% crude yield for
1-isomer). Catalytic hydrogenation of the allyl sub
stituents occurred readily using glacial acetic acid and 
platinum to form the n-propylnaphthalenes. l-(-Butyl- 
naphthalene resulted in 13% yield from dehydration 
(with alumina at 380°) and subsequent dehydrogena
tion of the carbinol obtained by interaction of a-tetra- 
lone and ¿-butylmagnesium bromide. Chlorométhyla
tion of 1,8-dimethylnaphthalene produced 1-chloro- 
methyl-4,5-dimethylnaphthalene, hydrogenolyzable to
1,4,5-trimethylnaphthalene in good yield.

(1) This work was supported  by the D irectorate of Chem ical Sciences, 
Air Force Office of Scientific Research under co n trac t AF 4S(638)-473. 
I t  is paper V in the  series on polarography of arom atic hydrocarbons. For 
paper IV see ref. 3.

(2) R esearch Associate, 1959-1962.
(3) L. H. Klemm, A. J. Kohlik, and  K. B. Desai, J .  O r g .  C h e m . ,  28, 625

(1963).

Polarography was conducted in the same manner as 
employed for the anthracenes. Polarograms, obtained 
for three different concentrations of each hydrocarbon, 
showed the presence of only one wave out to a cathode 
potential of ca. —2.8 v. (vs. the saturated calomel elec
trode), where the solvent-electrolyte undergoes reduc
tion. In contrast to the regular waves found for the 
anthracenes the upper portions pf the sigmoid-shaped 
waves for the naphthalenes increased linearly with in
creasing E, the applied cathode potential, instead of 
levelling off or paralleling the slightly rising line for the 
residual current. Onset of electrolysis of the solvent- 
electrolyte prevented checking this upper linear portion 
over a sufficiently extensive range in E so as to allow 
determination of the true asymptotic diffusion current, 
id. Under these circumstances an approximate diffu
sion current, i f  (where id' < if), was measured (.cf. 
Experimental) and used in calculations. Polarographic 
diffusion current constants, I / ,  average values (re
producible to ±3 mv.) of —Ei/t, and values of —AEVl 
(the difference between —E\/2 for a substituted naph
thalene and that for naphthalene itself as a standard of 
comparison) are presented in Table I. On the basis of 
the fact that values of I f  do not vary markedly from 
one compound to another it is presumed that all of the 
waves correspond to the uptake of two electrons (as 
found by coulometry for naphthalene)4 to produce 1,4- 
dihydronaphthalenes, compounds which should not be

(4) L. H. Klemm, C. D. Lind, and J. T. Spence, ibid., 25, 611 (1960).



A u g u s t , 1 9 6 3 PO LA RO G R A PH IC R E D U C T IO N  OF SOM E PO LY M ETH Y LN A PH TH A LEN ES 2 0 4 5

T a b l e  I
POLAROGRAPHIC AND OTHER DATA FOR SOME ALKYL-, AlLYL-, AND AlKYLENE-SuBSTITUTED NAPHTHALENES

id'
H alf-w ave C m 2/ ■ í V o ,--- A v c (cm . -1) -----------
reduction (¿tamp. M ost Longest M ean

Substituent(s) potential, m m ole-1- intense wave m ethyl stab ilityon - F l / ! 1. mg. — V * ----------- A F y , “ (m v .)--------. central length a f f in ity / constant^naphthalene ( V .  v s .  S .C .E .) sec.1/*) Found C aled .& bandá a-bande k z / k i (1. m o le-1)
None 2.437 3.71 0 0 0 0* 9.4 1.13
1-Methyl 2.458 3.87 21 19 900 300' 8.1 1.47
1-Ethyl 2.470 3.24 33 (33)’' 900 300' 8.0 1.41
1-re-Propyl 2.471 3.24 34 (34)* 1000 300'
1-i-Butyl 2.493 3.10 56 800 200
1-Allyl 2.447 3.46 10 900 300
2-Methyl 2.460 3.06 23 21 200 800' 13.0 1.76
2-Ethyl 2.468 3.05 31 200 700”* 8.9 1.45
2-re-Propyl 2.471 3.03 34 200 800
2-i-Propyl 2.476 2.97 39 -100 800 1.35
2-i-Butyl 2.482 2.67 45 -100 600 1.16
2-AUyl 2.444 3.13 7 0 800
1,2-Dimethyl 2.479 3.01 42 40 1500 1100'
1,3-Dimethyl 2.483 3.19 46 40 1100 1100'
1,4-Dimethyl 2.471 3.28 34 38 1800 O o o

1,5-Dimethyl 2.475 3.99 38 38 1400 ooo

5.8
1,6-Dimethyl 2.476 3.03 39 40 900 1100'
1,7-Dimethyl 2.469 2.86 32 40 800 1100'
1,8-Dimethyl 2.521 3.69 84 38 1400 1100'
2,3-Dimethyl 2.501 2.87 64 42 600 700' 10.5
2,6-Dimethyl 2.476 3.22 39 42 -100 1300' 13.9
2,7-Dimethyl 2.485 3.09 48 42 100 1000'
1,3,7-Trimethyl 2.496 3.03 59 56 800 1600"
1,4,5-Trimethyl 2.529 3.23 92 99 2200 1600"
2,3,5-Trimethyl 2.515 2.67 78 74 1100 700
2,3,6-Trimethyl 2.523 2.81 86 88 600 1300
1,8-Dimethylene* 2.549 3.57 112 (112)’ 1800 OOo

4.7
1,8 ;4,5-Bis( tri- 2.66 220 (220)* 2700 1800

methylene)'
“ Compared to Ey, for naphthalene taken as a standard. " By means of equations 2 and 3 in text, where 6, is taken as zero for 

mono- and disubstituted naphthalenes only. c Shift from corresponding band for naphthalene (measured in alkane or cyclohexane sol
vent) taken as a standard of comparison. d In naphthalene this band falls at 274.5 my (36,500 cm.“1)- It is designated as an a‘- 
band (E. Ciar, “Aromatische Kohlenwasserstoffe,” Springer Verlag, Berlin, 1952, p. 134) and as a 'La-band [J. R. Platt, J. Chen. 
Phys., 17, 484 (1949)]. e In naphthalene this band falls at 311 m/a (32,200 cmA1). It has been designated as a 'Lb-band by Platt 
(footnoted). s See ref. 12. 0 See ref. 15. h Common name, acenaphthene. 1 Common name, 1,2,3,6,7,8-hexahydropyrene. ’ The 
value calculated for acenaphthene is based on the assumption that acenaphthene — 1,8-diethylnaphthalene. * The value calculated 
for hexahydropyrene is based on the assumption that hexahydropyrene — 1,4,5,8-tetra-w-propylnaphthalene. 1 Solvent, isooctane; 
American Petroleum Institute, “Catalog of Ultraviolet Spectral Data.” m Solvent, cyclohexane; Ramart-Lucas and M. J. Hoch, 
Bull. soc. chim. (France), [5] 19, 422 (1952). n Solvent, petroleum ether; E. Heilbronner, U. Fröhlicher, and P. A. Plattner, Helv. 
Chim. Acta, 32, 2479 (1949).

further electroreducible under the experimental condi
tions used. If the electroreducible and thermodynami
cally more stable 1,2-dihydronaphthalenes had been 
formed as intermediates the reduction wave should have 
involved uptake of four electrons.6 In Fig. 1, / /  is 
plotted vs: the total number of carbon atoms in the side 
chain(s) on the naphthalene ring. It is apparent that 
compounds containing a-substituents only have higher 
values of I /  than do those of the same molecular weight 
bearing one or more /3-substituents. From the polaro- 
gram for the most dilute solution of each hydrocarbon, 
a plot (over the region of the reduction wave) was made

of E vs. log ^  —— . All plots conformed closely to
straight lines of slope 0.0519 ± 0.0078 (average 0.0514).6

Observation of Table I shows that all of the sub
stituted naphthalenes studied were more difficultly 
electroreducible than naphthalene itself. For the

(5) I t  is possible th a t  i  increases following the  reduction wave due to  par
tial conversion of 1 ,4-dihydronaphthalenes to  1 ,2-dihydronaphthalenes a t 
the high negative potentials involved.

(6) L. M eites and  Y. Israel, J .  A m .  C h e m .  S o c . ,  83, 4903 (1961).

monoalkyl- and allylnaphthalenes (except the ¿-butyl- 
naphthalenes) there is no experimentally significant 
difference between — AEy, for corresponding 1- and
2-isomers. Again, as in the case of alkylanthracenes, 
relative conjugative power of the aryl group would thus 
seem to be of little or no pertinence in determining 
electroreducibility (as measured by E i/2) of an alkyl- 
substituted alternant arene. Comparison of data for 
methyl or ethyl derivatives in both arene series shows 
the order 2-alkylanthracene > 2-alkyInaphthalene — 1- 
alkylnaphthalene > 9-alkylanthracene — 1-alkylan- 
thracene in — AEy, from the corresponding parent 
arene.

In Fig. 2 are plotted values of — AEy, for the mono- 
alkylnaphthalenes vs. Taft’s polar substituent con
stants <7* for the alkyl groups.7 Excluding the point 
for naphthalene itself (R = H), the data fit two straight 
lines within the accuracy of the experimental method. 
As with the alkylanthracenes these lines fit equation l ,8

(7) R. W. Taft, “Steric Effects in Organic C hem istry ,” M. S. Newm an, 
Ed., John  W iley and  Sons, Inc., New York, N. Y., 1956, C hap. 13.
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Fig. 1.—Plot of apparent polarographic diffusion current con
stant, Id', vs. the total number of carbon atoms in the side 
chain(s) of alkyl- and alkylene-substituted naphthalenes.

Fig. 2.—Plot of the difference between the polarographic half
wave reduction potential of an alkylnaphthalene and that of 
naphthalene vs. Taft’s polar substituent constant for the alkyl 
group. Circles are for 2-alkyl groups; triangles for 1-alkyl 
groups.

2.303 RT AEl/2 = “  c) (1^

where (if n is taken as 1) p* equals +1.2 for the 1-alkyl- 
naphthalene series (the same as for the combined 1- 
and 9-alkylanthracene series) and equals +1.9 for the
2-alkylnaphthalene series [as compared to +1.6 for the 
second wave of 1-alkyl-1-(2-naphthyl) ethenes8 and to 
+0.58 for the 2-alkylanthracene series], and c is a con
stant which represents the intercept on the a* axis in 
each case. The considerable difference between the 2- 
alkylanthracene series (c — +1.0, i.e., c>  u* for H), on

(8) L. H. Klemm, W. C. Solomon, and A. J. Kohlik, J .  O r g .  C h e m . ,  27 
2777 (1962).

the one hand, and the four other series (c varies from 
+0.18 to +0.34, i.e., c < <x* for H), on the other, is 
readily apparent. The fact that p* has a positive value 
in every case is consistent with the action of alkyl 
groups in increasing electronic charge in the 7r-system 
and, hence, in making more difficult the addition of an 
electron during the polarographic process.9

From Table I one notes that the allyl substituent 
shows a much smaller — AEy, than does the corres
ponding w-propyl (or even the methyl) group. It is 
clear that the low value in — AEi/, cannot result from 
the transformation, allyl (unconjugated) — propenyl 
(conjugated), for then the product should exhibit two 
waves (in contrast to only one found) with the first 
wave at —E ,/, < 2.2 v.10 and 1 / should be nearly twice 
as large as found (corresponding to the uptake of four 
electrons rather than of two). A <r* value for the allyl 
group is not available from Taft’s tables.7 If the ally! 
group were to fit the Taft relationship of Fig. 2 it should 
have a* = +0.18 ± 0.1, a value consistent with that of 
+0.13 reported for the l-(2-butenyl) group.

In two cases, those of 2-ethyl- and 2-isopropyl- 
naphthalenes, Ei/, can be compared with Ei/," for the 
second reduction wave of the corresponding conjugated 
2-alkenylnaphthalene, previously investigated under 
the same experimental conditions.8 The first wave for 
a conjugated 2-alkenylnaphthalene is believed to relate 
to transformation a, 2-alkenylnaphthalene -*■ 2- 
alkylnaphthalene; and the second wave to concern 
transformation b, 2-alkenylnaphthalene —► 2-alkyl- 
dihydronaphthalene. Transformation b is commonly 
visualized as occurring in two discrete steps at Ei/,", 
viz. a followed by c, 2-alkylnaphthalene -*■ 2-alkyl- 
dihydronaphthalene. If this concept is strictly correct, 
then Ei/," should be determined by the energetically 
less facile conversion c and one should find Ei/, = 
Ei/,". Comparison shows that such relationship is 
approximately, but not exactly, true. In both cases 
—Ei/," is 6-8 mv. greater than —Ei/,. This dis
crepancy is slightly larger than the experimental error 
of ±3 mv. in the measurements. Although the exact 
reason for this discrepancy is not clear at this time, one 
possible explanation is that the addition of a third elec
tron to the 2-alkenylnaphthalene may, on the average, 
start to occur slightly before addition of the second 
proton has been completed.

For various methylated naphthalenes one can repre
sent — AEi/, by equation 2, where na is the number of

— A E l / ,  = 19 Tla +  21?ljS +  8j (2)

a-substituents, nß is the number of /3-substituents, Sj 
is a potential associated with the geometric arrangement 
of substituents (e.g., j  = 137 for 1,3,7-trisubstitution), 
and all values are expressed in units of millivolts. Al
though ¿i and + (for the monomethyl derivatives) are 
presumed to be zero, coefficients of 19 and 21 (rather 
than the measured values of 21 and 23, respectively) 
are used in equation 2 in order to give the best fit of all 
data. Values of &, may be considered as discrepancies 
from additivity in —AEi/, (as based solely on the total

(9) I t  is n o t clear a t  th is tim e w hether the linear T a f t relationships are to 
be ascribed to  an  equilibrium  addition  of the first electron, to  a subsequent 
ra te  process, or to  a  com bination of the two.

(10) Predicted  from the observation th a t  —l?i/2 =  2.164 v. for 1-m ethyl-l- 
(2-naph thy l)ethene (see ref. 8).
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numbers of a- and d-substituents). In order to as
certain the magnitudes of <5, for dimethylnaphthalenes, 
the calculated values shown for these compounds in 
Table I are based on the approximation that 5, = 0. 
Comparison of found and calculated values for — AE,/, 
then shows that the 1,2-, 1,4-, 1,5-, 1,6-, 2,6- and 2,7- 
isomers appear to be normal (8, = 0 ± 6), while the 1,7- 
isomer shows a slight repression potential (8n = —8) 
and the 2,3- and 1,8-isomers show large enhancement 
potentials (523 = +22; 5i8 = +46). The same en
hancement potential for the 1,8-disubstitution pattern 
is observed for acenaphthene where the value of — AEi/, 
may be rationalized in terms of the relationship 1,8- 
dimethylene o  1,8-diethyl or — A£+, = 2 X 33 +  46 = 
112. For the trimethylnaphthalenes and hexahydro- 
pyrene, the calculated values of — AEi/2 are not based 
on the assumption that 8j = 0, but rather on the as
sumed relationship shown in equation 3, where the 
subscript M represents all possible combinations of two

Sj = 2  Ski (3)
j

digit numbers contained in the subscript j, and Jcl 
is expressed in the lowest possible numbering for the 
corresponding pattern of disubstitution. Thus, for 
example, 6137 = 613 +  ¿17 +  <S26; where 526 =  537- For a 
tetrasubstituted naphthalene 8} will be given by the 
summation of six 8k, terms. The calculated value of 
— Ai?i/„ for hexahydropyrene is based on the relation
ship hexahydropyrene o  1,4,5,8-tetra-w-propylnaph- 
thaJene. Use of equations 2 and 3 gives good agree
ment between found and calculated values in all cases 
except 1,4,5-trimethylnaphtbalene, where there is a 
difference of only seven millivolts.

Amongst the dimethylanthracenes studied an en
hancement potential was associated with methyl groups 
situated in the two meso-positions and not with any 
combination of /3-positions. In contrast, amongst di
methylnaphthalenes enhancement potentials are as
sociated with the peri- and the vicinal /3-positions. It 
is clear that the general effects on — AEi/t of substitu
tion patterns in the anthracene and naphthalene series 
are different, but more di- and polymethylanthracenes 
must be investigated before relationships can be clari
fied further.

In Table I are recorded values for the change in 
frequency, — Av (with respect to naphthalene taken as a 
standard), for the most intense central absorption 
maximum, and for the longest wave-length a-band in 
the ultraviolet spectrum (measured in alkane or cyclo
hexane as solvent) for each of the substituted naphtha
lenes studied here. Consistent with assignments (for 
these bands) of directions of polarization in the mole
cule11 is the fact that the bathochromic effect of a 1- 
alkyl group is larger in the former band, whereas that 
of a 2-alkyl group is larger in the latter band. In fact, 
in the case of the former band the groups 2-allyl, 2-i- 
propyl, and 2-i-butyl give either no shift or else a hypso- 
chromic one. The dimethylnaphthalenes bearing at 
least one a-substituent show a consistent bathochromic 
effect ( — Av 1000+100 cm."1) in the a-band. All other 
shifts appear irregular insofar as correlation with 
molecular structure is concerned.

(11) H. Zim m erm ann and  N. Joop, Z .  E l e k t r o c h e m . ,  64, 1215 (1960); 
65, 61 (1961).

As in the alkylanthracenes3 there is no apparent cor
relation between — AE,/2 and — Av (for either band) or 
between — AEy, values and methyl affinities as meas
ured by Gresser, Binks, and Szwarc.12 There is, how
ever, qualitatively the same general inverse relationship3 
between the ionization potential, 7Z, and —E 1/, in that 
alkyl groups lower the former, but raise the latter. 
Values of I z have been ascertained for naphthalene and 
the monomethylnaphthalenes by means of the charge- 
transfer spectra of the trinitrobenzene complexes (fcr 
naphthalene and 1-methylnaphthalene only)18 and by 
means of photoionization.14 Although precision in 
measurement of Ei/, is at least an order of magnitude 
greater than in that of l z, the 1- and 2-methylnaph- 
thalenes give experimentally indistinguishable results 
by both methods.

Gardner, et al.,16 have measured the stability con
stants of the picrates of naphthalene and monoalkyl- 
naphthalenes in chloroform solution (see Table I). 
These molecular complexes (presumably present pre
ferentially in parallel planar structures) exhibit the 
counteracting effects of electron donation and steric 
hindrance by the alkyl group to specific adsorption (on 
a molecular basis) of the electron-donating naphthyl 
moiety onto the electron-accepting picric acid surface. 
Similar effects of alkyl groups on adsorbability (pre
sumably preferentially flatwise) of 2-alkylnaphthalenes 
and 9-alkylanthracenes onto an electron-accepting 
alumina surface have been noted by Klemm, et al,16 
In polarography the cathode surface differs from that 
of alumina or of a polynitroaromatic complexing agent 
in that it is an electron donor, rather than an electron 
acceptor. If specific adsorption (especially in a flat
wise manner) of the alkylarene onto the cathode surface 
were pertinent to the polarographic process, polar and 
steric effects by the alkyl groups should reinforce one 
another with the excepted result that values of — AAEy, 
should increase in progressing through the series in the 
order H, Me, Et, i-Pr, i-Bu. As observed in Table I 
— AAEi/2 decreases in this progression, instead. Com
bined with the observed linear a* relationship for mono- 
alkylnaphthalenes and anthracenes as well as the gen
eral additivity of substituent and geometric factors,17 
these data indicate that steric hindrance between the 
electroreducible molecule and the mercury cathode 
surface is of little or no pertinence to the electron- 
transfer process (at least as measured by E y2) and that 
specific adsorption of the hydrocarbon does not occur. 
Breiter, Kleinerman, and Delabay18 have considered 
electrode processes which occur with and without 
specific adsorption of the electroreducible entity on*o 
the electrode and, in the latter case, have suggested 
that the reacting species would approach the cathode no 
closer than the outer boundary of the Helmhohz

(12) J . Gresser, J. H. Binks, and M. Szwarc, J .  A m .  C h e m .  S o c . ,  81, 5004 
(1959).

(13) G. Briegleb and J . Czekalla, Z .  E l e k t r o c h e m . ,  63, 6 (1959).
(14) K . W atanabe, J .  C h e m .  P h y s . ,  26, 542 (1957); ASTIA repo rt no. 

AD 152 934 [A. Streitweiser, J .  P h y s .  C h e m . ,  66, 368 (1962)].
(15) P. D. Gardner, R. L. B randon, N. J. Nix, and I. Y. Chang, J .  A m .  

C h e m .  S o c . ,  81, 3413 (1959).
(16) L. H. Klemm, D. Reed, L . A. M iller, and B. T. Ho, J .  O r g .  C h e m . ,  

24, 1468 (1959). The general preference for flatwise adsorption of arom atic 
hydrocarbons on alum ina has been corroborated by  the studies of L. R. 
Snyder, J .  C h r o m a i o g . ,  6 , 22 (1961); J .  P h y s .  C h e m . ,  67, 234 (1963).

(17) As shown by  equations 2 an d  3 in  th is paper and b y  equation  2 in 
ref. 3.

(18) M. Breiter, M. K leinerm an, and P. Delahay, J .  A m .  C h e m .  S o c . ,  80, 
5111 (1958).
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double layer; i.e., presumably the molecule would re
main largely within the diffuse double layer during the 
electron-transfer process.

Experimental19
Source and Purification of Hydrocarbons.—Except as other

wise noted, all hydrocarbons were purchased from Aldrich Chemi
cal Company and purified by the same general procedure.
1-Methylnaphthalene (purum grade) was obtained from Fluka, 
A. G. Hydrocarbons of m.p. <75° were purified by conversion 
to the picrate (or sometimes the 1,3,5-trinitrobenzene) deriva
tives. which were recrystallized to constant melting point from 
ethanol and dissociated chromatographically by adding a solu
tion of the complex in the minimum amount of benzene to a 
column of Alcoa F-20 alumina and eluting with petroleum ether 
(30-60°). The effluent was evaporated in an atmosphere of 
nitrogen and the residue was fractionally distilled in vacuo. 
Those products which were solid were also recrystallized to con
stant melting point. Generally for solids of m.p. >75° only 
direct recrystallization was used. Naphthalene (Distillation 
Products Industries, reagent grade) was purified by a combina
tion of direct recrystallization, sublimation, and the picrate 
procedure. Although 1,6-dimethylnaphthalene was purified 
through its picrate this complex was rather unstable. Purified 
hydrocarbons were stored at 0- 10° until use.

Where information to the contrary is not given, melting points, 
boiling points, and refractive indices of our products agreed 
closely with those reported in the literature. One exception was 
found for 1,3,7-trimethylnaphthalene, nwD 1.6010 (reported20 
nwd 1.5759). This compound did, however, show data for 
melting point, boiling point, and melting point of picrate con
sistent with those reported. Moreover, it gave the expected 
elemental analysis. Although 2,3-dimethylnaphthalene gave 
consistent data on melting points of the hydrocarbon and its 
picrate, its identity was checked further by microanalysis and 
mass spectra21 (mol. wt. found: 156).

Hydrocarbons listed in subsequent paragraphs were synthe
sized in this laboratory and purified as noted in each case.

1-Allylnaphthalene.—To the cold ( —30°) stirred Grignard 
reagent prepared from 2.75 g. of magnesium turnings, 23.3 g. 
(0.112 mole) of I-bromonaphthalene, and 100 ml. of ether was 
added dropwise a solution of 13.6 g. (0.111 mole) of freshly dis
tilled allyl bromide in 50 ml. of ether, maintained at —25°. 
The mixture was processed in the manner used for 3-( 1-naphthyl )- 
cyclopentene22; crude yield 11.7 g. (63%), b.p. 140-141° (15 
mm.). For use in polarography the hydrocarbon was converted 
to a 1,3,5-trinitrobenzene complex, m.p. 79-80°, after twro re
crystallizations from ethanol. The hydrocarbon was recovered 
by chromatographic dissociation of the complex using benzene 
and Alcoa F-20 alumina and fractional distillation of the effluent, 
b.p. 126.5-127° (10 mm.); n26d 1.6081, reported23 n25n 1.6089.

1-n-Propylnaphthalene.—A solution of 6.0 g. of 1-allylnaph- 
thalene in 150 ml. of glacial acetic acid was shaken with 0.1 g. of 
platinum oxide for 7 min. under hydrogen at 3-atm. pressure. 
The filtered solution was evaporated and the residue was con
verted to its 1,3,5-trinitrobenzene complex, obtained as j^ellow 
needles, m.p. 86-87°, after four recrystallizations from ethanol.

Anal. Calcd. for C,9HnN30 6: N, 10.96. Found: N, 11.13.
The hydrocarbon, recovered from the complex, distilled at

126-127° (10 mm.); nsni> 1.5920, reported24 n 20D 1.5928.
1-f-Butylnaphthalene.—To the cold (0°) stirred Grignard 

reagent prepared from 15.8 g. of magnesium turnings, 79.2 g. 
(0.58 mole) of ¿-butyl bromide, and 65 ml. of ether was added 
dropwise a solution of 84.5 g. (0.58 mole) of a-tetralone in 80 
ml. of ether. The mixture was refluxed for 2 hr. and processed

(19) M elting points are uncorrected. Unless otherwise noted  micro
analyses were performed by  M icro-Tech Laboratories, Skokie, 111. In fra 
red spectra  were determ ined by  means of a  Perkin-E lm er M odel 137 spectro
photom eter.

(20) O. K ruber, B e r . ,  72, 1972 (1939).
(21) We are indebted to Klaus Biemann of the M assachusetts In s titu te  

of Technology for this m easurem ent.
(22) L. H. Klemm, B. T. Ho, C. D. Lind, B. I. M acGowan, and E. Y. K. 

M ak, J .  O r g .  C h e m . ,  24, 949 (1959).
(23) L. F. Fieser and E. B. Hershberg, J .  A m .  C h e m . S o c . ,  60, 1658 

(1938).
(24) R. Y. Levina, L. E. K arelova, and  I. A. E l’yashberg, J .  G e n .  C h e m .  

U S S R , 10, 913 (1940); C h e m .  A b s t r . ,  36, 2479 (1941).

further as for 1-allylnaphthalene; yield 80 g. of distillate, b.p.
133-165° (15 mm.). This crude carbinol was dehydrated by 
distillation in vacuo (0.3 mm.) through a column of Alcoa F-l 
alumina8 maintained at 370-385° over a period of 2.5 hr. An 
infrared spectrum of the red, viscous distillate showed the 
presence of both hydroxyl and carbonyl bands. Chromatog
raphy of this red liquid using a column (4.2 X 71 cm.) packed 
with Alcoa F-20 alumina and 2 1. of reagent grade petroleum 
ether (30-60°) as eluent gave three main fractions. Fraction 
no. 1 (1.2 1.) yielded a colorless liquid residue on evaporation; 
no. 2 (90 ml.), liquid plus some crystals; and no. 3 (240 ml.), 
white crystals (presumably naphthalene).26 Infrared spectra of 
these residues showed neither hydroxyl nor carbonyl bands. A 
mixture of 15.8 g. of combined residues from fractions no. 1 and 
2 (total 35.8 g.) and 1.6 g. of 30% palladium on charcoal was 
heated at 250° for 5 hr. in a stream of nitrogen. Tests of the 
effluent gases showed the presence of considerable permanganate- 
oxidizable product (isobutene?). Rechromatography partially 
separated 1-f-butylnaphthalene (liquid residue) from the more 
strongly adsorbed naphthalene.26 Distillation of the liquid resi
due gave 5.8 g. (12%) of 1-1-butylnaphthalene, b.p. 148-149° 
(15 mm.), purified further by means of the picrate, m.p. 100.5- 
102°, after two recrystallizations from ethanol, chromatog
raphy, and distillation, b.p. 135-135.5° (12 mm.); n20d 1.5914, 
reported20 nwd 1.5726.

2-Allylnaphthalene.—This compound, prepared from 2-bromo- 
naphthalene by the procedure used for the 1-allyl isomer,27 was 
purified by chromatography on Alcoa F-20 alumina, distillation, 
b.p. 95-96° (2 mm.), conversion to its picrate (m.p. 72-73° 
after two recrystallizations from ethanol), chromatographic dis
sociation of the picrate, and redistillation, b.p. 128° (14 mm.); 
rt%> 1.6027.

Anal. Calcd. for Ci3Hi2: C, 92.81; H, 7.19. Found: 
C, 92.80; H, 7.05.

2-n-Propylnaphthalene.—This compound was prepared by 
catalytic hydrogenation of 2-allylnaphthalene in the same 
manner as employed for the 1-isomer and was purified in the 
manner used for 2-allylnaphthalene, b.p. 135-136° (15 mm.); 
n26ol .5852.

2-Isopropylnaphthalene.—2-Isopropenylnaphthalene8 was hy
drogenated as described by Bergmann and Weizmann.28 29 The 
hydrogenated product was purified in the manner used for 2- 
allylnaphthalene, b.p. 125-126° (12 mm.); k 20d 1.5864, reported26 
w 20 D  1.577.

2-i-Butylnaphthalene.—This compound was prepared22 by 
the Friedel-Crafts method of Bromby, Peters, and Rowe30 using 
¿-butyl chloride and naphthalene. It was purified through the 
picrate.

1,4-Dimethylnaphthalene.—The Grignard reagent from 2.4 g. 
of magnesium, 60 ml. of ether, and 22.1 g. of l-methyl-4-bromo- 
naphthalene31 (purified by recrystallization of its picrate, chroma
tography, and distillation) was refluxed with 20 ml. of methyl 
iodide for 2 hr. Treatment of the reaction mixture with ice and 
hydrochloric acid and evaporation of the ethereal layer gave a 
yellow liquid which was chromatographed on alumina and con
verted to a trinitrobenzene complex. The hydrocarbon was then 
processed in the usual manner, b.p. 125-126.5° (12 mm.); m.p.
8-9°; b 16-4d  1.6154, reported32 « 16-4d  1.6157.

1,8-Dimethylnaphthalene.—Naphthalic anhydride (Aldrich 
Chemical Co., recrystallized from acetone, m.p. 265-268°) was 
reduced to 1,8-dihydroxymethylnaphthalene by the lithium 
aluminum hydride method of Boekelheide and Vick.33 The diol 
was hydrogenolyzed to 1,8-dimethylnaphthalene as described by 
Beyler and Sarett.34 The hydrocarbon was purified first via the 
picrate (m.p. 154-156°) and then by recrystallization thrice from

(25) From  the adsorbability  rules previously proposed ,16 1,2-dihydro- 
naphthalene, l-i-butyl-3,4-dihydronaphthalene, and l-<-butylnaphthalene 
should all be less strongly adsorbed than  naphthalene.

(26) L P. Tsukervanik and I. T eren t’eva, J .  G e n .  C h e m .  U S S R .  7, 632 
(1937); C h e m .  A b s t r . ,  31, 5780 (1937).

(27) Prepared  by S. K. Airee.
(28) F. Bergm ann and A. W eizmann, J .  O r g .  C h e m . ,  9, 352 (1944).
(29) Prepared by  J. T. »Spence.
(30) N. G. B rom by, A. T .  Peters, and F. M. Rowe, J .  C h e m . S o c . ,  144 

(1943).
(31) L. F. Fieser and D. M. Bowen, J .  A m .  C h e m .  S o c . ,  62, 2103 (1940).
(32) “ E lsevier’s Encyclopaedia of Organic C hem istry ,’’ Vol. 12B, F, 

R adt, Ed., Elsevier Publishing Co., Inc., New York, N. Y., 1948, p. 135.
(33) V. Boekelheide and G. K . Vick, J .  A m .  C h e m .  S o c . ,  78, 6 5 3  (1956).
(34) R. E. Beyler and L. H. S arett, ibid., 74, 1406 (1952).
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T a b l e  II
U l t r a v io l e t  A b s o r p t io n  M a x im a  f o r  S o m e  A l k y l -  a n d  A l k y l e n e -S u b s t it u t e d  N a p h t h a l e n e s “

Sub-
s titu en t(8)

on Xmax ôax (■max Xmax Xmax Xmax Xmax Xmax
naphthalene ma log < ma log e m a log e mg log i ma log e ma log t ma log t ma log «

1-(-Butyl 225 4.98 (262 3.59) 270 3.78 280 3.87 288 3.70 291 3.70 313 2.53
1-Allyl 225 4.95 (262 3.59) 271 3.78 281 3.87 289 3.69 292 3.69 313 2.57
2-n- Propyl 225 5.10 (266 3.67) 275 3.71 (286 3.53) 305 2.64 318 2.64
2-i-Propyl 224 5.09 (265 3.67) 274 3.71 (285 3.54) 304 2.64 318 2.60
2-<-Butyl 224 5.09 264 3.67 274 3.72 (282 3.56) 303 2.56 317 2.43
2-Allyl 225 5.09 266 3.69 275 3.72 (286 3.55) 304 2.64 318 2.56
2,3,5-Trimethyl 229 4.94 (265 3.58) 274 3.74 283 3.79 295 3.61 318 2.44
2,3,6-Trimethyl 229 5.08 268 3.66 278 3.66 309 2.81 323 2.87
1,8;4,5-Bis(tri- (228 4.70) 234 4.83 285 3.84 296 3.96 (301 3.88) 308 3.82 315 3.67 329 3.48

methylene6
0 Solvent, isooctane. Data in parentheses are for shoulders, not true maxima. 5 Common name, 1,2,3,6,7,8-hexahydropyrene. 

Other maxima at Xmax 214 m/t, e 4.33; 306, 3.80; and 323, 3.19.

75% ethanol, m.p. 62.5-64°; intense infrared bands (Nujol) 
in the region 670—850 cm.-1 at ca. 774 and 817.

l-Chloromethyl-4,5-dimethylnaphthalene.—Into a mixture of
3.13 g. of 1,8-dimethylnaphthalene, 3.3 g. of paraformaldehyde, 
and 36 ml. of hydrogen chloride-saturated dioxane-water (6 :1, 
v./v.), maintained at 85°, was passed a stream of hydrogen 
chloride gas for 2 hr. The resultant solution was refluxed for 9 
hr., whereupon two liquid phases were present. Evaporation of 
the upper layer yielded 4.0 g. of liquid which crystallized on 
cooling, m.p. 57-65°. Three recrystallizations from petroleum 
ether (b.p. 30-60°) gave prisms, m.p. 71-72°; intense infrared 
bands (Nujol) in the region 670-850 cm.-1 at 692, 759, 765, and 
810 and medium bands at 749 and 835.

Anal. Calcd. for C13H13C1: C, 76.26; H, 6.40; Cl, 17.3. 
Found35: C, 76.25; H, 6.52; Cl, 16.6.

1,4,5-Trimethylnaphthalene.—A solution of 7.53 g. of the 
preceding chloromethyl compound in 400 ml. of methanol was 
shaken for 1 hr. with 1.2 g. of 5% palladium on charcoal in the 
presence of hydrogen gas at 3-atm. pressure. Evaporation 
of the filtered solution and chromatography of a petroleum ether 
(b.p. 30-60°) solution of the residue on Alcoa F-20 alumina gave
5.34 g. (86%) of crystalline product. I t was recrystallized 
thrice from methanol, m.p. 61.5-62° (reported36 * 1958 m.p. 63°) and 
purified further through the picrate, m.p. 144-145.5° (reported36 
m.p. 144-145°). The hydrocarbon showed intense infrared 
bands (Nujol) in the region 670-850 c m r1 at ca. 762 and 825 
and relatively weak bands, at ca. 793 and 807.

(35) Analysis for chlorine was perform ed by  A. J. Kohlik using a  m ethod 
described for benzyl chloride by  G. S. Tsypin and A. I. Chekalina, O r g .  

C h e m .  I n d .  ( U S S R ) .  6 , 504 (1939); C h e m .  A b s t r . ,  34, 2288 (1940).
(36) L. Ruzicka and L. E hm ann, H e l v .  C h i m .  A c t a ,  16, 140 (1932).

Polarography.—Only analytically pure hydrocarbons were 
used in the polarographic studies. The polarographic apparatus, 
the procedure, and the general reproducibility (± 3  mv.) in 
F i/2 were the same as previously described.3-8 Only in the case of 
hexahydropyrene did E i/ 2 fall at such a negative value as to 
cause serious overlapping of the reduction wave for the solvent- 
electrolyte with the limiting current portion of the polarogram. 
For this reason —E i/, is reported to only the closest 0.01 v. for 
this one substrate. Otherwise, all polarograms showed only one 
reduction wave and were regular in shape except for the fact 
that the slope of the straight line representing the limiting current 
was greater than that of the straight line representing the residual 
current, where such lines were drawn through the maxima of the 
pen oscillations. Ei/S was ascertained graphically by construc
tion of a rectangle on the polarogram (as described in the “point 
method” of Willard, et al.)31 and determination of the center 
of gravity (at I?i/2) of this rectangle by bisection of its diagonal. 
The diffusion current ig was determined for the most dilute 
solution of the hydrocarbon and was calculated as six-sevenths 
of the vertical height of the rectangle. Polarographic data are 
given in Table I.

Ultraviolet Spectra.—Ultraviolet absorption spectra of those 
hydrocarbons for which such data were not readily available were 
determined in spectral grade isooctane using a Cary Model 
11 spectrophotometer. Data on the absorption maxima are 
presented in Table II.

(37) H. H. W illard, L. L. M erritt, and J. A. Dean, “ In s tru m en ta l M eth
ods of A nalysis,” 3rd E d., D . Van N ostrand  Co., Inc., Princeton, N. J .,
1958, pp. 544-545.
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Much recent interest has been directed toward understanding the reactivity characteristics of polynuclear 
aromatic systems. The major emphasis has pertained to simple radical substitution and oxidation-reduction 
reactions. Relatively little work has been applied to studies of self-condensation sequences, which are generally 
accomplished thermally and lead to the formation of complex carbonaceous residues from the typical polynuclear 
aromatic hydrocarbon. We report herein investigations of the thermal reactivity for eighty-four polynuclear 
aromatic hydrocarbons. Our approach has employed differential thermal analysis (d.t.a.) to categorize and 
delineate thermal reactivity. These results emphasize the importance of intermolecular thermal hydrogen trans
fer for the polynuclear aromatics. Thermal condensation reactivity is found to be dependent on molecular 
structure and correlates with other reactivity criteria but includes the additional parameter of molecular size.

Much recent chemical interest has been directed to
ward studies in the field of polynuclear aromatic hy
drocarbons. Special emphasis has been placed on theo
retical treatments of these materials2ab and the re
lationship of theoretical parameters to spectroscopic,3 
reactivity,4-6 and physiological8 criteria. Chemical 
reactivity investigations for the polynuclear aromatics 
have been restricted largely in the past to radical sub
stitution,4 5 6 oxidation-reduction,6 6 and electrophilic sub
stitution.7 The thermal reactivity characteristics of 
these compounds also have been the subject of recent 
studies.9 Many of the aromatic hydrocarbons are 
known to be thermally reactive both individually and 
as constituents of complex mixtures. These thermal 
reactions are believed to involve condensation or poly
merization sequences to produce complex carbonaceous 
products.10

Rapid developments in instrumental analytical 
techniques and in dynamic methods of measuring 
changes in materials during heating and cooling make a 
detailed study of carbonization reactions possible and 
practical at this time. This report is a survey of the 
thermal reactivity characteristics for a wide variety of 
aromatic hydrocarbons. Differential thermal analysis 
(d.t.a.) has been used to categorize the high temperature 
behavior of these hydrocarbons. This technique has 
been used extensively in investigations of polymers and 
inorganic solids.11 It has found relatively little use, 
however, in the study of thermally reactive organic 
compounds.

D.t.a. gives a continuous thermal record of reactions 
occurring in a sample, although it does not indicate 
what these reactions are nor does it sort out simul
taneously occurring reactions. By comparing the tern-

(1) Presented  a t  “ Symposium on A rom atic H ydrocarbons,”  Division of 
Petroleum  Chem istry, 142nd N ational M eeting of the  American Chem ical 
Society, A tlantic C ity , N. J ., Septem ber, 1962.

(2) fa) B. Pullm an and  A. Pullm an, “ Les Théories électroniques de la 
chim ie organique,”  M asson and Cie, Paris, 1952; (b) E . Hückel, Z .  P h y s . ,  

69, 423 (1930) ; 70, 204 (1931).
(3) E. Clar, “ Arom atische Kohlenwasserstoffe,” Springer Verlag, Berlin 

1952.
(4) M. Swarc and F. L eavitt, J .  A m .  C h e m .  S o c . ,  78, 3590 (1956).
(5) I. Bergm an, T r a n s .  F a r a d a y  S o c . ,  50, 829 (1954).
(6) G. H oijtink , J . VanSchooten, E . DeBoer, and  W. Aalbersberg, R e c .  

t r a v .  c h i m . ,  73, 355 (1954); G. H oijtink , i b i d . ,  77, 555 (1958).
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p e r a t u r e  i n  a  s a m p l e  w i t h  t h e  t e m p e r a t u r e  i n  a n  i n e r t  

r e f e r e n c e  m a t e r i a l  s u c h  a s  a n h y d r o u s  a l u m i n a  a s  b o t h  

a r e  h e a t e d  a t  a  u n i f o r m  r a t e  i n  a  f u r n a c e ,  t e m p e r a t u r e  

r e g i o n s  w h e r e  h e a t  i s  a b s o r b e d  ( e n d o t h e r m i c  r e a c t i o n s )  

o r  e v o l v e d  ( e x o t h e r m i c  r e a c t i o n s )  b y  t h e  s a m p l e  c a n  b e  

o b s e r v e d .

T h e r m a l  r e a c t i v i t y  b e h a v i o r  a s  d e r i v e d  f r o m  d . t . a .  i s  

i n t e r p r e t e d  i n  t e r m s  o f  r e a c t i v i t y  p a r a m e t e r s  d e r i v e d  

f r o m  e l e c t r o n i c  s p e c t r a  a n d  t h e  a d j u n c t  o f  m o l e c u l a r  

s i z e .

Experimental
D.t.a. Apparatus.—Differential thermal analysis is the tech

nique of measuring the difference in the temperature between a 
thermocouple embedded in a sample and a thermocouple in a 
standard inert material such as aluminum oxide while both are 
heated at a uniform rate. These temperature differences arise 
when phase transformations or chemical reactions in the sample 
evolve or absorb heat. Experimentally, it is desirable thermally 
to match and isolate the sample and reference holders and to 
maintain a uniform heating rate.

The basic design of the apparatus used in this study has been 
described in detail elsewhere.12 A sketch of the sample holder 
and a block diagram of the controlling, detecting, amplifying, 
and recording systems are shown in Fig. 1A and IB, respectively.

The d.t.a. thermocouple assembly shown in Fig. 1A consists 
of two matched chromel-alumel thermocouples supported in a 
porcelain tube, which is held in position in a furnace combustion 
tube. The sample and reference cups are Inconel cylinders with a 
thermocouple well extending into the center of the cup from the 
bottom. With this arrangement, the thermocouples are pro
tected from the embrittling action of the hydrocarbons during 
carbonization and can be used repeatedly. This extended life 
justifies very careful matching of the thermocouples and In
conel cups. The sample and reference cups are also isolated 
from each other and independent of the thermocouples. This 
arrangement permits weighing before and after heating so that 
weight changes can be determined. In most cases, the quantity 
of sample and of reference anhydrous alumina was standardized 
at 100 mg. The heating rate was also arbitrarily standardized at 
10° per minute. All experiments were run at atmospheric 
pressure in continuously flowing purified argon.

The argon and volatile products were swept into a potassium 
bromide-filled condensate trap13 for collecting the condensable 
volatile reaction products and unchanged starting material. 
The noncondensible gases then pass through a sulfuric acid bub
bler which seals the system. Samples were heated to 750° and 
the carbon yields reported were determined on the 750° residues.

Normally the d.t.a. experiments were carried out by heating 
continuously to 750° at which point the residue is essentially car
bon. However, since the d.t.a. thermogram provides an excellent 
visual method of detecting reactions and determining end points, 
a number of runs were terminated at a temperature just preced
ing or following a reaction peak and the products were cooled

(12) I. C. Lewis and T. Edstrom , “ Proceedings of the  F ifth  Carbon Con
ference,” Pergam on Press, London. 1962.

(13) H. Leggon, A n a l .  C h e m . ,  33, 8 (1961).
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Fig. 1.—(A) D.t.a. thermocouple assembly; (B) block diagram of d.t.a. apparatus.

and analyzed. These experiments are discussed under the head
ing “ Interrupted D.t.a. runs” in the following section.

Analytical Techniques. Chromatography.—Elution chroma
tography on alumina or silica gel columns has been extremely use
ful in the purification of reference compounds for this study, usu
ally producing a much higher degree of purity than repeated 
recrystallization or sublimation and with less effort.

Infrared Absorption Spectra.—The infrared absorption spectra 
were measured on a Perkin-Elmer Model 21 or Model 221 double
beam spectrometer using conventional sampling techniques.

Ultraviolet Absorption Spectra.—The ultraviolet absorption 
spectra were measured on a Beckman DK-1 double-beam spec
trometer using solution methods with 10-mm. matched silica cells 
exclusively.

Molecular Weight.—A Mechrolab Osmometer, Model 301, was 
used to determine number average molecular weights of those 
compounds and fractions soluble in benzene.

Electron Spin Resonance.—Electron spin resonance measure
ments were made on a number of the low temperature residues 
obtained in the d.t.a. apparatus. These measurements were 
made by L. S. Singer of this laboratory using methods and ap
paratus previously described.11

Materials.—The polynuclear aromatic compounds examined 
in this work were obtained through commercial chemical supply 
houses and in many cases were used as received. Infrared and 
ulatraviolet absorption spectra of each compound were compared 
with published spectra to ascertain purity. In those cases where 
thermally reactive compounds appeared to be contaminated, 
chromatographic purification was carried out and the purified 
material was re-examined in the d.t.a. apparatus. The impurity 
level after careful chromatographic purification is estimated to 
be in the parts per million range.

The solvents used in the chromatographic separations and for 
spectroscopic analysis were all Spectro-Grade solvents. The 
potassium bromide powder used in trapping the d.t.a. condensates 
and for infrared sampling was infrared quality powdered potas- 14

(14) L. S. Singer and J. K om m andeur, J .  C h e m .  P h y s . ,  34, 133 (1961).

sium bromide. The anhydrous alumina used in chromatographic 
columns and as the d.t.a. reference material is chromatographic 
grade anhydrous alumina, 80 to 200 mesh. The alumina used 
for d.t.a. reference is specially treated by heating to 800°. It is 
stored in a sealed dispenser to avoid exposure of the bulk of the 
material to the atmosphere when transferring to the d.t.a. cup.

Results
D.t.a. Thermograms for Thermally “Unreactive” 

Aromatic Hydrocarbons.—For the purposes of this 
study the aromatic hydrocarbons have been designated 
as either thermally “reactive” or thermally “un
reactive.” The thermally “reactive” species possess 
sufficient reactivity in an atmospheric pressure system 
to undergo a condensation sequence in the liquid phase 
and yield a measurable amount of polymerized carbon
aceous residue at 750°.

The thermally “unreactive” entities have sufficient 
stability so that such condensation reactions do not 
occur prior to complete volatilization. Hence, for 
these compounds no carbonaceous residues are observed 
at 750°.

Shown in Fig. 2 are the d.t.a. thermograms obtained 
for some representative aromatic hydrocarbon members 
of the thermally “unreactive” category. All of these 
thermograms exhibit common characteristic features. 
For solid compounds two major endothermic peaks cor
responding to the melting and boiling processes are in- 
variantly obtained. For liquid compounds a simple 
major endotherm representative of the distillation 
process is always evident. Additionally no carbonace-
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Fig. 2.—Typical d.t.a. thermograms of unreactive hydrocarbons.

ous residues are obtained in the d.t.a. sample cups at 
750° and no products besides starting materials were 
observed in the condensed distillates.

For such materials d.t.a. offers a convenient if not 
precise method for measuring melting and .boiling 
points. The initial inflection point of the melting 
endotherm has been found to be the most reliable 
method for ascertaining the melting points in our sys
tem. The melting points thus determined for the “un
reactive” aromatic hydrocarbons are listed in Table I 
and compared with the appropriate literature values. 
In most cases the agreement is quite good.

The boiling endotherms are generally broad and have 
no specifically defined inflection temperature. The 
shape of the endotherm reflects the increasing vapor 
pressure of the sample with increasing temperature. 
The gradual approach to the boiling endothermic 
minimum indicates slow but increasing vaporization. 
The calculated values of the boiling points listed in 
Table I are the endothermic minima. Very few litera
ture values are available lor direct comparison although 
in cases where such comparisons are possible the agree
ment appears to be quite good. D.t.a. offers a suitable 
method of determining atmospheric boiling tempera
tures of extremely high boiling organic materials such 
as the aromatic hydrocarbons.

Also listed in Table I are the frequencies of the long 
wave-length p-bands determined from the measured 
electronic spectra by the procedure of Clar.3 These 
wave lengths can readily be determined within 1%. 
The Huckel relationship (equation 1) as employed by 
Matsen16 has been utilized to calculate ionization 
parameters for the respective aromatic hydrocarbons 
from the p-band wave lengths.

i.p. = 4.39 + 0.857 Xp (1)
i.p. = ionization potential in electron volts
Xp = wave length of long wave-length p-band in electron volts

These values are given in the last column of Table I.

The compounds are listed in order of decreasing ioniza
tion potential.

In several instances the p-band definition from ultra
violet spectra was uncertain and the ionization potential 
data have been omitted. Such compounds have been 
placed in Table I in the approximate position based on a 
judicial estimate of the p-band.

D.t.a. Thermograms for Thermally “Reactive” Aro
matic Hydrocarbons.—The thermograms for several 
representative aromatic hydrocarbons designated as 
thermally “reactive” are shown in Fig. 3. All of these 
compounds undergo thermal condensation and lead to 
carbonaceous residues at 750° in our d.t.a. system.

The thermograms for these “reactive” aromatics 
differ appreciably from those of the previous category. 
The major melting endotherms are, however, still 
evident. The d.t.a. melting points have again been 
calculated from the inflection temperatures and are 
compared with the literature values in Table II.

The boiling endotherms are observed to be either 
completely absent or largely diminished in these 
thermograms. In a large number of cases an exothermic 
peak indicative of polymerization or condensation is 
found. In nearly every instance new chemical species 
in addition to starting material were obtained in the 
condensed distillate. These have been examined 
spectrophotometrically.

Further listed in Table II for the “reactive” aro
matics are the per cent carbonaceous residues ob
tained at 750° and the temperatures of indicated d.t.a. 
reaction peaks. These latter may be exothermic or 
endothermic depending on the combination of physical 
and chemical changes proceeding at the reaction tem
perature. Also given in Table II are the X of the long 
wave-length p-bands and the ionization potentials 
computed as described previously. Again the com
pounds have been listed in order of decreasing ionization 
potential.
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T a b l e  I
T h e r m a l l y  S t a b l e  A r o m a t ic  H y d r o c a r b o n s

Compound
no. Hydrocarbon, source no.

I Benzene
II Styrene
III Biphenyl
IV Allylbenzene
V Vinylmesitylene
VI Vinyldurene
VII Fluorene
VIII 9,10-Dihydroanthracene
IX 2-Methylfluorene
X Benzo [ Z] phenanthrene
XI Naphthalene
XII Vinylxylene
XIII Phenanthrene
XIV p-Quarterphenyl
XV Vinyltoluene
XVI 4,5-Methylenephenanthrene
XVII 3-Methylphenanthrene
XVIII 5,12-Dihydronaphthacene
XIX m-Quinquephenyl
XX 1,1'-Binaphthyl
XXI Tetraphenylethylene
XXII 1-Aliylnaphthalene
XXIII Acenaphthene
XXIV Chrysene
XXV 9-Benzylidenefluorene
XXVI Picene
XXVII Dibenzo [c, <7 j phenanthrene
XXVIII Benzo [e] pyrene
XXIX Pyrene
XXX 4,5,9,10-T etrahydropyrene
XXXI 4-Methylpyrene
XXXII Benzo [a] fluorene
XXXIII Benzo[6]fluorene
XXXIV Azulene
XXXV Coronene
XXXVI 1,1,4,4-Tetraphenylbuta-l ,3-diene
XXXVII 1-Methylpyrene
XXXVIII Dibenz [a,e] anthracene
XXXIX Benzo [bjfluoranthene
XL Dibenz [a,h\anthracene
XLI Tetrabenzonaphthalene
XLII 4,6,8-TrimethylazuIene
XLIII Fluoranthene
XLIV Benz [0] anthracene
XLV Dibenzo [a,h] phenanthrene
XL VI Benzo [ajpyrene
XLVII Dibenzo [a,c] pyrene
XLVIII Anthracene
XLIX 2-Phenylanthraeene
L 9-Phenylanthracene
LI Benzo [<7,b,i]perylene
LII 9-Methylanthracene
LIII 1,10-o-Phenylenepyrene
LIV 9,9'-Bianthryl
LV 9,10-Diphenylanthracene
LVI 9,10-Dimethylanthracene
LVII Benzo [j] fluoranthene
LVIII Dibenzo [a,l] pyrene
LIX Perylene

Identification of Condensates Trapped from D.t.a. 
Runs.—Spectrophotometric examination of the d.t.a. 
condensate traps showed that for nearly all the “un- 
reactive” aromatic hydrocarbons only starting material 
could be identified.

In contrast, the majority of the "reactive” aromatic

.--------M .p., °c.---- , B.p., °C.
A

p-band,
Calcd.

i.p.,
lit. d.t.a. d.t.a. rcifi e.v.
5 .5 208 > 10 .0

170
70 64 268 247 8.69

180 260 8.47
< 2 5 < 25 235 260 8.47

255
114 122 314 261 8!46
108 98 328 271 8 .3 1
104 113 332 278 8.21
198 197 450 284 8 .14

80 77 245 285 8.12
< 2 5 < 25 235 286 8.10
100 93 348 292 8.C3
320 317 495 292 8.C3

< 2 5 < 25 200 298 7 . £6
116 120 375 299 7 .£ 5
65 45 370 304 7.8 8

214 420 306 7.8 6
110 545 308 7.8 4

156 140 418 313 7 .7 8
227 230 424 315 7 .7 7

295 315 7 .7 7
95 91 280 319 7 .7 2

254 260 460 319 7 .7 2
76 80 440 325 7.6 6

365 370 535 329 7.6 2
178 145 490 329 7.6 2
179 179 496 3 3 1 .5 7.6 0
150 146 386 335 7 .5 6
138 142 383 300 7 .9 4
143 153 425 338 7 .5 4
187 200 420 340 7 .5 2
209 220 420 340 7 .5 2

99 99 285
430 438 600 342 7.5 0
202 215 460 344 7 .4 8

72 78 372 344 7.4 8
205 208 520 349 7 .4 3
168 170 490 350 7 .4 2
265 265 520 350 7.4 2
215 220 565 350 7.4 2

85 344
110 110 386 359 7 .3 5
159 166 430 359 7 .3 5
294 308 537 362 7 .3 2
178 170 495 364 7 .3 1
225 237 580 375 7 .2 3
217 215 350 376 7.2 2
207 221 465 383 7 .1 7
153 150 416 383 7 .1 7
281 285 560 383 7 .1 7

80 77 370 386 7 .1 4
160 538 386 7 .1 4

320 322 520 389 7 .1 2
247 230 485 393 7 .1 0
181 177 400 398 7.3 6
217 225 495 400 7 .3 5
227 225 522 400 7.0 5
275 295 505 534 6.34

hydrocarbons showed evidence of new volatile aromatic 
species in the condensate trap. In a number of cases 
these products have been identified by spectral and 
physical property comparison with known hydro
carbons.

Summarized in Table III are the results of examina-
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Fig. 3.—Typical d.t.a. thermograms of reactive hydrocarbons.

tion of the condensate traps for the “reactive” aromatic 
compounds.

Interrupted D.t.a. Runs.—The properties of residues 
obtained from the interrupted d.t.a. runs of acenaph
thylene (LXIV) and 9,9'-bifluorenylidene (LXXVIII) 
are listed in Table IV. The temperatures at which 
heating was interrupted is given in the second column. 
Reference to the original thermograms in Fig. 3 shows 
the reaction stage at which these residues have been 
obtained. Also listed in Table IV are the general ap
pearance of the residue, melting point, per cent 
yield, number average molecular weight, and the pres
ence or absence of free radicals as measured by e.p.r.

Discussion of Results
The thermal stability of the aromatic hydrocarbons 

shows a marked dependence on structure. In this in
vestigation eighty-four aromatic hydrocarbons have 
been designated as either thermally “unreactive” or 
thermally “reactive.” The d.t.a. method examines 
thermal behavior of materials in the solid and liquid 
phases. The reactivity classifications are, therefore, 
applicable to solid and liquid phase pyrolysis only. 
This classification, although internally consistent within 
our system, will be affected, as will also the actual reac
tion temperatures and residue yields, by the experimen
tal conditions employed. For example, anthracene can 
be made to react by prolonged heat treatment in a con
fined pressure system.

The application of the d.t.a. method to these com
pounds is extremely useful in permitting the detection 
of thermal physical and chemical changes. For ther
mally unreactive entities it permits the measurement of 
atmospheric melting and boiling points. The presence 
of impurities in the sample in general can be readily 
determined from the d.t.a. thermogram by either ob
servation of separate melting endotherms or general 
lowering of the melting endotherm of the major con

stituent. Additionally, d.t.a. is effective in measuring 
crystal transformations, polymerizations, and degrada
tions and hence provides an important tool for organic 
sample identification.

The categorization of the aromatic hydrocarbons 
within the respective “unreactive” and “reactive” 
categories conforms fairly well with their respective 
classification with regard to general reactivity charac
teristics. The ionization potential parameters as empir
ically determined from the measured electronic spectra 
appear to offer a convenient and readily obtainable 
reactivity parameter for these materials. The hydro
carbons of high ionization potential generally fall in 
Table I for the “unreactive” species. These aromatics 
on the whole possess i.p. values >7.10 e.v. The few 
compounds, which are listed in Table I and have i.p. 
^7.10 e.v., are borderline cases and can be made to 
undergo some thermal condensation sequences by 
slightly modifying reaction conditions.

The aromatic hydrocarbons listed in Table II as 
thermally “reactive” fall into two categories. The 
major class contains species which possess i.p. less than 
about 7.10 e.v. These materials would be classed as 
highly reactive on almost any chemical scale and are 
shown in this study to contain sufficient energetic 
character readily to undergo thermal condensation 
sequences prior to volatilization.

The second class of compounds listed in Table II have 
high i.p. values, >7.20 e.v., which should normally 
situate them with the unreactive species of Table I. 
These compounds, however, have the extraneous struc
tural feature of a readily polymerizable vinyl double 
bond in addition to an aromatic structure. These hy
drocarbons may initially undergo a vinyl type poly
merization to yield large polymer species. This thermal 
vinyl polymerization sequence differs in kind from the 
subsequent aromatic condensation sequence or car
bonization. For these structural types of aromatics,
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T a b l e  II
T h e r m a l l y  R e a c t iv e  A r o m a t ic  H y d r o c a r b o n s

C om pound .------M .p., °C .------. R eaction“
%

Residue
X

p-band,
Caled.
i.p.,no. lit. d .t.a . Tem p., °C. 750° m / i e.v.

LX 4-Vinylbiphenyl 120 203 (430) 8.1 278 8 21LXI 10,15-Dihydro-5H-diindeno-
[ 1,2-a: 1 '2 '-c\fluorene 370 375 (570) 32.9 298 7.96LXII l.Vinylnaphthalene <25 200(445) 4.2 299 7.94LXIII 10,1 5-Dihydro-5/7-diindeno-
[2,1-«;1 ',2'-cJ fluorene 175 (550) 13.5 336 7.55LXIV Acenaphthylene 92 89 245(405) 20.9 339 7.53LXV 9,9'-BifluorenyI 247 250 (380) 5.8 364 7.31

LXVI Benzo [a ] coronene 291 (637)(652) 30.9 372 7 24
LXVII 9-Cinnamylidene fluorene 154 169 400(435) 9.3 376 7 22
LXVIII 7,12-Dimethylbenz [a] anthracene 122 111 400(405)(460) 4.7 381 7.18
LXIX Tribenzo [a,e,i] pyrene 297 342 (525) 13.7 384 7.16
LXX Dibenzo [a,i] pyrene 280 284 (560) 9.8 397 7.07
LXXI 9,10-Dibenzylanthracene 242 251 (445) 8.9 399 7.06
LXXII Diacenaphtho [1,2-y :1 ',2'-7] fluor

anthene 388 377 610 66.3 402 7.04
LXXIII Dibenzo [6 A] chrysene 400 412 (571) 22.3 414 6.95
LXXIV Dibenzo [def,mno] chrysene 257 272 (535) 18.5 430 6.86
LXXV Benzo [ 1,2,3-ed :4,5,6-c'd' ] diperylene 295 (455)(680) 91.8 437 6.82
LXX VI l-Methyl-dibenzo[6,i] pyrene 327 (548) 22.7 456 6.72
LXXVII Pyranthrene 360 400 600(606) 60.1 458 6.71
LXXVIII 9,9 '-Bifluorenylidene 188 188 456 31.5 460 6.70
LXXIX 1,6-Dimethyl-dibenzo [6,i] pyrene 373 372 488(525)(557) 33.-6 464 6.68
LXXX Naphthacene 343 340 480 13.9 471 6.64
LXXXI 5,6,11,12-T etraphenylnaphthacene 333 333 442,545 43.9 489 6.57
LXXXII Rubicene 306 315 (551) 9.0 524 6.42
LXXXIII Dibenzo [a,ijpentacene 440 460 505 (540) 53.2 529 6.40
LXXXIV Pentacene 270 426(411) 42.8 576 6.23
* Temperatures in parenthesis refer to endothermic reaction peaks. Unenclosed temperatures are those for exothermic peaks.

however, the former process is a prerequisite to the 
latter. Some vinyl derivatives may undergo a poly
merization and depolymerization process to yield 
noncarbonizable products as exemplified by vinyl 
durene, the thermogram of which is shown in Fig. 2. 
Several borderline compounds in Table II consist of 
aromatics with intermediate i.p., namely, benzo [a ]- 
coronone and tribenzo [a,e,f jpyrene. For such species 
one must take into account the added variable of mo
lecular size in addition to general reactivity. The former 
parameter induces sufficient physical stability in the 
molecule to permit reaction before volatilization. 
General reactivity parameters such as i.p. values can, 
therefore, only serve as qualitative measures of thermal 
reactivity as defined here.

The activating effect of alkyl substituents on aro
matic carbonization has been noted earlier by Madison 
and Roberts9 and is evident in the reactivity of 7,12- 
dimethylbenz[a]anthracene, as contrasted to the non
reactivity of benz [a]anthracene.

Certain consistent features are apparent in the 
chemical thermal transformations for many of the 
"reactive” aromatic hydrocarbons. As shown in 
Table III, a large number of the volatile products ob
tained from the reacting aromatic hydrocarbons are 
hydrogenated derivatives of the parent material.

Carbonization of aromatics essentially involves a 
dehydrogenation and concomittant condensation proc
ess to produce complex hydrogen deficient aromatic 
species. At least initially, these dehydrogenations are 
accomplished internally in many instances and involve 
intermolecular hydrogen transfers between reacting 
molecules. Such a mechanism previously has been

proposed for catalytically induced carbonization reac
tions.16 Our results indicate that this sequence is im
portant in pure thermal uncatalyzed carbonization 
reactions.

Such hydrogen transfers could lead to the simultane
ous formation of hydrogenated, less reactive (higher 
ionization potential) derivatives and more reactive aro
matic derivatives or radicals, capable of undergoing 
further condensations. This pattern of thermal con
densation may be discerned from the data for the inter
rupted d.t.a. residues of the reactive hydrocarbons, 
acenaphthylene, and 9,9'-bifluoroenylidene as sum
marized in Table IV.

Acenaphthylene provides an example of an aromatic 
hydrocarbon of high ionization potential possessing an 
unusually reactive site in the form of a vinyl double 
bond. At 300° an extensive polymerization has pro
ceeded as evidenced by the exotherm in the thermogram 
in Fig. 3. At 360° a thermal depolymerization has 
begun. Paramagnetism is observed for the residue. 
At higher temperatures rearrangement of aromatic 
structures to form larger species is indicated. Dehydro
genations are accomplished internally resulting in 
formation and distillation of the volatile derivative 
acenaphthene. Increased concentrations of aromatic 
radicals are observed in the residues with increasing 
temperatures.

This reaction sequence may be generally summarized 
(see equation 2, p. 2056).

(15) F . A. M atsen, J .  C h e r r t .  P h y s . ,  24, 602 (1956).
(16) W. G. Appleby, J. W. Gibson, and G. M. Good, P rep rin ts  of Division 

of Petroleum  Chem istry of American Chemical Society, Vol. 5, No. 4. 
pp. B-71.
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T a b l e  III
C o n d e n s e d  N e w  P r o d u c t s  f r o m  D .t . a . R u n s  o f  “ R e a c t iv e ”  A r o m a t ic  H y d r o c a r b o n s

S tarting  m aterial

LX 4-Vinylbiphenyl
LXI 10,15-Dihydro-5if-diindeno [1,2-a: 1 ',2',c 

fluorene
LXII 1-Vinylnaphthalene
LXIII 10,15-Dihydro-5//-diindeno[2,1-a: 1 ',2'-c 

fluorene
LXIV Acenaphthylene
LXV 9,9-Bifluorenyl

LXVI Benzo [a] coronene
LXVII 9-Cinnamylidenefluorene
LXVIII 7,12-Dimethylbenz [a] anthracene

LXIX Tri benzo [a,e,i\pyrene
LXX Dibenzo [a,i] pyrene

LXXI 9,10-Dibenzylanthracene
LXXII Diacenaphtho[I,2-j : 1 ',2'-?] fluoranthene
LXXIII Dibenzo [b, k] chrysene
LXXIV Dibenzo [def, mno] chrysene
LXXV Benzo [ 1,2,3-cd: 4,5,6-c'd'] diperylene
LXXVI 1-Methyldibenzo [b,f] pyrene
LXXVII Pyranthrene
LXXVIII 9,9 '-Bifluorenylidene

LXXIX 1,6-Dimethyldibenzo [b,t] pyrene
LXXX Naphthacene
LXXXI 5,6,11,12-Tetraphenylnaphthacene
LXXXII Rubicene
LXXXIII Dibenzo |a,i] pentacene
LXXXIV Pentacene

New product

Unknown aromatic hydrocarbons 
None

1-Vinylnaphthalene (monomer)
None

Acenaphthene +  unknown hydrocarbons 
Fluorene, 9,9'-bifluorenylidene, tetrabenzonaph- 

thalene, and unknown hydrocarbon 
Slight amount of hydrogenated derivative 
Fluorene and major unknown hydrocarbon product 
Slight amount of structurally similar hydrocarbon, 

(monomethyl?)
Structurally similar hydrogenated derivative 
Major amount of new products including large pro

portion of hydrogenated derivatives 
Unknown hydrocarbon products 
Acenaphthylene +  acenaphthene 
None 
None
Unknown hydrogenated derivative
Major unknown but structurally similar product
None
Fluorene +  major amount of unknown aromatic 

hydrocarbon
Identical product to that obtained for LXXVI
5,12-Dihydronaphtbacene
Unknown aromatic hydrocarbons
Slight amount of hydrogenated derivative
Unknown hydrocarbons
Isomeric dihydropentacenes

Decacyclene 
+  highly condensed aromatic 

hydrocarbon and radical species

This reaction has been investigated previously by 
Dziewonski.17 Identification of the trimer decacyclene 
as a product conforms to his early conclusions although 
the structural identification of the more complex prod
ucts is still uncertain.

The hydrocarbon 9,9'-bifluorenylidene has been 
shown in this study to be formed as a thermal reaction 
product from the 9,9'-bifluorenyl by a hydrogen transfer 
disproportionation scheme as shown in equation 3.

(17) K. DziewoDeki, Chem. Ber., 53, 142 (1920), and referencea cited
therein.

The hydrocarbon fluorene is the volatile hydrogenated 
derivative produced.

The properties of progressive thermal condensation 
sequence products of 9,9'-bifluorenylidene are sum
marized in Table IV. Again with increasing tempera
ture a continued increase in complexity of product and 
growth in size is apparent. At 750° an ultimate 31% 
infusible carbonaceous residue results. The concentra
tion of free radicals also increases with heat-treatment 
temperature.

The initial thermal sequence for 9,9'-bifluorenylidene 
appears to involve a dehydrogenation and rearrange
ment to more condensed aromatic structures with con
current formation of fluorene as a hydrogenated prod
uct. The hydrocarbon tetrabenzonaphthalene has 
been identified as one of the rearrangement products. 
This compound also has been reported to be a product of 
the pyrolysis of fluorene.18 The generalized reaction 
scheme is shown in equation 4.

The pyrolysis of the reactive aromatic hydrocarbons 
are invariably accompanied by the formation of free 
radical species. It is felt that these radicals are transi-

(18) K. Lang, H. Buffleb, and J. Kalowy, ibid., 94, 523 (1961),
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T a b l e  IV

Su m m a ry  o f  P r o p e r t ie s  o f  R e s id u e s  f r o m  I n te r r u p t e d  D .t .a . R u n s  fo r  A c e n a p h t h y l e n e  a n d  9 ,9 '-B if l u o r e n y l id in e

Starting material Temp., °C. Nature of residue M.p., “c."
%

Residue
Molecular

weight
Free

radicals
1. Acenaphthylene 25 Yellow solid 92 152 No
2. Acenaphthylene 300 Orange crystalline solid 315 92 1890 No
3. Acenaphthylene 360 Red crystalline solid 325-350 90 950 Yes
4. Acenaphthylene 410 Brown amorphous solid 210,340 42 1360 Yes
5. Acenaphthylene 440 Brown amorphous solid 215, 325 37 20256 Yes
6. Acenaphthylene 750 Black carbonaceous solid Infusible 21 Yes
7. 9,9 '-Bifluorenylidene 25 Red solid 188 328 No
8. 9,9 '-Bifluorenylidene 382 Red solid 110-115 94 396 Slight
9. 9,9 '-Bifluorenylidene 400 Red solid 100,170-184 88 565 Yes

10. 9,9'-Bifluorenylidene 450 Brown-red solid 115, 210-230 72 604 Yes
11. 9,9'-Bifluorenylidene 750 Black carbonaceous solid Infusible 31 Yes

a In several residues, two melting points are reported as the material was heterogeneous. 6 Determined for benzene-soluble portion 
only.

9,9'-Bifluorenylidene Fluorene Tetrabenzonaphthalene
+  reactive condensed aromatic 

hydrocarbons and radicals

tory aromatic radicals formed by thermal dissociations 
of hydrogens at reactive ring sites, by cleavage of sub
stituent groups, or by rearrangement. The formation 
of such stable radicals as well as the internal rearrange
ments of hydrogens appears to be intrinsic to the 
thermal condensation or carbonization process for 
many of the “reactive” aromatic hydrocarbons.

In summary, the thermal reactivities of the aromatic 
hydrocarbons in our system show a marked dependence

on structure. Employing the spectral p-band measure
ment and the empirically derived ionization potential 
as a qualitative criterion of reactivity, it is evident that 
the aromatic hydrocarbons of high ionization potential 
are thermally “unreactive” whereas those of low ioniza
tion potential are thermally “reactive.” Molecular 
size and concomittant physical stability criteria are 
seen to influence borderline cases in both categories. 
Additionally, hydrocarbons capable of undergoing 
vinyl-type polymerizations can produce thermal poly
mers which represent more reactive molecular entities 
capable of carbonizing.

Consistent patterns of hydrogen transfer and concur
rent condensation to more reactive aromatic hydro
carbon molecules and radicals are found for many cf the 
thermally “reactive” aromatics.
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A re-examination of the oxidation of cyclohexene ( 1 )  with hydrogen peroxide-vanadium pentoxide (HP-VP, 
peroxyvanadic acid) revealed 2-cyclohexen-l-ol (2) to be a major reaction product. This contradicts an earlier 
report2 claiming exclusive formation of 2-cyclohexen-l-one ( 3)  as the volatile product. Similar oxidative experi
ments with the isomeric methylcyclohexenes ( 7 ,  13,  and 1 7 )  demonstrate the reaction to be essentially nonselective 
as to site of oxidation and that both alcohols and ketones appear in the volatile products, these being a mixture 
of direct oxidation products and products derived from allylic shifts.

Treibs2 and co-workers claimed 2-cyclohexen-l-ol
(2) to be absent from the products of the oxidation 
of cyclohexene (1) with HP-VP and 2-cyclohexen-l-one
(3) was reported to be the exclusive low boiling prod
uct (40% yield). irans-l,2-CycIohexanediol (6) and 
adipic acid were reported as higher boiling products 
(9% yield for both). These authors considered 2-cyclo-

(1) (a) Presented before the  Organic D ivision a t  the 142nd N ational 
M eeting of the American Chem ical Society, A tlantic C ity , N. J., Septem ber,
1962.; (b) D epartm ent of Chem istry, Oklahom a S ta te  U niversity , Still
w ater, O kla.; (c) Heidenheim er Chemisches Laboratorium , Heidenheim
an der Brenz, Germany.

(2) W. Treibs, G. Franke, G. Leichsenring, and H. Roder, B e r . ,  86, 616 
(1953).

hexen-1-one (3) to be present in part as the enol 4 to 
account for the formation of a borate ester.

We have demonstrated that 2-cyclohexen-l-ol (2)

OH

0

OH

+

LAlHj

Hj.CrOP’

2

Q

OH
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is a major product of the oxidation of cyclohexene with 
HP-VP, and that it actually exceeds 2-cyclohexen-l- 
one (3) in the product mixture by a ratio of 2.3:1. 
The oxidation was repreated several times according 
to the published procedure,2 and each experiment gave 
essentially the same product boiling at 61-63° (14 
mm.) in reasonable agreement with the reported value. 
However, gas chromatographic studies show the pres
ence of two sharply defined and completely separated 
peaks. The mixture of volatile products shows a 
maximum X®axH 225 mp. (e 3905) while the reported8 
maximum for 3 is 225 mp (e 11,270). Strong 
hydroxyl group absorption was noted in the infrared 
spectrum of the mixture. These data suggested the 
mixture to be 2 and 3. Attempts to separate the mix
ture by fractional distillation through a spiral column 
and by preferential reaction with semicarbazide hy
drochloride were ineffective. Accordingly, the prod
ucts were directly interconverted and the identity of 
the components established through isolation of the 
individual pure compounds by oxidation to 3 and reduc
tion to 2.

A Jones’ oxidation4 with chromic acid in acetone 
solution readily converted the entire mixture to 3. 
The course of the reaction was followed conveniently 
with gas chromatographic analyses at regular inter
vals. The peak of the gas chromatogram of the reac
tion product at termination of the oxidation coincides 
exactly with the smaller and second peak of the 
chromatogram of the original mixture. The oxidation 
product was identified as 3 through its ultraviolet spec
trum, in agreement with Woodward’s rules,6 its in- 
infrared spectrum, and the melting point of its red 2,4- 
dinitrophenylhydrazone.6 Other syntheses of 3, each 
by a different procedure, have been reported.7

Reduction of the original volatile oxidation mixture 
with lithium aluminum hydride in ether solution gave a 
single product. This product shows no carbonyl band 
in its infrared spectrum but shows strong absorption 
in the hydroxyl and double bond regions. These 
data and the melting point of the phenylurethane deriva
tive,6 107-109°, established the identity of the prod
uct as 2-cyclohexen-l-ol (2).

A reconstituted mixture (70% 2 and 30% 3) prepared 
from pure 2 and 3 gives essentially identical spectra 
(ultraviolet and infrared) and gas chromatographic 
curve as those from the original mixture obtained by 
oxidizing cyclohexene with HP-VP.

Pure 2-cyclohexen-l-ol (2) was oxidized with HP-VP 
under the same conditions used for the oxidation of 
cyclohexene. The steam volatile products from this 
reaction were shown through gas chromatographic 
analyses to be a mixture of 2 and 3 in a ratio of 7.3:1. 
This experiment suggests 2 to be one of the precursors 
of 3.

Several routes may exist for the formation of the 
various products obtained from the oxidation of 
cyclohexene with HP-VP. 2-Cyclohexen-l-ol (2) and 
2-cyclohexen-l-one (3) may be rationalized as being

(3) H. Born, R . Pappo, and J , Szmuszkovicz, J .  C h e m .  S o c . ,  1779 (1953).
(4) A. Bowers, T . G. Halsall, E. R . H . Jones, and A. J . Lemin, i b i d . ,  

2548 (1953).
(5) R . B. W oodward, J .  A m .  C h e m .  S o c . ,  63, 1123 (1941).
(6) F. C. W hitm ore and  G. W. Pedlow, J r .,  i b i d . ,  63, 758 (1941).
(7) For a  reference lis t of o ther preparations of 2-cyclohexen-l-one, see 

K . I. W illiamson, R . T. Keller, G. S. Fonken, J. Szmuszkovicz, and  W. S%' 
Johnson, J .  O r g .  C h e m . ,  27, 1612 (1962).

formed from cyclohexene hydroperoxide by the indica
ted routes in Fig. 1. ¿rans-l,2-Cyclohexanediol (6) 
may arise from cleavage of cyclohexene oxide which 
has been reported along with 2 as a product of the bi- 
molecular epoxidation of cyclohexene by cyclohexene 
hydroperoxide A9

cis-l,2-Cyclohexanediol (5) and adipic acid are 
formed by direct oxidation of the double bond of 
cyclohexene. We suggest that peroxyvanadic acid, 
H3[V(0 2)03],10 attacks the double bond of cyclohexene 
to form a cyclic ester of peroxyvanadic acid in a reac
tion reminiscent of the osrnic ester formation of ole
fins.11-12 The cyclic ester may then be hydrolyzed to 
cfs-1,2-cyclohexanediol (5) or undergo cleavage to adipic 
aldehyde in the manner of periodate oxidation of 1,2- 
glycols.13 The aldehyde is oxidized in turn to adipic 
acid. This rationalization suggested the possible 
presence of some as-l,2-cyclohexanediol (5) in the reac
tion products. The diol S is not formed as a major 
product but we were able to establish its presence 
through gas chromatographic studies by enrichment 
of the crude reaction product with authentic cxs-diol 
5. The diols 5 and 6 are present in the crude reaction 
product in the ratio of 1:15. The presence of the 
¿rans-diol 6 was established readily through gas chro
matographic studies and direct isolation from the reac
tion products. Distillation and recrystallization af
forded a pure sample of the diol 6 which shows no 
depression in melting point on admixture with authen
tic ¿raws-l,2-cyclohexanediol (6). The proposed routes 
permit accumulation of £rans-diol 6 with simultaneous 
formation of adipic acid.

Milas14 reported that the HP-VP oxidation of cyclo
hexene in ¿-butyl alcohol gives a small amount of cis-
1,2-cyclohexanediol (5), an unidentified aldehyde, and 
considerable quantities of adipic acid. This suggests 
that it may be possible to control selectively direct 
attack on the double bond over ally lie attack by alter
ing the reaction conditions.

An interesting parallel to the HP-VP oxidation of 
cyclohexene is provided by the work of Farmer and 
Moore.16 These investigators demonstrated that both 
2-cyclohexen-l-ol (2) and 2-cyclohexen-l-one (3) are 
formed (ratio 6:1) when cyclohexene (1) is oxidized 
with ¿-butyl hydroperoxide at 140°. These authors 
also demonstrated that oxidation of 1-methyl-l- 
cyclohexene (7) with ¿-butyl hydroperoxide yielded 
both ketones and alcohols among the products and that 
all possible allylic positions except on the methyl 
group were attacked. This is to be expected for a non- 
selective oxidation process and was rationalized through 
a free radical mechanism with a hydroperoxide and an 
olefin radical as intermediates.

The effect of change in concentration of hydrogen 
peroxide on the composition of the products from the 
oxidation of cyclohexene was studied with gas chroma
tography. We found an increase of hydrogen peroxide

(8) R. Criegee, H. Pilz, and H. Flygare, B e r . ,  72, 1799 (1939).
(9) E . H. F arm er and A. Sundralingam , J .  C h e m .  S o c . ,  121 (1942).
(10) N. V. Sidgwick, “Chem ical E lem ents and T heir C om pounds,’' 

Vol. 1, Oxford U niversity  Press, New Y ork, N. Y., 1950, p. 810.
(1 1 ) R . Criegee, A n n . ,  522, 75 (1936).
(12) N. A, M ilas and S. Sussm ann, J .  A m .  C h e m .  S o c . ,  68, 1302 (1936),
(13) E. L. Jackson, “Organic R eactions,” Vol. 2, John  W iley an d  Sons, 

Inc., New York, N. Y., 1944, p. 341.
(14) N. A. M ilas, J .  A m .  C h e m .  S o c . ,  69, 2342 (1937).
(15) E. H . F arm er and C. G. M oore, J .  C h e m .  S o c . ,  149 (1951),
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concentration from Vs to 1/ 3 and 1/ 2 mole caused an 
increase in yield of 2 and 3. However, additional 
increase of hydrogen peroxide failed to increase the 
yield, and not all the peroxide was consumed during 
the reaction. The results of these studies on Vs, V*» 
and V* mole of hydrogen peroxide per mole of cyclo
hexene are presented in Table I. Thus, the maxi
mum yields of the mixture of 2 and 3 may be obtained 
with the Vs mole ratio.

T a b l e  1 “

S u m m a r y  o f  C y c l o h e x e n e  O x id a t io n s  w i t h  H y d r o g e n  
P e r o x i d e

Moles of
hydrogen peroxide 

per mole
cyclohexene R atio  of peak areas R atio

o

1 /6  1 1.9
1/3 1 2.8
1/2 1 3.0

° These data are the average

OH OH 0

■Ó Ô Ô
3.2 1.7
5.0 1.8
4.1 1.3 

two analyses.

To account for formation of a borate ester Treibs,2 
et al., stated that 2-cyclohexen-l-one (3) exists in part 
as the enol 4. In our hands, pure 2-cyclohexen-l-one
(3) failed to give significant yields of borate ester since 
major portions of unchanged boric acid and 2-cyclo- 
hexen-l-one (3) were recovered (84 and 67%, respec
tively). We were, however, able to isolate a low 
yield (3.2%) of 2-cyclohexen-l-one (3) by steam distill
ing the pot residue after unchanged 3 had been distilled 
at 25-35° (0.05 mm.). To isolate 3 from the pot residue 
suggests that some 3 may have reacted with boric acid 
through the enol 4. However, under identical 
conditions, 2-cyclohexene-l-ol reacted completely with 
boric acid, and a 78% yield of borate ester was iso
lated.

The HP-YP oxidations of each of the methylcyclo- 
hexenes (7, 13, and 17) in acetone were studied to de
termine whether the methyl substituent has any steric 
effect or directive influence on the site of the oxidation 
and, hence, the isomer composition. The gas chroma

Figure 1

togram of the reaction products from 1-methyl-l- 
cyclohexene (7) showed seven major components of 
which five have been identified by successive enrichment 
with authentic products. The identified products from 
the oxidation of 1-methyl-l-cyclohexene (7) are 8-12 
(see Table II).

7 8 9

10 11 12

Reduction of the reaction mixture containing 8, 9, 
10, 11, and 12 with lithium aluminum hydride caused

Table II
G a s  C h r o m a t o g r a p h ic  A n a l y s e s  o f  H P - V P - M e t h y l c y c l o h e x e n e  O x i d a t io n  P r o d u c t s

M oles of
hydrogen peroxide 

per mole
Starting of m ethyl- Oxidation p:ro ducts
m aterial cyclohexene

7 1/6 Carbowax® Unknown U nknow n ketone 8 9 10 11 12
ale. (2 .8 ; 1 .6) (5.9; 1) (8 ; 3.2) (8.8 ; shoulder) (12 ; 1 .6) (22.2 ; 6.6)

7 1/6 PD E A S6 Unknown 10 9 8 11 12
(2 .1 ; 1 .2) (3.2; 1) (4.5; 3.3) (5.4; 1.2) (12.2; 1.4) (24.8; 10.7)

13 1/6 P D E A S ' Unknown 14 20 15 10 21 16
ale.

(1.0; 1.3) (2.1; 3.3) (3.2; 5.7) (5.0; S.2) (6.2; 6.3) (6.5; Bhoulder) (8.0 ; 1 .0)
17 1/6 P D E A S“* Unknown 20 Unknown 18 10 and 21 ' 19

(5.5; 1.4) (6.1; 5.3) (6.7; shoulder) (7.0; 2.9) (8.5; 1) (10.0 ; 2.8)
17 1/3 P D E A S“* Unknown 20 Unknown 18 10 and 21c 19

(6.5; 0.7) (6. 1 ; 2.8) (6.7; shoulder) (7.0; 1.2) (8.5; 1) (10.0; 4.0)
17 1/2 P D E A S“* Unknown 20 Unknown 18 10 and 21e 19

(5.5; 0.5) (6.1; 3.6) (6.7; shoulder) (7.0; 1.5) (8.5; 1) (10.0; 4.2)

0 10% Carbowax20M on alkaline firebrick; V4in. X 5ft.; temperature programmed from 130-200°; helium flow, 80 ml./min. ” 15% 
PDEAS on acid-washed firebrick; '/ , in. X 5 ft.; 140°; c Same as b, except 135°. a 15% PDEAS on acid-washed firebrick; '/„ in. X 4 
m . 160°; helium flow, 65 ml./min. e From PDEAS the alcohol 10 emerges with the ketone 21; these can, however, be separated 
on Carbowax at 115°. A quantitative estimation is, however, difficult because 21 polymerizes on the alkaline support.
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disappearance of 8 and 11, and an increase of 9 and 10; 
this latter compound is present as a minor component 
in the crude oxidation product. Oxidation of the 
mixture containing 8, 9, 10, and 11 with Jones’ reagent 
in acetone solution4 caused disappearance of 9 and 10 
with simultaneous increase of 8 and 11.

1-Methyl-l-cyclohexene (7) was oxidized with chro
mium trioxide in acetic acid, according to the method 
of Whitmore and Pedlow,6 to determine whether this 
closely related reaction gives the reported mixture of 
2-methyl-2-cyclohexen-l-one (8) and 3-methyl-2-cyclo- 
hexen-l-one (11) in the ratio of 1:9.6. We obtained a 
ratio of 1:7.8. Gas chromatographic analyses also 
showed the presence of five additional, minor products.

3-Methyl-l-cyclohexene (13) was oxidized with the 
HP-VP oxidant, and the crude product steam distilled 
to minimize high boiling products (presumed to be 
diols). These were observed as six minor peaks ap
pearing late in the gas chromatogram. The gas chro
matogram of the steam-distilled mixture showed eight 
peaks, of which seven have been identified (see Table
II). The presence of the expected oxidation products 
14, 15, and 16 from 13 was established by gas chro
matographic studies of samples successively enriched 
with authentic materials.

+

The identities of the remaining peaks were established 
in a circuitous manner. The total mixture was oxi
dized with Jones’ reagent to a mixture of three ketones 
with gas chromatography peaks in the ratio 1.0:1.7:3.0. 
These peaks were shown to be due to ketones 21, 16, and 
11 in this order, by collecting the ketones in a 2,4- 
dinitrophenylhydrazine solution as they emerged from 
the column. The 2,4-dinitrophenylhydrazones were 
recrystallized and melted at 147-151°, 164-165°, and 
176-178°, respectively. An admixture with authentic
2,4-dinitrophenylhydrazones showed no depression in 
melting point. The presence of the alcohols 10 and 20 
was then shown in the HP-VP oxidation mixture by 
enrichment with authentic materials.

The presence of the abnormal oxidation products 10, 
11, 20, and 21 among the expected allylic oxidation 
products suggested that allylic rearrangement takes

place during the HP-VP oxidation of 3-methyl-l- 
cyclohexene (13). The products 10, 11, 20, and 21 
are presumed to form as shown (bottom, col. 1).

4-Methyl-l-cyclohexene (17) was oxidized similarly 
and five of the seven major steam-volatile products 
were identified by enrichment of the product mixture 
with authentic materials (see Table II). The presence 
of the unexpected alcohol 10 was confirmed by 
oxidizing the mixture with Jones’ reagent, and 
showing the presence of 11 in the product by enrich
ment with authentic 11 in gas chromatographic studies, 
and by isolating the 2,4-dinitrophenylhydrazone of 11 
as it emerged from the column.

While 13 yields both the normal oxidation products, 15 
and 16, and the products of the allylic shift, 20 and 21, 
we were unable to detect 15 and 16, the corresponding 
products produced by allylic shift accompanying 18 and 
19 in the oxidation of 17.

Experimental
Starting Materials.—The cyclohexene (1) used for the HP-VP 

oxidation was homogenous by gas chromatography (Ucon Polar 
column at 40°). 1-Methyl-l-cyclohexene (7), b.p. 110.3°, 
showed a single gas chromatographic peak (Ucon Polar column 
at 50°). 3-Methyl-l-cyclohexene (13), b.p. 102.5°, was ob
tained by fractional distillation from a mixture of 1-methyl-l- 
cyclohexene (7) and 3-methyl-l-cyclohexene (13). The gas 
chromatographic curve (200-ft. squalane capillary column at 
26°, hydrogen flame detector) of the fractionated 3-methyl-l- 
cyclohexene showed 3-methyl-l-cyclohexene (13) to be 99% 
pure. Under these conditions 3-methyl-l-cyclohexene (13) 
and 4-methyl-l-cyclohexene (17) showed separation. 4-Methyl- 
l-cyclohexene (17), b.p. 102.7°, was shown to be 99% pure 
through the same gas chromatographic procedure as described 
for 3-methyl-l-cyclohexene.

Oxidations with HP-VP.2 (a) Cyclohexene, ' / 6 Mole Hy
drogen Peroxide.—To an 8-1. vessel equipped with stirrer, con
denser, and dropping funnel were added 500 g. (6.1 moles) of 
cyclohexene (1) and 5.01. of acetone. To the well stirred mixture 
was added the catalyst prepared by mixing 20 ml. of 30% hy
drogen peroxide and 2.0 g. of vanadium pentoxide at 5-10° and 
diluting with 200 ml. of precooled ( —10°) acetone. The catalyst 
mixture was filtered as rapidly as possible so that the tempera
ture did not rise above —2° during preparation. The flask was 
cooled in a water bath and 100 ml. (ca. 1 mole total) of 30% 
hydrogen peroxide was added to the agitated mixture over about 
30 min. The reaction was maintained at 30°. After about 10 
ml. of hydrogen peroxide was added, the color changed from 
orange to green. If the color change did not take place, an 
additional 5.0 ml. of hydrogen peroxide was added. The mixture 
was stirred an additional hour and then allowed to stand over
night. The reaction mixture was then held at reflux for 1 hr. 
with stirring and checked for hydrogen peroxide with titanium 
sulfate solution (if hydrogen peroxide was present, more cyclo
hexene was added and the reaction held at reflux for an additional 
hour). If peroxide was absent, acetone and excess cyclohexene 
were distilled (4 to 4.5 1.), the distillate diluted with water, and 
about 100 g. of cyclohexene was recovered from the water- 
insoluble layer. The residue was dried over anhydrous sodium 
sulfate, filtered, and distilled at 61-63° (14 mm.) to give 42-45 g. 
of a mixture of 2-cyclohexen-ol (2) and 2-cyclohexen-l-one (3). 
Gas chromatographic studies on 15% phenyldiethanolamine suc
cinate (PDEAS) substrate supported on a column of 60-80-mesh 
acid-washed firebrick (’A in. X 5 ft.) showed the presence of two 
sharply defined, completely separated peaks (2 min. at 140°; 
80 ml. helium/min.; Wilkens Model A-90P, thermal conductivity 
detector). A cleaner product containing less impurities in the 
gas chromatogram was obtained if the crude product was steam
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distilled before final distillation. The distilled product gave 
C ° H 225 mM (e 3905)16; X ^ 3.0 and 5.95

(b) Cyclohexene, ‘ / a  Mole Hydrogen Peroxide and (c) 
Cyclohexene, %2 Mole Hydrogen Peroxide.—These oxidations 
were carried out essentially as described for part a. The yield 
of product boiling at 61-64° (14 mm.) was 63-65 g. for ' / 3 mole 
and 78-80.g. for J/ 2 mole. Gas chromatographic data on parts 
a, b, and c are summarized in Table I and described as part of 
the Jones’ oxidation procedure.

(d) 1-Methyl-l-cyclohexene (7).—The oxidation of 7 was 
similar to part a and was carried out in a 2-1., three-necked flask 
containing 1 1. of acetone and 96 g. (1 mole) of 7. The catalyst 
was prepared from 0.4 g . of vanadium pentoxide and 2 ml. of 
cold 30% hydrogen peroxide and diluted with 30 ml. of acetone 
after 2-3 min.; see Table II for gas chromatographic data of the 
steam-distilled product mixture. l-Methyl-irans-l,2-cyclohex- 
anediol (12) crystallized directly from the reaction mixture and 
was also isolated as a high boiling fraction, b.p. 100° (12 mm.), 
m.p. 84-86°.

Anal. Calcd. for C,H140 2: C, 64.53; H, 10.83. Found: C, 
64.51; H, 10.59.

(e) 3-Methyl-l-cyclohexene (13) and (f) 4-Methyl-1 -cyclo- 
hexene (17).—These olefins were oxidized in the same manner as 
described in part d, and the results are tabulated in Table II.

Oxidation of 1-Methyl-l-cyclohexene (7) with Chromic Acid.—
1-Methyl-l-cyclohexene (7) (96 g. 1.0 mole), was oxidized ac
cording to the precedure of Whitmore and Pedlow6 except that 
the reaction mixture was steam distilled rather than extracted. 
The steam distillate was saturated with salt, extracted with 
ether, the ether dried over anhydrous magnesium sulfate, filtered, 
and distilled. The distillation residue was directly injected onto 
a ‘A in. X 5 ft. gas chromatographic column containing 15% 
PDEAS on 60-80-mesh acid-washed firebrick. Flow rate was 
80 ml. helium/min. and column temperature was 140°. Two 
major peaks in the ratio of 1:7.8 were observed. These were 
established as 2-methyl-2-cyclohexen-l-one (8) and 3-methyl-2- 
cyclohexene-l-one (11) by successively enriching the reaction 
product with authentic ketones 8 and 11 and analyzing by gas 
chromatography.

Jones’ Oxidations4 of the Reaction Products from HP-VP 
Oxidations, (a) Crude Mixture of 2-Cyclohexen-l-ol (2) and 
3-Cyclohexen-l-one (3).—The crude reaction product from the 
oxidation of cyclohexene with HP-VP2 was steam distilled, the 
steam distillate saturated with salt, extracted with ether, the 
ether layer dried over anhydrous magnesium sulfate, filtered, 
and the ether distilled slowly under water aspirator vacuum. 
The concentrate (424 g.) was dissolved in 5 1. of redistilled ace
tone and oxidized by dropwise addition of Jones’ reagent4 to the 
well stirred solution. The reagent is a mixture of 267 g. of chro
mium trioxide and 230 ml. of sulfuric acid (Spectro Grade 1.84) 
made up to 1.0 1. with distilled water.4 The temperature of the 
reaction was maintained at 20-30° by cooling in a water bath. 
Progress of the oxidation (2 hr.) was followed by occasionally 
withdrawing a 1-ml. sample to which was added about 25 mg. of 
sodium bicarbonate and the pH checked to ensure neutrality. 
The sample was shaken; the solution decanted and dried over 
anhydrous magnesium sulfate. The supernatent liquid was 
directly injected onto the PDEAS column at 140°. Two peaks 
were observed before oxidation was begun. As the oxidation 
proceeded, the second peak grew at the expense of the first peak 
until at termination only the second peak remained. The orange- 
yellow end point was maintained for about 10 min. This end 
point is demonstrated easily with a drop of Jones’ reagent in 
a few mililiters of acetone. A few drops of isopropyl alcohol 
will consume the excess reagent. The reaction product was de
canted and the suspension of green salts rinsed with a few mil
iliters of acetone. Sodium bicarbonate (50 g.) was added to 
reaction mixture, suspension filtered, anhydrous magnesium 
sulfate (500 g.) added, the suspension filtered once more, and 
the acetone distilled through a Vigreux column. On occasion it 
was necessary once more to dry the product with anhydrous 
magnesium sulfate before final distillation. Distillation at 61° 
(14 mm.) gave 371 g. of 2-eyclohexen-l-one (3); X®‘°H 224 m/x (« 
11,716) and x“ 2 5.95 m-16 The red 2,4-dinitrophenylhydrazone 
was recrystallized from isopropyl alcohol and melts at 166-
167°.3,6

(b) Products from 1-Methyl-l-cyclohexene (7).—The crude

(16) D. D usterhoft of Lakeside Laboratories kindly carried ou t these 
determ inations.

reaction product obtained from the HP-VP oxidation of 1- 
methyl-l-cyelohexene (7) was steam distilled, the steam distillate 
saturated with salt, extracted with ether, the ether separated and 
concentrated by distillation. The concentrate was oxidized with 
Jones’ reagent in a manner similar to part a but on a smaller 
scale. The oxidation product was isolated by steam distillation, 
extracted with ether, and the dried ether concentrate injected 
onto an alkaline Carbowax 20M gas chromatographic column, 
temperature programmed from 30-200°.

The peaks represented by 2-methyl-2-eyclohexen-l-cne (8) 
and 3-methyl-2-cyclohexen-l-one (11) were identified by enrich
ing the reaction product sample with authentic materials. The 
peaks due to the alcohols 9 and 10 were not present in -he gas 
chromatogram.

(c) Products from 3-Methyl-l-cyclohexene (13).—The Jones’ 
oxidation of the products from HP-VP oxidation of 13 was con
ducted in the same manner as for part b . The gas chromatogram 
(PDEAS column at 135°) showed three peaks in the ratio of 1.0: 
1.7:3.0. The ketones were collected from the PDEAS column 
in a 2,4-dmitrophenylhydrazine solution. The resulting red
2.4- dinitrophenylhydrazone derivatives were collected, recrystal
lized, and found to melt at 147-151°, 164-165°, and 176-178°. 
Admixtures of these red 2,4-dinitrophenylhydrazones with
2.4- dinitrophenylhydrazones derivatives of authentic 6-methyl-
2- cyclohexen-l-one (21), 4-methyl-2-cyclohexen-l-one (16), and
3- methyl-2-cyclohexene-l-one (11), respectively, show no depres
sion in melting point. The ketones from the individual peaks 
were collected in ether as they emerged from the column and used 
to identify peaks in the chromatogram of the crude reaction prod
uct and as a source for lithium aluminum hydride reduction to 
obtain the respective alcohols.

(d) Products from 4-M ethyl-1-cyclohexene (17).—The Jones’ 
oxidation of 17 was carried out as in part b. The presence of 11, 
which emerged last on the PDEAS column, was shown by enrich
ment with authentic 11 and by the isolation of its red 2,4- 
dinitrophenylhydrazone derivative, m.p. 176-178°, which does 
not depress the melting point of the 2,4-dinitrophenylhydrazone 
of authentic 3-methyl-2-cvclohexen-l-one (11).

Lithium Aluminum Hydride Reductions, (a) Mixture of 2- 
Cyclohexen-l-ol (2) and 2-Cyclohexen-l-one (3).—To a 5-1., 
three-necked flask equipped with a mechanical stirrer, reflux 
condenser, and dropping funnel with pressure equalizing side 
arm, containing 42 g. lithium aluminum hydride dissolved in 3 1. 
of anhydrous ether, was added a 300-g. sample of a mixture com
prised of 37% 2-cyclohexen-l-one (3) and 63% 2-cyclohexen-l-ol
(2) at a rate to maintain gentle reflux. Two hours were required 
for addition. The reaction mixture was stirred an additional 4 
hr. at reflux temperature and water was added dropwise until 
evolution of gases ceased. The suspension was allowed to settle; 
the ether solution was decanted and tested with water to ensure 
complete destruction of lithium aluminum hydride. The sus
pended salts were rinsed twice with 200-ml. portions of ether and 
the combined ether solution dried over anhydrous magnesium sul
fate, filtered, and ether distilled. The concentrate was distilled 
at 64-65° (10.5 mm.) to give 240 g. of 2-cyclohexen-l-ol (21 
whose infrared spectrum showed x“ “ 3.0 and 6.08 ju. The gas 
chromatogram (PDEAS at 115°) showed a single major peak 
and no peak corresponding to 2-cyclohexen-l-one (3). The 
phenyl urethane melts at 107-109°.6

(b) Crude Products from 1-Methyl-l-cyclohexene (7).—The 
crude HP-VP products of l-methybl-cyclohexene (7) were re
duced with lithium aluminum hydride as described unde- part a. 
The products were isolated by steam distillation. The steam dis
tillate was saturated with salt and extracted with ether; the ether 
layer was separated and washed with small portions of water, 
dried over anhydrous magnesium sulfate, filtered, and distilled. 
The concentrate was analyzed with gas chromatography (PDEAS 
column at 130°). The peaks corresponding to the ketones 8 and 
11 were completely absent. The peaks corresponding to the 
alcohols 9 and 10 were found to have increased.

Borate Ester Preparation, (a) From 2-Cyclohexen-l-ol (2). 
—A mixture of 49.0 g. (0.5 mole) of 2-cvclohexene-l-ol (2), 8.4 
g. (0.136 mole) boric acid, and 100 ml. of dry benzene was heated 
at reflux temperature for approximately 2 hr. until water-benzene 
azeotrope (7.0 ml. total) no longer collected in the Dean-Stark 
separator. The boric acid completely dissolved withrn a few 
minutes after reflux was attained. Most of the benzene (75 ml.) 
was distilled at atmospheric pressure and the product distilled 
through a short-path Vigreux column at 30-115° (0.04 mm.). 
The benzene forerun was discarded and the product fractionated
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through a spiral column to give 15.8 g. recovered 2 and 32.0 g. 
(0.133 mole, 78% yield based on boric acid) of colorless boric acid 
ester, b.p. 133-145° (0.2 mm.). A center cut, b.p. 142-145° (0.2 
mm.), was used for analyses and infrared spectrum; X”“* 2.95,
6.08, 7.05, 7.24, 7.60, 8.00, 9.60, 9.40, 9.56, 10.42, 10.76, 11.11, 
and 13.80 m-

Anal. Calcd. for C!8H27B03: B, 3.57. Found: B, 3.73.
A 14.9-g. (0.049 mole) sample of the borate ester of 2 was steam 

distilled, the distillate extracted with ether, the ether extract 
dried over anhydrous magnesium sulfate, filtered, and the ether 
distilled to give 12.3 g. (85% recovery) of regenerated 2-cvclo- 
hexen-l-ol (2). The infrared spectrum and gas chromatogram 
(PDEAS at 140°) were identical with those of original 2 . Thie 
contents of the steam distillation reaction flask were colorless.

(b) From 2-Cyclohexen-l-one (3).—Under conditions similar 
to part a, 2-cyelohexen-l-one (3) (0.5 mole) and boric acid (0.136 
mole) in 100 ml. of benzene gave 2 ml. of water-benzene azeo
trope. The dark-colored reaction product was filtered to yield
7.1 g. (84% recovery) of unchanged boric acid. The filtrate was 
distilled at 25-35° (0.05 mm.) to give 32.1 g. (66% recovery) of 2- 
cyclohexene-l-one whose gas chromatogram (PDEAS at 125°) 
and infrared spectrum were identical with those of original 
ketone 3.

The dark-colored, viscous pot residue was steam distilled to 
give 1.6 g. (0.016 mole, 3.2%) of regenerated 2-cyclohexen-l-one
(3) whose infrared spectrum, gas chromatogram (PDEAS at 
125°) and gas chromatogram of an admixture with 3 were 
identical with 2-cyclohexene-l-one (3). A dark-colored tar re
mained in the steam distillation flask.

Preparation of Comparison Compounds, (a) m-l,2-Cyclo- 
hexanediol (5).—A sample of a mixture of a's-l,2-cyelohexanediol
(5) and fraws-l,2-cyclohexanediol (6) was separated by gas chro
matography on PDEAS at 162° and collected in ethyl acetate. 
The retention times were 11.5 and 12.4 min., respectively.

(b) 2-Methyl-2-cyclohexen-l-one (8).—2-Methyl-2-cyclo- 
hexen-l-one (8) was obtained by dehydrohalogenation17 of 2- 
chloro-2-methylcyclohexanone18 with lithium bromide and 
lithium carbonate in dimethylformamide. The ketone 8, re23n 
1.4852, X"“‘ 6.05 ¡x, gives a single peak on the PDEAS gas 
chromatographic column at 145°. Its red 2,4-dinitrophenyl- 
hydrazone crystallized from isopropyl alcohol melts at 207- 
209°.19 20

(c) 2-Methyl-2-cyclohexen-l-ol (9).—The alcohol 9 was ob
tained from the ketone 8 via lithium aluminum hydride reduction 
in ether solution followed by steam distillation. The product 
shows a single gas chromatographic peak on the PDEAS column 
at 145°.

(d) 3-Methyl-2-cyclohexen-l-ol (10).—A sample of 3-methyl-
2-cyclohexen-l-pne (11) was reduced with lithium aluminum 
hydride in ether to give 3-methyl-2-cyclohexen-l-ol (10), re23d 
1.4835, b.p. 82-84° (15 mm.,) and X”" 1 3.07 and 6.08 M. Gas 
chromatographic analysis on PDEAS at 140° shows a single peak.

(e) 3-Methyl-2-cyclohexen-l-one ( 11).—A 182-g. (1.0 mole) 
sample of 4-carbethoxy-3-methyl-2-cyelohexen-l-one,ffl ti23d 
1.4842, was hydrolyzed by steam distilling from 1 1. of 15% sul
furic acid. The steam distillate was saturated with salt and ex
tracted with ether; the ether layer was washed with water, dried 
over anhydrous magnesium sulfate, filtered, and distilled to give 
87 g. (0.79 mole, 79% yield) of 3-methyl-2-cyclohexene-l-one 
(11), b.p. 80-95° (9 mm.,) d 1.4910, and X”*i 6.05 and 6.2 M. 
The 2,4-dinitrophenylhydrazone crystallized from ethyl acetate 
melts at 176-178°.

(f) l-Methyl-2-cyclohexen-l-ol (14).—A 24-g. sample (0.25 
mole) of 2-cyclohexen-l-one was added to 2 equivalents of 
methylmagnesium iodide contained in a 1-1., three-necked flask 
equipped with stirrer, condenser protected with a calcium chloride 
tube, and dropping funnel. The 2-cyclohexene-l-one was added 
to the chilled ( — 5°) reaction flask over a 2-hr. period. The reac
tion mixture was allowed to come to room temperature and then 
heated at reflux temperature for 0.5 hr. The reaction mixture 
was then poured onto 500 g. of ice, and the product was directly 
steam distilled without addition of ammonium chloride or acid. 
[It was intentional that acid was avoided to minimize isomeriza

(17) R. Joly, J. W arnaut, G. Nomine, and D. Bertin, B u l l .  s o c .  c h i m .  

F r a n c e .  360 (1958).
(18) Generously donated by  J. Levy and H. L. Goering of the U niversity 

of Wisconsin.
(19) E. W. W arnhoff and W. S. Johnson, J .  A m .  C h e m .  S o c . .  7B, 494 

(1953),
(20) C. Th. I.. H agem ann, B e r . ,  26, 876 (1893).

tion of l-methyl-2-cyclohexen-l-ol (14) to 3-methyl-2-cyelo- 
hexen-l-ol (10).] The steam distillate (1 1.) was saturated with 
salt, extracted with 200 cc. of ether, and washed with two small 
portions of water; the ether layer separated, dried over anhy
drous magnesium sulfate, filtered, and the ether distilled. The 
concentrate was analyzed with gas chromatography (PDEAS 
column at 100°) and found to be a mixture of 36% l-methyl-2- 
cyclohexen-l-ol (14),6 58% 3-methyleyelohexanone,6 and 6% 3- 
methyl-2-cyclohexen-l-ol (10).5 The 3-methylcyclohexanone 
and the alcohol 10 were identified by enriching the total reaction 
product with authentic materials and analyzing by gas chro
matography. A pure sample of the alcohol 14 was obtained by 
collection from the PDEAS column at 125°.

(g) 4-Methyl-2-cyclohexen-l-ol (15).—The ketone 16 was 
reduced with lithium aluminum hydride in ether to give 4-methyl- 
2-cyclohexen-l-ol (15) which shows essentially a single gas chro
matographic peak; the yield of 15 was 71%.

(h) 4-Methyl-2-cyclohexen-l-one (16).—A procedure similar 
to j was employed in the preparation of 4-methyl-2-cyclohexen-
1- one (16) from 4-methylcyclohexanone. The ketone 16 gave a 
red 2,4-dinitrophenylhydrazone which melts at 168-169° on re
crystallization from isopropyl alcohol.

(i) 5-Methyl-2-cyclohexen-l-ol (18).—A sample of 5-methyl-
2- cyclohexen-l-one (19) was purified by gas chromatography on 
PDEAS, reduced by lithium aluminum hydride, and the product 
isolated by steam distillation. The product, 5-methyl-2-cyclo- 
hexen-l-ol (18), shows a single peak on the PDEAS gas chro
matographic column.

(j) 5-Methyl-2-cyclohexen-l-one (19).—A 112-g. sample of 
dl-3-methylcyclohexanone was chlorinated with sulfuryl chloride 
in carbon tetrachloride solution.19 The chlorocyclohexanone was 
distilled at 35-87° (0.1 mm.) and shown by gas chromatography 
on PDEAS at 170° to contain 3-methylcyclohexanone in the 
initial cut. Center cuts, b.p. 50-80° (0.1 mm.), were free of 3- 
methylcyclohexanone but appeared to be a mixture of 2-chloro-3- 
methylcyclohexanone and 2-chloro-5-methylcyclohexanone since 
double peaks were observed in the gas chromatogram on PDEAS 
at 170° column temperature.

Dehydrohalogenation17 in the presence of lithium bromide 
and lithium carbonate in dimethylformamide solvent was carried 
out on a 50-g. sample of the mixture of chloro ketones. The 
product was isolated by steam distillation and extraction of the 
steam distillate with ether. Dimethylformamide was removed 
from the ether extract by washing with water. The product, 
b.p. 34-54° (0.1 mm.), was shown by gas chromatography on 
PDEAS at 170° to be a mixture containing the desired product, 5- 
methyl-2-cyclohexen-l-one (19) (3.5 min. retention time), as well 
as 3-methyl-2-cyclohexen-l-one (11) and 3-methylphenol (6.2 
and 14 min., respectively). The latter compounds were identi
fied by enriching the mixture with authentic materials. A pure 
sample of 5-methyl-2-cyclohexen-l-one (19) was obtained by col
lecting the ketone as it emerged from the column. An orange
2,4-dinitrophenylhydrazone was prepared from the collected 
sample and found to melt at 148-149°21 after recrystallization 
from methanol.

(k) 6-Methyl-2-cyclohexen-l-ol (20).—A sample of 6-methyl-
2-cyclohexen-l-one (21) was purified through gas chromatography 
(PDEAS column at 150°) by collecting in ether solution. The 
ether solution was added dropwise to a stirred solution of lithium 
aluminum hydride in ether. The reaction was heated at reflux 
temperature for approximately 0.5 hr., cooled, and the excess 
lithium aluminum hydride cautiously destroyed by the dropwise 
addition of water. Additional water was added and the reaction 
product steam distilled. The alcohol 20 was isolated from the 
steam distillate by extraction with ether, the ether solution dried, 
concentrated, and analyzed by gas chromatography (PDEAS 
column at 120°) which showed essentially a single peak with a 
slight trailing shoulder. This shoulder was assumed to be due 
to the presence of cis isomer. The yield of 20 was 72%. The 
alcohol 20 was added to a sample of the HP-VP oxidation prod
uct of 4-methyl-l-cyclohexene (17) and this enrichment estab
lished the presence of 20 in the reaction mixture.

(l) 6-Methyl-2-cyclohexen-l-one (21) was generously do
nated by D. R. Coulson and E. J. Warawa of Columbia 
University. Reduction with lithium aluminum hydride gave
6-methyl-2-cyclohexen-l-ol (20).

(21) H. L. Goering and J. P. B lanchard, J .  A m .  C h e m .  S o c . ,  73, 5863 
(1951).
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l,l,2,2-Tetracyanospiro[2.4]heptane has been subjected to a hydrolytic sequence leading ultimately to methyl 
spiro[2.4]heptane-l,l,2,2-tetracarboxylate. Two additional2 examples of ring cleavage during the decarboxyla
tion of cyclopropanecarboxylic,acids are presented, as is another example of the reaction in which a five-mem- 
bered imide ring between cis substituents is hydrolyzed on one side of a cyclopropane ring plane and formed 
on the opposite side. N.m.r. evidence for hydrogen bonding in VTII supports a previously proposed mecha
nism for the latter reaction. The rapid alkaline hydrolysis of 3,3-dialkyltetracyanocyclopropanes to acid 
amide imides is shown to be general, with three examples in the spiro series.

Several unusual reactions (Scheme 1) were encoun
tered2 in the hydrolysis of 3,3-dimethyl-l,l,2,2-tetra- 
cyanocyclopropane (I) to the corresponding acid. 
Conversion of I to the acid amide imide (II) was com
plete after a few minutes of reflux with dilute base, 
after which further hydrolysis was extremely slow. 
Prolonged reflux of II with alkali ultimately gave the 
diacid imide, which failed to hydrolyze further. At 
its melting point, II lost carbon dioxide with cleavage of

Scheme 1

CN C02H

CN CONH2 CONH2
I II III

|ch2n2

the three-membered ring, giving III. Finally, hydrol
ysis of IV, obtained from the reaction of II with diazo
methane, proceeded smoothly to V by cleavage of the 
N-methylimide ring followed by ring closure to an 
imide by reaction of the cis amide and ester functions 
on the opposite plane of the cyclopropane ring.

Cessation of the initial hydrolysis at II (and after 
lengthy reflux, at the diacid imide) can be rationalized 
in terms of the sluggishness with which hydroxide ion 
would attack the dianion of II (or the trianion of the 
diacid imide).3 Compelling arguments were presented2 
to show that decarboxylation of II to III involves the 
cis amide carbonyl (and not the imide carbonyl) assist
ing in the proton removal. Finally, hydrogen bonding 
in IV between the amide nitrogen and the imide car
bonyl oxygen closest to it was postulated as the principal 
reason why attack by base at that imide carbonyl was 
favored; the product V follows logically from attack 
by base at that point.

To determine whether these unusual reactions were 
general, the tetracyanocyclopropane VI, from cyclo- 
pentanone,4 has been subjected in detail to a similar

1
(1) W e are indeb ted  to  the  Petro leum  R esearch Fund, Am erican Chem iea 

Society (g ran t 488-C), and  to the  N ational Science Foundation  (G 14289) 
for financial support.

(2) H. H a rt and F. Freem an, J .  A m .  C h e m .  S o c . ,  85, 1161 (1963).
(3) This is, in fact, an  oversim plification, b u t in the absence of m echanistic 

studies, fu r th er discussion seems a t  present unw arranted .

sequence of conversions, and the present paper de
scribes the results. Limited hydrolytic experiments on 
tetracyanoeyclopropanes from cyclohexanone and cy- 
clobutanone are also described.

Results
The tetracyanocyclopropane VI6 was prepared from 

cyclopentanone, bromomalononitrile, and iodide ion.4 
Its ultimate hydrolysis to the corresponding tetra- 
carboxylic acid (methyl ester XI) and various inter
mediate reactions are shown in Scheme 2.

Scheme 2

Reflux with potassium hydroxide in aqueous meth
anol converted VI to the acid amide imide VII. The 
structure of VII follows from its elemental analysis, 
neutralization equivalent (dibasic), and from its n.m.r. 
spectrum, which in dimethyl sulfoxide showed singlets 
at —1.12 t (imide2) and 2.44 r (amide) with relative 
areas 1:2. The same product was obtained by alkaline

(4) H. H a rt and  F. Freem an, J .  O r g .  C h e m . ,  28, 1220 (1963).
(5) Because the  system atic nam es of all com pounds described in th is  paper 

are cum bersom e, they  will be given only in the experim ental p a rt:  otherw ise 
they  shall be referred to by  num ber or a  triv ial name.
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hydrolysis of the known6 dinitrile XVII. Prolonged 
hydrolysis of VII proceeded only as far as the diacid 
imide, which was converted by diazomethane to its 
trimethyl derivative XII, whose n.m.r. spectrum showed 
sharp singlets at 6.37 r (0-CH3) and 7.25 r (N-CH3), 
and a complex multiplet from 8.0-8.5 r (CH2), relative 
areas 6:3:8.

When heated at its melting point for a few minutes, 
VII lost carbon dioxide and gave XIII. Its n.m.r. 
spectrum (in dimethyl sulfoxide) showed imide N-H 
(—1.07 to —0.73 r), amide N-H (2.43 to 3.53 r), 
and a sharp singlet at 4.43 t (C-H) with relative areas 
1:2:1. XIII gave a positive Baeyer test for unsatura
tion, and with diazomethane gave an N-methyl deriva
tive (XIV).

Reaction of VII with diazomethane afforded a di
methyl derivative VIII, whose n.m.r. spectrum in 
deuteriochloroform showed sharp singlets at 6.22 r 
(0-CH3) and 7.08 r (N-CH3) as well as a broad band in 
the 8.3-r region, with relative areas 3:3:8. The n.m.r. 
also showed broad equal singlets at 2.48 and 3.35 r, 
each corresponding to a single proton of the amide 
group. This supports the postulated2 hydrogen bond
ing of one amide hydrogen to the imide carbonyl in 
such compounds, which should make that carbonyl the 
most vulnerable position for attack by hydroxide 
ion.

Hydrolysis of VIII by brief reflux with dilute 
aqueous methanolic alkali gave IX. Its structure 
follows from its analysis, neutralization equivalent, and 
additional conversions; its n.m.r. spectrum in dimethyl- 
sulfoxide showed one imide (singlet, —0.85 r) and one 
amide (poorly resolved symmetrical multiplet, 2.32 r) 
proton. Alkaline hydrolysis of XVIII (synthesized 
from known XVII and diazomethane) also gave IX.

IX was dibasic, and reacted with two moles of diazo
methane to give the dimethyl derivative X, which still 
showed the N-H stretch at 2.95 fj, in the infrared, due 
to the secondary amide group; its n.m.r. spectrum in 
carbon tetrachloride clearly established its structure as 
formulated. It showed a single amide proton (complex 
symmetrical multiplet centered at 2.78 r), 0-C H 3 
(singlet, 6.40 r), imide-N-CH3 (singlet, 7.23 r), 
amide-N-CH3 (unequal doublet at 7.30 and 7.58 r; 
J  = 17 c.p.s.), and CH2 (broad band, 8.13-8.58 t )  with 
the calculated relative areas. Hydrolysis of X gave 
the tetracarboxylic acid, which was converted to its 
tetramethyl ester XI. In contrast to previous inter
mediates in its synthesis, XI showed a single sharp 
carbonyl band, at 5.75 n- Its n.m.r. spectrum in carbon 
tetrachloride had a single sharp peak at 6.45 r (OCH3), 
and a complex multiplet, 8.12-8.42 r (CH2), relative 
areas 3:2, as expected.

As with VII, IX lost one mole of carbon dioxide when 
heated just above its melting point and gave the cyclo-

(6) S. S. G. Sircar, J .  C h e m .  S o c . ,  1257 (1927).

pentylidene derivative XV; the latter was monobasic 
and, with diazomethane, gave an N-methyl derivative 
XVI.

Reactions of tetracyanocyclopropanes from cyclohex
anone and cyclobutanone are summarized in Scheme 3.

Scheme 3

CN

O CCl
C N

XIX

XXII XXIII

XIX7 was hydrolyzed rapidly in excellent yield to the 
acid amide imide XX, which also was obtained from the 
previously known8 dinitrile XXI. The imide and 
amide hydrogens of XX appeared at —1.14 and 2.47 t , 

respectively, relative areas 1:2, in dimethyl sulfoxide. 
This compound previously had been assigned8 the 
incorrect structure XXIV.

C N

cx:- c o 2h

co2h

CN
XXIV

The structure XXIII is assigned to the hydrolysis 
product of X XII4 on the basis of elemental analysis, 
infrared spectrum, analogy with the hydrolysis of I, 
VI, and XIX, and an n.m.r. spectrum in dimethyl sulf
oxide which showed imide ( — 0.78 r) and amide (2.72 
r) nitrogen, relative areas 1:2.

In summary, the rapid alkaline hydrolysis of tetra
cyanocyclopropanes derived from ketones leads to 
acid amide imides (I -> II, VI -> VII, XIX -> XX, 
and XXII —> XXIII).9 The cyclopropane ring cleav
age in the decarboxylation of a cyclopropanecarboxylic 
acid with a fused five-membered ring and a carbonyl 
group situated favorably for proton removal is also 
general (three examples previously given,2 to which 
VII —> XIII and IX —> XV may be added). Finally 
another example (VIII —> IX) is presented of the pre
viously observed (IV -> V2) ring opening and closing 
reactions on opposite sides of the cyclopropane plane. 
Studies of the mechanisms of these reactions are in 
progress.

Experimental10
2-Carboxamido-l. 2-dicarboximidospiro [2.4 (heptane-1-car

boxylic Acid (VII). From l,I,2,2-Tetracyanospiro[2.4]heptane
(VI).—A solution of 3.14 g. (0.016 mole) of VI1 in 30 ml. of 
methanol and 30 ml. of 25% aqueous potassium hydroxide was

(7) S. W ideqviat, A r k i v  K e m i ,  M i n e r a l .  G e o L ,  20B, 4, 8 (1945).
(8) S. F. Birch, W. H. Gough, and G. A. R. Kon, J .  C h e m .  S o c . ,  119, 1315 

(1921).
(9) Prelim inary experim ents on the alkaline hydrolysis of te tracyano

cyclopropanes from aldehydes shows th a t the reaction takes a different 
course and, w ith arom atic aldehydes, leads to d ihydroxypyridine deriva
tives.
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refluxed for 3 hr. The alcohol was removed on a rotary evapo
rator and the remaining liquid extracted continuously with ether 
for 4 hr. to remove nonacidic products. The aqueous solution 
was acidified (congo red) with dilute hydrochloric acid and once 
again extracted with ether for 24 hr. Filtration of the extract 
gave a solid which, on recrystallization from water, gave 3.1 g. 
(76.9%) of white crystals of VII, m.p. 187-188° dec.

Anal. Calcd. for CiiHi2N20 5: C, 52.37; H, 4.80; N, 11.10; 
neut. equiv., 126.1. Found: C, 52.17; H, 4.88; N, 11.08; 
neut. equiv., 124.6.

Its n.m.r. spectrum in dimethyl sulfoxide showed singlets at 
— 1.12 and 2.44 t , relative areas 1:2.

From 3,3-Pentamethylene-l,2-dicyanocyclopropane-l,2-dicar- 
boximide (XVII).—A solution of 1.9 g. (0.01 mole) of XVII6 in 
15 ml. of 10% aqueous sodium hydroxide was refluxed for 30 
min., made strongly acidic with dilute hydrochloric acid, and 
allowed to stand in the refrigerator for 2 days. The resulting 
crystals (1.62 g., 64%), m.p. 187-188°, were identical with those 
described previously.

VII was quantitatively converted to methyl 2-carboxamido-
1,2 - (N - methyl)dicarboximidospiro[2.4]heptane -1 - carboxylate
(VIII) by reaction with excess diazomethane in methanol, fol
lowed by recrystallization from methanol, m.p. 133-134°.

Anal. Calcd. for Ci3Hi6N20 6: C, 55.70; H, 5.75; N, 10.00. 
Found: C, 55.61; H, 5.77; N, 10.06.

The n.m.r. spectrum of VIII had broad singlets at 2.48 and
3.35 t , sharp singlets at 6.22 and 7.08 t, and a multiplet centering 
around 8.3 r, relative areas 1:1:3:3:8, in deuteriochloroform.

l,2-Dicarboximidospiro[2.4]heptane-l,2-dicarboxylic Acid 
and Methyl l,2-(N-Methyl)dicarboximidospLro[2.4lheptane-l,2- 
dicarboxylate (XII).—A solution of 1.26 g. (5 mmoles) of VII in 30 
ml. of 10% sodium hydroxide was refluxed for 3.25 hr., acidified 
with dilute hydrochloric acid, and extracted continuously with 
ether for 36 hr. The resulting acid (0.99 g.) was recrystallized 
from ethyl acetate-pentane and had a m.p. 135-136.5° dec. 
It was not analyzed, but converted with diazomethane in 
methanol to XII, m.p. 101-102°, in 83.5% yield.

Anal. Calcd. for Ci4Hi7N 06: C, 56.94; H, 5.80; N, 4.74. 
Found: C, 56.73; H, 5.85; N, 4.78.

The n.m.r. spectrum (in carbon tetrachloride) had bands at
6.37 and 7.25 r  (sharp singlets) and 8.0-8.5 r (multiplet), with 
relative areas 6:3:8.

Decarboxylation of VII.—Heating VII (2.52 g., 0.01 mole) 
just above its melting point (188-190°) for a few minutes in a 
nitrogen atmosphere gave, upon cooling and recrystallization 
from water, 1.85 g. (89%) of 4-carboxamido-3-cyclopentylidene- 
succinimide (XIII), m.p. 137-138°.

Anal. Calcd. for CioHl2N20 3: C, 57.68; H, 5.81; N, 13.46. 
Found: C, 57.79; H, 5.68; N, 13.38.

Its n.m.r. spectrum in dimethyl sulfoxide showed an unequal 
doublet ( —0.97 and —0.80 t), two unequal doublets centered 
at 2.77 and 3.07 r  (J  = 32 c.p.s.), and a sharp singlet at 4.43 r, 
with relative areas 1:2:1. XIII gave a positive permanganate 
test for unsaturation; with an excess of diazomethane in absolute 
methanol, it was converted to 4-carboxamido-3-cyclopentylidene- 
1-methylsuccinimide (XIV), m.p. 148.5-149°, from methanol.

Anal. Calcd. for CuH14N20 3: C, 59.44; H, 6.35; N, 12.61. 
Found: C, 59.51; H, 6.26; N, 12.77.

2-( N-M ethyl )carboxamido-l ,2-dicarboximidospiro [2.4] heptane 
1-carboxylic Acid (IX). From VIII.—A solution of 2.80 g. (0.01 
mole) of VIII in 35 ml. of methanol and 25 ml. of 10% aqueous 
sodium hydroxide was refluxed for 30 min., cooled to room tem
perature, and the methanol removed on a rotary evaporator. 
The solution was made strongly acidic (hydrochloric acid) and 
refrigerated overnight. The resulting crystals, recrystallized 
from methanol, were obtained in 80.6% yield, m.p. 180-181° dec.

Anal. Calcd. for C,2H,4N205: C, 54.13; H, 5.30; N, 10.52; 
neut. equiv., 133.1. Found: C, 54.43; H, 5.10; N, 10.54; 
neut. equiv., 133.3.

The n.m.r. spectrum in dimethyl sulfoxide showed equal 
peaks at —0.85 r (singlet) and 2.32 r (multiplet).

From XVIII. 3,3-Tetramethylene-l,2-dicyanocyclopropane-
l,2-(N-methyl)carboximide (XVIII) was prepared (98%) by 
adding ethereal diazomethane to a methanolic solution of XVII.6 
Recrystallization from methanol gave white crystals, m.p.
247-248° (dec.). 10

(10) M elting points are uncorrected. Analyses are by  Spang M icro- 
analy tical Laboratories, Ann Arbor, M ich. N .m .r. spectra  were obtained 
on a V arian M odel A-60 instrum ent.

Anal. Calcd. for Ci2HnNs02: C, 62.87; H, 4.84; N, 18.33. 
Found: C, 62.81; H, 4.90; N, 18.28.

When 2.29 g. (0.01 mole) of XVIII was refluxed in 15 ml. of 
10% sodium hydroxide for 30 min., cooled, acidified with hydro
chloric acid, and refrigerated overnight, there was obtained l .65 
g. (62%) of IX, recrystallized from water. Its m.p. and m.m.p. 
with a sample prepared from VIII was 180-181 °.

Decarboxylation of IX.—When IX (2.66 g., 0.01 mo.e) was 
heated just above its melting point (185°) for a few minutes 
in a nitrogen atmosphere, there was obtained, on cooling and 
recrystallization from water, 2.05 g. (92.4%) of 4-(N-methyl)- 
carboxamido-3-cyclopentylidenesuccinimide (XV), m.p. 131— 
132°.

Anal. Calcd. for CiiH14N20 3: C, 59.44; H, 6.35; N. 12.61. 
Found: C 59.30; H, 6.28; N, 12.70.

XV gave the N-methyl derivative XVI on treatment with 
diazomethane, m.p. 93.3-94.0°, from methanol.

Anal. Calcd. for C,2H16N20 3: C, 61.08; H, 6.82; N 11.68. 
Found: C, 60.80; H, 6.80; N, 11.79.

Methyl Spiro[2.4]heptane-l,l,2,2-tetracarboxylate (XI).—A 
solution of 0.26 g. (1 mmole) of IX in 5 ml. of absolute methanol 
was treated with excess ethereal diazomethane, and the resulting 
product recrystallized from methanol, giving 0.27 g. (93 1%) of 
methyl 2-(N-methyl)carboxamido-l ,2-(N-methyl)dicarboximido- 
spiro[2.4]heptane-l-carboxylate (X), m.p. 118-119°.

Anal. Calcd. for Ci4H,„N20 6: C, 57.13; H, 6.16; N, 9.52. 
Found: C, 57.25; H, 6.02; N, 9.48.

Its n.m.r. spectrum in carbon tetrachloride showed bands at
2.78 t (multiplet), 6.40 and 7.23 r (equal singlets), 7.30 and
7.58 t (together account for three protons), and a broad band at
8.13-8.58 r, relative areas 1:3:3:3:8.

A solution of 1.47 g. (5 mmoles) of X in 13 ml. of 10% sodium 
hydroxide and 20 ml. of methanol was refluxed for 30 min., 
cooled, and the methanol removed using a rotary evaporator, 
after which the residue was extracted for 6 hr. with ether. The 
aqueous solution was acidified with hydrochloric acid and again 
continuously extracted with ether (36 hr.). Evaporation of the 
ether, Norit treatment of the residue in ethyl acetate solution, 
and reaction with diazomethane in ether, followed by recrystal
lization from methanol, gave 1.04 g. (63.1%) of XI, m.p. 103- 
104°, carbonyl absorption at 5.75 m-

Anal. Calcd. for C15H20O8: C, 54.87; H, 6.14. Found: 
C, 55.01; H, 6.23.

Its n.m.r. spectrum in carbon tetrachloride showed a sharp 
singlet at 6.45 r  and a broad multiplet, 8 .1-8.4 r, with relative 
areas 3:2.

2-Carboxamido-1,2-dicarboximidospiro [2.5 ] octane-1 -car- 
boxylic Acid (XX). From l,l,2,2-Tetracyanospiro[2.5]octane
(XIX).—A solution of 3.36 g. (0.016 mole) of XIX4 in 30 ml. of 
25% aqueous potassium hydroxide and 40 ml. of methanol was 
refluxed for 3 hr., the alcohol removed with a rotary evaporator, 
and the remaining solution extracted for 4 hr. with ether to remove 
nonacidic products. After acidification to Congo red with hy
drochloric acid, the solution was extracted continuously with 
ether for 24 hr., the solid filtered from the extract and recrystal
lized from water, giving 3.92 g. (92.4%) of white crystals, m.p.
202.5-203° dec., with n.m.r. bands (dimethyl sulfoxide solvent) 
at —1.14 and 2.47 t, relative areas 1:2.

Anal. Calcd. for C12H14N20 5: C, 54.13; H, 5.30; N, 10.52. 
Found: C, 54.24; H, 5.20; N, 10.50.

From XXI.—An identical product (XX), m.p. and m.m.p., 
was obtained in 87.2% yield by refluxing 2.29 g. (0.01 mole) 
of XXI8 in 15 ml. of 10% sodium hydroxide for 30 min., followed 
by acidification, refrigeration, and recrystallization from water. 
With diazomethane, XX was converted in 97% yield to methyl
2-carboxami do-1,2- (N-methyl) dicarboximidospiro [2.5] octane-1- 
carboxylate. m.p. 147-148°, from methanol.

Anal. Calcd. for Ci4H18N20 6: C, 57.13; H, 6.16; N, 9.52. 
Found: C, 57.21; H, 5.96; N, 9.50.

2 -Carboxamido-l,2-dicarboximidospiro [2.3]hexane-l-car- 
boxylic Acid (XXIII).—A solution of 2.82 g. (0.01 mole) of 1,1,2,2- 
tetracyanospiro[2.3]hexane (X X II)4 in 40 ml. of 2 N  aqueous 
potassium hydroxide was refluxed for 25 min., cooled, acidified to 
Congo red with 4 N  hydrochloric acid, and refrigerated for 2 
days, during which time white crystals deposited. Recrystalliza
tion from methanol gave 1.14 g. (44.9%) of XXIII, m.p. 218-
2i9°

Anal. Calcd. for C.oNmN A :  C, 50.42; H, 4.23; N, 11.76. 
Found: C, 50.55; H, 4.34; N, 11.62.
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The diastereoisomeric 2-p-toluenesulfonyl-l,2-diphenyl-l-chloroethanes have been subjected to base-promoted 
dehydrochlorination. The erythro isomer eliminates cleanly trans; the threo isomer eliminates cleanly cis; thus 
both give a-p-toluenesulfonyl-cts-stilbene. This unsaturated sulfone and the corresponding irons-stilbene deriva
tive have been prepared by straightforward syntheses; the latter rearranges to the former much more slowly than 
the former is produced in the elimination reactions. The results are consistent with a concerted elimination for 
the erythro isomer and a carbanion-intermediate process for the threo isomer.

In general it has been observed that bimolecular 
elimination from acyclic diastereoisomeric halides or 
sulfonate esters leads by trans elimination to isomeric 
olefins.2 irons-Stereospecific elimination has even been 
observed in base-promoted elimination from dl-erythro- 
and c/Z-f/ireo-3-p-toluenesulfonyl-2-butyl p-bromoben- 
zenesulfonates3 and the corresponding isomers of 3- 
benzenesulfony 1-2-butyl iodides,4 where activation of 
the proton by the sulfonyl group might have been an
ticipated to lead to nonstereoselective carbanionic 
elimination.6-8

irans-Elimination from these erythro and threo chloro- 
sulfones may be assumed to have transition states with 
conformations related to the structures I and II, respec-

I II III
(a) R = CH3 (a) R = CH8 (a) R = CHS
(b) R = Ph (b) R = Ph (b) R = Ph

tively, which would lead (with loss of H and X) to the 
sulfonyl cis olefins IV and trans olefins V, respectively.

R Rw
/  \

H S02C,H4Me
IV

(a) R = Ph
PhCH—CHClPh

I
S02C6H4Me 

VI

Of these processes, the one for the erythro isomers I has 
the advantage that presumed energy gain for the trans 
concerted process6’9 is not compensated for by the large

(1) (a) Previous paper in series, S. J . Cristol and D. I. Davies, J .  O r g .  

C h e m . ,  27, 293 (1962). This paper was presented before the Division of 
Organic C hem istry  a t  the  140th N ational M eeting of the American Chemical 
Society in Chicago, 111., Septem ber, 1961; (b) T he term  “stereoconver
g e n t '’ to describe a  reaction in which diastereoisom eric reagents lead to  a 
single stereoisom eric p roduct o r to  identical m ixture of isomers has been sug
gested by  P . L. Southwick, A. K. Colter, R. J . Owellen, and Y .-C. Lee, 
J .  A m .  C h e m .  S o c . ,  84, 4299 (1962).

(2) References to  m any such reactions have been given recently. See 
S. J . Cristol and R. S. Bly, J r., i b i d . ,  82, 142 (1960).

(3) F. G. Bordwell and P. S. Landis, i b i d . ,  79, 1593 (1957).
(4) P. S. Skell and J . H. M cN am ara, i b i d . ,  79, 85 (1957).
(5) S. J . C ristol, i b i d . ,  69, 338 (1947).
(6) F. G. Bordwell and J . Kern, i b i d . ,  77, 1141 (1955).
(7) H. L. Goering, D, I. Relyea, and K. L. Howe, i b i d . ,  79, 2502 (1957).
(8) S. J . C ristol and R. P. A rganbright, i b i d . ,  79, 3441 (1957).
(9) S. J . C ristol, N. L. Hause, and J . S. M eek, i b i d . ,  73, 674 (1951).

increase in steric strain to be anticipated by the non
bonding interaction between the large arenesulfonyl 
group and the R group. This interaction occurs in the 
corresponding trans elimination from the threo isomers 
in conformation II. For this reason it was tempting 
to predict that increasing the size of the R groups 
and/or increasing their ability to stabilize a negative 
charge might lead to a carbanionic process with the 
threo isomers. These would then presumably react via 
the more stable conformation III, and thus result in the 
formation of the more stable arenesulfonyl cis olefin IV. 
We, therefore, decided to prepare and study the diaster
eoisomeric 2-p-toluenesulfonyl-l ,2-diphenyl-l-chloro- 
ethanes (VI), anticipating that the extra delocalization 
energy in a carbanion stabilized by a phenyl group as 
compared with a methyl group as well as the extra 
steric interaction might suffice. This, in fact, resulted, 
as is discussed subsequently.

As the desired compounds were unknown, the prep
arations of the chlorosulfones and of the corresponding 
olefins were undertaken. Addition of p-toluenesul- 
fenyl chloride to trans- and to cis-stilbene led to di
astereoisomeric chlorothioethers. These are erythro- 
and ¿/weo-2-p-toluenethio-l,2-diphenyl-l-chloroethanes
(VII), respectively, assuming trans addition10 to each 
olefin. Both -chlorides solvolyzed in acetic acid and in 
ethanol, with the erythro isomer reacting more rapidly 
than the threo isomer.11 Oxidation of these thioethers 
led to the corresponding /3-chloro sulfones VI. Both 
sulfones reacted very rapidly with ethanolic sodium 
hydroxide to give, in substantially quantitative yield, 
a-p-toluenesulfonyl-as-stilbene (IVa), the product of 
trans elimination from erythro-VI, but of cis elimination 
from threo-VI. The elimination proceeded at a rate 
possible to measure using ordinary techniques with the 
threo isomer at 10°, but too fast to measure in this way 
even at 0° with the erythro isomer; the fact that the 
eliminations were base-promoted was shown by the fact 
that both isomers could be recrystallized from ethanol 
without difficulty.

Proof of structure of the resulting olefin IVa was es
sential; its preparation and that of its isomer V were, 
therefore, carried out by alternative syntheses. Treat
ment of the erythro and threo isomers of VII with potas
sium i-butoxide in dimethyl sulfoxide and ¿-butyl 
alcohol gave a-p-thiocresoxy-cfs-stilbene (VIII) and 
a-p-thiocresoxy4rans-stilbene (IX), respectively, as-

(10) (a) N . Kharasch, H. L. W ehrmeister, and H. Tigerm an, i b i d , ,  69, 
1612 (1947); (b) D. J . Cram , i b i d . ,  71, 3883 (1949); (c) N. K harasch and 
A. J. Havlik, i b i d . ,  76, 3734 (1953); (d) W. S. Orr and N. Kharasch, i b i d . ,  76, 
6030 (1953).

(11) P . G. Papathanassiou, Ph.D . thesis, U niversity  of Colorado, 1961.

H R
\  /  

c = c
/  \

R S02C5H4Me
V

(a) R = Ph 
PhCH—CHClPh

CeH4Me 
VII
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suming that both eliminations are trans. Oxidation 
of VIII and IX with hydrogen peroxide in acetic acid 
gave isomeric unsaturated sulfones. Of these, that 
from VIII was identical with the sulfone IV ob
tained by the dehydrochlorination of erythro- and 
threo-VI; the other isomer was thus the trans-stilbene
V. The structural assignments were confirmed by the 
preparation of the thioethers VIII and IX by treatment 
with ¡D-toluenesulfenyl chloride of a-lithio-cis-stilbene12 
and a-lithio-(rans-stilbene,12 respectively. These reac
tions should be expected to go with retention8'12 and, in

H PhW
/  \

Ph SCdRMe
IX

PhC—CHClPh

S02Ar
X

Before one may assume that both erythro- and 
threo-V I give IVa directly upon dehydrochlorination, it 
is, of course, necessary to show that Va is not an inter
mediate in one or both eliminations. The base-cata
lyzed rate of isomerization of Va to IVa was readily 
followed spectrophotometrically. The rate of isom
erization of Va to IVa was shown to be very slow com
pared to the dehydrochlorination reaction, being ap
proximately one-thirtieth that of elimination of the threo 
isomer at a temperature about 60° higher. Thus, IVa 
is the direct product from both isomers of VI.

The trans eliminations observed with erythro-YI, as 
well as with the erythro and threo butane derivatives,3’4 
la and Ha, are consistent with a concerted dehydro
chlorination,6'9 while the cis elimination observed with 
threo-YI may be readily rationalized by assuming a 
carbanion-intermediate mechanism.13 14 15

A transition state configurationally related to con
formation lb for elimination from erythro-Y I is not in 
steric difficulty if one (or both) of the phenyl groups is 
rotated slightly out of the plane.16 Such a conforma
tion allows for the departing hydrogen and chlorine 
atoms to have the trans coplanarity required for con
certed elimination. Conformation lib  is required for 
threo-Y I in order to accommodate the proper geometry 
of hydrogen and chlorine for trans coplanar elimina
tion. The steric overlap16 between the cisoid phenyl 
group and the bulky elliptical p-toluenesulfonyl group 
is very substantial and cannot be removed completely 
in any orientation of the phenyl group when these 
groups are eclipsed. Thus steric strain may be ex
pected to lower the reactivity of threo-Y I compared 
with that of the erythro isomer by a concerted process.

The formation of carbanion X should not have a
(12) D. Y. C urtin  and E. E. Harris, J .  A m .  C h e m .  S o c . ,  73, 4519 (1951).
(13) Evidence and discussions regarding the existence of carbanion in te r

m ediates in bim olecular elim ination reactions where the  geom etry is unfavor
able to  a  concerted elim ination m echanism have been given in a large num 
ber of the papers in th is  series, dating  from 1947. For a  recent discussion of 
c i s  elim ination in sulfones, see ref. 14.

(14) J. H ine and  O. B. R am say, J .  A m .  C h e m .  S o c . ,  84, 973 (1962).
(15) The transition  sta te , if t r a n s  concerted elim ination is involved, will 

have the phenyl-phenyl steric s tra in  in term ediate  between th a t  in lb  and 
th a t  in the olefin IVa.

(16) The transition  state, if t r a n s  concerted elim ination is involved, will
have the phenyl-arenesulfonyl steric s tra in  in term ediate  between th a t  in
l i b  and th a t  in  Va.

marked geometric requirement, and the mcst stable 
conformation Illb  for threo-Yl should be suitable for 
reaction. Resonance stabilization of X by the con
jugated phenyl and sulfone groups should enhance its 
rate of formation, and the decomposition of X into 
olefin IVb and chloride ion is unremarkable.17

The results observed then bear out the prediction 
that even with acyclic systems, when- steric strains 
make the geometry required for trans coplanar elimina
tion difficult to attain, resonance stabilization of a car
banion intermediate results in a fairly facile cis elimina
tion.

Our results are related to those reported recently by 
Southwick and his co-workerslb in a carbonyl-activated 
system where a pair of diastereoisomeric halides gave 
largely one isomeric olefin. The term “stereocon- 
vergent,” which they have used to describe such a re
sult, seems to us to be a particularly apt one.

Experimental19
ert/ffa-o-2-p-Thiocresoxy-l ,2-diphenyH-chloroethane (erythro- 

VII).—p-Toiuenesulfenyl chloride20 (17.2 g., 0.11 mole) was 
added in the dark to a solution of 20.0 g. (0.11 mole) of trans- 
stilbene in 110 ml. of carbon tetrachloride; the reaction mixture 
was heated at reflux until the red color disappeared (about 8 hr.). 
The mixture was cooled to room temperature and allowed to 
stand overnight. The crystals which separated were recrystal
lized from ethyl ether to give 26.3 g. (72%) of erythro-\II, m.p. 
129-130°.

Anal. Calcd. for C2iHi9C1S; C, 74.42; H, 5.60. Found: 
C, 74.69; H.5.79.

en/i//ro-2-p-Toluenesulfonyl-l ,2-diphenyl-l-chloroethane
(erythro-VI).—A solution containing 2.0 g. (5.9 mmoles) of 
erythro-VII and a large excess of peroxyphthalic acid in 300 ml. 
of ethyl ether was placed in a refrigerator for 24 hr. The solvent 
was then removed by distillation, and the remaining solid was 
dissolved in a mixture of 100 ml. of chloroform and 200 ml. of 
water and heated at reflux for 2 hr. The insoluble phthalic 
acid was removed by filtration and the chloroform layer was 
separated and dried over anhydrous magnesium sulfate. The 
solvent was removed by distillation after filtration of the desic
cant. Recrystallization from ethanol gave 1.48 g. (66%) of 
erythro-YI, m.p. 182.5-184°.

Anal. Calcd. for C21H190 2C1S: C, 68.00; H, 5.17. Found: 
C, 68.16; E , 5.15.

Preparation of a-p-Toluenesulfonyl-cfs-stilbene (IVa) from
erythro-VI.—Two grams (5.5 mmoles) of erythro-VI was dis
solved in 50 ml. of ethanol and treated with 20 ml. of 0.3 N 
ethanolic sodium hydroxide. The reaction mixture stood for a 
few minutes at room temperature. The solvent was removed 
and the remaining precipitate was washed once with water and 
recrystallized from alcohol. The yield was 1.65 g. (92%) of 
IVa, m.p. 179-180°.

Anal. Calcd. for C2,H180 2S: C, 75.41; H, 5.38. Found: 
C, 75.43; H, 5.25.

Preparation of a-p-thiocresoxy-cfs-stilbene (VIII) by Dehydro
chlorination.—Three grams (8.9 mmoles) of erythro-Vll was dis
solved in 75 ml. of dimethyl sulfoxide, and then 45 ml. of 0.2 M

(17) An atiiempti to  find evidence for the interm ediacy  of X  by partia l de
hydrochlorination and deuterium  exchange in  O -deuterated  ethanol was 
unsuccessful, w ith in  the  lim its of infrared  analysis. As pointed o u t before ,18 
such negative evidence is consistent w ith  a carbanion m echanism  in which the 
reverse ra te  of the carbanion form ation (reprotonation  of the  carbanion) is 
much sm aller th an  loss of halide ion and  form ation of olefin.

(18) Deuterium -exchange experim ents in elim inations w ith relatively  
simple alkyl halides o r arenesulfonates have been routinely  unsuccessful, 
except for an  experim ent w ith /3-benzene hexaachloride, where the ra te  of reac
tion  of the carbanion w ith deuterioethanol was approxim ately 0.7%  of th a t 
of loss of chloride ion. This value was too small to  observe by infrared 
techniques. S. J . Cristol and  D. D. Fix, J .  A m .  C h e m .  S o c . ,  75, 2647 (1953). 
Such results are also com patible w ith concerted c i s  elim inations. See C. H. 
D ePuy, R. D. T hurn, and G. F . M orris, i b i d . ,  84, 1316 (1962), and ref. 14.

(19) Analyses are by  G albraith  Laboratories.
(20) H. Lecher, R. Holschneider, K. Koberle, W. Speer, and P. Stocklin. 

B e r . ,  58, 423 (1925).

fact, were stereospecific.
Ph Ph

\  /
C=C

/  \
H SC6H4Me

VIII
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potassium f-butoxide in i-butyl alcohol was added. The reac
tion mixture was heated for 30 min. on a steam bath, at the end of 
which time the reaction mixture was neutral to pH paper. The 
solvent was then distilled under reduced pressure. The remain
ing precipitate was washed once with water and dissolved in 
pentane. The hydrocarbon solution was extracted twice with 
water and was then separated and dried over anhydrous mag
nesium sulfate. The solvent was evaporated; recrystallization 
from ethanol gave 2.37 g. (90%) of VIII, m.p. 83-84°.

Anal. Calcd. for C2iHisS: 83.40; H.6.00. Found: C ,83.19; 
H, 5.76.

Preparation of «-p-Toluenesulfonyl-cis-stilbene (IVa) from «- 
p-Thiocresoxy-cis-stilbene (VIII).—a-p-Thiocresoxy-as-stilbene, 
400 mg. (1.32 mmoles), was dissolved in 25 ml. of glacial acetic 
acid. The solution was brought to boiling and 3 ml. of 30% hy
drogen peroxide was added. The solution was boiled for 1 min., 
was allowed to stand for 1 hr., and then poured over crushed ice. 
The product was separated by filtration and recrystallized from 
ethanol. There was obtained 320 mg. (73%) of IVa, m.p. 179— 
180°.

Preparation of a-p-Toluenesulfonyl-as-stilbene (IVa) from a- 
Bromo-cis-stilbene.—In 40 ml. of a 40% benzene-ethyl ether 
mixture was dissolved 1.5 g. (5.8 mmoles) of a-bromo-cfs-stil- 
bene.21 The solution was cooled to —30°, and to the cold solu
tion was added 6.4 ml. of 1.1 M  re-butyllithium in ethyl ether.12 
After 20 min. there was added 800 mg. (5.8 mmoles) of p-toluene- 
sulfenyl chloride, and the whole reaction mixture was maintained 
for 1.5 hr. at —30°. The solution was filtered and the solvent 
was removed. The remaining precipitate was washed once with 
water and was then dissolved in glacial acetic acid where it was 
brought to boiling and treated with 10 ml. of 30% hydrogen 
peroxide. The reaction mixture was then poured over crushed 
ice and the product was separated. After several recrystalliza
tions from ethanol, it melted at 177-179° and weighed 1.12 g. 
(57%). This material was identical (melting point, mixture 
melting point, and infrared spectra) with IVa prepared by the al
ternative procedures.

M.reo-2-p-Thiocresoxy-l ,2-diphenyl-1-chloroethane (threo- 
VII).—Eight grams (44 mmoles) of cis-stilbene22 was dissolved in 
120 ml. of glacial acetic acid, warmed over a steam bath, and to 
the warm solution was added 7.50 g. (44 mmole) of p-toluene- 
sulfenyl chloride. The p-toluenesulfenyl chloride was added 
quite rapidly and, as soon as the solution was colorless, the reac
tion was poured over crushed ice. The product was separated 
by filtration and recrystallized from ethyl ether or ethanol. 
There was obtained 9.67 g. (69%) of threo-VII, m.p. 69-70°.

Anal. Calcd. for C21H19CIS: 6,74.42; H, 5.60. Found: C, 
74.19; H, 5.60.

2-p-Toluenesulfonyl-l ,2-diphenyl-l-chloroethane (threo-VI).— 
Nine grams (27 mmoles) of threo-VII was dissolved in 100 ml. of 
glacial acetic acid and the solution was brought to boiling quite 
rapidly. Fifteen milliliters of 30% hydrogen peroxide was added 
and the solution was brought to boiling for 1 min. The solution 
was cooled to room temperature and poured over crushed ic-e. 
The product was separated by filtration and recrystallized from 
ethanol. The yield of threo-VI was 4.8 g. (49%), m.p. 151— 
152°. If this experiment were repeated, it would seem advisable

(21) P. Pfeiffer, Z .  p h y s i k .  C h e m . ,  48, 40 (1904).
(22) L. F. Fieser, “Experim ents in Organic C hem istry ,” D. C. H eath  and 

Co., Boston, M ass., 1957, p. 180.

to conduct the oxidation at lower temperatures or in a non- 
protonic solvent to minimize solvolysis.

Anal. Calcd. for C2iHI90 2C1S: C, 68.00; H, 5.17. Found: 
C, 68.10; H, 5.27.

Elimination of Hydrogen Chloride from threo-VI.—Two grams 
(5.5 mmoles) of threo-VI was dissolved in 50 ml. of ethanol and 
treated with 20 ml. of 0.30 N  ethanolic sodium hydroxide. The 
reaction mixture was heated at reflux for 1 hr. The precipitated 
sodium chloride was removed by filtration and the solvent was 
removed by evaporation. The precipitated compound was 
washed once with water and recrystallized from ethanol. There 
was obtained 1.50 g. (84%) of IVa, m.p. 179-180°, which had 
the same infrared spectrum in carbon disulfide solution as the 
olefin obtained from the erythro isomer. A mixture melting point 
showed no depression. Similar results obtained when the de
hydrochlorination was conducted for 6 hr. at 10°.

Reaction-rate studies were carried out at 10.2° using sodium 
hydroxide in ordinary (92.6 wt. %) ethanol, following the reac
tion by titrating the chloride ion formed with silver nitrate. 
Duplicate runs with 0.005 M threo-VI and 0.015 M  sodium hy
droxide gave fa = 6.9 X 10~21./sec./mole; with 0.010 M  sodium 
hydroxide fa = 7.1 X 10~21./sec./mole. Average fa = 7.0 X
10- 21./sec./mole.

a-p-Thiocresoxy -frans-stilbene (IX).—This was prepared from
1.0 g. (3.0 mmoles) of threo-VII as described previously for the 
erythro isomer. There was obtained 0.78 g. (88%) of IX, m.p.
52-53°.

Anal. Calcd. for C21Hi8S: C, 83.40; H, 6.00. Found: C, 
83.52; H, 6.08.

a-p-Toluenesulfonyl-frons-stilbene (Va).—This was prepared 
from 650 mg. (2.1 mmoles) of IX as described previously for the 
cis-stilbene isomer. The yield of Va was 450 mg. (72%), m.p.
148.5-149.5°.

Anal. Calcd. for C21H180 2S: C, 75.41; H, 5.38. Found: C, 
75.43; H, 5.52.

Preparation of a-p-Toluenesulfonyl-irans-stilbene Va from a- 
Bromo-frans-stilbene.—This preparation used 670 mg. (2.5 
mmoles) of a-bromo-frares-stilbene.21 Treatment with butyl- 
lithium12 and with p-toluenesulfenyl chloride was conducted 
substantially as described before for the cis isomer. There was 
obtained 350 mg. (43%) of Va, m.p. 146-148°. This material 
was identical with the sample described in the preceding para
graph.

Isomerization of a-p-Toluenesulfonyl-iraws-stilbene (Va) to 
«-p-Toluenesulfonyl-cis-stilbene (IVa).—In a 50-mI. flask con
taining 10 ml. of ethanol was dissolved 85 mg. of Va. The solu
tion was treated with 5 ml. of 0.19 M  ethanolic sodium hydroxide 
and heated at reflux over a steam bath for 6 hr. The solution 
was allowed to stand at room temperature for a few hours. 
Crystals separated whose melting point (179-180°) and infrared 
spectrum were identical with those of IVa.

The rate of this reaction was measured at 71.9° with 0.01 M  Va 
and 0.05 M  sodium hydroxide in ordinary ethanol, following the 
reaction by the change in extinction coefficient at 275 m/x. Va 
has e 13,700 and IVa has i 22,400 at this wave length. 
Duplicate runs gave fa = 2.7 X 10-3 1./sec./mole. Va has 
Xmax at 270 in pi (e 13,800) while Xmax for IVa is 275 mji.

Acknowledgment.—The authors are indebted to the 
National Science Foundation for generous support of 
this work.
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C arbodiim ides. IV.
H igh  P olym ers C on ta in in g  th e  C arbodiim ide R epeat U n it
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High molecular weight polymers containing the carbodiimide repeat unit have been synthesized by the catalytic 
action of l-ethyl-3-methyl-3-phospholene oxide on diisocyanates in inert solvents. These polymers are tough, 
flexible, and can be molded into clear, tough films and other objects. Chemically they are quite inert when in the 
solid state. When swollen or in solution, however, they react with active hydrogen compounds to give new 
classes of polymers: for example, high molecular weight polyguanidines.

The number of chemical linkages which have been 
used to build high molecular weight condensation poly
mers is quite small, since there are very few condensa
tion reactions which proceed in the near-quantitative 
yield necessary for achieving high molecular weight. 
Thus, polyesters, polyamides, polyethers, and polyure
thanes are the major types now available. A recent 
discovery1 of the catalytic activity of certain phospho- 
lenes and phospholene oxides, notably l-ethyl-3-methyl-
3-phospholene oxide, in converting isocyanates to car-

+  C02

bodiimides prompted investigation of this catalyst for 
preparation of polymers containing carbodiimide link
ages in the repeat unit.

OCN NCO

The reaction proceeded quite well with a variety of 
diisocyanates, and the structurally very unusual poly
meric carbodiimides were obtained, usually in quantita
tive yield. These polymers were unusual in that they 
were of quite high molecular weights, could be molded 
into tough, dear, nylon-like films, which in some cases 
were crystalline and orientable, and exhibited quite 
good tensile and electrical properties (Tables I and
II).

T a b l e  I
Properties o f  F ilms o f  Poly(3,3'-dimethoxy-4,4'-biphenyl- 
ene Carbodiimide). F ilm Molded at 300°, and Drawn 4.5 

T imes at 115°
Initial modulus (p.s.i.) 
% Elongation 
Tenacity (p.s.i.) 
Dielectric constant 
(102- 106 c.p.s.} 
Dissipation factor 
(102- 108) c.p.s.) 
Volume resistivity * 84

1,183,500 
6.2 
39,800 
3.4 (25°)
3.8 (170°) 
0.002-0.003 (25°) 
0.006-0.02 (170°) 
>1 X 1014 (25°) 
2.2 X 10u (200°)

(1) T . W. Campbell, J . J . M onagle, and V. S. Foldi, J .  A m .  C h e m .  S o c . ,

84, 3673 (1962).

T a b l e  II
P h y s ic a l  T e s t  D a t a  o n  P o l y ( t o l u e n e  C a r b o d i im id e ) F il m  

S t r i p s

Temp. Tenacity, Elongation, Initial
°C. g.p.d. % modulus, g.p.d. Denier
25 3.2 52 38 467

110 0.3 121 0.19 449

The products were identified as polymeric carbo
diimides by (1) method of preparation, (2) very charac
teristic infrared spectrum, (3) ultimate analyses, and
(4) conversion to derivatives, such as polymeric guani
dines. In the absence of solvents for the polymers, the 
polymers (in the form of thin films) were inert to boil
ing acid and alkali as well as to certain organic re
agents. This is very surprising in view of the high 
degree of reactivity of the —N = C = N — linkage2 3 in 
monomeric compounds. This probably reflects a lack 
of penetration of the reagent, rather than a lack of re
activity of the group, since addition of amines to me
tastable solutions such as are described brought about 
the rapid conversion of the carbodiimide linkages to 
guanidine groups.
[—Ar—N = C = N —]» +  n(CH3)3CNH2 — >

Ar—NH—C =N — "I

NHC(CH3)J„
Polymerization occurs by growth in both directions 

simultaneously and the products are of very high mo-

*-------- OCN— CH2— NCO-------- *•

lecular weight, since a pure diisocyanate has a perfect 
material balance.

The end groups of the polymer chain must always be 
isocyanates, since no side reaction except that between 
isocyanate and carbodiimide can be visualized. Ex
change of this type does occur, although no effect on 
molecular weight is possible, since such an exchange 
does not alter the number or nature of either the con
necting links or the end groups.4

(2) M onomeric carbodiim ides have a  reactiv ity  sim ilar to  th a t  of iso
cyanates tow ards organic reagents. Am ong th e  m any examples of high 
reactiv ity , one of the  m ost s trik ing  is th e  ab ility  of diphenyl carbodiim ide to  
dehydrate  arom atic sulfonic acids to  th e  corresponding sulfonic anhydride, 
A rS 0 20 S 0 2Ar IH. G. K horana, C a n .  J .  C h e m . ,  31, 585 (1953)].

(3) The reactions of carbodiim ides are reviewed in a  paper by  H . G. 
K horana, C h e m .  R e v . ,  53, 145 (1953).

(4) The very  high m olecular weight and in trac tab le  na tu re  of th e  polym ers 
m ay also reflect th e  presence of a few cross links of th e  following type .

--------- N -C = N -----------
If such cross links are present, th ey  a re  no t present in  very high concen

tra tion , since th ey  are not detectable in the  infrared . See also ref. 7
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N = C = N ----  ---- N = C - N -----------
I I

N = C = 0  — * ---------- N—C = 0

N=C

N
+ II

C = 0

Proof that such an exchange occurs6 can be found in 
two observations. Addition of a monoisocyanate to a 
viscous polycarbodiimide solution caused the viscosity 
to drop, indicating that reaction of the entering mono
isocyanate was not exclusively with the end groups, 
but also took place randomly along the chain with cleav
age at the point of attack. This could only occur if 
isocyanates and carbodiimides could exchange as sug
gested above, and as indicated in the following equation.
OCN— [—Ar—N = C = N —]x —ArNCO +  RNCO •—
OCN— [Ar—NCN]„ - -r ArN-

I
|_RN=C-

[Ar—NON- -h ArNCO >
OCN— [A rN =C=N —]„ —Ar—N = C = N —R +

OCN— [Ar—N = C = N —] — ArNCO

Existence of this exchange reaction was confirmed 
by heating a mixture of ditolyl carbodiimide and p- 
methoxyphenyl isocyanate.

(5) Sim ilar exchanges between polym er chains have been dem onstra ted  for 
polysulfides.

Ri—S—S—R 2 R 3—S S—R2
+  i +  i

R 3—s—s—r 4 r 3—s s—r 4
M . D. s te rn  and  A. V. Tobolsky, J .  C h e m .  P h y s . ,  14, 93 (1946); M.

M ochulsky and A. V. Tobolsky. I n d .  E n g .  C h e m . ,  40, 2155 (1948).

CH3

+  CH3O NCO

d h ^ ^ - N C O  + CH3^ > N = C = N ^ > O C H ,

The production of tolyl isocyanate was shown un
equivocally by gas phase chromatography.

Scope of Polymerization.—A wide range of available 
diisocyanates was studied and a number of polymeriza
tion variables was examined. The results are sum
marized in the Experimental section. From the data, 
the following conclusions can be drawn.

1. Types of Monomers Which Will Polymerize.— 
Since all diisocyanates examined could be polymerized, 
the reaction seems to be completely general. Ali
phatic diisocyanates are slower than the aromatic 
derivatives, and the polymers obtained were in general 
of poorer quality. Steric hindrance in aromatic di
isocyanates also slows the reaction; however, the re
sulting polymers are still attractively tough, although 
they may be slightly discolored by excessive reaction 
time.

2. Nature of the Polymers.—In general, the poly
mers separate from the polymerization medium as 
swollen lumps, which appear to be of extremely high 
molecular weight. In some cases, the polymer precipi
tates as a fine white powder with a high degree of 
crystallinity. With rare exceptions, it has not been 
possible to prepare a polymer, by the methods described 
in this paper, which could be redissolved in any solvent.7 
The polymers do not melt on the Dennis hot bar until 
about 350-400°, where they begin to leave a trail which 
is accompanied by decomposition. Certain of the 
polymers are crystalline (Fig. 3). Poly(3,3'-dimeth- 
oxy-4,4'-biphenylenecarbodiimide) showed a crystalline 
melting point of about 200°, although the melting point 
on the bar was in the 300-400° range, indicative of very 
high molecular weight. The polymeric carbodiimides 
were pressed at 250-300° to clear, usually somewhat 
yellowish film, again with difficulty because of high 
melt viscosity. These films, notably ones from poly- 
(2,4-tolylenecarbodiimide), are characterized by their 
great toughness. The tensile properties of a few films 
decrease rapidly with increasing temperature. Thus, 
poly(2,4-tolylenecarbodiimide), which is quite stiff, and 
cold drawable at room temperature, becomes elasto
meric at 100° (Table II).

3. Stability.—These polymers can be melt pressed 
in a Carver press at 250-300° repeatedly without change 
in properties. However, various samples maintained 
thirty minutes at 350° blackened and became brittle. 
Samples of finely divided polymer were refluxed for 
four hours with 10% sulfuric acid, 10% sodium hy
droxide, 10% aqueous ethanol-amine, and distilled 
water. About 50% of the carbodiimide bonds were 
altered. However, poly(2,4-tolylenecarbodiimide) in 
film form (1-mil thickness) proved to be completely 
unaffected by the same series of reagents, after four 
hours’ boiling. This would indicate that these poly
mers are not very permeable to the reagents used.

4. Polymerization Conditions.—Polymers are pre
pared from solutions containing 10-20% of monomer in 
refluxing solvent (hydrocarbon) with traces of cata-
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lyst. Polymerizations have been carried out at temper
atures from 25° to 265°. The preferred range is 140° 
(boiling xylene) to 200° (boiling decahydronaphthalene). 
Yields of polymer were high, being best with more dilute 
solution, where they were essentially quantitative.6

Rate of Polymerization.—It has been shown6 that the 
conversion of monoisocyanates to carbodiimides is 
first order in isocyanate, and that the rate is affected by 
substituents and steric factors. Diisocyanates behave 
in the same fashion. The rate of evolution of carbon 
dioxide from some selected diisocyanates has been 
measured, and pseudo first-order rate constants have 
been calculated (Fig. 1 and Fig. 2 and Table V). In 
the case of toluene 2,4-diisocyanate, there are two 
nonequivalent isocyanate groups, so the k calculated 
from the half life is a weighted average. Examination 
of Fig. 2 indicates the difference in reactivity of the 
two isocyanate groups in toluene 2,4-diisocyanate. This 
difference in reactivity has made it possible to synthe
size the unusual intermediate

NCO NCO

by treating toluene 2,4-diisocyanate with catalyst under 
mild conditions.

Molecular Weight Control.—In most cases the poly
mers were insoluble in the usual polymer solvents and 
were of such high molecular weight as to prevent ready 
fabrication into films and fibers. Several methods for 
obviating the solubility and molecular weight problems 
were investigated. Promising results were obtained 
with all techniques.

In the first method, the carbodiimide linkages were 
separated by long polymeric segments. The most suit
able monomer for doing this was a macro diisocyanate 
obtained by capping a hydroxyl-ended polytetramethyl- 
ene ether of 1000 to 2000 molecular weight with a di
isocyanate such as methylene bis(4-phenylisocyanate).

F ig u r e  2

OCN--- NCO + H20 —*■ —
0
II-C-HN- -NH- + C02

Other segments which were capped with isocyanates 
and polymerized included a hydroxyl-ended polyester, a 
polyethylene glycol, and diphenylolpropane. The lat
ter polymer was not soluble in the usual solvents and

The macro diisocyanate was dissolved in xylene and had the following average structure.

polymerized at the boiling point. Very viscous solu
tions eventually were obtained. Precipitation of the 
polymer with alcohol gave an elastomer, which could be 
processed on a rubber mill to a tough rubbery slab. 
Elastomers of a similar type have been described in the 
literature7; however, the chain-extending step has 
ordinarily been the reaction of the macrodiisocyanate 
with water.

(6) A study of the kinetics and mechanism of catalytic carbodiimide 
formation from isocyanates has confirmed the quantitative nature of the 
reaction; see J. J. Monagle, T. W. Campbell, and H. F. McShane, J .  A m .  

C h e m .  S o c . ,  84, 4288 (1962).
(7) R. G. Arnold, J. A. Nelson, and J. J. Verbanc, C h e m .  R e v . ,  57, 1 (1957). 

See p. 68 for references. See also E. O. Langerak, U. S. Patents 2,692,873-4, 
assigned to Du Pont.

The second method used for obtaining solutions in
volved the use of mixed solvents for the preparation of 
metastable solutions. As discussed previously, the car
bodiimide groups are considered to interact strongly,8

b[
------N--1--C—N----

H "  r — + — a
------ N=C'--- 1----N------------

(8) Interaction of carbodiimide groups in this way is substantiated by 
the fact th a t mesitylene diisocyanate (with hindrance around the functional 
groups) gives a  soluble polymer which is lower melting and can be molded 
easily.
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with a possible minor degree of cross linking through 
four-membered ring formation (p. 2071, bottom col. 2).

Reversion of the four-membered ring can take place 
by cleavage either via course a or b as indicated by the 
dotted lines. It was felt that, if this were so, addition 
of highly polar solvents to the polymerizing mixture 
would help maintain the polymer in solution, since they 
would be expected to associate with the —N = C = N —• 
linkages, and shield them from interactions such as sug
gested previously.

The best solutions of carbodiimides obtained were 
metastable solutions prepared in mixtures of aromatic 
hydrocarbons with 10- 20% of dimethyl sulfoxide, ace
tonitrile, or dimethylformamide. Most work was done 
with toluene 2,4-diisocyanate, methylenebis(4-phenyl 
isocyanate), and 3,3'-dimethoxy-4,4'-biphenylcne di
isocyanate as monomers. These metastable solutions 
could be cast to clear, colorless, tough films.

The third method used for molecular weight control 
was the incorporation of a chain-terminating species. 
The most promising agents were monomeric isocya
nates, and hindered alcohols, such as isopropyl alcohol, 
which served as chain terminators for both ends of the 
growing polymer chain.

Since the rates of reaction of isocyanates vary de
pending upon substituents, it was necessary to take 
this into account. Thus when polymerizing methylene- 
bis(4-phenyl isocyanate), a monoisocyanate such as p- 
tolyl was used.

A more reactive isocyanate would react preferentially 
with itself and be used up before it had performed its 
function. A less reactive isocyanate would react too 
slowly to act as an efficient terminator.

With alcohols, it was possible to obtain quite low 
molecular weight products, ranging from molecular 
weights of 600-700 on up. These products would have 
the following structure.

T h e  n i t r o g e n  flo w  w a s  s t a r t e d  t h r o u g h  o n e  o f  t h e  i n l e t  t u b e s  
a n d  0 .4  m l.  o f  3 - m e th y l- l - e th y l - 3 - p h o s p h o l in e  1 -o x id e  w a s  i n t r o 
d u c e d  i n t o  t h e  r e a c t io n  m ix tu r e  f ro m  a  h y p o d e r m ic  s y r in g e  a t  
ro o m  t e m p e r a t u r e .  T h e  c a r b o n  d io x id e  b e g a n  t o  e v o lv e  im 
m e d ia te ly .  T h e  a m o u n t  w h ic h  e v o lv e d  w a s  c h e c k e d  p e r io d ic a l ly  
b y  th e  in c r e a s e  i n  w e ig h t  o f  t h e  A s c a r i te  to w e r s .  A f te r  10  m in .  o f 
r e a c t io n ,  a  w h i t e  s o lid  p r e c ip i t a t e d  f ro m  s o lu t io n . D u r in g  f u r t h e r  
r e a c t io n ,  t h e  p r e c i p i t a t e  b e c a m e  so  g r e a t  t h a t  t h e  e x t r a  n i t r o g e n  
in l e t  t u b e s  w e r e  u s e d ;  o th e r w is e ,  t r o u b le  w a s  e n c o u n te r e d  w i th  
p a r t i a l  p lu g g in g  o f t h e  e n d  o f  t h e  t u b e  b y  t h e  f in e  p r e c i p i t a t e .

A f te r  1 h r . ,  2 2  g .  (0 .5  m o le )  o f  c a r b o n  d io x id e  w a s  e v o lv e d .  
A t  t h i s  p o in t ,  100  m l .  of d r y  c h lo ro fo rm  w a s  a d d e d  t o  t h e  r e a c t io n  
m ix tu r e  a n d  t h e  r e a c t io n  w a s  a llo w e d  to  c o n t in u e  f o r  10  m in .  
m o r e .  D u r in g  th i s  t im e ,  a  s m a ll  a m o u n t  o f c a r b o n  d io x id e  w a s  
e v o lv e d  g iv in g  a  t o t a l  o f  2 3 .7  g . B o r o n  t r i f lu o r id e  e t h e r a t e  ( 0 .8  
m l . )  w a s  in t r o d u c e d  in to  t h e  r e a c t io n  m ix tu r e  t o  i n a c t i v a t e  t h e  
c a t a l y s t ,  a n d  t h e  m ix tu r e  w a s  s t i r r e d  fo r  a n  a d d i t i o n a l  15  m in .  
d u r in g  w h ic h  t i m e  n o  m o r e  c a r b o n  d io x id e  w a s  e v o lv e d .  T h e  
m ix tu r e  w a s  t h e n  co o le d  in  a  D r y  I c e - a c e to n e  c o ld  b a t h .  T h e  
m ix tu r e  w a s  f i l te r e d  r a p id ly  w i th  t h e  a id  o f v a c u u m .

T h e  y e llo w  c o lo re d  r e s id u e  w a s  r e c r y s ta l l i z e d  f ro m  ra -h e x a n e  
g iv in g  a  w h i te  p o w d e r y  s o l id .  A t  t h i s  s t a g e ,  t h e  p r o d u c t  ( 5 3 %  
y ie ld )  h a d  a  m .p .  5 4 -1 0 1  w i th  2 1 .4 %  N C O .

I n  o r d e r  t o  o b t a in  a  p u r e r  p r o d u c t ,  t h e  w h i te  so lid s  w e re  r e 
c r y s ta l l iz e d  th r e e  s u c c e s s iv e  t im e s  f ro m  o -d ic h lo ro b e n z e n e . 
D u r in g  e a c h  r e c r y s ta l l i z a t io n ,  t h e  s o lu t io n  w a s  a l lo w e d  t o  co o l 
s lo w ly  t o  ro o m  t e m p e r a t u r e  a n d  t h e n  f i l te r e d  w i t h o u t  f u r t h e r  
c o o lin g .

I n  t h i s  w a y ,  a p p r o x im a te ly  7  g .  o f  a  w h i te  c r y s ta l l in e  p r o d u c t  
w a s  o b ta in e d  w i th  a  m .p .  o f  1 1 3 -1 1 5 °  a n d  a  i s o c y a n a te  c o n te n t  of 
2 6 .7 %  o r  a  p u r i t y  o f 9 7 %  ( th e o r e t i c a l  N C O , 2 7 .6 % ) .

Anal. C a lc d .  fo r  C „ H ]2N 40 , :  C ,  6 7 .1 ;  H ,  3 .9 5 ;  N ,  1 8 .4 ;  
m o l .  w t . ,  3 0 4 . F o u n d :  C ,  6 7 .1 ;  H ,  3 .8 5 ;  N ,  1 8 .8 ;  m o l .  w t . ,  2 7 6 .

T h e  in f r a r e d  s p e c t r a  o f  a  N u jo l  m u l l  s h o w e d  o n ly  t h e  b a n d s  
f o r  i s o c y a n a te  a n d  c a r b o d i im id e .

I n  t h e  i s o la t io n  o f to lu e n e  2 ,4 - d i is o e y a n a te -  
c a r b o d i im id e ,  i t  w a s  f o u n d  n e c e s s a ry  t o  p u m p  off 
a b s o rb e d  s o lv e n ts  b y  v a c u u m  in  o r d e r  t o  g e t  a  
d r y  p r o d u c t .  T o lu e n e  2 ,4 - d i is o c y a n a te - c a r b o d i-  
im id e  h a s  a  g r e a t  t e n d e n c y  t o  h o ld  o n  t o  s o l
v e n t s ,  e s p e c ia lly  h y d r o c a r b o n s .

B i s e th y lu r e th a n e .— W h e n  to lu e n e  2 ,4 -d i is o -  
c y a n a te - c a r b o d i im id e  w a s  re f lu x e d  fo r  2  h r .  w i th  a  l a r g e  e x c e s s  o f 
a b s o lu te  e th a n o l ,  a  w h i te  c r y s ta l l in e  c o m p o u n d  w a s  o b ta in e d  
w h o s e  m e l t in g  p o i n t  w a s  1 2 5 -1 3 2 ° .

Anal. C a lc d .  f o r  C 2 iH 24N 40 4: C ,  6 3 .6 ;  H ,  6 .1 ;  N ,  1 4 .1 . 
F o u n d :  C ,  6 3 .9 ;  H ,  6 .0 ;  N ,  1 4 .8 .

T h e  in f r a r e d  s p e c t r a  o f a  N u jo l  m u ll  s h o w e d  a  p e a k  a t  3 .0 7  n 
( N H ) ,  a  s t r o n g  b a n d  a t  4 .7  n (— N = C = N — ), a n d  a  b a n d  a t  

\
5 .8 2  n ( u r e th a n e ,  C = 0 ) .

Experimental Part
The Catalyst.— A m o n g  t h e  c a t a ly s t s  u s e d , t h e  m o s t  p o t e n t  

w a s  l - e th y l- 3 - m e th y l - 3 - p h o s p h o le n e  o x id e . I t  w a s  u s e d  a lm o s t  
e x c lu s iv e ly  i n  o u r  w o r k ,  a l th o u g h  o c c a s io n a l ly  t h e  c o r re s p o n d in g  
p h o s p h o le n e  w a s  u s e d .  T h e s e  c a t a ly s t s  w e re  p r e p a r e d  a c c o rd in g  
t o  t h e  m e th o d  of M c C o r m a c k .9-11

Synthesis of 4,4'-Ditolylcarbodiimide 3,3'-Diisocyanate.— P u r e  
to lu e n e  2 ,4 - d i is o c y a n a te  ( 1 .0  m o le )  w a s  a d d e d  t o  4 0 0  m l .  of 
p e t r o le u m  e th e r  i n  a  1-1., s e v e n -n e c k , r o u n d - b o t to m  f la s k  f i t t e d  
w i th  a  s t i r r e r ,  t h e r m o m e te r ,  f o u r  s in te r e d  g la s s  n i t r o g e n  in le t  
(w h o s e  o u t le t s  w e re  b e lo w  t h e  s u r f a c e  o f t h e  m ix tu r e )  t u b e s  a n d  
a  s p i r a l  t y p e  c o n d e n s e r .  T h e  t o p  o f t h e  c o n d e n s e r  w a s  c o n n e c te d  
t o  a  D r y  I c e - a c e to n e  c o ld  t r a p  w h ic h  in  t u r n  w a s  c o n n e c te d  t o  a  
se r ie s  o f  A s c a r i te  to w e r s  s e t  o n  a  b a la n c e  e n c lo s e d  in  a  b o x  w i th  a  
m o v a b le  p la s t i c  f r o n t .  9 10 11

(9) W. McCormack, D. S. Patents 2,663,736 to 2,663,739, assigned to 
Du Pont.

(10) Other catalysts have been studied. See J. Monagle, in press.
(11) The P-phenyl derivative is also effective. See W. McCormack, O r g .  

S y n . ,  in press.

Polymerization of 2,4-Toluene Diisocyanate.— 2 ,4 - T o lu e n e  d i 
i s o c y a n a te  w a s  d is t i l le d  t h r o u g h  a  s p in n in g  b a n d  c o lu m n . A f te r  
a  s m a ll  f o r e c u t ,  d i s t i l l a t io n  p r o c e e d e d  s m o o th ly  a t  8 1 °  ( 1 .3  m m .) .  
P o ly m e r iz a t io n  o f  a  1 0 %  s o lu t io n  in  b o i l in g  d e c a h y d r o n a p h th a -  
le n e  w a s  c a r r ie d  o u t  w i th  c a t a ly t i c  q u a n t i t i e s  o f  l - e th y l - 3 - m e th y l -
3 -p h o s p h o le n e  o x id e . T h e  r e a c t io n  w a s  c o m p le te  i n  le s s  t h a n  a n  
h o u r ,  a n d  t h e  p o ly m e r  w a s  o b ta in e d  in  s m a ll  f lu ffy  p a r t i c le s  v e r y  
r e m in is c e n t  o f  p u f fe d  c e re a l  in  a p p e a r a n c e  a n d  t e x t u r e .  T h e s e  
l i t t l e  p a r t i c le s  w e re  w h i te  a n d  g a v e  v e r y  t o u g h ,  c le a r ,  n e a r ly  
c o lo r le s s  film  w h e n  p r e s s e d  a t  2 7 5 ° . S t r ip s  o f  t h i s  f ilm  c o u ld  b e  
c o ld  d r a w n ;  h o w e v e r ,  t h e  film  s t r i p s  r e la x e d  in  b o i l in g  w a t e r  
a n d  e x h ib i te d  n o  c r y s t a l l i n i t y  a n d  e x t r e m e ly  lo w  X - r a y  o r i e n t a 
t i o n .

Anal. C a lc d . < o r  ( C g H ^ ) * :  C , 7 3 .8 ;  H ,  4 .6 1 ;  N ,  2 1 .4 .  
F o u n d :  C , 7 3 .4 , 7 3 .5 ;  H ,  4 .4 ,  4 .2 ;  N ,  2 1 .0 , 2 1 .0 .

Polymerization of Methylenebis(4-phenyl Isocyanate).— I n  a  
th r e e - n e c k ,  5 0 0 -m l. f la s k  e q u ip p e d  w i th  s t i r r e r ,  c o n d e n s e r ,  a n d  
n i t r o g e n  in l e t  w a s  p la c e d  150  m l .  o f x y le n e ,  20  g .  o f  d i i s o c y a n a te ,  
a n d  0 .0 3  g . o f  l - e th y l- 3 - m e th y l - 3 - p h o s p h o le n e ,  a n d  t h e  m ix tu r e  
w a s  h e a t e d  t o  r e f lu x . F i r s t  t h e  s o lu t io n  b e c a m e  m i lk y ,  t h e n  a  
s e c o n d  l iq u id  p h a s e  b e g a n  t o  s e p a r a te .  T h is  l i q u id  p h a s e  b e c a m e
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m o r e  a n d  m o r e  v is c o u s  a n d  e v e n tu a l ly  y ie ld e d  h ig h  m o le c u la r  
w e ig h t  f ib ro u s  m a t e r i a l .  T h e  f ib ro u s  n a t u r e  o f t h e  p r o d u c t  r e 
s u l te d  f ro m  t h e  s h e a r in g  a c t io n  o f  t h e  s t i r r e r  b la d e  o n  t h e  r a p id ly  
th ic k e n in g  p r e p o ly m e r  w h ic h  s e p a r a te d  in i t i a l l y .  A f te r  t h e  
p o ly m e r  h a d  b e e n  s e p a r a te d  a n d  a i r  d r ie d ,  th e s e  s h o r t  f i la m e n ts  
c o u ld  b e  s e p a r a te d  m a n u a l ly  f ro m  th e  b u lk  o f t h e  p o ly m e r  a n d  
c o u ld  b e  c o ld  d r a w n .  T h e  d r a w n  f i la m e n ts  w e re  s l i g h t ly  c r e a m  
c o lo re d  a n d  q u i t e  t o u g h .  P h y s ic a l  t e s t  d a t a 12 w e re  o b ta in e d  o n  
v a r io u s  o f th e s e  f i la m e n ts .  T h e  a v e r a g e  v a lu e s  f o r  T / E / M  w e re  
3 .9 / 2 0 / 3 5  w i th  a  f i la m e n t  d e n ie r  r a n g in g  f ro m  51 t o  6 3 0 . I t  
s h o u ld  b e  n o t e d  t h a t  th e s e  v a lu e s  a r e  m in im u m  v a lu e s  s in c e  t h e  
s h a p e  o f t h e s e  f i la m e n ts  w a s  n o n u n if o rm , b e in g  r a t h e r  t h a t  o f a  
h ig h ly  e lo n g a te d ,  t r u n c a t e d  c o n e . X - r a y  e x a m in a t io n  o f t h e  
b o ile d  f ib e rs  s h o w e d  a p p r o x im a te ly  3 0 %  l a t e r a l  c r y s t a l l i n i t y ,  a n d  
5 %  lo n g i tu d in a l  c r y s t a l l i n i t y ,  c o u p le d  w i th  a  h ig h  d e g re e  of 
o r ie n ta t io n  ( F ig .  3 ) .

Anal. C a lc d .  fo r  (C u H io N a )* : C , 8 1 .5 2 ;  H ,  4 .8 9 ;  N ,  1 3 .6 . 
F o u n d :  C , 8 1 .7 1 , 8 1 .8 6 ;  H ,  4 .8 6 , 5 .0 4 ;  N ,  1 3 .0 , 1 3 .2 .

Preparation of Poly(3,3'-dimethoxy-4,4'-biphenyIenecarbodi- 
imide).— T e n  grams of d i i s o c y a n a te  w a s  d is s o lv e d  in  100  m l .  o f 
h o t  x y le n e . T h e  s o lu t io n  w a s  f i l te r e d  f r e e  o f  a  s m a ll  a m o u n t  o f 
u n d is s o lv e d  f o re ig n  m a t t e r  a n d  p o ly m e r iz e d  w i th  0 .0 4  g . o f 
l - e th y l- 3 - m e th y l - 3 - p h o s p h o le n e  o x id e  i n  a  th r e e - n e c k e d  f la s k  
w i th  re f lu x in g  a n d  s t i r r in g .  A f te r  5 h r .  t h e  w h i te ,  f in e ly  d iv id e d  
p o ly m e r  w a s  f i l te r e d ,  w a s h e d  w i th  b e n z e n e ,  a n d  d r ie d .  T h e  
y ie ld  w a s  8 .5  g . I t  h a d  a  h ig h  X - r a y  c r y s t a l l i n i t y .  I t  c o u ld  b e  
m e lt-p r e s s e d  a t  2 5 0 °  t o  a  f ilm  w i th  a  s l i g h t  y e llo w  c o lo r . T h e  
f ilm , c u t  i n  s t r i p s ,  c o u ld  b e  s t r e t c h e d  3 - 4  t im e s  a t  1 6 0 ° . T h e  f ilm  
e x h ib i te d  ty p i c a l  n e c k in g  p h e n o m e n a  o n  s t r e t c h in g ,  c h a r a c te r i s t i c  
of h ig h  p o ly m e r s  s u c h  a s  n y lo n  6 - 6 ,  p o ly e th y le n e ,  e t c . ,  a n d  
s h o w e d  s t r o n g  b i r e f r in g e n c e  w h e n  e x a m in e d  w i th  a  p o la r iz in g  
m ic ro s c o p e . T h e  b i r e f r in g e n c e  d i s a p p e a r e d  a t  a b o u t  1 9 0 c . 
X - r a y  e x a m in a t io n  o f  t h e  d r a w n  p o ly m e r ic  m a te r i a l  in d ic a te d  
t h a t  t h e  p r o d u c t  w a s  c r y s ta l l in e  w i th  g o o d  lo n g i tu d in a l  o rd e r  
a n d  a  f a i r l y  h ig h  d e g re e  o f  o r ie n ta t io n .

Anal. C a lc d .  f o r  C is H n N s O u  C , 7 1 .4 ;  H ,  4 .7 6 ;  N ,  1 1 .1 . 
F o u n d :  C , 7 1 .0 , 7 0 .6 ;  H ,  4 .6 ,  4 .6 ;  N ,  1 0 .7 , 1 0 .8 .

Polymerization of 3,3'-Dimethyl-4,4'-biphenylene Diisocya
nate.— A  s a m p le  o f t h i s  d i i s o c y a n a te  w e ig h in g  20  g .  w a s  d is s o lv e d  
in  2 00  m l .  o f  h o t  x y le n e . T h e  s o lu t io n  w a s  f i l te r e d  f re e  o f 
in s o lu b le  m a t t e r  a n d  w a s  p o ly m e r iz e d  w i t h  1 d r o p  o f  l - e th y l - 3 -  
m e th y l -3 - p h o s p h o le n e  o x id e  a t  t h e  b o i l in g  p o i n t  o f  x y le n e . 
C a r b o n  d io x id e  w a s  e v o lv e d  r a p id ly .  T h e  m ix tu r e  w a s  a llo w e d  
to  s t i r  a n d  r e f lu x  o v e r n ig h t .  N e x t  d a y  t h e  p o ly m e r  h a d  p r e c ip i 
t a t e d  a n d  h a d  b e e n  s h e a re d  b y  t h e  r e a c t io n  o f  t h e  s t i r r e r  b la d e  t o  
s h o r t  f i la m e n ts  w h ic h  w e r e  q u i t e  t o u g h .  F i lm  c o u ld  b e  p re s s e d  
f ro m  t h e  p o ly m e r  a t  2 5 0 - 2 7 5 °  a n d  h e ld  a t  t h a t  t e m p e r a t u r e  fo r  
0 .5  h r .  w i th o u t  s ig n s  o f d e c o m p o s i t io n .  S h o r t  h a n d - d r a w n  
f ib r ils  w e re  q u i t e  to u g h  b u t  s h o w e d  e s s e n t ia l ly  n o  c r y s t a l l i n i t y  
a n d  o n ly  a  m o d e s t  d e g re e  o f  o r ie n ta t io n .

Polymerization of Propane-2,2-bis(4-phenyl Isocyanate).— A 
s o lu t io n  o f 10 g . o f  d i i s o c y a n a te  in  7 5  m l .  o f h o t  x y le n e  w a s  
f i l te r e d  f re e  of a  t r a c e  o f in s o lu b le  m a t t e r .  O n e  d r o p  o f t h e  
p r e fe r r e d  p h o s p h o le n e  o x id e  c a t a l y s t  w a s  t h e n  a d d e d  a n d  t h e  
m ix tu r e  w a s  a l lo w e d  t o  p o ly m e r iz e  i n  t h e  u s u a l  w a y  a t  t h e  re f lu x  
t e m p e r a tu r e .  C o n t r a r y  t o  t h e  u s u a l  p o ly c a r b o d i im id e  f o rm a 
t io n ,  t h e  s o lu t io n  th i c k e n e d  w i th o u t  im m e d ia te  p r e c ip i t a t i o n  of 
t h e  p o ly m e r .  T h e  v is c o u s  s o lu t io n  w a s  p o u r e d  i n to  a  h y p o 
d e rm ic  s y r in g e  a n d  w e t  s p u n  i n to  h e x a n e .  T h e  f ib e rs  so  o b 
ta in e d  c o u ld  b e  c o ld - d ra w n  a n d  s h o w e d  m o d e r a te  to u g h n e s s .  
T h is  p o ly m e r  s h o w e d  t h e  b e s t  a s - p r e p a r e d  s o lu b i l i ty  i n  p u r e  x y le n e  
of a n y  p o ly c a r b o d i im id e  s tu d ie d .

I n  a n o th e r  e x p e r im e n t ,  t h e  s a m e  d i i s o c y a n a te  w a s  p o ly m e r iz e d  
in  t h e  p r e s e n c e  o f  a  c h a in  t e r m in a to r .  A  m ix tu r e  o f  7 .5  g . o f 
i s o c y a n a te ,  4 5  m l .  o f  to lu e n e ,  5  m l.  o f t e t r a c h lo r o e th a n e ,  0 .0 4  g . 
o f p - c h lo ro p h e n y l  i s o c y a n a te ,  a n d  1 d r o p  o f c a t a ly s t  w a s  re f lu x e d . 
A f te r  a b o u t  3 h r . ,  t h e  m ix tu r e  b e c a m e  q u i t e  v is c o u s  a n d  so m e  
p o ly m e r  p r e c ip i t a t e d  a r o u n d  t h e  e d g e s . C o n t r a r y  t o  a n y  
p r e v io u s  o b s e r v a t io n ,  t h i s  p r e c ip i t a t e d  p o ly m e r  r e t u r n e d  to  
s o lu t io n  o n  s t i r r in g .  A  p o r t io n  o f  t h i s  v is c o u s  s o lu t io n  w a s  c a s t  
t o  a  to u g h  film . T h e  r e m a in d e r  o f t h e  p o ly m e r  w a s  p r e c ip i t a t e d  
w i th  a c e to n e  a n d  c o u ld  b e  p r e s s e d  in to  c le a r  film  a t  2 0 0 ° .  T h e  
p r e c ip i t a t e d  p o ly m e r  w a s  d r ie d  in  a  h ig h  v a c u u m  a t  1 0 0 °  fo r  
3  h r .  b e f o re  p re s s in g .

Polymerization of m-Phenylene Diisocyanate.— E ig h t  g r a m s  of 
m o n o m e r  w a s  d is s o lv e d  in  7 5  m l.  o f x y le n e , a n d  t h e  m ix tu r e  w a s  
h e a t e d  t o  re f lu x , a n d  0 .0 3  g .  o f t h e  p r e fe r r e d  p h o s p h o le n e  o x id e  
c a t a l y s t  w a s  a d d e d .  T h e  p o ly m e r iz a t io n  w a s  c a r r ie d  o u t  a t  t h e

(12) R. G. Beaman and F. B. Cramer, J .  P o l y m e r  S e t . ,  21, 2 2 3  (1956).

P o ly (  1 ,5 - n a p h th a le n e -  P o ly  [m e th y le n e -
c a r b o d i im id e )  b i s ( p - p h e n y le n e ) -
a s  fo rm e d  c a rb o d i im id e ]

s t r e t c h e d  f i la m e n ts

P o ly ( 4 ,4 '- b ip h e n y le n e -  P o ly ( 3 ,3 '- d im e th o x y -
c a r b o d i im id e )  4 ,4 '- b ip h e n y le n e -
a s  f o rm e d  c a r b o d i im id e )

a s  fo rm e d

F ig .  3 .— X - r a y  p a t t e r n s  o f  p o ly c a r b o d i im id e s .

b o i l in g  p o in t  fo r  a b o u t  3 h r .  T h e  r e s u l t in g  p o ly m e r ,  w h ic h  w a s  
o b ta in e d  in  t h e  f o rm  o f  v e r y  to u g h  lu m p s ,  w a s  w a s h e d  w i th  
b e n z e n e  a n d  d r ie d  in  a  v a c u u m .  T h e  y ie ld  w a s  a b o u t  6 .5  g . ,  
w i th  c o n s id e ra b le  lo ss  o c c u r r in g  b e c a u s e  o f  t h e  t e n d e n c y  o f t h e  
p o ly m e r  t o  a d a e r e  t o  t h e  g la s s  f la s k . T h e  p o ly m e r  w a s  a m o r 
p h o u s  a n d  c o u ld  b e  p re s s e d  a t  a b o u t  2 5 0 °  i n to  c le a r ,  c o lo r le s s , 
v e r y  to u g h  f i lm . A  c o m b u s t io n  a n a ly s is  o f t h e  d r ie d  p o ly m e r  
s h o w e d  t h e  fo llo w in g  r e s u l t s .

Anal. C a lc d . f o r  ( C ,H 4N 2)*: C , 7 2 .4 ;  H ,  3 .4 5 ;  N ,  2 4 .1 . 
F o u n d :  C , 7 2 .2 , 7 2 .4 ;  H ,  3 .4 ,  3 .5 ;  N ,  2 3 .1 , 2 3 .3 .

Polymerization of 4,4'-Biphenylene Diisocyanate.— A  15-g . 
s a m p le  o f t h e  d i i s o c y a n a te  w a s  d is s o lv e d  in  150  m l. o f x y le n e , a n d  
t h e  m ix tu r e  w a s  h e a te d  t o  t h e  b o i l in g  p o in t .  T h e  p r e fe r r e d  
p h o s p h o le n e  o x id e  c a t a ly s t  (0 .0 3  g . )  w a s  a d d e d ,  a n d  t h e  m ix tu re  
w a s  re f lu x e d  fo r  4  h r .  T h e  p o ly m e r  w a s  i s o la te d  a s  a  f in ite  w h i te  
p o w d e r  b y  f i l t r a t io n .  I t  h a d  a  h ig h  d e g re e  o f c r y s t a l l i n i t y  a s  
fo rm e d  ( F ig .  3 )  a n d  a  c r y s ta l l in e  m e l t in g  p o i n t  a b o v e  3 0 0 ° . 
I t  c o u ld  b e  m o ld e d  t o  v e r y  s t i f f ,  to u g h  film  a t  t e m p e r a tu r e s  o v e r  
3 0 0 ° .

Polymerization of Mesitylene Diisocyanate.— F if t e e n  g r a m s  of 
m e s i ty le n e  d i i s o c y a n a te  w a s  d is s o lv e d  in  150 m l. o f x y le n e , a n d  
0 .1 5  g . o f  t h e  p r e f e r r e d  p h o s p h o le n e  o x id e  c a t a l y s t  w a s  a d d e d  t o  
t h e  r e f lu x in g  s o lu t io n .  A f te r  2 4  h r . ,  a  m o d e r a te ly  v is c o u s  s o lu 
t i o n  r e s u l te d  f ro m  w h ic h  c o u ld  b e  o b ta in e d  a  to u g h  film  b y  
e v a p o r a t io n  o f t h e  s o lv e n t .  T h e  p o ly m e r  w a s  p r e c ip i t a t e d  b y  
t h e  a d d i t io n  o f is o p r o p y l  a lc o h o l a n d  t h e n  w a s  d r i e d .  T h e  p o ly 
m e r  h a d  a  m e l t in g  p o in t  o f 1 3 0 ° . A c le a r ,  to u g h  f i lm  w a s  e a s ily  
m e l t  p re s s e d  a t  1 0 0 ° . T h is  film  c o u ld  b e  s t r e t c h e d  8 t im e s  a t  
1 0 0 ° . X - R a y  e x a m in a t io n  o f  t h e  s t r e t c h e d  p o ly m e r  sh o w e d  
a  lo w  d e g re e  o f c r y s t a l l i n i t y  a n d  o r ie n ta t io n .

Polymerization of Hexamethylene Diisocyanate.— F if te e n  
g r a m s  of t h e  d i i s o c y a n a te  w a s  m ix e d  w i th  25  m l .  o f x y le n e  a n d  
h e ld  a t  1 4 0 °  in  t h e  p re s e n c e  o f 0 .1 5  g . o f t h e  p h o s p h o le n e  o x id e  
c a t a l y s t  fo r  6  h r .  T h e  p o ly m e r  p r e c ip i t a t e d  a s  a  lu m p  o f  gel
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w h ic h  w a s  c u t  u p  i n  a  W a r in g  B le n d o r  i n  a c e to n e .  T h e  r e s u l t in g  
p o ly m e r  c o u ld  b e  p re s s e d  t o  r a t h e r  w e a k  f i lm . T h e  in f r a r e d  
s p e c t r u m  o f  t h e  p o ly m e r  f ilm s s h o w e d  c o n c lu s iv e ly  t h a t  th e  
m a t e r i a l  c o n ta in e d  n o  i s o c y a n a te  a n d  t h e  c a lc u la te d  a m o u n t  of 
c a r b o d i im id e  l in k a g e s .

Polymerization of a Triisocyanate.— 2 ,4 ,4 '- T r i i s o c y a n a to d i -  
p h e n y l  e th e r  w a s  p r e p a r e d  a c c o r d in g  t o  t h e  l i t e r a tu r e .13 A  so lu 
t i o n  o f 10 g . o f t h i s  t r i i s o c y a n a te  in  68  m l.  o f  x y le n e  w a s  t r e a t e d  
w i th  0 .0 3  g .  o f l - e th y l- 3 - m e th y I - 3 - p h o s p h o le n e - l - o x id e .  A f te r  
a b o u t  2  h r .  a t  t h e  r e f lu x  t e m p e r a t u r e ,  t h e  h a r d  c re a m -c o lo re d  s o lid  
w h ic h  h a d  p r e c i p i t a t e d  w a s  f i l te r e d  a n d  e x t r a c t e d  w i th  b e n z e n e .  
T h e  p o ly m e r ic  p r o d u c t  w a s  c o m p le te ly  in f u s ib le  a n d  in s o lu b le  
a n d  c o u ld  n o t  b e  m o ld e d  to  a  f i lm . T h e s e  p r o p e r t i e s  a r e  th o s e  of 
a  t y p i c a l  th r e e - d im e n s io n a l  p o ly m e r .

Preparation of an Elastomer Based on a Polyester Glycol.— A  
p o ly e s te r  w i t h  h y d r o x y l  e n d  g r o u p s  a n d  a  m o le c u la r  w e ig h t  o f 
a b o u t  2 0 0 0  w a s  p r e p a r e d  b y  h e a t in g  s e b a c ic  a c id  w i th  e x c e s s  2 ,2 -  
d i e th y lp r o p a n e d io l .  W a t e r  a n d  e x c e s s  g ly c o l w e re  r e m o v e d  a t  
r e d u c e d  p r e s s u r e . A  m ix tu r e  o f  23  g . o f  t h i s  p o ly e s te r  w a s  h e a t e d  
f o r  1 .5  h r .  o n  a  s t e a m  b a t h  w i th  5 .8  g . o f  m e th y le n e b is ( 4 - p h e n y l  
i s o c y a n a te ) .  T h e  r e a c t io n  m ix tu r e  w a s  t h e n  d i lu t e d  w i th  100 
m l .  o f  x y le n e  c o n ta in in g  0 .1  g . o f t h e  c a t a l y s t .  A f te r  a b o u t  1 h r .  
a t  r e f lu x , a  v e r y  v is c o u s  s o lu t io n  r e s u l t e d  w h ic h  c o u ld  b e  c o n 
v e r t e d  i n t o  a  s h e e t  o f  to u g h  e la s to m e r ic  m a t e r i a l  s im i la r  t o  t h a t  
i n  t h e  fo l lo w in g  e x p e r im e n t .

Preparation of an Elastomer Based on Polytetramethylene 
Ether Glycol.— A  m ix tu r e  o f  3 3 .7  g . o f  p o l y t e t r a m e t h y le n e  e th e r  
g ly c o l  h a v in g  a n  a v e r a g e  m o le c u la r  w e ig h t  o f  a b o u t  2 0 0 0  w a s  
h e a t e d  o n  a  s t e a m  b a t h  f o r  9 0  m in .  w i th  8 .7  g .  o f  m e th y le n e b is -  
( p - p h e n y l  i s o c y a n a te ) .  T h e  r e a c t io n  p r o d u c t  w a s  d i lu t e d  w i th  
2 0 0  m l .  o f  x y le n e  c o n ta in in g  0 .1  g . o f  t h e  p r e f e r r e d  p h o s p h o le n e  
o x id e  c a t a l y s t .  T h e  m ix tu r e  w a s  r e f lu x e d  f o r  1 hr. t o  g iv e  a  
v e r y  v is c o u s  s o lu t io n .  T h is  v is c o u s  s o lu t io n  w a s  c a s t  o n to  a  
g la s s  p l a t e ,  a n d  t h e  s o lv e n t  w a s  e v a p o r a t e d .  A  c le a r ,  v e r y  
t o u g h ,  s n a p p y  s h e e t  o f  a n  e la s to m e r  w a s  o b ta in e d .  T h is  m a 
t e r i a l  c o u ld  b e  e lo n g a te d  6 0 0 %  a n d  s h o w e d  g o o d  r e c o v e r y .

I n  a  s im i la r  e x p e r im e n t ,  145 g . o f p o l y t e t r a m e th y le n e  e th e r  
g ly c o l w i t h  a n  a v e r a g e  m o le c u la r  w e ig h t  o f  3 4 0 0  w a s  h e a t e d  o n  
th e  s t e a m  b a t h  fo r  2 h r .  w i th  171 g . o f 2 ,4 - to lu e n e  d i i s o c y a n a te .  
T h e  c o o le d  p r o d u c t  w a s  t r a n s f e r r e d  to  a  W e r n e r - P f l e id e r e r  m ix e r ,  
w h e re  th e  m a s s  w a s  b le n d e d  a t  8 0 - 1 0 0 °  fo r  4  h r .  w i th  0 .8  g .  o f t h e  
p h o s p h o le n e  o x id e  c a t a l y s t .  T h e  to u g h ,  r u b b e r y  m a s s  w h ic h  
r e s u l t e d  w a s  m il le d  o n  a  r u b b e r  ro l l  m ill  t o  g iv e  a  r o u g h  s h e e t ,  a  
p o r t io n  o f  w h ic h  w a s  m o ld e d  u n d e r  p r e s s u r e  f o r  1 h r .  a t  2 3 2 ° . 
T h is  s l a b  o f  e la s to m e r  h a d  t h e  fo llo w in g  p r o p e r t i e s  a t  ro o m  
t e m p e r a tu r e :  te n s i le  s t r e n g t h ,  2 4 0 0  p . s . i . ;  e lo n g a t io n ,  5 00% .;
m o d u lu s  a t  3 0 0 %  e lo n g a t io n ,  4 8 6  p . s . i .

Preparation of an Elastomer from Polyethylene Glycol.— A 
m ix tu r e  o f 5 0  g . o f p o ly e th y le n e  g ly c o l o f  a  m o le c u la r  w e ig h t  
a b o u t  1000  a n d  2 6 .1  g . o f  to lu e n e  2 ,4 - d i is o c y a n a te  w a s  h e a t e d  a t  
9 0 - 9 5 °  fo r  a b o u t  1 h r .  T o  th e  p o ly e th e r  n o w  b e a r in g  i s o c y a n a te  
e n d  g r o u p s  w a s  a d d e d  0 .1  g . o f  t h e  p r e f e r r e d  p h o s p h o le n e  o x id e  
c a t a l y s t .  T h e  m ix tu r e  w a s  m ix e d  in  a  W e r n e r - P f le id e r e r  m ix e r  
a t  7 0 - 1 0 0 °  f o r  2  h r .  D u r in g  t h i s  p e r io d ,  c a r b o n  d io x id e  w a s  
e v o lv e d ,  a n d  t h e  m a s s  b e c a m e  q u i t e  t h i c k .  A f t e r  2 h r . ,  t h e  
m ix tu r e  w a s  m il le d  o n  a  r u b b e r  m o ld  f o r  1 h r .  a t  7 0 °  a n d  th e n  
f o r  0 .5  h r .  a t  1 0 0 ° . T h e  r e s u l t in g  p r o d u c t  w a s  m o ld e d  u n d e r  
p r e s s u r e  a t  1 2 0 °  t o  g iv e  a  c le a r  s l a b  o f  s y n th e t i c  e l a s to m e r  w h ic h  
h a d  g o o d  s n a p  a n d  e l a s t i c i t y .

Polymerization of the Reaction Product from 4,4'-Isopropyli- 
denediphenol and Methylenebis(4-phenyl Isocyanate).— A  m ix 
t u r e  o f  1 1 .4  g . o f  4 , 4 '  i s o p r o p y l id e n e d ip h e n o l  a n d  25  g . o f  m e th y l 
e n e  b is ( 4 - p h e n y l  i s o c y a n a te )  w a s  re f lu x e d  w i th  8 5  m l .  o f  x y le n e  
f o r  2 h r .  t o  y ie ld  a  d iu r e th a n e  w i th  t e r m in a l  i s o c y a n a te  g r o u p s .  
T h r e e - t e n th s  g r a m  o f  t h e  p r e f e r r e d  p h o s p h o le n e  o x id e  c a t a l y s t  
w a s  t h e n  a d d e d  a n d  re f lu x in g  w a s  c o n t in u e d  f o r  a b o u t  3 0  m in .  
P o ly m e r iz a t io n  o c c u r r e d  r a p i d l y  w i th  t h e  p r o d u c t io n  o f  a n  in  
s o lu b le ,  v e r y  to u g h  p o ly m e r .

Anal. C a lc d .  f o r  ( C 4jH 36N 40 4 ) t : C ,  7 7 .2 ;  H ,  5 .3 ;  N ,  8 .2 .  
F o u n d :  C ,  7 7 .5 ;  H ,  5 .2 ;  N ,  7 .6 .

Polymerization of Toluene Diisocyanate in Mixtures Contain 
ing Dimethyl Sulfoxide.— A  m ix tu r e  o f 4 0  m l .  o f x y le n e  a n d  10 
m l .  o f  d im e th y l  s u lfo x id e  w a s  h e a t e d  t o  b o i l in g  a n d  10  ml. o f 
to lu e n e  d i i s o c y a n a te  w a s  a d d e d ,  fo llo w e d  b y  1 d r o p  o f  t h e  p r e 
f e r r e d  p h o s p h o le n e  o x id e  c a t a l y s t .  E v o lu t io n  o f  c a r b o n  d io x id e  
w a s  b r i s k .  A f t e r  a b o u t  1 .5  h r . ,  t h e  p o ly m e r  w a s  s t i l l  in  s o lu t io n .  
C o n t in u e d  h e a t in g  e v e n tu a l ly  c a u s e d  th e  s o lu t io n  to  g e l . T h e

(13) Werth and Krähler, U. S. Patents 2,765,341 and 2,786,864, to Du 
Pont.

T a b l e  I I I

E quivalents N = C = N p e r  M ole FOR POLYCARBODIIMIDES
D eriv ed  from T o lu en e  2,4-D iisocyanate

Mol. wt.
Aleohol Total wt. calcd. from Equiv.

used CO2. g. CO; data N = C —N/mole
E th a n o l 7 .3 902 4 .8 9
E th a n o l 6 . 7 670 3.11
I s o p r o p y l  a lc o h o l 7 . 0 794 3 .8 5
I s o p r o p y l  a lc o h o l 7 . 8 1334 8 .0 0
B e n z y l  a lc o h o l 6 . 9 855 3 .5 8
E th a n o l 8 . 2 2114 14.22
E th a n o l 7 . 3 1332 4 .8 7 “

“ P o ly  c a r b o d i im id e  d e r iv e d  f ro m  m e th y le n e b is f  4 - p h e n y l  i s o 
c y a n a te ) .

T a b l e  I V

C o m p a r i s o n  o f  M o l e c u l a r  W e i g h t  f o r  S t a b i l i z e d

PoLY CA RBO D IIM ID ES U SIN G  T lT R A T IO N  D a t a  AND C O 2 D A T A

Mol. wt. Mol. wt.
calcd. from

Diiso Total from titra
cyanate Alcohol wt., CO2 tion

used used CO2, g. data data
2 , 4 - T D I “ E th a n o l 6 .7 67 0 66 4
2 ,4 - t d i I s o p r o p y l  a lc o h o l 7 . 0 7 9 4 803
m d T E th a n o l 7 . 3 1332 3 7 0 0
2 , 6 - T D F E th a n o l 6 . 6 642 1176
M D I E th a n o l 8 .1 2 7 5 2 2771

“ T o lu e n e  2 ,4 - d i is o c y a n a te .  b M e th y le n e b is ( 4 - p h e n y l  i s o c y a 
n a t e ) .  c T o lu e n e  2 ,6 -d i is o c y a n a te .

p o ly m e r  w a s  i s o la te d  in  a  W a r in g  B le n d o r ,  w a s h e d  r e p e a t e d ly  
w i th  a c e to n e ,  a n d  p r e s s e d  to  f ilm . T h is  film  s t u c k  to  a  D e n n is  
h o t  b a r  a t  3 4 0 °  a n d  c o u ld  b e  p u l le d  o u t  t o  lo n g  f i la m e n ts .

I n  a n o t h e r  e x p e r im e n t ,  p o ly m e r iz a t io n  w a s  c a r r ie d  o u t  in  a  
m ix tu r e  o f  4 5  m l .  o f x y le n e  a n d  5 m l .  o f  d im e th y l  s u lf o x id e . 
A g a in ,  t h e  m i x t u r e  b e c a m e  q u i t e  v is c o u s  b u t  t h e  p o ly m e r  d id  n o t  
p r e c i p i t a t e  o u t  o f s o lu t io n .  T h e  s o lu t io n  w a s  c a s t  a f t e r  a b o u t
1 .5  h r .  t o  a  film  w h ic h  w a s  d r ie d  a t  1 1 0 °  f o r  3 h r .  in  a  f o rc e d  
d r a f t  o v e n .  T h e  f ilm  w a s  q u i t e  to u g h  a n d  s t i f f .  S t r i p s  o f  t h i s  
f ilm  c o u ld  b e  d r a w n  5 t im e s  a t  1 0 0 ° . H o w e v e r ,  t h e  f ilm  s t r i p s  
c o u ld  n o t  b e  h e a t - s e t .  T h e  film  s t r i p s  p r o v e d  t o  b e  e la s to m e r ic  
a b o v e  1 1 0 ° .

Use of Phenyl Isocyanate as a Chain Terminator.— T h r e e  
id e n t i c a l  p o ly m e r iz in g  m ix tu r e s  w e re  p r e p a r e d  b y  m ix in g  4 7  m l .  
o f  x y le n e , 3 m l .  o f  d im e th y l  s u lfo x id e , 10 m l .  o f t o lu e n e  d i i s o 
c y a n a t e ,  a n d  1 d r o p  o f c a t a l y s t  a t  t h e  b o i l in g  p o i n t .  T o  o n e  w a s  
a d d e d  0 .1  g . o f  p h e n y l  i s o c y a n a te ,  t o  t h e  s e c o n d  0 .2  g . ,  a n d  to  th e  
t h i r d  0 .5  g . Q u a l i t a t i v e ly ,  t h e  r a t e  a t  w h ic h  t h e  s o lu t io n s  
t h ic k e n e d  d e c r e a s e s  w i th  in c r e a s in g  p h e n y l  i s o c y a n a te .  W h e n  
a n  a p p r o p r i a t e  v is c o s i ty  w a s  r e a c h e d ,  e a c h  s o lu t io n  w a s  c a s t  o n  a  
p l a t e  a n d  d r ie d .  Q u a l i t a t i v e ly ,  t h e  to u g h n e s s  d e c r e a s e d  w i th  
in c r e a s in g  p h e n y l  i s o c y a n a te  c o n te n t .

Polymerization of 2,4-Toluene Diisocyanate in the Presence of 
p-Chlorophenyl Isocyanate.— A  s to c k  s o lu t io n  o f p - e h lo ro p h e n y l  
i s o c y a n a te  w a s  p r e p a r e d  b y  d i lu t in g  1 .0  g . o f  i s o c y a n a te  t o  50  
m l .  w i th  x y le n e . T w o  p o ly m e r iz a t io n s  t h e n  w e r e  c a r r ie d  o u t .  
I n  t h e  f i r s t ,  9 0  m l.  o f  x y le n e , 10 m l .  o f d im e th y l  s u lf o x id e , 10  m l .  
o f  to lu e n e  d i i s o c y a n a te ,  a n d  1 d r o p  o f  t h e  p h o s p h o le n e  o x id e  
c a t a l y s t  w e re  m ix e d  a n d  r e f lu x e d  u n t i l  t h e  m ix tu r e  b e g a n  t o  g e t  
v is c o u s .  A t  t h i s  p o in t ,  5 m l (0 .1  g . )  o f  t h e  s to c k  s o lu t io n  (0 .1  
g .  p  c h lo r o p h e n y l  i s o c y a n a te )  w a s  a d d e d .  T h e  v i s c o s i ty  o f  th e  
s o lu t io n  d r o p p e d  r a p id ly ,  in d ic a t in g  t h a t  d e p o ly m e r iz a t io n  w a s  
t a k in g  p la c e .  I n  t h e  s e c o n d  e x p e r im e n t ,  t h e  p - e h lo ro p h e n y l  
i s o c y a n a te  (0 .1 8  g . )  w a s  a d d e d  b e fo re  t h e  c a t a l y s t .  P o ly m e r iz a 
t io n  o f  th i s  m ix tu r e  g a v e  a  s o lu t io n  w h ic h  a t t a i n e d  o n ly  a  m o d e r 
a t e  v is c o s i ty .  T h e  p o ly m e r  w a s  p r e c ip i t a t e d  w i t h  a c e to n e  a n d  
c o n v e r te d  i n to  a  to u g h  film  a t  2 5 0 ° . T h e  p r e c i p i t a t e d ,  
w a s h e d ,  p o ly m e r  c o n ta in e d  0 .4 %  b y  w e ig h t  o f  c h lo r in e ,  i n d i c a t 
in g  t h a t  a l l  o f  t h e  c a p p in g  a g e n t  h a d  b e e n  in c o r p o r a t e d .

Preparation of the Polycarbodiimide Derived from Toluene
2,4-Diisocyanate and Chain Terminated with Ethanol.— A  5 00- 
m l . ,  f o u r - n e c k e d ,  r o u n d - b o t to m  f la s k  w a s  f i t t e d  w i t h  a  s t i r r e r ,  
th e r m o m e te r ,  a  s in te r e d  g la s s  t ip p e d  n i t r o g e n  in l e t  t u b e ,  a n d  a  
s p i r a l  t y p e  c o n d e n s e r  w h ic h  w a s  c o n n e c te d  a t  t h e  to p  t o  a  D r y
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T a b l e  V
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I c e - a c e t o n e  c o ld  t r a p  a n d  t h e n  t o  a n  A s c a r i t e  to w e r  f i t t e d  o n  a  
b a la n c e  in s id e  a  b o x  c o n ta in in g  a  m o v a b le  p l a s t i c  f r o n t  p a n e l .  
T o  t h e  f la s k  w a s  a d d e d  3 4 .8  g . o f  t o lu e n e  2 ,4 - d i i s o c y a n a te  ( 0 .2  
m o le )  a n d  2 0 0  m l .  o f  d r y  b e n z e n e .  T h is  m ix tu r e  w a s  h e a t e d  in  
a n  o il  b a t h  t o  5 0  ±  1° u n d e r  a  s t r e a m  o f  d r y  n i t r o g e n  b u b b l in g  
th r o u g h  t h e  s o lu t io n .  T o  t h e  h e a t e d  m ix tu r e  w a s  a d d e d  0 .2  
m l.  o f 3 - m e th y l - l - e th y l - 3 - p h o s p h o le n e  1 -o x id e  f ro m  a  c a l i b r a t e d  
h y p o d e r m ic  s y r in g e .

C a r b o n  d io x id e  e v o lu t io n  m e a s u r e m e n ts  w e re  t a k e n  p e r io d ic a l ly  
b y  t h e  in c r e a s e  in  w e ig h t  o f  t h e  A s c a r i t e  to w e r .  D u r in g  3 7  
m i n . ,  6 .0  g . ( 0 .1 3 6  m o le )  o f  c a r b o n  d io x id e  h a d  e v o lv e d ;  12 m l .  
(0 .2  m o le )  o f  a b s o lu te  e th a n o l  w a s  in t r o d u c e d  i n t o  t h e  r e a c t io n  
m ix tu r e .  D u r in g  t h e  n e x t  23  m i n . ,  a  t o t a l  o f  6 .7  g . ( 0 .1 5 2  m o le )  
o f  c a r b o n  d io x id e  w a s  m e a s u r e d .  T h e  r e a c t io n  m ix tu r e  w a s  th e n  
h e a t e d  f o r  a n  a d d i t i o n a l  4 5  m in .  d u r in g  w h ic h  t im e  n o  m o r e  
c a r b o n  d io x id e  h a d  e v o lv e d .

T h e  b e n z e n e  a n d  e x c e s s  a lc o h o l  w e re  d is t i l l e d  f ro m  th e  r e a c t io n  
m ix tu r e  u s in g  h ig h  v a c u u m  a n d  a  b a t h  t e m p e r a t u r e  o f  4 0 - 5 0 ° .

T h e  p r o d u c t  w a s  a  l i g h t  y e l lo w  s o lid  w h ic h  w a s  s o lu b le  in  
c h lo r o fo r m , b e n z e n e ,  a n d  t e t r a h y d r o f u r a n .  T h e  in f r a r e d  
s p e c t r a  o f  a n  e v a p o r a t e d  f ilm  f ro m  c h lo r o fo r m  s o lu t io n  s h o w e d  a n  
— N H  b a n d  a t  3 .0 2  n, a n  — N = C = N —  b a n d  a t  4 .7 0  m , a n d  a

\
b a n d  a t  5 .7 7  p  f o r  t h e  u r e th a n e ,  C = 0 .  A ll o t h e r  u r e th a n e -

t e r m in a te d  p o ly c a r b o d i im id e s  w e re  p r e p a r e d  in  a  s im i la r  f a s h io n .
T h e  e q u iv a l e n t s  o f  c a r b o d i im id e  g r o u p s  p e r  m o le  f o r  a  n u m b e r  

o f p o ly c a r b o d i im id e s  d e r iv e d  f ro m  to lu e n e  2 ,4 - d i is o c y a n a te s  a r e  
g iv e n  in  T a b le  I I I .

A n o th e r  s e r ie s  o f  p o ly m e r s  w a s  p r e p a r e d  in  s im i la r  m a n n e r ,  
a n d  t h e  m o le c u la r  w e ig h ts  c h e c k e d  b y  a  t i t r a t i o n  m e th o d .  
T h is  m e th o d  c o n s is ts  o f  t h e  r e a c t io n  o f e x c e s s  e th y la m in e  w i th  
t h e  c a r b o d i im id e ,  e l im in a t io n  o f  t h e  e x c e s s  a m in e ,  a n d  t i t r a t i o n  
o f  t h e  g u a n id in e  w i th  0 .1  A  h y d r o c h lo r ic  a c id .  T h is  p r o c e d u r e  
w a s  f o u n d  t o  b e  a p p l ic a b le  t o  s ta b i l i z e  p o ly c a r b o d i im id e s  a s  w e ll 
a s  t o  t h e  s im p le  c o m p o u n d s .

T h e  p e r  c e n t  — N = C = N —  p r e s e n t  in  t h e  m o le c u le  is  c a l 
c u la te d  a s  fo llo w s

M ^  _ m l. H C 1  X  A  o f  H C 1  X  4 .0
%  n = c = n  = --------- w e i g h t o f s a m p l e ---------

w h e re  4 .0  is  t h e  e q u iv a l e n t  w e ig h t  o f  N = C = N  X  1 0 0 /1 0 0 0 . T h e  
d a t a  a r e  s h o w n  in  T a b le  I V .

Hydrolytic Stability of Polycarbodiimides.— B o t h  p o ly ( 3 ,3 -  
d im e th o x y - 4 ,4 - b ip h e n y le n e c a rb o d i im id e )  a n d  p o ly (4 ,4 -b ip h e n y I -  
e n e c a rb o d i im id e )  w e re  b o i le d  a s  f in e  p o w d e r s  w i th  1 0 %  s u lfu r ic  
a c id ,  1 0 %  s o d iu m  h y d r o x id e ,  d is t i l l e d  w a t e r ,  a n d  1 0 %  a q u e o u s  
a m in o e th a n o l .  A f te r  24  h r .  a p p r o x im a te ly  h a l f  o f  t h e  c a r b o d i 
im id e  b o n d s  h a d  b e e n  a l t e r e d ,  a s  s h o w n  b y  in f r a r e d  m e a s u r e 
m e n t s .  T h e s e  f ig u re s  c o u ld  n o t  b e  o b t a in e d  a c c u r a t e ly  s in c e  
p o ta s s iu m  b r o m id e  p e l le t  f o r m a t io n  f o r  in f r a r e d  a n a ly s e s  w a s  
p o o r .

I n  a n o th e r  e x p e r im e n t ,  f iv e  s a m p le s  o f  p o ly ( 2 ,4 - to lu e n e -  
c a r b o d i im id e I  film  of 1 -m il th ic k n e s s  w e re  p r e p a r e d .  T h e s e  
s a m p le s  w e re  b o i le d  w i th ,  r e s p e c t iv e ly ,  1 0 %  s u lf u r ic  a c id ,  3 A  
s o d iu m  h y d r o x id e ,  w a te r ,  a n d  1 0 %  e th a n o la m in e .  T h e  f if th  
s a m p le  w a s  r e t a in e d  a s  a  c o n t r o l .  N o  c h a n g e  c o u ld  b e  d e t e c t e d  
in  t h e  s p e c t r a  o f  t h e  v a r io u s  f ilm  s a m p le s  in d ic a t in g  t h a t  n o  
c h e m ic a l  r e a c t io n  h a d  t a k e n  p la c e  b e tw e e n  t h e  p o ly m e r  a n d  t h e  
h y d r o ly z in g  m e d iu m .

Infrared Study of Carbodiimide Formation.— T h e  in f r a r e d  
s p e c t r u m  o f  a  p o ly m e r iz in g  m ix tu r e  o f  50  g .  o f m e th y le n e b is ( 4 -  
p h e n y l  i s o c y a n a te )  in  2 0 0  m l. o f  b o i l in g  x y le n e  w a s  t a k e n  s e v e ra l  
t im e s  d u r in g  th e  p o ly m e r iz a t io n .  T h e  a p p e a r a n c e  o f  t h e  c a r 
b o d i im id e  b a n d  w a s  m a tc h e d  q u i te  c lo s e ly  b y  t h e  d is a p p e a ra n c e  
o f  t h e  i s o c y a n a te  b a n d .  A f te r  a b o u t  h a l f  a n  h o u r )  t h e  i s o c y a n a te  
b a n d  i n t e n s i t y  h a d  d r o p p e d  to  a b o u t  o n e - h a l f  o f  i t s  o r ig in a l  in t e n 
s i t y ,  a n d  t h e  c a r b o d i im id e  b a n d  h a d  b u i l t  u p  t o  a b o u t  o n e -h a lf  o f  
i t s  f in a l  i n t e n s i t y .  A f te r  3 h r . ,  n o  i s o c y a n a te  c o u ld  b e  d e t e c t e d ,  
o n ly  c a r b o d i im id e  w i th  a  b a n d  a t  a b o u t  4 .7 6  p .14 T h e  i n t e n s i t y  
o f  t h e  b a n d  w a s  s u c h  t h a t  w i th in  t h e  l im i ts  o f  a c c u r a c y  o f  t h e  
i n f r a r e d  m e a s u r e m e n t s ,  a l l  o f  t h e  i s o c y a n a te  c o u ld  b e  a c c o u n te d  
f o r  a s  c a r b o d i im id e .

Reaction o f p-Methoxyphenyl Isocyanate with Ditolylcarbodi- 
imide.— A  m ix tu r e  o f  a p p r o x im a te ly  e q u a l  w e ig h ts  o f  d i to ly lc a r -  
b o d i im id e  a n d  p - m e th o x y p h e n y l  i s o c y a n a te  a n d  a  t r a c e  o f  p h o s -  
p h o le n e  o x id e  c a t a l y s t  w a s  h e a t e d  a t  1 5 0 °  f o r  5  m in .  a n d  th e n  
s w e p t  o u t  w i th  a  s t r e a m  o f  a r g o n  g a s .  T h e  e f f lu e n t  g a s e s  w e re  
r u n  t h r o u g h  a  g a s  c h r o m a to g r a p h ic  c o lu m n  w h ic h  g a v e  a  c le a r ,  
w e ll d e f in e d  b a n d  in d i c a t iv e  o f  t h e  p r e s e n c e  o f  s u b s t a n t i a l  q u a n t i 
t i e s  o f  to ly l  i s o c y a n a te .

Kinetic Measurements.— R a te s  o f  e v o lu t io n  o f  c a r b o n  d io x id e  
w e re  m e a s u re d  e x a c t ly  a s  in  p a p e r  I I  o f  t h i s  s e r ie s .6 D a t a  a r e  
s h o w n  in  F ig .  1 a n d  2 a n d  T a b le  V .

(14) (a) G. D. Meakins and R. .T. Moss, J .  C h e m .  S o c . ,  993 (1957); 
(b) H. G. Khorana, unpublished work quoted in ref. 3.
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A  n u m b e r  o f  N - f -b u t .y l-N -a lk y l  c a r b a m o y l  c h lo r id e s  h a v e  b e e n  s y n th e s iz e d  b y  k n o w n  m e th o d s .  T h e s e  
c o m p o u n d s  d e c o m p o s e  r e a d i ly  a t  lo w  t e m p e r a t u r e  w i th  o r  w i th o u t  c a ta ly s is  t o  t h e  c o r re s p o n d in g  a lk y l  i s o c y a 
n a t e s  in  h ig h  y ie ld .

The pyrolysis of an N-f-Butyl-N-alkyl carbamoyl 
chloride (I) to the primary carbamoyl chloride (la) or 
even to the corresponding alkyl isocyanate (lb) provides 
a synthetic approach to mono- and diisocyanates, some 
of which are not readily accessible by known synthetic 
methods.

Accordingly, a number of i-butylalkylamines were 
synthesized in high yield from ¿-butylamine and the 
corresponding alkyl chlorides using a modification of 
Bortnick’s1 method. The f-butylalkylamines were 
then phosgenated under a variety of conditions to the 
N-f-butyl alkyl carbamoyl chlorides which, in certain 
cases, were isolated, purified, and characterized; the 
yields depending both on the nature of the alkyl group 
and the method of phosgenation.

proceeds with utmost ease in polar solvents2 such as 
nitrobenzene at mild (100°) temperatures, while being 
slow in toluene. Moreover, the addition of catalytic 
amounts of ferric chloride, known to aid reaction of 
carbamoyl chlorides,3 accelerated the reaction even to 
the extent that the reaction proceeded as well as with 
catalyst at 83° in ethylene dichloride as it had at 100° 
without catalyst in nitrobenzene. These results are 
shown in Fig. 1 and in Table I.

Synthesis of disubstituted carbamoyl chlorides (VIII) 
by phosgenation of secondary amines under various 
conditions is well known4; however, the formation of 
isocyanates from such carbamoyl chlorides or even 
during their synthesis has not been reported previously. 
Actually, compounds VIII appear to exhibit consider-

-C H HC1
— V - L  R '( N H C O C l) n ^ —>- R iN C O ) ^  

l a  l b

n
I

I ,  n = 1, R

I I ,  n = I ,  R
I I I ,  n = 1, R
I V , n = 2, R

V , n =  2 , R

V I ,  n =  2 , R

Attempts to prepare VI from N,N'-bis-f-butylethyl- 
enediamine gave l,3-bis-f-butyl-2-imidazolidinone (VII) 
instead.

The initial model selected, ¿-butylbenzylamine-N- 
carbonyl chloride (I), demonstrated the relative ease 
with which the decompositions to isocyanate may take 
place. Even during its formation in toluene (110°) 
traces of isocyanate were detectable. The pure ma
terial (I), a solid, in the melt at 130 to 160°, decomposed 
with vigorous gas evolution, to give hydrogen chloride, 
isobutylene, ¡5-butyl chloride, and benzyl isocyanate in 
over 84% yield. The generality of the reaction has 
been established by similarly converting the n-butyl 
(II) and ally] (III) derivatives to the corresponding 
monoisocyanates, and the p-xylylene (IV) and 1,4-di- 
substituted butene-2 (V) derivatives to the correspond
ing diisocyanates in good yield.

Operational difficulties attendant with the more vola
tile II and III and with the more reactive IV and V 
when decomposed as the undiluted materials prompted 
a study, of the reaction in a variety of solvents. This 
study, using II as a model, revealed that the reaction

(1) N. Bortniek, et al., J. Am. Chem. Soc., 78, 4039 (1956).
(2) L. P. Hammett, "Physical Organic Chemistry,” McGraw Hill Book 

Co., New York, N. Y., 1940, pp. 214, 215, 322, 323.
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able thermal stability, especially the mono- and diary] 
derivatives, but even straight-chain dialkyl derivatives 
are quite stable. This is demonstrated strikingly by 
the work of Sloeombe4' who has obtained the dibutyl 
and diamyl derivatives in 80% yield by vapor phase 
phosgenation of the secondary amines at 200-275°. 
No isocyanate formation from these amines was men
tioned.

From this work, it is evident that introduction of 
branching in the a-carbon reduces the thermal sta
bility markedly. The highly stable examples cited 
are either aryl6-6 or primary alkyl4' substituted. There 
are only a few secondary alkyl4f-m'6 substituted car
bamoyl chlorides reported. Isocyanate formation from 
these has not been observed, although Boon4f has de-

(3) F. Weygand and R. Mitgan, Chem. Ber., 88, 301 (1955); Chem. Abstr. 
50, 1663 (1956).

(4) (a) A. B. Boese, Jr., and R. T. Major, J. Am. Chem. Soc., 57, 175
(1935); Chem. Abstr., 29, 1412 (1935). (b) G. Lob, Rec. trav. chim., 55,
859-873 (1936); Chem. Abstr., 31, 1385 (1937). (c) M. M. Jamison and
E. E. Turner, J. Chem. Soc., 1954, (1937); Chem. Abstr., 32, 1666 (1938). 
(d) L. Raiford and K. Alexander, J. Org. Chem., 5, 300 (1940); Chem. 
Abstr., 34, 5065 (1940). (e) L. Orthner, U. S. Patent 2,251,892 (1941);
Chem. Abstr., 35, 7586 (1941). (f) W. R. Boon, J. Chem. Soc., 307-318
(1947); Chem. Abstr., 41, 5448-5451 (1947); British Patent 560,700 (1944); 
Chem. Abstr., 40, 3857 (1946); U. S. Patent 2,398,283 (1946); Chem. A6sir., 
40, 4178 (1946). (g) O. Ya. Fedetova, et al., ibid., 53, 1141 (1959). (h) P.
E. Wilcox and W. A. Schroeder, J. Org. Chem., 15, 944 (1950); Chem. 
Abstr., 45, 2889 (1951). (i) R. J. Slocombe, et al., J. Am. Chem. Soc., 72,
1888 (1950). (j) W. Siefken, Ann., 562, 75-136 (1949); Chem. Abstr., 44,
115 (1950). (k) S. Kushner and L. Brancone, U. S. Patent 2,467,895 (1949);
Chem. Abstr., 43, 6245a (1949). (1) J. Weijlard and M. Tishler, U. S. Patent
2,642,450 (1953); British Patent 688,726 (1953); Chem. Abstr., 48, 2091 
(1954). (m) A. Sekera, et al., Chem. Listy, 46, 762 (1952); Chem. Abstr.,
47, 12302 (1953).

(5) T. W. Price, J. Chem. Soc., 3230 (1926).
(6) R. Stolle, J. prakt. Chem., 117, 185-210 (1927); Chem. Abstr., 22, 

422 (1928).
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scribed some of them as undistillable liquids.7 i-Alkyl 
substituted carbamoyl chlorides were not reported 
previously in the literature.

While the phosgene-tertiary amine reaction is a well 
known8 reaction for synthesis of disubstituted car
bamoyl chlorides, again, frequently under drastic (190°) 
conditions, there is only an isolated instance in which 
Wahl8a reports that the use of a large excess of phos
gene at high temperature on di-w-alkylanilines afforded 
traces of phenyl isocyanate. This reaction could 
proceed via an intermediate such as A.

C i -  — >  2 C 2H 6C1 +  C „H 6N C O

A

The decomposition of the i-butylcarbamoyl chlorides 
occurs more readily in polar than in nonpolar solvents 
and is catalyzed by Lewis acids such as ferric chloride. 
These effects of solvent and catalysis are demonstrated 
in Fig. 1, whereby the rate of decomposition in the 
polar solvent nitrobenzene or with ferric chloride in 
ethylene dichloride solvent is considerably enhanced 
over that in the nonpolar solvent toluene. These 
facts are consistent with a cyclic concerted process 
similar to the Cope and Chugaev reactions,910 and 
illustrated by B. An alternative mechanism involving 
the initial ionization of chloride ion to give the reso
nance stabilized carbonium ion (C), a step facilitated 
both by polar solvent and Lewis acid, is perhaps more 
attractive.
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Analogous to this reaction are the observations 
of Mukaiyama, et al.,n who have obtained iso
cyanates among other formed products from aceto- 
acetamides and a-chloroacetanilides, albeit only at 
350° and above in the vapor phase. Very significantly, 
the yields were greatly improved when the N-H was 
replaced by N-f-Bu in the latter types.
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(7) A m ong  th e se  w ere, h ow ever, co m p o u n d s  of th e  e th y le n e d ia m in e  
ty p e  w h ich  h av e  a  s tr u c tu r e  p red isp o sed  to  th e  e lim in a tio n  of pho sg en e  
w ith  c o n c o m it ta n t cy c liza tio n  to  e th y le n e u re a s ,4b-4f w h ich  we h av e  ra th e r  
s im ila rly  o b se rv ed  on a t te m p te d  sy n th e s is  of V I (c/. E x p e rim e n ta l s ec tio n  6)
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(8) (a) A. W ahl, B u l l .  s o c .  c h i m . ,  [5] 1, 244-246  (1934); C h e m .  A b s t r . ,

28, 5430 (1934). (b) C . S cho ltissek , C h e m .  B e r . ,  89, 2562 (1956); C h e m .

A b s t r . ,  51, 14712 (1957). (c) V. A. R u d en k o , e t  a l . ,  J .  G e n .  C h e m . ,  U S S R ,

17, 2256-2258  (1947); C h e m .  A b s t r . ,  42 , 4918 (1948). (d) E . S te in  a n d  0 .
B ay e r, U . S. P a te n t  2 ,698,343 (1954).

(9) D . J . C ram , “ S teric  E ffec ts  in  O rgan ic C h e m is try ,”  M . S. N ew m an , 
E d ., Jo h n  W iley  a n d  Sons, In c .,  N ew  Y o rk , N . Y ., 1956, p . 310.

(10) C . H . D e P u y  a n d  R . W . K in g , C h e m .  R e v . ,  60, 431 (1960).
(11) T . M u k a iy a m a , e t  a l ,  J .  O r g .  C h e m . ,  26, 4381 (1961); 27, 803 (1962).
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F ig . 1.— F o r m a t io n  o f  n - b u t y l  i s o c y a n a te  f ro m  r a -b u ty l - f - b u ty l -  
c a r b a m o y l  c h lo r id e . C u r v e s  1 t h r o u g h  4  r e p r e s e n t  i s o c y a n a te  
a b s o r b a n c e  (Xmox 4 .4 5  y, l e f t  o r d in a t e )  vs. t im e :  ( 1 )  • ,  in  t o lu e n e  
a t  1 0 0 ° ; ( 2 ) 0 ,  in  n i t r o b e n z e n e  a t  1 0 0 ° ; ( 3 )  © , in  1 ,1 ,2 - t r ic h lo ro -  
e th a n e  a t  1 0 0 °  w i th  a  t r a c e  o f  f e r r ic  c h lo r id e  c a t a l y s t  in t r o d u c e d  
a t  a  r e a c t io n  t im e  of 9 7  m in u te s ;  ( 4 )  Q, in  1 ,2 - d ic h lo ro e th a n e  w i th  
fe r r ic  c h lo r id e  c a t a l y s t  a t  8 3 ° . C u r v e  5, ©  in d ic a te s  t h e  p e r  
c e n t  n - b u ty l - J - b u ty lc a r b a m o y l  c h lo r id e  c o n s u m e d  in  4 a s  d e t e r 
m in e d  b y  th e  c a r b o n y l  a b s o r p t io n  a t  X™« 5 .7 5  a  ( r i g h t  o r d in a te ) .
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Experimental
A n a ly s e s  w e re  b y  S c h w a r z k o p f  M ic r o a n a ly t i c a l  L a b o r a to r y ,  

W o o d s id e , N .  Y . ;  in f r a r e d  s p e c t r a  w e re  d e te r m in e d  o n  a  P e r k in -  
E lm e r  M o d e l  21 s p e c t r o p h o to m e te r .

1. General Procedure for ¿-Butylamines

T h e  p r o c e d u r e  is  a  m o d if ic a tio n  o f  B o r t n i c k ’s  m e t h o d ,1 a n d  
is  i l l u s t r a t e d  fo r  ¿ -b u ty lb e n z y la m in e .  A  s o lu t io n  o f  7 5 .9  g . 
(0 .6  m o le )  o f  b e n z y lc h lo r id e  a n d  8 7 .6  g .  (1 .2  m o le s )  o f  ¿ -b u ty l-  
a m in e  in  150  m l. o f  d im e th y l f o r m a m id e  w a s  h e a t e d  a t  a  g e n t le  
b o i l  f o r  3 h r .  d u r in g  w h ic h  t h e  t e m p e r a t u r e  ro s e  f ro m  8 0 °  t o  1 4 0 °  
w i th  so m e  c r y s ta l s  f o rm in g  a n d  r e d is s o lv in g .  T h e r e a f t e r ,  ex ce ss  
(7 8 %  r e c o v e r y )  ¿ - b u ty la m in e  w a s  s lo w ly  (3  h r . )  d i s t i l l e d .  F ro m  
t h e  co o le d  m ix tu r e  112  g . ( 9 3 %  th e o r y )  o f  c ru d e  a m in e  h y d r o 
c h lo r id e  w a s  o b ta in e d  d r y ,  m .p .  2 4 9 - 2 5 3 ° .  T r e a t m e n t  w i th  1 5 %  
c a u s t ic  (n o  e x o th e r m )  a f fo rd e d  7 6 .1  g . o f a n  o il w h ic h  w a s  d r ie d  
o v e r  p o ta s s iu m  h y d r o x id e  p e l le ts  a n d  d is t i l l e d  in vacuo; b .p .  
1 0 0 °  (1 7  m m .) ,  b .p .  1 0 7 °  (2 0  m m .) ,  b .p .  9 9 °  (1 4  m m .) ;  
n 22.7D 1 . 4 9 5 1  [ r e p o r te d  b . p .  9 1 °  (1 2  m m .) ,  n 2i d  1 .4 9 4 1 ] .

B e c a u s e  t h e  r e a c t io n  o f  t h e  a l ly l ic  h a l id e s  w i th  ¿ - b u ty la m in e  w a s  
v e r y  e x o th e r m ic ,  th e s e  h a l id e s  w e re  a d d e d  d r o p  w ise  t o  t h e  
p r e h e a t e d  a m in e  s o lu t io n  a t  6 5 - 7 5 °  w i th o u t  a d d i t i o n a l  h e a t in g  
u n t i l  t h e  a d d i t io n  w a s  c o m p le te ;  b y  c o n t r a s t ,  c o m p le te  r e a c t io n  
w i th  n - b u ty l  c h lo r id e  o r  e th y le n e  d ic h lo r id e  r e q u i r e d  n e a r ly  2 
d a y s .

2. Phosgénation of ¿-Butylamines
Method A. (a) ¿-Butylbenzylamine-N-carbonyl Chloride

( I ) .— A  s o lu t io n  o f  4 8 .6  g . (0 .3  m o le )  o f  ¿ - b u ty lb e n z y la m in e  in  100 
m . o f  t o lu e n e  w a s  a d d e d  (25  m in .)  t o  a  s t i r r e d ,  ic e -c o o le d  s o lu t io n  
o f  3 0  g . (0 .3  m o le )  o f  p h o s g e n e  in  5 0 0  m l .  o f  t o lu e n e  w h ile  p a s s in g  
e x c e ss  p h o s g e n e  a t  a  r a t e  o f  0 .1 - 0 .2  m o .e / h r .  T h e  r e s u l t in g  
th i c k  s u s p e n s io n  w a s  re f lu x e d  u n t i l  c le a r  ( 1 0 0 ° ,  16 h r . )  w h ile  
c o n t in u in g  t o  a d d  p h o s g e n e . E v a p o r a t i o n  in vacuo a f fo rd e d  a  
c r y s ta l l in e  r e s id u e , p a le  b r o w n  t o  y e l lo w , w i th  a  s w e e t  a n d  p u n 
g e n t  o d o r ,  66  g . ( 9 6 % ) ,  m .p .  8 5 - 8 9 ° .

S p e c t r u m :  X“®01! 3 .4 2 , 5 .7 5 , 6 .8 5 , 7 .1 4 ,  7 .3 4 - 7 .4 5 ,  8 .5 0 ,
8 .9 5 ,  1 0 .4 0  y.



2 0 7 8 T il l e y  a n d  Sa y ig h Y o l . 2 8

(b) n-Butyl-f-butylamine-N-carbonyl Chloride (II).— T h is  
p r o c e d u r e  o n  n - b u ty l - f - b u ty la m in e  in  b e n z e n e  g a v e  a  s o lu t io n  
c o n ta in in g  m u c h  u n c h a n g e d  s u s p e n d e d  a m in e  h y d r o c h lo r id e  
e v e n  a f t e r  2 4  h r .  a t  8 0 ° ,  b u t  t h i s  f i l te r e d  h y d r o c h lo r id e  w a s  
c o m p le te ly  p h o s g e n a te d  in  5 .5  h r .  in  to lu e n e  a t  1 1 0 ° . T h e  
c a r b o n y l  c h lo r id e  w a s  n o t  i s o la te d ,  b u t  r a t h e r  p y r o ly z e d  on  
c o n c e n t r a t io n .

(c) Bis-i-butylamino-p-xylylene-N,N '-dicarbonyl Chloride
(V).— T h e  p r o c e d u r e  o f m e th o d  A  u s in g  c h lo ro b e n z e n e  s o lv e n t  a t  
re f lu x  (1 3 0 ° )  d u r in g  3 d a y s  s t i l l  h a d  2 2 %  u n c h a n g e d  d ih y d r o 
c h lo r id e  p r e s e n t ,  w h ic h  w a s  in s o lu b le  a n d  id e n t ic a l  w i th  o r ig in a l  
h y d r o c h lo r id e .  T h e  f i l t r a t e ,  o n  c o n c e n t r a t io n ,  a f fo rd e d  a  
b r i g h t  y e l lo w  s o l id  w h ic h  b e c a m e  co lo r le ss  o n  s t a n d in g  in  t h e  a i r ,  
c r u d e  V .

Method B. (a) 1,4-Bis-f-Butylaminobutene-2-N,N'-dicar-
bonyl Chloride (IV).— A  s o lu t io n  o f 1 9 .8  g . (0 .1  m o le )  o f 1 ,4 -b is -  
¿ - b u ty la m in o b u te n e -2  a n d  2 0 .2  g . ( 0 .2  m o le )  o f t r i e th y l a m in e  in  
100  m l .  o f b e n z e n e  w a s  a d d e d  to  a n  ic e -c o o le d  ( 3 - 8 ° )  s o lu t io n  o f 
ca. 1 9 .8  g . ( 0 .2  m o le )  o f  p h o s g e n e  in  150  m l .  o f  b e n z e n e  (4 0  m in . ,
3 - 8 ° ) .  A f te r  1 -h r . s t i r r in g  a t  2 0 - 3 0 ° ,  t h e  m ix tu r e  w a s  p u r g e d  
a n d  h e a t e d  t o  6 5 ° .  T h e  s o l id  t r i e th y l a m in e  h y d r o c h lo r id e  w a s  
f i l te r e d  off a n d  t r i tu r a te ,d  o n c e  w i th  h o t  b e n z e n e  (1 0 0  m l . ,  6 0 ° ) .  
T h e  c o m b in e d  f i l t r a te s  a f fo rd e d  2 5 .8  g . o f f in e  c r y s ta l s ,  m .p .  
1 3 2 - 1 3 4 ° ;  a n d  a n o th e r  3 .6  g . ,  m .p .  1 3 2 - 1 3 3 ° ,  f ro m  t h e  m o th e r  
l i q u o r  ( t o t a l  9 1 % ) .

Anal. C a lc d .  fo r  C ,4 H 24N 20 2C12: C ,  5 2 .0 1 ;  H ,  7 .4 8 ;  N ,
8 .6 7 . F o u n d :  C ,  5 2 .1 4 ; H ,  7 .3 5 ;  N ,  8 .7 2 .

S pectrum : A™C13 3.40, 5.75, 6.80, 7.16, 7 .3 -7 .5 , 8.50, 8.90,
9.33, 10.45 m.

(b) n-Butyl-f-butylamine-N-carbonyl Chloride (II).— T h is  w as 
a ls o  p r e p a r e d  b y  m e th o d  B ;  h o w e v e r ,  f i l te r in g  a n d  t r i t u r a t i n g  
t h e  t r i e th y l a m in e  h y d r o c h lo r id e  w as d o n e  in  t h e  co ld  ( 2 0 - 3 0 ° ) .  
T h e  f i l t r a t e ,  o n  c o n c e n t r a t io n ,  a f fo rd e d  a n  o il w h ic h ,  o n  c e n t r i 
f u g in g  f re e  o f  t r a c e  im p u r i t i e s ,  w e ig h e d  1 6 .6  g . ( 8 6 %  f ro m  1 2 .9  g . ,  
0 .1  m o le ,  a m in e ) ,  m .p .  —23 to  —2 5 ° .

S p e c t r u m :  A” “  3 .4 2 , 5 .7 5 , 6 .8 0 , 7 .3 ,  7 .4 5 , 7 .7 5 ,  8 .4 3 ,  9 .2 5 ,
1 0 .6 5 , 1 1 .8 3 , 1 3 .3 , 1 3 .6 5 , 1 4 .0 , 1 4 .8  m-

Method C. Combined Phosgenation and Pyrolysis to Iso
cyanate. (a) Allyl Isocyanate.— I n t o  a n  ic e -c o ld , s t i r r e d  s o lu 
t i o n  o f  100  m l .  o f  o -d ic h lo ro b e n z e n e  a n d  2 7 .8  g . (0 .1 5  m o le )  o f  t r i -  
b u ty l a m in e  w a s  c o n d e n s e d  ca. 15 g . (0 .1 5  m o le )  o f p h o s g e n e  
a n d  th e n  w a s  a d d e d  1 7 .0  g .  (0 .1 5  m o le )  o f f - b u ty la l ly la m in e  
d u r in g  10  m in .  I l l  w a s  n o t  i s o la te d ;  r a t h e r  1 .1 5  h r .  l a t e r ,  th e  
m ix tu r e  w a s  h e a t e d  t o  1 1 5 -1 2 5 °  w h ile  a d d in g  a n o th e r  0 .1 5  
m o le  o f  t r ib u t y l a m i n e .  W i th  a  s h o r t  d is t i l l in g  c o lu m n  a t t a c h e d ,  
a  r e c e iv e r  a t  ro o m  t e m p e r a t u r e ,  a n d  a  D r y  I c e -c o o le d  t r a p  in  
s e r ie s ,  t h e  r e a c t io n  m ix tu r e  w a s  h e a t e d  to  1 7 5 °  (1  h r . )  a n d  
th e n  t o  2 0 0 °  (1 h r . ) .  D u r in g  th e  l a t t e r  p e r io d  9 .3  g . ( 7 5 % )  
o f  s l ig h t ly  im p u r e  a l ly l  i s o c y a n a te  d i s t i l l e d ,  b .p .  8 0 - 8 5 °  (7 6 0  
m m .)  [ r e p o r te d 12 b .p .  8 2 °  (7 6 0  m m .) ] .  I s o c y a n a te  e q u iv a l e n t ,  
8 3 .9 ;  th e o r y ,  8 3 .1 .

I n f r a r e d  s p e c t r u m :  A” «1 2 .7 5 , 3 .2 7 ,  4 .4 2 ,  6 .0 5 , 6 .9 2 , 7 .0 5 ,
7 .4 ,  7 .5 ,  1 0 .0 7 , 1 0 .7 5 - 1 0 .9  n. T h e  D r y  I c e  t r a p  c o n ta in e d  7 .6  
g . o f  v o la t i l e  m a te r i a l ,  b .p .  m o s t ly  — 10 to  + 1 °  (7 6 0  m m .)  
( r e p o r t e d  fo r  i s o b u ty le n e  —6 ° )  w i th  a  s t r o n g  o le f in ic  o d o r ;  
A™015 ( 5 - 1 5 % )  4 .4 2  m f o r  t r a c e s  o f i s o c y a n a te ;  t r a c e s  ¿ -b u ty l 
c h lo r id e , Amax 6 .8 4 , 7 .2 9  , 8 .0 7 , 8 .6 5  /¿; a n d  m u c h  i s o b u ty le n e ,  
Am lI 3 .2 8 ,  3 .4 5 , 6 .0 4 , 1 1 .3 0  v. O n  o v e r n ig h t  s t a n d in g  a t  ro o m  
t e m p e r a tu r e  t h e  t r a p  c o n te n t s  e v a p o r a t e d  to  a  fe w  d r o p s  of 
r e s id u e ;  A“ ) 4 .4 5 , 7 .2 9 , 8 .6 5  m w e re  s t r o n g ,  w h ile  6 .0 4  ¡j w as 
m u c h  d e c re a s e d , a n d  1 1 .3 0  e n t i r e ly  a b s e n t ,  c o n s is te n t  w i th  a  
r e s id u e  o f  ¿ -b u ty l  c h lo r id e  a n d  a lly l  i s o c y a n a te .

(b) n-Butyl Isocyanate.— M e th o d  C  w a s  u s e d  o n  ¿ -b u ty l-n -  
b u ty l a m in e  w i th  t h e  v a r i a t i o n  t h a t  t h e  r e a c t io n  m ix tu re  w as  
h e a t e d  a t  1 2 0 -1 4 5 °  fo r  1 h r .  a n d  th e n  co o led  t o  9 0 °  b e fo re  
a d d in g  t h e  s e c o n d  0 .1 5  m o le  o f  t r ib u ty l a m in e .  D u r in g  th e  
i n i t i a l  p e r io d  9  g . o f v o la t i l e s  c o n s is t in g  o f i s o b u ty le n e  a n d  
¿ -b u ty l  c h lo r id e  w a s  c o l le c te d . T h e  d i s t i l l a t io n  t h a t  fo llo w e d  
p r o v id e d  a  m id - c u t ,  b .p .  1 1 4 -1 1 7 °  (7 6 0  m m .)  ( r e p o r te d  1 1 5 ° ) ,
1 2 .9  g . o f b u t y l  i s o c y a n a te  ( 8 7 % ) .  T h e  s p e c t r u m  ( n e a t )  
w a s  id e n t ic a l  w i th  t h a t  o f  a u t h e n t i c  m a te r ia l  p r e p a r e d  f ro m  
r e -b u ty la m in e  a n d  p h o s g e n e . S in c e  n o  KZt 7 .7 7 , 1 3 .7 5 , 1 5 .3 2  ¿¿, 
c h a r a c te r i s t i c  o f  n - b u ty l  c h lo r id e  w e re  p r e s e n t ,  th i s  m a te r i a l  h a d  
n o t  b e e n  fo rm e d .

3. Decomposition of Pure (Isolated) N-Carbonyl Chloride
(a) Benzyl Isocyanate.— T h e  c ru d e  ¿ - b u ty lb e n z y l -N - c a r b o n y l  

( I )  (6 6  g . ,  0 .2 9 2  m o le  p r e v io u s ly  d e s c r ib e d )  w a s  m e l te d  a n d

h e a t e d  f u r t h e r ,  d a r k e n in g  f ro m  y e llo w  t o  b r o w n  to  g re e n is h  
b la c k  a t  1 2 0 -1 6 0 °  w h ile  s w e e p in g  o u t  v o la t i l e  p r o d u c t s  w i th  n i 
t r o g e n  in to  a  D r y  I c e -c o o le d  f la s k . T h is  d i s t i l l a t e ,  21 g . ( 7 7 % ) ,  
p r o v e d  t o  b e  v i r t u a l l y  p u r e  ¿ -b u ty l  c h lo r id e  b y  s p e c t r a l  c o m p a r i 
s o n  w i th  p u r c h a s e d  ( E a s tm a n )  m a te r ia l .  O n  c e s s a t io n  o f  g a s  
e v o lu t io n  th e  r e s id u e  w a s  d is t i l le d ;  b . p .  1 0 4 -1 1 0 °  ( 3 1 - 3 6  m m .) ;  
n22d  1 .5 2 4 2 ; 3 3 .5  g . ( 8 6 % )  o f  b e n z y l  i s o c y a n a te .  T h e  s p e c t r u m  
w a s  id e n t ic a l  w i th  t h a t  o f  a u t h e n t i c  m a te r i a l  p r e p a r e d  f ro m  
b e n z y la m in e  a n d  p h o s g e n e , h a v in g  n 21-6d  1 .5 2 4 2 ; \ £ « C1! 2 .7 5 ,
4 .4 5 , 6 .6 5 , 6 .8 5 , 7 .4 7 , 1 1 .5 , 1 4 .4  n. T h e  a b s e n c e  o f  a n y  7 .8 9  /a 
a b s o r p t io n  i n d i c a t e d  t h a t  n o  b e n z y l  c h lo r id e  w a s  p r o d u c e d .

(b) p-Xylylene Diisocyanate.— E ig h t  g r a m s  (0 .0 2 1 5  m o le )  
o f  c r u d e  V  w a s  p y r o ly z e d  s im i la r ly  a n d  d i s t i l l e d ;  b . p .  1 3 8 -1 4 7 °  
( 4 - 6  m m .) ;  2 .5  g . ( 6 2 % ) ,  m .p .  3 7 - 3 9 ° .  C a lc d .  f o r  i s o c y a n a te  
e q u iv a le n t :  9 4 .0 9 . F o u n d :  9 8 .2 . S p e c t r u m  ( 1 0 %  in  c h lo ro 
f o rm )  id e n t ic a l  w i th  a u t h e n t i c  m a te r ia l  h a v in g  m .p .  3 7 ° ,  p r e 
p a r e d  b y  p h o s g e n a t io n  o f p - x y ly le n e d ia m in e .

4. Decomposition of (Pure) N-Carbonyl Chloride in Solution.
Semiquantitative Kinetic Study

( a )  .— T h e  o i ly  I I  o b ta in e d  [cf. m e th o d  B  ( b )] w a s  u s e d . 
S o lv e n t ,  3 8  g . ,  a n d  2 .0  g . o f I I  w e re  h e a t e d  q u ic k ly  b y  in s e r t io n  
o f  t h e  c o n ta in in g  f la s k  in to  a  p r e h e a t e d  o il b a t h .  T h e  w ell 
s t i r r e d  s o lu t io n  w a s  s a m p le d  a t  i n te r v a l s  b y  p i p e t t i n g  th r o u g h  a  
s h o r t  re f lu x  c o n d e n e e r .  T h e  co o led  s a m p le s  w e re  e x a m in e d  in  
t h e  in f r a r e d  u s u a l ly  f ro m  4  t o  6 m  v s . p u r e  s o lv e n t  i n  s o d iu m  
c h lo r id e  ce lls  ( 0 .0 9 5  m m .) .  C a t a ly s t  (5  t o  3 0  m g . ) ,  w h e n  u s e d , 
w a s  a d d e d  j u s t  p r io r  t o  h e a t in g .  I n  s e v e ra l  c a se s  h y d r o g e n  
c h lo r id e  e v o lu t io n  w a s  d e te c ta b le .  S o lv e n ts  n i t r o b e n z e n e ,  
to lu e n e ,  e th y le n e  d ic h lo r id e , a n d  t r ic h lo r o e th a n e  w e re  u se d  
(s e e  F ig .  1 , T a b le  I ) . 13

(b) .— B e c a u s e  t h e  m e th o d  ( u n d i lu t e d )  u s e d  fo r  d e c o m p o s in g  
I  a n d  V  c a u s e d  m u c h  t a r  f o r m a t io n  w i th  I V ,  t h e  s o lv e n t  s t u d y

T a b l e  I

F e r r i c  C h l o r i d e “- C a t a l y z e d  D e c o m p o s i t i o n  o p  I I  a n d  I V  i n  

E t h y l e n e  D i c h l o r i d e

C o m p o u n d ,
in itia l S am p le T im e, T e m p ., % %
concn. p o in t m in. °C . C C 5'c NCO"* An c o *

I I ,  5 %  b y
w e ig h t“ l 0 25 100 0 0 .0 0

2 5 83 98 2 0 .0 5 5
3 35 8 3 56 44 0 .9 1 0
4 65 83 23 (7 7 ) 1 .1 *
5 115 83 6 (9 4 ) 1 .1 *

I V , 2 .5 %  b y
w e ig h t 1 0 25 100 0 0 . 0

2 5 83 98 2 0 .0 1
3 35 83 73 ~ 3 0 0 .2 4 5
4 65 83 63 ~ 4 0 0 .3 5 7
5 33 0 83 28 ~ 7 0 0 .6 3

“ A b o u t  1 0 -3 0  m g . o f  c a t a l y s t  in  a  t o t a l  40  g . o f  r e a c t a n t -  
s o lv e n t  s o lu t io n .  s P e r  c e n t  o f  u n c h a n g e d  c a r b o n y l  c h lo r id e , 
e s t im a te d  f ro m  Ama* 5 .7 5 , th i s  b e in g  t h e  o n ly  c a r b o n y l  ( a n d  v e r y  
s h a r p )  a b s o r p t io n  f o u n d  in  t h e  e th y l e n e  d ic h lo r id e  s y s te m s .  c A  
p l o t  o f  %  C C  vs. t im e  fo r  I I  f i ts  f i r s t - o r d e r  k in e t ic s  q u i t e  w e ll 
[lo g  ( %  C C )  vs. t is  f a i r ly  l in e a r ] .  W i th  IV , h o w e v e r  t h e  p lo t  
is  b e t t e r  d e s c r ib e d  b y  %  C C  =  2  (A )  +  ( B )  fo r  a  s y s t e m 14

ki kz
A  — >■ B  — >- C  i n  w h ic h  k,/ki ~  7, a n d  A  is  b i s c a r b o n y l  c h lo 
r id e ,  B  is  m o n o c a r b o n y l  c h lo r id e  m o n o is o c y a n a te ,  a n d  C  is  d i 
i s o c y a n a te .  d W i t h  I I  t h e  y ie ld  o f  i s o c y a n a te  f o rm e d  is  b y  d i f 
f e r e n c e  o n ly ;  w i th  I V  t h e  v a lu e s  a r e  r o u g h  a v e r a g e s  o f  v a lu e s  
o b t a in e d  b o th  b y  d if fe r e n c e  a n d  b y  Anco, t h e  v a lu e s  a g r e e in g  to  
w i th in  4 %  o f th e o r e t i c a l  (e.g., l e t  %  N C O  =  Anco/0 .63  X 72) 
i n  p o i n t  5 fo r  I V . e I s o c y a n a te  a b s o r b a n c e  in  t h e  r e a c t io n  s o lu 
t i o n  a t  A™* 4 .4 5 . r T h e  d i s c re p a n c y  h e r e  p r o b a b ly  is  d u e  t o  
v o l a t i l i t y  o f  b u t y l  i s o c y a n a te .

(13) O nly  in  e th y le n e  d ic h lo rid e  a n d  to lu en e  w as th e re  u n a m b ig u o u s ly  
a  s ingle c a rb o n y l a b s o rp tio n  at. 5 .75 y  assignab le  to  p u re  I I  o r  IV  th ro u g h o u t  
th e  e n t ire  re a c tio n , w h ereas  in  th e  o th e r  s o lv e n t sy s te m s , s h o u ld e rs  a t  5 .8 -  
5.9 a n d  5.67  y  e v e n tu a lly  a p p e a re d , a t t r ib u ta b le  to  R -N H C O C 1  a n d  p e rh a p s  
u re a  fo rm a tio n .

(14) F . D an ie ls  a n d  R . A lb e rty , “ P h y sica l C h e m is try ,”  J o h n  W iley  a n d  
S ons, In c ., N ew  Y o rk , N . Y ., 1957, p. 337-338 .(12) B eils te in , V oi. 4, p . 214.
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w a s  i n i t i a t e d  o n  I I .  T h e r e a f t e r ,  t h e  b u te n e - 2  d e r iv a t iv e  I V  
w a s  d e c o m p o s e d  in  e th y le n e  d ic h lo r id e  a n d  t r ic h lo r o e th a n e ,  1 g . 
o f  I V  in  39  g .  o f  s o lv e n t  w i th  a d d e d  f e r r ic  c h lo r id e  c a t a l y s t  (see  
T a b le  I ) .

5 . {transv'7 )-l ,4-Diisocyanatobutene-2

A  s o lu t io n  o f 1 0 .0  g .  (0 .0 3 1  m o le )  o f  I V ,  3 0  m g . o f f e r r ic  c h lo 
r id e  ( h e x a h y d r a t e ) ,  a n d  9 0  g . o f  e th y le n e  d ic h lo r id e  w a s  re f lu x e d  
( 8 3 ° ) ,  w h ile  p a s s in g  a  g e n t le  s t r e a m  o f  n i t r o g e n  to  e n t r a i n  v o la 
t i l e s ,  fo r  2 5  h r . ,  t h e n  c o o le d , f i l te r e d ,  a n d  c o n c e n t r a te d  t o  a  
b r o w n is h  o il. T h e  o il w a s  d is t i l le d  in vacuo, b . p .  1 0 6 -1 1 1 °  
( 1 3 -1 9  m m .) ,  a f fo rd in g  2 .8  g . ( 6 5 % )  o f  a  c le a r  o il, n23d  1 .4 7 2 8 , 
m .p .  - 2  t o  0 ° ;  x£«ci! 2 .7 5 ,  3 .2 4 ,  4 .4 5 ,  6 .9 2 ,  7 .1 0 , 7 .4 5 ,  1 0 .3 ,
1 1 .6  m - T h e  b i s m e th y lu r e th a n e  ( g l i s t e n in g  f la k e s  f ro m  m e th a n o l )  
h a d  m .p .  1 4 3 -1 4 4 °  ( r e p o r t e d 8 m .p .  1 3 7 ° ) .  T h e  i s o c y a n a te  
t u r n e d  b r o w n  o n  s t a n d in g  s e v e ra l  d a y s .

6. l,3-Bis-f-butyl-2-imidazolidinone (VII)

W h e n  1 7 .2  g .  ( 0 .1  m o le )  o f  N ,N '- b i s - f - b u ty l e th y l e n e d ia m in e  w a s  
a d d e d  t o  0 .2  m o le  o f  a  p h o s g e n e  (2 0  g . ) - t r i e t h y l a m i n e  (2 0 .2  g .)  
c o m p le x  in  c o ld  b e n z e n e , fo llo w e d  b y  s t i r r in g  a n d  g e n t le  w a r m in g , 
t h e  r e d d is h  b r o w n  m ix tu r e  g a v e  a  6 7 %  y ie ld  o f  t r ie th y l a m in e  
h y d r o c h lo r id e  a n d  a  f i l t r a t e  w h ic h ,  o n  e v a p o r a t io n ,  g a v e  a  s e m i
c r y s ta l l in e  o il, 2 2 .2  g . C r y s t a l l i z a t i o n  ( h e x a n e )  o r  d i s t i l l a t i o n  
a f fo rd e d  s o l id ,  s o f t  n e e d le s ,  m .p .  7 3 - 7 4 ° ,  b . p .  1 2 7 °  (1 6 .5  m m .) ,  
b .p .  2 4 5 °  (7 6 0  m m .) ;  X™c;3 5 .9 8 ,  a ls o  6 .7 5 ,  6 .8 5 , 7 .1 3 , 7 .3 5 , 
a n d  7 .8 - 8 .3  p.

Anal. C a lc d . f o r  C 11H 22N 2O : C ,  6 6 .6 0 ;  H ,  1 1 .1 8 ; N ,  1 4 .1 3 . 
F o u n d :  C ,  6 6 .7 3 ;  H ,  1 1 .1 4 ; N ,  1 4 .2 7 . 15

(15) The starting l,4-diehlorobutene-2 (Eastman) was labeled t r a n s .

T h e  d i s t i l l a t i o n  y ie ld e d  a  c o n s id e ra b le  f o r e c u t ,  b . p .  8 0 °  (1 6  
m m .) ,  b . p .  1 8 0 -1 8 5 °  (7 6 0  m m .) ,  id e n t i f i e d  a d d i t io n a l ly  a s  d i-  
e th y lc a r b a m o y l  c h lo r id e  [ r e p o r te d 41 b . p .  8 1 - 8 5 °  (2 0  m m .) ]  b y  
i s o la t io n  o f  d i e th y la m in e  ( s p e c t r u m  id e n t ic a l  w i th  a u th e n t ic  
m a te r i a l )  b y  m i ld  a lk a l in e  h y d r o ly s is .

7. Properties of the Intermediate Amines (See Table II)

T a b l e  I I

¿-Bu t y l a m in e s  R — N H — C ( C H 3)3

Compound (R-) M .p., °C.
B.p.,

°C (mm.) Ref. index
C H 2= C H — C H 2— 112 ra22.5D

C H 3C H 2C H 2C H 2—
(7 6 0  m m .)  

83  (1 4 0  m m .)
1 .4 1 6 0

j j22,7d

— e H 2— c H 2— 6 8 - 7 0
91 (1 7 7  m m .)

1 .4 0 8 6

— C H 2C H 2— “ ( 4 2 ) “ 9 9  (3 2  m m .) “
— C H 2C H = C H — C H 2— ( 4 0 - 5 0 ) “ 9 5 - 1 0 0 n22 d

(6  m m .) 1 .4 4 9 4

“ H y d r a t e s .  s B a s e  e q u iv a l e n t ,  8 5 .8  ( t h e o r y  8 6 .1 5 ) . c L i t .  
b .p .  1 9 8 °  (7 6 0  m m .) .4t
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M e th y l  2 ,3 ,4 - tr i-0 -a c e ty l-6 -d e o x y -6 - io d o -o ;-D -g lu c o p y ra n o s id e  ( I )  a n d  2 ,3 ,4 ,5 - d i - 0 - b e n z y l id e n e - l ,6 - d id e o x y - l ,6 -  
d iio d o -D -m a n n ito l  ( I I )  r e a c te d  w i th  s o d iu m  c y a n id e  a n d  w i th  s o d iu m  n i t r i t e  in  A f V - d im e th y l f o r m a m id e  t o  g iv e  
t h e  c y a n o  a n d  n i t r o  d e r iv a t iv e s  e x p e c te d  fo llo w in g  n u c le o p h il ic  d is p la c e m e n t  o f  io d id e . 6 - D e o x y - 6 - io d o - l ,2 :3 ,4 -  
d i - O - is o p ro p y lid e n e -D -g a la c to p y ra n o s e  ( I I I )  w a s  a p p r e c ia b ly  le ss  r e a c t iv e  t o w a r d  s o d iu m  c y a n id e . O -B e n z y l-  
id e n e p e n ta e r y th r i to l  d ib e n z e n e s u l fo n a te  ( I X )  r e a c te d  w i th  s o d iu m  n i t r i t e  i n  A 'V V -d im e th y lfo rm a m id e  a t  t h e  
re f lu x  t e m p e r a t u r e  t o  f o r m  O - b e n z y l id e n e p e n ta e r y th r i to l  b e n z e n e s u l f o n a te  ( X I I ) .

In previous investigations,8 1,2-0-isopropylidene-D- 
glucofuranose 6-p-toluenesulfonate and 1,3-0-benzyli- 
dene-L-arabinitol 5-p-toluenesulfonate reacted with 
potassium cyanide to afford the corresponding cyano 
derivatives. In these reactions, the carbon undergoing 
displacement is removed from the rings by an inter
vening carbon bearing a hydroxyl group, which was 
proposed8 to form an intermediate epoxide that then 
added hydrogen cyanide to give product. Success 
realized in effecting nucleophilic displacement reactions 
of neopentyl-type sulfonate esters with cyanide ion4 
prompted an investigation in which carbohydrate deriv
atives with functional groups without hydroxyls on the 
adjacent carbon were subjected to similar reaction 
conditions with the objective of achieving direct dis-

(1) Abstracted from portions of the Ph.D. theses of W. J. T. and S. M. D.
(2) Members of the “ Research Participation for Teacher Training” Pro

gram a t the University of Utah, 1962, sponsored by the National Science 
Foundation.

(3) R. Grewe a n t  G. Rockstroh, C h e m .  B e r . ,  86, 536 (1953); R. Grewe 
and H. Pachaly, i b i d . ,  87, 46 (1953).

(4) J. M. Sugihara, D. L. Schmidt, V. D. Calbi, and S. M. Dorrence, 
J .  O r g .  C h e m . ,  28, 1406 (1963).

placement, which was previously reported8 to have 
failed. Iodides were selected over sulfonate esters 
since the former tend to be more reactive5 than the 
latter in reactions with SN2-type character and more
over are readily preparable from the latter.6 Methyl
2,3,4 - tri - 0 - acetyl - 6 - deoxy - 6 - iodo - a - d  - gluco- 
pyranoside (I),7 2,3,4,5-di-0-benzylidene-l,6-dideoxy-
1,6-diiodo-D-mannitol (II),8 and 6-deoxy-6-iodo- 
1,2:3,4-di-O-isopropylidene-D-galactopyranose (HI)9 
were selected as substrates for displacement reactions 
with sodium cyanide in A,A-dimethylformamide 
(DMF). Both I and II reacted readily to give the 
expected products of displacement, methyl 2,3,4-tri-O- 
acetyl-6-deoxy-a:-D-g(hico-heptopyranurononitrile (IV) 
and 3,4,5,6-di-0-benzylidene-2,7-dideoxy-D-TOanno-octa- 
ronitrile (V), respectively, in yields of 54 and 51%.

(5) C . A . B ishop and C. H . D e P u y , C h e m .  I n d .  (Lond on ), 297 (1959).
(6) R .  S. T ip so n , A d v a n .  C a r b o h y d r a te  C h e m .,  8, 180 (1953).
(7) B .  H elferich  and E. H im m en, B e r . ,  61, 1825 (1928).
(8 ) R . T . H ask ins , R .  M . H ann , and C . S . Hudson, J. Am. C h e m .  So:., 

65, 1419 (1943).
(9) K .  Freucenberg and K .  Rasch ig , B e r . ,  60, 1633 (1927).
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I I I  w a s  a p p r e c ia b ly  less re a c tiv e  a n d  g a v e  6 -d e o x y - 
1 , 2 : 3 ,4 -d i-O -iso p ro p y lid en e-D -g ra k cfo -h ep to p y ra n u ro n o - 
n itr ile  ( V I )  in  2 8 %  y ie ld . E a c h  o f th e  p ro d u c ts  o b 
ta in e d  e x h ib ite d  a b so rp tio n  p e a k s  in  th e  in fra re d  s p e ctra  
a t  4 .43 ju, c h a ra c te r is tic  o f  a lip h a tic  n itr iles , a n d  re a cte d  
w ith  m o ist a lco h o lic  b ase  to  re lease  a m m o n ia .

T h e  m a rk e d  d ifferen ce  in  r e a c t iv i t y  o f I I I  as co m 
p a re d  to  I  m a y  b e  ra tio n a liz e d  b y  co n sid e rin g  field  
e ffe c ts  in flu e n c in g  th e  a p p ro a ch  o f th e  n u cleo p h ilic  
r e a g e n t .10 P la c in g  th e  io d in e  a to m  a w a y  fro m  n e ig h 
b o rin g  o x y g e n s , th e  b a c k s id e  o f  th e  p r im a ry  ca rb o n  
a to m  u n d e rg o in g  d isp la ce m e n t is r e la t iv e ly  a ccessib le  
to  c y a n id e  io n  in  I . In  I I I  th e  a x ia l o x y g e n  a t  C -4  
m ig h t  be e x p e c te d  to  im p ed e  th e  a p p ro a c h  o f th e  
c h a rg e d  n u c le o p h ilic  re a g e n t. R a t io n a liz a tio n  o f  re 
a c t iv i t y  o f I I  d o es n o t  a p p e a r  to  b e  p o ssib le  sin ce  th e  
lo c a tio n  o f  th e  b e n z y lid e n e  gro u p s in  th is  co m p o u n d  
h a s  n o t  b e en  e sta b lish ed .

T h is  d ir e c t  m e th o d  o f in cre a sin g  th e  le n g th  o f  th e  
c a rb o n  s k e le to n  p re se n ts  th e  p o s s ib ility  o f  s y n th e s is  o f  a  
w id e  v a r ie t y  o f  n o v e l or p re v io u s ly  s y n th e s ize d  ca rb o 
h y d r a te  d e r iv a t iv e s  w ith  d e o x y  ca rb o n s  a t  th e  a -, 
a '- ,  o r  a ,a '-p o s it io n s . I n  a ll  p r o b a b ility  th e  n itr iles  
o b ta in e d  m a y  u n d e rgo  th e  sam e ty p e s  o f  re a ctio n s  
d e scrib ed  fo r  th e  c y a n o h y d r in s  d e riv e d  in  th e  c la ss ica l 
K ilia n i-F is c h e r  m e th o d .11 A n o th e r  s y n th e t ic  p o ssi
b i l i t y  a ffo rd ed  w ith  th e se  co m p o u n d s is co n d en sa tio n  
re a ctio n s  o f  /3-carbons v ia  b o th  in tra m o le c u la r  a n d  
in te rm o le c u la r  p ro cesses.

T h e  n u c le o p h ilic  d isp la ce m e n t re a ctio n s  h a v e  b een  
e x te n d e d  to  th o se  u s in g  n itr ite  io n  as th e  n u c le o p h ilic  
re a g e n t. K o r n b lu m  a n d  co -w o rk e rs 12 h a v e  d em o n 
s tr a te d  t h a t  a lk y l  h a lid e s  r e a c t  w ith  so d iu m  n itr ite  in  
d im e th y lfo r m a m id e  to  g iv e  go o d  y ie ld s  o f  n itro  co m 
p o u n d s. T h e re  a re  co m p lica tio n s  a tte n d in g  th is  re a c 
t io n  sin ce  a n y  n itr ite  e sters  fo rm e d  c o m p e tit iv e ly  m a y  
r e a c t  w ith  a lip h a tic  n itro  c o m p o u n d s .13 T h e  p resen ce  
o f p h lo ro g lu c in o l in  th e  re a c tio n  m ix tu re  w a s  v e r y  e ffe c
t iv e  in  s c a v e n g in g  n itr ite  e ste rs  a n d  a llo w e d  s y n th e s is  
o f  a -n itro  e ste rs  in  h ig h  y ie ld s .14 A n o th e r  sid e  re a c tio n  
is th e  in te ra c tio n  o f  a lk y l  h a lid e s  w ith  d im e th y lfo r m 
a m id e  to  g iv e  p ro d u c ts  o f  d e h y d ro h a lo g e n a tio n  a n d  
s a lt s .15 C o m p o u n d s  I  a n d  I I  re a c te d  s m o o th ly  w ith  
so d iu m  n itr ite  in  th e  p resen ce  o f  p h lo ro g lu c in o l in  a  
d im e th y lfo rm a m id e  s o lu tio n  a t  lo w  te m p e ra tu re s  
(3 0 -4 0 °) to  fo rm  th e  co rresp o n d in g  n itro  co m p o u n d s, 
m e th y l  2 ,3 ,4 -tri-0 -a ce ty l-6 -d e o x y -6 -n itro -a -D -g lu co - 
p y ra n o sid e  ( V I I )  a n d  2 ,3 ,4 ,5 -d i-0 -b e n z y lid e n e - l,6 -  
d id e o x y -l,6 -d in itro -D -m a n n ito l ( V I I I ) ,  in  y ie ld s  o f  64 
a n d  4 4 % . In fra re d  s p e c tra  o f e a ch  co m p o u n d  sh o w ed  
a b so rb a n ce  a t  6.43 a n d  7 .2 9 -7 .3 3  n , in d ic a t iv e  o f  a li
p h a tic  n itro  co m p o u n d s, a n d  no p e a k s  s u g g e s tiv e  of 
n itr ite  e sters. M o re o v e r , th e  p resen ce  o f th e  n itr ite  
e ste r s ca v e n g e r, p h lo ro g lu c in o l,14 p re c lu d e s  th e se  p ro d 
u c ts . T h is  m e th o d  o f s y n th e s is  c o n stitu te s  a n  in d e 
p en d en t p a th  to  p r im a ry  n itro  d e r iv a t iv e s  a v a ila b le  b y  
th e  w e ll e sta b lish e d  n itro m e th a n e  m e th o d .16 D is -

(10) M . L . W olfrom , J .  B e rn sm a n n , a n d  D . H o rto n , J .  O r g .  C h e m . ,  27, 
4505 (1962).

(11) C . S. H u d so n , A d v a n .  C a r b o h y d r a t e  C h e m . ,  1, 1 (1945).
(12) N . K o rn b lu m , H . O. L a rso n , R . K . B lackw ood , D . D . M o o b e rry  

E . P . O liv e to , a n d  G . E . G ra h a m , J .  A m .  C h e m .  S o c . ,  78 , 1497 (1956).
(13) N . K o rn d lu m , R . K . B lackw ood , a n d  D . D . M o o b e rry , i b i d . ,  78, 

1501 (1956); N . K o rn b lu m  a n d  J . H . E ich e r, i b i d . ,  78 , 1494 (1956).
(14) N . K o rn b lu m , R . K . B lackw ood , a n d  J .  W . P ow ers, i b i d . ,  79 , 2507 

(1 9 5 0 .
(15) N . K o rn b lu m  a n d  R . K . B lackw ood , i b i d . ,  78 , 4037 (1956).
(16) J .  C . S ow den, A d v a n .  C a r b o h y d r a t e  C h e m . ,  6, 291 (1951).
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p la c e m e n t w ith  n itr ite  io n  is  l ik e ly  to  b e  in flu en ced  b y  
fie ld  e ffe c ts  in  th e  sam e m a n n er as  fo u n d  w ith  c y a n id e  
ion.

1,2 ,3 ,4  - T e t r a  - O - a c e ty l  - 6 - d e o x y  - 6 - io d o  - /3- 
D -g lu co p y ra n o se ,17 m ix ed  w ith  so d iu m  c y a n id e  or so d iu m  
n itr ite  in  a  d im e th y lfo r m a m id e  so lu tio n , g a v e  w a te r -  
so lu b le  p ro d u c ts  w ith  a  p o rtio n  o f  th e  s ta r t in g  m a te r ia l 
as  th e  so le  iso la b le  co m p o u n d  w h e n  re a c tio n  w a s  e ffe c te d  
a t  lo w  te m p e ra tu re . A p p a r e n tly , re a c tio n  o ccu rre d  
a t  th e  a n o m e ric  ca rb o n , su g g e stin g  t h a t  a ll  s u b s tra te s  
w ith  a c y lo x y  fu n c tio n s  a t  C - l  m a y  b e  u n s a t is fa c to r y  
fo r  th e se  d isp la ce m e n t rea ctio n s.

W h e n  th e  fo re g o in g  re a c tio n  co n d itio n s  fo r  d is p la c e 
m e n t b y  n itr ite  io n  w ere  a p p lie d  to  d e r iv a t iv e s  o f  O - 
b e n z y lid e n e p e n ta e ry th r ito l, th e  d ib e n z e n e su lfo n a te
( I X ) , th e  b e n ze n e su lfo n a te  io d id e  ( X ) , a n d  th e  d iio d id e
( X I ) ,  co n sid e ra b le  s ta r tin g  m a te r ia l w a s  re co v e re d  as 
th e  o n ly  iso la b le  p ro d u c t  e x c e p t  in  on e in sta n c e  in  w h ic h  
a  sm a ll a m o u n t o f  O -b e n z y lid e n e p e n ta e ry th r ito l b e n 
zen esu lfo n a te  ( X I I )  w a s  o b ta in e d . O n  th e  o th e r  h a n d , 
th e  re a c tio n  o f  O -b e n z y lid e n e p e n ta e ry th rito l d ib e n 
zen esu lfo n a te  w ith  so d iu m  n itr ite  in  b o ilin g  d im e th y l
fo rm a m id e  fo r  b rie f p erio d s w ith  o r w ith o u t  p h lo ro 
g lu c in o l g a v e  4 2 %  o f X I I ,  re s u ltin g  fro m  th e  o v e r-a ll 
s u b s titu tio n  o f  o n e  b e n z e n e s u lfo n y lo x y  w ith  a  h y d r o x y ]  
g ro u p . T h e  n a tu re  o f th e  co m p o u n d  w a s  e sta b lish e d  
b y  c o n v e rtin g  i t  in to  th e  k n o w n 4 d ib e n z e n e su lfo n a te
( I X )  b y  re a c tio n  w ith  b e n z e n e su lfo n y l ch lo r id e . T h e

(17) B. Helferich, H. Dressier, and R. Griebel, J. prakt. Chem., 153, 285
(1939).
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infrared spectrum indicated the absence of intramo
lecular hydrogen bonding18; thus a trans relationship 
of hydroxyl to phenyl appeared likely since the as  
isomer should allow the hydroxyl group to hydrogen 
bond to the ring oxygens. The reaction of O-benzyli- 
denepentaerythritol with limited amounts of benzene- 
sulfonyl chloride gave IX, XII, and a third substance, 
intermediate in mobility on an alumina column be
tween IX and XII. This material has not been ob
tained in a homogeneous form but in all probability is the 
isomer of XII.

The relative inertness of the O-benzylidenepenta- 
erythritol derivatives is undoubtedly a consequence of 
steric factors. Since the nitrite ion appears to have 
greater steric requirement in the formation of a C-N 
bond than in the formation of a C-0 bond,19 the pre
dominant reaction may lead to nitrite ester, which 
is then hydrolytically cleaved or which reacts with 
phloroglucinol when introduced. As an alternative 
explanation, some type of salt may be formed initially19; 
it is then hydrolytically cleaved.

Experimental20
Methyl 2,3,4-Tri-0-acetyl-6-deoxy-a-D-^Mco-heptopyranurono- 

nitrile (IV).— A  m ix tu r e  o f  1 0 .0  g .  o f  m e th y l  2 ,3 ,4 - t r i - 0 - a c e ty l - 6 -  
d e o x y - 6 - io d o -a -D -g lu c o p y ra n o s id e  ( I ) , 214 .0  g . o f  s o d iu m  c y a n id e ,  
a n d  100 m l. o f  r e d is t i l le d  A b V - d im e th y l fo r m a m id e  w a s  s t i r r e d  
m e c h a n ic a l ly  f o r  4  h r .  a t  4 5 ° .  T h e  r e s u l t in g  r e d -b r o w n  r e a c t io n  
m ix tu r e  w a s  p o u r e d  i n to  5 0 0  m l .  o f  ice  a n d  w a te r  a n d  a l lo w e d  to  
s t a n d  o v e r n ig h t  in  a  r e f r ig e r a to r .  T h e  fo llo w in g  d a y  t h e  l ig h t  
b r o w n  s o lid  w h ic h  h a d  p r e c ip i t a t e d  w a s  f i l te r e d ,  w a s h e d  w i th  
w a te r ,  a n d  d r ie d  t o  y ie ld  3 .9 3  g .  ( 5 1 % )  o f  c r u d e  m e th y l  2 ,3 ,4 - t r i -  
O -a e e ty l-O -d e o x y -a -D -p O ic o -h e p to p y ra n u ro n o n itr i le , m .p .  1 3 4 -  
1 3 6 ° . R e c r y s ta l l iz a t io n  f i r s t  f ro m  t e n  p a r t s  m e th a n o l  a n d  th e n  
f ro m  e h lo r o fo r m - l ig r o in  ( b .p .  6 0 - 9 0 ° )  g a v e  f in e  w h i te  n e e d le s ,  
m .p .  1 3 5 - 1 3 5 .5 ° ,  [ a ] 23D + 1 3 9 °  (c  1 .8 8 , c h lo r o fo r m ) .

Anal. C a lc d .  f o r  C u H ig N O g : C ,  5 1 .0 6 ;  H ,  5 .8 2 ;  N ,  4 .2 5 . 
F o u n d :  C ,  5 0 .6 6 ;  H ,  5 .6 7 ;  N ,  4 .2 5 .

3 ,4 ,5 ,6 - D i-0 - b e n z y l id e n e -2 ,7 -d id e o x y -D -m c m n o -o c ta ro n i t r i le
(V).— A  m ix tu r e  o f  1 0 .0  g . o f  2 ,3 ,4 ,5 - d i - 0 - b e n z y l id e n e - l ,6 - d i -  
d e o x y - l ,6 -d i io d o - D -m a n n i to l  ( I I ) , 221 0 .0  g . o f  s o d iu m  c y a n id e ,  a n d  
150  m l .  o f  r e d is t i l le d  V ,V - d im e th y l f o r m a m id e  w a s  s t i r r e d  m e c h a n i
c a l ly  f o r  4  h r .  a t  5 0 - 5 5 ° .  T h e  r e s u l t in g  a m b e r -c o lo r e d  r e a c t io n  
m ix tu re  w a s  p r o c e s s e d  in  t h e  s a m e  m a n n e r  a s  d e s c r ib e d  fo r  I V .  
T h e  s o lid  o b t a in e d  w a s  e x t r a c t e d  w i th  4 0  m l .  o f  b o i l in g  a c e to n e  
a n d  th e  e x t r a c t  c o n c e n t r a t e d  t o  h a l f  i t s  o r ig in a l  v o lu m e .  U p o n  
a d d in g  20  m l .  o f  h o t  e th a n o l  t o  t h e  e x t r a c t  a n d  c o o lin g , 3 .5  g . 
( 5 4 % )  o f  f in e  w h i te  n e e d le s  c r y s ta l l i z e d ,  m .p .  1 9 6 -2 0 1 °  d e c . 
A f te r  tw o  r e c r y s ta l l i z a t io n s  f ro m  e h lo r o fo r m - l ig r o in  ( b .p .  6 0 - 9 0 ° ) ,
3 ,4 ,5 ,6 - d i -0 - b e n z y l id e n e - 2 ,7 -d id e o x y - n - ro a ? ra o - o c ta r o n i t r i le ,  m .p .
2 0 4 - 2 0 6 °  d e c . ,  [ a ] 23n  + 8 2 . 0 °  (c  0 .4 5 ,  c h lo r o fo r m ) ,  w a s  o b ta in e d .

Anal. C a lc d .  fo r  C 22H 20N 2O 4: C ,  7 0 .2 0 ;  H ,  5 .3 6 ;  N ,  7 .4 4 . 
F o u n d :  C .6 9 .8 1 ;  H ,  5 .2 8 ;  N ,  7 .3 9 .

6-Deoxy-l ,2:3,4-di-0-isopropylidene-D-(?aZado-heptopyranuro- 
nonitrile (VI).— A  m ix tu r e  o f  8 .0 0  g .  o f  6 - d e o x y - 6 - io d o - l ,2 :3 ,4 - d i -  
O - is o p ro p y lid e n e -D -g a la c to p y ra n o s e  ( I I I ) , 23 3 .2  g . o f  s o d iu m  
c y a n id e ,  a n d  8 0  m l .  o f  r e d is t i l le d  A b V - d im e th y l fo r m a m id e  w a s  
s t i r r e d  m e c h a n ic a l ly  f o r  4  h r .  a t  1 0 5 ° . T h e  r e s u l t in g  d a r k  b r o w n  
r e a c t io n  m ix tu r e  w a s  p o u r e d  w i th  s t i r r in g  i n to  5 0 0  m l .  o f  ic e  a n d  
w a te r .  A f te r  s t a n d in g  2  h r . ,  t h e  a q u e o u s  s o lu t io n  w a s  e x t r a c t e d  
w i th  s ix  1 0 0 -m l. p o r t io n s  o f  c h lo r o fo r m  a n d  t h e  c o m b in e d  
c h lo ro fo rm  e x t r a c t s  w e re  w a s h e d  w i th  s ix  1 0 0 -m l. p o r t io n s  o f  
w a te r ,  d r ie d  o v e r  a n h y d r o u s  s o d iu m  s u l f a te ,  a n d  e v a p o r a t e d  f i r s t

(18) B . D o b in so n  a n d  A. B . F o s te r , J .  C h e m .  S o c . ,  2338 (1961).
(19) N . K o rn b lu m , R . A . S m iley , R . K . B lackw ood , a n d  C . D . Iffland , 

J .  A m .  C h e m .  S o c . ,  77, 6269 (1955).
(20) M e ltin g  p o in ts  a re  c o rrec ted . M icro a n a ly ses  b y  K . W . Z im m er

m an , A u s tra lia n  M ic ro a n a ly tic a l S erv ice, U n iv e rs ity  of M elb o u rn e .
(21) P re p a re d  b y  th e  p ro ced u re  of J .  C o m p to n , J .  A m .  C h e m .  S o c . ,  60, 

395 (1938).
(22) P re p a re d  b y  th e  p ro c e d u re  of G . S. S k in n er, L . A . A nderson , a n d  

C . G . G u sta fso n , J r . ,  i b i d . ,  80, 3788 (1958).
(23) P re p a re d  b y  th e  p ro ced u re  of A. L . R a y m o n d  a n d  E . F . S ch roeder,

i b i d . ,  70, 2785 (1948).

u n d e r  r e d u c e d  p r e s s u r e  ( a s p i r a to r )  o n  a  s t e a m  b a t h  a n d  th e n  a t  2 
m m . T h e  r e s u l t in g  s i r u p  w a s  d is s o lv e d  in  15 m l .  o f  a b s o lu te  
e th a n o l  a n d  c o o le d  t o  — 1 5 ° . C r y s ta l l i z a t io n  o c c u r re d  a f te r  
s e v e ra l  h r .  t o  y ie ld  0 .8 1  g . o f im p u r e  I I I ,  m .p .  5 7 - 6 0 ° .  R e s u l t 
in g  f i l t r a t e  w a s  e v a p o r a t e d  t o  a  t h i c k  s i r u p ,  d is s o lv e d  in  7 m l .  o f 
a b s o lu te  e th a n o l  a n d  7 m l .  o f  l ig ro in  ( b .p .  4 0 - 4 8 ° ) ,  a n d  th e  
r e s u l t in g  s o lu t io n  c o o le d  t o  — 1 5 ° . C r y s ta l l i z a t io n  o c c u r r e d  
s lo w ly  fo llo w in g  s e e d in g  t o  y ie ld  1 .6 5  g . ( 2 8 % )  o f  6 -d e o x y -
l ,  2 : 3 , 4  - d i - 0  -  i s o p r o p y l id e n e  -  d  -  galacto -  h e p to p y r a n u r o n o n i t r i l e ,
m .  p .  6 1 - 6 3 ° .  S e e d  c r y s ta l s  w e re  f i r s t  o b t a in e d  b y  a llo w in g  a n  
e th a n o l  s o lu t io n  o f  t h e  s i r u p  t o  s t a n d  o n  t h e  s h e lf  f o r  a  p e r io d  o f 
6  m o n th s ,  d u r in g  w h ic h  t im e  s o lv e n t  s lo w ly  e v a p o r a t e d .  S e v e ra l  
r e c r y s ta l l i z a t io n s  f ro m  a b s o lu te  e th a n o l - l ig r o in  ( b .p .  4 0 - 4 8 ° )  
( 1 : 2 ,  b y  v o lu m e )  g a v e  r o d s ,  m .p .  6 5 .5 - 6 6 .5 ° ,  [a]23D —6 7 .7 °  (c 
0 .8 3 ,  c h lo r o fo r m ) .

Anal. C a lc d .  fo r  C i3H i90 5N :  C ,  5 7 .9 8 ;  H ,  7 .1 1 ;  N ,  5 .2 0 . 
F o u n d :  C ,  5 8 .1 0 ;  H ,  7 .0 2 ;  N ,  5 .3 8 .

T h e  in f r a r e d  s p e c t r a  o f  p o ta s s iu m  b r o m id e  d is k s  o f  I V ,  V , a n d  
V I  s h o w e d  p e a k s  a t  4 .4 3  /n c h a r a c te r i s t i c  o f  t h e  c a r b o n - n i t r o g e n  
s t r e t c h in g  f r e q u e n c y  o f  a l ip h a t ic  n i t r i l e s .  T h e  t h r e e  c o m p o u n d s  
l i b e r a te d  a m m o n ia  w h e n  re f lu x e d  in  m o is t  a lc o h o lic  s o d iu m  h y 
d ro x id e .

Methyl 2,3,4-Tri-0-acetyl-6-deoxy-6-nitro-a:-D-glucopyranoside
( V I I )  .— A  m ix tu r e  o f  5 .0 0  g . (0 .0 1 1 6  m o le )  c f  m e th y l  2 ,3 ,4 - t r i -O -  
a c e ty l-6 -d e o x y -6 - io d o -a - n - g Iu c o p y r a n o s id e  ( I ) , 21 1 .5 0  g . (0 .0 2 1 8  
m o le )  o f  s o d iu m  n i t r i t e ,  3 .0 0  g . (0 .0 1 8 5  m o le )  o f  p h lo ro g lu c in o l  
d i h y d r a t e ,  a n d  150  m l .  o f  r e d is t i l le d  V , jV - d im e th y lf o r m a m id e  
w a s  m a in t a in e d  a t  3 0 - 4 0 °  f o r  18  h r .  T h e  r e a c t io n  s o lu t io n  w a s  
p o u r e d  in to  7 0 0  m l .  o f  ic e  a n d  w a te r  t o  p r e c ip i t a t e  a  w h i te  s o lid , 
w h ic h  w a s  f i l te r e d .  A f te r  a  s in g le  r e c r y s ta l l i z a t io n  f ro m  e th a n o l ,
2 .6 1  g . ( 6 4 .4 % )  o f  m e th y l  2 ,3 ,4 - t r i - 0 -a e e ty l- 6 - d e o x y -6 - n i t r o -a - D -  
g lu c o p y r a n o s id e ,  m .p .  1 7 5 - 1 7 7 ° ,  w a s  o b t a in e d .  A n  a n a ly t ic a l  
s a m p le ,  m .p .  1 8 1 - 1 8 2 ° ,  [a]25D + 1 4 3 °  (c  1 .8 2 , c h lo r o fo r m ) ,  w a s  
p r e p a r e d  b y  r e c r y s ta l l i z a t io n  o n c e  f ro m  b e n z e n e - l ig r o in  ( b .p .  
9 0 - 1 2 0 ° )  a n d  tw ic e  m o r e  f ro m  e th a n o l .

Anal. C a lc d .  f o r  C u H 19N O l0: C ,  4 4 .7 0 ;  H ,  5 .4 8 . F o u n d :  
C ,  4 4 .7 9 ;  H ,  5 .4 4 .

2 ,3 ,4 ,5 - D i - 0 - b e n z y l id e n e - l ,6 - d id e o x y - l ,6 - d in i t r o - D - m a n n i to l
( V I I I )  .— A  m ix tu r e  o f  5 .7 8  g . ( 0 .0 1 0  m o le )  o f  2 ,3 ,4 ,5 -d i-O -b e n z y l i-  
d e n e - l ,6 -d id e o x y - l ,6 - d i io d o - D - m a n n i to l  ( I I ) , 22 2 .8  g .  (0 .0 4 1  
m o le )  o f  s o d iu m  n i t r i t e ,  5 .5  g .  ( 0 .0 3 4  m o le )  o f  p h lo ro g lu c in o l  
d i h y d r a t e ,  a n d  150  m l .  o f  r e d is t i l le d  V ,A ’- d im e th y l f o r m a m id e  
w a s  m a in ta in e d  a t  3 5 - 4 0 °  f o r  16 h r .  T h e  r e s u l t i n g  r e a c t io n  m ix 
t u r e  w a s  p o u r e d  in to  8 0 0  m l .  o f  ice  a n d  w a t e r ,  a n d  t h e  r e s u l t in g  
s u s p e n s io n  w a s  a llo w e d  t o  s t a n d  a t  0 °  f o r  18 h r .  T h e  so lid  w a s  
f i l te r e d  a n d  r e c r y s ta l l iz e d  th r e e  t im e s  f ro m  e th a n o l ,  t h r e e  t im e s  
f ro m  e h lo r o fo r m - l ig r o in  ( 9 0 - 1 2 0 ° ) ,  a n d  o n c e  f ro m  to lu e n e - l ig r o in  
t o  p r o v id e  1 .8 2  g . ( 4 4 % )  o f  2 ,3 ,4 ,5 - d i - 0 - b e n z y l id e n e - l ,6 - d id e o x y -
l ,  6-dinitro-D-mannitol, m.p. 162.5-164°. An analytical sample,
m . p .  1 6 4 .4 - 1 6 4 .8 ° ,  [«]% > + 4 1 . 7 °  (c  0 .6 4 , c h lo r o fo r m ) ,  w a s  p r e 
p a r e d  b y  tw o  a d d i t io n a l  r e c r y s ta l l i z a t io r .s  f ro m  e h lo r o fo r m -  
l ig ro in .

Anal. C a lc d .  f o r  C 20H 2„N 2O 8: C ,  5 7 .6 9 ;  H ,  4 .8 4 ;  N ,  6 .7 3 . 
F o u n d :  C ,  5 7 .5 8 ;  H ,  4 .9 5 ;  N ,  6 .7 4 .

T h e  in f r a r e d  s p e c t r a  o f  c h lo ro fo rm  s o lu t io n s  o f  V I I  a n d  V I I I  
s h o w e d  p e a k s  a t  6 .4 3  a n d  7 .3 3  n a n d  6 .4 3  a n d  7 .2 9  n, r e s p e c t iv e ly .

Reactions of l,2,3,4-Tetra-0-acetyl-6-deoxy-6-iodo-/3-D-gluco- 
pyranose with Sodium Cyanide and Sodium Nitrite.—1,2,3,4- 
T e tra -0 -a c e :y l-6 -d e o x y -6 - io d o - /3 -D -g lu c o p y ra n o s e 24 w a s  m ix e d  
w i th  s o d iu m  c y a n id e  i n  N .V - d im e th y l f o r m a m id e  a t  ro o m  t e m 
p e r a t u r e  a n d  a t  0 ° .  C o n s id e r a b le  h e a t  e v o lu t io n  w a s  o b s e rv e d  
w i th  im m e d ia te  c o lo r a t io n  o f  t h e  m ix tu r e .  P o u r in g  t h e  r e a c t io n  
m ix tu r e  in to  ic e  a n d  w a te r  a f t e r  v a r y in g  p e r io d s  o f  t im e  p r o d u c e d  
w a te r - s o lu b le  m a te r ia l s  o n ly .  A  m ix tu r e  o f  1 ,2 ,3 ,4 - te t r a - O -  
a c e ty l - 6 -d e o x y -6 - io d o -+ n - g lu c o p y r a n o s e  a n d  s o d iu m  n i t r i t e  in  
A q V - d im e th y l fo r m a m id e  d a r k e n e d  c o n s id e ra b ly  a f t e r  2 4  h r .  a t  
ro o m  t e m p e r a tu r e .  A p p r o x im a te ly  4 0 %  o f  t h e  o rg a n ic  s u b s t r a t e  
w a s  r e c o v e r e d  a f t e r  p o u r in g  t h e  r e a c t io n  m ix tu r e  i n to  ic e  a n d  
w a te r ,  c o l le c t in g  t h e  in s o lu b le  p o r t io n ,  e x t r a c t i n g  t h e  a q u e o u s  
p h a s e  w i th  c h lo r o fo r m , a n d  c o m b in in g  t h e  c r y s ta l l in e  m a te r i a l .

O-Benzylidenepentaerythritol Benzenesulfonate ( X I I ) .— A  m ix 
t u r e  o f  3 0 .0  g . (0 .0 5 9 6  m o le )  o f  O - b e n z y l id e n e p e n ta e r y th r i to l  
d ib e n z e n e s u l f o n a te ,4 3 0  g . (0 .4 3  m o le )  o f  s o d iu m  n i t r i t e ,  a n d  30 0  
m l. o f  V ,V - d im e th y l f o r m a m id e  w a s  b r o u g h t  t o  t h e  re f lu x  p o in t  in  
a b o u t  5  m in .  a n d  th e n  r e f lu x e d  f o r  10  m in .  D u r in g  th i s  t im e  
b r o w n  v a p o r s  o f  n i t ro g e n  d io x id e  w e re  v is ib le  a b o v e  t h e  r e a c t io n  
m ix tu r e .  ( A d d i t io n  o f  p h lo r o g lu c in o l  t o  t h e  o r ig in a l  r e a c t io n

(24) P re p a re d  b y  th e  p ro ced u re  of E . H a rd eg g e r  a n d  R . M . M o n ta v o n , 
H e l v .  C h i m .  A c t a ,  29, 1199 (1946).
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m ix tu r e  p r e v e n t e d  n i t r o g e n  d io x id e  f o r m a t io n ,  b u t  t h e  s a m e  r e 
c o v e r y  o f  r e a c t io n  p r o d u c t  w a s  o b s e r v e d .)  A f te r  c o o lin g  th e  
m ix tu r e ,  5 0 0  m l. o f w a te r  w a s  a d d e d  a n d  t h e  r e s u l t in g  s u s p e n s io n  
w a s  p la c e d  in  a  r e f r ig e r a to r  o v e r n ig h t .  F i l t r a t i o n  g a v e  9 .2  g . 
( 4 2 % )  o f  c r u d e  O - b e n z y l id e n e p e n ta e r y th r i to l  b e n z e n e s u l f o n a te ,  
m .p .  1 1 2 - 1 1 5 .5 ° .  R e p e a te d  r e c r y s ta l l i z a t io n s  f ro m  e th a n o l  g a v e  
a n  a n a ly t i c a l  s a m p le ,  m .p .  1 1 5 .5 - 1 1 6 ° .  T h e  in f r a r e d  s p e c t r u m  
in  a  c h lo ro fo rm  ( e th a n o l - f r e e )  s o lu t io n  s h o w e d  a n  a b s o r p t io n  a t
2 .7 4  /j , in d i c a t iv e  o f  n o n h y d r o g e n - b o n d e d  h y d r o x y l  s t r e t c h in g .

Anal. C a lc d .  f o r  C ,8H 2o 0 6S : C ,  5 9 .3 3 ;  H ,  5 .5 3 ; S , 8 .8 0 . 
F o u n d :  C ,  5 9 .1 6 ;  H ,  5 .6 1 ;  S , 8 .8 4 .

R e a c t io n  o f  O - b e n z y l id e n e p e n ta e r y th r i to l  d ib e n z e n e s u l fo n a te
( I X )  , 0 - b e n z y l id e n e - 0 -b e n z e n e s u l f o n y lp e n ta ,e r y th r i to l  io d id e
( X )  4, o r  O - b e n z y l id e n e p e n ta e r y th r i to l  d i io d id e  ( X I ) 4 w i th  s o d iu m  
n i t r i t e  in  W V - d im e th y l f o r m a m id e  w i th  o r  w i th o u t  p h lo ro g lu c in o l  
g a v e  t h e  s t a r t i n g  c o m p o u n d  a s  t h e  m a in  p r o d u c t  w h e n  r e a c t io n  
w a s  e f fe c te d  a t  4 0 - 5 0 ° .  W i t h  X ,  a  v e r y  s m a ll  a m o u n t  o f  X I I  w a s  
a ls o  r e c o v e r e d .  A t  h ig h e r  t e m p e r a tu r e s ,  X  a n d  X I  g a v e  o ily  
r e a c t io n  p r o d u c t s  a n d  t h e  s t a r t i n g  m a te r ia l s .

O-Benzylidenepentaerythritol Dibenzenesulfonate (IX) from
O-Benzylidenepentaerythritol Benzenesulfonate (XII).— T o  a  
s o lu t io n  o f  0 .9 1  g . (0 .0 0 2 5  m o le )  O - b e n z y l id e n e p e n ta e r y th r i to l  
b e n z e n e s u l f o n a te  in  1 .8  m l.  o f a n h y d r o u s  p y r id in e  c o o le d  t o  0 ° ,  
0 .5 3  g . (0 .0 0 3 0  m o le )  o f  r e d is t i l le d  b e n z e n e s u l f o n y l  c h lo r id e  w a s  
a d d e d  d r o p w is e .  T h e  r e a c t io n  m ix tu r e  w a s  m a in ta in e d  a t  0 °  fo r

4  h r .  d u r in g  w h ic h  t im e  a  la rg e  m a s s  o f  c r y s ta l s  a p p e a r e d .  T h e n  
0 .5  m l.  o f  e th a n o l  w a s  a d d e d  a n d  t h e  r e s u l t in g  m ix tu r e  a l lo w e d  to  
s t a n d  f o r  0 .5  h r .  a t  ro o m  t e m p e r a t u r e .  C o ld  w a te r  w a s  a d d e d  
a n d  th e  s o lid  w a s  f i l te r e d . A f te r  o n e  r e c r y s ta l l i z a t io n  f ro m  
e th a n o l - a c e to n e ,  O - b e n z y l id e n e p e n ta e r y th r i to l  d ib e n z e n e s u l fo 
n a t e  w a s  o b ta in e d  in  1 .0 9  g . ( 8 7 % )  y ie ld ,  m .p .  a n d  m .p .  u p o n  a d 
m ix in g  w i th  a n  a u t h e n t i c  s a m p le ,  1 4 8 .5 - 1 5 0 ° .

Reaction of O-Benzylidenepentaerythritol with Benzenesulfonyl 
Chloride.— A  v a r i e t y  o f  r e a c t io n  m ix tu r e s  o f b e n z e n e s u lfo n y l  
c h lo r id e  a n d  O - b e n z y l id e n e p e n ta e r y th r i to l ,  in  m o la r  r a t i o s  o f 
s l ig h t ly  le s s  t h a n  o n e  t o  m o re  t h a n  tw o ,  in  a n h y d r o u s  p y r id in e  a t  
— 10 to  0 °  f o r  v a r y in g  le n g th s  o f  t im e  g a v e  O - b e n z y l id e n e p e n ta 
e r y th r i t o l  d ib e n z e n e s u l fo n a te  in  y ie ld s  o f le ss  t h a n  5 t o  s o m e  8 6 % . 
S e p a r a t io n  w a s  a c c o m p lis h e d  r e a d i ly  b y  s u s p e n d in g  r e a c t io n  m ix 
t u r e  in  a c e to n e - w a te r  (4 0 :6 0 ,  b y  v o lu m e ) ,  in  w h ic h  t h e  f u l ly  s u b 
s t i t u t e d  c o m p o u n d  h a s  b u t  s l ig h t  s o lu b i l i ty .  F i l t r a t e s  w e re  e v a p 
o r a te d  a n d  r e s id u e s  o b ta in e d  d is s o lv e d  in  b e n z e n e  a n d  c h r o m a to 
g r a p h e d  o n  a lu m in a .  V e ry  s m a ll  a m o u n t s  o f  t h e  d ib e n z e n e s u l fo 
n a t e  a p p e a r e d  in  t h e  f i r s t  f r a c t io n s  fo llo w e d  b y  m a te r i a l s  w i th  
m e l t in g  p o in t s  in  t h e  r a n g e  6 0 - 8 0 ° .  T h e n  th e  m o n o b e n z e n e s u l -  
f o n a t e ,  m . p .  1 1 2 - 1 1 5 ° ,  o b ta in e d  b y  t h e  r e a c t io n  o f  O - b e n z y l
i d e n e p e n ta e r y th r i to l  d ib e n z e n e s u l fo n a te  a n d  s o d iu m  n i t r i t e  in
V .V - d im e th y l f o r m a m id e ,  w a s  e lu te d  in  r e la t iv e ly  s m a ll  y ie ld s ,  
u p  t o  3 0 % . A t t e m p t s  t o  p r e p a r e  a  h o m o g e n e o u s  s a m p le  o f  t h e  
lo w e r  m e l t in g  f r a c t io n  h a v e  n o t  b e e n  su c c e s s fu l .

C h em istry  o f  Isocyan ic  A cid . II. R eaction s w ith  a,(3-Unsaturated E thers

F. W. H o o v e r  a n d  H. S. R o t h r o c k

Central Research Department, Experimental Station, E. I. du Pont de Nemours and Company, Inc., Wilmington, Delaware
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T h e  a d d i t io n  o f  i s o c y a n ic  a c id  t o  s u c h  a , ( ¡ - u n s a tu r a t e d  e th e r s  a s  b u t y l  v in y l  e th e r ,  v in y lo x y e th y l  m e th a c 
r y l a t e ,  a n d  b u t y l  i s o p r o p e n y l  e th e r  p ro c e e d s  r e a d i ly  t o  fo rm  a - a lk o x y  is o c y a n a te s .

In a previous paper1 it was reported that hydroxy 
isocyanates can be obtained by the addition of isocyanic 
acid to certain carbonyl compounds. This paper de
scribes a new route to the little-studied a-alkoxy iso
cyanates through the addition of isocyanic acid to 
a,/?-unsaturated ethers.

C 4H 9O C H = C H 2 +  H N C O  — >  C 4H 9O C H ( C H 3) N C O

This is apparently the first reported addition of iso
cyanic acid to a carbon-carbon double bond.

T a b l e  I

N e w  I s o c y a n a t e s  f r o m  I s o c y a n ic

o :,j8-U nsaturated  e th e r

c 2h 6o c h = c h 2 
c 4h 9o c h = c h 2
C 4H » O C (C H s) = C H 2
c 6h 6o c h = c h 2
( C H , O C H = C H 2)2
c h 3o c h 2c h 2o c h = c h 2
C H 2= C (  C H 3 ) C 0 2C H 2C H 20 C H = C H 2
c h 2c h 2c h 2c h = c h  

i------------- o ------------- 1

The reaction of a,/3-unsaturated ethers and isocyanic 
acid is strongly exothermic and proceeds rapidly, 
especially in the presence of p-toluenesulfonic acid or 
other strong acids. Solvents, such as diethyl ether or 
benzene, are desirable to moderate the reaction and to 
stabilize the isocyanic acid against trimerization. 
Polymerization of the unsaturated ether is the principal 
competitive reaction and is minimized by using an

(1) F . W . H oover, H . B . S tevenson , a n d  H . S. R o th ro c k , J .  O r g .  C h e m . ,  
28, 1825 (1963).

excess of isocyanic acid. If is usually desirable to add 
the unsaturated ether to the solution of isocyanic acid. 
With the divinyl ether of ethylene glycol, a severalfold 
excess of isocyanic acid is necessary to obtain a good 
yield of the diisocyanate. The addition of isocyanic 
acid to a,/3-unsaturated ethers is apparently quite 
general as indicated by the variety of structures (see 
Table I) that undergo this reaction.

The structures of these new isocyanates are con
firmed by hydrolysis, infrared, and proton magnetic 

resonance data. For example, hy
drolysis of the isocyanates from vi
nyl ethers gives acetaldehyde in good 
yields, showing that the NCO group 
and ether oxygen are attached to the 
same carbon atom. Moreover, the 
proton n.m.r. spectra (see Fig. 1) 
of these compounds show a single 
hydrogen split into a quadruplet and 
methyl hydrogens split into a dou
blet as required for the RCH2OCH- 
(CH3)NCO structure. Interest
ingly, the n.m.r. spectra also show 

that the hydrogens of the methylene group next to the 
oxygen are nonequivalent even though this group is not 
attached directly to the asymmetric carbon atom. 
Thus, with CH3CH2OCH (CH3)NCO, these hydrogens 
appear as four quadruplets.

Isocyanates of the structure ROCH(CH3)NCO, con
taining a hydrogen on the same carbon as the NCO 
group, are moderately reactive, forming ureas and 
carbamates with amines and alcohols, respectively. 
The second-order rate constant for the reaction of

A c i d  a n d  a , ( ¡ - U n s a t u r a t e d  E t h e r s

Iso c y a n a te

C 2H 5O C H ( C H 3)N C O
C 4H 9O C H ( C H 3)N C O
C 4H 9O C ( C H 3)2N C O
C 6H 6O C H ( C H 3)N C O
( C H 2O C H ( C H 3)N C O ) 2
C H 3O C H 2C H 2O C H (  C H 3 )N C O
C H 2= C ( C H 3) C 0 2C H 2C H 20 C H ( C H 3) N C 0
c h 2c h 2c h 2c h 2c h n c o

I-------------o ----------- 1
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F ig - 1- N .m .r .  s p e c t r a  o f  c e r t a in  i s o c y a n a te s  u s in g  t e t r a m e th y l s i l a n e  a s  a n  in t e r n a l  s t a n d a r d  a t  0 .0 .  F o r  s p e c t r u m  3 , c =  ca. 3 .7
i n s t e a d  o f  t h e  4 .7  g iv e n .

C4H9OCH(CH3)NCO with ethanol at 24° is 8 X 10“5 
1. mole“1 sec.“ 1, compared with A28° 2.5 X 10“4 for 
phenyl isocyanate.2 Re u oer ent of the a hydrogen 
with an alkyl group results in much lower reactivity, 
apparently because of greater steric hindrance. Thus, 
C4H9OC(CH3)2NCO reacts very slowly with ethanol in 
a complex manner to give several products, including 
ethyl allophanate and ethyl carbamate.

Polymers were obtained by the reaction of the diiso
cyanate from the divinyl ether of ethylene glycol with 
glycols or amines. The urea C4H9OCH(CH3)NHCON- 
HCelR, obtained from aniline and 1-butoxyethyl iso
cyanate, underwent a disproportionation reaction on 
heating in acetone to give the bisurea (C6H6NHCONH)2- 
CHCH3.

(2) I. C. Kogon, J .  O r g .  C h e m . ,  24, 438 (1959).

In the course of this study, it was found that iso
cyanic acid and diethyl ether form a maximum boiling 
point azeotrope (b.p. 48°) containing about 27 mole 
% isocyanic acid.

Experimental3
T h e  fo llo w in g  e x a m p le s  i l l u s t r a t e  t h e  p r o c e d u r e s  e m p lo y e d  in  

th i s  s t u d y  f o r  p r e p a r in g  a - a lk o x y  i s o c y a n a te s .
1-Butoxyethyl Isocyanate. Method A.— T o  a  s t i r r e d  m ix tu r e  

o f  100  m l .  o f  b e n z e n e ,  5 2 .8  g . (1 .2  m o le s )  o f  is o c y a n ic  a c id ,  a n d  
0 .1  g . o f  p - to lu e n e s u l f o n ic  a c id  w a s  a d d e d  110  g .  (1 .1  m o le s )  o f 
b u t y l  v in y l  e th e r  o v e r  a  p e r io d  o f  11 m in . ;  t h e  t e m p e r a t u r e  ro se  
t o  5 6 ° .  A s so o n  a s  t h e  t e m p e r a t u r e  d r o p p e d  t o  a b o u t  3 0 ° , 
t h e  p r o d u c t  w a s  d is t i l l e d  r a p id ly  a t  1 m m . R e d is t i l la t io n  g a v e

(3) All melting points (Fisher-Johns apparatus) and boiling points
are uncorrected. Proton n.m.r. spectra were obtained with a Yarian A60 
spectrometer on neat samples.
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10 0  g . ( 6 4 % )  o f  1 - b u to x y e th y l  i s o c y a n a te ,  b . p .  6 2 °  (2 4  m m .) ,  
?i25d 1 .4 0 8 0 .

Anal. C a lc d .  f o r  C 7H I3N 0 2: C ,  5 8 .7 5 ; H ,  9 .0 9 ;  N ,  9 .8 0 . 
F o u n d :  C ,  5 9 .1 7 ;  H ,  9 .0 7 ;  N ,  1 0 .2 7 .

T h e  in f r a r e d  s p e c t r u m  o f  t h i s  p r o d u c t  s h o w e d  s t r o n g  a b s o r p 
t i o n  a t  3 .3 8  n a n d  3 .4 7  m ( s a t u r a t e d  C H ) ;  4 .4 5  m ( N C O ) ;  7.2E  
m ( C — C H 3); a n d  8 .8 7  m (C — O — C ) .

W h e n  a  d io x a n e  s o lu t io n  o f  th i s  c o m p o u n d  w a s  t r e a t e d  w i th  a  
d r o p  o f  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  a n d  t h e n  a d d e d  to  a  s o lu 
t i o n  o f  2 ,4 - d in i t r o p h e n y lh y d r a z in e ,  t h e  h y d r a z o n e  o f  a c e t a ld e 
h y d e  ( m .p .  1 6 3 - 1 6 5 ° ,  n o  d e p re s s io n  w i th  a n  a u t h e n t i c  s a m p le )  
w a s  o b t a in e d .

Method B.— 1 - B u to x y e th y l  i s o c y a n a te  a ls o  w a s  o b ta in e d  b y  
a d d in g  a  m ix tu r e  o f  5 0  g . o f  v in y l  b u t y l  e th e r  a n d  1 4 .9  m l .  of 
is o c y a n ic  a c id  d r o p w is e  t o  a  s t i r r e d  m ix tu r e  o f  50  m l .  o f  d ie th y l  
e th e r  a n d  0 .1  g . o f  p - to lu e n e s u l f o n ic  a c id .  T h e  r a t e  o f a d d i t io n  
w a s  a d ju s te d  so t h a t  a  t e m p e r a t u r e  o f  3 8 - 4 0 °  w a s  m a in t a in e d .  
O n  d i s t i l l a t i o n ,  th e r e  w a s  o b ta in e d  53  g . ( 9 0 %  y ie ld )  o f  1 -b u 
to x y e t h y l  i s o c y a n a te .

A  m ix tu r e  o f  4 .5  g . (0 .0 3  m o le )  o f  1 - b u to x y e th y l  i s o c y a n a te  a n d
8 .0  g . (0 .1 7  m o le )  o f  e th a n o l  w a s  a l lo w e d  to  s t a n d  fo r  20  h r .  
D i s t i l l a t i o n  g a v e  4 .7  g . ( 7 9 % )  o f  e th y l  N - (  1 - b u to x y e th y l  ) c a r b a -  
m a te ,  b . p .  5 3 °  (0 .0 4  m m .) ,  ti25d  1 .4 1 7 7 .

Anal. C a lc d .  fo r  C 9H 19N 0 2: C , 5 7 .1 1 ;  H ,  1 0 .0 2 ; N ,  7 .3 8 . 
F o u n d :  C ,  5 7 .3 8 ;  H ,  1 0 .0 2 ; N ,  7 .3 8 .

W h e n  0 .3 6  g . o f 1 - b u to x y e th y l  i s o c y a n a te  w a s  a d d e d  to  a  s o lu 
t i o n  o f 0 .2 8  g . o f  a n i l in e  a n d  2 m l .  o f  a c e to n e ,  a  p r e c i p i t a t e  fo rm e d  
w h ic h , a f t e r  r e c r y s ta l l i z a t io n  f ro m  a c e to n e ,  m e l t e d  a t  1 0 2 -1 0 3 ° . 
T h e  in f r a r e d  s p e c t r u m  a n d  e le m e n ta l  a n a ly s e s  w e re  in  a g r e e m e n t  
w i th  t h e  s t r u c t u r e  C 6H 5N H C O N H C H ( C H 3) O C ,H 9.

Anal. C a lc d .  f o r  C I3H 20N 2O 2: C ,  6 6 .1 0 ;  H ,  8 .5 0 . F o u n d :  
C ,  6 6 .2 2 ;  H ,  8 .6 0 .

S o m e  d i s p r o p o r t io n a t io n  o f  t h e  p r o d u c t  o c c u r r e d  w h e n  th i s  
r e a c t io n  w a s  c a r r ie d  o u t  o n  a  l a r g e r  s c a le .  T h u s ,  f ro m  1 4 .3  g . 
o f  1 - b u to x y e th y l  i s o c y a n a te ,  10 g .  o f  a n i l in e ,  a n d  40  m l .  of 
a c e to n e ,  t h e r e  w a s  o b ta in e d  2 1 .3  g . o f  s l ig h t ly  o ff-c o lo r  p r o d u c t ,  
m .p .  9 5 - 1 0 0 ° .  O n  r e c r y s t a l l i z a t i o n  o f  t h i s  p r o d u c t  f ro m  a c e to n e  
th e r e  w a s  o b ta in e d  5  g . o f  a  p r o d u c t ,  m .p .  2 1 8 ° , t h a t  w a s  n o t  
s o lu b le  in  a c e to n e ,  c h lo r o fo r m , c a r b o n  te t r a c h lo r id e ,  e th a n o l ,
1 ,2 - d im e th o x y e th a n e ,  o r  b e n z e n e . I t  w a s  r e a d i ly  s o lu b le  in  
d im e th y l f o r m a m id e  a n d  w a s  r e c r y s ta l l i z e d  f ro m  a  m ix tu r e  of 
d im e th y l f o r m a m id e  a n d  e th a n o l .  I t s  in f r a r e d  s p e c t r u m  a n d  
e l e m e n ta l  a n a ly s e s  w e re  c o n s i s te n t  w i th  t h e  s t r u c t u r e  ( C 6H 5- 
N H C O N H ) 2C H C H 3.

Anal. C a lc d .  f o r  C 16H 18N .,0 2: C , 6 4 .4 0 ;  H ,  6 .0 5 ;  N ,  1 7 .7 7 . 
F o u n d :  C , 6 4 .4 0 ;  H ,  6 .0 8 ;  N ,  1 7 .7 0 .

A  s o lu t io n  o f  7 .2  g .  o f  1 - b u to x y e th y l  i s o c y a n a te ,  1 6 .4  g . o f 
p -c h lo ro a n i l in e ,  a n d  45  m l .  o f  a c e to n e  w a s  p r e p a r e d  a t  10° a n d  
a l lo w e d  to  s t a n d  a t  4 °  f o r  2  d a y s  d u r in g  w h ic h  t im e  a  p r e c ip i t a t e  
f o rm e d .  C o l le c t io n  o f  t h e  p r o d u c t  b y  f i l t r a t i o n  g a v e  8 .2  g . 
( 6 0 % )  o f N - ( l - b u to x y e th y l ) - N '- p - c h lo r o p h e n y lu r e a ,  m .p .  1 0 8 -  
1 0 9 ° .

Anal. C a lc d .  f o r  C 13H ,9N 20 2C1: N ,  1 0 .3 5 ; C l ,  1 3 .1 0 . 
F o u n d :  N ,  1 0 .5 7 ; C l ,  1 3 .4 6 .

T h e  r a t e  o f  t h e  r e a c t io n  o f  1 - b u to x y e th y l  i s o c y a n a te  w i th  e t h 
a n o l  in  c a r b o n  t e t r a c h lo r id e  a t  2 4  ±  1 °  w a s  d e te r m in e d  u s in g  
n e a r - in f r a r e d  s p e c t r o p h o to m e t r y 2 to  fo llo w  t h e  f o r m a t io n  of 
c a r b a m a te  ( N H ,  1 .4 8  m) a n d  d i s a p p e a r a n c e  o f  e th a n o l  ( O H ,
1 .4 3  n). S o lu t io n s  (0 .2 5  M) o f t h e  r e a c t a n t s  w e re  m ix e d  in  
e q u a l  a m o u n t s ,  a n d  t h e  c o n c e n t r a t io n  o f  c a r b a m a te  a n d  e th a n o l  
w e re  d e te r m in e d  f ro m  t im e  to  t im e .  T h e  p lo t  o f
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w h e re  x is  c o n c e n t r a t io n  o f  c a r b a m a te  a n d  a is  i n i t i a l  i s o c y a n a te  
o r  e th a n o l  c o n c e n t r a t io n  g a v e  a  n e a r ly  s t r a i g h t  l in e  o v e r  a  9 0 - h r .  
r e a c t io n  p e r io d .  T h e  v a lu e  o f  k, t h e  s e c o n d -o r d e r  r a t e  c o n s t a n t ,  
w a s  8  X  1 0 - 6 1. m o l e -1 s e c . -1 .

T h e  fo l lo w in g  m o n o is o c y a n a te s  w e re  p r e p a r e d  in  e th e r  b y  t h e  
p r o c e d u r e  ( m e th o d  B )  u s e d  f o r  p r e p a r in g  1 - b u to x y e th y l  is o 
c y a n a te .

1-Ethoxyethyl Isocyanate.— B .p .  5 8 °  (1 1 4  m m .) ;  n 25n  1 .3 9 7 5 ; 
y ie ld  5 0 % .

Anal. C a lc d .  f o r  C 6H 9N 0 2: C , 5 2 .1 6 ;  H ,  7 .8 8 ;  N ,  1 2 .1 7 . 
F o u n d :  C , 5 2 .7 6 ; H ,  7 .9 1 ;  N ,  1 1 .8 8 .

I n f r a r e d :  3 .3 5  m a n d  3 .4 5  m ( s a t u r a t e d  C H ) ;  4 .4 4  m ( N C O ) ;
7 .2 4  ¡i ( C — C H 3); a n d  8 .8 5  m ( C — O — C ) .

l-(2-Methacryloxyethoxy)ethyl Isocyanate.— B .p .  7 0 °  (0 .3  
m m .) ;  k 25d  1 .4 4 3 6 ; y ie ld  8 3 % .

Anal. C a lc d .  f o r  C 9H i3N 0 4: C ,  5 4 .2 6 ;  H ,  6 .5 8 ;  N ,  7 .0 3 . 
F o u n d :  C , 5 4 .4 6 ; H ,  6 .4 0 ;  N ,  7 .0 1 .

I n f r a r e d :  3 .2 3  m s h o u ld e r  ( = C H ) ;  3 .3 5  m a n d  3 .4 1  m ( s a t u 
r a t e d  C H ) ;  4 .4 4  ix ( N C O ) ;  5 .8 0  m ( e s te r  > C = 0 ) ;  6 .0 8  m (— C =  
C — ); 7 . 2 4 M ( C — C H 3); 8 . 5 5 ^ a n d 8 . 8 5 m ( C — O — C ) ;  a n d  1 0 .5 9  

O
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m ( C H 2= C ( C H 3) - C — ).
l-(2-Methoxyethoxy)ethyl Isocyanate.— B .p .  4 7 °  ( 4 .5  m m .) ;  

?i26d 1 .4 1 5 0 ; y ie ld  4 8 % .
Anal. C a lc d .  f o r  C 6H n N 0 3: C , 4 9 .6 4 ;  H ,  7 .6 4 ;  N ,  9 .6 5 .  

F o u n d :  C , 4 9 .7 0 ;  H ,  7 .6 5 ;  N ,  9 .3 6 .
1- Phenoxyethyl Isocyanate .— B .p .  4 2 °  (0 .4  m m .) ;  re26 n  

1 .5 0 5 7 ; y ie ld ,  8 0 % .
Anal. C a lc d .  f o r  C 9H 9N 0 2: C , 6 6 .3 0 ;  H ,  5 .5 2 ;  N ,  8 .6 0 . 

F o u n d :  C ,  6 6 .0 4 ;  H ,  5 .5 7 ;  N ,  8 .2 3 .
I n f r a r e d :  3 .2 5  m a n d  3 .2 7  m ( = C H ) ;  3 .3 2  m a n d  3 .3 9  m 

( s a t u r a t e d  C H ) ;  4 .4 2  m ( N C O ) ;  6 .2 5  m a n d  6 .6 8  m ( a r o m a t i c  
— C = C — ); 7 .2 3  m ( C — C H 3); 8 .1 7  m ( C 6H 5— O - C ) ;  a n d  1 3 .2 7  
M a n d  1 4 .4 7  m ( m o n o s u b s t i t u t e d  a r o m a t ic  b a n d s ) .

T h e  p r o to n  n . m . r .  s h o w e d  f iv e  a r o m a t ic  h y d r o g e n s ,  t h r e e  
m e th y l  h y d r o g e n s , a n d  a  t e r t i a r y  h y d r o g e n  in  a c c o r d a n c e  w i th  
t h i s  s t r u c t u r e .

2 -  Tetrahydropyranyl Isocyanate.— B .p .  7 2 °  (2 5  m m .) ;  k 25d 
1 .4 5 0 0 ; y ie ld  8 0 % .

Anal. C a lc d .  f o r  C „ H 9N 0 2: C , 5 6 .6 8 ;  H ,  7 .1 3 ;  N ,  1 1 .0 2 . 
F o u n d :  C ,  5 6 .8 2 ;  H ,  7 .6 5 ;  N ,  1 1 .0 6 .

I n f r a r e d :  3 .4  m a n d  3 .5  m ( s a t u r a t e d  C H ) ;  4 .4 6  m ( N C O ) ;  
a n d  b a n d s  in  9 - 1 0 - m r e g io n  ( C — O — C ) .

T h e  n . m . r .  s p e c t r u m  is s h o w n  in  F ig .  1 ( s e e  s p e c t r u m  5 ) . 
I n  d e c o u p l in g  e x p e r im e n ts ,  c c o u ld  b e  d e c o u p le d  f ro m  a  t o  g iv e  
a  s in g le t .  A lso , b  c o u ld  b e  d e c o u p le d  f ro m  a  t o  g iv e  a  w ssw  
p a t t e r n ,  b u t  b  w o u ld  n o t  d e c o u p le  f ro m  c . T h e s e  d a t a  a r e  in  
a g r e e m e n t  w i th  t h e  a s s ig n e d  s t r u c tu r e .

l,l'-(Ethylenedioxy)diethyl Diisocyanate.— T h e  d iv in y l  e th e r  
o f  e th y le n e  g ly c o l  (2 2 .8  g . ,  0 .2  m o le )  w a s  a d d e d  w i th  s t i r r in g  
t o  a  m ix tu r e  o f  3 6  g . ( 0 .8 4  m o le )  o f  i s o c y a n ic  a c id ,  10 0  m l .  o f  
b e n z e n e , a n d  0 .1  g . o f  p - to lu e n e s u lfo n ie  a c id  o v e r  a  p e r io d  o f  20  
m in . ,  d u r in g  w h ic h  t im e  t h e  t e m p e r a t u r e  ro s e  t o  5 5 ° .  T h e  
r e a c t io n  m ix tu r e  w a s  s t i r r e d  fo r  20  a d d i t i o n a l  m in .  a n d  t h e  
p r o d u c t  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u re .  A f te r  r e m o v a l  o f  t h e  
s o lv e n t  a n d  e x c e s s  is o c y a n ic  a c id ,  t h e  r e s id u e  w a s  d i s t i l l e d  t h r o u g h  
a  s h o r t - p a s s  s t i l l  a t  0 .3  m m . to  s e p a r a te  t h e  d i s t i l l a b l e  p r o d u c ts  
f ro m  t h e  p o ly m e r ic  p r o d u c ts .  T h e  d i s t i l l a t e  w a s  th e n  r e d is t i l le d  
t h r o u g h  a  s h o r t  V ig re u x  c o lu m n  to  g iv e  3 1 .8  g . ( 8 0 %  y ie ld )  o f 
l , l '- ( e t h y l e n e d i o x y ) d i e t h y l  d i i s o c y a n a te ,  b .p .  6 5 °  ( 0 .6  m m .) ,  
ra25n  1 .4 3 6 0 .

Anal. C a lc d .  f o r  C 8H i2N 20 4: N ,  1 4 .0 0 . F o u n d :  N ,  1 3 .9 3 .
T h e  in f r a r e d  s p e c t r u m  s h o w e d  a b s o r p t io n  a t  3 .3 5  m> 3 .4 2  m. 

a n d  3 .4 6  m ( s a t u r a t e d  C H ) ;  4 .4 4  m ( N C O ) ;  7 .2 4  m ( C — C H 3); 
a n d  8 .9 4  m ( C — 0 — C ) .

l , l '- ( E t h y l e n e d i o x y ) d i e t h y l  d i i s o c y a n a te  r e a c te d  w i th  e th y l e n e  
g ly c o l  a t  ro o m  t e m p e r a t u r e  t o  fo rm  a  c le a r ,  v is c o u s  p o ly m e r  a n d  
w i th  h e x a m e th y le n e d ia m in e  t o  f o rm  a  w h i te  p o ly m e r  t h a t  
m e l t e d  a t  a b o u t  1 5 0 ° .

T h e  d iv in y l  e th e r  o f  e th y le n e  g ly c o l  u s e d  in  t h i s  e x p e r im e n t  
w a s  p r e p a r e d 4 in  a b o u t  6 5 %  y ie ld  b y  h e a t in g  a  m ix tu r e  o f  22 0  
g . o f  e th y le n e  g ly c o l ,  12 g . o f p o ta s s iu m  h y d r o x id e  p e l l e t s ,  a n d  
a c e ty le n e  in  a n  a u to c l a v e  a t  1 5 0 °  fo r  2 2  h r .

W h e n  a  m ix tu r e  o f  2 .0 4  g . o f  l , l ' - ( e t h y l e n e d i o x y ) d i e t h y l  d i is o 
c y a n a t e  a n d  99  g . o f  e th a n o l  w a s  a l lo w e d  t o  s t a n d  f o r  4  d a y s  a t  
ro o m  t e m p e r a tu r e ,  t h e  d i c a r b a m a te  ( 0 .7 8  g . ) ,  m .p .  1 2 0 - 1 2 2 ° ,  
p r e c ip i t a t e d .  T h is  d i c a r b a m a te  w a s  in s o lu b le  in  w a te r  b u t  w a s  
h y d r o ly z e d  b y  b o i l in g  w a te r  t o  g iv e  a c e ta ld e h y d e  a s  o n e  o f  t h e  
p r o d u c ts .

Anal. C a lc d .  fo r  C 12H 24N 20 4: C , 4 9 .3 0 ;  H ,  8 .2 7 ;  N ,  9 .5 8 . 
F o u n d :  C ,  4 9 .3 3 ;  H ,  7 .6 7 ;  N ,  9 .4 5 .

1-Butoxy-l-methylethyl Isocyanate.— 2 ,2 - D ib u to x y p r o p a n e ,  
p r e p a r e d 5 in  5 6 %  y ie ld  f ro m  1 - b u ta n o l  a n d  i s o p r o p e n y l  a c e t a t e ,  
w a s  c o n v e r te d  t o  b u t y l  i s o p r o p e n y l  e th e r  b y  t h e  f o l lo w in g  p r o c e 
d u r e  a d a p t e d  f ro m  t h e  l i t e r a t u r e . 6 A  m ix tu r e  o f  105  g . o f  2 ,2 -  
d ib u to x y p r o p a n e ,  8 0  g . o f  q u in o l in e , a n d  87  g . o f  p o t a s s iu m

(4) A. E . F av o rsk iï a n d  M . F . S h o stak o v sk ii, J .  G e n .  C h e m .  U S S R  (E ng .
T ra n s i .) ,  13, 1  (1943).

(5) W . J . C roxa ll, F . S. G lav is, a r .d  H . T . N eh e r, J .  A m .  C h e m .  S o c . ,  70, 
2805 (1948).

(6) H . P . C ro ck e r a n d  R . H . H all, J .  C h e m .  S o c . ,  2052 (1955).
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h y d r o x id e  w a s  h e a t e d  to  1 9 0 °  a n d  56  g . o f  d i s t i l l a t e  w a s  c o l le c te d .  
A  fo a m -p r o d u c in g  r e a c t io n  s e t  in  n e a r  t h e  e n d  o f  t h e  r u n .  A f te r  
t r e a t m e n t  w i th  10 g .  o f  s o d iu m  h y d r id e  ( in  o il)  t o  r e m o v e  t h e  
a lc o h o l ,  t h e  c r u d e  p r o d u c t  w a s  d i s t i l l e d .  T h e r e  w a s  o b ta in e d  22  
g .  ( 3 5 % )  o f  b u t y l  i s o p r o p e n y l  e th e r ,  b .p .  1 1 1 -1 1 4 ° , n 2SD 1 .4 0 7 6 .

Anal. C a lc d .  f o r  C 7H I40 :  C ,  7 3 .6 4 ;  H ,  1 2 .3 6 . F o u n d :  
C ,  7 3 .1 9 ; H ,  1 2 .2 6 .

T o  a  s t i r r e d  m ix tu r e  o f  1 2 .6  g . (0 .2 9  m o le )  o f  is o c y a n ic  a c id ,  
25  m l .  o f  b e n z e n e ,  a n d  0 .0 5  g . o f  p - to lu e n e s u l f o n ic  a c id  w a s  a d d e d  
22  g .  (0 .1 9  m o le )  o f  b u t y l  i s o p r o p e n y l  e th e r  o v e r  a  p e r io d  o f  24  
m in .  w i th  a  t e m p e r a t u r e  r is e  t o  4 4 ° .  O n  d i s t i l l a t i o n ,  th e r e  w a s  
o b ta in e d  2 2 .2  g . ( 7 1 % )  o f  1 - b u to x y - l - m e th y le th y l  i s o c y a n a te ,  
b .p .  5 8 °  (1 8  m m .) ,  j i 2Sd  1 .4 1 0 4 .

Anal. C a lc d .  f o r  C 8H i6N 0 2: C , 6 1 .1 2 ;  H ,  9 .6 2 ;  N ,  8 .9 1 . 
F o u n d :  C , 6 1 .5 6 ;  H ,  9 .6 0 ;  N ,  9 .0 8 .

T h e  in f r a r e d  s p e c t r u m  s h o w e d  a b s o r p t io n  a t  3 .3 3  m a n d  3 .3 8  n 
a n d  3 .4 7  p ( s a t u r a t e d  C H ) ;  4 .4 5  p ( N C O ) ;  7 .2 3  p a n d  7 .3 2  p 
( C ( C H 3)2); a n d  8 - 1 0 - ^  r e g io n  ( C — 0 — C ) .

I n  a n  a t t e m p t  t o  o b t a in  t h e  c a r b a m a te  b y  r e a c t io n  o f  th i s  
i s o c y a n a te  w i th  e th a n o l ,  a  s lo w  c o m p le x  r e a c t io n  o c c u r r e d  w i th  
t h e  f o r m a t io n  o f  e t h y l  c a r b a m a te  a n d  e th y l  a l l o p h a n a t e .  T h e  
s to ic h io m e t r y  c o r r e s p o n d e d  to  a b o u t  2 .3  m o le s  o f  e th a n o l  c o n 
s u m e d  p e r  m o le  o f  i s o c y a n a te .  A p p a r e n t ly ,  t h e  i n i t i a l  r e a c t io n  
in v o lv e d  d is p la c e m e n t  o f  N C O  w i th  O C 2H 6 to  g iv e  H N C O , w h ic h  
u n d e r w e n t  f u r t h e r  r e a c t io n  w i th  e th a n o l  t o  f o rm  e t h y l  c a r b a m a te  
a n d  e th y l  a l l o p h a n a te .

On th e  N atu re  o f  th e  C ata lytic  A gen t in  F riedel-C rafts Iso m eriza tio n

G. M. K r a m e r , R. M. S k o m o r o s k i, a n d  J. A. H in l ic k t

Process Research Division, Exploratory Section, Esso Research and Engineering Company, Linden, New Jersey
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I n f r a r e d  s p e c t r a  o f s o lu t io n s  c o n ta in in g  a lu m in u m  b ro m id e ,  1 ,2 ,4 - t r ic h lo ro b e n z e n e , a n d  s m a ll  q u a n t i t i e s  o f 
w a te r  s u g g e s t  t h a t  A l2B r 5O H  is  a  p o s s ib le  c a t a ly t i c  sp e c ie s  in  t h e  “ h o m o g e n e o u s ”  i s o m e r iz a t io n  o f  n - h e x a n e  in  
th e s e  s y s te m s .

The “homogeneous” isomerization of n-hexane was 
studied recently using 1,2,3-, 1,2,4-, and 1,3,5-trichloro- 
benzene as solvents and aluminum bromide promoted 
with small amounts of water as the co-catalyst.1 Water 
is known to be a good promoter of Friedel-Crafts 
catalysts, and several reasons have been advanced for 
this phenomenon.2 Typical arguments are that water 
reacts with aluminum bromide: to form hydrogen bro
mide which adds to trace quantities of olefins to form 
alkyl bromides which serve as carbonium ion initiators, 
to form a protonic acid which converts trace olefins to 
carbonium ions, or to form a protonic acid which 
interacts directly with and causes the rearrangement of a 
paraffin without carbonium ion formation.

The object of the present study was to obtain a better 
understanding of this co-catalyst system by determining 
the infrared absorption of solutions of aluminum bro
mide, trichlorobenzene, and small amounts of water.

Results and Discussion
It was observed that, when a small quantity of water 

is gradually added to a solution of aluminum bromide in
1,2,4-trichlorobenzene, some of it reacts at the surface 
to form a precipitate, possibly a hydrated aluminum 
oxide or very basic aluminum bromide, while the major 
portion dissolves to form a “homogeneous” solution. 
The precipitate would account only for a small portion 
of the added water and it was not further characterized, 
but the clear solution was examined by infrared. It 
was found that an OH band in the 2.9-p (3450-cm._1) 
region of the spectrum developed in intensity as the 
nominal water-aluminum bromide mole ratio increased 
from 0 to 0.5. Adding more water resulted in a decrease 
in the 2.9-p band (Fig. 1). This behavior suggests that 
the species in solution possessing an OH group is altered 
or removed by further reaction with excess water.

Also, in the spectra of these solutions no bands were 
observed at -~6.1 p. A band in this spectral region is

(1) G . M . K ra m e r, R . M . S kom orosk i, a n d  J .  A . H in lick y , J .  O r g .  C h e m . ,  

28, 1029 (1963).
(2) H . P ines, “ A dvances  in  C a ta ly s is ,”  V ol. I ,  A cadem ic P re s s , N ew  Y ork , 

N . Y ., 1948, p . 201.

indicative of an H-O-H bending vibration, and its 
absence indicates that the added water did not simply 
form a hydrate with aluminum bromide, AloBre-zHiO. 
For example, typical hydrates such as LiC104 H20  have 
a sharp band at 6.1 p.3 These spectra indicate that 
water reacts with aluminum bromide in 1,2,4-trichloro- 
benzene and forms a soluble complex containing a 
hydroxyl group.

While infrared absorption at 2.9 p thus went through 
a maximum at a water-aluminum bromide mole ratio of 
0.5, an exactly parallel behavior occurred in the 14.5-
15-ju spectral region. Infrared bands in this region are 
due to the C-Cl vibrations of 1,2,4-trichlorobenzene.4 
This parallel behavior in the two spectral regions sug
gests that the soluble aluminum bromide complex in
teracts with trichlorobenzene to form a species which has 
infrared bands both at 14.5-15 and 2.9 p. The inter
action between 1,2,4-trichlorobenzene and the soluble 
aluminum bromide complex is weak, since the addition 
of excess water permitted the original spectrum of the 
solvent to be recovered (Fig. 2).

The result that water and aluminum bromide interact 
in 1,2,4-trichlorobenzene to form a species whose con
centration is a maximum at a water-aluminum bromide 
mole ratio of 0.5 is supported by n-hexane isomerization 
rate measurements. In general, it was found previously 
that the n-hexane isomerization and cracking rates in
creased as the water-aluminum bromide mole ratio 
varied from 0 to 0.5,1 but the solutions containing excess 
water, water-aluminum bromide >1, had no catalytic 
activity. Also, a slow evolution of hydrogen bromide 
from these solutions was detected during all of the n- 
hexane isomerization experiments. While hydrogen 
bromide may serve as a co-catalyst with aluminum 
bromide, hydrogen bromide adding to trace quantities 
of olefins to form alkyl bromides which serve as car
bonium ion initiators, its contribution must be small 
since previous work1 has shown that even in the presence

(3) F , A. M ille r  a n d  C . H . W ilk ins, A n a l .  C h e m . ,  24, 1253 (1952).
(4) L . J .  B ellam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M olecu les ,”  Jo h n  

W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1958.
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N o m in a l w a te r-a lu m in u m  b ro m id e  m ole ra tio .
H2O

AlBrj = 0
H;0

AlBn <  0.5
QsH

AlBrj 0.5
H;Q

AlBrj >  0.5

F ig . 1.— A n  O H  b a n d  a t  2 .9  ¡x in c re a s e s ,  a n d  th e n  d e c re a s e s  a s  
t h e  n o m in a l  w a te r - a lu m in u m  b r o m id e  m o le  r a t i o  p a s s e s  t h r o u g h  
0 .5 . O r d in a t e  is  w a v e  le n g th ,  m ; a b c is s a  is  a b s o r b a n c e .

F ig .  2 .— A n  i n t e r a c t io n  w i th  C - C l  s t r e t c h in g  v ib r a t io n  p a s s e s  
t h r o u g h  a  m a x im u m  a t  a  n o m in a l  w a t e r - a l u m i n u m  b r o m id e  m o le  
r a t i o  o f  0 .5 . O r d in a t e  is w a v e  le n g th ,  n\ a b c is s a  is  a b s o r b a n c e .

of small amounts of added olefin much less activity is 
obtained.

These infrared studies of the water-aluminum bro
mide system and the isomerization rate measurements 
suggest that the active catalytic agent is a soluble alu
minum bromide complex. It is postulated that its 
probable composition is Al2Br6OH or AlBr3-A10HBr2. 
The reactions which are thought to occur in the water- 
aluminum bromide system are shown.

d e h y d ra tio n
2A 1+ 3 +  6 B r - ------------------->• A l2B r 6-6 H jO

X S  H 2O

A l2B r 6—

f a s t 0 .5  m o le  H 2O o r  less

A l2B r 6 H 20
slow

H B r  +  A l2B r 5O H

Aluminum bromide ionizes readily in the presence of 
excess water and the hexahydrate can be recovered from 
solutions containing A1+3 and Br ions.5 If a de
ficiency of water exists, acid-base interaction of alu
minum bromide and water may occur to form Al2Br6-  
H20. This complex of aluminum bromide loses hydro
gen bromide slowly to form Al2Br6OH, which is respon
sible for the OH band that is observed in 1,2,4-trichloro
benzene.

It is interesting to speculate on the possible structure 
of the catalytic agent. A hydroxyl group might replace 
any of the six bromine atoms in ALBiv. Thus, a possi
ble structure is one in which an OH group replaces a Br 
atom forming a bridge between two aluminum atoms.

(5) C . Low ig, P o g g .  A n n . ,  14, 485 (1828); J .  B . B e rth e m o t. A n n .  C h i m .  

P h y a . ,  (31 44, 394 (1855).

B r

B r
Al

/ - B r : ^

H

A t
B r

B r

This complex may be more acidic than one in which a 
nonbridge bromine atom is replaced by OH, since the 
oxygen is held by two aluminum atoms more strongly 
here, and, therefore, it would be a more active isomeriza
tion catalyst. The isomerization catalyst could function 
as a strong protonic acid as mentioned previously.

Experimental
A lu m in u m  b r o m id e  w a s  p r e p a r e d  b y  d o u b ly  d is t i l l in g  c o m 

m e r c ia l ly  a v a i la b le  m a te r i a l  a n d  u s in g  t h e  h e a r t  c u t  o f  t h e  s e c o n d  
d i s t i l l a t e .

1 ,2 ,4 - t r ic h lo r o b e n z e n e ,  r e s e a rc h  g r a d e ,  w a s  o b t a in e d  f ro m  t h e  
M a th e s o n  C o le m a n  a n d  B e ll  C o . I n f r a r e d  a n a ly s i s  in d i c a t e d  
t h a t  i t  c o n ta in e d  a b o u t  5 w t .  % o f  1 ,2 ,3 -  a n d  1 ,3 ,5 - t r i c h lo r o 
b e n z e n e .

S o lu t io n s  w e re  p r e p a r e d  b y  d is s o lv in g  0 .0 5  m o le  o f  a lu m in u m  
b r o m id e  in  25  c c . o f  1 ,2 ,4 - t r ic h lo r o b e n z e n e ,  a n d  s m a ll  a m o u n t s  
o f w a te r  w e re  a d d e d  s lo w ly  to  th e s e  s o lu t io n s .  T h e  t e m p e r a t u r e  
o f  t h e  s o lu t io n s  d u r in g  p r e p a r a t io n  w a s  k e p t  a p p r o x im a te ly  c o n 
s t a n t  a t  23  ±  3 ° .  A t  a  n o m in a l  w a te r - a lu m in u m  b r o m id e  m o le  
r a t i o  o f 0 .5  t h e  w a te r  c o n c e n t r a t io n  in  s o lu t io n  w a s  le s s  t h a n  a b o u t  
0 .8  w t .  %.

I n f r a r e d  s p e c t r a  w e re  o b t a in e d  u s in g  a  P e r k in - E lm e r  I n f r a c o r d  
a n d  a  P e r k in - E lm e r  M o d e l  21 i n s t r u m e n t .  S o d iu m  c h lo r id e  c e lls , 
0 .1 0 4 - m m . th ic k n e s s ,  w e re  u s e d .  A ll in f r a r e d  s p e c t r a  o f  t h e  
s o lu b le  a lu m in u m  b r o m id e  c o m p le x  w e re  o b t a in e d  in  t h e  a b s e n c e  
o f  n - h e x a n e .

Acknowledgment.—The authors wish to thank Esso 
Research and Engineering Company for permission to 
publish this research.
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T h e  a lk y la t io n  o f  v a r io u s  p u r in e s  w a s  c a r r ie d  o u t  b y  h e a t in g  a  m ix tu r e  o f  t h e  p u r in e  a n d  t h e  t e t r a a l k y l a m 
m o n iu m  h y d r o x id e  u n d e r  r e d u c e d  p r e s s u re .  9 - M e th y l  a d e n in e  ( I l i a ) ,  - k in e t in  ( I l l b ) ,  - g u a n in e  ( I I I c ) ,  9 -  
e th y la d e n in e  ( I H d ) ,  9 - n -p r o p y la d e n in e  ( H i e ) ,  a n d  c a ffe in e  ( V I )  w e re  o b t a in e d  in  e x c e l le n t  y ie ld  a n d  in  o n e  s te p  
f r o m  t h e  r e a d i ly  a v a i la b le  p u r in e .

Purines are associated intimately with all living sys
tems which have been studied. For the most part the 
natural purines, as they occur in the nucleic acids, 
puromycin, the vitamin Bi2 analogs, and the coen
zymes, are substituted in the 9-position of the nucleus 
by a carbohydrate moiety attached through its ano- 
meric carbon.3 Purine derivatives substituted in the 
9-position may be regarded as structural analogs of 
these compounds and, therefore, are of interest as po
tential inhibitors of biological processes.

Syntheses of 9-substituted purines have been per
formed in general, either by the cyclization procedures 
which are modifications of the classical synthesis, 
i.e., condensation of a substituted 4,5-diaminopyrimi- 
dine with a one carbon unit,4 or by alkylation of the 9- 
position of a purine. This procedure involves the re
action of alkyl halides with alkali metal salts or chloro- 
mercuri salts of the purine and results usually in 
mixtures of the 7- and 9-substituted purines.5

The development of a facile method involving the 
direct alkylation of the purine nucleus at the 9-posi
tion was desirable since such a method would yield 
alkylpurines in one or two steps from readily available 
purines. In the search for suitable procedures a number 
of quaternary ammonium salts have been investigated 
as alkylating agents. The present paper concerns the 
use of tetraalkylammonium hydroxide in the alkyla
tion of several purines.

N-Methylpurines in particular have been synthesized 
by a variety of methods, and the synthesis of 9-methyl- 
purines has been reviewed by Robins.6 The best 
synthetic method to date involves cyclization of sub
stituted diaminopyrimidines, a procedure that has a 
number of disadvantages: several steps are required 
to obtain the desired pyrimidine and yields are not 
always high.

In the present work methylation was carried out by 
heating under reduced pressure the solid residue left

(1) U . S. P u b lic  H e a lth  S erv ice  F ellow  1956-1960 . F ro m  a  th e s is  su b 
m itte d  b y  L . D . Z. in  p a r t ia l  fu lfillm en t of th e  req u ire m e n ts  fo r  th e  P h .D . 
degree, U n iv e rs ity  of Illino is , 1961.

(2) T o  w hom  req u es ts  fo r  r e p r in ts  sho u ld  b e  ad d ressed  a t  C IB A  P h a rm a 
ceu tica l C o ., S u m m it, N . J .

(3) E . C . C h arg a ff  a n d  J . N . D av id so n , “ T h e  N ucle ic  A cid s ,” V ol I , 
A cadem ic P ress, In c ., N ew  Y o rk , N . Y ., 1955, C h ap . 3.

(4) (a) J .  B ad d iley , B . L y th g o e , D , M cN eil, a n d  A. R . T o d d , J .  C h e m .  

S o c . ,  383 (1943); (b) J .  W . D a ly  an d  B . E . C h ris te n se n , J .  O r g .  C h e m . ,  21, 
177 (1956); (c) J .  A. M o n tg o m e ry  a n d  C . T em ple , J r . ,  J .  A m .  C h e m .  S o c . ,  

79, 5238 (1957); (d) J .  A. M o n tg o m e ry  a n d  C . T em ple , J r . ,  i b i d . ,  80, 409 
(1958); (e) H . H . L in , D i s s e r t a t i o n  A b s t r . ,  20, 500 (1959).

(5) (a) W . T ra u b e  a n d  H . W . D u d ley , B e r .  C h e m .  G e s . ,  46 , 3839 (1913);
(b) J .  B add iley , B . L y th g o e , a n d  A. R . T o d d , J .  C h e m .  S o c . ,  318 (1944);
(c) B . R . B ak e r, R . E . S ch au b , a n d  J . P . Jo se p h , J .  O r g .  C h e m . ,  19, 638 
(1954); (d) H . B rede reck , H . U lm e r a n d  H . W a ld m an n , C h e m .  B e r . ,  89, 
12 (1956); (e) H . J .  S chaeffe r a n d  R . D . W e im ar, J r . ,  J .  A m .  C h e m .  S o c . ,  

81, 197 (1959); (f) J .  A. M o n tg o m e ry  a n d  C . T e m p le , J r . ,  i b i d . ,  83, 630 
(1961).

(6) R . K . R o b in s  a n d  H . H . L in , i b i d . ,  79 , 490 (1957).

after lyophilization of a solution of equimolar quanti
ties of tétraméthylammonium hydroxide and the purine 
to be methylated. When the temperature of the reac
tion mixture reached ca. 170° in the case of adenine 
(la), or ca. 260° in the case of guanine (Ic), the product 
sublimed from the mixture, in many cases in homo- 
logeneous form as determined by paper chromatography.

C h a r t  I

R '

I

l a ,  R '  =  N H 2; R "  =  H  
O

b ,  R '  =  N H C H 2- < ^ >  : R ”  =  H

c ,  R '  =  O H ; R '  = N H 2

I
R - N - R

R

I I

I I  o r  IV a , R  =  C H 3
b ,  R  =  C 2H 5
c ,  R  =  n - C 3H 7

R '

I l i a ,  R  =  C H 3; R '  =  N H 2; R "  =  H q

b , R  =  C H 3; R '  =  N H C H 2 ; R "  =  H

c ,  R  =  C H 3; R '  =  O H ; R "  =  N H 2
d, R  =  C 2H 5; R '  =  N H 2; R  =  H

e, R  =  n - C 3H 7; R '  =  N H 2; R "  =  H

This procedure was employed successfully to prepare 
9-methyladenine (Ilia), 9-methvlkinetin (Illb), and 
9-methylguanine (IIIc). The identity of the products 
was confirmed by analysis and by comparison with 
authentic samples. The infrared spectra7 of 9-methyl
adenine (Ilia) and 9-methylkinetin (Illb) were identi
cal in all respects with those of authentic samples.8 
Paper chromatography9 of 9-methylguanine (IIIc), 
prepared by alkylation, and an authentic sample8 in 
two solvent systems gave identical results. In the 
case of the guanine a second product was obtained that 
exhibited an ultraviolet absorption spectrum similar 
to that of guanine (Ic) but migrated with a different 
R, in one of the chromatographic solvents employed.

(7) In f ra re d  sp e c tra  d e te rm in a tio n s  w ere d one b y  J .  B ro d e r o r P . M c
M ah o n , U n iv e rs ity  of Illino is , U rb an a , 111.

(8) G rac iously  d o n a te d  b y  R . K . R ob in s .
(9) P a p e r  ch ro m a to g ram s w ere  ru n  b y  th e  d escend ing  te ch n iq u e  on  

W h a tm a n  no. 1 p a p e r  in  l- b u ta n o l-0 .6  M &  m m o n iu m  h y d ro x id e  (6 :1 )  
(so lv en t A ) o r  in  9 5 %  e th a n o l-1  M  a m m o n iu m  a c e ta te  p H  7 .5  ( 7 :3 ) (so lv en t 
B ). T h e  co m p o u n d s w ere  lo c a te d  b y  v isu a l e x a m in a tio n  w ith  th e  u se  of an  
u ltra v io le t lam p .
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T a b l e  I

A l k y l a t i o n  o f  t h e  P u b i n e  N u c l e u s  w i t h  V a r i o u s  Q u a t e r n a r y  A m m o n i u m  C o m p o u n d s

R e a c ta n ts P ro d u c t
/------------------R ea c tio n
T e m p ., °C . T im e, h r.

R ec ry sta lli za tio n  
so lv en t

%  Y ield  
c ru d e  

s u b lim a te

l a  +  H a 9 - M e th y la d e n in e  ( l i l a ) 1 7 0 -2 0 0 6 9 5 %  e th a n o l 77
l b  -j- H a 9 - M e th y lk in e t in  ( I l l b ) 1 9 0 -2 0 0 5 A c e to n e 85
l e  +  H a 9 - M e th y lg u a n in e  ( I I I c ) 26 0 5 . 5 50
l a  4 - I l b 9 - E th y la d e n in e  ( I H d ) 1 5 0 -1 6 0 2 M e th y l  e th y l  k e to n e 74
l a  +  I l e 9 -? i-P ro p y la d e n in e  ( I l l e ) 195 M e th y l  e th y l  k e to n e 71
V  +  I l a C a ffe in e  ( V I ) 150 85
V I I  +  I l a C a ffe in e  ( V I ) 2 1 0 8 7

T a b l e  I I

P h y s i c a l  C o n s t a n t s  a n d  A n a l y s e s  o f  A l k y l p u r i n e s

U ltra v io le t  sp e c tra  /-------------------------------- -A n a ly ses , % a -

A lky lp u rin e M .p ., " C .“
o r  ch ro m a to g ra p h ic  

id e n tity 6 F o rm u la
*------ C a rb o n ------ -

C a led . F o u n d
✓---- H y  d rogen-----%
C aled . F o u n d

✓------ N  it ro g e n --------
C a led . F o u n d

9 - M e th y la d e n in e  ( I l i a ) 3 0 1 -3 0 2 ° U l t r a v io le t  a b s o r p t io n c 6h 7n 5 4 8 .3 1  4 7 .8 1 4 .7 3 4 .7 5 4 6 .9 6 4 7 .3 1

9 - M e th y lk in e t in  ( M b ) 1 7 6 .5 - 1 7 7 .5
m a x im a , 25 8

C n H n N . 0 5 7 .6 4  5 7 .4 7 4 .6 3 4 .9 4 3 0 .5 7 3 0 .4 9
9 - M e th y lg u a n in e  ( I I I c )

9 - E th y la d e n in e  ( H i d )  
9 - n - P r o p y la d e n in e  ( I l l e )  
C a ffe in e  ( V I )

1 9 2 -1 9 4 '
168

R t  ( s o lv e n t  A )  0 .1 4 °
R f  ( s o lv e n t  B )  0 .6 6  
I d e n t i c a l  t o  th o s e  o f 

a u th e n t i c  s a m p le 1* 
A  s e c o n d  u l t r a v io le t  
a b s o rb in g  m a te r ia l  
w a s  d e te c te d  in  
c r u d e  s u b l im a te  

Ri ( s o lv e n t  A )  0 .2 6  
R s  ( s o lv e n t  B )  0 .5 5

C 7H 9N 5
c 8h „ n 0

; S e e  re f . 12 . & S e e  re f . 9.

R i  ( s o lv e n t  A )  0 .8 7  
R t  ( s o lv e n t  A )  0 .5 5  
R i  ( s o lv e n t  B )  0 .8 4  
I d e n t i c a l  t o  th o s e  of 

s a m p le

M e l t in g  p o in t  d e te r m in e d  in  a  s e a le d  tu b e .

5 1 .5 3  5 1 .3 5  
5 4 .2 3  5 4 .0 0

5 .5 6
6 .2 6

5 .5 6
6 .1 0

4 2 .9 2  4 2 .9 0  
3 9 .5 2  3 9 .4 4

S ee  re f . 8 . e R e p o r t e d  m .p .  1 9 4 -1 9 5 °  ( R e f .  4 c ) .

This product was not identified but is believed to be a 
methylated guanine. The yields in the preparation of 
9-methyladenine (Ilia) and 9-methylkinetin (IIIc) 
were about 80% based on the starting purine.

The méthylation of other purines was then investi
gated. Theophylline (V) and theobromine (VII) 
were methylated using tétraméthylammonium hy
droxide (Ha) to form chromatographically pure caf
feine (VI) in ca. 80% yield.

C H 3

O

O  H

l Y >
C H 3 
V

+  l i a

I  V a  +

c h 3
V I I

+ h 2o

If quaternary ammonium hydroxides containing 
alkyl groups higher than methyl are employed, Hof
mann degradation with alkene formation might be 
expected to compete with or even to abolish N-alkyla-

tion.10 However, tetraethylammonium hydroxide 
(lib) served to prepare 9-ethyladenine (IHd) in 74% 
yield. The product was characterized by melting 
point and elemental analysis; its infrared spectrum 
resembles that of 9-methyladenine. Similarly, 9-n- 
propyladenine (Ille) was obtained in 71% yield by 
use of tetra-n-propylammonium hydroxide (lie). The 
identity of the propyl residue as n-propyl, and not iso
propyl, was determined by n.m.r. spectroscopy.

The reaction is believed to proceed as formulated in 
Chart I. The residue after lyophilization is assumed 
to be the tetraalkylammonium salt of the purine. 
Salts of this type have been isolated when the purine 
has been theophylline.11 The intermediate salt de
composes on heating with alkylation of the purine 
nucleus and production of free trialkylamine. From 
the reaction of tetra-n-propylammonium hydroxide 
(lie) with adenine (la), tri-n-propylamine (IVc) was 
isolated in 85% yield and characterized as its picrate 
and methiodide.

Further work is in progress on the use of other quater
nary ammonium compounds as alkylating agents.

Experimental12
S ta r t i n g  M a t e r i a l s .— T h e  t e t r a a lk y la m m o n iu m  h y d r o x id e s  

s o lu t io n s  w e re  p r e p a r e d  f ro m  t h e  c o r r e s p o n d in g  t e t r a a l k y l a m -

(10) W . H a n h a r t  a n d  C . K . In g o ld , J .  C h e m .  S o c . ,  997 (1927).
(11) G . S. D e lm a r a n d  E . N . M aca llu m , U . S. P a te n t  2 ,678,311 (M a y  11, 

1954).
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m o n iu m  h a l id e s  ( E a s t m a n )  b y  t r e a t m e n t  o f  a q u e o u s  s o lu t io n s  o f  
t h e  s a l t s  w i th  p o w d e r e d  s i lv e r  o x id e . P u r in e s  w e re  o b ta in e d  
f ro m  c o m m e r c ia l  s o u rc e s  a n d  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t io n .

A lk y lp u r in e s .— T h e  c o m p o u n d s  w e r e  p r e p a r e d  a s  d e s c r ib e d  
fo r  9 - m e th y lk in e t in  ( I l l b ) .  R e a c t io n  t i m e  a n d  t e m p e r a t u r e  a s  
w e l l  a s  r e c r y s ta l l i z a t io n  s o lv e n t  a r e  g iv e n  in  T a b le  I .  P h y s ic a l  
c o n s t a n t s  a n d  a n a ly s is  o f  t h e  p r o d u c t s  a r e  g iv e n  in  T a b le  I I .

9 - M e th y lk in e t in .— A  s o lu t io n  o f  0 .2 2  g .  ( 2 .3 8  m m o le s )  o f

(12) M e ltin g  p o in ts  w ere  ta k e n  o n  a  K ofler h o t-s ta g e  m icro scope a n d  a re  
un  co rrec ted . T h e  an a ly ses  w ere  ca rr ie d  o u t  a t  M icro -T ech  L a b o ra to r ie s , 
Skokie, 111. T h e  u lt r a v io le t  a b s o rp tio n  s p e c t ra  w ere m e asu red  in  aq u eo u s  
so lu tio n  on a  B ec k m an  D U  sp ec tro p h o to m e te r .

t e t r a m e th y la m m o n iu m  h y d r o x id e  ( H a )  a n d  0 .5 0  g . ( 2 .3 2  m m o le s )  
o f  k i n e t in  ( l b )  in  5 m l .  o f  w a te r  w a s  ly o p h i l iz e d .  T h e  h y d r o 
sc o p ic  r e s id u e ,  i n  a  s u b l im a t io n  a p p a r a t u s ,  w a s  h e a t e d  s lo w ly  
u n d e r  o il p u m p  v a c u u m  (c o . 0 .0 5  m m .)  t o  a  t e m p e r a tu r e  o f  1 9 0 -  
2 0 0 ° .  A t  t h i s  t e m p e r a t u r e  a  s u b l im a te  b e g a n  t o  c o l le c t  o n  t h e  
c o n d e n s e r .  A f te r  5 h r .  0 .3 8  g . o f  s u b l im e d  p r o d u c t  w a s  c o l le c te d . 
A n  a d d i t i o n a l  0 .0 7  g . o f  p r o d u c t  w a s  c o l le c te d  o n  c o n t in u e d  h e a t 
in g  a t  2 0 0 ° .  T h e  c o m b in e d  s u b l im a te s  y ie ld e d  0 .4 5  g . ( 8 5 % )  o f 
c r u d e  p r o d u c t .  A  p o r t io n  o f  t h e  c r u d e  p r o d u c t  w a s  r e c r y s t a l 
l iz e d  tw ic e  f ro m  a c e to n e  t o  g iv e  w h i te  c r y s t a l s ,  m .p .  1 7 6 .5 -  
1 7 7 .5 ° , u n d e p r e s s e d  w h e n  a d m ix e d  w i th  a n  a u t h e n t i c  s a m p le  
o f  9 - m e th y lk in e t in .8

T he R eaction  o f  N itric  Oxide w ith  D ialkyl P h osp h on ates

D a v id  S a m u e l  a n d  B. L. S il v e r  

Isotope Department, Weizmann Institute of Science, Rehovuth, Israel 
Received January 16, 1963

N i t r ic  o x id e  r e a c t s  w i t h  d ia lk y l  p h o s p h o n a te s  t o  g iv e  t h e  c o r re s p o n d in g  d i a lk y l  p h o s p h a te s  in  h ig h  y ie ld .  B o th  
t r a c e r  e x p e r im e n ts  w i t h  o x y g e n -1 8  a n d  t h e  g a s e o u s  r e a c t io n  p r o d u c t s  in d i c a t e  t h a t  t h e  r e a c t io n  p r o c e e d s  via 
tw o  m e c h a n is m s .

A number of reactions between derivatives of tri- 
valent phosphorus and various oxides of nitrogen and 
related compounds have been reported and recently 
been reviewed.1

It appears that nitric oxide is a particularly efficacious 
reagent for the oxidation of triphenylphosphine2 and 
methylphosphines3 to the phosphine oxides and of 
triethyl phosphite to triethyl phosphate.4 In con
nection with our studies on the properties of the P-H 
bond,5 we have examined the reaction of nitric oxide 
with dialkyl phosphonates and found that the corre
sponding dialkyl phosphates are formed readily in 
excellent yield. The reaction occurs at room tempera
ture both with and without a solvent. The gaseous 
product obtained is mainly nitrogen with some nitrous 
oxide. The proportion of the latter component is 
increased on increasing dilution of the phosphonate in 
benzene solution. In order to elucidate the mecha
nism, reaction was run using nitric oxide with ~78 
atom % O18 and diethyl phosphonate. Both the re
covered unchanged nitric oxide, and the product ni
trous oxide had a considerably reduced O18 content (of 
the order of 57%) indicating that at some stage the

oxygen of nitric oxide is in a reversible equilibrium 
with a normal oxygen atom which in this case can 
only be the “phosphoryl” oxygen atom of the phos
phonate. The following mechanism is proposed on the 
basis of the products and in order to account for 
these isotopic results. The isomerization I II is 
well known6 and, although no physical evidence for 
the existence of appreciable concentrations of II has 
been obtained, many reactions of dialkyl phospho
nates are assumed to proceed via this intermediate.6 
The intermediate III was not isolated but has a 
radical type structure formed by attack of oxygen on 
phosphorus and is analogous to one of the structures 
proposed by Kuhn4 for the reaction of nitric oxide with 
triethyl phosphite. His alternative suggestion of 
compound with a P-N bond (VI) is not likly in this 
case since the reversible steps II HI <=> IV are 
required in order to account for the equilibration of 
isotopic oxygen in the products. In a control experi
ment nitric oxide was found not to exchange oxygen 
with diethyl phosphate. The exact structure of IV 
is not known, but the alternative reaction involving 
abstraction of hydrogen and attack on oxygen by nitric

R O  O  

R O ^  " 'H

R O ^
;  A  P — O H  

R O

NO

I I I

R O \  .O H R 0 \ » / 0 \
p ;

R O ' ' '  " " O N
<

/ N r -R O  0

I I I
I V

NO

O H
P

R O '' X NO 
V I

R O \
P — O N O  

R O

V I I

R O \  . 0
P %

R C %  O H
+  N 20

(1) J .  I .  G. C ad o g an , Q u a r t .  R e v .  (L o n d o n ), 208 (1962).
(2) M . H . A b rah am , J .  H . N . G a rla n d , J .  A . H ill, a n d  L . F . L a rk w o rth y , 

C h e m . l n d .  (L ondon ), 1615 (1962).
(3) M . H a lm a n n  a n d  L . K ugel, J .  C h e m .  S o c . ,  3272 (1962).
(4) L . P . K uh n , J . O. D o a ti , a n d  C . W ellm an , J .  A m .  C h e m .  S o c . ,  82, 

4792 (1960).
(5 )  (a) Z. L uz a n d  B. S ilver, i b i d . ,  83, 4518 (1961); 84, 1095 (1962);

(b ) B . S ilve r a n d  Z. L uz, i b i d . ,  84, 1091 (1962).

oxide to form compound VII is excluded by the observa
tion that the intermediate in this case, prepared di
rectly from the phosphorochloridite and silver nitrite 
is known7 to form tetralkyl pyrophosphate in high

(6) G. O. D o ak  a n d  L. D , F re e d m a n , C h e m .  R e v . ,  61, 31 (1961).
(7) D . S am ue l a n d  B . L . S ilver, C h e m .  I n d .  (L o n d o n ), 2063 (1962).
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yield. The mechanism of reaction of IV to give prod
ucts, nitrous oxide and dialkyl phosphate, is not yet 
understood, but may involve a “nitroxyl” intermediate. 
I t should be noted, however, that recently Hudson8 
has shown that the analogous cyclic carbonyl inter
mediate was not formed in the reaction of carbonyl 
chloride with alkyl phosphinates.

Dimerization of the suggested intermediate III to 
structure V is a type of mechanism that has been pro
posed in the reaction of nitrosyl chloride and dialkyl 
phosphonates to form tetraalkyl pyrophosphates.9 
Support for dimers of type V in also provided by the 
reaction of silver nitrite and diethyl phosphorochloridite 
to give tetraethyl pyrophosphates and nitrous oxide,7 
the nitrogen-nitrogen bond probably being formed by 
dimerization of the initial reaction product. A dimer

Et(X
2 P -C l 

EtO
+

2AgN02

E tO \ P '- ' ^O Et

EtO T ) - N = N - 0 ^ ''O E t
+  2 A g C l

O O
E tO ^ / / V /p
E tO ''' " 'C K  \ 0 E t 

+ n 2o

analogous to V is almost certainly an intermediate10 
(VIII) in the reaction of silver hyponitrite and diethyl 
phosphorochloridite, breaking down immediately to 
give tetraethyl pyrophosphite and nitrous oxide.

2  f V - C l
E t O ^  .

A g2N 20 2 E tO v

E tO '
:P—O—N = N —O—P

>OEt
^ O E t

EtO
EtO

> P - 0 - P

(VIII)

^ O E t

'O E t
+  N20

However, the nitrogen-bridged intermediate (V) 
suggested for this reaction discussed in this paper dif
fers from the others in that it contains a hydrazo rather 
than an azo bridge (c/. VIII). This may account for 
the formation of nitrogen rather than nitrous oxide as 
the second product.

The fact that dialkyl phosphonates react with nitric 
oxide to give phosphates and with nitrosyl chloride to 
give pyrophosphates8'9 indicates that the latter reac
tion does not involve prior dissociation of nitrosyl 
chloride to nitric oxide and chlorine. The existence 
of two competing reactions III to IV and V also is 
supported by the observation that the proportion of 
nitrogen in the product is reduced on dilution of the 
phosphonate component, due to the decreasing chances 
of dimerization as the concentration of III decreases 
(cf. Table I).

(8) M . G reen  a n d  R . P . H u d so n , P r o c .  C h e m .  S o c . ,  217 (1962).
(9) J .  M icha lsk i a n d  Z. Z w ierzak , R o c z n i k i  C h e m . ,  35, 619 (1961).
(10) D . S am uel a n d  B . L . S ilve r, J .  C h e m . S o c . ,  in  press.

Experimental
D ia lk y l  p h o s p h o n a te s  w e re  p r e p a r e d  f ro m  p h o s p h o r u s  t r i 

c h lo r id e  a n d  t h e  c o r r e s p o n d in g  a lc o h o l11 a n d  tw ic e  d i s t i l l e d : d i 
m e th y l  p h o s p h o n a te ,  b . p .  5 7 - 5 8 °  (9  m m .)  [ l i t . 12 5 6 - 5 8 °  (1 0  
m m .) ] ;  a n d  d i e th y l  p h o s p h o n a te ,  b . p .  7 2 °  (9  m m . )  [ l i t . 13 7 2 - 7 3  
(9  m m . ) ] .

D ie t h y l  p h o s p h a te  ( H o p k in s  a n d  W il l ia m s )  w a s  d i s t i l l e d  tw ic e ,  
b . p .  1 1 8 -1 2 0 °  (0 .0 1  m m .)  [ l i t . 14 1 1 6 -1 1 8 °  (0 .0 1  m m .) ] .

N i t r ic  o x id e -O 18 w a s  p r e p a r e d  b y  e q u i l ib r a t io n  o f  n o r m a l  n i t r i c  
o x id e  w i th  a c id if ie d  H 20 18.16 B o th  g a s  a n d  is o to p ic  a n a ly s e s  w e re  
c a r r ie d  o u t  o n  a  C o n s o l id a te d  E n g in e e r in g  C o r p .  2 1 - 4 0 5  m a s s  
s p e c t r o m e te r .

A c tio n  o f  N i t r ic  O x id e  o n  D ia lk y l  P h o s p h o n a t e s .— N i t r ic  o x id e  
( M a th e s o n )  w a s  b u b b le d  s lo w ly  t h r o u g h  1 0 .0 4  g .  o f  d i e th y l  
p h o s p h o n a te ;  h e a t  w a s  e v o lv e d ;  a n d  t h e  s o lu t io n  b e c a m e  g r e e n .  
A f te r  3 h r .  n o  f u r t h e r  in c r e a s e  in  w e ig h t  o c c u r r e d ;  t h e  f in a l  
w e ig h t  o f t h e  p r o d u c t  w a s  1 1 .0 8  g . c o r r e s p o n d in g  t o  a n  u p t a k e  of 
'■'-'0.99 m o le  o f  o x y g e n  p e r  m o le  o f p h o s p h o n a te .  T h e  p r o d u c t  
w a s  d e g a s s e d  a n d  d is t i l l e d  u n d e r  h ig h  v a c u u m .  A  9 .8 - g .  s a m p le  
o f  d i e th y l  p h o s p h a te  w a s  c o l le c te d , b . p .  1 1 8 -1 1 9 °  (0 .0 1  m m .) ,  
y ie ld  9 0 % . T h e  p r o d u c t  w a s  id e n t i f ie d  b y  ( a )  t i t r a t i o n  w i th  
s o d iu m  h y d r o x id e  s o lu t io n ,  t i s r a t i o n  e q u iv a l e n t ,  1 5 9 .7 , c a le d .  
f o r  ( E t O ) 2P O - O H , 1 5 4 ; ( b )  p h o s p h o r u s  a n a ly s is :  P  f o u n d ,  1 9 .9 % , 
c a lc d .  fo r  ( E t O ) 2P O -O H , 2 0 .1 % ;  ( c )  t h e  in f r a r e d  s p e c t r a  g a v e  
p e a k s  a t  1230  c m . ' 1 ( P = 0 )  a n d  1040  c m . -1 ( P — O — E t ) .  N o  
p e a k s  a t  9 4 5 -9 8 5  c m . ' 1 ( P — O — P )  o r  2 4 6 0  c m . ' 1 ( P — H )  w e re  
o b s e rv e d .  S im i la r ly  d im e th y l  p h o s p h o n a te  g a v e  d im e th y l  
p h o s p h a te  in  8 5 %  y ie ld ,  b .p .  1 0 5 °  (0 .0 1  m m .) ;  P  f o u n d ,  2 5 .0 % ,  
c a lc d .  f o r  ( M e O ) 2P O -O H , 2 4 .6 % .  T o  d e te r m in e  t h e  c o m p o s i t io n  
o f  t h e  g a s e o u s  p r o d u c t s  o f  t h e  r e a c t io n ,  s a m p le s  o f  d i e th y l  p h o s 
p h o n a te ,  s o m e  in  s o lv e n t  b e n z e n e , w e re  s e a le d  in  g la s s  a m p o u le s  
c o n ta in in g  n i t r i c  o x id e . A f te r  7  d a y s  a t  ro o m  t e m p e r a t u r e ,  t h e  
g a s e s  w e re  a n a ly s e d  in  t h e  m a s s  s p e c t r o m e te r .  T h e  r e s u l t s  a r e  
s h o w n  in  T a b l e  I .

T a b l e  I

-R eac tion  m ix tu re-

N itr ic  oxide 

0 .2 2  m m o le  
0 .2 2  m m o le  
0 .2 2  m m o le  
0 .2 2  m m o le  
0 .5 5  m m o le  
0 .5 5  m m o le  
0 .5 5  m m o le

D ie th y l
p h o sp h o n a te

a
0 .3 5  m m o le  
0 .3 5  m m o le  
0 .3 5  m m o le  
0 .3 5  m m o le  
0 . 7  m m o le

S o lven t

B e n z e n e  
10 m l. 
B e n z e n e  
10 m l.

G aseous p ro d u c ts , %  
N 2 N O  N jO

3 . 2  9 3 . 6  3 .1
6 . 4  8 2 .1  1 1 .5
6 . 5  8 1 .8  1 1 .7
6 . 5  8 1 .9  1 1 .6  

3 0 .2  5 5 .1  1 4 .7  
5 1 .9  2 8 .6  1 9 .5

3 . 4  9 3 .4  3 .1

a B la n k  r u n s  i n d ic a te  p u r i t y  o f n i t r i c  o x id e  u s e d  in  th e s e  
r e a c t io n s .

O x y g e n -1 8  T r a c e r  E x p e r im e n ts .— D i- n - p r o p y l  p h o s p h o n a te  
(1 0 0  m g .)  a n d  N O 18 ( ~ 5  m l .  a t  N T P ,  7 7 .6  a to m  %  O 18) w e re  
s e a le d  in  g la s s  a m p o u le s  a n d  le f t  a t  ro o m  t e m p e r a t u r e  f o r  7 d a y s .  
T h e  g a s e s  w e re  a n a ly z e d  m a s s  s p e c t r o m e t r ic a l ly .  D ie t h y l  
p h o s p h a te  w a s  t r e a t e d  s im i la r ly .  T h e  r e s u l t s  a r e  g iv e n  in  
T a b le  I I .

N O 18

0 .2 2  m m o le  
0 .2 2  m m o le  
0 .2 2  m m o le

T a b l e  I I

R ec o v ered  gases, 
a to m  %  O 18

P h o sp h o ru s  e s te r  N O  N 2O

D ie th y l  p h o s p h o n a te ,  0 .7  m m o le  5 5 .3  5 8 .5
7 7 .6

D ie th y l  p h o s p h a te ,  0 .7  m m o le  7 4 .7

(11) H . M cC om bie , S. C . S au n d ers , a n d  G . J . S tacey , i b i d . ,  380 (1945).
(12) T . M ilob en d szk i a n d  A . S achnow sk i, C h e m .  P o l s k . ,  15, 34 (1917).
(13) W . S trec k e r a n d  R . S p ita le r, B e r . ,  59 , 1754 (1926;.
(14) A . D . F . T o y , J .  A m .  C h e m .  S o c . ,  70, 3882 (1948).
(15) W . S p indel, p r iv a te  com m u n ica tio n .
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L i th iu m  d ip h e n y lp h o s p h id e  h a s  b e e n  f o u n d  t o  r e a c t  w i th  p - b ro m o -  a n d  p - io d o to lu e n e ,  m - b ro m o to lu e n e ,  p -  
b ro m o b ip h e n y l ,  a n d  p - d ib ro m o b e n z e n e  p r o d u c in g  d ip h e n y l ( p - to ly l ) p h o s p h in e ,  d ip h e n y l( m - to ly I ) p h o s p h in e ,  
d ip h e n y l ( p - b ip h e n y l ) p h o s p h in e ,  a n d  p - b is ( d ip h e n y lp h o s p h in o ) b e n z e n e ,  r e s p e c t iv e ly ,  i n  7 0 - 8 0 %  y ie ld s .  G a s -  
l iq u id  p a r t i t i o n  c h r o m a to g r a p h y  a t  2 4 0 -3 0 0 °  w a s  u s e d  t o  e s ta b l is h  t h e  p r e s e n c e  o f  o n ly  o n e  p h o s p h in e  in  e a c h  
o f th e s e  r e a c t io n s .  T h e  p r o d u c t s  w e re  i s o la te d  a s  o x id e s . A d d i t io n  o f  p h o s p h id e  t o  a r y l  h a l id e  h a s  b e e n  
f o u n d  t o  l e a d  to  l i t t l e  o r  n o  t e r t i a r y  a r y l  p h o s p h in e  i n  t h e  r e a c t io n s  o f  t h e  t o ly l  h a l id e s ,  b u t  a d d i t i o n  o f  l i t h iu m  
d ip h e n y lp h o s p h id e  t o  a  m ix tu r e  o f  a r y l  h a l id e  a n d  l i t h iu m  c h lo r id e  w a s  f o u n d  t o  le a d  t o  t e r t i a r y  p h o s p h in e  in  
f a i r  t o  g o o d  y ie ld s .  I t  w a s  c o n c lu d e d  t h a t  t h e  r e a c t io n  d o e s  n o t  o c c u r  b y  a n  e l i m in a t io n - a d d i t i o n  m e c h a n is m  n o r  
a  s im p le  h a lo g e n - m e ta l  in te r c h a n g e .  A  t r a n s i t i o n  s t a t e  in v o lv in g  tw o  m o le c u le s  o f  l i t h i u m  d ip h e n y lp h o s p h id e  
is  s u g g e s te d  i n  w h ic h  o n e  m o le c u le  o f  l i t h iu m  d ip h e n y lp h o s p h id e  c o o r d in a te s  w i th  t h e  h a l id e  a t o m  w h ile  t h e  
o th e r  d is p la c e s  i t  f r o m  c a r b o n .

Although the reaction of alkali metal organophos- 
phides with aryl halides which are unactivated toward 
nucleophilic displacement has been reported, none of 
these reports involve monoalkali metal phosphides.3'4

P h P L i 2 +  2 P h B r  — ^  P h 3P  +  2 L iB r  (1 )

[ P h P N a h  +  2 P h B r  -— >- [ P h 2P ] 2 +  2 N a B r  (2 )

No attempt seems to have been made toward elucida
tion of the mechanism of these reactions. In the course 
of work on organophosphorus systems an investigation 
of this problem was undertaken.

Results
It has been found that lithium diphenylphosphide 

reacts with simple aryl bromides and iodides in tetra- 
hydrofuran at room temperature with the evolution of 
heat. Diphenylarylphosphines isolable as such or as 
their oxides are produced in high yields as shown by 
equation 3. Results are tabulated in Table I.

P h 2P L i  +  A r X  — >  P h 2P A r  +  L iX  ( 3 )

X  =  b r o m id e  o r  io d id e
A r  =  p - to ly l ,  m - to ly l ,  p - b ip h e n y l ,  p - b ip h e n v le n e

Gas chromatographic analysis of the reaction mix
tures after steam distillation has shown that no di- 
phenyl (p-tolyl) phosphine is produced from m-bromo- 
toluene and that no meta isomer is produced from p- 
bromotoluene. Diphenyl (p-tolyl) phosphine has a longer 
retention time than the meta isomer on a silicone 
DC-200 column. The same is true of the correspond
ing oxides. This represents, to the best of our knowl
edge, the first reported separation of positionally iso
meric tertiary arylphosphines and oxides by gas-liquid 
partition chromatography.5 The same method was 
employed to demonstrate that only diphenyl (p-bi- 
phenylyl) phosphine is obtained from the reaction of 
lithium diphenylphosphide and 4-bromobiphenyl. 
Higher temperatures and faster flow rates were found 
necessary to establish that only the known p-bis(di- 
phenylphosphino)benzene dioxide resulted from p-di
bromobenzene. This represents the first use of gas- 
liquid partition chromatography on diphosphines and 
their mono- and dioxides.

(1) T o  w hom  in q u irie s  re g a rd in g  th is  a r tic le  sh o u ld  b e  sen t.
(2) N a tio n a l Science F o u n d a tio n  U n d e rg ra d u a te  R esea rch  P a r tic ip a n t, 

sum m er, 1962.
(3) P . R . B loom field a n d  K . P a rv in , C h e m .  I n d .  (L o n d o n ), 541 (1959).
(4) W . K u ch en  a n d  H . B u ch w ald , C h e m .  H e r . ,  91, 2296 (1958).
(5) B . J .  G udzinow icz a n d  R . H . C am pbell, A n a l .  C h e m . ,  33, 1510 (1961).

Discussion
Several paths may be envisaged for the replacement 

of halide by lithium diphenylphosphide, e.g., through a 
benzyne mechanism, a halogen-metal interchange, and 
a displacement on carbon.

There is evidence indicating that lithium diphenyl
phosphide is too weak a base to abstract an ortho hy
drogen from simple aryl halides.6'7 Nevertheless, the 
possibility of elimination producing an aryne inter
mediate followed by addition of lithium diphenylphos
phide presents itself as a possibility.

If p-bromotoluene and m-bromotoluene were to react 
by the path shown in equations 4 and 5, isomeric di- 
phenyltolylphosphines would be produced in each case. 
It would seem, therefore, that elimination-addition 
does not occur to any extent in the reaction of aryl 
bromides or iodides and lithium diphenylphosphide.

In view of the work of Brook and Wolfe*-who showed 
that halogen-metal interchange is the major path by 
which simple aryl halides and triphenylsilylpotassium 
react to form tetraarylsilanes, halogen-metal inter
change might be suspected in the present reaction. 
Halogen-metal interchange would lead to aryllithium 
and diphenylphosphinous halide. These products 
could then either react with each other producing 
tertiary arylphosphine (equation 6) or, if separation of 
these species beyond reaction distance occurred, they 
might react with other species in the reaction milieu 
(equation 7). Since diphenylphosphinous halides are 
known to react with lithium diphenylphosphide to 
produce tetraphenylbiphosphine,4'9 addition of aryl 
halide to lithium diphenylphosphide might be expected 
to produce large amounts of tetraphenylbiphosphine

(6) A. M . A gu iar, J .  G iac in , a n d  A. M ills, J .  O r g .  C h e m . ,  27, 674 (1962).
(7) A. M . A gu iar, J . B eisler, a n d  A. M ills, i b i d . ,  27, 1001 (1962).
(8) A. G . B rook  an d  S. W olfe, J .  A m .  C h e m .  S o c . ,  79, 1431 (1957).
(9) K . Issle ib  a n d  W . Seidel, C h e m .  B e r . ,  92, 2681 (1959).
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T a b l e  I

Y i e l d s  o f  R e a c t i o n  o f  L i t h i u m  D i p h e n y l p h o s p h i d e  w i t h  A r y l  H a l i d e s “

p -B rom oto luene  p -Io d o to lu en e  m -B ro m o to lu en e  p -B ro m o b ip h en y l p -D ib ro m o b e n zen e
M a n n e r  of a d d itio n 6 N I 1 - 1 / N I I - L  f N I 1 - 1 / N I N

%  Y ie ld  o f P h 2P O O H c 0 60 36 9 4 7 0 0 65 3 3 4 5

%  Y ie ld  o f p r o d u c t 1* 65 0 3 8 68 9 57 68 3 65 70 75 75
%  R e c o v e r y  o f P h 3P e 12 11 8 6 10 17 8 6 17 7 5 6

%  R e c o v e r y  o f P h 3P O ' 2 2 9 4 2 7 1 5 12 9 8 8

0 A ll p e r  c e n ts  a r e  b a s e d  o n  s t a r t i n g  t r ip h e n y lp h o s p h in e  u s e d  in  t h e  p r e p a r a t io n  o f  t h e  p h o s p h id e .6'7 6 N  r e fe rs  t o  n o r m a l  a d d i t io n  
w h ic h  is  d r o p w is e  a d d i t io n  o f  a r y l  h a l id e  t o  a  r e f lu x in g  s o lu t io n  o f  p h o s p h id e ,  I  s ig n if ie s  in v e r s e  a d d i t io n  o r  a d d i t i o n  o f p h o s p h id e  t o  a r y l  
h a l id e , a n d  I - L  in d ic a te s  in v e r s e  a d d i t io n  o f  p h o s p h id e  t o  a  s o lu t io n  o f  t h e  h a l id e  c o n ta in in g  l i th iu m  c h lo r id e . c C a lc u la te d  f ro m  w e ig h t  
o f  m a te r i a l  i s o la te d  a n d  c h a r a c te r iz e d  b y  in f r a r e d  a n d  m ix tu r e  m e l t in g  p o in ts .  d R e fe r s  t o  c o m b in e d  p h o s p h in e  a n d  c o r r e s p o n d in g  o x id e . 
O v e r  7 5 %  o f t h e  r e p o r t e d  y ie ld s  r e p r e s e n t  o x id e  i s o la te d  in  p u r e  f o rm  a n d  c h a r a c te r iz e d  b y  in f r a r e d  s p e c t r a l  c o m p a r is o n , g a s  c h r o 
m a to g r a p h ic  r e t e n t io n  t im e  c o m p a r is o n , a n d  m ix tu r e  m e l t in g  p o i n t  w i th  m a te r i a l  p r e p a r e d  f ro m  t h e  c o r re s p o n d in g  o r g a n o m e ta l l ic  a n d  d i-  
p h e n y lp h o s p h in o u s  c h lo r id e  fo llo w e d  b y  o x id a t io n .  T h e  r e m a in in g  p o r t io n  o f  t h e  r e p o r t e d  y ie ld  w a s  o b ta in e d  f ro m  q u a n t i t a t i v e  g as  
c h r o m a to g r a p h ic  a n a ly s is  o f  r e m a in in g  f r a c t io n s  a f t e r  i s o la t io n  o f  t h e  m a jo r  p o r t io n  o f  p r o d u c t .  T h is  w a s  c ro ss  c h e c k e d  b y  g a s  c h r o 
m a to g r a p h ic  a n a ly s is  b e fo re  i s o la t io n . e C a lc u la te d  f ro m  g a s  c h r o m a to g r a p h s  o f  t h e  r e m a in in g  f r a c t io n s  a f t e r  i s o la t io n  o f  t h e  m a jo r  
p o r t io n  o f  p r o d u c t  a n d  c ro s s  c h e c k e d  b y  g a s  c h r o m a to g r a p h ic  a n a ly s is  o f t h e  r e a c t io n  m a s s  b e fo re  is o la t io n  o f p r o d u c t .  T h e s e  m a te r ia l s  
w e re  p r e s e n t  f ro m  t h e  p r e p a r a t io n  o f t h e  l i t h iu m  d ip h e n y lp h o s p h id e  a s  d e s c r ib e d  in  t h e  E x p e r im e n ta l  s e c t io n .6'7 f  T h e  a p p a r e n t  h ig h  
m a te r i a l  b a la n c e  in  th e s e  c a s e s  is p r o b a b ly  d u e  to  t h e  p r e s e n c e  o f  l i t h iu m  h a l id e s  in  t h e  a c e to n e  s o lu t io n  ( p o s s ib ly  c o m p le x e d  w i th  t h e  
p h o s p h in e s  a n d  o x id e s )  w h ic h  a re  n o t  d e te r m in e d  g a s  c h r o m a to g r a p h ic a l ly  b u t  a d d  t o  t h e  t o t a l  w e ig h t.

Ph2PLi +  R —(T —X—»-PhjPX +  R— —Li — * •

Ph2P —^  ^ —R +  LiX (6)

P h 2P X  +  P h 2P L i  — ^  ( P h 2P ) 2 +  L iX  (7 )

( P h 2P ) 2 +  3 H 20 2 — >  2 P h ,P O O H  +  2 H 20  (8 )

and correspondingly low yields of tertiary arylphos- 
phine.

The tetraphenylbiphosphine would show up as di- 
phenylphosphinic acid after oxidation,4 as shown in 
equation 8. As can be seen from Table I, very little 
phosphinic acid was produced on normal addition. 
This result, accompanied by the high yields of tertiary 
aryl phosphines, would seem to negate the possibility 
of halogen-metal interchange followed by separation 
of the primary products. Furthermore, addition 
of carbon dioxide has not led to isolation of toluic 
acids.10

If halogen-metal interchange is occurring to any 
extent, it would seem that inverse addition should 
lead to higher yields of product and correspondingly 
lower yields or phosphinic acid than normal addition. 
As shown in Table I inverse addition of the reagents 
has been found, in the reactions of para- and meta- 
tolyl bromides and iodides, to lead to very little or no 
product. Most of the phosphorus appears as phos
phinic acid. This acid does not arise from the oxida
tive hydrolysis of unchanged lithium diphenylphos
phide upon steam distillation. The red color of the 
latter species is discharged upon addition of the phos
phide to the tolyl halide. Accumulated lithium di
phenylphosphide would be expected to react with the 
aryl halide during the reflux period. This was shown 
by mixing the reagents at a temperature low enough 
for little or no reaction to occur (0-10°) and allowing 
the mixture to come to reflux. Under these conditions 
the same results were obtained as when normal ad
dition was employed. I t appears that other path(s) 
of reaction are open to the reagents. Low concentra
tions of lithium diphenylphosphide favor these, as 
yet undisclosed, paths over the replacement reaction.

(10) T h e re  rem a in s  th e  p o ss ib ility  of v e ry  ra p id  re a c tio n  of th e  a ry llith iu ra  
a n d  h a lo p h o sp h in e  fo rm e d  in  a  h a lo g e n -m e ta l in te rch an g e .

The possibility that a transition state, I, involving 
two molecules of lithium diphenylphosphide and one 
of aryl halide, is essential to the replacement of halide 
is consistent with the difference in results between nor
mal and inverse addition. The role of the second 
molecule of phosphide would involve the complexing 
action of the lithium ion, which has a high charge 
density, with the aryl halide. Another way of visualiz
ing this concept is that the reaction mechanism is of 
the “push-pull” type.

P h  P h
\ /

-Li,

I

Isslieb and Tzschach11 have concluded from molecu
lar weight determinations that lithium diphenylphos
phide is present as a dimeric associated complex in 
dioxane solution.

The presence of lithium chloride in the solution of 
lithium diphenylphosphide must be considered. This 
salt arises in the preparation of lithium diphenylphos
phide from triphenylphosphine, lithium, and (-butyl 
chloride.66 Lithium chloride may take the place 
of one of the two molecules of phosphide. Further
more, we would expect it to be a better complexing 
agent. Addition of the diphenylphosphide reagent

vx—l/
n

to a solution of tolyl halide containing lithium chloride 
was carried out. As Table I indicates, this gave re
sults closer to those obtained upon normal addition.

Experimental
1. P r e p a r a t i o n  o f L i th iu m  D ip h e n y lp h o s p h id e .6,7 A  s o lu t io n  

o f 2 .1  g . (0 .3  g . - a to m )  o f  l i th iu m  r ib b o n  a n d  2 6 .2  g . (0 .1  m o le )  of 
t r ip h e n y lp h o s p h in e  in  150  m l .  o f t e t r a h y d r o f u r a n  w a s  a l lo w e d  to  
r e a c t  u n d e r  n i t r o g e n  w i th  a g i t a t i o n  f o r  3 h r .  A f te r  a d d i t i o n  of

(11) K . Issle ib  a n d  A. T zsch ach , C h e m .  B e r . ,  92 , 1118 (1959).
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9 .3  g . (0 .1  m o le )  o f ¿ -b u ty l  c h lo r id e  a n d  h e a t in g  to  re f lu x  fo r  10 
m in . ,  t h e  r e a c t io n  m a s s  w a s  a l lo w e d  t o  c o o l t o  a m b ie n t  t e m p e r a 
t u r e  a n d  t r a n s f e r r e d  u n d e r  n i t r o g e n  t o  a  d r o p p in g  f u n n e l  o n  a  
s e c o n d  v e s s e l  u n d e r  n i t r o g e n .

2. General Procedure Used in the Reaction of Lithium Di- 
phenylphosphide with Aryl Halides. Method A. Normal 
Addition.— T h e  r e d  r e a c t io n  s o lu t io n  f ro m  1 w a s  a l lo w e d  to  
r u n  r a p id ly  i n to  t h e  v e s s e l  le a v in g  u n c h a n g e d  m e ta l  in  t h e  f u n 
n e l .  A f te r  t h e  d r o p p in g  f u n n e l  w a s  r e p la c e d ,  t h e  s o lu t io n  w a s  
h e a te d  to  re f lu x  a n d  a  s o lu t io n  o f  t h e  a r y l  h a l id e  in  t e t r a h y d r o -  
f u ra n  w a s  a d d e d  d ro p w is e  w i th  r a p id  s t i r r in g  u n d e r  n i t r o g e n .

Method B. Inverse Addition.— T h e  r e d  r e a c t io n  s o lu t io n  w a s  
a llo w e d  t o  d r o p  s lo w ly  in to  a  r a p id ly  s t i r r e d ,  r e f lu x in g  s o lu t io n  
o f  t h e  a r y l  h a l id e  in  t e t r a h y d r o f u r a n  u n d e r  n i t r o g e n .

A f te r  a d d i t io n  w a s  c o m p le te  t h e  r e a c t io n  m ix tu r e  w a s  re f lu x e d  
f o r  2 h r .  a n d  th e n  a l lo w e d  to  r e t u r n  t o  a m b ie n t  t e m p e r a tu r e .  
T h e  f la sk  w a s  o p e n e d  to  a i r ,  m o s t  o f  t h e  t e t r a h y d r o f u r a n  d is t i l le d , 
a n d  t h e  r e s id u a l  m a s s  s t e a m  d is t i l le d .  A f te r  c o o lin g  t h e  r e s id u e ,  
t h e  s u p e r n a t a n t  a q u e o u s  l a y e r  w a s  s e p a r a te d  f ro m  th e  b o t to m  
o ily  la y e r  b y  e x t r a c t io n  w i th  c h lo r o fo r m . A c id if ic a t io n  o f t h e  
b a s ic  a q u e o u s  l a y e r  p r e c ip i t a t e d  m o s t  o f  t h e  p h o s p h in ic  a c id  in  i t .  
T h is  a c c o u n te d  fo r  m o s t  o f  t h e  p h o s p h in ic  a c id  p r o d u c e d  w i th  
l i t t l e  a d d i t io n a l  a c id  b e in g  i s o la te d  a f t e r  t r e a t m e n t  w i th  3 %  
h y d r o g e n  p e r o x id e  a t  a  l a t e r  s t a g e  in  t h e  w o r k -u p .

T h e  c h lo ro fo rm  la y e r  w a s  t h e n  s u b je c te d  to  g a s  c h r o m a to 
g ra p h ic  a n a ly s is .  T h e  in s t r u m e n t  w a s  a  R e s e a r c h  S p e c ia l t ie s  
M o d e l  6 0 -1 A  g a s  c h r o m a to g r a p h  w i th  a  f la m e  io n iz a t io n  d e te c to r  
o p e r a t in g  a t  2 4 0 - 2 9 0 ° ,  w h ic h  c o n ta in e d  a  3 - f t .  c o lu m n  o f  5 %  
s ilic o n e  o il D C -2 0 0  o n  8 0 -1 0 0 -m e s h  C h r o m a s o rb  ( W -A W ) . I n  
a ll  c a se s  a  s m a ll  a m o u n t  o f  t r ip h e n y lp h o s p h in e  a n d  i t s  o x id e  w e re  
p r e s e n t .  T h e s e  m a te r ia l s  p r e s u m a b ly  a ro s e  f ro m  u n c le a v e d  t r i 
p h e n y lp h o s p h in e  in  t h e  in i t i a l  s t e p .  T h e  p e r  c e n t  o f  u n 
c le a v e d  t r ip h e n y lp h o s p h in e  ( c a lc u la te d  f ro m  c h r o m a to g ra p h ic  
c u r v e  a r e a s  a n d  c o n v e r s io n  r a t i o s  a r r iv e d  a t  f ro m  m ix tu r e s  of 
k n o w n  c o m p o s it io n s )  w a s  u s u a l ly  b e tw e e n  10 a n d  1 5 % .

T h e  c h r o m a to g r a p h s  o f  t h i s  c h lo ro fo rm  s o lu t io n  s h o w e d  p e a k s  
d u e  to  t r ip h e n y lp h o s p h in e ,  t r ip h e n y lp h o s p h in e  o x id e , s m a ll  
p e a k s  o f  s h o r t  r e t e n t io n  t im e s  ( d u e  to  u n k n o w n  c o m p o n e n ts  
a n d  d ip h e n y lp h o s p h in e ) ,  a n d  o n ly  tw o  o th e r  p e a k s .  T h e s e  tw o  
w e re  s h o w n  to  b e  d u e  t o  t h e  p h o s p h in e  a n d  p h o s p h in e  o x id e  e x 
p e c te d  f ro m  d i r e c t  s u b s t i t u t io n  o f  h a l id e  b y  t h e  d ip h e n y lp h o s -  
p h id e  g r o u p .

E v a p o r a t io n  o f  th e  c h lo ro fo rm  s o lu t io n  a n d  d is s o lu t io n  o f  th e  
r e m a in in g  s e m is o lid  in  a c e to n e  fo llo w e d  b y  a d d i t io n  o f  3 %  h y 
d ro g e n  p e ro x id e  s o lu t io n  g a v e  a  c le a r  s o lu t io n  w h ic h  w a s  a llo w e d  
t o  s t a n d  o v e r n ig h t .  T h e  a d d i t io n  o f  p e r o x id e  w a s  a c c o m p a n ie d  
b y  h e a t  e v o lu t io n  in  m o s t  c a s e s .  C o n c e n t r a t io n  o f  t h i s  s o lu t io n ,  
fo llo w e d  b y  a d d i t io n  o f  w a te r  a n d  r e c o n c e n t r a t io n ,  r e m o v e d  th e  
a c e to n e  a n d  p r o d u c e d  a  p r e c ip i t a t e  o f  s e m is o l id .  T h e  s u p e r 
n a t a n t  a q u e o u s  l a y e r  w a s  a c id if ie d  a f t e r  d e c a n ta t i o n  a n d  a n y

p r e c ip i t a t i n g  p h o s p h in ic  a c id  w a s  i s o la te d .  A c e to n e  t r i t u r a t i o n  
o f  w a te r - in s o lu b le  m a te r i a l  s e p a r a te d  a n y  r e m a in in g  p h o s p h in ic  
a c id  a s  in s o lu b le  s o l id .  T h e  a c e to n e  f i l t r a t e  s o lu t io n  w a s  s u b 
je c te d  t o  g a s  c h r o m a to g r a p h ic  a n a ly s i s  w h ic h ,  in  m o s t  c a s e s , 
d is c lo s e d  p e a k s  r e p r e s e n t in g  s o lv e n t ,  a  s m a ll  a m o u n t  o f t r i 
p h e n y lp h o s p h in e ,  a n  e v e n  s m a lle r  a m o u n t  o f  t r ip h e n y lp h o s p h in e  
o x id e , a n d  a  v e r y  la r g e  p e a k  d u e  to  t h e  d ip h e n y la r y lp h o s p h in e  
o x id e  p r o d u c e d .  C u r v e  a r e a s ,  c o n v e r s io n  f a c to r s ,  a n d  th e  w e ig h t  
o f s o l id  o b ta in e d  o n  e v a p o r a t io n  o f  a c e to n e  w e re  u s e d  t o  c a lc u la te  
c r u d e  y ie ld s .  I s o la t io n  o f  p r o d u c t  in  p u r e  f o rm  w a s  a c c o m p lis h e d  
b y  c r y s ta l l i z a t io n .

3. Preparation of Diphenyl(m-tolyl)- and Diphenyl(p-tolyl)- 
phosphines.— T h e  in f r a r e d  s p e c t r a  o f  t h e  to ly lp h o s p h in e  o x id e s  
w a s  t h a t  e x p e c te d  fo r  meta a n d  para i s o m e rs , r e s p e c t iv e ly .  T h e  
m e l t in g  p o in t s  o f  t h e  i s o la te d  m a te r i a l s  w e re  id e n t ic a l  w i th  th o s e  
r e p o r t e d  in  t h e  l i t e r a t u r e . 12

4. Preparation of Diphenyl-p-biphenylphosphine Oxide.—
D ip h e n y l - p - b ip h e n y lp h o s p h in e  o x id e  ( m .p .  1 4 3 - 1 4 4 ° ) ,  p r e 
v io u s ly  u n r e p o r t e d ,  s h o w e d  n o  d e p r e s s io n  o f  m ix tu r e  m e l t in g  
p o in t s  w i th  m a te r i a l  p r e p a r e d  f ro m  t h e  c o r r e s p o n d in g  o rg a n o -  
m e ta l l i c  a n d  d ip h e n y lp h o s p h in o u s  c h lo r id e ,  fo llo w e d  b y  o x id a 
t i o n .  T h e  tw o  m a te r i a l s  a ls o  h a d  id e n t ic a l  r e t e n t io n  t im e s  
u n d e r  t h e  c o n d i t io n s  m e n t io n e d  in  c o n n e c t io n  w i th  g a s  c h r o 
m a to g r a p h ic  s e p a r a t io n  o f  t h e  is o m e r ic  t o l y l  o x id e s ;  t h e i r  i n 
f r a r e d  s p e c t r a  w e re  id e n t ic a l .

Anal. C a lc d .  f o r  C 24H i9P O :  C ,  8 1 .4 ;  H ,  5 .3 7 ;  P ,  8 .7 5 . 
F o u n d :  C , 8 1 .7 1 ;  H ,  5 .4 5 ;  P ,  8 .2 8 .

5. Preparation of p-Bis(diphenylphosphino)benzene Dioxide.
— p - D ib ro m o b e n z e n e  le d ,  o n  n o r m a l  a d d i t i o n ,  t o  p - b is ( d ip h e n y l-  
p h o s p h in o ) b e n z e n e  d io x id e  a s  s h o w n  b y  a n a ly s i s ,  m ix tu r e  m e l t in g  
p o in t s  a n d  in f r a r e d  s p e c t r a l  c o m p a r is o n  w i th  t h e  k n o w n  m a te 
r i a l . 13'1'! G a s - l i q u id  p a r t i o n  c h r o m a to g r a p h y  a t  3 2 0 °  e m p lo y in g  
v e r y  r a p id  c a r r ie r  g a s  flow  in d ic a te d  t h a t  t h e  c r u d e  r e a c t io n  
m ix tu r e  c o n ta in e d  o n ly  o n e  d ip h o s p h in e ,  t h e  c o r r e s p o n d in g  
m o n o x id e , a n d  d io x id e .
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H a l id e  e x c h a n g e  b e tw e e n  rs -p ro p y l b r o m id e  o r  n - p r o p y l  io d id e  a n d  a lu m in u m  c h lo r id e  y ie ld s ,  in i t i a l ly ,  a n  e x 
c h a n g e  p r o d u c t  c o n ta in in g  a  h ig h  p e r  c e n t  o f n - p r o p y l  c h lo r id e . I n t e r c h a n g e  o f h a lo g e n  b e tw e e n  e th y l  a n d  
n - p r o p y l  h a l id e s ,  c a ta ly z e d  b y  a lu m in u m  c h lo r id e , a ls o  g iv e s  in i t i a l  e x c h a n g e  p r o d u c t s  r ic h  in  t h e  n - p r o p y l  h a l id e .  
A n  e q u i l ib r iu m  c o n s t a n t  f o r  t h e  e x c h a n g e  o f p r o p y l  b r o m id e  w i th  a lu m in u m  c h lo r id e  is  e s t im a te d  a n d  m e c h a 
n i s t i c  im p l ic a t io n s  o f  t h e  r e s u l t s  a r e  c o n s id e re d .

Although much work has been done on aromatic 
substitution by means of the Friedel-Crafts, aluminum 
trichloride-catalyzed reaction, relatively little attention 
has been given to halogen exchange between alkyl 
halides and aluminum trichloride.

Isotopic studies reveal that alkyl and acyl halides 
will exchange halogen atoms with the corresponding 
aluminum trihalides,12 and interchange of methyl

(1) F . F a irb ro th e r , J .  C h e m .  S o c . ,  293 (1941); 503 (1937).
(2) F . S ixm a a n d  H . H en d rik s , P r o c .  K o n i n k l .  N e d .  A k a d .  W e t e n s h a p ,

59B , 61 (1956).

halides with aluminum halides has been studied.3 
Aluminum trihalide also may catalyze exchange of 
halogen between one alkyl halide and another4; thus 
a mixture of carbon tetrachloride, ethyl iodide, and 
aluminum chloride affords carbon tetraiodide.6 Recent

(3) H . C . B ro w n  a n d  W . J . W a llace , J .  A m .  C h e m .  S o c . ,  75 , 6279 
(1953).

(4) N . E . B rez h n ev a , S. Z. R o g in sk ii, a n d  A . I . S h ilinsk ii, R u s s .  J .  P h y s .  

C h e m .  (E n g . T ra n s l .) , 9 , 752 (1937); 8 , 849 (1936); C h e m .  A b s t r . ,  31, 
8340 (1937); 31 , 2090 (1937).

(5) G. B ad d e ley , Q u a r t .  R e v .  (L o n d o n ), V I I I ,  355 (1954).
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F ig .  1 .— n - P r o p y l  c h lo r id e  t o  i s o p r o p y l  c h lo r id e  m o le  r a t i o s  in  
t h e  a lu m in u m  c h lo r id e  e x c h a n g e  r e a c t io n s :  I ,  n - p r o p y l  io d id e
p lu s  a lu m in u m  c h lo r id e  e x c h a n g e  r e a c t io n ;  I I ,  re -p ro p y l b r o 
m id e  p lu s  a lu m in u m  c h lo r id e  e x c h a n g e  r e a c t io n .

work demonstrates halide exchange of halobenzenes 
effected by aluminum halides.6 7

One possible mechanism for the exchange of A1X3 
with RX includes ionization of the alkyl halide.

R X ,  A 1X 3 R + A 1 X 4-  R  + +  A l X r  1X1

If the reaction involves a carbonium ion (R+), as 
in this mechanism, then one would expect products 
of an exchange reaction between n-propyl bromide or 
n-propyl iodide and aluminum chloride to consist 
predominantly of isopropyl chloride isomer formed by 
rearrangement of the primary carbonium ion.

This paper presents results of n-propyl bromide and 
n-propyl iodide interchange with aluminum chloride. 
The initial product of this exchange reaction contains 
a higher per cent of n-propyl chloride than of iso
propyl chloride. The fact that exchange occurs 
readily without concomitant rearrangement is thought 
to indicate that halide interchange probably occurs 
through a mechanism not involving a carbonium ion. 
We also examined aluminum chloride-induced halogen 
exchange between propyl and ethyl halides and found 
that these reactions yield n-propyl halide as the pre
dominant first product of interchange.

Experimental
M a t e r i a l s .— A lu m in u m  c h lo r id e  ( F i s h e r  C o . ,  a n h y d r o u s  s u b 

l im e d )  w a s  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t io n ;  i t  w a s  t r a n s f e r r e d  
to  s m a ll ,  s c re w -c a p  v ia ls  in  a  d r y  b o x  a n d  t h e  v ia ls  w e re  s to r e d  
in  a  d e s ic c a to r  u n t i l  u s e d .  E t h y l  c h lo r id e  w a s  o b ta in e d  f ro m  th e  
O h io  C h e m ic a l  C o .  n - P r o p y l  c h lo r id e ,  b ro m id e ,  a n d  io d id e  w e re  
f ro m  E a s t m a n  O r g a n ic  C h e m ic a ls .  E th y l  b r o m id e  a n d  io d id e  
w e re  p u r c h a s e d  f ro m  t h e  F i s h e r  C o . T h e  e th y l  io d id e  a n d  re -p ro - 
p y l  c h lo r id e  u s e d  w e re  s h o w n  b y  v a p o r  p h a s e  c h r o m a to g r a p h y  to  
c o n ta in  n o  m o r e  t h a n  1 .5  m o le  %  of im p u r i t i e s .  A ll o th e r  o rg a n ic  
r e a g e n ts  u s e d  w e re  s h o w n  b y  v .p . c .  t o  b e  9 9 .5  m o le  %  p u r e  o r  
b e t t e r .  A ll o r g a n ic  r e a g e n ts  w e re  d r ie d  o v e r  a n h y d r o u s  m a g n e 
s iu m  s u l f a te  p r io r  t o  u s e .  T h e  re -p ro p y l b ro m id e s  a n d  io d id e s  
u s e d  w e re  f o u n d ,  b y  in je c t in g  a  la r g e  q u a n t i t y  (ca. 40  jul.) in to

(6) G . A . O lah , W . S. T olgyesi, a n d  R . E . D ea r, J .  O r g .  C h e m . ,  27 , 3441 
(1962).

(7) E . S. G ould , “ M ech an ism  a n d  S tru c tu re  in  O rgan ic  C h e m is try ,” H o lt, 
R in e h a r t  a n d  W in sto n , N ew  Y o rk , N . Y ., 1959, p . 448.

t h e  v . p . c .  a p p a r a t u s ,  t o  b e  f re e  o f d e t e c t a b l e  a m o u n t s  o f  re- a n d  
i s o p r o p y l  c h lo r id e s .

E x c h a n g e  R e a c t io n s .— A ll e x p e r im e n ts  w e re  c a r r ie d  o u t  in  a n  
ic e  b a t h  a t  0 °  a n d  t h e  r e a c t in g  m ix tu r e s  w e re  m a g n e t i c a l l y  
s t i r r e d .  R e a c t io n s  w e re  p e r fo r m e d  in  a  1 2 5 -m l. e r l e n m e y e r  f la s k  
w i th  a  tw o -h o le  r u b b e r  s to p p e r  f i t t e d  w i th  a  c a lc iu m  c h lo r id e  
d r y in g  tu b e  a n d  a  p ie c e  o f 5 -m m . g la s s  t u b in g  l e a d in g  t o  a  t e s t  
t u b e  c o n ta in in g  3 m l .  o f  w a te r  i n to  w h ic h  s a m p le s  o f  a p p r o x i 
m a te ly  2  m l .  e a c h  c o u ld  b e  w i th d r a w n  b y  s u c t io n .  S a m p le s  w e re  
q u e n c h e d  b y  s h a k in g  w i th  w a te r ;  t h e  o r g a n ic  l a y e r  t h e n  w a s  
w i th d r a w n ,  d r ie d  o v e r  m a g n e s iu m  s u l f a te ,  a n d  a n a ly z e d  b y  v . p . c .  
T o  p r e v e n t  lo sse s  d u e  t o  v o l a t i l i t y ,  s a m p le s  w e re  k e p t  c o id  in  ice  
a t  a l l  t im e s  a n d  t h e  s y r in g e  u s e d  fo r  v . p . c .  i n je c t io n s  w a s  k e p t  in  a  
r e f r ig e r a to r  a t  a b o u t  4 ° .  T im e  o f s a m p le  w i th d r a w a l  w a s  r e 
c o r d e d  w i th  a  s to p w a tc h ,  a n d  z e ro  t im e  w a s  t a k e n  a s  t h e  m o m e n t  
a t  w h ic h  a lu m in u m  c h lo r id e  w a s  a d d e d  to  t h e  o r g a n ic  c o m p o u n d s .

Q u a n t i t i e s  o f  r e a g e n ts  u s e d  a r e  l i s t e d  in  T a b le s  I  a n d  I I ;  56 0  
m m o le s  o f e a c h  a lk y l  h a l id e  w a s  u s e d  f o r  t h e  r e a c t io n s  so  t h a t  
t h e  m ix e d  a lk y l  h a l id e  s t a r t i n g  m a te r i a l  w a s  e q u im o la r .  A p p r o x i 
m a te ly  1.1 g. (8 .2 7  m m o le s )  o f  a lu m in u m  c h lo r id e  w a s  u s e d  fo r  
a l l  r e a c t io n s ,  so  t h a t  a lu m in u m  t r ic h lo r id e  c o m p r is e d  a b o u t  0 .8  
m o le  % o f  m ix e d  a lk y l  h a l id e  s y s te m s  a n d  1 .6  m o le  %  o f  t h e  a lu 
m in u m  c h lo r id e  e x c h a n g e  r e a c t io n  m ix tu r e s .  N o  s o lv e n t  w a s  
u s e d .

A n a ly s is .— F o r  a n a ly s is  o f  p r o d u c t  m ix tu r e s ,  a n  A e r o g ra p h  
A -9 0 -P  g a s  c h r o m a to g r a p h  w a s  u s e d  w i th  a  S a r g e n t  M o d e l  S R  
r e c o r d e r .  A  5 0 - f t .  c o lu m n  of 0 .2 5 - in .  c o p p e r  tu b in g  p a c k e d  w i th  
2 0 %  L .A .C .- 4 4 6  ( W ilk e n s  I n s t r u m e n t  a n d  R e s e a r c h  I n c . ,  C a l i 
f o rn ia )  o n  3 0 - 6 0 -m e s h  f i r e b r ic k  w a s  u s e d .  T h e  c o lu m n  w a s  m a in 
t a in e d  a t  8 5 °  in  a n  a i r  b a t h ,  a n d  a  f lo w  r a t e  o f 100  c c . / m i n .  w a s  
u s e d  w i th  h e l iu m  a s  t h e  c a r r ie r  g a s .  T h is  c o lu m n  c o m p le te ly  r e 
s o lv e d  a l l  r e a c t io n  p r o d u c t s ,  w h ic h  w e re  id e n t i f ie d  b y  c o m p a r is o n  
o f  t h e i r  r e la t iv e  r e t e n t io n  r a t i o s  w i th  th o s e  o f k n o w n  s t a n d a r d  
s a m p le s .  G a s  c h r o m a to g r a p h ic  a n a ly s e s  o f w e ig h e d  s t a n d a r d  
m ix tu r e s  o f t h e  a lk y l  h a l id e s  e n c o u n te r e d  in  t h i s  s t u d y  s h o w  t h a t  
t h e  p e r  c e n ts  c a lc u la te d  f ro m  v . p . c .  p e a k  a r e a s  c o r r e s p o n d  to  
m o le  p e r  c e n ts  o f t h e  m ix tu r e s  w i th in  2 %  e r r o r  i n  a l l  c a s e s .  A l
t h o u g h  t h e  m o le  p e r  c e n ts  o f p r o p y l  c h lo r id e s  p r e s e n t  i n  s a m p le s  
f ro m  e x c h a n g e  r e a c t io n s  o f n - p r o p y l  b r o m id e  o r  re -p ro p y l io d id e  
w i th  a lu m in u m  c h lo r id e  w e re  d if f ic u l t  t o  d e te r m in e  a c c u r a t e ly  d u e  
to  t h e  s m a ll  q u a n t i t i e s  p r e s e n t ,  r e l a t i v e  a m o u n t s  o f  re -p ro p y l 
c h lo r id e  a n d  i s o p r o p y l  c h lo r id e  c o u ld  b e  m e a s u r e d  e a s i ly  b y  t h e  
t e c h n iq u e  o f  i n je c t in g  la r g e  s a m p le s  ( c a .  4 0  /d - )  i n to  t h e  v . p . c .  
a p p a r a t u s ,  r e c o r d in g  p r o p y l  c h lo r id e  p e a k s  w i th  t h e  a t t e n u a t o r  
o n  X 1, a n d  th e n  a t t e n u a t i n g  to  X  6 4  in  o r d e r  t o  r e c o r d  t h e  p r o p y l  
b r o m id e  o r  p r o p y l  io d id e  p e a k s .

Results
Aluminum chloride dissolved readily in the alkyl 

halide mixtures in two to three minutes to give homo
geneous systems; it required seven minutes to dissolve 
in pure n-propyl bromide. The catalyst did not dis
solve completely in pure n-propyl iodide and the 
n-propyl iodide-aluminum chloride system remained 
heterogeneous throughout the reaction.

Preliminary experiments on the mixed alkyl halide 
systems showed that the ice bath held reaction tem
peratures at 0 ± 1° at all times, and the reactions 
evolved less than 10 ml. of gas (STP)—dehydrohalo- 
genation reactions were insignificant under the condi
tions used. We observed no appreciable polymeriza
tion in these reactions.

Table I lists chromatographic analyses of samples 
from the n-propyl bromide or n-propyl iodide plus 
aluminum chloride exchange reactions. Total mole per 
cent of propyl chlorides is given in the fourth column of 
Table I, and the fifth column contains the mole ratio of 
n-propyl chloride to isopropyl chloride. The aluminum 
chloride was only slightly soluble in n-propyl iodide 
whereas it dissolved completely in n-propyl bromide; 
the much slower rate for exchange of n-propyl iodide 
with aluminum chloride may be caused primarily by low 
solubility of aluminum chloride in the iodide.
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T a b l e  I

A l u m i n u m  C h l o r i d e  E x c h a n g e  R e a c t i o n s  

V .p .c . a n a ly s i s  o f  n - P r B r  a n d  A1C13 r e a c t io n  
(1 .1 1 5 0  g . o f  A1C13; 5 1 .0  m l. o f  n - P r B r )
---------------------- M ole % ---------------------- ,

T im e, (n -P rC l + ( n -P rC l) /
m in . 7 i-P rB r ¿ -P rB r ¿-P rC l) ( t-P rC l)“

0 . 0 1 0 0 . 0 0 . 0 0 . 0
4 . 5 9 2 .1 6 . 9 1 .0 3 .0 0
8 . 5 8 4 .1 1 4 .8 1 .1 1 .7 1

1 2 . 5 7 8 .5 2 0 .4 1 .1 1 .1 9
2 0 . 5 7 0 .7 2 8 .2 1 .1 0 .8 5
3 0 .0 6 5 .3 3 3 .6 1 .1 .6 2
6 0 .0 5 5 .5 4 3 .4 1 .1 .3 9

1 2 3 .5 4 6 .1 5 2 .8 1 .1 .2 7
1 7 5 .0 4 0 .8 5 8 .3 1 .0 .2 3

V .p .c .  a n a ly s is  o f  r a -P r l  a n d  A1C13 r e a c t io n
(1 .3 3 3 7  g. o f  A lC h ; 5 4 .1  m l. o f r a -P r l)

T im e, (n -P rC l + ( n -P rC l) /
m in . n -P r l i- P r I i-P rC l) ( i-P rC l)“

0 . 0 1 0 0 .0 0 . 0 0 .0 0
1 1 . 0 9 9 .7 0 . 3 .0 2 3 . 0
3 0 .5 9 9 .3 0 . 7 .0 3 2 .1
4 8 .5 9 8 .7 1 . 3 .0 4 1 .6
9 1 .0 9 7 .3 2 . 6 .0 5 0 . 9

1 2 3 .5 9 5 .9 4 . 0 .0 8 .6
2 5 2 .0 8 8 .6 1 1 . 3 .1 5 .4
4 1 0 .0 8 2 .0 1 7 .8 .1 8 .2

“ S in c e  a  g r e a t e r  q u a n t i t y  o f  p r o p y l  c h lo r id e s  w a s  fo rm e d  in  t h e  
n - P r B r  +  A1C13 e x c h a n g e  r e a c t io n ,  t h e  ( r a - P r C l ) / ( i - P r C l )  r a t i o  
c o u ld  b e  d e te r m in e d  m o re  a c c u r a t e ly  t h a n  t h a t  f o r  t h e  r a -P r l  +  
A IC I3 r e a c t io n .

Figure 1 shows a plot of the n-propyl chloride to iso
propyl chloride mole ratios for the two aluminum chlo
ride interchange reactions of Table I.

Results of v.p.c. analyses of ethyl and propyl halide 
exchange catalyzed by aluminum chloride appear in 
Table II. A number of points are listed for the first 
reaction (n-PrCl +  EtI), and a graph (Fig. 2) showing 
the mole per cents of the exchange products in this 
reaction is given. Data also are presented for the 
reverse reaction (n-Prl +  EtCl).

T a b l e  I I

A l k y l  H a l i d e  E x c h a n g e  R e a c t i o n s  

V .p .c . a n a ly s is  o f  n - P r C l  a n d  E t I  r e a c t io n  
(1 .1 2 5 6  g. o f  A1C13; 4 5 .3  m l. o f  E t I ;  4 9 .4  m l. o f  n - P r C l )

T im e, ✓----------- -------- M ole %
m in. n -P rC l E t I ¿-PrCl n-Prl ¿-PrI E tC l

0 . 0 4 9 .2 5 0 .8 0 . 0 0 . 0 0 . 0 0 . 0
1 2 . 0 3 9 .5 4 1 .7 0 . 3 9 . 2 . 0 9 . 3
3 0 .0 3 2 .0 3 4 .8 1 . 3 1 5 .7 . 0 1 6 .2
6 0 .5 2 6 .5 3 2 .0 3 . 2 1 9 .3 . 2 1 8 .8
9 1 .0 2 4 .0 3 0 .3 5 . 0 1 9 .6 . 3 2 0 .8

1 2 5 .5 2 2 .6 3 1 .3 6 . 6 1 9 .5 .6 1 9 .4

V .p .c . a n a ly s i s  o f r a -P r l  a n d  E t C l  r e a c t io n
(1 .0 1 5 2  g . A lC h ;  4 0 .0  m l. E tC l ; 5 4 .1  m l. r a -P r l )

m in. n-Pr 1 E tC l ¿ -P rI •ra-PrCl ¿-P rC l E t I

0 . 0 5 0 .0 5 0 .0 0 . 0 0 . 0 0 . 0 0 . 0

2 6 .0 3 1 .0 3 0 .1 . 0 1 5 .9 2 . 9 2 0 . 2

6 4 .5 2 5 .6 2 5 .6 . 0 1 6 .7 6 . 8 2 5 .3
1 2 0 .0 2 4 .1 2 3 .6 .6 1 4 .2 1 0 .3 2 7 .2

The remaining four aluminum chloride-induced 
propyl-ethyl exchange reactions were also run at 0° 
and with the same catalyst concentration as those of 
Table II. They are represented as shown.

F ig . 2 .— P r o d u c t  m o le  p e r  c e n t  in  t h e  ra -p ro p y l c h lo r id e  p lu s  
e t h y l  io d id e  e x c h a n g e  r e a c t i o n : I ,  n - p r o p y l  io d id e ;  I I ,  is o p r o p y l  
c h lo r id e ;  I I I ,  i s o p r o p y l  io d id e .

n - P r C l  +  E t B r  

n - P r B r  +  E tC l  

n - P r B r  +  E t I

—  ra -P rB r  +  ¿ - P r B r  +  E t C l  +  ¿ -P rC l

—  ra -P rC l +  ¿ - P rC l  +  E t B r  +  ¿ - P rB r

: n - P r l  +  ¿ - P r I  +  E t B r  +

E tC l  +  ra -P rC l +  ¿ -P rC l
¿ - P rB r

( T o t a l  =  0 .6 % )

(1 )

(2 )

(3 )

r a -P r l  +  E t B r n - B r B r  +  ¿ - P r B r  +  E t I  +

. T E t C l  +  ra -P rC l +  ¿ -P rC l  
+  ( T o t a l  =  o .4 % ) (4 )

These reactions proceed in essentially the same man
ner as the n-propyl chloride system of Fig. 2; exchange, 
which is more rapid than rearrangement, gives n-propyl 
halide as the predominant first product. (For ex
ample, reaction 1 yields an exchange product contain
ing more n-propyl bromide than isopropyl bromide.) 
As indicated, reactions 3 and 4 exhibit exchange with the 
aluminum chloride present to give a total alkyl chloride 
concentration of about 0.5 mole %.

It also has been found in this study that, under the 
influence of aluminum trichloride, methyl iodide will 
exchange readily with ethyl chloride and n-propyl chlo
ride and that butyl halides undergo halogen interchange 
with propyl, ethyl, and methyl halides.

Discussion
The results of these experiments show clearly that 

halogen interchange of n-propyl halides, with both 
aluminum chloride and ethyl halides, proceeds more 
rapidly than rearrangement of exchange products. 
Thus, it is possible to prepare unrearranged RY from 
RX by means of aluminum chloride-catalyzed ex
change.

Constancy of (n-PrCl +  f-PrCl) total concentration 
in the n-propyl bromide plus aluminum chloride ex
change reaction (c/. Table I) suggests that exchange 
equilibrium was reached during the first four and one- 
half minutes of reaction. On this basis, an equilibrium 
constant can be estimated for the interchange of propyl 
bromides with aluminum chloride. Ignoring the pres
ence of AlCl2Br and AlClBr2, we may write the reac
tion as shown.
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3 P r B r  +  A1C1S 3 P r C l  +  A lB r 3
(5 5 4 )  (6 .2 )  (6 .2 )  (2 .1 )

Keq
( 6 .2 ) 3(2 .1 )
( 5 5 4 ) 3(6 .2 )

=  4 .7  X  lO “ 7

The symbols PrBr and PrCl represent sums of the 
propyl halides, (n-PrBr +  ¿-PrBr) and (n-PrCl +  i- 
PrCl), respectively. The number of mmoles of each 
species present at equilibrium, calculated from the data 
of Table I, is shown in parentheses under the reaction. 
In view of small equilibrium constant for the previous 
reaction, it is not surprising that the following analogous 
reactions were found to be essentially irreversible.3

M e C l +  A lB r 3 ----- M e B r  +  A1C13

M e C l  +  A 1IS -— M e l  +  A1C1,

Both A1Y3 +  n-PrX and Et Y +  n-PrX exchange 
reactions proceed rapidly, and both interchanges yield 
initial products rich in the n-PrY isomer. These 
similarities suggest that the two exchange processes 
occur via the same mechanism and exchange of halogen 
between two alkyl halides may result from successive 
exchanges of alkyl halide with aluminum halide.

Unrearranged interchange products point to a non- 
carbonium ion mechanism for the exchange reaction, 
since carbonium ion intermediates would be expected 
to yield predominantly rearranged products.

Without implying ionization, a pathway involving 
bimolecular nucleophilic substitution could explain the

observed results. A displacement mechanism for 
alkyl halide-aluminum halide interchange is consistent 
with the finding that the exchange of ethyl bromide 
(labeled with radioactive bromine) and aluminum 
bromide is a third-order reaction. The reaction rate is 
proportional to the concentration of ethyl bromide and 
to the square of the concentration of aluminum bro
mide.2 Conductivity and transport measurements of 
solutions containing aluminum bromide in ethyl 
bromide are compatible with the absence of carbonium 
ions in the exchange mechanism. Formation of 
AlBr,i_ and RBrAlBr2+ ions best explains the findings 
of these experiments.8

In many cases, Friedel-Crafts alkylations can yield 
unrearranged alkyl benzenes.9 It is possible that 
these alkylations and the observed interchange re
actions proceed by analogous displacement mecha
nisms of the type proposed by Brown based on kinetic 
data.1011
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A  6 -c h lo ro , a  6 -b ro m o , a n d  a  6 - io d o  d e r iv a t iv e  o f c is -q u e r c i to l ,  e a c h  o f  t h e  meso c o n f ig u ra t io n  (1 2 3 4 5 /6 ) ,  w e re  
p r e p a r e d  b y  r e a c t io n  o f 1 ,2 - a n h y d ro -c is - in o s ito l  ( d ik e ta l )  w i th  t h e  a p p r o p r i a t e  a q u e o u s  h y d r o h a l ic  a c id .  R e a c 
t i o n  o f  1 ,2 -a n h y d ro -o H o - in o s ito l  ( d ik e t a l )  w i th  a q u e o u s  h y d r o c h lo r ic  a c id  g a v e  a  m ix tu r e  o f tw o  c h lo ro  q u e r c i to ls ,  
m .p .  21 5  a n d  2 3 6 ° , a n d  w i th  h y d r io d ic  a c id ,  tw o  io d o q u e r c i to ls ,  m .p . 181 a n d  2 5 4 ° , t h e  lo w e r  m e l t in g  p r o d u c t  
p r e d o m in a t in g  in  e a c h  ca se . T h e  p r e d o m in a n t  is o m e rs  w e re  s h o w n  t o  h a v e  t h e  c o n f ig u ra t io n  (1 -2 5 /3 4 6 ) c o r r e 
s p o n d in g  to  j a ia - q u e r c i to l ,  s in c e  t h e  n o n p r e d o m in a n t  is o m e r s  o n  h y d r o g e n o ly s is  g a v e  taZ o -q u e rc ito l a n d  t h u s  
h a d  t h e  c o n f ig u ra t io n  ( 1 2 3 /4 5 6 ) .  A  b r o m o q u e r c i to l  p e n t a a c e t a t e  (m .p .  1 5 3 ° )  p r e p a r e d  f ro m  e p f - in o s ito l  in  
1955  h a s  fo r  t h e  f i r s t  t im e  b e e n  c o n v e r te d  t o  t h e  c o r re s p o n d in g  f re e  b r o m o q u e r c i to l  a n d  b y  h y d r o g e n o ly s is  o f  th e  
l a t t e r  t o  aZ Z o-quercito l is  n o w  s h o w n  to  h a v e  t h e  c o n f ig u ra t io n  d l ( 1 2 3 4 /5 6 ) ,  i n s t e a d  o f  t h e  p r e v io u s ly  p r o p o s e d  
( 1 2 3 5 /4 6 ) .  N e w  d e r iv a t iv e s  o f  e p i - in o s i to l  a n d  o f  p in i to l  a r e  d e s c r ib e d .

The haloquercitols or halodeoxyinositols (6-halo-
I, 2,3,4,5-cyclohexanepentols, I) are of interest because 
of their possible inositol or anti-inositol activity in bio
logical systems, as intermediates for synthesis of other 
cyclitols, and as model substances for the application to 
carbohydrates of such physical methods as nuclear 
magnetic resonance.4

Twenty diastereomers (eight meso, twelve active or 
racemic) are predicted for any such monosubstituted

(1) P a p e r  X V  on  C y c lito l S te re o ch em istry  b y  G . E . M c C a s la n d  a n d  co
w o rkers : fo r p reced in g  p u b lica tio n , see J .  O r g .  C h e m . ,  28, 894 (1963).

(2) P re se n te d  in  p a r t  b y  V. B . to  th e  13 th  A n n u a l C o n v e n tio n  of th e  
S tu d e n t  A ffiliates of th e  A m erican  C hem ica l S ocie ty , R eno , N ev ., M a y  4, 
1962.

(3) A id ed  b y  th e  N a tio n a l Science F o u n d a tio n  U n d e rg ra d u a te  P a r tic i
p a t io n  P ro g ra m  a t  th e  D e p a r tm e n t  of C h em is try , U n iv e rs ity  of S an  F ra n 
cisco, 1962.

(4) See G. E . M cC as la n d , S. F u ru ta , L. F . Jo h n so n , a n d  J .  N . S hoo lery ,
J .  A m .  C h e m .  S o c . ,  (a) 83 , 4243 (1961); (b) 83 , 2335 (1961).

inositol, so that the stereochemistry of the haloquer
citols is unusually complex and interesting. Previous 
work in our own and other laboratories has led to the 
synthesis of not less than ten of the twenty predicted 
bromoquercitols; not less than three of the chloro- 
quercitols; but of only one of the iodoquercitols.6

We now wish to report the preparation and configura
tional characterization of three new chloroquercitols, 
two new bromoquercitols, and three new iodoquercitols. 
Crystalline pentaacetates have been obtained for all 
but two of these. The recently prepared haloquercitol 
diastereomers are summarized in Table I, which in
cludes all known iodoquercitols. The previously known

(5) T h e  n u m b e r of k n o w n  ch lo ro  a n d  b ro m o  iso m ers  is  s o m e w h a t u n ce r
ta in  b ecause  of s im ila ritie s  in  m e ltin g  p o in ts , a n d  th e  f a c t  t h a t  som e h a lo 
q u e rc ito l p e n ta a c e ta te s  h av e  n o t y e t  b ee n  co rre la te d  w ith  th e ir  p a r e n t  h a lo 
querc ito l.
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T a b l e  I
R e c e n t l y  P r e p a r e d  D ia s t e r e o m e r s  o f  6 -C h lo r o -, 6 -B ro m o -, a n d  6 - Io d o q tjercito ls  (H a l o d e o x y in o s it o l s )

C o n fig u ra tio n  R e la te d  ,----------------M .p .,6 °C . (spec, rot.)-
H alogen (X  a t  6) Q uercito l in o s ito l“ H a lo p e n to l P e n ta a c e ta te R efe rence

Chlorine meso (12345/6) C I S epi- (6) 216 185 This article
Chlorine d (125/346) gala L- (3) 215 (-53°) Sirup This article
Chlorine d (123/456) talo neo- (1) 236 (-22°) 177 ( + 67°) This article
Chlorine dl (134/256) proto DL- (2) 206 144 12b
Chlorine dl (124/356)? vibo DL- (1) 108 12b
Chlorine dl (12346/5) alio epi- (1) 192 158 4a
Bromine meso (12345/6) cis epi- (6) 202 191 This article
Bromine d (125/346) gala L - (3) 203 ( -44°) 

(dl 192) (dl 159)
4b, 12a

Bromine d(123/456) talo neo-(1) 229 (-137°) 
(dl214)

4b,12a

Bromine dl(1234/56) alio alio- (5) or 
alio- (6)

160 153 This article, 8, 12a

Bromine dl(12346/5) alio epi-(l) 214 159 4a
Iodine meso (12345/6) cis epi- (6) 202 183 This article
Iodine d(125/346) gala L- (3) 181 (-31°) Simp This article
Iodine d(123/456) talo neo-(1) 254 (-45°) 190 ( + 65°) This article
Iodine d l ( 12346/5) alio epi-{ 1) 214 dec. 161 4a

“ Number specifies inositol hydroxyl whose replacement without inversion would give the haloquercitol. 6 The halopentols typically 
melt with decomposition; the pentaacetates do not.

C h a r t  I
( I p  — iso p ro p y lid en e , Bz =  b en z y lid en e , T s  =  p -to lu en esu lfo n y l)

OH

h o v ^ ^ y Oh 

H0 1 6  0H

I I ,  T E T R O L  IV , X  =  C l I X ,  X  =  B r
I I I ,  3 ,4 :5 ,6 -D i- Ip  V , X  =  B r X , X  =  H

V I, X  =  I  
V I I , X  =  O H  

V I I I ,  X  =  H

X I ,  Y  =  T s, 
1 ,2 :4 ,5 -D i-Ip

X I I ,  X  =  C l X V II ,  T E T R O L
X I I I ,  X  =  B r X V I I I ,  3 ,4 :5 ,6 -
X IV , X  =  I  D i- Ip

X V , X  -  O H
X V I, X  =  H

X I X , X  =  C l 
X X , X  =  B 

X X I , X  =  I  
X X I I ,  X  =  O H  

X X I I I ,  X  =  H

XXIV XXV, X = Br X X V I , X X V I I I ,  X  =  C l
T E T R O L  X X I X , X  =  B r
X X V I I ,  X X X , X  =  I

1 ,2 :3 ,4 -D i- Ip  X X X I ,  X  =  H

X X X I I ,  Y  =  
H , 1 ,2 :5 ,6 - 

d i-B z
X X X I I I ,  Y  =  

T s , 1 ,2 :5 ,6 - 
D i-B z

ch lo ro  a n d  b ro m o  d ia ste re o m e rs  w ere  ta b u la te d  in  o u r 
re ce n t p u b lic a tio n .4®

T h e  h a lo q u e rc ito ls  t y p ic a l ly  a re  co lo rless, c r y s ta llin e , 
w a te r-so lu b le  co m p o u n d s, w h ic h  c a n  b e  re c r y s ta lliz e d  
fro m  a q u e o u s  e th y l  o r is o p ro p y l a lco h o l. O n  h y d ro - 
g e n o ly sis  a  h a lo q u e r c ito l is c o n v e rte d 6 t o  th e  co rre
sp o n d in g  q u e rc ito l (I , X  =  H ).

M e th o d s  w h ic h  h a v e  b e e n  u sed  fo r  th e  p re p a ra tio n  o f 
h a lo q u e rc ito ls  in c lu d e : (1) re a c tio n  o f  a  c y c lo h e x e n e - 
te tr o l (co n d u rito l)  w ith  h y p o b ro m o u s  a c id 7; re a c tio n  of 
a n  in o sito l w ith  (2) h o t  a c e t y l  h a lid e 6-8-10 o r (3) th io n y l

(6) G . E . M cC as la n d  a n d  E . C . H ors  w ill, J .  A m .  C h e m .  S o c . ,  75, 4020 
(1953). T h e  a c e ty l b ro m id e  w as d ilu te d  w ith  ac e tic  an h y d rid e  to  fa v o r  
th e  m onobrom o  p ro d u c t.

(7) K . K u b le r, A r c h .  P h a r m . ,  246, 620 (1908).
(8) G . E . M cC as la n d  an d  J o h n  R eev es , J .  A m .  C h e m .  S o c . ,  77, 1812 

(1955).

chloride11; (4) reaction of an inositol hexaacetate with 
hot hydrogen halide9 in acetic acid; reaction at room 
temperature of an anhydro-inositol or its diketal with 
hydrogen halide in (5) acetic acid,4b or (6) water.4-12 
Method 6 now appears to be by far the most convenient. 
Iodoquercitols have been prepared only by method 6.

Derivatives of as-Quercitol
The reaction of an HX type reagent with 1,2-an- 

hydro-czs-inositol (II) would be expected to yield only a 
single product, e.g., I , which would be a meso dias- 
tereomer with the (12345/6) or epf-inositol configura
tion, VII.13 Experimentally, the reaction of concen
trated aqueous hydrochloric acid with the diketal,14-16a 
III, readily gave the expected chloroquercitol, IV, m.p. 
216° dec. (pentaacetate 185°). Hydrobromic acid 
similarly gave the bromoquercitol, V, m.p. 202° dec. 
(pentaacetate 191°). Attempted preparation of the 
iodoquercitol with aqueous hydriodic acid gave at first 
only a discolored sirup (probably due to autoxidation of 
some of the hydrogen iodide). The procedure was then 
repeated under oxygen-free nitrogen and excess hy-

(9) H . M u lle r, J .  C h e m .  S o c . ,  (a) 91, 1790 (1907 ); (b ) 101, 2383 (1912).
(10) E . G riffin  an d  J .  N elson , J .  A m .  C h e m .  S o c . ,  37, 1552 (1915).
(11) R . M a jim a  a n d  H . S im a n u k i, P r o c .  I m p .  A c a d . J a p a n  { T o k y o ) ,  2, 

544 (1926).
(12) (a )  M . N a k a jim a  an d  N . K u r ih a ra , C h e m .  B e r . ,  94 , 515 (1961); 

(b ) M . N a k a jim a , p e rso n a l c o m m u n ic a tio n , A pril, 1961.
(13) F o r  e x p la n a tio n  of c o n fig u ra tio n a l sy m b o ls  such  as  “ (1 2 3 4 5 /6 ) ,”  

see p reced in g  a r tic le s  in  th is  series.
(14) T h e  p ro d u c t I I I  p re p a re d  b y  A n g y a l a n d  G ilh a m ’s  p ro ced u re  con 

ta in s  co n s id e rab le  s ta r t in g  m a te r ia l, w h ich  m u s t be rem o v ed  b y  su b lim a 
tio n , ev e n  w hen  th e  re a c tio n  tim e  is  in c rea sed  fro m  five to  e ig h t h o u rs . T h e  
c ru d e  p ro d u c t also  co n ta in s  a  b y -p ro d u c t, m .p . 1 0 5 -1 0 6 ° , w hich  p re su m a b ly  
is  th e  m o n o m eth y l e th e r  d ik e ta l  [rep o rte d  m .p . 1 0 4 -1 0 5 ° ; see A d v a n .  

C a r b o h y d r a t e  C h e m . ,  14, 201 (1959)]. Y ie lds of th e  p u re  p ro d u c t, w h ich  
m e lte d  a t  142-143° a s  re p o r te d , a re  o f te n  below  th e  re p o r te d  5 4 % . T h e  
o v er-a ll y ie ld  can  b e  im p ro v e d  b y  recy c lin g  of th e  reco v e red  s ta r t in g  m a te 
ria l. T h e  m o n o m eth y l e th e r  d ik e ta l  su b lim es  w ith  th e  p ro d u c t .

(15) E a c h  b a tc h  of th e  epox ide  d ik e ta l  ( I I I  o r  X V I I I )  s h o u ld  b e  te s te d  fo r 
su lfu r, to  d e te c t u n ch a n g ed  s ta r t in g  m a te r ia l so m etim e s  p re se n t. A n in 
c rea se  in  re a c tio n  tim e  m a y  be help fu l.

(16) (a )  S. J .  A n g y a l a n d  P . G ilh am , J .  C h e m .  S o c . ,  3691 (1957); (b) 
S. J . A n g y a l a n d  D . M c H u g h , i b i d . ,  3686 (1957 ); (c) S. J .  A ngy al a n d  N . 
M a th e so n , J .  A m .  C h e m .  S o c . ,  77, 4343 (1955 ); (d) S. J .  A n g y a l a n d  M . T a te , 
J .  C h e m .  S o c . ,  4116 (1961); (e) S . J .  A n g y a l a n d  C . M acd o n a ld , i b i d . ,  686 
(1952).
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driodic acid was removed by use of an ion exchange 
resin prior to evaporation. A good yield of the colorless 
crystalline iodoquercitol, VI, was then obtained, m.p. 
202° dec. (pentaacetate, m.p. 183°).

cfs-Quercitol itself, VIII, also was prepared, by hy- 
drogenolysis of l,2-anhydro-cfs-inositol16a (II, not the 
diketal) in aqueous solution with Raney nickel. This 
new method of preparation is more convenient than the 
hydrogenations of quinonetetrol or m-inosose pre
viously employed.1613

An inositol ditosylate of same (epf-inositol) configura
tional series as the preceding haloquercitols was pre
pared by reaction of l,2:4,5-di-0-isopropylidene-epf- 
inositol16c (VII, diketal) with p-toluenesulfonyl chlo
ride. The ditosyl diketal product (XI) was allowed to 
react with methanolic sodium methoxide in the hope of 
obtaining a 1,4-anhydroinositol, but after forty hours 
boiling only starting material was obtained.

Derivatives of gala- and taZo-Quercitol
In a previous publication413 we described the reaction 

of the 1,2-anhydro-aZZo-inositol diketal160 (XVIII) with 
hydrogen bromide in acetic acid at room temperature to 
give a mixture of the two diastereomeric bromoquerci- 
tols, X III and XX, whose configurations were estab
lished by nuclear magnetic resonance spectra. By 
hydrogenolysis, gala- and faZo-quercitol themselves 
(XVI and XXIII) also were prepared.4*3

In a similar manner, but using aqueous hydrohalic 
acids at room temperature, we have now converted the 
anhydro diketal, XVIII, to the two chloroquercitols, 
XII, m.p. 214° dec. (pentaacetate, a sirup), and XIX,
m.p. 236° dec. (pentaacetate, m.p. 177°). Likewise, 
using hydriodic acid, there were obtained the two iodo- 
quercitols, XIV, m.p. 180° dec. (pentaacetate, a 
sirup), and XXI, m.p. 254° dec. (pentaacetate, m.p. 
190°).

The configuration XIX for the chloroquercitol, m.p. 
236°, was established by hydrogenolysis to give the 
previously known4*3 ZaZo-quercitol, XXIII. The other 
chloroquercitol, m.p. 214°, then necessarily has the re
maining configuration XII and is a derivative of gala- 
quercitol.4*3 Hydrogenolysis of the two diastereomeric 
iodoquercitols similarly showed that the one of m.p. 
254° has the configuration XXI (toZo-quercitol deriva
tive), so that the remaining configuration XIV can be 
assigned to the isomer, m.p. 180° (graZa-quercitol deriva
tive.

It is of interest that in the reaction of 1,2-anhydro- 
allo-inositol diketal, XVIII, with aqueous hydrochloric 
or hydroiodic acid the product of (125/346) configura
tion, e.g. XII, predominates over that of (123/456) con
figuration, e.g., XIX, by a ratio of about three or four to 
one. A similar predominance of the (125/346) product 
previously was observed4*3 in the reaction with hydrogen 
bromide in glacial acetic acid. This predominance of 
(125/346) product corresponds to attack by bromide ion 
at position 2 of the protonated epoxide ring of XVII or 
XVIII in preference to position 1. From examination 
of Dreiding stereomodels it appears that the 2-position 
would be less hindered than 1 with respect to Sn2 at
tack. I t should be noted that the cyclohexane ring in 
XVIII would be somewhat distorted by the two isopro- 
pylidene ketal rings and it is uncertain (especially 
when acetic acid is used as solvent) whether or not the

ketal rings are cleaved before the epoxide ring is cleaved. 
The major product in each reaction has the configura
tion of L-inositol, XV; the minor product that of neo
inositol, XXII.

Derivatives of aZZo-Quercitol
In 1955, J. Reeves8 working with one of us at Toronto 

treated epf-inositol (VII) with hot acetyl bromide and 
obtained the pentaacetate, m.p. 153°, of a bromoquer- 
citol. All attempts at that time to obtain the pure 
bromoquercitol itself by hydrolysis of the pentaacetate 
were unsuccessful. However, on reaction with zinc in 
acetic acid the bromo pentaacetate did give the tetra
acetate of conduritol-(7, XXIV.8 On the basis of 
limited evidence, the bromo pentaacetate, m.p. 153°, 
was tentatively assigned8 the configuration (1235/46), 
XXV. We now find that the free bromoquercitol (un
like other isomers) is hygroscopic and can readily be 
prepared in a crystalline state by hydrolysis of the pen
taacetate if the crystals are protected from atmospheric 
moisture. The crystals melt at 160° dec. We also find 
that this diastereomer actually has the configuration 
(1234/56), IX, since on hydrogenolysis it gives the 
known aZZo-quercitol, X. (The bromo pentaacetate, IX, 
also was prepared by Nakajima,12 using a different 
method.) The epimer (12346/5) XXIX also yields 
alio-quercitol on hydrogenolysis,431 but is known to be 
nonidentical with Reeves’ product.

In 1961 the nuclear magnetic resonance spectrum of a 
bromoquercitol of m.p. 229°, XX, related to talo-quer
citol was interpreted successfully.413 More recently we 
have examined the n.m.r. spectra of 6-chloro, 6-bromo, 
and 6-iodo derivatives of aZZo-quercitol (XXVIII-XXX) 
in an attempt to confirm their previously assigned4“1 
configurations. This attempt has so far been unsuccess
ful due to the complex spin-spin coupling resulting in 
these isomers from the six neighboring ring protons in 
each molecule. Spectra are described in Experimental.

Benzylidenepinitol. — Although numerous isopropyl- 
idene derivatives of cyclitols are known, and cyclo- 
hexylidene derivatives16d have recently been employed, 
very few benzylidene17 18 19 derivatives have been reported. 
In connection with experiments on diisopropylidene 
derivatives of ( —)-inositol, the synthesis and char
acterization of the dibenzylidene derivative XXXII of 
(+ )-inositol 3-methyl ether (pinitol) was carried 
out.1819 The corresponding monotosylate XXXIII 
also was prepared (see Experimental).

Mercaptoquercitol.—By reaction of 1,2-anhydro-ci.s- 
inositol diketal (III) with benzylmercaptan, reduction, 
and hydrolysis we have prepared recently a mercapto
quercitol (VIII, X = SH). Details will be given in a 
subsequent publication.

Experimental
A ll m e l t in g  p o in t s  w e re  c o r re c te d  a n d  w e re  m e a s u r e d  w i t h  a  

N a lg e -A x e lro d  m ic ro  h o t  s t a g e ,  i f  n o t  o th e r w is e  n o t e d .  M ic ro 

(17) See E . S h n eo u r a n d  C . E . B allou , J .  A m .  C h e m .  S o c . ,  80 , 3960 (1958)-
(18) P re p a ra t io n  c o n d u c te d  b y  R o b e r t  H o rv a t, fo rm e rly  of th is  la b o ra . 

to ry .
(19) D ib en z y lid en e p in ito l sh o u ld  b e  ab le  to  ex is t in  fo u r  d iffe re n t con 

f ig u ra tio n s  d u e  to  th e  tw o  a d d itio n a l a sy m m etric  ca rb o n  a to m s  in  th e  b en z y li
d en e  g ro u p s. T h e  p ro d u c t iso la ted  b y  u s  a p p e a rs  to  c o n s is t of a  s ing le  pu re  
s te reo iso m er, w hose co n fig u ra tio n  a t  th e  b en z y lid en e  a s y m m e tr ic  ca rb o n  
a to m s  h a s  n o t  bee n  d e te rm in ed .
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a n a ly s e s  w e re  b y  t h e  M ic ro - T e c h  L a b o r a to r i e s ,  S k o k ie ,  111. N u 
c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  w e re  r e c o r d e d  w i t h  a  V a r ia n  
M o d e l  H R - 6 0  h ig h  r e s o lu t io n  n . m . r .  s p e c t r o m e te r .  I n f r a r e d  
s p e c t r a  u s in g  p o ta s s iu m  b r o m id e  p e l le t s  w e r e  r e c o r d e d  w i t h  a  
P e r k in - E lm e r  M o d e l  137  I n f r a c o r d  s p e c t r o m e te r .  O p t ic a l  r o t a 
t io n s  w e re  m e a s u r e d  w i t h  a  K e r n  F u l l -C ir c le  p o l a r im e te r .

T h e  in f r a r e d  s p e c t r u m  w a s  r e c o r d e d  f o r  e a c h  n e w  c o m p o u n d  
p r e p a r e d ;  t h e  s p e c t r a  f o r  h a lo q u e r c i to l s  a n d  t h e i r  p e n t a a c e ta t e s  
s h o w e d  a b s o r p t io n  a t  t h e  u s u a l  f r e q u e n c ie s .  I t  a p p e a r s  t h a t  
h a lo q u e r c i to l s  o f  t h e  s a m e  c o n f ig u ra t io n  h a v e  f in g e r p r in t  r e g io n s  
o f  n e a r ly  i d e n t i c a l  s h a p e ;  t h e  e x a c t  lo c a t io n s  o f  t h e  f in g e r p r in t  
r e g io n  a b s o r p t io n  m a x im a  s h i f t  i n  a  r e g u la r  m a n n e r  fo r  e a c h  
C l : B r : I  s e r ie s .  F u r t h e r  w o r k  w ill  b e  n e c e s s a ry  t o  f in d  o u t  if  
th e s e  r e la t io n s h ip s  a r e  g e n e r a l .

A c e ty la t io n  p r o d u c t s  w e re  i s o la te d  b y  e v a p o r a t io n  o f  t h e  
ex ce ss  a c e t ic  a n h y d r id e  a n d  d i s t r i b u t io n  o f  t h e  r e s id u e  b e tw e e n  
c h lo ro fo rm  a n d  w a te r .  T h e  s e p a r a te d ,  w a s h e d ,  a n d  d r ie d  
c h lo ro fo rm  p h a s e  w a s  e v a p o r a t e d  t o  g iv e  t h e  c r u d e  p r o d u c t .

A  q u a l i t a t i v e  s o d iu m  f u s io n  t e s t  f o r  h a lo g e n  w a s  m a d e  o n  e a c h  
n e w  h a lo g e n  c o m p o u n d .

A ll  n o n a q u e o u s  s o lu t io n s  t o  b e  e v a p o r a t e d  w e re  d r ie d  w i th  
a n  a p p r o p r i a t e  d e s ic c a n t .  A ll e v a p o r a t io n s  w e re  p e r f o r m e d  
u n d e r  r e d u c e d  p r e s s u r e .  C r y s t a l s  w e re  w a s h e d  w i th  a n  a p 
p r o p r i a t e  s o lv e n t ,  a n d  d r i e d  in vacuo t o  c o n s t a n t  w e ig h t .  D a r c o  
G -6 0  b r a n d 20 o f  d e c o lo r iz in g  c h a r c o a l  w a s  u s e d .

1,2-Anhydro-ds-inositol, II.— A  3 0 0 -m g . p o r t io n  o f  t h e  d ik e 
t a l 14-16“ ( m .p .  1 4 3 ° )  w a s  t r e a t e d  b y  t h e  p r o c e d u r e  o f  A n g y a l  
a n d  G i lh a m ,16“ g iv in g  110  m g . ( 5 5 % )  o f  c o lo r le s s  c r y s ta l s ,  m .p .  
1 6 1 - 1 6 3 ° .  T h is  m a t e r i a l  w a s  r e c r y s ta l l i z e d  tw ic e  m o r e  f ro m  
a b s o lu te  e th a n o l ,  g iv in g  50  m g . o f  p r o d u c t ,  m .p .  1 6 4 -1 6 5 ° .

S in c e  t h e  d e s i r e d  p r o d u c t  p r e v io u s ly  h a d  b e e n  r e p o r t e d 16“ 
to  m e l t  a t  5 9 - 6 0 °  ( y ie ld  n o t  r e p o r t e d ) ,  w e  c o n f irm e d  t h e  i d e n t i t y  
o f  o u r  o w n  p r e p a r a t io n  b y  m ic r o a n a ly s is .

Anal. C a lc d .  f o r  C 6H io 0 6: C ,  4 4 .4 4 ;  H ,  6 .2 2 .  F o u n d :  
C ,  4 4 .0 1 ;  H ,  6 .3 6 .

T h e  s t r u c t u r e  w a s  f u r t h e r  c o n f irm e d  b y  a n  in f r a r e d  s p e c t r u m  
w h ic h  s h o w e d  n o  h y d r o x y l  a b s o r p t io n ,  e x c lu d in g  t h e  m o n o k e ta l  
s t r u c t u r e ,  a n d  a  r e a c t io n  w i th  h y d r o b r o m ic  a c id ,  w h ic h  g a v e  t h e  
e x p e c te d  6 - b r o m o q u e r c i to l ,  V ,  m .p .  2 0 2 °  d e c .

I n  a  s e c o n d  r u n ,  o n  3 9 0  m g . o f  d ik e t a l ,  a  p r o d u c t  o f t h e  s a m e  
m .p .  1 6 4 -1 6 5 °  w a s  a g a in  o b t a in e d .

New Method for Preparation of meso( 12345) or A ll-c is  Dia- 
stereomer of Quercitol (Deoxyinositol, Cyclohexanepentol),
VIII.— A  2 2 0 -m g . p o r t io n  o f  1 ,2 - a n h y d ro - c is - in o s i to l  w a s  d is 
s o lv e d  in  5 0  m l .  o f  w a te r ,  a n d  3 .0  g . ( m o is t  w e ig h t )  o f  c o m m e r c ia l  
R a n e y  n ic k e l  c a t a l y s t  w a s  a d d e d  ( p r o b a b ly  t h e  a m o u n t  o f 
c a t a l y s t  c a n  b e  r e d u c e d ) .  T h e  m ix tu r e  w a s  h y d r o g e n a te d  a t  3 
a t m .  a t  ro o m  t e m p e r a t u r e  f o r  12  h r .  T h e  f i l te r e d  m ix tu r e  w a s  
e v a p o r a te d  a n d  o ily  r e s id u e  t a k e n  u p  in  8 0 %  e th a n o l  ( t r e a t e d  
w i th  c h a r c o a l ) .  T h e  c r y s t a l s ,  w h ic h  h a d  s e p a r a te d  f ro m  t h e  
f i l t r a t e  a f t e r  12 h r . ,  w e r e  c o l le c te d , g iv in g  100  m g . o f  co lo r le ss  
p r o d u c t ,  m .p .  2 3 8 - 2 4 0 °  ( r e p o r t e d 1611 2 3 5 - 2 4 0 ° ) .  I n c lu d in g  a  2 0 - 
m g .  s e c o n d  c ro p  ( m .p .  2 3 6 - 2 4 0 ° ) ,  t h e  y ie ld  w a s  5 5 % .

ejtn-Inositol Configurational Series
m e s o (1 2 3 4 5 /6 )  Diastereomer of 6-Chloroquercitol, M.p. 2 1 6 ° .

6-Chloro-6-deoxy-epf-inositol, IV.— A  mixture o f 2 0 0  m g .  o f the 
a n h y d r o - in o s i to l  d i k e t a l 16a  ( m .p .  1 4 3 ° )  w i th  5 .0  m l .  o f 12  M 
a q u e o u s  h y d r o c h lo r ic  a c id  w a s  s t i r r e d  fo r  1 h r .  a t  r o o m  t e m p e r a 
t u r e ,  a n d  t h e  r e s u l t in g  s o lu t io n  e v a p o r a t e d .  T o  t h e  r e s id u e  
w a s  a d d e d  5 .0  m l .  o f  2 - p ro p a n o l  a n d  t h e  e v a p o r a t io n  r e p e a t e d ;  
t h e  a d d i t io n  a n d  e v a p o r a t io n  w e re  t h e n  a g a in  r e p e a t e d .  T h e  
r e s id u e  w a s  t a k e n  u p  in  7 .0  m l .  o f w a t e r ,  t h e  s o lu t io n  t r e a t e d  
w i th  c h a r c o a l ,  a n d  t h e  f i l t r a t e  e v a p o r a t e d .  T h e  c r y s ta l l in e  
r e s id u e  w a s  r e c r y s ta l l i z e d  f ro m  7 5 %  a q u e o u s  e th a n o l ,  g iv in g  150 
m g . ( 9 1 % )  o f  c o lo r le s s  c r y s ta l s ,  m . p .  2 1 4 - 2 1 5 °  d e c .  T h is  
p r o d u c t  w a s  a g a in  r e c r y s ta l l i z e d ,  f o r  a n a ly s i s ,  g iv in g  130  m g . o f 
p u r e  p r o d u c t ,  m .p .  2 1 5 - 2 1 6 °  d e c . ( p r e h e a t  s t a g e  f o r  e a c h  m .p .  
t o  1 9 0 ° ) .

Anal. C a lc d .  f o r  C 6H „ C 1 0 6: C ,  3 6 .2 8 ;  H ,  5 .5 8 ;  C l ,  1 7 .8 5 . 
F o u n d :  C ,  3 6 .3 3 ;  H ,  5 .6 5 ;  C l ,  1 7 .6 1 .

m e s o (1 2 3 4 5 /6 )  Diasteromer of 6-Chloroquercitol Pentaacetate,
M.p. 1 8 5 ° , IV.— A  m i x t u r e  o f 50  m g .  o f  t h e  c h lo r o p e n to l  ( m .p .  
2 1 6 ° )  w i th  5 0  m g . o f f u s e d  s o d iu m  a c e t a t e  a n d  3 .0  m l .  o f  r e d is 
t i l l e d  a c e t ic  a n h y d r id e  w a s  b o i le d  u n d e r  re f lu x  fo r  4  h r .  ( a n h y 
d r o u s  c o n d i t io n s ) .  T h e  p r o d u c t  w a s  i s o la te d  i n  t h e  u s u a l  m a n n e r

(20) A  p ro d u c t of th e  D a rco  D iv is ion , A tlas P o w d e r C o., W ilm in g to n , 
D el.

a n d  r e c r y s ta l l i z e d  tw ic e  f ro m  2 - p r o p a n o l ,  g iv in g  50  m g . ( 4 9 % )  
o f  t h e  p u r e  p r o d u c t ,  m .p .  1 8 4 .5 - 1 8 5 ° .

Anal. C a lc d .  f o r  C i6H 2iC1O i0: C ,  4 7 .0 1 ;  H ,  5 .1 8 ;  C l ,  8 .6 7 .  
F o u n d :  C ,  4 6 .8 9 ;  H ,  5 .1 0 ;  C l ,  8 .4 3 .

T o  t e s t  fo r  p o s s ib le  d i s p la c e m e n t  o f  c h lo r in e  b y  t h e  s o d iu m  
a c e t a t e  c a t a l y s t  u s e d ,  a  s a m p le  o f  t h e  a c e ty l a t i o n  m ix tu r e  w a s  
e v a p o r a t e d  a n d  t h e  r e s id u e  d i s t r i b u t e d  b e tw e e n  c h lo ro fo rm  a n d  
w a t e r .  T h e  s e p a r a te d  a q u e o u s  p h a s e  g a v e  a  n e g a t iv e  s i lv e r  
n i t r a t e  t e s t  f o r  h a lo g e n .

meso{ 12345/6) Diastereomer of 6-Bromoquercitol, M.p. 202°. 
6-Bromo-6-deoxy-epf-inositol, V.— T h e  a n h y d r o  d ik e t a l  ( m .p .  
1 4 3 ° , 2 0 0  m g .)  w a s  t r e a t e d  w i t h  8 .8  M  h y d r o b r o m ic  a c id  in  
e x a c t ly  t h e  m a n n e r  d e s c r ib e d  a b o v e  f o r  t h e  c h lo r in e  a n a lo g . 
T h e r e  w a s  o b ta in e d  170  m g .  ( 8 4 % )  o f t h e  o n c e  r e c r y s ta l l iz e d  
p r o d u c t ,  m .p .  2 0 0 - 2 0 1 °  d e c . ,  a n d  14 0  m g .  o f  t h e  tw ic e  r e c r y s t a l 
l iz e d  p r o d u c t ,  m . p .  2 0 1 - 2 0 2 °  d e c . ( p r e h e a t  t o  1 9 0 ° ) .

Anal. C a lc d .  f o r  C e H u B rC L : C ,  2 9 .6 5 ;  H ,  4 .5 6 ;  B r ,  3 2 .8 6 . 
F o u n d :  C ,  2 9 .7 7 ;  H ,  4 .6 8 ;  B r ,  3 3 .1 6 .

meso( 12345/6) Diastereomer of 6-Bromoquercitol Pentaacetate, 
M.p. 191°, V.— A  5 0 -m g . s a m p le  o f  t h e  b r o m o p e n to l  ( m .p .  2 0 2 ° )  
w a s  a c e ty l a t e d  i n  t h e  s a m e  m a n n e r  d e s c r ib e d  b e f o re  f o r  t h e  c h lo 
r in e  a n a lo g ,  g iv in g  6 0  m g .  ( 6 4 % )  o f  t h e  tw ic e  r e c r y s ta l l iz e d  
p r o d u c t ,  m .p .  1 9 0 - 1 9 1 ° .

Anal. C a lc d .  fo r  C i6H 2iB rO io : C ,  4 2 .4 0 ;  H ,  4 .6 7 ;  B r ,
1 7 .6 3 . F o u n d :  C ,  4 2 .2 9 ;  H ,  4 .5 4 ;  B r ,  1 7 .6 3 .

A  s i lv e r  n i t r a t e  t e s t  o n  t h e  a c e ty l a t i o n  m ix tu r e  f o r  f re e  b r o m id e  
io n  (see  c h lo r in e  a n a lo g )  g a v e  o n ly  a  t r a c e  o f  s i lv e r  b r o m id e  p r e 
c ip i t a t e .

meso( 12345/6) Diastereomer of 6-Iodoquercitol, M.p. 202°. 
6-Iodo-6-deoxy-ejn'-inositol, VI.— O x y g e n - f r e e  n i t r o g e n  g a s  w a s  
p a s s e d  s lo w ly  t h r o u g h  a  s o lu t io n  o f  150  m g . o f  t h e  a n h y d r o  d ik e t a l  
( m .p .  1 4 3 ° )  i n  0 .5  m l .  o f  c o lo r le s s  5 .5  M  h y d r io d ic  a c id  a t  r o o m  
t e m p e r a t u r e .  A f te r  1 h r .  t h e  c o lo r le s s  s o lu t io n  w a s  d i lu t e d  w i th
5 .0  m l .  o f  w a te r ,  a n d  d e io n iz e d  b y  t r e a t m e n t  w i th  2 .5  m l .  ( m o is t  
v o lu m e )  o f  A m b e r l i te  I R - 4 5  e x c h a n g e  r e s i n .21 T h e  s o lu t io n  (p H  
5  o r  h ig h e r )  w a s  e v a p o r a t e d  a n d  t h e  c o lo r le s s  c r y s ta l l in e  r e s id u e  
r e c r y s ta l l iz e d  f ro m  7 5 %  e th a n o l  ( t r e a t e d  w i th  c h a r c o a l ) .  T h e  
c o o le d  f i l t r a t e  g a v e  120  m g . ( 6 7 % )  o f  c o lo r le s s  p r o d u c t ,  m .p .
1 9 7 -1 9 8 °  d e c . ( p r e h e a t  t o  1 9 0 ° ) .  T h is  m a te r i a l  w a s  a g a in  
r e c r y s ta l l i z e d ,  g iv in g  9 0  m g . o f  p r o d u c t ,  m .p .  2 0 2 °  d e c . ,  w h ic h  
w a s  a n a ly t ic a l ly  p u r e .

Anal. C a lc d .  f o r  C 6H h I 0 6: C ,  2 4 .8 4 ;  H ,  3 .8 2 ;  I ,  4 3 .7 5 . 
F o u n d :  C ,  2 4 .9 3 ;  H ,  4 .1 8 ;  1 ,4 3 .6 3 .

A n  e a r l ie r  a t t e m p t  t o  p r e p a r e  t h e  io d o q u e r c i to l  w i th o u t  u s e  o f 
n i t r o g e n ,  a n d  w i t h o u t  d e io n iz a t io n  b e f o re  e v a p o r a t io n ,  g a v e  
o n ly  a  d a r k  o il.

meso(12345/6) Diastereomer of 6-Iodoquercitol Pentaacetate, 
M.p. 183°, VI.— A  5 0 -m g . p o r t io n  o f  t h e  io d o p e n to l  ( m .p .  2 0 2 ° )  
w a s  a c e ty l a t e d  i n  t h e  s a m e  m a n n e r  d e s c r ib e d  fo r  t h e  c h lo r in e  
a n a lo g ,  g iv in g  70  m g . ( 8 1 % )  o f  o n c e  r e c r y s ta l l i z e d  ( f r o m  a b s o lu te  
e th a n o l )  p r o d u c t ,  m .p .  1 7 6 - 1 7 7 .5 ° .  A f te r  a  s e c o n d  r e c r y s t a l 
l i z a t i o n  th e r e  w a s  o b ta in e d  55  m g . o f  c o lo r le s s  c r y s ta l s ,  m .p .
1 8 2 .5 - 1 8 3 ° ,  w h ic h  w e re  a n a ly t i c a l l y  p u r e .

Anal. C a lc d .  f o r  C i6H 21I O 10: C ,  3 8 .4 1 ;  H ,  4 .2 3 ;  I ,  2 5 .3 7 . 
F o u n d :  C ,  3 8 .3 2 ;  H ,  4 .4 6 ;  I ,  2 5 .1 5 .

meso-1,2:4,5-Di-0-Isopropylidene-epf-inositol 3,6-Di-p-toluene - 
sulfonate, XI.— T h e  d i k e t a l 16“ ( 0 .5  g . ,  m .p .  1 8 1 ° )  a n d  1 .5  g .  o f 
r e c r y s ta l l i z e d  p - to lu e n e s u l f o n y l  c h lo r id e  w e r e  d is s o lv e d  in  5 .0  m l .  
o f a n h y d r o u s  p y r id in e .  T h e  s o lu t io n  w a s  k e p t  f o r  7 d a y s  a t  
2 5 ° .  C r y s ta ls  o f  p y r id in e  h y d r o c h lo r id e  w e re  v is ib le  b y  t h e  
s e c o n d  d a y .  T h e  m ix tu r e  w a s  p o u r e d  i n to  75  m l .  o f w a te r  a t  
0 °  w i th  s t i r r in g .  A  c o lo r le s s  s i r u p  s e p a r a te d  a n d  s o o n  s o lid if ie d . 
T h e  c r u d e  p r o d u c t  w a s  c o l le c te d , w a s h e d  w i t h  10 m l .  o f  w a te r ,  
a n d  w i th o u t  d r y in g  w a s  d is s o lv e d  in  3 5  m l .  o f  c h lo r o fo r m . T h e  
c h lo ro fo rm  s o lu t io n  w a s  w a s h e d  w i t h  s o d iu m  b ic a r b o n a te  so lu 
t i o n ,  d r ie d ,  a n d  e v a p o r a t e d  t o  d r y n e s s .  T h e  a m o r p h o u s  r e s id u e  
w a s  t a k e n  u p  in  3 0  m l .  o f  h o t  c h lo r o fo r m , a n d  t h e  s o lu t io n  e v a p o 
r a t e d  t o  15 m l .  T h is  s o lu t io n  o n  s t a n d in g  d e p o s i te d  c r y s ta ls  
w h ic h  w e re  c o l le c te d , w a s h e d ,  a n d  d r ie d ,  g iv in g  0 .7  g . o f  p r o d u c t ,  
m .p .  2 2 3 -2 2 6 °  d e c . T h is  m a te r i a l  w a s  r e c r y s ta l l i z e d  f ro m  
c h lo r o fo r m , g iv in g  0 .5  g .  ( 6 3 % )  o f p u r e  p r o d u c t ,  m .p .  2 2 8 -2 2 9 °  
d e c .

Anal. C a lc d .  f o r  C 26H 230 i„ S 2: C ,  5 4 .9 1 ;  H ,  5 .6 7 ;  S , 1 1 .2 8 . 
F o u n d :  C ,  5 4 .6 3 ; H ,  5 .4 6 ;  S , 1 1 .0 9 .

Attempted Conversion of the 3,6-Ditosylate to a 3,6-Anhydro 
Derivative.— A  2 8 5 -m g . p o r t io n  o f t h e  p r e v io u s  d i to s y la te  d ik e ta l  
( m .p .  2 2 9 ° )  w a s  m ix e d  w i th  a n  a b s o lu te  m e th a n o l ic  s o lu t io n  of

(21) A p ro d u c t of th e  R esin o u s  P ro d u c ts  D iv is ion , R o h m  a n d  H a a s  C o., 
P h ila d e lp h ia , P a .
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s o d iu m  m e th o x id e .  T h e  s u s p e n s io n  w a s  b o i le d  fo r  4 0  h r .  u n d e r  
r e f lu x . T h e  s t a r t i n g  m a te r i a l  d id  n o t  a p p e a r  t o  d is s o lv e  o r  r e a c t .  
F r o m  t h e  p r e c i p i t a t e  a n d  s o lu t io n  th e r e  w a s  r e c o v e r e d  a  t o t a l  of 
26 3  m g . o f m a te r i a l .  T h is  w a s  s h o w n  t o  b e  id e n t i c a l  w i t h  t h e  
s t a r t i n g  m a te r i a l  b y  m e a n s  o f  m ix tu r e  m e l t in g  p o i n t  a n d  in f r a r e d  
s p e c t r a .

n e o  and DL-Inositol Configurational Series
d(123/456) Stereoisomer of 6-Chloroquercitol, M.p. 236°. 

1 -Chloro-l-deoxy-neo-inositol, XIX.— A  m ix tu r e  o f  9 8 0  m g . o f
1 .2 -  a n h y d r o -o i io - in o s i to l  d i k e t a l 160 ( m .p .  1 0 8 ° )  w i th  5 .0  m l .  
o f 12 M h y d r o c h lo r ic  a c id  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f c r  
2  h r . ,  a n d  t h e  r e s u l t in g  s o lu t io n  e v a p o r a t e d  to  d r y n e s s .  T o  
t h e  r e s id u e  th r e e  5 .0 - m l.  p o r t io n s  o f a b s o lu te  2 - p ro p a n o l  w e re  
s u c c e s s iv e ly  a d d e d  a n d  e v a p o r a t e d .  T h e  c r y s ta l l in e  r e s id u e  
w a s  r e c r y s ta l l i z e d  f ro m  6 0 %  2 - p ro p a n o l  ( t r e a t e d  w i th  c h a r c o a l ) . 
A f te r  12 h r .  t h e  c r y s ta l s  w h ic h  h a d  s e p a r a te d  w e re  c o l le c te d , 
g iv in g  130  m g .  o f c o lo r le s s  m a t t e d  n e e d le s ,  m .p .  2 3 4 - 2 3 5 °  d e c . 
A  s e c o n d  c ro p  o f  4 0  m g . ,  m .p .  2 3 2 -2 3 4 °  d e c . ,  w a s  o b t a in e d .

T h e  s e c o n d  c ro p  f i l t r a t e  w a s  r e s e r v e d  fo r  p r e p a r a t i o n  o f th e  
m .p .  2 1 5 °  is o m e r  (see  fo llo w in g  t e x t ) .

R e c r y s ta l l iz a t io n  o f t h e  c o m b in e d  c ro p s  (1 7 0  m g . ,  m .p .  2 3 2 -  
2 3 5 ° )  f ro m  6 5 %  2 - p ro p a n o l  g a v e  140  m g . o f  n e a r ly  p u r e  p r o d u c t ,  
m e l t in g  a t  2 3 4 -2 3 5 °  d e c . ,  [ a ] 23D  —2 2 °  (e 0 .5 ,  w a t e r ) ,  M R  —4 4 °  
A  s a m p le  r e c r y s ta l l i z e d  a g a in ,  f o r  a n a ly s is ,  m e l t e d  a t  2 3 5 -2 3 6 °  
d e c .

Anal. C a lc d .  f o r  C 6H „ C 1 0 6: C ,  3 6 .2 8 ;  H ,  5 .5 8 ;  C l ,  1 7 .8 5 . 
F o u n d :  C ,  3 6 .2 8 ;  H ,  5 .6 7 ;  C l ,  1 8 .0 5 .

A  s a m p le  o f  t h i s  is o m e r  o n  h y d r o g e n a t io n  w a s  c o n v e r te d  t o  
ta fo -q u e rc i to l  (see  fo llo w in g  t e x t ) .

d (125/346) Stereoisomer of 6-Chloroquercitol, M.p. 215°. 
3-Chloro-3-deoxy-/,-inositol, XII.— S e c o n d  c ro p  f i l t r a t e  f ro m  th e  
m .p .  2 3 6 °  i s o m e r  ( s e e p r e c e d in g )  w a s  e v a p o r a t e d .  C o lo r le s s  c r y s 
t a l l in e  r e s id u e  w a s  r e c r y s ta l l iz e d  f ro m  6 5 %  2 - p ro p a n o l  ( t r e a t e d  
w i th  c h a r c o a l ) .  A f te r  6 h r .  t h e  c r y s ta l s  w h ic h  h a d  s e p a r a te d  
w e re  c o l le c te d , g iv in g  2 2 0  m g . o f m a te r i a l ,  m .p .  2 1 4 r-215° d e c . 
A  s e c o n d  c r o p  o f 2 5 0  m g . ,  m .p .  2 1 2 - 2 1 4 °  d e c . ,  w a s  o b ta in e d .  
( A t t e m p te d  i s o la t io n  o f a  t h i r d  c ro p  g a v e  10  m g .  o f t h e  o th e r  
i s o m e r ,  m . p .  2 3 0 - 2 3 4 °  d e c .)

R e c r y s ta l l iz a t io n  o f  t h e  c o m b in e d  lo w e r  m e l t in g  is o m e r  c ro p s  
(4 7 0  m g .)  f ro m  6 5 %  2 - p ro p a n o l  g a v e  3 5 0  m g .  o f  c o lo r le s s  c r y s ta l s ,  
m .p .  2 1 4 - 2 1 5 ° ,  [< * ]23d  - 5 3 °  (c  0 .3 ,  w a te r ) ,  M R  - 1 0 5 ° .  A  
s a m p le  r e c r y s ta l l iz e d  fo r  a n a ly s is  s h o w e d  n o  c h a n g e  in  m e l t in g  
p o in t .

Anal. C a lc d .  fo r  C 6H „ C 1 0 5: C ,  3 6 .2 8 ;  H ,  5 .5 8 ;  C l ,  1 7 .8 5 . 
F o u n d :  C ,  3 6 .1 3 ;  H ,  5 .5 5 ; C l, 1 7 .8 3 .

Attempted acetylation o f  a  2 0 0 -m g . s a m p le  o f  t h i s  c h lo r o q u e rc i-  
t o l  i n  t h e  u s u a l  m a n n e r  g a v e  a n  o il ,  w h ic h  w e  h a v e  n o t  y e t  b e e n  
a b le  t o  c r y s ta l l iz e .

d (  123/456) Stereoisomer of 6-Chloroquercitol Pentaacetate, 
M.p. 177°, XIX.— A  5 0 -m g . p o r t io n  o f  t h e  c h lo r o q u e rc i to l  ( m .p .  
2 3 6 ° )  w a s  a c e ty l a t e d  i n  t h e  s a m e  m a n n e r  a s  t h a t  d e s c r ib e d  fo r  
t h e  ( 1 2 3 4 5 /6 )  d i a s te r e o m e r ,  g iv in g  50  m g . o f  c o lo r le s s  o n c e  
r e c r y s ta l l i z e d  ( f ro m  a b s o lu te  e th a n o l )  p r o d u c t ,  m .p .  1 7 5 -  
1 7 6 ° . I n c lu d in g  a  3 0 -m g . s e c o n d  c r o p ,  t h e  y ie ld  w a s  7 8 % . 
B y  r e c r y s ta l l i z a t io n  o f t h e  f i r s t  c ro p  th e r e  wra s  o b t a in e d  4 0  m g .  o f 
c o lo r le s s  c r y s ta l s ,  m .p .  1 7 6 -1 7 7 ° , [ c t ] 25D  + 6 7 °  (c0 .3 ,  c h lo r o fo r m ) ,  
M R  + 2 7 4 ° .  A  s a m p le  r e c r y s ta l l i z e d  a g a in ,  fo r  a n a ly s is ,  s h o w e d  
n o  c h a n g e  in  m e l t in g  p o in t .

Anal. C a lc d .  f o r  C i6H 2iC1O i0: C ,  4 7 .0 1 ;  H ,  5 .1 8 ;  C l ,  8 .6 7 . 
F o u n d :  C ,  4 7 .2 2 ;  H ,  5 .0 2 ;  C l ,  8 .8 4 .

d (123/456) Stereoisomer of 6-Iodoquercitol, M.p. 254°. 
1-Iodo-l-deoxy-reeo-inositol, XXI.— A  m ix tu r e  o f  9 8 0  m g . o f  t h e
1 .2 -  a n h y d r o  d ik e ta l  ( m .p .  1 0 8 ° )  w i th  5 .0  m l .  o f c o lo r le s s  5 .5  M 
h y d r io d ic  a c id  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  f o r  2  h r .  T h e  
r e s u l t in g  s o lu t io n  w a s  e v a p o r a t e d .  T o  t h e  r e s id u e  tw o  5 .0 -m l. 
p o r t io n s  o f  2 - m e th y l - l - p r o p a n o l  w e re  s u c c e s s iv e ly  a d d e d  a n d  
e v a p o r a t e d .  T h e  r e s id u e  w a s  s t i r r e d  f o r  10 m in .  w i t h  25  m l .  
o f a c e to n e ,  a n d  t h e  m ix tu r e  f i l te r e d .  T h e  r e s id u e  w a s  w a s h e d  
w i th  5 m l.  m o re  o f  a c e to n e .  ( E v a p o r a t io n  o f  t h e  c o m b in e d , 
b r o w n  f i l t r a te s  g a v e  a  d is c o lo re d  s i r u p ,  w h ic h  h a s  n o t  b e e n  f u r t h e r  
c h a r a c te r iz e d . )

T h e  c r u d e  p r o d u c t  w a s  r e c r y s ta l l i z e d  f ro m  6 5 %  2 - p ro p a n o l ,  
g iv in g  100  m g . o f  c o lo r le s s  c r y s ta l s ,  m .p .  2 4 6 -2 4 8 °  d e c . (c lo se d  
c a p i l l a r y ,  p r e h e a t  t o  2 4 0 ° ) ,  [ « ] 23d —4 5 °  (c  0 .2 ,  w a te r ) ,  M R  
- 1 7 6 ° .

T h e  m o th e r  l i q u o r  w a s  r e s e r v e d  f o r  p r e p a r a t i o n  o f t h e  lo w e r-  
m e l t in g  i s o m e r  (see  fo l lo w in g  t e x t ) .

T h e  c r y s ta l s  w e re  r e c r y s ta l l iz e d  f ro m  7 0 %  2 - p r o p a n o l ,  g iv in g  
70  m g . o f  p r o d u c t ,  m .p .  2 4 8 -2 4 9 °  d e c . A  s a m p le  r e c r y s ta l l i z e d  
a g a in ,  fo r  a n a ly s is ,  m e l te d  a t  2 5 3 -2 5 4 °  d e c .

Anal. C a lc d .  f o r  C 6H i i I 0 5: C ,  2 4 .8 4 ;  H ,  3 .8 2 ;  I ,  4 3 .7 5 .  
F o u n d :  C ,  2 4 .7 3 ;  H ,  3 .4 3 ;  1 ,4 3 .1 0 .

O n  h y d r o g e n a t io n  t h i s  i s o m e r  o f  6 - io d o q u e rc i to l  g a v e  talo- 
q u e r c i to l  (see  fo llo w in g  t e x t ) .

d ( 123/456) Stereoisomer of 6-Iodoquercitol Pentaacetate, 
M.p. 190°, XXI.— A  5 0 -m g . p o r t io n  o f t h e  io d o q u e r c i to l  ( m .p .  
2 5 4 ° )  w a s  a c e ty l a t e d  in  t h e  u s u a l  m a n n e r .  T h e  c r u d e  p r o d u c t ,  
a  s i r u p ,  w a s  c r y s ta l l iz e d  f ro m  2 - p ro p a n o l  ( t r e a t e d  w i t h  c h a r c o a l ) .  
A f te r  12  h r . ,  t h e  c r y s ta l s  w e re  c o l le c te d , g iv in g  70  m g .  ( 8 2 % )  of 
n e a r ly  p u r e  p r o d u c t ,  m .p .  1 8 9 - 1 9 0 ° .  A  s a m p le  w a s  r e c r y s t a l 
l iz e d  a g a in  fo r  a n a ly s i s ,  m e l t in g  p o i n t  u n c h a n g e d ,  [ a ] ® D  +  6 5 °  
(c 0 .2 ,  c h lo r o fo r m ) ,  M R  +  3 2 5 ° .

Anal. C a lc d .  f o r  C i6H 21I O ,0: C ,  3 8 .4 1 ;  H ,  4 .2 3 ;  I ,  2 5 .3 7 . 
F o u n d :  C ,  3 8 .5 5 ;  H ,  4 .2 6 ;  I ,  2 5 .0 6 .

d (125/346) Stereoisomer of 6-Iodoquercitol, M.p. 181°. 3- 
Iodo-3-deoxy-L-inositol, XIV.— T h e  m o th e r  l i q u o r  f ro m  t h e  
p r e v io u s  m .p .  2 5 4 °  is o m e r  w a s  c o n c e n t r a t e d ,  g iv in g  3 0 0  m g . o f 
m a te r i a l ,  m .p .  1 7 9 - 1 8 4 ° .  T w o  a d d i t i o n a l  c o n c e n t r a t io n s  o f  t h e  
m o th e r  l i q u o r  y ie ld e d  160 m g . o f  m a te r i a l ,  m . p .  1 8 0 - 1 8 3 ° ,  a n d  
5 m g . ,  m .p .  1 8 0 -1 8 1 °  ( a l l  m e l t in g  p o in t s  w i th  d e c o m p o s i t io n ) .

R e c r y s ta l l iz a t io n  o f th e s e  c o m b in e d  c r o p s  (4 6 5  m g . )  f ro m  7 0 %
2 - p ro p a n o l  g a v e  3 5 0  m g . o f co lo r le ss  c r y s ta l s ,  m . p .  1 8 0 -1 8 1 °  
d e c .  A  s a m p le  r e c r y s ta l l iz e d  a g a in ,  fo r  a n a ly s i s ,  s h o w e d  no 
c h a n g e  in  m e l t in g  p o in t ,  [ a ] 27D —3 1 °  (c 1, w a t e r ) ,  M R  — 9 0 ° .

Anal. C a lc d .  f o r  C 6H u I O E: C ,  2 4 .8 4 ;  H ,  3 .8 2 ;  I ,  4 3 .7 5 . 
F o u n d :  C ,  2 5 .4 4 ;  H ,  4 .3 4 ;  I ,  4 3 .9 1 .

Attempted acetylation o f  t h e  io d o q u e r c i to l ,  m .p .  1 8 1 ° , in  t h e  
u s u a l  m a n n e r  g a v e  a n  o il, w h ic h  w e  h a v e  n o t  b e e n  a b le  t o  c r y s t a l 
l iz e .

Conversion of the Chloro- and Iodoquercitols, M.p. 236° and 
254°, to (123/45) or ia/o-Quercitol, XXIII. (A) From Chloro
quercitol.— T o  a  1 5 0 -m g . s a m p le  o f  t h e  c h lo r o q u e rc i to l  ( m .p .  
2 3 6 ° )  i n  50  m l .  o f w a te r  w a s  a d d e d  3 .0  g . ( m o is t  w e ig h t )  o f  c o m 
m e r c ia l  R a n e y  n ic k e l  c a t a l y s t  a n d  2 .0  g .  ( m o is t  w e ig h t )  o f 
A m b e r l i te  I R - 4 5  io n  e x c h a n g e  r e s in .21 T h e  m ix tu r e  w a s  h y d r o 
g e n a te d  a t  3 a t m .  a n d  ro o m  t e m p e r a t u r e  fo r  12 h r .  T h e  so lid s  
w e re  r e m o v e d  b y  f i l t r a t i o n  a n d  t h e  f i l t r a t e  e v a p o r a t e d  t o  a  s i r u p .  
V o la t i le  im p u r i t i e s  w e re  r e m o v e d  b y  r e p e a t e d  a d d i t io n s  a n d  
e v a p o r a t io n s  o f 2 - p ro p a n o l ,  g iv in g  f in a l ly  a  c r y s ta l l in e  r e s id u e .  
T h is  r e s id u e  w a s  r e c r y s ta l l iz e d  f ro m  9 0 %  e th a n o l ,  g iv in g  100  m g . 
( 8 0 % )  o f  c o lo r le s s  c r y s ta l s ,  m .p .  2 4 5 -2 4 8 °  d e c . T h is  p r o d u c t  
w a s  r e c r y s ta l l i z e d  ( t r e a t e d  w i th  c h a r c o a l ) ,  g iv in g  6 0  m g . o f  
c o lo r le s s  p r o d u c t ,  m .p .  2 4 6 - 2 4 8 °  d e c . T h e  m e l t in g  p o i n t  w a s  
u n c h a n g e d  o n  f u r t h e r  r e c r y s ta l l i z a t io n .  T h e  in f r a r e d  s p e c t r u m  
w a s  id e n t ic a l  w i th  t h a t  o f  D - to lo -q u e rc ito l .4b A  p o r t io n  w a s  a c e t y 
l a t e d ,  g iv in g  a  p r o d u c t ,  m .p .  1 8 1 -1 8 3 ° , id e n t i c a l  b y  m ix tu r e  
m e l t in g  p o in t  a n d  in f r a r e d  s p e c t r u m  w i th  D - ia to -q u e rc ito l  p e n t a 
a c e t a t e .

(B) From iodoquercitol.— A  1 6 0 -m g . s a m p le  o f t h e  io d o q u e r 
c i to l  ( m .p .  2 5 4 ° )  w a s  h y d r o g e n a te d  in  th e  s a m e  m a n n e r ,  g iv in g  
55  m g . o f tw ic e  r e c r y s ta l l iz e d  p r o d u c t ,  m .p .  2 4 6 - 2 4 8 °  d e c . ,  
id e n t ic a l  b y  in f r a r e d  s p e c t r u m  w i th  D - ta fo -q u e rc ito l .4b A  p o r t io n  
w a s  a c e ty l a t e d ,  g iv in g  a  p r o d u c t  id e n t ic a l  b y  m ix tu r e  m e l t in g  
p o in t  a n d  in f r a r e d  s p e c t r u m  w i th  D - te io -q u e rc ito l  p e n t a a c e t a t e .

1,2:5,6-Di-0-benzylidene-D-inositol 3-Methyl Ether18 (Di- 
benzylidenepinitol), XXXII.— A  m ix tu r e  o f  2 5  g . o f  f in e ly  g r o u n d ,  
fu s e d  z in c  c h lo r id e  w i th  1 8 .7  m l.  o f  f r e s h ly  d is t i l le d  b e n z a ld e h y d e  
w a s  s t i r r e d  a t  ro o m  t e m p e r a tu r e  fo r  40  m in .  A  5 .0 -g . p o r t i o n  o f 
f in e ly  p o w d e r e d  d r y  p in i to l  (see  A c k n o w le d g m e n t)  w a s  t h e n  
a d d e d ,  a n d  t h e  m ix tu r e  s t i r r e d  f o r  50  h r .  a n d  a l lo w e d  t o  s t a n d  a n  
a d d i t io n a l  2 4  h r .  T h e  m ix tu r e  w a s  p o u r e d  in to  a  m i x t u r e  c o n 
t a i n i n g  2 0 0  m l .  o f  p e t r o le u m  e th e r  ( b .p .  6 0 - 9 0 ° ) ,  2 5  g .  o f  a n h y 
d r o u s  p o ta s s iu m  c a r b o n a te ,  a n d  4 0 0  m l .  o f  w a te r .  T h e  p r e c ip i 
t a t e  w h ic h  s e p a r a te d  w a s  c o l le c te d , g iv in g  3 .8  g . o f  p r o d u c t ,  
m .p .  1 1 8 - 1 2 0 ° .  A  s a m p le  r e c r y s ta l l iz e d  f ro m  a q u e o u s  e th a n o l ,  
f o r  a n a ly s is ,  m e l te d  a t  1 1 9 -1 2 0 ° .

Anal. C a lc d .  fo r  C -iiE W V . C ,  6 8 .0 9 ;  H ,  5 .9 9 .  F o u n d :  
C ,  6 7 .7 4 ;  H ,  6 .2 6 .

d ( 124/356) Stereoisomer of l,2:5,6-Di-0-benzylidene-3-0- 
methyl-4-O-p-toluenesulfonylinositol18 (Dibenzylidenepinitol To- 
sylate, XXXIII).— A  s o lu t io n  o f 1 .0  g . o f d ib e n z y l id e n e p in i to l  
( m .p .  1 2 0 ° )  a n d  0 .8 6  g .  o f p - to lu e n e s u l f o n y l  c h lo r id e  i n  1 0 .0  m l .  
o f  d r y  p y r id in e  w a s  a llo w e d  to  s t a n d  f o r  4  d a y s  a t  r o o m  t e m p e r a 
t u r e .  T h r e e - f o u r th s  o f t h e  p y r id in e  w a s  e v a p o r a t e d  a n d  t h e  
r e m a in in g  s i r u p  p o u r e d  in to  5 0  m l .  o f ic e -c o ld  w a te r  c o n ta in in g
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l .  0  g . o f  s o d iu m  b ic a r b o n a te .  T h e  o il w h ic h  s e p a r a te d  w a s  c o l
l e c te d  w i th  c h lo r o fo r m , a n d  t h e  s e p a r a te d  c h lo ro fo rm  e x t r a c t  
w a s h e d  s u c c e s s iv e ly  w i th  0 .1  N  h y d r o c h lo r ic  a c id ,  s o d iu m  
b ic a r b o n a te  s o lu t io n ,  a n d  w a te r ,  a n d  d r ie d .  E v a p o r a t i o n  g a v e  
a n  o il ,  w h ic h  w a s  t a k e n  u p  in  15 m l .  o f  a b s o lu te  e th a n o l .  T w o  
m i l l i l i t e r s  o f p e t r o le u m  e th e r  ( b .p .  3 0 - 8 0 ° ;  w a s  a d d e d .  A f te r  
4  d a y s  a t  0 - 5 ° ,  th e  c r y s t a l s  w h ic h  h a d  s e p a r a te d  w e re  c o l le c te d , 
g iv in g  2 2 4  m g . ( 1 6 % )  o f  c o lo r le s s  p r o d u c t ,  m .p .  1 2 5 -1 2 7 ° . 
A  s a m p le  r e c r y s ta l l i z e d  a g a in ,  f o r  a n a ly s i s ,  m e l t e d  a t  1 3 3 -1 3 4 ° .

Anal. C a lc d .  fo r  C ig lE sO sS : C ,  6 4 .1 0 ;  H ,  5 .3 4 . F o u n d :  
C ,  6 4 .2 2 ;  H ,  5 .3 6 .

O n  h y d r o ly s is  w i th  5 0 %  a c e t ic  a c id ,  t h i s  p r o d u c t  g a v e  4 - 0 -  
p - to lu e n e s u l f o n y lp in i to l ,  m .p .  1 9 1 °  d e c .  ( r e p o r t e d  m . p . 160 
1 9 3 °  d e c .) .

alio-Inositol Configurational Series
d l (1234/56) Diastereomer of 6-Bromoquercitol, M.p. 160°. 

6-Bromo-6-deoxy-o/io-inositol, I X .— A  m i x t u r e  o f  3 .2  g . o f  t h e
p e n t a a c e t a t e 8 ( m .p .  1 5 3 ° ) , d e r iv e d  f ro m  e p i- in o s i to l  b y  r e a c t io n  
w i th  a c e ty l  b r o m id e ,  w i th  6 4  m l .  o f  M  h y d r o c h lo r ic  a c id  in  5 0 %  
e th a n o l  w a s  b o i le d  u n d e r  re f lu x  f o r  5  h r .  O n  e v a p o r a t io n  
a  l i g h t  b r o w n  s i r u p  w a s  o b ta in e d .  V o la t i le  im p u r i t i e s  w e re  
r e m o v e d  b y  r e p e a t e d  a d d i t i o n  a n d  e v a p o r a t io n  o f a b s o lu te  e t h 
a n o l .  T h e  r e s u l t i n g  s i r u p  w a s  t a k e n  u p  in  15  m l .  o f  2 - m e th y l- 2 -  
p r o p a n o l  ( t r e a t e d  w i th  c h a r c o a l ) . A f te r  t h e  s o lu t io n  h a d  s to o d  
24  h r .  a t  ro o m  t e m p e r a t u r e ,  t h e  hygroscopic c r y s ta l s  w h ic h  h a d  
s e p a r a te d  w e re  c o l le c te d  o n  a  s in t e r e d  g la s s  f u n n e l  from which 
moist air was excluded, a n d  d r ie d  o v e r  p h o s p h o r u s  p e n to x id e  
in vacuo. T h e  c o lo r le s s  c r y s t a l s  o b t a in e d  w e ig h e d  0 .9 5  g . ,
m .  p .  1 5 9 -1 6 0 °  d e c . I n c lu d in g  a  s e c o n d  c r o p ,  m .p .  1 5 8 -1 6 0 ° , 
a n d  a  t h i r d  c r o p ,  m .p .  1 5 8 -1 6 0 °  d e c . ,  t h e  y ie ld  w a s  1 .4 0  g . 
( 8 2 % ) .  A  s a m p le  r e c r y s ta l l i z e d  a g a in ,  f o r  a n a ly s is ,  s h o w e d  n o  
c h a n g e  in  m e l t in g  p o in t .

Anal. C a lc d .  fo r  C 6H u B r 0 6: C ,  2 9 .6 5 ;  H ,  4 .5 6 ;  B r ,
3 2 .8 6 . F o u n d :  C ,  2 9 .8 0 ;  H ,  4 .7 3 ;  B r ,  3 2 .2 7 .

O n  hydrogenolysis, this product gave DL-atto-quercitol4* 
(see following t e x t ) .

Conversion of the Bromoquercitol, M.p. 160°, to i>L-allo- 
Quercitol, X X X I.— A  9 5 0 -m g . s a m p le  o f  t h e  b r o m o q u e r c i to l  
( m .p .  1 6 0 °)  w a s  h y d r o g e n a te d  w i t h  R a n e y  n ic k e l  a n d  A m b e r l i te

I R - 4 5  r e s in 12 in  t h e  s a m e  m a n n e r  d e s c r ib e d  f o r  t h e  m .p .  2 3 6 °  
c h lo r o q u e rc i to l  i s o m e r .  T h e  c r u d e  h y d r o g e n a t io n  p r o d u c t  w a s  
t a k e n  u p  in  15 m l .  o f  a b s o lu te  e t h a n o l ,  a n d  t h e  s o lu t io n  k e p t  a t  
ro o m  t e m p e r a t u r e  f o r  24  h r .  T h e  c r y s t a l s  w h ic h  h a d  s e p a r a te d  
w e r e  c o l le c te d , g iv in g  3 0 0  m g . o f  c o lo r le s s  p r o d u c t ,  m .p .  2 6 0 -  
261 ° d e c .  T h e  p r o d u c t  w a s  s h o w n  b y  m ix tu r e  m e l t in g  p o i n t  a n d  
in f r a r e d  s p e c t r u m  to  b e  id e n t i c a l  w i th  n  L -a ito -q u e rc ito l  ,4a

A  s a m p le  o f t h e  q u e r c i to l  w a s  a c e t y l a t e d ,  g iv in g  d  L -aM o-querc i- 
to l  p e n t a a c e t a t e ,  m .p .  9 2 - 9 4 ° ,  id e n t i c a l  b y  m ix tu r e  m e l t in g  p o in t  
a n d  in f r a r e d  s p e c t r u m  w i th  a n  a u t h e n t i c  s a m p le .4*

Nuclear Magnetic Resonance Spectra of the d l - (  12346/5) 
Diastereomers of 6-Chloro-, 6-Bromo-, and 6-Iodoquercitol 
(XXVIII-XXX).— T h e  s p e c t r a  w e re  t a k e n  in  d e u te r iu m  o x id e , 
u s in g  t e t r a m e t h y l s i l a n e  e x t e r n a l  r e f e re n c e .  A  s t r o n g  E D O  p e a k  
a p p e a r e d  in  e a c h  s p e c t r u m  a t  a b o u t  5 5 .2  p . p . m .  T h e  c h lo ro -  
q u e r c i t o l4* ( m .p .  1 9 2 °)  s h o w e d  a  1 - p ro to n  m u l t i p le t  ( a b o u t  8 
p e a k s )  c e n te r e d  a t  S 4 .1 ;  a n o th e r  1 - p ro to n  m u l t i p l e t  ( a b o u t  5 
p e a k s )  c e n te r e d  a t  4 .3 ;  a n d  a  4 - p r o to n  m u l t i p l e t  ( a b o u t  7  p e a k s )  
c e n te r e d  a t  S 4.6 . T h e  4 - p r o to n  m u l t i p l e t  w a s  a lm o s t  s p l i t  a t  i t s  
c e n te r  i n to  tw o  2 - p r o to n  m u l t i p le t s  (S 4 .5 ,  4 .7 ) .

T h e  s p e c t r a  o f t h e  b r o m o q u e r c i to l4* ( m .p .  2 0 3 ° )  a n d  io d o q u e r -  
c i to l4“ ( m .p .  2 1 4 ° )  w e re  s im i la r  t o  t h a t  o f  t h e  c h lo ro  a n a lo g , 
b u t  s h o w e d  n o  te n d e n c y  fo r  s e p a r a t i o n  o f  t h e  4 - p r o to n  m u l t i p le t  
a t  8 4 .6  i n to  tw o  s m a lle r  m u l t i p le t s .
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Synthesis of A6-Pregnene-3a,16a,20a-triol1
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T h e  p a r t i a l  s y n th e s e s  o f  As-p re g n e n e -3 < * ,1 6 a ,2 0 a - tr io l  a n d  i t s  20 /S -ep im er a r e  d e s c r ib e d .

Recently3 we reported the isolation and characteriza
tion of A6-pregnene-3a,16a,20a-triol (Ha) from the 
urine of a patient with adrenocortical carcinoma, which 
was the first description of the natural occurrence of a 
3a-hydroxy-A5 steroid. The partial synthesis of this 
unsaturated triol by an unambiguous route is described 
in the present report. In addition, all four A6-preg- 
nene-3,16a,20-triols isomeric at positions 3 and 20 have 
been prepared by another route.

The starting material in both instances was 3/3- 
acetoxy-A6l6-pregnadien-20-one (A). The 16a-hy- 
droxyl group was introduced by the method of Julian 
and coworkers.4 Selective oxidation of the A16 bond of 
A with alkaline hydrogen peroxide followed by reacety
lation gave 3/3-acetoxy-16 a, 17-oxido-A6-pregnen-20-one 
(B).4 Reduction of the oxide B with chromous ace

(1) T h is  in v e s tig a tio n  w as s u p p o r te d  in  p a r t  b y  a  g r a n t  from  th e  A m erican  
C an c e r S ocie ty  a n d  a  research  g r a n t  (C A  03207) from  th e  N a tio n a l C an c er 
I n s t i tu te  of th e  N a tio n a l I n s t i tu te s  of H e a lth , U . S. P u b lic  H e a lth  Service.

(2) P e n n s a lt C hem icals  C o rp o ra tio n , P h ila d e lp h ia , P a .
(3) D . K . F u k u sh im a , M . S m ulow itz , a n d  K . I .  H . W illiam s, J .  B i o l .  

C h e m . ,  236 , 3147 (1661).

tate5 yielded 3/3-acetoxy-16a-hydroxy-A6-pregnen-20- 
one (C). Impure C was generally carried directly to 
the next stage. Lithium aluminum hydride reduction 
of C gave a mixture of A5-pregnene-3fi,16a,20a- and 
20/3-triols (D and Ea) which were separated readily by 
partition chromatography on silica gel. These epimers 
had been prepared and the configuration at C-20 as
signed by Hirschmann and co-workers.6 The triol Ea 
has been isolated from natural sources.3'78

The inversion of the 3/3-hydroxy group of the 20 a- 
triol E, while preserving the configurations at 16 and 20, 
was accomplished by a procedure based on studies of

(4) P . L. J u lia n , E . W . M ey e r, W . J . K a rp e l, a n d  I . R . W a ller, J .  A m .  

C h e m .  S o c ., 72, 5145 (1950).
(5) W . C ole a n d  P . L . Ju lia n , J .  O r g .  C h e m . ,  19, 131 (1954). C h rom ous 

a c e ta te  w as p re p a re d  b y  th e  m e th o d  d esc rib ed  in  H . F . W a lto n , “ In o rg an ic  
P r e p a ra t io n s ,” P re n tic e -H a ll , In c ., N ew  Y o rk , N . Y ., 1948, p. 161.

(6) H . H irsch m a n n , F . B . H irsch m a n n , a n d  M . A. D au s, J .  A m .  C h e m .  

S o c . ,  74, 539 (1952).
(7) K . F o th e rb y , B i o c h e m .  J . ,  71, 209 (1959).
(8) H . H irsch m a n n  a n d  F . B . H irsc h m a n n , J .  B i o l .  C h e m . ,  184, 259 

(1950).
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A

C h a r t  1

B C D

b. R= R1 = Ac

c. R = Ac, R '-H
b. R=CH3 S02

H a. R = H

b. R = Ac

Plattner and co-workers9 on the rearrangement of 
cholesterol to epicholesterol (A5-cholesten-3a-ol) via 
3/3-methanesulfonoxycholestan-5a-ol with diethylaniline 
and acetyl chloride. A6-Pregnene-3/3,16a,20a-triol (Ea) 
was converted to triacetate Eb which was then selec
tively saponified to diacetate Ec with one equivalent of 
sodium hydroxide in cold aqueous alcohol.8 Epoxida- 
tion with monoperphthalic acid gave the 5a,6a-oxide F 
which was separated from the reaction mixture by 
crystallization from acetone; additional material was 
obtained by partition chromatography of the mother 
liquors.

Catalytic hydrogenation of 5,6a-oxido-5a-pregnane- 
3/3,16a,20a-triol 16,20-diacetate (F) with Adams’ 
catalyst in acetic acid resulted in a mixture from which 
5a-pregnane-3/3,5,16a,20a-tetrol 16,20-diacetate (Ga) 
was isolated. Treatment of Ga with methanesulfonyl 
chloride in pyridine gave the expected 3/3-mesylate Gb 
in good yield. With acetyl chloride and diethylaniline 
in chloroform, followed by hydrolysis, Gb was converted 
to A5-pregnene-3a,16a,20a-triol (Ha) identical with the 
natural product.

In the alternate synthesis of triol Ha the addition of 
benzyl alcohol to the Al6-20-ketone A and acetylation 
yielded 3/3-acetoxy-16 a-benzy loxy- A6-pregnen-20-one
(I) as described by Hirschmann.6 Reduction with 
lithium aluminum hydride removed the acetyl group 
and yielded a mixture of 20-hydroxy epimers (J); 
fractional crystallization of a portion of the mixture 
yielded 16a-benzyloxy-A5-pregnene-3/3,20/3-diol, char
acterized by conversion to A5-pregnene-3/3,16a,20/3- 
triol (D).

In order to utilize the method by Ruzicka and Gold
berg10 described for the preparation of a 3a-hydroxy- 
A6 steroid by Raney nickel hydrogenation of a 3-keto- 
As compound, mixture J was oxidized with chromic acid 
in acetone.11 A product with carbonyl absorptions at 
1709 cm.-1 and 1718 cm.-1 and with a very weak hy
droxyl absorption was obtained. These indicated that

(9) PI. A. P la t tn e r ,  A. F iirs t, F . R o ller, a n d  W . L ang , H e l v .  C h i n .  A c ta * , 

31, 1455 (1948).
(10) L. R u z ic k a  a n d  M . W . G o ldberg , i b i d . ,  19, 1407 (1936).
(11) C. D je rass i, R . R . E ng le , a n d  A. Bow ers, J .  O r g .  C h e m . ,  21 , 1547

(1956).

both the 3- and 20- hydroxyl groups had been oxidized 
to give 16a-benzyloxy-A5-pregnene-3,20-dione (K). 
Without purification K was hydrogenated in 95% 
ethanol with W-2 Raney nickel catalyst. Although 
Hirschmann12 earlier noted that Raney nickel hydro
genation cleaved a 16a-benzyl ether and simultane
ously reduced a 20-ketone, the present reduction prod
uct retained the 20-ketone as judged by infrared 
spectrometry. The compound was formulated, there
fore, as 3,16a-dihydroxy-A6-pregnen-20-one (L). No 
attempts to separate the C-3 hydroxy epimers were 
made at this stage since the 3,16a,20-triols isomeric at 
C-3 and C-20 could be readily separated. Therefore, L 
was reduced with lithium aluminum hydride to give a 
mixture of the four triols. Digitonin precipitation 
separated the 3 a-hydroxy triols Ha and M from the 
3/3-hydroxy triols D and Ea. Partition chromatography 
of the “a-fraction” gave A6-pregnene-3a,16a,20a-triol 
(Ha), identical with the natural material as well as Ha 
prepared by the first route; this was followed by A6- 
pregnene-3a,16a,20/3-triol (M) in roughly a 1:3 ratio. 
A small amount of A5-pregnene-3/3,16a,20/3-triol (D) 
also was isolated; this 3/3-isomer has been reported 
previously6 to appear in the soluble “a-fraction.”

Partition chromatography of the “/3-fraction” gave 
the previously described A5-pregnene-3/3,16a,20a-triol 
(Ea) and 3/3,16a,20/3-triol (D) in roughly a 1:3 ratio.

Experimental13
3 /3 -A c e to x y -1 6 a -h y d ro x y -A 5-p re g n e n -2 0 - o n e  ( C ) .— M o is t  c h ro -  

m o u s  a c e t a t e  p r e p a r e d  f ro m  t h e  r e d u c t io n  o f  5 0  g . o f p o ta s s iu m  
d ic h r o m a te  w a s  a d d e d  to  a  s o lu t io n  o f 17 g . o f  3 /3 -ace to x y -1 6 o :,1 7 -  
o x id o -A 5- p re g n e n -2 0 -o n e  ( B )  in  4 5 0  m l .  o f  a c e t ic  a c id  a n d  10 0  m l. 
o f  w a t e r .5 T h e  m ix tu r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  u n d e r  
n i t ro g e n  fo r  16 h r .  a n d  th e n  f i l te r e d .  T h e  f i l t r a t e  w a s  p o u r e d  
in to  1200  m l .  o f  w a te r  a n d  e x t r a c te d  w i th  m e th y le n e  c h lo r id e .  
T h e  o rg a n ic  e x t r a c t  w as  w a s h e d  w i th  w a te r ,  s o d iu m  b ic a r b o n a te  
s o lu t io n ,  a n d  w a te r ,  d r ie d ,  a n d  t h e  s o lv e n t  e v a p o r a t e d .  R e -

(12) H . H irsch m a n n , F . B . H irsch m a n n , a n d  J . W . C o rco ran , i b i d . ,  20, 
572 (1955).

(13) M e ltin g  p o in ts  w ere ta k e n  on  a  m icro  h o t s ta g e  a n d  a re  co rrec ted . 
O p tic a l ro ta tio n s  w ere d e te rm in ed  in  ch lo ro fo rm  u n le ss  o th e rw ise  s ta te d . 
In f ra re d  sp e c tra  w ere d e te rm in e d  c a a  P e rk in -E lm e r M od el 21 sp e c tro p h o 
to m e te r ;  ca lc ium  fluoride p rism  4U 00-2750 c m .-1, 1800 -1600  c m .-1, 1500 - 
1280 c m .-1 ; so d iu m  ch lo ride  p rism  1300-650 c m .-1 ; sh =  s h o u ld e r ; * =  
n o t p re se n t in  ca rb o n  te tra c h lo r id e  so lu tion .



A u g u s t , 1963 S y n t h e s i s  o f  A5-PR EG N EN E-3a,16a,20a-TR iO L 2103

M

crystallization of the residue from benzene gave 3.2 g. of 3/3- 
acetoxy-16a-hydroxy-A6-pregnen-20-one (C), m.p. 165-168°. 
The mother liquor which was principally the desired product was 
used in the next step. The analytical sample of C melted at
169-171° and the 3,16-diacetate prepared from it melted at 172- 
174°. The infrared spectra of both compounds were identical 
with that of authentic samples.

A5-Pregnene-3/3,16a,20a- and 20/i-triols (D and Ea).—A solu
tion containing 13.5 g. of crude 3/3-acetoxy-16a-hydroxy-A6- 
pregnen-20-one (C) in 250 ml. of ether and 150 ml. of freshly dis
tilled tetrahydrofuran was added to a solution of 5 g. of lithium 
aluminum hydride in 1000 ml. of anhydrous ether. The mixture 
was stirred for 4 hr. and excess reagent was destroyed with ethyl 
alcohol followed by 10% sulfuric acid. The product obtained was 
chromatographed on 1100 g. of silica gel containing 40% ethanol. 
Elution with 5% ethanol in methylene chloride yielded 3 g. of 
A6-pregnene-3/3,16a,20a-triol (Ea) which on recrystallization 
from methanol melted at 247-248° (reported6 m.p. 245-247°); 
[a]27D —72.9° (ethanol). Acetylation with pyridine and acetic 
anhydride afforded the triacetate (Eb), m.p. 177-178° (re
ported6 m.p. 178.5-180°).

Elution with 8% ethanol in methylene chloride gave 4 g. of A6- 
pregnene-3/3,16a,20d-triol (D), m.p. 269,274-282° (reported6 
m.p. 294-298°). The triol was homogeneous as judged by 
chromatography on a thin layer of silica gel G with ethyl acetate. 
The triacetate prepared from it melted at 168-170°; [a]26D
— 104° (reported6 m.p. 167.5-168.5°; [<*]d —93°).

A5-Pregnene-3/3,16a,20a-triol 16,20-Diacetate (Ec).—T a solu
tion of 1.57 g. (3.4 mmoles) of A6-pregnene-3/3,16a,20a-triol 
triacetate (Eb) in 300 ml. of ethanol and 100 ml. of water was 
added 28.3 ml. (3.7 mmoles) of 0.12 M sodium hydroxide in 
methanol. The mixture was stored at 5° for 18 hr. and a drop of 
acetic acid added. The solvent was removed in vacuo. The 
residue was extracted with ethyl acetate, washed with water, 
dried, and the solvent evaporated. Chromatography on 100 g. 
of acid-washed alumina and elution with 10% ethyl acetate in 
benzene yielded 945 mg. of the 16,20-diacetate (Ec), m.p. 188- 
190° (reported8 m.p. 185.5-187.5°). The completely saponified 
A6-pregnene-3/3,16a,20a-triol (Ea), 157 mg., was eluted with 20% 
ethanol in ethyl acetate.

5,6a-Oxido-5a-pregnane-3/3,16a, 20a-triol 16,20-Diacetate (F). 
—A solution of 1.18 g. of A6-pregnene-3/3,16a,20a-triol 16,20- 
diacetate (Ec), in 40 ml. of chloroform was mixed with 100 ml. 
of 0.16 M monoperphthalic acid in ether. The mixture was 
stored at 5° for 16 hr. and then diluted with ethyl acetate. The 
solution was washed with sodium bicarbonate solution and water, 
dried, and the solvent evaporated. The crystalline residue was 
washed with acetone yielding 517 mg. of 5,6a-oxido-5a-pregnane- 
3j8,16c«,20a-triol 16,20-diacetate (F), m.p. 211-218°. The 
analytical sample of F from acetone melted at 214-219°, [aJ^D

-121°; 3480, 1737, 1707*, 1267, 1246, 1151, 1066, 1046,
1035, 1020 cm.“1.

Anal. Calcd. for C26H380 6: C, 69.09; H, 8.81. Found: 
C, 68.64; H, 8.71.

An additional 400 mg. of the diacetate F was obtained upon 
chromatography of the acetone washes, 552 mg.

5«-Pregnane-3fj,5,16«,20«-tetrol 16,20-Diacetate (Ga).—A so
lution of 820 mg. of the oxide diacetate F (see preceding section) 
in 35 ml. of acetic acid was hydrogenated for 21 hr. in the presence 
of 600 mg. of prereduced Adams’ catalyst. The reduction mix
ture was extracted with methylene chloride, washed with dilute 
base and water, and the solvent removed. The residue was 
chromatographed on 100 g. of silica gel containing 40 ml. of 
ethanol. Elution with 2% ethanol in methylene chloride afforded 
400 mg. of 5a-pregnane-3/S,5,16a,20a-tetrol 16,20-diacetate 
(Ga). Recrystallization from benzene yielded 242 mg. of the 
tetrol diacetate (Ga), m.p. 196-199°; [a]27r> —56.9°; 3465
(sh), 3435, 1743, 1714*, 1272, 1255 (sh), 1245, 1166, 1036, 1028 
(sh), 958 cm.-1.

Anal. Calcd. for CmR kA s: C, 68.78; H, 9.24. Found: 
C, 68.22; H, 9.37.

5a-Pregnane-3/3,5,16a,20a-tetrol 3-Mesylate 16,20-Diacetate
(Gb).—A mixture of 156 mg. of 5a-pregnanetetrol 16,20-diace
tate (Ga), 0.5 mg. of methanesulfonyl chloride, and 5 ml. of 
pyridine was stored at room temperature for 2 hr. I t was then 
poured into water and extracted with methylene chloride. The 
organic extract was washed successively with dilute acid and 
base and water and the solvent removed to give 210 mg. of prod
uct. Trituration with ether and filtration afforded 5a-pregnane- 
3/3,5,16a,20a-tetrol 3-mesylate 16,20-diacetate (Gb), m.p.
157-158°; [oA6d -49.7°; ***; 3600, 3535, 1738 (sh), 1729, 
1712*, 1264, 1252, 1175, 1040, 926, 868, 821 cm.-1.

Anal. Calcd. for CAlT/lgS: C, 60.67; H, 8.23. Found: 
C, 60.27; H, 8.32.

A6-Pregnene-3a,16a,20a-triol (Ha).—A solution of crude 
mesylate Gb prepared from 40 mg. of tetrol diacetate Ga, 5 ml. of 
diethylaniline, 5 ml. of acetyl chloride, and 5 ml. of chloroform 
was refluxed for 5 hr. The solution was then concentrated 
in vacuo and diluted with ether. The ether solution was washed 
with dilute acid, dilute base, and water, dried, and the solvent 
evaporated to give an oily product. Chromatography on acid- 
washed alumina and elution with 3% ethyl acetate in benzene 
gave 20 mg. of oil. The infrared spectrum of the oil was identical 
with that of A5-pregnene-3a,16a,20a-triol triacetate (Hb) 
previously prepared from natural product. Saponification of 
the triacetate Hb with methanolic potassium hydroxide yielded 
12 mg. of A5-pregnene-3a,16a,20a-triol (Ha), m.p. 230-232°; 
[a]27D —84.9° (dioxane). The infrared spectrum in potassium 
bromide dispersion was identical with that of the natural product 
and the melting point of Ha was not depressed, 230-230.5°, on 
admixture with the natural triol, m.p. 230-231°.

16a-Benzyloxy-A6-pregnene-3/3,20-diol (J).—A solution of 5 g. 
of 3/3-acetoxy-16a-benzyloxy-A5-pregnen-20-one (I)7 in 750 ml. of 
ether was added during 1 hr. to an ether solution containing a 
large excess of lithium aluminum hydride and the reaction mixture 
was heated at reflux for another hour. The excess reducing 
agent was destroyed and the reaction product was extracted 
thoroughly with ethyl acetate. The organic phase was washed 
successively with 10% sulfuric acid, water, 5% sodium bicarbon
ate, and finally with water to neutrality. The solution was 
dried and the solvent removed under reduced pressure. The 
crystalline residue weighed 5 g. after triturations with small 
volumes of carbon tetrachloride. Fractional crystallizations of a 
portion of the residue from acetone gave 16a-benzyloxy-A6- 
pregnene-3/3,20/3-diol (J), m.p. 162-166°; 3340, 1667, 1094,
1048, 970, 875, 740, 696 cm.-1.

Anal. Calcd. for C28H4o(VAH20: C, 77.56; H, 9.72.
Found: C, 77.77; H, 9.57.

Acetylation of 16a-benzyIoxy-A5-pregnene-3/3,20|3-diol with 
acetic anhydride in pyridine in the usual manner gave the di
acetate, m.p. 112.5-114°; cou 1734, 1667, 1243, 1071, 1028, 
968, 732, 696 cm.-1.

Anal. Calcd. for C32H4406: C, 75.55; H, 8.79. Found: 
C, 75.37; H, 8.53.

Hydrogenolysis of 16a-benzyloxy-A6-pregnene-3/3,20/S-diol with 
Raney nickel in ethanol gave A5-pregnenetriol-3/3,16a,20/3 (D), 
the infrared spectrum of which was identical with an authentic 
sample.

A6-Pregnene-3,16a,20-triols.—To an ice-cold solution of 3.96 
g. of 16a-benzyloxy-A6-pregnene-3/3,205-diol (J) in 500 ml. of
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acetone (freshly distilled from potassium permanganate) under a 
nitrogen atmosphere was added 5.7 ml. of chromic acid solution11 
(26.72 g. of chromium trioxide in 23 ml. of concentrated sulfuric 
acid diluted to 100 ml. with water) over 1 min. with stirring. 
After an additional 3 min. of stirring, the mixture was poured 
into 10 1. of ice-water and filtered. The solid product was dried 
in a vacuum desiccator overnight, dissolved in methylene chlo
ride, filtered, and evaporated to dryness in the cold to yield 3.18 
g .  of white solid. The infrared spectrum of this material in 
carbon disulfide solution showed carbonyl absorption at 1709 
cm. -1 (20-ketone) and 1718 cm. -1 (sh) (3-ketone) as well as 
absorption bands consistent with the presence of a benzyl ether 
grouping and weak hydroxyl absorption. The carbonyl absorp
tions of another sample in a potassium bromide pellet were at 
1711 and 1693 cm.“1. The remainder of the product was car
ried to the next step without additional purification by solution 
in 500 ml. of redistilled 95% ethanol and shaking with hydrogen 
in the presence of several grams of W-2 Raney nickel at room 
temperature and atmospheric pressure. The reaction mixture 
was filtered and solvent removed. The product was triturated 
with a small volume of ether. The ether-insoluble material (1.54 
g.) had a strong carbonyl absorption band at 1706 cm. _1 in carbon 
disulfide solution and was presumably a mixture of 3a +  0,16a- 
dihydroxy-A6-pregnen-20-one (L). Since the desired isomeric 
A5-pregnene-3,16a,20-triols could be separated readily, no 
attempts at fractionation of the 3a- and 30-hydroxy epimers of L 
were made.

Crude L (1.5 g.) was dissolved in a minimum amount of freshly 
distilled tetrahydrofuran and added to an excess of lithium 
aluminum hydride in ether. The reaction mixture was allowed 
to stand at room temperature for 40 hr. and then worked up 
in the usual fashion. The solid product was triturated with a 
small volume of ether and the residual solid (1.37 g.) was treated 
with 6 g. of digitonin in 100 ml. of 90% ethanol. This was 
allowed to stand at room temperature overnight and extracted 
with ethyl acetate. The solvent was removed and 872 mg. of 
crude “a-fraction” was obtained. The insoluble digitonide was 
dissolved in 35 ml. of pyridine, diluted with 21. of ethyl acetate, 
and filtered. The filtrate was washed with 10% hydrochloric 
acid, water, sodium bicarbonate solution, and finally with water, 
dried over anhydrous sodium sulfate, and distilled to give 500 mg. 
of crude “0-fraction.”

The “0-fraction” was chromatographed on 175 g. of silica gel 
containing 70 ml. of ethanol on the stationary phase. Elution

with 6% ethanol In methylene chloride yielded 110 mg. of A6- 
pregnene-30,16a,2Oa-triol (Ea) which melted at 243.5-245.5° 
after recrystallization from methanol. Further elution with 6% 
and 8% ethanol in methylene chloride gave 270 mg. of A6-preg- 
nene-30,16a,2O0-triol (D), m.p. 268, 280-287°; the infrared 
spectrum in potassium bromide dispersion was identical with that 
of D obtained in the previous synthesis. The sample was free of 
impurity as judged by thin layer chromatography on silica gel G 
with ethyl acetate.

The “a-fraction” was chromatographed on 150 g. of silica gel 
and 60 ml. of ethanol. Elution with 4% ethanol in methylene 
chloride gave 83 mg. of A6-pregnene-3a,16a,20a-triol (Ha) which 
melted at 229.5-230° after recrystallization from ethanol. The 
infrared spectrum in a potassium bromide dispersion was identical 
in all respects with that of the triol from natural sources. Acety
lation with acetic anhydride and pyridine yielded the triacetate 
Hb, m.p. 136-137°, after recrystallization from methanol. 
The triacetate prepared from the urinary triol had m.p. 
133-135°; m.m.p. was 137-139°. The infrared spectra of the 
two samples were identical in all respects in carbon disulfide solu
tion.

Elution with 5% ethanol in methylene chloride gave 355 mg. of 
fractions containing A6-pregnene-3a,16a,2O0-triol (M), m.p. 
224-225°, after recrystallization from methanol; [a]27D —94.3° 
(ethanol); 3530 (sh), 3460, 3390, 1663, 1086, 1064, 1049, 
1020,881,867, 804 cm.“1.

Anal. Calcd. for C21H34O3: C, 75.40; H, 10.25. Found: 
C, 75.23; H, 10.15.

The triacetate was prepared by the action of acetic anhydride 
in pyridine and melted at 137.5-140° after several recrystalliza
tions from methanol; <[a]26D -81.6°; 0014 1738, 1667, 1239,
1158-1151 (sh), 1046, 1035, 1020 cm.“1. Further elution with 
5% ethanol in methylene chloride gave small amounts of A5- 
pregnene-30,16a,2O0-triol (D) identical with that isolated from 
the 0-fraction.

Acknowledgment.—We wish to acknowledge the in
terest and support of Dr. T. F. Gallagher throughout 
this investigation. We are grateful to Mrs. Beatrice
S. Gallagher for the determination and interpretation 
of the infrared spectra. We also thank Dr. A. Bowers 
of Syntex Company, Mexico City, for the gift of a 
generous supply of starting material.

Secondary H ydrogen Isotop e Effects on  D eoxym ercu ration 1

Maurice M. Kreevoy and Bruce M. Eisen 
School of Chemistry of the University of Minnesota, Minneapolis 14, Minnesota 

Received. January SI, 1963

Secondary isotope effects on the rate of acid-induced deoxymercuration of 2-phenyl-2-methoxyethylmercuric 
iodide have been studied. Deuterium substitution at the 2-carbon gives k-a/k-o, 1.12. Deuterium substitution 
at the 1-carbon gives ku/ko, 0.91. The latter is one of a small number of inverse isotope effects that have been 
observed. From these and results previously presented it is concluded that the deoxymercuration transition 
state has a partial positive charge on the carbon from which oxygen is leaving and also has some olefin-mercuric 
iodide complex character.

In a previous paper2 the acid-induced deoxymercura
tion rate for CH3OCD2CD2HgI (II) was compared with 
that for CH3OCH2CH2HgI (I). They were very similar 
(/;h//ct) = 1.06), and from this it was concluded that the 
transition state must resemble the protonated starting 
state, IX. More recent studies of relative reactivities3 * 
indicate that this view was oversimplified. It was 
shown that either the carbonium ion, VII, or the olefin 
mercuric iodide complex, VIII, or both, must con

(1) This work was supported  by  the Air Force Office of Scientific Research 
through c o n tra c t no. A F 49(638)711. R eproduction in whole or in p a rt is 
perm itted  fo r any  purpose of the  U. S. G overnm ent.

(2) M . M . K reevoy and  L. T . D itsch, J .  A m .  C h e m .  S o c . ,  82, 6127 (1960).
(3) L. L. Schaleger, M. A. Turner, T. C. Cham berlin, and M. M. Kreevoy,

J .  O r g . C h e m . ,  27, 3421 (1962).

tribute to the transition state electronic structure. The 
present paper describes further work on secondary hy
drogen isotope effects, involving isotopic substitution 
in C6HBCH(OCH3)CH2HgI (III) designed to shed 
more light on the electronic structure of the transition 
state and to explain the apparent discrepancy between 
the results obtained from the secondary isotope effect 
and those obtained from the effect of substitution.

Results
Well established synthetic methods were used to 

prepare III, C6H6CD(OCH3)CH2HgI (IV), C6H6- 
CH(OCH3)CD2HgI (V), and C6H6CD(OCH3)CD2HgI
(VI). Acid-induced deoxymercuration rates were
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measured for all of these in water containing 2% of 
methanol at 25.0°. First-order rate constants were 
evaluated spectropho to metrically in the usual way.2 
The acid was provided by acetic acid-sodium acetate 
buffers. Second-order rate constants, k, were obtained 
by dividing the first-order rate constants by the hy- 
dronium ion concentration. Ratios of rates were 
evaluated by comparing rates obtained from solutions 
that were made up from the same buffers and were run 
in the cell block at the same time, so that there would 
be no possibility of temperature or buffer discrepancies. 
Table I reports the mean of the various second-order 
rate constants, the probable error of each rate constant,4 
the ratio of km  to each k, and the probable error of 
each ratio, as estimated from the average deviation 
from the mean of ratios of rate constants obtained 
simultaneously. Each reported mean value was ob
tained from four to six individual determinations.

T a b l e  I
K inetic Is o t o p e  E f f e c t s  in t h e  D e o x y m e r c u r a t i o n  o f  

C6Hi,CH(OCH3)CH2HgI
Compound k A k k m / h A(£ni/fc)

III 12.16 0.08
IV 11.03 .10 1.12 0.02
V 13.62 .13 0.91 .02
VI 11.50 .07 1.07 .02

In addition to random errors in measuring, rates kiy 
may be a little high and fcmAiv a little low (each by a 
factor of 1.02) due to isotopic contamination. This is 
discussed in the Experimental.

It is not strictly required by theory that fcm/fcvi 
should be exactly given by the product of fcm/fciv 
and km/ky, but in other cases6-7 where the data is 
sufficiently extensive such a product relationship has 
been found to hold approximately. Such a relationship 
is in accord with the rule of the geometric mean.8 It 
is, therefore, reassuring that the present data does con
form to such a pattern within the combined experimental 
uncertainties.

Spectroscopic Results.—Infrared spectra were made 
using a Perkin-Elmer Model 421 infrared spectro
photometer of thin liquid films of compounds III-VI. 
These serve to identify the stretching frequencies as
sociated with the methylene and methine groups, but 
a complete experimental assignment of frequencies for 
molecules of this complexity is beyond our present 
capacity. The stretching frequencies are shown in 
Table II.

T a b l e  II
A l i p h a t i c St r e t c h i n g  F r e q u e n c i e s  in c m .-1 f o r  
C6H5CH(OCH3)CH2HgI a n d  It s Is o t o p i c V a r i a n t s

Compound Methine Methylene (sym.) Methylene (assym.)
III 2885 2910 2850
IV 2107 2910 2850
V 2885 2231 2138
VI 2107 2231 2138

(4) R. Livingston, “Physico Chemical Experiments,” The MacMillan 
Co., New York, N. Y., 1957, Chap. I.

(5) A. Streitwieser, Jr., R. H. Jagaw, F. C. Fahey, and S. Suzuki, J .  

A m .  C h e m .  S o c . ,  80, 2326 (1958).
(6) K. Mislow, S. Borcic, and V. Prelog, H e l v .  C h e m .  A c t a ,  40, 2477 (1957).
(7) V. J. Shiner, J .  A m .  C h e m .  S o c . ,  75, 2925 (1953).
(8) J . Bigeleisen, J .  C h e m .  P h y s . ,  23, 2264 (1955).

Discussion
The results of isotopic substitution at the hydrogen 

a to the methoxy group is in good accord with data 
for other reactions whose rate-determining steps produce 
carbonium ions or related species.6’6 910 Values of 
ku/kj, are generally in the range 1.10 to 1.20 per isotopic 
substitution, and the present value falls well within 
that range. Such isotope effects have been attributed 
primarily to a lowering of one of the bending frequencies 
in the transition state,6 and there is no reason to ques
tion that interpretation in the present case.

Inverse secondary hydrogen isotope effects are not 
without precedent,11’12 although they seem to be fairly 
rare. The effect observed on deuterium substitution 
in the methylene group may be the result of an altera
tion of vibrational frequencies toward those appropriate 
to the olefin-mercuric ioide ir-complex in the transition 
state. It previously has been pointed out that such 
a change would probably lead to an inverse isotope 
effect.2

It should be pointed out that both the previous 
prediction and the present results (for substitution in 
the methylene group) imply that it is possible to 
progress toward sp2 hybridization from sp3 hybridiza
tion with k}j/kD <  1.0 at the carbon atom undergoing the 
change. Since this takes place without the inter
vention of a new incoming group, it is contrary to a 
previous suggestion that such changes should always 
kn/kD > l.O.6’1314 It must be admitted, however, 
that deoxymercuration involves rather special struc
tures and may be a special case. The reported stretch- 
in frequencies show no anomalies, which suggests that 
the origin of the effect is not in the starting state.

It now seems likely that the very small isotope effect 
previously observed2 was due to an approximate can
cellation of two effects of opposite sign, rather than to a 
transition state closely resembling the starting state, 
as was previously assumed. This, of course, resolves 
the apparent conflict between the conclusions pre
viously based on the isotope effect and those based on 
relative reactivity3 in favor of the latter. There is a 
substantial charge deficit in the transition state at the 
carbon from which the methoxy group is leaving. In 
terms of resonance structures there are important 
contributions to the transition state from VII as well 
as from the protonated starting state, IX. The 
explanation given before for the effect of deuterium 
substitution in the methylene group would also require 
significant contributions from VIII, but there is no 
evidence for the participation of X. The significant 
participation of X would probably yield fcH/^D >1-0 
for deuterium substitution in the methylene group.

It is interesting that the quantitative parallel between 
the present results and the earlier ones2 is not too good.

(9) R. R. Johnson and E . S. Lewis, Proc. Chem. Soc., 52 (1958).
(10) W. H. Saunders, S. Asperger, and D. H. Edison, J. Am. Chem. Soc., 

80, 2421 (1958).
(11) K. T. Leffek, J. A. Llewellyn, and  R. E . Robertson, i b i d . ,  82, 6315 

(1960).
(12) J. A. Llewellyn, R. E . Robertson, and J . M. W. Scott, Chem. I n d .  

(London), 732 (1959).
(13) (a) S. Seltzer, J. A m .  Chem. Soc., 83, 1861 (1961). (b) N ote

A dded  in  P roof.'—An effect of sim ilar m agnitude in the sam e d irection on 
the  pyrolysis ra te  of dim ethylm ercury , reported  by  R. E . W eston, J. and  
S. Seltzer, J. Phys. Chem., 66, 2192 (1962), can  be in te rp reted  in the  same 
way.

(14) R. R. Johnson and E . S. Lewis, Proc. Chem. Soc., 52 (1958).
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If it is assumed that double isotopic substitution at the 
hydrogens a to the methoxy group in I would 
contribute a factor (fcm/fcrv)2 to k i /k u , and that the 
isotopic substitution of the hydrogens a to the 
iodomercuri group would contribute a factor km/k\-, 
then h / k u  would be -—'1.14. This probably should be 
multiplied by a further factor of 1.035 arising from the 
pre-exponential ratio of reduced masses2 to give a 
calculated value of ~1.18 for ki/k\\. Although still 
small this is considerably larger than the value, 1.06, 
actually found. These results support the suggestion 
that quantitative changes in the transition state elec
tronic structure accompany the introduction of an 
alkyl group on the carbon atom bearing the methoxy 
group. These changes probably involve the incorpora
tion of more carbonium ion character at that position. 
On the other hand it is possible that the lack of quanti
tative correspondence is due to the fortuitous accumu
lation of mechanical factors16 and/or experimental 
errors and is without significance.

Experimental
All the isotopic versions of 2-phenyl-2-methoxyethylmercuric 

iodide were prepared from the corresponding styrenes by Schale- 
ger’s method,3 and each had m.p. ^30°. In each case, the 
styrene was prepared from the corresponding 1-phenylethanol by 
the method of Berstein, Bennett, and Fields.16

An ethereal solution of 2.06 g. (0.0492 mole) of lithium alumi
num deuteride (Metal Hydrides, 99.5%) was added slowly from 
a dropping funnel to 35.3 g. (0.294 mole) of acetophenone dis
solved in 200 ml. of dry ether to give 1-deuterio-l-phenylethanol

(15) L .  M elander, “ Isotope Effects on Reaction R a te s ,”  Th e  Rona ld  
Press C o ., New  Y o rk , N . Y . ,  1960, p. 96.

(16) I .  A . Berste in , W . Bennett, and M . F ie ld s , J. Am. Chem. Sac., 74, 
5763 (1952).

after 2 hr. of refluxing followed .by hydrolysis with an ethanol- 
water mixture. The usual precautions to exclude water were ob
served prior to the hydrolysis. An excess of acetophenone was 
used, and the usual order of the addition was reversed in order to 
minimize the possibility of deuterium substitution at the 2- 
carbon.

In a similar manner 2,2,2-trideuterio-l-phenylethanol was 
prepared from trideuterioacetophenone and lithium aluminum 
hydride. The trideuterioacetophenone was prepared by shak
ing acetophenone with three successive portions of sodium deu- 
teroxide in excess deuterium oxide. Each shaking was con
tinued until the infrared spectrum of the acetophenone showed 
no further change. The first shaking required about 1 hr. and 
each of the others about 0.5 hr.

The 1,2,2,2-tetradeuterio-l-phenylethanol was prepared from 
trideuterioacetophenone and lithium aluminum deuteride in a 
similar fashion.

The 1-phenylethanols were converted to styrenes without 
purification or weighing. The over-all yields of styrene were 
around 18% based on the lithium aluminum hydride or deu
teride which was the limiting reagent in each case. The styrenes 
each showed only one peak in vapor phase chromatography.

To estimate isotopic purity, n.m.r. spectra of compounds III-  
VI were obtained in carbon tetrachloride solution. Each of 
these showed an aromatic band at r ~2.7 p.p.m. and a sharp 
singlet at r 6.65 p.p.m., attributed to the methoxy group. In 
addition III showed a band with the appearance of a triplet cen
tering at r 7.56 p.p.m., and a second triplet, with about half the 
intensity of the first, centering at 5.20 p.p.m. The former is 
attributed to the methylene group, the two protons being non
equivalent17 and each signal being split by the methine proton. 
If the central lines are unresolved, the band has the appearance 
of a triplet. The smaller triplet is attributed to the methine 
proton. Again a quartet is predicted but a triplet would result 
if the central lines were unresolved. In the spectrum of IV the 
larger triplet becomes, roughly, a doublet, and the smaller triplet 
all but disappears. From the residual intensity of the smaller 
triplet a minimum isotopic purity of 85% can be estimated. In 
the spectrum of V no trace of the larger triplet can be found, and 
the methine band appears as a single peak. Assuming that a 
peak twice the height of the noise would have been detected a 
minimum isotopic purity of 90% is estimated. Neither methyl
ene nor methine signal can be detected in the spectrum of VI and 
with the same assumption about detectability 90% isotopic 
purity is again estimated. The latter two values indicate that 
kju/kv and km /kvi given in Table I are not appreciably in error 
due to isotopic impurity. However it is possible that fcm/fciv 
may be in error by as much as a factor of 1.02 due to isotopic con
tamination. None of the conclusions discussed previously would 
be altered by such an error. The n.m.r. spectra were obtained on 
a Varian Model 4311 high resolution spectrometer operating at 
56 Me. Tetramethylsilane was used as an internal reference.18

(17) P . R . Shafer, D . R . D av is , M . Vogel, K .  N agara jan , and J .  D . 
Roberts, Proc. Natl. Acad. Sci., 47, 49 (1961).

(18) G . V . D . T ie rs , J. Phys. Chem., 62, 1151 (1958).
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Conditions are described for the preparation of 2-hydroxy-3,5-dimethoxyacetophenone and from this, 6,8- 
dimethoxyflavone and -flavonol, their 4'-methyl ethers, and the corresponding hydroxy compounds. Under 
mild demethylating conditions, 6,8-dimethoxyflavone and its derivatives suffer selective cleavage of the 6-meth- 
oxyl group giving compounds whose structures have been established by synthesis.

D e r iv a t iv e s  o f  6 ,8 -D e h y d r o x y f l a v o n e

6,8-Dihydroxyflavone and its derivatives have proved 
unexpectedly difficult to synthesize because the pre
ferred intermediate, 2-hydroxy-3,5-dimethoxyaceto- 
phenone, has been difficultly accessible. An account1 
of the preparation, in 4% yield, of 6,8-dimethoxyflavone 
by Mentzner’s method2 and a note3 on the synthesis of 
that compound and its 4'-methyl- ether by the present 
method have been published.

Since early attempts4 5 to synthesize 2,5-dihydroxy-3- 
methoxyacetophenone resulted in poor yields, an al
ternative route to this compound was examined. 2- 
Hydroxy-3-methoxyacetophenone was coupled with 
diazotized sulfanilic acid and the resulting azo dye 
reduced to 5-amino-2-hydroxy-3-methoxyacetophenone. 
Attempts to complete the final stage of the synthesis, 
namely replacement of the amino group by hydroxyl, 
were not successful immediately. This route, there
fore, was abandoned when it was found that the Elbs6'6 
persulfate oxidation of 2-hydroxy-3-methoxyaceto- 
phenone, under modified conditions, furnished the 
desired quinol in good yields. Partial méthylation of 
the quinol with molar quantities of methyl sulfate 
then gave 2-hydroxy-3,5-dimethoxyacetophenone.

The last compound was condensed with benzaldehyde 
and with anisaldéhyde» to give the corresponding chal- 
cones. Oxidative cyclization with selenium dioxide7 
then provided the flavones (I, R" = H and OCH3, R = 
R' = CH3) and treatment with alkaline hydrogen 
peroxide8 afforded the flavonols (II, R = R' = CH3, 
R" = H, and R = R' = CH3, R" = OCH3). On dé
méthylation by hydrobromic acid these furnished the 
corresponding hydroxyflavones (I, R = R' = R" 
= H and R = R' = H, R" = OH) and hydroxy- 
flavonols (II, R = R' = R" = H and R = R' 
= H, R" = OH). 3-Hydroxy-4,6,8-trimethoxyflavone 
proved unexpectedly difficult to demethylate in this 
way, but was smoothly converted to the tetrahydroxy 
compound by treatment with magnesium iodide.9

I II

(1) J .  E .  G ow an , S . P . M . R iogh , G . T .  M acM ahon , S . O 'C le irig h , E .  M . 
P h ilb in , and T .  S . W heeler, Chem. Ind. (London), 1672 (1955); Tetrahedron, 
2, 116 (1958).

(2) C . M entzner, D . M olho, and P . Vercie r, Compt. rend., 232, 1488 
(1951).

(3) T .  H . Simpson, Chem. Ind. (Lond on ), 1672 (1955).
(4) W . B aker, N . C . B ro w n , and J . A . Scott, J. Chem. Soc., 1922 (1939).
(5) K .  E lb s , J. prakt. Chem., 48, 179 (1893).
(6) W . B ake r and N . C . B row n , J. Chem. Soc., 2303 (1948).
(7) H . S . M ahal and K .  V enkataram an , ibid., 569 (1936). ,
(8) J .  A lgar and J . P . F ly n n , Proc. Roy. Irish Acad., 42B , 1 (1934).
(9) A . Schonberg and R . M oubasher, J. Chem. Soc., 462 (1944).

On heating with hydrobromic acid for much shorter 
periods than were necessary to achieve complete dé
méthylation, 6,8-dimethoxyflavone and 3-hydroxy-6,8- 
dimethoxyflavone were found to yield monomethyl 
ethers and 4',6,8-trimethoxyflavone a dimethyl ether. 
It seemed likely that these were 6-hydroxy compounds 
since the positive charge on the pyrone oxygen atom, 
arising either from direct protonation or from its con
jugation with the protonated ring carbonyl group, 
would be expected to hinder the approach of hydroxo
nium ions to the 8-methoxyl group. The 6-methoxyl 
group, being unconjugated with the pyrone carbonyl, 
would, in contrast, be expected to cleave readily.10 
Similarly, the dihydroxy compound obtained from 
4',6,8-trimethoxyflavone under slightly more vigorous 
conditions was expected to be 4',6-dihydroxy-8-methoxy- 
flavone. These predictions were confirmed by synthe
sis of authentic 6-hydroxy-8-methoxyflavones from 
appropriate isopropylated intermediates.11 2,5-Dihy- 
droxy-3-methoxyacetophenone was treated with iso
propyl sulfate giving 2-hydroxy-3-methoxy-5-isopro- 
poxyacetophenone, which on condensation with benz
aldehyde, anisaldéhyde, and with p-isopropoxybenz
aldehyde yielded the corresponding chalcones. De
hydrogenation with selenium dioxide and oxidation 
with alkaline hydrogen peroxide furnished the iso- 
propoxymethoxyflavones and -flavonols, which were 
then deisopropylated under mild conditions.

4'-Hydroxy-6,8-dimethoxyflavone, and -flavonol, re
quired to complete the series, were prepared in the 
same way from 4-benzyloxy-2'-hydroxy-3',5'-dimeth- 
oxychalcone with subsequent removal under acid condi
tions of the benzyl group.

Experimental
All melting points were determined on a Kofler block and are 

corrected.
2,5-Dihydroxy-3-methoxyacetophenone. (a).—The diazonium 

salt prepared from sulfanilic acid (0.28 g.) was added with shak
ing to an ice-cold suspension of 2-hydroxy-3-methoxyaceto- 
phenone12 (0.2 g.) in 4% aqueous sodium hydroxide (5 ml.). 
After 1 hr., the azo dye was collected, dissolved in 4% aqueous 
sodium hydroxide, reduced by the addition of excess sodium 
hydrosulfite, and the solution neutralized with hydrochloric acid. 
After being saturated with ammonium sulfate, the pale yellow 
solution was exhaustively extracted with ether and the extract 
evaporated in vacuo to give a residue which on crystallization 
from benzene-petroleum ether (b.p. 80-100°) furnished 5-amino- 
2-hydroxy-3-methoxyacetophenone as yellow prisms (0.09 g.), 
m.p. 145.5-147°.

Anal. Calcd. for C9H „03N; C, 59.7; H, 6.1; N, 7.7. 
Found: C, 59.8; H, 6.1; N, 7.6.

(10) T .  H . Simpson and J .  L .  Béton, ibid., 4065 (1954).
(11) T .  H . Simpson, Sci. Proc. Roy. Dublin Soc., 27, 111 (1956).
(12) W . B a ke r and A . R . Sm ith , J. Chem. Soc., 347 (1936).
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T a b l e  I 
C h a l c o n e s

R'O
» O H

R o k ^  CO -CH =CH -A <^ R "

M .p ., Y ie ld ,“ M olecular —-C a lc d .— > — Found— s
R R ' R« C rys ta llin e  form ” C . % form ula c H c H

CH3 c h 3 H Garnet prisms 81-83 80 C17H16O4 71.8 5.7 71.8 5.7
c h 3 c h 3 c h 3o Garnet prisms 121.5-122.5 85 C18H18O5 68.8 5.8 69.0 5.8
(CH3)2CH c h 3 H Red prisms 73-74 70 Ci 9H20O4 73.1 6.5 72.9 6.4
(CH3)2CH c h 3 c h 3o Red needles 112-113 70 C20H22O5 70.2 6.5 70.3 6.5
(CH3)2CH c h 3 (CH3)2CHO Red needles 92-94 70 C22H2605 71.3 7.1 71.3 7.1
c h 3 c h 3 c 6h 6c h 2o Red prisms 172-174 60 C24H2205 73.8 5.7 73.6 5.9

a Based on quantity of ketone.

T a b l e  II
F l a v o n e  D e r i v a t i v e s

R R ' R ' C ry s ta llin e  form
M .p .,
°C .

Y ie ld ,
%

M olecular
form ula c

Calcd
H O C H ,

------ -Fo u n d
C  H O C H ,

C H , C H . H Cream  colored needles 148-149 and° 75 C i.H sO .C O C H ,). 7 2 .3 5 .0 2 1 .9 7 2 .3 5 .1 2 2 . 0

C H , C H . C H ,0 Cream  colored needles

152-153
(dim orphic)

187-187.5 80 C 1.H 7O .C O C H ,), 6 9 .2 5 .2 2 9 .7 6 9 .3 5 .2 2 9 .7
(C H 3)2C H C H . H Colorless needles 150-151 70 CiaHisCh 7 3 .5 5 .9 7 3 .6 5 .8
(C H .) .C H C H . C H .O Cream  colored prism s 182-183 70 C 20H 20O5 70 .6 5 .9 7 0 .6 5 .8
(C H j) jC H C H , (C H ,) ,C H O Colorless prism s 94-96 65 C 22H 24O5 7 1 .7 6 .6 7 1 .7 6 .5
CHa CHa C .H .C & 0 Ye llo w  needles 183-185 70 C 24H 20O5 74 .2 5 .2 7 4 .3 5 .3
H H H Ye llo w  needles 278 dec.“ 80 C 16H 10O4 7 0 .9 4 .0 7 1 .0 4 .2
C H .C O C H .C O H Colorless needles 198-200° CxgHuOs 6 7 .5 4 .2 6 7 .4 4 .2
H H HO Ye llo w  needles >300 dec. 80 C 15H 10O6 66 .7 3 .7 6 6 .5 3 .7
C H .C O C H .C O C H .C O O Colorless needles 240-242 CiiH ieO s 63 .6 4 .1 6 3 .8 4 .2
C ,H , C 2H 5 C ,H ,0 Colorless prism s 161-162 C 15H702(0 C 2H6)3 7:. 2 6 .3 38 .1 71 .1 6 .3 3 8 .8
H C H , H Pale  yellow  needles 244-245 65 C i ,H 90 ,O C H , 7 1 .6 4 .5 11.6 7 1 .4 4 .6 1 1 .5
C H .C O C H , H Colorless needles 190-192 C 18H 1406 69 .7 4 .6 6 9 .8 4 .7
H C H , C H .O Ye llo w  needles 257-259 dec. 60 Ci.HaOaCOCH,). 6 8 .5 4 .7 2 0 .8 68.4 4.8 2 0 .5
C H .C O C H . CHaO Colorless needles 206-209 CigHieOe 67.1 4 .8 6 7 .0 4 .9
H C H , HO Ye llo w  needles > 288 dec. 60 C 15R 9O4O C H 3 6 7 .6 4 .3 10 .9 6 7 .8 4 .2 10.6
C H .C O C H , C H 3COO Colorless needles 215-217 C 20H 16O 7 6 5 .2 4 .4 65 .1 4 .3
C H . CH s HO Pale  ye llow  prism s 199-200 85 C i.H sO .C O C H ,). 6 8 .5 4 .7 2 0 .8 6 8 .3 4 .7 2 0 .5
C H . C H s CH sCO O Colorless needles 172-175 CigHieOs 6 7 .0 4 .8 67 .1 4 .8
s See ref. 1.

Attempts to convert this compound to the corresponding 
quinol by diazotization and hydrolysis or to the intermediate 
quinone by oxidation were unsuccessful.

(b).—A saturated solution of potassium persulfate (18 g., 0.066 
mole) at 0° was added during 2 hr. to an ice-cold suspension of 
2-hydroxy-3-methoxyacetophenone (10 g., 0.06 mole) in 10% 
aqueous sodium hydroxide (60 ml., 0.15 mole) containing sodium 
sulfite (7.6 g.); stirring was continued and the temperature main
tained at 0° for a further 18 hr. The solution was then neutralized 
by hydrochloric acid, precipitated starting ketone (1.2 g.) re
covered, and filtrate extracted with ether (three 50-ml. portions). 
Benzene (300 ml.) and sodium sulfite (7 g.) were added to the 
aqueous liquor, the mixture made strongly acid by the addition 
of concentrated hydrochloric acid (100 ml.), and then heated 
under reflux for 20 min. After cooling, the benzene layer was 
separated and the aqueous layer extracted with ether (four 100- 
ml. portions). Evaporation of the combined benzene and ether 
extracts to low bulk and cooling furnished 2,5-dihydroxy-3- 
methoxyacetophenone in yellow prisms (2.8 g.), m.p. 173-176°, 
which after crystallization from benzene and from water had m.p.
172-174° (lit.4 m.p. 172°). Its diacetate formed colorless plates, 
m.p. 127-128° (lit.4 m.p. 127°), from methanol.

2-Hydroxy-3,5-dimethoxyacetophenone and 2-Hydroxy-3- 
methoxy-5-isopropoxyacetophenone.—A solution of the fore
going quinol (5 g.) and methyl sulfate (4.2 g.) in acetone (50 ml.) 
was refluxed with excess anhydrous potassium carbonate in an 
atmosphere of carbon dioxide. After 3 hr. the mixture was 
filtered, the combined filtrate and washings evaporated in vacuo, 
and the residue dissolved in ether (100 ml.). After washing 
with 2% aqueous sodium carbonate (three 20-ml. portions), the 
ether layer was extracted with aqueous sodium hydroxide (4%,

six 150-ml. portions) and the extract acidified. 2-Hydroxy-3,5- 
dimethoxyacetophenone was obtained in yellow needles (2.9 g.), 
m.p. 84-86°, from ethanol.

Anal. Calcd. for C8H60 2 (OCH3)2: C, 61.2; H, 6.2; OCH„
31.6. Found: C, 61.4; H, 6.2; OCH,, 31.3.

It gave an intense red ferric coloration in ethanol. Its 2,4- 
dinitrophenylhydrazone formed red needles, m.p. 246-248°, from 
n-butyl alcohol.

Anal. Calcd. for CuHieCbN^ C, 51.1; H, 4.3; N, 14.9. 
Found: C, 51.1; H, 4.2; N, 14.8.

Partial isopropylation of the same quinol (5 g.) with isopropyl 
sulfate (6 g.) was carried out in the same way and furnished 2- 
hydroxy-3-methoxy-5-isopropoxyacetophenone in yellow prisms 
(2.5 g.), m.p. 70-72°, from aqueous ethanol; it gave a red 
ethanolic ferric coloration.

Anal. Calcd. for C^HibCV. C, 64.3; H, 7.2. Found: C, 
64.2; H, 7.2.

Its 2,4-dinitrophenylhydrazone formed red needles, m.p. 242- 
245°.

Anal. Calcd. for Ci8H20O7N4: C, 53.5; H, 5.0; N, 13.9. 
Found: C, 53.5; H, 4.8; N, 13.9.

Preparation of Chalcones.—Aqueous sodium hydroxide (3 g.) 
was added with shaking to a solution of one of the o-hydroxy 
ketones described before (1 g.) and an excess of the appropriate 
aldehyde, viz., benzaldehyde (1.5 g.), anisaldehyde (1.5), p-iso- 
propoxybenzaldehyde (2-3 g.), or p-benzyloxybenzaldehyde (3 g.) 
in ethanol (10 ml.). After 1 hr., the reaction product was diluted 
with water, acidified, and extracted with ether. The extract 
was then washed in succession with 2% aqueous sodium hydrogen 
carbonate, 25% aqueous sodium hydrogen sulfite, and then 
water. Evaporation of the ether furnished the chalcone which
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T a b l e  III
F l a v o n o l  D e r iv a t iv e s

D erivatives op 6 ,8 -D ehydroxyflavone 2 1 0 9

R R ' R" R " ' C rystalline form
M .p.,
°C.

Yield
%

M olecular
form ula c Calcd.

H OCHa C
Found------- •

H  OCHa
H CHa CHa H Cream  colored prism s 198-200 66 CwHsCMOCHah 68 .5 4 .7 20 .8 68.4 4 .7 21.1
CHaCO CHj CHa H Colorless needles 194-196 CisHieOs 67.1 4 .8 67 .0 4 .8
CHj C H j CHa H Colorless plates 165-166 CisHyCMOCHak 69 .2 5 .2 29 .8 69.4 5 .4 29.9
H CHa CHa CHaO Cream  colored prism s 218-220 75 CifiHiCMOCHsh 65 .9 4 .9 2 7 .8 65 .8 4 .7 28.0
CHaCO CHa CHa CHaO Colorless needles 119-122 C20H 18O7 64.9 4 .9 64 .8 4 .8
C H j CHa CHa CHaO Colorless prism s 164-165 and Ci5H60 2(0CH8)4 66 .7 5 .3 36 .3 66 .7 5 .2 36.4

H (CHj)aCH CHa H Cream  colored needles

167-168
(dim orphic)

183-184 60 CigHisOe 69.9 5 ,6 69 .7 5 .5
CHaCO (C H j)jCH CHa H Colorless prisms 205-206 C21H 20O6 68 .5 5 .5 68 .5 5 .5
H (CHa)jCH CHa CHaO Cream  colored prism s 163-164 65 C20H 20OB 67.4 5 .7 67.4 5 .7
C H jCO (CHs)jCH CHa CHaO Colorless prism s 178-180 C22H 22O7 66.3 5 .6 66.6 5 .6
H (C H s) jCH CHa (CHa)jCHO Pale yellow needles 152-155 and 60 C22H 24O6 68.7 6 .3 68 .7 6 .2

CHsCO (C H j)jCH CHa (CHa)aCHO Colorless needles

160-161
(dim orphic)

155-156 C24H 26O7 67.6 6 .2 67 .7 6 .2
H C H j C H j CaHsCHaO Yellow needles 198-200 65 C24H 20O6 71 .3 5 .0 7 1 .5 4 .8
CHaCO CHa CHa CHaCHaO Colorless prisms 191-193 C28H22O7 69 .9 5 .0 70.1 5 .2
H H H H Yellow needles 257-260 85 C15H 10O5 66.7 3 .7 66 .7 3 .9
CHjCO CHaCO CHaCO H Colorless needles 181-183 C21R 16O8 63.6 4 .1 63.7 4 .2
H H ' H HO Pale yellow needles > 300  dec. 55 CisHioOe 62.9 3 .5 62.9 3 .7
C H jCO CHsCO CHaCO CHaCOO Colorless needles 211-213 C2sHl80lO 6 0 .8 4 .0 60.9 4.1
H H CHj H Colorless needles 258-262 dec. 65 CuH 90 4 .0 .C H 3 67.6 4 .3 10.9 67 .7 4 .2 10.7
CHjCO CHaCO CHa H Colorless needles 211-212 C20H 16O7 65 .2 4 .4 65.1 4 .4
H H CHa CHa Pale yellow needles 258-264 dec. 65 Cl5H804(0CH3)2 65 .0 4 .5 19.7 64.9 4 .3 20.1
CHjCO CHaCO CHa CHa Colorless prism s 176 and  194.5 C2IH1808 63 .3 4 .6 63 .3 4 .6

H H CHa HO Pale yellow needles
(dimorphic) 

>300° dec. 65 CuPUOeOCHa 64 .0 4 .0 10.3 64 .0 4.1 10.4
CHaCO CHaCO CHa CHaCOO Colorless needles 219-222 C22H 18O 9 62.0 4 .3 62 .0 4 .4
H CHa CHa HO Pale yellow needles 260 dec. 80 ClfiHsOiiOCHs^ 65 .0 4 .5 19.7 65 .0 4 .4 19.3
CHsCO CHa CHa CHaCOO Colorless needles 188-191 C21H 18O8 63.3 4 .6 6 3 .5 4 .8

was purified by crystallization from ethanol, in the case of 
methyl ethers, or in the case of isopropyl compounds, petroleum 
ether (80-100°). Melting points and crystalline forms of the 
chalcones together with the results of microanalyses are reported 
in Table I.

Oxidation of Chalcones with Selenium Dioxide.—A solution of 
the appropriate chalcone (1 g.) and excess selenium dioxide 
(resublimed, 3 g.) in ra-pentyl alcohol (25 ml.) was heated under 
reflux for 18 hr., filtered, the residue washed repeatedly with 
boiling ethanol, and the combined filtrate and washings distilled 
in steam to remove the pentanol. The remaining solid was dis
solved in chloroform, dried, and chromatographed on a column of 
alumina (Spence, grade “O” ) using chloroform as the eluent). 
Final purification of the flavone was achieved by crystallization 
from ethanol and from petroleum ether (b.p. 80-100°).

Analytical data, melting points, etc., of flavones prepared by 
this method are listed in the first section of Table II.

Oxidation of Chalcones with Alkaline Hydrogen Peroxide.— 
The following general method was used for the preparation of 
flavonols from chalcones. Aqueous sodium hydroxide (4%, 
30 ml.) and hydrogen peroxide (100 vol., 10 ml.) were added in 
succession to a solution of the appropriate chalcone (200 mg.) in 
hot ethanol (15 ml.). After 15 min., the pale yellow solution was 
acidified and the precipitated flavonol then purified by crystalli
zation from ethanol. Melting points, analytical data, etc., 
are listed in the first section of Table I I I . Acetates were prepared 
by the acetic anhydride-pyridine method and were crystallized 
from ethanol; methyl ethers were prepared by reaction with 
methyl sulfate in aqueous ethanolic sodium carbonate. All the 
flavonols gave intense red-brown colorations with ferric chloride 
in ethanol.

Complete Demethylation of Flavones and Flavonols.—A
solution of the methoxy compound (200 mg.) in aqueous hydro- 
bromic acid (48% w./w., 80 ml.) was heated under reflux for 
5 hr., diluted with water, and partially neutralized with sodium 
hydroxide. The precipitated hydroxy compound was filtered, 
washed with water until neutral, and purified by crystallization 
from aqueous acetic acid and from aqueous ethanol.

3-Hydroxy-4' ,6,8-trimethoxyflavone furnished only a poor 
yield of the desired tetrahydroxy compound, contaminated 
with much intractable resin when it was demethylated by the

previous method; therefore, the following procedure was used. 
A solution of magnesium iodide, prepared from iodine (500 mg.) 
and excess magnesium in anhydrous ether (50 ml.), was added to
3-hydroxy-4',6,8-trimethoxyflavone (50 mg.) in anhydrous 
benzene (20 ml.), the solvents were evaporated in vacuo, and the 
residue heated to 180° for 2 hr. The complex was then decom
posed with dilute sulfuric acid and the precipitate collected and 
dissolved in boiling water. After being thrice extracted with 
boiling benzene, the aqueous solution was cooled, depositing 
3,4' ,6,8-tetrahydroxyflavone.

All the hydroxyflavonols prepared by these methods gave dark 
brown colorations with ferric chloride in ethanol; hydroxyfla- 
vones gave negative ferric reactions. Melting points, analytical 
results, etc., of these compounds and of their acetates, prepared 
by the pyridine-acetic anhydride method and crystallized from 
ethanol, are listed in the second section of Tables II and III.

Partial Demethylation of Flavones and Flavonols. (a) 6- 
Hydroxy-8-methoxyflavone.—A solution of 6,8-dimethoxyfla- 
vone (170 mg.) in acetic acid (3.5 ml.) and hydrobromic acid 
(48% w./w., 25 ml.) was refluxed for 12 min., diluted with 
water, treated with sodium hydroxide, and extracted with ether 
to remove unchanged starting material. Acidification furnished 
a precipitate from which a small quantity of dihydroxyflavone 
was obtained by crystallization from aqueous ethanol. Chroma
tographic examination of the residue (85 mg.) on “Separa” 
paper using the upper phase of benzene-pyridine-water (100: 
0.6:100) as irrigant, showed it to contain two hydroxymethoxy- 
flavones, one in relatively small concentration. Two crystalliza
tions from benzene furnished pure 6-hydroxy-8-methoxyflavone 
(45 mg.).

(b) 6-Hydroxy-4,8-dimethoxyflavone.—A solution of 4',6,8- 
trimethoxyflavone (150 mg.) in acetic acid (4 ml.) and hydro- 
bromic acid (48% w./w., 50 ml.) was refluxed for 20 min., 
diluted with water, and brought to pH 5.0 with sodium 
hydroxide. The resulting precipitate was dissolved in boiling 
aqueous acetic acid (50%, 50 ml.), the solution thrice 
extracted with boiling petroleum ether (b.p. 100-120°, 20 ml.), 
and the raffinate cooled, depositing needles (90 mg.). Crystal
lization from benzene-petroleum ether and from aqueous ethanol 
furnished 6-hydroxy-4',8-dimethoxyflavone (65 mg.).

(c) 4',6-Dihydroxy-8-methoxyflavone.—A solution of the
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trimethoxyflavone in the same quantities of acetic and hydro- 
bromic acid as in the last experiment was refluxed for 40 min., 
diluted with water, neutralized, and the resulting precipitate 
dissolved in aqueous acetic acid (50%, 50 ml.) and extracted with 
boiling benzene (three 20-ml. portions). The cooled aqueous 
liquors deposited a solid which, after trituration with boiling 
benzene and crystallization from aqueous acetic acid, affordec 
4', 6-dihy droxy-8-methoxyflavone.

(d) 3,6-Dihydroxy-8-methoxyflavone.—3-Hyd roxy-6,8-m eth
oxy flavone (100 mg.) was partially demethylated in boiling 
acetic (5 ml.) and hydrobromic acids (48% w./w., 40 ml.) 
during 15 min., the product isolated as before, and dissolved in 
boiling aqueous acetic acid (50%, 75 ml.). After extraction 
with boiling petroleum ether (100-120°, three 20-ml. portions), 
the aqueous liquors were heated with charcoal. The yellow 
needles obtained on cooling were crystallized from benzene- 
petroleum ether and then from aqueous ethanol yielding 3,6- 
dihydroxy-8-methoxyflavone (24 mg.).

The melting points of these compounds were undepressed on 
admixture with the appropriate authentic specimen obtained 
from the corresponding isopropoxymethoxyflavone. All four 
compounds were readily soluble in aqueous sodium hydroxide but 
only the flavonol gave a ferric coloration (dark brown in ethanol). 
Analytical data, etc., of these compounds and their acetates, 
crystallized from ethanol or aqueous ethanol, are summarized in 
the third sections of Tables II and III.

Deisopropylation of Methoxyisopropoxyflavones.—The follow
ing general method of effecting selective cleavage of the isopropyl 
groups of isopropoxymethoxy compounds was employed. To a

solution of the isopropoxymethoxyflavone or -flavonol (150 mg.) 
in boiling acetic acid (2 ml.), boiling hydrobromic acid (48% 
w./w., 10 ml.) was added; the mixture was heated for a further 
3 min. and poured into water (100 ml.). The resulting solid was 
collected, washed with water, and freed from starting material 
either (if a flavone) by dissolving in aqueous sodium hydroxide 
and extracting uncleaved ethers with benzene or (if a flavonol) 
by dissolving in boiling aqueous acetic acid (1:1, 180 ml.) and 
extracting these with boiling petroleum ether (b.p. 100-120°, 
three 2-ml. portions). Purification from demethylated compounds 
was then effected by crystallization from aqueous acetic acid or 
aqueous methanol. The characteristics of hydroxymethoxy- 
flavones and -flavonols prepared in this way, and of their ace
tates are listed in the third sections of Tables II and III.

4'-Hydroxy-6,8-dimethoxy- and 3,4'-Dihydroxy-6,8-dimeth- 
oxyflavones.—The corresponding 4-benzyl ethers (150 mg.) 
were dissolved in acetic acid (10 ml.) and concentrated hydro
chloric acid (10 ml.), heated in the steam bath for 1 hr., and 
evaporated in vacuo. Crystallization of the residue from 
aqueous ethanol furnished the 4'-hydroxyflavones; melting 
points, analytical data, etc., of these compounds and of their 
acetates are recorded in the third sections of Tables II and III.

Acknowledgment.—The work described in this paper 
forms a part of the program of the Torry Research 
Station of the Department of Scientific and Industrial 
Research.
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Ketalization of testosterone acetate with ethylene glycol by conventional methods with a low concentration 
of p-toluenesulfonic acid catalyst produced a mixture of 3,3-ethylenedioxyandrost-4-en-17/S-ol acetate and the 
well known A5-ketal. Under similar conditions, analogous results were obtained with testosterone. The struc
tures of these new isomeric ketals have been demonstrated by both chemical and physical methods. The A4-ketal 
of testosterone acetate has been converted by acid catalysis to its A6-isomer.

During the preparation of the ethylene glycol ketal 
of testosterone acetate (3,3-ethylenedioxyandrost-5-en- 
17/j-ol acetate) as an intermediate for other work, a 
compound having markedly different physical proper
ties was isolated in fair yield (34%), in addition to the 
desired product. The analytical data of the new com
pound were correct for the desired A6-ketal, but the 
compounds differed in melting point (159-161° vs. 202- 
204° for the known2 ketal) and in optical rotation 
(+80.0° vs. —52.1° for the known ketal). Neither 
compound absorbed in the ultraviolet region of the 
spectrum. A comparison of the infrared spectra showed 
only minor differences, the most notable of which was 
the appearance of a weak absorption band at 6.04-
6.05 p in the spectrum3 of the isomeric compound; a 
less well defined weak band appeared in the spectrum of 
the known ketal just below 6.00 p. These observations 
led to the tentative conclusion that the isomeric ketal 
(II, see Fig. 1) possessed a double bond in position 4,5 of 
the steroid nucleus, in contrast to the 5,6-double bond 
of the known compound.

(1) A bstracted  in p a rt from the Ph.D . d isserta tion  of J . W. D ., Rensselaer 
Polytechnic In s titu te , Jan u ary , 1962.

(2) R. Antonucci, S. Bernstein, R . Lenhard, K. J . Sax, and  J. H . Williams, 
J .  O r g .  C h e m . ,  17, 1341 (1952).

(3) G. R oberts, B. S. Gallagher, and  R. N. Jones, “ In frared  A bsorption 
Spectra of Stero ids," Vol. I I , Interscience Publishers, Inc., New Y ork, N. Y., 
1958, p. 11. A5-St-eroids are reported to absorb in th e  5.97-6.00-/* region, 
and  A4-com pounds a t c a .  6-04 /*.

Saponification of the acetoxy ketal II led to a hydroxy 
ketal III which was isomeric with the known A6-ketal2 of 
testosterone. Differing physical properties were evident 
here as with the 17/3-acetoxy compounds; there was a 
different melting point (225-232° vs. 185-187° for the 
known A6-ketal) and a difference in optical rotation 
(+95.1° vs. —45.5° for the A6-isomer). In addition, 
the infrared spectrum of the new hydroxy ketal dis
played a weak absorption band at 6.04 p in contrast to 
the 5.98-m band3 of the known A6-compound2 V.

By azeotropic ketalization of testosterone (IV) under 
similar conditions the A4-ketal of testosterone III was 
prepared in 30% yield, along with the known A6-ketal 
V (26% yield). Compound III was identical with 
that obtained by saponification of the A4-ketal of testos
terone acetate and could be converted to the latter by 
acetylation (see Fig. 1).

Of particular interest were the molar rotational dif
ferences between the members of each pair of isomeric 
compounds.

M d of A4-17^-Acetoxy ketal II ( +300) minus &Md

M d of A6-17/3-Acetoxy ketal VI ( — 195) = 495

Mv> of A4-17/3-Hydroxy ketal III (+320) minus
Md of A6-17/3-Hydroxy ketal V ( — 151) = 471
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The predicted4 difference ( A M d ) between the molar 
rotations of two isomeric steroids unsaturated between 
positions 4,5, and 5,6 is 492. This close correlation 
supported the conclusion that the new steroidal ketals 
were indeed A4-isomers of their known A6-counterparts.

A recent communication6 reports the preparation and 
yields of a series of nine steroidal A4-3-ethylene ketals 
by substitution of weaker acids (adipic and oxalic) for 
the p-toluenesulfonic acid customarily employed as 
catalyst. A4-3-Ketals of testosterone and of 6-dehy- 
drotestosterone (see following) were among those 
reported; although physical constants and experi
mental conditions were not described, the broad gen
erality of A4-3-ketal preparation was amply demon
strated by the wide variety of A4-3-keto steroids which 
were similarly ketalized in that study. It is of interest 
that in most cases Brown, Lenhard, and Bernstein 
found that adipic acid catalyzed the formation of A4- 
ketals only, and that catalysis by the stronger oxalic 
acid led to the generation of a mixture of A4- and A5- 
ketals; congruently, our products from catalysis with 
small amounts of the much stronger p-toluenesulfonic 
acid were also mixtures of A4- and A6- ketals.

Attempts in this laboratory to epoxidize the A4-ketal 
in order to establish the location of the double bond in a 
manner analogous to the scheme of Fernholz and

(4) L. F. Fieser and M. Fieser, “ S teroids,” Reinhold Publishing Corp., 
New York, N. Y., 1959, p. 178.

(5) J. J. Brown, R. H. Lenhard, and S. Bernstein, B x p e r i e n t i a ,  18, 310
(1962).

Stavely6 were unsuccessful. Commercial 40% peracetic 
acid contains appreciable amounts of mineral acid which 
hydrolyzed the ketal despite buffering with sodium 
acetate. Monoperphthalic acid did not effect epoxida- 
tion, probably due to steric hindrance by the dioxolane 
ring to approach of the reagent to the 4,5-double bond.

The structure proof employed by Antonucci, et al.,2 
for the A6-ketal, involving allylic bromination with N- 
bromosuccinimide, dehydrohalogenation, acid hydrol
ysis, and identification of the resulting dienone as 
androsta-5,7-dien-17/3-ol-3-one, was then applied. 
To provide an authentic sample of 3,3-ethylenedioxy- 
androsta-4,6-dien-17/3-ol acetate (IX), the expected 
product of the application of a similar reaction sequence 
to the A4-ketal II, androsta-4,6-dien-17/3-ol7 (VII) was 
ketalized with glycol and p-toluenesulfonic acid by 
azeotropic distillation in benzene8 to give 3,3-ethylene- 
dioxyandrosta-4,6-dien-17/3-ol (VIII) in 30% yield. 
Evidence that the 4,6-diene structure was not isomerized 
during ketalization was provided by the ultraviolet 
spectrum of VIII, which displayed characteristic9 ab-

(6) E. Fernholz and H. E . Stavely, A bstracts  of Papers, 102nd N ational 
M eeting of the American Chem ical Society, 1941, p. 39M .

(7) C. D jerassi, G. Rosenkranz, J. Romo, St. K aufm ann, and J. Pataki, 
J .  A m .  C h e m .  S o c . ,  72, 4354 (1950).

(8) In  an earlier report [S. Bernstein, W. S. Allen, M. Heller, R. H. Len
hard, L. I. Feldm an, and R . H. Blank, J .  O r g .  C h e m . ,  24, 286 (1959)] it was 
s tated  th a t the A4,6-3-keto m oiety is unr.eactive under these conditions. 
G. J. Fonken, i b i d . ,  26, 2549 (1961), has, however, described the  preparation  
of the  A4,6-3,3-ethylenedioxy derivatives of A4,6-cholestadien-3-one and of 
A4.6,22_erg08t atrien-3-one by standard  m ethods.

(9) L. Dorfm an, C h e m .  R e v . ,  53, 55 (1953).
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sorption for the 4,6-dien-3-alkoxy structure at 234, 239, 
and 248 m/i. Acetylation of VIII then provided the 
desired 17/3-acetoxy compound IX .10

Bromination of the A4-ketal II with N-bromosuc- 
cinimide in carbon tetrachloride afforded a monobromo 
ketal, isolated in 60% yield, whose analysis and infrared 
spectrum agreed with its formulation (later demon
strated) as 6a-bromo-3,3-ethylenedioxyandrost-4-en- 
17/3-ol acetate (X). When the total crude product from 
the bromination of II was heated in a boiling solution of 
4% s-collidine in xylene, only a trace of collidine hydro
bromide was produced. When the process was repeated 
in boiling s-collidine, only 38% of the material was de- 
hydrobrominated, based on the collidine hydrobromide 
isolated; in addition, 52% of the starting bromo ketal 
was recovered. As an alternative, the dehydrohalo- 
genation conditions of Joly and co-workers11 were 
employed. The total crude bromination product of II 
was heated with lithium bromide and lithium carbonate 
in dimethylformamide at 100° and the crude product 
(in 60% yield) was shown by ultraviolet analysis to be a 
mixture of the 4,6-diene-3-ketal IX (27%) and the 4,6- 
dien-3-one XI (63%). Hydrolysis of this mixture with 
dilute methanolic hydrochloric acid afforded a 48% 
over-all yield of androsta-4,6-dien-17/3-ol (VII). The 
location of the bromine substituent in X was thus shown 
to be at C-6; consequently, the double bond of the new 
ketal must be in the 4,5-position.

Cleavage of X under mild conditions, in acetone at 
room temperature with p-toluenesulfonic acid, afforded 
a bromo ketone XII isomeric with the known7 6,8-bromo- 
testosterone acetate. The 6 a-bromo epimer has not 
been reported in the literature; however, both its ultra
violet spectrum and optical rotation fall into the pattern 
established by the properties of other 6-halogenated A4-
3-ones. In a recent summary of the ultraviolet spectra 
of 6-substituted A4-3-keto steroids, Ringold and Bowers12 
concluded that 6a-bromo compounds exhibit hypso- 
chromic shifts of 3 to 4 mp in the ultraviolet compared 
to the parent A4-3-ketones and the 6/3-bromo epimers 
show bathochromic shifts of the order of 6 to 8 m/t. 
Fieser and Fieser13 have compared the optical rotations 
of epimeric pairs of 6-chloro- and 6-bromocholestenones. 
Between these closely analogous compounds, dextro
rotatory changes of 45° and 47° are found, respectively, 
on going from the 6/3- to the 6a-epimers. Therefore, the 
new bromo ketone XII was formulated as 6a-bromo- 
testosterone acetate on the basis of its optical rotation 
and ultraviolet spectrum. The properties of the two 
bromo ketones are summarized in Table I.

When 6/3-bromotestosterone acetate (XIII) was ex
posed to the reagents and conditions employed in the ace- 
tonolysis of the bromo ketal X, little change in its proper
ties was observed, indicating that little or no epimeriza- 
tion of the 6/3-bromine had occurred. Exposure to the 
epimerization conditions14 of Bowers and co-workers 
(hydrogen chloride in glacial acetic acid at room tem-

(10) The A4- and A4,6-ke ta ls  were found to  be unusually  sensitive to 
hydrolysis; storage in a vacuum  desiccator over potassium  hydroxide is de
sirable. In terestingly , th e  170-hydroxy-A4-ketals were observed to  be more 
resistan t to  accidental hydrolysis th a n  the ir acety ia ted  coun terparts . 
Largely for th is reason, ketalization of the  170-hydroxy com pound followed 
by acety la tion  was found to be more satisfactory  for p repara tive  purposes.

(11) R . Joly, J . W arnan t, G. Nomine, and D . Berlin, B u l l . s o c .  c h i m  

F r a n c e ,  366 (1958).
(12) H. J . R ingold and A. Bowers, E x p e r i e n t i a ,  17, 65 (1961).
(13) L. F . Fieser and  M . Fieser, “ S tero ids,- Reinhold Publishing Corp., 

New York, N . Y .t 1959, p. 291.

T a b l e  I
Com pound M .p.,a °C.

6a-Bromotestosterone 145-146 
acetate (XII) (dec.)

6/3-Bromotestosterone 147-148 
acetate“1 (XIII) (dec.)

Testosterone acetate (I) 140-142

[a]!5D6 Xmax mji ( e ) c

+57.6° 237 (13,600)

-13 .0° 248 (13,300)

+  96° 241 (16,000)
“ Uncorrected. 6 In chloroform solution. 0 In ethanol solu

tion. d This was a sample prepared in this laboratory by the 
method of ref. 7, where constants reported were m.p. 140-142°, 
[a] md -16°, XmME 248 mM (e 15,500).

perature) converted it to 6 a-bro mo testosterone acetate 
in good yield.

From the foregoing observation it is inferred that 
during mild acetonolysis of the bromo ketal X to 6 a- 
bromotestosterone acetate (XII), no epimerization of 
the bromine substituent at C-6 occurred. Conse
quently, bromination of the A4-ketal II with N-bromo- 
succinimide must have afforded the (equatorial) 6 a- 
bromo ketal directly; in contrast, N-bromosuccinimide 
bromination of testosterone acetate appears to yield 
only the (axial) 6/3-epimer XIII.

Exposure of the pure bromo ketal X to boiling s-colli- 
dine for three hours did not effect substantial dehydro- 
halogenation and 80% of the starting material was re
covered. This lack of reactivity is presumably due to 
the absence of a suitably oriented hydrogen atom on 
C-7; there is no hydrogen trans and coplanar to the equa
torial bromine on C-6 to provide the basis for an E2 
elimination reaction under the influence of the nucleo
phile, s-collidine.

In a brief series of ketalization experiments with 
testosterone acetate the concentration of catalyst (p- 
toluenesulfonic acid) was varied, with the other com
ponents and the duration (seven hours) held constant. 
An ultraviolet absorption assay of the crude product 
was used to determine the extent of reaction. Tripling 
of the catalyst concentration (from 0.00037 M  to 0.0011 
M) was found to increase the yield of total ketals from 
49% to 76%. The proportions of A4- and A6-isomers 
produced were not determined in these experiments. 
Other experiments showed that employment of dif
ferent quantities of ethylene glycol, which existed as a 
separate phase during the reaction, as expected had no 
appreciable effect on the yield.

In preparative experiments with testosterone acetate 
a 0.0011 M  catalyst concentration and 0.043 M  steroid 
concentration appeared to be optimum for A4-ketal 
production. With testosterone, preparation of the A4- 
ketal was effected best when both of these concentra
tions were doubled. In the ketalization of the less reac
tive androsta-4,6-dien-17/3-ol a somewhat higher con
centration of catalyst was employed, 0.042 M  steroid 
and 0.003 M  catalyst.

A most interesting observation was that the A4-ketal 
II could be converted to its A6-isomer VI in boiling 
benzene by a tenth-molar quantity of /^-toluenesulfonic 
acid. The crude yield was 45% and no other crystal
line product was obtained. Similar results were ob
tained with the A4-ketal of testosterone (III). The 
fact that the use of a low catalyst concentration favors 
formation of the A4-ketal, coupled with the demon-

(14) A. Bowers, E . D enot, M . B. Sanchez, and  H. J . Ringold, T e t r a h e d r o n ,  
7 ,  153 (1959).
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strated isomerization of the ketal to its A6-isomer under 
what are essentially the usual conditions for the prep
aration of the A6-ketal, has led to the hypothesis that 
the A4-compound is an intermediate in the formation 
of the A6-product usually isolated.

The mechanism of formation of the unsaturated 
ketals is still uncertain. Brown, Lenhard, and Bern
stein6 advanced a reasonable explanation for the forma
tion of both the a,fi- and /3,7-unsaturated compounds 
through 1,2-addition of the hydroxyl function to either 
of the intermediate dienol ethers A or B, respectively 
(see. Fig. 2).

An alternative explanation may be advanced, based 
partly on Djerassi and Gorman’s mechanism.15 16 The 
precursor of the A2 4-enol ether A can be represented as 
E (see Fig. 2). Displacement, rather than elimination 
at this point, would lead to the protonated ketal F .16 
Simple loss of a proton would give C, the A4-ketal. 
Deprotonation by attack of a base on an allylic proton 
at C-6 (represented by G) would afford B and then D, 
the A6-ketal, by 1,2-addition. This alternative course 
leading to the A6-ketal may well be greatly assisted by 
the presence of larger amounts of catalyst. The scheme 
outlined also provides a rationale for the demonstrated 
isomerization of the A4-ketal structure to its A6-isomer; 
by reprotonation of the A4-ketal, the intermediate F is 
formed, which can then lose a proton by the alternate 
path leading eventually to the A6-ketal D. Further 
experimentation will be necessary to verify these specu
lations.

Experimental
Melting points were determined in capillaries and are uncor

rected. Ultraviolet spectra were measured with solutions in 
ethanol and infrared spectra were determined with potassium 
bromide pellets (1% by weight). Optical rotations were 
measured with 1% solutions in chloroform.

3,3-Ethylenedioxyandrost-4-en-17/3-ol Acetate (II).—Testos
terone acetate (I, 5.0 g., 16 mmoles, m.p. 140-142°) was 
ketalized by azeotropic distillation2 for 4 hr. in 375 ml. benzene 
with 80 mg. (0.42 mmole) of p-toluenesulfonic acid monohydrate 
and 23 ml. of ethylene glycol. Recrystallization of the crude 
solid product from a mixture of acetone and methanol afforded
1.91 g. of needle like crystals of the A4-ketal II, m.p. 152-155° 
(33.7%). The compound showed strong ether absorption (10.55 
p) and acetate carbonyl absorption (5.78 p) in the infrared, plus a 
weak band at 6.04 p attributed to the 4,5-double bond. An 
analytical sample, prepared by several recrystallizations from 71- 
hexane containing a trace of pyridine, had m.p. 159-161°, 
[a]25 d +80.0°.

Anal. Caled. for CaH,40 4: C, 73.76; H, 9.15. Found: C, 
73.69; H, 9.30.

Concentration of the recrystallization liquors led to the crystal
lization of 2.0 g. (35.3%) of the known A6-isomer VI, m.p. 202- 
204°, [a]25d -51°; lit.2 m.p. 203-205°, [a]29D -52.1°.

Saponification of 3,3-Ethylenedioxyandrost-4-en-170-ol Acetate 
(II).—Saponification of II (1.00 g., 2.67 mmoles) in refluxing 
aqueous ethanolic potassium hydroxide for 1 hr. afforded 0.90 g. 
of 3,3-ethylenedioxyandrost-4-en-17)3-ol (III), m.p. 218-229°. 
Two recrystallizations from acetone containing a trace of pyridine 
gave the analytical sample, m.p. 224-230°, [a]26D +96.4°. 
The compound did not absorb in the ultraviolet; in the infrared 
spectrum, a hydroxyl band appeared at 2.90 p ,  plus a band at
6.04 p attributed to the A4-olefinic bond; ketal ether bands re
mained intact.

Anal. Caled. for CsiHssOs: C, 75.86; H, 9.70. Found: C, 
75.57; H, 9.68.

(15) C. D jerassi and M. G orm an, J .  A m .  C h e m .  S o c . ,  76, 3704 (1953).
(16) Such a displacem ent was envisioned by  D jerassi and G orm an in  the

form ation of dithiolanes from a,0 -unsa tu ra ted  ketones in order to  explain the  
fact th a t  the  double bond rem ains a t  th e  4,5-position in these compounds.

c h 2- o HOCH2CH20j G È "

Figure 2

3,3-Ethylenedioxyandrost-4-en-17/3-ol (III).—Testosterone 
(30.0 g., 104 mmoles) was ketalized by azeotropic distillation in
1.2 1. of benzene for 5 hr. with 0.5 g. (2.63 mmoles) of p-toluene
sulfonic acid monohydrate and 130 ml. of ethylene glycol. The 
dried crude product had an ultraviolet absorption of Xmal 241 
m̂ i (e 6400), indicating that 40% of the starting ketone remained 
unconverted to ketal. Careful fractional crystallization of the 
total crude product from acetone containing a trace of pyridine 
gave 6.31 g. of the A4-ketal III in five crops of crystals, all melting 
in the range 210-230°. The yield was 30.4% based on the con
version indicated by the ultraviolet spectrum of the total 
product, or 18.2% over-all. Several recrystallizations from ace
tone provided the analytical sample, m.p. 225-232°, [c*]26d 
+ 95.1°. The infrared spectrum was identical with that of the 
material obtained by saponification of 17/3-acetoxy compound I I .

Anal. Caled. for C21H32O3: C, 75.86; H, 9.70. Found: C, 
75.70; H, 9.84.

From the mother liquors was obtained 5.32 g. of the A6-isomer 
V, m.p. 175-183° (15.4% over-all yield, or 25.6% of the total 
ketals). Recrystallization from methanol-n-hexane furnished a 
pure sample, m.p. 185.5-188°, [<*]26d —44.0°; lit.2 m.p. 185- 
188°, [a]26d -45.5°.

Acetylation of 3,3-Ethylenedioxyandrost-4-en-17/3-ol (III).—A
solution of 10.0 g. (30 mmoles) of 3,3-ethylenedioxyandrost-4-en- 
17+ol in 50 ml. of pyridine and 20 ml. of acetic anhydride was 
heated to 100° for 1 hr., then left at room temperature overnight. 
Dilution of the reaction solution with 2 1. of cold water gave a 
white crystalline precipitate which after air drying weighed 11.30 
g. (a quantitative yield) and had m.p. 153-162°. Recrystalliza
tion from 7i-hexane containing a trace of pyridine gave 9.72 g. of
3,3-ethylenedioxyandrost-4-en-170-ol acetate (II), m.p. 158- 
160.5°; plus a second crop, 1.07 g., m.p. 155-159°.

The melting point was undepressed when mixed with a sample 
of the A4-ketal obtained by ketalization of testosterone acetate 
and the infrared spectra were identical.

Attempted Epoxidation of 3,3-Ethylenedioxyandrost-4-en-17/9- 
ol Acetate (II).—To a solution of 1.0 g. (2.7 mmoles) of 3,3- 
ethylenedioxyandrost-4-en-17/3-ol acetate in 70 ml. of anhydrous 
ether was added a molar equivalent of monoperphthalic acid17 as 
a solution in anhydrous ether (1.47 ml. of a 1.82 M  solution). 
The solution was held at 5° for 2 days, then at room temperature 
for a day; a starch-potassium iodide test for peracid was then 
negative. The solution was diluted with 50 ml. of ether and was 
washed with 25 ml. of 2 A sodium hydroxide followed by three 
25-ml. portions of water. Concentration of the ether solution to 
a small volume by boiling afforded 0.85 g. of white crystalline 
solid, m.p. 148-155°. An infrared spectrum of this material 
showed that it was essentially unchanged from starting material.

(17) E . E . Royals and L. L. Harrell, J .  A m .  C h e m .  S o c . ,  77, 3405 (1955).
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3,3-Ethylenedioxyandrosta-4,6-dien-17|3-ol (VIII).—Androsta-
4.6- dien-17|3-ol-3-one (VII, 23.0 g., 80 mmoles, m.p. 203-205°) 
was ketalized by azeotropic distillation in 1.9 1. of benzene for 24 
hr. with 1.16 g. (6.1 mmoles) of p-toluenesulfonic acid mono
hydrate and 116 ml. of ethylene glycol. The crude product was 
non crystalline; column chromatography on Florisil afforded the 
ketal VIII as white needles (7.95 g., 30.0%), eluted with 20% 
ether in re-pentane. Further elution of the column with ether 
allowed the recovery of 8.5 g. of starting material.

One recrystallization from ether containing a drop of pyridine 
gave 5.96 g. of slightly impure ketal, m.p. 178-181°. Several 
recrystallizations from a mixture of ether and hexane plus a trace 
of pyridine gave the analytical sample, m.p. 181.2-183.0°. 
[«]25d +88.9°. The infrared spectrum was consistent with the 
assigned structure, and ultraviolet absorption was observed at 
X„ax239 mM (c 25,200), 234 (sh) (23,800), and 248 (sh) (15,700).

Anal. Calcd. for C21H30O3: C, 76.32; H, 9.15. Found: C, 
76.00; H, 8.87.

3,3-Ethylenedioxyandrosta-4,6-dien-l70-ol Acetate (IX).—A 
solution of 7.00 g. (21.2 mmoles) of 3,3-ethylenedioxyandrosta-
4.6- dien-17/3-ol in 10 ml. of pyridine and 5 ml. of acetic anhydride 
was heated at 100° for 30 min. and then cooled in ice. The 
crystals that separated were collected by suction filtration and 
washed with cold ether and re-hexane. After drying, the product 
weighed 4.28 g. (54.3%) and had m.p. 160-162.5°. Recrystal
lization from re-hexane afforded an analytical sample, m.p. 163- 
164.5°, [a] 25d +61.1°. With the exception of acetate absorption 
bands now present in the infrared spectrum, the ultraviolet and 
infrared spectra were identical with those of the 17(3-hydroxy ketal 
VIII.

Anal. Calcd. for C23H12O4: C, 74.16; H, 8 .66. Found: C, 
74.45; H, 8.33.

6a-Bromo-3,3-ethylenedioxyandrost-4-en-17|8-ol Acetate (X). 
—A mixture of 2.0 g. (5.34 mmoles) of 3,3-ethylenedioxyandrost-
4-en-17/3-ol acetate (II) and 0.96 g. (5.40 mmoles) of N-bromo- 
succinimide in 100 ml. of dry carbon tetrachloride was refluxed 
for 3 min. while being irradiated with an incandescent bulb; 
the solution then gave a negative starch-potassium iodide test. 
Filtration and evaporation of the filtrate gave an oil which crys
tallized readily. Recrystallization of the crude product from 
ether gave the bromo ketal acetate X as three crops of crystals 
totaling 1.45 g. (59.9% of theory). Two recrystallizations from 
ether provided analytically pure material, m.p. 161-162° dec., 
[a]26D —72.6°. A melting point determined in an evacuated 
Pyrex capillary was unchanged from one determined in an open 
capillary.

Anal. Calcd. for C2!Il!,Br()4: C, 60.92; H, 7.34; Br, 17.63. 
Found: C, 60.92; H, 7.46; Br, 17.88.

Dehydrohalogenation of Bromo Ketal Acetate X with Lithium 
Bromide and Lithium Carbonate in Dimethylformamide.—The
entire crude product from the N-bromosuccinimide bromination 
of 3.75 g. (10 mmoles) of 3,3-ethylenedioxyandrost-4-en-17|3-ol 
acetate was dissolved in 55 ml. of dry dimethylformamide. 
Lithium carbonate (2.68 g., 40 mmoles) and lithium bromide 
(3.47 g., 40 mmoles) were added. (Both salts had been dried in 
vacuo at 100°.) The yellow mixture was heated at 100° and 
stirred mechanically for 17 hr. After cooling to room tempera
ture, the reaction mixture was diluted with 1 1. of cold water and 
stirred for 1 hr. The product was extracted with six 100-ml. 
portions of methylene dichloride which were combined and dried 
over sodium sulfate. Evaporation of the filtered extract gave 15 
ml. of a dimethylformamide solution of the product. This solu
tion was diluted with 400 ml. of water and the oily precipitate 
was extracted with ether in three 250-ml. portions. The com
bined ether extract was dried over sodium sulfate, filtered, and 
concentrated by boiling; re-pentane was added to the warm ether 
solution until crystallization began. The mixture was cooled in 
ice and filtered, affording 1.84 g., m.p. 122-132°. A second crop, 
0.22 g., m.p. 122-145°, was obtained from the filtrate. Analysis 
of the ultraviolet spectrum of the total crude product (63% of 
theory) showed it to be a mixture of 27% of 3,3-ethylenedioxy- 
androst-4,6-dien-17(3-ol acetate (characteristic absorption at 235, 
238, and 247 mju) and 63% of androsta-4,6-dien-17|S-ol-3- 
one acetate (characteristic absorption at 283 m^). Recrystalliza
tion from aqueous methanol containing a few drops of 2 N  hydro
chloric acid resulted not only in hydrolysis of the minor ketal 
component but also in hydrolysis of the 17(3-acetoxyl function. 
There was obtained 1.38 g. (48.1%) of slightly impure androsta-
4.6- dien-17(3-ol-3-one (VII), m.p. 180-190°. A mixture melting 
point with authentic material (m.p. 202-204°) was undepressed;

further recrystallization of the impure material gave the pure 
compound, identical in all respects with an authentic sample.

Attempted Dehydrohalogenation of X with s-Collidine.—The 
total crude bromo ketal derived from the N-bromosuccinimide 
bromination of 10 mmoles of 3,3-ethylenedioxyandrost-4-en- 
17d-ol acetate was dissolved in a mixture of 50 ml. of dry xylene 
and 2.0 ml. (1.83 g., 15 mmoles) of s-collidine (b.p. 169-171°). 
The solution was heated under reflux for 30 min. and then cooled 
to room temperature. It was evident from the very small quan
tity of collidine hydrobromide which had precipitated that de
hydrohalogenation was far from complete. Distillation at re
duced pressure was employed to remove most of the xylene, after 
which 35 ml. of s-collidine was added to the residue. The solution 
was distilled at atmospheric pressure through a 3-in. Vigreux 
column until the vapor temperature had reached 156°. The 
fractionating column was replaced by a reflux condenser and the 
collidine solution was boiled for 30 min. After cooling to room 
temperature and dilution with 100 ml. of ether, the mixture was 
filtered to collect precipitated collidine hydrobromide, which 
after drying amounted to 0.76 g., or 37.6%. The ethereal filtrate 
was evaporated, affording a residual collidine solution that was 
diluted with 600 ml. of cold water. The sticky solid which pre
cipitated was collected by filtration and recrystallized from a mix
ture of ether and re-pentane. There was obtained 2.37 g. of 
needlelike crystals in three crops, each melting in the vicinity of 
160° with decomposition. An infrared spectrum of the major 
fraction was identical with that of authentic 6a:-bromo-3,3- 
ethylenedioxyandrost-4-en-17|3-ol acetate (X) and a bromine 
analysis provided confirmation.

Anal. Calcd. for C23H33Br04: Br, 17.7. Found: Br, 18.1.
The undehydrohalogenated bromo ketal constituted 52.3% of 

the starting material. The filtrate gave only dark oily material 
which could not be induced to crystallize.

When a solution of 500 mg. of pure X in 10 ml. of s-collidine 
was heated under reflux for 3 hr. and was then worked up as in
dicated earlier, there was isolated 0.54 g. of crude product, m.p. 
199° dec. This compound was probably a collidine complex of 
bromo compound, for on recrystallization from aqueous ethanol 
there was recovered 400 mg. (80%) of the starting bromo ketal, 
identified by its melting point, optical rotation, and the identity 
of its infrared spectrum with that of an authentic sample of X.

Acetonolysis of 6a-Bromo-3,3-ethylenedioxyandrost-4-en-17(3-ol 
Acetate (X).—A solution of 500 mg. (1.1 mmoles) of 6a-bromo-
3,3-ethylenedioxyandrost-4-en-17j3-ol acetate and 50 mg. of p- 
toluenesulfonic acid monohydrate in 20 ml. of dry acetone was 
left at room temperature for 16 hr. After dilution with 20 ml. of 
ether plus 20 ml. of re-hexane, the solution was washed with 20 
ml. of dilute sodium bicarbonate solution, two 20-ml. portions of 
water, and then with 20 ml. of saturated brine. The ether-hexane 
solution was dried briefly over anhydrous sodium sulfate and was 
then filtered and concentrated by boiling until crystallization 
began. Three crops of platelike crystals were obtained, totaling 
360 mg., or 80% of the theoretical yield of bromo ketone. Re
crystallization from ether-re-pentane afforded 275 mg. of pure 
6a-bromotestosterone acetate (XII), m.p. 145-146° dec., [o:]26d 
+  57.6°. Ultraviolet absorption was Xmax 237 m 11 (e 13,600). 
A mixture melting point with authentic 6a-bromotestosterone 
acetate (see following text) was undepressed and the infrared 
spectra were identical.

Attempted Epimerization of 6/3-Bromotestosterone Acetate7 
under Mild Conditions.—Conditions identical to those employed 
for the acetonolysis of the bromo ketal X were used. A solution of
1.00 g. (2.44 mmoles) of 6+bromotestosterone acetate and 0.10 g. 
of p-toluenesulfonic acid monohydrate in 40 ml. of acetone 
was left at room temperature for 16 hr. The solution was 
diluted with 40 ml. of ether and 40 ml. of re-hexane and was then 
washed with 40 ml. of dilute sodium bicarbonate, two 40-ml. 
portions of water, and 40 ml. of saturated brine. After brief dry
ing over anhydrous sodium sulfate, the ether-hexane solution was 
filtered and concentrated by boiling until crystallization began 
from the hot solution. Needle-like crystals (700 mg.) were ob
tained, m.p. 119.5-123° dec. A mixture melting point with 
starting material (m.p. 147-148° dec.) was intermediate, m.p. 
136-138.5°. Without further purification, the product was ex
amined in the ultraviolet: Xma, 244 m^ (e 13,000). Its optical 
rotation was [a] 25d —1.9°. The extent of change from the prop
erties of pure 6/3-bromotestosterone acetate ( [ a ] 26D  —13° and 
Xma* 248 mil (e 13,300)) indicated that epimerization of bromo 
ketone occurred to only a minor extent under the same conditions 
as were employed for acetonolysis of the bromo ketal X.
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6a-Bromotestosterone Acetate (XIII).—Bromination of testos
terone acetate in carbon tetrachloride solution with a molar 
equivalent of N-bromosnccinimide under strong irradiation with 
an incandescent bulb gave 6|3-bromotestosterone acetate, m.p.
147-148° dec., [< * ]m d  -13.0°, Xmax 248 mM(e 13,300). The yield 
of purified product was 56.8% and the physical properties 
agreed with those reported7 for the compound. A portion was 
then epimerized to the 6a-bromo (equatorial) epimer by the pro
cedure of Bowers and co-workers.14

Dry hydrogen chloride was bubbled through a solution of 1.00 
g. (2.44 mmoles) of 6|3-bromotestosterone acetate in 100 ml. of 
glacial acetic acid for 25 min. at room temperature. After stand
ing for 30 min. longer, the solution was diluted with 2 1. of cold 
water to afford a solid precipitate. The crude product was col
lected on a filter and washed with water, then air dried. The 
slightly sticky solid was dissolved in ether and the solution was 
dried over anhydrous potassium carbonate. After filtration, 
the ether solution was diluted with n-pentane and concentrated 
by boiling until the product crystallized as plates, m.p. 133-135° 
dec. One recrystalliza'ion from ether-ra-hexane afforded pure 
6a-bromotestosterone acetate XII, m.p. 147-148° dec., [ a ] 25D  
+  54.8°. Ultraviolet absorption was at Xmax 237 m/x (e 13,600).

Anal. Calcd. for CxiHaBrOs: C, 61.61; H, 7.14; Br, 19.52. 
Found: C,61.33; H, 7.18; Br, 19.48.

Ketalization of Testosterone Acetate with Differing Low Con
centrations of Acid Catalyst.—Testosterone acetate (5.0 g., 15.1 
mmoles) was ketalized azeotropically in benzene solution (350 
ml.) with 20 ml. of ethylene glycol and 25 mg. of p-toluenesul- 
fonic acid. The reaction was carried out by heating at reflux 
under a water trap for 7 hr. The mixture was then cooled to 
room temperature and washed with dilute sodium bicarbonate and 
several times with water. Evaporation of the benzene solution to 
dryness under reduced pressure gave a solid crystalline residue 
which was examined for ultraviolet absorption.

The experiment was repeated with 50 mg. of acid catalyst,

then with 75 mg. The three experiments represented catalyst 
concentrations of 0.00037 M, 0.00074 M, and 0.00111 M, re
spectively. The crude product of each reaction absorbed at 241 
mju in the ultraviolet, indicative of unchanged testosterone ace
tate. Calculations showed the extent of reaction in each case to 
be (a) 0.00037 M  catalyst, 49% conversion to ketal; (b) 0.00074 
M  catalyst, 65% conversion to ketal; and (c) 0.00111 M catalyst, 
75% conversion to ketal.

Isomerization of Testosterone Acetate A4-Ketal II to Its A5-Iso-
mer VI.—A solution of 3,3-ethylenedioxyandrost-4-en-17/3-ol 
acetate (II, 1.00 g., 2.6 mmoles) and 50 mg. (0.26 mmole) of p- 
toluenesulfonic, acid monohydrate in 100 ml. of dry benzene was 
heated under reflux for 3 hr., with the condensate returning 
through a Dean-Stark water separator. After cooling to room 
temperature, the solution was washed with dilute sodium bicar
bonate, then three times with water. After brief drying over 
sodium sulfate, the benzene solution was distilled to dryness 
under reduced pressure to afford a solid residue which was re
crystallized from a mixture of acetone and n-hexane, 0.45 g., 
m.p. 180-189° (a 45% yield). No further crystalline material 
could be obtained from the filtrate. One additional recrystalliza
tion from acetone containing a trace of pyridine gave pure 3,3- 
ethylenedioxyandrost-5-en-17/3-ol acetate, m.p. 201-204°, 
% ]26d -50.9°; lit.2 m.p. 203-205°, [«]29n -52.1°. A mix
ture melting point with authentic material was undepressed and 
a comparison of infrared spectra showed no differences.
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The self-condensation of 2-ethyl-2-hexenal by heating under reflux with aqueous sodium hydroxide produces 
four glycol diastereoisomers, CisIRoCh (III) (25% total yield), and previously described4 lactones, Ci6H3o03 (IV) 
and CiiHijOi (XIV). The glycols have all been shown to be 6-hydroxymethyl-5-propyl-2,4,6-triethyl-2-cyclo- 
hexen-l-ols by degradation (two routes) to known 3-propyl-2,4,6-triethylphenol (VIII). They are each pro
duced from the corresponding aldol (II) in a crossed Cannizzaro reaction by oxidation of butanal and 2-ethyl-2- 
hexenal.

In  th e  p re v io u s  p a p e rs  o f th is  series3 4 th e  se lf-co n 
d e n sa tio n  o f 2 -e th y l- l-h e x e n a l (I) w a s  re p o rte d  to  
p ro d u c e  th re e  C i6 p ro d u c ts :  a n  a ld o l, C ieE G C h (I I ) ,

Et

(1) Presented a t  the  135th N ational Am erican Chem ical Society M eeting, 
Boston, M ass., April, 1959.

(2) Chem istry Division, Research D epartm ent, U. S. N aval Ordnance 
T est S ta tion , C hina Lake, Calif.

(3) A. T . Nielsen, J .  A m .  C h e m .  S o c . ,  79, 2518 (1957).
(4) A. T. Nielsen, i b i d . ,  79, 2524 (1957).

a glycol, Ci6HSo0 2 (III, 32% yield), and a lactone, 
C16H30O3 (IV) in the presence of aqueous methanolic 
potassium hydroxide at 25°. Lithium aluminum 
hydride reduction of II gave III, obtained as a liquid. 
Publishing simultaneously and independently, Pum- 
merer and Smidt6 also described the self-condensation 
of I, employing aqueous sodium hydroxide at reflux 
temperature (110°). They reported the formation of 
two diastereoisomeric glycols, C16H30O2 (22% total 
yield), one of m.p. 62° and one a liquid, and to both 
they assigned a five-membered ring structure (V). 
Since it seemed unlikely to us that the difference in 
reaction conditions in the two experiments4 6 was suf-

(5) R. Pum m erer and J . Sm idt, A n n ., 610, 192 (1957).
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T a b l e  I
6 - M e t h y l o l - 5 - p r o p y l - 2 ,4 ,6 - t r i e t h y l - 2 - c y c l o h b x e n - 1 - o l  D i a s t e r e o i s o m e r s  (III) 

D istribu tion“ Bis-3,5~dinitro-
a t 110°, -•— Anal. Found, % b > benzoate, /•------------ Anal. Found % c-

M .p., °C. %  ±  c a .  3 C H m.p., °C. c H N

B .p . 134 -1354
(0.4  m m .) 55 75 .4 9 12 .12 1 8 3 .5 -1 8 3 .5e 56 .6 5 5 .6 1 8 .7 0

6 2 -6 2 .5 f 30 75 .4 6 11 .95 159-160" 56 .13 5 .4 1 8 .6 7
90 -91 10 7 5 .6 11 .9 153-154" 56 .11 5 .3 3 8 .5 0

112-113 5 75 .2 9 11 .93 h

a Isomer distribution in glycol mixture obtained after 20-96-hr. reflux of 2-ethyl-2-hexenal with aqueous sodium hydroxide. 6 Calcd. 
for CisEboCh: C, 75.53; H, 11.89. c Calcd. for C30H34N4O12: 0,56.07; H, 5.33; N, 8.72. d Bis-p-nitrophenylurethan, m.p. 76.5- 
78.5°. e Rectangular prisms; reported m.p. 178° (R. H. Hall and K. H. W. Tuerck, British Patent 608,985 (September 23,1948); Chem. 
Abstr., 44, 4493 (1950). 1 Bis-p-nitrophenylurethan, m.p. 208-210° (prisms from nltromethane). Calcd. for C3oH88N408: C, 61.84;
H, 6.57; N, 9.62. Found: C,61.6; H, 6.73; N, 9.67. Attempts to prepare a crystalline bis-p-nitrophenylurethan of the 90° isomer
were unsuccessful. 1 Crystals of the 62° glycol bis-3,5-dinitrobenzoate were flat and hexagonal while those of the 90° derivative were 
rhombic prisms. The melting point of a mixture of these two derivatives was 133-139°. h See ref. 6a.

ficient to produce glycols having the same molecular 
formula, but different structures, the previous experi
ments were carefully re-examined. In the present 
paper new evidence is presented affirming 6-hydroxy- 
methyl-5-propyl-2,4,6-triethyl-2-cyclohexen-l-ol struc
tures (III) for all isomeric glycols, C16H30O2, obtained 
from I.

The procedure of Pummerer and Smidt6 was repeated 
and found to yield not two, but four isomeric glycols, 
Ci6H30O2 (25% total yield). Crystallization from 
petroleum ether was an efficient method of isolating the 
crystalline glycols and an improved yield (ca. 30% of 
the total) of the 62° isomer was realized. In addition, 
smaller amounts of isomers not previously described 
were obtained, one of m.p. 90-91° (ca. 10% of the total) 
and one of m.p. 112-113° (ca. 5%). The liquid isomer 
was the major component of this mixture (ca. 55%). 
Results are summarized in Table I. Re-examination 
of liquid glycol samples which we had obtained earlier4 
by condensation of 2-ethyl-2-hexenal at 25° or by 
lithium aluminum hydride reduction of II revealed
0-6%  crystalline isomers. Evidently the isomer dis
tribution depends on reaction conditions; much more 
of the crystalline isomers are produced by the vigorous 
conditions of Pummerer and Smidt.

The four glycol samples are diastereoisomers, not 
polymorphs. They cannot be directly interconverted 
by physical or chemical means and each forms a distinct 
bis-3,5-dinitrobenzoate derivative (Table I ).6 Their 
infrared spectra are similar (strong OH stretching band 
at 3500 cm.-1 and a weak C = C  stretching band at 1640 
cm.-1). Small but distinct differences in the spectra 
are observed in the region 700-1500 cm.-1; these affirm, 
to a rough degree, the isomer distribution determined by 
crystallization.

Assignment of structure III to the glycol (principally 
liquid isomer) obtained in our previous work4 rested on 
preparation of the same compound from II by lithium 
aluminum hydride reduction (bis-p-nitrophenylurethan 
derivatives identical). The structure II had been 
established rigorously by two unrelated degradation 
schemes.3

Each of the four glycols was oxidized with active

(6) (a) T he 112° isom er appeared to  be m uch less reactive th a n  the  o ther 
isomers and  could no t be converted in to  a bis-3,5-dinitrobenzoate derivative,
(b) Chem ical differences between the  isomers have been noted  in experim ents 
in progress leading to  estab lishm ent of s tereochem istry J results will appear 
in  a forthcom ing publication. The m axim um  num ber of isomers possible 
is believed to  be four since stereochem istry  a t  C-4 and  C-5 appears to  be
the  sam e in  all.

manganese dioxide catalyst7 to a ketol (VI, Ci6H2802) 
having an a,/3-unsaturated carbonyl group (e^l,mi‘ 9000). 
The ketols (VI) readily lost formaldehyde on heating to 
form an a,/3-unsaturated ketone (VII, Ci6H260 ; e2m4a1xm,‘ 
7800).

Et Et

ix vn viii

Formation of VI and VII is consistent with an allylic 
secondary hydroxyl group in III. Lithium aluminum 
hydride reduction of the ketols (VI) regenerated the 
glycols (III), thus establishing the position of the 
double bond (a detailed study of this reaction is in 
progress) ,6b Dehydrogenation of VII by heating with 
palladium-charcoal catalyst led to 3-propyl-2,4,6-tri- 
ethylphenol (VIII), identical with an authentic sample 
synthesized by an alternate route3 (phenylurethan 
derivatives identical). Ketone VII also was prepared 
from III by chromic acid oxidation (the pure 60° isomer 
or the mixture of four isomers obtained by the procedure 
of Pummerer and Smidt6 gave the same result). The 
intermediate /3-keto acid (IX) was not isolated, but 
decarboxylated in situ to VII, which was then de
hydrogenated to VIII (ketol VI also was produced 
by the chromic acid oxidation since formate is a prod
uct). Chromic acid oxidation of aldol II had pre
viously been shown to produce VIII through the 
following sequence: II -*■ IX VII -*■ V III.8

Structure V arrived at by Pummerer and Smidt does 
not agree with our results and it becomes of interest to 
re-examine their data in terms of structure III. Their 
experimental findings can easily be reconciled with. I l l  
except for an apparent discrepancy which rests in as
signment of methyl ketone structures to two ketocar- 
boxylic acids obtained by degradation of the glycol di
acetate, C20H34O4 (X). Cleavage of X with ozone pro-

(7) M. H arfenist, A. Bavley, and  W. A. Lazier, J .  O r g .  C h e m . ,  19, 1608 
(1954).
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duced a keto acid, C20H44O7 (XI), which gave a positive 
iodoform test and was assigned a methyl ketone struc
ture. However, Lieben’s iodoform test is not reliable in 
distinguishing between methyl and ethyl ketones.8 
On the basis of structure III, keto acid XI would be 
formulated as an ethyl ketone.

Et Pr Et
EtCOCH—CH—CH—CHC02H 

AcO CH2
ÒAc

XI

The second ketocarboxylic acid giving a positive 
iodoform test was reported to have formula, C14H24O6, 
and was obtained by ozonolysis of a liquid diene mono
acetate, XII (Xmax 239.5 m/4, emax 17,400; present work) 
prepared by potassium acid sulfate-catalyzed dehydro- 
acetoxylation of X .9 The conversion X XII is sub
ject to rearrangements; if no ritig contraction occurs,10 
structures XHa or XHb are probable (expected11 Xm„ 
242 mu, em8„ >15,000). A 1,3-cyclohexadiene structure 
is incompatible with the ultraviolet spectrum (ex
pected11 Xm„  263 m/4, emax <10,000). The observed 
formation of acetaldehyde on ozonolysis6 is in agree
ment with the presence of an ethylidene group. The 
alcohol (XIII) derived from XII by saponification is 
primary, loses formaldehyde on prolonged heating, and 
produces a-ethyl-/?-propylsuccinic, propionic, and acetic 
acids on permanganate oxidation.6 A keto acid derived

from XHa, XHb, or X IIc10 by ozonolysis would be 
formulated as an ethyl ketone, Ci6H2606.8’912

The identity of the reducing agents in the Cannizzaro 
reaction leading to III from I now has been clearly 
established. Aldol isomers (II) are reduced directly to

III isomers,13 but not by II itself (as stated by Pum- 
merer and Smidt6) for the following reasons. (1) No III 
is produced from II alone under conditions whereby I 
yields III .4 (2) No Ci6 carboxylic acid (such as one ob
tained by oxidizing II) was found to be a significant 
reaction product. (3) The total mole-equivalents of 
butyric and 2-ethyl-2-hexenoic acids produced account 
for 90% of the acid formed in the reaction. The re
ducing agents in the crossed Cannizzaro reaction, based 
on the number of equivalents of acid produced are 
butanal (69% of the total reduction), 2-ethyl-2-hexenal 
(21.5%), and unknown high molecular weight material 
(9.5%). [About 10% of the high molecular weight 
material produced a distillable methyl ester when 
treated with diazomethane; the amount of Ci6 acid (if 
any) is estimated to be less than 2% of the total 
carboxylic acid produced.] In addition to glycol III 
other alcohols formed were butanol (0.3% yield) and 
2-ethyl-2-hexen-l-ol (1%). Table II summarizes the 
material balance of alcohol and carboxylic acid products 
involved in the Cannizzaro reaction (38.5 hr. at 110°).

T a b l e  II
Y i e l d s  o f  C a n n iz z a r o  P r o d u c t s  f r o m  2-Ethyl-2-hexenal ( I )

Yield, %
M ole-equivalents 
from 10 moles of I

Alcohols'*
1-Butanol 0.3 0.05'I
2-Ethyl-2-hexen-l-ol 1.0 0.09 } 1.38 total
Glycols (III) 25 1.24;1

Acids
Butyric 4.8 0.96)
2-Ethyl-2-hexenoic, 1.5 0.30}■ 1.39 total
Unidentified6 (7.6°) 0.13J1
° Yield of undistillable neutral residue was 2% by weight. 

The amount of Cannizzaro derived alcohol in this residue was not 
determined; it cannot exceed 0.1 mole-equivalent, but is prob
ably much less than this figure. 6 Undistillable acid residue, 
“neut. equiv.,” 730. ‘ Weight per cent yield (grams produced
from 100 g. of I.

In the present study two lactones (IV and XIV) were 
obtained from I by the procedure of Pummerer and 
Smidt in yields of 30% and 9%, respectively.

(8) Several workers have observed, th a t  e thy l ketones give a positive 
iodoform te s t. The reaction  has been studied , (a) A. F ry , I. Ookuni, G. 
J . K arabatsos, J. D. G raham , and  F. Vane, J .  O r g .  C h e m . ,  27, 1914 (1962); 
(b) C. F . Cullis and M. H . H ashm i, J .  C h e m .  S o c ., 1548 (1957); (c) M . W. 
F a rrar and R. Levine, J .  A m .  C h e m .  S o c . t 7X, 1496 (1949); c f .  o ther refer
ences cited in these papers.

(9) The elem ental analysis of th e  m ethyl ester of the ketocarboxylic acid 
obtained  by ozonolysis of X I I  corresponds to  a  form ula CwHaiOe for the 
acid; however, the  saponification equ ivalen t of the  este r is in  very  dose 
agreem ent w ith th e  keto acid form ula, CisEUeOs.6

(10) C ontraction  to  a  five-m embered ring such as X IIc  cannot be ruled 
out, nor can the  form ation of m ixtures of conjugated dienes. However, the 
unconjugated stru c tu re  X H d , assigned by  Pum m erer and  S m id t,6 is in 
disagreem ent w ith  the  observed u ltrav io le t spectrum .

CH,CH=CH
Et

XIIc

Et

CH2OAc

CH2OAc 
CH3v .Pr

.CH=€HEt 
"Et 

XHd
(11) L. F . F ieser and  M .  Fieser, “ N atu ra l Products R elated  to Phenan- 

th rene ,” 3rd Ed., Reinhold Publishing Co., New York, N. Y., 1949, pp. 184- 
198.

(12) A dditional d a ta  accum ulated by  Pum m erer and  Sm idt,6 including 
degradation of I I I  and  X II  to  various hydrocarbons, CieHis and  CieHae, ap
pear to  be less inform ative and  need no t be considered. None of these d a ta  
would appear to be in disagreem ent w ith s truc tu re  I I I .

Et

XIV

Evidence establishing these structures has been pre
sented.3414 The amount of IV produced, relative to 
XIV, decreases as reaction conditions become more 
vigorous (higher temperature, higher base concentra
tion). Yields of IV and XIV, respectively, under vari
ous conditions are 25°, 16 hr. (56 and 0%)4; 110°,
38.5 hr. (30 and 9%); 160-200°, 21 hr. (0 and 36%).14 
The values at 25p are with aqueous methanolic potas
sium hydroxide (0.5 mole-equivalent), the others with

(13) The glycol isomers are believed to  form  from  th e  corresponding aldol 
isomers (II) , n o t by  base-catalyzed epim erization  of I I I  (only possible a t 
C -l) . E qu ilib ration  of I I  w ith its  acyclic precursor would lead to a m ixture 
of I I  diastereoisom ers epim eric a t  C -l and C-6.

(14) M. H âuserm ann, H e l v .  C h i m .  A e t a ,  34, 1482 (1951). O ther products 
reported  were 1-butanol (8 .3% ), 2-ethyl- 1-hexancl (2 .1% ), bu ty ric  acid 
(5.1% ), 2-ethyL2-hexenoic acid (2 .5% ), and  a liq u id  glycol, CieHsoOî (8.4% ).
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aqueous sodium hydroxide (0.72 mole-equivalent at 
110° and 1.0 mole-equivalent at 160-200°). With 
more vigorous reaction conditions XIV evidently forms 
at the expense of IV in agreement with the mechanism4 
of the intramolecular formation of these compounds 
from their common precursor, II.

Experimental15 16 17
Self-Condensation of 2-Ethyl-2-hexenal (Neutral Products).—

The procedure of Pummerer and Smidt5 was used with slight 
modifications. To a solution of 250 g. (6.25 moles) of sodium 
hydroxide in 750 ml. of water was added 1100 g. (8.7 moles) 
of purified,3 freshly distilled 2-ethyl-2-hexenal16 during 4.5 hr., 
with vigorous stirring (temperature, 67°). The mixture was 
then refluxed (110° within the liquid), with stirring, for 38.5 hr. 
(nitrogen atmosphere). The mixture was separated into neutral 
and acidic products using the procedure previously described. 
The isolation of acidic products is described subsequently.

The neutral portion was distilled to yield the following frac
tions: (1) 8 ml., b.p. 60-90° (29 mm.); (2) 18.2 g., b.p. 90- 
123° (29 mm.), mainly 2-ethyl-2-hexen-l-ol; (3) 44 ml., b.p. 86- 
142° (1.8 mm.); (4) 296 g., b.p. 145-151° (1.5 mm.), crude glycol 
mixture; and (5) 22.5 g. of residue. Redistillation of fraction 1 
at 740 mm. gave 3 g. of 1-butanol, b.p. 118-120°, and 2.4 g. of 3- 
heptanone, b.p. 146-151° ( n 12D  1.4115; 2,4-dinitrophenylhydra- 
zone, m.p. 82-83°, alone, and when mixed with an authentic 
sample). The possibility that the 3-heptanone was an impurity 
in the 2-ethyl-2-hexenal employed cannot be discounted.

2-Ethyl-2-hexen-l-ol.—Redistillation of fraction 2 (above) 
gave 11.6 g., b.p. 95-97° (27 mm.), n11 d  1.4490, of 2-ethyl-2- 
hexen-l-ol (1% yield). (Found: C, 74.36; H, 12.74.) Quan
titative bromination by direct titration with bromine in acetic 
acid indicated 1.03 double bonds (assuming mol. wt., 128.2). The 
o-naphthylurethan derivative melted at 80-80.5°, alone, and 
when mixed with an authentic sample (see following). The infra
red spectrum was identical with the authentic sample.

An authentic sample of 2-ethyl-2-hexen-l-ol was prepared as 
follows. To a solution of 10 g. (0.264 mole) of lithium aluminum 
hydride in 400 ml. of dry ether was added 70.0 g. (0.555 mole) 
of purified 2-ethyl-2-hexenal during 4 hr., with refluxing and 
stirring continued for 1 hr. after addition of the aldehyde was 
complete. After standing at room temperature for 12 hr. and 
decomposing the reaction mixture with dilute hydrochloric acid 
in the usual manner, the product was separated by extraction 
with ether and the extracts dried with magnesium sulfate. 
Distillation gave 61.5 g. (87%) of the alcohol, b.p. 94-96° 
(26 mm.), ti,25d 1.4488. A redistilled, analytical sample had 
b.p. 93-93.5° (24 mm.), t c 25d  1.4489; infrared bands at (cm.-1) 
3400 (OH) and 1670 (C=C).

Anal. Calcd. for C8Hi60: C, 74.94; H, 12.58. Found: 
C, 75.04; H, 12.67.

The a-naphthylurethan derivative was obtained as needles 
from petroleum ether (b.p. 60-70°), m.p. 80-80.5° (79% yield).

Anal. Calcd. for C19H23N 02: C, 76.73; H, 7.80; N, 4.71. 
Found: C, 77.05; H, 7.86; N,4.83.

6-Hydroxymethyl-5-propyl-2,4,6-triethyl-2-cyclohexen-l-ol Iso
mers (III).—Fraction 4, from the condensation described before, 
was redistilled17 to yield 275 g. (25% yield) of viscous glycol 
mixture, b.p. 146-150° (1.5 mm.), ra26d 1.4960. Fractional 
crystallization from 350 ml. of petroleum ether (b.p. 60-70°) at 
— 15° gave 52.3 g., m.p. 55-60°, and 18.5 g., m.p. 47-55°, after 
one week. Recrystallization from the same solvent gave feathery 
needles, m.p. 62-62.5° (42 g.). Samples of glycol obtained by 
self-condensation of 2-ethyl-2-hexenal for 19 hr. (24% yield) 
and 96 hr. (25%, yield), under the same conditions, gave essen
tially the same amount of each isomer.

(15) M elting points were determ ined on a Kofler ho t stage and are un
corrected. U ltravio let spectra were measured in 95%  ethanol; infrared 
spec tra  of liquids were determ ined neat.

(16) A generous supply of 2-ethyI-2-hexenal was supplied by the Carbide 
and  C arbon Chem icals Corp., South Charleston, W. Va.

(17) Acidic a n d /o r  peroxide im purities often accum ulate in sam ples of the 
glycols s tored in the . presence of a ir and cause decom position (prim arily  
dehydration) on subsequen t d istillation. These im purities m ay be removed 
by several washings of an  e th e r solution of the  sam ple with N  sodium  hy
droxide solution.

From the sample of mixed glycols (250 g., b.p. 137-142°, 
0.5 mm., 25.2% yield) obtained in a 96-hr. run there was isolated 
by crystallization from 600 ml. of petroleum ether ( — 15°, 1 
week) 69 g., m.p. 45-60°. The filtrate was concentrated to 
ca. one-half its volume and chilled again to —15° to yield, by 
fractional crystallization, 23.8 g., m.p. 85-90°, and 7.5 g., m.p. 
100-105°, after 12 days. Recrystallization of these latter frac
tions from hexane gave pure samples of glycols, m.p. 90-91° 
and 112-113°, respectively (cf. Table I). The mother liquors 
were diluted with ether, washed several times with TV sodium 
hydroxide solution and water,17 dried with magnesium sulfate, 
and distilled to yield 130.5 g., b.p. 155-160° (3 mm.), of glycol 
from which an additional 8.1 g. of crystals, m.p. 45-59°, was 
obtained by crystallization from cold hexane (20 days, —15°). 
A sample of liquid glycol, from which no additional crystals could 
be obtained, had b.p. 134-135° (0.4 mm.), n 25D  1.4960. Ana
lytical data for the four isomers are given in Table I. The iso
mers could not be interconverted by heating with acid or basic 
catalysts under a variety of conditions.

A sample of Ci6 glycol (21.1 g.) obtained in 74% yield by 
lithium aluminum hydride reduction of 2-hydroxy-6-propyl-
l , 3,5-triethyl-3-cyclohexene-l-carboxaldehyde (II)3 was crystal
lized from hexane at —15° to yield 1.6 g. (5.7% yield from II),
m. p. 90-111°; no 60° isomer was obtained. Recrystallization 
gave 1.12 g., m.p. 110-112°. The remaining liquid glycol, 
ra22d 1.4957, from which no additional crystals could be obtained 
had the same infrared spectrum as the previous liquid glycol from 
the condensation and formed the same bis-p-nitropbenylurethan 
and bis-3,5-dinitrobenzoate derivatives (Table I).

A sample of Ci6 glycol obtained by self-condensation of 2-ethyl- 
2-hexenal at 25° (4-hr. reaction time) was dissolved in petroleum 
ether and stored at —15° for 11 months; seeding with crystalline 
isomers produced no crystals during this time. Similarly, a 
sample (3 g.) obtained by a 7-hr. reaction time at 25° produced 
0.04 g. (1.3%), m.p. 87-91°, as the only crystalline product.

The infrared spectra of the solid glycol isomers were deter
mined in potassium bromide; that of the liquid, neat. All 
showed strong OH stretching absorption at 3500 cm.-1 and weak, 
broad C=C absorption at 1640 cm.-1. No carbonyl absorp
tion was present. Small, but significant differences in the spectra 
of the four isomers were evident in the region 700-1500 cm.-1. 
A band of medium intensity which appears at 1080-1090 cm.-1 
in each of the crystalline isomers is absent in the liquid isomer. 
A synthetic mixture of isomers prepared to agree closely in com
position with the amounts isolated in a particular run (55% 
liquid, 30% 62°, 10% 90°, and 5% 112°) had the same infrared 
spectrum as the distilled uncrystallized mixture obtained from 
the condensation.

The bis-3,5-dinitrobenzoate derivatives listed in Table I were 
prepared by heating one mole-equivalent of glycol with two mole- 
equivalents of 3,5-dinitrobenzoyl chloride in dry pyridine solu
tion under reflux for 20-40 hr. The derivatives were isolated by 
pouring the reaction mixture into ice-cold N  hydrochloric acid 
and recrystallizing the precipitated product from ethanol. 
Several attempts to prepare a crystalline bis-3,5-dinitrobenzoate 
derivative of the 112° isomer by a variety of procedures were un
successful.

Self-Condensation of 2-Ethyl-2-hexenal (Acidic Products).—
Distillation of the acidic portion of the reaction mixture (from 
1100 g. of 2-ethyl-2-hexenal—condensation described earlier) 
gave the following principal fractions: (1) 48.3 g., b.p. 72-89°
(28 mm.) mainly butyric acid; (2) 132 g., b.p. 95-114° (0.5-
1.9 mm.), mainly a mixture of 2-ethyl-2-hexenoic acid and XIV; 
(3) 352 g., b.p. 171-178° (1.5-2.0 mm.), of crude 3-propyl-2,4,6- 
triethyl-5-hydroxy-l,7-heptanedioic acid 1,5-lactone (IV) (30% 
yield); and (4) 84 g. of brown, 3emisolid, undistillable residue.

Butyric Acid.—In addition to the butyric acid obtained in 
fraction 1, preceding, some also was isolated from the aqueous 
portion of the reaction mixture. (Previously,4 the aqueous part 
had not been investigated for acidic material. In this run about 
24% of the total free acid was found in the water.) The com
bined aqueous solution from the previous condensation reaction 
was acidified with sulfuric acid and steam-distilled until essenti
ally no more acid was found in the distillate (total volume, 611.; 
total of 0.288 gram-equivalent of acid present by direct titration). 
The distillate was made slightly alkaline with sodium hydroxide 
and concentrated to a volume of 200 ml. Acidification of this 
concentrate with sulfuric acid followed by continuous extraction 
with ether for 31 hr. led to the isolation of 18.9 g. (0.213 mole) 
of butyric acid, b.p. 77-79° (26 mm.). The total butyric acid
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yield from 8.7 moles of I is 0.83 mole, including both previously 
distilled samples (67.2 g., combined, 0.765 mole, neut. equiv.,
88.4, corrected for traces of neutral impurity) and 6.1 g. of 
miscellaneous foreruns and residues (c/. Table II).

2-Ethyl-2-hexenoic Acid.—Fraction 2 was extracted with 
saturated sodium bicarbonate solution to remove 2-ethyl-2- 
hexenoic acid. Distillation gave, as one fraction, 22.6 g. (0.16 
mole), b.p. 95-99° (1 mm.), n2id 1.445, of 2-ethyl-2-hexenoic acid; 
neut. equiv., 143.8 (calculated for C8Hi40 2, 142.2); infra
red spectrum identical with authentic sample. The total yield 
of 2-ethyl-2-hexenoic acid from 8.7 moles of I is 0.26 mole in
cluding the previous purified sample and 14 g. (0.1 mole) of mis
cellaneous foreruns and residues (cf. Table II).

2,4-Diethyl-3-propyl-l,5-pentanolactone (XÏV).—The material 
not removed by the sodium bicarbonate extraction of fraction 2 
was isolated and distilled, yielding 79 g. (9%), b.p. 111-117° 
(1.9 mm.), n25d 1.466, of lactone XIV as the main product. 
The infrared spectrum was identical with that of an authentic 
sample, previously obtained.3

Anal. Calcd. for Cl2H220 2: C, 72.68; H, 11.18; mol. wt.,
198.3. Found: C, 72.91; H, 10.74; sapon. equiv., 204.

Acid Residue.—The 84 g. of viscous acid residue was found to 
contain a total of 0.115 gram-equivalent of acidic material 
(neut. equiv., 730). Separation of this sample into neutral 
and carboxylic acid fractions by extraction with sodium bicarbo
nate solution gave 53 g. of viscous acid mixture (neut. equiv., 
470) and 27 g. of neutral residue. Treatment of 39.6 g. of the 
acidic material, dissolved in ether, with excess diazomethane gave
5.3 g., b.p. 124-127° (1 mm.), 4.0 g., b.p. 135-172° (0.7 mm.), 
and 30.4 g. of undistillable residue. None of the previous sub
stances was investigated further. The distilled material (9.3 g.) 
would represent ca. 0.03 mole, assuming mol. wt., 282.

6-Hydroxymethyl-5 -propyl-2,4,6-triethyl-2-cyclohexen-1 -one
(VI).—Glycol III, isomer, m.p. 88-90°, (5.0 g.), manganese 
dioxide catalyst’ (30 g.), and 60 ml. of cyclohexane were mixed 
and the mixture shaken continuously at room temperature for 89 
hr. The mixture was filtered and washed with cyclohexane to 
yield 4.86 g. of colorless oil after removal of solvent. Distilla
tion gave 4.0 g. (80%) of ketol VI, b.p. 117-118° (0.5 mm.), 
nMd 1.491; infrared bands at 3500 and 1650 cm.-1 (C = 0 , 
conjugated) in chloroform solvent; ultraviolet spectrum, Xmal 
240 mM (cmax 9000). Oxidation of the other three glycol isomers 
also gave ketols, Ci6H280 2, having similar properties .6b

Anal. Calcd. for Ci6H280 2: C, 76.14; H, 11.18. Found: 
C, 76.12; H, 11.4.

The ketol derived from the 90° glycol isomer was dissolved in 
ether (10 ml.) and added to a solution of 1.0 g. of lithium alumi
num hydride in 50 ml. of ether and the mixture was refluxed for 
22 hr. Decomposition in the usual manner with dilute hydro
chloric acid led ultimately to 0.71 g. of glycol, m.p. 88-89°, after 
crystallization from hexane. Reduction in a similar manner of 
ketols derived from the other glycol isomers also led to regener
ated glycols .6b

5-Propyl-2,4,6-triethyl-2-cyclohexen-l-one (VII). A. By 
Demethylolation of VI.—A 1.05-g. sample of ketol VI (derived 
from liquid glycol isomer) was heated for 15 min. with a flame in a 
stream of nitrogen. The exit gases were passed through John
son’s reagent to produce formaldehyde 2,4-dinitrophenylhydra- 
zone (0.09 g.), m.p. 160-165°. During the heating, gas evolu
tion was noted and the loss in weight was 0.13 g. (calculated loss 
of weight due to formaldehyde evolution, 0.123 g.). The residue 
(0.90 g.) was distilled to yield 0.6 g. of ketone VII, b.p. 85-90°

(0.25 mm.), n2,D 1.4770, and 0.3 g. of residue; infrared band 
(chloroform) at 1660 cm.“1 (conjugated C = 0); ultraviolet, 
Xmax 241 mil, Cmax 7630 (lit.8 Xmax 242 m/i, emal 5600). This 
procedure yields the purest sample of VII.

Anal. Calcd. for CisH260: C, 81.02; H, 11.79. Found: 
C, 81.28; H, 12.13.

B. By Oxidation of III.—A 12.7-g. (0.05 mole) sample of 
glycol III (isomer, m.p. 61-62°) was oxidized with chromic 
oxide in aqueous acetic acid using a slight modification of the 
procedure developed earlier3 for oxidation of aldol II. The 
decarboxylation at 70° gave a 20% yield of carbon dioxide; the 
liquid glycol mixture gave the same result. Addition of mercuric 
oxide and additional heating did not increase the yield of carbon 
dioxide.

The reaction mixture was made alkaline with sodium hydroxide 
and steam-distilled to yield 4.6 g. (41%) of ketone VII, b.p.
96-105° (0.8 mm.); redistillation gave 3.3 g., b.p. 90-92° (0.7 
mm.), n 27D  1.4790. A similar oxidation of the liquid glycol 
mixture gave a 43% yield of VII, b.p. 87-88° (0.5 mm.), n26d 
1.4770 (Found: C, 80.20; H, 11.82); infrared bands at
1670 (C = 0) and 1625 (C=C) cm.-1; ultraviolet, Xmax 241 m#i, 
imix 7800.

The aqueous alkaline residue was acidified with sulfuric acid 
and heated with mercuric oxide and the liberated carbon dioxide 
collected as previously3 to assay formic acid; yields were 21% 
and 24% from the 62° and liquid glycol mixture, respectively. 
The combined yields of carbon dioxide and formic acid (41-44%) 
correspond closely to the yield of VI (41-43%).

2,4,6-Triethyl-3-propylphenol (VIII) was prepared from ketone 
VII (obtained by chromic acid oxidation of III, m.p. 62°) by 
dehydrogenation with palladium-charcoal catalyst as previously 
described.8 From 6.0 g. of ketone was isolated 2.0 g., b.p. 
90-91° (0.45 mm.), n 26D  1.4975, and 1.2g., b.p. 91-93° (0.45 mm.), 
n 26D  1.5070; Xmax 283.5, tmax 1780; reported3 for authentic sample, 
b.p. 96-98° (0.4 mm.), n 26D  1.519, Xmax 282 mjt, «¡max 2040; infra
red spectrum identical with the authentic sample except for 
some slight carbonyl absorption at 1678 cm.-1. The phenyl- 
urethan derivative melted at 123-124° (lit.3 m.p. 122-122.5°) 
and when mixed with an authentic sample the melting point 
was not depressed.

6-Hydroxymethyl-5-propyl-2,4,6-triethyl-2-cyclohexen-l-ol Di
acetate (X).—The procedure of Pummerer and Smidt6 was 
followed to yield the diacetate X from the liquid glycol isomer, 
78-79% yield, b.p. 136-138° (0.95 mm.), ?i 22d  1.4733 (lit.6 
n20d 1.4745); strong acetate band at 1750 cm.-1 (C = 0).

Anal. Calcd. for C2oH340 4: C, 70.97; H, 10.13. Found: 
C, 71.04; H, 10.13.

Dehydroacetoxylation of diacetate X to the diene monoacetate
(XII) was accomplished by the procedure of Pummerer and 
Smidt.6 A 39.0-g. sample of X was mixed with 55.6 g. of 
freshly melted and powdered potassium acid sulfate and heated in 
an oil bath maintained at 86-96° for 3 hr. The mixture was 
distilled under reduced pressure to remove the acetic acid (2-hr. 
heating at bath temperature of 92°). There was obtained 6.4 g. 
(0.925 mole-equivalent) of acetic acid distillate (neut. equiv., 
61). The residue was diluted with water, extracted with ether, 
and the combined extracts washed several times with water and 
dried; removal of the ether gave 28.7 g. of orange oil. Distilla
tion under nitrogen gave 22.4 g. (70% yield) of dienemonoace- 
tate, b.p. 100-106° (0.4 mm.), n 26D  1.489; infrared bands, 
1740 (C = 0 , ester) and 1640 (C=C) cm.-1; ultraviolet, Xmo*
239.5 him, <w 17,400.



2120 N ie lse n  and  D u b in Vol. 28

T h e  B ase-C ata lyzed  S e lf-C o n d en sa tio n  o f  a,j8-Unsaturated K eton es. S tru ctu re  o f
H eilb ron ’s S tyryl A lkyl K eton e  D im ers1

Arnold T. N ielsen and Henry J. D ubin2
Organic Chemistry Branch, Chemistry Division, U. S. Naval Ordnance Test Station, China Lake, California

Received January 17, 1963

The crystalline dimers obtained by base-catalyzed self-condensation of certain styryl alkyl ketones have 
been shown to be 4-alkanoyl-2-alkyl-3,5-diarylcyclohexanones. They are not l,3-dialkanoyl-2,4-diaryl cyclo
butanes, as suggested previously by other workers. Three such dimers have been dehydrogenated to 4-alkanoyl- 
2-alkyl-3,5-diarylphenols and the latter substances cleaved to 2-alkyl-3,5-diarylphenols and alkanoic acids. 
2-Ethyl-3,5-diphenylphenol obtained by this reaction sequence was identical with a sample prepared by an 
independent synthesis. Dimers have been obtained in 13-22% yield from ketones of the type ArCH=CH- 
COCH2R where R may be any alkyl group other than methyl and Ar Is a phenyl group, unsubstituted or one 
having electron-releasing groups in the para (preferably) or meta, but not ortho position.

In a previous report3 4 5 it was concluded that the base- 
catalyzed self-condensation of a,/3-unsaturated ketones, 
RCH2CH=CHCOCH2R', proceeds initially as a Mich
ael condensation, in all known examples of this reac
tion, to form as the primary product an acyclic mono- 
olefinic 1,5- or 1,7-diketone. As the final product, four 
structural types (A-D) were recognized: (A) an
acyclic monoolefinic diketone, (B) a cyclic saturated 
diketone, (C) a cyclic monoolefinic ketol, and (D) a 
cyclic diolefinic monoketone. Products B-D arise 
from A by Michael or aldol condensations. Numerous 
reported examples of these various possibilities are 
now known.3 4 In the present study the self-conden
sation of a group of styryl alkyl ketones to cyclic satu
rated diketones (product type B) has been examined 
and the structures of the products established. 
Throughout the following discussion the term monomer 
is applied to the styryl alkyl ketones, and dimer to the 
derived cyclic saturated diketones.

The base-catalyzed self-condensation of certain 
styryl alkyl ketones (ArCH=CHCOCH2R) to form 
dimeric saturated diketones was first recognized by 
Heilbron and co-workers,6“7 who prepared many such 
compounds. These workers also noted the existence 
of certain dimers of this type which earlier had been 
described as monomers by others.8 9 10” 11 Since the publi
cation of Heilbron’s work, only one other report has 
appeared describing this reaction.12 None of the 
reports describes structure elucidation studies on the 
dimers.

Studies of reaction conditions were made by Heil
bron6”7 and have been extended by us. The conden
sation is generally conducted with one mole-equivalent 
each of aromatic aldehyde and methyl ketone form situ 
formation of the styryl alkyl ketone monomer, which 
then self-condenses. Although the pure styryl alkyl 
ketones may be employed, this procedure usually

(1) Presented  a t  the 140th N ational Am erican Chem ical Society M eeting, 
Chicago, 111., Septem ber, 1961.

(2) Deceased, O ctober 31, 1961.
(3) A. T . Nielsen, D. W. Moore, and K. H ighberg, J .  O r g .  C h e m . ,  26, 

3691 (1961).
(4) N. Bacon, S. Brewis, G. E. Usher, and E . S. W aight, J .  C h e m .  S o c . ,  

2 2 5 5  (1961).
(5) R. Dickinson, I. M . Heilbron, and F. Irv ing , i b i d . ,  1888 (1927).
(6) (a) I. M. H eilbron and F. Irving, i b i d . ,  2323 (1928); (b) I. M . H eilbron 

and F. Irving, i b i d . ,  931 (1929).
(7) I. M. Heilbron, R. N. Heslop, F . Irving, and J. S. Wilson, i b i d . ,  1336

(1931).
(8) D. V orlander, B e r . ,  30, 2267 (1897).
(9) H. R upe and  S. W ild, A n n . ,  414, 111 (1918).
(10) M. Scholtz and  W. M eyer, B e r . ,  43, 1861 (1910).
(11) H. C arette, C o m p t .  r e n d . ,  131, 1225 (1900),

offers no advantage. Sodium hydroxide catalyst (ca. 
0.2 mole-equivalent) in ca. 97% ethanol (3% water) 
solvent and a reaction time of two to ten days at room 
temperature, or four to six hours at reflux temperature; 
were employed in the present work. Water solvent 
favors monomer formation.6”7 (In the preparation of 
styryl propyl ketone dimer 87% ethanolic sodium 
hydroxide led to 14.5% yield of dimer, whereas etha
nolic sodium ethoxide gave a 17.4% yield.) The re
action is not catalyzed by ultraviolet light or heat in 
the absence of base. Yields are generally low (13- 
22%) but the reaction is very easily adapted to large- 
scale preparations—the dimer crystallizes from the 
reaction solution and is recovered by simple filtration. 
Usually a single recrystallization from ethanol or 
ethanol-ethyl acetate produces a pure product. In the 
condensation of 4-dimethylaminobenzaldehyde with 2- 
octanone at room temperature (twenty-two hours, 0.4 
mole-equivalent of sodium hydroxide) the product which 
crystallized from the reaction mixture was the monomer,
4-dimethylaminostyryl hexyl ketone (52% yield); by 
heating the monomer in ethanolic sodium hydroxide 
solution (50-78°, twenty-four hours), the dimer V was 
produced in 17.9% yield. Table I summarizes examples 
of the present study; yields, seldom mentioned in Heil
bron’s work, are recorded.

Properties of the various styryl alkyl ketone dimers 
are entirely similar. They are all colorless and rela
tively much higher melting than the corresponding 
monomers. Their solubility in most organic solvents 
is somewhat low. They may be crystallized from hot 
ethanol or ethanol-ethyl acetate, often in the form 
of very long, fine needles. Their infrared spectra reveal 
no hydroxyl or olefinic stretching bands; strong 
carbonyl absorption is found, usually two bands near 
1700 and 1720 cm.“1 in potassium bromide, but only 
one near 1720 cm.”1 in carbon tetrachloride solution. 
The ultraviolet spectra indicate two unconjugated, 
independently absorbing aryl groups per molecule; 
in ethanol Xmai near 259 m,u (emax 400-600). The com
pounds do not decolorize potassium permanganate in 
acetone solution. It is evident that they are saturated 
diketones as originally suggested by Heilbron.6“7

Although the number of different examples of the 
dimerization reaction previously reported is large (ca. 
twenty-two)6”7 912 no chemical evidence previously has 
been presented which establishes the structure of any 
one. Heilbron6’7 noted the similarity in certain chemi-

(12) M. M etayer, R e c .  t r a v .  c h i m . ,  71, 153 (1952).
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T a b l e  I
S y n t h e s is  o f  S t y r y l  A l k y l  K e t o n e  D im e r s

0

2ArCH=CHCOCH2R

CO
I

ch2r

Yield,
—Calcd.—

Mol.
' -F o u n d-----

Mol.
D im er Ar R % “ M .p., °C. Form ula c H wt. C H wt.

i c 6h 5 E th y l 1 4 . 5 6 1 9 8 -1 9 9 ' c 24h 28o 2 8 2 .7 2 8 .1 0 3 4 8 .5 8 2 .8 0 8 . 2 9 31 9
ii c 6h 6 I s o p r o p y l 2 2 . 4d 2 0 5 - 2 0 6 d C 26H 3202 8 2 .9 3 8 .5 7 3 7 6 .5 8 2 .7 6 8 .0 3 41 2

h i c 6h 6 O c ty l 1 3 .9 1 1 6 -1 1 8 ' C 36H 5202 8 4 .3 2 1 0 .2 2 5 1 2 .8 8 4 .7 4 1 0 .3 6 4 8 4
I V 4 - C H 3C 6H 4 B u ty l 2 0 .2 löö-lö?7 C 30H 40O 2 8 3 .2 8 9 .3 2 4 3 2 .6 8 3 .0 6 9 .5 4 465

V 4 - ( C H 3)2N C 6H 4 P e n ty l 1 7 .9 IS ö- I S ö ' C34HöoN202ff 7 8 .5 1 9 .7 2 5 1 8 .8 7 8 .5 6 9 .5 4 492
V I 4 -7 -P rC 6H 4 H e x y l 1 2 . 6 1 6 1 -1 6 2 / C 38H 56O 2 8 3 .7 7 1 0 .3 6 5 4 4 .8 8 4 .0 2 1 0 .3 8 538

a Y ie ld s  o f  p u r e  r e c r y s ta l l i z e d  m a te r i a l .  6 Y ie ld , 1 7 .4 %  w i th  s o d iu m  e th o x id e  in  e th a n o l ,  m .p .  1 9 6 -1 9 7 ° . c R e p o r t e d  m .p . 1 9 4 -  
1 9 5 ° .6b i  R e p o r te d  1 3 .6 %  y ie ld 6” ; m .p .  2 0 2 ° ,16b 2 0 9 ° .12 6 R e p o r t e d  m .p . 1 1 6 0.6“-11 1 N e w  c o m p o u n d s . " C a l c d . :  N , 5 .4 0 . F o u n d s
N , 5 .2 1 .

cal and physical properties between his dimers and those 
obtained by Stobbe1314 by photodimerization of chal- 
cones (ArCH=CHCOAr). Stobbe's ‘ ‘truxillic” ketones
(VII) are produced by prolonged exposure of chalcones 
to ultraviolet illumination. They form monocarbonyl 
derivatives (with difficulty) in contrast to the isomeric
1,2-diaroyl “truxinic” ketones (VIII), which have rela
tively lower melting points and readily form biscarbonyl

A% __ V°Ar A r ___ COAr A r __ COCH2R

ArCO Ar Ar COAr RCH/X) Ar 
VII VIII IX

Ar = Aryl; R = Alkyl

derivatives. Heilbron’s dimers were described as satu
rated and relatively inert, forming monoximes with 
difficulty, and they were arbitrarily assigned the cyclo
butane (“truxillic” type) structure (IX). Despite 
lack of evidence supporting structure IX, the notion 
has persisted that the dimers are cyclobutane deriva
tives,1216 although an observation has been made that 
this structure is probably incorrect.16

Styryl propyl ketone dimer (I), the simplest known 
example,6b-8 was selected for detailed structure elucida
tion studies. By considering the base-catalyzed di
merization of the monomer to proceed by two successive 
Michael additions to a cyclic saturated diketone (prod
uct type B, discussed previously), three possible struc
tures could be considered (X, XI, and I). These prod
ucts would arise through anions (XII and XIII) of two 
possible intermediate acyclic monoolefinic 1,5-diketones.

(13) H. Stobbe and A. Hensel, B e r . ,  59, 2254 (1926).
(14) H. Stobbe and K. Brem er, J .  p r a k t .  C h e m . ,  123, 1 (1929).
(15) R. A. Raphael in  “ C hem istry  of C arbon C om pounds/’ Vol. IIA ; 

E . H. Rodd, Ed., Elsevier, 1953, pp. 48, 57.
(16) E . R. H. Jones and  H. P. Koch, J .  Chem. Soc., 393 (1942).

C 3H ,C O C C H ( C 6H 6) C H C O C 3H ,

C H C 6H b

X I I

C 2H 5C H 2C O C H C H ( C » H 6) C H ( C 2H 6) C O C H = C H C eH ;

X I I I

Anion XII would seem an unlikely intermediate since 
its formation would require either prior abstraction of 
an unreactive vinyl proton from the monomer, or

©
reaction through an anion of a ketol ( C 3 H 7 C O C H C H O -  

HCeEh). I t could lead to X or I, but formation of a 
cyclobutane ring (X) is not favored in Michael con
densations. 17 To produce an anion leading to XI would 
require prior prototropic rearrangement of X III to 
place the negative charge on the starred carbon atom. 
However, X III is formed directly in the initial Michael 
condensation of two monomers and could lead directly 
to the favored six-membered ring product (I) in the 
second, intramolecular, Michael condensation.

Chemical evidence establishing structure I for styryl 
propyl ketone dimer was obtained in the following 
manner. Heating I with palladium-on-charcoal cata
lyst gave a ketone phenol, C24H24O2, m.p. 172-173°. 
Strong hydroxyl stretching absorption was present at 
3450 cm.-1; carbonyl absorption was shifted to 1670 
cm.-1 (potassium bromide) in the dehydrogenated 
product. The ultraviolet spectrum was changed from 
one resembling benzene (in I) to one having a single 
intense band at 239 him (e 21,500, ethanol). These 
data support a phenol structure, having an alkanoyl 
group attached to the aromatic ring, such as compound
XIV. Heating the ketone phenol with a catalytic 
amount of camphorsulfonic acid18 led to an oily product 
(not purified) having hydroxyl absorption in the 
infrared, strong carbonyl absorption at 1740 cm.-1 
(ester), and practically no absorption near 1670 cm.-1. 
This mixture is believed to be principally ester XVII 
and phenol XX. It was treated with hot aqueous 
ethanolic sodium hydroxide solution to yield 3,5- 
diphenyl-2-ethylphenol (XX), m.p. 82-83° (XmSB 238

(17) E. D. Bergm ann, D. G insburg, and R. P appo, O r g .  R e a c t i o n s ,  10, 248 
(1959).

(18) K. W. Rosenm und and W. Schnurr, A n n . ,  460, 56 (1928).
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mu, t 25,300), and butyric acid (identified as its p- 
phenylphenacyl ester). The acid-catalyzed treatment 
evidently led to a retrograde Fries rearrangement of 
XIV which produced ester XVII. An authentic sample 
of XX was synthesized from the known 3,5-diphenyl-

1,11,1V

OH

COCH2R 
XIV, XV, XVI

XVII, XVIII, XIX

/N a O H ,
/-R C H 2C 0 2H

O OH

XXIII XX, XXI, XXII

I, XIV, XVII, XX, XXIII. R = Et, Ar = C6H5
II, XV, XVIII, XXI. R = i-Pr, Ar = C6H6
IV, XVI, XIX, XXII. R = Bu, Ar = 4-CH3C JI4

6-ethyl-2-cyclohexen-l-one (XXIII)1'9 by heating with 
palladium on charcoal; it was identical with the sam
ple obtained from I.

Preceding degradation sequence also was successful 
with styryl isobutyl ketone dimer (II)20 and 4-methyl- 
styryl amyl ketone dimer (IV), leading to ketone 
phenols XV and XVI, respectively. Heating these 
substances with camphorsulfonic acid, followed by 
saponification of the intermediate esters XVIII and 
XIX, led to phenols XXI and XXII, respectively (the 
latter compound was a liquid and not characterized). 
In each saponification reaction the respective aliphatic 
acid was isolated and identified as its p-phenylphen- 
acyl ester. From XIX hexanoic acid itself was iso
lated. The amount of steam volatile organic acid 
(isovaleric) obtained by saponification of XVIII was 
0.95 mole-equivalent. It is believed reasonable to 
conclude that other styryl alkyl ketone dimers which 
have physical and chemical properties like I are also
4-alkanoyl-2-alkyl-3,5-diarylcyclohexanones.

The scope of the dimerization reaction has been 
examined with respect to structure of alkyl (R) and 
aryl (Ar) groups in the styryl ketone monomer, ArCH= 
CHCOCH2R. Heilbron determined that the reaction 
failed with styryl isopropyl and styryl ¿-butyl ketones 
and thus established the necessity of an RCH2 group.6 21 
All monomers with alkyl or arylalkyl substituents 
RCH2 which have been examined undergo the reaction, 
including those with R = n-alkyl from ethyl through 
octyl,6 isopropyl,6 2-methylbutyl,9 benzyl,7 22 and p- 
phenylethyl,7-22 but not methyl.8 23 The reaction fails 
when R = hydrogen.6 I t should be noted that R 
cannot be aryl, for in the condensation of aldehydes with

(19) W. D ieckm ann, B e r . ,  45, 2703 (1912).
(20) The dim er I I  has been isolated in  th ree  isomeric form s12 (m.p. 205°, 

i70°, and  140°) shown in our work to be diastereoisom ers. The stereo
chem istry of these substances will be discussed in  a  forthcom ing publica
tion.

(21) Phenyl n-alkyl ketones undergo norm al M ichael addition to chalcone, 
whereas isobutyrophenone does no t; c f .  D. B. Andrews and R. Connor 
J .  A m .  C h e m .  S o c 57, 895 (1935).

(22) A num ber of monomers of the  type, ArCH =CH CO (CH 2)nCeH 5 
( n  =  2,3), have been p repared  in c a .  5 0 %  aqueous ethanolic sodium  hy
droxide [C.- M . C lark  and  J. D. A. Johnson, J .  C h e m .  S o c . ,  126 (1962)]; 
no evidence of dim ers was found. On the  o ther hand, Heilbron7 found 
dim ers to form from th is m onom er type when Ar =  CsHs by  reaction in 
e t h a n o l i c  sodium  hydroxide. T his difference in results confirms the  im
portance of so lvent in  th e  reaction .6“7

benzyl methyl ketone condensation occurs on the 
methylene group.7

The position and type of ring substituent in the 
phenyl group of the styryl alkyl ketone monomer affect 
the dimerization reaction. Successful dimerizations 
have been realized with phenyl substituents hydrogen, 
p-methyl and p-isopropyl reacting at room tempera
ture, and with p-dimethylamino, p-methoxy, p-chloro,
3,4-dimethoxy, and 3,4-methylenedioxy reacting at re
fluxing ethanol temperature (but not at room tempera
ture). Failures have been reported for o-chloro, o- 
methyl, o-hydroxy, m-chloro, m-methoxy, m-nitro, and 
p-nitro substituents. The ortho substituents prevent 
the reaction and para substitution, relative to meta, 
appears to facilitate it. The effects of ring substitution 
on certain other Michael reactions fall closely into this 
pattern of reactivity; e.g., addition of ethyl aceto- 
acetate to various unsymmetrically substituted di~ 
benzylideneacetones, and diethyl maionate to ring 
substituted benzylidene methyl ketones.23 24 25 For these 
various Michael reactions, p-phenyl substituents affect 
the yield, to a rough approximation, in the order: 
CH3, f-Pr > H > (CH3)2N > OH > CH30, Cl > N 02. 
This order reflects the position of equilibrium, not the 
rate of Michael addition. Although it follows closely 
Taft’s o-j values,26 it is difficult to attach significance 
to this observation until more is learned of the effects 
of ring substituents on the forward and reverse Michael 
reaction. The reaction would be expected to resemble 
cyanohydrin formation of aromatic aldehydes where 
electron-withdrawing groups enhance the rate.26 On 
the other hand, it should be noted that the effect of 
ring substituents on the cyanohydrin equilibrium is not 
profound in degree,26 and (by comparison) somewhat 
different reaction constants (p) for the forward and/or 
reverse Michael addition could produce the equilibrium 
order we observed.

Experimental27
4-Butanoyl-3,5-diphenyl-2-ethylcyclohexan-l-one | Styryl 

Propyl Ketone Dimer (I)].—The procedure of Heilbron and Irv
ing*6 was used with slight modifications. Benzaldehyde (106 g., 
1 mole) and 2-pentanone (86 g., 1 mole) were dissolved in 500 
ml. of absolute ethanol. A 10% solution of sodium hydroxide 
(75 ml.) was added all at once and the mixture was stirred for a 
few moments. The temperature rose rapidly to 40° and within 
20 min. had reached a maximum of 49°. After about 40 min. 
crystals were noted in the orange solution. The mixture was 
stored in the dark at room temperature for 6 days before filtering 
the product and washing with ethanol; the crude product weighed
34.4 g., m.p. 180-193°. The filtrate was chilled and the second 
crop of crystals was recrystallized from a mixture of ethyl 
acetate and ethanol to yield 5.0 g., m.p. 193-194°. Recrystal
lization of the first crop from the same solvent mixture gave 20.0 
g., m.p. 198-199°. The total yield of recrystallized material, 
25 g., was 14.5%.

The product failed to decolorize potassium permanganate ¡d  
acetone solution. The ultraviolet absorption spectrum revealed 
several sharp maxima of low intensity (tm„x in parentheses): 243

(23) C rystalline products have been obtained by  condensation of benzal
dehyde and  2-m ethoxybenzaldehyde with 2-butanone (p roduct form ulas 
C29H 28O2 and CrdhaOs, respectively). Prelim inary evidence indicates their 
s truc tu res to be of a different type from I (unpublished results, th is  labo ra
to ry ) ; c f .  ref. 5 and C. V. Gheorghiu and B. Arwentiew, B u l l .  s o c .  c h i m .  

F r a n c e ,  (4) 47, 195 (1930).
(24) Ref. 17, p. 219 and  pp. 300-327.
(25) R. W. Taft, Jr., and I. C. Lewis, J .  A m .  C h e m .  S o c . ,  80, 2436 (1958).
(26) J. W. B aker and H. B. Hopkins, J .  C h e m .  S o c . ,  1089 (1949).
(27) M elting points were determ ined on a Kofler block and  are uncor

rected. U ltravio le t absorption spectra were m easured in 95%  ethanol. 
In frared  spec tra  of liquids were determ ined neat unless otherw ise stated .
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(285), 248 (354), 253 (469), 258 (596), 265 (555), and 268 
(445), and a broad band at 288 m/i (372). The infrared spectrum 
(potassium bromide) revealed no absorption near 3500 cm. “1 
but split carbonyl bands (1690 and 1720 cm.“1); in carbon tetra
chloride solution a single carbonyl band appeared at 1720 cm.“1. 
The other dimers prepared (Table I) were found to have very 
similar ultraviolet and infrared spectra.

The preparation of I was repeated using sodium ethoxide 
catalyst (0.2 mole) in 500 ml. of absolute ethanol and a room 
temperature reaction time of 65 hr. The crude product (40.0 
g.) was recrystallized from ethanol to give 30.2 g. (17.4% yield), 
m.p. 196-197°.

Preparation of Styryl Alkyl Ketone Dimers.—The first pro
cedure described, used for preparing I, was employed for the 
preparation of other dimers, except that the solvent was ca. 97% 
ethanol rather than 87%, [one mole each of aldehyde and ketone 
were dissolved in 680 ml. of absolute ethanol and 30 ml. of 25% 
sodium hydroxide solution (aqueous) was added]. The following 
aldehydes and ketones were condensed at room temperature 
(reaction times listed in parentheses): benzaldehyde with methyl
isobutyl ketone to form II (10 days); p-tolualdehyde and 2-hep- 
tanone to form IV (12 days); cuminaldehyde with 2-nonanone 
to form VI (6 days). In these reactions there was an initial 
rapid exothermic reaction with a temperature rise to ca. 40-50°, 
followed by cooling to room temperature within ca. 3 hr. The 
reaction time selected was somewhat arbitrary and often longer 
than necessary, since almost all of the crystalline product ap
peared to form within 1-2 days. Benzaldehyde and 2-undeca- 
none were condensed to form III by initially heating on the steam 
bath for 4 hr., then allowing to stand at room temperature for 
42 hr. The products were recrystallized from ethanol or ethyl 
acetate or mixtures of these solvents. The preparation of one 
other dimer (V) is described subsequently. Yields, melting 
points, elemental analyses, and molecular weights of pure, re
crystallized products are summarized in Table I. Reactions, 
separately, of 4-nitro- and 3-nitrobenzaldehyde with 2-decanone 
resulted in the formation of dark tarry material from which no 
crystalline product could be isolated.

4-Dimethylaminostyryl Hexyl Ketone.—To a solution of 74.6 
g. (0.5 mole) of 4-dimethylaminobenzaldehyde and 64.1 g. (0.5 
mole) of 2-octanone in 340 ml. of absolute ethanol was added 30 
ml. of a 25% aqueous sodium hydroxide solution. The aldehyde 
slowly dissolved as the mixture was agitated and the tempera
ture rose from 22° to 27°. The dark solution on standing at room 
temperature for 22 hr. deposited yellow crystals which were 
removed by filtration; yield 86.8 g., m.p. 71-72°. Recrystal
lization from ethanol gave large yellow needles, 67.6 g. (52% 
yield), m.p. 77-78°; a second recrystallization from ethanol did 
not raise the melting point. Infrared bands at 1660 (C = 0) 
and 1640 (C=C) cm.“1 (Nujol mull).

Anal. Calcd. for C„H26NO: C, 78.71; H, 9.72; N, 5.40;
mol. wt., 259.4. Found: C, 78.83; H, 9.42; N, 5.34; mol.
wt., 290, 308.

4-Hexanoyl-3,5-bis(4-dimethylaminophenyl)-2-pentylcyclo- 
hexan-l-one [4-Dimethylaminostyryl Hexyl Ketone Dimer (V)]. 
—A mixture of 81.8 g. of 4-dimethylaminostyryl hexyl ketone, 
300 ml. of absolute ethanol, and 25 ml. of 25% aqueous sodium 
hydroxide solution was heated to 50-55 ° to obtain a solution and 
maintained at this temperature for 17 hr. and at 75-78° for an 
additional 7 hr. After cooling to room temperature and allow
ing to stand 24 hr. the mixture was filtered to yield 19.7 g. of 
crystals, m.p. 173-179°. Recrvstallization from ethanol-ethyl 
acetate gave 14.6 g. (17.9%) of needles, m.p. 184-186°; re
crystallization gave 13.9 g., m.p. 185-186°; properties are 
summarized in Table I.

Attempted Photodimerization of Styryl Isobutyl Ketone.—
Styryl isobutyl ketone was prepared by the procedure of Meta
yer.1* A 94-g. sample (0.5 mole) was placed in a quartz flask and 
irradiated for 96.5 hr. using a high-energy ultraviolet lamp while 
the liquid was stirred continuously. Distillation gave 86.9 g. 
(92.5%) of recovered ketone and a small amount of dark liquid 
residue which failed to crystallize.

4-Butanoyl-3,5-diphenyl-2-ethylphenol (XIV).—A 2-g. sample 
of styryl propyl ketone dimer (I) and 0.3 g. of 10% palladium- 
on-charcoal catalyst were thoroughly mixed in a test tube and 
heated (nitrogen atmosphere) with a flame for 30 min. (temp., 
310-320° in the liquid). After cooling to room temperature, 
the volatile materials which had condensed on the walls of the 
test tube were removed by rinsing out with cold chloroform.

The solid residue remaining was extracted with boiling chloro
form and filtered and the filtrate concentrated to dryness. From 
three such runs there was obtained 4.6 g. of a brown solid which 
was crystallized from benzene to yield 0.95 g., m.p. 168-171°, 
and 0.25 g., m.p. 152-162°, of crude phenol in successive crops; 
total yield, 1.20 g. (20%). Recrystallization from benzene gave 
small prisms, m.p. 172-173°; infrared spectrum (potassium 
bromide), strong OH stretching band (3500 cm.“1) and con
jugated carbonyl at 1670 cm.“1; ultraviolet spectrum, Xmax 239 
ran (e 21,500) and shoulder at 290 him (e 4000). No color change 
was noted when the phenol was added to ethanolic ferric chloride 
solution.

Anal. Calcd. for C24H24O2: C, 83.69; H, 7.02. Found: 
C, 83.64; H, 7.19.

3,5-Diphenyl-2-isopropyl-4-(3-methylbutanoyl)phenol (XV).— 
The procedure used for preparing XIV was employed with 
styryl isobutyl ketone dimer (II), m.p. 205-206°; temp., 310- 
320°, 15-min. heating. From three 2-g. batches there was ob
tained 5.44 g. of yellow solid which was crystallized first from 
ethanol to yield 1.88 g. of recovered dimer, m.p. 198-207°. 
The mother liquor was concentrated to dryness and the residue 
crystallized from benzene to yield 1.38 g. (23%) of phenol XV, 
m.p. 193-200°; recrystallization gave small rhombic crystals, m.p. 
202-203°. Infrared bands at 3500 (OH) and 1670 (conjugated 
C = 0 ) cm.“1 (potassium bromide); ultraviolet spectrum showed 
shoulders near 240 mn (e 23,000) and 290 m^ (e 4000). No 
change in color in ferric chloride solution was observed.

Anal. Calcd. for C26H2802: C, 83.83; H, 7.58. Found: 
C, 84.13; H, 8.20.

2-Butyl-3,5-bis(4-methylphenyl )-4-hexanoylphenol (XVI).—
The procedure used for preparing XIV was employed with
4-methylstyrvl amyl ketone dimer (IV); temp., 320-330°, 
20-min. heating. The crude residue (5.15 g.) was crystallized 
first from ethanol to yield 0.83 g. of recovered dimer, m.p. 160- 
164°. The mother liquor was concentrated to dryness and the 
residue crystallized from heptane to yield 1.65 g. (28%) of phenol 
XVI, m.p. 101-105°. Two recrystallizations from hexane gave
l .  2 g., m.p. 105.5-107°; further recrystallization gave prisms,
m. p. 106-108°; infrared bands at 3500 (OH) and 1670 cm. “1 
(conjugated C = 0 ) (potassium bromide); ultraviolet spectrum, 
broad maximum near 237 ran (« 28,000) and shoulder at 290 m^ 
(e 4950). No color was produced in ethanolic ferric chloride 
solution.

Anal. Calcd. for C30H36O2: C, 84.07; H, 8.47. Found: 
C, 83.57; H, 8.07.

Deacylation of 4-Butanoyl-3,5-diphenyl-2-ethylphenol to 3,5- 
Diphenyl-2-ethylphenol (XX).—A mixture of 0.344 g. (1 mmole) 
of ketophenol XIV, 0.094 g. (1 mmole) of phenol, and 4.5 mg. of 
camphorsulfonic acid was heated in a test tube immersed in an 
oil bath at 180° for 1 hr. The residue was distilled to yield 0.15 
g., b.p. 160-180° (700 mm.), re25d 1.5221, believed to be a mix
ture of phenol (major constituent) and phenyl butyrate [infrared 
bands at 3600 cm. “1 (OH) and 1730 cm. “1 (ester C = 0 )] . The 
residue remaining (0.31 g.) revealed strong infrared bands at 
3600 cm. “1 (OH) and 1750 cm. “1 (ester C = 0); practically none 
of the carbonyl absorption of the starting material at 1670 cm. “1 
was evident and the material is believed to be a mixture of 3,5- 
diphenyl-2-ethylphenol (XX) and its butyrate ester (XVII). 
The entire residue (0.31 g.) was treated with 10 ml. of water, 
10 ml. of ethanol, and 10 g. of sodium hydroxide and the mixture 
refluxed for 18.5 hr. The mixture was diluted with water and 
extracted with ether; the combined extracts were dried and 
concentrated to leave 0.28 g. of residue. Crystallization from 
hexane gave 0.066 g. of 3,5-diphenyl-2-ethylphenol (XX), 
m.p. 82-83°; when mixed with an authentic sample (prepara
tion is described later, m.p. 83-83°), the melting point was not 
depressed; the infrared and ultraviolet spectra of the two samples 
were identical. The deacylation could be carried out effectively 
with camphorsulfonic acid alone (phenol absent) with similar 
results (mixture of XX and its butyrate ester produced). Alu
minum chloride was much less effective as a reagent for this re
action. An attempt to separate the 3,5-diphenyl-2-ethyl- 
phenyl butyrate from the mixture by distillation was ineffective 
since the distillate was contaminated with the phenol (XX); 
ester XVII could not be crystallized.

The aqueous alkaline portion remaining from this saponi
fication was made acidic with sulfuric acid, diluted with water, 
and distilled; 3.4 1. of distillate was collected. The distillate 
was neutralized with sodium hydroxide solution, concentrated to
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a volume of 10 ml., and then treated with 0.2 g. of p-phenyl- 
phenacyl bromide and 10 ml. of ethanol. After refluxing 1.3 hr. 
and cooling, the mixture was filtered to yield 0.24 g. of crude p- 
phenylphenacyl butyrate, m.p. 60-80°; recrystallization from 
dilute ethanol gave prisms, m.p. 80-81°; when mixed with a 
authentic sample (m.p. 78-80°), the melting point was not 
depressed.

Deacylation of 3,5-Diphenyl-2-isopropyl-4-(3-methylbutanoyl)- 
phenol to 3,5-Diphenyl-2-isopropylphenol (XXI).—A 0.5-g. 
sample of ketophenol XV and 5 mg. of camphorsulfonlc acid were 
heated at 205° for 4 hr. The residue, which had an isovaleric 
acid odor, was dissolved in ether and washed with sodium bi
carbonate solution; the ether solution was dried and concentrated 
to dryness. The residue (0.42 g.) had hydroxyl (3600 cm.“1) 
and carbonyl (1750 cm.-1, ester) absorption and is believed to 
contain principally the phenol XXI and its isovalerate ester 
(XVIII). A 0.36-g. portion of the residue was saponified by 
refluxing for 24 hr. with a mixture of 10 g. of sodium hydroxide, 
10 ml. of water, and 10 ml. of ethanol. There was obtained 0.30 
g. of crude phenol XXI which was crystallized from hexane to 
yield 0.21 g., m.p. 112-115°. Recrystallization gave colorless 
prisms of 3,5-diphenyl-2-isopropylphenol (XXI), m.p. 114-115°; 
infrared band (potassium bromide) at 3500 cm.-1 (OH) (carbonyl 
absent).

Anal. Calcd. for C21H20O: C, 87.46; H, 6.99. Found: 
C, 87.54; H, 6.94.

The aqueous alkaline portions (including the sodium bicarbo
nate extracts) were combined, acidified with sulfuric acid, diluted 
with water, and distilled. The first 1200 ml. of distillate con
tained 0.00119 equivalent of acid (by direct titration with 0.1 N 
sodium hydroxide) and the next fraction (700 ml.) contained 
0.0008 equivalent; total, 0.00127 equivalent (94.5%) of iso
valeric acid. The neutralized distillate was concentrated and the 
p-phenylphenacyl ester prepared; 0.16 g., m.p. 76-77°, was ob

tained; the melting point was not depressed when the material 
was mixed with an authentic sample (m.p. 73-75°).

Deacylation of 2-Butyl-3,5-bis(4-methylphenyl)-4-hexanoyl- 
phenol.—A 0.5-g. sample of the ketophenol XVI and 5 mg. of 
camphorsulfonic acid were heated at 200-210° for 3.5 hr. The 
residue was saponified by the procedure described previously; 
reflux time, 24 hr. The product, believed to be mainly 2-butyl-
3,5-bis(4-methylphenyl)phenoI (XXII), was obtained as an oil 
which failed to crystallize from hexane on chilling to —15°.

The aqueous alkaline portion was concentrated to near dryness 
and diluted with water to a volume of 25 ml. The solution was 
acidified with sulfuric acid and extracted with ether. After 
drying the solution and removing the ether the residue was dis
tilled to yield 0.08 g. of hexanoic acid, b.p. 185° (690 mm.), 
n26d 1.4165, neut. equiv., 120 (calcd. 116.2). The p-phenyl- 
phenacyl ester was prepared, m.p. 63-64°; when mixed with an 
authentic sample, m.p. 63-64°, the melting point was not de
pressed.

3,5-Diphenyl-2-ethylphenol (XX) from 3,5-Diphenyl-6-ethyl- 
2-cyclohexen-l-one (XXIII).—A 1.0-g. sample of 3,5-diphenyl-6- 
ethyl-2-cyclohexen-l-one (XXIII) (prepared by the procedure 
of Dieckmann19) was mixed with 0.3 g. of 10% palladium-on- 
charcoal catalyst and the mixture heated gently with a flame for 
15 min. (until bubbling ceased). The combined product of two 
such runs was extracted with boiling chloroform several times 
and the extracts were filtered. Concentration of the filtrate 
gave 1.43 g. of orange oil which was crystallized from hexane 
to yield 0.45 g. of crude XX, m.p. 76-81°; two recrystallizations 
from hexane raised the melting point to 82-83° (colorless prisms); 
infrared bands (Nujol) at 3500 and 3600 cm.-1 (hydroxyl); 
carbonyl absorption was absent; Xma![ 238 m (« 25,300), shoulders 
at 260 mjii (e 15,600) and 300 m/i (« 4400).

Anal. Calcd. for CJHisO: C, 87.56; H, 6.61. Found: 
C, 88.06; H, 6.68.
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The reaction of 1-pyrrolidinocyclohexene and arylsulfonyl chlorides led, on hydrolysis, to 2-arylsulfonylcyclo- 
hexanones. With o-, m-, or p-nitrobenzenesulfenyl chloride, 2-mono- and 2,6-bis(o-, m-, and p-nitrophenylsul- 
fenyl)cyclohexanones were obtained. Intermediate bisnitrophenylsulfenyl enamines were isolated. Only mono
substitution products were obtained from 1-pyrrolidinocyclohexene and m- or p-nitrophenyl disulfides and from
6-methyl-l-pyrrolidinocyclohexene and o-nitrobenzenesulfenyl chloride. From propane-1,3-dithiol-di-p-tol- 
uenesulfonate and 1-pyrrolidinocyclohexene, the 1,2-cyclohexanedione mono-1,3-propanedithioI ketal was 
obtained.

Since the initial work of Stork and his collaborators 
on the alkylation and acylation of enamines,1 this class 
of compounds has gained increasing recognition as 
reactive intermediates in organic synthesis. While 
previous interest focused mainly on the use of enamines 
in the formation of carbon to carbon bonds, this report 
describes some reactions of enamines with electrophilic 
sulfur derivatives.

A few other studies in this area were indicated re
cently. Thus the reaction of 1-piperidinopropene with 
benzenesulfonyl chloride gave 2-benzenesulfonyl-l- 
piperidinopropene,2 3 but alkylsulfonyl chlorides and 
enamines led to 3-aminotrimethylene sulfones.2 3 These 
may arise either from cyclization of initially formed a- 
sulfonylimmonium intermediates, postulated in anal
ogy to precursors of arylsulfonyl enamines, or from 
addition of a sulfur analog of ketene to the enamines.

(1) (a) G. Stork, R . Terrell, and J. Szmuszkovicz, J .  A m .  C h e m .  S o c . ,  

76, 2029 (1954); (b) G. Stork, A. Brizzolara, H . Landesm an, J. Szmusz- 
kovicz, and R . Terrell, ibid., 85, 207 (1963).

(2) G. Opitz and  H. Adolph, A n g e w .  C h e m . ,  74, 77 (1962).
(3) G. S tork and I. Borowitz, J .  A m .  C h e m .  S o c . ,  84, 313 (1962).

A third example is the reaction of sulfur dichloride with 
the bispyrrolidine enamine of bicyclo [3.3.1 ]nonane-
2,6-dione which gave 2-thiaadamantane-4,8-dione on 
hydrolysis.4

We have found that the pyrrolidine enamine of cyclo
hexanone I reacts with p-acetamidobenzenesulfonyl 
chloride, p-nitrobenzenesulfonyl chloride, and p~ 
toluenesulfonyl chloride6 to give the corresponding 
arylsulfonyl ketones Ila-c on hydrolysis.

I Ila-c

a, Ar = p-acetamidophenyl
b, Ar = p-nhrophenyl
c, Ar = p-tolyl

(4) H . S te tte r, H. Held, and A. Schulte-Oestrich, B e r . ,  95, 1687 (1962).
(5) Also indicated by G. Stork, A bstracts, 16th N ational Organic Sym po

sium, June, 1959, pp. 44-52.
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In addition to the sulfone Ha, the reaction mixture 
from p-acetamidobenzenesulfonyl chloride and 1-pyr- 
rolidinocyclohexene gave a small amount of 2-p-acet- 
amidobenzenesulfenylcyclohexanone and, similarly, the 
reaction with p-nitrobenzenesulfonyl chloride yielded 
also the bis-p-nitrobenzenesulfenyl enamine IVa and 
2-p-nitrobenzenesulfenylcycloh^xanone Va. These 
products presumably arose from the corresponding 
sulfenyl chlorides.6

Vla-c VIIa~c
a, p-nitrophenyl
b, o-nitrophenyl
c, m-nitrophenyl

Indeed, reaction of o-nitrobenzenesulfenyl chloride 
and 1-pyrrol idinocyclohexene yielded, after hydrolysis, 
a mixture of the bis-o-nitrobenzenesulfenyl enamine 
IVb, the a-sulfenyl ketone Vb, and the epimeric a,a'- 
disulfenyl ketones Ylb and Vllb. A separable mixture 
of the disulfenyl ketones VIb and Vllb also was ob
tained on acid hydrolysis of the purified disulfenyl 
enamine IVb. Analogous results were found in the 
reaction of m-nitrobenzenesulfenyl chloride with 1- 
pyrrolidinocyclohexene where the disulfenyl ketones 
Vic and Vile and the monosulfenyl ketone Vc were 
isolated. The epimeric 2,6-diarylsulfenylcyclohexa- 
nones VIa,b,c and VIIb,c could be divided into two 
groups on the basis of their infrared carbonyl absorp
tions at 1720-1725 and 1700-1710 cm.-', respectively. 
The monosubstituted arylsulfenylcyclohexanones Va-c 
showed carbonyl absorption at 1705-1710 cm.-1. 
(Empirical comparison of differences in absorption near 
815 and 730 cm.-1, however, could suggest a reversed 
grouping of the m-nitrophenyl pair, Vic and Vile.) 
Stereochemical assignments of the epimeric groups 
were based on nuclear magnetic resonance spectra of 
the 2,6-di-m-nitrobenzenesulfenylcyclohexanone pair, 
Vic and Vile, which alone was sufficiently soluble in 
suitable solvents. The compound showing axial protons 
a to the carbonyl group at higher field (5.9 r vs. 5.5 r) 
and some separation of methylene protons into axial 
and equatorial groups (about 8.1 and 7.6 r vs. about 7.8 
r) was assigned the cis configuration Vic, which would 
be expected to be more rigid than the trans epimer Vile

(6) While sulfenyl chlorides appear to  be con tam inan ts in the  commercial 
sulfonyl chlorides, they also m ay have been generated in th e  reaction mix
tu res since th e  sulfenyl products were found, albeit in som ew hat smaller 
yield, even  when p-nitrobenzenesulfonyl chloride of analy tical p u rity  was 
used.

where protons are averaged in a rapid interchange of 
two equivalent conformers.

Each of the nitrobenzenesulfenyl chlorides on reaction 
with 1 -pyrrolidinocyclohexene formed predominantly the
2 ,6-disubstitution product, thus displaying a reaction 
course which is contrary to the cumulative experience of 
enamine chemistry, where one has always found a pref
erence for the formation of monosubstitution products. 
The preferential formation of 2,6-disubstitution prod
ucts with one equivalent or less of the electrophile indi
cates a higher nucleophilic reactivity of an a-carbon in 
an initially produced monosubstituted enamine inter
mediate III as compared with the starting enamine I. 
While this relationship is not readily rationalized for a
6-substituted 1-pyrrolidinocyclohexene, the direct pre
cursor of the products IVa,b,c, it could be expected for 
the thioether substituted enamine, where negative 
charge density at the a-carbon might be increased due 
to stabilization of a more polarized enamine by the 
adjacent sulfur substituent. A 2,2-disubstituted im- 
monium chloride intermediate VIII, formed from III, 
would undergo loss of a proton in the basic reaction 
medium to give the 2,2-disubstituted enamine IX, 
which could rearrange to the 2,6-disubstituted products 
I Va-c.

Some analogy to this new rearrangement can be seen in 
the transformation of 2-bromo-2-methylcholestan-3-one 
to the 4-bromo ketone.7 In the present case the driving 
force of the rearrangement should arise from the forma
tion of the conjugated nitrophenylsulfenyl enamine 
system as well as from a relief of steric compression in 
the a,a-disubstituted enamine where overlap of the un
shared nitrogen electrons and the double bond requires a 
structure with steric repulsion between a sulfur substit
uent and one methylene group of the pyrrolidine ring.

In contrast to the reactions with nitrobenzenesul
fenyl chlorides, the addition of p- and ra-nitrobenzene- 
disulfides Xa,b to 1-pyrrolidinocyclohexene and hy
drolysis led mostly to monosubstituted ketones. This 
reaction course may be due to the formation of the 
dithioether intermediates XIa,b and a reflection of the 
higher nucleophilicity of aryl sulfide ions as compared 
with chloride ion. The reversibly formed adducts XIa,b 
can eliminate aryl sulfide ion, which is then removed 
from the reaction mixture by slow reaction with the 
solvent methylene dichloride, thus forming the thio- 
acetals XIIa,b. (See p. 2126, Col. 1.)

A monosubstituted enamine XIV was the only iso
lated reaction product from the addition of o-nitro- 
benzenesulfenyl chloride to 6-methyl-l-pyrrolidino- 
cyclohexene XIII. Here lack of further reaction can 
be explained by a higher energy of an immonium 
salt-like transition state arising from the substituted 
enamine XIV as compared with the unsubstituted 
enamine XIII. The presence of an alkyl substituent

(7) C. D jerassi, N. Finch, and R . M auli, J . A m .  C h e m .  S o c ., 81, 4997 
Cl 959).
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a, p-nitrophenyl
b, m-nitrophenyl

at C-6 should hinder electrophilic attack at C-2 of 1- 
pyrrolidinocyclohexene8 in a quasi chair or boat con
formation due to steric strain arising from either (a)
1,3-diaxial repulsion of the approaching electrophile by 
the substituent9 or (b) coplanarity of the substituent and 
an a-rnethylcne group of the heterocycle in the transi
tion state. Because of the simultaneous high steric 
requirements of the methyl and sulfur substituents, 
electrophilic attack on enamine XIV would lead to a 
transition state with a twisted ring conformation where 
overlap stabilization between nitrogen, double bond, 
and the thioaryl system is reduced.

The predominant formation of disubstitution prod
ucts from the reactions of pyrrolidinocyclohexene with 
arylsulfenyl halides and monosubstitution products 
with aryl disulfides as well as the monosubstitution 
reaction of 6-methyl-l-pyrrolidinocyclohexene with o- 
nitrobenzenesulfenyl chloride also could be explained in 
another way on the basis of previous observations in 
enamine chemistry.

It has been found1 that an excess of very reactive elec
trophiles can lead to disubstitution products whereas 
less reactive, more discriminant electrophiles will give 
rise to monosubstitution products. In the present ex
periments this would require destructive removal of a 
part of the enamine, but not of the sulfenyl chloride, 
before the apparently instantaneous electrophilic attack 
is possible. Since product yields were far from quanti
tative, such a reaction course must be considered, but it 
should be recalled that disubstitution products were 
isolated predominantly even when the sulfenyl chloride 
was introduced as a minor impurity in the reaction of 
p-ni trobenzenesul forty 1 chloride.

Finally, it was of interest to see if a 2,2-dithiosub- 
stituted cyclohexanone could be obtained from 1- 
pyrrolidinocyclohexene and thus to find some support 
for the postulated 2,2-disubstituted immonium inter
mediate VIII. This was achieved by a reaction of 1-

(8) Such h indrance is found in th e  alkylation of analogous enam ines;
c f .  ref. 1.

(9) W. R. W. W illiamson, T e t r a h e d r o n , 3, 314 (1958).

pyrrolidinocyclohexene I with the di-p-toluenesulfonate 
of propane 1,3-dithiol XV. This reaction, which clearly 
favored disubstitution on the same carbon, led, after 
hydrolysis, to the a-thioketal ketone XVI. Structural 
assignment was confirmed by an n.m.r. spectrum which 
showed two nonequivalent axial and equatorial protons 
of the a-methylene ketone (6.9 and 6.7 r). This last 
reaction has been of value in some natural product work 
of this laboratory where the introduction of a thioketal 
blocking group was desired.10

Experimental
2-(4-Acetamidobenzenesulfonyl)cyclohexanone (Ila).—A solu

tion of 38.6 g. (0.165 mole) of p-acetamidobenzenesulfonyl chlo
ride and 16.2 g. (0.165 mole) of triethylamine in 1 1. of methylene 
chloride was cooled in ice and 25.0 g. (0.165 mole) of 1-pyrroli- 
dinocyclohexene added under nitrogen. After 18 hr. at room 
temperature the solvent was removed under vacuum, an excess of 
dilute hydrochloric acid and enough methanol to maintain a 
homogeneous solution were added, and the solution stirred 90 
min. at room temperature. Addition of water, extraction with 
methylene chloride, concentration, and crystallization from 
ethyl acetate gave 15.9 g. of sulfone (33% yield), m.p. 184-185°, 
after recrystallization.

Anal. Calcd. for C„H17N 04S: C, 56.90; H, 5.80; N, 4.74; 
CHsCO, 14.6. Found: C, 56.84; H, 5.83; N, 4.75; CH3CO,
14.6 (by 4-hr. reflux in sulfuric acid).

Chromatography of the concentrated ethyl acetate filtrate on 
alumina (Woelm, neutral, activity II) gave 0.80 g. of material, 
m.p. 98-135°, eluted with 1:1 benzene-methylene chloride in the 
initial fractions and 1.8 g. (3.7% additional yield) of the sulfone. 
Recrystallization of the less polar material from benzene and 
cyclohexane produced 0.20 g., m.p. 122-124°, of 2-p-acetamido- 
benzenesulfenylcyclohexanone.

Anal. Calcd. for C14H17N02S: C, 63.84; H, 6.51; N, 5.32. 
Found: C, 64.01; H, 6.54; N, 5.24.

2-(4-Methylbenzenesulfonyl)cyclohexanone (lie).—At 30°, a 
solution of 25.2 g . (0.13 mole) of p-toluenesulfonyl chloride in 300 
ml. of methylene chloride was added to 20.0 g. (0.13 mole) of 1- 
pyrrolidinocyclohexene and 13.4 g. (0.13 mole) of triethylamine, 
in 100 ml. of methylene chloride. After 18 hr. 2.5 g. of triethyl
amine hydrochloride was filtered off, the reaction mixture con
centrated under vacuum, dissolved in 500 ml. of benzene, and an 
additional 11.7 g. of triethylamine hydrochloride removed. After 
concentration under vacuum the residue was heated for 15 min. 
on a steam bath with an excess of dilute hydrochloric acid. Ex
traction of the cooled solution with methylene chloride, con
centration, solution in hot cyclohexane, concentration, and tri
turation with hot ligroin gave 9.9 g. of crystals, m.p. 63-70°, and
13.1 g. of oil. Repeated recrystallization from ligroin produced
5.4 g., m.p. 76-78° (lit.11 m.p. 76-80°), and 4.0 g., m.p. 65-75°. 
Distillation of the oil from a jacketed flask at bath temp. 130-200° 
(0.001 mm.) gave 8.3 g. of gummy crystals. All fractions (total 
crude, 17.7 g., 54% yield) had almost identical infrared spectra 
and each gave a 2,4-dinitrophenylhydrazone, m.p. 204-205°, 
recrystallized from methylene chloride and ethanol.

Anal. Calcd. for Ci9H2oN40 6S: C, 52.78; H, 4.66; N, 12.96. 
Found: C, 53.05; H, 4.65; N, 13.05.

In an alternative procedure the total reaction product after 
hydrolysis was chromatographed on alumina (Woelm, neutral, 
activity II) and 7.2 g. (21 % yield) of the crystalline sulfone eluted 
with 5:1 petroleum ether-benzene, together with 5.0 g. of the 
oily material and 0.75 g. of pyrrolidine p-toluenesulfonamide,

CIO) R. B. W oodward, A. A. Pa tche tt, D. H. R. B arton , D. A. J. Ives, 
and R. B. Kelly, J .  C h e m .  S o c . ,  1131 *'1957).

(11) J. Weinstock, R. G. Pearson, and F. G. Bordwell, A m .  C h e m . S o c .,
78, 3468 (1956).
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more rapidly eluted than the sulfone, m.p. 120-121° (lit.12 m.p. 
121°).

2-(4-Nitrobenzenesulfonyl)cyclohexanone (lib), 2-(4-Nitro- 
benzenesulfenyl)cyclohexanone (Va), and 2,6-Di(4-nitroben- 
zenesulfenyl)-l-pyrrolidinocyclohexene (IVa).—A solution of 22.2 
g. (0.10 mole) of p-nitrobenzenesulfonyl chloride (Eastman, re
crystallized three times from cyclohexane, m.p. 77-79°. Anal. 
Calcd. for C6H4C1N04S: C, 32.52; H, 1.82. Found: C, 32.50, 
H, 1.95.) in 150 ml. of chloroform was added, with cooling, to 10.1 
g. (0.10 mole) of triethylamine and 15.1 g. (0.10 mole) of 1- 
pyrrolidinocyclohexene in 150 ml. of chloroform, under nitrogen. 
After 18 hr. at room temperature the solvent was removed under 
vacuum, the residue taken up in 250 ml. of benzene, and 12.0 g. of 
triethylamine hydrochloride filtered off. Concentration under 
vacuum, addition of 200 ml. of methanol, filtration, and recrys
tallization from methanol gave 1.2 g. of IVa, m.p. 178-179°.

Anal. Calcd. for C22H23N30 4S2: C, 57.77; H, 5.07; N, 9.19; 
S, 14.02. Found: C, 57.84; H, 5.18; N, 8.67; S, 13.92.

To the methanolic solution 23 ml. of 10% hydrochloric acid 
was added and, after 30 min. at room temperature, the solution 
was poured into water and extracted with methylene chloride. 
Concentration under vacuum and chromatography on 220 g. of 
Florisil gave 0.2 g., m.p. 91-93°, of crude Va, eluted with 1:2 
petroleum ether-benzene; 2.5 g., m.p. 80-112°, of a mixture of 
lib  and Va in four fractions eluted with 1:2 petroleum ether- 
benzene; and 3.7 g., m.p. 113-120°, of crude lib , eluted in ten 
fractions with benzene. Recrystallization of the crude Va from 
methanol, then from cyclohexane gave a sample with m.p.
97-98°, infrared, 1710 cm.“1 (C = 0) in potassium bromide.

Anal. Calcd. for Ci2H13N 03S: C, 57.38; H, 5.22; N, 5.58; 
S, 12.77. Found: C, 57.70; H, 5.27; N, 5.57; S, 12.88.

Recrystallization of crude lib  from methanol gave 2.4 g. of 
sulfone, m.p. 120-121°; 0.8 g., m.p. 113-115°; and 0.5 g., m.p.
105-110° (mixtures of lib  and Va).

Anal. Calcd. for Ci2H13N 06S: C, 50.88; H, 4.63; N, 4.95. 
Found; C, 50.89; H, 4.60; N, 5.14.

In another experiment with unrecrystallized p-nitrobenzene- 
sulfonyl chloride 3.0 g. of IVa was obtained. Chromatography of 
the acid hydrolysis mixture on 170 g. of alumina (Woelm, neutral, 
activity II) gave 1.0 g. of Va and 1.5 g. of lib  and 2.9 g. of a 
mixture, m.p. 76-83°, all eluted with 1:9 petroleum ether- 
benzene.

2,6-Di(4-nitrobenzenesulfenyl)cyclohexanone (Via).—A sus
pension of 0.30 g. (0.64 mmole) of 2,6-di(4-nitrobenzenesulfenyl)-
1-pyrrolidinoeyclohexene in 25 ml. of methanol and 15 ml. of 3% 
hydrochloric acid was digested until all orange material had been 
converted to a white precipitate. Filtration and recrystallization 
from ethyl acetate and heptane gave 0.22 g. (83% yield), m.p. 
128-132°; recrystallized from ethyl acetate to m.p. 134-135°, 
infrared, rmax 1725 cm.“1 (C = 0) in potassium bromide.

Anal. Calcd. for Ci8H16N205S2: C, 53.48; H, 3.99; N, 6.93; 
S, 15.86. Found: C, 53.56; H, 3.93; N,6.90; S, 16.06.

2-(2-Nitrobenzenesulfenyl)cyclohexanone (Vb), cis- and trans-
2,6-Di(2-nitrobenzenesulfenyl)cyclohexanone (VIb and Vllb), 
and 2,6-Di(2-nitrobenzenesulfenyl)-l-pyrrolidinocyclohexene 
(IVb).—To a stirred, cooled solution of 15.1 g. (0.10 mole) of 1- 
pyrrolidinocyclohexene and 10.1 g. (0.10 mole) of triethylamine 
in 100 ml. of methylene chloride, was added dropwise 19.0 g. 
(0.10 mole) of o-nitrobenzenesulfenyl chloride in 100 ml. of 
methylene chloride. After 20 hr. at room temperature the solu
tion was shaken for 10 min. with an excess of dilute hydrochloric 
acid, washed with water, concentrated under vacuum, and tri
turated with methanol, thus giving 17.6 g. of a mixture of red 
and yellow crystalline materials. Several fractional recrystal
lizations gave 3.2 g. (8% yield) of yellow VIb, m.p. 180-181°, 
infrared, jw* 1720 cm.“1 (C = 0) in potassium bromide, from 
dimethylformamide or dioxane; 0.7 g. (2% yield) of yellow Vllb, 
m.p. 153-154°, infrared, »max 1710 cm.“1 (C = 0) in potassium 
bromide, from methylene chloride and ethanol; 5.3 g. (12% 
yield) of IVb, red, m.p. 173-174°, from benzene; 1.0 g. (4% 
yield) of Vb, m.p. 113-114°, infrared, rma* 1710 cm.“1 (C = 0) in 
potassium bromide, from cyclohexane.

Anal. Calcd. for C12H13N 03S (Vb): C, 57.38; H, 5.22; 
N, 5.58. Found: C, 57.44; H, 5.27; N, 5.66.

Anal. Calcd. for C18H16N20 5S2 (VIb): C, 53.48; H, 3.99; 
N, 6.93; S, 15.86. Found: C, 53.17; H, 4.07; N, 7.04; S,
15.82.

(12) A. M uller and A. Sauerwald, M o n a t s h . ,  48, 155 (1927).

Anal. Calcd. for C18HI6N20 5S2 (Vllb): C, 53.48; H, 3.99; 
N, 6.93. Found: C, 53.68; H.4.11; N, 6.91.

Anal. Calcd. for C22H23N30 4S2 (IVb): C, 57.77; H, 5.07; 
N, 9.19; S, 14.02. Found: C, 58.,53; H, 5.17; N, 8.44; S,
13.86.

In a second experiment trituration of the crude reaction product 
with methanol gave 17.4 g. of red solid, 1.0 g. of brown solid on 
partial concentration, and 4.6 g. of residue on complete concen
tration of the methanol washings. Digestion of the major crop in 
100 ml. of methanol and an excess of dilute hydrochloric acid until 
no red solid remained, cooling in ice, and filtration gave 11.1 g. of 
material. Treatment with hot benzene produced 3.9 g. (10% 
yield) of insoluble VIb. Concentration and crystallization from 
tetrahydrofuran gave 4.9 g. (12% yield) of Vllb. Concentration 
of the tetrahydrofuran and crystallization from cyclohexane led 
to 3.1 g. (12% yield) of Vb.

Hydrolysis of 2,6-Di(2-nitrobenzenesulfenyl)-l-pyrrolidino- 
cyclohexene (IVb).—A suspension of 0.30 g. (0.65 mmole) in 30 
ml. of methanol and 5 ml. of 3% hydrochloric acid was digested 
for 15 min. when all of the red solid had been converted to the 
yellow product. Filtration and recrystallization from dimethyl
formamide furnished 0.22 g. (83% yield) of a mixture of VIb and 
VTIb, m.p. 155-170°. Recrystallization from 80 ml. of benzene 
gaveO.l g. of VIb, m.p. 181°.

Equilibration of cis- and trans-2,6-Di( 2-nitrobenzenesulfenyl)- 
cyclohexanone (VIb and Vllb).—Heating of 0.10 g. of either 
VIb, m.p. 181°, or Vllb, m.p. 153°, in 5 ml. of dimethylform
amide and 2 drops of 10% hydrochloric acid for 10 min. on a 
steam bath, cooling, addition of 1 ml. of water, and filtration 
gave 0.090 g. of a mixture of isomers, m.p. 165-167°, with 
identical infrared spectra and mixture melting points.

2-(3-Nitrobenzenesulfenyl)cyclohexanone (Vc) and cis- and 
irans-2,6-Di(3-nitrobenzenesulfenyl)cyclohexanone (Vic and 
Vile).—To a stirred, ice-cooled solution of 7.5 g. (0.05 mole) of 1- 
pyrrolidinocyclohexene in 50 ml. of methylene chloride and 5.0 g. 
(0.05 mole) of triethylamine was added slowly 9.5 g. (0.05 mole) 
of m-nitrobenzenesulfenyl c'hloride13 in 50 ml. of methylene chlo
ride. After stirring for 24 hr. at room temperature, the reaction 
mixture was concentrated to dryness under vacuum, the residue 
taken up in 60 ml. of benzene, and 7.0 g. of triethylamine hydro
chloride separated by filtration. Concentration under vacuum, 
solution in methylene chloride, thorough extraction with 1% 
hydrochloric acid, and concentration under vacuum left a gum 
which was separated into 3.0 g. of an insoluble mixture of 2,6- 
disubstituted cyclohexanone epimers (Vic and Vile), and 
material soluble in hot cyclohexanone and 100 ml. of cold meth
anol. Chromatography of the methanol and cyclohexane con
centrates on 90 g. of Florisil gave 3.3 g. (26% yield) of gummy 2- 
substituted ketone (Vc) eluted with 1.21. of 1:1 petroleum ether- 
benzene. Recrystallization of this material from cyclohexane 
gave 2.4 g. m.p. 56-57°, infrared, rra„  1705 cm.“1 (C = 0) in 
potassium bromide.

Anal. Calcd. for: C,2H,3N 03S: C, 57.38; H, 5.22; N, 5.58. 
Found: C, 57.63; H, 5.14; N, 5.73.

From the mother liquors 0.75 g. of the corresponding dinitro- 
phenylhydrazone derivative was obtained, m.p. 178-180°, after 
recrystallization from ethanol.

Anal. Calcd. for: C18H„N60 6S: C, 50.15; H,3.99; N, 16.23. 
Found: C, 50.32; H, 4.02; N, 15.95.

With 600 ml. of benzene 0.35 g. of epimeric 2,6-disubstitution 
products (Vic and Vile) was eluted (total 3.35 g., 33% yield). 
Fractional crystallization of portions of the epimeric mixture from 
carbon tetrachloride followed by ethyl acetate gave the more 
soluble trans epimer (Vile), m.p. 143-144°, infrared, 1700 
cm.“1 (C = 0 ) in potassium bromide.

Anal. Calcd. for: C18H16N20 5S2: C, 53.48; H, 3.99; N,
6.93. Found: 0,53.61; H,4.11; N,6.93.

The less soluble cis epimer (Vic), m.p. 145-146°, infrared, 
Pmax 1720 cm.“1 (C = 0) in potassium bromide was isolated in 
smaller amount with the approximate ratio of epimers 2:1.

Anal. Calcd. for C,8H1(iN20 5S2: C, 53.48; H, 3.99; N, 6.93. 
Found: C, 53.72; H, 4.25; N, 6.95.

6-Methyl-2-(2-nitrobenzenesulfenyl)-l-pyrrolidinocyclohexene
(XIV).—A solution of one equivalent of o-nitrobenzenesulfenyl 
chloride in methylene chloride was added to 8.2 g. (0.05 mole) of
6-methyl-l-pyrrolidinocyclohexene and triethylamine, with the 
reaction conducted and worked up as described before. Tritura
tion of the benzene concentrate with 50 ml. of methanol gave 6.1

(13) H . Z. Lecher and  E. M . H ardy, J .  O r g .  C h e m . ,  20, 475 (1955).



2128 Kamlet and  K aplan V o l . 2 8

g. of red crystalline product, m.p. 90-91°, which could be re
crystallized from ligroin without change in melting point.

Anal. Calcd. for C17H22N20 2S: C, 64.11; H, 6.96; N, 8.80. 
Found: C, 64.36; H,7.06; N.8.64.

Chromatography of mother liquors material in benzene on 
florisil gave 0.20 g. of methylene-di-o-nitrobenzenesulfide (XIIc), 
m.p. 175-177° (lit.14 m.p. 170°).

Anal. Calcd. for Ci3H10N2O4S2: C, 48.45; H, 3.13; N, 8.69; 
S, 19.90. Found: C, 48.52; H, 3.07; N,8.63; S, 19.87.

Reaction of 1-Pyrrolidinocyclohexene (I) with rn- and p-Nitro- 
benzene Disulfides (Xa,b).—To a solution of 7.5 g. (0.05 mole) 
of enamine and 5.0 g. (0.05 mole) of triethylamine in 50 ml. of 
methylene chloride was added 7.7 g. (0.025 mole) of (a) p-nitro- 
benzene disulfide or (b) m-nitrobenzene disulfide with 180 ml. of 
methylene chloride, slowly with stirring and cooling in ice. 
After standing at room temperature for 20 hr., the solvent was 
removed under vacuum and the residue triturated with cyclo
hexane to give the following compounds.

(a) 1.4 g. of methylene-di-p-nitrobenzene sulfide (Xlla), m.p.
181-182° (lit.15 m.p. 179°), recrystallized from benzene.

Anal. Calcd. for Cl3H,0N2O4S2: C, 48.45; H, 3.13; N, 8.69; 
S, 19.90. Found: C, 48.75; H,3.11; N, 8.70; S, 19.82.

(b) 7.7 g. of solid which could be separated by methanol into 
soluble amine hydrosulfide and 4.3 g. of insoluble methylene-di-wi- 
nitrobenzene sulfide (Xllb), m.p. 140-141°, recrystallized from 
ethanol.

Anal. Calcd. for C13H,„N20 4S2: C, 48.45; H, 3.13; N, 8.69; 
S, 19.90. Found: C, 48.62; H,3.11; N, 9.43; S, 19.79.

Concentration of cyclohexane filtrates, solution in methylene 
chloride, washing with dilute hydrochloric acid, concentration, 
and crystallization from cyclohexane gave (a) 2.1 g. (33% yield), 
m.p. 97-98°, of Va and (b) 5.0 g. (79% yield), m.p. 56-57°, of 
Vc. In another experiment 7.7 g. (0.025 m.) of p-nitrophenyl 
disulfide and 180 ml. of methylene chloride were added slowly to
3.8 g. (0.025 mole) of enamine and 5.0 g. (0.050 mole) of tri
ethylamine in 50 ml. of methylene chloride with cooling in ice. 
After 20 hr. at room temperature the concentrated reaction mix
ture yielded 2.9 g. of methylene-di-p-nitrobenzene sulfide (Xlla),
1.7 g. of water-soluble amine hydrosulfide material and 1.3 g. of

(14) D . G. Foster and  E . E. Reid, J .  A m .  C h e m .  S o c . ,  46, 1936 (1924).
(15) W. R. W aldron and E. E. Reid, i b i d . ,  45, 2399 (1923).

2,6-di( 4-nitrobenzenesulfenyl)-2-pyrrolidinocyclohexene (I Va), 
crystallized from 100 ml. of methanol and 20 ml. of ether. Con
centration of the mother liquors, and hydrolysis of the residue 
with excess 1% hydrochloric acid at room temperature for 2 hr. 
gave 4.0 g. of 2-(4-nitrobenzenesulfenyl)cyclohexanone (Va), 
63% yield, after recrystallization from hexane.

l,5-Dithiaspiro[5.5]undecan-l-one (XVI).—A solution of 9.0 
g. (0.021 mole) of propane-1,3-dithiol-di-p-toluenesulfonate, 4.0 
g. (0.068 mole) of triethylamine, and 3.2 g. (0.021 mole) of 
enamine in 50 ml. of dry dioxane was stirred under nitrogen for 3 
hr. and then refluxed 20 hr. After concentration under vacuum, 
solution in ether, washing with dilute hydrochloric acid, and re
concentration, the crude product was passed over Florisil in 1:1 
benzene-petroleum ether. Distillation at 120-180° (0.001 mm.) 
gave 1.85 g. of oily product which could be purified further by 
preparative thin layer chromatography on Merck Alumina G 
with 3:1 cyclohexane-benzene as solvent and redistillation at 
140° (0.001 mm.) to give 1.20 g. (28% yield) of product, m.p.
53-54°, from petroleum ether; infrared, >m,x 1690 cm.-1 (C = 0) 
in potassium bromide.

Anal. Calcd. for C3Hi4S20: C, 53.43; H, 6.98. Found: C, 
53.45; H, 7.01.

A dinitrophenylhydrazone, m.p. 154-155°, crystallized from 
ethanol.

Anal. Calcd. for Ci5H18N40 4S2: C, 47.10; H, 4.74; N, 14.65. 
Found: C, 47.36; H,4.96; N, 14.41.

A semicarbazone crystallized from ethanol, m.p. 235-236°.
Anal. Calcd. for CioHi8N3OS2: C, 46.10 H, 6.97; N, 16.13. 

Found: C, 45.88; H, 6.55; N, 16.26.
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In absolute methanol, potassium trinitromethide adds to methyl acrylate, acrylonitrile, and acrylamide to 
yield the potassium salts of methyl 4,4-dinitro-2-butenoate, 4,4-dinitro-2-butenenitrile, and 4,4-dinitro-2-buten- 
amide. With acrylamide as the augend, a second product, potassium 4,4-dinitro-2-hydroxybutyramide, was 
formed. Proofs of structure of these new dinitromethyl derivatives are described.

In the first paper in this series,2 it was reported that 
the reaction of nitroform with methyl acrylate (I, Y 
= COOCH3) or methyl vinyl ketone (I, Y = COCH3) 
yielded, in addition to the Michael adducts II methyl
4,4-dinitro-2-hydroxypimelate (III, Y = COOCH3) 
and 5,5-dinitro-2-hydroxy-2,8-nonanedione (III, Y =

MeOH -  H,0
HC(N02)3 +  CH)=CH—Y -------------- >

C(N02)3CH2CH2—Y +  Y—(CH2)2C(N02)2CH2CH—-Y

II III OH
+  K +~C(N02)2CB=CH—Y 

IV
(1) P resented  in  p a rt a t  the  137th N ational M eeting of the  Am erican 

Chem ical Society, C leveland, Ohio, April, 1960, A bstracts  of Papers, p. 
560.

(2) L. A. K aplan and M. J. K am let, J .  O r g .  C h e m . ,  27, 780 (1962).

COCH3). In the case of the augend methyl acrylate, 
a second nitrite elimination product, the potassium 
salt of methyl 4,4-dinitro-2-butenoate (IV, Y = 
COOCH3) was isolated in 34% yield from an aqueous 
methanol system at pH 4.5.

We now wish to report that derivatives analogous to 
IV can be obtained from the heterogeneous reaction of 
the potassium salt of nitroform with the appropriate 
acrylic augend in methanol. Thus stirring a slurry of 
potassium trinitromethide in absolute methanol with 
methyl acrylate or acrylonitrile until a constant ultra
violet spectrum was obtained for the insoluble potas
sium salts, afforded a 48 and 50% yield, respectively, of 
the potassium salts of methyl 4,4-dinitro-2-butenoate 
(IV, Y = COOCH3) and 4,4-dinitro-2-butenenitrile 
(IV, Y = CN). With acrylamide, in addition to the 
expected potassium salt of 4,4-dinitro-2-butenamide, 
there also was obtained a yellow potassium salt (V).
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M eOH
K+-C(N02)3 +  CH2=CHCONH2------- >

IV, Y = CONH2 +  V

Derivatives of 4,4-Dinitro-2-butenoic Acid.—The
potassium salts (IV, Y = C O O C H 3 ,  C N ,  and C O N H 2 )  
were obtained as orange crystalline materials which 
were soluble in water, slightly soluble in methanol, 
and generally insoluble in organic solvents. Elemental 
analyses agreed well with those values calculated for 
the respective empirical formulas, and their ultraviolet 
spectra (Table I) showed them to be structurally simi
lar. A comparison of the ultraviolet spectra of the 
potassium salts IV with that of the dipotassium salt of
4,4-dinitro-2-butenoic acid3 (Table I) indicated that the 
salts IV also had the 3,3-dinitro-l-propene chromo- 
phore with the residual functionality: viz., - C O O C H 3 ,  

- C N ,  or - C O N H 2 ,  attached to C-l.

T a b l e  I

U l t r a v io l e t  A b s o r p t io n  S p e c t r a  o f  K +-C(N02)2CH=CH—Y
Y x S S log e

GOOCH, 326 4.24
396-402 3.98

- c o n h 2 322 4.23
401-406 3.96

-CN 320 4.29
396-402 4.00

-COO- 313 4.20
406-413 3.92

Evidence for the four-carbon chain structure contain
ing the C2-C 3 double bond came from the results of the 
hydrolysis of the salts IV with hydrochloric acid. 
Under these conditions,4 the dinitromethyl anion is 
converted to a carboxyl group. The product isolated 
from the hydrolysis of the salts IV was the expected 
fumaric acid.6

Confirmation of the structural assignments given to 
the potassium salts IV was based upon their converti
bility to the previously prepared3 dipotassium salt of
4,4-dinitro-2-butenoic acid with alkali. This conver
sion was found to be essentially quantitative.

The Yellow Salt V.—This salt was formed in roughly 
equimolar amounts together with the potassium salt 
of 4,4-dinitro-2-butenamide in the reaction of acryl
amide with potassium trinitromethide in absolute 
methanol. Following a tedious fractional crystalliza
tion procedure, an analytical sample of the salt V was 
obtained which agreed with the empirical formula 
C4H6N3O6K. This formula is consistent with that of 
the monohydrate of potassium 4,4-dinitro-2-buten- 
amide.6 However, extended drying at 70° and 20 n 
produced no change in the analytical results and, there
fore, the previously mentioned empirical formula was 
presumed not to be a hydrate.

The infrared spectrum of the salt V afforded consider
able information as to the functionality present 
in the molecule (Table II). The spectrum exhibited 
three -NH absorption bands, the frequencies of which

(3) D. J. Glover, T e t r a h e d r o n ,  in press.
(4) M. J. K am let, L. A. K aplan, and J . C. Dacons, J .  O r g .  C h e m . ,  26, 4371 

(1961).
(5) Extensive decom position occurred when potassium  4,4-dinitro-2- 

butenenitrile  was hydrolyzed under these conditions. No fum aric acid was 
isolated.

(6) The dipotassium  salt of 4 ,4 -d in itrobutyric  acid was found to  form 
a stable hydrate . P rivate  com m unication, D. J . Glover, these laboratories.

T a b l e  I I

P r i n c i p a l  I n f r a r e d  A b s o r p t io n  B a n d s  o f  t h e  P o t a s s iu m

Com pound -N H

S a l t s “
\

-O H  C = 0 Amide I I  -C (N 0 2 ) î_

Salt V 3160, 3350, 34006
/

1680 1580 1170,1270

Amide VI
3450

3180, 3350, 1665 1595 1160,1260

Salt V II
3450

3380c 1600 1168,1270
Acid V III d 1570 1170,1270

“ "ma* in cm. *, samples run as Nujol mulls. b A strong band
at 1080 cm."1 may be assigned to the -OH group. 0 A strong 
band at 1090 cm.-1 may be assigned to the -OH group. d Two 
weak bands present at 3200 and 3500 cm. ' ' are probably due to 
water of hydration.

were essentially identical with those of the potassium 
salt of 4,4-dinitrobutyramide (VI). In addition the 
band at 3400 cm.-1, absent in the salt VI, was assigned 
to the hydroxyl group

The carbonyl stretching frequencies for both V and 
VI agreed with the range given for the amide I band7 
and both the salts exhibited the amide II band. The 
presence of the dinitromethyl anion was evidenced by 
two strong absorption bands at about 1170 and 1270 
cm.-1.8 On the basis of the previous spectral interpre
tation, it was evident that the salt V was a primary 
amide containing both the dinitromethyl anion and a 
hydroxyl group.

On treating V with aqueous alkali, ammonia was 
evolved and a new salt was produced. Elemental 
analyses after normal drying procedures agreed fairly 
well with the empirical formula 
After drying at 70° and 20 p for seven days, the resulting 
product analyzed well for the anhydrous salt VII. 
A comparison of the infrared spectrum of the salt VII 
with that of the dipotassium salt of 4,4-dinitrobutyric 
acid (VIII)8 (Table II) indicated that the net effect 
of alkaline hydrolysis was the conversion of the amide 
function to the carboxylate anion. Thus the -NH 
and amide II absorption bands were no longer present 
in the salt VII and the amide I (>C—O) band had 
shifted to 1600 cm.-1 which is characteristic of the 
carboxylate anion.9

The fact that the salt V or the hydrolysis product VII 
was not degraded completely to small fragments in 
alkaline media suggested that the hydroxyl group was 
not attached to the carbon atom a to the dinitro- 
methyl group. Such a structure (Vila) would be 
expected to be degraded by alkali as shown.

Base
K+-C(N02)2CHCH2—CO O --------►

I
OH
Vila

HC(N02)2 +  o= c h c h 2c o o -

This path for hydrolytic cleavage of the structural 
fragment, - C(N0 2)2CH(0 H)-, has been observed 
previously in the case of a-dinitromethylcarbinols,10

(7) L. J . Bellamy, “ T he In fra red  Spectra  of Complex M olecules,” 2nd 
Ed., John  W iley and Sons, Inc., New Y ork, N . Y., 1958, p. 203.

(8) J .  F. Brown, J .  A m .  C h e m .  S o c . ,  77, 6341 (1955).
(9) R. N. Jones in  “ Chem ical Applications of Spectroscopy,” in “Tech

niques of Organic C hem istry ,” A. W eissberger, E d., Interscience Publishers, 
New Y ork, N . Y., 1956.

(10) P. D uden and  G. Ponndorf, B e r . ,  38, 2031 (1905).
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a 4,4-dinitro-5-hydroxyvalerate,11 and 2,2-dinitro-l,3- 
propanediol.12

Confirmation of the four-carbon chain was obtained 
by refluxing the salt V with concentrated hydrochloric 
acid. Under these conditions, the dinitromethyl anion 
is converted to the carboxyl group.13 However, 
instead of the expected product, malic acid, fumaric 
acid was isolated in about 25% yield.14 15

The isolation of fumaric acid taken together with the 
infrared spectral evidence suggested two possible struc
tures for the salt V: 4,4-dinitro-3(or 2)-hydroxy-
butyramide, Va or Vb.

K +-C(N02)2CHCH2—CONH2 K+-C(N02)2CH2CH—c o n h 2

OH OH
Va Vb

Preliminary evidence for the preference of the a- 
hydroxyamide structure Vb was based upon absorp
tion maximum for the salt V in the ultraviolet; Xmti 
m¡x (log e), 380 (4.21). Not only was this spectrum 
quite different from those of the unsaturated potassium 
salts IV, but the presence of a single maximum at 380 
nm (log i >4.0) was shown to be characteristic of the 
chromophore _C(N02)2CH2-Y, where Y is hydrogen, 
alkyl, or substituted alkyl.16 By contrast, when Y is 
hydroxyl, Xm„  is shifted to shorter wave lengths. Thus 
for potassium 2,2-dinitroethanol, Xmif0H m/u (log e), 
is 365 (4.29).16

Final proof of the structural assignment given to the 
salt V was based upon its conversion to the previously 
characterized2 4,4-dinitro-2-hydroxypimelic acid (X). 
When the salt V was used as an addend in a Michael 
addition to methyl acrylate, the a-hydroxyamide ester 
IX was isolated as a crystalline solid. The conversion 
of IX to the dibasic acid X was readily accomplished 
by refluxing with constant boiling hydrochloric acid. 
Since the acid X is the a-hydroxy acid, the salt V must 
be the a-hydroxy amide, Vb.

K+-C(N02)2CH2CH—CONH2 f  CH2= C H —COOCH3
I

OH
Vb

I M eOH ILO 
1  AcO"-AcOH

HC1
H2NOC—CHCH2C( n o 2 )2CH2CH2—COOCHs — >

OH IX
H 02C—CHCH2C(N02)2CH2CH2—c o o h

I
OH X

Experimental1617
Potassium 4,4-dinitro-2-butenoate (IV, Y = COOCH3) was

prepared by adding 0.32 mole (60 g.) of potassium trinitromethide

(11) L. Herzog, M. H. Gold, and R. D. Geekler, J .  A m .  C h e m .  S o c 73, 
749(1951).

(12) H. Feuer, G. B. Bachm an, and  W. M ay, i b i d . ,  76, 5124 (1954).
(13) The acid hydrolysis of potassium  4 ,4-d initrobutyram ide yields suc

cinic acid ,4 while potassium  4,4-dinitro-2-butenam ide yields fum aric acid 
under these conditions ( v i d e s u p r a ) ,

(14) An equilibrium  between fum aric and  m alic acids undoubted ly  exists 
under the  conditions of acid hydrolysis [J. M. Weiss and C. R. Downs, J .  

A m .  C h e m .  S o c . ,  44, 1118 (1922)]. Because of the  difference in solubility 
between the  two acids in w ater, the  malic acid present probably  was lost 
during the w ork-up procedure.

(15) M. J. K am let and D. J. Glover, J .  O r g .  C h e m . ,  27, 537 (1962).

(99% assay) to a solution of 0.48 mole (39.4 g.) of methyl acrylate 
in 750 ml. of absolute methanol. The resulting slurry was stirred 
at room temperature for 20 hr. During this time the insoluble 
potassium salts had changed from a fine yellow to a coarser 
orange solid, and the solvent phase became cherry-red in color. 
The insoluble material was filtered off, washed with ether, and 
dried in vacuo. Twenty-four grams of orange crystals (32.9%) 
were obtained, e32e/«399 1.81. Concentration of the filtrates to 
about one-half their original volume caused the precipitation of 
an additional 12.2 g. of similar material. Combined yield, 48%.

Recrystallization of a portion of the above combined product 
from methanol gave an analytical sample as thick hexagonal 
yellow-orange plates, e32«/6399 1.82.

Anal. Calcd. for C5H5N20 6K: C, 26.3; H, 2.2; N, 12.3; 
K, 17.1. Found: C, 26.4, 26.2; H, 2.5, 2.7; N, 12.8, 12.5; K,
17.1.

Further concentration of the mother liquors afforded a light 
yellow solid which proved to be mainly potassium nitrite. Three 
crops of this material totaling 6.5 g. were collected. This 
amounted to 50% of the theoretical amount based on the yield of 
IV (Y = COOCH3) obtained. ‘The remainder of the nitrite was 
probably lost as nitrous acid or methyl nitrite.

The red oil remaining after the removal of potassium nitrite 
was extracted with low boiling petroleum ether. Evaporation of 
the solvent from the combined extracts left a solid product (17.7 
g.), m.p. 24-29°, which proved to be methyl4,4,4-trinitrobutyrate 
(II). Authentic II had m.p. 27-28°.

The residue from the petroleum ether extraction was then 
taken up in ether, treated with charcoal, and concentrated. A 
white solid precipitated (4.1 g.), melting at 72.4-74.5°. This 
material did not depress the melting point of an authentic sample 
of dimethyl 4,4-dinitro-2-hydroxypimelate, m .p.'75.6-76.4°.2

Potassium 4,4-dinitro-2-butenenitrile (IV, Y = CN), was pre
pared by adding 1.0 mole (189 g.) .of potassium trinitromethide to 
a solution of 1.5 moles (80 g.) of freshly distilled acrylonitrile in 
1500 ml. of absolute methanol. The mixture was stirred con
tinuously at room temperature. After 48 hr., the spectrum of the 
suspended solids exhibited two maxima: 322 and 380 mu. The 
maximum at 380 m/a decreased in intensity and shifted to longer 
wave lengths with tim'e, until after 235 hr. the insoluble material 
exhibited a constant ultraviolet spectrum with maxima at 320 
and 396 my..

At this point the solids were filtered from the mixture, washed 
with 300 ml. of methanol, then 300 ml. of ether, and air dried. 
One hundred and four grams of a finely divided yellow solid were 
obtained. This crude product was recrystallized once from meth
anol-water to yield 97 g. (50%) of IV (Y = CN) as dichromatic 
orange crystals.

Anal. Calcd. for C4H2N30,iK: C, 24.6; H, 1.0; N, 21.6. 
Found: C, 24.2, 24.0; H, 1.2, 1.0; N, 23.0, 22.8.

Potassium 4,4-Dinitro-2-butenamide (IV, Y = CONH2) and 
Potassium 4,4-Dinitro-2-hydroxybutyramide (Vb).—To a solution 
of 1.5 moles (107 g.) of acrylamide in 1500 ml. of absolute meth
anol was added 1.0 mole (189 g.) of potassium trinitromethide. 
The resulting slurry was stirred at room temperature and from 
time to time samples of the suspended solids were withdrawn for 
ultraviolet spectrophotometric analysis. After 14 days the inten
sity of the trinitromethide ion maximum (350 m/a) had decreased, 
while absorption on both sides of this peak had increased. At 
the end of 19 days, the trinitromethide ion maximum had been 
replaced by two new maxima at 328 and 380 m/j- After 26 days 
the ultraviolet spectrum of the suspended solids was essentially 
constant and it was presumed that the reaction had gone to 
completion. The suspended solids were separated from the mix
ture by filtration, washed with methanol, and dried. The yield 
of crude yellow salts was 125 g.

The crude salts were dissolved in a minimum amount of warm 
water, the solution heated to boiling, and an equal volume of 
methanol added. On slow cooling, the following crops of crystals 
were obtained: (a) 75.2 g. of mixed orange and yellow crystals; 
(b) 22.5 g. of mixed orange and yellow crystals containing about

(16) M icroanalyses were performed by  M ary Aldridge, D epartm ent 
of Chem istry, American U niversity, W ashington, D. C. U ltrav io le t spectra  
were determ ined in  1-cm. quartz  oells w ith e ither a C ary  M odel 14 or Beck
man M odel DU spectrophotom eter. In frared  spectra  were determ ined w ith 
a Beckm an M odel IR -4  spectrophotom eter w ith the  sam ples prepared as 
Nujol mulls. All m elting points are uncorrected.

(17) M any of the com pounds described are explosive in  na tu re  and quite 
sensitive to  im pact or grinding. A ppropriate p recautions should be taken 
in  their handling.
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50% of colorless needles15; (c) 4.7 g. of almost colorless needles18; 
and (d) 18.6 g. of a dark red-brown pasty mass with some color
less needles. 18

Subjecting crop a to a similar fractional crystallization proce
dure yielded following additional crops: (al) 54.6 g. of mixed 
orange and yellow crystals; (a2) 9.7 g. of mixed orange and yellow 
crystals together with some colorless needles18; (a3) 5.5 g. of 
material which was visually identical with (a2); and (a4) 4.8 g. 
of a somewhat dark red residue which was obtained by evaporat
ing the mother liquors.

A final fractional crystallization of crop a l afforded 26.0 g. of 
lemon yellow crystals of the salt Vb and 18.6 g. of the salt IV 
(Y = CONH2) as dichromatic orange crystals. The residues 
from this crystallization were combined , with crops a2 and a3 
and reworked to obtain an additional quantity of the two salts 
of somewhat lower purity.

Analytical samples of the salts Vb and IV (Y = CONH2) were 
obtained by recrystallizing the previously obtained fractions from 
methanol-water.

A n a l ,  of potassium 4,4-dinitro-2-hydroxybutyramide (Vb). 
Calcd. for C4H6N3 0 6K: C, 2Q.8; H, 2.6; N, 18.2; K, 16.9. 
Found: C, 20.7, 20.7; H, 2.6, 2.7; N, 18.2, 18.1; K, 16.9, 16.9. 
Drying the analytical sample 70° and 20 p for 5 days did not 
change these analytical results.

A n a l ,  of potassium 4,4-dinitro-2-butenamide (IV, Y =
CONH2 ). Calcd. for C4H 4N 30 6K: C, 22.5; H, 1.9; N, 19.7. 
Found: C ,22.4,22.6; H, 2.1, 2.0; N, 20.3, 20.1.

Acid Hydrolysis of the Salts IV and Vb.—To 0.01 mole of IV 
(Y = COOCHs) was added 20 ml. of 1 2  A hydrochloric acid, and 
the resulting mixture was refluxed for 18 hr. The resulting brown 
solution was concentrated to about 1 0  m l . 19 and extracted 
thoroughly with ether. The combined ether extracts were con
centrated to about 5 ml. and 30 ml. of n-pentane was added. 
This caused the separation of a light tan solid which, after filter
ing and drying, had a melting point of 286-287° (sealed tube) 
(lit . 20 m.p. 293-295°). The yield was 0.1 g.

The crude fumaric acid was converted to its dimethyl ester by 
refluxing it with a solution of hydrogen chloride in methanol. 
Following the removal of the methanol and recrystallization from 
ether-pentane, the ester, obtained as glistening plates, melted 
at 1 0 0 .8 - 1 0 2 ° and did not depress the melting point of an 
authentic sample of dimethyl fumarate prepared from fumaryl 
chloride.

In a similar manner, potassium 4,4-dinitro-2-butenamide and 
potassium 4,4-dinitro-2-hydroxybutyramide were converted to 
fumaric acid. Yields of the crude acid in these cases were about 
0.5-0.7 g. In each case the acid was converted to the dimethyl 
ester for characterization.

Attempts were made to effect the acid hydrolysis of potassium
4.4- dinitro-2-butenenitrile. In each instance there was excessive 
carbonization of the organic material and it was not possible to 
extract fumaric acid from the resulting reaction mixture.

Alkaline Hydrolysis of the Potassium Salts IV.—Exactly 
0.3598 g. of potassium 4,4-dinitro-2-butenamide was weighed 
into a 2 0 0 -ml. volumetric flask and made up to volume with 
water. A 25-ml. aliquot of this solution was transferred to a 100- 
ml. volumetric flask, 10 ml. of 50% potassium hydroxide solu
tion was added and, after mixing, the resulting solution was 
allowed to stand overnight. After diluting to volume, the follow
ing dilutions were made: 10 ml. to 100 ml., and 15 ml. of the re
sulting solution to 100 ml. with water. The optical density of 
the resulting solution was determined at 313 and 411 mp.

O.D . 313 = 0.543, log £3i3 4.19; O.D.4„ = 0.288, log e4„ 3.92.
For the dipotassium salt of 4,4-dinitro-2-butenoic acid, log 

«313 4.20, log £4h 3.92.
Carrying out the previous procedure with potassium 4,4-di- 

nitro-2-butenenitrile gave the following optical density and log t  
values for a final concentration of 2.92 X 10~s M .

O.D.313 = 0.458, log £ 4.19; O.D.4n = 0.244, log 3.92.
On a synthetic scale, 0.0044 mole (1.0 g.) of potassium methyl

4.4- dinitro-2-butenoate in 15 ml. of water was added to 2.0 g. of 
potassium hydroxide in 10 ml. of water. To the resulting solu

(18) The colorless needles were shown to be potassium  n itra te  by  com
parison of the refractive index (1.506) and p redom inant crystal angle (78°) 
with th a t of an  au then tic  sample.

(19) Some solid (potassium  chloride) m ay separate  a t this point.
(20) E. H. H untress and S. P. M ulliken, “ Identification of Organic Com

pounds, O rder I ,” John W iley and Sons, Inc., New York, N. Y., 1941. 
p. 176.

tion was added 75 ml. of methanol and the solution cooled in ice- 
Since no precipitate formed, an additional 5.0 g. of potassium 
hydroxide was added. As soon as this had dissolved, a yellow 
precipitate began to form. This solid was filtered from the solu
tion, washed with cold methanol and ether, and air dried. There 
was obtained 0.71 g. (71%) of the dipotassium salt of 4,4-dinitro- 
2-butenoicacid; e3eo/£4io 0.438. Glover3 reports £36o/t4io 0.440. An 
analytical sample prepared by recrystallization from a large 
volume of methanol gave the following results.

A n a l .  Calcd. for C4H2N20 6K: N, 11.1. Found: N, 11.2,
11.6.

Hydrolysis of Potassium 4,4-Dinitro-2-hydroxybutyramide 
(Vb) to Dipotassium 4,4-Dinitro-2-hydroxybutyrate (Vllb).—To
a solution of 0.0217 mole (5.01 g.) of the salt Vb in 30 ml. of 
warm water was added a solution of 0.0434 mole (2.44 g.) of 
potassium hydroxide in 20 ml. of methanol. The resulting solu
tion was heated on the steam bath for 48 hr., at which time the 
evolution of ammonia had ceased. The resulting yellow solution 
was concentrated i n  vacuo  until the mixture became pasty due to 
the separation of the dipotassium salt V llb. The yellow salt was 
collected on a Büchner funnel and washed with 10 ml. of ice- 
water.21 The material remaining on the funnel was then washed 
with 200 ml. of methanol, 50 ml. of ether, and sucked dry. After 
drying in the vacuum oven at 40° the following analytical results 
were obtained.

A n a l .  Calcd. for C4H4N20 7K2H20 : C, 16.7; H, 2.1; N, 
9.7; K, 27.1. Found: C, 16.6, 15.8; H, 2.0, 2.2; N, 10.2, 9.9; 
K, 28.9.

Since these results agreed fairly well with those calculated 
for a monohydrate of V llb, it was decided to subject the material 
to vigorous drying at 70° and 20 p in an Abderhalden pistol with 
phosphorus pentoxide. After 7 days under these conditions, the 
following analytical results were obtained.

A n a l .  Calcd. for C4H4N20,K 2: C, 17.8; H, 1.5; N, 10.4; 
K, 28.9. Found: C, 17.4, 17.0; H, 1.8, 1.7; N, 10.3, 10.7; K,
27.3, 28.3.

6-Carbomethoxy-4,4-Pinitro-2-hydroxyhexanamide (IX).—A 
solution of 0.028 mole (6.65 g.) of the salt Vb was prepared in 100 
ml. of water containing 0.03 mole (1.80 g.) of glacial acetic acid 
and 0.03 mole (2.46 g.) of sodium acetate. To this solution was 
added 0.06 mole (5.16 g.) of methyl acrylate and sufficient meth
anol to render the mixture homogeneous. The resulting solution 
was stirred for 7 days at room temperature. At the end of this 
time, a small amount of oil had separated. The mixture was 
thoroughly extracted with ether and the combined extracts were 
dried over magnesium sulfate, treated with Norit, and evaporated 
to dryness i n  vacuo  to leave 6.5 g. of a pale yellow solid.

A portion of the crude material (4 g.) was purified for analysis 
by dissolving it in 1 1. of ether and treating the solution with 
Norit. The resulting colorless solution was concentrated to 
about 150 ml., whereupon the amide ester slowly crystallized in 
the form of fine white needles melting at 92.2-93°.

A n a l .  Calcd. for C7H13N308: C, 34.4; H, 4.7; N, 15.1. 
Found: C, 34.4, 34.4; H, 4.6, 4.4; N, 15.5, 15.0.

Infrared Spectrum.-----NH, 3180, 3280, 3450 c m r 1; -OH,
1100, 3380 cm .-1; - C = 0 ,  1730 (COOCHE), 1665, 1675 cm .-' 
CONH2, possibly bonded and unbonded to OH; amide II, 
1578 cm .-1; X1(N02)2, 1320, 1558 cm.

Hydrolysis of the Amide Ester IX.—Sixteen-thousandths of a 
mole (4.4 g.) of IX  was refluxed with 60 ml. of concentrated hy
drochloric acid and 20 ml. of water for 5.5 hr. The resulting solu
tion was evaporated to near dryness i n  vacuo  and the residual 
paste was extracted with 500 ml. of ether. The combined ether 
extracts were dried over magnesium sulfate, treated with Norit, 
and the solvent was removed i n  va cu o . The residual oil slowly 
crystallized on standing to yield 3.8 g. of a white solid melting 
a t 137-139°. This product did not depress the melting point of 
an authentic sample of 4,4-dinitro-2-hydroxypimelic acid and its 
infrared spectrum coujd be superimposed upon that of the 
authentic sample.

Acknowledgment.—We are grateful to Messrs. F. 
Taylor, Jr., and B. Wilkerson for supplying some of 
the intermediates used in this work and to Dr. D. V. 
Sickman who contributed helpful suggestions.

(21) A lthough washing w ith w ater purified the sa lt V llb , i t  also effected 
a considerable reduction in yield due to the  extrem e solubility  of the sa lt in 
w ater a t  0°.
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Acid-catalyzed reaction of 3-0-benzoyl-l,2:5,6-di-Q-isopropylidene-D-mannitol (VII) with dihydropyran gave 
a 73% yield of the crystalline 4-0-(2-tetrahydropyranyl) derivative (VIII). Base-catalyzed methanolysis of 
VIII afforded a 73% yield of crystalline l,2:5,6-di-0-isopropylidene-3-0-(2,-tetrahydropyranyl)-D-mannitol
(XI). The latter could be oxidized with chromium trioxide-pyridine to the corresponding 3-ora6o-hexulose (XI) 
in 40% yield or mesylated to the key intermediate, l,2:5,6-di-0-isopropylidene-3-0-mesyl-4-0-(2-tetrahydro- 
pyranyl)-D-mannitol (VI), in 80% yield. The mesyloxy group of VI could be bimolecularly displaced with either 
acetate or azide ions which, by further transformations, gave l,2:5,6-di-0-isopropylidene-D-talitol (XXII) and
3-benzamido-4-0-benzoyl-3-deoxy-l,2:5,6-di-0-isopropylidene-D-altritol (XVII), respectively. A key reaction 
to these transformations was the selective removal of the tetrahydropyranyl group by acid-catalyzed methanoly
sis with retention of the isopropylidene blocking groups.

Previous papers in this area13 on displacement re
actions of 3-0-benzoyl-l,2,5,6-di-0-isopropylidene-4-0- 
mesyl-D-mannitol have shown that the reaction can 
proceed via  anchimeric formation of the ortho ester 
ion (III) or by direct Sn2 reaction (II-*T) depending 
upon the relative strengths of the attacking nucleo
phile (B~) and the anchimeric group. With a strong 
nucleophile such as azide ion, the Sn2 reaction was
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favorably competitive with formation of I (B = 
N3_). However, with weaker nucleophiles the anchi
meric reaction predominated with resultant formation 
of talitol derivatives (IV) sans introduction of the 
nucleophile. A neighboring methyl ether group of V 
is such a poor anchimeric group that only Sn2 reaction 
took place with acetate ion.

The success with the ether group suggested that an 
ether group more easily removable than the methyl 
might make the mannitol displacement reactions more 
attractive as a source for synthesis of unusual carbo
hydrates. The acid-labile tetrahydropyranyl blocking

group meets these requirements and its use in the 
mannitol series is the subject of this paper.

Reaction of 3-0-benzoyl-l,2:5,6-di-0-isopropylidene- 
D-mannitol (VII)4 with dihydropyran in the presence 
of a trace of p-toluenesulfonic acid gave the tetra
hydropyranyl ether (VIII). A short reaction time was 
essential; after fifteen minutes the product was crystal
lized in 73% by addition of petroleum ether, but with a 
longer reaction time the product could not be crystal
lized.

In order to carry out certain transformations to be 
discussed later, it was necessary to remove the tetra
hydropyranyl group with minimal effect on the iso
propylidene blocking groups. Since the tetrahydro
pyranyl group can be removed only under acid condi
tions, unless proper conditions could be found, the, 
hexitol would lose more or less of its isopropylidene 
blocking groups. The usual conditions of aqueous 
mineral acid6 or dilute acetic acid6 also could be expected 
to cause partial or total loss of the isopropylidene 
groups. In contrast, it can be anticipated that acid- 
catalyzed interchange of the tetrahydropyranyl group 
with a monohydric alcohol should show great selectivity 
since the dioxalane ring formed from a glycol such as in 
VIII should not exchange readily with a monohydric 
alcohol.

Treatment of VIII with reagent methanol containing 
a catalytic amount of p-toluenesulfonic acid at room 
temperature did indeed remove the tetrahydropyranyl 
group with formation of VII in about 30% yield; 
investigation of the mother liquor showed that the 
material had still lost some isopropylidene blocking 
groups. In order to minimize the dioxalane exchange 
reaction, 2,2-dimethoxypropane and acetone were used 
in addition to methanol and an 82% yield of VII was 
obtained; the dimethoxypropane served either to 
keep the equilibrium of isopropylidene removal in 
favor of the dioxalane (VII) or acted as a scavenger for 
traces of water or both, whereas acetone could contrib
ute to the former.

Debenzoylation of VIII with methanol containing a 
trace of sodium methoxide gave a mixture of IX  and 
methyl benzoate. After removal of the methyl

(1) F o r the  previous paper of th is series (LV), see B. R . B aker and  A. H. 
Haines, J .  O r g .  C h e m . ,  28, 442 (1963).

(2) This work was generously supported  by  g ran t no. CY-5845 from  the 
N ational Cancer In s titu te , XL S. Public H ealth  Service.

(3) B. R. B aker and  A. H. Haines, J .  O r g .  C h e m . ,  28, 438 (1963), paper 
LIV  of this series.

(4) J . M. Sugihara and  G. U . Yuen, J . A m .  C h e m .  S o c . ,  79, 5780 (1957).
(5) G. F. W oods and  D. N. K ram er, i b i d . , $9, 2246 (1947); E . D y e r 

C. P. J . G lavdem ans, M. J . Koch, and R. H. M archeSsault, J .  C h e m .  S o c . ,  
3361 (1962).

(6) D. H. R am m ler and H. G. Khorana, J .  A m .  C h e m .  S o c . ,  84, 3112 
(1962).
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benzoate by steam distillation in vacuo, IX could be 
crystallized from petroleum ether as a low-melting 
solid in 73% yield.

The hydroxyl group of IX smoothly reacted with 
mesyl chloride in pyridine at 0° to give the crystalline 
mesylate (VI) in 80% yield, showing the stability of 
the tetrahydropyranyl group to cold pyridine-pyridine 
hydrochloride. That the tetrahydropyranyl group 
also was stable to pyridine-chromium trioxide was 
shown by oxidation of IX to the crystalline pyranyl 
ketone (XT)7 in 43% yield under conditions previously

(7) A ttem pts to  depyrany la te  X I to  X IV  w ith  m ethano l-ace tone- 
dim ethoxypropane containing a trace  of p-toluenesulfonic acid gave an  oil 
which on benzoylation afforded a  small yield of O-benzoyl derivative, m.p. 
122°, th a t  was isomeric to  th e  O-benzoyl derivative  of X IV 4; the  oily residue 
from the m other liquor contained w ha t appeared to  be a  m ixture of isomeric 
ketone benzoates. E ith er the  depyrany lation  conditions, the  benzoylation
conditions, or bo th  cause an  equilibration  of isomers a t  th e  3- and 4-posi
tions probably through an  enediol4; i t  also is possible th a t  the  supposed 
in term ediate, X IV , is actually  an enediol, since i t  shows no ketone absorp
tion, b u t does show strong hydroxyl absorption. T he n.m .r. spectrum  of 
X IV  showed no O-CHU hydrogens which could have arisen by  form ation 
of a s tab le hem iketal between X IV  and  m ethanol, or form ation of a di
m ethyl ketal.

used for oxidation of VII to the corresponding ketone,4 
where a similar yield was obtained.

Depyranylation of the mesyl derivative (VI) by 
the methanolysis procedure gave an 88% yield of the 
hydroxy mesylate (X) which could not be crystallized, 
but which was converted to the known crystalline 
benzoyl derivative (II)3 in 61% yield. The hydroxy 
mesylate (X) should serve as a useful intermediate for 
introducing neighboring groups that could be used for 
anchimeric introduction of functions into the hexitol 
chain.

The displacement reactions of the pyranyl mesylate
(VI) were studied with both acetate and azide ions; 
although the mesylate group of VI was somewhat less 
active than the mesylate of II, the pyranyl group was, 
fortunately, sufficiently stable to the displacement 
conditions that the reactions proceeded smoothly.

Treatment of VI with sodium acetate in boiling 
dimethylformamide for twenty-four hours caused 
complete displacement of the mesyloxy group; the prod
uct was an oil, primarily the talitol acetate (XVIII) 
contaminated slightly with the alcohol (XIX) formed 
by partial hydrolytic loss of the acetyl group. The 
mixture of XVIII and XIX was deacetylated with 
methanolic sodium methoxide giving XIX as an oil in 
67% yield.

Depyranylation of crude XIX by acid-catalyzed 
methanolysis to give l,2:5,6-di-0-isopropylidene-D- 
talitol (XXII) afforded an oil with an infrared spectrum 
almost identical to authentic XXII; purification at 
this stage by crystallization appeared unpromising, due 
in part to the relatively low melting point of XXII.3 4 
Hence the sequence XIX -> XX IVa XXII 
was used in a search for an easily isolable crystalline 
derivative; unfortunately, none of the intermediates 
could be crystallized. However, benzoylation of XIX 
and purification on an alumina column gave a 55% 
yield of analytically pure pyranyl benzoate (XX) as an 
oil.8

Depyranylation of XX gave a sirupy benzoate from 
which the previously described3 l,2:5,6-di-0-isopropyl- 
idene-D-talitol (XXII) monobenzoate crystallized slowly 
in 12% yield. Since this monobenzoate is an easily 
crystallizable substance and since the oily benzoate in 
the mother liquor from this crystalline benzoate could 
be debenzoylated to crystalline XXII in 45% yield, or 
benzoylated to XXI, probable structural assignments 
for the crystalline and noncrystalline benzoates can be 
made.

The product from depyranylation of XX should be 
the talitol 4-benzoate (IVa); since a mixture of the two 
isomeric benzoates are obtained, any structural assign
ment can only be tentative. It previously has been 
shown that the oily benzoate could slowly rearrange to 
the crystalline benzoate.3 Therefore, the predominant 
isomer obtained in the depyranylation should be the 
talitol 4-benzoate (IVa), which slowly rearranges to 
the crystalline talitol 3-benzoate (IVb). The current 
experiments give further credence to the suggestion3 
that the ortho ester ion (III) reacts with water to give a

(8) A  p o s t e r i o r i ,  i t  would be sim pler to  p repare  the  pyranyl benzoate (X X ) 
by  reaction  of the  pyranyl m esylate (V I) w ith sodium  benzoate, ra th e r  than  
sodium  ace ta te  and  subsequent transform ation ; c f .  E. J . R eist, R. R. 
Spencer, and B. R. Baker, J .  O r g .  C h e m . ,  24, 1689 (1959), and references 
therein.
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mixture of both isomeric benzoates (IV), thus showing 
no unusual selectivity during ring opening.

The pyranyl mesylate (VI) reacted with sodium 
azide in boiling dimethylformamide to give the azide 
(XIII). This oily azide (XIII), which showed a 
typical azido band at 2125 cm.-1, was reduced with 
lithium aluminum hydride as described for X II1; 
the resultant amine was not obtained crystalline, but 
readily gave a crystalline N-benzoyl derivative (XV) 
in 40% over-all yield for the three steps from VI. 
Since the average yield per step was 74%, this was 
somewhat higher than an average yield of 72% for the 
three steps for the conversion of II -*■ XII -► XVII. 
Acid-catalyzed depyranylation of XV to XVI with 
methanol-acetone-dimethoxypropane, followed by ben
zoylation afforded the previously known1 and easily 
crystallizable dibenzoylaminoaltritol (XVII) in 82% 
yield.

The synthesis of the aminoaltritol (XVII) and the 
talitol (XXI) from the pyranyl mesylate (VI) shows the 
utility of the tetrahydropyranyl blocking group for 
conversion of l,2:5,6-di-0-isopropylidene-D-mannitol 
to other hexitol derivatives; further work on dis
placement reactions of VI with other nucleophiles, 
therefore, is warranted. In addition, the pyranyl 
ketone (XI) and the monomesyl pyranyl mannitol
(X) may prove useful for introduction of groups into 
the hexitol chain.

Experimental9
3-O-Benzoyl-l ,2:5,6-di-0-isopropylidene-4-0-(2-tetrahydro- 

pyranyl)-D-mannitol (VIII).—To a stirred suspension of 10 g. 
(0.033 mole) of VII4 in 20 ml. of dihydropyran was added 50 mg. 
of p-toluenesulfonic acid over a period of 5 min., during which 
time a clear solution formed. After being stirred another 10 
min., the solution was diluted with 100 ml. of petroleum ether, 
then kept overnight at —6°. The product was collected on a 
filter and washed with petroleum ether; yield, 6.7 g., m.p. 
118-119°. The combined mother liquor and washings deposited 
an additional 2.3 g. (total 73%) of product after 3 more days at 
— 6°. A similar preparation was recrystallized from petroleum 
ether giving white crystals, m.p. 119-120°; [cc] 26d  +22.4 ±  
0.7° (0.7%); (w f 1710 (C =0); 1260, 1200, 1070 (C—O—C); 
715 cm. -1 (benzoate CH).

Anal. Calcd. for C24H34O8: C, 64.0; H, 7.55. Found: C, 
63.9; H, 7.44.

Selective Removal of the Tetrahydropyranyl Group from 3-O- 
Benzoyl-l,2 :5,6-di-0-isopropylidene-4-0-(2-tetrahydropyranyl)- 
D-mannitol (VIII).—To a solution of 450 mg. (1 mmole) 
of VIII in 2 ml. of reagent methanol, 10 ml. of reagent acetone 
and 2 ml. of 2,2-dimethoxypropane was added 3 mg. of p-toluene
sulfonic acid. After standing about 18 hr. at room temperature 
protected from moisture, the mixture was treated with 0.2 ml. of 
5% aqueous sodium bicarbonate, then spin evaporated to dryness 
in vacuo. The residue was partitioned between 5 ml. of water and 
20 ml. of chloroform, then the aqueous phase was extracted 
again with 20 ml. of chloroform. Washed with water, the com
bined organic extracts were evaporated to dryness in vacuo. 
Crystallization from ethyl acetate-petroleum ether gave 300 mg. 
(82%) of VII, m.p. 103-104°; a mixture with authentic VII 
gave no depression in melting point and the infrared spectra of 
the two samples were identical.

If the acetone and 2,2-dimethoxypropane were not present, 
the product suffered some deacetonation, and only about 30% 
of pure VII could be isolated.

1,2:5,6-Di-0-isopropylidene-3-0-(2-tetrahydropyranyl)-D-man- 
nitol (IX).—A suspension of 5.3 g. (11.8 mmoles) of VIII in 90
ml. of reagent methanol containing 50 mg. of sodium methoxide

(9) M elting  po in ts were determ ined in  capillary  tubes w ith a  M el-Tem p 
block and  are uncorrected. In fra red  spectra  were determ ined w ith a 
Perkin-E lm er M odel 137B spectrophotom eter. O ptical ro ta tions  were 
m easured in  a  1-dm. m icrotube in chloroform  solution. Petroleum  ether
refers to th a t  fraction  w ith b.p. 60-75°.

was stirred for 48 hr. protected from moisture; solution occurred 
in about 24 hr. The solution was spin evaporated to dryness in 
vacuo; methyl benzoate was removed by spin evaporation with 
water in vacuo. Crystallization of the residue from petroleum 
ether at —6° gave 2.95 g. (73%) of product, m.p. 68°. Re
crystallization from the same solvent gave the analytical sample, 
m.p. 69°10; [a]25D -14.2 ±  0.6° (1.1%); 3450 (OH); 1205,
1240, 1070 (C—0 —C), and no benzoate absorption at 1710 and 
715 cm.-1.

Anal. Calcd. for C1JH30O7: C, 59.0; H, 8.67. Found: C, 
59.0; H, 8.47.

1,2:5,6-Di-0-isopropylidene-3-0-mesyl-4-0-( 2-tetrahydro- 
pyranyl)-D-mannitol (VI).—To a stirred solution of 2.8 
mmoles) of IX in 8 ml. of reagent pyridine cooled in an ice bath 
and protected from moisture was added 1.1 g. (9.5 mmoles) of 
methanesulfonyl chloride over a period of 20 min. After being 
stirred for an additional 3 hr. at 0°, then allowed to stand over
night at room temperature, the mixture was poured into 25 ml. 
of ice-water and extracted with chloroform (three 20-ml. portions). 
Combined extracts were washed with 10 ml. of 5% aqueous sodium 
bicarbonate, then water. Dried with magnesium sulfate, 
the organic solution was spin evaporated to dryness in vacuo 
at room temperature. Traces of pyridine were removed by addi
tion and spin evaporation of toluene. Crystallization from petro
leum ether afforded 2.8 g. (80%) of product, m.p. 59-61°, that 
was suitable for further transformations. Recrystallization from 
ethyl acetate-petroleum ether gave white crystals, m.p. 63°; 
[<*]26d +4.8 ±  0.5° (1%); »IT  1340, 1165 (—SOs—); 1265, 
1200, 1080, 1060 cm.-1 (C—O—C).

Anal. Calcd. for Ci8H320„S: C, 50.9; H, 7.55; S, 7.55. 
Found: C, 51.0; H, 7.62; S, 7.76.

1,2:5,6-Di-0-isopropylidene-4-0-(2-tetrahydropyranyl)-D-arafro-
3-herulose (XI).—To the chromium trioxide-pyridine complex 
from 4 g. of chromium trioxide and 50 ml. of reagent pyridine, 
prepared according to Sugihara and Yuen4 with observation of 
their precautions to avoid detonation, was added a solution of
3.0 g. (8.7 mmoles) of IX in 10 ml. of reagent pyridine. After 
being heated with stirring at 60 ° for 8 hr., the mixture was cooled, 
poured into 100 ml. of ice-water, then extracted with ether (four 
40-ml. portions). Combined extracts were washed with water, 
dried with magnesium sulfate, then evaporated in vacuo. Traces 
of pyridine were removed by addition and spin evaporation of 
toluene in vacuo. Crystallization from petroleum ether gave 1.2 
g. (40%) of white crystals, m.p. 83°; [ff]20D —16.1 ±  0.6° 
(0.6%); 1720 (C = 0); 1255, 1200, 1120, 1120, 1065 cm. -1
(C—O—C).

Anal. Calcd. for CnB^Cb: C, 59.3; H, 8.14. Found: C, 
59.2; H, 8.23.

1,2:5,6-Di-0-isopropylidene-3-0-mesyl-D-mannitol (X).—De
pyranylation of 424 mg. (1 mmole) of VI as described for the de
pyranylation of VIII gave 300 mg. (88%) of X as an oil which 
could not be crystallized; 3500 (OH); 1360,1170(—S03—); 
1260, 1210, 1070 cm.-1 (C—O—C).

For characterization, 300 mg. of X was benzoylated with 154 
mg. of benzoyl chloride in 5 ml. of reagent pyridine for 2 hr. at 
0° and 24 hr. at room temperature, then worked up as usual.1'3 
Crystallization from ethyl acetate-petroleum ether gave 250 mg. 
(61%) of II, m.p. 73-74°, that was identical with an authentic 
sample of II as shown by mixture melting point and comparative 
infrared spectra.

4-O-Benzoyl-l ,2:5,6-di-0-isopropylidene-3-0-(2-tetrahydro- 
pyranyl)-D-talitol (XX).—A mixture of 850 mg. (2 mmoles) of 
VI, 492 mg. (6 mmoles) of anhydrous sodium acetate, and 20 mg. 
of anhydrous dimethylformamide (Spectro Grade) was refluxed 
with stirring for 24 hr. Solvent was removed by spin evaporation 
in vacuo on a boiling water bath. The residue was suspended in
10 ml. of water and extracted with chloroform (three 30-ml. por
tions). Combined extracts were washed with water, dried with 
magnesium sulfate, and evaporated to dryness in vacuo. A 
solution of the residue in 20:1 petroleum ether-ethyl acetate was 
clarified with charcoal. Evaporation in vacuo gave 690 mg. of an
011 that was predominately XVIII since it showed strong carbonyl 
absorption at 1740 cm. -1 and weak hydroxyl absorption at 3500 
cm. -1 of some contaminating XIX; the product could not be 
crystallized.

The crude XVIII was deacetylated by solution in 50 ml. of 
reagent methanol containing 50 mg. of sodium methoxide. After

(10) Earlier preparations gave a low melting dimorph, m.p. 45°; only the
high melting dimorph was encountered in later work.
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about 18 hr. at room temperature protected from moisture, the 
solvent was removed in vacuo. The residue was suspended in 10 
ml. of water and extracted with chloroform (two 30-ml. portions). 
Combined extracts were washed with water, dried with magnesium 
sulfate, and evaporated to dryness in vacuo; yield, 480 mg. (67% 
from VI) of oily XIX that could not be crystallized; 3550 
(OH); 1255, 1210, 1065 (C—O—C) and no acetate C = 0  at 
1740 cm.-1.

To a stirred solution of 1.04 g. (3 mmoles) of a similar prepara
tion of XIX in 6 ml. of reagent pyridine was added 490 mg. (3.5 
mmoles) of benzoyl chloride with ice cooling. After 24 hr., the 
mixture was processed in the usual way1’3 to give 0.95 g. of an 
oil showing benzoate C = 0  at 1710 cm.-1. A solution of this 
crude XX in 20 ml. of benzene was poured onto a column of 
about 65 g. of neutral alumina (Brockmann activity III). 
Elution with 50 ml. of benzene, then 50 ml. of 1:1 chloroform- 
benzene gave 50 mg. of material with weak benzoyl absorption at 
1710 cm.-1 and was rejected. Further elution with 200 ml. of 
chloroform afforded 0.75 g. (56%) of pure XX as an oil that could 
not be crystallized; [a]26D +18 ±  1° (0.2%); r“1“ 1710 (ester
C = 0); 1260, 1200, 1070 (C—O—C); 715 cm. -1 (benzoyl CH).

Anal. Calcd. for C24H340 a: C, 64.0; H, 7.55. Found: C, 
64.1; H, 7.73.

4-0-Benzoyl-l,2:5,6-di-O-isopropylidene-D-talitol (IVa).— 
Depyranylation of 200 mg. (0.44 mmole) of XX, as described for 
depyranylation of VIII, afforded 135 mg. (83%) of a syrup. 
Crystallization from ethyl acetate-petroleum ether slowly oc
curred over 2 days at —5° giving 20 mg. (12%) of the 3-benzoate 
(IVb), m.p. 123-124°, that was identical with the material pre
viously prepared from I I .3 Spin evaporation of the mother liquor 
in vacuo gave the remainder of the product as the sirupy 4-ben- 
zoate (IVa) (115 mg., 71%) which had r l ” 3550 (OH); 1710, 710 
(benzoate); 1260, 1080 cm.-1 (G—O—C) and which was de- 
benzoylated (description follows).

l,2:5,6-Di-0-isopropylidene-D-talitol (XXII).—The preceding 
sirupy 4-benzoate (IVa) was debenzoylated as described for the 
preparation of IX. Crystallization from petroleum ether gave 
45 mg. (37% based on XX), m.p. 62-63°, that was identical with 
an authentic sample.

3,4-Di-O-benzoyl-l,2:5,6-di-0-isopropylidene-D-talitol (XXI). 
—Benzoylation of 115 mg. of syrupy benzoate (IVa) with 60 mg. 
of benzoyl chloride in 1.5 ml. of reagent pyridine, then work-up as 
usual,1’3 gave 60 mg. of XXI, m.p. 144°, that was identical with 
an authentic sample.3

3-Benzamido-3-deoxy-l ,2:5,6-di-0-isopropylidene-4-0-(2- 
tetrahydropyranyl)-D-altritol (XV).—A mixture of 0.85 g. (2 
mmoles) of VI, 0.39 g. (6 mmoles) of sodium azide, and 10 ml. of

dimethylformamide was refluxed for 6 hr. The solvent was re
moved by spin evaporation in vacuo on a boiling water bath. 
The residue was suspended in 20 ml. of ice-water and extracted 
with chloroform (three 20-ml. portions). Dried with magnesium 
sulfate, combined extracts were evaporated to residue in vacuo; 
yield, 0.66 g. (89%) of crude azide (XIII); v“1” 2125 (—N3); 
1255, 1210, 1065 cm. -1 (C—O—C ).'

To a stirred suspension of 230 mg. (6 mmoles) of lithium alu
minum hydride in 40 ml. of reagent ether was added a solution of
1.01 g. (2.73 mmoles) of crude azide (XIII) in 10 ml. of reagent 
ether at such a rate that gentle reflux was maintained. After 
being refluxed for 1 hr., the excess hydride was decomposed by 
the careful addition of 1 ml. of ethyl acetate followed by 0.35 ml. 
of water. The mixture was filtered and the salts washed with 
ether. The filtrate was decolorized with charcoal, then spin 
evaporated in vacuo; yield, 0.797 g. (90%) of 3-aminodeoxy- 
1,2:5,6-di-0-isopropylidene-4-0-(2'-tetrahydropyranyl)-D-altritol 
that could not be crystallized and had v61“ 3400 (NH); 1260, 1080 
(C—O—C); and no azide absorption at 2125 cm.-1.

To a stirred solution of 0.70 g. (2 mmoles) of the amine in 7 
ml. of reagent pyridine cooled in an ice bath and protected from 
moisture was added 326 mg. (2.3 mmoles) of benzoyl chloride. 
After being stirred for 3 hr. in the ice bath and 18 hr. at room 
temperature, the mixture was processed in the usual manner.1’3 
Crystallization from ethyl acetate-petroleum ether gave 504 mg. 
(56%, or 40% from. VI) of XV, m.p. 140°. Recrystallization 
from chloroform-petroleum ether afforded white needles, m.p. 
141°; [a]“ D +8.2 ±  0.6° (0.8%); ^ “i“1 3325 (NH); 1640,
1525 (amide); 1250, 1210, 1065 (C—0 —C); 705 cm. -1 (benzoyl 
CH).

Anal. Calcd. for CjiHasNO,: C, 64.2; H, 7.78; N, 3.11. 
Found: C, 64.3; H, 7.99; N, 3.34.

3-Benzamido-4-0-benzoyl-3-deoxy-l,2:5,6-di-0-isopropyli- 
dene-D-altritol (XVIII).—Depyranylation of 150 mg. of XV as 
described for the depyranylation of VIII gave 110 mg. (90%) of 
crude XVI, which was benzoylated with 64 mg. of benzoyl chlo
ride in 2 ml. of reagent pyridine in the usual manner.3 Recrys
tallization of the product from ethyl acetate-methanol afforded 
90 mg. (67%) of XVII, m.p. 202-203°, which was identical with 
an authentic sample prepared by a different route.1
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Reaction of the monosodium salt of l,2:5,6-di-0-isopropylidene-D-mannitol (V) with phenyl isothiocyanate 
did not form the expected phenylthiourethane derivative (VI). Instead, a facile cyclization took place to give 
a cyclic carbonate (XIV), a thionocarbonate (IX), or a phenyliminocarbonate (X) derivative of V, depending 
upon the work-up conditions. Additional evidence to support a proposed mechanism for these reactions also is 
presented.

Possible routes to synthesis of sugars containing a 
cts-mercapto alcohol system (I) such as that in the 
2-mercapto-2-deoxy-D-ribose or 3-mercapto-3-deoxy-D- 
ribose of Baker and co-workers3-6 has been under in
vestigation for several years; nucleosides containing

(1) F o r  th e  p rev io u s  p a p e r  in  th is  series, see B. R . B a k e r  a n d  H . S. S ach 
dev , J .  O r g .  C h e m . ,  28, 2132 (1963).

(2) T h is  w ork  w as g en e ro u s ly  s u p p o r te d  b y  g r a n t  C Y -5845  of th e  N a 
tio n a l C ancer In s t i tu te ,  U . S. P u b lic  H e a lth  S ervice.

(3) B . R . B ak e r, K . H ew son , L. G o o d m an , a n d  A . B en itez , J .  A m .  C h e m .  

S o c . ,  80, 6582 (1958).
(4) L. G oo d m an , A. B en itez , C . D . A nderson , a n d  B. R . B ak e r, i b i d . ,  

80, 6582 (1958).

such sugars might afford interesting biological proper
ties.3 Although thio sugars with a trans relationship 
of OH and SR groups (IV) are readily synthesized by 
ring opening of sugar epoxides (III) with mercaptides,6 
successful routes to cis compounds with a cis relation-

(5) E. J . Heist, J . H. Osieeki, A. Benitez, L. Goodm an, and  B. R. Baker, 
J .  O r g .  C h e m . ,  26, 3554 (1961).

(6) (a) C. D. Anderson, L. Goodm an, and  B. R. Baker, J .  A m .  C h e m .  S o c . ,  

81, 3967 (1959); (b) C. D. Anderson, L. Goodm an, and B. R. Baker, i b i d . . 

81, 898 (1959); (c) J . Davoll, B. Lythgoe, and  S. T rip e tt, J .  C h e m .  S o c , ,  

2230 (1951); (d) R. Jeanloz, D. A. Prins, and  T. Reichstein, H e l v .  C h i m .  

A c t a ,  29, 371 (1946); (e) W. Pigm an, “ T he C arbohydra tes,’’ Academic Press. 
Inc., New York. N . Y., 1957.
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ship (I) have so far been elusive. Terminal thio func
tions readily can be introduced into the sugar molecule 
by displacement reactions,66 but the displacement of a 
ring secondary tosylate by mercaptide ion has been 
uniformly unsuccessful due to the weak electrophilic 
character of these sugar ring tosylates7; therefore, our 
attention has been directed primarily to the introduc
tion of a cis-mercapto group by anchimeric assistance 
of a neighboring group where the energy barrier is 
considerably reduced and reactions are accelerated a 
thousandfold compared to the Sn2 type.8 9

.O H  ,

Y ¥
OH

T TÍO SH OH i n SR
I II IV

That the czs-mercapto alcohol system in a ring can 
be synthesized by utilization of the neighboring 
phenylthiocarbonyl group has been established in the 
cyclopentane series. Although the appropriate thio- 
carbonyl derivative in a pentofuranose6 and a hexo- 
pyranose3 could be synthesized, their conversion to the 
m-mercapto alcohol system of type I failed primarily 
due to the difficulty of removing an isopropylidene 
blocking group in the furanose case, and the instability 
of a benzylidene blocking group in the second case. 
Since we have been undertaking a study of reactions of 
l,2:5,6-di-0-isopropylidene-D-mannitol (V) for synthe
sis of sugars containing a new functional group in 
place of a hydroxyl,7 9 this compound (V) appeared to 
be an attractive one to study the introduction of sulfur 
by the neighboring phenylthiocarbamyl group; al
though this approach so far has been unsuccessful in 
its ultimate goal, the unusual nature of the reactions 
encountered has prompted this paper.

Similar to methyl 4,6-O-benzylidene-a-D-glucopy- 
ranoside,3 but in contrast to 1,2-irans-cyclopentanediol,4 
1,2:5,6-di-O-isopropylidene-D-mannitol (V) failed to 
react with phenyl isothiocyanate in boiling toluene; 
therefore, the more strenuous conditions employed for 
the glucopyranoside,3 i.e., formation of the sodium 
alcoholate with sodium hydride in dimethylformamide, 
then reaction with phenyl isothiocyanate, was investi
gated. Surprisingly, none of the desired phenylthio- 
urethane (VI) was obtained, but either the tricyclic 
product, XIV, or a mixture of IX and X could be ob
tained depending upon how the reaction mixture was 
processed.

When the reaction mixture was acidified with glacial 
acetic acid then diluted with water as previously de
scribed for the glucopyranoside,3 diphenylthiourea was 
isolated in 33% yield; from the mother liquor was ob
tained 30% of a crystalline mixture of the cyclic carbo
nate (XIV) and the cyclic thionocarbonate (IX). 
These two compounds were difficultly separable by 
fractional crystallization, but were obtained pure; 
the two compounds were readily distinguishable by 
their infrared spectra and the composition of a mixture 
of the two could be estimated since XIV had a five-

(7) See B. R. B aker and A. H. Haines, J .  O r g .  C h e m . ,  28, 438 (1963), 
paper LIV  of th is series, for a discussion of d isplacem ent of ring tosylates by 
various nucleophiles, including th e  advantages of anchim eric assistance b y  a 
neighboring group.

(8) S. W instein and R. Boschan, J .  A m .  C h e m .  S g c . ,  72, 4669 (1950).
(9) B. R. B aker and  A. H. Haines, J .  O r g .  C h e m . ,  28, 442 (1963), paper 

LV of this series.

Bz = benzoyl; Ip = isopropylidene

membered ring carbonyl group at 1780 cm. ' 1 and 
carbonate C-O-C at 1260 and 1065 cm.-1, whereas 
IX showed additional carbonate C-O-C bands at 
1325 and 1300 cm.-1 and no carbonyl absorption. 
When the organic material was quickly separated 
from the aqueous solution by extraction, the product 
was primarily the thionocarbonate (IX) and little 
hydrolysis to XIV took place. The thionocarbonate
(IX) was converted to the carbonate (XIV) in 80% 
yield by reaction with silver carbonate in methanol. 
That no change of configuration had taken place during 
the conversion of V to XIV via VI was shown by syn
thesis of the carbonate, XIV, from V with methyl 
chlorocarbonate in 55% yield under conditions that 
could not cause inversion.1011

Some insight into the possible mechanism of forma
tion of the thionocarbonate (IX) from the supposed 
thiourethane (VI) was gained when the dimethylform
amide solution of the sodium salt of VI was processed 
without addition of glacial acetic acid; in this case 
neither diphenylthiourea nor the thionocarbonate
(IX) were formed ; instead a new compound containing 
nitrogen and no sulfur was obtained in about 30% 
yield. That this crystalline compound was the 
phenyliminocarbonate (X) was shown by the presence 
of five-membered ring exocyclic C =N  absorption at 
1690 cm.-1, monosubstituted benzene absorption at 
700 cm.-1, lack of NH absorption near 3303 cm.-1, and 
by hydrolysis with dilute acetic acid to the cyclic 
carbonate (XIV).

(10) E . J. R eist, R . R. Spencer, and  B. R. Baker, i b i d . ,  23, 1958 (1958).
(11) L. Hough, J . E . Priddle, and R. S. Theobald, J .  C h e m .  S o c . ,  1934 

(1962).
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The mere addition or nonaddition of glacial acetic 
acid at room temperature prior to work-up giving 
different products suggests that the anion in dimethyl- 
formamide is not derived from the thiourethane (VI), 
but has structure XV derived from the cyclic structure 
VII; XV would be stabilized by a favorable “zig-zag” 
conformation.9 Apparently, addition of water pre
dominantly causes loss of bisulfide ion with formation of
X. In contrast, when this anion (XV) is acidified with 
glacial acetic acid in anhydrous solution, the protonated 
form (XVI) readily loses aniline with formation of IX;
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the resultant aniline then immediately forms diphenyl- 
thiourea with some unchanged phenyl isothiocyanate 
that is present.

Since the formation of the thiourethane (VI) was 
precluded by the presence of the adjacent hydroxyl 
group, it was clear that this hydroxyl would have to be 
blocked. The availability of the monobenzoate (VIII)12 
in this laboratory for other studies7-9 suggested that an 
attempt be made to convert it to a phenylthiourethane; 
even though it was anticipated that sodium alcohólate 
of VIII might equilibrate to a mixture of VIII and its 
dibenzoate, there was a possibility that this inter- 
molecular equilibration would be sufficiently slow to 
allow conversion to the phenylthiourethane derivative 
(XVII). Reaction of VIII with one equivalent of 
sodium hydride in dimethylformamide required only 
fifteen minutes at 50°; however, when this sodium salt 
was treated with phenyl isothiocyanate, a 40% yield 
of benzanilide along with 20% yield of a crystalline 
mixture of the carbonate (XIV) and thionocarbonate
(IX) were obtained and none of the protonated XVII 
could be isolated.
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Although in an independent experiment, it was shown 
that the sodium salt of VIII could equilibrate to V, 
VIII, and a dibenzoate in boiling toluene, such an 
explanation for the formation of benzanilide and the 
thionocarbonate (IX) via VII is untenable with the

(12) J . M. Sugihara and G. U. Yuen, J .  A m .  C h e m .  S o c . ,  79, 5780 (1957).

isolation of the iminocarbonate (X) from VII. The 
anion, XV, apparently does not release aniline until 
acidified, conditions being too mild to allow reaction of 
aniline with the benzoate group of a molecule such as 
VIII to form benzanilide. A more tenable explanation 
is that the anion (XVII) is predominantly in the cyclic 
form, XVIII (again stabilized by the favorable “zig
zag” conformation9). This anion could collapse to 
the thionocarbonate (IX) and benzanilide (XIX) 
either during reaction or during work-up; further sup
port for this explanation was obtained.

The monobenzoate, VIII, reacted smoothly with 
phenyl isocyanate in boiling toluene to give the crystal
line urethane (XI) in 78% yield. When XI was 
partially converted to the anion with 6 mole % of 
sodium hydride in dimethylformamide, then heated at 
90-100°, 71% of the urethane residue was converted to 
diphenylurea, 12% of XI was recovered unchanged, 
and 9% yield of the cyclic carbonate (XIV) was iso
lated; in contrast to the breakdown of the supposed 
XVII, no benzanilide could be isolated although a 
trace could be detected by thin layer chromatography. 
These results are tenable with the retrogression of the 
anion of XI to phenyl isocyanate and the monobenzo
ate, VIII; the latter then equilibrates to V and a 
dibenzoate (XIII). The phenylurethane (XII) is 
then formed from V and phenyl isocyanate or by trans- 
benzoylation between V and X I; a small yield of cyclic 
carbonate (XIV) from the monophenylurethane (XII) 
is then tenable. The fact that practically no benz
anilide is formed from XI, but 40% is formed from 
XVII certainly indicates that different mechanisms 
for conversion to a cyclic carbonate or thionocarbonate 
from XI to XVII are involved and that the retrogres
sion mechanism via V and XII cannot account for 
benzanilide. A further argument for the formation of 
benzanilide via XVIII is that the intermediate XVIII 
would be more likely to form than the corresponding 
anion of XI since the thiourethane is a far more nucleo
philic group than is the urethane.

The ease of interaction of the benzoate carbonyl 
with the adjacent thiourethane group in XVII is 
certainly unexpected. Thus to prepare a thiourethane 
such as VI it would be necessary to use a noncarbonyl 
blocking group that could be removed later, such as the 
tetrahydropyranyl blocking group.1 When the sodium 
salt of l,2:5,6-di-0-isopropylidene-3-0-tetrahydro- 
pyranyl-D-mannitol1 was treated with phenyl isothio
cyanate in toluene, an oil was isolated that had the 
proper infrared spectrum; that is, it showed NH, but no 
carbonyl, none of the usual by-products were obtained 
such as diphenylthiourea, the thionocarbonate (IX), 
or the cyclic carbonate (XIV). Whether or not the 
tetrahydropyranyl group can be removed from the 
oil to give VI without formation of diphenylthiourea 
and the tricyclic by-products is worthy of pursuit.

Experimental1 3

Reaction of l,2:5,6-Di-0-isopropylidene-D-mannitol (V) 
Sodium Salt with Phenylisothiocyanate.—(A) Acetic Acid Work-
Up.—To a solution of 5.20 g. (0.02 mole) of dry V in 30 ml. of di-

(13) M elting points were taken  in capillary tubes on a  M el-Tem p block 
and are uncorrected. In frared  spectra  were determ ined w ith a  Perkin- 
E lm er 137B spectrophotom eter. O ptical ro ta tions were m easured in a  1- 
dm. m icrotube in chloroform solution a t  the % concentration  in d ica ted . 
Petroleum  e th e r used for purification was a  fraction boiling a t  30-60°.
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methylformamide (Spectro Grade) was added 0.873 g. (0.02 mole) 
of a 55% sodium hydride emulsion in mineral oil. The mixture 
was heated at 90° for 90 min. protected from moisture when the 
formation of the sodium salt was complete, and an off-white sus
pension was obtained. After the addition of 3.38 g. (0.025 mole) 
of phenyl isothiocyanate, the mixture was stirred for another 90 
min. at 90-95° during which time a brown solution was formed. 
After being cooled to room temperature, the solution was acidified 
with 1.8 ml. (0.03 mole) of glacial acetic acid, stirred 5 min., then 
poured into 125 ml. of ice-water. A light brown oil separated 
which soon solidified. The material was collected on a filter and 
washed with a little cold water. Recrystallization from 75% 
ethanol afforded 1.5 g. (33%) of diphenylthiourea, m.p. 150-151°, 
which gave no depression in melting point when mixed with an 
authentic sample and which had an infrared spectrum identical 
with that of an authentic sample.

The mother liquor from the 1.5 g. of diphenylthiourea de
posited additional crystals after standing for 2 hr. at —5°. The 
material was collected on a filter and washed with cold water; 
yield was 1.0 g. (17%), m.p. 140-141°, of a mixture of the cyclic 
carbonate (XIV) and the thionocarbonate (IX) as shown by its 
infrared spectrum. Two recrystallizations from chloroform- 
petroleum ether gave 0.60 g. (10%) of 2:1 mixture of IX and 
XIV, m.p. 149-151°.

The mother liquor from the 1.0 g. of XIV and IX was diluted 
with water, then kept overnight at —5° to give 0.80 g. (13%) of 
cyclic carbonate XIV, m.p. 135-140°. Recrystallization from 
ethyl acetate-petroleum ether gave 0.50 g. (8%) of pure XIV, 
m.p. 145-146°; this compound gave no depression in melting 
point when mixed with an authentic sample of XIV, prepared as 
described later, and their infrared spectra were identical.

A similar preparation with 2.6 g. of V, 0.873 g. of 55% sodium 
hydride, and 3.38 g. of phenyl isothiocyanate was processed by 
immediate chloroform extraction (three 50-ml. portions) after the 
acidified dimethylformamide mixture was added to ice-water; 
thus processed, no appreciable hydrolysis of the thionocarbonate
(IX) to the carbonate (XIV) took place. After removal of the 
solvent in vacuo, the residue was recrystallized from ethanol to 
give, in three crops, 1.05 g. (35%) of thionocarbonate IX, m.p.
160-161°. A second recrystallization of the first crop from 
ethanol gave pure IX as white crystals, m.p. 160-161°; [aJ^D 
-1 1  ±  1° (0.3%); <£“i01 1325, 1300, 1260, 1065 (C—O—C) and 
a weak band at 1780 cm. _1 from a trace amount of XIV.

Anal. Calcd. for Ci3H20O6S: C, 51.3; H, 6.50; S, 10.5. 
Found: C, 51.6; H, 6.08; S, 10.5.

From the mother liquor of the 1.05 g. could be isolated by 
crystallization from benzene 1.0 g. (44%) of diphenylthiourea, 
m.p. 149-150°.

(B) By Alkaline Work-Up.—After 2.6 g. (0.01 mole) of V had 
been converted to the sodium salt with 0.436 (0.01 mole) of 55% 
sodium hydride, then treated with 2.02 g. (0.015 mole) of phenyl 
isothiocyanate as described in A, the cooled dimethylformamide 
solution was poured into 200 ml. of ice-cold water and extracted 
twice with chloroform. Fractional crystallization from ethyl 
acetate-petroleum ether gave first 0.5 g. (19%) of unchanged V 
and then 0.60 g. (20%) of pure iminocarbonate X as white 
needles, m.p. 111-112°; [a]“D - 6.6 db 0.5° (1.1%); x“ r 1690 
(C—N); 1590, 700 (phenyl); 1250, 1060 cm. - 1 (C—O—C).

Anal. Calcd. for Ci9H25N 06: C, 62.8; H, 6.85; N, 3.87. 
Found; C, 63.2; H,6.51; N, 3.77.

By further processing of the mother liquors, 0.25 g. of a crystal
line mixture of iminocarbonate X and carbonate XIV was ob
tained which was not further separated, but which was predom
inantly the iminocarbonate.

l,2:5,6-Di-0-isopropylidene-n-manniiol 3,4-Carbonate (XIV). 
(A) From V.—To a solution of 5.2 g. (0.02 mole) of Vin 15 ml. 
of reagent pyridine and 20 ml. of chloroform cooled in an ice bath 
was added dropwise with stirring 2.07 g. (0.022 mole) of methyl 
chloroformate over a period of 25 min.10 After being stirred for 
an additional 6 hr. at 0° and standing at 5° for 16 hr., protected 
from moisture, the mixture was poured into 50 ml. of ice-water 
and the organic layer separated.

The aqueous layer was extracted further with chloroform (three 
20-ml. portions); combined extracts were washed successively 
with 10 ml. of saturated aqueous sodium bicarbonate and 15 ml. 
of cold water. Dried with magnesium sulfate, the solution was 
spin evaporated to dryness in vacuo. The semisolid residue 
showed a weak cyclic carbonate band at 1790 cm.-1 and a strong 
linear carbonate band at 1745 cm .'1. To a solution of this inter
mediate in 20 ml. of dimethylformamide was added 100 mg. of

sodium methoxide and the mixture was heated at about 100° for 
20 min. After removal of the solvent by spin evaporation in 
vacuo, the residue was triturated with 15 ml. of water containing 
0.1 ml. of acetic acid. To a solution of the solid in 50 ml. of 
chloroform was added 75 ml. of petroleum ether; after 3 hr. at 
0°, 1.9 g. (37%) of unchanged V was removed by filtration. 
The filtrate was evaporated to dryness in vacuo and the residue 
recrystallized from aqueous methanol; yield, 2.0 g. (55% based 
on the amount of V not recovered), m.p. 144-146°. Two re
crystallizations from ethyl acetate-petroleum ether gave white 
needles of pure XIV, m.p. 147°; [a]25D +  8.0 ±  0.6° (0.9%); 
’W°11780 (cyclic carbonate C = 0); 1260,1065 cm. _1(C—O—C).

Anal. Calcd. for Ci3H2oC>7: C, 54.2; H, 6.90. Found: C, 
54.3; H, 7.09.

Hough, et al.,n reported the preparation of this compound by a 
different route after the previous experiment was completed. 
They report m.p. 146.5-147°; [a] 20d 14.9° (c 1.8, acetone); and 
C = 0  absorption at 1790 cm.“1

(B) From the Iminocarbonate (X).—A solution of 70 mg. of X 
in 1 ml. of 50% aqueous acetic acid was heated on a steam bath 
for 20 min., then cooled, and neutralized with 5% aqueous sodium 
bicarbonate to pH 8 . The product was collected on a filter, 
washed with cold water, and recrystallized from ethyl acetate- 
petroleum ether; yield, 25 mg. (55%) of XIV, m.p. 146-147°. 
A mixture with preparation A gave no depression in melting point 
and the two materials had identical infrared spectra. No attempt 
was made to obtain a second crop.

(C) From the Thionocarbonate (IX).—A solution of 51 mg. 
(1.66 mmoles) of IX in 10 ml. of methanol was stirred with 46 
mg. (1.66 mmoles) of silver carbonate at room temperature for 
1 hr. The black precipitate was removed by filtration and the 
filtrate was evaporated to dryness in vacuo. Recrystallization 
from ethyl acetate gave 40 mg. (82%) of XIV, m.p. 146-147°, 
that was identical with preparation A.

Reaction of 3-O-Benzoyl-l ,2:5,6-di-O-isopropyUdene-D-manni- 
tol (VIII) Sodium Salt with Phenyl Isothiocyanate.—To a solu
tion of 1.82 g. (5 mmoles) of dry VIII in 30 ml. of dimethylform
amide (Spectro Grade) was added 218 mg. (5 mmoles) of a 55% 
dispersion of sodium hydride in mineral oil. Conversion to the 
insoluble gelatinous sodium salt was complete after the mixture 
was stirred for 15 min. at 50° protected from moisture. After 
the addition of 0.65 ml. (5.5 mmoles) of phenyl iso thiocyanate, 
the mixture was stirred at 90-100° for 1 hr. Cooled to room 
temperature, the mixture was acidified with 0.5 ml. of glacial 
acetic acid, then diluted with 100 ml. of ice-water, and extracted 
with chloroform (three 40-ml. portions). Dried with magnesium 
sulfate, combined extracts were spin evaporated in vacuo; last of 
the dimethylformamide was removed at 1 mm. and 100°. The 
semisolid residue was triturated with 40 ml. of benzene and the 
white insoluble solid was collected on a filter; yield, 0.40 g. 
(40%) of benzanilide, m.p. 158-159°, that was identical with an 
authentic sample. The benzene filtrate was evaporated to dry
ness in vacuo. Recrystallization of the residue from 1:1 chloro
form-petroleum ether gave 0.30 g. (20%), m.p. 145-149°, of a 
mixture of the cyclic carbonate (XIV) and the thionocarbonate
(IX), as shown by its infrared spectrum.

3-O-Benzoyl-l ,2: 5,6-di-0-isopropylidene-4-0-(phenylcarba- 
moyl)-D-mannitol (XI).—A solution of 1.82 g .(5 mmoles) of VIII 
and 1.34 g. (10 mmoles) of phenyl isocyanate in 80 ml. of reagent 
toluene was refluxed for 20 hr. protected from moisture. The 
solvent was removed by spin evaporation in vacuo and the gummy 
residue triturated with 25 ml. of warm petroleum ether to remove 
the remaining phenyl isocyanate. Recrystallization of the in
soluble solid from ethyl acetate-petroleum ether gave 1.8 g. (78%) 
of product in two crops, m.p. 117-118°. Recrystallization from 
the same solvents gave white crystals of unchanged melting point; 
[« P d +65.2 ±  0.6° (1%); C i”1 3400 (NH); 1740 (urethane 
C = 0 ); 1715 (ester C = 0); 1525 (amide II); 1600, 755, 715 
cm. “1 (phenyl).

Anal. Calcd. for C26H3iN0 8: C, 64.3; H, 6.39; N, 2.88. 
Found: C, 64.5; H, 6.47; N,3.12.

Treatment of 3-O-Benzoyl-l ,2:5,6-di-0-isopropylidene-4-0- 
(phenylcarbamoyl)-D-mannitol (XI) with Sodium Hydride.—
To a solution of 0.97 g. (2 mmoles) of dry XI in 12 ml. of di
methylformamide protected from moisture was added 0.11 g. 
(2.5 mmoles) of 55% sodium hydride dispersion in mineral oil. 
The mixture was stirred at 90-100° for 90 min., cooled, acidified 
with 0.5 ml. of acetic acid, then processed as described before for 
the reaction of the sodium salt of V with phenyl isocyanate. 
The first material isolated was 150 mg. (71%) of diphenylurea,
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m.p. 235°. Then 50 mg. (8.5%) of cyclic carbonate (XIV), 
m.p. 149-150°, and 120 mg. (12%) of unchanged XI were iso
lated, all three characterized by mixture melting points and 
comparative infrared spectra with authentic samples. The final 
residue (150 mg.) appeared to be mainly a mixture of the mono
benzoate (VIII) and V, by its infrared spectrum.

The same results were obtained if a catalytic amount (6 mole 
%) of sodium hydride was employed.

3,4-Di-O-benzoyl-l ,2:5,6-di-O-isopropylidene-D-mannitol
(XIII).—Benzoylation of V or VIII with excess benzoyl chloride 
in pyridine overnight at room temperature gave an 85% yield of 
the dibenzoate as an oil which was free of hydroxyl absorption in 
the infrared. For analysis, the compound was absorbed from a 
benzene solution on a column of neutral alumina (Brockmann 
activity III), then eluted with 1:1 benzene-chloroform. The 
colorless oil had 1715 (C = 0); 1260, 1100,1080 (C—O—C); 
715 c m r 1 (benzoyl CH); [ a ] 25D +64.9 ±  0.7° (0.6%).

Anal. Calcd. for C+HmOs: C, 66.4; H, 6.44. Found: C, 
66.7; H, 6.24.

Benzoate Equilibration of 3-0-Benzoyl-l,2:5,6-di-0-isopro- 
pylidene-D-mannitol (VIII) with Sodium Hydride.—To a solution 
of 1.10 g. (3 mmoles) of dry VIII in 60 ml. of reagent toluene 
was added 130 mg. (3 mmoles) of 55% soduim hydride dispersion 
in mineral oil. After being refluxed for 90 min. protected from

moisture, the mixture was spin evaporated to dryness in vacuo. 
The residue was suspended in 20 ml. of water containing 0.2 ml. 
of acetic acid; the mixture was extracted with chloroform (four 
20-ml. portions). Dried with magnesium sulfate, combined ex
tracts were evaporated to dryness in vacuo. Crystallization from 
ethyl acetate-petroleum ether gave 0.20 g. (25%) of debenzoyl- 
ated product, V, identical with an authentic sample.

The filtrate was evaporated to dryness in vacuo leaving 0.7 g. of 
a semisolid. Further traces of V were removed by absorption on 
neutral alumina (Brockmann activity III) from a hexane solu
tion, then elution with 8:1 benzene-methanol. The resultant 
0.55 g. showed two spots on silica thin-layer chromatography 
with benzene-methanol (7:1) as the solvent system and iodine 
vapor as the detecting agent. The two spots had Ri values of 
0.77 and 0.96 and moved identically with authentic samples of 
VIII and 3,4-di-0-benzoyl-l,2:5,6-di-0-isopropylidene-D-man- 
nitol (XIII), respectively.
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In connection with another study,2 we had occasion 
to refer to the ultraviolet spectrum of p-nitrophenyl- 
cyclopropane obtained by Levina, Shabarov, and 
Patapov.3 This spectrum, however, was inconsistent 
with data that we had accumulated2 and was not 
typical of a p-nitroalkylbenzene. We, therefore, felt 
obliged to repeat their work in order to clarify the 
problem. Nitration at —40 to —20° with fuming 
nitric acid-acetic anhydride afforded a product whose 
ultraviolet spectrum was nearly identical with that pre
viously published.3 The proof of structure for the 
nitration product was based primarily on its oxidation 
with chromic acid to p-nitrobenzoic acid in 70% yield.3 
When our nitration product was subjected to gas 
chromatographic analysis, two major components in a 
ratio of 2:1 were observed. The smaller, slower-moving 
fraction crystallized on cooling (m.p. 32°) and gave an

(1) T h is  w ork was supported, in  p art, b y  Cancer Research Funds of the 
U n ive rs ity  of C a lifo rn ia  and b y  an Am erican Cancer Society In stitu tio n a l 
grant IN  33D .

(2) L .  A . S tra it , R .  Ketcham , and D . Jam b o tkar, paper presented at 
14th P ittsburgh  Conference on A n a ly tica l C h em istry  and Applied Spectros
copy, M arch , 1963.

(3) R . Y a . Lev in a , Y u . S . Shabarov, and Y .  K .  Patapov, Z h . O b sch ch . 
K h im . ,  29, 3233 (1959); J- Gen. C h e m ., USSR, 29, 3196 (1959).

ultraviolet spectrum typical of a p-nitroalkylbenzene.4 
Furthermore, the infrared absorption pattern in the
5-6-p region was typical of p-disubstituted benzenes.6 
The larger, faster-moving fraction could not be crystal
lized and showed a typical ultraviolet absorption spec
trum for an o-nitroalkylbenzene.4 In this case the 
infrared spectrum in the 5-6-m region was typical of an
o-disubstituted benzene.6 Oxidation of the solid nitra
tion product with chromic acid gave p-nitrobenzoic 
acid in 88% yield. The oil afforded 64% of o-nitro- 
benzoic acid under the same conditions. It is thus 
established that the cyclopropyl group, as expected, is 
an ortho-para director but that the major product is the 
ortho isomer.

Brown and Bonner have reported6 ortho-para ratios 
for nitration of toluene, ethylbenzene, cumene, and 
¿-butylbenzene with concentrated nitric acid-concen
trated sulfuric acid at 40°. In order that our result 
with phenylcyclopropane could be compared directly, 
we have repeated the nitrations of these four alkyl
benzenes with fuming nitric acid-acetic anhydride at 
— 40°. This reagent gives results which are very simi
lar to those from the “mixed acid” except that the 
yields are higher, the rate of decrease of the ortho-para 
ratio is greater, and smaller amounts of meta isomers 
were observed. When the nitrating mixture was 
prepared at room temperature and cooled to —40° 
for nitration, the ortho-para ratio for the branched 
alkylsubstituted benzene was much smaller, whereas 
with phenylcyclopropane the ratio was considerably 
higher. The nitration of phenylcyclopropane with this

(4) W . G . B row n  and H . Reagan, J. Am. Chem. Soc., 69, 1032 (1947).
(5 ) L .  J .  B e llam y , “ Th e  In fra red  Spectra of Com plex M olecules,”  2nd 

E d ., John  W iley  and Sons, In c . ,  New  Y o rk , N . Y . ,  1958, pp. 67-69.
(6) H . C . B row n and W . H . Bonner, J. Am. Chem. Soc., 76, 605 (1954).
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T a b l e  I

H 2SO4--HNOi AcONCb6 AcONfV
o r t h o - o r t h o  o r t h o 

Com pound p a r a % yield p a r a % yield p a r a

Toluene 1.57“ 80“ 1.78 94 1.76
Ethylbenzene 0.93°

eOOO 0.86 93 0.90
Cumene

OOTt4 OCO .41 95 .27
¿-Butylbenzene .217“

0OO .17 91 .066
Phenylcyclopropane 2.10 70 1.99 93 4 .0-4 .7

“ Ref. 6, the yields are given as approximately 80%. 5 Ni
trating reagent prepared at —40°. c Nitrating reagent prepared 
at room temperature.

latter reagent was not reproducible. The range of 
ortho-para ratios is given in Table I.

The general agreement between the values obtained 
with acetyl nitrate and nitric acid-sulfuric acid mixtures 
indicates that the results are not due to the special 
ortho orientation property of acetyl nitrate which has 
been observed for nitration of anisole or acetanilide7 
with this reagent, but that phenylcyclopropane is 
inherently nitrated preferentially in the ortho position. 
This contention was confirmed by the fact that nitra
tion of phenylcyclopropane with nitric acid-sulfuric 
acid afforded a product mixture with an ortho-para 
ratio not greatly different from that obtained with 
acetyl nitrate. The results of the nitration experi
ments are in Table I.

Bordwell and Garbisch recently have studied the 
reactions of acetyl nitrate with a series of styrenes and 
stilbenes.8 They have found that, although the major 
products of these reactions result from addition to the 
ethylenic double bond, there is, in most cases, some 
nuclear substitution. These workers did not determine 
the ortho-rpara ratios, but they did indicate that the 
amount of ori/io-substituted product was in excess of 
the para isomer.

The most common cases of high ortho-para ratios 
have been observed in nitrations of deactivated sys
tems such as nitrobenzene, benzaldehyde, and ethyl 
benzoate.9 All of these compounds have unsaturated 
systems, and interactions between the substituents and 
the attacking nitronium ion have been postulated. 
In the case of styrene similar interactions can also be 
thought of as existing between the incoming nitronium 
ion and the vinyl group, thereby directing sub
stitution preferentially to the ortho position.

Stericly the cyclopropyl group should exert an effect 
similar to that of the isopropyl group. However, the 
contraction in size introduced by the strained three- 
membered ring should make the cyclopropyl group 
somewhat smaller so that its steric effect should be 
intermediate between those of an ethyl and an isopropyl 
group. This should have led to an ortho^para ratio of 
about 0.75.

The unsaturated nature of the cyclopropyl system 
has been observed in a number of situations.10 These 
manifestations of unsaturation have been related to the 
double bond character of the three-membered ring

(7) F o r a  discussion of the na tu re  of th is n itra tin g  reagent see F. G. 
Bordwell and  E . W. Garbisch, J r . ,  J .  A m .  C h e m .  S o c . ,  82, 3588 (1960).

(8) F. G. Bordwell and  E. W. G arbisch, J r .,  J .  O r g .  C h e m . ,  27, 2322 (1962).
(9) G. S. H am m ond, F. J . Modic, and R. M. Hedges, J .  A m .  C h e m .  S o c . ,  

75, 1388 (1953); see, however, C. K. Ingold, “ S tructu re  and  M echanism  
in Organic C hem istry ,” Cornell U niversity  Press, Ith aca , N . Y., 1953, pp. 
261-264.

caused by the highly strained carbon-carbon bonds 
which have approximately sp4 hybrid orbitals.11 
The orf/io-directing influence of the cyclopropyl system 
observed in this work appears to be still another 
example of the unsaturated character of this three- 
membered ring system.

Phenylcyclopropane was prepared from styrene ac
cording to the method12 used by Doering and Hoffman 
to prepare norcarane from cyclohexene. The reaction 
between styrene and dibromomethylene, generated 
from bromoform by the action of potassium ¿-butoxide, 
afforded l-phenyl-2,2-dibromocyclopropane. Reduc
tion with sodium and wet methanol afforded phenyl
cyclopropane.

It should be pointed out that the earlier workers 
reduced their nitrophenylcyclopropane to the cor
responding amine3 and that studies on this reduction 
product cannot be completely valid since it too must 
have been a mixture.

Experimental13
l-Phenyl-2,2-dibromocyclopropane.—To a stirred solution of 

0.33 mole of potassium i-butoxide (prepared by adding 13 g. of 
potassium to the ¿-butyl alcohol at 70°) and 181 g. (200 ml., 1.74 
moles) of styrene in 400 ml. of ¿-butyl alcohol at 15-20° was 
added dropwise 100 g. (0.4 mole) of bromoform. After stirring 
an additional 30 min., 300 ml. of water was added and the product 
extracted with pentane. The extract was dried over sodium sul
fate and the solvent removed under reduced pressure. Vacuum 
distillation afforded 48.9 g. (53%) of 1-phenyl-2,2-dibromocyclo- 
propane, b.p. 90-100° at 1 mm.

Anal. Calcd. for C9H8Br2: C, 39.16; H, 2.97; Br, 57.92. 
Found: C, 39.24; H, 2.96; Br, 57.66.

Phenylcyclopropane.—To a stirred solution of 27.6 g. (0.1 
mole) of l-phenyl-2,2-dibromocyclopropane in 100 ml. of ether 
was added dropwise a solution of 270 ml. of methanol and 50
ml. of water and portion wise 46 g. (2 moles) of sodium over a
3-hr. period. An additional 23 g. (1 mole) of sodium and 180 ml. 
of methanol and 20 ml. of water was added and the reaction mix
ture stirred an additional 2 hr. A final 23 g. (1 mole) of sodium 
and 100 ml. of methanol was added and the reaction mixture 
stirred for 7 hr. The reaction mixture was diluted with water and 
extracted with ether. The ether extract was washed with dilute 
hydrochloric acid and dried over sodium sulfate. Removal of the 
ether in vacuo and vacuum distillation of the crude product af
forded 9.90 g. (84%) of phenylcyclopropane, b.p. 93-97° at .45
mm.

o- and ¡»-Nitrophenylcyclopropane.—To a solution of 13.0 ml. 
of acetic anhydride and 4 ml. of fuming nitric acid at —40° was 
added dropwise 3.25 g. (0.027 mole) of phenylcyclopropane at a 
rate such that the temperature did not rise above —20°. The 
reaction mixture was poured into hot water and the product was 
extracted with ether. The ether extract was dried and the ether 
removed under vacuum. Crude distillation gave about 5 ml. of 
product, b.p. 77-120° at 1-3 mm. Gas chromatography (Aero
graph Model A-90-C) on a 10-ft. silicone rubber, analytical 
column at 135° showed two main bands in addition to smaller 
amounts of other substances.

(10) (a) R. A. R aphael in  “ Chem istry of C arbon C om pounds,” Vol. IIA , 
E. H. Rodd, Ed., Elsevier Publishing Com pany, New York, N. Y., 1953, 
C hap. 1, pp. 25-28: (b) S. Sarel and E. Brewer, J .  A m .  C h e m .  S o c . ,  81, 
6522 (1959); (c) E. N. T raetenberg and G. Odian, i b i d . ,  80, 8018 (1958);
(d) G. W. Cannon, A. A. Santilli, and P. Shenian, i b i d . ,  81, 4264 (1959);
(e) N. H. Cromwell, F. H. Schum acher, and J. L. Adelfang, i b i d . ,  83, 974 
(1961).

(11) L. L. Ingraham  in “ Steric Effects in Organic C h em istry ,"  M. S. 
Newm an, E d., John  Wiley and Sons. Inc., New York, N. Y., 1956, C hap, 
11, p. 518.

(12) W. von E. Doering and A. K. Hoffman, J .  A m .  C h e m .  S o c . ,  76, 6162 
(1954).

(13) M elting points and boiling points are uncorrected. M icroanalyses 
are by  the  M icroanalytical Laboratory , D epartm ent of C hem istry , Berkeley, 
Calif.



Preparative scale gas chromatography on a 6-ft. Apiezon pre
parative column afforded sufficient quantities of the two main 
fractions for characterization.

The largest of the two main fractions had the smallest retention 
volume. Its infrared spectrum showed a typical ori/to-disubstitu- 
tion pattern between 5 and 6 y and was, therefore, identified as 
o-nitrophenylcyclopropane. This substance is an oil (n20d 1.5606) 
which could not be made to crystallize; X°Ss0H 211, 249 mju; e 
1150; 4550. The smaller of the two main fractions, having the 
larger retention volume, showed an absorption pattern in the
5-6-y region typical of p-disubstituted benzenes and was identified 
as p-nitrophenylcyclopropane. This isomer is a low melting solid, 
m.p. 32-33°; C i* OH 218, 280 m« (* 8080, 11,000).

Anal. Calcd. for C9H10NO2: C, 66.24; H, 5.56; N, 8.58. 
Found for o-nitrophenylcyclopropane: C, 65.98; H, 5.40; N, 
8.54. Found for p-nitrophenylcyclopropane: C, 66.25; H, 
5.54; N, 8.67.

Oxidation of o-Nitrophenylcyclopropane.—A sample of 0.50 g. 
(3.1 mmoles) of o-nitrophenylcyclopropane was heated under re
flux for 2 hr. with a solution of 4.3 g. (43 mmoles) of chromic acid,
5.7 ml. of concentrated sulfuric acid, and 8.5 ml. of water. The 
reaction mixture was diluted with water and extracted with ether. 
The extract was dried and concentrated to give the crude product 
which on crystallization gave 0.33 g. (64%), m.p. 140-144° (lit.14 
m.p. 147-147.5°), of o-nitrobenzoic acid, identical with an 
authentic sample (mixture melting point and infrared spectrum).

Oxidation of p-Nitrophenylcyclopropane.—A sample of 100 mg. 
(0.61 mmole) of p-nitrophenylcyelopropane was heated under re
flux for 2 hr. with a solution of 0.85 g. (8.5 mmoles) of chromic 
acid and 1.1 ml. of concentrated sulfuric acid in 2 ml. of water. 
The reaction mixture was diluted with water and the solid was 
collected to afford 90 mg. (88%) of p-nitrobenzoic acid, m.p. 240- 
242° (lit.14 m.p. 239-240°), identical with an authentic sample 
(infrared spectra and mixture melting point).

Nitrations of Alkylbenzenes and Analysis of the Product Mix
tures.—To a solution of 26.1 g. (24 ml., 0.26 mole) of acetic 
anhydride and 10.9 g. (7.3 ml., 0.16 mole) of fuming nitric acid 
(density 1.49-1.50) at —50° was added dropwise with stirring 
0.05 mole of the alkylbenzene. The reaction mixture was al
lowed to come to room temperature (30 min.) and was poured 
into hot water. The product mixture was extracted with ether, 
the extract was dried, and concentrated to give the crude residue 
(always above 95% of the theoretical amount). This was dis
solved in acetone in a 25-ml. volumetric flask and analyzed on a
10-ft. silicone rubber, analytical column (Aerograph A-90-C 
equipped with a disk integrator). The ratio of the areas under 
the two peaks was taken as the ortho-para ratio. Each analysis 
was carried out at least three times; the analyses were reproduci
ble within ±1% . The total yields based on the gas chromato
grams were always above 90%. These values are subject to 
errors of ±3% , owing to variations in the sample size. The gas 
chromatograms gave evidence for only very small amounts of 
unchanged starting materials, meta isomers, and polynitro com
pounds.

A second series of nitrations with acetic anhydride-fuming 
nitric acid prepared at room temperature was carried out in the 
same manner. Here also the yields were above 90%. In this 
case, nitration of phenylcyclopropane produced a rather wide 
range of ortho-para ratios.

Nitration of Phenylcyclopropane with Nitric Acid-Sulfuric 
Acid.—A sample of 2.3 g. of phenylcyclopropane was nitrated in
3.83 g. sulfuric acid and 1.42 g. of nitric acid according to the 
method of Brown and Bonner.4 The crude yield was 2.30 g. 
(78%). The chromatographic analysis is given in Table I.

Infrared and Ultraviolet Spectra.—Infrared spectra were re
corded on a Perkin-Elmer Model 21 spectrophotometer. Ultra
violet spectra were recorded in 95% ethanol on a Carey Model 11 
ultraviolet spectrophotometer.

Acknowledgment.—The authors wish to thank Dr. 
L. A. Strait for many helpful discussions and Mr. 
Michael Hrenoff for determining some of the infrared 
and ultraviolet spectra.

(14) M , R e im e r an d  E . S . G a te w o o d , J .  A m .  C h e m . S o c . ,  42, 14 7 5  (1920 ).

A u g u s t , 1963

Competition Reactions of Cycloalkanes with 

Trichloromethanesulfonyl Chloride and 

Bromotrichloro methane

Earl S. Huyser, Harold Schimke,14 
and Robert L. B urham11>

Department of Chemistry, University of Kansas, 
Lawrence, Kansas

Received March 12, 1963

The suggestion was made in an earlier publication 
that the hydrogen abstracting radical in the peroxide- 
and light-induced chlorinations of hydrocarbons with 
trichloromethanesulfonyl chloride (I) was not the tri- 
chloromethyl radical.2 This conclusion was based on 
the difference in the relative reactivities of toluene and 
cyclohexane toward chlorination by I and toward bro- 
mination by bromotrichloromethane. Two different 
free radical chain sequences were suggested to account 
for the products obtained from the reaction of trichloro
methanesulfonyl chloride with hydrocarbons (equation 
1).

C13CS0 2C1 +  RH — >- RC1 +  S0 2 +  HCCb (1) 
I

Chain Sequence A

R- +  ChCSOiCl — RC1 +  C1SC- +  S0 2 (2 )

C13C- +  RH — HCCh +  S0 2 (3 )

Chain Sequence B

R- +  ChCSChCl — ^ RC1 +  C13CS0 2- (4 )

ClsCS0 2- +  R H --- C]3CS0 2H +  R- ( 5 )

CI3CSO2H — >- HCCh +  S0 2 (6)

In Chain Sequence A, the hydrogen abstraction from 
the hydrocarbon is performed by the trichloromethyl 
radical (equation 2) whereas in Chain Sequence B, the 
trichloro methanesulfinyl radical (CljCSCV) is postu
lated to be the hydrogen abstracting radical (equation
5). The tricbloromethanesulfinic acid formed in this 
reaction is reported to be unstable, decomposing into 
chloroform and sulfur dioxide.3 The peroxide- and 
light-induced brominations of hydrocarbons by bromo
trichloromethane (equation 7) very likely involve the

BrCCh +  R H --- >  RBr +  HCCI3  (7 )

free radical chain sequence (8 and 9), a sequence 
which almost certainly involves hydrogen abstraction

R- +  BrCCls — >- RBr +  C13C- (8)

C13C- +  RH — HCCI3 +  R- (9 )

by a trichloromethyl radical.4 A comparison of the rel
ative reactivities of the medium-size cycloalkanes to
ward halogenation by trichloromethanesulfonyl chloride

(1 ) (a )  P a c if ic  U n iv e r s i ty ,  F o r e s t  G ro v e ,  O re .,  N a t io n a l  S c ie n c e
F o u n d a t io n  R e s e a rc h  P a r t i c ip a n t ,  S u m m e r ,  1 9 6 1 ; (b )  G r a n d  V iew  C o lle g e ,
D e s  M o in e s , I o w a ,  N a t io n a l  S c ie n c e  F o u n d a t io n  R e s e a rc h  P a r t i c ip a n t ,  
S u m m e r ,  1962.

(2 ) E .  S . H u y s e r  a n d  B . G id d in g s ,  J .  O rg . C h e m .,  27, 3 3 9 1  (1 9 6 2 );  E .  S. 
H u y s e r ,  J .  A m .  C h e m . S o c .,  82, 5 2 4 6  (1 9 6 0 ) .

(3 )  M . B a t t e g a y  a n d  W . K e r n ,  B u l l .  soc. c h im .,  41, 3 8  (1 9 2 7 ).
(4 )  E .  S . H u y s e r ,  J .  A m .  C h em . S o c .,  82, 391 (1 9 6 0 );  E .  C . K o o y m a n  a n d  

G . C . V e g te r ,  T e tra h e d ro n ,  4, 3 8 2  ( 1 9 5 8 ) ;  s e e  a ls o  G . A . R u s s e l l ,  C . D e B o e r ,  
a n d  K . M . D e s m o n d ,  J .  A m .  C h em . S o c .,  85, 3 6 5  (1 9 6 3 ).
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and by bromotrichloromethane support the suggestion 
made previously that Chain Sequence B is operative 
in the chlorinations of hydrocarbons with trichlorometh- 
anesulfonyl chloride.

The relative reactivities of cyclopentane, cyclohex
ane, cycloheptane, and cyclooctane toward reaction 
with trichloromethanesulfonyl chloride and bromo
trichloromethane are shown in Table 1. These values 
were determined by competition reactions (see Experi
mental) of the cycloalkanes toward halogénation by the 
indicated reagent. That the same radical is not in
volved in the hydrogen abstraction in the two cases is 
evident from the different relative reactivities of these 
cycloalkanes toward halogénation by trichloromethane
sulfonyl chloride and bromotrichloromethane. Cyclo
pentane and cyclohexane have essentially the same 
reactivity toward reaction with trichloromethanesul
fonyl chloride, whereas cyclopentane is more reactive 
than cyclohexane in reaction with bromotrichlorometh
ane. Although the relative reactivity of cycloheptane 
with respect to cyclohexane is very nearly the same 
toward both trichloromethanesulfonyl chloride and 
bromotrichloromethane, cyclooctane is at least two 
times more reactive than eycloheptane toward the latter 
reagent.

T a b l e  I
R e l a t iv e  R e a c t iv i t i e s  o f  C y c l o a l k a n e s  t o w a r d  R e a c t io n  
w i t h  T r i c h l o r o m e t h a n e s u l f o n y l  C h l o r id e  a n d  B r o m o t r i-

CHLOROMETHANE AT 80°
No. of

Cycloalkane R elative reactiv ity“ runs

C13CS02C1
Cyclopentane l.OO5 6 ±  0.07 14
Cyclohexane 1.00
Cycloheptane 2.67 ± 0 .1 6 4
Cyclooctane 4 .20c ±  0.04 3

BrCCh
Cyclopentane 1.57 ± 0 .1 7 18
Cyclohexane 1.00
Cycloheptane 3.30 ± 0 .5 0 10
Cyclooctane 9.20“* ± 0 .5 4 7

“ Relative to a unit reactivity of cyclohexane. 6 Average 
deviation from average value obtained from number of runs 
indicated. c Determined from relative reactivity of cyclo
octane with respect to cycloheptane which was 1.57 ±  0.02. 
a Determined from relative reactivity of cyclooctane with 
respect to cycloheptane which was 2.79 ±  0.18.

Two factors are probably responsible for the dif
ference in the reactivities of the cycloalkanes toward 
hydrogen abstraction. These are (1) the relative stabili
ties of the cycloalkyl radicals that are produced, and
(2) the relative stabilities of the cycloalkyl carbonium 
ions, a factor arising from polar contributions en
countered in the transition state of the hydrogen ab
straction reactions. Both of these factors may be im-

5 +  5 ~

[R. . H . . ,CC13]

portant if there is a considerable amount of bond break
ing in the transition state of the reaction as shown for 
hydrogen abstraction by the trichloromethyl radical. 
The inferred order of stability of the cycloalkyl radicals 
and carbonium ions based on kinetic measurements

involving other systems6 and, consequently, the pre
dicted order of reactivity of the cycloalkanes toward 
hydrogen abstraction is cyclooctyl > cycloheptyl > 
cyclopentyl > cyclohexyl. The observed orders of 
reactivity of the cycloalkanes toward reaction with both 
trichloromethanesulfonyl chloride and bromotrichloro
methane are consistent with this prediction.

The lower degree of specificity found for the reactions 
with trichloromethanesulfonyl chloride suggests that 
the extent of bond breaking in the hydrogen abstraction 
step in the reactions of this reagent is less than that in 
hydrogen abstractions by the trichloromethyl radical. 
A lower degree of bond breaking compared to that en
countered in the hydrogen abstractions by the trichloro
methyl radical might well be expected if the Cb.CSCh- 
were the hydrogen abstractor (Chain Sequence B). 
The dissociation energy (Z>c- h) for the carbon-hydro
gen bond in the cycloalkanes is ~94 kcal./mole.6 Hy
drogen abstraction by a trichloromethyl radical is a 
process which is endothermic to the extent of ~ 5  kcal./ 
mole (DciaC-H 90 kcal./mole6). The bond dissociation 
energy of an oxygen-hydrogen bond in (CH3)3CO-H is 
.—■ 104 kcal./mole,7 and, although resonance stabilization 
of the trichloromethanesulfinyl radical might be ex
pected to lower the oxygen-hydrogen bond dissociation

:0 - -.0 : :0 :
ClsCS: «— > C13CS- <— >• C1,CS:

:0 : :0 : :0 -

energy in trichloromethanesulfmic acid to some extent, 
it does not seem unlikely that £ > c ijC so -h  may be above 
94 kcal./mole. This would make hydrogen abstraction 
from a cycloalkane by C13CS02- an exothermic reaction. 
Such a reaction, in terms of the Hammond postulate,8 
might be expected to involve a transition state with less 
bond breaking than encountered in the endothermic 
hydrogen abstraction by C13C -. Contribution to the 
transition state involving stabilities of the cycloalkyl 
radical and carbonium ions would not be so great and, 
hence, the differences in reactivity less pronounced.

Although apparently less selective as a halogenating 
agent that bromotrichloromethane, trichloromethane
sulfonyl chloride is a far more selective chlorinating 
agent than chlorine itself. The ratio of reactivities 
of C8H16 :C7Hi4: C6Hio : C6Hi2 toward chlorination with 
chlorine was found by Russell9 to be 1.5:1.0:1.0:1.0 at 
40°. In 12 M  carbon disulfide, a solvent which mark
edly enhances the selectivity of chlorine atoms as hydro
gen abstractors, the ratio of reactivities was found to be 
3.8:2.0:1.2:1.0 at 40° for CgH^CTH^CsH^CeHu,9 a 
degree of selectivity somewhat less than we observed in 
reactions with trichloromethanesulfonyl chloride at 80°.

Experimental

The nature of the products and the stoichiometry of the re
actions of trichloromethanesulfonyl chloride and bromotrichloro
methane with hydrocarbons are discussed in earlier reports 
(see ref. 2 and 3).

(5) H. C. Brown, R. S. F letcher, and  R. B. Johannesen, J .  A m .  C h e m .  

S o c . ,  73, 212 (1951); C. G. Overberger, H . B iletch, A. B. Finestone, J . 
Lilker, and  J . H erbert, i b i d . ,  75, 2078 (1953).

(6) C f .  C. W alling, “ Free R adicals in Solution,” Jo h n  W iley and Sons, 
Inc., New York, N. Y., 1957, Chap. 2, for tab les of bond dissociation 
energies and discussion of their use in  free radical reactions.

(7) P. G ray  and A. W illiams, C h e m .  R e v . ,  59, 239 (1959).
(8) G. S. H am m ond, J .  A m .  C h e m .  S o c . ,  77, 334 (1955).
(9) G. A. Russell, i b i d . ,  80, 4997 (1958).
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The relative reactivities shown in Table I were determined by 
competition reactions performed in the following manner. 
A mixture consisting of known amounts of two of the cycloalkanes 
was allowed to react with about a half of an equivalent amount of 
the halogenating agent. Benzene or chlorobenzene also was 
added in an amount equivalent to the cycloalkanes to serve as an 
internal standard for the gas chromatographic analysis. The 
reactions were performed in sealed tubes, induced with benzoyl 
peroxide, and allowed to proceed at the indicated temperature 
until about 30-70% of the halogenating reagent had been con
sumed. Relative reactivity ratios, that is the ratio of the re
action rate constants of the particular cycloalkanes toward at
tack by the hydrogen abstracting radical, were calculated in the
usual manner using the equation, &A log (Ainit/Afin)/log
( R i n i t / B f i n ) ,  where the subscript, init and fin refer to the 
amounts of the cycloalkanes A and B before and after the re
action, respectively. The value for the amounts of the two cy
cloalkanes remaining after reaction were obtained by gas chroma
tographic analysis of the reaction mixtures.

Solubilities of Organic Salts in Hydrocarbons1

N. C. D e n o  a n d  H e n r y  E. B e r k h e im e r

Pennsylvania State University, University Park, Pennsylvania 

Received January 31, 1963

It is known generally that salts of large organic ions 
are more soluble in organic solvents than salts of small 
inorganic ions. I t might be imagined that this is a 
result of some specific attractive forces between organic 
molecules. However, solubilities of a wide variety of 
hydrocarbons in water2 3 have been correlated by an 
equation whose derivation specifically assumed that 
energies arising from van der Waals or London forces 
were the same for hydrocarbon-hydrocarbon inter
actions as for hydrocarbon-water attractive forces.

This cancelling out of energies arising from London 
dispersion forces can be rationalized this way. Let us 
consider a molecule such as benzene immersed first in 
water and then in hexane. The energy arising from 
London forces between two small spherical molecules in 
the gas phase is given by this well known equation.

E  = ( — ' i/2)(aia-i/ 'P)I\Ii/{Ii +  7j) ( l )4

The polarizability, a, and ionization potential, I, for 
benzene are common factors for equation 1 applied to 
either benzene-water or benzene-hexane. The ioniza
tion potentials for water and hexane are 1 2 .5  and 1 0 .5
e.v.5 Although the absolute difference between these 
two numbers may seem large, the per cent difference 
is small when used in equation 1 so that only small 
energy differences arise from differences in ionization 
potential. The relative invariance of ionization 
potential is characteristic of compounds of C, H, 0, and 
N, and these are of primary Interest in organic chemis
try. When elements such as sulfur, iodine, etc., are in
troduced, their effect is overshadowed by the mass of

(] ; This research was supported in  p a rt by  a g ran t from th e  Petroleum  
Research Fund of the American Chemical Society. G rateful acknowledg
m ent is hereby made to  the  donors of th is  fund.

(2) J. C. McGowan, J .  A p p l . C h e m . ,  1, 5120 (1951); 2, 323, 651 (1952); 4, 
41 (1954).

(3) N . Deno and H. E . Berkheim er, J .  C h e m .  E n g .  D a t a ,  4, 1 (1960).
(4) F . London, T r a n s .  F a r a d a y  S o c . ,  33, 8 (1937).
(5) F . H. Field and J. L. Franklin , “ Electron Im pact Phenom ena,” 

Academic Press, Inc., New York, N. Y., 1957, pp. 116 and 122.

hydrocarbon so that, on the average, the effective ioniza
tion potential for intermolecular attractions is that of a 
typical hydrocarbon.

The electronic polarizabilities of water and hexane 
are 3.70 and 29.8 cm.3/mole.6 These values initially 
seem much different, but what governs interaction en
ergies in solution is the polarizability per unit volume of 
the solvents. These values are 0.21 and 0.23 for water 
and hexane, respectively. The London dispersion forces 
will nearly cancel, and this result can be generalized to 
most systems of interest in organic chemistry.

Table I presents data on the solubilities of a series of 
R4NCIO4 salts. I t is evident that the solubility in 
benzene (or ethanol) relative to water increases as the 
size of R increases. Such results cannot be rationalized 
by a consideration of ion-solvent electrostatic forces. 
Such forces must always be greater in water than ben
zene leading to the erroneous expectation that the salts 
will always be more soluble in water. Neither can 
such results be rationalized by a consideration of London 
forces since the energies arising from such forces cancel, 
as explained in the preceding paragraph. I t is evident 
that any explanation based only on solute-solvent inter
action energies fails.

T able I
R elative  So lu bilities  of R ,N + Salts (25°)“

'-----Solubility in  moles/1.----- ---- — R elative  solubility—-
Salt W ater É thano l Benzene E tO H -H 20 c 6h 6- h 2o

KCIO.3 0.149 0.00065 0.0044
RbClO,6 .071 .00039 .0055
CsClOi6 .085 .00037 .0044
(CH.UNCIO, .075 .00089 0.000165 .0119 0.0022
CC2H 5J4NCIO4 .217 .0114 .000113 .0525 .00052
(C jIM .N CIO , .0204 .0149 .000075 .75 .0037
(CeHsUNCIO, .000187 .00102 .000176 5.45 .94
(C&HuUNClO, .00067 .037 .00111 56 1.67
(CeHi.UNClO, .00044 .292 .871 660 2000
(C H îI.N T 0.26 0.0045 0.017
( C Æ h N I 6 1.4 .38 .27
(C .H jU N I6 0 .6 0 .64 1.1

“ The solid phase in equilibrium with the saturated ethanol 
solution was analyzed in each case and shown to be the simple 
R4NC104 salt (Table II). Data on (CTisbNClCh is omitted 
because Ralph Seward of Pennsylvania State University 
found that the phase in equilibrium with the saturated solution 
in benzene contained benzene in the crystal lattice. The alkyl 
groups are the straight chain re-alkyl groups except for C6H5, 
which is phenyl. b Data from A. Seidell, 1 Solubilities,” D. Van 
Nostrand Co., New York, N. Y., 1960.

The answer lies in solvent-solvent forces and the 
principle of volume energies.2'3'7-8 Briefly, it costs 
energy to make a hole in the solvent to place a solute 
molecule or ion. This energy is the product of the 
volume of the hole times the internal pressure of solvent. 
This energy will be greater for a solvent such as water 
with its high interna] pressure arising from intermolec
ular hydrogen bonding. In contrast, this energy will 
be much smaller for most organic liquids in which the 
intermolecular forces are predominantly London forces.4 
In the series listed in Table I, as the size of R increases,

(6) Calculated by the  fam iliar relation, ( n -  — 11 (r,2 — 2) / ( A f  /V).
(7) F. A. Long and  W. F . M cD evit, C h e m .  R e v . ,  SI, 119 (1952).
(8) H. Reiss, H. L .  Frisch, E . Helfand, and J . L. Lebowitz, J  . C h e m .  P h y s . ,  

32, 119 (1960); F . H. Stillinger, J r .,  “ Equilibrium  Theory of Pure Fused 
Salts,”  a chap ter in “ Selected Topics in th e  Physical Chem istry of M olten 
Salts,” M ilton Blander, Ed., InterscieDce Publishers, Inc., New York, N. Y ., 
1962.
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the volume energy Increasingly favors greater solubility 
in benzene relative to water. At (CJLbNOlCh, the 
volume energy effect equals the effect of the ion-solvent 
electrostatic energy and the salt is equally soluble in 
water and benzene. As the size of R increases beyond 
butyl, the ratio of solubility in benzene to solubility in 
water appears to increase without limit. The over
shadowing of the electrostatic effect by the volume 
energy is, of course, aided by a decrease in the electro
static effect with increasing size of R as well as the 
clustering of ions in the benzene phase.

T a b l e  II
N itr o g en  A n a l y s e s  and  M e l t in g  P o in ts  f o r  T e t r a a l k y l  

am m onium  P e r c h lo r a te s

R iN + C lO -  ----------- N itrogen, % ----------------
Found

R Cale.d. a b M .p., °C.

Methyl 8.07 8.15 8.14
Ethyl 6.10 6.17 6.20
Propyl 4.90 4.87 5.12 237-239
Butyl 4.10 4.49 4.67 207-209
Pentyl 3.52 3.90 3.89 110-116
Hexyl ■3.09 3.15 3.04 105-106

0 Prepared as described in the Experimental. b Precipitated
from ethanol.

Two practical results are suggested. If it is desired 
to conduct a reaction in a hydrocarbon solvent using a 
small inorganic ion, solubility can be achieved by using a 
salt of a large counter ion of the size of C2o or larger, 
preferably spherical to minimize micelle formation. 
Fortunately, such large salts generally have low lattice 
energies so that the absolute solubility will not be re
duced to insignificance by high lattice energies.

The second practical result is that large salts will be 
extracted from water by organic solvents and may be 
recrystallized from the organic solvent. These possi
bilities must be recognized in purification. Lest a 
misunderstanding arise, proteins, although large salts, 
will still be more soluble in water than benzene because 
each hydrogen bond between the protein and water 
changes the distribution coefficient by about 102.3

Experimental
The RiN+ClOi-  salts, (R = methyl, ethyl, propyl, and 

phenyl) were prepared by treating a water solution of R4N+Br~ 
or iUN+I-  (commercially available) with perchloric acid and 
washing with cold water with or without added alcohol to de
crease solubility.

For R = butyl, pentyl, and hexyl, the R|N+I _ salts were 
prepared by treating R3N with RI using procedures patterned 
after those of Smith and Frank.9 To prepare the perchlorate, a 
warm solution of silver perchlorate in ethanol was added to a 
warm solution of the R4N+I -  salt in 95% ethanol. The silver 
iodide was removed by filtration. Cold water was added to the 
filtrate and much of the ethanol allowed to evaporate. The pre
cipitated R4N+C104" was filtered, washed with water, recrystal
lized from ethyl acetate, and washed with ether in that order.

The method used for R = methyl was not applicable for R 
= C4-C6 because the PmN hI _ salts were too insoluble in water. 
The tetraphenylammonium perchlorate is a well known insoluble 
salt.10

(9) P. À. S. Sm ith and S. F rank, J .  A m .  C h e m .  S o c . ,  74, 509 (1952).
(10) H. W illard and L. Perkins, A n a l .  C h e m . ,  25, 1634 (1953).

Kinetics of Reaction of Lithium Aluminum  

Hydride with Terminal Acetylenes in the 

Presence of Lithium Aluminum Amides1

S u n il  K um ar  P o d d er , T en g-M e i H u , 
and  C . A. H o llin g sw o r t h 2

Department of Chemistry, University of Pittsburgh, 
Pittsburgh 13, Pennsylvania

Received January H, 1963

It has been reported3 that lithium aluminum amides 
produced by the reaction of excess lithium aluminum 
hydride in ethyl ether with primary and secondary 
amines and amine N-oxides are catalysts for the 
reaction for lithium aluminum hydride with 1-hexyne 
in ethyl ether.
L iA lH 4 +  4 H C = C — C 4H 9  L i A l( C = C — C 4H ,)4 +  4H 2 (1)

With carefully purified 1-hexyne and the initial 
concentrations of 1-hexyne and lithium aluminum 
hydride 1 M  and 0.25 M, respectively, and at 36°, the 
half-life of reaction 1 is about twelve hours when a 
catalyst-is not present. The presence of a catalyst 
can so increase the rate that it has been described as 
“instantaneous.”3 The reaction of phenylacetylene is 
similar to that of 1-hexyne except that the phenyl
acetylene reacts faster than hexyne in the absence of 
catalyst (half-life about one hour).

The purpose of this note is to report the results of 
some kinetic studies of the catalyzed reaction with 1- 
hexyne. Experiments were carried out to determine 
the dependence of the reaction rate upon the catalyst 
concentration, the 1-hexyne and lithium aluminum 
hydride concentrations, and the temperature. The 
kinetics was found to be complex, but susceptible to an 
approximate description that permits a comparison of 
the different catalysts. It was found that, except for 
the case of the lithium aluminum dicyclohexylamide, 
the kinetics might be described approximately as first 
order in 1-hexyne in the following sense: the logarithm
of the hexyne concentration is a linear function of the 
time for at least 70% of the reaction, even when the 
hexyne was in excess. Analogous plots of the logarithm 
of the lithium aluminum hydride concentration are not 
linear for cases in which the hydride was in excess. 
First-order rate constants were calculated from the 
slopes of the linear plots. The dependence of the rate 
constant on the catalyst concentration was found to 
be approximately linear, i.e.

k ^ a M  +  2 x  10-« (sec.-1)

where a is a constant, and M  is the molar concentration 
of the catalyst (in terms of amine added). Values of 
the constants a for all the catalysts studied are given 
in Table I. A value is given for dicyclohexylamine for 
comparison purposes, although the reaction in the 
presence of that catalyst is better described as second 
order (first order in hexyne and first order in hydride). 
However, even in this case, when the hydride was in 
excess plots of the logarithm of the hexyne concentra
tion as a function of the time were sufficiently close to

(1) This work was sponsored by  the U. S. A rm y Research Office (D ur
ham ).

(2) To whom inquiries should be sent.
(3) G. B. Sm ith, D. H. M cDaniel, E . Biehl, and  C. A. Hollingsworth, 

J .  A m .  C h e m .  S o c . ,  82, 3560 (1960).
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linearity to permit one to calculate approximate first- 
order constants, from which a value of a was calculated.

Activation energies were determined by obtaining 
rate constants at three different temperatures between 
15° and 40°. Since the reaction with no catalyst is 
very slow at 15° (and also follows no simple rate law, 
even approximately) it was necessary to use initial 
rates to determine the activation energy in that case. 
The activation energies decrease with increasing 
catalyst concentration and then level off to a constant 
value. These limiting constant values of Ea are given 
in Table I for four different catalysts. It is probable 
that the lower effectiveness (smaller a) of the catalysts 
from diphenylamine and the dicyclohexylamine is not 
the result of higher activation energies, but rather of 
lower frequency factors.

T a b l e  I
C a ta l y t ic  E f f e c t s  o f  D if f e r e n t  C a ta ly sts

A u g u s t , 1963

Source of catalyst <*(X 103)“ E a  (kcal.)

Diethylamine 70 (±10%) 13 (±1)
Di-n-propy lamine 60
Di-ri-biity lamine 55 12
Diisobutylamine 6.5
Di-sec-butylamine 4.0
Diphenylamine 1.0 10
Diisopropylamine 0.8
Dicyclohexylamine 0.6 12
No catalyst 17

“ These values are for 36.5° and the units are 1. X mole-1 
sec. -1 The initial concentrations of lithium aluminum hydride 
and 1-hexyne ranged from 0.33 to 0.41 M  and from 1.00 to 1.33 
M, respectively.

Experimental
Materials.—1-Hexyne (Farchan) was found to contain traces 

of catalytic impurities after distillation. In order to remove 
these, most of the hexyne was treated with 2% hydrochloric acid 
solution, 2% sodium carbonate solution, washed with distilled 
water, dried with anhydrous calcium chloride, passed through an 
alumina column, and then distilled, b.p. 68° (745 mm.). Further 
treatment had no observable effect. In one case the hexyne was 
passed over alumina and distilled without the pretreatment with 
acid, and the results were not noticeably different from those 
obtained with the hexyne which had been washed with acid.

Phenylaeetylene was passed over alumina and distilled, b.p. 
140° (730 mm.).

The liquid amines were freshly distilled; diphenylamine was 
Fisher Certified. Dilute ether solutions were made and then 
stored under refrigeration.

The preparation of the lithium aluminum hydride solution has 
been described elsewhere.3

Apparatus.—The apparatus and method used to determine the 
reaction rates by following the hydrogen evolution previously has 
been described.3 The reacting mixture was maintained under 
reflux and the temperature was varied by adding the appropriate 
amount of butane or hexane, or a mixture of these, to the ether 
solution. The total volume of hydrocarbon added never exceeded 
21% of the total volume and no significant solvent effect other 
than the temperature effect was observed.

Error Estimates.—The estimated error of ±1 kcal. for the 
activation energies is based on the maximum scatter that was ob
served. Most points were within ±0.5 kcal. of the values given 
in Table I.

I t was impossible to obtain a good estimate of the error in the 
values of a. The most rapid reactions were less reproducible 
than the slower ones. With some of the catalysts there was a 
definite decrease in the value of the rate constant with increasing 
initial lithium aluminum hydride concentration. This effect was 
not studied in detail and causes an increase in the uncertainty in 
the values of a. However, it is not likely that the error is great 
enough to cause the true relative order of the catalysts to be dif
ferent from that shown in Table I.

A Convenient Preparation of Allyllithium 1

J o h n  J. E is c h  a n d  A la n  M. J a c o b s3

D e p a r tm e n t o f  C h e m is try , U n iv e r s ity  o f  M ic h ig a n ,
A n n  A rb o r , M ic h ig a n

R eceived  F e b ru a ry  IS , 1 9 6 3

The recently reported preparation of allyllithium by 
the metal-metal exchange reaction between allyltin 
derivatives and organolithium compounds3 has made 
accessible pure samples of this reactive organolithium 
compound. The chemical versatility of allyllithium has 
been exploited for the preparation of allyl derivatives of 
both metal and organic substrates in high yields.3 4 
However, the necessity of employing allyltin and or
ganolithium starting materials detracts from the con
venience of the method. On the other hand, alternate 
approaches to allyllithium, such as the interaction of 
allylsodium with lithium chloride,5 the treatment of 
allyl Grignard reagents with metallic lithium,6 and the 
cleavage of allyl halides by lithium,37 are less advan
tageous and often low-yielding processes. Wurtz 
coupling, leading to biallyl, is a prominent side reaction 
when allyl halides are exposed to lithium metal.37

As a sequel to the observation that anisole could be 
cleaved by lithium-biphenyl adducts in refluxing tetra- 
hydrofuran (THF) solution,1“ 8 the analogous cleavage 
reaction of allyl phenyl ether was investigated. Indeed, 
the cleavage of the allyl ether by the 2:1 lithium-bi
phenyl adduct proceeded rapidly even below 0°. Sub
sequently, it was found that lithium metal alone in 
tetrahydrofuran readily cleaved allyl phenyl ether at 
— 15° to form allyllithium and lithium phenoxide9 
(equation 1).

T H F
CH2= C H —CH2—O—CeHs +  2Li------- >

- 1 5 °
CH2= C H —CH2Li +  C6H6—O—Li (1)

The yields of allyllithium, as determined by the 
double titration method of Gilman and Haubein,10 
ranged from 45%, in runs using stoichiometric quanti
ties of lithium metal, up to 65%, when a sixfold excess 
of lithium was employed. Yet in instances where the 
yields of allyllithium also were determined by formation 
of chemical derivatives and subsequent isolation of the 
pure product (cf. infra), the resultant figures were ap-

(1) Paper IV  in the series, C hem istry of Alkali M eta l-U n sa tu ra ted  
H ydrocarbon A dducts. Previous papers are (a) J. J. Eisch and  W. C. 
K aska, J .  O r g .  C k e m . ,  27, 3745 (1962); (b) J . J . Eisch and R. M. Thom p
son, i b i d . ,  27, 4171 (1962); and  (c) J. J. Eisch, i b i d . ,  28, 707 (1963).

(2) U ndergraduate Research Partic ipan t, N ational Science Foundation , 
1962.

(3) D. Seyferth and M . A. W einer, J .  O r g .  C h e m . ,  24, 1395 (1959); 26, 
4797 (1961).

(4) D . Seyferth and  M . A. W einer, O r g .  S y n . ,  41, 30 (1961).
(5) E . J. Lanpher, J .  A m .  C h e m .  S o c . ,  79, 5578 (1957).
(6) T . E . Londergan, U- S. P a ten t 2,734,091 (F ebruary  7, 1956).
(7) W. Kawai and  S. Tsutsum i, J .  C h e m .  S o c .  J a p a n ,  P u r e  C h e m .  S e c t .  

81, 109 (1960), repo rt the preparation  of allyllithium  from allyl halides and 
lithium  m etal in e thyl e ther solution. However, subsequent workers (ref. 
3) were unable to  achieve satisfactory results w ith  th is  approach.

(8) J. J. Eisch and  W. C. Kaska, C h e m .  I n d .  (London), 470 (1961).
(9) Although the  presence of biphenyl had  little  discernible effect upon 

the yields of allyllithium  obtained from allyl phenyl e ther and  lithium  m etal, 
small am ounts of b iphenyl served as an  excellent in itia to r for the cleavage. 
{ C f .  Paper I I I  of th is series, J .  O r g .  C h e m . ,  28, 707 (1963), for the role of 
lith ium -biphenyl adducts in such cleavage reactions).

(10) H. G ilm an and A. H. Haubein, J .  A m .  C h e m .  S o c . ,  66, 1515 (1944).
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proximately 5% higher. This suggests that the yields 
based upon the titration data are to be viewed as 
minimum values.

The methods employed for the formation of chemical 
derivatives of allyllithium illustrate the high reactivity 
of this organometallic reagent in two types of reactions. 
The first involved the facile addition of allyllithium to 
the azomethine linkage of benzophenone anil11 (equa
tion 2), while the second was the substitutional allyla
tion of chlorotriphenylsilane12 (equation 3).

I 1 .  ( C 6 H b) 2C = N — C t H »  
2. H2O

(C6H5)2C—NHC6H5 (68%) 

c h 2—c h = c h 2
CH2= C H —CH2Li

(2)

1. (CeHsUSiCl
2. mo

> (C6H6)3Si—CH2—CH=CH2 (66%) (3)

If it is assumed that the preceding reactions (equa
tions 2 and 3) occur quantitatively, the yield of allyllith
ium (equation 1) must be at least about 70%. The cleav
age of allyl phenyl ether by lithium metal, therefore, 
constitutes a convenient method for the preparation of 
allyllithium from readily accessible and stable starting 
materials. Moreover, its preparation in tetrahydro- 
furan furnishes directly an excellent solvent medium for 
subsequent chemical reactions.13 It should be noted 
that the by-product, phenol, can be separated easily 
from the hydrolyzed reaction products simply by ex
traction of the lithium phenoxide with water.

The striking ease with which allyl phenyl ether under
goes lithium metal cleavage contrasts sharply with the 
inertness of anisole toward lithium metal alone in re
fluxing tetrahydrofuran.108 Rather it is with other 
allylic ether types, such as alkyl cumyl ethers14 and 
alkyl benzyl éthers,16 that a similar facility toward 
metal cleavage must be sought. In a previous study10 
the ease with which related unsaturated substrates were 
cleaved by lithium metal was correlated with the tend
ency of such substrates to form transitory lithium ad
ducts. In this view the marked facility with which allyl 
phenyl ether is cleaved, compared with methyl phenyl 
ether, can be related to the resonance stabilization of 
both the incipient anionic fragments in the transition 
state of the cleavage reaction (equation 4).

<^j H O -C H 2-C H = C H 2
2Li

© /= 2 r \  /'-v
[2Li %  T K  OfC H2-  CH =CH 2 Fast Products (4)

Experimental18
Cleavage of Allyl Phenyl Ether.—To a 500-ml., three-necked, 

round-bottomed flask, equipped with a sealed paddle stirrer, a 
Friedrichs condenser surmounted by a nitrogen inlet tube and a 
pressure-equalized addition funnel, were added 50 ml. of an
hydrous tetrahydrofuran and 4.2 g. (0.60 g.-atom) of freshly 
cut lithium pieces (2 X 12 mm.). The system was cooled to 
— 15 ±  5° (external temperature) by an ice-salt bath while a 
solution of 6.7 g. (0.050 mole) of allyl phenyl ether17 in 25 ml. of 
anhydrous ethyl ether was added dropwise to the rapidly stirred 
lithium suspension. (If a pale green or blue color signaling the 
start of the cleavage was not noticed after a portion of the allyl 
phenyl ether was added, a pinch of biphenyl was introduced.10) 
At the close of the 45-min. addition period the cooling bath was 
removed and the reaction mixture was stirred for an additional 
15 min. The dark red solution was decanted through glass wool 
from the lithium metal and aliquots were analyzed by the usual 
double titration technique.10 Yields obtained in this manner 
ranged from 62 to 66%.

The titrated yields of allyllithium ranged from 40 to 50% in 
runs in which 0.10 mole of the allyl phenyl ether in 25 ml. of 
ethyl ether were added to 0.22 g.-atom of lithium pieces in 50 ml. 
of tetrahydrofuran over a 60-min. period at 0°.

Derivatives of Allyllithium. (a) With Benzophenone Anil.—A 
solution of 12.85 g. (0.050 mole) of benzophenone anil in 50 ml. 
of dry benzene was added to the allyllithium solution obtained 
from the treatment of 0.050 mole of allyl phenyl ether with 0.60 
g.-atom of lithium, according to the first procedure described in 
the preceding section. The system was allowed to stir for 12 hr. 
and then was treated with water. The organic components were 
extracted with ether and the ether layer then dried with anhy
drous calcium sulfate. The organic solvents were evaporated 
and the residue was taken up in a minimum of petroleum ether 
(b.p. 30-60°). This solution was chromatographed on an 
alumina column and the l-allyl-l,l-diphenylmethylaniline was 
eluted from the column selectively by additional portions of 
petroleum ether. The total yield of l-allyl-l,l-diphenylmethyl- 
aniline thereby obtained was 10.2 g. (68%), m.p. 75-77° (lit.11 
m.p. 78.5-80°). Recrystallization of this product from 95% 
ethanol raised the melting point to 77.5-79.5°. Admixture with 
an authentic sample caused no melting point depression.

(b) With Chlorotriphenylsilane.—A solution of 13.28 g. 
(0.045 mole) of chlorotriphenylsilane in 50 ml. of anhydrous 
ethyl ether was added to a solution of allyllithium which was pre
pared in the aforementioned manner and was estimated to contain 
0.031 mole by the double titration method.10 The resulting 
solution was stirred at the reflux temperature for 12 hr. and there
upon hydrolyzed. The separated ether layer was dried with 
anhydrous calcium sulfate and then evaporated. The residual 
colorless solid was recrystallized from 95% ethanol to yield 9.90 
g. (66%) of allyltriphenylsilane, m.p. 88-89° (lit.12 m.p. 91°).

(16) All organometallic reactions were conducted under an  atm osphere  
of dry, oxygen-free nitrogen. The te trahyd ro fu ran  was purified b y  suc
cessive trea tm en ts  w ith sodium  hydroxide pellets, sodium  slices, and  Jithium 
alum inum  hydride. The te trahydrofuran  was distilled from  the lith ium  
alum inum  hydride d irectly  into the reaction vessel. All glassware was dried 
a t  120° for a t  least 4 hr. All m elting points are uncorrected.

(17) L. Claisen, A n n . ,  418, 78 (1919).

< ^ jh - 0 - C H 3 [2Li® <© y|^ofcH 3l

Slow > Products (5)

Amplification of these principles for the preparation 
of other useful organometallic compounds is being 
actively investigated.

(11) C f .  H. Gilman and  J. J. Eisch, J .  A m .  C h e m .  S o c ., 79, 2150 (1957), 
for the reaction of benzophenone anil with allyl and  alkyl G rignard reagents.

(12) R. H. M een and H. G ilm an, J .  O r g .  C h e m . ,  22, 684 (1957).
(13) For the enhanced rates of organolithium  reactions in  te trah y d ro 

fu ran , c f .  H . G ilm an and  B. J. Gaj, i b i d . ,  22, 447, 1165 (1957), and  H. Gil
m an and  S. G ray, i b i d . ,  23, 1476 (1958).

(14) K. Ziegler, F . Crossman, K. Kleiner, and  O. Schafer, A n n . ,  473, 1 
(1929); K. Ziegler an d  H. Dislich, C h e m .  B e r . ,  90, 1107 (1957).

(15) C f .  H. Gilman an d  G. L. Schwebke, J .  O r g .  C h e m . ,  27, 4259 (1962), 
for the preparation  of benzyllithium  from such ether cleavages.

Cleavage of Silicon-Silicon Bonds on an 
Alumina Column

G h a n s h a m  R. C h a i n a n i , S h e il a  C o o p e r , a n d  H e n r y  G il m a n  

Department of Chemistry, Iowa State University, Ames, Iowa 
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In a recent publication from these laboratories,1 it 
was proposed that dilute hydrochloric acid promoted 
the hydrolytic cleavage of the silicon-silicon bonds in 
1,4-dihydroxyoctaphenyltetrasilane (II) which were

(1) A. W. P. Jarv ie  and  H . Gilman, C h e m .  I n d .  (London), 1271 (1960).
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adjacent to the hydroxy groups. Isolation of sym- 
tetraphenyldisilane (IV) by chromatography on alu
mina of the crude hydrolysate obtained from 1,4- 
dichlorooctaphenyltetrasilane (I)2 was taken as indica
tion of the validity of this proposal. In this previous 
investigation, the 1,4-dihydroxy compound was not 
isolated in pure form; large amounts of its condensation 
product, octaphenyloxacyclopentasilane (III), were 
isolated.

h2o.

Ph2Ph2Ph2Ph2 
I I I ! 

Cl-Si-Si-Si-Si-CI 
I
| h2o

Ph2Ph2Ph2Ph2
I I I I Cl -Si-Si— Si—Si- OH

Ph2Ph2Ph2Ph2
HO -  Si—Si—¿i— Si-OH o

II ~f/~----- *■ Ph2Si" '"SiPh,
| H*° Ph2Si--- SiPh,

Ph2Ph2 III
I I

HSi-Si-H + 2Ph2Si(OH)2 
IV

Subsequent work in this area has shown that basic 
alumina is an effective reagent in causing scission of 
silicon-silicon bonds adjacent to hydroxy groups. 
Therefore, in the present work and probably in the 
previous investigation, it appears that silicon-silicon 
bond cleavage occurs during chromatography.

When 1,4-dichlorooctaphenyltetrasilane was hydro
lyzed in tetrahydrofuran by dilute hydrochloric acid,
1,4-dihydroxyoctaphenyltetrasilane (II) was the main 
product isolated. The high yield of this compound may 
be due to the rapid hydrolysis of both Si Cl groups to 
Si-OH. Similarly, the product obtained from the reac
tion between Kipping’s Compound B2 and phosphorus 
pentachloride3 was hydrolyzed in a mixture of tetrahy
drofuran and dilute hydrochloric acid to give the cor
responding dihydroxy compound.4 5

When 1,4-dihydroxyoctaphenyltetrasilane was chro
matographed on an alumina column, there was obtained 
a 46% yield of sym-tetraphenyldisilane (IV) and a 4% 
yield of octaphenylcyclotetrasiloxane6 (Ph2SiO)4 which 
may have been formed by the action of base on diphen- 
ylsilanediol. 1,5-Dihydroxydecaphenylpentasilane af
forded a 62% yield of 1,1,2,2,3,3-hexaphenyltrisilane
(VI). This latter reaction supports the view that the 
dihydroxy derivative of Kipping’s compound B is 1,5- 
dihydroxydecaphenylpentasilane and not (as pre
viously designated) 1,6-dihydroxydodecaphenylhexasi- 
lane.4 Similarly, 1,5-dichlorodecaphenylpentasilane 
gave 1,1,-2,2,3,3-hexaphenyltrisilane (VI) in 50% yield

Ph2 Ph2Ph2Ph2 Ph2 Ph2 Ph2

H -S i—Si—Si—Si—OH — > H—Si—g!i—i-li—H +  (HO)2SiPh2 
V VI

(2) F. S. K ipping an d  J. E . Sands, J .  C h e m .  S o c . ,  119 830 (1921).
(3) D. R. Chapm an, unpublished studies.
(4) A. W. P. Jarvie, H. J . S. W inkler, and  H. Gilm an, J .  O r g .  C h e m . . ,  27 

614 (1962).
(5) C. Eaborn, “ Organosilicon Com pounds,” B utte rw orths Scientific 

Publications, London, 1960, pp. 228-264.
(6) G. L. Schwebke, unpublished studies.

and 1,1,2,2,3,3,4,4-octaphenyltetrasilan-l-ol (V)6 gave 
the same product in 51% yield. Instead of the previous 
silanol, its chloro derivative (l-chloro-1,1,2,2,3,3,4,4- 
octaphenyltetrasilane) also could be used directly and 
gave a 52% yield of 1,1,2,2,3,3-hexaphenyltrisilane.
1,1,2,2,3,3-Hexaphenyltrisilan-l-ol was not isolated 
from the alumina column treatment of 1,4-dihydroxy- 
octaphenyltetrasilane. However, 1,1,2,2,3,3,4,4-octa- 
phenyltetrasilan-l-ol (V) was obtained from 1,5-dihy- 
droxydecaphenylpentasilane.

In order to ascertain whether the silicon-silicon bond 
cleavage is enhanced by the presence of acids, 1,4-dihy- 
droxyoctaphenyltetrasilane was treated with 6 N  hydro
chloric acid for two hours. No change in the infrared 
spectrum was observed and it seems that, under these 
conditions, no cleavage of silicon-silicon bonds or cycli- 
zation to octaphenyloxacyclopentasilane occurred. The 
alumina7 used in these experiments was basic and this 
basicity is considered to be responsible for the observed 
reaction. Whether the base effecting the cleavage is 
alumina itself or some other adsorbed inorganic base is 
not known. In any case, the diphenylsilanediol postu
lated as forming in the previous reaction scheme is 
probably bound chemically to the alumina through ox
ygen bonds. This would account for the absence of the 
product in the eluates. The course of the reaction might 
be as depicted. The same scheme might apply equally

Ph2 Ph2 Ph2 Ph2
I l  I I

B—O- +  HO—Si—Si------>- B—O—Si—OH +  “Si—

| b o h

Ph2

H—Si—

well to the chloropolysilanes, with possible conversion 
of the silicon-chlorine linkage to silicon-oxygen. Sili
con-silicon bond cleavage can conceivably occur at other 
points in the reactants and products, which could ac
count for the only moderate yields of silicon-hydrogen 
compounds.

From these results, it may be expected that when 
polysilanes have strongly electron-withdrawing groups 
on the terminal silicon atoms they may be cleaved fairly 
specifically on alumina.

Experimental
Preparation of 1,4-Dihydroxyoctaphenyltetrasilane.—To 5 g. 

(0.0062 mole) of 1,4-dichIorooctaphenyltetrasilane in 100 ml. of 
tetrahydrofuran was added 150 ml. of dilute hydrochloric acid. 
The mixture was stirred for 15 min. The hydrolyzate was then 
extracted with ether and 0.35 g. (7%) of solid, m.p. 183-185° (mix
ture melting point with starting material undepressed), was iso
lated as an insoluble solid. The ether extracts, after drying over 
anhydrous sodium sulfate, were evaporated. All residues were 
fractionally crystallized from benzene-petroleum ether (b.p. 50- 
60°) to give 2.65 g. (70%) of asolid, m.p. 208-210°. Recrystal
lization from benzene-petroleum ether raised the m.p. to 212-  
213°. This solid, which showed no Si-H or Si-O-Si bands in the 
infrared spectrum, but had a band due to Si-OH, is 1,4-dihy- 
droxyoctaphenyltetrasilane.

(7) The ac tiv a ted  a lum ina for chrom atography was obtained  from the 
Chicago A pparatus Co., Chicago 22, 111.
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Anal. Calcd. for CisHiaOzSii: Si, 14.71. Found: Si, 14.50, 
14.51.

Similarly, hydrolysis of 1,5-dichlorodeeaphenylpentasilane 
(19.2 g.) in tetrahydrofuran (150 ml.) using 80 ml. of 0.1 N 
hydrochloric acid gave 1,5-dihydroxydecaphenylpentasilane,
17.05 g. (92.2%); m.p. after recrystallization from cyclohexane 
and benzene, 172-174°; m.m.p. with an authentic specimen,
171-174°. Additional identification of the product was obtained 
from the superimposability of the infrared spectra.

1.4- Dihydroxyoctaphenyltetrasilane on an Alumina Column.—
1.4- Dihydroxyoctaphenyltetrasilane (1.45 g.) was placed on an 
alumina column. Elution with successive portions of petroleum 
ether (b.p. 50-60°), carbon tetrachloride, benzene, and ethyl 
acetate gave 0.32 g .  (46%) of sym-tetraphenyldisilane, m.p. 76- 
78°, and 0.02 g. (4%) of octaphenylcyelotetrasiloxane, m.p. 
184-185°, identified by mixture melting point and infrared spec
tra.

Treatment of 1,4-Dihydroxyoctaphenyltetrasilane with Hydro
chloric Acid.—1,4-Dihydroxyoctaphenyltetrasilane (3.0 g.) in 10 
ml. of ether was treated with 10 ml. of 6 N  hydrochloric acid solu
tion for 2 hr. The ether layer was separated and evaporated to 
yield a solid, m.p. 198-200°, which had an infrared spectrum 
identical with that of the starting material and contained no 
bands due to Si-H and Si-O-Si.

1.5- Dihydroxydecaphenylpentasilane on an Alumina Column.—
1.5- Dihydroxydecaphenylpentasilane (23.7 g.) was dissolved in 
benzene and placed on an alumina column 16 in. high and 2 in. in 
diameter. Fractions were eluted with benzene and, subsequent 
to recrystallization from acetone and methanol, gave 1,1,2 ,2,3,3- 
hexaphenyltrisilane, 8.54 g. (62.1%), m.p. 95-97°; m.m.p. with 
an authentic specimen, 95-97°.

In a second run, 1,5-dihydroxydecaphenylpentasilane (5.7 g.) 
was placed on an alumina column and eluted with benzene, to 
give 0.4 g. of a solid, m.p. 97-98°. This had the same infrared 
spectrum as the 1,1,2,2,3,3-hexaphenyltrisilane isolated from 
the chromatography of 1,1,2,2,3,3,4,4-octaphenyltetrasilane-l- 
ol. There was no depression of the melting point of a mixture of 
the two products. Ethyl acetate elutions afforded 1.9 g. of a 
mixture of 1,1,2,2,3,3,4,4-octaphenyltetrasilan-l-ol, m.p. ISO- 
1810 (identified by mixture melting point and infrared spectrum); 
and also some of the starting material (infrared).

1,5-Dichlorodecaphenylpentasilane on an Alumina Column.—
1.5- Dichlorodecaphenyl pentasilane (29.5 g.) was dissolved in 
benzene and placed on an alumina column 18 in. high and 2 in. 
in diameter. Elution of all the fractions with benzene and re- 
crystallization from methanol and acetone gave 8.25 g. (50.0%) 
of 1,1,2,2,3,3-hexaphenyltrisilane, m.p. 95-97° (mixture melt
ing point with authentic specimen undepressed). The other 
products were glues which could not be crystallized. The 1,1,2,-
2 .3.3- hexaphenyltrisilane was identified additionally from the 
superimposability of its infrared spectrum with that of an 
authentic specimen.

1,1,2,2,3,3,4,4-Octaphenyltetrasilan-l-ol on an Alumina 
Column.—A solution of 2.7 g. of 1,1,2,2,3,3,4,4-octaphenyl- 
tetrasilan-l-ol in 25 ml. of carbon tetrachloride was placed on an 
alumina column. Carbon tetrachloride and benzene elutions 
afforded 0.99 g. (51%) of asolid, m.p. 96-98°, which was 1,1,2,2,-
3.3- hexapheny 1 trisilane.

Anal. Calcd.forCMH32Si3: Si, 15.3. Found: Si, 15.40,15.45.
The infrared spectrum is similar to those of S!/rn-tetraphenyl 

disilane and 1,1,2,2,3,3,4,4-octaphenyltetrasilane, but possesses 
an Si-H band of intermediate intensity. This trisilane was sepa
rated from the starting material, which was also partially eluted, 
by its solubility in hot petroleum ether (b.p. 50-60°). In the 
preparatory method for the trisilane, better results were obtained 
with a long alumina column.

Similarly, 50 g. of l-chloro-l,l,2,2,3,3,4,4-octaphenyltetra- 
silane afforded 18.5 g. (52%) of 1,1,2,2,3,3-hexaphenyltrisilane. 
This latter reaction appeared to take a longer time than that 
starting with the corresponding silanol.

Acknowledgment.—This research was supported by 
the U. S. Air Force under contract AF 33(616)- 
6463 and monitored by the Materials Laboratory, 
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Methide Trimers
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The facility with which substituted o-quinone meth- 
ides dimerize and trimerize was recognized as early as
1907.1 While a great deal of literature bearing on the 
structures of trimers has been written, most of it is 
concerned specifically with the trimer of 3,5-dimethyl- 
quinone-(2)-methide (II) . 2 No less than three struc
tures have been proposed for this substance. The most 
recent of these, the “benzodioxan” structure (III), was 
suggested3 in 1941 and given additional support more 
recently.4'6

Recent studies on the structure of the trimer of o- 
quinone methide itself led to the assignment shown in 
IV2 and prompted a re-examination of the properties of 
earlier reported substituted trimers. The trimer of 3,5- 
dimethylquinone-(2)-methide and of 3-chloromethyl-5- 
methylquinone-(2)-methide were studied as representa
tive cases. Evidence is now presented establishing that 
these two are related and have a ring system identical 
with that of the parent (IV). They are, therefore, 
formulated as V and VI, respectively.

IV, R = R ' = H 
V, R = R ’ = CHS 

VI, R = CH3, R ' = CH2C1

Although V does not form carbonyl derivatives, the 
presence of an a,/3-unsaturated ketone functionality 
was suggested by infrared data (^mai 5.91 p) and con
firmed by quantitative microhydrogenation. It ab
sorbed 0.97 mole equivalent of hydrogen to afford a 
dihydroketone (VII), m.p. 180-181°, vmax 5.81 p. 
Further reduction with lithium aluminum hydride

(X) K. Fries and  K. K ann, A n n . ,  353, 339 (1907).
(2) S. B. C av itt, H. Sarrafizadeh R., and  P. D . G ardner, J .  O r g .  C h e m . ,  

27, 1211 (1962), and  references cited therein.
(3) G. Schiem ann and  K . Hultzsch, N a t u r w i s s e n s c h a f t e n , 35, 124 (1948).
(4) G. Schiem ann, R e v .  f a c .  s e i .  u n i v .  I s t a n b u l ,  17A, 290 (1952); C h e m .  

A b s t r . ,  48, 3293 (1954).
(5) H. Civelekoglu, R e v .  f a c .  s e i .  u n i v .  I s t a n b u l . ,  18A, 14 (1953); C h e m ,  

A b s t r . ,  48, 5139 (1954).
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gave a carbinol (IX), m.p. 133-135°. Alternatively, 
reduction of V afforded an unsaturated carbinol (VIII), 
m.p. 145-146°, which in turn gave IX upon hydrogena
tion. The presence of two benzenoid rings in this prod
uct is indicated by its ultraviolet absorption, Xmax 280 
and 287 m/y; e 3890 and 3840, respectively.

A u g u s t , 1963

V

These assignments were corroborated by n.m.r. data. 
The lone olefinic proton of V was observed at 3.63 r and 
identified by comparison with the spectrum of IV. 
This proton is not strongly coupled indicating the ab
sence of protons on adjacent carbon atoms. The small 
splitting (J = 1.3 c.p.s.) is due to coupling with the 
methyl group adjacent to the carbonyl (8.21 r). The 
methyl is observed as a doublet and the olefinic proton 
as a quartet. The methyl group at the bridgehead of 
rings C and D is at 8.37 r while three of the aromatic 
methyls are at 7.83 r and the fourth at 7.87 r. The 
higher field resonance of one aromatic methyl group is 
thought to be the result of steric repulsion by the 
bridgehead methyl group, an effect which has been ob
served with other substances in this laboratory. Addi
tional examples must be examined, however, before it 
is possible to draw from these data the suggested stereo
chemical conclusions. The spectrum suggested the ab
sence of protons on carbon atoms adjacent to ethereal 
oxygen.

The relationship between V and VI was shown by 
hydrogenation of the latter; the product (VII) was 
identical with a sample obtained from V.

Experimental
2-Methoxymethyl-4,6-dimethylphenol (I).—The methiodide 

of 2-dimethylaminomethyl-4,6-dimethylphenol6 (32.5 g.) was 
heated under reflux in 200 ml. of 10% methanolic potassium 
hydroxide for 3 hr. The cooled solution was diluted with a 
large volume of water and extracted with two portions of ether. 
The aqueous layer was cooled and acidified whereupon an oily 
layer separated. It was isolated by several extractions with 
ether. The combined extracts were washed with saturated 
aqueous sodium bicarbonate and with water and were then dried 
with anhydrous sodium sulfate. Freeing of solvent at an aspira
tor and distillation of the residue through a short column gave
7.35 g. (44%) of 2-methoxymethyl-4,6-dimethylphenol (I), b.p. 
46° (0.1 mm.).

Anal. Calcd. for Ci„H140 2: C, 72.26; H, 8.49. Found: 
C, 72.34; H, 8.57.

3,5-Dimethylquinone-(2)-methide Trimer (V).—The pyrolysis 
system employed was that described for the preparation of the 
parent trimer (IV).2 Conditions used were those described. * 3364

(6) P. D. G ardner, H. S. R afsanjani, an d  L. R and, J .  A m .  C h e m .  S o c . ,  81,
3364 (1959).

The passage of 13.1 g. of 2-methoxymethyl-4,6-dimethyiphenol 
through the 0.9-cm. tube at 800-850° with nitrogen as a diluent 
gave crystalline material in the cold receiver as well as in the 
lower portion of the tube. This combined pyrolysate was re
crystallized from ethyl acetate-petroleum ether to give 6.4 g. 
(60%) of colorless solid, m.p. 199-201°. This material was 
shown to be identical with that obtained from 2-chloromethyl-
4,6-dimethylphenol1 by means of the usual comparisons. This 
substance exhibits ultraviolet absorption at 206, 221, and 281 
m^ with extinction coefficients 63,000, 21,700, and 2910, re
spectively. Carbonyl absorption in the infrared is at 5.91 ¿7.

Anal. Calcd. for C27HS0Oa: C, 80.56; H, 7.51. Found: 
C, 80.66; H, 7.60.

Hydrogenation of 3,5-Dimethylquinone-(2)-methide Trimer
(V).—A solution of 0.109 g. of the trimer in 15 ml. of ethanol 
was stirred with 0.075 g. of 10%, palladium-carbon (pre-satu- 
rated) under 1 atm. of hydrogen. Hydrogen uptake ceased at
5.8 ml. (97% for one double bond). The product, isolated in 
the usual manner, melted at 179-180° without purification. 
Several recrystallizations from ethyl acetate-petroleum ether 
gave a pure sample, m.p. 180.0-180.5°. This dihydro trimer
(VII) exhibits carbonyl absorption in the infrared at 5.81 n- 
Ultraviolet maxima at 280 and 287 m^ have e values 3890 and 
3840, respectively. This substance, like its precursor, does not 
form carbonyl derivatives.

Anal. Calcd. for C27H320 3: C, 80.16; H, 7.97. Found: 
C, 79.84; H, 7.79.

Lithium Aluminum Hydride Reduction of 3,5-Dimethyl- 
quinone-(2)-methide Trimer (V).—A mixture of 1.0 g. of trimer 
V, 0.095 g. of lithium aluminum hydride and 20 ml. of purified 
tetrahydrofuran was stirred at room temperature for 24 hr. 
Excess reductant was destroyed by the cautious addition of 
water and then dilute hydrochloric acid. The mixture was 
extracted with ether and the extract washed thoroughly with 
water. Drying (sodium sulfate) and evaporation of solvent 
followed by recrystallization of the residue from ethyl acetate- 
petroleum ether gave 0.70 g. (70%) of colorless carbinol (VIII), 
m.p. 145-146°. This substance exhibits no carbonyl absorp
tion in the infrared. It absorbs in the ultraviolet at 280 mu 
(e 3620).

Anal. Calcd. for C27H320 3: C, 80.16; H, 7.97. Found: 
C, 80.00; H, 7.71.

Tetrahydro-3,5-dimethylquinone-(2)-methide Trimer (IX). (A) 
From VII.—A solution of 0.30 g. of dihydro trimer (VII) and 
0.10 g. of lithium aluminum hydride in 20 ml. of tetrahydro
furan was stirred at 30° for 12 hr. Moist ether was slowly added 
followed by dilute hydrochloric acid. The usual isolation by- 
ether extraction and processing of the extract gave a viscous 
gum. Chromatography (alumina) of a benzene solution of the 
product afforded crystalline material. Two recrystallizations 
from petroleum ether gave 0.080 g. (27%) of IX, m.p. 133.5- 
135.0°. The infrared spectrum of this substance exhibits no 
absorption in the carbonyl region.

Anal. Calcd. for C27H340 3: C, 79.76; H, 8.43. Found: 
C, 79.33; H, 8.27.

(B) From VIII.—A solution of 0.35 g. of trimer carbinol (VIII) 
in 40 ml. of ethanol was shaken with 0.20 g. of 10% palladium- 
carbon under 1 atm. of hydrogen. When hydrogen was no 
longer absorbed, the catalyst was removed by filtration and the 
product isolated by evaporation of solvent. Three recrystalliza
tions from petroleum ether afforded 0.115 g. (33%) of IX, m.p. 
and m.m.p. 133.5-134.0°. The infrared spectrum is identical 
with that o: material prepared from V II.

Reduction of 3-Chloromethyl-5-methylquinone-(2)-methide 
Trimer (VI),—The chloro trimer (VI, 6.0 g.)7 in 100 ml. of ethyl 
acetate was shaken with 5.05 g. of triethylamine and 1.0 g. of 
10% palladium-carbon under 3 atm . of hydrogen. When hydro
gen uptake ceased, the mixture was processed as described before 
to give a solid product. Recrystallization from ethanol- 
petroleum ether afforded 3.0 g. (64%) of VII, m.p. 177-178°. 
A mixture melting point determination and a comparison of 
spectra established the identity of this product.

Acknowledgment.—The authors are indebted to The 
Robert A. Welch Foundation for the financial support of 
this study.

(7) K. H ultzsch, J .  p r a h t .  C h e m . ,  159, 180 (1941).
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A New Method for Preparing
5-Aryl-2,3-dihydro-l/i-l,4-benzodiazepines

T h e o d o r e  S . S u l k o w s k i  a n d  S c o t t  J. C h i l d r e s s

Research and Development Division, Wyeth Laboratories, Inc:, 
Radnor, Pennsylvania
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A recent publication1 has described the preparation 
of 7-nitro-5-phenyl-2,3-dihydro-lf/-l,4-benzodiazepine 
from 2-chloro-5-nitrobenzophenone and ethylenedi- 
amine. We have had occasion to prepare benzodiaze
pines of this type, but have found this method to be of 
limited use. Nitro activation of the aryl chloride ap
pears to be necessary since treatment of 2-bromo-5- 
chlorobenzophenone with ethylenediamine afforded no 
benzodiazepine. A more versatile method is the lithium 
aluminum hydride reduction of 5-aryl-1,3-dihyd ro-2/7-
1,4-benzodiazepin-2-ones.

.A
NH

''CO
)ch2

C=N

c 6 h6

NH

LiAlH.

Cl

LiAlH,

Ac20

NH
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Reduction of 7-chloro-o-phenyi-l,3-dihydro-2//-l,4- 
benzodiazepin-2-one with lithium aluminum hydride in 
ether has afforded 7-chloro-5-phenyl-2,3-dihydro-l//-
1,4-benzodiazepine in good yield. 7-Chloro-5-phenyl-
3,3-tetramethylene-2,3-dihydro-liT-l,4-benzodiazepine 
was prepared similarly.

Lithium aluminum hydride reduction of 7-chloro-5- 
phenyl-l,3-dihydro-2i/-l,4-benzodiazepin-2-one 4-oxide 
gave 7 - chloro - 4 - hydroxy - 5 - phenyl - 2,3,4,5 - tetra- 
hydro-1/7-1,4-benzodiazepine which could be oxidized 
by mercuric oxide to afford 7-chloro-5-phenyl-2,3-di- 
hydro-1/7-1,4-benzodiazepine 4-oxide. The 5-o-chloro- 
phenyl analog was made by the same route.

Since a large variety of 1,3-dihydro-2//-l,4-benzo- 
diazepin-2-ones with differing substituents in positions
3,5,6,7,8, and 9 has been disclosed,2-3 this method can 
afford a varied group of 2,3-dihydro-li7-l,4-benzodi
azepines.

The 5-aryl-2,3-dihydro-li7-l,4-benzodiazepines were 
potent central nervous system depressants in animal 
tests.

(1) J. A. Hill, A. W. Johnson, and T. J . King, J .  C h e m .  S o c . ,  4430 (1961).
(2) L. H. Sternbach and E . Reeder, J .  O r g .  C h e m . ,  26, 4936 (1961).
(3) S. C. Bell, T. S. Sulkowski, C. Gochman, and  S. J . Childress, i b i d . ,  

27, 562 (1962).

Experimental4
7-Chloro-5-phenyl-2,3-dihydro-lH-l ,4-benzodiazepine.—7-

Chloro-l,3-dihydro-5-phenyl-2H-l,4-benzodiazepin-2-one (7 g.) 
was added in portions to a stirred suspension of lithium aluminum 
hydride (1.6 g.) in anhydrous ether (200 ml.). The mixture was 
heated under reflux for an hour and the excess hydride was de
composed by careful addition of water. The ether layer was 
separated, dried over magnesium sulfate, and evaporated to 
dryness. Recrystallization of the residue from ethanol afforded
3.5 g. of product, m.p. 174-176°.

Anal. Calcd. for C,5Hi3C1N2: C, 70.17; H, 5.11; Cl, 13.81; 
N, 10.91. Found: C, 70.32; H, 5.07; Cl, 13.6; N, 10.98.

7-Chloro-5-phenyl-3,3-tetramethylene-2,3-dihydro-l H-l, 4- 
benzodiazepine, m.p. 180-181° (from ethanol), was similarly 
prepared in 42% yield.

Anal. Calcd. for C19Hi9C1N2: C, 73.46; H, 6.16; Cl, 11.41; 
N, 9.01. Found; C, 73.16; H, 5.92; Cl, 11.20; N, 8.71.

7-Chloro-4-hydroxy-5-phenyl-2,3,4,5-tetrahydro-lif-l,4-benzo
diazepine.—7-Chloro-l ,3-dihydro-5-phenyl-2H - 1,4 - benzodiaze- 
pin-2-one 4-oxide (10 g.) was treated with lithium aluminum 
hydride (2.8 g.) in anhydrous ether (250 ml.) as in the preceding 
example. There was obtained 7 g. of product, m.p. 170-172°.

Anal. Calcd. for CisHi6ClN20 : C, 65.57; H, 5.50; Cl, 
12.90; N, 10.20. Found: C, 65.87; H, 5.26; Cl, 13.0; N,
10.32.

7-Chloro-5-phenyl-2,3-dihydro-l//-l,4-benzodiazepine 4- 
Oxide.—A suspension of the previous solid (12 g.), mercuric oxide 
(20 g.), acetone (250 ml.), and water (25 ml.) was stirred for 3 hr. 
at room temperature. The mixture was filtered and the filtrate 
was evaporated to dryness in vacuo. Recrystallization of the 
residue from 95% ethanol afforded 8 g. of product, m.p. 247- 
248°.

Anal. Calcd. for Ci5Hi8ClN20 : C, 66.05; H, 4.81; Cl,
13.00; N, 10.27. Found: C, 66.20; H, 4.92; Cl, 13.3; N,
9.92.

7-Chloro-5-o-chlorophenyl-2,3-dihydro-l H-l,4-benzodiazepine
4-Oxide, m.p. 215-217° (from ethanol), was prepared similarly 
(45%) from 7-chloro-5-o-chlorophenyl-l,3-dihydro-2H-l,4-benzo- 
diazepin-2-one 4-oxide,6 but without the isolation of the inter
mediate 7-chloro-5-o-chlorophenyl-4-hydroxy-2,3,4,5-tetrahydro- 
1 H-l ,4-benzodiazepine.

Anal. Calcd. for C16H12C12N20: C, 58.65; H, 3.94; Cl,
23.09; N, 9.12. Found: C, 58.94; H, 4.04; Cl, 23.50; N, 
8.87.

l-Acetyl-7-chloro-5-phenyl-2,3-dihydro-lH-l,4-benzodiazepine
4-Oxide.—A solution of 7-chloro-5-phenyl-2,3-dihydro-lH-l,4- 
benzodiazepine 4-oxide (4 g.) in acetic anhydride (20 ml.) 
was warmed on a steam bath for 0.5 hr. The solution was evapo
rated to dryness in vacuo. The residue was recrystallized from 
ethanol to afford 1.5 g. of product, m.p. 222-224°. The carbonyl 
absorption band was at 6.02 y.

Anal. Calcd. for C,7H16CIN20 2: C, 64.87; H, 4.80; Cl,
11.27; N, 8.90. Found: C, 64.90; H, 4.76; Cl, 11.2; N,
9.13.

(4) M elting points are uncorrected.
(5) This com pound, m .p. 249-250° dec., was p repared  by  C. Gochm an 

following m ethod A of ref. 3.

The Decomposition of Methylethylphenylbenzyl- 

phosphonium Acetate

K e n n e t h  L. M a r s i  a n d  G. D a v id  H o m e r '

Long Beach Stale College, Long Beach 4, California

Received February 21, 1963

A few examples of thermal decomposition of phos- 
phonium carboxylate salts have been studied.2 These

(1) Petroleum  Research F und Scholar, 1961-1962.
(2) (a) E. A. L e tts  and  N. Collie, P h i l .  M a g . ,  22, 183 (1886); (b) N.

Collie, C h e m .  S o c . ,  53, 636 (1888); (c) D. B. D enney and L. C. Smith, 
C h e m .  I n d .  (London), 290 (1961); (d) D. B. D enney and L, C. Sm ith, J .  
O r g .  C h e m . ,  27, 3404 (1962),
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include the acetate, benzoate, and oxalate salts of the 
tetraethyl phosphonium ion,2a tetramethylphosphonium

+
benzoate,2b and the phosphobetaines, (CeHshfhCIhjn- 
C02-  where n = l,2,3.2c

It was the purpose of this research to investigate the 
thermal decomposition of the unsymmetrical phos
phonium salt, methylethylphenylbenzylphosphonium 
acetate. This compound was chosen because of the 
possible information it might provide concerning the 
comparative ease of elimination of the groups bonded 
to the phosphorus atom in a nucleophilic attack by the 
acetate ion.8 More importantly, the system seemed 
well suited for subsequent stereochemical studies of the 
type conducted by McEwen, VanderWerf, and co
workers3 4 5 who have investigated other nucleophilic 
reactions involving the enantiomers6 7 8 9 10 11 12 of this phos
phonium ion.

The outcome of the reaction differed substantially 
from that of decomposition reactions reported for the 
symmetrical phosphonium ions.2a bd The analytical 
data are summarized in Table I.

T a b l e  I
A n a l y s is  o f  R e a c t io n  P r o d u c t s

P roduct
M ethod of 
analysis

Y ield,“
%

Toluene V.p.c.6 22
Acetic acid Titration 40
Methyl acetate V.p.c. 16
Ethyl acetate V.p.c. Trace
Phenylacetone V.p.c. 5
Methylethylphenylphosphine Infrared 69

oxide
cis-2-Methyl-l ,3-diphenyl- V.p.c. 12

1-propene
írans-2-Methyl-l ,3-diphenyl- V.p.c. 16

1-propene
Ethylphenylbenzylphosphine Product iso 16

(as the oxide) lation

“ 100 X moles product/moles reactant. b Vapor phase chro
matography.

A mechanistic accounting for the reaction products 
is somewhat speculative at this point; however, it seems 
reasonable that the acetate ion may be involved in a 
nucleophilic attack on a pentacovalent intermediate.

O

(CH3)(C2H5)(C8H6X aH 6CH2)P +  O—I c R ,  ^=±:
o
|| O A c-

(CHa)(C2H6)( C6H6)( C6H6CHs)P- o c c h , — >- 
(CH3)(C2H6)(C6Hs)P = 0  +  (CH3C0)20  +  C6H6CH2r

This proposal has some support in work of others4'1'6 
where it has been noted that ethers are produced from 
the decomposition of certain phosphonium alkoxides 
at lower temperatures.

+ _ or '-
R4P O R '------->- RsP = 0  +  R2'0  +  R: ~

(3) G. W. F enton  and C. K. Ingold, J .  C h e m .  S o c . ,  2342 (1929).
(4) (a) K. F. Kumli, W. E. M cEwen, and C. A. V anderW erf, J .  A m .  C h e m .  

S o c . ,  81, 3805 (1959)-, (b) C. B. Parisek, W. E. M cEwen, and  C. A, Vander
Werf, i b i d . .  82, 5503 (1960); A. B lad6-Font, C. A. VanderW erf, and W. E. 
M cEwen, i b i d . ,  82, 2396 (1960); W. E, M cEwen, A. B lad4-Font, and C. A. 
VanderW erf, i b i d . ,  84, 677 (1962).

(5) K. F. Kumli, W. E. M cEwen, and C. A. VanderW erf, i b i d . ,  81, 248 
(1959).

(6) M. Grayson and P. T. Keough, i b i d . ,  82, 3919 (1960).

It is likely that phenylacetone is formed by reaction 
of the benzyl anion with acetic anhydride, and that the 
isomeric olefins are produced either by a Wittig reaction 
of the ylid of the methylethylphenylbenzylphosphonium 
ion with phenylacetone, or by an alternate or competing 
reaction involving addition of the benzyl anion to 
phenylacetone with subsequent dehydration of the 
tertiary alcohol thus formed. That the yields of the 
olefins from the pyrolysis reaction are nearly equal 
does not rule out the Wittig pathway to the olefins, 
since at the elevated temperature of the pyroly
sis low stereospecificity would be expected. The ap
pearance of methyl acetate and ethylphenylbenzyl- 
phosphine among the reaction products is probably the 
result of a nucleophilic displacement by acetate ion on 
the phosphonium ion, and has its analogy in the work of 
Denney.2cd

Stereochemical assignments for the olefins were made 
on the basis of the positions of the higher wave-length 
bands in the near ultraviolet which are usually shifted 
to higher frequencies for olefins with sterically inter
acting cis substituents7 (benzyl-phenyl interaction in 
this case), and comparison of these olefins with those 
isolated from the isomer mixture obtained from sulfuric 
acid dehydration of methyldibenzylcarbinol8 in which 
irans-2-methyl-l,3-diphenyl-1-propcne (phenyl and ben
zyl groups trans to each other) should predominate.9

Experimental10
Methylethylphenylbenzylphosphonium Iodide (I).—This com

pound was prepared by the method of Bailey11 and melted at 
162-164°.

Methylethylphenylbenzylphosphonium Acetate Hydrate (II).— 
To a solution of 24.5 g. (0.066 mole) of I in 350 dry methanol was 
added with stirring at room temperature 12.12 g. (0.0726 mole) 
of dry, powdered silver acetate. The reaction mixture was 
protected from atmospheric moisture and heated at 40° with 
stirring for 6.5 hr. The brown precipitate (16.22 g.) was re
moved by filtration in a drybox and the methanol distilled under 
reduced pressure. The viscous liquid was placed in a vacuum 
desiccator over phosphorus pentoxide and after 5 days it crystal
lized into a mass of light gray crystals. Two recrystallizations 
from anhydrous ethyl acetate yielded extremely hygroscopic, 
fluffy white crystals which were dried in vacuo over phosphorus 
pentoxide at 56° for several days. This treatment produced a 
substance of m.p. 104.2-105.3° (with softening).

Anal." Calcd. for CI8H230 2P->/3H20 : C, 68.77; H, 7.80;
P, 9.86. Found: C, 68.52; H, 7.83; P, 10.23.

Pyrolysis of II.—II (14.36 g., 0.0457 mole) was placed in a 
25-ml. round-bottomed flask attached to a 44-cm. vacuum 
jacketed Vigreux column equipped for vacuum distillation. 
Air was swept out of the system with dry nitrogen. The flask 
and contents were immersed in an oil bath at 85° and the tem
perature of the oil bath raised steadily 280° over a period 
of 22 min. where it was maintained for an hour. First evidence 
of reaction occurred at a bath temperature of 200° and the 
reaction became vigorous at 230°. The first fraction (1), 2.93 g., 
was collected to approximately 120° at atmospheric pressure. 
The pot was then cooled to 80°, the system placed under vacuum, 
heating resumed, and a second fraction (2) consisting of 7.95 g. was 
collected to 165° (9 mm.). A third fraction (3) of 1.68 g. wasob-

(7) A. E . Gillam and E . S. S tern, “An In troduction  to  Electronic Absorp
tion  Spectroscopy in  Organic C hem istry ,” 2nd E d., Edw ard  Arnold L td., 
London, 1957, pp. 267-275.

(8) R. M. Caves, R . L. M cLaughlin, and R. H. Wise, J .  A m .  C h e m .  S o c . ,  

76, 522 (1954).
(9) H. C. Brown and M. N akagaw a, i b i d . ,  77, 3614 (1955).
(10) All m elting points and boiling points are uncorrected.
(11) W. J. Bailey, S. A. Buckler, and F. M arktscheffel, J .  O r g .  C h e m . ,  

25, 1996 (1960).
(12) M icroanalyses were perform ed by  Schwarzkopf M icro analytical 

Laboratory , W oodside 77, N. Y.
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tained at 172-230° (9 mm.) and solidified to a yellow solid on 
cooling.

Analysis of Fraction 1.—Vapor phase chromatographic separa
tion and examination of infrared spectra indicated the presence 
of acetic acid, toluene, methyl acetate, and ethyl acetate (trace). 
Toluene and methyl acetate were determined quantitatively on a
10-ft. Ucon column, and acetic acid by titration with standard 
base. The fraction contained 31% toluene, 19% methyl acetate, 
and 38% acetic acid by weight. Water was not determined in 
this fraction but would theoretically amount to 13.6%.

Analysis of Fraction 2.—A small portion of fraction 2 was 
extracted with water, the water evaporated, and the infrared 
spectrum of the residue in chloroform shown to be identical in 
every respect with that of the authentic material prepared from 
methylethylphenylbenzylphosphonium iodide by treatment with 
sodium hydroxide.4“ The methylethylphenylphosphine oxide 
was analyzed spectrophotometrically in chloroform solution with 
a Baird Atomic double beam infrared spectrophotometer using 
the absorption peak at 8.95 mu and was shown to represent 67% 
by weight of fraction 2. Another portion of fraction 2 when 
treated with 2,4-dinitrophenylhydrazine reagent13 yielded the
2,4-dinitrophenylhydrazone of phenylacetone, m.p. 152-154°; 
reported14 m.p. 152.5-153.5°, m.m.p. 152-154°. Vapor phase 
chromatographic analysis of fraction 2 on a 10-ft. Ucon column 
gave the following results: 4% phenylacetone, 19% tram-2- 
methyl-1,3-diphenyl-l-propene, and 14% cis-2-methyl-l ,3-di- 
phenyl-1-propene by weight. The latter two compounds dis
played retention times and ultraviolet spectra identical with the 
authentic materials prepared by dehydration of methyldibenzyl- 
carbinol.8 The isomers were separated on a 10-ft. Ucon column 
from the fraction boiling at 162-164° (9 mm.).16 The cis and 
trans isomers absorbed at 218, 245 and 218, and 249 my, respec
tively.

Fraction 3.—Fraction 3 was recrystallized twice from 
ethyl acetate-ligroin to yield a compound of m.p. 112-113°; 
reported16 m.p. for ethylphenylbenzylphosphine oxide, 110- 111°. 
This compound melted undepressed with purified ethylphenyl
benzylphosphine oxide prepared by air oxidation of ethylphenyl
benzylphosphine .16

Acknowledgment.—This research was supported by 
a type B grant from the Petroleum Research Fund. 
Appreciation also is expressed to Mary E. Pate, Richard 
McAtee, and Larry Becker for their help in the initial 
phase of this work.

(13) R. L. Shriner, R . C. Fuson, and  D. Y. C urtin , “ The System atic 
Identification of Organic Com pounds,” 4th  Ed., John  W iley and  Sons, Inc., 
New York, N. Y., I960, p. 111.

(14) R. T. Gilsdorf and F. F. Nord, J .  A m .  C h e m .  S o c . ,  74, 1837 (1952).
(15) A lthough the  m ixture of isomers has been reported  (ref. 8) this is 

ap paren tly  the first account of their separation. This fraction  was shown to 
consist of 61%  t r a n s  and  39%  c i s  isomer.

(16) J . M ei8enheimer, J. Casper, M. Horing, W. L auter, L. L ichtenstadt, 
and  W. Samuel, A n n . ,  449, 213 (1926).
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a,a-Dibromopropiophenone (I) rearranges to atro- 
lactic acid (III or IV) during treatment with concen
trated sodium hydroxide solution. It has been sug-

(1) This paper is based  upon work perform ed a t  Oak Ridge N ational 
L aboratory , which is operated  for the Atomic E nergy Commission by  Union 
C arbide Corp.

(2) Nuclear-Chicago C orp., 345 E a s t How ard Ave., Des Plaines, 111.
(3) D epartm ent of Chem istry, M ississippi S tate U niversity, S ta te  College, 

Miss.

C6H6C *OCBr2CH3 — C6H6C*0—GOCH, 
I II

/ \
0 - o -1

Route A CeHsC*—COCH3 C6H6C*0—C—CHs Route B

¿H ¿H

C6H6C(OH)CH3 C6H6C*(0H)CH3

¿*OOH COOH
III IV

gested4 that the reaction proceeds by way of the inter
mediate, methyl phenyl diketone (II), which then 
undergoes a benzilic acid rearrangement.

When these authors subjected dibromo compound 
I to dilute alkali, no atrolactic acid was recovered; 
the sole product was 2,5-diphenyl-l,4-benzoquinone, 
formed in 13% yield by an aldol condensation of two 
molecules of the diketone. The action of concentrated 
sodium hydroxide on II produced atrolactic acid in low 
yield, whereas dilute alkali produced only tar.4

The use of carbon-14 as a tracer has been applied here 
in following the mechanism in the rearrangements start
ing with both the dibromo compound and the diketone. 
These two compounds (I and II) were prepared, la
beled in the a-position. The atrolactic acid produced by 
rearrangement of these compounds was degraded by 
oxidation to acetophenone and carbon dioxide. In 
both cases essentially all of the original carbon-14 was 
found in the carbon dioxide. Since this labeled carbon 
atom was originally adjacent to the phenyl group, 
100% phenyl migration must have occurred in both 
alkaline-catalyzed rearrangements, thereby eliminating 
route B as a possible mechanism. I t  is possible that 
the carbonyl group of II, a to the phenyl group, 
may be the preferred one for hydroxyl ion attack. 
However, if hydroxyl ion attack were rapid and re
versible, the observed preference of route A also could 
be explained as due to a tendency of the phenyl group 
to migrate in preference to the methyl group.

If methyl phenyl diketone is the intermediate in the 
rearrangement of a,a-dibromopropiophenone, it is 
obvious that the rearrangement of the diketone must be 
much faster than the rate of formation. Any appreci
able concentration of the diketone would lead to the 
aldol condensation mentioned previously.

Experimental
(a ,a-Dibromopropio-l-C14)-phenone (I).—To 9.7 g. (0.4 mole) 

of magnesium turnings contained in a 250-ml., round-bottomed, 
three-necked flask was added slowly a solution of 53.6 g. (0.5 
mole) of ethyl bromide in 95 ml. of ether. While the flask was 
cooled in ice, 12.1 g. (0.1 mole) of carbonyl-labeled benzamide 
was slowly added under dry nitrogen. After a reflux period of 24 
hr. the reaction mixture was hydrolyzed with ice and sulfuric 
acid and extracted with ether. From the extract was obtained
7.5 g. (56% yield) of propiophenone.

One gram of the unpurified propiophenone was treated with a 
solution of 2.50 g. of bromine in 7.5 ml. of chloroform and 
allowed to stand at 25.5° for 0.5 hr. before it was refluxed for 4 
hr. The solvent was carefully removed to give 2.13 g. (97% 
theoretical yield) of crude a,«-dibromopropiophenone (I).

Hydrolysis and Rearrangement of «.a-Dibromopropiophenone. 
—The crude dibromide (I) was stirred vigorously with 42.6 g. of 
20% aqueous sodium hydroxide for 3.5 hr. The aqueous phase 
was extracted with ether and acidified with concentrated hydro-

(4) R. Levine and J. R. Stephens, J . A m . Chem. Soc., 72, 1642 (1950).



A u g u s t , 1 9 6 3 N o t e s 2 1 5 3

chloric acid. The precipitated crystalline atrolactic acid was re
moved by filtration and sublimed at 70 to 75°; m.p. 91 to 92°.

Methyl Phenyl Diketone-3-C14 (II).—This compound was pre
pared by the treatment of carbonyl-labeled propiophenone with 
butyl nitrite, followed by acid hydrolysis of the resultant mon
oxime.

Rearrangement of Methyl Phenyl Diketone.—The diketone 
(II), dissolved in a large volume of ether, was stirred vigorously 
for 1 hr. with an equal volume of 20% sodium hydroxide solution 
maintained at 0°. Under these conditions, a yield of about 25% 
of the desired atrolactic acid (III) could be isolated after neutrali
zation of the aqueous layer.

Oxidation of Atrolactic Acid (III).—In a typical degradation, 
83 mg. of III was decarboxylated at room temperature by treating 
with a mixture of 44 mg. of chromium trioxide and 2 ml. of glacial 
acetic acid in a small flask connected to a barium hydroxide ab
sorption train. The apparatus was swept with nitrogen gas and 
the evolved carbon dioxide was converted to barium carbonate. 
The precipitated barium carbonate was washed with water and 
centrifuged several times before air drying. The residue in the 
reaction flask was extracted with ether and the ether extract 
was washed with sodium bicarbonate and then evaporated. The 
residual acetophenone was converted to the semicarbazone which 
after two crystallizations from 25% alcohol melted at 198°.

Radioactivity Assay of Oxidation Products.—The determina
tion of carbon-14 was conducted by the wet combustion of small 
samples of the barium carbonate and acetophenone semicarbazide 
according to the technique of Raaen and Ropp.6 The results are 
given in Table I.

T a b l e  I
R a d io a c t iv it y  o f  C a r b o n 11 i n  mc. / m m o l e

-—R earrangem ent experim ent w ith—* 
Dibrom o

com pound I  D iketone I I

Original material 1.028 0.935
Acetophenone semicarbazide 0.00579 0.005
Barium carbonate . 909“ . 857“

a The approximately 90% material balances of the radiocarbon 
are attributed to exchange with dissolved carbon dioxide in the 
wash water (Melvin Calvin and co-authors, “Isotopic Carbon,” 
John Wiley and Sons, Inc., New York, N. Y., 1949, p. 124) as 
well as exchange with atmospheric carbon dioxide (M. D. Kamen, 
“Isotopic Traces In Biology,” 3rd Ed., Academic Press, New 
York, N. Y., 1957, p. 308) during drying of the wet, centrifuged 
barium carbonate.

(5) V. F. R aaen and  G. A. R opp, A n a l .  C h e m . ,  25, 174 (1953).
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2,4-Dicarbethoxy-3,5-dimethylpyrrole

J a m e s  H. M a t h e w s o n
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Received December 10, 1962

Chlorination with sulfuryl chloride followed by hydrol
ysis has been a commonly used technique for the oxida
tion of «-methyl substituents on pyrroles.1-3 In gen
eral, one, two, and three moles of sulfuryl chloride yield, 
respectively, the mono-, di-, and trichloromethyl- 
pyrroles which can be hydrolyzed to the hydroxy
methyl-, formyl-, and carboxypyrroles. In this reaction, 
¡3 methyl groups are not attacked and unsubstituted 
positions are chlorinated.

The product from the action of three moles of sulfuryl 
chloride and subsequent hydrolysis on Knorr’s pyrrole, 
2,4-dicarbethoxy-3,5-dimethylpyrrole (I), is a mixture 
of the 5-formyl- and 5-carboxypyrroles.3 Fischer, et 
al.,1 reported the isolation in high yield of a hexachloro 
derivative (II) from the action of six moles of sulfuryl 
chloride on I. Structure III was assigned to II ap
parently on the basis of the analyses for C, N, Cl, and 
OC2II5. However, hydrolysis with potassium hydrox
ide did not yield the tetracarboxypyrrole diester, but 
rather fragmented the compound. The hexachloro 
derivative could be reduced to 2,4-dicarbethoxy-3- 
methyl-5-hydroxymethylpyrrole and oxidized to a 
compound containing one additional oxygen and one 
less chlorine.1

C2H5O O C ^ ^ .C H s
/ \

CHs ÎF 'G O O C jH e

6 SO2CI2 i i

c2h 6ooc

H
I

CCb

Ä  V
C C ' 3 I I  C O O C 2 H 6

III

C2H6OOC 
Cl 

CCI;
N

IV

c h 3
Cl
COOC2H5 

Cl

The n.m.r. spectrum of II shows three bands: a 
triplet at S 1.37 (p.p.m., tetramethylsilane, 0), a singlet 
at 2.24, and two almost coincident quartets centered at 
2.62 and 2.64. The ratios of triplet/singlet/quartet 
areas are 6:3:4. This shows that II retains a methyl 
group (the singlet) which was corroborated by a C- 
methyl determination. The infrared spectrum of II 
shows no absorption in the pyrrole NH stretching region 
(3400-3500 cm.-1) or the pyrrole ring vibration region 
(1470-1600 cm.-1).4 Two bands are observed in the 
carbonyl region at 1740 and 1760 cm.-1, above the 
normal pyrrole ester positions.4 There is a band at 
1612 cm.-1, the position reported for the imine stretch
ing band of AVpyrrolines.6 The ultraviolet spectrum of 
II shows only end absorption with a slight shoulder at 
215 rri/x (e 4850). This supports a structure for II in 
which the imine is not in conjugation with the a 
ester carbonyl. For example, glyoxylic acid semi
carbazone absorbs at 252-253 m/x (e 12,400), whereas 
acetone semicarbazone absorbs at 224 m/x (e 11,000).6 
The iodide test for N-Cl was negative.7

The evidence points clearly to structure IV for the 
hexachloro derivative II.

Experimental
2,4-Dicarbethoxy-3-methyl-5-trichloromethyl-2,3,4-trichloro- 

A1(6)-pjrrroline (II and IV).—Knorr’s pyrrole (I) in ether was 
chlorinated with freshly distilled sulfuryl chloride as described 
by Fischer, Sturm, and Freidrich1; m .p. 72° (lit.1 m.p. 72°).

Anal. Calcd. for C12H13C16NOg C, 32.12; H, 2.9; 01,47.5; 
C-CH3, 3/446; mol. wt., 446. Found: C, 32.2; H, 3.0; Cl, 
47.0; C-CH3, 3.1/446; mol. wt., 426 (osmometer).

A sample of II in ether acidified with acetic acid was shaken 
with aqueous potassium iodide. An iodine color developed only 
after 4 days.

The n.m.r. spectrum was taken in carbon tetrachloride with 
tetramethylsilane as internal standard with a Varian Model A-60

(1) H . Fischer, E . S turm , and H. Friedrich, A n n . ,  461, 244 (1928).
(2) H. Fischer and H. O rth, “ Die Chemie des P yrro ls,” Vol. I, Akad. 

Verlag., Leipzig, 1934, p. 76.
(3) A. H. Corwin, W. A. Bailey, and  P. Viohl, J .  A m .  C h e m .  S o c . ,  64, 

1267 (1942); A. H. Corwin and J. L. Straughn, i b i d . ,  70, 1418 (1948).

(4) U. E isner and  R . L. Erskine, J .  C h e m .  S o c . ,  971 (1958).
(5) J. H. B urckhalter and J. H. Short, J .  O r g .  C h e m . ,  23, 1278 (1958).
(6) J. A. Oison, A r c h .  B i o c h e m .  B i o p h y s . ,  85, 225 C1959).
(7) M. Z. B araka t and M. F. Abd E l-W ahab, A n a l .  C h e m . ,  26, 1973 

(1954).
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spectrometer. The infrared spectrum was taken in potassium 
bromide with a Perkin-Elmer Model 221 spectrophotometer. 
The ultraviolet spectrum was taken in ethanol with a Cary Model 
14 spectrophotometer.
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a fellowship from the U. S. Public Health Service.
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In a study of the mechanism of the pinacol-pinac- 
olone rearrangement it became necessary to synthesize 
and characterize pure diastereoisoimeric forms of Ph- 
RC(OH)C(OH)RPh where R = methyl, ethyl, and n- 
propyl. These diols previously have been reported as 
dimeric reduction products of their respective ketones— 
acetophenone, 3propiophenone,4 5andn-butyrophenone6— 
or by appropriate Grignard additions to benzil.3 6 In 
only one case has a configurational assignment of the 
dl and meso isomers been established and that by a 
synthesis of optically active and inactive 2,3-diphenyl-
2,3-butanediol from ( —)-methylbenzoin.7 8

Chiurdoglu and others have reported that hydro
gen bonding studies could distinguish threo and erythro 
isomers in a series of aliphatic 1,2-diols and we have 
found such studies can provide information upon which 
to base reliable configurational assignments in aryl- 
alkyl diols.

By examination of the hydrogen bonding patterns of 
the three isomeric pairs (see Table I), it is possible to 
divide the diols into two sets. One member of each pair 
(II, IV, and VI) shows only a free hydroxyl peak in the 
3605-361 region with an attendant shoulder
while the other member shows a sharp, distinct pair of 
free and bonded peaks (in addition to the concentration 
dependent intermolecular bands).

Steric considerations dictate that in order to exhibit 
intramolecular hydrogen bonding between hydroxyls 
the meso isomers would have to exist in an unfavored 
conformation in which the bulky phenyl groups on 
adjacent carbons would be in close proximity.9 The 
¿¿-diastereoisomers can intramolecularly bond their

(1) Presented  a t  the Fourth  Delaware Valley Regional M eeting, American 
Chem ical Society, January , 1962.

(2) A portion of this work is taken  from the M .S. thesis of Ned D. Heindel, 
N ational Science Foundation  Predoctoral fellow, 1959-63.

(3) R am art-L ucas and M. Salm on-Legagneur, B u l l .  s o c .  c h i m .  F r a n c e ,  (4) 
45, 718 (1929).

(4) G. Ciamician and P. Silber, A t t i  A c c - a d .  N a z i .  L i n c e i ,  M e m .  C l a s s e  

S c i .  F i s .  M a t .  N a t .  S e z . ,  (5) 23-1, 860 (1914).
(5) I. Nazarov, A n n .  L e n i n g r a d  S t a t e  U .  C h e m .  S e r . ,  1, 123 (1935); 

C h e m .  A b s t r . ,  31, 6617 (1937).
(6) E. Chu and J. Chu, J .  C h i n e s e  C h e m .  S o c . ,  10, 11 (1943).
(7) D . C ram  and  K. Kopecky, J .  A m .  C h e m .  S o c . ,  81, 2748 (1959).
(8) G. Chiurdoglu, R. de Groote, W. M asschelein, and M. H. van Ris- 

seghem, B u l l .  s o c .  c h i m .  B e i g e s ,  70, 342 (1961); C h e m .  A b s t r . ,  56, 8185 
(1962).

(9) E. Eliel, “ Stereochem istry  of C arbon C om pounds,” M cGraw-Hill
Book Co.. Inc., New York, N. Y., 1962, pp. 132-133.

T a b l e  I
H y d r o g e n  B o n d in g  in  PhRC(OH)RPh

R M .p., °C.

Free 
-O H  

(cm. - l)

Bonded
-O H

(cm. _1) A v

Position of 
C -0  (cm. -1)

As
sign
m ent

Methyl
I 122 123“ 3615 3580 (s) 35 1143 1191 d l

II 117-118“ 3605 3570 (sh )* 35 1126 1167 meso
Ethyl

III 1136 3616 3572 (s) 46 1143 1182 d l

IV 138-1396 3609 3570 ( w)e 39 1125 1164 meso
n-Propyl

V 95-96c 3615 3569 (a) 46 1144 1180 d l

VI 128-129rf 3611 3561 (m)* 50 1124 1159 meso
° Prepared as in ref. 3. b Prepared as in ref. 4. c Prepared as

in ref. 5. d Prepared as in ref. 6. e The characterization of the 
position of the bonded peak is approximate since it appears as a 
shoulder or broad weak band

hydroxyls when the phenyls are in a favored trans 
orientation. Hence I, III, and V might be assigned the 
di-configuration, and II, IV, and VI the meso.

The same conclusion might be reached by considering 
that in dl isomers the intramolecularly bonding hy
droxyls can attain a perfect cis orientation without the 
severe phenyl-phenyl eclipsing that would be necessary 
in the meso form.

This conclusion is strengthened by examination of the 
bands associated with C-OH stretching modes for the 
tertiary hydroxyl which appear at 1140 to 1190 cm.-1. 
Each of the diols II, IV, and VI shows double absorp
tion peaks in this region which shift to higher frequen
cies in those diols which show strong intramolecular 
hydrogen bonding, I, III, and V.10 The shift is exactly 
in the direction predicted for increased rigidity im
parted to the C -0 bond by intramolecular associa
tions.11

It is also possible that the C-0 bond shifts in going 
from meso to dl isomers are due to differences in dipole- 
dipole interactions in the two configurational species. 
Support for this possibility arises from the fact that the 
peak displacements show a remarkable constancy, be
tween 16 and 20 cm.-1, in the various isomers (see 
Table I).

If the C-0 bond shifts were solely due to increased 
rigidity imparted to the bond by increased intramolec
ular association in the dl forms then one might expect a 
proportional increase in the C -0 shift differences (be
tween dl and meso forms of the same compound) as 
the hydrogen bond becomes tighter. Such a correlation 
is not observed.

The constancy of the C-0 peak displacements sug
gests that they might possibly serve as qualitative and 
quantitative tools for identifying such compounds in 
mixtures.12

It also has been observed that the small amount of 
intramolecular hydrogen bonding which occurs in the 
meso forms increases as one proceeds from methyl to 
ethyl to n-propyl. This is explained by the con
formational consideration that the unfavored rotomer 
for intramolecular bonding in meso becomes less and less

(10) Sim ilar shifts of this kind have been previously reported  and  corre
lated  with hydrogen bonding. H. E  Zimmerman and  J. English, J r., J .  A m .  

C h e m .  S o c . ,  75, 2368 (1953).
(11) L. J. Bellamy, “ The Infrared  Spectra of Complex M olecules,” 

John  Wiley and Sons, Inc., New York, N. Y., 1958, pp. 108-110.
(12) Cram and Kopecky, ref. 7, have observed b u t no t explained these 

differences in the 8 . 8 - n  region for the diastereoisom eric acetophenone 
pinacols and have em ployed them  for quan tita tive  analysis purposes.
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unfavored as the increasing bulk of the R groups ap
proaches that of the phenyl.

The increase in the strength of the hydrogen bond, as 
reflected in Ar,13 14 15 from 35 in the meso-methyl to 50 
c m r1 in meso-n-propyl is expected in light of previous 
observations that replacement by increasingly bulky 
alkyl groups on the carbons bearing the hydroxyl and 
phenyl reduces the O-C-C angle and brings the hy
droxyls into closer proximity. This is in accord with 
the Thorpe-Ingold deformation hypothesis that says 
when steric repulsions increase one of the angles at a 
carbon atom, the opposite angle is decreased.1314

While these observations support the conclusion that 
in this series simple intramolecular bonding between 
hydroxyls is occurring, it is impossible to eliminate 
completely the possibility of -OH to x bonding involv
ing the electrons of the phenyl ring. The Av’s obtained 
in this work are of the approximate order of magnitude 
as those observed for the -OH to x bonding in /3-phenyl 
ethanols,16 and the diols measured herein might be 
considered structural analogs of the /3-phenyl ethanols 
with suitable changes in substitution on the a and /3 
carbons.

The possibility of -OH to x bonding in the PhRC- 
(OH)C(OH)RPh series has been tested by employing 
the known sensitivity of such bonding to the basicity of 
the acceptor.16'16 A tighter hydrogen bond is obtained 
when electron release into the aromatic system is 
facilitated.

Synthesis and spectral examination of the dl forms of 
p-methyl and p-methoxyacetophenone pinacols gave 
Av values of 36 and 35 cm.-1, respectively, and a strong 
intramolecular bonding peak. Since these values are in 
perfect agreement with the unsubstituted dl-aceto
phenone pinacol (see Table I), it appears that bonding 
between hydroxyls is favored.

The diols I, III, and V can be assigned the (¿¿-con
figuration, and II, IV, and VI, the meso. In the case of 
I and II this is in agreement with the results obtained 
by Cram and Kopecky.7

Experimental

The bonding measurements were performed in these labora
tories on a Perkin-EImer 421 grating spectrophotometer and by
P. von R. Schleyer of Princeton University on a Perkin- 
EImer Model 21 spectrophotometer with lithium fluoride 
optics. All diols were examined as dilute solutions in spectral 
grade carbon tetrachloride according to standard procedures.

The diols were prepared according to the procedure in the 
references noted (see Table I) and recrystallized to constant 
melting point. With the exception of the high melting isomer of
4,5-diphenyl-4,5-octanediol (VI), all had melting points in 
agreement with those reported. Diol VI was obtained after 
several recrystallizations from 1:1 hexane-benzene as white 
microneedles of m.p. 128-129°, as reported.

Anal. Calcd. for CaJUeO,: C, 80.49; H, 8.78. Found: 
C, 80.47; H, 8 .88.

The dl isomer of 2,3-di-p-tolyl-2,3-butanediol was prepared as 
described by Backer, Stevens, and Van der Bij ,17 The configura
tional assignments provided by the authors, on the basis of rela
tive oxidation rates with lead tetraacetate, are confirmed by the 
bonding study.

(13) L. P. Kuhn, J .  A m .  C h e m .  S o c . ,  74, 2493 (1952).
(14) L. P. Kuhn, i b i d . .  80, 5950 (1958).
(15) P. von R. Schleyer, C. W intner, D. S. T rifan, and R. Bacskai, 

T e t r a h e d r o n  L e t t e r s ,  14, 1—7 (1959).
(16) M. Oki an d  H. Iw am ura, B u l l .  C h e m .  S o c .  J a p a n ,  32, 1135 (1959).
(17) H . J. Backer, W. Stevens, and  J . R . Van der Bij, R e c .  t r a v .  c h i m . ,  59,

1146 (1940).

The dl isomer of 2,3-di-p-anisyl-2,3-butanediol was prepared by 
a method employing Cram’s rule of asymmetric induction.7 
To an ice-cooled solution containing 0.40 mole of p-anisylmag- 
nesium bromide in 700 cc. of anhydrous ether was added 0.10 
mole of 2,3-butanedione in 20 cc. of ether. After addition was 
complete, the mixture was stirred 12 hr. and hydrolyzed with 
ice-ammonium chloride solution. The ethereal extracts were 
concentrated to an oil and steam distilled to remove unchanged 
diketone and other volatiles. The organic portion of the non
volatiles was dried and chromatographed on alumina with hexane- 
benzene elutants. A total of 7.1 g. (23%) of the ctt-diol was 
obtained, m.p. 122-123°, (lit.18 m.p. 122-123°).

Acknowledgment.—Appreciation is expressed to Dr. 
P. von R. Schleyer, Princeton University, for confirming 
a portion of the bonding measurements and suggesting 
the possibility of -OH to x bonding and to Dr. Harold 
C. Beachell, this institution, for helpful discussions 
and interpretation.

(18) C. C. Price and  G. P. M ueller, J .  A m .  C h e m .  S o c . ,  66, 634 (1944).

Preparation of 2 -Bromopyrimidines
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Conversion of 2-amino- to 2-chloropyrimidines is 
usually effected by diazotization in concentrated hydro
chloric acid. The yields by this procedure rarely ex
ceed 30%.2 Alternatively, the amine may be diazo- 
tized in the presence of sulfuric acid, giving the 2- 
hydroxy compound which subsequently is chlorinated 
with phosphorus oxychloride; the over-all yield in this 
process is likewise about 30%. In our own experience, 
application of the first method to 2-amino-4,5-dieth- 
oxypyrimidine gave the 2-chloro derivative in 38% 
yield.

We have observed that significantly better results 
can be obtained in the analogous preparation of 2- 
bromopyrimidines, by diazotization in hydrobromic 
acid after formation of a perbromide. This method, 
introduced by Craig3 for application to 2-aminopyri- 
dines, seems not to have been used hitherto in the py
rimidine series. Thus, 2-amino-4,5-diethoxypyrimidine 
gave 2-bromo-4,5-diethoxypyrimidine in 79% yield, 
and 2-amino-4-chloro-5-ethoxypyrimidine gave2-bromo-
4-chloro-5-ethoxypyrimidine in 67% yield.

However, the utility of this reaction is circumscribed 
by the possibility of side reactions; in particular, it 
appears that the ease of electrophilic 5-bromination of 
the pyrimidine ring4a will limit the use of the Craig 
reaction to 5-substituted pyrimidines. From 2- 
amino-4-methoxypyrimidine the major product was 2-

(1) Am erican C yanam id Com pany, B ound Brook, N. J.
(2) (a) N. Sperber, D. Papa, E . Schwenk, M. Sherlock, and  R. Fricano, 

J .  A m .  C h e m .  S o c . ,  73, 5752 (1951), reported  a 52% yield of 2-chloropyrim i- 
dine from 2-am inopyrim idine; however, (b) I. C. Kogon, R. M inin, and 
C. G. Overberger, O r g .  S y n . ,  36, 34 (1955), obtained  yields of only 26- 
27% in th is same preparation; (c) K. L. How ard, U. S. P a te n t 2,477,409 
(July 26, 1949), quotes only one yield, 26.8%  in the conversion of 2-amino-5- 
chloropyrim idine to 2,5-dichloropyrim idine.

(3) L. C. Craig, J .  A m .  C h e m .  S o c . ,  66, 231 (1934).
(4) (a) G. W. K enner and  Sir A. T odd  in  R. C. Elderfield, “ H eterocyclic 

C om pounds,” Vol. V I, John  W iley and  Sons, Inc ., New Y ork, N. Y ., 1957, 
pp . 290-295; (b) p. 301.
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amino-4-methoxy-5-bromopyriniidine (25%). together 
with 2,5-dibromo-4-methoxypyrimidine (19%). Under 
the same conditions, the only product isolable from 2- 
aminopyrimidine itself was 2% of 2-amino-5-bromo- 
pyrimidine.5

The low yield of recognizable products in the latter 
case indicated that some side reaction other than ring 
bromination also was taking place. In a few other in
stances, such as 2-ami no-4,5-di-n-propy lpyriinidine 
and 2-am i no-f-chloro-5-n-pro pylpyri midine, the desired 
product was obtained in only about 10% yield. The 
principal products from these reactions, which could 
not be purified, were bromine-containing solids insoluble 
both in nonpolar solvents and in water. Since they 
showed no absorption maxima in the ultraviolet, it may 
be conjectured that degradation of the pyrimidine ring 
had occurred.

In all the bromopyrimidines described, the position of 
the bromine atoms was verified by attempted displace
ment with sodium methoxide. As is well known, halo
gen substituents in the 2-, 4-, and 6-positions undergo 
ready nucleophilic displacement, whereas those in 
position 5 are resistant to such attacks.413 In con
formity with expectations, 2-amino-5-bromopyrimidine 
and 2-amino-4-methoxy-5-bromopyrimidine were re
covered unchanged, and 2,5-dibromo-4-methoxypyrim- 
idine underwent selective displacement of the 2-bro
mine atom to give 2,4-dimethoxy-5-bromopyrimidine. 
I t may be worth noting that, in 2-bromo-4-chloro-5- 
ethoxypyrimidine, the 4-chloro substituent proved to 
be more susceptible to nucleophilic attack than the 
bromine in position 2. With one equivalent of sodium 
ethoxide, it was converted in 95% yield to 2-bromo-
4,5-diethoxypyrimidine. (With excess sodium ethoxide, 
both halogen atoms were replaced, giving 95% of 2,4,5- 
triethoxypyrimidine.)

Experimental
2-Bromo t̂,5-diethoiypyrimidine.—To a suspension of 20.2 g. 

(0.11 mole) of 2-amino-4,5-diethoxypyrimidine6 in 55 ml. of 48% 
hydrobromic acid, 16.9 ml. (0.32 mole) of bromine was added 
at 0°, with stirring, over a period of 45 min. During this addi
tion, the mixture became very thick, but subsequently thinned 
out again. A solution of 19.4 g. (0.28 mole) of sodium nitrite 
in 28 ml. of water was added, still at 0°, over a 30-min. period 
and the stirring was continued for an additional 30 min. The re
sulting dark solution was cooled to —10°, and 200 ml. of a 20% 
solution of sodium hydroxide was added until a permanent basic 
reaction was produced. Filtration yielded 21.5 g. (79.0%) of
2-bromo-4,5-diethoxypyrimidine as a pale yellow solid, m.p. 
49°, which crystallized from pentane without change in melting 
point.

Anal. Calcd. for CgHnBrNiCb: C.38.88; H, 4.49. Found: 
C, 38.61; H, 4.48.

The hydrochloride, prepared with ethereal hydrogen chloride, 
melted at 135°; after softening, 95°.

Anal. Calcd. for CgfUBrCl^Cb: C, 33.88; H, 4.27.
Found: C, 34.29; H, 4.45%.

2-Bromo-4-chloro-5-ethoxypyrimidine.—Under the same con
ditions, except that the product was isolated by extraction with 
methylene dichloride, 2-amino-4-ehloro-5-ethoxypyrimidine6 gave 
a 67% yield of 2-bromo-4-chloro-5-ethoxypyrimidine, m.p. 43- 
46°, after recrystallization from hexane.

(5) A fter th is  work was com pleted D. D. Bly and M. G. M ellon reported 
[./. O r g .  C h e m . ,  27, 2945 (1962)] conversion of 2-am inopyrirnidine to 2- 
brom opyrim idine in a 26.6%  yield by “ reverse add ition” diazotization. 
The scope of this m ethod has not been established. I t  m ay be comple
m entary  in its  application  to the m ethod described in the present paper.

(6) W. B raker, E . J. P ribyl, J. T . Sheehan, E. R. Spitzm iller, and  W. A. 
L o tt, J .  A m .  C h e m .  S o c . ,  69, 3072 (1947).

Anal. Calcd. for C6H6BrClN20 2: C, 30.35; H, 2.55; N>
11.80. Found: C, 30.65; H, 2.57; N, 11.80.

2-Bromo-4-chloro-5-n-propyIpyrimidme.—Diazotization of 2.8 
g. (0.0163 mole) of 2-aniino-4-chloro-5-ri-propylpyrimidine 
(prepared via 5-n-propylisocytosine, m.p. 236°, by the method 
reported for 2-amino-4-chIoro-5-methylpyrimidine7; m.p. 168°) 
and work-up in the same manner described gave, after concen
tration of the methylene dichloride extract, a residue which was 
extracted with pentane. Distillation of the pentane extract 
yielded 0.35 g. (9.3%) of 2-bromo-4-chloro-5-re-propylpyrimidine, 
b.p. 130° (18 mm.), nn v> 1.5475.

Anal. Calcd. for C7H8BrC.N2: C, 35.69; H, 3.42. Found: 
C, 35.66; H, 3.74.

The pentane-insoluble residue was recrystallized several times 
from isopropyl alcohol, yielding 0.98 g. of a solid, m.p. 226- 
227°, which failed to give a good analysis.

2-Amino-4-methoxy-5-bromopyrimidine.—Twenty-five grams 
(0.2 mole) of 2-amino-4-methoxypyrimidine was subjected to 
the Craig bromination procedure, the reaction mixture was ex
tracted with ether, and the extracts evaporated to dryness.

The residue was extracted with hot hexane, and the solution 
concentrated to a volume of 150 ml. A 10.0-g. sample (24.5%) 
of 2-amino-5-bromo-4-methoxypyrimidine, separated as pale 
yellow prisms, m.p. 118°; lit.3 9 m.p. 125-126°.

Anal. Calcd. for C5H6BrN30 : C, 29.43; H, 2.96; Br, 39.17; 
N, 20.59. Found: C, 29.58: H, 2.93; Br, 38.88; N, 20.12.

2,5-Dibromo-4-methoxypyrimidine.—The hexane mother liquor 
was washed with 10%, aqueous hydrochloric acid (to remove re
maining traces of starting material), then dried, and concentrated. 
A 10.4-g. sample (19.4%) of 2,5-dibromo-4-methoxypyrimidine 
crystallized as colorless needles, m.p. 85°.

Anal. Calcd. for C6H4Br2N20: C, 22.41; H, 1.50; Br,
59.66. Found: C, 22.83; H, 1.50; Br, 59.72.

2-Amino-5-bromopyrimidine.—Treatment of 23.5 g. of 2- 
aminopyrimidine with bromine and nitrite in the same manner 
described gave, after ether extraction of the reaction mixture, a 
residue of 0.7 g. (1.7%) of 2-amino-5-bromopyrimidine as light 
yellow plates, m.p. 235° (after softening), which crystallized from 
methanol in long needles; lit. m.p. 242-244°® and 235-237°.10

Anal. Calcd. for C4H4BrNs: C, 27.61; H, 2.32; Br, 45.93. 
Found: C, 27.33; H, 2.35; Br, 46.20.

Reaction of 2-Bromo-4-chIoro-5-ethoxypyrimidine with Sodium 
Ethoxide. (A) 2-Bromo-4,5-diethoxypyrimidine.—A solution 
of 16.5 g. (0.0695 mole) of the pyrimidine in 50 ml. of ethanol 
was added at 0° to a solution of 1.6 g. (0.0695 g.-atom) of sodium 
in 50 ml. of ethanol. The mixture was heated under reflux for 
2 hr., filtered, and concentrated in vacuo. To the residue a 
small amount of water was added and the mixture extracted with 
pentane. From the extract 16.3 g. (95% yield) of 2-bromo-4,5- 
diethoxypyrimidine, m.p. 48°, was obtained.

(B) 2,4,5-Triethoxypyrimidine.—In the same way, 22.9 g. 
(0.0965 mole) of the pyrimidine and 6.7 g. (0.29 g.-atom) of 
sodium in 150 ml. of ethanol gave 17.9 g. (95%) of 2,4,5-tri- 
ethoxypyrimidine, as a pale yellow solid, m.p. 33-34°, b.p. 
147° (15 mm.), solidifying to a colorless solid, m.p. 35.5°.

Anal. Calcd. for CioHi6N20 3: C, 56.58; H, 7.60. Found: 
C, 56.81; H, 7.72.

The hydrochloride, prepared in ethereal hydrogen chloride 
solution, crystallized in clusters of needles, m.p. 104°.

Anal. Calcd. for C10Hi,ClN,O,: C, 48.28; H, 6.89; N,
11.27. Found: C, 48.32; H, 6.60; N, 11.13.

The same triethoxypyrimidine was obtained in 84% yield from 
2-bromo-4,5-diethoxypyrimidine and sodium ethoxide.

5-Bromo-2,4-dimethoxypyrimidine.—A solution of 2.0 g. 
(0.00747 mole) of 2,5-dibromo-4-methoxypyrimidine and 0.44 g. 
of sodium methoxide in 50 ml. of methanol was heated under 
reflux for 16 hr., then evaporated to dryness. The residue was 
treated with water and extracted with methylene dichloride. 
The dried extract gave, on vacuum distillation, 0.8 g. (50%) 
of oil, b.p. 125° (17 mm.), which crystallized as colorless plates, 
m.p. 51-52°. Hilbert and Jansen11 recorded the compound as 
prisms, m.p. 63-64°.

(7) R. Hull, B. J. Lovell, H. T. Openshaw, and A. R. Todd, J .  C h e m .  

S o c . .  41 (1947).
(8) J. P. English, J. H. Clark, R. G. Shepherd, H. W. M arson, J. Krapcho, 

and  R. O. Roblin, J .  A m .  C h e m .  S o c . ,  68, 1039 (1946).
(9) J. P. English, J. H. C lark, J. W. Clapp, D. Seegar, and  R. H. Ebel, 

i b i d . .  68, 453 (1946).
(10) C. Ziegler, U. S. P a te n t 2,609,372 (Septem ber 2, 1952).
(11) G. E. H ilbert and  E. F. Jansen, J .  A m .  C h e m .  S o c . ,  86, 134 (1934).
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Anal. Calcd. for C6H7BrN20 2: C, 32.89; H, 3.22; Br,
36.48. Found: C, 32.91; H, 3.15; Br, 36.49.

Acknowledgment.—The authors are grateful to Mr. 
Joseph Grodsky and Mr. Charles N. Harper for the ele
mental analyses.
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A Simplified Synthesis1
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Most syntheses of dihydrosphingosine lead to a mix
ture of the two possible diastereoisomers,2-6 whose sep
aration is difficult to achieve. In the course of a recent 
investigation we observed that pure eri/Zhro-N-dichloro- 
acetyldihydrosphingosine crystallized from the crude 
mixture and could thus be separated from its steric 
counterpart.

In a previous report7 we described a synthesis of di
hydrosphingosine which involved reductive acetylation 
of the phenylhydrazone I and a selective reduction of 
the resulting ethyl 2-acetamido-3-oxooctadecanoate 
with lithium aluminum hydride to give N-acetyldihy- 
drosphingosine. While deacetylation proceeded sat
isfactorily when run on a relatively small scale, we 
experienced difficulties with the preparation of larger 
quantities of dihydrosphingosine, since considerable 
amounts of the amide resisted hydrolysis even after 
prolonged reaction.

Reduction of phenylhydrazones of type I with zinc 
and acetic acid usually is effected in the presence of 
acetic anhydride with formation of an acetamido 
group.7 ~9 We have found that acetylation can be 
avoided by employing moist acetic acid, and we were 
able to isolate the keto ester II as the hydrochloride 
in 89% yield. The same result was achieved with 
formic acid at a slightly elevated temperature.

Zn/A cO H
R—CO—C—COOC2H6----------- >• R—CO—CH—COOC2H6

|| or H COO H  | -f-
N—NH—C6H6 NHsC1-
I II

1. LiAlH,------------------->
2. CUCHCOOCHi

R—CH—CH—CH2OH
I I

OH NH

¿OCHCh
III

R = CHs(CH2)l4

The crude mixture of isomers resulting from the 
reduction of the hydrochloride II with lithium

aluminum hydride was treated directly with methyl 
dichloroacetate10 and pure en/i/iro-N-dichloroacetyl- 
dihydrosphingosine (III) was obtained after one crystal
lization. Mild alkaline hydrolysis afforded dihydro
sphingosine.

The present synthesis offers a convenient method for 
the preparation of dihydrosphingosine in batches of 
ten to twenty grams.

Experimental
Ethyl 2-Amino-3-oxooctadecanoate Hydrochloride (II). (A) 

With Zinc Formic Acid.—To a vigorously stirred suspension of 
zinc powder (10 g.) in 98% formic acid (100 cc.) the phenylhy
drazone I (8.56 g.) was added in portions, the temperature being 
maintained at 45-50°. After the addition was complete, the 
mixture was stirred for 20 min., cooled, and the zinc filtered off. 
The filtrate was poured into cold 2 N  hydrochloric acid (100 cc.) 
and the product was filtered, washed with water, and dried. 
Crystallization from ten volumes of tetrahydrofuran yielded 6.7 
g. (89%) of II, m.p. 126-128° (lit.11 m.p. 114-116°).

Anal. Calcd. for C20H4oN03Ci: C, 63.53; H, 10.64; Cl, 
9.39; N, 3.70. Found: C, 63.30; H, 10.47; Cl, 9.27; N,
4.04.

(B) With Zinc-Acetic Acid.—A solution of the phenylhydrazone 
(8.56 g.) in 97% acetic acid (70 cc.) was added during 30 min. to a 
stirred suspension of zinc powder (10 g.) in 97% acetic acid (30 
cc.), the temperature being maintained at 18-22° by external 
cooling. After stirring the colorless mixture for 15 min., the 
zinc was filtered off and the filtrate poured into cold 2 N  hydro
chloric acid (100 cc.). Crystallization from tetrahydrofuran 
yielded 6 .5-6.7 g. of II, m.p. 126-128°.

eri/f/iro-N-Dichloroacetyldihydrosphingosine (III).—A solution 
of the ester hydrochloride II (25 g.) in dry tetrahydrofuran (500 
cc.) was added to a cold suspension of lithium aluminum hydride 
(10 g.) in dry tetrahydrofuran (250 cc.). After stirring at 40° 
for 1 hr., the mixture was cooled and the excess of lithium 
aluminum hydride decomposed by ethyl acetate (5 cc.). Sodium 
potassium tartrate solution (10%, 500 cc.) was then added, 
followed by 2 A sodium hydroxide solution (50 cc.), and saturated 
sodium chloride solution (100 cc.). The ethereal extracts were 
dried over anhydrous sodium sulfate and evaporated in vacuo. 
The solid residue (18 g.), melting at 60-70°, was dissolved in 
methyl dichloroacetate (200 cc.) and the solution heated in a 
boiling water bath for 2 hr. To the slightly cooled mixture 
petroleum ether (500 cc.) was added and the precipitated product 
was crystallized from methanol; yield 12 g . (45%); m.p. 142- 
144°.

Anal. Calcd. for C2oH39N0 3C12: C, 58.25; H, 9.53; N, 3.40; 
Cl, 17.20. Found: C, 58.50; H, 9.44; N, 3.63; Cl, 17.09.

Dihydrosphingosine.—N -Dichloroacetyldihydrosphingosine 
(4.12 g.) was dissolved with slight warming in methanol (360 
cc.), N  sodium hydroxide solution (40 cc.) was added, and the 
solution was left overnight at room temperature. N  Acetic 
acid (40 cc.) was added and the solution was concentrated 
in vacuo until precipitation set in. Crystallization from chloro
form gave 2.45 g. (82%), m.p. 85-86°.

(10) J .  Confcroulis, M. Rebstock, and H. M. Crooks, i b i d . ,  71, 2463 
(1949).

(11) I. Sallay, F. D utka, and  G. Fodor, H e l v .  C h i m .  A c t a ,  37, 778 (1954).

The Aqueous Chemistry of 

Peroxychloroacetic Acid

E. Koubek and John O. Edwards

(1) Supported in p a r t  by  a  g ran t from  Sam uel R othberg  of Peoria, 111.
(2) G. I. G regory and T. M alkin, J .  C h e m . S o c . ,  2453 (1951).
(3) M. J . Egerton, C. I. G regory, and  T. M alkin, i b i d . ,  2272 (1952).
(4) N. Fisher, C h e m .  I n d .  (London), 130 (1952).
(5) M. P rostenik and N. Stanéev, J .  O r g .  C h e m . ,  18, 59 (1953).
(6) E . F. Jenny  and  C. A. Grob, H e l v .  C h i m .  A c t a ,  36, 1936 (1953).
(7) D. Shapiro, H. Segal, and H. M . Flowers, J .  A m .  C h e m .  S o c . ,  80, 2170 

(1958).
(8) W. A. Bolhofer, i b i d . ,  74, 5459 (1952).
(9) D. Shapiro, H. Segal, and H. M. Flowers, ibid., 80, 1194 (1958).
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There are several reports in the literature concerning 
the in situ preparations of substituted peroxyacetic
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Fig. 1.—'A typical basic titration curve for a sample of peroxy- 
chloroacetic acid, temp., 25°.
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Fig. 2.—A plot of the log of the observed first-order rate con
stant in sec. -1 for the hydrolysis of peroxyacetic acid and peroxy- 
chloroacetic acid vs. the log of the perchloric acid concentration: 
temp., 19.9°; 0 , peroxyacetic acid; • , peroxychloroacetic acid.

acids,1 but there is available little reliable data con
cerning their isolation or their aqueous chemistry. In 
the case of peroxychloroacetic acid, most of these re
ports are found in the patent literature,2 except for 
some early work by Panizzon.3 He reported the prep
aration of peroxychloroacetic acid by its distillation 
(33-34° with decomposition at 3.5-4.0 mm.) from a 
mixture of chloroacetic anhydride and hydrogen per
oxide in sulfuric acid. We have found it impossible to 
isolate any peroxy acid by this method. Our analysis4 
of the distillate with ceric and iodide ions showed all 
peroxide present to be hydrogen peroxide. This is con
sistent with the fact that the vapor pressure reported 
by Panizzon corresponds to that of hydrogen peroxide 
(lit.6 3.5-4.0 mm. at 33-34°).

Experimental
For the preparation of peroxychloroacetic acid, a modified ver

sion of the method of Panizzon3 was used. Hydrogen peroxide

(11.5 g. of 30% B&A reagent) was added dropwise over a period 
of 1 hr. to 70 g. of concentrated sulfuric acid which was immersed 
in an ice bath. Then 9.2 g. of chloroacetic anhydride (or 9.5 g. 
of chloroacetic acid) was added slowly and the resulting mixture 
stirred until all solid material was dissolved. The resulting clear 
solution was then allowed to stand for 24 hr. at room tempera
ture after which it was extracted with three 30-ml. portions of 
anhydrous redistilled dichloromethane. The extracts were 
combined and the dichloromethane removed by evaporation 
under reduced pressure at 0°; precautions were taken to exclude 
moisture. A clear viscous liquid (3 to 4 ml.) remained after the 
removal of dichloromethane. Analysis4 of the liquid showed it to 
contain 50-60% peroxychloroacetic acid, 1-5% hydrogen per
oxide, and 40-50% chloroacetic acid. The per cent amount of 
the last compound was established from basic titration curves 
obtained using a Beckman Model G pH meter.

For the hydrolysis experiments 0.5 to 1 ml. of a freshly pre
pared sample of the last material was added to 50 ml. of per
chloric acid solutions, varying in concentration from 0.1 to
11.6 M. These perchloric acid solutions were prepared by direct 
dilution of 72% perchloric acid (B&A reagent grade) with de
ionized water. The rates of hydrolysis were studied at 0, 25, 
and 35°, constant temperatures being maintained by means of 
ice and/or water baths. Care was exercised to eliminate possible 
errors due to trace metal-catalyzed decomposition.

Peroxyacetic acid was prepared by a method analogous to that 
used for the preparation of peroxychloroacetic acid, except that 
in this case the peroxy acid could be distilled from the reaction 
mixture under reduced pressure (30.5 ±  0.5° at 26 mm.). 
The distillate contained about 70% peroxyacetic acid, 25% 
acetic acid, and 5% hydrogen peroxide. In this case, as also in 
the case of peroxychloroacetic acid, the parent acid and the small 
amount of hydrogen peroxide were found to have little effect on 
the hydrolysis reaction, the kinetics of which are being reported 
now.

Measurements of the rate of oxidation of nitrosobenzene were 
carried out in 47% ethanol-water mixtures in a temperature- 
controlled Beckman DK-1 recording spectrophotometer with 1- 
cm. cells. These experiments were conducted under pseudo first- 
order conditions, 0.101 M  nitrosobenzene being oxidized by 0.10- 
0.15 M  peroxy acid.

Results and Discussion
Fig. 1 shows a typical curve of pH vs. milliliters of 

base added obtained for samples of peroxychloroacetic 
acid. Although active decomposition of the peroxy 
acid takes place at pH values near the pK &, with rapid 
measurement a reproducible pjK& value of 7.2 was ob
tained. Thus peroxychloroacetic acid is the strongest 
peroxy acid known to exist in aqueous solution (with 
the possible exception of peroxyformic acid,6 for which a 
pAa value has been measured).

I t may be pointed out that peroxy acids are known to 
undergo decomposition in aqueous solution by two 
pathways other than hydrolysis. These are (1) spon
taneous decomposition in aqueous alkaline media7 8 and
(2) trace metal ion-catalyzed decomposition.910 During 
the spontaneous decomposition of peroxyacetic acid, 
oxygen is evolved, while the trace metal ion-catalyzed 
decomposition is accompanied by the evolution of oxy
gen, carbon dioxide, and traces of carbon monoxide.10 
However, during the hydrolysis of peroxyacetic and 
peroxychloroacetic acid no gaseous products were ob-

(1) (a) W. D. Em m ons and  A. S. Pagano, J .  A m .  C h e m .  S o c . ,  77, 89 
(1955); (b) F. F ichter, A. Fritseher, and  P. M uller, H e l v .  C h i m .  A c t a ,  6, 
502 (1923).

(2) (a) J. D ’Ans, G erm an P a ten t 251,802 (1911); (b) I. G. Farbenindus- 
trie, B ritish P a te n t 369,716 (1931); (c) A. Grosse, U. S. P a ten t 2,806,045 
(1957); (d) H. K rim , U. S. P a ten t 2,813,896 (1957).

(3) L. Panizzon, H e l v .  C h i m .  A c t a ,  15, 1187 (1932).
(4) F. P. G reenspan and  D. G. M acKeller, A n a l .  C h e m . ,  20, 1061 (1948).
(5) W. C. Schum b, C. N. Satterfield, and  R. L. W entw orth, “ H ydrogen

Peroxide,” Reinhold Publishing Corp., New York, N. Y., 1955, p. 226. *

(6) P. A. Giguere and  A. W. Olmos, C a n .  J .  C h e m . ,  30, 821 (1952).
(7) (a) D. L. Ball and  J. O. Edw ards, J .  A m .  C h e m .  S o c . ,  78, 1125 (1956); 

(b) J . F. Goodman, P. Robson, and  E. R. Wilson, T r a n s .  F a r a d a y  S o c . ,  58, 
1846 (1962).

(8) E . Koubek, M. L. H aggett, C. J. B attag lia, K . M . Ibne-R asa , H. Y. 
Pyun, and  J. O. Edw ards, accepted for publication  by  J .  A m .  C h e m .  S o c .  

(1963).
(9) D. L. Ball and J. O. Edw ards. J .  P h y s .  C h e m . ,  62, 343 (1958).
(10) E . Koubek and  J. O. Edw ards, accepted for publication  by  J .  I n o r g .  

N u c l .  C h e m .  (1963).
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served, the only products produced being hydrogen 
peroxide and the parent acid. Conditions under which 
each of these three pathways could be studied for 
the decompositions of peroxyacetic and peroxychloro- 
acetic acid were established. The results of the studies 
on the spontaneous decompositions and decompositions 
catalyzed by metal ions are the subjects of separate 
communications.8'10

In view of these facts, during the acid hydrolysis 
experiments both the kinetics of the disappearance of 
peroxy acid and the appearance of hydrogen peroxide 
were studied. No change in total peroxide content was 
noticed up to 90% reaction; i.e., the rate of disappear
ance of peroxy acid corresponded exactly to the rate of 
formation of hydrogen peroxide. Therefore, acid hy
drolysis was not accompanied either by decomposition to 
oxygen or by decomposition to oxygen and carbon 
dioxide. Both rates (peroxyacetic and peroxychloro- 
acetic acids) appear to follow a first-order relationship 
(log concentration of peroxy acid vs. time gave a linear 
plot) to 90% reaction. The results now obtained for 
first-order rates of hydrolysis of the two peroxy acids 
as a function of the perchloric acid concentration are 
given in Fig. 2. The value 0.96 X 10”4 l./mole sec. for 
the second-order acid-catalyzed rate constant of per
oxyacetic acid agrees with the value of 1.0 X 10”4 
previously obtained by Bunton and co-workers.11

The rates of hydrolysis were measured at three tem
peratures (0, 24.8, and 35.3°); the rate constants are 
listed in Table I. The energies of activation (/ia) 
calculated from the rate constants given in Table I are
16.8 kcal./mole for the acid-catalyzed hydrolysis of 
peroxyacetic acid and 13.7 kcal./mole for the un
catalyzed hydrolysis of peroxychloroacetic acid. The 
entropies of activation (A<S*) are —22.6 cal./deg. mole 
and —29.3 cal./deg. mole in the same order.

Experiments to determine the effect of ionic strength 
upon the hydrolysis rate proved rather unsatisfactory, 
for the addition of sodium perchlorate led to a rapid 
decrease in total peroxide content. Most likely this 
resulted from addition of trace amounts of catalytic 
ions contained in the perchlorate salt.

The rates of hydrolysis of the two peroxy acids can 
be discussed in terms of the over-all rate law, rate = 
&o[ROOH] +  /tH [ROOH] [H30+]. From the apparent 
first-order dependence of the rate of hydrolysis of 
peroxyacetic acid on perchloric acid concentration, it is 
likely, as Bunton has pointed out, that the hydrolysis 
proceeds via nucleophilic attack by water on the un- 
protonated form. Nevertheless, the constant ko must 
be less than 5 X 10”fi sec. -1 and thus in 1 M acid the 
uncatalyzed rate amounts to less than 5% of the total 
rate of hydrolysis.

It is seen from Fig. 2 that, in the hydrolyses of the 
chloro substituted peroxy acid, the uncatalyzed rate is 
predominant over most of the acidity range, the value 
of k0 being 7 X 10”4 sec.”1. Thus the uncatalyzed 
hydrolysis rate is much more significant than the acid- 
catalyzed hydrolysis over most of the acid range. 
However, at 8 M  perchloric acid, the acid-catalyzed 
rate begins to contribute significantly to the over-all 
observed rate as demonstrated by the sharp increase in 
&obsd- This behavior is not completely unexpected

(11) C. A. B unton, T. A. Lewis, and  D. R. Llewellyn, J .  C h e m .  S o c . ,  1226
(1956).

Table I
The Observed F irst-Order Rate Constants for the 

Hydrolysis of Peroxyacetic and Peroxychloroacetic 
Acids at Various Temperatures and at 

Various Concentrations of Perchloric Acid
Peroxy

acetic acid ioba (sec. ■)
[HCIO,] 24.8° 35.3 0°

0.10 1.56 X 10“6
0.50 5.56 X 10 6
1.00 9.65 X 10 2.54 X 10”4
2.00 1.78 X 10”4 4.75 X 10- 4
3.00 2.65 X 10”4 7.05 X 1Ü- 4
4,00 3.42 X 10”4
5.00 4.43 X 10”4 2.96 X IO”4
6.00 5.38 X 10”4 3.43 X 10”‘
7.00 6.16 X 10”4 4.82 X io -‘
8.00 7.56 X 10”4

Peroxy-
chloro-

acetic acid

0.50 5.85 X 10~4
1.00 6.23 X 10”4 1.33 X 10”3 8.35 X 10 6
1.50 6.84 X 10~4
2.00 6.66 X 10”4 1.58 X 10”3 8.70 X 10
3.00 7.24 X 10”4 1 64 X 10”3 8.70 X 10”s
4 00 7.05 X 10”4 1.70 X 10"3 9.01 X 10-*
5.00 6.90 X 10”4
6.00 6.48 X 10”4
7.00 6.65 X 10”4
9.00 6.70 X 10“4

10.0 8.35 X 10" 4
11.6 13 X 10-4 (initial rate)

since the chlorine atom, while increasing the positive 
character of the carbonyl carbon, decreases the basicity 
of the carbonyl oxygen. Therefore, even though the 
protonated peroxychloroacetic acid is more susceptible 
to nucleophilic attack, its equilibrium concentration is 
much lower (relative to peroxyacetic acid under the 
same conditions), these two effects acting in opposition 
to each other. Tommila and Hinshelwood,12 in their 
studies on the acid-catalyzed hydrolysis of benzoic 
acid esters, found that substituents on the benzene ring 
had virtually no influence on the rate of reaction; i.e., 
kit was found to be essentially the same for the variously 
substituted benzoic acid esters. Presumably the sub
stituents exert electronic effects similar to those sug
gested for the chlorine atom in the peroxychloroacetic 
acid.

In order to test the kinetic reactivity of peroxychloro
acetic acid as an electrophile, the rate of oxidation of 
nitrosobenzene to nitrobenzene has been measured 
along with comparative data for two known peroxy 
acids. The second-order rate constants for the oxida
tion of nitrosobenzene at 30° were found to be 5.15 
X 10“4, 35 X 10”4, and 167 X 10”4 l./mole sec. for 
peroxyacetic,13 peroxymonosulfuric, and peroxychloro
acetic acid, respectively.

The main disadvantages associated with this new 
peroxy acid appear to be the ease with which it is 
hydrolyzed into chloroacetic acid and hydrogen per
oxide and its spontaneous decomposition8 into chloro
acetic acid and oxygen. The former is prevalent at all 
ranges of pH while the latter is significant near the pN„

(12) E. Tom m ila and  C. N. Hinshelwood, i b i d . ,  1807 (1938).
(13) K. M. Ibne-R asa, C. G. Lauro, and  J. O. Edw ards, J .  A m .  C h e m .  

S i 86, 1165 (1963).
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of the peroxy acid. In the case of peroxychloroacetic 
acid both processes take place at a much greater rate 
than with peroxyacetic acid.

Acknowledgment.—The authors wish to thank the
U. S. Atomic Energy Commission for financing part of 
this work (contract AEC-1983). They also thank Dr. 
Khairat M. Ibne-Rasa for many helpful discussions and 
Miss Nan L. Sorensen for technical assistance.
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The only references to the synthesis of 4/i-l,3-benzo 
thiazinones utilize the reaction of thiosalicylamide 
with aldehydes1 or benzal chloride.2

(1) H. Böhme and  W. Schm idt, A r c h .  P h a r m . ,  286, 330 (1953).
(2) R. Boudet, B u l l .  s o c .  c h i m .  F r a n c e ,  1518 (1955).

We have found that 2-phenyl-3-alkyl-dihydrobenzo- 
thiazinones are readily prepared from thiosalicyclic 
acid, an, aldehyde, and a primary amine in refluxing 
benzene. Oxidation by permanganate in acetic acid 
gives the sulfone.

When methylamine was replaced by 1,1-dimethyl- 
hydrazine or by aniline, the reaction failed.

Experimental3
2,3-Dihydro-3-methyl-2-(p-chlorophenyl)-4.ff-l,3-benzothia- 

zinone-4.—p-Chlorobenzaldehyde (10.0 g., 0.071 mole) was 
mixed with 30 ml. of anhydrous benzene previously saturated 
with methylamine. After 5 min. the solution turned milky. The 
solution was refluxed and water was removed azeotropically; the 
theoretical amount of water was obtained in 1 hr. The solution 
was cooled, powdered thiosalicyclic acid (0.071 mole) was added, 
and reflux was continued until another equivalent of water was 
removed (several hours). After cooling, the solution was rinsed 
with dilute base, dried, and the solvent was then removed. The 
residual viscous oil soon crystallized. The solid was triturated 
with hexane then reerystallized from benzene-isopropyl ether 
(11.0 g., m.p. 123.5-124°).

Anal. Calcd. for Ci5HI2C1NOS: C, 62.17; H, 4.17. Found: 
C, 62.17; H, 4.08.

2,3-Dihydro-3-methyl-2-(p-chlorophenyl)-4ff-l ,3-benzothiazin-
4-one 1,1-dioxide.—An aqueous solution containing 8.3 g. (0.053 
mole) potassium permanganate was added portionwise, with 
stirring, to a solution of 9.0 g. (0.031 mole) of the thiazinone in 90 
ml. of acetic acid. Slight cooling was required to keep the tem
perature below 35°. The brown mixture containing a tan sus
pended solid was stirred an additional half hour and a small 
amount of sodium hydrosulfite was then added to decolorize the 
solution. The tan solid product was filtered and recrystallized 
from alcohol-acetone giving 5.5 g. of white crystals (m.p. 169-
170°)-

Anal. Calcd. for C,5H12C1N03S: C, 55.99; H, 3.76. Found: 
C, 55.69; H, 3.87.

(3) All m elting points are corrected. Analyses were perform ed by D 
R olston and her staff of these laboratories.
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C o m m u n i c a t i o n s  TO THE EDITOR

Intramolecular Cleavages and Double Bond 

Additions of Polar Organometallic Compounds1

Sir:

Rearrangement of the cyclobutylmethyl organo
metallic compounds of sodium, lithium, and magnesium 
to isomeric acyclic compounds (I -► II) is reported in 
this communication. In addition, l-methyl-l-pent-4- 
enyl organometallic compounds of the same metals

c h 2m ___^

— c h 2m
I II

M = Na, Li, or Mg

have been found to rearrange to 3-methyl-l-pent-4- 
enyl isomers (III V); we propose that this re
arrangement occurs by ring closure of the initially

CH2M

c h 3
IV

CH2M ^

c h 3

M = Na, Li, 
or Mg

formed organometallic compounds III to cyclic isomers 
IV followed by ring opening to acyclic isomers V. 
These rearrangements are similar to that observed by 
Roberts and co-workers for the cyclopropylmethyl and
l-but-3-enyl Grignard reagents.2

The rates of some of these reactions can be measured 
and it should be possible to study the effects of dif
ferent reaction conditions on these intramolecular 
cleavages and double bond additions. The Grignard 
reagents (studied in tetrahydrofuran) appear to re
arrange much more slowly than the sodium and lithium 
reagents despite the use of less polar hydrocarbon media 
for the latter. The equilibration of isomeric organo
metallic compounds also permits estimation of their 
relative stabilities. For example, it appears that the 
equilibrium mixture of lithium compounds III and V in 
cyclohexane contains more than 99% of V, indicating a 
much greater stability for the primary than for the iso
meric secondary organolithium compound.

1. Evidence for Ring Opening.—Treatment of 
cyclobutylmethyl chloride with sodium in tetradecane 
produced 1-pentene and methylcyclobutane in a ratio 
of 7: l .3 These hydrocarbons probably arose from the

(1) Prelim inary work was supported by  research g ran t 7766 (to  H. G. R.) 
from the N ational In s titu te s  of H ealth  and  by  a  N ational Science Founda
tion Postdoctoral Fellowship (to  E . A. H .). R ecent work has been supported 
by  grants from the  Petroleum  Research Fund  adm inistered by  the  American 
Chemical Society (to  E. A. H. and to H. G. R.) and by equipm ent grants 
(to E . A. H.) from the G raduate  School and the  In s titu te  of Technology of the 
U niversity of M innesota. G rateful acknow ledgem ent is hereby m ade of 
this support.

(2) M. S. Silver, P. R. Shafer, J. E. N ordländer, C. R uchard t, and J. D. 
R oberts, J .  A m .  C h e m .  S o c . ,  82, 2646 (1960).

(3) P roduct analyses were by  vapor phase chrom atography. Identifica
tion of the separated  com ponents was by  gas phase infrared spectra.

action of l-pent-4-enylsodium (II) and cyclobutyl- 
methylsodium (I), respectively, as bases in elimination 
reactions.4 Presumably cyclobutylmethylsodium (I) 
formed first and then underwent ring opening to form 
the acyclic organosodium compound II.

The lithium compound prepared at room temperature 
in benzene from cyclobutylmethyl bromide and lithium 
rearranged similarly. Samples hydrolyzed after stand
ing for 1 or 18 hr. gave a 93:7 mixture of 1-pentene and 
methylcyclobutane.6 It is likely that the rearrange
ment was nearly complete when the first sample was 
taken, since removal of the solvent under vacuum, 
followed by hydrolysis of the residue, reduced the 
methylcyclobutane to less than 0.5%. Some hydrolysis 
by traces of moisture presumably occurred during or 
shortly after formation of the reagent.

The cyclobutylmethyl Grignard reagent also was ob
served to rearrange at temperatures near the boiling 
point of tetrahydrofuran (65°).6 This rearrangement 
occurs in the presence or absence of excess magnesium, 
with the chloride or the bromide, and with either regular 
Grignard reagent magnesium or sublimed magnesium. 
The degree of rearrangement increases with time of 
heating, eliminating the possibility that all of the re
arrangement occurs during formation of the Grignard 
reagent.7 Rearrangement to the acyclic reagent pro
ceeds at least 99.8% to completion.

2. Evidence for Ring Closure.—Organolithium 
compound III was prepared by reaction of lithium with 
a mercury compound, b.p. 92° (0.6-0.7 mm.), synthe
sized from mercuric chloride, and the Grignard reagent 
prepared from 5-chloro-l-hexene.8 Hydrolysis after 90 
min. of a portion of a solution obtained from refluxing 
this mercury compound with lithium in cyclohexane 
gave a C6 product which was at least 99% 3-methyl-l- 
pentene. The composition and the yield were un
changed after the solution had stood at room tempera
ture for an additional 24 hr.9 This rearranged olefin 
probably arose from hydrolysis of organolithium com
pound V; presumably organolithium compound III 
formed initially but then rearranged rapidly to V.

(4) Products of form ula CiHs also were form ed. The na tu re  of these 
products will be discussed elsewhere. Com pare w ith W. Kirmse and W. von 
E. Doering, T e t r a h e d r o n ,  11, 266 (1960); L. F riedm an and J . G. Berger, J .  

A m .  C h e m .  S o c . ,  83, 492, 500 (1961); and P. S. Skell and A. P. Krapcho, 
i b i d . ,  83, 754 (1961).

(5) I t  is assum ed th a t  hydrolyses of the organom etallic com pounds are 
considerably m ore rapid th an  th e ir  rearrangem ents. The assum ption  is 
valid a t  least w ith the G rignard reagents.

(6) R. C. Krug, I. W. Sm ith, and C. E. F ry  [J. A m .  C h e m .  S o c . ,  76, 
3222 (1954)] previously have reported  the reaction of a G rignard reagent 
from cyclobutylm ethyl brom ide w ith phenyl isocyanate. I t  appears th a t  
the  anilide they  obtained  was th a t  of cyclobutylacetic acid .7

(7) The structu res of the  original and rearranged G rignard reagents have 
been confirmed by  carbonation to the corresponding carboylic acids (R. A. 
D oughty).

(8) R eaction of the m ercury com pound w ith hydrochloric acid gave a  mix
tu re  of 98%  of 1-hexene and 2%  of 3-m ethyl-1-pentene. The rearranged 
group (1°) should be cleaved even more readily by  acid th an  the unrear
ranged group (2°) [F. C. W hitm ore and  H. Bernstein, J .  A m .  C h e m .  S o c . ,  

60, 2626 (1938)] so this per cent of 3-m ethyl-1-pentene represents maxim um  
of rearranged groups.

(9) T h a t the olefins observed had no t formed prior to the  hydrolyses was 
shown by pum ping off the volatile m aterial and then  hydrolyzing the residue; 
¿ittle  of the  olefinic p roduct was in the  volatile portion.
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Aliquots of a refluxing tetrahydrofuran solution of a 
Grignard reagent prepared from 5-chloro-l-hexene were 
hydrolyzed at intervals. The proportion of 3-methyl-l- 
pentene in the mixture of 1-hexene and 3-methyl-l- 
pentene increased, but at decreasing rate, to about 20% 
after 14 days. At that time volatile materials were re
moved from the solution under vacuum and the re
maining solid hydrolyzed to give in poor yield a mix
ture containing 85% of 3-methyl-1-pentene and only 
15% of 1-hexene. Apparently in this case, attack of 
the Grignard reagent on solvent to produce olefin is 
competitive with the slower rearrangement, so that with 
increasing time, a smaller fraction of the olefin in the 
samples analyzed was actually formed in the hydrolysis 
operation.

Reaction of 5-chloro-l-hexene with sodium in hydro
carbon solvents also gave 1-hexene and 3-methyl-l- 
pentene, with the rearranged olefin predominating. 
The reaction mixtures contained 1,5-hexadiene and 
smaller amounts of other compounds that must have 
formed by reaction of the chloride with the sodium 
compounds.

Reasonable possibilities for the mechanism of these 
rearrangements include a four-center process and either 
heterolytic or homolytic cleavage to the corresponding 
carbanion or free radical which then undergoes re
arrangement. The increase in the facility of rearrange
ment with polarity of the carbon-metal bond supports 
the ionic mechanism or a highly polar four-center proc
ess. However, the free radical mechanism remains a 
possible alternative.10 We currently are investigating 
this question kinetically and stereochemically and are 
exploring several extensions and variations of these 
elimination and intramolecular addition reactions.

(10) R. C. Lam b of the U niversity  of Georgia kindly has inform ed us of a 
sim ilar cyclization noted in oxygenation of the G rignard reagent from 6- 
bromo-1-hexene, in which a free radical pathw ay appears likely. He also 
found some cyclization in the earbonation of the same G rignard reagent. 
T his agrees with our findings th a t  the G rignard rearrangem ent occurs in th a t 
system .

Department of Chemistry 
University of Minnesota 
Minneapolis 14, Minnesota
Department of Chemistry 
The Pennsylvania State University 
University Park, Pennsylvania

Received April 29, 1963

The Photolysis of Thujone

Sir:
We wish to report that the photolysis of the terpene 

ketone thujone (I) appears to offer an example of the 
participation of a cyclopropane ring in facilitating the 
photochemical elimination of carbon monoxide from a 
ketone. Thujone (I) is converted smoothly and with 
unusual rapidity into carbon monoxide and 2-isopropyl-
1,4-hexadiene (III) on exposure to ultraviolet radiation 
in the wave-length region1 2500-3000 A.

Infrared spectral analysis of the gaseous product 
showed it to be carbon monoxide (Xmax 4.62, 4.73 n), 
and gas-liquid chromatography of the liquid product

(1) The photo lysis proceeded a t an uninhibited ra te  and to the same prod
ucts using a 30%  solution of thujone in benzene.

I ii hi

revealed only traces of products2 other than 2-isopropyl-
1,4-hexadiene (III) [\££  6.09 M (C=C), 7.26 and 7.35 
n (CH3CCH3), 3.31 and 10.29 M (trams—RCH=CHR),
3.25 and 11.20 n (CRiR2= C H 2); n.m.r. spectrum,3 
65 and 79 (Ctf3CHCH3), 99 (Ctf3C=C), multiplet 
about 132 (CH3CHCH3), 163 (CHi), 285 (C =C tf2), 
multiplet about 327 (—CH=CH—); integral, 16 
protons, in accord with the foregoing assignments. 
Anal. Calcd. for C9Hi6: C, 87.23; H, 12.77. Found: 
C, 87.51; H, 12.80]. The photolyses were carried out 
in quartz cells using either 150-watt high pressure 
Hanovia (510B1) xenon-mercury arcs or General 
Electric (H400A33-1) 400-watt “Dark Light” arcs 
with the external envelope removed. Manometric 
measurements were made in a nitrogen-filled system 
using mercury-filled burets.

Under given photochemical conditions the rates of 
carbon monoxide evolution (first 10% of reaction) from 
thujone,4 cyclopentanone, and cyclohexanone as neat 
liquids were respectively 0.79, 0.047, and 0.025 ml. 
per minute. Since the integrated absorption intensities 
[ f  e&v] of thujone, cyclopentanone, and cyclohexanone 
for the wave-length interval 2600-3300 A. were, respec
tively, 44.5, 29.2, and 27.5 in arbitrary units, the fifteen- 
to thirtyfold greater photolysis rate for thujone reason
ably cannot be attributed to its somewhat greater ab
sorption in the photolytic region and may, instead, be 
ascribed to the presence of the cyclopropane ring in the 
homoallylic position.

Photolysis of solutions of thujone dissolved in ten 
times its volume of either cyclohexene or 1-propanol 
proceeded at rates comparable to those found for the 
neat liquid ; and gas-liquid chromatographic and in
frared spectral analysis of the photolyzate showed only 
traces of products other than the diene III. These 
results are taken to indicate that any intermediate 
radical such as II is capable of at best only very brief 
existence, and that the transition of thujone from its 
photoexcited state to the diene III and carbon monoxide 
is made unusually efficient by participation of the 
neighboring cyclopropane ring system. A similar 
facilitation of the photolysis of the 3-cyclopentenone 
system by the electrons of the double bond would be 
predicted. The clean-cut nature of such photochemi
cal reactions may prove useful in synthesis and in 
gasometric actinometry in the photochemically impor
tant 2500-3000-A. region.6

Acknowledgment.—We wish to express our apprecia
tion to the National Science Foundation (G-9476) and

(2) The ultravio let absorption spectrum  of the  gas chrom atographically  
homogeneous diene I I I  showed weak absorption a t  x £ £ H 231 m in d ic a t iv e  
of less th an  5%  of conjugated diene in the m aterial.

(3) A t 60 Me., in deuteriochloroform. Chem ical shifts are in  cycles per 
second referred to tetram ethylsilane as internal s tan d ard  a t  0 c.p.s.

(4) W hether ( —)-thujone or (-b)-isothujone was used m ade no difference 
in the  rate.

(5) Thujone is readily  available through efficient fractional distillation  of 
th u ja  oil (P .R . Dreyer, Inc., New York, N .Y .). T he fraction  having b.p. 
83.2-83.9° a t 15.9 mm., n 26d 1.4502, is suitable.
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Substitutions by Ligands of Low Valent Transi
tion Metals. A Preparation of Tolanes and 

Heterocyclics from Aryl Iodides and 

Cuprous Acetylides

Sir:
In the course of our studies of the reduction of 

multiple bonds by low valent transition metal ions,1 
we have had occasion to prepare a variety of unsym- 
metrical tolanes. We have found that these substances 
are conveniently obtained by the interaction of aryl 
iodides with cuprous acetylides. The reaction is best 
carried out in refluxing pyridine in a nitrogen at
mosphere.2

Pyrid ine
Ari +  CuC=C—P h ------ >- Ar—C=C—Ph +  Cui

Ni

Some illustrative yields for the process are depicted 
(Table I).

T a b l e  I

Y i e l d s  o f  T o l a n e s  f r o m  A r y l  I o d id e s  a n d  
C u p r o u s  p h e n y l a c e t y l id e

Aryl iodide P roduct Yield,
% ‘

90Iodobenzene Diphenylacetylene
p -  M ethoxyiodobenzene p-Methoxytolane 83
o-Methoxyiodobenzene o-Methoxytolane 80
p-N itroiodobenzene p-Nitrotolane 74
o-Nitroiodobenzene o-Nitro tolane 84
a All yields reported in this communication refer to the puri

fied product. Microanalyses, physical constants, and spectra 
are correct for all substances reported herein.

When the starting halide bears an ortho nucleophilic 
substituent, cyclization to the corresponding heterocycle 
occurs exclusively. In a reaction typical of both the 
tolane and heterocyclic synthesis, 3 g. of cuprous 
phenylacetylide and 4.03 g. of o-iodophenol were placed 
in a flask containing 200 ml. of pyridine which had been 
purged thoroughly with nitrogen. The reaction solution 
was refluxed for six hours in a nitrogen atmosphere. 
During this time the color changed from yellow to a 
dark reddish brown. The cooled solution was diluted 
with water and extracted with ether. The washed and 
dried ether extracts were concentrated and crystallized. 
The crude a-phenylbenzofuran was recrystallized from 
hot ethanol to yield 3.2 g. of pure material.8

(1) C. E. C astro and R. D. Stephens, A bstracts of Papers, Organic 
Division, 142nd N ational M eeting of the Am erican Chem ical Society, 
A tlantic C ity , N. J ., Septem ber, 1962, p. 23 Q.

(2) In  the  presence of oxygen, coupling of the acetylene occurs.

o

The foregoing set of transformations are indicative 
of the scope of the facile heterocyclic synthesis.

Moreover, o-aninotolane when exposed to cuprous 
iodide and cuprous phenylacetylide in pyridine was not 
cyclized but recovered quantitatively. This finding 
suggests that the substitution of halide and the cycliza
tion take place within the same copper complex.

Under proper conditions both the tolane and hetero
cyclic syntheses should be catalytic in copper. This 
point, as well as the scope and mechanism of these reac
tions, is under scrutiny.4

(3) This conversion has been effected in pyridine, dim ethylsulfoxide, 
dim ethylform am ide, and acetic acid; in  all solvents yields of b e tte r  th a n  80%  
were obtained.

(4) The authors are indebted  to  the  N ational Science F oundation  for a 
g ran t (G19145) in sup p o rt of th is  work.

D e p a r t m e n t s  o f  N e m a t o l o g y  a n d  C h e m is t r y  C . E .  C a s t r o  
U n i v e r s it y  o f  C a l if o r n ia  R .  D .  S t e p h e n s

R i v e r s i d e , C a l if o r n ia

R e c e i v e d  M a y  16, 1963

The Synthesis of Isothiazoles from Disalts 
of Dimercaptomethylenemalononitrile

Sir:
Mononuclear isothiazoles have been unknown until 

recently and few syntheses of this ring system have 
been described.1-6

(1) A. Adams and R. Slack, J .  C h e m .  S o c . ,  3061 (1959).
(2) (a) J . Goerdeler, A n g e w .  C h e m . ,  74, 498 (1962); (b) J . G oerdeler and 

H. W. Pohland, C h e m .  B e r . ,  94, 2950 (1961); (c) J. Goerdeler, A n g e w .  C h e m . ,  

72, 77 (1960).
(3) F. Willie, i b i d . ,  74, 467 (1962).
(4) F. H ubenett, F. H. Flock, and  H. Hoffm an, i b i d . ,  74, 653 (1962).

#(5) D. L eaver and  W. A. H. R obertson, P r o c .  C h e m .  S o c . ,  252 (1960).
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Only one general synthetic method is available for 
the synthesis of mononuclear isothiazoles having other 
than hydrocarbon substituents (the ring closure of /3- 
iminothioamides described independently by A. Adams 
and R. Slack and by J. Goerdeler).

We wish to report the novel synthesis of substituted 
isothiazoles by the ring closure of di(sodiomercapto)- 
methylenemalononitrile (1) under oxidizing conditions. 
This reaction appears to occur by an addition of a 
nucleophilic agent to the nitrile group and ring closure 
on sulfur with elimination of an anion.

S -B

C =N JC S^B
* \

=N°

Cyclizations to form two condensed ring isothiazoles 
have earlier been reported from this laboratory.6̂ 7

With one equivalent of hydrogen peroxide, the diso
dium salt7 8 (1) in aqueous solution was converted to the 
disodium salt of 3-hydroxy-5-mercapto-4-isothiazole (2) 
in 97% yield. Anal. Calcd. for C4S2N2ONa2: C, 
23.7; S, 31.7; Na, 22.8. Found: C, 22.4; H, 1.02; 
S, 31.3; Na, 21.1 ± 2%. X™“  320 m*. (e 13,300), 
290 (9800), 213 (11,000). The infrared spectrum 
(Nujol) showed strong bands at 4.55, 6.65, and 
7.6 a- Alkylation of 2 with one equivalent of methyl 
iodide followed by acidification yielded the methylthio 
derivative 3 (71%), m.p. 237-242°. Anal. Calcd. 
for C6H4N2OS2: C, 34.9; H, 2.34; S, 37.3; N, 16.3. 
Found: C, 34.9; H, 2.43; S, 37.3; N, 16.2. X^x 277 
mil (e 11,500). The infrared spectrum (Nujol) showed 
strong bands at 3.4, 3.65, 3.75, 3.85, 4.50, 6.10, 6.45, 
6.65, and 7.7 /u. Compound 3 readily dissolved in 
sodium carbonate solution and was recovered un
changed by acidification.

A second method, involving the reaction of the anhy
drous sodium salt 1 with chlorine in boiling carbon 
tetrachloride, gave a 57% yield of 3,5-dichloro-4-iso- 
thiazolecarbonitrile (4), m.p. 65-66°. Anal. Calcd. for 
C4N2C12S: C, 26.8; Cl, 39.6; S, 17.9; mol. wt., 179. 
Found: C, 27.1; Cl, 39.4; S, 17.8; mol. wt., 196 
(Rast, acetone). The infrared spectrum showed major 
bands at 4.5, 6.65, and 7.52/u.

(6) H. E. Simmons, R. D . Vest, D. C. Blom strom , J. R . Roland, and 
T. L. Cairns, J .  A m .  C h e m .  S e e . ,  84, 4746 (1962).

(7) W. R. H atchard , U. S. P a te n t 3,048,596 (1962).
(8) J . D. K endall and H. D. Edw ards, U. S. P a te n t 2,493,071 (1950).

Sulfur, as the oxidizing agent, dissolved in a boiling 
methanol solution of 1 to give a quantitative yield of the 
disodium salt of 3,5-dimercapto-4-isothiazolecarboni- 
trile (5). Anal. Calcd. for C4N2S3Na2: C, 22.0; 
N, 12.8; S, 44.1. Found: C, 22.3; N, 12.7; S, 42.8. 
x£lx 330 mM (e 7070), 303 (12,900), 260 (10,500), 
240 (sh) (9250), and 218 (14,300). With two 
moles of methyl iodide, 5 was converted to 3,5-bis- 
(methylthio)-4-isothiazolecarbonitrile (6), m.p. 131- 
131.5°, in 80% yield. Anal. Calcd. for C6H6N2S3: 
C, 35.6; H, 2.9; S, 47.5. Found: C, 35.8; H, 2.9; 
S, 47.9. X^L 284 m/i (e 13,300) 230 (11,700), 215 
(11,100). The infrared spectrum showed strong bands 
at 4.50, 6.65, 6.79, and 7.6 ju.

a S ^ N  
NCT—Hr
N/

ONa

(NC)2C=C(SNa)a
1

NC“-—HSNa
S

eij

c h 3s^ s - n
NC^----HqH

3

Cl
NC

(TS"N
U— DrCl

4

C H a S ^ N  
NC“— HSCHs

6

The ultraviolet and infrared absorption spectra of 
these compounds are consistent with the proposed 
structures and with the meager published information 
on spectra of isothiazole derivatives.215 The ultraviolet 
spectra differ considerably from those of the starting 
di(sodiomercapto)methylenemalononitrile (1) [Xmax342 
m/i (e 18,600), 272 (5400)] and the corresponding 
di(methylthio)methylenemalononitrile8 [X(,̂ x 330 m/i 
(« 13,200), 290 (sh) (6800)]. The infrared spectra 
show characteristic absorption bands between 6.6-6.85 
and 7.5-7.7 m, that have been attributed to the iso
thiazole ring.2b

Further details of these reaction products and of a 
variety of their derivatives will be described in future 
papers.
Contribution No. 852 W. R. Hatchard
Central Research Department
Experimental Station
E. I. du Pont de Nemours and Company
Wilmington, Delaware
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