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Contrary to previous reports of other investigators, 2-styrylpyridine photodimerizes, though in very low yield, owing 
to degradation and résinification. Irradiation of 2-styrylpyridinium methiodide produces a high yield of dimeric salt which, 
when sublimed i n  vacuo , gives two isomeric dimeric bases, one of which is identical with the dimer of 2-styrylpyridine.

Koller1 reported that ultraviolet irradiation of
2,4-dichloro-3-cyano-6-styrylpyridine produced a 
high-melting photodimer. By molecular-weight 
determination and by its inert behavior toward 
potassium permanganate in acetone, the dimer 
was shown to be l,3-bis(phenyl)-2,4-bis[2-(2,4- 
dichloro-3-cyano)pyridyl] cyclobutane which on py
rolysis reverted to 2,4-dichloro-3-cyano-6-styryI- 
pyridine. Under identical conditions,1 2-styryl
pyridine (2-stilbazole) (I) did not dimerize. Later, 
Henze2 prepared a bis (2-quinolyl) bis (phenyl) - 
cyclobutane by irradiation of 2-styrylquinoline. 
It was again reported that 2-styrylpyridine (I) 
did not photodimerize.

During a study of the ultraviolet spectra of a 
group of styrylpyridinium salts, it has been found 
that ultraviolet irradiation of solid 2-styrylpyridin
ium methiodide (II), m.p. 227-228°, produced a 
new salt (III), m.p. 310-312°. Irradiation was ac
companied by a change of color from yellow to 
white, with a simultaneous shift of the ultraviolet 
absorption of 2-styrylpyridinium methiodide (II) 
from 337 mp to 265 nip. Elemental analysis re
vealed that the empirical formula of the new salt 
was identical with that of 2-styrylpyridinium meth
iodide.

Sublimation of styrylpyridinium methiodides 
produces the corresponding styrylpyridine and 
methyl iodide. Accordingly, sublimation of the 
new salt (III) produced a free base (IV) which 
had elemental analyses and a molecular weight 
corresponding to that of a dimer of styrylpyridine.

The basic dimer obtained from the sublimation 
melted over the range, 108° to 170°. Fractional 
crystallization of the basic dimer (IV) has yielded 
two forms (IVa and IVb) melting at 189-190° 
and 117-118°. The molecular weights for the two 
isomers are 364 and 362, respectively. Figure 1 
shows that the basic dimers (IVa and IVb) and
2- (d-phenethyl) pyridine (V) are quite similar in 
ultraviolet spectra. 2-Styrylpyridine (I) differs 
vastly from both dimers in melting point and in 
ultraviolet absorption (Xms,x, 309 mp). The dimer
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(1) G. Koller, B e r ., 60B, 1920(1927).
(2) M. Henze, B e r ., 70B, 1273 (1937).
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Fig. 1. Ultraviolet spectra in methanol of 2-(/3-phen-
ethyl)pyridine, (V), 2 X 10-4 molar, ---------; dimer IVa,
1 X 10-4 molar, ---------; dimer IVb, 1 X 10-4 molar,
i m i m i i n i

salt (III) is similar in ultraviolet spectra to 2-
OS-phenethyl)pyridinium methiodide (VI).

Careful repetition of the irradiation of 2-styryl- 
pyridine (I), in the manner of Koller1 and Henze,2 
has shown that dimerization does indeed occur, 
but in only 2.6% yield. The majority of 2-styryl- 
pyridine (I) is photodegraded to a mixture of resin
ous and volatile products. The photodimer of 2- 
styrylpyridine (I) obtained is identical in physical 
properties with the higher melting isomer (IVa) 
obtained by the pyrolysis of the photodimer (III) 
of 2-styrylpyridinium methiodide (II).

In structures IVa, IVb, and III, no attempt is 
made to fix the configuration of the groups pendant 
to the cyclobutane ring. It appears reasonable, 
however, after examination of molecular models, 
to expect the quaternized rings to dimerize into 
alternate positions. This would reduce steric as 
well as charge interference. The configurational 
aspects of these tetra-substituted cyclobutanes is 
now under study.

EXPERIMENTAL

P h o to d im e r iz a tio n  o f  2 - s ty r y lp y r ià in iu m  m e th io d id e . 
Twenty-five g. of powdered 2-styrylpyridinium methiodides

(3) A. P. Phillips, J .  Org. C h e m ., 12, 333 (1947).

was irradiated in an open dish for 80 hr. a t a distance of 
10 in from a 450-watt, high-pressure, mercury-vapor lamp. 
The solids were mixed and crushed every 8 hr. to ensure ex
posure. The color of the solids changed from yellow, m.p. 
227-228°, to buff, m.p. 265-269°, during irradiation. Re
crystallization of the buff solid from water, after a treat
ment with Norit, produced a white solid, m.p. 310-312°. 
The meld was nearly quantitative.

A n a l .  Calcd. for C2SH28N2I2: C, 51.8; H, 4.7; N, 4.4; I,
39.2. Found: C, 52.0; H, 4.5; N, 4.2; I, 39.1.

P y r o h js is  o f  the  p h o to d im er  o f  2 - s ty r y lp y r id in iu m  m e th io 
d id e . Two g. of the photodimer of 2-styrylpyridinium methi
odide was placed in an all-glass vacuum sublimation appara
tus. The solids were heated at 0.1 mm. for 2 hr. a t 220°, 
followed by 2 hr. a t 275-280°. The sublimate (1 g.) was dis
solved in a boiling mixture of 100 ml. of benzene and 700 ml. 
of hexane. After treatment with Norit, the colorless solution 
was evaporated to dryness on the steam cone. The solids 
were boiled with 50 ml. of hexane. The undissolved solid 
(IVa) was separated and dried; weight, 0.2 g.; m.p. 189- 
190°.

A n a l .  Calcd. for C26H22N2: C, 85.6; H, 6.1; N, 7.8; mol. 
wt., 362. Found: C, 85.1; H, 5.7; N, 7.8; mol. wt., 364. The 
mother liquor, when cooled to 30°, produced 0.1 g. of crys
tals (IVa), m.p. 185-187°. The mother liquor was then 
evaporated on the steam cone to 30 ml. and cooled to 30° 
to produce 0.1 g. of white needles (IVb), m.p. 114-115°.

A n a l . Calcd. for CdsHkN^  C, 85.6; H, 6.1; N, 7.8; mol. 
wt., 362. Found: C, 85.7; H, 5.7; N, 7.8; mol. wt., 362.

The mother liquors yield, on evaporation to 15 ml., 0.2 
g. of mixed crystals, m.p. 109 to 140°.

P h o to d im e r iza tio n  o f  2 - s ty r y lp y r id in e . Six g. of 2-styryl- 
pyridine* 4 5 was irradiated for 72 !ir. at a distance of 10 in. 
from a 450-watt, high-pressure, mercury-vapor arc. The 
solids were stirred periodically until they became tacky. 
During irradiation, a strong aromatic odor was produced. 
The tacky solids, weighing 4 g., were dissolved :n 100 ml. 
of diethyl ether, and the solution was treated with Norit. 
The solution was evaporated to dryness, and the solids were 
boiled wdth a mixture of 50 ml. of ethyl acetate and 100 ml. 
of hexane. A considerable portion of the solids were sticky 
polymers which failed to dissolve and were then removed 
by filtration. The clear solution was cooled to —10°; white 
crystals (IVa) separated which, after filtration and drying, 
weighed 0.4 g., and melted at 185-188°. A sample recrys
tallized from (4:1) hexane-diethyl ether melted at 189- 
190°. A mixed melting point with (IVa) obtained from the 
dimer of 2-styrylpyridine methiodide (III) by pyrolysis was 
not depressed.

U ltra v io le t a b so r p tio n  cu rves. The ultraviolet spectra were 
run in 1-cm. quartz cells using a Cary Model 14 instrument.

M o le c u la r  w e ig h ts . Molecular-weight determinations were 
carried out by Dr. O. E. Schupp, of the Kodak Research 
Laboratories, using the elegant thermometric method of 
Neumayer.6

R ochester 4, N. Y.

(■=) B. D. Shaw and E. A. Wagstaff, J .  C h em . S o c ., p. 26
(1933).

(5) J. J. Neumayer, A n a l .  C h im . A c ta , 20, 51E (1959).



NOVEM BER 1 9 6 0 PREPA RA TIO N  O F 5,5-D IM ETH Y LC Y C LO PEN TA D IEN E 1 8 4 1

[Contribution- from the Department of Chemistry, Cornell University]

T h e P reparation  o f  5 ,5 -D im eth y lcy c lo p en ta d ien e

C. F. WILCOX, J r ., and M. MESIROV 

R ece ived  M a r c h  2 , 1 9 6 0

The preparation and identification of 5,5-dimethylcyclopentadiene is reported. The cyclodehydration of 2-methyl-3,5- 
hexadiene-2-ol is shown not to yield 5,5-dimethylcyclopentadiene.

In 1939 Zonis reported that when 2-methyl-3,5- 
hexadiene-2-ol, I, was heated with 25% aqueous sul
furic acid for eight hours at 100° a hydrocarbon 
with a boiling point of 108-111° was isolated in 25% 
yield.1 This hydrocarbon was assigned the struc
ture 5,5-dimethylcyclopentadiene, II, on the basis

CH3 ^CH , 

"OH
c h 3 c h 3 CH;, CH3

I II III

that (1) it had a molecular formula of C7H10, (2) 
it absorbed two equivalents of hydrogen, and (3) its 
molecular refractivity, 32.85, was consistent with 
the value of 31.40 calculated for a cyclic C7 diene.2 
This evidence is inadequate to exclude the numerous 
isomeric cyclopentadiene and cyclohexadiene struc
tures which might easily have arisen during the long 
exposure to hot acid. Furthermore, the reported 
boiling point seemed anomalous for II. As shown in 
Fig. 1, the boiling points of cyclopentane, cyclopen- 
tene, and cyclopentadiene decrease smoothly.3 Sim
ilarly, the boiling points of methylcyclopentane and
3.3- dimethylcyclopentane appear to follow the 
same trend except for the expected elevations due to 
increased molecular weight. Extrapolation of the 
dimethyl line yields a predicted boiling point for II 
of 74°, a value 35° lower than reported.

These considerations and our interest in cyclic 
dienes4 made it desirable to prepare an authentic 
sample of 5,5-dimethylcyclopentadiene by an inde
pendent route. A key compound in the proposed 
route was the known 3,3-dimethylcyclopentene, 
III. This compound was not prepared by one of the

(1) S. Zonis, Z h u r .  O b sch e i K h ir n ., 9, 2191 (1939).
(2) This value is not corrected for the conjugation or 

c is  nature of the double bonds. The exaltation for a cyclic 
conjugated diene is uncertain. K. Fajans, P h y s ic a l  M e th o d s  
o f  O rg a n ic  C h e m is tr y , Vol. 1, A. Weissberger, ed., Inter
science Publishers, Inc., New York, 1945, pp. 672-683.

(3) American Petroleum Institute Research Project 44 
a t the National Bureau of Standards. Selected Values of 
Properties of Hydrocarbons. Tables No. 6a and 18a. The 
boiling point given for 3,3-dimethylcyclopentene, III, 
appears to be in error. This value does not agree with that 
given by the references cited6 nor with our own determina
tion. I t  is perhaps significant tha t all of the physical proper
ties given for I II  are identical with those given for 4,4- 
dimethyleyclopentene. The original value was used in 
preparing Fig. 1.

(4) Unpublished results of Mrs. R. Craig on spiro [4.4]-
1.3- nonadiene.

NUMBER OF DOUBLE BONDS
Fig. 1. The variation of boiling point of various methyl 

substituted cyclopentanes as a function of the number of 
double bonds contained in the ring

published sequences6 but rather by the route shown 
in Fig. 2. Starting from the commercially available 
2-methylcyclohexanol, the olefin, III, was prepared 
in 11% over-all yield. The physical properties of our 
III agreed closely with those reported previously.6

The planned scheme to convert III into II was 
to brominate III with A-bromosuccinimide and 
then split out a molecule of hydrogen bromide with 
base. Trial experiments had shown that 3-bromo- 
cyclohexene gave a 55% yield of 1,3-cyclohexadiene 
when heated in a 5 :4 mixture of quinoline and chlo
robenzene at 95° for forty-five minutes. When this 
reaction was applied to III by first treating it with 
A-bromosuccinimide in chlorobenzene, then adding 
quinoline, and heating further, the only low boil
ing material obtained was a 10% recovery of III.

(5) N. Kishner, J .  R m s .  P h y s .  C h e m . S o c ., 40, 994 
(1908); G. Chavanne and G. Chivrdoglu, B u l l .  soc . c h im . 
B e lg ., 51, 11 (1942).
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TABLE I
P roducts from  th e  C yclodehydration  o f  2 -M eth y l-3,5-h ex a d ien e-2-ol

Frac
tion B.P. % R2d Md

% Composition by Gas Chromatography'’ 
A B O D E

1 64-100 6.7 1.4140 23.5 10 54 36
2 101-104.5 8.8 1.4555 33.4 25 75
3 104.5-107 11.1 1.4660 34.4 3 96 1
4 107-110 7.5 1.4598 32.5 77 1 22

Zonis 108-111 25 1.4580“ 32.9 ?
I 71.3 1.4240 31.4

a This value is estimated from the n 2£  1.4600 actually reported by Zonis. 1 Peak C is actually two peaks; these could not 
be resolved completely with helium carrier gas on dinonyl phthalate a t either 104° or 76°.

CH3
Fig. 2. Preparation of 3,3-dimethylcyclopentene

This one-step bromination-dehydrobromination 
was abandoned and 3,3-dimethyl-5-bromocyclo- 
pentene was prepared and isolated in 33-40% yield 
by use of iV-bromosuccinimice in the lower boiling 
solvent, carbon tetrachloride. This easily decom
posed bromide was freed of carbon tetrachloride 
and other gross impurities by cautious vacuum dis
tillation at temperatures below 40°. The purified 
bromide was immediately heated with quinoline in 
such a manner that the diene distilled out of the 
reaction flask as it was formed. The hydrocarbon 
thus obtained (60%-80% yield) was shown to be
5,5-dimethylcyclopentadiene, II, by the following 
chain of evidence: (1) the isolated hydrocarbon 
was at least 99% pure as measured by vapor phase 
chromatography, (2) the presence of a cfs-diene was 
indicated by an ultraviolet maximum at 250 mp. 
(log e 3.45) which was very similar to that of spiro
[4.4]-l,3-nonadiene,4 Xmax (ethanol) 254 m/t, log 
« 3.44, (3) it formed Diels-Alder adducts of the ex
pected composition with maleic anhydride and N- 
phenylmaleimide, (4) the NMR showed only two 
types of hydrogen in a ratio of 3:2 with an unre
solved vinyl peak similar to that of spiro [4.4]-1,3- 
nonadiene,4 (5) under conditions where cyclopenta- 
diene (Enjay, 95%) liberated 93% of the theoretical 
amount of ammonia from sodamide in dry tetrahy- 
drofuran, this hydrocarbon liberated at most only 
1%» (6) the hydrocarbon could be reduced with 
hydrogen to 1,1-dimethylcyclopentane, which was

identical in every way with that obtained from the 
known 3,3-dimethylcyclopentene, III.

With an authentic sample of 5,5-dimethylcyclo- 
pentadiene, II, now available for comparison, the 
dehydration of I was repeated according to the re
cipe of Zonis1 to see if it would provide a shorter 
route to II. The steam-distillable organic products 
thus obtained were redistilled and separated into 
four arbitrary fractions. The composition of these 
fractions as indicated by gas chromatography and 
their physical properties are given in Table I. The 
properties reported by Zonis as well as those of 5,5- 
dimethylcyclopentadiene are also given for refer
ence. From these data it is difficult to be certain of 
the structure of the original Zonis product except 
that it was not 5,5-dimethylcyclopentadiene. The 
low boiling fraction 1 was shown to be free of 5,5- 
dimethylcyclopentadiene by the total absence of in
frared bands at 10.55, 10.62, and 13.40 p, which 
were present as medium to strong peaks in the au
thentic sample. Fraction 1 also failed to yield a 
maleic anhydride or iV-phenylmaleimide derivative.

EXPERIMENTAL6
2 -M e lh y lc y c lo h e x a n o n e . This compound was prepared from

2-methylcyclohexanol according to the chromic acid oxida
tion procedure of Ouderldrk and Meinwald7 in 83% yield;
b.p. 160-162° (745 mm.), n 5D2 1.4508.

2 .2 -  D im e th y lc y c lo h e x a n o n e . The 2-methylcyclohexanone 
was methylated and isolated by the procedure of King, 
et a l*  in 52% yield; b.p. 100-102° (100 mm.), n2E* 1.4451; 
reported, b.p. 170-171° (765 mm.), nb8' 5 1.4492.

2 .2 -  D im e th y la d ip ic  a c id . The oxidation of 2,2-dimethyl- 
cyclohexanone was carried out by the method of Meerwein 
and Unkel,9 except that only 4 ml. of coned, nitric acid was 
used for each gram of ketone. The recrystallized acid was 
obtained in 45% yield, m.p. 85-86°; reported, m.p. 86-87°.

2 .2 -  D im e th y lc y c lo p e n ta n o n e . In a 500-ml. distilling flask 
was placed an intimate mixture of 6 g. of barium hydroxide 
and 120 g. of 2,2-dimethyladipic acid and a thermometer 
was inserted in the flask so that the bulb was 4 cm. from the 
bottom. The flask was heated gradually in a silicone oil bath 
to 283° and the heating was continued until only a dry 
residue remained (about 90 min.). The organic distillate

(6) Analyses performed by the Schwarzkopf Micro- 
analytical Laboratory, Woodside, N. Y.

(7) J. Ouderkirk, Ph.D. dissertation, Cornell Univer
sity, 1957.

(8) F. E. King, T. J. King, and J. G. Topliss, J .  C h em . 
S o c ., 919 (1957).

(9) H. Meerwein and W. Unkel, A n n . ,  376, 152 (1910).
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was separated from the aqueous phase and the aqueous 
layer was saturated with sodium chloride and extracted 
once with ether. After the combined organic materials had 
been dried over potassium carbonate, the ether was stripped 
off through a short column. On distillation the residue gave 
57 g. (74%) of 2.2-dimethylcyclopentanone, b.p. 140-143° 
(745 mm.), n ™' 5 1.4312; reported,10 b.p. 143-144° (corr., 
n ’D9 5 1.4322.

T h e  2 ,4 -d in itr o p h e n y lh y d r a z o n e  of the ketone melted at 
144° (sharp); reported,11 141-141.5°.

A n a l .  Calcd. for C13H16N40 4: C, 53.42; H, 5.52; N, 19.17. 
Found: C, 53.43; H, 5.54; N, 18.68.

2 .2 -  D im e lh y lc y c lo p e n ta n o l. The 2,2-dimethylcyclopen- 
tanone (32 g.) was reduced with a mixture of 11.1 g. of 
lithium aluminum hydride and 600 ml. of ether. The excess 
hydride was decomposed with 44 ml. of water and after the 
organic layer had been decanted, the salts were washed well 
with ether and the washings added to the organic layer. 
The ether solution was dried and the solvent distilled 
through a short column. The residue was distilled to yield 
31 g. (95%) of alcohol; b.p. 151-152° (744 mm.), n2D° 1.4532, 
reported,12 13 b.p. 100° (110 mm.).

7Te p -n itro b e n zo a te  of the alcohol melted at 90° (sharp).
A n a l .  Calcd. for C14H „N 04: C, 63.85; H, 6.51; N, 5.32. 

Found: C, 63.93; H, 6.56; N, 5.49.
2 .2 -  D im e th y lc y c lo p e n ty l  aceta te. Ketene was bubbled into 

a solution of 16.1 g. of 2,2-dimethylcyclopentanol and 0.04 
g. of p-toluenesulfonic acid in 45 ml. of ether. The complete 
conversion (about 3 hr.) was gauged by the disappearance of 
the hydroxyl peak (2.90 m ) in the infrared. After this time, 
the ether solution was extracted three times with 10% 
sodium carbonate solution and then dried over anhydrous 
magnesium sulfate. After the ether had been removed, the 
residue was vacuum distilled to yield 21 g. (95%) of the 
acetate; b.p. 84-86° (40 mm.) and 169-173° (744 mm.)

' 8 1.4303.
A n a l .  Calcd. for C«Hlt0 2: C, 69.19; H, 10.33. Found: 

C, 68.41, 70.07; H, 10.23, 10.44.
A sample of the acetate was hydrolyzed by refluxing it 

in 25% aqueous sodium hydroxide for 20 hr. The p-nitro
benzoate of the resulting alcohol melted a t the same tem
perature as the previous sample and a mixed melting point 
showed no depression.

3 .3 -  D im e lh y lc y c lo p e n te n e . A Pyrex tube (37 cm. X 1.5 
cm.) was packed with carborundum chips and heated to 
525° in a jacket furnace. From a Hirschberg funnel equipped 
with a nitrogen inlet tube, 19.2 g. of the acetate was dropped 
onto the hot column at the rate of 0.25 g./min. The hot 
vapors issuing from the bottom of the column were collected 
in a Dry Ice trap and then neutralized first with a 30 ml. 
wash of 10% sodium carbonate solution and finally with 
solid sodium carbonate. After the organic material had been 
dried over anhydrous potassium carbonate, it was distilled 
and the material boiling from 76 to 86° collected. This frac
tion was redistilled to given an 88% yield of 3,3-dimethyl- 
cyclopentene which gas chromatography indicated to be at 
least 99% pure; b.p. 77.5-78.3° (760 mm.), n2? 1.4161, 
reported,4 b.p. 77.6-78°, 78-78.5° (754 mm.), n™  1.4190.

One gram of the olefin was dissolved in 10 ml. of diglyme 
and the solution hydrogenated over a prereduced platinum 
oxide catalyst in a Parr bomb under 30 pounds of hydrogen 
until there was no further uptake (0.95 equiv.). The catalyst 
was removed and the 1,1-dimethylcyclopentane was dis

(10) A. Haller and R. Cornubert, C o m p t. re n d ., 179, 
315 (1924); see also: M. Blanc, B u l l .  soc . c h im ., [4] 3, 780 
(1908) and P. Bartlett and A. Bavley, J .  A m .  C h e m . S o c .,  
60, 2416 (1936) and reference 11.

(11) P. Seifert and H. Schinz, H e lv . C h im . A c ta . , 34, 728
(1951).

(12) A. Eschenmoser and A. Frey, H e lv . C h im . A c ta , 35, 
1660 (1952).

(13) W. Croxall and J. Van Hook, J .  A m .  C h em . S o c ., 76, 
1700 (1954).

tilled from the solvent through a 12-cm. glass helices packed 
column. Only the low boiling fraction was collected to give 
about a 50% yield; b.p. 88.5° (capillary tube), n ”  1.4128, 
reported,2 b.p. 87-88°, ra2D° 1.4136.

A tte m p te d  p r e p a r a t io n  o f  5 ,6 -d im e th y lc y c lo p e n ta d ie n e . A 
solution of 5 g. of 3,3-dimethylcyclopentene and 9.7 g. of 
A'-bromosuccinimide in 20 ml. of chlorobenzene was heated 
for 90 min. at 75-85° and then for an additional 45 min. at 
95°. The reaction flask was cooled in an ice bath and the 
succinimide filtered. To the filtrate was added 25 ml. of 
quinoline and this solution was then heated to 220° and kept 
a t this temperature until no more volatile material distilled 
(about 40 min.).

The only low boiling material thus obtained was 0.5 g. 
of starting olefin.

Under identical dehydrobromination conditions, 3- 
bromocyclohexene gave a 55% yield of 1,3-cyclohexadiene.

3 ,3 -D im e th y l-5 -b ro m o c y c lo p e n te n e . A solution of 9.3 g. of 
V-bromosuccinimide and 5 g. of 3,3-dimethylcyclopentene 
in 36 ml. of carbon tetrachloride was refluxed for 4 hr. 
After the reaction mixture had been cooled and the precipi
tated succinimide removed, the solvent was removed under 
vacuum (with a nitrogen bubbler) at 40°. The pressure was 
lowered and the 3,3-dimethyl-5-bromocyelopentene dis
tilled at temperatures below 40° quickly to give a 33% 
yield of a slightly yellow liquid. This material was then 
redistilled; b.p. 39.5-40° (8.2 mm.) n2D7 1.4877, d27 1.27 
g./ml., Md (calcd. for C7HuBr, 1 F) 39.6, MD (obs.) 39.8.

5 ,5 -D im e th y lc y d o p e n ta d ie n e . The dehydrobromination of 
the bromide above was carried out in a flask equipped with 
a cold finger filled with ethanol. In this flask was placed
4.8 g. of the bromide and 15 g. of quinoline and the solution 
was heated to 150° and maintained at this temperature 
until no more material distilled (about 15 min.). The 
temperature was then raised to 220° and kept there for 30 
min. The product was distilled on a vacuum line a t 10 mm. 
pressure to give a 60% yield of pure hydrocarbon, b.p. 
71.3° (760 mm.), n*D5 1.4240, d25 0.7660 g./ml., XMI 250 
n ifi (ethanol), e 2,900, Xm;„ 221 m » , e 85. A gas phase infrared 
spectrum showed medium to strong bands a t 3.27, 3.36,
3.51, 6.07, 6.80, 7.31, 7.35, 8.84, 9.25, 10.55, 10.62, 12.57, 
and 13.40 ft. A vapor phase chromatogram indicated that 
this sample of diene was at least 99% pure. The NMR spec
trum (40 me.) of the pure liquid showed two peaks in the 
ratio of 2.9 to 2.0 at +3.95 p.p.m. and —0.93 p.p.m. 
relative to methylene chloride as an internal standard. All 
attempts to resolve the pairs of vinyl hydrogens failed.

A sample of the diene was reduced under the same condi
tions used for the reduction of 3,3-dimethylcyclopentene. 
The hydrocarbon was identical with tha t obtained previ
ously and its infrared spectrum was essentially identical 
with that reported in the A.P.I. tables.2

One fifth of a milliliter of the diene liberated less than 0.1 
ml. of ammonia gas when injected into a mixture of sodamide 
in dry tetrahydrofuran. This corresponds to less than 0.25 
mole % active hydrogen. Under these same conditions 
freshly cracked cyclopentadiene (95%-Enjay) liberated 
93% of the theoretical amount based on the sample being 
pure diene.

The V-phenylmaleimide adduct, 7 ,7 - d im e th y l-N -p h e n y l-  
b ic y c lo [ 2 .2 .1 ] S -h e p te n e -2 ,3  d ic a r b o x im id e , melted a t 174- 
175°.

A n a l .  Calcd. for C17H17N 02: C, 76.38; H, 6.41; N, 5.24. 
Found: C, 76.51; H, 6.28; N, 5.05.

A maleic anhydride adduct, 7 ,7 -d im e th y l-b ic y c lo {2 .2 .1 ] -  
5 -h e p te n e -2 ,S -d ic a r b o x y lic  a n h y d r id e , melted at 91-92°.

A n a l .  Calcd. for CnH120 2: C, 68.73; H, 6.30. Found: 
C, 68.57; H, 6.45.

2 -M e th y l-5 -h e x e n -3 -y n -2 -o l. This compound was prepared 
by the method of Croxall and Van Hook12 except that com
mercial sodamide was used instead of preparing it directly 
in liquid ammonia. The alcohol was obtained in 58% yield,
b.p. 56-60° (13 mm.), 1.4752.

2 -M e th y l-3 ,B -p en ta d ien -2 -o l. This compound was prepared
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by the selective hydrogenation over Lindlar’s catalyst of 
the triple bond of 2-methyl-5-hexen-3-yn-2-ol. The alcohol 
was obtained in 83% yield, b.p. 47-52° (8 mm.), n1 2D' 1.4560; 
reported: 78-80° (12 mm.), ji2d° 1.4566.

C y c liz a tio n  o f  2 -m e th y l-S ,5 -p en tc .d ien -Z -o l. The cyclization 
was carried out according to the method of Zonis.1 In a 1-1. 
flask was heated for 10 hr. a t 100° a solution of 2-methyl-
3,5-hexadiene-2-ol and 120 ml. of 25% sulfuric acid. The 
reaction mixture was then distilled until only a clear aqueous 
phase was collected. The distillate was neutralized with 10%

sodium carbonate solution and the organic material sepa
rated and dried over potassium carbonate. This product 
was then distilled and separated into four fractions shown 
in Table I. This table also lists the gas chromatographic 
analysis and physical properties of these fractions. Frac
tions 1 and 3 did not show active hydrogen by the sodamid e 
method nor did they yield maleic anhydride or A-phenyl- 
maleimide derivatives.

Ithaca, N. Y.

[Contribution prom the Chemistry D epartment, Northwestern University]

p e r i -S u b stitu te d  N a p h th a len es . IV. T he  
T etrah ydro-8 -iso p ro p y l- l-n a p h th o ic  A cids 1

ROBERT L. LETSINGER and WILLIAM J. VULLO’

R ece ived  A p r i l  8 , 1 9 6 0

3,3-Dimet.hyl-l,8-naphthalide may be reduced by appropriate use of nickel-aluminum alloy and sodium metal to 
give tetrahydro-3,3-dimethyl-l,8-naphthalide (IV), 8-isopropyl-l-naphthoic acid (III), 5,6,7,8-tetrahydro-8-isopropyl- 
1-naphthoic acid (V), or l,2,3,4-tetrahydro-8-isopropyl-l-naphthoie acid (VI). A nickel-aluminum alloy reduction was 
also employed in a simplified synthesis of 2-isobutylbenzoic acid. Tetrahydro acid V isomerized readily in sulfuric acid or 
liquid hydrogen fluoride to a neutral aldol-type product. Neither 5,6,7,8-tetrahydro-l-naphthoic acid nor 2-isobutylbenzoic 
acid underwent a transformation of this type under comparable conditions. The unusual lability of compound V is ascribed 
to the particular geometiical relationship existing between the carboxyl group and the alkyl side chain in compound V.

It has been shown that 8-isopropy 1-1-naphthoic 
acid (III) yields an aldal (VII) when treated with 
sulfuric acid or hydrogen fluoride.1 This reaction 
involves a hydrogen transfer from the isopropyl 
group to the neighboring carbonyl group. The pres
ent paper concerns the preparation and acid treat
ment of three related compounds—5,6,7,8-tetra- 
hydro-8-isopropyl-l-naphthoic acid (V), 1,2,3,4- 
tetrahydro-8-isopropyl-l-naphthoic acid (VI), and 
2-isobutylbenzoic acid (IX)—in which the relative 
positions of the carboxyl and isopropyl groups are 
similar to that in 8-isopropyl-l-naphthoic acid.

Synthesis and structure. Acids V and AT, as well 
as acid III and lactone IV, could be obtained by ap
propriate reduction of 3,3-dimethyl-l,8-naphthalide
(I). The direct action of a coarse, granular grade of 
Raney nickel-aluminum alloy3 on an alkaline etha
nol-water solution of lactone I afforded (10%) the 
tetrahydrolactone (IV). This lactone was also 
formed, and in somewhat better yield (31%) when 
an ethanol solution of I was treated with sodium. 
By saponifying compound I with potassium hy
droxide in triethylene glycol prior to addition of 
the alloy the course of the reaction could be al
tered. In this case reduction with the granular 
grade of alloy yielded isopropylnaphthoic acid I I I1 
(16-29%) and a small amount of V. When the

(1) For the previous paper in this series see R. L. Let- 
singer, W. J. Vullo, and A. S. Hussey, J .  A m .  C h em . S o c ., 
81, 1965 (1959).

(2) Standard Oil Company of Indiana Fellow, 1957- 
1958. Sinclair Oil Company Harvey Fellow, 1956-1957.

(3) Procured from the Gilman Paint and Varnish Co.,
Chattanooga, Tenn.

IV V III

I

saponification product was similarly treated with 
the more active, finely powdered nickel-aluminum 
alloy4 in place of the granular alloy, tetrahydro 
acid V was the principal product (48%). Tetrahy
dro acid VI was prepared (57%) by reduction of 
acid III with sodium and boiling amyl alcohol. The 
isomeric tetrahydroisopropylnaphthoic acids melted 
at the same temperature; however, the mixture

(4) Procured from the Raney Catalyst Co., Chattanooga, 
Tenn.
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melting point was markedly depressed and their 
spectra differed in many respects.

The positions of the reduced rings in IV, V, and 
VI were established by means of the ultraviolet 
spectra. Pertinent information is summarized in 
Table I.

TABLE I
Ultraviolet Spectral Data“

Compound ^max log e ^max log e
COOHOO 236 3.6 282 3.0

H3C COOH5
233 3.6 281 3.1

V 236 3.7 283 3.0
COOHOÓ 264 2.6 272 2.6

VI
IV

263
267

2.6
2.32 274 2.64

“ Ultraviolet spectra wore taken with a DK-2 Beckman 
instrument with 95% ethanol as a solvent. 6 See ref. 5.

The similarity of the spectra of V and 5,6,7,8-tetra- 
hydro-l-naphthoic acid on the one hand, and of VI 
and 1,2,3,4-tetrahydro-l-naphthoic acid on the 
other, permits an unambiguous structural assign
ment of the two new acids. Also, the data in Table 
I suggest that the carbonyl group in lactone IV is 
joined to the nonaromatic ring. In support of this 
conclusion, IV absorbs at 5.8 p in the infrared, as 
expected for a compound with non-conjugated 
lactone carbonyl, whereas the related aromatic 
compound, I, absorbs at 5.9 p.

Cason and Wordie5 previously used the ultra
violet spectra of the tetrahydronaphthoic acids as 
references for establishing the structure of 5,6,7,8- 
tetrahydro-8-methyl-l-naphthoic acid, one of the 
products of a catalytic reduction of 1,8-naphthalic 
anhydride. The excellent agreement between the 
spectrum of their product and that of compound V 
further supports the structural assignments.

Independent evidence for the structure of acid VI 
may be derived from the mode of its formation. A 
search of the literature reveals that all cases of re
duction of naphthoic acid or the substituted naph
thoic acids by sodium in the presence of hydroxylic 
solvents are reported to afford the 1,2,3,4-tetrahy- 
dro-1- or 2-naphthoic acids; i.e., the reduction oc
curred in the ring bearing the carboxyl group. 
These cases included the reduction of 1-naphthoic 
acid,6'7 2-naphthoic acid,6 l-methyl-2-naphthoic

(5) J. Cason and J. D. Wordie, J .  O rg. C hern., 15, 608 
(1950).

(6) W. V. Sowinski, B e r ., 24, 2358 (1891).
(7) W. Kay and A. Morton, J .  C h e m . S o c ., 105, 1565

(1914).

acid,8 4-ethoxy-l-naphthoic acid,9 and naphthosty- 
ril.10 Thus reduction of 8-isopropyl-l-naphthoic acid 
by sodium in amyl alcohol would be expected to 
yield the 1,2,3,4-tetrahydro isomer, a conclusion in 
agreement with that drawn from the ultraviolet 
spectral data.

In contrast to the sodium reductions, the course 
of the nickel-aluminum alloy reductions cannot at 
present be reliably predicted. Thus, although the 
reduction of potassium 8-hydroxyisopropyl-l-naph- 
thoate (II) by the alloy yielded principally 
the 5,6,7,8-tetrahydro acid (V), the reduction of 
potassium 1-naphthoate under similar conditions 
produced the 1,2,3,4- and the 5,6,7,8-tetrahydro-l- 
naphthoic acid in yields of 44% and 16%, respec
tively. Furthermore, the reduction of 1,8-naphtha- 
lide by the same type of reagent gave 1,2,3,4-tetra- 
hydro-8-methyl-l-naphthoic acid as the only re
ported isolated reduction product.5'11

2-Isobutylbenzoic acid has been described by 
Mann and Stewart, who prepared it incidently in 
connection with some studies on the chemistry of 2- 
methoxymethylaniline.12 As their procedure in
volved seven steps from 2-bromobenzyl bromide, 
another shorter synthesis was developed.

H H
0  H3C-C-CH3 H 3C-C-CH ,
II I I

VIII IX

The reaction of diisopropylcadmium with 
phthalic anhydride afforded (37%) a monoisopro
pyl adduct (VIII), which is formulated as the hy- 
droxyphthalide rather than the keto acid, as the in
frared spectrum of the solid contained a band at 3.0 
p (O—H) and a single band at 5.72 p in the car
bonyl region. A Clemmensen reduction converted 
VIII to 3-isopropylphthalide in 76% yield. The 
same transformation was also accomplished in 61% 
yield by heating VIII with an alkaline suspension 
of nickel-aluminum alloy. Reduction of the phthal- 
ide to isobutylbenzoic acid (IX) was accomplished 
(36%) by saponifying the phthalide of triethylene 
glycol at 160-170° and reducing with nickel-alumi
num alloy.

Acid treatment. Tetrahydro-acid V proved to be 
more sensitive than 8-isopropyl-l-naphthoic acid

(8) K. v. Auwers, B e r ., 58, 151 (1925). K. v. Auwera 
and K. Moller, J .  p r a k t .  C h e m ., 109, 124, 143 (1925).

(9) O. Kamm, H. B. McClugage, and A. W. Landstrom, 
J .  A m .  C h em . S o c ., 39, 1247 (1925).

(10) G. Schroeter and H. Rossler, B e r ., 35, 4218 (1902).
(11) R. C. Fuson and G. Munn, J .  A m .  C h em . S o c ., 7 1 ,  

1870 (1949).
(12) F. G. Mann and F. H. C. Stewart, J .  C h em . S o c .,  

4127 (1954). See F. G. Mann and F. H. C. Stewart, J .  
C h em . S o c ., 2819 (1954) and F. C. Holliman and F. G. Mann, 
J .  C h em . S o c ., 1634 (1947) for preparation of the inter
mediates.
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to the action of sulfuric acid. Indeed, concentrated 
sulfuric acid rapidly converted V vo water soluble 
products. In 94.7% sulfuric acid at room tempera
ture, however, compound V reacted to give a 
neutral, water insoluble oil(X) in 51-61% yield. 
The same material (identical infrared spectrum) 
was obtained quantitatively when V was treated 
with liquid hydrogen fluoride. This product showed 
no carbonyl or hydroxyl absorption in the infrared; 
however, it reacted readily with 2,4-dinitrophenyl- 
hydrazine in acidic solution to give an orange-red 
hydrazone derivative, the analysis of which agreed 
with the formula C20H22O5N4. Dehydrogenation of 
the oil at 250-270° in the presence of palladium af
forded a low yield of 3,3-dimethyl-l,8-naphthalide
(I). It therefore seems plausible, although it 
has not been proved, that the neutral product is an 
aldal analogous in structure to compound VII.

The reaction of V is particularly striking when one 
considers the behavior of 5,6,7,8-tetrahydro-l- 
naphthoic acid and 2-isobutylbenzoic acid. The 
former differs from V only in having hydrogen in 
place of the isopropyl group at the 8-position; 
the latter possesses an alkyl group which, with re
spect to the carboxyl group, is equivalent to the 
side chain in V except for the greater rotational 
freedom. Yet neither the tetrahydronaphthoic 
acid nor the isobutylbenzoic acid were altered by 
sulfuric acid under the conditions which trans
formed V to XI. It is therefore apparent that the 
isopropyl group is directly involved in the reaction 
of V and that it must be held in a particular posi
tion with respect to the neighboring carboxyl group 
in order for the hydrogen transfer to take place. 
The situation is similar to that for the 1,5-aryl mi
grations, for 8-benzhydryl-l-naphthoic acid readily 
isomerizes to l-phenylhydroxymethyl-8-benzoyl- 
naphthalene hemiketal,13 whereas no evidence of a 
phenyl shift could be found with the more flexible 
system, 2-benzhydrylphenylacetic acid.14 15

Both 1,2,3,4-tetrahydro-8-isopropylnaphthoic
acid and 1,2,3,4-tetrahydro-l-naphthoic acid re
acted readily with sulfuric acid. As no water insolu
ble products were obtained, however, no conclusions 
concerning hydrogen transfer reactions can be 
drawn for these substances.

EXPERIMENTAL16

T e tr a h y d r o -8 ,3 -d im e th y l- l ,8 -n a p h th a l id e  (IV). (a) N ic k e l  
a lu m in u m  a llo y  re d u c tio n . 3,3-Dimethyl-l,8-naphthalide* 
(1.0 g.) was dissolved :n a hot solution of 9 g. of potassium 
hydroxide in 40 ml. of ethanol and 30 ml. of water. While 
the solution was rapidly stirred at 58-70°, 5.0 g. of granular 
Raney nickel-aluminum catalyst3 was slowly dropped in. I t 
was necessary to add more ethanol to keep the lactone in 
solution. The mixture was heated at 70-75° for an addi

(13) R. L. Letsinger and P. T. Lansbury, J .  A m .  C h em . 
S o c ., 81, 940 (1959).

(14) R. Ii. Letsinger, J. D. Jamison, and A. S. Hussey,
J .  O rg . C h e m ., in press.

(15) The microanalyses were performed by Miss H. Beck.

tional 45 min., then filtered while hot (the filter cake was 
pyrophoric when dry). The filtrate was added to coned, 
hydrochloric acid, the resulting suspension extracted with 
ether, and the ether layer washed with aqueous sodium 
hydroxide, dried, and evaporated. The residual solid, m.p.
103-112°, was recrystallized first from hexane, then 
from methanol-water, yielding 0.102 g. ( 10%) of tetra- 
hydro-3,3-dimethyl-l,8-naphthalide (IV); m.p. 122-123°. 
The analytical sample, obtained by further recrystalliza
tion, melted at 125-125.5°. No carboxylic acid was obtained 
as a product of this reduction

A n a l .  Calcd. for CuHi602: C, 77.47; H, 7.46. Found: C, 
77.37; H, 7.31.

(5) S o d iu m  a m a lg a m  re d u c tio n . To a refluxing solution of 
the lactone (0.636 g.) in 50 ml. of ethanol and 5 ml. of water 
was slowly added (2 hr.) 34 g. of 2% sodium amalgam. The 
reaction mixture was kept slightly acidic by portion-wise 
addition of sulfuric acid (2 g. sulfuric acid in 10 ml. of water). 
Stirring and refluxing were continued for an additional 2 
hr.; then the supernatant solution was decanted into water 
and extracted with ether. From this was isolated 0.200 g. 
(31%) of dimethyltetrahydronaphthalide, IV; m.p. 119- 
1 2 1 °; the infrared absorption was the same as for the prod
uct from procedure (a), and a mixture melting point showed 
no depression.

5 ,6 ,7 ,8 -T e tr a h y d r o -8 - is o p r o p y l- l -n a p h th o ic  a c id  (V). Lac
tone I (6.00 g.) was saponified by heating overnight a t 145° 
in 450 g. of triethylene glycol containing 60 g. of potassium 
hydroxide. Additional alkali (48 g. of potassium hydroxide 
in 100 ml. of water) was added; then, with the temperature 
at 95-97° and good stirring, 24 g. of powdered Raney nickel- 
aluminum alloy-4 was added in portions. Small amounts of 
capryl alcohol were occasionally added to reduce foaming. 
After standing overnight a t room temperature the mixture 
was warmed, filtered, and the filtrate poured into coned, 
hydrochloric acid. The mixture was extracted with ether 
and the ether lay-er extracted with several portions of sodium 
carbonate solution. The acids obtained upon acidification 
were separated by crystallization from petroleum hexane 
into two portions: (a) 5,6,7,8-tetrahydro-8-isopropyl-l- 
naphthoic acid, 1.45 g., m.p. 113.5-114.2°, and (b) a low 
melting mixture, 2.6 g. Portion (b) was dissolved in 100 ml. 
of 12 % potassium hydroxide solution and subjected to the 
action of 6.15 g. of powdered nickel-aluminum alloy at 
steam bath temperature. From this second reduction was 
obtained 1.5 g. of pure tetrahydro acid, making a total of
2.95 g. (48%) of this product. The analytical sample melted 
a t 114.5-115.2°; infrared absorption, 3.4 (strong) 3.8,
5.95 (strong), 6.3, 6.86, 7.7, 7.86 (strong), 8.66, 10.54, 
12.75, 13.12 (strong) y .

A n a l .  Calcd. for C;*IIi,0 2: C, 7/.03; H, 8.31; neut. equiv. 
214. Found: C, 76.79; H, 8.11; neut. equiv. 215.

This tetrahy-dro acid was converted to the acid chloride 
with thionyl chloride, and the acid chloride was treated 
with coned, ammonium hydroxide to give the tetrahydro- 
isopropylnaphthamide, m.p. 116-117°; infrared absorption, 
3.0, 3.1, 3.4, 6.0, 6.13, 6.85 n .

A n a l .  Calcd. for CuH)9NO: C, 77.38; H, 8.81. Found: 
C, 77.08; H, 8.82.

1 ,2 ,3 ,4 -T e lr a h y d r o -8 - is o p r o p y l- l-n a p h th o ic  a c id  (VI).
Sodium (3 g.), in small pieces, was dropped into a refluxing 
solution of 600 mg. of 8-isopropyl-l-naphthoic acid in 50 
ml. of dry amy-1 alcohol. After all the sodium had dissolved, 
the mixture was poured into water. The two layers were 
separated and the aqueous phase, after thorough washing 
with ether, was acidified and extracted with ether. From 
this extract was obtained a solid which, after recrystalliza
tion (treatment with charcoal), was colorless and melted 
a t 114-115°. The purified sample weighed 350 mg. (57%). 
When the reaction was carried out in ethanol in place of 
amy-1 alcohol the yield was only- 15%. Like acid V, VI did 
not decolorize permanganate or bromine in carbon tetra
chloride, indicating the absence of any dihvdro compounds.
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That V and VI were different compounds was shown by the 
mixture melting point (melting started a t 90°) and the dis
tinctly different infrared spectrum; VI absorbed strongly at 
3.42, 5.90, 8.21, and 12.75 y  and no bands occurred in the
12.8-13.4 y  region where V absorbed. Conversely, V had only 
a very weak band (8.28 y )  in the 7.9-8.4 y  region.

A n a l .  Calcd. for Ci4H i80 2: C, 77.03; H, 8.31. Found: C, 
76.66; H, 8.31.

T h e  te tra h y d ro n a p h th o ic  a c id s . In order to learn more 
about the course of the alloy reductions, 1-naphthoic acid 
was used as a substrate. In this case a solution made up with
3.8 g. of 1-naphthoic acid, 21 g. of potassium hydroxide, 
and 160 ml. of water was treated, a t 80°, with 11.4 g. of 
the finely powdered Raney nickel-aluminum alloy, added 
in small portions. On working up the reaction mixture in the 
usual way 3.2 g. of an acid mixture, m.p. 69-75°, was ob
tained. Chromatography of a 1.0 g. sample on silica gel 
with a chloroform-benzene solvent yielded two substances; 
(a) 0.20 g., m.p. 147-149° (eluent solvent, 20% chloroform) 
and (b) 0.54 g., m.p. 79-81° (eluent solvent, 50% chloro
form). Recrvstallization of these two fractions from petro
leum hexane gave 5,6,7,8-tetrahydro-l-naphthoic acid, m.p.
149.5-150°, lit . ,16 m.p. 150° and 1,2,3,4-tetrahydro-l-naph- 
thoic acid, m.p. 84°, lit. , 17 m.p. 85°, respectively.

A sample (0.0300 g.) of 5,6,7,8-tetrahydro-l-naphthoic 
acid was dissolved in 3 ml. of sulfuric acid (prepared from 49 
g. of coned, sulfuric acid and 1 ml. of water) and allowed to 
stand for 2 hr. a t 22°. The solution was pale tan in color. 
On pouring onto ice 0.0266 g. of the tetrahydro acid, m.p. 
149-150°, was recovered. A similar sulfuric acid solution of
1,2,3,4-tetrahydro-l-naphthoic acid was a rich yellow color. 
I t  yielded no precipitate when diluted.

A d d  in d u c e d  re a rra n g e m e n t o f  5 ,6 ,7 ,8 - te tra h y d r o -8 - iso -  
p r o p y l-1 -n a p h th o ic  a c id  (P r o d u c t X). (a) U se  o f  h yd ro g en  
f lu o r id e . Tetrahydro acid V (0.60 g.) was allowed to stand 
a t ice temperature in 20 g. of liquid hydrogen fluoride for 45 
min. and then a t room temperature for 45 min. The dark 
red solution was then poured onto ice and the resulting solu
tion extracted with benzene. Extraction of the benzene 
layer with alkali and acidification yielded no organic acids, 
showing that the tetrahydroisopropylnaphthoic acid had 
reacted completely. Evaporation of the benzene layer left 
0.6 g. of a neutral oil (X) winch could not be induced to 
crystallize. Chromatographic separation gave only a series 
of oils, all of which gave positive tests with 2,4-dinitrophenyl- 
hydrazine. The infrared spectra of all fractions were essen
tially the same and had no bands characteristic of hydroxyl, 
carboxyl, or carbonyl groups or carbon-carbon double bonds; 
there was strong absorption at 9.1, 9.3, 9.7, and 10.0 y , 
suggestive of ether type bonds. A 2,4-dinitrophenylh3'dra- 
zone derivative melted after several recrystallizations from 
ethanol at 176.5-177.5°.

A n a l .  Calcd. for C20H22O5N4: N, 14.06. Found: N, 14.28.
After several further recrystallizations the sample melted 

a t 180-183°. The existence of stereoisomers may account 
for the difficulty of obtaining a sharp melting derivative 
as well as for the oily nature of X.

A n a l .  Calcd. for C2oH2206N4: C, 60.29; H, 5.57. Found: 
C, 59.80, 60.64; H, 5.59, 5.61.

(b )  U se  o f  s u l fu r ic  a c id . Tetrahj'dro acid V (0.50 g.) was 
added to a solution of 1.0 g. of water in 49 g. of sulfuric acid. 
The acid slowly dissolved, giving a dark red solution. 
After the mixture had stood for 2 hr. a t room temperature, 
it was poured onto ice and worked up as in the l^drogen 
fluoride experiment. The neutral oil (X) weighed 0.292 g. 
(61%) and no starting acid could be recovered. The infrared 
spectrum of the oil was the same as the spectrum for the 
product from the hydrogen fluoride experiment.

The use of coned, sulfuric resulted in water soluble prod
ucts. Thus, from a 1 hr. reaction of 200 mg. of V in 25 ml.

(16) J. v. Braun, A n n . ,  451, 29 (1927).
(17) A. Baeyer, A n n . ,  2 6 6 , 184 (1891).

of coned, sulfuric acid a t 0° was obtained 66 mg. of starting 
material (V) and only a trace of neutral organic product. 
Longer reaction times or higher temperatures resulted in 
lower recoveries of V.

In contrast to the reactivity of Compound V in strong 
acids, the acid chloride was stable when treated with 
stannic chloride in carbon disulfide, and a high yield of the 
acid was recovered on hydrotysis.

D e h y d r o g e n a tio n  o f  p r o d u c t X. The aldal type product
(X) from the sulfuric acid reaction (0.244 g.) was heated at 
250-270° with a mixture of 25 mg. of palladium black and 
25 mg. of 10% palladium on charcoal. Within 3 hr. 10.3 ml. 
of hydrogen had been evolved and hydrogen evolution had 
ceased. The gummy products were taken up in ether, fil
tered to remove palladium, and the ether evaporated. The 
residual oil partially crystallized overnight in the form of 
long needles, which after recrj^stallization melted at 110-
111.5° (11 mg.). This product was identified as 3,3-di- 
methyl-l,8-naphthalide by its spectrum and a mixture melt
ing point determination.

3 - H y d r o x y -S - is o p r o p y lp h th a l id e  (VIII). This compound 
was prepared by the general procedure of de Benneville, 18 
the quantities of reagents being 92 g. of isopropyl bromide,
18.5 g. of magnesium, 60.5 g. of anhydrous calcium chloride, 
and 89 g. of finely powdered phthalic anhj'dride. A 37.5% 
yield (based on phthalic anhydride) was obtained; m.p.
121.5-122.5°; lit. ,19 m.p. 120-121°; ncut. equiv. found, 196; 
neut. equiv. calcd., 192.

A sample of the hydroxyphthalide was dissolved in coned, 
sulfuric acid, allowed to stand in solution 2 hr., and poured 
onto chopped ice. A quantitative yield of 3-isopropenjl- 
phthalide, m.p. 95-96° (lit. 19 m.p. 96°) was obtained.

A n a l .  Calcd. for CnH10O: C, 75.84; H, 5.79. Found: C, 
76.15; H, 5.82.

2 - lso b u ty lb e n z o ic  a c id . Concentrated hydrochloric acid 
(150 ml.) was added over an 8-hr. period to a refluxing, well 
stirred mixture of hydroxylactone VIII (5.7 g.), acetic acid 
(25 ml.), hydrochloric acid (25 ml.), and zinc amalgam 
(prepared from 50 g. of 20 mesh zinc and 5 g. of mercuric 
chloride). After an additional 16 hr. of reflux the liquid was 
decanted and extracted with benzene. From the benzene 
extract wras obtained a neutral oil (none of the alkyl benzoic 
acid was isolated), tentatively identified as 3-isopropyl- 
phthalide because it absorbed a t 5.69 y  (chloroform solvent) 
and did not absorb in the hydroxyl region. This same (by 
infrared) product was obtained in 61% yield by heating an 
aqueous solution of hydroxyphthalide (VIII) with 20 g. of 
potassium hydroxide to 75-85° and then adding 15 g. of the 
granular nickel-aluminum alloy8 over an hour period. 
Filtration, acidification of the filtrate and ether extraction 
yielded the lactone (2.8 g.).

The isopropylphthalide (2.2 g.) was saponified by heating 
a t 160-170° for 18 hr. with 66 g. of triethjdene glycol and
8.8 g. of potassium hydroxide; then 60 ml. of water and 7.5 
g. of potassium hydroxide were added, the mixture was 
heated to 95°, and 8.8 g. of finely powdered Raney nickel- 
aluminum alloy4 was added (90-min. period) to the well 
stirred solution. After 3 hr. of additional stirring the mixture 
was allowed to cool to room temperature and to stand over
night. I t  was then worked up as the preparation for tetra
hydro acid V to give 0.80 g. (36% ) of 2-isobutylbenzoic acid, 
m.p. 62-63.3°; melting point after recrystallization from 
hexane-ether, 64-65°; lit .,12 m.p. 64-65°.

A solution of 2-isobutylbenzoic acid (0.600 g.) in coned, 
sulfuric acid was allowed to stand for 2 hr. a t room tem
perature and then poured onto ice; 0.550 g. (92%) of the 
isobutylbenzoic acid was recovered, m.p. 63.4-64°. From a 
solution of 0.75 g. of the acid in 20 g. of liquid hydrogen 
fluoride which had stood 45 min. at 0° and then 45 min. at 
room temperature was recovered 0.60 g. (80%) of isobutyl-

(18) P. L. de Benneville, J .  O rg. C hern., 6 , 462 (1941).
(19) W. Roser, B e r ., 17, 2777 (1884).
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benzoic acid, m.p. 63.5-64°. A trace of a neutral oil was 
isolated from this reaction but it failed to give a test with
2,4-dinitrophenylhydrazine reagent.

In connection with the preparation of isobutylbenzoic acid 
it may be noted that an attem pt to reduce 7.06 g. of 3- 
lwdroxy-3-isoprop.ylphthalide with hydrazine hydrate (5 
ml.) and sodium hydroxide (5 g.) in diethylene glycol (80 
ml.) by the Huang-Minlon procedure20 yielded, instead of a

(20) Huang-Minlon, J .  A m .  C h em . S o c ., 68, 2487 (1946).

reduction product, 6 g. (87%) of a crystalline solid, m.p.
154-156°; melting point after recrystallization from benzene- 
hexane, 158-159°; infrared absorption, 3.14, 3.28, 3.34, 6.04 
(very strong), 12.68, 13.28 ¡¿. The analysis, mode of forma
tion, and spectrum indicate that this product is 4-iscpropyl- 
phthalazone.

A n a t .  Calcd. for CuH12ON2: C, 70.19; H, 6.43; N, 14.89. 
Found: C, 69.57; H, 6.36; N, 14.93.

E vanston, I II .

[Contribution from the Department of Organic Chemistry, The Hebrew University]

E xperim ents in  th e  4 -A ry lcy c lo a lk -2 -en -l-o n e  Series. V 1

ERNST D. BERGMANN and S. YAROSLAVSKY 

R ece ived  A p r i l  13 , U?60

Some new cases are reported, in which the Stobbe reaction of y-keto esters leads to cyclopent-2-enone derivatives.

Recently, it has been reported2 that the Stobbe 
condensation of ethyl 3-benzoylpropionate (la) 
with diethyl succinate leads unexpectedly to
4-carbethoxy-5-oxo-2-phenylcyclopent-l - enylacetic 
acid (Ha). Elimination of the 4-carbethoxy group 
gave 5-oxo-2-phenylcyclopent-l-enylacetic acid 
(Ilia), characterized by its conversion into 4-hy- 
droxy-3'-oxo-l ,2-cyclopentenonaphthalene (IV),
which had been prepared before by a different 
route.

It had escaped our attention that Turner3 had 
observed the analogous reaction with methyl /3- 
(5,6,7,8-tetrahydro-2-naphthoyl)propionate (lb), 
yielding 5-oxo-2-(5,6,7,8-tetrahydro-2-naphthyl)cy- 
clopent-l-enylacetic acid (Illb ).4’5 In fact, the reac
tion seems to be general for esters of 3-aroylpro- 
pionic acids. Thus, ethyl 3-(2-naphthoyl)propionate
(Ic) gave with diethyl succinate in the presence of 
sodium hydride an oily acidic product, to which ac
cording to the spectrum formula (lie) was as
signed. It could not be isolated in pure form, but 
•was converted, by treatment with boiling alcoholic 
sulfuric acid, into ethyl 2-(2-naphthyl)-5-oxocyclo- 
pent-l-enylacetate and, by subsequent hydrolysis, 
to the corresponding acid (IIIc) which had the same 
melting point as a product which Robinson6 had 
obtained by a different route and to which he as
signed formula (IIIc). This was confirmed by con

(1) Part IV. E. D. Bergmann and S. Yaroslavsky, T e tr a 
h ed ro n , 82, in press.

(2) E. D. Bergmann, S. Yaroslavsky, and H. Weiler- 
Feilchenfeld, J .  A m .  C h em . S o c ., 81, 2775 (1959).

(3) D. L. Turner, J .  A m .  C h em . S o c ., 75, 1257 (1953).
(4) We are indebted to Dr. D. L. Turner, Jefferson 

Medical College, Philadelphia, for drawing our attention to 
his paper.

(5) Another example which—at least formally—belongs 
to this group is the Stobbe reaction of 2-carbethoxymethyl- 
1-hydrindone. B. P. Sen, A. Chatterjee, S. K. Gupta, and 
B. K. Bhattacharyya, J .  I n d ia n  C h e m . S o c ., 35, 751 (1958) 
[C hem . A h s tr . , 53, 16086 (1959)].

(6 ) R. Robinson, J .  C h em . S o c ., 1390 (1938).

version of the compound into 4-acetoxy-3'-oxo-
1,2-cyclopentenophenanthrene (V), a compound 
possessing the steroid skeleton. The oily product 
obtained from ethyl 3-(p-anisoyl)propionate (Id) 
and diethyl succinate was obviously 4-earbethoxy- 
2-(p-methoxyphenyl)-5-oxocyclopent -1 - enylacetic 
acid (Hd), as it could be converted into ethyl 2-(p- 
methoxyphenyl) -5-oxocyclopent-l-enylacetate and 
the corresponding acid (IHd) which had been pre
pared before by Turner by a different route.7 It 
was cyclized by boiling acetic anhydride to 4-ace- 
toxy-6- methoxy - 3' - oxo - 1,2 - cyclopentenonaphtha- 
lene(VI).

ArCOCH2CH2COOC2Hs

In Table I, the ultraviolet spectra of compounds 
Ilia, c, and d, of their 2,4-dinitrophenylhvdrazones, 
and of IV, V, and VI are compared. In III, the 
naphthyl and even more the p-methoxyphenyl

(7) D. L. Turner, J .  A m .  C h em . S o c ., 71, 612 (1949). 
The same acid has recently been described by G. S. Grinenko 
and V. I. Maksimov [Z h u r . O b shcheï K h im . ,  28, 528 (1958); 
C h em . A h s tr . , 52, 14544 (1958)], m.p. 146°. Turner and we 
both observed a melting point of 132°.
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groups cause a bathochromic effect, corresponding 
to the extension of the absorbing conjugated system. 
On the other hand, V absorbs at longer wave lengths 
than IV and VI; this effect could also be expected.

TABLE I

Compound Ultraviolet Spectra,“ m/x (log e)

IIIa s 278 (4.26)
IIIc 215 (4.65); 267 (4.57); 295 (4.28)
H id 225 (4.43); 301 (4.43)
DPN of I lia 268 (4.36); 300 (4.08); 393 (4.53)

ethyl ester
DNP of IIIc 262 (4.40); 315 (4.10); 400 (4.56)

ethyl ester
V 263 (4.89); 288 (4.51); 302 (4.29); 339 

(3.28); 356 (3.46); 375 (3.51)
VI 215 (4.39); 232 (4.30); 250 (4.62); 260 

(4.71); 297 (4.05); 305 (4.15); 311 
(4.13); 330 (3.87); 345 (3.75)

IV 222 (4.45); 262 (4.54); 290 (3.65); 366 
(3.76)

a In ethanol. 6 See ref. 2.

EXPER IM EN TAL

3 -{_ 2 -N a p h lh o y l)p ro p io n ic  acid,*  m.p. 171°, was converted 
into its e th y l ester (Ie) with ethanol and sulfuric acid in a 
yield of 80%. The ester boiled a t 178° (0.5 mm.) and solidi
fied slowly on standing.

E th y l  2 - (2 -n a p h th y l) -S -o x o c y c lo p e n t- l-e n y la c e ta te  (as IIIc). 
When a mixture of 64 g. of ethyl 3-(2-naphthoyl)propionate 
(Ic), 11 g. of sodium hydride, 130 g. of diethjd succinate, 250 
ml. of benzene, and 2.5 ml. of ethanol was stirred at room 
temperature, a slow reaction took place which quickened 
gradually and reached after 30 min. its maximum rate, in
dicated by a temperature rise to 40-50°. When the tempera
ture of the reaction had returned to normal, the stirring was 
continued for 2 hr. and the product treated with 50 ml. of 
glacial acetic acid. Addition of water and ether, separation of 
the organic laj'er, extraction with sodium carbonate solu
tion, and acidification of the alkaline extract gave an oil (58 
g., 69%) which did not crystallize. I t had the spectrum ex
pected for 4-carbethoxy-2-(2-naphthyl)-5-oxocyclopent-l- 
enylacetic acid (lie). [X2?0H 220 (4.66); 268 (4.30); 304 
m/i (4 .00)] and was directly treated as follows:

The product (54 g.) was refluxed for 8 hr. with 200 ml. of 
anhydrous alcohol, containing 1 g. of coned, sulfuric acid. 
The solution was concentrated, diluted with water, and 
extracted with ether. The extract was washed with sodium 
carbonate solution and water, dried, and distilled; b.p. 
220° (1 mm.); yield, 18 g. (38%). In spite of the sharp boil
ing point, the 4-carbethoxy group had not been completely 
eliminated, as the analysis indicated. However, the spectrum 
showed the expected bands and an analytically pure 2,4- 
dinitrophenvlhvdrazone could easily be prepared.X £™5°H 
215 (4.72); 268 (4.58); 302 mM (4.74).

The 2 ,4 -d in iir o p h e n y lh y d r a z o n e  formed, after recrystalliza
tion from nitromethane, red crystals, m.p. 235-236°; 
x c h c i ,  262 (-4 40); 315  (4 ,10); 400 mM (4.56).

A n a l .  Calcd. for C25H22N 40 6: C, 63.3; H, 4.6. Found: C, 
62.9; H, 4.6.

2 -{ 2 -N a p h th y l) -5 -o x o c y c lo p e n t- l-e n y la c e lic  a c id  (IIIc). A 
mixture of 10 g. of the foregoing ester, 10 g. of sodium hy
droxide, and 100 ml. of water was refluxed for 5 hr. Acidifi
cation of the filtered solution with hydrochloric acid a t ice 
temperature gave 8 g. (90%) of the acid which was recry
stallized from dilute acetic acid and benzene and formed * 472

(8) W. E. Bachmann and W. S. Struve, J .  O rg. C h e m ., 4,
472 (1939). C f. M. S. Newman, R. B. Taylor, T. Hodgson, 
and A. B. Garrett, J .  A m .  C h em . S o c ., 69, 1784 (1947).

yellowish crystals, m.p. 169-170° (lit.6, m.p. 170°). X 2?0H 
215 (4.65); 267 (4.57); 295 m y  (4.28); ¿¡Si 1725 cm "1.

A n a l .  Calcd. for CnH „03: C, 76.7; H, 5.3. Found: C, 
76.9; H, 5.5.9 The 2 ,4 -d in itr o p h e n y lh y d r a z o n e  formed red 
crystals, m.p. 320° (after recrystallization from nitroben
zene).

A n a l .  Calcd. for C23HI8N406: C, 61.9; II, 4.0. Found: C, 
62.0; H, 4.1.

4 -A c e to x y -8 '-o x o - l,2 -c y c lo p e n te n o p h e n a n th r e n e  (V). When 
1 g. of the foregoing acid had been refluxed for 30 min. wdth 
10 ml. of acetic anhydride, a solid substance began to sepa
rate upon cooling. The solid was filtered after addition of 
much wTater and recrystallized from butanol. I t  formed 
slightly brownish leaflets, m.p. 207° (lit.,6 m.p. 207°), 
Yield, 1 g. (90%).

x£«i0H 263 (4.89); 288 (4.51); 302 (4.29); 339 (3.28); 356 
(3.46); 375 m y  (3.51). 1700, 1757 c n r 1.

A n a l .  Calcd. for Ci9H i40 3: C, 78.6; H, 4.8. Found: C, 
78.4; H, 5.0.

E th y l  3 - (p -a n is o y l)p r o p io n a le  (Id). 3-ip-Anisoyl)propionie 
acid was prepared from anisol and succinic anlrydride10 and 
recrystallized from ethanol, m.p. 147° (lit.,10 m.p. 147°); 
yield, 50%. The e th y l ester, obtained in 80% yield, boiled at 
160° (0.04 mm.).

E th y l  2 - (p -m e th o x y p h e n y l) -5 -o x o c y c lo p e n t- l-e n y la c e ta te  (as 
I lld ). The reaction between 85 g. of the foregoing ester, 
187 g. of diethyl succinate, 26 g. of sodium hydride in 360 
ml. of benzene, and 3 ml. of anhydrous ethanol was carried 
out as described for the analogous 2-naphthyl compound. 
The acidic product (67 g.; 60%) obtained was an oil which 
absorbed at 223 (4.30) and 301 m y  (4.14) and rvas directly 
heated for 8 hr. with 300 ml. of anhydrous ethanol, contain
ing 1 g. of coned, sulfuric acid. The neutral product (34 g., 
58%) boiled at 200° (1 mm.), but was not analytically pure, 
a small part of the carbethoxy group not having been elimi
nated. However, the 2 ,4 -d in itr o p h e n y lh y d r a z o n e  could be ob
tained in pure form, as red crj’stals, m.p. 2 10° (from buta
nol).

A n a l .  Calcd. for C22H22N40 7: C, 58.2; H, 4.8. Found: C, 
58.4; H, 4.7.

2 - (p -M e th o x y p h e m g l) -5 -o x o c y d o p e n t- l-e n y la c e tic  a c id  
(H id). A mixture of 20 g. of the ester, 20 g. of sodium hy
droxide, and 400 ml. of water was refluxed for 5 hr. and the 
filtered solution acidified wdth cold dilute hydrochloric acid. 
The product (16 g.; 90%) was recrystallized from wrater and 
benzene and formed slightly yellowish crystals, m.p. 132° 
(lit.7 m.p. 132°). X 2?0H 225 (4.43); 301 mM (4.43). p™' 
1700 cm "1.

A n a l .  Calcd. for CiiHnCh: C, 68.3; H, 5.7. Found: C, 
68.8 ; H, 5.2. The 2 ,4 -d in itr o p h e n y lh y d r a z o n e  of H id  w*as re- 
crystallized from a mixture ( 1 : 1 ) of glacial acetic acid and 
ethyl acetate and formed red crystals, m.p. 252-253°.

A n a l .  Calcd. for C2oHi8N40 7: C, 56.4; H, 4.2. Found: C, 
56.0; H, 4.5. The se m ica rb a zo n e  o f  (H id) ŵ as recryst.allized 
from aqueous alcohol and formed yellowish crystals, m.p. 
225°.

A n a l .  Calcd. for Ci5HnN30 4: C, 59.4; H, 5.6. Found: C, 
59.3; H, 5.6.

4 -A c e to x y -6 -m e th o x y -S '-o x o - l ,2 -c y c lo p e n te n o n a p h th a le n e  
(YI). A solution of 1 g. of the foregoing acid in 7 ml. of acetic 
anhydride was refluxed for 30 min., cooled, and treated with 
an excess of water. The precipitate was filtered and re- 
crvstallized from butanol; it formed leaflets, m.p. 193°; 
yield, 0.9 g. (82%). X“2J (0H 215 (4.39); 232 (4.30): 250 (4.62); 
260 (4.71); 297 (4.05); 305 (4.15); 311 (4.13); 330 (3.87); 
345 m y  (3.75). ?™( 1700, 1757 cm“1.

A n a l .  Calcd. for Ci6H140 4: C, 71.2; H, 5.2. Found: C, 
71.3; H, 5.4.

J erusalem, I srael

(9) Good analytical figures were only obtained wrhen the 
acid ŵ as dried at 100° in a vacuum of 1 mm. for 48 hr.

(10) O. Poppenberg, B e r ., 34, 3257 (1901).

■' i:
... n  ;
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[Contribution from the George H erbert J ones Laboratory, Department of Chemistry,
University of Chicago]

l,2 ,3 ,4 -T etra liy d ro -2 -h y d ro x y -a -m eth y l-l-n a p h th y lid en ea ce tic  Acid  
7 - L actone from  th e  C on d en sation  o f  /3-Tetralone w ith  M eth yl

a-C hloroprop ionate

ROBERT A. CLEMENT and TSU-CHIA SHIEH 

R eceived . A p r i l  2 5 , 1 9 6 0

An attempted Darzens glycidic ester synthesis with /S-tetralone and methyl a-chloropropionate yielded 1,2,3,4-tetrahydro- 
2-hydroxy-a-methyl-l-naphthylideneacetic acid 7 -lactone (II) as the only readily-isolable product. The structure of II 
was proved by dehydrogenation to 2-hydroxy-a-methyl-l-naphthaleneacetie acid 7 -lactone which was synthesized for com
parison by an alternative route. Reduction of II  yielded a new isomer of l,2,3,4-tctrahydro-2-hydroxy-a-methyl-l-i.aphbha- 
leneacetie acid 7 -lactone (III) which could be isomerized to a known isomer. Configurations are proposed for the three
known isomers of III.

For a study in progress in this laboratory, we 
required various 1-substituted l-(/3-naphthyl)- 
ethanes and we considered, briefly, the possibility 
of using the glycidic ester I as an intermediate in 
their preparation. To this end, we attempted a

0 O\C00CHl
I

Darzens condensation between /3-tetralone and 
methyl a-chloropropionate. The only readily- 
isolable product of the reaction, however, was not 
I but a lactone, the structure proof for which, along 
with ancillary observations on some structures de
rived therefrom, constitutes the subject of this 
paper. Some of the transformations involved are 
summarized in Fig. 1.

I
Fig. 1. Some reactions deriving from the condensation of 

/9-tetralone with methyl a-chloropropionate

With sodium hydride as the condensing agent and 
benzene as the solvent, reaction between 0-tetra- 
lone and methyl a-chloropropionate occurred

readily, and there was isolated a crystalline sub
stance, m.p. 153-154.5°, which obviously was not 
I. This substance had the elemental composition 
C13H12O2, was neutral, but dissolved in hot alkali 
to yield a saponification equivalent of 196; within 
experimental error of that implied by its empirical 
formula. In the infrared, it exhibited carbonyl 
absorption at 1731 cm.-1 and intense absorption 
at 1648 cm.-1 which suggested carbonyl-conjugated 
unsaturation.1 It possessed an ultraviolet spectrum 
remarkably similar to that of (rans-cinnamic acid, 
with Xm„  272 mp and Xmia 235 mp. I t readily added 
one mole of hydrogen to form a liquid dihydro 
derivative (Ilia) which exhibited carbonyl absorp
tion in the infrared at 1756 cm.-1 and possessed 
the ultraviolet spectrum of a simple benzene chro- 
mophore with Xmax 265 and 272 mp, Xmin 238 and 
269 mp. On the bases of these observations and 
mechanistic consideration, the condensation prod
uct was tentatively identified as 1,2,3,4-tetrahydro- 
2-hydroxy-a-methyl-l-naphthylideneacetic acid 7- 
lactone (II).

When the condensation product was dehydro
genated with sulfur, there was obtained a com
pound, m.p. 121-124°, whose properties were in 
accord with the structure IV expected. I t had the 
correct empirical formula, exhibited the high- 
frequency carbonyl absorption (1790 cm.-1) as
sociated with /3,7-unsaturated 7-lactones,2 and pos
sessed an ultraviolet spectrum similar to that of 
/3-naphthol, with Xm„  227.5, 270.0, 280.0, 291.5,
315.0, 324.0, and 330.0 mp. This compound proved 
to be identical with that prepared by méthylation 
of the known3'4 2-hydroxy-l-naphthaleneacetic

(1) L J. Bellamy, T h e  I n fr a r e d  S p e c tr a  o f  C o m p le x  M o le 
cu les , John Wiley and Sons, Inc., New York, N. Y., 1958, p. 
42.

(2) Ref. 1, p. 187.
(3) M. Julia and M. Baillarge, B u l l .  soc . c h im . F ra n c e , 

640(1953).
(4) D. S. Tarbell and B. Wargotz, J .  A m .  C h e m . S o c ., 76, 

5761 (1954).
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acid 7-lactone (V), making unambiguous the struc
tural assignments II and IV.

The formation of II by reaction of /3-tetralone 
and methyl a-chloropropionate may be rationalized 
as outlined in Fig. 2 with the first step, alkylation

(5) W. G. Dauben and R. Teranishi, J .  O rg. C h e m ., 16, 
550(1951).

(6) E. E. van Tamelin, G. Van Zyl, and G. D. Zuidema,
J .  A m .  C h em . S o c ., 72, 488 (1950).

as-addition of hydrogen to the less hindered side 
of the double bond and that the all-cfs isomer of 
III is less stable than the alternative as-fused 
isomer lead to the configurations I lia  and I llb  as 
represented in Fig. 3. On the assumption that the 
acid treatment utilized for the isomerization of 
IIIc to I llb 6 did not affect configuration at the 
position a to the acyl function,7 the configuration 
of IIIc is that represented in Fig. 3.

=0

Fig. 2. A possible reaction path for the condensation of 
/3-tetralcne with methyl a-chloropropionate

of /3-tetralone at the 1-position by methyl a- 
chloropropionate, defining the unexpected course 
of the reaction. Although formation of the 1-enolate 
from /3-tetralone should be facile, we had antici
pated little difficulty from side reactions involving 
this enolate ion since /3-tetralone has been suc
cessfully employed as the ketone component in 
a Reformatsky condensation.5 6 Obviously, however, 
II was derived from just such a reaction and, 
surprisingly, the reaction involved alkylation by 
the secondary (although activated) chloride func
tion rather than acylation by the methyl ester 
function. The remaining steps in the sequence of 
Fig. 2 are straightforward and require only a 
catalytic amount of base which was present as 
sodium hydride and sodium methoxide. VII would 
be formed by O-acylation of the enolate ion derived 
from the 1-position of VI, and would be converted 
to II by simple prototropy.

As noted above, hydrogenation of II produced 
a liquid dihydro derivative I lia  which must be 
formulated as a 1,2,3,4-tetrahydro-2-hyd roxy-a- 
methyl-l-naphthaleneacetic acid 7-lactone. Of the 
four racemates possible with this structure, two 
have been described6; Illb , m.p. 121-121.5°, 
and IIIc, m.p. 152.5-153.5°. Although the con
figurations of the methyl groups were in doubt, 
the assignments of a ds ring fusion to Illb  and a 
irons ring fusion to IIIc were certainly correct. 
When our 7-lactone I lia  was treated with sodium 
ethoxide in ethanol it was converted into an isomeric
7-lactone, m.p. 118.0-119.5°, apparently the 7- 
lactone Illb  described by the previous workers.6 
The assumptions that hydrogenation of II involved

H e m.p. 152.5-153.5°
Fig. 3. Configurations of the three'known 1,2,3,4-tetra- 

hydro-2-hydroxy-o-methyl-l-naphthaIeneacetic acid 7- 
lactones

Preparation of lactone V has been described in 
the literature,3 but we employed a more direct 
route which is recorded in the Experimental sec
tion. Methylation of lactone V was not quantitative. 
In addition to the desired methyl lactone IV, we 
obtained comparable quantities of unchanged V and 
the dimethyl lactone VIII, l,2,3,4-tetrahydro-2- 
hydroxy-a,a-dimethyl-l-naphthaleneacetic acid 7- 
lactone.

The yield of lactone II from the condensation of 
/3-tetralone and methyl a-chloropropionate was not 
high, and it is possible that a significant quantity 
of the desired glycidic ester I was present in the 
reaction mixture. However, isolation of I, if present, 
appeared to be a difficult task not readily amenable 
to large-scale operations, and we abandoned this 
approach to the preparation of 1-substituted-l- 
(/3-naphthy 1) ethanes.

EXPERIMENTAL8

T h e  co n d e n sa tio n  o f  P -te tra lone  w i th  m e th y l a -ch lo ro p ro 
p io n a te . 1 ,3 ,3 ,4 -T e tr a h y d r o -S -h y d r o x y -a -m e th y l- l -n a p h th y l i -  
den ea ce tic  a c id  -y-lactone (II). To a solution of /3-tetralone’ 
[14.6 g., 0.100 mole, b.p. 119° (8 mm.)], methyl a-chloro
propionate (12.3 g., 0.100 mole) and dry benzene (150 ml.)

(7) This assumption seems warranted in view of the pauc
ity of examples of acid-catalyzed racemizations about 
asymmetric centers a to ester functions. The same struc
tural assignment follows from consideration of steric inter
actions in transition states likely for ring closure to the lac
tone IIIc and, on the basis of steric interactions, appears to 
be the more stable of the two frans-fused isomers.
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in a 500-ml. flask which was kept under a nitrogen atmos
phere and cooled in an ice bath, was added 50% sodium 
hydride dispersion in paraffin oil10 (4.S g., 0.100 mole). 
The reaction mixture was stirred magnetically for 3 hr. at 
0° and then was permitted to warm to room temperature. 
When hydrogen evolution had ceased, the reaction mixture 
was poured into 200 ml. of 0.05.Y hydrochloric acid and the 
organic layer was separated and dried over magnesium 
sulfate. After filtration and removal of solvent under reduced 
pressure, there was obtained an orange paste which was 
triturated with three 25-ml. portions o: petroleum ether 
(b.p. 60-08°), each portion of petroleum ether being de
canted after being cooled to 0°. The solid residue was crys
tallized from 95% ethanol to give I I  (6.12 g., 31%) as a 
light orange solid, m.p. 151-154°. The analytical sample, 
prepared by recrystallization from ethanol-water and sub
limation, was a white solid, m.p. 153.0-154.5°.

A n a l .  Calcd. for C13H12O2: C, 77.98; H, 6.04; sapon. 
equiv., 200. Found: C, 77.71; H, 6.05; sapon. equiv., 196.

In the infrared (5% in chloroform), II exhibited absorp
tion at 1731 (lactone carbonyl) and 1648 (carbonyl-conju
gated unsaturation) cm.-1. In the ultraviolet (95% ethanol), 
II had X,„ax 272 (e, 20,800) m/i and Xmin 235 (e, 3,200) m»i.

2 - H y d r o x y -a -m e th y l- l -n a p h th a Ie n e a c e t ic  a c id  -,-la c to n e
(IV) f r o m  the d eh yd ro g en a tio n  o f  II. An intimate mixture 
of II (0.403 g., 2.02 mmoles) and sulfur (0.081 g., 2.53 
mmoles) was heated at 240-270° until evolution of gas 
ceased, and the dark red, gummy residue was then chroma
tographed on 40 g. of silica gel. There was eluted with 
40% methylene chloride in carbon tetrachloride a red 
solid which, after sublimation and crystallization from n -  
heptane, amounted to 0.119 g., (30%) of IV as white crys
tals, m.p. 116-121°. This material was identical, by the 
criteria of mixture melting point and infrared spectral 
comparison, with the analytical sample of IV described 
below.

2 - H y d r o x y - l-n a p h th a le n e a c e t ic  a c id  y - la c to n e  (V).3’4 A 
heterogeneous mixture of 2-methoxy-l-naphthaleneaceto- 
nitrile11 (18.0 g., m.p. 110.5-112.0°) and 48% hydrobromic 
acid (180 ml.) was heated under reflux for 12 hr. and then 
cooled and filtered. The precipitate was taken up in ben
zene (250 ml.), filtered to remove some insoluble red mate
rial, washed with three 100-ml. portions of 10% aqueous 
potassium bicarbonate and dried over magnesium sulfate. 
After filtration and removal of solvent under reduced pres
sure, there was obtained a yellow-green solid which was 
evaporatively distilled and then crystallized from /¡-heptane 
to yield V (12.6 g., 75%) as white crystals, m.p. 102.5- 
104.0° (lit.4 m.p. 103.0-104.5°). In the infrared (5% in 
chloroform), V exhibited lactone-carbonyl absorption at 
1796 cm.-1.

M e th y la l io n  o f  V. 2 - H y d r o x y -a -m e th y l- l -n a p h th a le n e a c e lic  
a c id  y - la c to n e  (IV) a n d  2 -h y d r o x y -a ,a - d i:n e th y l- l -n a p h th a -  
leneace tic  a c id  y - la c to n e  (VIII). To a solution of V (3.68 g., 
20 mmoles) and methyl iodide (14.0 g., 99 mmoles) in freshly- 
distilled tetrahydrofuran (100 ml.) contained in a 250 ml. 
flask under a nitrogen atmosphere and stirred magnetically, 
was added 50% sodium hydride dispersion in paraffin oil10 
(0.96 g., 20 mmoles). Hydrogen evolution was rapid and 
complete within 10 min. as the reaction mixture became 
warm. The reaction mixture was stirred at ambient, tempera
ture for 1.5 hr. and then volatile material was removed by 8 9 10 11

(8) We are indebted to Mr. William Saschek of this 
Department for he elemental analyses. Infrared spectra 
were taken on a Perkin-Elmer Model 21 infrared spectro
photometer and ultraviolet spectra on a Beckman DU 
spectrophotometer. Melting points were determined on a 
calibrated Fisher-Johns melting point apparatus.

(9) A. J. Birch, J .  C h em . S o c ., 430 (1944).
(10) Metal Hydrides Inc.
(11) A. H. Cook, J. Downer, and B. Hornung, J .  C h em . 

S o c ., 502(1941).

evaporation under reduced pressure and the pale-green, 
pasty residue was chromatographed on 140 g. of silica gel. 
Fractions A and B were eluted, in order, with 40% meth
ylene chloride in carbon tetrachloride, and fraction C was 
eluted with 40% carbon tetrachloride in methylene chloride.

Fraction A, after one crystallization from pentane, 
amounted to 0.91 g. (2 1% on lactone V) of 2 - h y d r o x y -a ,a -  
d im e th y l- l-n a p h th a le n e a c e lic  a c id  y - la c to n e  (VIII) as long 
white crystals, m.p. 98-99°. The analytical sample was 
prepared by recrystallization from pentane, and sublimation, 
m.p. 97-100°, and exhibited lactone-carbonyl absorption 
in the infrared (5% in chloroform) at 1790 cm.-1.

A n a l .  Calcd. for C14H 12O2: C, 79.22; H, 5.70. Found: 
C, 79.30; H, 5.90.

Fraction B, after one crystallization from /¡-heptane, 
amounted to 0.72 g. (18% on lactone V) of 2 - h y d r o x y -a -  
m e th y l- l-n a p h lh a le n e a c e tic  a c id  y - la c to n e  (IV) as pale 
orange crystals, m.p. 117-121°. The analytical sample was 
obtained as stout white crystals, m.p. 121-124°, by two 
recn-stallizations from /¡-heptane followed by sublimation. 
In the infrared (5% in chloroform), it exhibited lactone- 
carbonyl absorption at 1790 cm. -4 and in the ultraviolet 
(95% ethanol) it had \ mnx 227.5 u , 63,000), 270.0 (e, 3,800),
280.0 (e, 4,800), 291.5 (*, 4,000), 315.0 ( e, 1,600), 324.0 (e,
1,500), and 330.0 (e, 1,900) m M.

A n a l . Calcd. for C13H 10O2: C, 78.77; H, 5.09. Found: (', 
78.52; H, 5.10.

Fraction C, after one crystallization from /¡-heptane, 
amounted to 0.87 g. (24% recoverv) of the starting lactone 
V, m.p. 103-104°.

H y d r o g e n a tio n  o f  II. l ,2 ,3 ,4 .-T e tr a h y d r o -2 -h y d r o x y -a -m c th -  
y l- l-n a p h th a le n e a c e tic  a c id  y - la c to n e  (Ilia). A solution of 
II (0.667 g.) in glacial acetic acid (45 ml.) was hydrogenated 
a t atmospheric pressure and 28° in the presence of 10% 
palladium/charcoal catalyst (0.10 g.). Hydrogen uptake 
ceased after 20 min. when 10 1% of theory for saturation of 
one double bond had been absorbed. The solution was 
filtered and acetic acid was removed by evaporation on 
the steam bath at the water aspirator. The residue was 
evaporatively distilled to yield I l ia  (0.600 g., 89%) as a 
colorless, viscous liquid which exhibited lactone-carbonyl 
absorption in the infrared (5% in chloroform) at 1756 cm. -1 
and had, in the ultraviolet (95% ethanol), \ mBX 265 ( t ,  
390) and 272 (e, 390) mM and Xmin 238 (e, 71) and 269 (e, 
250) m//.

A n a l .  Calcd. for C13H14O2: C, 77.20; H, 6.98. Found: 
C, 76.90; H, 6.97.

I s o m e r iz a t io n  o f  I l ia  to  I llb . To a solution of I l ia  (0.151 
g.) in absolute ethanol (25 ml.) was added 2M  sodium 
ethoxide in ethanol (0.20 ml.) and the homogeneous mix
ture was permitted to remain at room temperature for 19 
hr. Ammonium chloride (0.10 g.) was then added and the 
mixture was evaporated to dryness under reduced pressure. 
The residue was taken up in boiling benzene (50 ml.), fil
tered from inorganic salts, and evaporated to dryness 
under reduced pressure. The pale yellow solid thus obtained 
was sublimed and then crystallized from methanol-water 
to yield I l lb  (0.100 g., 66%) as long white needles, m.p.
118.5-119.5° (lit.6 m.p. 121.0-121.5°). The analytical 
sample was obtained by sublimation, m.p. 118-119.5°, and 
exhibited lactone-carbonyl absorption in the infrared (5 % 
in chloroform) at 1756 cm.-1. In the ultraviolet (95% 
ethanol), it had XmaT 265 (e, 370) and 272 %, 340) m p  and 
Xmin 237 (e, 60) and 269 (e, 230) m M.

A n a l .  Calcd. for C13H14O2: C, 77.20: H, 6.98. Found: C, 
77.35; H, 7.18.
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When an alkaline alcoholic solution of a cyclic 1,4-diketone is shaken with air, the compound is transformed in good yield 
to the corresponding enedione. The autoxidation most likely proceeds v ia  an anion radical intermediate.

During the course of a study on the chemistry of 
A-norsteroids, the thermodynamic stability of A- 
norcoprostane-2,6-dione (I)2 was investigated.

0  0  
I II

When the dione I was warmed for about five 
minutes in 0.5iV ethanolic potassium hydroxide, 
a deep blue color developed. Upon standing at room 
temperature in a closed flask the color remained, 
but when the blue solution was swirled in air the 
blue color was discharged and an orange solution 
resulted. Upon repetition of the process, the same 
color sequence was again noted, and after a few 
such treatments the blue color no longer formed. 
Upon processing the reaction mixture, A-nor-3- 
cholestene-2,6-dione (II) was obtained in 40% 
yield. Such a base catalyzed autoxidation of a 
saturated 1,4-diketone to an enedione system has 
been reported previously in two cases. In 1953, 
Barton and de Mayo3 found that when methyl 
diketopyroquinovate (III) was heated in base in 
the presence of air, the dehydro derivative was ob
tained. In 1955, Barton, McGhie, Pradhan, and 
Knight4 reported that, when 7,11-dioxoeuphanyl

benzoate (IV) was saponified, 7,11-dioxoeuphenol 
was obtained. In both of these latter two cases, 
the enedione system introduced was derived by 
removal of tertiary hydrogen atoms and was part 
of an internal ring system. In all three examples the

(1) General Electric Company Fellow in Chemistry, 
1958-1959.

(2) A. Windaus, Z .  p h y s io l .  C h e m ., 1 1 7 , 146 (1921).
(3) D. H. R. Barton and P. de Mayo, J .  C h em . S o c .,  

3111 (1953).
(4) D. H. R. Barton, J. F. McGhie, M. K. Pradhan, and 

S. A. Knight, J .  C h em . S o c ., 8 7 6  (1955).

yields of the reactions were good; in view of the 
simplicity of the reaction as compared to the use 
of such reagents as selenium dioxide for dehydro
genation, the base catalyzed autoxidation was 
further examined.

When an alkaline ethanolic solution of choles- 
tane-3,6-dione (V) was warmed in air, no blue 
color developed as in the A-nor series but the color 
of the solution went from colorless to yellow to 
green to red. From the reaction mixture there was 
obtained 4-cholestene-3,6-dione (VI) in 41% yield.

V VI

Upon similar treatment B-norcoprostane-3,6- 
dione (VII) did not yield the known enedione
(VIII), but a new material was obtained. The pale 
yellow crystalline product, isolated in 62% yield, 
possessed the expected composition for a dehydro
genated material, but it showed no carbonyl ab
sorption in the infrared. However, there were four 
bands of medium intensity in the 1650-1550 cm.-1 
region, indicating conjugated olefinic bonds, and 
there was a strong band at 3400 cm.-1, character
istic of hydroxyl groups. Also, in the ultraviolet, 
there was a maximum at 322 m/z with an intensity 
of 16,300, indicating a conjugated triene system. 
On the basis of these data, the reaction product 
was assigned the structure of B-nor-2,4,6-choles- 
tatriene-3,6-diol (IXa) or the 1,3,5-triene isomer 
(IXb). It has not been possible to establish the 
fact that no skeletal rearrangement has taken place, 
since when IX was allowed to react with zinc and 
glacial acetic acid no crystalline product could be 
obtained. In line with this structural assignment,
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however, was the finding that when a sample of 
authentic B-nor-4-cholestene-3,6-dione (VIII) was 
allowed to stand in alkali, the same trienediol IX 
was obtained in 64% yield. Also, Rull and Ouris- 
son5 have reported that when B-nor-4-androstene-
3,6-dione was passed through alumina, the ma
terial was transformed into an isomeric compound 
which possessed an ultraviolet spectrum similar to 
that reported above for IX. These workers postu
lated a dienone structure X for their material. 
Upon being informed of our results, they examined 
the infrared spectrum of their material and found 
no carbonyl absorption and now agree with our 
postulated trienediol structure.6 In line with their 
work, when a solution of VIII was passed through 
a column of Woelm basic alumina, IX was iso
lated.

The generality of the base catalyzed autoxidation 
of a 1,4-dione to an enedione has not been widely 
examined but one nonsteroid case has been studied. 
When the dione XI7 was subjected to the usual 
reaction conditions, the compound underwent 
dehydrogenation to yield the related quinone XII 
in 20% yield.

Finally some information with regard to the 
mechanism of the reaction has been obtained. 
First, it was found that when oxygen was excluded, 
no reaction occurred. Second, if the base concentra
tion were sufficiently low ( ~ 0.02Ar), the rate of 
reaction was slow and starting material was re
covered after twenty-four hours. Under identical 
conditions, but using 0.5IV potassium hydroxide, 
the dehydrogenation was complete in two hours. 
Third, in the A-nor case, if the blue solution were 
flushed free of air with nitrogen, the color re
mained for many weeks. These data strongly sug
gest a mechanism similar to that postulated by 
Michaelis8 for the autoxidation of hydroquinone 
and which involves an anion radical intermediate. 
Thus, in the presence of base the diketone XII is 
converted to the dienolate ion X III which reacts 
with oxygen to generate the blue colored anion 
radical XIV. Finally, XIV is oxidized further to 
the enedione XV.

During the course of this work, the reduction 
of steroidal enediones with zinc and acetic acid 
was studied. Recently, McKenna, Norymberski,

(5) T. Rull and G. Ourisson, B u l l .  soc . c h im . F ra n ce , 
1581 (1958).

(6) Private communication, G. Ourisson.
(7) Kindly supplied by Professor G. Wiley.
(8) L. Michaelis, C h e m . R e v s ., 16, 243 (1935); C. Walling,

F ree  R a d ic a ls  i n  S o lu t io n , John Wiley and Sons, Inc., New
York, (1957), p.457.

and Stubbs9 reported that the water content of the 
acetic acid had an effect on such reductions. In 
the present study, it was found that when 4- 
cholestene-3,6-dione (VI) was reduced at 100° or 
at reflux temperature with zinc in 90% acetic acid, 
random reduction of the carbonyl groups as well 
as the reduction of the double bond occurred. In 
contrast, the saturated dione (V) was obtained in 
high yield when the reduction was conducted in 
glacial acetic acid at 100°. When B-nor-4-choles- 
tene-3,6-dione (VIII) was reduced in glacial acetic 
acid at 100°, B-norcoprostane-6-one (XVI) was 
obtained. When the reaction was conducted at

XVI

room temperature, following the procedure of 
McKenna, el al.,9 the saturated 3,6-dione (VII) 
was formed. Recently, Schaefer10 has found that 
amalgamated tin in ethanolic hydrochloric acid is 
an excellent reagent for the reduction of enediones. 
When this method was used in the B-nor series, 
an almost quantitative yield of the saturated dione 
could be isolated directly from the reaction mix
ture.

EXPERIMENTAL11

A -N o r-3 {5 )-c h o le s te n e -2 ,6 -d io n e  (II). A solution of 90 mg. 
(0.23 mmole) of A-norcoprostane-2,6-dione (I)2 in 25 ml. of 
0.5N  methanolic potassium hydroxide was warmed in a 
waterbath for 5 min. The solution immediately developed 
a deep blue color. Upon standing overnight a t room tempera
ture, the color changed from blue to yellow-orange. The 
solution was diluted with water and extracted with ether. 
The ethereal solution was dried, the solvent evaporated, 
and the residue chromatographed on alumina (Act. III). 
Elution with petroleum ether (b.p. 30-60°)-benzene (1:1) 
gave 35 mg. (39%) of crystalline enedione (II), m.p. 149- 
152°. Recrystallization of the product from ethanol yielded 
A-nor-3(5)-eholestene-2,6-dione in colorless blades, m.p.
154-155°, M 2d5 - 6 °  (Chf), X ^ r 1 244 mM (* 10,500), 
«£L’ 1700,1708 cm“1.

A n a l .  Calcd. for C26H10O2 (384.58): C, 81.20; H, 10.48. 
Found: C, 80.75; H, 10.36.

Using 0.5A' ethanolic potassium hydroxide, 150 mg. of 
anedione yielded 75 mg. (50%) of enedione.

(9) J. McKenna, J. K. Norymberski, and R. D. Stubbs, 
J .  C h em . S o c ., 2502 (1959).

(10) J. P. Schaefer, J .  O rg. C h e m ., in press..
(11) Analyses by the Microanalytical Laboratory, Col

lege of Chemistry, University of California, Berkeley.
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Reduction of 75 mg. of enedione II  with 2 g. of zinc dust 
in 25 ml. of acetic acid followed by chromatography over 
alumina and recrystallization of the product from petroleum 
ether (b.p. 30-60°) yielded 55 mg. (73%) of A-norcopros- 
tane-2,6-dione, m.p. 148-149°, identical in melting point 
and spectrum with authentic sample.

4 -C h o le s te n e -8 ,6 -d io n e  (VI). A solution of 1.0 g. (2.5 
mmoles) of cholestane-3,6-dione12 in 100 ml. of IV  ethanolic 
potassium hydroxide was warmed for 5 min. in a water bath. 
The color of the solution turned from colorless to yellow 
and then to green. The solution was allowed to stand at room 
temperature for 8 hr. during which time the solution turned 
bright red. The solution was diluted with water and ex
tracted with ether. The ethereal extract was washed with 
cold 5% potassium hydroxide solution, water, dilute hydro
chloric acid, water, and then saturated salt solution. Upon 
evaporation of the solvent there was obtained 768 mg. 
(77%) of semicrystalline yellow1 material which was chroma
tographed on 21 g. of alumina (Act. III). Elution with 
petroleum ether (b.p. 30-60°)-benzene (1:1) yielded 407 
mg. (41%) of pale yellow crystals, m.p. 115-120°, which 
after recrystallization from methanol gave 4-cholestene-
3.6- dione as pale yellow leaflets, m.p. 124-125°, [«]„“ —38° 
(Chf), X™ 252 mM (11,600), v™  1685 cm ."1, identical in 
melting point and spectra with an authentic sample.10

B -N o r-2 ,4 ,6 -c h o ie s ta tr ie n e -S ,6  d io l (IX). A solution of 600 
mg. (1.55 mmoles) of B-norcoprostane-3,6-dione,13 2.8 g. 
of potassium hydroxide, and 50 ml. of ethanol was heated 
for a few minutes to effect solution. The color of the solution 
became yellow, then green; after standing a t room tempera
ture for 2 hr., the color was red. The solution was diluted 
with water and extracted with ether. The ether extracts 
were washed with 5% potassium hydroxide solution, then 
washed with water and dried. The solvent was evaporated 
and there was obtained 425 mg. (62%) of pale yellow crys
talline material. The residue was recrystallized from etha
nol to yield 400 mg. (68%) of pale yellow leaflets of B-nor-
2.4.6- cholestatriene-3,6-diol, m.p. 220-225° (dec., sealed 
cap.), >£“ 322 m^ (16,300).

A n a l .  Calcd. for C26H »02 (384.58): C, 81.20; H, 10.48. 
Found: C, 81.25; H, 11.20.

When a solution of 107 mg. (0.285 mmole) of B-nor-4- 
cholestene-3,6-dione,14 1.0 g. of potassium hydroxide, and 
25 ml. of ethanol w-as allowed to stand at room temperature 
for 12 hr., there was obtained, from the neutral fraction, 
80 mg. (64%) cf a pale yellow solid. Recrystallization of this 
material from ethanol yielded pale yellow leaflets of IX, 
identical in all respects with that prepared above.

A u to x id a i io n  o f  d io n e  XI. To a solution of 200 mg. (1.1 
mmoles) of dione X I7 (m.p. 240°, »mal 1710 cm.-1) in 100 
ml. of hot ethanol, there was added, with vigorous stirring, 
50 mg. of potassium hydroxide. The solution turned dark 
red and after 2 hr. 0.5 g. of potassium hydroxide was added. 
The stirring was continued for a short period and the 
black solution was diluted with water and acidified with 
dilute hydrochloric acid. The mixture was extracted with 
ether and after evaporation of the solvent the residual dark 
oil was chromatographed on alumina. Elution with benzene 
yielded 40 mg. of the quinone XII, m.p. 125°. The ultra
violet and infrared spectra were identical with those of the 
authentic material.7

(12) V. H. Petrow, 0 . Rosenheim, and W. W. Starling, 
J .  C h em . S o c ., 677 (1938); W. C. J. Ross, J .  C h em . S o c ., 737
(1946).

(13) L. F. Fieser, J .  A m .  C h e m . S o c ., 75, 4386 (1953).
(14) W. G. Dauben and G. J. Fonken, J .  A m .  C h em . 

S o c ., 78,4736 (1956).

R e d u c t io n  o f  4 -ch o le s len e -8 ,6 -d io n e  (VI) w ith  z in c  a n d  acetic  
a c id , (a) A t  r e f lu x  te m p e ra tu re . A solution of 100 mg. (0.25 
mmole) of enedione VI in 25 ml. of 90% acetic acid was 
refluxed with 5.0 g. of zinc dust for 4 hr. The solution was 
filtered, poured into water, and the aqueous suspension 
extracted with ether. The ethereal extract was washed 
with aqueous sodium bicarbonate solution and water, dried, 
and the solvent evaporated. The residual colorless oil crys
tallized as white needles (70 mg.), m.p. 74-75°. After two 
recrystallizations from methanol the product melts at
86-88°, 1700 cm.-1

Cholestan-3-one melts a t 172° and cholestane-6-one melts 
a t 129°.

(6) A t  1 0 0 ° . The above experiment was repeated except 
that the mixture was heated on a steam bath for 2 hr. The 
crude product melted a t 72-73°.

(c) W ith  g la c ia l a ce tic  a c id  a t  1 0 0 ° . A solution of 50 mg. 
(0.13 mmole) of enedione VI in 25 ml. of glacial acetic 
acid was heated on a steam bath with 2.5 g. of zinc dust. 
Effervescence was vigorous a t first but by the end of 1 hr. 
it had almost stopped. After 90 min. the reaction mixture 
was processed as before and the crude product melted 
a t 110-120°. Two recrystallizations from ethanol yielded 
45 mg. (90%) of white needles, m.p. 155-160°, the infrared 
spectrum of which was almost identical with authentic 
cholestane-3,6-dione.

R e d u c tio n  o f  B -n o r -4 -c h o le s te n e -S ,6 -d io n e  (VIII) w ith  z in c  
a n d  a ce tic  a c id , (a) W ith  1 0 0 %  a ce tic  a c id  a t  1 0 0 ° . A solution 
of 43 mg. (0.11 mmole) of enedione V III in 12.5 ml. of 
glacial acetic acid containing 2 drops of acetic anhydride 
was heated with 2 g. of zinc dust on the steam-bath for 2.5 
hr. The reaction mixture was processed as above and the 
resulting oil crystallized upon trituration with methanol. 
The white needles (24 mg.) melts a t 98-100°, [a]D +37° 
and were identical with an authentic sample of B-norco- 
prostane-6-one.

(6) A t  ro o m  te m p e r a tu re . To a solution of 100 mg. (0.26 
mmole) of enedione V III in 50 ml. of glacial acetic acid 
there was added 1.7 g. of zinc dust in four equal portions a t 
15-min. intervals. The mixture was shaken continuously 
during the additions and the shaking was continued for an 
additional 45 min. after the final addition of zinc. The entire 
procedure was conducted a t room temperature. The mix
ture was filtered, the filtrate almost neutralized with 3N  
sodium hydroxide and then extracted with ether. The 
ethereal extract was washed with water, dried, the solvent 
evaporated, and the residue chromatographed on 5 g. of 
basic alumina (activity III). Elution with benzene gave 
white needles (50 mg.), m.p. 110-111° (from methanol), 
which were identified as B-norcoprostane-3,6-dione by 
mixed melting point and infrared spectra comparison.

R e d u c tio n  o f  B -n o r-4 -ch o le s le n e  3 ,6  d io n e  w ith  t i n  a n d  
ethanolic. h yd ro ch lo ric  a c id . A solution of 85 mg. (0.22 mmole) 
of enedione VIII in 10 ml. of ethanol containing 0.1 ml. of 
coned, hydrochloric acid was refluxed with 1 g. of amal
gamated tin and a few crystals of mercuric chloride for 30 
min. The mixture was filtered, poured into water, and ex
tracted with ether. After removal of the solvent the residue 
crystallized spontaneously and the pale yellow needles 
(80 mg.) melted from 107-110° and were identical with 
B-norcoprostane-3,6-dione.
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S u ccin oy la tion  o f  2 -M eth oxyn ap h th a len e

MONOJIT GHOSAL 

R ece ived  F e b r u a r y  2 9 , i 9 6 0

Succinoylation of 2-methoxynaphthalen; has been studied in nitrobenzene, carbon disulfide, and tetrachloroethylene. 
When nitrobenzene was used as solvent, t>vo products, /3-(2-methoxy-6-naphthoyl)propionic acid (I) and /S-(2-methoxy-l- 
naphthoyl)propionic acid (II) were obtained; in tetrachloroethylene II was the sole product; whereas, in carbon disulfide, 
the main compound isolated was II with traces of I. This is in close agreement to the results of Short, et a l .1 The reported 
(?-(7-methoxy-l-naphthoyl)propionic acid2 eould not be obtained. This acid has been synthesized by an unambiguous route, 
and found different from the acids isolated by us. Additional evidence for the structure of ;S-(2-methoxy-6-naphthoyl)pro- 
pionic acid is provided by its conversion to 2-methoxyphenanthrene. The effect of solvents on the orientation of substitu
tion has been discussed.

The Friedel-Crafts reaction between 2-meth- 
oxynaphthalene and succinic anhydride in carbon 
disulfide was studied by Short, et al.1 and later by 
Bachmann and Horton.2 The former reported ¡3- 
(2-methoxy-l-naphthoyl)propionic. acid (II), m.p. 
138°, as the only product. Its constitution was 
established by hypochlorite oxidation to the cor
responding naphthoic acid. In contradiction to this 
report, the later workers obtained a product with 
m.p. 148°. They conclusively proved it to be /3- 
(7-methoxy-l-naphthoyl)propionic acid (III), not 
only by hypochlorite oxidation to 7-methoxy-l- 
naphthoic acid, but also by reduction to y-(7- 
methoxy-l-naphthyl)butyric acid, which in turn 
was synthesized through unambiguous routes for 
comparison.

In view of the above contradictory reports, the 
study of succinoylation of 2-methoxynaphthalene in 
different solvents was undertaken. In nitrobenzene, 
two products were isolated having m.p. 149-150° 
and m.p. 138° (c/. Short, et al.1). In tetrachloro
ethylene, only one acid, m.p. 138°, identical with 
the acid of same melting point from condensation 
in nitrobenzene was obtained. In car non disulfide, 
again, both the acids resulted; but the. higher melt
ing acid could be isolated only in traces, the main 
product being the acid of m.p. 138°.

The higher melting acid was proved to be ¡3- 
(2-methoxy-6-naphthoyl)propionic acid (I) by hy
pochlorite oxidation to 2-methoxy-6-naphthoic 
acid, and also by conversion to 2-methoxyphenan
threne3 as described in accompanying formulas. 
Miyasaka4 obtained 4-keto-7-methoxy-1,2,3,4-tetra- 
hydrophenanthrene (V) using a similar procedure. 
Our results are at variance with those obtained by 
the Japanese worker. According to him, V melts at 
56°, while our compound melts at 168°. Clem-

(1) Short, Stromberg, and Wiles, J .  C h e m . S e e ., 319
(1936).

(2) Bachmann and Horton, J .  A m .  C h cm . S o c ., 69, 58
(1947).

(3) Ghosal and Bagchi, S c ie n c e  a n d  C i l tu r e ,  19, 49
(1953).

(4) Miyasaka, ./. P h a r m . S o c . J a p a n ,  59, 278 (1939);
C .A .  34, 1012(1940).

mensen reduction of I gave a poor yield (32%) of
IV. But, when the ethyl ester of I was reduced, 
IV was obtained in 75.5% yield. Cyclization of 
IV to V was effected with stannic chloride. Re
duction of V with lithium aluminum hydride, 
followed by dehydration and dehydrogenation gave 
2-methoxyphenanthrene, which was identical with 
an authentic specimen kindly supplied by Dr. D.
K. Banerjee of the College of Engineering and 
Technology, Calcutta 32, India.

Hypochlorite oxidation of the acid, m.p. 138°, 
afforded 2-methoxy-l-naphthoic acid, m.p. 173- 
175°, and was quite different from 7-methoxy-l- 
naphthoic acid (VII), m.p. 170.5, prepared ac
cording to the method of Fieser and Holmes5—- 
a fact which was demonstrated by their mixed 
melting point and their Debye-Scherrer photo
graphs. Evidence in favor of structure II for the

(5) Fieser and Holmes, •/. A m .  C h cm . S o c ., 58, 2319 
(1936).
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acid, m.p. 138°, has already been provided by the 
experiments of Gilmore and Horton.6 In no case 
could we isolate Bachmann and Horton’s acid, 
m.p. 148°, although experimental conditions were 
varied in a number of ways such as time and 
temperature of reaction, order of addition of the 
reactants, etc.

For direct comparison, Bachmann and Horton’s 
acid (III) was synthesized through the following 
unambiguous route from the Fieser and Holmes’ 
acid (VII):

VII VIII

1. Na-CH ■COOC;H,''
2. Hydrolysis III

The final product melted at 147.5° in conformity 
with the observation of Bachmann and Horton.

In view of our experiences, we are forced to 
conclude that Bachmann and Horton’s observa
tion represents a rather unusual variation of the 
course of the reaction, and may be due to the 
presence of foreign matters in the catalyst. In
stances are known in the literature7 where em
ployment of different Friedel-Crafts’ catalysts 
led to different products. In fact, in the course of 
the present work, using different brands of an
hydrous aluminum chloride for the succinoylation 
of 2-methoxynaphthalene in nitrobenzene, we ob
served variation. In some experiments, the acids
(I) and (II) were obtained in the ratio 2.5:1. 
Subsequently, it was uniformly observed that the 
lower melting acid (II) was the main product 
(1:11:1:3). Particular care was taken to ascertain 
whether this was due to any other factor than the 
quality of the catalyst. Experiments under care
fully controlled conditions compels us to believe 
that this may be the only reason for the variation 
observed.

The cutting down of the reaction time to two 
hours (one half hour in freezing mixture and one 
and a half hours at room temperature) as against 
120 hours at 0° recommended by the previous 
workers does not materially affect the yield so 
long as the same grade of aluminum chloride is 
used. In fact, employment of shorter reaction 
periods facilitates the isolation of the products in 
purer condition. The initial supposition that /3- 
(2-methoxy-l-naphthoyl) propionic acid may be 
converted into the 6-isomer in the presence of 
anhydrous aluminum chloride was disproved by

(6) Gilmore and Horton, J .  A m .  C h em . S o c ., 72, 733
(1950).

(7) Gutsche and Lauck, C h em . a n d l n d . ,  116 (1559).

keeping the 1-acid with aluminum chloride in 
nitrobenzene for 96 hours, when the 1-acid was 
recovered quantitatively.

DISCUSSION

Acylation of naphthalene and its derivatives 
are anomalous in the sense that orientation of 
substitution depends to a large extent on the sol
vent employed. I t  has been suggested that acyla
tion at the /3-position is favored in nitrobenzene 
medium, because the aluminum chloride-acyl 
chloride complex gets solvated to form a bulky 
complex.8 As the «-position is relatively hindered, 
a complex with large steric requirements cannot 
attack this position. This simple theory is unable 
to explain the formation of large quantities of /3- 
(2-methoxy-l-naphthoyl)propionic acid in nitro
benzene medium as observed by us.

It would therefore be worthwhile to try to 
interpret the results in terms of the more recent 
generalizations on the mechanism of Friedel- 
Crafts reaction.9’10 I t is now believed that Friedel- 
Crafts acylation reactions may proceed via two 
alternative mechanisms, viz. substitution (S) and 
ionic (I). The reaction proceeds primarily via 
S mechanism when the aromatic substrate is com
paratively unreactive, such as benzene, toluene, 
etc., whereas I mechanism becomes important only 
when a sterically hindered acyl halide is used, the 
aromatic substrate is reactive, or a sterically 
hindered position is being acylated.

The reactive hydrocarbon 2-methoxynaphthalene 
should undergo Friedel-Crafts substitution by 
the I mechanism. Acylation of this compound 
yields the 1- and 6-substitution products. Because 
the electron density at the 1-position is considerably 
greater than that at the 6-, a competing ionic 
substitution should predominantly yield the 1- 
substitution product. It is so when carbon disulfide 
and tetrachloroethylene are used as solvents. If 
the substitution at the 6-position is considerably 
large, it is highly probable that substitution at this 
unhindered and relatively unreactive position 
has taken place by the S mechanism. The pre- 
ponderence of succinoylation and acetylation at 
the 6-position in nitrobenzene medium may be 
easily explained with this hypothesis.

The Friedel-Crafts complex between aluminum 
chloride and a succinic anhydride is practically 
insoluble in carbon disulfide and tetrachloroethyl
ene. Hence, the little that goes into solution may 
be considered to be highly dissociated to yield 
acylonium ion. I t is therefore reasonable to expect 
acylation through I mechanism, which is supported 
by substitution taking place exclusively at the 
hindered 1-position of a reactive substrate.

(8) Baddeley, J .  C h e m . S o c ., 599 (1949).
(9) Brown, Pearsall, Eddy, Wallace, Grayson, and 

Nelson, I n d .  E n g . C h e m ., 45, 1462 (1953).
(10) Gore, C h em . R ev ., 55, 229 (1955).
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The isolation of a very small quantity of the 6- 
isomer shows that substitution at the 6-position 
by I mechanism is negligible, or the simultaneous 
S reaction proceeds to a very limited extent. In 
nitrobenzene, in which the Friedel-Crafts complex 
is soluble, the presence of a considerable amount 
of undissociated complex is expected. This could 
lead to acylation at the 6-position (comparatively 
unreactive and free) through the S mechanism. 
This would explain the formation cf a larger pro
portion of the 6-isomer in comparison to the product 
obtained by carrying out the reaction in other 
solvents.

2-Methoxynaphthalene is acetylated at the 6- 
position in nitrobenzene medium.11’12 That no 
isomeric 1-derivative is formed is a sharp contrast 
to succinoylation of the same compound. If we 
compare the structures of the two Friedel-Crafts 
complexes, we would find that the electron re
leasing character of the methyl group in the case 
of the complex between acetyl chloride and alumi
num chloride, and the electron withdrawing char
acter of the carboxyl in the case of the complex 
between succinic anhydride and aluminum chlo
ride, would respectively retard and favor the for
mation of the acylonium ion. We should there
fore expect much less contribution of the I mech
anism in the case of acetyl chloride, resulting in 
the acylation proceeding predominantly at the 6- 
position through the S-mechanism.

Results given in the literature indicate that 
naphthalene shows a greater tendency to be acyl- 
ated at the /3-position than 2-methoxynaphthalene. 
This may be attributed to the comparatively 
unreactive character of naphthalene.

It has been pointed out before that the purity of 
the catalyst plays a very important part in de
termining the course of the reaction. This may be 
due to the fact that minor constituents in the 
catalyst might to some extent promote or retard 
the I- and S-reaction carried out in otherwise 
similar conditions. In that case, the variations 
observed by a different set of workers for reactions 
carried out between the same reactants and in the 
same solvent may find an explanation.

EXPERIMENTAL13

S u c c in o y la t io n  o f  2 -m e th o x y n a p h th a le n e . A. I n  n itro b en zen e .  
To a solution of aluminum chloride (29.4 g.) in nitrobenzene 
(98 ml.) succinic anhydride (10 g.) was added. The mix
ture was cooled below 0°, and 2-methoxynaphthalene (15.8 
g.) was slowly added. After stirring for 0.5 hr., the cooling 
bath was removed; the reaction mixture was decomposed 
after 1.5 hr. with ice and hydrochloric acid. On working 
up in the usual manner, a solid acid was obtained which was 
methylated with 20 ml. of dimethyl sulfate. The product 
was then esterified with ethanol (50 ml.), benzene (75 ml.), 
and coned, sulfuric acid (1 ml.) for 5 hr. The benzene layer

(11) Haworth and Sheldrick, J . C h em . S o c ., 864 (1934).
(12) R.obinson and Rydon, J .  C h em . S o c ., 1394 (1939).
(13) All melting points are uncorrected.

was washed with water and dilute ammonia. On removal of 
the solvent, the residue crystallized partially. The crystals 
were collected (4 g.), and washed with a little ethanol; m.p. 
107°. Recrystallization from ethanol gave pure ethyl /5- 
(2-methoxy-6-naphthoyl)propionate, m.p. 111-12°. This 
ester on hydrolysis with alcoholic potassium hydroxide gave 
a quantitative yield of /3-(2-methoxy-6-naphthoyl)propionic 
acid, which on recrystallization from glacial ace’ic acid, 
melted at 148-149°. This acid on oxidation with sodium 
hypochlorite afforded 2-methoxy-6-naphthoic acid m.p. 
200° (lit. 205°).

The liquid ester obtained after filtration of ethyl /3-(2- 
methoxy-6-naphthoyl)propionate was distilled and the 
fraction (11.9 g.) b.p. 215-222°/4.0 mm. was collected. 
This cn saponification gave an acid, m.p. 137-138°, not 
depressed by admixture with /S-(2-methoxy-l-naphthoyl)- 
propionic acid.

Total yield of the esters was 56%.
In two experiments, aluminum chloride (58.8 g .), nitro

benzene (194 ml.), succinic anhydride (20 g.), and 2-meth
oxynaphthalene (31.6 g.) afforded 17.3 g. of the 6-isomer, 
m.p. 149°, and 6.6 g. of the 1-isomer, m.p. 139-140°. In this 
case, the total yield of the acids was 45%.

B. I n  carbon  d isu lf id e . Succinic anhydride (5 g.) was 
allowed to react with 2-methoxynaphthalene (8 g.) in carbon 
disulfide (30.4 g.) in the presence of anhydrous aluminum 
chloride (14.7 g.) under conditions identical with those 
described by Short, et al.1 An acidic product, m.p. 108- 
109.5°, (4.5 g.) was obtained. This was esterified with alco
holic hydrochloric acid (9 ml., 5%) to give 3.5 g. of ester, 
b.p. 210-214°/3 mm. On being left for 7 days in contact 
with a little methanol, traces of solid, m.p. 1 1 1 - 1 1 2 °, 
separated. This was removed by filtration and washed with 
a little methanol. Mixed melting point with ethyl /3-(2- 
methoxy-6-naphthoyl)propionate did not show any de
pression. The filtrate from above was redistilled after re
moval of methanol when the distillate solidified on cooling, 
m.p. 37-38° (lit.1 m.p. 40-41°). This was hydrolyzed with 
alcoholic potassium hydroxide, when 3.0 g. of solid acid were 
obtained. On crystallization from methanol, the first crop 
of /3-(2-methoxy-l-naphthoyl)propionic acid (1  g.) melted 
at 139-140°.

A n a l .  Calcd. for CiJiuCV C, 69.77; H, 5.43. Found: C, 
69.61 ;H , 5.65.

The acid in the mother liquor was subjected to fractional 
crystallization, but no other product could be obtained.

The keto acid (1 g.), on oxidation with alkaline sodium 
hypochlorite gave 2-methoxynaphthoic acid, which was 
crystallized from ethyl acetate, m.p. 173-175° (lit.1 m.p. 
174-175°).

C. I n  te tra ch lo ro e th y len e . Succinic anhydride (10 g.) was 
added to a cold suspension of aluminum chloride (29.4 g.) 
in tetrachloroethylene (147.8 g.). The suspension was then 
cooled in a freezing mixture, and 2-methoxynaphthalene 
(15.8 g.) was slowly added with stirring, keeping the tem
perature below 0°. The reaction mixture was kept below 
0° for 2 hr., and then kept overnight. On working up in the 
usual manner, an acid was obtained which on crystallization 
from acetic acid gave crystals (3.5 g.) m.p. 126-127°. On 
recrystallization from 95% ethanol the melting point rose 
to 138°. Admixture with /3-(2-methoxy-l-naphthoyl)pro- 
pionic acid did not depress the melting point. The crude 
acids obtained from the mother liquor was esterified and 
worked up as described above, but no solid product could 
be isolated, demonstrating the absence of the 6-isomer.

y - (2 - M e th o x y -6 -n a p h th y l)b u ty r ic  a c id  (IV). Amalgamated 
zinc (103 g.), water (16 ml.), coned, hydrochloric acid (150 
ml.), toluene (175 ml.), acetic acid (75 ml.), ethanol (90 
ml.), and ethyl /S-(2-methoxy-6-napht.hoyl)propionate (25 
g.) were refluxed for 60 hr. The toluene layer was separated, 
washed with water. The water layer and the washings were 
extracted with ether, and the ether extract combined 
with the toluene. After removal of toluene by steam dis
tillation, the product was methylated with 30 ml. of di
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methyl sulfate and alkali. The crude acid (23.5 g.) was 
sublimed under reduced pressure to afford a 75% yield of 
pale yellow solid m.p. 129-131.5°, which was crystallized 
from benzene-ligroin to yield shiny white crystals, m.p. 
136°.

A n a l .  Calcd. for CisH i60 3: C, 73.78; H, 6.56. Found: C,
73.51 ;H , 6.62.

4 -K e to -7 -m e th o x y - l ,2 ,8 ,4 - te lr a h y d r o p h e n a n lh r e n e  (V). To 
■y-(2-methoxy-6-naphthyl)butyric acid (1.5 g.) suspended 
in 30 ml. of thiophene free benzene, phosphorus penta- 
chloride (2.5 g.) was added. The mixture was allowed to 
stand for 0.5 hr. a t room temperature, heated a t 60° for 1 
hr., and then subsequently heated for 5 min. on steam 
bath. The mixture was then cooled, and anhydrous stannic 
chloride (0.74 ml.) in thiophene free benzene (6 ml.) was 
added with shaking. After 10 min. the reaction mixture was 
decomposed with ether (9 ml.) and hydrochloric acid (9 ml.). 
The ether-benzene extract was washed thrice with hydro
chloric acid ( 1 : 1 ), once with distilled water, and finally three 
times with dilute ammonia. On removal of the solvent, a 
white crystalline product, m.p. 146-152°, was obtained. 
Crystallization from benzene-alcohol afforded the pure 
ketone (0.7 g.), m.p. 168°. A 0.3-g. of sample of the impure 
ketone could be recovered from the mother liquor.

A n a l .  Calcd. for CisIIuCh: C, 79.64; H, 6.19. Found: C, 
79.41; H, 6.30.

The ultraviolet absorption curve shows maxima at 216 
(log e 4.57), 251.5 (4.37), 317 (3.69), and 354 (3.52) mM.

The oxime, m.p. 216°, was crystallized from alcohol- 
dioxane.

A n a l .  Calcd. for C15H 16NO2: N, 5.81. Found: N, 5.80.
2 -M e th o x y p h e n a n th r e n e  (VI). The above ketone (0.5 g.) in 

dry ether (70 ml.) wras reduced with lithium aluminum hy
dride (0.1 g.). After decomposition with 10% sulfuric acid, 
the ether layer was separated and washed with water. On 
removal of ether, white solid m.p. 120- 122° was obtained. 
This was heated with fused potassium hydrogen sulphate 
for 30 min., and the product (0.2 g.) m.p. 127-128°, was 
purified by sublimation. This was then dehydrogenated for 
1 hr. a t 300-350° with palladium-charcoal (30%, 0.2 g.). 
The product was purified by sublimation and crystallized 
from ethanol to obtain white crystals (0.1 g.), m.p. 98°; 
the melting point was not depressed on admixture with an 
authentic specimen of 2-methoxyphenanthrene.

A n a l .  Calcd. for ClsHi20 : C, 86.54; H, 5.77. Found; C, 
86.31 ;H, 5.88.

The picrate, m.p. 125°, was crystallized from ethanol. 
Mixed melting point with the picrate of 2-methoxyphenan
threne was undepressed.

A n a l .  Calcd. for C2iHuN3Oa: N, 9.6. Found: N, 9.8.
2 -M e th o x y -8 -b ro m o a c e ty l n a p h th a le n e  (VIII). To a sus

pension of 7-methoxynaphthoic acid (2.6 g.) in dry thio
phene free benzene (10 ml.), thionyl chloride (2.5 g.) was

slowly added with shaking. After standing for 30 min., the 
mixture was maintained a t 60° for 30 min. Then the solvent 
was removed with the help of a water pump. Benzene (15 
ml.) was again added and removed, the operation being re
peated thrice. The acid chloride was diluted with dry ether 
(15 ml.) and added to a cooled solution of diazomethane 
from nitrosomethylurea (7 g.) in ether (50 ml.), and left 
overnight. Hydrobromic acid (48%, 3 ml.) was added to the 
above solution. After the evolution of nitrogen was com
plete, the ethereal solution was washed first with water and 
then with alkali. On removal of ether, the bromoketone 
was obtained as solid, and was directly employed in the next 
step.

P -(8 -M e ih o x y -8 -n a p h th o y l) -a -c a r b o x y p r o p io n ic  a c id  (IX). 
To a suspension of ethyl sodio malonate prepared from 
pulverized sodium (0.47 g.), and ethyl malonate (3.3 ml.) 
in dry benzene (15 ml.), the solution of the above bromo
ketone was added with slight cooling. The mixture was re
fluxed for 4.5 hr. and then decomposed with ice water. The 
benzene layer was separated, and the residue obtained on 
removal of benzene was directly hydrolyzed with methanolic 
potassium hydroxide (40 ml., 10%) for 3.5 hr. Crystals of 
the potassium salt separated on cooling. After removal of the 
methanol, the salt was dissolved in water and the solution 
carefully acidified with cooling, when precipitation took 
place in two distinct stages. These were separately collected. 
The first crop (2 g.), m.p. 107°, was found to be impure 7- 
methoxy-naphthoic acid. The second crop (0.9 g.), m.p. 
177° dec., insoluble in benzene and chloroform, was crys
tallized from methanol twice to yield the pure compound, 
m.p. 179°.

A n a l .  Calcd. for CieHu04: C, 63.6; H, 4.6. Found: C, 
64.1 ;H , 4.8.

f } - { 7 - M e th o x y - l-n a p h th o y l)p r o p io n ic  a c id  (III). The crude 
malonic acid IX  (m.p. 177°, 0.9 g.) was decarboxylated a t 
180° for 30 min. The product was extracted with bicar
bonate. Acidification gave a white solid (0.4 g.) m.p. 145°. 
After two crystallizations from methanol, colorless crystals 
were obtained, m.p. 147.5° (lit.8 m.p. 148°). This acid 
showed depression in melting point on admixture with both 
I  and II.

A n a l .  Calcd. for CiSH „0,: C, 69.76; H, 5.42. Found: C, 
69.55; H, 5.45.
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In d an d ion e A n tico a g u la n ts

SEYMOUR L. SHAPIRO, KARL GEIGER, a n d  LOUIS FREEDMAN

[Contribution from the Organic Research Laboratories of the U. S. Vitamin and P harmaceutical Corp.]

R ece ived  A p r i l  13 , 1 9 6 0

A series of 2-substituted indandiones has been synthesized and yielded compounds with considerable anticoagulant activity. 
High yields of arylindandiones from condensations of phthalide and the aromatic aldehyde have been obtained by employ
ment of ethyl propionate as a solvent. The ultraviolet absorption spectra of selected compounds in this series have been 
reported.

An improved understanding of the coagulation 
process1 and increased experience2 have stimulated 
anticoagulant therapy3 in thrombo-embolic disease. 
Recognition of enhanced blood coagulability4 5 
and increased sensitivity to alimentary lipemia6 
in atherosclerotics, and demonstration6 that ACTH 
and cortisone treatment increase the incidence of 
thrombo-embolic manifestations, have broadened 
the therapeutic utility of anticoagulant drugs.

A search for more nearly ideal oral anticoagu
lants7 has occupied many laboratories. Our ex
plorations, recorded in this paper, involved indan
diones of the type I.

O
I

R = aryl(Ri, phenyl and Ri, naphthyl)
R = long chain acyl (Ri —CO—)

The category R = aryl was investigated as 
congeners of the clinically effective phenindione8 
(I, R = phenyl) and has been examined by others.9

The category R = long chain acyl, extended 
observations of shorter chain analogs,10 9 10 11 12 13 14 15 16 17 18 19 20 diphenyl- 
acetyl,11 and 2-halo-2-acyl derivatives of I 12 of other 
workers. The compounds in this category have been

(1) (a) F. D. Mann, A n n .  R ev . P h y s io l . , 19, 205 (1957); 
(b; C. L. Rose, R esea rch  T o d a y , 15, 23 (1959).

(2) (a) I. S. Wright, C ir c u la tio n , 19, 110 (1959); (b) R. E. 
Ensor and H. R. Peters, J .  A m .  M e d . A s s o c ., 169, 914 
(1959); (c) B. Manchester, A n n .  I n te r n a l  M e d ., 47, 1202
(1957); (d) J. H. Olwin and J. L. Koppel, A .  M .  A .  A r c h .  
I n te r n a l  M e d ., 100, 842 (1957); (e) L. B. Ellis, H. L. Blum- 
gart, D. E. Harken, H. S. Sise, and F. J. Stare, C ir c u la tio n ,  
17, 945 (1958); (f) W. B. Rawls and C. A. R. Connor, A m .  
J .  C a rd io l., 4, 470 (1959).

(3) (a) S. A. Carter, E. McDevitt, B. W. Gatje, and I. S. 
Wright, A m .  J .  M e d ., 25, 43 (1958); (b) W. G. Anlyan,
G. D. DeLaughter, Jr., J. I. Fabrikant, J. W. Sullenberger, 
and W. T. Weaver, J .  A m .  M e d . Assoc., 168, 725 (1958).

(4) J. F. Mustard, C a n . M e d . A s s o c . J . ,  79, 554 (1958).
(5) J. F. Mustard, C a n . M e d . Assoc. J . ,  79, 736 (1958).
(6) G. Ungar, T h ro m b o s is  a n d  E m b o lis m . I .  I n te r n a t io n a l  

C o n f., Basel, 1954, p. 421.
(7) L. S. Goodman and A. Gilman, T h e  P h a rm a c o lo g ic a l  

B asils  o f  T h e r a p e u tic s , 2nd Ed., The Macmillan Co., New 
York, N. Y., 1955, p. 1520.

(8) L. S. Goodman and A. Gilman. T h e  P h a rm a c o lo g ic a l
B a s i s  o f  T h e r a p e u t ic s , 2nd Ed., The Macmillan Co., New
York, N. Y., 1955, p. 1517.

structurally envisioned as antimetabolites of vi
tamin Ki.

In addition to anticoagulant effects, compounds 
related to I have shown hypermetabolic activity,14 
parasiticidal effects,15 rodenticidal,16 analgesic,17 
antibacterial,18 and bronchodilator19 activity. Some 
of these properties have been evaluated.

For the synthesis20 of I, R = aryl the appropriate 
aldehyde was condensed with phthalide under

(9) (a) G. Cavallini, E. Milia, E. Grumelli, and F. Ra
venna, F a rm a co  ( P a v ia ) ,  E d . S c i . ,  10, 710 (1955); (b) A. 
Banchetti, F a rm a c o  ( P a v ia ) ,  E d .  S c i . , 10, 742 (1955); (c)
E. Gori and L. Molteni, T h ro m b o s is  a n d  E m b o lis m . 1 . I n t e r 
n a t io n a l  C o n f., Basel, 1954, p. 223; (d) M. Furdik and P. 
Hrnciar, C h em . Z v e s t i, 12, 464 (1958); (e) M. Furdik, P. 
Hrnciar, and E. Polâkovâ, C h em . Z v e s t i, 12, 642 [1958);
(f) J. Moraux, T h e r a p ie , 11, 104 (1956); (g) G. Pasero and
G. Masini, A r c h . M a r a g lia n o , 14, 297 (1958); (h) N. Sperber,
U. S. Patent 2,899,358 (Aug. 11, 1959); (i) D. Molho, 
French Patent 1,085,097 (Jan. 27, 1955) [C hem . A b s tr . 53, 
3178 (1959)]; (j) G. Vanags and T. Dumpis, D o k la d y  A k a d .  
N a u k ,  S . S . S . R . ,  125, 549 (1959) [C hem . A b s tr . 53, 19991 
(1959)]; (k) P. Hrnciar, L. Krasnec, and M. Furdik, C h em . 
Z v e s ti, 10, 12 (1956) [C hem . A b s tr . 50, 14674 (1956)]; (1)
H. G. Krey, P h a r m a z ie , 13, 619 (1958).

(10) (a) L. B. Kilgore, J. H. Ford, and W. C. Wolfe, I n d .  
E n g . C h e m ., 34, 492 (1942); (b) S. R. Heisey, J. P. Saunders, 
and K. C . Olson, P ro c . S o c . E x p .  B io l .  M e d ., 91, 86 (1956), 
report undesirable cardiovascular side effects with I, R = 
isovaleryl, and R  = pivalyl.

(11) R. D. Birkenmever and M. E. Speeter, U. S. Patent 
2,827,489 (Mar. 18,1958).

(12) K. C. Murdock, J .  O rg. C h e m ., 24, 845 (1959). The 
activity of these compounds which do not bear an enolizable 
hydrogen in the 2-position may well be rationalized as a case 
of “drug latentiation,” 13 with hydroh-sis to acyl indandiones 
i n  vivo.

(13) N. J. H arper,,/. M e d . P h a r m . C h e m ., 1,467 (1959).
(14) U. Soderberg and C. A. Wachtmeister, J .  P h a rm a c o l.  

E x p .  T h e r a p ., 117, 298 (1956).
(15) L. W. Hazleton and W. H. Dolben, U. S. Patent 

2,884,357 (Apr. 28, 1959).
(16) (a) J. T. Correll, U. S. Patent 2,900,302 (Aug. 18, 

1959); (b) D. G. Crabtree and W. H. Robinson, P e s t  C o n tro l, 
21,22 (July 1953).

(17) M. Kubovic, M. Prazic, and D. Atanackovic, P ro c . 
S o c . E x p .  B io l .  M e d ., 90, 660 (1955).

(18) E. Gori, T h ro m b o s is  a n d  E m b o lis m . I .  I n te r n a t io n a l  
C o n f., Basel, 1954, p. 271.

(19) H. Blumberg, H. B. Dayton, and S. M. Gordon, 
S c ie n c e , 127,188 (1958).

(20) For an alternate synthetic route, see C. F. Koelsch, 
J . A m .  C h e m . S o c ., 58, 1328 (1936). In our work, the pro
cedure of W. Dieckmann, B e r ., 47, 1439 (1914) was em
ployed.



NOVEM BER 1 9 6 0 IND A N D IO N E ANTICOAGULANTS 1 8 6 1

alkoxide catalysis to afford the required compound 
in moderate yield, as detailed in Scheme I.

SCHEME I
P r e p a r a t io n  o f  A r y l in d a n d io n e s

V
O '  RCHO ,

P N.OC.H.
" C

’ I

o
(phthalide)

H
OH
I

C H -Roc°
o

la

V
lb

H20

R  H
\  /  

C
R H

YNI

COOC'jH.

It)

In the instance of I, R = a-naphthyl, the product 
was isolated in 31% yield under ethoxide catalysis 
as compared to 25% yield with f-butoxide catalysis. 
In addition, a compound fitting the analyses of la  
was isolated, which on treatment with ethoxide 
readily afforded I. The presumed intermediate lb, 
a-naphthalphthalide was not isolated in the re
action, but per se on treatment with the ethoxide 
gives I.

Critical to the noted yields was the formation of 
water (Scheme I, above) which severely restricted 
completion of the reaction as desired. This was 
overcome by employment of ethyl propionate 
(Method B) as the reaction solvent, along with an 
additional equivalent of sodium alkoxide.

The saponification of ethyl propionate served 
to remove the formed water of reaction and under 
these conditions, virtually quantitative yields of 
the arylindandiones were obtained. Using similar 
conditions, a variety of other dehydrating agents 
was ineffective.

The synthesis of I, R = acyl employed a modi
fication of the procedure of Kilgore, et a/.10a in
volving condensation of the appropriate methyl 
ketone with dimethyl phthalate under sodium 
methoxide catalysis (Method C).

The compounds prepared have been described 
in Table I.

The anticoagulant effects noted show that con
siderable enhancement of activity of I, R = 
phenyl is obtained with R = p-halophenyl, and 
particularly with p-bromophenylindandione, I I .21 
The acyl compound affording the highest antico
agulant activity was compound 33, which interest
ingly has a sixteen carbon chain attached to the

(21) This compound is currently under clinical trial under 
the name “ Haldinone” .

indandione nucleus, comparable to the sixteen 
carbon chain of the phytyl substituent in vitamin 
Kx.

The sodium salts of the acyl indandiones were 
only sparingly soluble in water, and it was estab
lished that conversion to JV-methylglucamine salts 
of the enol form of such indandiones considerably 
enhanced water solubility. Thus, the water solu
bility of compound 32 was 0.1% as compared to 
6.7% with compound 30.

A number of the compounds were evaluated for 
analgesic effect22 (compounds 1, 15, 22, 24, 32, 35), 
and were inactive. Anti-bacterial studies showed 
complete inhibition of growth of B. subtilis,
M. flavus, and S. lútea (compounds 27, 28, 
and 32) at 0.02 millimoles per liter, with no 
effect on E. Coli. Compound 33 required 2.0 mil
limoles per liter for similar inhibition whereas 
compound 34 was ineffective.

The ultraviolet absorption spectra of selected 
compounds of Table I have been reviewed in an 
effort to characterize the chromophores, and to 
assess whether any noted relationships between 
anticoagulant activity and the spectra could be 
found. The spectra are given in Table II.

Forms contributing to the noted pattern of 
absorption are:

O

C /  
,c

H

R

OH
I

C
V

\
R

O
Ilia

O
Illb

O (H solvent;

\
R

IIIc

Indandione (Ilia, R = H) has been established23 
to be in the diketo form Ilia . In this form it may 
be regarded as an ori/io-substituted acetophenone24 25 
with stabilization in a conformation co-planar with 
the phenyl ring. The diffuse band in methanol at 
253-259 mp is intensified as discrete bands at about 
240 and 257 mp in sodium methoxide with forma
tion of Illb-c. The hyperchromic effect in iso
propyl alcohol relative to methanol would suggest 
more enolization in the less polar solvent.26 In 
aqueous alkali as well as phosphate buffer pH 7.5, 
the bands are more clearly resolved, and, hyper
chromic relative to the main bands in organic

(22) The procedure for the analgesic test was tha t of C. 
Bianchi and J. Franceschini, B r i t .  J .  P h a r m a c o l., 9, 280
(1954).

(23) B. Eistert and W. Reiss, B e r ., 87, 92 (1954).
(24) E. A. Braude and F. Sondheimer, ./. C h em . S o c .,  

3754(1955).
(25) P. B. Russell, J .  A m .  C h em . S o c ., 74, 2654 (1952).
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TABLE I
I ndandiones (See F ormula I)

Analyses'’
Yield,d Carbon, % Hydrogen, %

No.“ Ri M.P.6 Solvent“ % Method“ Formula Calcd. Found Calcd. Found Activity“

R  = Ri-phenyl
1“‘ H 148-149 A 24 A 1 +
2 NMG* 151-156 B 90 C22H „N 074 63.3 63.6 6.5 6.6
3 4-F 116-117 A 17 A c I6h .,f o 2 75.0 75.2 3.8 3.9 2 +
4 2-C1 183-184 C 20 A C1SH,C1(V 70.2 70.0 3.5 3.6 2 +
5 3-C1 153-155 A 30 A CI5H,C1(V 70.2 70.2 3.5 3.4 1 +
6“* 4-C1 142-144 B 15 A Ci6H6C1(V 70.2 70.0 3.5 3.4 4 +
7 2,4-diCl 143-145 B 13 A C15H&CI2O2 61.9 61.9 2.8 3.1 0
8“* 4-Br 142-146 B 74 '•* B Ci5H»Br02 59.8 60.0 3.0 3.2 5 +
9 NMG4 155-157 B 98 C22Hî6BrNO,' 52.3 52.5 5.4 5.5

10“< 4-1 143-144 D 89 B
11“» 3,4-0CH20 — 154-156 B 7 A CifiHioOi 72.2 72.0 3.8 3.6 1 +
12 3,4-diC2H50 — 155-157 A 24 A CiflHjgOi 73.5 73.8 5.9 6.0 3 +
13 2-COOH 248-254 E 37 A c 16h so 4 72.2 72.0 3.8 4.0 0
14 4-Z-C3H7--- 155-156 B 18 A c ,8h 16o 2 81.8 82.1 6.1 5.9 1 +

R  = Ri-(a-naphthyl)

15“« H 217-218 F 83 B” C19H 1202 83.8 83.9 4.4 4.7 4 +
16 NMG4 90-94 B C26H2JN 0 7n 65.6 65.8 6.4 6.7
17 2-CHs 204-210 K A C20H 14O2 81.3 81.6 5.1 5.1 2 +
18“’ 4-C1 199-201 A 4 A CI#HnC102 74.4 74.0 3.6 3.6 2 +
19“* 4-Br 203-204 G 11 A Ci#Hi:Br02 65.0 65.3 3.2 3.3 3 +
20“» 5-Br 151-153 B 20 A Ci9HiiBr02 65.0 65.3 3.2 3.0 2 +
21““ H°

R = Ri-CO—
173-174 A 28 A C19H12O2 83.8 83.9 4.4 4.5 0

22 C3H6—p 133-134 D 30 D C13II10O3 72.9 72.9 4.7 4 .8 1 +
23 CHsCOCH,— 139-140 H 8 D CuH,cO« 67.8 67.7 4.4 4 .2
24““ f-C,! 19 68-69 B 15 D 0
25“‘* i-C4H9— 109-115 A 19 D
26 n-C*Hi3—q 258-262 I 33 C C16H „N a03 68.6 68.0 6.1 6 .2
27 71-C7H 15 « 266-267 I 12 C C„HltN a03 69.4 69.7 6.5 7 .0 4 +
28 71-C9H 19—3 172-175 I 13 C Ci9H23N a0 3 70.8 70.7 7.2 7 . 1 4 +
29 7Ì-C11H23— 45-46 B C21H28O3 76.8 76.5 8.6 8 .7
30 NMG4 90-94 A 51 C28H45N08r 63.2 63.1 8.7 8 .9
31 DNP* 138-140 C 95 C27H32N 4O6 63.7 63.9 6.3 6 .4
32 J’-CmHts—“ 208-209 J 26 C C2lïÎ27^ 8-03^ 70.2 70.1 7.9 7 .6 4 +
33 n-Ci5H3i—3 191-192 I 25 C C25H35Na03 73.9 73.9 8.7 9 .0 5 +
34 71-C17H35— 59-61 B 22 C C27H40O3 78.6 78.7 9.8 9 .8 5 +
35 4-CH3C6H 4— 123-125 B 22 D C17H12O3 77.3 77.2 4.6 4 .5 0
36 4-Cl—C6H4— 178-179 A 22 D C16H9C103‘ 67.5 67.6 3.2 3 .4 3 +
37 4-Br—CeH,— 174-176 C 28 D CisH9B r03 58.4 58.9 2.8 2 .6 0

° Compound previously reported:“1 W. Dieckmann, B e r ., 47, 1439 (1914), m.p. 146° Ref. 9 (a), m.p. 145°,“* Ref. 9(a), 
m.p. 137-139°;“* Ref. 20, m.p. 145-146°;“* Ref. 9 (j), m.p. 159°,“« Ref. 9 (i), m.p. 216°;“' Ref. 9 (d), m.p. 212-213;“* Ref.
9 (d), m.p. 215-216°;“» Ref. 9 (k), no m.p. in abstract.““ Ref. 9 (i), m.p. 180°;““ Ref. 10 (a), m.p. 67-68°;““ Ref. 10 (a), 
m.p. 108.5-110.5°. 6 Melting points are not corrected. “ Recrystallizing solvent: A = isopropyl alcohol, B = methanol 
C = ethanol, D = acetone-water, E = water-hydrochloric acid, F =  methyl ethyl ketone, G =  chloroform-hexane, H = 
acetone, I = water, J  = methylal, K =  acetic acid. d Yields are given for recrystallized products. “ For method used, see 
Experimental. /  Analyses are by Weiler and Strauss, Oxford, England. “ The activity was established by subcutaneous in
jection (5 mg./kg.) of the compounds to guinea pigs. The compound was administered at 0,5 and 24 hr. and prothrombin 
time determined a t 27 hr. The percentage depression from the normal prothrombin time of the animals was classified as 
1+  ( — 10%); 2 +  (10-19%); 3 +  (20-29%); 4 +  (30-39%); 5 +  (over 40%). 4 iV-methylglucamine salt of compound im
mediately above. ‘ Acceptable halogen analyses also obtained, and omitted to save space. 1 Obtained in 38.4% yield by 
Method A. * See Experimental for different crystalline forms. 1 A n a l ,  calcd. for 1/2 H20 . Br, calcd./found: 15.8/15.7. m Ob
tained in 34% yield by Method A. B A n a l ,  calcd. for 1/2 H20 . N, calcd./found: 2.9/3.0. “ /S-Naphthyl rather than «-naph
thyl. PC3H5— = cyclopropyl. 5 Compound isolated and characterized as sodium enolate. '  A n a l ,  calcd. for 1 /2  H20 . 
N, calcd./found: 2.6/2.7. * 2,4-Dinitrophenylhydrazone. 1 A n a l ,  calcd. for 1/2 H20 . Na, calcd./found: 6.6/6.5.

solvents, suggestive of initial formation of H id fol
lowed by formation of I llb 26 in aqueous systems. 
When the R substituent is varied as phenyl, and

(26) A. Schonberg, A. Mustafa, and W. Asker, J .  A m .  
C h e m . S o c ., 73, 2876 (1951).

substituted phenyl, a variety of new bands at 
longer wave lengths are obtained, not noted in III, 
R = H, or the analogous l,2-diketo-3-phenylhy- 
drindene,* 9 27 indicative of interaction between the R

(27) C. F. Koelsch and H. Hochman, J .  O rg. C h e m ., 3, 
503(1939).
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TABLE II
Ultraviolet Absorption Spectra"

No.,6
Solvent"

No.,6
Solvent"

bi-A 253-259,10.6 6-C 273, 20.0; 310, 2.8; 322,3.4; 336, 2.8; 354, 1.2
bi-B 257,28.0
bi-C 248,9.9 6-D 280,29.0; 325, 8.8; 338,10.3; 355, 7.2
bi-D 249,11.9
bi-E 245,10.2 6-E 291,10.7,347,11.9; 361, 9.7
bi-F 246, 32.6; 255,30.6 6-F 285, 31.2; 331,13.1
bi-G 246, 25.4; 254, 24.2 6-G 286, 29.2; 330,12.2
1-A 277, 17.8; 287,15.8; 335, 6.2 10-A 250,11.5; 292, 32.7; 339, 24.4; 354,19.5
1-B 286, 35.8; 333,14.9 10-B 250, 11.1; 292, 32.3; 339, 24.4; 353, 19.8
4-A 252. 17.8; 319,4.3; 333, 3.5
4-B 253. 21.2; 275,16.9; 319, 6.3,333,5.0 15-A 260, 30.0
4-C 247. 12.5 15-B 252, 28.6
4M3 248, 14.5; 323, 2.5 22-A 236,18.8; 286, 31.8; 312,16.0; 323, 14.6
4-E 246-254,d 11.2
4-F 251. 24.1; 317, 3.7 22-B 244, 17.6; 272, 27.2; 281, 44.4; 301, 12.4; 311, 18.7;

323,19.7
4-G 251. 23.7; 300-318,3.5
5-A 289, 31.1; 335,17.9; 349,14.4 25-A 238,15.7; 285, 26.8; 312, 9.7; 322,8.3
5-B 289,32.2; 335,18.5; 349,15.3
6-A 251,10.7; 289, 32.8; 337,19.0; 351,14.9 25-B 245, 19.6; 271, 25.4; 280, 36.4; 310, 15.9; 323, 15.8
6-B 250,10.7; 289, 33.3; 337,18.9; 350,15.4 29-A 246,11.1; 274,19.9; 282, 30.2; 310,11.8; 322,12.5

29-B 244, 20.4; 282, 38.8; 310, 18.4; 322, 18.7
36-A 293, 14.5; 331,17.4 36-E 300,13.2; 335, 19.6
36-B 288,14.1; 328,16.2 36-F 291,17.0; 330, 15.4
36-C 300,17.3; 335, 22.4 36-G 291,16.3; 330,15.1
36-D 303,16.6; 338, 23.6

0 The spectra were determined in a Beckman recording spectrophotometer, model DK. The data for the main absorption 
bands are reported as Am»* mu, e X 10_s. 6 Numbers correspond to compound numbers in Table I;*1 indandione, m.p. 129- 
131°. "The solvents were varied as follows: A =  methanol; B = 0.1JV sodium methoxide in methanol; C = methanol 
containing 1% acetic acid; D = isopropyl alcohol; E =  acetonitrile containing 1% methanol; F =  O.LV sodium hydroxide 
and in the case of compounds 10 and 15, contains 1 %  methanol; G =  O.lili phosphate buffer, pH 7.5, containing 1% metha
nol. The spectra of compounds 5, 10 and 15 were established in solvents C-G and have not been reproduced to save space. 
d Shoulder, e calculated at center of range.

OH OH

Hid

vents as acetonitrile and isopropyl alcohol. Con
tribution of forms such as V29 30 * in methanol would be 
indicated.

substituent and the indandione nucleus. In these 
structures, the It ans-stilbene absorption character
istics are to be noted (IV).28 The existence of a

OH

C6H5

o
IV

preponderance of the molecules in the enol form 
with I, R = m- or p-halophenyl, is reflected in the 
virtual identity of the spectra of these compounds 
in sodium methoxide and methanol. By contrast, 
I, R = phenyl, manifests considerable hyper- 
chromic effect when going from methanol to sodium 
methoxide. An important solvating influence is 
also indicated in the relative hypochromicity of the 
spectra of the halophenyl compounds in such sol-

(28) (a) G. Berti, G a zz. c h im . i ta l . , 86, 655 (1956); (b)
H. Jaffé and M. Orchin, ./. C h e m . S o c ., 1078 (1960).

In 1% acetic acid the longer bands disappear 
or diminish considerably.80

Of interest, and by contrast to I, R = H, the 
compounds, I, R = m- or p-halophenyl, are con
siderably less hyperchromic in aqueous alkali, 
relative to the spectra obtained in sodium meth
oxide.

With I, R = o-chlorophenyl, and to some ex
tent, R = a-naphthyl the influence of steric factors 
is manifest, with absorption at the longer wave 
lengths disappearing or being substantially dimin
ished from steric inhibition of coplanarity of the 
hindered R group and the indandione system.

(29) (a) J. Szmuszkovicz, J . A m .  C h e m . S o c ., 82, 1180
(I960); (b) J. E. Banfield, J .  O rg. C h e m ., 25, 300 (I960).

(30) L. F. Fieser and M. Fieser, O rg a n ic  C h e m is try , D. C.
Heath and Co., Boston, Mass., 1944, p. 831.
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With the 2-acyl indandiones studied, another 
allowable enolizable form31 is VI.

The spectral characteristics of compounds in 
which R ' contains a methylene group alpha to 
the acyl carbonyl group (compounds 22, 29), 
do not permit assessment (compounds 25, 36) of 
the contribution to the spectra from forms such as
VII.

The bathochromic effect with the acyl com
pounds relative to I, R = H, support the im
portant contribution of forms of type VI, which 
parallel the V structures. Enhancement of the ex
tinction coefficient in sodium methoxide, relative 
to methanol, without substantial effect on the locus 
of the main absorption bands would indicate that 
the acylated compounds are largely in the enolic 
form of the type corresponding to Illb , or VI in the 
solvent systems inspected. Compound 36 is not 
vulnerable to quenching of the spectra in 1% acetic 
acid, and in fact, the spectra in this solvent, as well 
as in isopropyl alcohol are bathochromic and hy
perchromie relative to those noted in methanol, 
which would be accountable for by chelated forms 
as V illa and VUIb, also realizable with the other 
acyl derivatives.

O O
V i l l a  V U I b

Similar structures have been assigned for /3- 
diketones32-34 in other studies. It is of interest 
that with the diaroylmethanes32 the extinction 
coefficients of the enolate ion were hypochromic 
relative to the e values for the diketones per se 
in ethanol.

There is no correlation with anticoagulant activ
ity in that virtually any of the spectral character-

(31) J. Schieber and G. Hopfer, B e r ., 53, 697 (1920).
(32) (a) G. S. Hammond, W. G. Bordius, and G. A. Guter, 

J .  A m .  C h e m . S o c .: 81, 4621 (1959); (b) G. A. Guter and G. 
S. Hammond, J .  A m .  C h em . S o c ., 81, 4686 (1959).

(33) L. G. Van Uitert and W. C. Fernelius, J .  A m .  C h em . 
S o c ., 76, 375 (1954), and previous papers in this series.

(34) A. Brandstrôm, A r k iv .  f o r  K e m i ,  7, 81 (1954).

istics noted above are shared by compounds 
which are physiologically very active, or substan
tially inactive.

EXPERIMENTAL35

2 - tp -B r o m o p h e n y l) in d a n d io n e - l  ,3  ( C o m p o u n d  8 ) .  M e th o d  
A .  A mixture of 13.9 g. (0.075 mole) of p-bromobenzalde- 
hyde, 10 g. (0.075 mole) of phthalide, and 5.5 g. (0.08 mole) 
of sedium ethoxide in 80 ml. of ethanol was heated under 
reflux for 1.5 hr. Water (80 ml.) was added, the alcohol re
moved, and the residue diluted with 500 ml. of ice water 
and washed with two 80-ml. portions of ether. After acidi
fying with hydrochloric acid the product was extracted into 
100 ml. of ether, and then re-extracted with aqueous sodium 
bicarbonate, which was acidified with hydrochloric acid to 
pH 2. After 20 hr. the product was separated, dried, and re
crystallized (methanol), 8.7 g. (38.4%) of dark red crystals, 
m.p. 142-146°, with the red color fading a t 132°.

Or. recrystallization from four parts of acetic acid the 
w'hite form (86%) of the product was obtained, m.p. 143- 
148°. On recrystallization of the white form from methanol, 
it reverted to the dark red crystals. The white form and red 
form on admixture melted 142-146° C .36

2 - { a - N a p h ih y l ) in d a n d io n e - l ,3  ( C o m p o u n d  1 5 ) . In a man
ner similar to the above, and using a-naphthaldehyde, a 
34.2% yield of the yellow' product was obtained.

The mother liquor (from aqueous acidification and re
crystallization) on concentration gave 40% of a white by
product, formulated as compound la  (Scheme I), 3-[(a- 
naphthyl)hydroxymethyl]phthalide which melted 178-179° 
(ethanol).

A n a l .  Calcd. for C19H 14CV. C, 78.6; H, 4.9. Found: C, 
78.4; H, 4.9.

This product, on solution in methanol and treatment with 
sodium methoxide, gave compound 15 in 53% yield.

The product dissolves in hot aqueous sodium hydroxide, 
and is recovered unchanged upon acidification.

Compound 15 is obtained in 25% yield (m.p. 213-216°) 
when potassium ¿-butoxide is substituted for sodium ethox
ide.

a - N a p h th a lp h th a l id e  was prepared in 36% yield, m.p. 
184-184.5°37 (methyl ethyl ketone) following the procedure 
of Weiss, using a-naphthyl acetic acid and phthalic anhy
dride 38 On admixture with compound la, the m.p. was 
148-156°.

2 -[{a -N a p h th y l)a c e ty l] o -b e n z o ic  a c id  w'as prepared from 
a-naphthalphthalide, following the procedure of Arcus and 
Marks39 40 in 75% yield, m.p. 195-196° (ethanol). The mixed 
m.p. with compound la  was 158-165°.

A n a l .  Calcd. for C19H 14O3: C, 78.6; H, 4.9. Found: C, 
79.1; H, 4.9.

2 - { a - N a p h th y l ) in d a n d io n e - l ,3 . M e th o d  B . i0 A mixture of 
156 g. (1 mole) of a-naphthaldehvde, 134 g. (1 mole) of 
phthalide, and 580 ml. of ethyl propionate was rendered 
anhydrous by distillation of 100 ml. of ethyl propionate 
from the reaction mixture (ethyl propionate-water azeo
trope, b.p. 81.2°). Sodium methoxide (3 moles) in 700 ml. 
of methanol vras added rapidly to the refluxing mixture which 
was maintained at about 66- 68° over 4 hr. by occasional

(35) Typical procedures for the preparations given in 
the table are indicated.

(36.) See Ref. 9 (1) for similar observations with 2-(p- 
chlorcphenyl)indandione-l,3. I t  is of interest tha t com
pounds 4 and 7 which have an o-chlorophenyl substituent 
are obtained as colorless crystals, as is phenylindandione.

(37) E. D. Bergmann, J .  O rg. C h e m ., 2 1 , 461 (1956) re
ports m.p. 179°.

(38) R. Weiss, O rg. S y n th e s e s , Coll. Vol. H, 61 (1943).
(39) C. L. Arcus and R. E. Marks, ./. C h em . S o c ., 1627

(1956).
(40) A more fully detailed exploration of this method is 

in progress.
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distillation of solvent. After removal of the volatile material 
the residue was dissolved in 5.5 1. of water, washed with 
ether, filtered, and acidified to pH 2, whereupon the product 
separated, 262 g. (96.5%), m.p. 207-211°. On recrystalliza
tion (9 parts methvl ethyl ketone) there was obtained 
217 g. (83%), m.p. 217-218°.

S o d iu m { 2 - la u r o y l ) in d a n d io n e - l  ,3  (Compound 32). Method 
C. To a suspension of 54 g. (1 mole) of sodium methoxide in 
1200 ml. of benzene was added 198 g. (1 mole) of methyl 
undecyl ketone and 194 g. (1 mole) of dimethyl phthalate; 
the mixture was heated under reflux for 24 hr. with stirring. 
The benzene was removed, the residue suspended in a mix
ture of 1500 ml. of water and 200 ml. of ether, and while 
vigorously stirred, acidified with hydrochloric acid to pH
3. On extraction of the ethereal phase with 2.5 1. of 2% so
dium hydroxide, the sparingly soluble sodium enolate pre
cipitated, was separated, dried (100°), and recrystallized 
(methylal) to give 93.1 g. (25.9%), m.p. 208-209°.

A suspension of 30 g. (0.084 mole) of the above product in 
250 ml. of water and 250 ml. of ether was acidified to pH 3 
with Irydrochloric acid. The ethereal layer was dried (mag
nesium sulfate), the ether removed, and the residue on re
crystallization (methanol) gave 24.8 g., (88%) of 2-lauroyl- 
indandione-1,3, m.p. 45-46° (compound 29).

N -M e th y lg lu c a m in e  s a lt  o f  2 - la u r o y l in d a n d io n e - l ,3 , (Com
pound 30). The mixture of 8 g. (0.024 mole) of 2-lauroyl-

indandione-1,3 and 4.76 g. (0.024 mole) of A-methylgluea- 
mine in 15 ml. of methanol dissolved after 60 min. heating 
on the steam bath. The methanol was removed and the 
residue recrystallized (isopropyl alcohol) to give 6.5 g. 
(51%) of product, m.p. 90-94°.

2 - (C y c lo p r o p y lk e to ) in d a n d io n e - l ,8  ( C o m p o u n d  2 2 ) .  M e th o d
D . A solution of 5.75 g. (0.25 mole) of sodium in methanol 
was prepared and the methanol removed. Benzene (150 ml.) 
was added and residual methanol removed by azeotropic 
distillation. After addition of 21 g. (0.25 mole) of methyl 
cyclopropyl ketone and 48.5 g. (0.25 mole) of dimethyl 
phthalate in 125 ml. of benzene, the reaction mixture was 
heated under reflux for 6 hr. with stirring. After steam dis
tillation, the nonvolatile residue was diluted with one 1. of 
water, filtered, and the product precipitated by acidification 
with hydrochloric acid to pH 3. Recrystallization (acetone- 
water) gave 16 g. (30%) of product, m.p. 132-134°.
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R eaction  o f  A n ilin e  w ith  3 -P h en oxy-l,2 -ep oxyp rop an e

LEMONT B. K IE R 1 a n d  RAYMOND B. PENLAND2 
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The products from the reaction of aniline and 3-phenoxy-l,2-epoxypropane have been characterized. One compound was 
shown to be a secondary amine and the other two to be the d l and m eso  forms of a tertiary amine. The structures were 
proved by independent synthesis.

In order to study the reaction between polyfunc
tional epoxides and polyfunctional aromatic amines 
in the formation of resins, a study was made of the 
model reaction between 3-phenoxy-l,2-epoxypro
pane and aniline. Fourneau3 reported one compound 
from this reaction to which he assigned the struc
ture I; however he reported no evidence for his 
assignment.

From the direct reaction of 3-phenoxy-l,2- 
epoxypropane and aniline, the authors have ob
tained three crystalline products, I, II, and III. 
Compound I proved to be a secondary amine, 
while II and III, not previously reported, were 
higher molecular weight tertiary amines. By the 
reaction of I with a second mole of 3-phenoxy-
1,2-epoxypropane, II and III were formed, indi
cating that the original model reaction involved 
two steps.

The infrared spectrum of I indicated it to be a 
secondary aminoalcohol in conformance with 
Fourneau’s assignment, and the spectra of II

< ^ \ - 0 — CH2—  CH—  c h 2
\ = /  L 0 _ l

Q ^ nh,

OH
I
Cl

I

UTi
< ^ > - 0 —  CH2— CH— CH2—NH—

- o — c h 2 O o — c h 2

HO— CH CH— OH

c h 2 c h 2

+  A-O 
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c h 2 c h 2
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^ o — c h 2 ( y o - U
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(1) Present address: College of Pharmacy, University of 
Florida, Gainesville, Fla.

(2) Present address: U. S. Borax Research, Anaheim, 
Calif.

(3) E. Fourneau, J .  P h a r m . C h e m ., 1, 99 (1910).

and III, which were identical, indicated that they 
were tertiary aminoalcohols, hence must be related 
as the d l and meso forms. The structures of I,
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II, and III were proven by an independent syn
thesis4’5 using 3-phenoxy-2-hydroxypropyl chlo
ride IV prepared by the reaction of 3-phenoxy-
1,2-epoxypropane and hydrochloric acid. Proof 
of the structure of IV was made by oxidation to 
the haloketone V which was identified by its 
infrared spectrum.

OH
I

o - c h 2- c h - c h 2- c i

o - c h 2- c - c h 2- c i

0

The reaction of IV with aniline gave a product 
which proved to be identical with I. This product 
was treated with additional IV to give two com
pounds which were found to be identical with II 
and III. Attempts to resolve either II or III 
to prove which one was the dl were unsuccessful. 
A quantity of the (+ )  form of I was prepared by 
separation of the diastereoisomers formed with 
d-camphor sulphonic acid. This (+ )  I was treated 
with 3-phenoxy-l ,2-epoxypropane to give two 
tertiary aminoalcohols, one of which was optically 
active. The optically active product must be a 
resolved form of II which is the dl form.

EXPERIMENTAL

M o d e l re a c tio n  o f  a n i l in e  a n d  3 - p h e n o x y - l  ,2 -e p o x y p r o p a n e . 
Aniline (6.2 g., 0.067 mole) was treated with 3-phenoxy-l,2- 
epoxypropane (10 g., 0.067 mole) at 95° in an oven for 16 
hr. The product was a dark resinous material which even
tually crystallized. The crude product was fractionally 
crystallized from methanol-water yielding three products: 
I, 4.0 g., m.p. 56-57°, yield 25%; II, 3.0 g., m.p. 87-88°, 
III, 3.0 g., m.p. 96-97°, yields for both 23% based on 3- 
phenoxy-1,2-epoxypropane.

3 - P h e n o x y - l-a n i l in o -p r o p a n -2 -o l (I). The material for 
analysis was recrystallized from methanol-water four times, 
giving needles, m.p. 56-57°.

A n a l .  Calcd. for C16H17N 02: C, 74.04; H, 7.04; N, 5.76; 
Mol. wt., 243. Found: C, 74.22; H, 6.98; N, 5.70; Mol. wt., 
250 (Rast camphor).

The infrared spectrum (potassium bromide pellet) had a 
band at 7.75 y  (sec-amine C—N).

A p ic r a te  of I  was prepared and recrystallized from ethanol 
as yellow plates, m.p. 127-129°.

A n a l .  Calcd. for C21H20N4O9: C, 53.39; H, 4.27; N, 11.86. 
Found: C, 53.53; H, 4.30; N, 11.68.

d l- N ,N - D i( 3 -p h e n o x y -2 - h y d r o x y p r o p y l) a n i l in e  (II). The 
material was recrystallized several times from methanol- 
water to give needles, m.p. 87-88°.

A n a l .  Calcd. for C24H27N 04: C, 73.26; H, 6.92; N, 3.56, 
Mol. wt., 394. Found: C, 73.53; H, 6.70; N ; 3.68; Mol. wt., 
412 (Rast camphor).

The infrared spectrum had a band at 7.40 y  (ieri-amine 
C—N).

(4) R. T. E. Schenck, and S. Karzerman, J .  A m .  C h em . 
S o c ., 75, 1636 (1953).

(5) F. G. Ponomareau, Z h u r .  O b shchei K h im . ,  ?3, 1638 
(1953).

A p ic r a te  of II was prepared and recrystallized from etha
nol as yellow needles, m.p. 125-127°.

A n a l .  Calcd. for CSoH3oN4On: C, 57.87; H, 4.86; N, 9.00. 
Found: C, 57.76; H, 4.80; N, 8.83.

m e s o -N  ,N -D i( 3 -p h e n o x y -2 - h y d r o x y p r o p y l)  a n i l in e  (III). 
This material was isolated from the final mother liquor and 
recrystallized four times from methanol-water as transparent 
plates, m.p. 96-97°.

A n a l .  Calcd. for C24H27N 04: C, 73.26; H, 6.92; N, 3.56; 
Mol. wt., 394. Found: C, 73.10; H, 6.72; N, 3.62; Mol. wt., 
406 (Rast camphor).

The infrared spectrum showed a band a t 7.40 y  (te r t-  
amine C—N).

A p ic r a te  derivative of III  was recrystallized from ethanol 
as yellow needles m.p. 137-139°.

A n a l .  Calcd. for C3oH3oN4Ou: C, 57.87; H, 4.86; N, 9.00- 
Found: C, 57.83; H, 4.91; N, 8.87.

R e a c tio n  o f  I  w ith  3 - p h e n o x y - l  ,2 -e p o x y p r o p a n e . Com
pound I  (6.85 g., 0.028 mole) and 3-phenoxy-l,2-epoxypro
pane (4.05 g., 0.027 mole) were allowed to react at 120° in an 
oven overnight. The resinous solid was recrystallized to 
give 4.7 g., 43% yield, of a compound, m.p. 96-97° and 4.7 g., 
43% yield of a compound, m.p. 87-88°. Both of these com
pounds gave no depression in mixed melting point with their 
respective products II and III  from the model reaction.

S -P h e n o x y -2 -h y d r o x y p r o p y l  ch lo rid e . Hydrochlorination of
3-phenoxy-l,2-epoxypropane to the corresponding chloro- 
hydrin, 3-phonoxy-2-hydroxypropyl chloride IV, was ac
complished with dry hydrogen chloride.8’6 7 The conversion 
was almost quantitative, b.p. 136-137° (8 mm.), n 2D4 1.5410, 
d l*  1.210. Literature values8: b.p. 125-126° (2 mm.), n”
1.540, d \ h 1.209; and9 b.p. 153-155° (12.5 mm.), ra2D5 1.542, 
d23' 5 1.210.

A n a l .  Calcd. for C9HnC102: C, 57.90; H, 5.94; C., 18.00. 
Found: C, 58.03; H, 6.11; Cl, 18.75.

O x id a t io n  o f  IV to  ke to n e . To prove the secondary hy
droxyl of IV, it was oxidized with chromium trioxide in 
sulfuric acid10 to give the corresponding ketone V, b.p. 
145-146° (12 mm.). The infrared spectrum had a strong 
band at 5.73 y  («-halo ketone). The absence of a band at 
3.45-3.70 y  (aldehyde C—H) indicated that the 3-phenoxy- 
l-hydroxy-2-chloropropane isomer was not formed.

A n a l .  Calcd. for C9H9C102: C, 58.65; H, 4.92; Cl, 19.23. 
Found: C, 58.48; H, 5.11, Cl, 18.95.

I n d e p e n d e n t  s y n th e s is  o f  I. Aniline (42 g., 0.45 mcle) was 
treated with IV (37.4 g., 0.2 mole) at 125° for 7 hr. The 
amines were dissolved in dilute acid, washed, then rendered 
alkaline to recover them. The aniline was removed by dis
tillation and the residue recrystallized from methanol- 
water to give 18 g. (37% yield based on IV) of product, m.p. 
56-57°. A mixed melting point with I gave no depression. 
A comparison of the infrared spectra of the two compounds 
indicated that they’ -were identical.

A n a l .  Calcd. for CI6H17N 02: C, 74.04; H, 7.04; N, 5.76; 
Mol. wt., 243. Found: C, 73.92; H, 6.79; N, 5.94: Mol. wt., 
237 (Rast camphor).

I n d e p e n d e n t  s y n th e s is  o f  II a n d  III. Compound I (48.5 g., 
0.2 mole) was refluxed with IV (18.7 g., 0.1 mole) in 50 ml. 
of xylene at 120° for 10 hr. The reaction mixture was re- 
cry’stallized from methanol-water to give 7 g. product identi
cal with II (30% yield) and 7 g. of product identical with I II  
(30% yield).

A n a l ,  of product identical with II. Calcd. for C24E 27N 0 4: 
C, 73.26; H, 6.92; N, 3.56. Found: C, 72.94; H, 6.65; N, 
3.59.

(6) M. Dalfe, J .  C h em . S o c ., 1861 (1950).
(7) O. J. Stephanson, J .  C h em . S o c ., 1571 (1954).
(8) A. Fairboume, J .  C h em . S o c ., 1965 (1932).
(9) E. Levas, C o m p ì, r e n d ., 222, 555 (1946).
(10) J. B. Conant, and O. R. Quavle, O rg. S y n th e s e s , Coll. 

Voi. I, 206 (1932).



NOVEM BER 1 9 6 0 MANNICH BASES D ERIV ED  FROM a-PH EN O X Y A C E TO PH E N O N E 1 8 6 7

A n a l ,  of product identical with III . Calcd. same as above. 
Found: C, 73.06; H, 6.95; N, 3.52.

Both of these compounds, as well as their picrates gave no 
depression in melting point when compared with the cor
responding compounds from the model reaction. The in
frared spectra of the corresponding products were identical.

d -C a m p h o r  s u lfo n a te  o f  I. d-Camphor sulfonic acid (23.2 g., 
0.1 mole) was dissolved in ethyl acetate containing I  (24.3 
g., 0.1 mole). From the solution, 20 g., (42% yield) of white 
crystalline material formed, m.p. 154.5-155.5°.

A n a l .  Calcd. for C-uLLsNOeS: C, 63.16; H, 6.99; N, 2.95; 
S, 6.74. Found: C, 63.15; H, 7.13: N, 3.03; S, 6.73.

The diastereoisomer was not isolated since only one active 
form of I  was needed.

( +  ) I. The d-camphor sulfonate salt (8 g., 0.017 mole) 
was dissolved in 200 ml. of benzene and refluxed with stir
ring with 100 ml. of 5% sodium hydroxide for 2 hr. The 
benzene was washed with water and concentrated to dry
ness. The residue was taken up in naphtha and refrigerated. 
Several crops of amorphous material formed totalling 2.6 g., 
(63.5% yield). After several recrystallizations from metha

nol-water a white crystalline material formed, m.p. 62- 
63.5°, M 1 2d5 +  17.16° (c, 2.25 methanol).

A n a l .  Calcd. for CI5H „N 02: C, 74.04; H, 7.04; N, 5.76. 
Found: C, 74.10; H, 6.89; N, 5.81.

R e a c tio n  o f  ( +  ) I  w ith  3 -p h e n o x y - l  ,2 -e p o x y p r o p a n e . The ac
tive I (2.6 g., 0.0107 mole) was treated with 3-phenoxy-l,2- 
epoxypropane as before. Two products were isolated. The 
first, m.p. 96-97°, gave no mixed melting point depression 
with I II  and was optically inactive. The second compound, 
m.p. 84.5-85.5°, [a]”  +23.5° (c , 3.45 methanol) gave a 
marked mixed melting point depression with II.

A n a l ,  of compound m.p. 84.5-85.5°. Calcd. for C2J I 27- 
NO,: C, 73.26; H, 6.92; N, 3.56. Found: C, 73.08; H, 6.90; 
N, 3.76.
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Mannich bases (I) derived from a-phenoxyacetophenone on treatment with polyphosphoric acid were converted in good 
yields to 2-dialkylaminomethyl-3-phenylbenzofurans (II). The carbinols (III), obtained by catalytic hydrogenation or by 
treatment of the Mannich bases with Grignard reagents, on treatment with polyphosphoric acid in a similar manner gave the 
corresponding dihydrobenzofurans (IV). The carbinols were also acylated (V) and several converted to urethanes (VI) by 
conventional procedures. Attempted acylation of one of the carbinols, namely l,l-diphenyl-2-phenoxy-2-methyl-3-dimethyl- 
aminopropanol (III. Ri = C6H5, Ri = CH3, R = CHj) gave in good yield a nitrogen-free product which was identified as
l,l-diphenyl-2-phenoxypropene (VIII). Heating under reflux with dimethylaniline was found to be a convenient method for 
converting the Mannich bases (I) to a-phenoxyacrylophenones (VII).

Mannich bases (I) derived from a-phenoxy
acetophenone and a-phenoxypropiophenone are 
prepared readily in good yield.1’2 They are readily 
hydrogenated under catalytic conditions to the 
corresponding carbinols (III. R2 =  H).1-3 We 
wish to report now on some further reactions of 
these compounds.

Reaction of the Mannich bases (I) with poly
phosphoric acid, according to the method used 
by Davies and Middleton4’5 to prepare phenyl- 
benzofuran from a-phenoxyacetophenone, gave 
in good yield the corresponding 2-dialkylamino- 
methyl-3-phenylbenzofurans (II). These com
pounds, isolated as the hydrochlorides, are listed 
in Table I.

(1) J. B. WTright and E. H. Lincoln, J .  A m .  C h e m . S o c .,  
74, 6301 (1952).

(2) U. S. Patent 2,655,542.
(3) U. S. Patent 2,695,919.
(4) W. Davies and S. Middleton, C u r re n t T r e n d s  i n  H e tero 

cyc lic  C h e m is tr y , Academic Press, Inc., New York, N.Y., 
1958, p. 58.

(5) W. Davies and S. Middleton, J .  C h e m . S o c ., 822
(1958).

Reaction of the Mannich bases (I) with Gri- 
gnard reagents gave the corresponding tertiary 
carbinols (III). These compounds are listed in 
Table II. In those cases where reaction with the 
Grignard reagent produced a new asymmetric 
carbon atom a mixture of diastereoisomers was 
produced and some difficulty was experienced in 
separating the two isomers. Treatment of several 
of the carbinols (III) with polyphosphoric acid in 
the manner described above gave the correspond
ing 3 - phenyl - 2 - dialkylaminodihydrobenzofurans 
(IV, Table III). In the preparation of these com
pounds a simple dehydration of the carbinols 
(III. where Ri = H) to give an isomeric substi
tuted styrene is also possible; however, the di- 
hydrobenzofuran structure is assigned on the 
basis of the ultraviolet absorption data obtained 
for these compounds.

The carbinols (III) when treated with acetic 
anhydride or propionic anhydride in the presence 
of pyridine gave the corresponding acylated com
pounds (V). Treatment of the carbinols with 
phenyl chlorocarbonate followed by cleavage of 
the resulting product with liquid ammonia gave the
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V
r 3 = c h 3, c 2h 6

corresponding urethanes (VI). The compounds of 
the type V and VI that were prepared are listed 
in Table IV.

In the attempted acylation of l,l-diphenyl-2- 
phenoxy-2-methyl-3-dimet.hylaminopropanol-l hy
drochloride (III* R2 = C6H6, Ri = CH3, R = CH3) 
with propionic anhydride and pyridine, according 
to the method that was used to prepare compounds 
of type V, none of the desired product was ob
tained but rather a nitrogen-free product, in very 
good yield. The empirical formula of this product, 
according to microanalysis, was CVHmO. The struc
ture of this compound appears to be 1,1-diphenyl-

2-phenoxypropene (VIII) on the basis of its in
frared and ultraviolet spectra and the fact that on 
acid hydrolysis it gave diphenylacetone.

OH CHS
I !

CsHf—c------ c—c h 2n

c h 3
{C M tCO)tO

•HC1 --------------
P yrid ine

c 6h 5 c h 3

Crib
H

C6H5— C = = C —CH3 -— Cells—c —c o c h 3
! I H2O 1
CeHs O

¿ 6H 5
VIII

C5H 5

The nature of this reaction is not clear at the 
present time. However, it appears to be limited to 
carbinols of the type III that contain a methyl 
group (Ri = CH3) that may sterically block re
action at the hydroxyl grouping.

It was previously shown1’6 that attempted 
distillation of d-piperidino-a-phenoxypropiophe- 

R 
/

none (I. —N = piperidino) resulted in the
\

R
elimination of piperidine with the formation of 
a-phenoxyacrylophenone (VII. X  = H). It has 
been found that this reaction may be carried out 
more conveniently and in a better yield by re
fluxing the Mannich base (I) in dimethylaniline for 
a short period of time. By means of this method 
a-phenoxyacrylophenone and p-chloro-a-phenoxy- 
acrylophenone (VII. X  = p-Cl) were prepared 
from the corresponding Mannich bases in yield 
of 85% and 65%, respectively.

E X P E R IM E N T A L 7’ 8

a -F h e n o x y -  p- cM o ro p ro p io p h en o n e . To a stirred solution of
122.4 g. of p-chloropropiophenone in 500 ml. of anhydrous 
ether cooled in an ice bath was added dropwise 116 g. of 
bromine. The solution was washed with water, dried over 
anhydrous magnesium sulfate, and the ether removed. To 
the flask containing the crude bromoketone (177.5 g.; 
m.p. 77-80°) was added 68.5 g. of phenol, 134.3 g. of potas
sium carbonate, and 1450 ml. of acetone and the mixture 
heated under reflux for 7 hr. To the cooled reaction mixture 
was added 1400 ml. of water and the mixture extracted with 
ether. The ethereal extracts were washed with 10 ',,' sodium 
hydroxide, dried over anhydrous magnesium sulfate, and 
the ether removed. The residual solid was recrystallized from

(6 ) J. B. Wright and E. H. Lincoln, ./, A m .  (th em . S o c .,  
80, 6697 (1958).

(7) All melting points reported are uncorrected and were 
taken in a capillary tube.

(8) We are indebted to Mr. William Struck and his co
workers of these laboratories for the microanalytical data 
and to Mr. Marvin Grostic and Mr. James Stafford of these 
laboratories for infrared and ultraviolet spectral determina
tions. Our thanks are due especially to Mr. Albert Lallinger 
for technical assistance and to Dr. Richard Heinzelman for 
suggestions and discussions.
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TABLE I
2-D ialkylam ixom ethyl-3-phenylbenzofurax  H ydrochlorides

•HCl

R
/

\ Yield, Calcd. Found
X R M.P. % Formula c H Cl X C H Cl X

Hre
H

—X(CH3)2“
—X(C2H5)2 

c h 2—c h 2

187.5- 188.5“
158.5- 159.5

97
87

C„H„XO-HCl
CI9H21N0-HC1

70.95
72.25

6 30 
7.02

12.32
11.23

4.87
4.44

70.86
72.06

6.64
7.02

12.23 4.74 
11.14 4.80

H
y

—N
\ 181.5-182.5 87 c 19h 19n o h c i 72.71 6.42 11.30 4.46 72.78 6 .2 1 11.20 4.74

5-C1
7-CHsO

C IL -C H ,
-X (C H ,) .
—X(C2H5)2

206.5-207.0 
2 Í2 .5-214

94.5
85

c 17h 16c i x o h c i
C20H23XO2'HCl

63.36 
69.45

5.32
6.99

22,02
10.25 4.05

62.68
69,45

5.23 
7.16

21.81
10.26 4.33

“ The free base is a solid melting at 64.5 -65.5° after recrystallization from ethanol-water (2 :1 ). 
A n a l .  Calcd. for C„H„NO: C, 81.24; H, 6.82; X, 5.57. Found: C, 81.36; H, 7.04: X, 5.49.

TABLE II
3-Amixo-2-phexoxy-1-phen-yi.pr o p .axol H ydrochlorides 

OH R,
I I / R

CeHsC— C -C H —n :  -HC1
I I HR •

X

Ri R,

Pro-
ce-

X—NR2 dure
Yield, M.P.

%  ° c . Formula C
Calcd.

H Cl X C
Found

H Cl X

Cdh, H H—X(CH3)2 . . 45 176-176.5 C19H2äX 02-
HC1

67.94 7.80 10.56 4.17 68.27 7.57 10.41 4.41

C61I S H H—N(CH3)2 A 69 100° (dec.)'1 C23H2r,X02 •- 
HCl

71.96 6.83 9.23 . . 72.13 6.81 8.98 ..

c 6h 5 H Cl—X(CH„)2 a 27 92-94°" C23H..4C1X0Y 72.34 6.33 9.28 3.67 72.17 6.23 9.66 3.48
c 6h 5 CH, H—X(CH3)-2 A 47 126.5-127.5" C24H27X 02c 79.74 7.53 . . .  3.87 79.64 7.53 . . .  3.83

-CH, H H—X(CH3)2 A 27 233-235° C..4Ho7X O .-
HCF

72.43 7.09 8.91 3.52 72.30 7.62 9.03 3.65

-CH- CH3 H Pyrroli- A 
dino

37 231-231.5 c 27h 31x o 2-
HCH

74.04 7.37 8.09 3.20 73.88 6.89 8.03 3.47

• The free base melted at 89.5-90.5° after recrystallization from ethanol. A n a l .  Calcd. for CjsHjsXO.: C, 79.51; H, 7.25; 
X, 4.03. Found: C, 79.40; H, 7.17: X, 4.01. " Recrystallized from ethanol. These are the melting points of the free base. 
c Only the free base was prepared. d Recrystallized from methyl ethyl ketone-anhydrous ethanol (5:2). e Recrystallized from 
a methanol-ethyl acetate mixture (1:4).

ethanol. Thete was obtained 163.7 g. (87%) of colorless 
needles melting at 83-84°. Additional recrystallization from 
ethanol raised the melting point to 85-86°.

A n a l . Caloc. for C,5H„C102: C, 69.10; H, 5.02: Cl, 13.60. 
Found: C, 69.2(1; H, 5.13; Cl, 13.31.

n - p -C h lo r o f  h e n o xy -p -c h lo ro p r o p io p h e n o n e  was | irepared 
according to the procedure given above for a-phenoxy-p- 
chloropropiophenone, using an equivalent amount of p-  
chlorophenol; yield, 76%; m.p. 94.5-95.0° after recrystal
lization from ethanol.

A n a l .  Calcd. for C,5H,2C120 2: C, 61.04; H, 4.10: Cl, 24.02. 
Found: C, 61 10; H, 4.41; Cl, 24.02.

P r e p a r a tio n  o f  M a n n ic h  banes. The preparation of several 
of the Mannieli bases used as starting materials has been

described elsewhere.1 Those that were not prepared pre
viously are listed in Table V. The general methods de
scribed previously1 were used for the preparation of these 
compounds.

A' ,A’- D im e th y l(2 -p h e n o x y  -  A - h y d r o x y  - 3 - p h e n il fa in y la m in e .  
h yd ro ch lo rid e . To a solution of ethylmagnesium bromide in 
ether, prepared from 3.65 g. (0.15 mole) of magnesium, 
16.35 g. (0.15 mole) of ethyl bromide and 50 ml. of ether was 
added 10 ml. of dry benzene. Then, keeping the inner tem
perature below 0°, there was added a solution of 13.45 g. 
(0.05 mole) of /3-dimethylamino-a-phenoxypropiophenone1 
in 40 ml. of dry benzene. Heat was applied and the ether 
removed until the inner temperature reached 65°. The mix
ture was hydrolyzed by pouring into a cold solution of 15' ,
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TABLE III
2-D im ethylam ino :metiiyl-3 -pheny l-2,3-d ih y i>robenzofuran  H ydrochlorides

R,
L h '6H,

1  9 CH-.
Y ' HI. X -I ICI

O \  CH3
R,

Yield Caled._________ _________Found
Ri r 2 M.P. % Formula C H Cl N C H Cl N

H H 216.5-217 38 CnHisNO-HCl 70.46 6.96 12.23 4.83 70.25 7.27 12.24 4.84
c h 3 H 201 (dec.) 59 C,sH,,NO-HCla 71.16 7.30 11.67 70.48 7.35 11.41
H c 6h 5 267 (dec.)4 694 C23H23XO-HC1c 75.50 6.61 9.69 3.83 75.52 6.47 9.68 3.84
c h 3 c 6h 5 269 (dec.) 94 CmIRóNO-HCF 75.87 6.90 9.33 3.69 75.97 7.03 9.42 3.76

" Recrystallized from an ethanol-methyl ethyl ketone (1:15) mixture. 6 The free base melted at 109-109.5° after re- 
crystallization from ethanol. A n a l .  Calcd. for C23IIr.NO: C, 83.86; H. 7.04; N, 4.25. Found: C, 83.90; 11, 7.63; N, 4.16. c Re- 
crystallized from isopropanol. d Recrysta.lized from an anhydrous ethanol-ethyl acetate (1:1) mixture.

TABLE IV
3-Acyloxy-3-piien y l-2-pheno x ypro pyl  Am ine  H ydrochlorides 

O

O—C—R3 IL R
I ! /

C6II5—C-----— C— CHj—N . HCi
! I \

R, O R

¿ells

r 3 r 2 Ri
\

 
/*

 
'A

 1

Pro
ce

dure
Yield,

% M.P. Formula c
Calcd. 
II Cl X C

Found 
H Cl N

CIL Cells II —N(CH3)2 B 19 179-80" C25ÎÎ27N03’»
HCI

— — 8.32 3.29 — — 8.25 3.26

n h 2 C JR H —N(CH3)2 C 42 178 (dec.)4 C24H26N2O3 •-
HCI

67.51 6.38 8.30 6.56 67.62 0.56 8.20 6.42

n h 2 II II —N(CH3)2 C e 45 169-170° c 18h 22x 2o / 68.76 7.06 — 8.91 69.04 7.23 — 8.64

c2h5 /  y CHlH —N (CII3)2 B 34 204-206.5^ C27H31 O3
HCI

71.42 7.10 7.81 3.09 71.63 7.03 7.77 2.96

a Recrystallized from methyl ethyl ketone. 4 Recrystallized from anhydrous ethanol-ether (1:3). The free base melted at 
133-135° after recrystallization from petroleum ether (b.p. 00-71°)-anhydrous ethanol (20:1). A n a l .  Calcd. for C2iH26X20 3: 
C, 73.82; II, 6.71; X, 7.18. Found: C, 74.10; H, 6.45; N, 7.08. c Recrystallized from ethanol. This is the melting point of the 
free base. d The hydrochloride was not prepared. e Benzene was used in place of the ether for extraction of the compound. 
f  Recrystallized from acetone.

ammonium chloride. The benzene layer was separated and 
the aqueous layer extracted with benzene. The benzene was 
removed by distillation. The residue after standing in the 
refrigerator for some time partially solidified. The mixture 
was triturated with petroleum ether (b.p. 29-38°), the solid 
recovered by filtration and recrystallized from methanol. 
There was obtained 6.78 g. (45%) of colorless prisms melting 
at 99.5-100.5°.

A n a l .  Calcd. for C19H25N 0 2: N, 4.68. Found: N, 4.73.
The h yd ro ch lo rid e  was prepared by adding an ethereal 

hydrogen chloride solution to a solution o: the free base in 
ether. After recrystallization from methyl ethyl ketone there 
was obtained colorless needles melting at 176-176.5°.

A n a l .  Calcd. for Ci9H2aN 02HCl: C, 67.94; H, 7.80; Cl, 
10.56; N, 4.17. Found: C, 68.27; H, 7.57; Cl, 10.41; N, 4.41.

The methanolic mother liquors from the recrystallization 
of the free base on long standing in the refrigerator deposited 
1.47 g. of material melting at 54-55.5°. This was converted 
to its h yd ro ch lo rid e  salt and the latter recrystallized repeat
edly from ethyl acetate-methyl ethyl ketone (1:1). There

was obtained 250 mg. of fine colorless needles melting at 
190-191°.

A n a l .  Calcd. for C19H25N 0 2HC1: Cl, 10.56; N, 4.17. 
Found: Cl, 10.84; N, 4.38.

P ro ced u re  .4. a -{ 2 -D im e th y la m in o -1  - m e th y l - 1  - p h e n o x y -  
e th y l)b e n zh y d ro l h yd ro ch lo rid e . To a stirred solution of phen- 
ylmagnesium bromide (0.2 mole) in 150 ml. of ether was 
added dropwise a solution of 31.9 g. (0.1 mole) of a-phen- 
oxy-/S-dimethylaminopropiophenone in 100 ml. of ether. 
The mixture was stirred and heated under reflux for an hour 
and was then decomposed with 150 ml. of a 20% ammonium 
chloride solution. The ether layer was separated and the 
aqueous layer extracted with ether. The combined ethereal 
extracts were dried over anhydrous magnesium sulfate, the 
drying agent removed by filtration, and the hydrochloride 
precipitated by the addition of an ethereal hydrochloric acid 
solution.

P ro c e d u re  B .  l^ - D ip h e n y l-S -p h e n o x y -J f-d im e th y la m in o -H -  
b u ly lp r o p io n a le  h yd ro ch lo rid e . A mixture of 3.98 g. (0.01 
mole) of l,2-diphenyl-3-phenoxy-4-dimethylamino-2-buta-
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TABLE V
M a n n i c h  B a s e  H y d r o c h l o r i d e s

0  R,
/ r  \\ li I R

x , - v  V -c - ( ’. - ch2n ; -iicii R
X, x 2 Ri —n r 2

Yield,
% M.P. Formula C

Calcd. 

H N Cl C

Found 

II X Cl

II II II pjTrolidino — 1 5 7 .5 - 1 5 8 .0 “ C , 9H 2lN O ,- H C l 68.77 6.68 4.22 10.68 68.88 6.60 4.32 10.65
II II C 1 L pvrrolidino — 181* ('..„FLjXO-r IICI 69.45 6.99 4.05 10.25 69.21 7.20 3.93 10 .12
II Cl H —N ( C H 3)2 77“ 164-165“ C ,7H ,8C 1 X ( V -

HC1
60.01 5.63 4 . 1 1 20.84 59.78 5 .6 5 4.21 20.95

Cl H CII:s —X(CH.,)2 72 “ ’ 1 138-139“ C 18H ,„C 1X 0 2-
HC1

61.02 5.98  3 .95 20.02 60.85 6.01 4 . 1 1 19.95

Cl Cl C  U —N ( C H 3)2 97“”r 182* C 18H,,C12X 0 2-
HC1

55.61 5 . 1 9  3.60 27.36 5 5 .75 5 . 1 6 3.38 27.43

“ Recrystallized from acetone. 6 Recrystallized from methyl ethyl ketone-ethanol (3:1). “ Recrystallized from methyl 
ethyl ketone-ethanol (1 :1 ).“ The yield is based upon the amount of propiophenone actually used in the reaction. * Recrystal
lized from ethanol. !  Procedure B of reference 1 was employed.

nol hydrochloride, A ml. of propionic anhydride, and 4 ml. 
of pyridine was heated under reflux for 4 hr. The mixture 
was allowed to cool, anhydrous ether wras added, and the 
solid removed by filtration and purified by recrystallization.

P ro ced u re  C . a - { 2 -D im e th y la m in o - l-p h e n o x y e th y l)b e n z h y -  
d ry l ca rb a m a te  h yd ro ch lo rid e . To a stirred ice-cooled solution 
of 31.9 g. (0.09 mole) of a-(2-dimethylamino-l-phenoxy- 
ethyl)benzhydrol in 36 ml. of dry pyridine was added drop- 
wise 14.04 g. (0.09 mole) of phenjd chlorocarbonate. This 
suspension was added with stirring to about 200 ml. of 
liquid ammonia over a period of about 0.5 hr. The mixture 
was stirred at reflux for 8 hr. using a Dry Ice condenser. 
The ammonia was allowed to evaporate overnight. Water 
and ether were added to the mixture. The ether layer was 
separated and the aqueous layer extracted with ether. The 
combined ethereal extracts wrere w’ashed twice with a 5% 
sodium hydroxide solution, once with a saturated salt solu
tion and dried over anhydrous magnesium sulfate. The ether 
was removed by distillation. The residual oil solidified upon 
standing and was purified by recrystallization. The free base 
■was dissolved in ether and the hydrochloride precipitated by 
the addition o: a saturated ethereal hydrogen chloride solu
tion.

P ro ced u re  fo r  2 - d ia lk y la m in o m e th y l-S -p h e n y lb e n z o fu r a n  h y 
d ro ch lo rid es . 2 -D ie th y la m in o m e th y l-3 -p h e n y lb e n z o f  u ra n  h yd ro 
ch lo rid e . Into a three-necked flask was weighed 308 g. of 
polyphosphoric acid.9 The flask was fitted with a stirrer 
and a drying tube and heated on the steam bath. To the 
stirred polyphosphoric acid was added 30.8 g. (one tenth of 
the weight of acid) of a-phenoxy-/3-diethvlaminopropiophe- 
none hydrochloride. 1 Effervescence took place immediately 
and the mixture became red in color. The mixture was 
heated on the steam bath with stirring for 2.5 hr. To the re
action mixture when cool was added 150 g. of ice, w ith stir
ring, as soon as 'his became possible. The mixture was trans
ferred to a large beaker, ice and water were added, and the 
acid neutralized by the addition of a sodium hydroxide solu
tion. Additional water was added to make the mixture suf
ficiently fluid for extraction.

The mixture was extracted with ether, the ethereal ex
tracts dried over anhydrous magnesium sulfate, the drying 
agent removed by filtration, and the hydrochloride precip

(9) Obtained from The Victor Chemical Company—115% 
Ortho equivalent.

itated by the addition of an ethereal hydrogen chloride 
solution. The product was purified b\r recrystallization from 
acetone.

The compounds listed in Table I were prepared by this 
general procedure.

P ro c e d u re  fo r  2 -d im e th y la m in o m e th y l-3 -p h e n y l-2 ,3 -d ih y -  
d ro b e n zo fu ra n  h y d ro ch lo rid e s . 2  -  D im e th y la m in o m e th y l  - 3-  

p h e n y l-2 ,3 -d ih y d r o b e n z o fu r a n  h yd ro ch lo rid e . Ten grams of 3- 
dimethylamino-l-phenyl-2-phenoxypropanol-l hydrochlo
ride1 was heated with ten times its weight of polyphosphoric 
acid according to the procedure described above for 2-di- 
ethylaminomethyl-3-phenylbenzofuran hydrochloride. Using 
the requisite carbinol all of the compounds listed in Table III 
were prepared in this general way.

A tte m p te d  p r e p a r a tio n  o f  l , l - d ip h e n y l- 2 - p h e n o x y - 2 -m e th y l -
3 - d im e th y la m in o p r o p y lp r o p io n a te  h yd ro ch lo rid e . P r e p a r a t io n  
o f  1 , l -d ip h e n y l-2 -p h e n o x y p r o p e n e . A mixture of 17.4 g. 
(0.046 mole) of l,l-diphenyl-2-phenoxy-2-methyl-3-dimeth- 
ylaminopropanol-l-hydrochloride (prepared by adding gas
eous hydrogen chloride to an ethereal solution of the free 
base), 15 ml. of dry pyridine and 15 ml. of propionic anhy
dride wTas heated under reflux for 2 hr. The mixture when 
cool was diluted with an excess of anhydrous ether. The solu
tion was decanted from the small amount of oil that pre
cipitated, was washed with water, and the ether removed. 
The yellow solid residue was recrystallized from ethanol. 
There was obtained 7.27 g. (55%) of colorless prisms melting 
at 61-62.5°. Additional recrystallizations from ethanol 
raised the melting point to 64-65°.

A n a l .  Calcd. for C2,Hi80 : C, 88.08; II, 6.34. Found: C, 
88.33; H, 6.64.

One gram of the product w-as heated under reflux for 2 hr. 
with 1.1 ml. of coned, hydrochloric acid, 4 ml. of water, 
and 20 ml. of ethanol. The alcohol w’as removed i n  vacuo . 
The residue was diluted with water, made basic with a solu
tion of sodium carbonate, and extracted with ether. The 
ethereal extracts were washed w-ith a 5% sodium hydroxide 
solution and dried over anhydrous magnesium sulfate. The 
crude solid was recrystallized from petroleum ether (b.p. GO- 
710). There were obtained colorless prisms melting at 58.5- 
59.5° which gave no depression when mixed with an authen
tic sample of diphenylacetone. The infrared spectrum of the 
compound was identical with th a t from diphenylacetone.

A n a l .  Calcd. for C,5HmO: C, 85.68; H, 6.71. Found: C, 
85.50; H, 6.70.
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o c-P h en o x ya cry lo p h en o n eA6 A mixture of 50 g. (0.180 mole) 
of j3 dimethylamino-a-phenoxypropiophenone1 and 50 ml. 
of AT,iV-dimethylaniline was heated under reflux for 1 hr. 
After cooling to room temperature the reaction mixture was 
dissolved in 300 ml. of ether and the ethereal solution ex
tracted twice with 400 ml. of I N  hydrochloric acid. The 
ethereal solution was dried over anhydrous magnesium 
sulfate, the ether removed, and the residue recrystallized 
from ethanol. There was obtained 35.4 g. (85% ) of colorless 
prisms melting at 100- 102°.

a -p -C h ln ro p h e n o x y a c ry lo p h e n o n e  was prepared by heating 
/3-dimethylamino-a-p-ehlorophenoxypropiophenone under 
reflux with .V,.V-dimethylaniline, as described above for <*- 
phenoxyacrj’lophenone. The product after recrystallization 
from anhydrous ethanol consisted of colorless prisms melt
ing a t 102.5-104.5°, yield, 65%.

A n a l .  Calcd. for C%H„C10,: C, 69.64; H, 4.29; Cl, 13.70. 
Found; C, 69.76; H, 4.17; Cl, 13.32.

K a l a m a z o o , M i c h .

[C o n t r i b u t i o n  f r o m  t h e  C h e m i s t r y  D e p a r t m e n t , F a c u l t y  o f  S c i e n c e , ATn S h a m s  U n i v e r s i t y ]

S tu d ies on  N ap h th a lid es. I I I .1 A ction  o f  S u b stitu ted  P h en y la cetic  A cids, 
Q uinald ine and P ico lin es on  N a p h th a lic  A nhydride

WILLIAM IBRAHIM AWAD a n d  OSMAN MOHAMAD ALY

R eceived  F e b ru a r y  I S ,  1 9 6 0

Substituted phenylacetic acids were condensed with naphthalic anhydride, to show the effect of different groups on the 
products, which are 3-benzalnaphthalides (I) or /3-diketones (II). Other active methylene compounds, e.g. quinaldine, a -  
picoline, and y-picoline were allowed to condense with naphthalic anhydride to produce the corresponding pyronaphtha- 
lones.

The authors1 have already shown that naphthalic 
anhydride reacts with phenylacetic acid and 
sodium acetate to give a mixture of 8-phenyl- 
pen-naphthindan-7,9-dione (Ha) and 3-benzal- 
naphthalide (la). This work is now extended to 
investigate the effect of substitution in the aro
matic ring of phenylacetic acid on the above 
Perkin condensation.

A semiquantitative study on the relative yields 
of the d-diketones (II) to the benzalnaphthalides
(I) has been taken as a criterion for this investi
gation (c/. Table I). The following mechanism 
is proposed for this condensation :

+  RCAUCH^COOH — *

C6H,R
HCCOOH

la. R =  H; lb. R =  p-OCE-u 
le. R =  p-Cl; Id. R  =  o-Cl

Ila. R = H; Uh. R = OCH3; ITc. R = p-Cl

TABLE I
R e l a t i v e  AYe l d s  o f  

/3 -D i k e t o n e s  a n d  B e n z a l n a p h t h a l i d e s

Benzal-
naphtha-

lide,
%

/3-Di
ketone,

%

Total 
vield, 
‘ %

Phenylacetic acid 16 50 66
p-Methoxyphenyl- 

acetic acid 22.3 40 62.3
p-Chlorophenyl- 

acetic acid 9 13 22
o-Chlorophenyl-

acetic acid 13 13
p-Nitrophenyl- 

acctic acid — — —

It is likely that II arises from I by the action of 
sodium acetate by a mechanism analogous to 
Scheme A (inter alia).

In the case of p-methoxyphenylacetic acid, the 
total yield is slightly less than that of phenylacetic 
acid but the ratio of the diketone is much higher. 
The total yields in the case of o- and p-chloro- 
phenvlacetic acids are much less when compared 
with the other two cases. It is also to be noticed 
that, in the case of the ehloro derivatives, the 
benzal compounds (I) are predominant. Xo di- 
ketone was isolated in the case of o-chlorophenyl- 
acetic acid, perhaps because the electron attract
ing groups (i.e. Cl, —I> +  T) facilitates the partial 
decarboxylation of such acids prior to condensation 
which may be responsible for the relatively poor 
yields in such cases. This is verified by the fact

(1) O. M. Aly, W. I. A wad, and A. M. Islam, J .  O rg. 
C h e m ., 23, 1624 (1958).
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that p-nitrophenvlacetic acid (N02, — I, — T 
effect) does ncr. give any condensation product.

The constitution of the benzalnaphthalide (I) 
is based on two facts: (i) the ease of their rearrange
ment into the corresponding /3-diketones on treat
ment with sodium methoxide (c f . Nathanson2 

and Eibner3), and the presence in the infrared 
spectra of these naphthalides of a carbonyl stretch
ing frequency in the region of 5-unsaturated 
lactones1 ( c f .  Table II). The infrared spectra of the 
corresponding /3-aiketones are also shown in the 
same table.

The /3-diketones (II )  do not show normal ketonic 
properties (hydrazones, oximes). They have a 
pronounced acidic character (soluble in dilute 
sodium carbonate), and no free — OH stretching 
frequency appears in the infrared spectra. It is 
thus not unreasonable that III can be considered 
as one of the possible unperturbed structures 
(c/. III).

When 3 - ( o  - chlorobenzal)naphthalide (Id) is 
treated with sodium methoxide in a trial to get 
the corresponding diketone, we obtained a yellow 
crystalline compound which is chlorine free; 
at the present time we are unable to assign any 
structure for it and it is still under investigation. 
Scheme A is proposed for the action of sodium 
methoxide on benzalnaphthalides to give the cor
responding /3-diketones:

Scheme A

Some other active methylene compounds, namely 
quinaldine, a-picoline and 7 -picoline have been 
allowed to condense with naphthalic anhydride on 
the hope of obtaining anticonvulsants and estro
genic antagonists.4 In the case of quinaldine the 
reaction was carried out in the presence of sodium 
acetate or zinc chloride, while in the case of a-

and 7 -picolines the reaction was successful only 
by the use of zinc chloride in a sealed tube. In 
these cases only the diketones are obtained and 
no benzalnaphthalides. The structure of these 
nitrogenous di ketones (IV), (V), and (VI) is 
based upon: (i) the stability of these compounds 
towards sodium methoxide. and (ii) infrared 
spectra ( c f .  Table II), which indicate a carbonyl 
stretching frequency in the region of /3-diketones. 1

TABLE I P  
I n f r a r e d  S p e c t r a

Compound
Carbonyl Stretching 

Frequency cm. -1

lb 1724
Ic 1739
Id 1745
lib 1626
lie 1618
IV 1639
V 1639

a Infrared measurements were carried out on Perkin- 
Elmer infracord model 137 using nujol nulls.

Manly, e t  a l . i  stated that structure VII is pos
sible for the pyrophthalones. Such structure could 
not be detected in the case of the pyronaphthalones 
IV, V, and VI as no free nor chelated — OH groups 
could be observed in the infrared spectra. Struc
ture III for the perinaphthalene derivatives seems 
to play a more important role.

E X P E R IM E N T A L 5

R e a c tio n  o f  n a p h th a l ic  a n h y d r id e  w ith  p -m e th o x y p h e n y l-  
a ce tic  a c id . A mixture of naphthalic anhydride (5 g.), p-  
methoxyphenylacetic acid (p-methoxybenzyl cyanide was 
prepared according to O rg a n ic  S y n th e s e s ,s followed by hy
drolysis in acid medium in the normal way), and fused so
dium acetate (0.3 g.) was heated rapidly to 240-250° and 
maintained at that temperature for 1 hr. The hot melt was 
rubbed with 30 ml. of alcohol and allowed to cool. On filtra
tion, a brownish orange product was obtained (6.5 g.). The 
crude product was extracted with 150 ml. of petroleum ether 
(b.p. 70-80°) in a Soxhlet extraction apparatus. The extract 
acquired an orange coloration. On concentration of the 
petroleum ether solution, an orange yellow product was ob-

(2) Nathanson, B e r ., 2 6 , 2576 (1893).
(3) Eibner, B e r ., 39, 2203 (1906).
(4) D. G. Manly, A. Richardson, Jr., A. M. Stock, C. H.

Tilford, and E. D. Amstutz,J .  O rg. C h e w ., 2 3 , 373 (1958).

(5) Microanalyses were carried out by Alfred Bernhardt, 
im Max-Planck Institut, Mülheim (Ruhr), Germany. 
Melting points are not corrected.

(6 ) O rg. S y n th e s e s , 36, 56 (1956).
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tained. This product was washed with a hot solution of so
dium carbonate. Recrystallization from benzene-petroleum 
ether (b.p. 40-00°) gave (lb), 1.7 g., 22.3% as yellow 
crystals, m.p. 168-169°.

A n a l .  Calcd. for C2oH h03: C, 79.45; H, 4.67. Found: C, 
78.94; H, 4.69.

Ib was rearranged quantitatively to the corresponding p -  
diketone (lib ) on treatment with sodium methoxide solu
tion1 (melting point and mixture melting point).

The product which was insoluble in petroleum ether (b.p. 
70-80°) was recrystallized from benzene (charcoal) to give 
lib , 2.9 g., (40%); as orange needles, m.n. 220-222°.

A n a l .  Calcd. for: C2oH140 3: C, 79.45; H, 4.67. Found: C, 
79.85; H, 4.84.

The product was soluble in a cold dilute solution of sodium 
hydroxide or sodium carbonate.

R e a c tio n  o f  n a p h th a l ic  a n h y d r id e  w ith  o -ch lo ro p h en y la ce tic  
a c id . A mixture of naphthalic anhydride (5 g.), o-chloro- 
phenvlacetic acid (4.3 g.) (prepared in a manner similar to 
that for p-fluorophenyl acetic),7 and fused sodium acetate 
(0.5 g.) was treated as described before.

Recrystallization of the product extracted with petroleum 
ether (b.p. 70-80°) from ethyl alcohol gave Id, 1.1 g. (13%), 
as vellow needles, m.p. 185-186°.

A n a l .  Calcd. for CI9I in0 2Cl: C, 74.39; H, 3.6; Cl, 10.44. 
Found: C, 74.09; H, 3.49; Cl, 11.21.

When Id was treated with alcoholic sodium methoxide 
solution a chlorine free yellow product was obtained, m.p.
j95_Q7°_

A n a l .  Found: C, 83.51; H, 3.85.
The product which was insoluble in petroleum ether (b.p. 

70-80°) proved to be naphthalic anhydride (melting point 
and mixture melting point). No /3-diketor.e was isolated.

R e a c tio n  o f  n a p h th a lic  a n h y d r id e  w i th  p -ch lo ro p h en y la ce tic  
a c id . A mixture of naphthalic anhydride (5 g.), p-chloro- 
phenylacetic acid (c/. ref. 7) (4.3 g.), and fused sodium acetate 
(0.3 g.) was treated as described before.

Recrystallization of the product extracted with petroleum 
ether (b.p. 70-80°) from ethyl alcohol gave Ic, 0.7 g. (9%), 
as orange yellow needles, m.p. 178-79°.

A n a l .  Calcd. for C19H „0 2C1: C, 74.39; H, 3.6; Cl, 10.44. 
Found: C, 74.32; H, 3.52; Cl, 11.16.

The product wras rearranged quantitatively to the cor
responding /3-diketone on treatment w'ith alcoholic sodium

(7) F. L. M. Pâtisson and B. C. Saunders, J .  C h em . S o c .,  
2745(1949).

methoxide solution (melting point and mixture melting 
point).

The product which was insoluble in petroleum ether 
(b.p. 70-80°) was recrystallized from ethyl alcohol to give 
lie , 1.0 g. (13%), as orange crystals, m.p. 272-273°.

A n a l .  Calcd. for C,8H n02Cl: C, 74.39; H, 3.60; Cl, 10.44. 
Found: C, 73.74; H, 3.59; Cl, 10.99.

The product (lie ) was soluble in a cold dilute solution of 
sodium hjulroxide or sodium carbonate.

R e a c tio n  o f  n a p h th a l ic  a n h y d r id e  w ith  q u in a ld in e . A mix
ture of naphthalic anhydride (1.0 g.), quinaldine (1.5 g.), 
and a catalytic amount of fused zinc chloride or sodium ace
tate (0.3 g.) was heated rapidly to 230-240° for 3 hr. The 
reaction mixture was then poured on cold water, whereby a 
dark solid mass was obtained. Recrystallization of the 
product so obtained from ethyl alcohol gave IV, 1 g. (62%), 
as deep red needles, m.p. 254-255°. The product separated 
from benzene solution as deep violet rosets and from con
centrated benzene solution as olive green crystals.

A n a l .  Calcd. for C22H 130 2N: C, 81.72; H, 4.05; N, 4.33. 
Found: C, 81.98; H, 3.98; N, 4.50.

R e a c tio n  o f  n a p h th a lic  a n h y d r id e  w ith  a -p ic o lin e . A mixture 
of naphthalic anhydride (2 g.), a-picoline (3 ml.), and a cat
alytic amount of fused zinc chloride was heated in a sealed 
tube a t 200° for 4 hr. The reaction product was poured on 
cold water and the solid mass so obtained was washed •with a 
little methyl alcohol, then allowed to d rjt The crude product 
was dissolved in dry benzene and chromatographed over 
silica gel. On elution with dry benzene, a colorless fraction 
(0.9 g.) was obtained which proved to be naphthalic an- 
hydride (melting point and mixture melting point). An 
orange fraction xvas also obtained, which on concentration 
gave V, 0.8 g. (30%), as orange needles, m.p. 268-269°. I t 
was soluble in dilute solution of sodium hydroxide or sodium 
carbonate.

A n a l .  Calcd. for Ci8H „0 2N: C, 79.11; H, 4.00; N, 5.13. 
Found: C, 79.17; H, 4.04; N, 5.10.

R e a c tio n  o f  n a p h  th a lic  a n h y d r id e  w ith  y -p ic o l in e . Naphthalic 
anhydride (2 g.), y-picoline (3 ml.), and catalytic amount 
of fused zinc chloride was treated as discussed above. Naph
thalic anhydride was also isolated here and VI, 0.60 g. 
(23%), -was isolated as orange needles, m.p. 258-59°. I t  was 
soluble in a dilute solution of sodium hydroxide cr sodium 
carbonate.

A n a l .  Calcd. for CisHu0 2N: N, 5.13. Found: N, 4.57.

A b b a s s i a , C a i r o

E g y p t ,  U.A.R.

[ C o n t r i b u t i o n  f r o m  t h e  Y e r r e s  R e s e a r c h  L a b o r a t o r y , E. I. d u  P o n t  d e  N e m o u r s  &  Co., I nc.,
F i l m  D e p a r t m e n t ]

C arbam ates. IV. T h e R eaction s o f  D isu b stitu ted  C arbam ates w ith  A lcohols

NORMAN G. GAYLORD1

R ece ived  A p r i l  2 0 , 1 9 6 0

The reaction of ethyl V,V-disub3titutec. carbamates with alcohols in the presence of the sodium alkoxide of the alcohol 
yields either carbamates or carbonates, apparently as a function of the relative base strengths of the disubstituted amine 
and the alkoxide. Thus, the reactions of isobutyl alcohol with ethyl TV.Y-diethyl- and A7-ethyl-Ar-phenylcarbamates, and 
benzyl alcohol with ethyl Af-ethyl-A^-phcnylcarbamate and V-N'-dicarbethoxypiperazine yield the corresponding carba
mates. The reaction of isobutyl alcohol with ethyl Ar,AAdiphenylcarbamate yields principally diisobutyl carbonate and 
diphenylamine, while the reaction of benzyl alcohol with ethyl N ,  V-diphenylcarbamate yields dibenzyl ether, by decarboxyla
tion of the carbonate, and diphenylamine.

I t  has previously been reported2 that the re
actions of ethyl carbamate with low boiling al-

( 1 ) Present address: The Western Petrochemical Cor
poration, Polj-mer Division, 96 Roanoke Avenue, Newark 
5, N. J.

cohols, e.g., isobutyl alcohol, w ith acid catalysis, 
or w ith high boiling alcohols, e.g., benzyl alcohol,

(2) N. G. Gaylord and C. E. Sroog, J .  O rg. C h e m ., 18, 
1632(1953).
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without catalysis, yield the corresponding carba
mates, probably by an ester exchange mechanism. 
The reaction of ethyl 2V-monosubstituted carba
mates with benzyl alcohol yields the corresponding 
benzyl carbamate by what is probably a decom
position of the initial carbamate to an isocyanate 
followed by reaction with benzyl alcohol. Isobutyl 
alcohol does not react with the monosubstituted 
carbamate even with acid catalysis.

Whereas the attempted reactions of isobutyl 
alcohol with ethyl A^A-diethyl- and WpV-diphenyl- 
carbamates, in the presence of sulfuric acid, of 
benzyl alcohol with ethyl W,W-diethyl-, N,N- 
dibutyl- and A,Af-diphenylcarbamates, in the 
absence of sulfuric acid, of benzyl alcohol with 
ethyl W,W-diphenylcarbamate, in the presence of 
sulfuric acid, failed to yield any ethanol,2 it was 
observed that the uncatalyzed reaction of benzyl 
alcohol with ethyl AT-ethyl-Ar-phcny 1 carba mate 
yielded the theoretical amount of ethanol after 
125 hours, with the subsequent isolation of benzyl 
W-ethyl-iV-phenyicarbamate in 85% yield. As 
no satisfactory explanation for this behavior could 
be set forth, the latter reaction was repeated with 
a new batch of purified reagents. In this case no 
ethanol was obtained even after refluxing for 
eight days. The single, irreproducible success, 
probably due to the presence of an impurity, 
indicated that an ester exchange reaction was pos
sible with a disubstituted carbamate, and prompted 
an investigation of the base-catalyzed reaction of 
disubstituted carbamates with alcohols.

The reaction of ethyl Ar-e t hy 1-W-pheny 1 ca rb a- 
mate with benzyl alcohol in the presence of the 
sodium alkoxide of the alcohol gave the theoretical 
amount of ethanol in 2.6 hours. An 82% yield of 
benzyl W-ethyl-W-phenylcarbamate was obtained. 
The reaction with isobutyl alcohol gave a 94% 
yield of the isobutyl analog. This was noteworthy, 
as the only previously observed successful reaction 
with isobutyl alcohol had occurred with the un- 
substituted ethyl carbamate in the presence of 
sulfuric acid. The reaction of ethyl AyV-diethyl- 
carbamate with isobutyl alcohol in the presence 
of the alkoxide gave an 87% yield of isobutyl N,N- 
diethylcarbamate.

The reaction of ethyl Ar,Ar-diphcnv 1 carbamate 
with isobutyi alcohol in the presence of the sodium 
alkoxide gave only a 5% yield of isobutyl N,N- 
diphenylcarfcamate, accompanied by 87% of di- 
diphenylamine and 62% of diisobutyl carbonate. 
Similarly, reaction with benzyl alcohol gave 5% 
of the benzyl carbamate, 94% of diphenylamine, 
and 77% of dibenzyl ether. The ether undoubtedly 
arose through decarboxylation of dibenzyl carbon
ate. It has teen shown3 that at elevated tempera
tures a-polydecamethylene carbonate undergoes 
scission to give carbon dioxide and decamethylene

oxide radicals which combine to form the polymeric 
ether.

The mechanism of the alkoxide catalyzed re
actions undoubtedly involves a nucleophilic attack 
of the anion on the carbonyl carbon atom:

0  0
II II 0R2N -C ^-O C 2H, —̂  R2NCOR' +  C2H5Ow (1)

/
R'Oe

0

(C6H5)2N—-C—OC2H5 —>- (C6H5)2N® 
/  ,

R'O o

R '0 - ^ - 4 ) C 2H5
/

R '0 °

o
II

R'OCOR' (2)

Whether the reaction follows path (1) or (2) is 
determined by the relative base strengths of the 
secondary amine and the alkoxide ion. The fact 
that the diethylamine and ethylaniline derivatives 
follow path (1) indicates that these compounds are 
stronger bases than the alkoxide. On the other 
hand, diphenylamine is a much weaker base than 
the other amines and probably weaker than the 
alkoxide ion, resulting in the elimination of the 
amine grouping. This is in line with the mechanism 
of the acctoacetic ester type of condensation which 
will proceed when a base is formed which is weaker 
than that used as the condensing agent.4 5

The reaction of AyA'-dicarbethoxypiperazine 
with benzyl alcohol in the presence of the alkoxide 
followed path (1) to yield the dicarbamate.

The attempted reactions of ethyl carbamate with 
isobutyl alcohol or ¿-butyl alcohol in the presence 
of the sodium alkoxide resulted in the recovery of 
ethyl carbamate.

The reaction between A-carbethoxyimidazole 
and ethanol in the absence of a catalyst is reported 
to give a 70% yield of diethyl carbonate.6 AT,N'~ 
Biscarbethoxy-l,n-diamines are reported6 to un
dergo a base-catalyzed selfcondensation to yield 
polyureas, ethanol, and diethyl carbonate. However, 
no reaction reportedly took place when bisurethanes 
prepared from Ar,Ar-disubstituted amines were 
heated under the same conditions.

E X P E R IM E N T A L

R e a c tio n  o f  e th y l N -e th y l-N -p h e n y lc a r b a m a le  a n d  b en zy l 
a lcohol. A .  U n c a ta ly ze d . A mixture of 38.6 g. (0.2 mole) of 
the carbamate was heated with 64.8 g. (0.6 mole) of benzyl 
alcohol under a Vigreux column topped by a partial takeoff 
reflux head. After 125 hr. the theoretical amount of ethanol 
was collected. The reaction mixture was distilled and 43.1 g. 
(84.6% yield) of benzyl A-ethylW-phenylcarbamate was

(4) C. R. Hauser and B. E. Hudson, Jr., O rg. R e a c tio n s , I, 
270(1942).

(5) H. A. Staab, A n n . ,  609, 83 (1957).
(6) T. M. Laakso and D. D. Reynolds, J .  A m .  C h em . S o c ., 

79, 5717 (1957): D. D. Reynolds and T. M. Laakso, U. S. 
Patent_2,784,163_ (March 5, 1957).(3) J. W. Hill, J .  A m .  C h em . S o c ., 57, 1131 (1935).
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collected at 155-158° (4 mm.). On redistillation the product 
boiled at 130-133° (0.3 mm.), rt“;’ 1.5545, d ‘f  1.0960.

A n a l .  Calcd. for C16H „N 02: C, 75.29; H, 6.67; N, 5.49. 
Found: C, 75.20; H, 6.70; N, 5.45.

Numerous attempts to repeat this reaction have been 
unsuccessful.

The structure of the product was proved by hydrolysis 
and decarboxylation in the presence of methanolic potassium 
hydroxide. The carbamate, 12.7 g., was heated under reflux 
for 17 hr. with 14 g. of potassium hydroxide and 25 ml. of 
methanol. Work-up of the reaction mixture gave 2.5 g. of 
benzyl alcohol, identified as the 1-naphthy lure thane, and
6.7 g. of Ar-et,hylaniline, identified as the benzoyl derivative 
after purification of the base through the hydrochloride.

B .  C a ta ly zed . Sodium metal, 0.46 g. (0.02 mole) was dis
solved in 64.8 g. (0.6 mole) of benzyl alcohol and heated, 
under a Vigreux column topped by a partial takeoff reflux 
head, with 3S.6 g. (0.2 mole) of ethyl jV-eth\d,jV-phenyl- 
carbamate. The theoretical amount of ethanol w as collected 
in 157 min. The reaction mixture was diluted with ether, 
washed with water until neutral and dried over anhydrous 
sodium sulfate. On distillation there was collected 41.6 g. 
(82%) of benzyl jV-ethyl-iV-phenylcarbamate, b.p. 120-  
125° (0.2 mm.). On redistillation the product boiled at 145- 
146° (0.8 mm.) and its physical constants were identical 
with those of the product obtained in the uncatalyzed reac
tion.

R e a c tio n  o f  e th y l N - e th y l-N -p h e n y lc a r b a m a te  a n d  is o b u ty l  
alcohol. Under the same conditions as above, the reaction 
of 38.6 g. (0.2 mole) of the carbamate with the alkoxide from 
0.46 g. (0.02 mole) of sodium and 44.4 g . (0.6 mole) of iso
butyl alcohol gave the theoretical amount of ethanol in 4 
hr. A total of 41.4 g. (94%) of isobutyl iV-ethylpV-phenyl- 
carbamate was collected a t 80-88° (1 mm.). On redistilla
tion the product boiled a t 75-78° (0.2 mm.), /rD5 1.4908, 
d f  1.0062.

A n a l .  Calcd. for C«Hi9N 02: C, 70.59; H, 8.60; N, 6.33. 
Found: C, 70.25; H, 8.30; N, 6.34.

R e a c tio n  o f  e th y l  K  ,N -d ie th y lc a r b a m a te  a n d  is o b u ty l  a lcohol. 
The reaction of 29 g. (0.2 mole) of the carbamate with the 
alkoxide from 0.46 g. (0.02 mole) of sodium and 44.4 g. 
(0.6 mole) of isobutyl alcohol gave the theoretical amount 
of ethanol in 5.5 hr. A  total of 31 g. (87%) of isobutyl N , N -  
diethylcarbamats was collected an 90-100° (31 mm.). On 
redistillation the product boiled at 95-98° (31 mm.).

A n a l .  Calcd. for C9Hi9N 02: N, 8.09. Found: N, 8.27, 
7.81.

R e a c tio n  o f  e th y l N ,A ~ -d ip h en y lca rb a m a U  a n d  is o b u ty l  a lco
hol. The reaction of 48.2 g. (0.2 mole) of the carbamate 
with the alkoxide from 0.46 g. (0.02 mole) of sodium and
44.4 g. (0.6 mole) of isobutyl alcohol gave the theoretical 
amount of ethanol in 3.75 hr. Ether was added to the reac
tion mixture and the precipitate was filtered. The precipi
tate was dissolved in water, acidified with dilute hydro
chloric acid, made alkaline with 10% sodium hydroxide, 
and extracted with ether. The dried ether extract was com
bined with the original ether filtrate. Gasecus hydrogen chlo
ride ■was bubbled through the ethereal solution and the 
resultant white precipitate filtered. This was repeated twice. 
The precipitated hydrochloride, 37.6 g., was treated with 
sodium hydroxide to liberate 29.4 g. (87%) of diphenvl- 
amine, m.p. 51-53° (reported7 m.p., 54°).

A n a l .  Calcd. for C]2HnN: N, 8.28. Found: N, 8.27.
The benzamide of diphenylamine, prepared in the usual 

manner, melted at 180-181° (reported7 m.p. 180°) and 
showed no depression on a mixed melting point with 
authentic material.

The filtrate from the hydrogen chloride treatment was 
neutralized with solid sodium bicarbonate and dried over 
magnesium sulfate. Distillation gave two fractions, 21.7 g.

(7) R. L. Shriner and R. C. Fuson, T h e  S y s te m a tic  I d e n t i 
f ic a t io n  o f  O rg a n ic  C o m p o u n d s , John Wiley and Sons, New 
York, 3rd ed., p. 237.

(02%), b.p. 67-71° (10 mm.) and 2.6 g. (4.8%), b.p. 140- 
145° (0.6 mm.).

The lower boiling fraction on redistillation boiled at 
184-186°, n °D5 1.4060, d2S 0.9050, and was identified as 
diisobutyl carbonate bj' analysis and by the liberation of 
carbon dioxide on heating a methanol solution in the pres
ence of coned, hydrochloric acid.

A v a l .  Calcd. for C9HiS0 3: C, 62.07; H. 10.35. Found: 
C, 62.11; H, 10.44.

The higher boiling fraction, isobutyl AT,A'-diphenylcar- 
bamate, had ij2D9 1.5538 and after standing for several months 
solidified to m.p. 50-50.5°.

A n a l .  Calcd. for C17HI9N 02: C, 75.81; H, 7.11. N, 5.20. 
Found: C, 75.63; H, 7.00; N, 5.32.

R e a c tio n  o f  e th y l A",N -d ip h e n y lc a r b a m a te  a n d  b e n zy l a lcoho l. 
The reaction of 0.2 mole of the carbamate with 0.6 mole of 
benzyl alcohol in the presence of 0.02 mole of sodium gave 
the theoretical amount of ethanol in 2 hr. and 52 min. The 
reaction mixture was worked up and treated with gaseous 
hydrogen chloride as above to yield 38.5 g. (94%) of di- 
phemdamine hydrochloride, m.p. 174-175°, which was 
converted to the free base, m.p. 51-53°, in quantitative 
yield.

The filtrate from the hydrogen chloride treatment was 
neutralized, dried, and distilled to yield 23.5 g. (36%) of 
benzyl alcohol, 30.3 g. (77%) of dibenzyl ether, b.p. 108-112° 
(0.5 mm.), and 6.0 g. of b.p. 150-166° (0.5 mm.). The lower 
boiling fraction on redistillation boiled at 108-109° (0.8 
mm.), n2D5 1.5606, and was identified as dibenzyl ether by the 
anah'sis and by the failure to evolve carbon dioxide on 
heating a methanolic solution with coned, hydrochloric acid.

A n a l .  Calcd. for ChH uO: C, 84.83; H, 7.07. Found: C, 
84.52; H, 7.08.

The higher boiling fraction solidified on standing, was 
combined with the solidified distillation residue, 1.6 g., and 
on recrystallization twice from petroleum ether (b.p. 120-  
135°) and once from benzene gave 3.0 g. (5%) of benzyl 
A'pV-diphenylcarbamate, m.p. 112-113.5°.

A n a l .  Calcd. for C2oH17N 0 2: C, 79.21; H, 5.61; N, 4.62. 
Found: C, 79.34; H, 5.80; N, 4.64.

N , N ’-D ic a rb e th o x y p ip e ra z in e . A solution of 38.8 g. (0.2 
mole) of piperazine hexahydrate in 50 ml. of water was 
stirred in a three necked flask at 3°. A solution cf 19.2 g. 
(0.48 mole) of sodium hydroxide in 1)0 ml. of water was 
placed in one dropping funnel and a solution of 52.1 g. 
(0.48 mole) of ethyl chloroformate in 50 ml. of ether was 
placed in a second dropping funnel. The two solutions were 
added dropwise, simultaneously, over a period of 2.5 hr. 
while maintaining the temperature below’ 8 °. Upon the com
pletion of the addition the reaction mixture was transferred 
to a separatory funnel, 50 ml. of ether was added, and the 
aqueous layer was saturated with sodium chloride. The 
ether layer wras dried and evaporated to yield 48.5 g. of 
crude product. Upon distillation, 40.8 g. (89%,) of pure 
product was collected at 128-129° (1 mm.), m.p. 44-45° 
(reported m.p. 45°8 and 49°9).

R e a c tio n  o f  N , N ’-d ic a rb e th o x y p ip e r a z in e  a n d  b e n zy l a lcohol. 
The reaction of 5.75 g. (0.025 mole) of the carbamate with 
the alkoxide from 0.115 g. (0.005 mole) of sodium and 16.21 
g. (0.15 mole) of benzyl alcohol gave the theoretical amount 
of ethanol in 3 hr. The reaction mixture was diluted with 
ether, w’ashed w’ith water until neutral and dried over mag
nesium sulfate. On distillation 7.0 g. of benzyl alcchol was 
collected at 55° (1 mm.). Addition of ether to the distillation 
residue resulted in crystallization to yield 2.9 g. (33%) of 
the benzjd carbamate, m.p. 97-103°. Recrystallization from 
petroleum ether (b.p. 120-135°) gave 2.15 g., m.p. 107-109°.

A n a l .  Calcd. for C20H22N2O4: N, 7.91. Found: N, 7.85.

N e w a r k , N .  J.

(8 ) W. A. van Dorp, R.ec. Iran, c h im ., 28, 75 (1901).
(9) R. Baltzly, J. S. Buck, E. Lorz, and W. ¡Schön, ./. 

A m .  C n em . S o c ., 66 , 263 (1944).



NOVKMHKK I !)(K) J)EHrVA TIVES OF a-N ITH O A C K TO I’HKNONK 1 8 7 7

. C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y ,  S t a t e  U n i v e r s i t y  o f  I o w a ]

]\itroo lefìn s. II. D erivatives o f  a -N itroacetop h en on e

RICHARD D. CAMPBELL a n d  FREDERICK J. SCHULTZ1

R ece ived  A p r i l  1.',, WHO

A number of reactions for the preparation of derivatives of a-nitroacetophenone was studied. A series of sixteen related 
compounds was prepared. The ultraviolet and infrared spectra of these compounds are reported and discussed.

In the previous paper2 the 2-nitro-3-hydroxy- 
indene (I) system was discussed. A comparison of 
the spectra of I and of a-nitroacetophenone (II) 
showed that tautomerism occurs and that chelate

I 11 HE

hydrogen bonding occurs in HE but not in I. 
It was of interest to study the spectra of analogs 
of II to look for substituent effects on hydrogen 
bonding, splitting of the infrared absorption band 
assigned to symmetrical stretching of the nitro 
group, tautomerism, and electronic effects causing 
band displacements.

The reactions of a-nitroacetophenone with am
monia and amines were studied. It was expected 
that the amine would react with II to give the a- 
amino-d-nitrostyrene. The analogous reaction in 
the 1,3-diketone series has been reported.3 Al
though II formed a salt readily with ammonia, 
morpholine, and other bases, the subsequent dis
placement reaction was not successful. Red oils 
were formed, suggesting that phenvlnitroacetylene4 
might have been produced.

The preparation of the a-amino-/3-nitrostyrenes 
was accomplished by the action of the amines on 
a-chloro-jS-nitrostyrene (XII). This method was 
reported by Perrot and Berger,6 but no experi
mental details were given and no data other 
than melting points were reported. The preparation 
of XII by the action of nitrosyl chloride on phenyl- 
acetylene gave a 17% yield. A better method em
ployed nitryl chloride and phenyl acetylene to give 
III in 36% yield. This reaction had variously been 
reported not to occur5 and to give a-nitro-d- 
chlorostyrene.3 The product obtained by the two 
methods was identical.

An alternative preparation of XII was attempted. 
a-Xitroacetophenone was treated with phos

(1) Ph.D. Thesis, State University of Iowa, I960.
(2) R. D. Campbell and C. L. Pitzer, J .  Or<j. C h e m ., 24, 

1531 (1959).
(3) X. H. Cromwell, C h em . R evs ., 38, 83 (1946).
(4) J. Lovenich and H. Gerber, H er., 63, 1707 (1930).
(5) R. Perrct and R. Berger, C o m p l. r e n d ., 235, 185

(1958).
(6 ) \Y. Steinkopf and M. Kuhmel, H er., 75, 1323 (1942).

phorus pentachloride in methylene chloride. The 
product which formed is tentatively assigned the 
structure a-chloro-d-benzoyl-/3-nitrostyrene (XIX) 
on the basis of analytical and spectral data. Under 
these and other conditions none of the expected 
product XII was obtained.

The chloro compound XII reacted readily when 
treated with primary and secondary amines, viz., 
morpholine, aniline, benzylamine. and cyclohexyl- 
amine. When the amine was used as solvent, de
composition occurred and red oily products formed. 
The reactions in either solution were rapid and exo
thermic except in the case of aniline.

Cl
NOsCl

C A LC IC H  ------->  C6HS— C=CNO , — >
I

H
X II

R

\* ~ H ( R )

C JL —C = C —NO, 
H

X III-X V I
R R
\  \

NH X
I II

C6H5—C = C H N 02 :^=±: CeHs—C—CH2NO,
XIV- XVI XIVA-XVIA

The structures of these amine reaction products 
were established as a-amino-d-nitrostyrenes by 
acid hydrolysis to a-nitroacetophenone. It has been 
demonstrated7 in the amino chalcone analogs that 
hydrolysis gives the a-, or /3-dicarbonyl compound 
from the respective a- or /3-aminochalcone.

The reaction product from morpholine, viz., 
a-morpholino-d-nitrostyrene (XIII) can exist only 
in one form. However, tautomerism is possible with 
the benzylamino (XIV), cyclohexylamino(XV), 
and anilino (XVI) compounds. More extensive 
conjugation is present than in the imine forms 
XIVA and XVA. The imine XVIA is a Sehiff 
base structure with conjugation of both phenyl 
rings through the azomethine linkage.

In the homologous series, d-methyl-d-nitrosty- 
rene (IX) was treated with excess morpholine to 
give the addition product 1-morpholino-l-phenyl-

(7) (a) N. H. Cromwell, D. B. Capps, and 8. E. Palmer, 
./. A m .  C h e m . S o c ., 73, 1226 (1951): (b) X. H. Cromwell, H.
H. Eby, and D. B. Capps, J .  A m .  C h e m . S o c ., 73, p. 1230.
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2-nitropropane (XVIII). Numerous attempts to 
carry out the same reaction with d-nitrostyrene 
have been unsuccessful. The bromine addition 
product of IX was prepared.8 This dibromide
(XI) reacted in morpholine to yield a-morpholino- 
/3-methyl-d-nitrostyrene (XVII). This product pre
sumably results from successive dehydrobromina- 
tion, addition of morpholine, and dehydrobromina- 
tion. Under the same conditions, the bromine ad
duct of d-nitrostyrene (III) yields d-bromo-S- 
nitrostyrene (VIII), and proceeds no further.

Several attempts were made to prepare a- 
acyloxy-0-nitrostyrenes by acylation of II. Treat
ment of II with the aroyl chlorides and pyridine 
in dry benzene yielded l-phenyl-2-nitroethane-
1,1-diol bis-4-nitrobenzoate (XXI) and the cor
responding bis-3,5-dinitrotenzoace (XX). The 
structures of XX and XXI were confirmed by hy
drolysis to give nitromethane. Treatment of II with 
acetyl chloride and pyridine in toluene did not 
give the expected a-acetoxy-/3-r_itrostyrene. In
stead, a product formed which seems to be a- 
chloro-d-acetyl-5-nitrostyrene. This product and 
the corresponding benzoyl compound (XIX) de
scribed above are to be studied further.

The ultraviolet spectra of the series with 8- 
nitrostyrene (III) as the reference compound 
reveal the effect of the substituents on the princi
pal chromophore of /3-nitrostyrene at 3110 A. 
When the double bond is saturated and conju-

o

gation is not possible, the band in the 3000-4000 A 
region is absent, as in X, XI, XVIII, XX, and XXI.

The a-hydroxyl and d-bromo substituents cause
o  o

a bathochromic shift of 410 A and 130 A in com
pounds II and VIII respectively. In compound VII 
in which both substituents are present the shift is 
530 A demonstrating an additivity of the effect of 
the two substituents.

The intensity of absorption in compounds II, 
VII, and the salts of II vary widely in both di
rections from the reference compound III. This 
intensity variation indicates concentration variance 
due to keto-enol equilibrium. The keto form of II 
is expected to show only the benzoyl chromophore, 
which absorbs quite weakly in the 3000-4000 A 
region. Hence absorption in this range is due to the 
enol form. The low absorbance in II and VII indi
cates low enol content. The varying absorption 
intensity of IV, V, and VII is interesting in that 
some cations seem to cause higher enol content 
than would have been expected.

The amino derivatives all seem to be in the en- 
amine form. No other form is possible with the 
morpholino compound VIII. The other amines 
show the same direction and almost uniform 
amounts of shift seen in XVIII. Hydrogen chela
tion is expected, but does not appear to effect the 
band locations in these compounds. The aniline

compound XVI contains a more extensive conjuga
tion system than is found in the others, hence the

o

more bathochromic band (3780 A) is to be expected.
The a-halogen and d-methyl groups do not 

seem to follow a general pattern. The a-chloro 
group in XII causes a shift (hyposochromic) of 
— 140 A. In IX the methyl group causes a —40 A 
shift. In XVII the methyl group apparently has 
no effect, as both XVII and XIII absorb at 3560 A.

The spectrum of a-chloro-d-benzoyl-d-nitro- 
styrene (XIX) is not what might be predicted.9’10

o

The intense band at 2480A and absence of a band 
at longer wave length might be explained in terms 
of extreme steric inhibition of resonance. Further 
study of this compound is planned.

The infrared spectra provide evidence for the 
tautomeric forms which are present in the keto- 
enol alternatives in II and VII. Both have a 
carbonyl band at 1695 cm.-1 (potassium bromide 
pellet) as expected.11 A C—C band appears at 
1605 cm.-1 for II, and as a shoulder at 1600 cm.-1 
in VII. No C = N  absorption was found. The C =C  
band appears at 1580-1595 cm.-1 for these deriva
tives, and up to 1605 cm.-1 for other 3-riitrostyrene 
compounds. These two characteristics establish 
the structures of XIII-XVII as enamines. No 
N—H band is observed, again because of hydrogen 
chelation.2’11

The absorption bands for the nitro group appear 
in the 1550 cm.-1 and 1350 cm.-1 region for the 
asymmetric and symmetric modes respectively.11’12 
General patterns for shifts of bands and splitting13 
of bands are difficult to discern. These bands 
for members of the series may be compared with 
the values of 1538 cm.-1 and 1345 cm.-1 for the 
parent /3-nitrostyrene (III). It can be seen that the 
saturated compounds X, XI, and XVIII have an 
asymmetric nitro band at a shorter wave length 
(higher wave number) than does III. (The bands 
at 1540 and 1525 cm.-1 for X X  and XII respec
tively, are due to the aromatic nitro group.) 
The higher wave number for the unconjugated 
nitro group and lower wave number for conju
gated nitro group is the pattern recognized by 
Brown.12

The asymmetric band for II is high, indicating a 
saturated nitro group as is found in the keto form. 
The bromo analog VII fits the same pattern. The 
amino derivatives XIII-XVII also absorb in the 
1545-1572 cm.“1 range. For XIII and XVII 
this band cannot be explained as above since tau-

(9) R. D. Campbell and N. H. Cromwell, J .  A m .  C h e m . 
S o c ., 79, 3456 (1957).

(10) W. B. Black and R. E. Lutz, J .  A m .  C h e m . S o c ., 77, 
5134 (1955).

(11) L. J. Bellamy, I n fr a r e d  S p e c tr a  o f  C o m p le x  M o le c u le s , 
John Wiley and Sons, New York, N.Y. (1958).

(12) J. F. Brown, Jr., J .  A m .  C h em . S o c ., 77, 6341 (1955).
(13) P. H. Lindenmeyer and P. M. Harris, J .  C h e m . 

P h y s . , 2 1 , 408 (1953).(8) B. Triebs, A n n . ,  225, 342 (1884).
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tomerism is not possible. It seems that in the elec
tronic ground state the inductive effect of the amino 
and hydroxyl groups more than balance the con- 
jugative effect.

The symmetric mode band of the nitro group is 
split in some of the enolic and amino derivatives. 
This splitting might be explained as evidence of 
tautomeric equilibrium. The low wave-number 
bands appear at 1330-1300 cm.-1 for II, IV-IX, 
XII, XV-XVI. However, amines XIII, XIV, 
and XVII absorb at 1373-1348 cm-1. This shift 
to higher wave length is anomalous in the above 
rationale. The higher wave-length components of 
the split bands in IV, VII, XII, XV, and XVII 
fall in the same anomalous region. These absorp
tions may be due to increased bond order of the 
C—N bond,12 increasing the force constant of the 
vibrating system.

0
/

C N
\

O

The effect of hydrogen chelation and dipole 
interaction upon the —NO2 stretching modes is 
expected to be moderately strong and to be de
pendent upon configuration of structures, par
ticularly of cis-trans isomers, and in structures of 
fixed configurations.2 In these cases the dipole 
effect is expected to cause splitting and anomalous 
shifts. Further studies are under way to prepare 
model compounds in an attempt to recognize spec
tral patterns resulting from these effects.

EXPERIMENTAL
a -N itro a c e to p h e n o n e  (II). This compound was prepared 

by the method of Long and Troutman14 with the exception 
that recrystallization of the product was carried out using 
petroleum ether (b.p. 60-70°) as the solvent.

P o ta s s iu m  s a lt  o f  I I .15 A solution of 28 g. of potassium hy
droxide in 40 ml. of absolute methanol was added dropwise 
with stirring to a solution of 8.25 g. of II in 60 ml. of anhy
drous benzene. The product, a pale yellow powder, was re
moved by filtration, washed twice with 25-ml. portions of 
50% methanol in benzene, and dried in vacuum. The yield 
was 8.8 g. (76%).

A m m o n iu m  sa lt o f  I I .16 A solution of 2.0 g. of II  in 200 ml. 
of anhydrous ether was saturated with anhydrous ammonia 
by bubbling the dry gas through the solution for 15 min. 
The white precipitate was removed by filtration and washed 
with 50 ml. of anhydrous ether. The product was recrystal
lized from a mixture of 95% ethanol and ether giving 2.1 g. 
(96%) of 3'ellow platelets which melted a t 119°.

A n a l .  Calcd. for C8HsN 20 3: C, 52.8; H, 5.49; N, 15.38. 
Found: C, 52.52; H, 5.42; N, 15.02.

M o r p h o lir d u m  s a l t  o f  I I .16 Freshly distilled morpholine 
(6.13 g.) was added to a solution of 10 g. of II  in 30 ml. of 
warm benzene and the mixture refluxed for 1 hr. The product 
was removed by filtration after the reaction mixture had 
cooled to room temperature. After washing with benzene and 
air drying, the pale yellow crystalline product melted at

(14) L. M. Long and H. D. Troutman, J .  A m .  C h em . 
S o c ., 71, 2471 (1949).

(15) A. Lucas, B e r ., 32, 602 (1899).

138-142° with decomposition to a red oil. The yield was 14.5 
g. (94%).

A n a l .  Calcd. for CI2H 18N20 4: C, 57.2; H, 6.35; N, 11.1. 
Found: C, 56.68; H, 6.25; N, 11.07.

a -B ro m o -a -n itro a c e to p h e n o n e  (VIII). This compound was 
prepared as previously described.16

l - P h e n y l - 2 - n i t r o e th a n e - l , l - d io l  b is -S ,S -d in itro b en zo a te  
(XX). 3,5-Dinitrobenzoyl chloride (from 8 g. of 3,5-dinitro- 
benzoic acid) was dissolved in dry benzene. To this 4.1 g. 
(0.025 mole) of II  was added followed by 2 ml. of dry pyri
dine. The mixture was refluxed for 2 hr., and the warm solu
tion was filtered. The clear filtrate was then cooled to room 
temperature. The resulting white needle-like crystals were 
collected by filtration with suction and recrystallized from 
acetone. The yield wTas 11.0 g. (77.4%) of a compound which 
melted at 187-188°.

A n a l .  Calcd. for C22H i3N60 h: C, 46.3; H, 2.27; N, 12 .2. 
Found: C, 47.65; H, 2.30; N, 11.58.

H y d r o ly s is  o f  XX. A mixture of 2.0 g. (0.0035 mole) of
l-phenyl-2-nitroethaiie-l,l-diol bis-3,5-dinitrobenzoate and 
25 ml. of 10% sodium hydroxide was warmed on a steam 
bath for 2 hr. The resulting dark brown solution was cooled 
to 0° and acidified with 6M  hydrochloric acid. The acidic 
solution was extracted with two 30-ml. portions of ether and 
the combined ether extracts were dried over calcium sulfate.

A small portion of this solution was introduced into the 
system of a Perkin-Elmer Vapor Fractometer and the re
sulting chromatograph compared with tha t of a known 
solution of nitromethane in ether. On the basis of their 
similarity it was concluded that the unknown solution con
tained nitromethane.

l - P h e n y l-2 -n i tr o e th a n e - l  , l - d io lT b is -4 -n itr o b e n z o a te  (XXI). 
To a solution of 4.1 g. (0.025 mole) of I I  in 100 ml. of dry 
benzene, a solution of 5 g. (0.027 mole) of p-nitrobenzoyl 
chloride in 50 ml. of dry benzene was added. Then 2 ml. of 
dry pyridine was added and the mixture was refluxed for 2 
hr. The mixture was filtered while still hot to remove the 
pyridine hydrochloride which had formed. The filtrate was 
evaporated to dryness under reduced pressure leaving a yel
low crystalline residue which was recrystallized twice from 
acetone and once from a solution of chloroform in petroleum 
ether (b.p. 35-60°). The product was pale yellow in color 
and melted a t 168-170°. The yield was 4.8 g. (80%).

A n a l .  Calcd. for C22H i5N 3O10: C, 54.88; H, 3.11; N, 8.74. 
Found: C, 53.91; H, 2.79; N, 8.72.

a -C h lo ro -fi-n itro s ty ren e  (XII), n itr o s y l  ch lo r id e  m e th o d . 
Ten grams (0.1 mole) of phenylacetylene was dissolved in 75
ml. of anhydrous ether and the solution was cooled thor
oughly in an ice-salt mixture. Then 15 g. (0.23 mole) of 
liquid nitrosyl chloride was added and the reaction vessel 
was loosely stoppered with a rubber stopper. The mixture was 
allowed to stand undisturbed, without the addition of ice 
to the bath, until all evolution of gas had ceased (10 days). 
During this time the color had faded from deep red to a pale 
orange. The solvent was removed under vacuum a t room 
temperature leaving a yellow oil which was vacuum distilled. 
The fraction boiling between 82° and 120° at 1 mm. was col
lected and redistilled. Three fractions were collected. The 
first boiled at 82-102° (2 mm.), the second a t 102- 110 ° (2
mm. ), and the third a t 110-120° (2 mm.). After standing for 
several days, the second fraction crystallized. I t  was re
crystallized from petroleum ether (b.p. 35-60°) giving yel
low crystals that melted a t 50-52°. This compound was 
noted to be a strong lachrymator. The yield was 2.1 g. 
(16.9%).

A n a l .  Calcd. for C8H 6C1N02: C, 52.4; H, 3.28; N, 7.66. 
Found: C, 52.08; H, 3.28; N, 7.87.

a -C h lo ro -fi-n itro s ty ren e , n i t r y l  ch lo r id e  m e th o d . Seventy- 
five milliliters of anhydrous ether contained in a heavy walled 
tube wras thoroughly cooled in a mixture of Dry Ice and ace
tone. Gaseous nitryl chloride was bubbled into the cold ether 
until approximately 35 g. (0.43 mole) had been dissolved.

(16) J. Thiele and S. Haeckel, A n n .  325, 11 (1902).
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TABLE I
I n f r a r e d  a n d  U l t r a v i o l e t  A b s o r p t i o n  B a n d s

“  ß  
I I

C6H5c = c —n o 2

Compound
Substituents

Â

Ultraviolet 
e X 
1 0 '3 O 1! o

Infrared8

a ß Q II O NO,6 n o 2=

II OH H 2470 11.9 1695 1605 1560 1330
3520 4.6

III H H 2280 7.8
3110 16.6 1642 1538 1348d

IV o - n h 4+ H 2470 8.4 1563 1350
3520 18.0 1300

V 0 -K  + H 2470 4.4
3520 10.9 1577 1312d

VI 0 -CTLON+ H 2470 7.3
3570 8 .6 1570 1325c

VII OH Br 2570 11.4 1695 1575 1358
3640 1.4 1325

V ili H Br 2290 7.4 1602 1575
3240 11.4 1522 1300

IX H CHs 2730 8.5 1518 1323
3070 10 .1

X II Cl H 2290 7.3 1528 1343
2970 8.9 1313

X III —N(CH2CH2)20 H 2440 5.3 1580 1348
3590 17.8 1558

XIV —n h c h 2c 6h 5 H 2430 5.9 1572 1373
3560 23.3 1565

1545
XV —n h c 6h „ H 2300 6 .8 1570 1376

2440 5.7 1355
3560 17.5 1315

XVI —NHCeHs H 2330 13.7 1595 1565 1362'
2990 6.7 1313
3780 29.0

XVII —N(CH2CH2)20 CH3 2440 4.9 1554 1353
O 3560 24.4

XIX Cl —CCeH6 2480 21.7 1690 1601 1582 1312

a  ß
1 i

c sh 5—c —c —n o 2

X Br Br 3230 1 .6 1565 1350
1313

XI Br Br,CH3 1558 1329
XVIII —N(CH2CH2)20 c h 3 2120 8.5 1550 1360
XX [—0 2CC6H3(N 02'i2]2 II 2200 45.6

2300 42.5 1685 1540 1343
2500 35.0

XXI [—0 2CC6H4N 0 2]2 H 1682 1588 1345
1525 1320

» D ata in cm-1. Medium: Potassium bromide pellet. b Asymmetric mode. c Symmetric mode. d Nujol. e Chloroform.

Then 27 g. (0.265 mole) of phenylacetylene was added in a 
thin stream with stirring. The orange solution was allowed 
to stand in the cooling mixture for 2 days, then removed and 
allowed to stand a t room temperature for 7 days with the 
tube loosely stoppered. At the end of this time, the color had 
faded to yellow. No evolution of gas was noted during the 
reaction period. The solvent was removed under vacuum at 
room temperature and the resulting orange oil w'as distilled 
under a pressure of 1-2 mm. The portion boiling from 85° 
to 115° was collected as a yellow oil. The yellow oil was re
distilled and the portion boiling from 103-109° (2 mm.) was 
collected and set aside overnight to crystallize. I t  was neces
sary to warm the distillation apparatus gently to prevent 
crystallization of the product in the condenser and adapter

tube. The product was recrystallized from petroleum ether 
(b.p. 35-60°) and melted a t 51-53°. The mixed melting 
point of this product with that obtained from the reaction of 
phenylacetylene with nitrosyl chloride was not depressed. 
The yield wras 5.2 g. (35.8%).

a -M o r p h o lin o -f} -n itr o s ty r e n e  (XIII). Freshly distilled mor
pholine (0.19 g., 0.022 mole) was added to X II (1 g., 0.0055 
mole) in 25 ml. of anhydrous ether. The reaction was exo
thermic. The ether-soluble, water-insoluble portion was 
crystallized from petroleum ether (b.p. 60-70°) to give 0.6 
g. (47.5%) of yellow crystals of X III (m.p. 167-1690).5

A n a l .  Calcd. for Ci2H i4N20 3: C, 61.5; H, 5.93; N, 11.96. 
Found: C, 62.3; H, 5.92; N, 11.48.

a -A n ilin o -[ } -n itr o s ty r e n e  (XVI). Under the above condi
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tions, with a 2-hr. reflux of the reaction mixture, aniline and 
X II reacted to give XVI (1.2 g., 91.7%) as yellow crystals, 
m.p. 123-124“.5

A n a l .  Calcd. for CuHiiAXth: C, 70.0; H, 5.0; X, 11.67. 
Found: C, 69.74; H, 4.89; N, 11.42.

a -B e n z y la m in o -8 -n i lr o s iy r e n e  (XIV). As above, with 2 
hr. a t room temperature, the reaction of benzylamine and 
X II gave XIV ( 1 .3 g., 93.8%). The product was recrystal
lized from carbon tetrachloride-chloroform, m.p. 91 °.6

A n a l .  Calcd. for C^HuIN^Ch: N, 11.04; Found: N, 10.93.
a -C yc lo h exy la :n in o -f3 -n itro s ty re n e  (XV). As above, X II 

and cyclohexylamine reacted on standing overnight to give 
XV (0.8 g., 65%) from ether, melting a t 113-114°.6

A n a l .  Calcd. for ChH18N20 2: C, 68.3; H, 7.32; N, 11.40. 
Found: C, 68.31; H, 7.32; N, 11.24.

H y d r o ly s is  o f  a -a m in o -  8 -n itr o s ly r e n e s . A mixture of 0.8 g. 
(0.0033 mole) of a-anilino-/3-nitrostyrene (XVI) with 25 ml. 
of 20% sulfuric acid was refluxed for 45 min. At the end of 
this time, the reaction mixture was a clear solution contain
ing a small amount of a brown oil. The oil was removed by 
filtration of the hot solution. The filtrate on cooling to room 
temperature yielded 0.2 g. (36.5%) of white plates, which, 
after recrystallization from water, melted at 105°. The mixed 
melting point with an authentic sample of a-nitroacetophe- 
none was 105-107°. The compound formed a 2,4-dinitro- 
phenvlhydrazone which melted a t 205° with decomposition. 
Its mixed melting point with the 2,4-dinitrophenylhydrazone 
of II was not depressed.

The above procedure was repeated with a-morpholino-/S- 
nitrostyrene (X III) and a-ryclohexylamino-/S-nitrostyrene
(XV) with like results.

l - P h e n y l - l ,2 - i ib r o m o -2 - n i t r o p r o p a n e  (XI). This compound 
was prepared by the method described by an earlier worker.8

l - P h e n y l- l -m o r p h a U n o -2 -n i tr o p r o p a n e  (XVIII). One gram 
(0.0061 mole) of /J-methyl-£J-nitrostyrene was dissolved in 15 
ml. of freshly distilled morpholine and the solution was al
lowed to stand on the steam bath overnight. After cooling to 
room temperature, the. reaction mixture was diluted with 30 
ml. of anhydrous ether, and the solution was washed three 
times with 50-ml. portions of water to free it of morpholine. 
The ether solution was freed of solvent by evaporation at 
room temperature under reduced pressure leaving a light 
yellow crystalline residue. This was dissolved in hot petro
leum ether (b.p. 60-70°), treated with decolorizing carbon, 
filtered, and cooled. On cooling, a white crystalline product 
separated which w-as removed by filtration and recrystal
lized again from the petroleum ether to give 0.6 g. (39.2%) 
of a compound which melted a t 142-144°.

A n a l .  Calcd. for C13H i,N20 3: C, 62.2; H, 7.21; X, 11.20. 
Found: C, 62.36; H, 7.26; X, 10.83.

a -M o r p h o lin o -3 -m e th y l-0 -n itr o s ty r e n e  (XVII). A solution

of 2 g . (0.0062 mole) of l-phenyl-l,2-dibromo-2-nitropropane 
in 20 ml. of freshly distilled morpholine was allowed to stand 
overnight on a steam bath. The resulting white precipitate 
was removed by filtration and identified as morpholine hy
drobromide by its melting point and by the fact that it was 
readily soluble in water. The filtrate w as poured over 100 g. 
of ice and the resulting fine suspension was extracted with 
tw'o 50-ml. portions of ether. The ether solution was evapo
rated to dryness under reduced pressure at room temperature 
and the resulting yellow crystalline solid was recrystallized 
from petroleum ether (b.p. 60-70°) giving a white product. 
After one additional recrystallization from the petroleum 
ether the compound melted at 139-141°. The yield was 1.9 g. 
(91.6%).

A n a l .  Calcd. for C13H 16N 2O3: C, 62.9; H, 6.45; N, 11.30. 
Found: C, 62.30; H, 7.29; N, 10.83.

a -C h lo ro -0 -b e n zo y l-0 -n itro s ty re n e  (XIX). To a solution of
16.5 g. (0.1 mole) of II in 175 ml. of dry methylene chloride,
20.8 g. (0.1 mole) of phosphorus pentachloride was added. 
The mixture wras refluxed until no more hydrogen chloride 
was evolved (2 da\'s). The residue was freed of phosphorus 
oxychloride by vacuum distillation a t 70° (12 mm.). The resi
due from this distillation was extracted twice with 50 ml. 
portions of petroleum ether (b.p. 60-70°) which were com
bined and cooled. On cooling, white crystals separated which 
were removed by filtration and recrystallized from the 
petroleum ether. The product weighed 3.2 g. (22.3%) and 
melted at 90°.

A n a l .  Calcd. for C15H 10CIXO3: C, 62./; H, 3.49; X, 4.88. 
Found: C, 62.65; H, 3.59; N, 4.89.

l - P h e n y l- l ,2 -d ib r o m o -2 ^ n itr o e th a n e  (X). This compound 
was prepared by the method described by an earlier worker.8

0 -B r o m o -0 -n itro s ty re n e  (VIII). This compound was pre
pared by a previously described method.8

S p e c tr a l d e te r m in a tio n s . All of the ultraviolet spectra wTere 
obtained using a Cary, Model 11, double beam recording 
spectrophotometer. All samples were run as solutions in 95% 
ethanol using 1 cm. silica cells.

The infrared spectra discussed were obtained by the use 
of a Perkin-Elmer, Model 21, double beam recording infrared 
spectrophotometer. The samples were run as mulls with Nu- 
jol or in potassium bromide pellets, as indicated in Table I.

Acknowledgment. The purchase of the infrared 
spectrophotometer used in this study was made 
possible by a grant from the National Science Foun
dation.

Iowa City, Iowa
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T h e H ydrogenation  o f  N itro p h th a lic  A cids

STEWART H. MERRILL

R ece ived  A p r i l  2 0 , 1 9 6 0

Aminophthalio acids can bo prepared by catalytic hydrogenation of the disodium salts of 3- and 4-nitrophthalic acids 
in water. Certain amino and nitro aromatic carboxylic acids function as accelerators in the hydrogenation of otherwise 
unreceptivc nitro acids. The corresponding isomeric azidophthalic acids are described.

Chemical reduction of 3- and 4-nitrophthalic 
acids to aminophthalic acid using stannous chlo
ride,1 tin-acid,2 or zinc-acid3 gives as products 
metal double salts or materials which are difficult 
to separate from metal residues. The 4-isomer gives 
particularly poor yields because o: its high solu
bility and the ensuing problems of isolating either 
the amine or its hydrochloride. Hydrogenation of 
nitrophthalic anhydride4 in acetone or ester5 in 
alcohol has given good yields, but hydrogenation 
of the free acids in alcohol gives a large quantity of 
unidcnt'.fied by-products.613’6

In the present investigation, both 3- and 4- 
nitrophthalic acids have been converted to the 
corresponding amines in essentially quantitative 
yields by hydrogenation of the disodium salts in 
water solution. With Raney nickel catalyst, hy
drogenation at moderate pressure was complete in 
about fifteen minutes at 70°. Low-pressure reduc
tion on the Parr apparatus required several hours. 
After removal of the catalyst and acidification, 
the colorless, amino acid solution was used directly 
for a subsequent diazotization reaction. The amine 
could be isolated as the hydrochloride if desired.

The yields were estimated by diazotization and 
conversion to the azide which precipitated as 
crystalline material. Inasmuch as the diazotization 
always consumed the calculated amount of sodium 
nitrite, the small loss in yield probably occurred in 
the formation and recovery of the azide.

In the low-pressure hydrogenation of the nitro
phthalic acids over platinum, the hydrogen pres
sure (range, 3-1.5 atmospheres) fell at a constant 
rate during the course of the reduction. When the 
theoretical amount of hydrogen had been con

(la) M. T. Bogert and F. L. Jouard, J .  A m .  C h em . S o c .,  
31, 485 (1909); (b) M. T. Bogert and R. R. Renshaw, J .  
A m . C h em . S o c ., 30, 1135 (1908); (c) W. A. Lawrance, J .  
A m . C h em . S o c ., 42, 1871 (1920).

(2a) J. G. F. Druee, C h e m ica l N e w s , 119, 74 (1919); (b)
C. S. Hamilton and R. Frazier, J .  A m .  C h em . S o c ., 48, 2415
(1926).

(3a) A. Bernthsen and A. Semper, B e r ., 19, 164 (1886);
(b) J. Kenner and A. M. Mathews, J .  C h em . S o c ., 105, 
2471 (1914).

(4) E. L. Eliel, A. W. Burgstahler, D. E. Rivard, and L. 
Haefele, J .  A m .  C h em . S o c ., 77, 5092 (1955).

(5a) F. F. Blicke and F. D. Smith, J .  A m .  C h em . S o c .,  
51, 1865 (1929); (b) D. Twiss and R. V. Heinzelmann,
J .  O rg. C h e m ., 15, 496 (1950); (c) O. Exner and M. Protiva, 
C h em . l is ty , 48, 1550 (1954)(C7iem. A b s tr . , 49, 11569b).

(6) O. Gisvold, J .  A m .  P h a r m . A s s o c ., 31, 202 (1942).

sumed, the pressure remained constant. This sig
nifies a zero-order reaction with respect to both 
hydrogen and nitro compound. This conclusion 
is valid only if equilibrium conditions exist at the 
catalyst.7 No experiments were made to verify this. 
Furthermore, there may have been an autocatalytic 
or accelerator effect of the product, as was noted 
for the moderate-pressure hydrogenation of 4- 
nitrophthalic acid using Raney nickel. The moder
ate-pressure hydrogenations over nickel proceeded 
so rapidly that rate observations were not feasible. 
Raney nickel would not catalyze the reduction at 
low pressure.

Though both 3- and 4-nitrophthalic acids could 
be reduced with platinum at low pressure, only the
3-isomer would reduce with Raney nickel at moder
ate pressure. The 4-nitrophthalic acid was re
covered unchanged in repeated attempts. However, 
if a small amount of the 3-isomer was added to the 
nitrophthalate salt solution, hydrogenation oc
curred at a rate comparable to that of the pure
3- isomer. Further examination revealed that a 
number of nitro and amino aromatic carboxylic 
acids would promote the hydrogenation of 4-nitro
phthalic acid with Raney nickel. The results of 
hydrogenation at 1500 p.s.i. at 70° of 0.1 mole of
4- nitrophthalic acid with 5 mole % of the indicated 
accelerator and the time (in minutes) required for 
compiete reduction are: 3-nitrophthalic acid, 15;
3-aminophthalic acid, 15; 4-aminophthalic acid, 
60; o-nitrobenzoic acid, no reduction; anthranilic 
acid, 75; m-nitrobenzoic acid, no reduction; m- 
amincbenzoic acid, 35; p-nitrobenzoic acid, 45; 
p-aminobenzoic acid, 45; and aniline, no reduction. 
About 2 g. of commercially prepared Raney nickel 
was used. No perceptible pressure drop after three 
hours was considered as no reduction. The times 
given here for complete reduction should be con
sidered as only gross approximations because of the 
difficulty of controlling the temperature and the 
amount of effective catalyst present.

The conclusion is drawn from these results that 
the amino compounds are actually the accelerators. 
Nitro compounds are first reduced; the amines 
then serve as accelerators. If this is true, o- and 
m-nitrobenzoic acids by themselves should not be 
reduced under these conditions, for they do not

(7) H. A. Smith in C a ta ly s is , Voi. V, Reinhold Pub
lishing Corp., New York, N. Y., 1957, p. 181.



NOVEM BER 1 9 6 0 HYDROGENATION OF N ITR O PH TH A LIC ACIDS 1 8 8 3

serve as accelerators, while the corresponding 
amino acids do. Actually, both of these nitro acids 
do reduce slowly, requiring three hours for com
plete reduction. But the addition of 5% p-isomer 
to each of them diminished the time required for 
reduction of o-nitrobenzoic acid to 45 min., and to 
90 min. for m-nitrobenzoic acid. Thus, the p-isomer 
is capable of promoting the reduction of o- and 
m-nitrobenzoic acids, and as an impurity, it may ac
count for the three-hour reduction of these two 
acids. When these two nitrobenzoic acids were 
tried as accelerators for the 4-nitrophthalic acid in 
the amount of 5 mole %, no reduction occurred 
because the amount, if any, of the p-nitrobenzoic 
acid present as impurity was too small to have a 
detectable effect.

Infrared spectroscopy of the original o-nitro
benzoic acid sample revealed a shoulder at 13.9 
p, probably indicative of p-isomer present to the 
extent of 1.5% maximum. From the spectrum of 
the m-nitrobenzoic acid, no conclusion could be 
drawn as to the presence of p-isomer. More exact 
interpretation of these spectra was difficult, owing 
to the lack cf isomer samples of known purity.

E X P E R IM E N T A L

The organic acids were Eastman White Label grade. 
Melting points are corrected.

8 -A m in o p h th a h c  a c id  h yd ro ch lo rid e , a. B y  h y d ro g e n a tio n  
over ■ platinum  o x id e . In a solution of 8.2 g. (0.205 mole) of 
sodium hydroxide in 75 ml. of water was dissolved 21.0 g. 
(0.100 mole) of 3-nhrophthalic acid. The pH of the mixture 
was adjusted to 8-9 with dilute acetic acid. Reduction on 
the Parr low-pressure hydrogenation apparatus with 0.1 
g. of platinum oxide a t 3 atm. initial pressure required 
4 hr. a t 45°. The pressure fell a t a constant rate during 
that period. The clear, colorless solution which remained 
after filtration to remove the catalyst was treated with 
50 ml. of coned, hydrochloric acid, with cooling to avoid 
decarboxjdation. This precipitated the amine hydrochloride 
in high purity. However, it was not isolated; the suspension 
was used for the diazotization which followed.

b. B y  h y d r o g e n a tio n  over R a n e y  n ic k e l . A solution of 0.1 
mole of disodium 3-nitrophthalate a t pH 8-9 was prepared 
as just’described. I t  was hydrogenated in a 300-ml. bomb at 
about 100 atm. with 2 g. of commercially prepared Raney 
nickel.8 The reduction required about 15 min. a t 70°. The 
product was handled as before.

3 -  A z id o p h th a l ic  a c id . The amine hydrochloride from either 
of these preparations was diazotized with a 25% solution 
of the calculated amount of sodium nitrite (G.9 g.) and con
verted to the azide by the addition in portions of an excess 
of 20% sodium azide solution, the temperature being kept 
below 15°. Cooling for several hours completed the crys
tallization of 19 g. (95%) of the product which melted, with 
decomposition, a t 167-169°. A sample recrystallized from 
ethanol-water melted, with decomposition, a t 171°.

A n a l .  Calcd. for CsH60 4N3: C, 46.3; H, 2.4; N, 20.3. Found: 
C, 46.2: H, 2.6; N, 20.6.

4 -  A m in o p h lh a l ic  a c id  h yd ro ch lo rid e . The sodium salt of
4-nitrophthalic acid was hydrogenated with platinum oxide 
a t 3 atm., as described for the 3-isomer.

4 - A z id o p h th a l ic  a c id . Conversion of the amine to the 
azide was accomplished as before in an over-all yield of 88%. 
The lower yield was probably due to the greater solubility 
in water of this azide isomer. Recrystallization from water 
gave a product which melted, with decomposition, at 170- 
171°.

A n a l .  Found: C, 46.8; H, 3.0; N, 20.6.
H y d r o g e n a tio n  o f  4 - n i t r° p h th a l ic  a c id  a t 1 0 0  a tm o sp h e re s  

w ith  R a n e y  n ic k e l  to eva lu a te  accelera tors. The acids which 
were tested for their ability to promote hydrogenation were 
added with the 4-nitrophthalic acid in the amount equal 
to 5 mole % of the latter to the sodium hydroxide solution, 
and the pH -was adjusted to 8-9. When aniline was used, 
it was charged directly into the bomb with the nitrophthal- 
ate solution. The proper drop in hydrogen pressure was 
taken as an indication of reduction to amine.

Acknowledgment. The author wishes to express 
his debt to Mr. J. F. Stenberg, for performing 
many of the hydrogenations; and to Miss T. J. 
Davis, for interpretation of spectrograms.

R o c h e s t e r  4, N. Y.

(8 ) No. 28 Active Raney Catalyst in water. Raney 
Catalyst Co., Chattanooga, Tenn.
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Som e p -S u b stitu te d  N itrob en zen es
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p-Nitrochloiobenzene and p-nitrobromobenzene react with some arylacetonitriles and potassium hydroxide in methanol 
to produce 3-aryl-5-haloanthranils and in pyridine to produce aryl(p-nitrophenyl)acetonitriles. p-Nitroanisole reacts with 
the arylacetonitriles and potassium hydroxide both in methanol and in pyridine to yield aryl(p-nitrophenyl)aceTonitriles. 
p-Nitrotoluene under similar conditions hi methanol undergoes self-condensation. Proof of structures is offered. The 3-aryl-
5-haloanthranils mai- be transformed by known methods to 9-acridanones and acridines or to benzophenones. The aryl- 
(p-nitrophenyl)acetonitriles may oe oxidized to known benzophenones. A mechanism for the formation of the 3-aryl-5- 
haloanthranils is proposed.

It has been reported1 2 that nitrobenzene con
denses with arylacetonitriles to produce aryl- 
cyanomethylene p-quinone oximes (4-arylcyano- 
methylene-2,5-cyclohexadiene-l-one oximes). We 
undertook the present investigation in order to 
determine whether p-substituted nitrobenzenes 
condense with arylacetonitriles to produce aryl- 
cyanomethylene o-quinone oximes (6-arylcyano- 
methylene-2,4-cyclohexadiene-l-one oximes).

When p-nitrochlorobenzene and p-methoxy- 
phenylacetonitrile were allowed to react in meth- 
anolic potassium hydroxide solution, 3-(p-meth- 
oxyphenyl)-5-chloroanthranil (I) was obtained. 
This anthranil was previously prepared in a dif-

ferent manner by Guyot and Haller3 and also by 
Simpson and Stephenson,4 who likewise reported 
its reduction to 2-amino-5-chloro-4'-methoxy- 
benzophenone. When our product was so reduced, 
the reported benzophenone was obtained.

The reaction of p-nitrochlorobenzene with p- 
chlorophenylaeetonitrile in methanolic potassium 
hydroxide solution produced the known 3-p- 
chlorophenyl-5-chloroanthranil (II), which was 
rearranged according to the procedure of Tanasescu 
and Sueiu5 to 2,6-dichloro-9-acridanone (III). 
The reaction of this acridauone with dimethyl- 
aniline according to the method of the same authors 
produced 2,6-diehloro-9-(p-dimethylaminophenyl)- 
acridine (IV). In similar manner there was obtained

(1) Research project supported in part by National 
Science Foundation grant, NSF-G10030.

(2) Previous paper, J .  A m .  C h em . S o c ., 82, 2913 (1960).
(3) A. Guyot and A. Haller, B u l l .  soc. c h im . F ra n ce ,

[3] 31, 530 ( 1904).
(4) J. Simpson and O. Stephenson, J .  C h em . S o c ., 353

(1942).
(5) I. Tanasescu and M. Sueiu, B u ll .  soc. c h im . F ra n ce ,

[5] 4, 245 (1937).

ri O

from p-nitrochlorobenzene and phenylacetonitrile 
the new 3-phenyl-5-chloroanthranil, the known 2- 
chloro-9-acridanoue6 6 7 8 9 10 11 and the known 2-chloro-
9-(p-dimethylaminophenyl) acridine.7

Neresheimer and Ruppel8 had previously re
ported the reaction of p-nitrochlorobenzene and 
phenylacetonitrile in the presence of potassium 
hydroxide and pyridine produces (p-nitropnenyl)- 
phenylacetonitrile. We repeated the reaction ac
cording to their directions and indeed obtained 
(p-nitrophenyl)phenylacetonitrile which we oxi
dized to the known p-nitrobenzophenone.9 When 
p-chlorophenylacetonit-rile and also p-methoxy- 
phenylacetonitrile were used in place of phenyl
acetonitrile in the above reaction, we obtained 
the new (p-chlorophenyl)(p-nitrophenyl)acetoni- 
trile and (p-methoxyphenyl)(p-nitrophenyl)aceto- 
nitrilc, which were oxidized to the known 4-chloro- 
4'-nitrobenzophenone10 and l-methoxy-4 '-nitn >- 
benzophenone11 respectively.

(6) R. Goodall and W. Kermack, C h em . S o c ., 1164
(1936).

(7) I. Tanasescu and M. Macarovici, B u ll .  soc. ch in i. 
F ra n ce , [4] 49, 1295 (1931).

(8) H. Neresheimer and W. Ruppel, U. S. Patent 2,080,- 
057 (1937).

(9) G. Schroeter, B e r ., 42, 3356 (1909).
(10) J. Boeseken, R ee . irav . c h im ., 23, 107 (1904).
(11) K. Aiiwers, B e r ., 36, 3899 (1903).
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The reactions of p-nitrobromobenzene with 
phenylacetonitrile, p-chlorophenylacetonitrile, and 
p-methoxyphenylacetonitrile were found to be 
analogous to the reactions of p-nitrochlorobenzene 
with the same arylacetonitriles. When methanol 
was used as the solvent, the new 3-phenyl-o- 
bromoanthranil, 3 - (p - chlorophenyl) - 5 - bromo- 
anthranil, and 3 - (p - methoxyphenyl) - 5 - bromo- 
anthranil were obtained. The 3-phenyl-5-bromo- 
anthranil was isomerized to the known 2-bromo-9- 
acridanone,12 from which was prepared the known 
2 - bromo - 9 - (p - dimethylaminophenylfacridine.13 
The 3-(p-chiorophenyl)-o-bromoanthranil was isom
erized to the new 2-bromo-6-chloro-9-acridanone, 
from which was prepared the new 2-bromo-6- 
chloro - 9 - (p - dimethylaminophenyl)acridine. At
tempts to rearrange the 3-(p-methoxyphenyl)-o- 
bromoanthranil and also the 3-(p-methoxyphenyl)-
o-chloroanthranil (I) to the corresponding aerid- 
anones were unsuccessful. On the other hand, 
when pyridine was used in place of methanol in 
the above reactions, the same aryl-p-nitrophenyl- 
acetonitriles were obtained as were produced from 
p-nitrochlorobenzene.

When p-nitroanisole was allowed to react with 
phenylacetonitrile, p-chlorophenylacetonitrile and 
p-methoxyphenylacetonitrile in both methanolic 
potassium hydroxide and in pyridine-potassium hy
droxide, there was produced (p-nitrophenyl)- 
phenylacetonitrile, p-chlorophenyl-p-nitrophen)d- 
acetonitrile; and p-methoxyphenyl-p-nitrophenyl- 
acetonitrile respectively. We were unsuccessful in 
our attempts to isolate anthranils from the re
actions conducted in methanol solution. It should 
also be pointed out that the reactions conducted 
in methanol solution gave poor yields of the diaryl- 
acetonitriles.

We were unsuccessful in our attempts to condense 
p-nitrotoluene with phenylacetonitrile. The ma
terial isolated from these attempts was apparently 
self-conder.sation products of p-nitrotoluene. Since 
other authors14-15 have reported the self-condensa
tion of p-nitrotoluene in alcoholic alkali solutions, 
we did not investigate this material further.

The yields of different products obtained from 
the reactions of the p-halonitrobenzenes with the 
arylacetonitriles and potassium hydroxide in meth
anol and pyridine demonstrate the fact that these 
reactions proceed by distinct paths in the two 
media. For example the reaction of p-nitrobromo- 
benzene with phenylacetonitrile and potassium 
hydroxide produced 3-phenyl-5-bromoanthranil in 
79% yield using methanol, and phenyl-p-nitro- 
phenylacetonitrile in 76% yield using pyridine. 
While no completely satisfactory explanation is

(12) F. Ullmann, A n n . ,  355, 341 (1907).
(13) M. Polaczek, R o c z n ik i  C h e m ., 16, 76 (1936); Chern. 

A b slr ., 487 (1955).
(14) O. Fithor and E. Hepp, B e r ., 26, 2231 (1893).
(15) A. G. Green, A. H. Davies, and II. S. Horsfall, ./. 

C h a n . B o r.. 91, 2078 (1907).

available for these distinct reaction paths, never
theless, it may be said that pyridine is apparently 
more effective than methanol in aiding the removal 
of a halogen para to the nitro group in p-halo- 
nitrobenzenes. Likewise pyridine is apparently 
more effective than methanol in aiding the removal 
of the methoxy group from p-nitroanisole. Xo 
completely satisfactory explanation is available for 
the failure to obtain anthranils from the reactions 
of p-nitroanisole with the arylacetonitriles and 
potassium hydroxide in methanol. One might 
speculate that the resonance effect of the methoxy 
group is at least partially responsible.

It is pointed out that a large excess of potassium 
hydroxide was used in all the reactions of the 
para-substituted nitrobenzenes with the aryl
acetonitriles, both in pyridine and in methanol. 
A large excess was used with pyridine because the 
potassium hydroxide was present as a finely dis
persed solid in that medium, apparently offering 
only its surface area for reaction. Previous in
vestigators8 likewise used large amounts of this 
reagent. A large excess was used with methanol 
because we found during the course of our former 
investigations2 that such a practice gave better 
yields of condensation products.

The following mechanism is offered for the forma
tion of the 3-aryl-5-haloanthranils. The initial 
steps follow the familiar lines proposed for the 
condensation of nitrobenzene with phenylaceto
nitrile,2 differing only in that the phenylaceto
nitrile anion here attacks at a position ortho to 
the nitro group. Intermediate V may be con
sidered as the potassium salt of a phenylcyano- 
methylene o-quinone oxime. However, a phenyl- 
cyanomethylene o-quinone oxime is not isolated 
because its potassium salt readily undergoes fur
ther reaction involving ring closure to a phenyl- 
anthranil.
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It is suggested from this present investigation 
that phenylanthranils may also be formed in the 
condensations of nitrobenzene with arylacetoni- 
triles. However, we were unsuccessful in our at
tempts to isolate anthranils in our former investi
gations.2 Furthermore, we have subsequently ob
tained phenylcyanomethylene p-quinone oxime in 
as high as 92% yield from the reaction of nitro
benzene with phenylacetonitrile. It cannot be 
validly argued that the material isolated is actually 
a mixture of phenylcyanomethylene p-quinone ox
ime and 3-phenylanthranil because our method of 
isolation, particularly the treatment with boiling 
benzene,2 is very conducive to removing large 
amounts of the anthranil. It may, therefore, be 
concluded that the para position in nitrobenzene is 
definitely the preferred position of attack.

It is pointed out that the formation of the 3- 
aryl-5-haloanthranils is reminiscent of the reaction 
of o-nitrotoluene in methanolic potassium hy
droxide to produce anthranilic acic.,16 and the re
action of o-nitrophenylacetic acid wish acetic anhy
dride to produce acetylanthranil,17 wherein anthra
nils may be proposed as reaction intermediates.

E X P E R IM E N T A L 18 19 20- 19

P ro ced u re  A .  ( a )  3 -P h e n y l-5 -c h lo ro a n lh ra n il . To a solution 
of 74 g. (1.1 moles) of potassium hydroxide (assay 85%) 
in 150 ml. of methanol were added with stirring and cooling 
in an ice bath 8.1 g. (0.069 mole) of phenylacetonitrile and a 
solution of 9.9 g. (0.063 mole) of p-nitrochlorobenzene in 100 
ml. of methanol. The mixture was stirred for 4 hr. a t 0-5°, 
and then 400 ml. of water was added with stirring. The 
precipitate was isolated by filtration, washed ■with water, 
and dried. There was obtained upon recrystallization from 
petroleum ether (b.p. 60-71°) pale yellow needles of 3- 
phenyl-5-chloroanthranil, m.p. 114-116°, 6.7 g. (46% yield), 
recrystallized a second time from petroleum ether, m.p. 
115-117°.

A n a l .  Calcd. for C13HaClNO: C, 67 98; H, 3.51; Cl, 15.44; 
N, 6.10. Found: C, 68.2 1 ; H, 3.73; Cl, 15.78; N, 6.55.

(5) 3 -(p -C h lo r o p h e n y l)-6 -c h lo ro a n th r a n il . Following the 
procedure described above, 10.5 g. (0.069 mole) of p-chloro- 
phenylacetonitrile and 9.9 g. (0.063 mole) of p-nitrochloro- 
benzene produced 7.6 g. (46% yield) of 3-(p-chlorophenyl)-
5-chloroanthranil, m.p. 201-210°, recrystalkzed from chloro
form, m.p. 214-215° (lit.6 m.p. 202°).

A n a l .  Calcd. for C13H7C12N 0: C, 59.11; H, 2.67; N, 5.30. 
Found: C, 59.14; H, 2.74; N, 5.13.

(c) S - (p -M e th o x y p h e n y l) -6 -c h lo r o a n th r a n i l . In similar man
ner, 10 3 g. (0.069 mole) of p-methoxyphenylacetonitrile and
9.9 g. of p-nitrochlorobenzene gave 8.1 g. (49% yield) of
3-(p-methoxyphenyl)-5-chloroanthranil, m.p. 138-143°, re- 
crystallized from benzene, m.p. 143-145° (lit.4 m.p. 143- 
145°).

(d )  3 -P h e n y l-o -b r o m o a n ih r a n il . Likewise, 8.1 g. (0.069 
mole) of phenylacetonitrile and 12.7 g. (0.063 mole) of p -  
nitrobromobenzene produced 13.7 g. (79% yield) of 3- 
phenyl-5-bromoanthranil, m.p. 105-110°. recrystallized 
from methanol, m.p. 116-118°.

(16) R. Scholl, M o n a ls c h ., 34, 1011 (1913); C h em . A b s tr . ,  
7, 3484 (1913).

(17) G. N. Walker, J .  A m .  C h em . S o c ., 77, 6698 (1955).
(18) Analyses by Midwest Microlab, Incorporated, 

Indianapolis, Ind.
(19) All melting points are uncorrected.

A n a l .  Calcd. for C13IIsBrNO: C, 56.96; H, 2.94; N, 5.11. 
F ound:, C57.21; H, 3.25; N, 5.11.

(e) 8 -(.p -C h lo r o p h e n y l)-5 -b ro m o a n lh r a n il. Similarly, 10.5 g. 
(0.069 mole) of p-chlorophenylacetonitrile and 12.7 g. 
(0.063 mole) of p-nitrobromobenzene gave 9.28 g. (48% 
yield) of 3-(p-ehlorophenyl)-5-bromoanthranil, m.p. 204- 
210°, recrystallized from ethyl acetate, m.p. 213-215°.

A n a l .  Calcd. for C13H7BrClNO: C, 50.60; H, 2.29; N,
4.54. round: C, 50.72; H, 2.63; N, 4.68.

(/) 8 -{ p -M e lh o x y p h e n y l) -5 -h r o m o a n lh r a n i l . In the usual 
way, 10.3 g. (0.069 mole) of p-methoxyphenylacetonitrile 
and 12.7 g. (0.063 mole) of p-nitrobromobenzene produced
13.3 g. (69% yield) of 3-p-methoxyphenyl-5-bromoanthranil, 
m.p. 126-130°, recrystallized from methanol, m.p. 134- 
135°.

A n a l .  Calcd. for Ci<HioBrX02: C, 55.28; H, 3.31; N, 4.61. 
Found: C, 55.03; H, 3.48; N, 4.67.

P ro c e d u re  B .  (a ) S -C h lo ro -9 -a cr id a n o n e  (f r o m  3 -p h e n y l-5 -  
c h lo r o a n th r a n il) . Using a modification of the procedure de
scribed by Tanasescu and Suciu,5 10 g. (0.15 mole) of sodium 
nitrite was added with stirring over a half-hour period to a 
solution of 2.0 g. (0.0087 mole) of 3-phenyl-5-chloroanthranil 
in 200 ml. of coned, sulfuric acid maintained at —10 °. 
After the addition was completed, the mixture was allowed 
to warm to room temperature and to stand at room tempera
ture for 17 hr. After pouring this mixture into 1 1. of water 
and crushed ice, the solid which precipitated was removed by 
filtration, was washed with water, and dried. There was 
obtained 1.8 g. (90% yield) of 2-chloro-9-acridanone, m.p. 
390°, recrystallized from acetic acid, m.p. 394-396° (lit.6 
m.p. 398°).

(b ) 3 ,6 -D ic h h r o -9 -a c r id a n o n e  [ fro m  3 -{p -c h lo r o p h c n y l) -5 -  
c h ln r o a n th r a n il] . In a similar manner, 2.0 g. (0.0076 mole) 
of the indicated anthranil produced 1.9 g. (96% yield) of
2,6-dichloro-9-acridanone, m.p. about 420°, recrystallized 
from acetic acid, m.p. 422-424° (lit.5 m.p. 416°).

A n a l .  Calcd. for C,3H7C12N 0: C, 59.11; II, 2.67; N, 5.30. 
Found: C, 59.04; H, 2.95; N, 5.28.

(r) 2 -B r o m o -9 -a c r id a n o n e  (f r o m  S -p h e n y l-B -b r o m o a n ih r a n il)  
Similarly, 2.0 g. (0.0073 mole) of the indicated anthranil 
gave 1.5 g. (72% yield) of 2-bromo-9-acridanone, m.p. 
about 375° dec., recrystallized from acetic acid, m.p. 382- 
385° (lit.12 m.p. above 360°).

(d ) 2 -B ro m o -6 -c h lo ro -9 -a c r id a n o n e  [from . 3 - (p -c h lo r o p h en -  
y l ) -5 -b r o m o a n th r a n i l \ . Isomerization of 1.8 g. (0.0058 mole) 
of the indicated anthranil in the usual way produced 1.6 g. 
(87% yield) of 2-bromo-6-chloro-9-acridanone, m.p. 414- 
416°, recrystallized from acetic acid, m.p. 416-418°.

A n a l .  Calcd. for C„H7BrClXO: C, 50.60; H, 2.20; X,
4.54. Found: C, 50.72; H, 2.63; X, 4.68.

P ro c e d u r e  C . ( a )  2 - ( 'h lo r o -9 - { p -d i in e lh y la m in o p le n y l ) a c r i-  
d in e . Following the method of Tanasescu and Macarovici,7 
0.67 g. (0.003 mole) of 2-chloro-9-acridanone and 1.0 g. of 
phosphorus oxychloride were added to 5.0 g. (0.04 mole) 
of dimothylaniline. The mixture was heated for 2 hr. on a 
hot water bath, cooled, diluted with 25 ml. of water and 
made basic to litmus with dilute sodium hydroxide. Un
changed dimethylaniline was removed by steam distillation, 
and the solid from the residue was isolated and dried. The 
yield of 2-chloro-9-(p-dimethylaminophenyl)acridin3 was 
0.74 g. (74%1, m.p. 236-238°, recrystallized from ethanol, 
m.p. 236-238° (lit.7 m.p. 230-232°).

( b ) 2 ,6 -D ic h lo r o -9 -(p -d im e th y la m in o p h c n y l)a c r id in e . In 
similar manner, 0.50 g. (0.003 mole) of 2,6-dich.oro-9- 
acridanone and 5.0 g. (0.04 mole) of dimethylaniline gave 
0.50 g. (72% yield) of 2,6-dichloro-9-(p-dimethylamino- 
phenyl)acridine, m.p. 245-247° (lit..20 m.p. 240-241°).

(c) 2 -B ro m o -9 - (p -d im c th y Ia .m in o p h e /iy l)a c r id in e . In like

(20) I. Tanasescu and M. Macarovici, B u l l .  soc. c h im  
F ra n ce , [5] 4, 240 (1937'.
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manner, 0.82 g. {0.003 mole) of 2-bromo-9-acridanone and
5.0 g. (0.04 mole) of dimethylaniline produced 1.0 g. (88% 
yield) of 2-bromo-9-(p-dimethylaminophenyl)aeridine, m.p.
243-245° dec. (lit. 13 m.p. 239-240° dec.).

(d ) 2 -B r o m o -d -c h lo r o -9 -{ p -d im c lh y la m in o p h e n y l)a c r id in e .  
Similarly, 1.2 g. (0.0038 mole) of 2-bromo-6-chloro-9- 
acridanone and 5.0 g. (0.04 mole) of dimethylaniline gave
l .  5 g. (95% yield) of 2-bromo-6-chloro-9-(p-dimethylamino- 
phenyl)acridine, m.p. 227-235°, recrystallized from ben
zene-petroleum ether (b.p. 60-71°), m.p. 236-237°.

A n a l .  Calcd. for C2IH16BrCIN2: C, 61.26; H, 3.92. Found: 
C, 61.69; H, 4.20.

P ro c e d u r e  D . 1 . ( p -N itr o p h e n y l)p h e n y la c e to n i tr i le . (a) 
F ro m  p -n itro ch lo ro b e n zen e  a n d  p h e n y la c e to n itr i le  i n  p o ta ss iu m , 
h y d r o x id e -y p y r id in e . Following the procedure described by 
Neresheimer and Ruppel,8 a mixture of 20 g. (0.126 mole) 
of p-nitrochlorobenzene, 200 g. of pyridine and 84 g. of a 
paste, obtained by grinding equal weights of pju-idine and 
potassium hydroxide in a ball-mill, was cooled to —5°. 
Phenylacetonitrile, 15 g. (0.13 mole) was added with stirring 
over 10 min. The mixture was stirred at about 0° for 10 
hr., then 100 ml. of benzene was added with stirring and 
the mixture was filtered under suction. The solid material 
was washed with benzene and with ether. The solid was then 
placed in 1 1. of water with stirring, and upon the portion- 
wise addition of 50 g. of acetic acid a new solid precipitated, 
which was isolated, washed with water, and dried. This 
product was (p-nitrophenyl)phenylacetonitrile, 21 g. (68% 
yield), m.p. 68-72°, recrystallized from ethanol, m.p. 70- 
72°.

A n a l .  Calcd. for Ci4HioN20 2: C, 70.58; H, 4.23; N, 11.76. 
Found: C, 70.50; H, 4.32; N, 11.79.

(6) F r o m  p -n itr o b ro m o b e n ze n e  a n d  p h e n y la c e to n itr i le  i n  
p o ta s s iu m  h y d r o x id e -p y r id in e . In a similar manner, 13 g. 
(0.064 mole) of p-nitrobromobenzene and 7.5 g. (0.065 
mole) of phenylacetonitrile produced 12 g .  (76% yield) of 
(p-nitrophenyl)phenylacetonitrile, m.p. 68-70°, recrystal
lized from methanol, m.p. 70-72°, which wrns not depressed 
on mixing with the sample previously described.

(c) F r o m  p -r .i tro a n is o le  a n d  p h e n y la c e to n itr i le  i n  p o ta s s iu m  
h y d r o x id e - p y r id in e .  In like manner, 10 g. (0.66 mole) of p- 
nitroanisole and 15 g. (0.13 mole) of phenylacetonitrile gave
7.0 g. (45% yield) of (p-nitrophenyl)phenylacetonitrile,
m. p. 66-70°, recrystallized from methanol, m.p. 70-72°, 
not depressed on mixing with above sample.

(id ) F r o m  p -n i tr o a n is o le  a n d  p h e n y la c e to n itr i le  i n  m e th -  
a n o lic -p o ta s s iu m  h y d r o x id e  ( a cco rd in g  to P ro c e d u re  A ) .  Fol
lowing the method previously described, 9.6 g. (0.063 mole) 
of p-nitroanisole and 8.1 g. (0.069 mole) of phenylaceto
nitrile produced 2.3 g. (15% yield) of (p-nitrophenyl- 
phenylacetonitrile, m.p. 69-72°, recrystallized from meth
anol, m.p. 71-72°, not depressed on mixing with a sample 
described above.

2. ( p -C h lo r c p h e n y l) - (p -n i tr o p h e n y l) -a c e to n i tr i le . (a) F r o m  
p -n itro ch lo ro b e n zen e  a n d  p -c h lo ro p h e n y la c e to n itr i le  i n  p o ta s
s iu m  h y d r o x id e - p y r id in e . Following the method formerly 
described, 10 g. (0.63 mole) of p-nitrochlorobenzene and 9.7 
g. (0.064 mole) of p-chlorophenylacetonitrile produced 15 g. 
(86% yield) of p-chlorophenyl-p-nitrophenylacetonitrile, 
m.p. 108-112°, recrystallized from ethanol, m.p. 110- 1 1 2 °.

A n a l .  Calcd. for Ci4H 9CIN20 2: C, 61.66; H, 3.33. Found: 
C, 61.57; H, S.47.

(6) F r o m  v -n itr o b r o m o b e n z e n e  a n d  p -c h lo ro p h e n y la c e to 
n i t r i l e  i n  p o ta s s iu m  h y d r o x id e - p y r id in e .  Likewise, 13 g. 
(0.064 mole) of p-nitrobromobenzene and 9.7 g. (0.064 
mole) of p-chlorophenylacetonitrile gave 15 g. (87% yield) 
of p-bromophenyl-p-nitrophenylacetonitrile, m.p. 105-109°, 
recrystallized from methanol, m.p. 109-111°, not depressed 
on mixing with above sample.

(c) F r o m  p -n i tr o a n is o le  a n d  p -c h lo ro p h e n y la c e to n itr i le  i n  
p o ta s s iu m  h y d r o x id e - p y r id in e .  In similar manner, 9.6 g 
(0.063 mole) of p-nitroanisole and 10.5 g. (0.069 mole) of 
p-chlorophenylacetonitrile produced 9.8 g. (55% yield) of

p-chlorophenyl-p-nitrophenylacetonitrile, m.p. 105-109°, 
recrystallized from ethanol, m.p. 109-111°, not depressed on 
mixing with a sample described above.

(d) F r o m  p - n i tr o a n is o le  a n d  p -c h lo ro p h e n y la c e to n itr ile  i n  
m e th a n o l ic - p o la s s iu m  h y d r o x id e  (a c c o r d in g  to  P ro c e d u r e  A ) .  
Following the method formerly described, 9.6 g. (0.063 
mole) of p-nitroanisole and 10.5 g. (0.069 mole) of p-chloro
phenylacetonitrile gave 3.2 g. (18% yield), m.p. 106-111°, 
recrystallized from ethanol, m.p. 110- 1 1 2 °, not depressed 
on mixing with a sample described above.

3.( p - M e th o x y p h e n y l) - { p - n itr o p h e n y l) -a c e to n i tr i le .  ( a )  F r o m  
p -n ilro ch lo ro b e n zen e  a n d  p -m e th o x y p h e n y la c e to n itr i le  i n  p o ta s 
s iu m  h y d r o x id e -p y r id in e . In the usual manner, 10 g. (0.063 
mole) of p-nitrochlorobenzene and 9.4 g. (0.064 mole) of 
p-methoxyphenylacetonitrile produced 11  g. (65% yield) 
of p-methoxyphenyl-p-nitrophenylacetonitrile, m.p. 60-65°, 
recrystallized from methanol, m.p. 69-71°.

A n a l .  Calcd. for C16H12N20 3: C, 67.15; II, 4.51; N, 10.44. 
Found: C, 66.83; H, 4.64; N, 10.02.

(6) F r o m  p -n itro b ro m o b e n ze n e  a n d  p -m e th o x y p h e n y la c e to 
n i t r i le  i n  p o ta s s iu m  h y d r o x id e -p y r id in e . In similar manner, 
13 g. (0.064 mole) of p-nitrobromobenzene and 9.4 g. (0.064 
mole) of p-methoxyphenylacetonitrile produced 11  g. (65% 
yield) of p-methoxyphenyl-p-nitrophenylacetonitrile, m.p.
61-65°, recrystallized from methanol, m.p. 71-72°, not 
depressed on mixing with a previously described sample.

(c) F r o m  p -n i tr o a n is o le  a n d  p -m e th o x y p h e n y la c e to n itr i le  i n  
p o ta s s iu m  h y d r o x id e -p y r id in e . Likewise, 10 g. (0.066 mole) 
of p-nitroanisole and 19 g. (0.13 mole) of p-methoxyphenyl
acetonitrile yielded 6.1 g. (34%) of p-methoxyphenyl-p- 
nitrophenylacetonitrile, m.p. 63-67°, recrystallized from 
methanol, m.p. 71-72°, not depressed on mixing with a 
previously described sample.

( d )  F r o m  p -n itr o a n is o le  a n d  p -m e th o x y p h e n y la c e to n itr i le  i n  
m e th a n o lic -p o ta s s iu m  h y d r o x id e  (a cc o rd in g  to  P ro c e d u r e  A ) .  
Following the method formerly described, 10 g. (0.066 mole) 
of p-nitroanisole and 9.6 g. (0.066 mole) of p-methoxyphenyl
acetonitrile gave 1.6 g. (9% yield) of p-methoxyphenyl- 
p-nitrophenylacetonitrile, m.p. 64-67°, recrystallized from 
methanol, m.p. 70-71°, not depressed on mixing with a 
sample previously described.

P ro c e d u r e  E . (a) 2 -A m in o -5 -c h lo r o -4 '-m e th o x y b e n zo p h e n o n e  
[f r o m  3 - (p - m e th o x y p h e n y l)S -c h lo r o a n th r a n il] . Following the 
procedure of Simpson and Stephenson,4 a solution of 2.0 g. 
(0.0077 mole) of 3-(p-methoxyphenyl)-5-chloroanthranil in 
20 ml. of acetic acid was heated on a hot water bath, and
3.0 g. (0.064 mole) of iron filings was added over 2.5 hr., 
during which 6.5 ml. of water was also added. The mixture 
was then cooled, diluted with 100 ml. of wTater and was 
extracted with three 50-ml. portions of ether. The filtered 
extract was washed with dilute sodium carbonate solution, 
with water, and was dried over magnesium sulfate. Upon 
removal of the ether by distillation, there was obtained 1.7 
g. (82% yield) of 2-amino-5-chloro-4'-methoxybenzo- 
phenone, recrystallized from methanol, m.p. 10 1- 102° 
(lit.4 m.p. 100- 10 1°).

(6) p -N itr o b e n z o p h e n o n e [ fr o m  (p -n i tr o p h e n y l ) p h e n y l -  
a c e to n itr i le ]. Following the directions of Neresheimer and 
Ruppel,8 0.37 g. (0.0015 mole) of (p-nitrophenyl)phenyl- 
acetonitrile, 1.0 g. (0.01 mole) of chromium trioxide and 50 
ml. acetic acid were refluxed for 1 hr. The solution was 
cooled and then poured into 300 ml. of cold water. The 
resulting precipitate was isolated, washed with water, and 
dried. The yield of p-nitrobenzophenone thus obtained was 
0.26 g. (76%), m.p. 137-139° (lit.9 m.p. 138°), not depressed 
on mixing with a sample previously reported.2

(c) 4 -C h lo ro -4 '-n itr o b e n zo p h e n o n e  [ fr o m  (p -c h lo r o p h e n y l) 
{ p - n i tr o p h e n y l)a c e to n i tr i le \ . Following the method just de
scribed, 0.41 g. (0.0015 mole) of (p-chlorophenyl)(p-nitro- 
phenyl)acetonitrile and 1.0 g. (0.01 mole) of chromium 
trioxide gave 0.21 g. (54% yield) of 4-chloro-4'-nitrobenzo- 
phenone, m.p. 98-100° (lit.10 m.p. 98°), not depressed on 
mixing with a sample previously reported.2
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(d ) Jf-M e th o x y -4 '-n itr o b e n z o p h e n o n e  [ fro m  (p -m e lh o x y -  0.16 g. (42% yield) of 4-niethoX3'-4'-nitrobenzophenone,
p h e n y l ) (p -n i tr o p h e n y l)a c e to n i tr i le ] . In like manner, 0.40 g. m.p. 122-123° (lit.11 m.p. 121°).
(0.0015 mole) of p-methoxyphenyl-p-nitrophenylaceto-
nit. ile and 1.0 g. (0.01 mole) of chromium trioxide produced N othe D a m e , I n d .

[ C o n t r i b u t i o n  f r o m  t h e  R e s e a r c h  L a b o r a t o r i e s  o p  t h e  P a i n t  D i v i s i o n  o p  t h e  P i t t s b u r g h  P l a t e  G l a s s  Co.]

T he A m id o m eth y la tio n  o f  A rom atic  C om p ou n d s13

CHESTER L. PARRIS1» a n d  ROGER M. CHRISTENSON 

R eceived  A p r i l  8 , 1 9 6 0

The joint condensation of aromatic compounds with formaldehyde and nitriles constitutes a new general method for the 
synthesis of Ar-aralkylamides and A',Ar'-bisaralkylamides. The scope and utility of the reaction are discussed.

When m-xylene was heated at 70-90° with an ex
cess of paraformaldehyde and acetonitrile in phos
phoric acid, or in a mixture of acetic and sulfuric 
acids, there was obtained W,W'-diacetyl-4,6-di- 
methyl-l,3-di(aminomethyl)benzene (la) in yields 
of 60-70%. The structure of la was established by 
its identity with the diamide obtained by alkylation 
of acetonitrile with 4,6-dimethyl-1,3-di (hydroxy
methyl)-benzene according to the method of Parris 
and Christenson.2 When the reaction was carried 
out with an excess of m-xylene the product was N- 
(2,4-dimethylbenzyl)acetamide.2 Reaction of the 
monoamide with formaldehyde and acetonitrile 
gave the diamide la. This reaction of aromatic com
pounds with formaldehyde polymers and nitriles is 
a general one and has been found useful for the 
preparation of a large number of Ar-aralkylamides 
and A^A'-bisaralkylamides, frequently in high 
yields.

Methods for substitution of an aromatic nucleus 
by an amidomethyl group are known in the litera
ture. German patents issued to Tscherniac3 in 1901 
disclosed the condensation of A-hydroxymethyl- 
phthalimide with o-nitrotoluene and other substi
tuted aromatic compounds to give A-aralkyl- 
phthalimides. About the same time a large number 
of methylol derivatives of primary amides were 
synthesized by Einhorn4 and condensed with a vari
ety of aromatic compounds, especially substi
tuted phenols, under acidic conditions. Further ex
tensions of the Tscherniac-Einhorn method have 
been summarized in reviews.5'6 The reaction of N-

(1) (a) Portion of a paper presented before the Meeting- 
in-Miniature of the Central Pennsylvania Section, American 
Chemical Society. March 15, 1958, Pennsylvania State 
University, State College, Pa. (b) Present address: Pennsalt 
Chemical Corp., Box 4388, Phila. IS, Pa.

(2) C. L. Parris and R. M. Christenson, J .  O rg. C h e m ., 
25, 331 (1960).

(3) J. Tscherniac, DRP 134,979 and 134,980.
(4) A. Einhorn. et a h , DRP 157,355 and 158,088; A n n . ,  

343, 207 (1905); A n n . ,  361, 113 (1908).
(5) R. Schröter in Houben-Weyl, M e th o d e n  der O r

g a n isc h e n  C h em ie , 4th Edition, Vol. II, Georg Thieme Ver
lag, Stuttgart, 1957 (pp. 795-805).

(6) H. Hellmann, A n g e w . C h e m ., 69, 463 (1957).

hydroxymethylamides with aromatic hydrocarbons 
has been the subject of recent papers by Cinn6ide7 
and Nenitzescu and Dinulsecu.8 However, the sim
ple joint condensation described in this paper has 
not previously been reported.

The new method of amidomethylation was read
ily extended to other nitriles. The reaction of m- 
xylene and formaldehyde with acrylonitrile gave a 
good yield of A%V'-diacrylyl-4,6-dimethyl-l,3-di- 
(aminomethyl)benzene2 (lb) from which the dipro- 
pionamide Ic was obtained by catalytic hydrogena
tion. The diamides Id, Ie, and If were prepared 
similarly. The three latter compounds were identi
cal with the diamides prepared by alkylation of 
chloroacetonitrile, /3-chloropropionitrile, and benzo- 
nitrile, respectively, with 4,6-dimethyl-l,3-di(hy- 
droxymethyl)benzene, according to the Parris and 
Christenson method.2

la . R =  CH3 Id. R =  C1CH2
b. R =  CH2= C H  e. R =  C1CH,CH2
c. . R =  C3H7 f. R =  CtHs

In mixtures of acetic acid and sulfuric acid all of 
the lower aromatic hydrocarbons reacted in similar 
fashion. W-Aralkylacetamides were obtained from 
the reaction of acetonitrile and formaldehyde with 
benzene, toluene, ethylbenzene, o-xylene, cumene, 
pseudocumene, and anisole. The product of the 
amidomethylation of toluene was predominantly 
Ar-(p-methylbenzyl)acetamide together with a 
lesser amount of difficultly purified ortho isomer. 
Amidomethylation of bromobenzene required the 
use of concentrated sulfuric acid to give A-(p-bro- 
mobenzyl)acetamide.9 The properties of these and 
other related amides are summarized in Table I.

(7) R. O. Cinn&de, N a tu r e , 175, 47 (1955).
(8) C. D. Nenitzescu and I. Dinulsecu, R e v . C h im . ( A c a d ,  

rep . p o p xd a ire  R o m n a in e ) , 2, 47 (1954).
(9) C. W. Shoppee, ./. C hem . S o c ., 1225 (1931).



NOVEM BER 19*30 AM IDOM ETHYLATION OF AROMATIC COMPOUNDS 1889

TABLE I
Ar-ABALKYLAMIDES FROM AROMATIC COMPOUNDS, NlTRILES, AND FORMALDEHYDE

X- + RCN + CHjO
CH2NHCOR

Ring
Substituents, Melting Point_____  yield, Analyses

X R Formula Found Lit. 7 : C H N

H OH3 C9H„NO 62 -63.5 64.5-66.5“ 50 Caled. 72.45 7.43 9.39
Found 72.11 7.30 9.43

72.03 7.50
2-Methyl c h 3 c ,„h 13n o 59-75 69“ 10 Caled. 73.59 8.03 8.58

77.5-78“ Found 73.50 7.94 8.73
73.55 8.07 8.63

4-Methyl c h 3 c ,„h I3n o 112-113 1 1 1 - 112“ 36 Caled. 73.59 8.03 8.58
Found 73.56 8.08 8.72

73.59 7.86 8.53
4-Methvl CH2= C H c „ h i3n o 110-113.5 89 Caled. 75.40 7.48 8.00

Found 75.15 7.50 7.88
75.35 7.34

2,3(or 3,4-)- c h 3 CnH.sNO 94-95 54 Caled. 74.54 8.53 7.90
Dimethyl Found 74.86 8.73 7.93

75.11 8,54
2,4-Dimethvl CHj CnH15NO 113-114 110.5-111.5“ 52 Caled. 74.54 8.53 7.90

Found 74.62 8.31 8.25
74.45 8.59

2,4-Dimethyl H c 10h 13n o 122-124 25 Caled. 8.60
Found 8.54

2,5-Dimethyl c h 3 c „h 16n o 91-92 Caled. 74.54 8.53 7.90
Found 74.93 8 .2 1 8.07

74.83 8.13
4-Ethvl c h 3 CnHläNO 79-81 19 Caled. 74.89 8.57 7.94

Found 74.93 8.84 8.13
75.11 8.71

4-Isopropvl c h 3 CI2H 17N 0 66-67.5 65“ 75 Caled. 75.35 8.96 7.32
Found 75.47 8.76 7.32

75.38 8.89 7.16
4-Isopropyl c h 2= c h Ci3H„NO 75-76.5 53 Caled. 76.81 8.43 6.86

Found 76.91 8.62 6.88
77.19 8.47

2,4,5-Trimethyl c h 3 c 12h „n o 137-139 143.5e 67 Caled. 75.35 8.96 7.32
Found 76.07 9.02 7.30

75.55 9.31
4-Methoxv c h 3 c ,„h 13n o 94-96 94.5-96“ 28.5 Caled. 67.02 7.31 7.82

Found 67.42 7.13 8.03
67.50 7.12

4-Bromo c h 3 CsH.oBrNO 118.5-120 113' 37 Caled. 47.38 4,42 6.14
Found 47.57 4.47 6 .2 1

47.83 4.33

“ Ref. (2) and references cited therein. “ H. Strassmann, B e r . , 21, 576 (1888). c W. H. Carothers and G. A. Jones, J .  A m .  
C h e m . S o c ., 47, 3051 (1935). d H. Goldschmidt and A. Gessner, B e r ., 20, 2414 (1887). e R. Willstatter and H. Kubli, B e r .,  
42, 4151 (1909). !  Ref. (9).

Amidomethylation of p-xylene gave mostly N,N'- 
diacetyl-2,5-dimethyl-l,4-di(aminomethyl)benzene 
together with .V- (2,5-d i rn et hy 1 ben zy 1 ) acetami de. 
Durene afforded A%V'-diacetyl-l,3,5,6-tetramethyl-
1,4-di (aminomethyl)benzene.2

Amidomethylation of naphthalene gave a com
plex mixture of amides from which three products 
were isolated after acid hydrolysis. 1-Naphthalene- 
methylamine was obtained in 12% yield. The struc
ture of this compound was established by the iden
tity of its acetyl derivative10 with the amide ob-

(10) J. von Braun, G. Blessing, and F. Zobel, B e r ., 56, 
1988 (1923).

tained by alkylation of acetonitrile with 1-naphtha- 
lenemethanol according to the procedure of Parris 
and Christenson.2 The major product was a liquid 
diamine obtained in 25% yield, characterized by a 
diacetyl derivative melting at 262-263.5°. The di
amide was identical tvith the product obtained by 
alkylation of acetonitrile with l,4-di(hydroxy- 
methvl) naphthalene.2 The third product was a 
solid diamine obtained in 6% yield, m.p. 127-129°, 
characterized by a diacetyl derivative, m.p. 276- 
279°. This compound was thought to be the 1,5- 
isomer.

When the reaction of m-xylene, paraformalde
hyde, and acetonitrile was carried out in mixtures of
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acetic and sulfuric acid and the product was al
lowed to cool for at least cne day, a voluminous 
precipitate was formed. This solid was stable and 
easily filterable, but had no definite melting point. 
Qualitative tests for both nitrogen and sulfur were 
positive. A slurry in water gave a strongly acidic 
supernatant liquid which gave a positive test for 
sulfate ions. Prolonged washing with water or neu
tralization with bases afforded a sulfur-free product 
which proved to be quite pure diamide la. Recrys
tallization from methanol or acetic acid also gave 
la. The sulfur and nitrogen content agreed well for 
the N,iV'-bisaralkylamide sulfate (II).

CH3
c h 2- n = c - c h 3

0S 03H la +  H;S04
C H 3

c h 2- n = c - o so 3h
II

The isolation of stable sulfur-containing inter
mediates was quite common throughout this work. 
Frequently the amide sulfates were quite insoluble 
and crystallized during the course of the reactions, 
presenting difficulties in agnation of the mixtures. 
It is interesting to note that Magat11 isolated a sul
fur-containing intermediate in the synthesis of 
iVjiV'-methylenebisamides by the acid-catalyzed 
reaction of formaldehyde with nitriles. It is rea
sonable to suggest that the electrophilic species 
both in Magat’s reaction and in the present case is 
the amidomethyl sulfate carbonium ion (A).

RCN +  CHiOH+ +  HS04-
R—C = N —CHoOH R—C = N —CH2 +

OSOsH OSO3II
(A)

The iV-aralkylamides and Ag.Y'-bisaralkylamides 
were hydrolyzed either bjr heating with aqueous 
alkali in an autoclave at 150° or by refluxing with 
concentrated hydrochloric acid in acetic acid. Thus, 
hydrolysis of la by the former method gave 4,6- 
dimethyl-l,3-di(aminomethyl)-benzene12; acid hy
drolysis afforded the diamine as its dihydrochlo
ride. In a few experiments some 2,4-dimethylben- 
zylamine was also isolated.

4,6-Dimethyldi(aminomethyl) benzene formed
crystalline polysalts with adipic and sebacic acids 
which were converted to high-melting polyamides 
by melt polymerization. Reaction of 4,6-dimethyldi- 
(aminomethyl) benzene with phosgene in boiling 
tetralin afforded 4,6-dimethyl-m-xylene-a,a'-diiso- 
cyanate.

(11) E. E. Magat, B. F. Fans, S. E. Reith, and L. F. 
Salisbury, J .  A m .  C h em . S o c ., 73, 1028 (1951).

(12) D. F. DeTar and C. J. De Pomme, U. R. Patent 
2,640,080.
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All aromatic Ipulrocarbons were obtained from the usual 
commercial sources and were of highest purity available. 
Hydrogen cyanide and acrylonitrile were products of the 
American Cyanamid Company. Acetonitrile was obtained 
from Union Carbide Chemical Company. All other nitriles 
were obtained from the Eastman Kodak Companjx 1- 
Kaphthalenemethanol, m.p. 58.5-61°, was prepared from 
l-(bromomethyl)naphthalene14 (lit., m.p. 63°,14 59.5-60°,15 16 
59°!«). 2-Naphthalenemethanol, m.p. 80.5-82.5°, was ob
tained by saponification of 2-naphthalenemethanol acetate 
which was prepared from 2-(bromomethyl)naphthalene by 
the method of Tarbell, Fukushima, and Dains17 (lit., m.p. 
80°,18 80-80.5°19 20). l,4-Di(hydroxymethyl)naphtlialene was 
prepared from 1-methylnaphthalene by the prccedure of 
Lock and Schneider.2nb

P r e p a r a t io n  o f  N ,N '-d ia c e ty l-1 ,S -d i{ a m in o m e th y l)b e n z e n e  
(la) i n  p h o s p h o r ic  a c id . In a 5-1. three necked flask equipped 
with a Hershberg stirrer, condenser, and thermometer was 
placed 1500 ml. of 85% phosphoric acid, 360 g. (11 moles) 
of 91% paraformaldehyde, 530 g. (5.0 moles) of m-xylene, 
and 535 g. (13 moles) of acetonitrile. The mixture was 
heated with vigorous agitation to 65° whereupon a spon
taneous reaction occurred. The temperature was held a t 65- 
75° until the exothermic reaction was over, and then a t 90° 
for an additional 4 hr. After cooling there remained a layer 
of 124-135 g. of unchanged x.ylene. The viscous acid layer 
was added in a slow stream with vigorous agitation to 8 1. 
of ice water containing 3 1. of ammonium Iwdrcxide. The 
resulting suspension was stirred overnight, filtered, washed 
with dilute ammonium hydroxide, and dried a t 75° in a 
convection oven for 24 hr. The yield of crude diamide, m.p. 
225-235°, was 600-611 g. (61-66% based on xylene con
verted). After recrystallization from methanol the melting 
point of the analytical sample was raised to 245-246°. By 
mixture melting point determination and comparison of the 
infrared spectra the compound was proved to be identical 
with the diamide obtained by alkylation of acetonitrile 
with 4,6-dimethyl-l,3-di(hydroxymethyl)benzene.2

In similar manner, M,Ar'-diacry]yI-4,6-dimethyI-l,3-di- 
(aminomethyl)benzene was obtained from acrylonitrile, m.p. 
about 250° with polymerization. The infrared spectrum was 
identical with the diacrylamide obtained by alkylation of 
acrylonitrile with 4,6-dimethyl-l,3-di(hydroxymethyl b en 
zene.2

P r e p a r a t io n  o f  la  i n  a ce tic  a c id - s u l fu r ic  a c id  m ix tu r e . A 
suspension of 264 g. (8.0 moles) of powdered 91% para
formaldehyde in 1750 ml. of glacial acetic acid and 450 ml. 
of coned, sulfuric acid was heated a t 50° until the para
formaldehyde was dissolved. The clear solution was cooled 
to about 35° and then 328 g. (8.0 moles) of acetonitrile was 
added dropwise at 35-45°. Stirring was continued until the 
spontaneous reaction was completed, then 424 g. (4.0 mole)

(13) All melting points and boiling points are uncor
rected. The carbon and hydrogen analyses were by Gal
braith Laboratories, Knoxville, Tenn. The Kjeldahl anal
yses were by Dr James B. Lear and staff of these labora
tories.

(14) R. H. F. Manskc and A. E. Ledingham, C a n  J  
R es., 17B, 14 (1939).

(15) E. Bamberger and W. Lodter, B e r ., 2 1 , 256 (1888).
(16) E. Bourquelot and M. Bridel, C o m p t. ren d ., 168, 

323 (1919).
(17) D. S. Tarbell, D. K. Fukushima, and H. Dains 

J .  A m .  Chem.. S o c ., 67, 197 (1945).
(18) H. Rupe and F. Becherer, H elv . C .him . A c ta  6 

880(1923).
(19) E. Bamberger and O. Boekmann, B e r ., 20 1115 

(1887).
(20) (a) G. Lock and E. Walter, B er ., 75B, 11.58 (1942); 

(b) G. Lock and R. Schneider, B e r ., 84, 636 (1951).
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of m-xylene were added. The two-phase mixture was heated 
slowly to 65-75° whereupon a self-sustaining reaction oc
curred with formation of a clear yellow, homogeneous mix
ture. The temperature was raised to 85-90° for 5 hr. then 
cooled to about 5C°. The slightly viscous product was 
treated with 250 ml. of water and the apparatus arranged 
for distillation a t reduced pressure. The flask contents were 
heated on a steam bath with continued stirring while a 
vacuum of 20-25 mm. was applied to the system. A total of 
1200-1700 ml. of aqueous acetic acid was thus distilled. The 
viscous residue was cooled, treated carefully with 1 1. of 
cold water, and then neutralized with an ice cold solution 
of 600 g. of sodium hydroxide in 1500 ml. of water. The 
resulting fine, sandy precipitate was filtered and washed 
with water until the washings were neutral. After drying at 
75° the yield of crude diamide, m.p. 215-235°, was 757 g. 
(75%). Recrystallization raised the melting point to 246.5- 
248°. The infrared spectrum of this product was identical 
with la  obtained by the phosphoric acid procedure.

The dichloroacetamide Id, prepared similarly, m.p. 231 — 
232° (lit.,8 m.p. 205°), did not depress the melting point of 
the product obtained by alkylation of chloroacetonitrile 
with 4,6-dimethyl-l,3-di(h3'droxymethyI)benzene, m.p. 231— 
232° 2

A n a l .  Calcd. for Ci4H 18Cl2N,0 2: C, 53.01; H, 5.72; N, 
8.83; Cl, 22.35. Found: C, 53.21, 53.39; II, 5.51, 5.60; N, 
8.83, 8.76; Cl, 22.21, 21.94.

The di-)3-chloropropionamide Ie, m.p. 206° dec., did not 
depress the melting point of the diamide obtained by 
alkylation of f’-ehloropropionitrile with 4,6-dimeth\-l-l,3- 
di(hydroxymetl„yi)benzene, m.p. 206° dec.2

The dibenzamide, If, m.p. 262-263.5°, was identical with 
the diamide obtained by alkylation of benzonitrile with 4,6- 
dimethyl-l,3-di(hydroxymethyl)benzene, m.p. 263-264.5°.2

I s o la t io n  o f  th e  d is u l fa te  o f  la. To a suspension of 72.0 g. 
(2.2 moles) of 91% paraformaldehyde in a mixture of 1750 
ml. of glacial acetic acid and 150 ml. of sulfuric acid was 
added 107.0 g. (2.4 moles) of acetonitrile at 30-70°. After 
the reaction was complete, 106.0 g. ( 1.0 mole) of m-xylene 
was added and the mixture heated a t 90° for 6 hr. Upon 
cooling overnight there was formed a voluminous white 
solid which was collected on a sintered glass funnel, washed 
with fresh acetic acid, and then with ether. After air drying 
the yield was 384 g. (86.5%).

A n a l .  Calcd. for C14H20N2S2O8: N, 6.85; S, 15.75. Found: 
6.70; S, 14.62.

A 50-g. portion of the sulfate complex was stirred with 
500 ml. of cold water. The suspension was made alkaline to 
phenolphthalein with sodium hj'droxide, filtered, washed 
thoroughly with water, and dried a t 70° to give 21 g. (75%) 
of la, m.p. 2-5-248°. Recrystallization from methanol 
raised the melting point to 247-249°. The product was shown 
by mixture melting point and its infrared spectrum to be la.

P r e p a r a t io n  o f  N -(2 ,4 -d im e th y lb e n z y l)a c e ta m id e . A sus
pension of 75.0 g. (2.28 moles) of paraformaldehyde in 1050
ml. of acetic ac.d ar.d 225 ml. of sulfuric acid was treated 
with 112.5 g. (2.5 moles) of acetonitrile at 30-70°, then 
1594 g. (15 moles) of m-xylene were added. The mixture 
was heated for 4.5 hr. a t 85-90°, then cooled. The clear 
organic phase was decanted and discarded. The lower orange 
acidic phase, which solidified upon cooling, was filtered. 
The residue was w'ashed thoroughly with water until the 
washings were r.eutral. After air drying there was obtained 
228 g. (52%) of crude amide, m.p. 95-115°, which was dis
tilled. The product was a colorless oil, b.p. 190-195° (1
mm. ), -which solidified in the receiver, m.p. 110- 1 1 2 °. 
The distillate was recrystallized from a mixture of benzene 
and petroleum ether (b.p. 30-60°) to give white crystals, 
m.p. 113-114°. The melting point was not depressed by 
admixture with an authentic sample prepared by the 
method of Parris and Christenson.2

A m id o m e th y la t io n  o f  N - (2 ,4 -d im e th y lb e n z y l)a c e ta m id e . A 
suspension of 18.0 g. (0.6 mole) of paraformaldehyde in 440

ml. of acetic acid and 28 ml. of sulfuric acid was treated 
with 26.9 g. (0.C5 mole) of acetonitrile in the usual way. 
Forty-four grams (0.25 mole) of A-(2,4-dimethylbenzyl)- 
acetamide was added and the temperature raised to 90° 
for 5 hr. After cooling and standing at room temperature 
for 1 week a white solid was deposited which was filtered 
and washed with water until the washings were neutral. 
There was obtained 28 g. (45%) of la, m.p. 247-248°.

N , N '- D ip r o p io n y U f i - d im e th y l - l  ,3 -d i(a m in o m e th y l)b e n -  
zene  (Ic). A suspension of 27.2 g. (0.1 mole) of the diacryl
amide lb  in 200 ml. of methanol was shaken with 0.5 g. of 
5% palladized carbon catalyst at 20-60 p.s.i. and room 
temperature. The theoretical amount of hydrogen was 
rapidly absorbed. The product was boiled, filtered while hot 
through a Celite pad, and concentrated. Upon cooling there 
was obtained 23.3 g. (85%) of Ic, m.p. 216°. After two re- 
crystallizations from methanol the melting point was 
217.5-218°.

A n a l .  Calcd. for Ci6H24N20 2: C, 69.53; II, 8.75; N, 10.10. 
Found: C, 69.41, 09.48; II, 8.32, 8.47; N, 10.02, 10.25.

P r e p a r a tio n  o f  N ,N '-d ia c e ty l- 2 ,5 - d im c th y l- l ,4 - d i(a ? n in o -  
m eth y l)b c n ze n e  a n d  N -(2 ,5 -d im e th y lb e n z y l)a c e ta m id e . A sus
pension of 144.0 g. (4.4 moles) of 91% paraformaldehyde in 
1750 ml. of acetic acid and 360 ml. of sulfuric acid was 
treated with 214 g. (5.25 moles) of acetonitrile in the usual 
way. When the spontaneous reaction was complete 212 g. 
(2.0 moles) of p-xylene were added and the mixture heated 
at 90°. After about 3 hr. a white precipitate began to form 
and eventually the mixture could not be stirred. The solid 
was collected on a sintered glass funnel and washed thor
oughly with petroleum ether (b.p. 30-60°). Both the residue 
and the filtrate were processed.

The solid was dried at 75° to give 600 g. (67.5%) of crude 
sulfate. This material was slurried with water, filtered, and 
washed thoroughly on the filter until the washings were 
neutral. After drying the yield of crude diamide was 282.5 
g. (55% overall), m.p. 242-250°. The analytical sample, 
prepared by recrystallization from methanol, melted at 
269°.

A n a l .  Calcd. for Ci4H20N2O2: C, 67.71; H, 8.12; N, 11.28. 
Found: C, 67.52, 67.53; H, 7.96, 7.73; N, 11.50.

The original filtrate was diluted with water, made basic 
with ammonium hydroxide, and extracted thoroughly with 
butanol. The extract was concentrated and the residue 
was distilled. The product consisted of 75 g. (21%) of color
less oil, b.p. 140-180° (0.1-0.3 mm.) which solidified in the 
receiver, m.p. 75-85°. The distillate was crystallized from a 
mixture of benzene and petroleum ether to give an analytical 
sample melting at 90-91°. The compound had the correct 
analysis for Ar-(2,5-dimethylbenzyl)acetamide (Table I).

P r e p a r a t io n  o f  N ,N '-d ia c e ty l- 2 ,3 ,5 ,6 - te tr a m e th y l - l ,4 -d i -  
(a m in o m e th y l)b e n ze n e . A suspension of 72.0 g. (2.4 moles) of 
paraformaldehyde in 1750 ml. of acetic acid and 150 ml. 
of sulfuric acid was treated dropwise with 107.0 g. (2.6 
moles) of acetonitrile at 30-70°. When the spontaneous 
reaction was complete 134 g. (1.0 mole) of durene were 
added and the temperature was raised to 85°. After 45 
min. a voluminous precipitate began to appear. Heating 
was maintained for 5 hr. and, after cooling, the mixture was 
filtered on a sintered glass funnel, washed thoroughly with 
hexane, and dried i n  vacuo .

A n a l .  Calcd. for Ci6H24N2S20 8: N, 6.42; S, 14.69; H2S04, 
45.0%. Found: N, 6.20, 6.22; S, 14.26; H2S04 (by titration) 
43.0%.

The product was washed thoroughly with water until the 
washings were neutral. After drying at 75°, the yield of white 
solid, not melting below 310°, was 198 g. (72%). An analyti
cal sample was prepared by three recrystallizations from 
glacial acetic acid.

A n a l .  Calcd. for CisH24N2C>2: C, 69.53; H, 8.75; N, 10.14. 
Found: C, 69.53, 69.36; H, 8.50, 8.58; N, 10.25.

N - ( o -  a n d  p -M e th y lb e n z y l)a c e ta m id e . A suspension of 165 
g. (5.8 moles) of paraformaldehyde in 1050 ml. of acetic acid 
and 450 ml. of sulfuric acid was treated with 226 g. (5.5
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moles) of acetonitrile at 30- 70°. When the exothermic 
reaction was treated with 226 g. (5.5 moles) of acetonitrile 
at 20-70°. When the exothermic react .on was over, 460 
g. (5.0 moles) of toluene was added and the mixture was 
heated for 4 hr. at 00°. The cooled mixture was poured into
10 1. of cold water and extracted thoroughly with fresh 
toluene. The extract was washed, concentrated, and distilled 
to give 422 g. (53%) of mixed isomers, b.p. 130° (0.05 mm.), 
m.p. 65 100°. The material was redistilled and a middle 
fraction was collected for analysis.

A n a l .  Calcd. for C,„H13HO: C, 73.50: H, 8.03: X, 8.58. 
Found: C, 73.67, 73.28; H, 7.84, 8.07; X, 8.84.

A crude undistilled mixture of isomers prepared as above 
was dissolved in a hot mixture of acetone and petroleum 
ether (b.p. 30-60°). Upon cooling a yellow oil separated 
which partially solidified upon standing. The solid was 
filtered and pressed tightly on the funnel to remove adhering
011 droplets. Both the solid residue and oily filtrate were 
processed.

The solid was recrystallized from a mixture of benzene 
and petroleum ether (b.p. 30-60°) to give colorless needles 
of A’-(p-methylbenzyl)acetamide, m.p. 110-112°. The 
analytical sample, prepared by two additional recrystal
lizations from benzene, melted at 112-113° (Table I).

The oily filtrate was distilled to give'82.5 g. of colorless 
oil, b.p. 132-135° (0.05 mm.), which solidified in the re
ceiver, m.p. 44-68°. Three recrystallizations raised the 
melting range to 59-75° but the A'-(o-methvlbenzyl)- 
acetamide could not be purified further (Table I).

S - A c e ty l - l -n a p h lh a le n e m e th y la m in e . To 100 ml. of aceto
nitrile at 5° was added dropwise with stirring 7.5 ml. of 
coned, sulfuric acid. After 0.5 hr., 15.8 g. (0.1 mole) of 1- 
naphthalcnemethanol was added in small portions at 5°, 
then allowed to warm slowriy to room temperature. Polymer 
which precipitated during the reaction was removed me
chanically. After 5 days the product was diluted with water 
and extracted thoroughly with ethyl acetate. The extract 
was washed, dried and concentrated. The residue was dis
tilled to give 6.0 g. of yellow oil, b.p. 150-215° (0.1 mm.) 
which solidified in the receiver. The distillate was recrystal
lized twice from a mixture of benzene and petroleum ether 
(b.p. 30-60°) and twice more from a mixture of ethyl 
acetate and petroleum ether to give white crystals, m.p.
127-128.5° (lit..,10 m.p. 134°).

A n a l .  Calcd. for C13H13XO: C, 78.37: H, 6.58; X, 7.03. 
Found: C, 78.47, 78.54; H, 6.52, 6.76; X, 7.09, 7.09.

N -A c e ly l-8 -n a p h th a le n e m e th ii la m in e . By the same pro
cedure employed for the 1-isomer above, there was obtained 
from 2-naphthalenemethanol a colorless oil, b.p. 169-200° 
(0.1 mm.), m.p. 113-119° after recrysta.lization from ben
zene and petroleum ether (b.p. 30-60°). After repeated 
recrystallization from a mixture of ethyl acetate and petro
leum ether the analytical sample mehed at 125-125.5° 
(lit,.,25 m.p. 126°). A mixture with the 1-isomer showed a melt
ing point depression of 35°.

A n a l .  Calcd. for C13H13XO: C, 78.37: H, 6.58; X, 7.03. 
Found: C, 78.90, 78.73; H, 6.56, 6.38: X, 7 18, 7.20.

A r,N '- D ia c e ty l - l ,4 -d i(a in in o m e th y l)n a p h lh a Ie n e . To a solu
tion of 3.8 ml. of sulfuric acid in 25 ml. of acetonitrile was 
added 4.7 g. (0.025 mole) of l,4-di(hvdroxymethyl)naph- 
thalene with shaking and cooling a t 5°. After having stood 
overnight, the mixture had separated into two phases. It 
was diluted with water, made basic with ammonium hy
droxide and extracted thoroughly with ethyl acetate. The 
organic phase was filtered to give a 0.5 g. of residue, m.p. 
261-262.5°, after recrystallization from methanol. Concen
tration of the organic phase yielded a gummy residue which, 
after repeated recrystallization from methanol, gave an 
additional yield of diamide, m.p. 260-262.5°. The total 
yield was 2.5 g. (37%).

A n a l .  Calcd. for CieHisXdDo: C, 71.09; H, 6.71; X, 10.37. 
Found: C, 70.42, 70.53; H, 7.18, 7.07; N, 10.26.

A m id o m e th y la t io n  o f  n a p h th a le n e . To a solution of 180.0 
g. of paraformaldehyde in 1740 ml. of acetic acid and 450

ml. of sulfuric acid was added 270 g. (6.6 moles) of aceto
nitrile dropwise a t 30-50° in the usual way. After cooling 
slightly 384 g. (3.0 moles) of naphthalene were added and 
the temperature was maintained a t 70° until the mixture 
was homogeneous. The temperature was then held a t 90° 
for 5 hr. longer and cooled. The apparatus was arranged for 
distillation in  va cu o  and about 1200 ml. of acetic acid was 
distilled at 20 mm. pressure. The viscous residue was 
treated with 1 I. of water and then neutralized with am
monium hydroxide.

The product was a heavy gummy solid which was isolated 
by decantation of the liquid. The gum was washed briefly 
with water then refluxed for 24 hr. with a mixture of 1250
ml. of acetic acid and an equal volume of coned, hydro
chloric acid. The mixture was concentrated by distillation 
at reduced pressure. The residue was neutralized with sodium 
hydroxide and a small amount of polymer which precipi
tated was removed mechanically. The pH was then adjusted 
to 11 with additional alkali and the resulting oil was ex
tracted with butanol. After removal of the solvent distillation 
of the residue gave 285.2 g. of an oil, b.p. 138-190° (0.2
mm. ), which partially crystallized upon refrigeration for 
24 hr. The product was filtered and pressed on the filter 
with a rubber dam to remove adhering oil droplets. Both 
filtrate (A) and residue (B) were processed.

The viscous yellow-green filtrate (A) was distilled through 
a Yigreux column:

F r a c t io n  1, b.p. 97-109° (0.1 mm.), consisted of 55.5 g. of 
color.ess oil. A center fraction of the material obtained upon 
redistillation boiled at 92° (0.1 mm.).

A n a l .  Calcd. for C„H„X: C. 84.00: H, 7.06: X, 8.91. 
Found: C, 83.46, 83.07; H, 7.09, 7.08; X, 8.92.

The hydrochloride was prepared in the usual way and 
recrvstallized from acetic acid. m.p. 253.5-255°.

A n a l .  Calcd. for C„H,,CIX: C, 68.21; H. 6.25; X, 7.23. 
Found: C, 68.20, 68.28; H, 6.26, 5.93; X, 7.26.

The acetyl derivative, prepared by treatment of the amine 
with acetyl chloride in pyridine solution, melted at 127.5- 
128.5°. A mixture with the .Y-acetyl-l-naphthalene- 
methylamine prepared from 1-naphthalenemethanol showed 
no depression in melting point.

A n a l .  Calcd. for Ci3H13XO: C, 78.37; H, 6.58; X, 7.03. 
Found: C, 78.58, 78.21; H, 6.79, 6.72; X, 7.08.

F ra c tio n  2, b.p. 158-165° (0.3 mm.), consisted of 124.5 
g. of slightly viscous yellow-green oil. A center fraction of 
redistilled material boiled at 147° (0.2 mm.). Upon exposure 
to air a bluish fluorescence was developed.

A n a l . Calcd. for C,2H14X2: C, 77.38; H, 7.56; X, 15.04. 
Found: C, 77.09, 76.97; H, 7.81; X, 14.84, 14.78.

The dihvdrochloride did not melt below 300° after re
peated recrystallization from aqueous acetic acid, then from 
a mixture of benzene and methanol.

A n a l .  Calcd. for C,2H 16CI2X2: C, 55.61; H, 6.22; N, 10.81. 
Found: C, 55.96, 55.87; H, 6.46, 6.24; X, 10.60.

The diacetyl derivative prepared from acetyl chloride in 
pyridine melted a t 261-263°. A mixture melting point with 
the diacetamide prepared from l,4-di(hydroxymethyl)- 
naph.halene (v id e  s u p r a )  showed no depression.

A n a l .  Calcd. for C,6H,8X20 2: C, 71.09; H, 6.71; X, 10.37. 
Found: C, 71.03, 71.31; H, 6.74, 6.60; X, 10.15.

The solid residue (B) (31 g.) melted a t 115-125° after 
washing with a little fresh benzene and petroleum ether. 
The analytical sample melted at 128-129.5° after two re
crystallizations from benzene.

A n a l .  Calcd. for G\2H hX2: C, 77.38; H, 7.56; N, 15.04. 
Found: C, 77.17, 76.94; H, 7.80, 7.63; X, 14.81.

The dihydrochloride melted above 300° after repeated 
recrystallization from aqueous acetic acid.

A n a l .  Calcd. for C12H i6CI2X2: C, 55.61; H, 6.22; X', 10.81. 
Found: C, 55.83, 55.57; H, 6.18, 5.95; N, 10.99.

The diacetyl derivative, prepared from acetyl chloride 
in pyridine, melted at 276-279°.

A n a l .  Calcd. for Cii,H„X20 2: C, 71.09: H, 6.71; X, 10.37 
Found: C, 71.57, 71.17; H, 6.67, 6.87; X’, 10.31.
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A lk a l in e  h y d r o ly s is  o f  N ,N '-d ia c e ty l- 1 ,3 - d i (a m in o m e th y l ) -  
b e m e n e . A one-gallon stainless steel autoclave, charged with 
496 g. (2.0 moles) of the diamide la  and a solution of 240 
g. (6.0 moles) of sodium hydroxide in 1800 ml. of water was 
heated for 16 hr. a t 175°. The cooled autoclave contents 
were extracted with butanol and the extract was concen
trated. The residue was heated to about 125° and then 
vacuum from a rotatory oil pump was applied. The hot 
diamine was distilled rapidly into the receiver where it 
crystallized. The product was melted under nitrogen and 
poured into a Pyrex tray. The cooled solid, m.p. 120-127°, 
was further purified by recrystallization from methanol, m.p. 
126-127°.

A c id  h y d r o ly s is  o f  d ia m id e  la. A mixture of 744.0 g. (3.0 
mole) of crude diamide la  in a mixture of 1 1. of glacial 
acetic acid and 1 1. of coned, hydrochloric acid was refluxed 
for 24 hr. The excess acids were distilled at reduced pressure 
until the residue became a thick gummy mass. The residue 
was stirred vigorously with 1200 ml. of 25% sodium hy
droxide and 1 1. of toluene. The resulting mixture consisted 
of a solid phase and two liquid layers. The lower aqueous 
layer was rejected and the organic product was filtered. 
Both residue and filtrate were processed.

The residue was washed with toluene and hexane, then 
recrystallized from methanol to give 163 g. of 4,6-dimethyl-
l,3-di(aminome*hyl)benzene, m.p. 124-126°. Recrystal
lization from benzene gave an analytical sample melting at 
125-126.5° (lit..12 m.p. 124-125°).

A n a l .  Calcd. for C10H 16N2: C, 73.12; H, 9.82; N, 17.06. 
Found: C, 72.92, 73.03; H, 9.69, 9.70; N, 17.17, 17.08.

The monohycrochloride, prepared from a little hydrogen 
chloride in methanol and benzene, melted a t 213-213.5° 
dec.

A n a l .  Calcd. for C10H„C1X2: C, 59.84; H, 8.54; N, 13.96. 
Found: C, 59.88, 59.92; H, 8.13, 8.44; N, 13.83.

The dihydrochloride prepared from excess methanolic 
hydrogen chloride in benzene melted a t 274.5-276.5° 
dec.

A n a l .  Calcd. for C10H 18C12N2: N, 11.81. Found: N, 11.64.
The polysebacate prepared in methanol melted a t 152- 

153°.
A n a l .  Calcd. for CmH^NoO.,: C, 65.54; H, 9.35; N, 7.65. 

Found: C, 65.28, 65.36; H, 9.14, 9.07; N, 7.68.
The toluene phase was dried, concentrated, and distilled. 

There was obtained 43 g. of 2,4-dimethylbenzylamine, b.p. 
86-90° (10 mm.), 105-115° (20 mm.). The hydrochloride 
prepared in the usual way melted at 231-233°.

A n a l .  Calcd. for C9H14C1N: N, 8.20; Cl, 20.75. Found: 
N, 8.07; Cl. 20.30.

N - ( 2 ,4 -D im e tk y lb e n z y l) fo r m a m id e . A mixture of 6.8 g. 
(0.05 mole) of 2,4-dimethylbenzylamine, 20 g. (0.40 mole)

of 90% formic acid and 100 ml. of toluene was refluxed 
while the theoretical amount of water was removed v ia  a 
Dean-Stark trap. On chilling the residue there was obtained
7.5 g. (91%) of product, m.p. 120-121.5°. After two re- 
crystallizations from benzene the analytical sample melted 
a t 122-124°, and did not depress the melting point of the 
monoamide prepared from ?«-xylene, formaldehyde, and 
hydrogen cyanide (Table I).

A n a l .  Calcd. for C10H13NO: N, 8.60. Found: N, 8.62.
M e l t  p o ly m e r iz a t io n  o f  4 f i -d im e th y l- l ,3 - d i{ a m in o m e th y l ) -  

ben zen e  sebaca te . Two grams of the salt were heated in a 
sealed evacuated Carius tube for 2 hr. a t a temperature of 
190-200°. The tube was cooled, opened and then heated 
for 2 hr. a t 295-310° and 0.1 mm. The polymer formed a 
clear, slightly greenish melt. Upon cooling an opaque white 
solid was obtained, m.p. 258-260°.

4 ,6 - D im e th y l-m -x y le n e -a ,a '-d i is o c y a n a te . In a 1-1. three 
necked flask equipped with a Hershberg stirrer, reflux con
denser, and gas inlet tube was placed 59.3 g. (0.25 mole) of
4,6-dimethyl-l,3-di(aminomethyl)benzene dihydrochloride 
and 1650 ml. of dry tetralin. The mixture was heated at 200- 
205° and treated with a stream of chlorine-free phosgene. 
After 7 hr. evolution of hydrogen chloride had ceased and 
the mixture was purged with a stream of inert gas. The dark 
solution was cooled, filtered through Celite, and concen
trated. The residue was distilled to give 36-38 g. (69-70%) 
of a colorless oil, b.p. 171-173° (8 mm.), n™  1.5407.

A n a l .  Calcd. for CI2Hi2X20 2: C, 66.65; H, 5.60. Found: 
C, 66.84, 67.02; H, 5.68, 5.74.

A small portion of the diisocyanate was treated with 
excess methanol. An exothermic reaction occurred and a 
crystalline mass was formed. After one recrystallization 
from methanol the 4,6-dimethyl-l,3-di(carbomethoxyamino- 
methyl)benzene melted at 173-174°.

A n a l .  Calcd. for C„H20N2O4: C, 59.98; H, 7.19; N, 10.00. 
Found: C, 60.69, 60.65; H, 7.28, 7.45; N, 9.85.
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The imide-chloride prepared from 4,4'-dinitrobenzanilide with phosphorus pentachloride which has been prepared for 
the first time has the a n t i  configuration. The Beckmann rearrangement of 4,4'-dinit,robenzophenone oxime with phosphorus 
pentachloride gives this imide-chloride with the a n t i  configuration. As no corresponding sÿn-imide-chloride could be pre
pared independently, this can throw no further light on the mechanism of the Beckmann rearrangement. Similar results 
were obtained with the corresponding 4,4'-dibromo compounds which were prepared for the first time.

According to the mechanism proposed by De- 
war1 for the Beckmann rearrangement of oximes 
and oxime ethers, intermediates of the type R 1—■

/ X  . . .N = C \ are postulated, where X -  is a negative
\ R 2

group. The interpretation given is that there is a 
7r-complex mechanism operating and that the 
trans migration follows from the fact that in the 
transition state one lobe of the nascent w-bond is 
used to bind the departing X -  ion.

R

The use of phosphorus pentachloride to effect 
rearrangement leads to imide-chlorides as interme
diates. These are isolable and stable provided mois
ture is excluded.

Evidently it is of interest to isolate the geometric 
isomers of the imide-chlorides and examine their 
stability. If, and only if both isomers are demon
strated to be long lived under the rearrangement 
conditions could their configuration be used to 
throw further light on the mechanism of the Beck
mann rearrangement.

This present paper records attempts to prepare 
syn and onff-imide-chlorides. Unfortunately, the 
results indicate that such compounds change rap
idly to the more stable anti configuration invalidat
ing conclusions concerning the stereochemistry of 
the Beckmann rearrangement.

RESULTS

The rearrangement product of 4,4'-dinitrobenzo- 
phenone oxime with phosphorus pentachloride was 
isolated according to the procedure described be
low and is a stable material melting at 130.8- 
131.2°. Its melting point does not change on sub
limation in vacuum at 120°, on repeated recrystalli-

(1) M. R. S. Dewar, E le c tro n ic  T h e o r y  o f  O rg a n ic  C h e m is 
tr y ,  Oxford, London, 1949, p. 219.

zations from benzene or carbon tetrachloride, and 
on careful elution through an alumina chromato
graphic column with a 1:1 hexane-benzene mix
ture, where no band other than the single imide- 
chloride band appeared. The dipole moment of the 
material as determined in benzene solution at 25° 
was 1.20 D ±  0.5 D.2 The value calculated for the 
awO'-imide-chloride is 1.4 D and the value calcu
lated for the si/n-imide-chloride is 5.9 D. In calcu
lating the dipole moments of these above models 
the group moments and angles for benzene deriva
tives were used.

O

0 = N
1
O

«»(¡-model

Cl
\

) = \
w V _ f/ \

O ^ N N = 0
II i
O M == 5.9 O

s;/»-model

The product obtained from treating 4,4'-dinitro- 
benzanilide with phosphorus pentachloride, the 
only other known procedure for preparing this 
type of imide-chloride, was isolated in pure form 
and its melting point and mixed melting point with 
the material of the Beckmann rearrangement were 
identical at 130.8-131.2°. This melting point was 
not altered by repeated recrystallizations, sublima
tion in vacuum, or chromatic elution.

In the same manner the product of the Beck
mann rearrangement of 4,4'-dibromobenzophenone 
oxime was shown to be identical with the product 
of the reaction of 4,4'-dibromobenzanilide and phos
phorus pentachloride. Both melted at 93-94° with 
no depression on mixing. All samples of imide-chlo
rides yielded the respective anilides on hydrolysis 
in 1:1 acetone-ammonia water.

(2) Capacitance measurements with Type 650-A Im 
pedance Bridge, General Radio Co., Cambridge, Mass.; 
Audio generator a t 6000 c.p.s.; Oscilloscope detector.
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TABLE I
D i e l e c t r i c  D a t a  f o r  4 - N i t r o b e n z - 4 - n i t r o p h e n y l - i m i n o - c h l o r i d e

Capacitance of cell empty =  42.0 mmf. Temp. =  25° ±  0.1°. Capacitance of cell with benzene = 78.0 mmf
n 2 7.14 X 10"‘ 1.83 X 10“3 5.59 X IO“3 1.09 X 10~2 1.66 X 10-2 2.18 X IO“2
N, 0.999 0.998 0.994 0.989 0.983 0.978

€25 2.28 2.28 2.29 2.31 2.32 2.34
Density 0.875 0.875 0.877 0.879 0.881 0.883
P«. 25.2 26.3 26.8 27.7 28.6 29.5
P2 110 115 125 138 155 179

Nothing about the stereochemistry of the Beck
man rearrangement can be deduced from the results 
of the above experiments as the only other available 
preparative method for this type of imide-chloride 
failed to yield a sj/n-isomer. Nowhere in the litera
ture is it reported that a pair of isomeric imide- 
chlorides have been prepared, all preparations 
yielding a single compound, presumably the anti- 
isomer. Coleman and Pyle3 report that the imide- 
chlorides of benzanilide and p-chlorobenzanilide 
are identical with the imide-chlorides from the 
Beckmann rearrangement of the proper ketoximes.

EXPERIMENTAL

4 ,4 '-D in ilr o b e n z a n i l id e  and 4 ,4 '-d ib r o m o b e n z a n ilid e  were 
prepared by the method of Barnett and Nixon4; 4,4'- 
dinitrobenzophenone was prepared by the method of 
Staedel,5 and converted to its oxime by the method of Shriner 
and Fuson6; 4 ,4 '-d ib r o m o b e n z o p h e n o n e  by the method of 
Montagne7 and converted to its oxime in an identical 
fashion as above.

4 -N itr o b e n z -4 -n itr o p h e n y l- im id e -c h lo r id e . M e th o d  A .  Five 
grams of 4,4'-dinitrobenzanilide which had been previously 
dried in an oven at 110° for 3 hr. and 4 g. of finely divided 
phosphorus pentachloride were placed in a 10-ml. distilling 
flask and connected to the aspirator by means of a filter 
flask which also served as a receiver. The distilling flask 
was heated on an oil bath to 95°, whence the mass melted 
and the evolution of hydrogen chloride commenced. After 
10 min. the reaction subsided and the pressure was gradually 
reduced with the aspirator. The phosphorus oxychloride 
distilled and the reaction mixture became solid again. The 
solid was dissolved in hot, dry benzene and removed from the 
flask by forcing it through a glass tube containing a cotton 
plug by means of a pressure of dry air. Large yellow crystals 
were deposited on cooling and were filtered from the liquor 
and dried under vacuum; m.p. 129-130°; yield 4.3 g., 
81%.

Repeated recrysta.lization from benzene and/or carbon 
tetrachloride gave a material which melted a t 130.8- 
131.2°.8 Slow sublimation under a pressure of 0.5 mm. at 
100° did not change this melting point. The material was 
dissolved in a 1:1 hexane-benzene mixture and the solution 
passed through a column of activated alumina. Only one

(3) G. H. Coleman and E. R. Pyle, J .  A m .  C h e m . S o c .,  
68, 2007 (1946).

(4) E. Barneti and I. G. Nixon, C h e m . N e w s , 129, 90-91 
(1924).

(5) W. Staedel, A n n . ,  283, 168 (1894).
(6) R. L. Shriner and R. C. Fuson, Id e n t i f ic a t io n  o f  O rg a n ic  

C o m p o u n d s , John Wiley and Sons, Inc., New York, N. Y., 
1948, p. 202, Method A.

(7) P. J. Montagne, R e c . T r a v . C h im ., 29, 156 (1910).
(8) Melting points of the purified materials were meas

ured on a micro-melting stage with thermocouple and
potentiometer previously calibrated.

band appeared and was eluted. The solid which was crystal
lized from various cuts of the eluent all melted a t 130.8- 
131.2°. The equivalent weight of the material determined 
argentometrically9 was 309.6 which compares with 305.5 
for the calculated value.

M e th o d  B .  Seven grams of 4,4'-dinitrobenzophenone oxime 
was dissolved in the minimum amount of benzene, 225 ml., 
a t 75° in a 500-ml. distilling flask, fitted with a condenser 
and a receiving flask. Solid phosphorus pentachloride, 6.4 
g., was added a t such a rate as to produce a vigorous reac
tion which did not become violent. After the addition of the 
phosphorus pentachloride, 10-12 min., the pressure of the 
system was gradually reduced by connecting an aspirator 
to the receiving flask and the benzene and phosphorus 
oxychloride were removed. A solid yellow mass remained 
which was dissolved in benzene and isolated in the identical 
manner as above; yield 6.1 g., 82%, m.p. 130.5-131°. 
Repeated recrystallizations gave a melting point which was 
constant at 130.8-131.2° which was not depressed on mixing 
with the imidechloride prepared from the anilide.

Table I gives the values of P 2 of 4-nitrobenz-4-nitro- 
phenylimino-chloride as a function of concentration. N i  
and N 2 are respectively the mole-fractions of solute and 
solvent while e2s° is the dielective constant at 25° with a 
frequency of 6000 cycles per second. P i2 is the molar polariza
tion of the mixtures while P2 is that of the solute calculated 
on the basis that

P a  =  N i P i  +  N 2P 2 (1)

The value for P, for benzene was of course equal to the value 
of P ,2 a t infinite dilute. The total polarization of the solute 
P 2, a t infinite dilution and obtained by extrapolation, was 
108. The contribution of dipole orientation, P ,  to P 2° was 
calculated from the formula

P i° =  P a  +  P '  +  p  (2)

Atomic polarization was neglected and Pe— was calculated 
from the molar refraction which was obtained from tables 
of refractivities given by Partington.10 I t  was found to be
78. These give a value of 30 for the orientation polarization 
which yields a moment of 1.20 D when substituted in the 
moment equation.

P  =  108 -  78 =  30
= 0.0127 X 10_I8(T X P )1/*
= 1.20 D

4 -B ro m o b e n z-4 -b ro m o p h e n y lim id e -c h lo r id e . M e th o d  A .  
Eighteen grams of 4,4'-dibromobenzophenone oxime and
10.5 g. of phosphorus pentachloride, using the same pro-

(9) E. H. Swift, A  S y s te m  o f  C h e m ic a l A n a ly s i s ,  Prentice 
Hall, Inc., New York, N. Y., 1940, p. 347.

(10) A n  A d v a n c e d  T r e a t is e  o n  P h y s ic a l  C h e m is tr y , Vol. 
IV, Longmans Green, and Co., Ltd., London, 1953, pp. 56- 
61.
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eedure as above, gave 15 g. (80%) of product melting at 
93.0-94.0° upon two recrystallizations from benzene.

M e th o d  B .  The imide-chloride prepared in an identical 
manner as above from 2.1 g . of phosphorus pentachloride 
and 3.5 g. of 4,4'-dibromobenzanilide also melted at 93.0-

94.0°, when recrystallized twice from benzene. This was 
not depressed on mixing with the material from the Beck
mann rearrangement of the ketoxime; yield 2.7 g., 72%.

U n i v e r s i t y  P a r k , P a .

[ C o n t r i b u t i o n  f r o m  t h e  D i v i s i o n  o f  O n c o l o g y , T h e  C h i c a g o  M e d i c a l  S c h o o l ]

K R egion  F ission  and A d d ition  P rod u cts o f  7 ,12-D im eth y lb en zta jan th racen e1

HERBERT I. HADLER2 and ALLEN C. KRYGER 

R ece ived  M a r c h  2 ^ ,  1 9 6 0

The K region (5,6-positions) of 7,12-dimethylbenz[a]anthracene was cleaved by treating the appropriate dihydrodiol with 
sodium periodate. The resultant dialdehyde was converted to several oxygenated products as well as 5,6-dihydro-7,12-di
methylbenz [a] anthracene. This latter compound was also obtained in good yield by the hydrogenation of the parent poly
nuclear hydrocarbon using palladium on strontium carbonate as catalyst.3

The carcinogenic property of the polynuclear 
hydrocarbon 7,12-dimethylbenz [a] anthracene, I, 
has been extensively investigated.4 This hydro
carbon has been found to be extremely potent as 
a skin carcinogen.5-9 Nevertheless, very little 
has been reported on the metabolism of this hy
drocarbon. An important factor contributing to 
this lack of information is the paucity of chemical 
studies which began with methyl-substituted poly
nuclear hydrocarbons in general and 7,12-dimethyl
benz [a] anthracene in particular.

For some time,10 as indicated by several re
views11’12'13 it has been speculated that a biochemi
cal process which occurred at the K region14 of a 
polynuclear hydrocarbon was significant to carcino- 1 2 3 4 5 6 7 8 9 10 11 12 13 14

(1) This work was supported by grant C-2399 National 
Cancer Institute, National Institutes of Health, Depart
ment of Health, Education and Welfare, Bethesda, Aid.

(2) Present address: Department of Biochemistry, Uni
versity of Wisconsin, Madison, Wis.

(3) An abstract of some of this work appeared in P ro c . 
A m .  Assoc. C a n cer  R esea rch  3, 25 (1959).

(4) P. Shubik and J. L. Hartwell, S u r v e y  o f  C o m p o u n d s  
W h ic h  H a v e  B e e n  T este d  f o r  C a rc in o g e n ic  A c t iv ity , Supple
ment I, United States Government Printing Office, Wash
ington, 1957, p. 153.

(5) W. E. Bachman, E. L. Kennaway, and N. M. Kenna- 
way, Y a le  J .  B io l ,  a n d  M e d ., 11, 97 (1938).

(6) M. Klein, C a n c er  R esea rch , 16, 123 (1956).
(7) V. Darchun and H. I. Hadler, C a n c er  R esea rch , 16, 

316(1956).
(8) H. I. Hadler, Y. Darchun, and Iv. Lee, J .  N a t .  C a n cer  

I n s t .  23,1383(1959).
(9) G. Della Porta, H. Rappaport, U. Saffiotti, and P. 

Shubik, A. M .  .4. A r c h iv .  P a th ., 61, 305 (1956).
(10) O. Schmidt, N a lu r w is s e r x h a f te n  29, 146 (1941).
(11) C. A. Coulson, A d v . i n  C a n cer  R esea rch , I , 1 (1953).
(12) G. AT. Badger, A d v .  i n  C a n cer  R esea rch , 2, 73 (1954).
(13) A. Pullman and B. Pullman, A d v . i n  C a n cer  R esearch , 

3,117(1955).
(14) The possession of a pheuanthrene moiety has been 

accepted as a required structural feature for carcinogenic 
activity in a polynuclear hydrocarbon. The 9,10-double 
bond of the phenanthrene moiety has been termed the K 
region of the polynuclear hydrocarbon. This region is sus
ceptible to 1,2-addition reactions. In 7,12-dimethylbenz [a]- 
anthracene the 5,6-positions are the K region.

genesis. Metabolism at the K region of the car
cinogen dibenz [a,h] anthracene was established 
when the dibasic acid resulting from fission at this 
region was characterized as a metabolite.15 Con
sequently, a variety of alteration products which 
involved either fission or addition to the Iv region 
of 7,12-dimethylbenz [a] anthracene have been pre
pared.

When starting with unsubstituted polynuclear 
hydrocarbons, the customary route to K region 
fission products has been the addition of osmium 
tetroxide followed by hydrolysis to the dihydro
diol.16 Oxidation with a dichromate salt15’17 or 
chromic acid18 converted the dihydrodiol to an 
ortho quinone. The ortho quinone was cleaved to 
a dibasic acid with peracetic acid.16’17 This route 
was unsuccessful when applied to 7,12-dimethyl
benz [a] anthracene. Although the dihydrodiol, II, 
of the substituted hydrocarbon was available 
through the action of osmium tetroxide on 7,12- 
dimethylbenz [a] anthracene,16 the oxidative step 
to the ortho quinone was fruitless.

An alternative route to K region fission products 
of 7,12-dimethylbenz [a] anthracene was developed. 
The dihydrodiol, II, when treated with sodium 
periodate gave the dialdehyde, III, in quantita
tive yield.19 An attempt to use alkaline silver oxide 
for the oxidation of the dialdehyde, II, to the cor
responding dibasic acid failed. An acidic product 
was isolated with difficulty from the reaction mix
ture. This product, on the basis of elemental analy
sis, corresponded to an alcohol acid and presumably 
was IV. The lactonization of IV would be in keep- 15 16 17 18 19

(15) P. M. Bhargava, H. I. Hadler, and C. Heidelberger, 
J .  A m .  C h em . S o c ., 77,2877 (1955).

(16) J. W. Cook and R. Schoental, J .  C h e m . S o c ., 170
(1948).

(17) E. F. M. Stephenson, J .  C h em . S o c ., 2620 (1949).
(18) C. J. Collins, J. G. Burr, Jr., and D. N. Hess, J .  A m .  

C h em . S o c ., 73, 5176 (1951).
(19) Collins, Burr and Hess18 reported tha t the K region 

dihydrodiol of the unsubstituted polynuclear h\’drocarbon, 
benz[a]anthracene, was not cleaved by lead tetraacetate.
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mg with the difficulty encountered in the isolation 
of IV. Evidently an intramolecular Cannizzaro 
reaction was brought about by the alkalinity of the 
silver oxide reagent. The conversion of III to IV by 
strong alkali alone, confirmed the occurrence of 
the intramolecular Cannizzaro reaction. The iso
lation of the alcohol acid IV was feasible when pre
cautions were taken to minimize lactonization. 
The alcohol acid was easily lactonized to V with 
catalytic amounts of p-toluenesulphonic acid.

The excellent recovery of single isomers (III to 
IV and III to V in 82% and 93% yield respectively) 
indicated that the Cannizzaro reaction was under 
appreciable steric control. In the first step of the 
postulated mechanism of the Cannizzaro reaction 
the hydroxyl anion attacks the aldehydo group 
which eventually ends up as the carboxyl group in 
the final product.20 Thus, structure IV has been 
written with the carboxyl group in the position

corresponding to the most exposed aldehydo group 
in III. The ready saponification of the lactone V 
to the acid IV supported the structures assigned to 
IV and V. It was of interest that although the intra
molecular spatial relationship between the two 
aldehydo groups in III was influenced by the serious 
restricted rotation about the biphenyl bond in 
III, the intramolecular reaction proceeded with 
ease. The possibility of steric acceleration was not 
investigated.

Although one of the aldehydo groups in III was 
hindered by two o rtho  substituents and a buttres
sing21 m e ta  group, the dioxime, VI, was readily 
formed. Dehydration of VI with acetic anhydride

(20) E. R. Alexander, Principles of Ionic Organic Reac
tions, John Wiley and Sons, Inc., New York, N. Y., 1950,
p. 168.

(21) M. Rieger and F. H. Westheimer, .T. A m . ( 'h e m . S o c ., 
72,19(1950).
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yielded the dinitrile, VII. Vigorous saponification of 
VII did not proceed past the monoamide stage of 
the dibasic acid. The residual acid amide group was 
assigned to the most hindered position in VIII. 
When the acid amide, VIII, was treated with 100% 
phosphoric acid, a reagent recommended for the 
hydrolysis of hindered acid amides,22 there was ob
tained a neutral yellow moderately volatile solid. 
The analysis of this product agreed with that of the 
fluorenone IX. A possible sequence yielding this 
product would be hydrolysis, decarboxylation, and 
intramolecular acylation.

Two routes were considered for the synthesis of 
the dihydro K region derivative, X. One route was 
that developed by Hall and Turner23'24’26 for the 
synthesis of 9,10-dihydrophenanthrene in order to 
circumvent the hydrogenation of phenanthrene. 
The other route was direct hydrogenation of
7,12-dimethylbenz [a] anthracene. Both routes
proved to be successful.

Hall and Turner23-24 cyclized 2,2'-di(bromo- 
methyl)-diphenyl with phenyllithium to obtain
9,10-dihydrophenanthrene. In order to apply this 
synthetic method, the dialcohol, XI, was obtained 
by the action of lithium aluminum hydride on any 
one of the ring fission products III, IV, or V. Treat
ment of the dialcohol, XI, with 48% hydrobromic 
acid in acetic acid gave the appropriate bisbromo- 
methyl compound, XII. When XII was cyclized 
with phenyllithium, the desired dihydro Iv region 
product, X, resulted. Both the dihydrodiol, II, 
and the dihydrocompound X, had the same chromo- 
phore as shown by their ultraviolet absorption 
spectra. There was a bathochromic shift of the 
spectral bands in II and X relative to XI. This was 
explained by the higher energy of the ground 
states of II and X relative to XI because of the 
strain imposed by the 5,6-bond in II and X on 
the hindered biphenyl system.

The usual procedure for the partial hydrogena
tion of polynuclear hydrocarbons at room tempera
ture and pressure has been to use a platinum 
cataljrst in an acidic medium and to interrupt the 
reaction before hydrogen absorption was com
plete. Under these conditions, the major product 
isolated from the reduction mixture characteristi
cally had a saturated terminal ring, irrespective of 
whether the parent polynuclear hydrocarbon was 
substituted or unsubstituted. On occasion a small 
amount of Iv region hydrogenated product was also 
isolated.

Fieser and Hershberg26 isolated 8,9,10,11-tetra- 
hydrobenz [a] anthracene, XIV, in 77% yield after

(22) G. Berger and S. C. J. Olivier, R cc . T ra v . C h im ., 46, 
600(1927).

(23) D. M. Hall and E. E. Turner, N a tu r e  163, 537
(1949).

(24) D. M. Hall, M. S. Leslie, and E. E. T urner,./. C h em . 
S o c ., 711 (1950).

(25) G. M. Badger, P. R. Jefferies, and R. \Y. L. Kimbcr, 
J .  C h e m . S o c ., 1837 (1957).

allowing benz fa] anthracene, XIII, to absorb two 
moles of hydrogen in the presence of Adams cata
lyst, ferrous chloride, and hydrochloric acid. The 
substituted polynuclear hydrocarbon 7-methyl- 
benz [a] anthracene, XV, gave after absorbing two 
moles of hydrogen (in the presence of Adams cata
lyst and a trace of hydrochloric acid) 8.9,10,11- 
tetrahydro-7-methylbcnz [a] anthracene, XVI, in 
59% yield.26 These same authors also studied the 
hydrogenation of 3-methylcholanthrene,27 XVII. 
They found that after the absorption of four moles 
of hydrogen (in the presence of acetic acid and 
Adams catalyst containing some palladium), the 
hexahydroproduct, XVIII, was obtained in 40% 
yield and the dihydro K region product XIX, was 
obtained in 20% yield. More starting material 
was recovered when lesser amounts of hydrogen 
were absorbed; however, the ratio of XVIII to 
XIX remained unchanged. From these data Fieser 
and Hershberg concluded that two independent 
concurrent courses for the hydrogenation of 3- 
methylcholanthrene existed.

Lij insky and Zechmeister28 hydrogenated the 
unsubstituted polynuclear hydrocarbon benzofa]- 
pyrene, XX, with two moles of hydrogen (in the 
presence of Adams catalyst and acetic acid) and 
isolated the tetrahydro product, XXI, in 37% 
yield and the K region dihydro product XXII,29 
in 11% yield.

The literature cited above suggested that al
though the interrupted lydrogenation of 7,12- 
dimethylbenz [a] anthracene, I, in the presence of 
platinum and acid might yield some K region di
hydro product, X, it was advisable to investigate 
other conditions. Also, it had been known for some 
time that phenanthrene itself in the presence of 
copper chromium oxide catalyst was hydrogenated 
at elevated temperature and pressure to yield the 
Iv region dihydro product, XXIII.30’31 When pal
ladium on strontium carbonate, precipitated under 
alkaline conditions, was chosen as the Irydrogena- 
tion catafyst a good yield (73%) of purified ma
terial of 5,6-dihydro-7,12-dimethylbenz [a] anthra
cene, X, was obtained from the parent poljmuclear 
hydrocarbon, I, at room temperature and pres
sure. The uptake of hydrogen stopped after 1.2 
moles were absorbed.

Several considerations pointed to the selection 
of palladium on strontium carbonate for the 
exclusive hydrogenation of the Iv region of 7,12- 
dimethylbenz [a] anthracene. The double bond in

(26) L. F. Fieser and E. B. Hershberg, J .  A m .  C h e m . 
S o c ., 59,2502(1937).

(27) L. F. Fieser and E. B. Hershberg, J .  A m .  C h em . 
S o c ., 60, 941 (1938).

(28) W. Lijinsky and L. Zechmeister, J .  A m .  C h em . S o c .  
75,5495(1953).

(29) The structure assignaient was tentative.
(30) I). D. Philips, O ry. S y n th è s e s , 24, 31 (1954).
(31) A. Burger and E. Mosettig, J .  A m .  C h em . S o c ., 58, 

1861(1936).
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question was the most olefinic and least aromatic 
in the parent compound.32 Acidic conditions brought 
about either by the method used to prepare the 
catalyst or by the addition of acid to the hydrogena
tion medium would be expected to promote hy
drogenation of aromatic rings33 (on an empirical 
basis), as illustrated above26’27-23 with XIII, XV, 
XVII, and XX. In a neutral or alkaline medium the 
geometry of the olefinic substrate being hydro
genated would exert its maximal steric influence on 
the incoming c is  hydrogen.34 In an acidic medium 
the probability of the intervention of a different 
hydrogenation mechanism or of additional polar 
factors would be increased.34 The hydrogenation of 
the K region was slower than that of an aromatic 
ring (inferred from the results of Fieser and Hersh- 
berg26 discussed above) and hydrogenation by the 
slower of the possible hydrogenation mechanisms 
was favored by the absence of acid.34 Thus, to ob
tain the results of a single mechanism under the 
most homogeneous steric influence due to the geom
etry of the substrate, to limit the hydrogenation 
of the aromatic rings, and to select the slower of 
the possible mechanisms of hydrogenation, the 
chosen catalyst was precipitated under alkaline 
conditions and no acid was added to the hydrogena
tion medium. The K region of a polynuclear hy
drocarbon also might be considered analogous to a 
styrene bond. Palladium on strontium carbonate 
(prepared differently from the catalyst used in 
these experiments) had been used successfully for 
the hydrogenation of another hindered styrene 
type double bond.35

E X PE R IM E N T A L 36

8 ,4 -D ih y d r o x y -8 , 4 ~ d ih yd ro -7 ,1 S -d im e th y lb e n z  [a] a n th ra c en e , 
II. The generalized procedure of Cook and Schoental16 was 
followed. A solution of 2 g. (0.00786 mole) of osmium te- 
troxide in 40 ml. of dry benzene was added at room tempera^ 
ture, under nitrogen, over a 10-min. period to a stirred 
solution of 2.0146 g. (0.00786 mole) of 7,12-dimethylbenz-

(32) G. M. Badger, T h e  S tr u c tu r e s  a n d  R e a c tio n s  o f  the  
A r o m a t ic  C o m p o u n d s , University Press, Cambridge, Great 
Britain, 1954, p. 160.

(33) H. Adkins and R. L. Shriner, in O rg a n ic  C h e m is try , 
a n  A d v a n c e d  T re a tis e , H. Gilman, editor-in-chief, John 
Wiley and Sons, New York 2nd ed., 1943, p. 817.

(34) H. I. Hadler, E x p e r ie n t ia , 11, 175 (1955).
(35) W. S. Johnson, E. R. Rogier, J. Szmuskovicz, H. I. 

Hadler, J. Ackerman, B. K. Bhattacharyya, B. M. Bloom, 
L. Stalman, R. A. Clement, B. Bannister, and H. Wynberg, 
J .  A m .  C h em . S o c . 78, 6289 (1956). See foot-note 39 of this 
reference.

(36) Melting points were corrected and taken on a hot 
stage when followed by (m). Ultraviolet absorption spectra 
wrere determined on a Beckman spectrophotometer model 
DK1; 95% alcohol was employed as the solvent. Micro
analyses were carried out by Drs. G. Weiler and F. B. 
Strauss, Oxford, England, and Microtech Laboratory, 
Skokie, I I I .;  U.S.A. evaporations were conducted on a steam 
bath under a stream of nitrogen. Chromatographic puri
fication procedures have been included because of the 
interest in the biological testing of some of these compounds 
and to aid metabolic studies.

[a]anthracene (the commercial product was eluted from 
Florisil with cyclohexane and crystallized from cyclohexane), 
m.p. 122.5-123.3° in 60 ml. of dry benzene containing 1 ml. 
of dry pyridine. The stirring was stopped and 2 days later 
the benzene was removed i n  vacuo . The dark residue was 
dissolved co m p le te ly  in about 200 ml. of methylene chloride 
and shaken for 2 hr. with 200 ml. of 5V sodium hydroxide 
and 60 ml. of 1M  D-mannitol. The two layers were separated 
and the shaking repeated with a fresh aqueous solution (if 
necessary) until there was no more pink color in the meth
ylene chloride layer. The organic layer was washed with 
water, dried with sodium sulfate, and evaporated. The 
residue was crystallized from benzene-cyclohexane and gave
l .  786 g. (78%) of a colorless solid, m.p. 172.5-173.5° (lit.16
m . p. 171-172°).

Florisil w-as used for chromatographic purification. The 
starting hydrocarbon, I, was eluted with cyclohexane and 
the dihydrodiol, II, w-as eluted either with 10% acetone- 
90% benzene or with chloroform.

X „5 (log,„ e); 219.5 (4.371); 260.5 (4.625); 269 (4.673); 
303 (3.886); Xmin (log10 e); 234 (4.083); 264.5 (4.585); 284 
(3.642).

1 ,4 -D im e th y l-% -p h e n y ln a p h th a le n e -3 ,2 ’-d ica rb o xa ld eh yd e ,
III . To a solution of 1.408 g. (0.00484 mole) of dihydrodiol, 
II, m.p. 174-175.7° dissolved in a mixture of 1300 ml. of meth
anol and 250 ml. of water there was added at room tempera
ture a solution of 4.15 g. (0.0194 mole) of sodium periodate 
dissolved in 70 ml. of water and 350 ml. of methanol. After 
2 days the reaction mixture was concentrated i n  vacuo  or 
atmospheric pressure to one third of its original volume. 
The organic material was taken up in benzene wrashed suc
cessively with water, 5% sodium bicarbonate, water, brine, 
and dried with sodium sulfate. After evaporating the sol
vent, there remained a quantitative yield of a pale yellow 
solid m.p. 136.3-138°. Repeated crystallization from etha
nol-methanol gave a colorless solid, m.p. 137-137.5°.

A n a l .  Calcd. for C20H16O2 (288.33): C, 83.31; II, 5.59. 
Found: C, 83.20; H, 5.57.

The dialdehyde, III, was eluted from Florisil with 0.5% 
acetone-99.5% benzene.

1 . ,  (log10 <9; 221 (4.554); 255 (4.58S); 260 (4.607); 
297 (3.809); 358 (3.482): Xmin (logic <9; 235 (4.346); 326 
(3.253).

l ,4 -D im e th y l-8 -h y d r o x y m e th y l-8 -p h e n y ln a p h th a le n e -8 '- c a r -  
b o x y lic  a c id  IV. A. U s in g  a lk a l in e  s ilv e r  o x id e . To a fresh sus
pension prepared from 0.34 g. (0.002 mole) of silver nitrate 
dissolved in 10 ml. of water and 0.4 g. (0.01 mole) of sodium 
hydroxide in 4 ml. of water, a solution of 0.144 g. (0.0005 
mole) of the dialdehyde, III, m.p. 138-138.5 in 10 ml. of 
dioxane and 40 ml. ethanol was shaken at room temperature 
overnight. The black precipitate was filtered and then 
washed wrell with water, ethanol, water, and alkali. The 
green filtrate was reduced i n  va cu o  to 25 ml. and 100 ml. 
of water added. The alkaline solution was washed with 
benzene and acidified with 0.5A7 nitric acid. The organic 
material was taken up in chloroform, washed with water, 
and dried with sodium sulfate. The solvent was evaporated 
to give 0.127 g. of a semisolid. Repeated crystallization 
from acetone-cyclohexane gave 0.012 g. of a solid, m.p. 
165-165.2 (m.).

A n a l .  Calcd. for C20H18O3 (306.34): C, 78.41; II, 5.92. 
Neut. equiv., 306. Found C, 78.73; H, 6.12. Neut. equiv., 301.

The alcohol acid IV required 100% ethyl acetate for elu
tion from silica.

Xmax (logic <9; 236.5 (4.912); 286 (3.875); 330 (2.844); 
Xmm (logic e); 263 (3.651): 227 (2.733).

B. U s in g  o n ly  a lk a l i . To an ice cold solution of 1.00 g. 
(0.00437 mole) of dialdehyde, III, m.p. 138.6-138.9°, dis
solved in 200 ml. of methanol there was added slowiy with 
cooling an ice cold solution of 235 g. (4.37 moles) of po
tassium hydroxide dissolved in 200 ml. of water and 200 ml. 
of methanol. The next day the volume was reduced by 
two thirds i n  vacuo. Water wras added to dissolve the solid 
and the aqueous solution was washed with benzene. The
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alkaline solution was added in portions to an extraction 
funnel containing hydrochloric acid, ice chips and chloro
form. Thus, on shaking acidification and extraction were 
carried out simultaneously.

The chloroform extract was washed with water and dried 
with sodium sulfate. After evaporation of the solvent there 
was obtained a quantitative yield of solid, m.p. 149.5- 
154.5°. One crystallization from acetone-cyclohexane gave 
0.875 g. (82%) of colorless needles, m.p. 163-165°, identical 
(mixed m.p.) with the acid produced by method A.

C. F r o m  the lactone, V. To a stainless steel flask contain
ing 5.6 g. (0.1 mole) of potassium hydroxide dissolved in 5 
ml. of water and 5 ml. of methanol there was added a solu
tion of 0.058 g. (0.0002 mole) of lactone V, m.p. 174-175° 
(see below) in 10 ml. of methanol. The mixture was heated 
in an atmosphere of nitrogen at reflux for 2 hr. The volume 
was reduced by one third by evaporation and the acidic 
material isolated by method B described above. There was 
obtained 0.050 g. (82%) of white needles, m.p. 157.5- 
159.5°.

M e th y l  es ter. A solution of 0.153 g. (0.0005 mole) of alco
hol acid, IV, m.p. 159-160°, in 10 ml. of ethyl acetate was 
added to a cold ethereal solution of diazomethane. The 
solvents were evaporated the next, day and the residue taken 
up in benzene, washed successively with saturated sodium 
bicarbonate water, and dried with sodium sulfate. On 
evaporation a quantitative yield of solid, m.p. 130-140°, 
was obtained. One crystallization from benzene-cyclohexane 
gave 0.140 g. (87%) of solid, m.p. 141.5-142.5°. After re
peated crystallization from benzene-cyclohexane the melting 
point was 142.5-143.5°.

A n a l .  Calcd. for C21H20O3 (320.37): C, 78.72; H, 6.29. 
Found: C, 78.75; H, 6.36.

The methyl ester of IV was eluted from Florisil with 2% 
acetone-98% benzene.

Xm„  (log,0 e); 236 (4.591); 285 (3.597); 330 (2,520); 
Amin (logic «); 263 (3.382); 327 (2.415).

1 ,4 -D im e th y l-3 -h y d r o x y m e th y l-2 -p h e n y ln a p h th a le n e -2 '-  
c a r b o x y lic  a c id , e lactone, V. The crude acidic product of 
IV, was obtained from 0.144 g. (0.005 mole) of dialdehyde, 
III, m.p. 138-138.5°, using procedure B. The crude product 
was dissolved in 200 ml. of dry benzene, a crystal of p -  
toluenesulphonic acid was added and the solution heated at 
reflux with a water separator for several days. The benzene 
solution was washed successively with water, saturated 
sodium bicarbonate, and water, and dried with sodium sul
fate. After evaporating the solvent there was obtained 
0.134 g. (93%) of colorless solid, m.p. 171-173°. After 
elution from silica with a mixture of 1 0 %  ethyl acetate and 
90% benzene and repeated crystallization from benzene- 
cyclohexane, there were obtained colorless crystals, m.p. 
178.5-179°.

A n a l .  Calcd. for C2oHi60 2 (288.34): C, 83.31; H, 5.59. 
Found: C, 83.43; H, 5.55.

The lactone V was eluted from Florisil with 1% acetone- 
99 % benzene.

Amax (logic e) 225.2 (4.579); 252 (4.687); 303 (3.659); 
Amin (logio e) 234 (4.509); 285 (3.590).

1 ,4 -D im e ih y l-2 -p h e n y ln a p h ta lh e n e -S  ,2 '-d ica rb o xa ld eh yd e  
d io x im e , VI. A solution of 0.029 g. (0.0001 mole) of dialde
hyde, III, 0.027 g. (0.0004 mole) of hydroxylamine hydro
chloride, 2 ml. of dry pyridine, and 2 ml. of absolute ethanol 
were heated at reflux for 2 hr. The solvents were evaporated 
i n  va cu o . The residue w-as taken up in benzene, washed with 
water, dried with sodium sulfate, and the solvent evaporated 
to give a quantitative yield of solid, m.p. 195.5-198.5° 
(m). The melting point was 197.5-199° after repeated 
crystallization from acetone-cyclohexane

A n a l .  Calcd. for C2oHi8N26 2 (318.36): C, 75.45; H, 5.69. 
Found: C, 75.43; H, 5.64.

l ,4 -D im e th y l-2 -p h e n y ln a p h lh a le n e -3 ,2 '-d ic a r b o n itr i le , VII. 
A solution of 0.840 g. (0.00263 mole) of dioxime, VI, m.p. 
199-201° (m), and 30 ml. of acetic anhydride was heated at 
reflux for 1 hr. Tw o hundred milliliters of water was added

and 15 min. later the organic material was taken up in 
benzene and washed successively with water, saturated 
sodium bicarbonate and -water, and dried with sodium sul
fate. The solvent was evaporated and the residue (quanti
tative yield, m.p. 235-235.5°) was crystallized from ethyl 
acetate-cyclohexane to give 0.689 g. (92%), m.p. 235- 
235.5°. After repeated crystallization the melting point was 
237-238°.

A n a l .  Calcd. for C20H14N2 (282.33): C, 85.08; H, 5.00. 
Found: C, 84.65; H, 5.23.

1 .4 -  D im e th y l-3 -c a r b a m y l-2 -p h e n y ln a p h th a le n e -2 ‘-c a r b o x y lic  
a c id , VIII. A solution of'o.141 g. (0.0005 mole) of dinitrile, 
VII, m.p. 235-235.5° in 30 ml. of ethylene glycol mono
methyl ether containing 5 g. of potassium hydroxide was 
heated at reflux for 18 hr. in a  stainless steel flask fitted 
with a reflux condenser. After cooling, 90 ml. of water were 
added and the neutral material extracted with benzene. 
The alkaline solution was acidified with ice cold hydrochloric 
acid and the organic material taken up in ethyl acetate. 
The extract was washed with wrater, dried with sodium sul
fate, and the solvent evaporated. The residue w-as dissolved 
in benzene and placed on a column of silica. After washing 
the column with benzene and ethyl acetate-benzene, a 
pale yellow solid w-as eluted with ethyl acetate in quanti
tative yield, m.p. 220-221°, then 237-240°. Several crystal
lizations from ethyl acetate-cyclohexane and from acetone- 
cyclohexane gave a colorless solid with a double m.p. v iz ., 
232.5-233° and 240.5-241°, with a crystal transformation 
at 220°.

A n a l .  Calcd. for C20HnO3N (319.35): C, 74.90, H, 5.46; 
N, 4.39. Found: C, 74.80, 74.85; H, 5.60, 5.43; N, 4.40, 4.46.

When V III was heated at reflux for 24 hr. with ethylene 
glycol containing potassium hydroxide, the starting material 
was recovered unchanged.

1 .4 -  D im e th y l-2 ,S -b e n z -9 -flu o r e n o n e , IX. The procedure 
suggested byr Berger and Olivier22 for the hydrolysis 
of hindered amides was used. A solution of 1.42 g. 
(0.01 mole) of phosphorus pentoxide in 3.3 g. (0.02 
mole) of 85% phosphoric acid was added to 0.064 g. 
(0.0002 mole) of the amide, VIII. The homogeneous mix
ture was heated, under nitrogen in an oil bath kept a t 180° 
for 90 min. Some yellow solid appeared on the condenser. 
After cooling the mixture was diluted with 125 ml. of water 
containing 0.5 ml. of coned, hydrochloric acid. The organic' 
material was taken up in ethyl acetate, and washed in suc
cession with water, ice cold 0.5V sodium hydroxide, and 
water. After evaporating the solvent there was obtained, 
a quantitative yield of yellow solid, m.p. 118-120°. Crystal
lization from cyclohexane and acetone-cyclohexane and: 
sublimation at 220° at 15 mm. gave vellow needles, m.p..
122-123.5° (m.).

A n a l .  Calcd. for C19HI40  (258.30): C, 88.34: H, 5.46. 
Found: C, 88.68; H, 5.45.

The fluorenone was eluted from Florisil with 1 % aeetone 
99% benzene.

1 ,4 - D im e th y l -2 ' ,S -d ih y d r o x y m e th y l-2 -p h e n y ln a p h th a lc n e ,
XI. To a solution of 0.085 g. (0.0003 mole) of lactone, V, 
m.p. 168-171°, in 25 ml. of dry ether there was added 4 ml. 
(0.0006 mole) of lithium aluminum hydride dissolved in 
tetrahydrofuran. The mixture was heated gently a t reflux 
for 30 min., cooled, and ethyl acetate cautiously added. 
After the addition of 25 ml. of saturated sodium potassium 
tartrate solution, the ether layer was separated, washed 
successively with saturated sodium bicarbonate, then water, 
and dried with sodium sulfate. The solvent was evaporated 
to give 0.082 g . (94%) of a colorless solid m.p. 137-149°. 
Repeated crystallization from benzene-cyclohexane con
taining a trace of pyridine gave colorless crystals, m.p. 
157-157.5°, with a transition point at 146-147°.

A n a l .  Calcd. for C20H20O2 (292.36): C, 82.15; H, 6.89 
Found: C, 82.22:11, 6.89.

The dialcohol, XI, was eluted from Florisil with 8% 
acetone—92% benzene. Xm„  (log,,, e); 237 (4.988); 286 
(3.865); 293 (3.888) A,,,:,, (log,,, e); 260 (3.6IS).
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By means of this procedure I II  and IV were each converted 
to XI.

1 ^ - D i m e t h y l s '  ,3 -d ib ro m o m e ih y l-2 -p h e n y ln a p h th a le n e ,
XII. To a solution of 0.594 g. (0.002 mole) of dialcohol, 
XII, m.p. 156-157.5°, in 40 ml. of acetic acid there was 
added 12.5 ml. of 48% hydrobromic acid. After heating at 
reflux for 15 min., 6.25 ml. of 48% hydrobromic acid was 
added and heating continued one more hour. On cooling 
0.620 g. (72%) of solid m.p. 148-150° (m) was filtered. 
After repeated crystallization from acetone-methanol, 
the melting point was 147-149°.

A n a l .  Calcd. tor C.oHigBr, (418.18): C, 57.44; H, 4.34. 
Found: C, 58.09, H, 4.59.

5 ,6 -D ih y d t  o -7 ,1 2 -d im ,e th y lb m z (a )a n th r a c e n e , X. A. F ro m  
the  d ib ro m o  c o m p o u n d  X II. A solution of phenyllithium was 
prepared in an atmosphere of helium by adding slowly with 
stirring 1 ml. of bromobenzene to 0.157 g. (0.0227 g.-atom) 
of lithium suspended in 5 ml. of ether. The freshly prepared 
phenyllithium solution, followed by an ether wash, was 
transferred slowly in an atmosphere of helium to a stirred 
solution of 0.2C9 g. i'0.0005 mole) of the dibromo compound, 
XII, in 20 ml. of benzene. The mixture wras heated at reflux 
for 30 min., cooled, and decomposed with water and hydro
chloric acid. The organic layer was washed with water, 
dried with sodium sulfate, and the solvent evaporated. 
The residual phenyl bromide was removed i n  vacuo . The 
residue was dissolved in cyclohexane and passed through 
Florisil. Cyclohexane was evaporated from the eluate and 
the residue crystallized from acetone-methanol to give
0. 0671 g. (52%) of colorless37 solid, m.p. 112-113°. This 
solid was identical with X II obtained below on the basis of 
mixed melting point and ultraviolet spectra determinations.

B. F r o m  7 ,1 2 -D im e th y lb e n z (a )a n th ra c e n e , I. To a, solution 
of 0.128 g. (0.0005 mole) of 7,12-dimethylbenz[a]anthracene.
1, m.p. 122.5-123.1° in 50 ml. of 95% ethanol a small amount 
of catalyst (5% palladium on strontium carbonate) was 
added.38 After several hours the catalyst was filtered and

(37) Repetition of this experiment likely would have 
given a higher yield.

(38) Prepared b}' the procedure of D. K. Banerjee, refer
ence (35), footnote 33.

the solution wras added to a hydrogenation flask containing 
0.064 g. of prereduced catalyst (5% palladium on strontium 
carbonate); hydrogenation was slow and was continued 
overnight when 120% of the theoretical amount of hydrogen 
was absorbed. The catalyst was filtered and the solvent 
evaporated. The residue after crystallization from acetone- 
methanol gave 0.076 g. (59%) of colorless solid, m.p. 109- 
110.5° (m). After repeated crystallization from acetone- 
methanol and sublimation at 160° at 0.05 mm. the melting 
point was 112-113 ° (m.).

A n a l .  Calcd. for G>0H8 (258.35); C, 92.98; H, 7.02. Found; 
C, 92.67; H, 7.04.

Am„* (log10 «); 220 (4.486); 260 (4.918); 268 (4.981); 305 
(3.955) Xmi„ (logio <=) 234 (4.217); 264.5 (4.893); 284 (3.894).

In another experiment,39 the hydrogenation of 1.0 g. 
(0.0039 mole) of I using 50% palladium on strontium car
bonate as the catalyst gave 0.731 g. (73%) of X, m.p.
112.3-112.8°. In this experiment the product was obtained 
subsequent to chromatography (see below) and crystalliza
tion from 95% ethanol.

C h r o m a to g ra p h ic  s e p a r a t io n  o f  I a n d  X. The separation of 
1 mg. of I from 1 mg. X was accomplished on 1 g. of a 2:1 
mixture of magnesia (Westvaco, Seasorb) and celite (Johns 
Manville) in an 8 mm. O.D. glass tube, under suction.

Frac
tion Eluant Eluate

1 10 ml. Cyclohexane Nothing
2 2 ml. Cvclohexane Nothing
3 10 ml. 1 % Chloroform 99% Cyclohexane X
4 10 ml. 1% Chloroform 99% Cyclohexane Nothing
5 2 ml. 1 % Chloroform 99% Cvclohexane Nothing
6 10 ml. 20% Chloroform 80% Cvclohexane I
1 10 ml. 20% Chloroform 80 % Cvclohexane I
8 2 ml. 20% Chloroform 80% Cyclohexane Nothing

C h ic a g o , I l i,.

(39) Carried out by E. E. Smith.

[Co n t r ib u t io n  fr o m  t h e  R e s e a r c h  D iv is io n , E l e c t r o c h e m ic a l « D e p a r t m e n t , E . I . d u  P o n t  de N e m o u r s  & C o ., I n c .]

T h e  O xida tion  o f Organic Substances by P o ta ss iu m  Peroxym onosu lfa te

RICHARD J. KENNEDY a n d  ALBERT M. STOCK

R ece ived  A p r i l  2 0 , 1 9 6 0

The reactions of a stable mixture of potassium peroxymonosulfate, potassium hydrogen sulfate, and potassium sulfate 
with a wide variety of organic substances have been investigated. The reactions with hydrocarbons, hydroxy compounds, 
carbonyl compounds, amines, nitrogen heterocvcles, and with sulfur, phosphorus, and halogen compounds are described 
and discussed. The utility of peroxymonosulfates in halogénation reactions is also discussed. The behavior of peroxymono- 
sulfates is compared with tha t of other inorganic peroxygen compounds and organic peroxyacids.

The existence of a peroxygen acid of sulfur was 
recognized nearly a century ago' but it was not 
until 1898 that Caro'- demonstrated the existence of 
two such acids. It was known to Caro that salts of 
persulfuric acid (peroxydisulfuric acid. H2S2Os) 
converted aniline to an insoluble dye (aniline black). 
When Caro treated aniline with a solution of 
ammonium persulfate in concentrated sulfuric

(1) T. S. Price, P e r -A c id s  nrid. T h o r  S a i fs , Longmans, 
( ireen and Co., London, 1012, p. 10.

(2) H. Caro, Z .  a n y e w . C h e w ., 845 (1898).

acid, he obtained nitrosobenzene, but no aniline 
black. Three years later, Baeyer and Villiger3 
published conclusive evidence that Caro’s acid 
was peroxymonosulfuric acid (H2SO5). It was not 
until 1910, however, that d’Ans and Friedrich4 
prepared pure, anhydrous peroxymonosulfuric acid.

The oxidation of aniline to nitrosobenzene by 
peroxymonosulfuric acid has already been cited;

(3) A. Baeyer ami V. Villiger, R er. 34, 853 (1901 ).
(41 J. d’Aus and W. Friedrich, R er. 43, 1880 (1910;.
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this is by no means the only example of the oxi
dation of an organic substance by peroxymono- 
sulfuric acid or its salts. Peroxymonosulfuric acid 
and Baever’s persulfuric reagent (K2S208, H2SO4, 
and K2SO4) have been used in the preparation of 
lactones from cyclic ketones,5 6 esters from ketones6’7 
glycols from olefins,8 amine oxides from tertiary 
amines,9 iodoxybenzene from iodobenzene,10’11 and 
nitrosocyclohexane or cyclohexanone oxime from 
cyclohexylamine.12

The preparation of stable salts of peroxymono
sulfuric acid has been described in a recent patent.13 
The reactions of a stable mixture of potassium 
peroxymonosr.lfate, potassium hydrogen sulfate, 
and potassium sulfate with a wide variety of organic 
substances have been investigated. The mixtures 
used in this investigation contained approximately 
5% active oxygen14 and consisted of approximately 
two moles of potassium peroxymonosulfate and 
one mole each of potassium bisulfate and potas
sium sulfate. Like peroxymonosulfuric acid, the 
salt mixture is a powerful oxidant with a wide 
range of application; unlike peroxymonosulfuric 
acid the mixture can be stored without appreciable 
loss of active oxygen and handled with negligible 
hazard to the user.

The mixed salts are moderately soluble in water; 
solutions approximately 1M  with respect to potas
sium peroxymonosulfate can be prepared without 
difficulty at room temperature. The salt mixture 
used in our experiments formed strongly acidic 
solutions (about pH 2) because of the presence 
of the bisulfate ion. The peroxymonosulfate ion is 
stable in such acidic solutions. As Ball and Ed
wards15 have shown, the active oxygen is gradually 
lost through decomposition reactions in alkaline 
solution.

Although potassium peroxymonosulfate is not 
appreciably soluble in common organic solvents,

(5) A. Bacyer and Villigcr, Bcr. 32 , 3625 (1800).
(6) It. E. Marker, J .  A m .  C h e m .  S o r . ,  6 2 ,  2543 (1040).
(7) For a brief listing of the types of c-arbonyl compounds 

oxidized by Caro’s acid or related peroxygen compounds, 
see W. vonE. Daering and L. Speers, J .  A m .  C h c m .  S o c . ,  

72,5515(1050).
(8) Y. Isliii, J .  C h e m .  S o c .  J a p a n ,  l n d .  C h e m .  S e e l .  54, 

58(1951).
(9) L. W. Jones and E. B. Hartshorn, J .  A m .  C h e m .  S o c . ,  

46,1840(1924).
(10) E. Bamberger and A. Hill, B er. 33 , 533 (1900).
(11) I. Masson, E. Race, and F. E. Founder, J .  C h e m .  

S o c . ,  1669(1935).
(12) I. Okamura and R. Sakurai, C h e m .  H i g h  P o l y m e r s  

( J a p a n ) ,  8, 296 (1951).
(13) S. E. Stephanou, U. S. Patent 2.802,722 Aug. 13, 

1957.
(14) Active oxygen, as the term is used here, refers to the 

oxygen in excess of that required to form the bisulfate, i . e . ,  

KHSO5 — >- KHSO4 +  [O J, where [O] = active oxygen. 
In terms of the structure of the peroxymonosulfate ion, 
(HOOSOa),-  the active oxygen is located in the perhydroxyl,
i . e . ,  —O—O—II, group.

(15) D. I,. Ball and J. O. Edwards, J .  A m .  C h e m .  S o c .  

78, 1125(1956).

water-ethanol, water-acetic acid and water-eth
anol-acetic acid mixtures have been employed 
successfully as solvents for the KHSO5-KHSO4- 
K2S04 mixture. A slurry of the mixed salts in 
glacial acetic acid has also proved to be an effective 
oxidant.

In addition to solubility, two other factors should 
be considered in predicting the behavior of peroxy
monosulfate toward organic systems. The first of 
these factors is the oxidation potential of the per- 
oxymonosulfate-bisulfate couple (E° = 1.44v). 
If the standard potential for the organic couple is 
known, it is possible to predict whether or not the 
oxidation reaction is thermodynamically feasible. 
The second factor to be considered is the nature of 
the free radicals, ionic species, or indefinite inter
mediate complexes which might be obtained from 
peroxymonosulfate under various reaction con
ditions. In free radical reactions, for example, 
the peroxymonosulfate ion can theoretically liber
ate a hydroxyl radical and a sulfate ion-radical 
(Equation 1). One or the other of these radicals 
can be obtained from an organic peroxyacid, hy
drogen peroxide, or peroxydisulfate ion (Equations 
2, 3, 4). Thus peroxymonosulfate ion might be

HOOSO,- — HO- +  -OS03-  (1)

RCOOOII — >- RCOO- +  OH (2)

HOOII — >- 2HO- (3)

(O3SOOSO3)-2 — >  2 -O S O 3 -  (4)

expected to behave somewhat like all of these sub
stances. Differences in behavior might also be ex
pected, as peroxymonosulfate ion is the only one 
of the four substances capable of generating 
both an ion-radical and an uncharged radical. 
These expectations are at least partially confirmed 
by the fact that the KHSO-KHSCVITSCb mix
ture effects both the Elbs persulfate oxidation of 
phenol (peroxydisulfate reaction) and the con
version of a cyclic ketone to a lactone (organic per
oxyacid reaction).

An aqueous solution of the salt mixture converts 
toluene to benzoic acid and diplienylmethane to 
benzophenone. In both instances, prolonged stir
ring and heating of the reaction mixture is necessary 
due to the immiscibility of the aqueous and organic 
layers. Olefins can be converted to glycols or glycol 
esters depending upon the solvent system employed. 
Cyclohexene is converted to trails- rather than 
cfs-cyclohexanediol. The preferential formation of 
this isomer may be an indication of trans addition 
by an electrophilic fragment of peroxymonosulfate, 
but it may also indicate that epoxides are interme
diates in this reaction. Attempts to isolate the epox
ides, however, have been unsuccessful. A terminal, 
as well as an internal double bond, can be 
hydroxylated by the salt mixture if sufficiently 
vigorous reaction conditions are employed.
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The KHSO5-KHSO4-K2SO4 mixture readily con
verts 2-propanol to acetone and ethanol to acetic 
acid (or to ediyl acetate if an excess of ethanol is 
used). Acetaldehyde and acrolein could not be 
obtained from the corresponding alcohols despite 
a report16 that potassium peroxydisulfate converts 
allyl alcohol *o acrolein.

It appears that the KHS0 6-KHS0 4-K2S04 com
position studied does not effect the cleavage of 
vicinal glycols; in this respect, it differs from 
potassium peroxydisulfate, which cleaves vicinal 
glycols in the presence of silver ions.17 On the other 
hand, it does convert phenol to hydroquinone in 
low yield; in this respect it resembles potassium 
peroxydisulfate.18

Moderate yields of lactones are obtained from 
the reaction of the salt mixture with cyclic ketones. 
In this case, its behavior resembles that of organic 
peroxyacids rather than that of inorganic peroxy- 
gen compounds. The latter reagents, including a 
K2S2O8-H2SO4 mixture,19 have a pronounced tend
ency to convert cyclic ketones to aj-hydroxy- 
acids20 or polyesters derived from these acids.19'21

Simple aromatic aldehydes are easily oxidized 
to the corresponding acids by the KHSO5-KHSO4- 
K2S04 mixture, but o-hydroxy aromatic aldehydes 
undergo the Dakin reaction (replacement of a 
formyl group by a hydroxyl group) when treated 
similarly. Diaryl ketones can be converted to 
esters by treatment with the salt mixture.

As expected from the behavior of peroxymono- 
sulfuric acid, the KHSO6-KHSO4-K2SO4 mixture 
readily converts primary aryl amines to nitroso 
compounds rather than to aniline black. Primary 
n-alkyl amines are oxidized to the corresponding 
acids by the salt mixture; for example, 2-phen- 
ethylamine is converted to phenylacetic acid. 
The salt mixture converts cyclohexylamine, a 
typical cycloalkylamine, to the corresponding 
nitroso compound. Spectroscopic evidence indi
cates that f-butylamine is oxidized to a nitroso 
or nitro compound, but the identity of the product 
has not been conclusively proved. Secondary ali
phatic amines are apparently unaffected by a solu
tion of the KHSO6-KHSO4-K2SO4 mixture in 
dilute acetic acid. Pyridine is converted to pyridine-
1-oxide by a slurry of the salt mixture in glacial 
acetic acid.

The KIISO6-KHSO4-K2SO4 mixture converts 
alkyl mercaptans to sulfonic acids and diaryl 
sulfides to sulfones in nearly quantitative yields.

(16) R. L. D atta and J. N. Sen, J .  A m . C hem . S o c .,  39, 
747(1917).

(17) F. P. Greenspan and H. M. Woodburn, J .  A m . C h em . 
S o c., 76,6345(1954).

(18) W. Baker and N. C. Brown, J .  C hem . S o c .,  2303
(1948).

(19) R. Robinson and L. H. Smith, J .  C h em . S o c ., 371
(1937).

(20) M. Fling, F. N. Minard, and S. W. Fox, J .  A m .  
C hem . S o c ., 69,2466 (1947).

(21) M. Hudlicky, C h em . l i s ty ,  45, 3801 (1952).

Triphenylphosphine is oxidized to triphenylphos- 
phine oxide and iodobenzene is oxidized to iodoxy- 
benzene by the salt mixture.

The free radical polymerization of typical vinyl 
monomers such as vinyl acetate, ethyl acrylate, and 
acrylonitrile is initiated by the salt mixture. How
ever, ammonium peroxydisulfate has been found to 
be superior to KHStVKHSCh-KaSCh mixture as an 
initiator for such polymerizations.

The KHSO5-KHSO4-K2S04 mixture apparently 
does not bring about the coupling (dehydrodimeri
zation) of compounds such as toluene, acetic acid, 
and nitriles. This observation is somewhat surpris
ing in view of the fact that both hydrogen peroxide22 
and potassium peroxydisulfate23 effect the coupling 
of the above substances.

Toluene can be converted to a benzyl halide by 
heating with a dry mixture of the KHSO5-KHSO4- 
K2SO4 composition and an alkali metal chloride or 
bromide. However, such mixtures appear to be 
indifferent toward most other organic substances, 
including simple olefins.

EXPERIMENTAL24' 25

1. B e n z o ic  a c id  ( fr o m  to lu en e). Toluene (27.6 g.) was 
heated under reflux with an aqueous solution of the KHSOt- 
KHSOi-KsSO, mixture (135 g. in 400 ml. of water) for 22 hr. 
The organic layer was removed and combined with the 
ether extracts of the aqueous layer. The ether solution was 
dried over anhydrous sodium sulfate and filtered. Distilla
tion of the filtrate gave 20.0 g toluene and 5.0 g. of a solid 
acidic residue. After crystallization from hot water, the 
acidic solid was identified as benzoic acid, m.p. 121- 122°., 
neut. equiv. 12 1 , 122.

2. B en zo p h en o n e . The procedure was essentially the same 
as tha t employed in the oxidation of toluene, except that 
the reaction mixture was heated for 30 hr. The ketone was 
isolated as its 2,4-dinitrophenylhydrazone (m.p. 239-240°) 
by treating the recovered diphenylmethane with an ethanol 
solution of 2,4-dinitrophenylhydrazine containing a catalytic 
amount of hydrochloric acid.

3. tra n s-C yc lo h ex a n ed io l.  Cyclohexene (16.4 g.) was 
added slowly to a solution prepared by dissolving the 
KHS06-KHS04-K2S0 4 composition (50.5 g.) in a mixture 
of glacial acetic acid (75 ml.), water (75 ml.), ethanol (75 ml.), 
and coned, sulfuric acid (50 ml.). The reaction was main
tained a t a temperature of 70-80° and stirred vigorously 
for 3 hr. The mixture was allowed to cool, diluted with water, 
and extracted with chloroform. The chloroform extract was 
dried over anhydrous sodium sulfate and filtered. Dis
tillation of the filtrate under reduced pressure (1  mm.) gave
10.2 g. of a liquid (b.p. 75-80°) which solidified on standing. 
After crystallization from an ethanol-petroleum ether 
(b.p. 65-110°) mixture, the solid ¿raas-cyclohexanediol 
melted a t 79°.

A n a l .  Calcd. for C6H i20 2: C, 62.1; H, 10.3. Found: C, 
61.75,61.67; H, 10.02,9.93.

(22) D. D. Coffman, E. L. Jenner, and R. D. Lipscomb, 
J .  A m . C hem . S o c ., 80, 2864 (1958).

(23) C. Moritz and R. Wolffenstein, B e r .,  32, 2531 (1899).
(24) All melting points are uncorrected.
(25) The stable mixture of KHSOs, KHSO4 and K2S 04 

used in all reactions was “Oxone” monopersulfate com
pound containing about 5% active oxygen (E. I. du Pont 
de Nemours & Co., Inc.).
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TABLE I
O x i d a t i o n '  o f  O r g a n i c  C ompounds w i t h  KHS05-KHS04-K;S04 M i x t u r e s

Compound Procedure Product Conversion, % a’c Yield, % 4’e

Toluene 1 Benzoic acid 14 50
Diphenylmethane 2 Benzophenone 2 10
Cyclohexene 0 trans-Cvclohexanediol 44 44
1-Dodecene 4 1,2-Dodecanediol 30á 3 7 d
2-Propanol 0 Acetone 100 100
Ethanol 0 Ethvl acetate 100e 100e
Phenol 6 Hydroquinone 4 21
Cyclopen tanone 1 Valerolactone 35 35
Cyclohexanone 7 Caprolactone 46 46
Benzaldehyde 8 Benzoic acid 70 70
Salicylaldéhyde 9 Pyrocatechol 17 70
Benzophenone 10 Phenyl benzoate 69 77
p-Phenylencdiamine 11 p-Dinitrosobenzene 100 100
2-Phenethylamine 12 Phenylacetic acid 24 24
Cyclohexylamine 13 Nitrosocvclohexane 32 32
Pyridine 1- Pyridine- 1-oxide 13 13
Dodecyl mercaptan 15 Dodecvlsulfonic acid 100 100
Diphenyl sulfide 16 Diphenvl sulfone 97 97
Triphenylphosphine 17 T riphenylphosphine

oxide 100 100
Iodobenzene 18 Iodoxybenzene 72 72

moles of product moles of product
moles of limiting reactant ^ m u. /o x ieiu m oies 0f limiting reactant not recovered ^

yields and conversions reported should not, in all cases, be regarded as the best obtainable. It is felt that many of the re
ported yields can be improved by modification of the techniques used in isolation of products and recovery of reactants. 
Some conversions might be improved if more favorable reaction conditions can be found. i  The glycol was obtained by a two- 
step process. The yield and conversion reported are based on the glycol-olefin mole ratio. e Based on KHSOj.

4. 1 ,2 -D o d eca n ed io l. A mixture of the KHSO5-KHSO4- 
K2S04 composition (61.4 g.), glacial acetic acid (75 ml.), 
ethanol (75 mb), distilled water (75 ml.), coned, sulfuric 
acid (50 ml.), and 1-dodecene (33.6 g.) was stirred and 
heated under reflux for 3 hr. The mixture was allowed to 
cool and the organic (less dense) layer was removed and 
washed with four 25-ml. portions of 10% sodium chloride 
solution. The washed liquid was dried over anhydrous mag
nesium sulfate, filtered, and distilled, first a t atmospheric 
pressure, then under reduced pressure. Two high-boiling 
fractions (I, b.p. 120-170°/7 mm., 11.5 g.; II, b.p. 170-235°/ 
7 mm., 5.2 g.) were obtained. The infrared spectra of these 
fractions indicated that they probably consisted of the 
mono- and diacetates of 1,2-dodecanediol. A portion (5.8 
g.) of Fraction I was boiled under reflux with alcoholic po
tassium hydroxide (5.0 g. potassium hydroxide, 30 ml. 
ethanol) for 5 hr. The reaction mixture was then concen
trated to a volume of 15 ml. and poured into 350 ml. of hot 
water. After the mixture cooled, the product (a fragrant 
oil) was removed by extraction with ether (100 ml. in three 
]x>rt.ions). The ether solution was dried and filtered; evapora
tion of the ether left 3.2 g. of an oily residue which solidified 
on standing overnight. The crude product melted at 52-55° 
(reported26 for 1,2-dodecanediol, m.p. 60-61°). Two crystal
lizations from methanol failed to raise the melting point or 
narrow' the melting range. However, the infrared spectrum 
of the product left little doubt that it was 1,2-dodecanediol.

Anal. Calcd. for C12H 26O2: C, 71.23; H, 12.95. Found: 
C, 71.81, 71.78; H, 12.59, 12.80.

5. A ce to n e . A 1-1. three necked flask was fitted with a 
total condensate, variable take-off distilling head, a me
chanical stirrer and an addition funnel. The flask was 
charged with the KHSOs-KHSCL-KsSO» (50.0 g.) and 2- 
propanol (200 ml.). The stirrer was started and concen
trated sulfuric acid added a t such a rate that the tempera
ture of the reaction mixture was maintained at about 70°. 
A liquid, b.p. 57-65°, was distilled from the reaction flask.

(26) D. Sworn, G. X. Billen, and J. T. Scanlan, ,/. A m .  
C h e m . S o c ., 68, 1504 (1946).

This liquid was redistilled through an 18-inch, silver mir
rored Vigreux column. Aliquots of the distillate were with
drawn periodically and treated with Brady’s 2,4-dinitro- 
phenylhvdrazine reagent. The resulting 2,4-dinitrophenvl- 
hydrazonc melted at 127-128° and did not depress the 
melting point of authentic acetone 2,4-dinitrophenylhy- 
drazone. The distilled acetone obtained weighed 10.2 g.

Ethanol wras treated similarly. No acetaldehyde distilled 
from the reaction flask, but ethyl acetate was recovered 
from the reaction mixture.

6 . H y d r o q u in o n e . Phenol (18.8 g.) was dissolved in 400 
ml. of an aqueous (10%) sodium hydroxide solution. The 
resulting solution was chilled to 5-10° and stirred vigorously 
while 250 ml. of an aqueous solution of the KHSOs-KHS04- 
K2SO4 mixture (61.4 g.) was added. The addition required
3.5 hr.; the reaction mixture was then allowed to come to 
room temperature (23°) and stand overnight. The reaction 
mixture was made strongly acidic and extracted with 
ether. The ether extrarts were dried over anhydrous sodium 
sulfate and filtered. Distillation of the extracts yielded
14.8 g. of unchanged phenol. The acidic reaction mixture 
was boiled under reflux for 30 min., cooled, and again ex
tracted with ether. The extracts were dried over anhy
drous sodium sulfate and filtered. Removal of the ether by- 
distillation gave 1.0 g. of a dark-colored, solid residue. After 
two crystallizations from dilute hydrochloric acid, the solid 
melted at 171-173° and did not depress the melting point 
of an authentic sample of hydroquinone.

7. ( rC a p ro ln d o n e . An aqueous solution (400 ml.) of the 
KHSO5-KHSO4-K0SO4 mixture (150 g.) was added slowly 
to a cold (0-5°) mixture of cyclohexanone (49 g.) and 
water (250 ml.). The resulting mixture w-as stirred for 30 
min., then neutralized with an aqueous solution of potassium 
carbonate. The aqueous layer was extracted with three 
100-ml. portions of ether. The ether extracts were com
bined, dried over anhydrous sodium sulfate and filtered. 
Distillation of the extracts, first at atmospheric pressure, 
then under reduced pressure, gave 26 g. crude e-caprolac- 
tone, b.p. 97-110°/14 mm., n \ ;  1.450.

The procedure used for the preparation of i-valerolactone
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was similar to the above, except that the solvent used was a 
mixture of water ethanol and sulfuric acid.

8. B e n z o ic  a c id  ( f r o m  b e n za ld eh yd e ) . A solution of the 
KHSOs-KHSOi-KoSOi (25.0 g.) in 150 ml. of distilled water 
was added cautiously to a solution of benzaldehyde (10.6 g.) 
n chloroform. Concentrated sulfuric acid was then added 

slowly to this mixture. The resulting slurry was swirled 
occasionally over a period of 2 days. The organic layer was 
removed and combined with the ether extracts of the 
aqueous layer. The combined extracts were dried over an
hydrous sodium sulfate and filtered. The ether was evapo
rated from the filtrate and the solid residue crystallized from 
boiling water. The yield of benzoic acid (m.p. 122°, neut. 
equiv. 120, 119) obtained in this way was 8.4 g.

9. P yro ca tech o l. One hundred fifty milliliters of a 20% 
aqueous solution of the KHSO5-KHSO4-K2SO4 mixture was 
added to a solution of 12.2 g. salicylaldehyde in 100 ml. of 
chloroform. Concentrated sulfuric acid (10 ml.) was added 
slowly to the vigorously stirred mixture. After addition of 
the acid, the reaction mixture was stirred for 8 hr., then 
poured into cold water. The organic layer was removed 
and combined with the chloroform extracts of the aqueous 
layer. The chloroform solution ■was dried over anhydrous 
sodium sulfate, filtered and distilled, first a t atmospheric 
pressure, then under reduced pressure. Unchanged salicyl
aldehyde (18.2 g.) was obtained together with 2.1 g. pyro- 
catechol (m.p. 103c).

10. P h e n y l  benzoa te . A thick paste prepared from 25 g. 
of the KHSO5-KHSO4-K2SO4 mixture and 25 ml. of coned, 
sulfuric acid was added in small portions to a solution of
7.0 g. of benzophenone in 25 ml. of glacial acetic acid. 
The mixture turned deep red and required intermittent 
cooling; the temperature was not allowed to exceed 35°. 
After 30 min., the reaction mixture was poured into a 
slurry of ice and water and the resulting solution extracted 
with ether. The extracts were dried in the usual manner. 
The residue which remained after removal of the ether 
was distilled under reduced pressure. The distillate was 
dissolved in warm ethanol, the resulting solution seeded 
with a crystal of benzophenone and allowed to stand for 
48 hr. at 0°. The crystallized benzophenone (0.8 g.) was 
removed by filtration. The filtrate was heated to boiling, 
then distilled water was added until turbidity developed. 
After 24 hr., the crystallized phenyl benzoate (5.2 g., m.p. 
67°) was collected. Two crystallizations from ethanol raised 
the melting poinr of the ester to 70.0-70.5°.

11. p -D in itr o so b e n ze n e . A solution of 25.6 g. of the 
KHSOs-KHSCh-KaSOi mixture in 200 ml. of water was 
added slowly, with swirling, to 5.4 g. of p-phenylenediamine 
in 100 ml. of water. The red precipitate of p-dinitrosobenzene 
was removed by filtration and air dried. The product weighed
6.8 g., and showed the characteristic behavior of p-dinitroso- 
benzene!? when heated (turned brown a t 184-186° and 
black at 243°).

12. P h e n y la c e tic  a c id . A mixture of the KHSO5-KHSO4- 
K2SO4 composition (30 g.), 2-phenethylamine (12.1 g.), 
and distilled water (150 ml.) was heated under reflux for 
24 hr. The mixture was allowed to cool, then extracted with 
ether. The ether solution was dried over anhydrous sodium 
sulfate, filtered, and distilled (first at atmospheric pressure, 
then under reduced pressure). After 3.2 g. of phenylacetic 
acid (b.p. 90-94°/l mm.; neut. equiv. 132, 130) had been 
collected, considerable decomposition occurred leaving a 
dark, tarry pot residue which weighed 5.1 g. The original 
reaction mixture was made basic and again extracted with 
ether. Only a trace of an unidentified dark-colored liquid 
was isolated from the ether extracts.

13. N itro so c y c lo h e x a n e . A solution of 25 g. of the KHSCV 
KHSO4-K2SO4 mixture in 150 ml. of water was added 
rapidly and with vigorous agitation to a solution of 10.0 
g. of cyclohexylamine in 50 ml. ether. An exothermic reac- 27

(27) D. Bigiavi and F. Franceschi, G a zz. c h im . i ta l . 57, 
362(1927).

tion occurred. The mixture was allowed to cool to room 
temperature and made basic by the. addition of solid so
dium carbonate. The ether layer and a yellow solid which 
had precipitated were separated from the aqueous phase of 
the mixture. The aqueous solution was extracted con
tinuously with ether for a period of 18 hr. The ether solu
tions were combined, dried over anhydrous sodium sulfate, 
filtered, and evaporated to dryness. The crude nitrosocyclo
hexane (3.7 g., precipitate plus residues from ether solution) 
thus obtained was recrystallized from ethanol, giving a 
pale yellow product which melted at 114-115°.

14. P y r id in e - l -o x id e . A vigorously stirred mixture of 
pyridine (15.8 g.), glacial acetic acid (120 ml.), distilled 
water (17 ml.), and the KHSO5-KHSO4-K2SO4 mixture 
(61.4 g.) was maintained at 70° for 3 hr. A second portion 
of the salt mixture (30.7 g.) was added and the stirring con
tinued (at 70°) for 18 hr. The mixture was allowed to cool 
and the solids were removed by filtration. The liquid por
tion of the mixture was concentrated to a volume of about 
40 ml. by evaporation of the acetic acid under reduced 
pressure. Distilled water (40 ml.) was added to the mix
ture, which was again concentrated, this time to a volume 
of about 10 ml. This final concentrate was made strongly 
basic by the addition of solid sodium carbonate and a few 
milliliters of distilled water. The basic mixture was shaken 
with 100 ml. of chloroform and allowed to stand overnight. 
The solids were removed by filtration and washed with two 
25-ml. portions of chloroform. The combined chloroform solu
tions were distilled leaving as a residue 2.5 g. of crude pyri
dine-4-oxide. A picrate prepared from the oxide melted at 
182.5-183.0° with sintering a t 179°.

15. D o d e c y ls u l fm ic  a c id . Dodecyl mercaptan (5.0 g.) 
was shaken with 150 ml. of a 25% aqueous solution of the 
KHS05-KHS0 4-K;S0 4 mixture for a period of 30 min. The 
mixture was then placed in a liquid-liquid extraction appa
ratus along with 250 ml. of coned, hydrochloric acid. The 
resulting solution was continuously extracted with ether 
for 12 hr. The ether layer was removed and dried over anhy
drous sodium sulfate. Evaporation of the ether left a residue 
of 6.2 g. of dodecylsulfonic acid (m.p. 43-44°; neut. equiv. 
250).

16. D ip h e n y l  s u lfo n e . Diphenyl sulfide (11.0 g.) was 
added over a 20-min. period to a solution prepared from the 
following: glacial acetic acid (100 ml.), absolute alcohol 
(100 ml.), distilled water (100 ml.), coned, sulfuric acid 
(50 ml.), and the KHSO5-KHSO4-K2SO4 mixture (35 g.). 
The mixture was stirred for 5 hr., then diluted with distilled 
water. The organic layer was removed and combined 
with the chloroform extracts of the aqueous layer. The 
chloroform solution was dried over anhydrous sodium sul
fate and filtered. Removal of the chloroform from the filtrate 
gave 12.5 g. of diphenyl sulfone (m.p. 120-121°). Crystalliza
tion from ethanol-petroleum ether (b.p. 65-110°) raised the 
melting point of the sulfone to 124°.

17. T r ip h e n y lp h o s p h in e  o x id e . One hundred milliliters of 
a 20% aqueous solution of the KHSO5-KHSO4-K2SO4 mix
ture was added to a solution of 5.0 g. of triphenylphosphine 
in 50 ml. of ethanol. The temperature of the mixture rose to 
70°, and the rate of addition was adjusted so that this tem
perature was maintained until the addition was complete. 
The mixture was stirred briskly for 4 hr., then diluted with 
cold water and extracted with benzene. Crude triphenyl
phosphine oxide was obtained in quantitative yield by 
evaporating the benzene solution to dryness. Crystalliza
tion of the crude oxide from a benzene-petroleum ether 
(b.p. 65-110°) mixture gave a pure product which melted 
at 156-157°.

18. Io d o x y b e n z e n e . Iodobenzene (20.0 g.) was added 
slowly to a mixture prepared by dissolving 35 g. of the 
KHSO5-KHSO4-K2SO4 in a slurry of ice (150 g.) and coned, 
sulfuric acid (100 g.). The resulting mixture was stirred for 
4 hr., then diluted with water. The white precipitate which 
formed was removed by filtration and recrystallized from 
boiling water. The yield of iodoxybenzene (m.p. 235°,
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explodes!, equivalent weight as oxidiztr 07.0, 64.6) thus 
obtained was 16.0 g.

TABLE II
H a l o g é n a t io n s  w i t h  A l k a l i  M e t a l  H a l i d e  KHSO5- 

KIISO1-K2SO. M i x t u r e s

Com
pound Halide

Pro
cedure Product

Con
ver

sion,“
%

Yield,“
%

Toluene NaCl 19 Benzj-l
chloride 15s 15s

Toluene NaBr 19 Benzyl
bromide 21s 216

2-Octene KBr 20 2,3-Dibromo-
odane (?) 59e 59e

“ As defined in Table I. 5 Based on halide. c Based on 
octene.

19. B e n z y l  ch lo ride . An intimate mixture of powdered 
sodium chloride (11.7 g.), the KHSO5-KHSO4-K2SO4 
composition (50.5 g.), and toluene was heated under re
flux for 15 hr. The solids were removed by filtration and 
the liquid was distilled through an 18-inch Vigreux column.

Four grams of benzyl chloride (b.p. 73-77°/17 mm., m.p. 
—47° to —45°, Tin5 1.5322) were obtained.

20. 2 ,8 -D ib ro m o o c ta n e . An aqueous potassium bromide 
solution (23.8 g. potassium bromide, 50 ml. distilled water) 
and 2-octene (11.2 g.) were added simultaneously to a 
stirred solution of 61.4 g. of the KHSOS-KHSO4-K2SO4 
mixture in 250 ml. of distilled water. The addition required 
about 30 min.; stirring was continued for 2 hr. after the 
addition was complete. The excess bromine was destroyed 
by the addition of solid sodium sulfite and the product 
extracted with methylene chloride (100 ml. in three por
tions). The extracts were dried over anhydrous magnesium 
sulfate, filtered, and distilled, first a t atmospheric pressure, 
then under reduced pressure. The major fraction boiled at
105-12°/11 mm. and was identified as a saturated bromo- 
alkane (presumably 2,3-dibromooctane), as it gave a pre
cipitate when treated with alcoholic silver nitrate, but gave 
negative tests for active unsaturation.
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S y n th esis  o f  Pyrim id ine-5-carboxaIdehydes by th e  R eim er-T iem an n  R eaction

RICHARD H. WILEY a n d  YUZURU YAMAMOTO

R ece ived  M a r c h  16 , 1 9 6 0

A study of the structural requirements for the synthesis of pyrimidine-5-carboxaldehydes by the Reimer-Tiemann reac
tion has shown tha t the reaction is successful with two methyl and one hydroxyl substituents in the pyrimidine nucleus. 
The hydroxyl group may be in either the 2- or 4-position. The reaction fails with 4-hydroxypyrimidine and its 6-methyl 
derivative indicating the necessity for the electron release characteristics of two methyl groups. Monohydroxydimethyl-, di-, 
and trihydroxypyrimidines give pyrimidine-5-carboxaldehydes. A variety of carbonyl derivatives of the pyrimidine alde
hydes are described.

Pyrimidine aldehydes have not been investigated 
in detail. Their synthesis from acyclic intermediates1 
has not proved to be useful, but a variety of 
substituted pyrimidines has been converted to 
aldehydes by standard reactions. Thus, aldehydes 
have been obtained by ozonolysis of ethylenic 
groups,2 by hydrolysis of nitrosomethyl groups,3 
and by suitable conversions of cyano,4 carboxy,5 tri- 
chlorohydroxyethyl,6 and hydroxymethyl7 groups.

(1) T. B. Johnson, et a l., J .  A m .  C h e m . S o c ., 37, 2144
(1915); 41, 810 (1919); 51, 1274 (1929); 53, 1989 (1931); 
J .  B io l .  C h em . 2 6 , 99 (1916).

(2) H. Kondo and M. Yanai, J .  P h a r m . S o c . J a p a n  57, 747
(1937); C h em . A b s tr . 32, 1723; E. Ochiai and M. Yanai,
J .  P h a r m . S o c . J a p a n  58, 397 (1938); C h e m . A b s tr . 32, 
66534.

(3) F. E. King and T. J. King, J .  C h e m . S o c . 943 (1947).
(4) M. Delpine and K. A. Jensen, Bull. soc. chim. France 

6, 1663(1939).
(5) D. Price, E. L. May, and F. D. Pickel, J .  A m .  C h em . 

S o c ., 62,2818(1940).
(6) R. Hull, J. Chem. Soc., 4S45 (1957).
(7) R. E. Cline, R. M. Fink, a n d  K. Fink, J .  A m .  C h em . 

Soc., 81,2521 (1959).

Formyl groups, or derivatives thereof, have been 
introduced directly by acylation reactions8-9-10 
and by the Reimer-Tiemann reaction.6 The last 
appears to be the most generally useful reaction 
yet described. Aldehydes have been prepared 
from 2-amino or alkylamino-4-hydroxy: 2,4-di
hydroxy; and 2-piperidinyl or phenyl-4,6-dihydroxy 
types.6 Our study was undertaken to extend the 
Reimer-Tiemann reaction to additional types and 
to determine minimum structural requirements for 
activation of the nucleus by electron releasing 
groups in this reaction.

The pyrimidines converted to aldehydes in the 
present study are listed in Table I. The aldehydes 
were prepared, in 13-42% yields, by treating a 
water-ethanol solution of the pyrimidine with 
potassium hydroxide and chloroform at 80° 
for one hour. The potassium salt of the aldehyde

(8) M. Ridi and P. Papini, G azz. c h im . i ta l . 76, 376
(1946).
[& (9) M. Ridi, G azz. c h im . i ta l . 70,'176 (1949).

(10) W. Pficiderer and G. Strauss, A n n .  6 1 2 , 173 (1958).
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TABLE I
Substituted P yrimidine-5-carboxaldehydes

No.
Substituent

Yield, %
Reeryst.
Solvent0 M.P.4

Nitrogen, %
2- 4- 6- Calcd. Found

i OH OH OH 42 W 330 17.95 17.92
h OH OH H 18 M ;W 304 20. OO1" 19.82

h i c h 3 OH OH 29 A 300* 16.28° 16.24
300 18.18° 18.02

IV OH OH CH, 14i — — — —

V SH OH CH, 17 W 300 16.46 16.18
VI SCHs OH CH, 14 EW 300 15.21* 14.99

VII OH c h 3 CHj 26* — — — —

VIII c h 3 OH c h 3 13* — — — —

0 Solvent for recrystallization : W, water; M, methanol; A, acetic acid; EW, aq. ethanol. 4 Uncorrected, with decomposition. 
e The initial product is yellow and analyzes as the monohydrate; on drying it gives the black product which analyzes as the 
aldehyde. d The aldehyde was not isolated from the potassium salt. The yield is based on the yield of the potassium salt. 
e The aldehyde salt did not precipitate. The yield is based on the yield of the phenylhydrazone prepared from the crude 
solution from which the aldehyde salt has not precipitated. 1 A n a l .  Calcd. for CJIiNVV. C, 42.86; H, 2.S8. Found: C, 42.84; 
H, 3.00. « A n a l .  Calcd. for C6H60 3N2H20 : C, 41.86; H, 4.68. Found: C, 42.06; H, 4.80. h A n a l .  Calcd. for C6H60 3X2: C, 
46.76; H, 3.92. Found: C, 46.54; H, 4.10. *' A n a l .  Calcd. for C7H80 2N2S: C, 45.65; H, 4.38. Found: C, 45.92; H, 4.44.

usually precipitates from the reaction mixture, 
at room temperature or above, or on cooling either 
to ice or subzero temperatures. The potassium 
salt is converted to the free aldehyde on neutral
ization with acetic acid. For those aldehydes hav
ing only one hydroxyl substituent, the potassium 
salt does not precipitate from solution. The forma
tion of the aldehyde in these cases was established 
by conversion to a derivative which could be iso
lated. The yields given for such aldehydes are 
those of the derivatives. This nonprecipitation may 
be due to an increased solubility of the salt. In
sufficient aldehyde is formed to exceed its solubility 
in the reaction mixture. I t may also be attributed 
to variations in chelating properties of the hy
droxy (or thiol) substituted ort/to-hydroxy alde
hyde structure present in the aldehydes which 
precipitate. A more complete characterization of 
the chelating properties of these aldehydes may 
clarify this point and establish more effective 
procedures for isolation of the aldehydes. In other 
experiments, a low yield (1.5%) of an aldehyde 
derivative was obtained in the reaction using 4- 
hydroxy-6-methylpyrimidine. The product did 
not have an analysis in accord with the structure 
of the pyrimidinecarboxaldehyde derivative. No 
aldehyde or derivative at all was obtained from
4-hydroxypyrimidine. Because the method of 
isolation used is reasonably sensitive, it is believed 
that if any aldehyde had been formed, its presence 
would have been detected.

The available data establish that the Reimer- 
Tiemann reaction is successful for those pyrimi
dines having, as a minimum, two methyl groups 
and one hydroxyl substituent. The hydroxy group 
can be in either the 2- or 4-position. If it is assumed 
that this reaction precedes via a carbene inter
mediate11’12 and that carbenes react as electro-

(11) J. Hine, / .  A m .  C h em . S o c . 72, 2438 (1950).
(12) H. Wynberg, J .  A m .  C h em . S o c . 76, 4998 (1954).

philic reagents,13 it appears that the pyrimidine 
nucleus requires activation by the combined elec
tron release characteristics of two methyl groups 
and one hydroxyl for the success of this reaction. 
Although this provides only an approximate basis 
for establishing the reactivity of the pyrimidine 
nucleus in the Reimer-Tiemann reaction, it does 
provide data consistent with three currently ac
cepted concepts: first, that there is a definite 
difference in reactivity between the 6-methyl-4- 
hydroxy- and 2,6-dim ethyl-4-hydroxy pyrimidine; 
second, that the pyrimidine nucleus is definitely 
less reactive than the benzene nucleus; and third, 
that the reaction involves an electrophilic attack 
by the reactive species derived from chloroform.

In addition to a variety of carbonyl derivatives 
listed in Table II, the oxime of 2,4-dihydroxy-6- 
methylp}rrimidine-5-carboxaldehyde has been con
verted to the nitrile with acetic anhydride or 
phosphorus ox\’chloride and to the 2,4-dichloro- 
nitrile by phosphorus oxj^chloride and dimethyl- 
aniline. The ease with which the oxime dehydrates 
suggests that the hydroxyl and hydrogen atoms 
of the oxime are in the trans configuration. The
2-chloro, or 4-chloro, group is replaced by ethoxyl 
on recrystallization of this compound from ethanol.

E X PE R IM E N T A L 14

B a r b i t u r ic  a c id ,  u r a c i l ,  2 -m e th _ Y l-4 ,6 -d ih y d ro x } ’p jT im i-  
d in e ,  6 - m e th y lu r a c i l ,  a n d  6 - m e th \d - 2 - th io u r a c i l  w e re  c o m 
m e r c ia l  m a te r ia l s .  4 -H y d ro x _ Y -6 -m e th \- l-2 -m e th y lm e rc a p to -  
u r a c i l ,15 2 -h y d ro x } - -4 ,6 -d im e th .v lp 3 T im id in e ,16 4 - h y d r o x y  -

(13) R. W. Taft, Jr., N. C. Deno, and P. S. Skell, A n n .  
R e v . P h y s .  C h em . 9, 308 (1958).

(14) Melting points are uncorrected. Analyses bj’ Micro 
Tech Laboratories, Skokie, Illinois.

(15) J. Stanek, C h em . l i s t y  52, 357 (1958); C h e m . A b s lr .  
5 2 ,11072s (1958).

(16) T. Matsukawa, J .  P h a r m . S o c . J a p a n  69, 489
(1949); C h em . A b s tr . 44, 3456g (1950).
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TABLE II
D e r i v a t i v e s  o f  S u b s t i t u t e d  P y r i m i d i n e - 5 - c a r b o x a l d e h y d e s

Aldehyde" Derivative* M.P.
Prepd.e
From

Reervs."
From

Nitrogen, or/o
Calcd. Found

I P 271-273 A A 22.76 22.83
I DP 301-302 A D M F/E 25.00 24.79
I M 283-284 K M 28.27 28.41
I O 250e K W 24.56 24.43

II s 240e A RP 32.58-* 32.69
II p 298-300 A DMF 24.34 24.20
II DP 270-272" A M 30.76 50.62
II O 260e K DMF 27.09 27.05
II DP e A DM F/W 26.25 26.21
II HO e K M 20.80^ 21.87

III S 205e A RP 33.17 32.90
III P 240e',i A RP 22.94 23.01
III M 2 W - h A C 28.56 28.37
III DP e,h K DM F/W 25.15 24.97
IV M 258-259 K M 27.30! 27.30
IV HO 320 K M 21.86 21.72
IV O 260 K M 24.84 24.58
V P 276-277 K M 21.53 21.41
V M 232-233 A M 26.39 26.48

VI S 263 K RP 29.04 28.92
VI P 250-251 K M 20.43 20.44
VI DP 283-284 K DMF 23.07 23.21
VI M 168-170 K M 24.76 24.61
VI O 228-229 A M 21.09 20.82

VII P 229-231 S M 23.13 23.32
VIII P 277-279 S M 23.13 23.19
VIII DP 305 S DMF 23.99 ' 23.93

25.30 25.12
VIII S 265-266 s RP 33.48 33.22
VIII M 192-193 s M 28.85 28.56
VIII O 238-240 s M 22.69-* 22.41

° The number refers to the aldehyde number in Table I. 6 M, dimethylhydrazone; O, oxime; S, semicarbazone; P, phenyl- 
hydrazone; DP,2,4-dinitrophenylhydrazone; HO, di(2-hydroxyethyl)hydrazone. c A, aldehyde; K, potassium salt of alde
hyde; S, solution of unisolated aldehyde. d A, Acetic acid; DMF, dimethylformamide; E, ethanol; M, methanol; W, water; 
RP, reprecipitated from alkaline solution; C, ethyl acetate. e Changes color at this temperature; melts over 330°. -*For the
1.5 hydrate. a Water of crystallization lost at 240°. * Unstable to heat and light. 1 For hemihydrate (0.5 EjO). The 
crude reaction mixture was evaporated to dryness; extracted with ethyl acetate to remove unreacted pyrimidine.

2,6-dimethylpyrimidine,17 4-hydroxy-6-methylpyrimidine,18 
and 4-hydroxypyrimidine19 were prepared as previously 
described.

The substituted pyrimidine-5-carboxaldehydes are de
scribed in Table I. Experimental details are given for a 
typical preparation of an aldehyde (II). Only minor devi
ations from this procedure were made with other pyrimi
dines. The potassium salt of barbituric aldehyde (I) pre
cipitated from the hot (80°) solution. Additional salt was 
obtained on cooling. The 4,6-dihydroxy-2-methyl aldehyde
(III) salt precipitated in part at 80°; in part a t 50°; and 
in part on cooling. Acidification of the potassium salt gives 
a yellow product, m.p. 150-208°, which had an analysis 
corresponding to the aldehyde (III) monohydrate; thorough 
drying in vacuum at 100° gives a black solid which analyzes 
as the aldehyde (III). Its derivatives were prepared from 
the hydrated material. Neutralization of the potassium salt 
of 2,4-dihydrox3'-6-methyl-(IV), 2-hydroxy-4,6-dimethyl- 
(VII), and 4-hydroxy-2,6-dimethyl-(VIII) aldehydes did 
not precipitate the corresponding free aldehydes. Derivatives 
were prepared using the acidified solution of the salt.

The derivatives of the aldehydes are described in Table 
II. They were prepared by standard procedures from the

(17) H. R. Snyder and H. M. Foster, J .  A m .  C h em . S o c . 
76,121(1954).

(18) H. M. Foster and H. R. Snyder, O rg. S y n th e s e s  35, 
80(1955).

(19) D. G. Brown, C h em . a n d  I n d .  6 9 , 353 (1950).

free aldehyde or its potassium salt with the appropriate 
reagent either with or without addition of acetic acid. The 
di(hydroxyeth3d)hydrazine was prepared as elsewhere17 18 19 20 
described and the corresponding hydrazone was isolated 
by evaporation of the reaction mixture to dryness extrac
tion of the residue with ethyl acetate, and recrystallization 
of the residue left on evaporation of the ethyl acetate ex
tracts. The dimethylhydrazone of V III was isolated by 
evaporating the reaction mixture to dryness, extracting the 
residue with eth3d acetate, subliming the unchanged pyrim
idine from the extracts, and rec^stallizing the residue. 
The oxime of V III was isolated by evaporating the crude 
reaction mixture to dryness, extracting the residue with 
hot ethyl acetate to remove unchanged pyrimidine, and 
recrystallizing the material insoluble in hot etly i acetate.

S ,4 -D ih y d r o x y p y r im id in e -5 -c a r h o x a ld e h y d e . A mixture of 
24 ml. (0.333 mole) of chloroform and 56 g. of potassium 
hydroxide in 60 ml. of w7ater was added to a solution of 22.4 
g. (0.2 mole) of 2,4^dihydrox3’p3'rimidine and 11.2 g. of 
potassium hydroxide in 100 ml. of water and 80 ml. of 
ethanol at 80° during 20 min. and with stirring. The mixture 
was refluxed 1 hr., cooled to room temperature, and filtered 
to separate the precipitated potassium chloride. The filtrate 
was stored 10 hr. at room temperature to precipitate the 
crude potassium salt of the aldehyde. This salt was sus
pended in water and neutralized with acetic acid to preeipi-

(20) R. H. Wiley and G. Irick, J .  O rg. C h e m ., in press.
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tate the crude aldehyde. Recrystallization from methanol 
gave 2.4 g. (8.6%) of the product as yellow crystals. Addition 
of phenylhydrazine to the filtrate from which the potassium 
salt of the aldehyde had precipitated gave an additional
4.3 g. (9.4%) of the phenylhydrazone of the aldehyde.

2 .4 -  D ih y d r o x y -5 -c y a n o -6 -m e th y lp y r im id in e . A solution of 
0.5 g. of the aldoxime and 10 ml. of acetic anhydride were 
heated under reflux for 30 min. The hot solution was filtered 
and cooled to room temperature to precipitate 0.15 g. of 
crystals, m.p. over 330°; ultraviolet, Xma„ 273 m/i.

A n a l .  Calcd. for CeHsNAh: N, 27.80. Found: N, 27.81. 
The same product was obtained by refluxing 0.5 g. of the 
aldoxime with 4.5 ml. phosphoryl chloride. The cooled 
reaction mixture was poured onto ice-water and the precipi
tate collected and recrystallized from ethanol to give 0.25 
g. (56%) of product.

2 .4 -  D ic h lo r o -5 -c y a n o -6 -m e th y lp y r im id in e . Dimethylaniline 
(3 ml.) was added slowly and with cooling to a solution of 
0.7 g. of 2,4-dihydroxy-6-methylpyrimidine-5-aldoxime in 
6 ml. of phosphoryl chloride. The mixture was refluxed 0.5 
hr., cooled, and poured onto ice water. The mixture was 
extracted with ether and the ether extracts washed with bi
carbonate, dried, and evaporated to give a yellow crystalline

residue. Recrystallization from petroleum ether (b.p. 
60-80°) gave 0.45 g. (57%) of the product, m.p. 93-94°.

A n a l .  Calcd. for C6H3N3C12: N, 22.35. Found: N, 22.54.
U(J?)~C hloro-5-cyano-4(H ? ) -e th o x y -5 -m e th y lp y r im id in e . On 

recrystallization of the 2,4-dichloro compound from ethanol, 
the 2(4?)-ethoxy compound was obtained as yellow plates, 
m.p. 134-136°.

A n a l .  Calcd. for C8H8N30C1: N, 21.27. Found: N, 21.20, 
21.42.
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A number of 6-hydroxy-5-unsubstituted pyrimidines having variously substituted arylamino, or arylguanidino groups 
a t C-2 and/or C-4 positions were synthesized. I t has been shown that the condensation of arylamines with 2-methylthio-
4-amino-6-hydroxypyrimidine under mild condition yields 
conditions 2,4-bis(arylamino)-6-hydroxypyrimidines.

Curd and Rose1 demonstrated that 5-unsubsti- 
tuted 6-alkyl pyrimidines with amino or substituted 
amino groups at C-2 and C-4 positions were active 
as antimalarials. Hitchings,2 el al. showed further 
that if 2,4-diLmino-6-alkylpyrimidines have bulky 
substituents (for example phenyl, phenoxy, etc.) at 
the C-5 position, they prove to be strong antago
nists of folic acid and some of them possess marked 
antimalarial3 and antileukemic4 * properties. In con
nection with our studies of pyrimidines of potential 
chemotherapeutic value, it was considered of interest 
to investigate the biological properties of pyrimi
dines having hydroxyl group in the 6-position and 
which had variously substituted amino groups at C-2 
and C-4 positions, while C-5 position was kept free. 
The synthesis of some arylamino- and arylguanidi
nopyrimidines of this type having various substit
uents at the para position of the benzene ring (I 
to IV) is being reported here. The pronounced in-

(1) F. H. Curd and F. L. Rose, J .  C h em . S o c ., 343 (1946).
(2) G. H. Hitchings, E. A. Falco, H. Vanderwerff, P. B. 

Russell, and G. B. Elion, J .  B io l .  C h e m ., 199, 43 (1952).
(3) E. A. Falco, L. G. Goodwin, G. H. Hitchings, I. M. 

Rollo, and P. B Russel, B r i t .  J .  P h a r m a c o l., 6, 185 (1951).
(4) J. H. Burchenal, S. K. Goetehins, C. C. Stock, and

G. H. Hitchings, C a n c er  R e s ., 12, 255 (1951).

2-arylamino-4-amino-6-hydroxypyrimidines and under drastic

hibitory effects of some of these compounds on bac
terial growth have already been reported in pre
liminary communications.6'6

The pyrimidines of type I were synthesized by 
the reaction of 2-methylthio-4-amino-6-hydroxy- 
pyrimidine7 (V) with the appropriate arylamines 
according to the method of Wheeler.8 The reaction 
takes place with the elimination of methylthiol 
when an intimate mixture of equimolecular quan
tities of V and the corresponding arylamine is 
heated in an inert atmosphere at a temperature 
necessary for the mixture to go into solution. This 
type of displacement was not possible with the 
compound (VI) in which the C-4 and C-6 positions 
of pyrimidine ring were occupied by methyl groups 
(Cf. ref. 1). The lability of the methylthio group in 
compound V may be due to the possibility of tau- 
tomerism between V and Va as suggested by Curd 
and Rose.1 Apparently this type of reaction does

(5) Sudhamoy Ghosh, Dolly Roy, and B. C. Guha, N a tu r e ,  
182, 187 (1958).

(6) Dolly Roy, S. Ghosh, and B. C. Guha, N a t u r m s s e n -  
s c h a fte n , 45, 392 (1958).

(7) B. T. Johnson and J. O. Carl, A m .  C h em . J ., 34, 175
(1905).

18) H. L. Wheeler and G. S. Jamieson, A m .  C h em . J . ,  32, 
342 (1904).



1 9 1 0 ROY, GHOSH, AND GUHA VOL. 2 5

OH OH

not occur with 2-methylthio-4,6-dimethylpyrimi- 
dine (VI) as no such tautomerism is possible.

A study of the type of reaction of compound V 
with the different aromatic amines appears to in
dicate that a parallelism exists between the basicity 
of the amine and the yield obtained (Table I). 
It will be seen that the yields obtained from ani
line, p-toluidine, and p-chloroaniline range in the 
order of their basicities. No reaction was possible 
with p-nitroaniline and a-naphthylamine appar
ently owing to their low basicity, the reactants be
ing recoverable unchanged. The failure of reaction 
in the case of p-bromoaniline was due to the insta
bility of this compound. p-Bromoaniline decom
posed before the reaction could take place.

TABLE I
R e a c t i o n  o f  D i f f e r e n t  A r o m a t i c  A m i n e s  w i t h  V t o  

P r o d u c e  C o m p o u n d s  o f  t h e  T y p e  I

Dissociation
Yield, Constant (K) of 

Amine % Amine a t 25°

p-Toluidine 80 1.5 X 10'- 9

p-Bromoaniline 0 1.0 X 10 -10
p-Chloraniline 70 1.5 X 10'-10
Aniline 70 3.5 X 10 -10
p-Nitroaniline 0 3.45 X 10'-11
a-Naphthylamine 0 9.9 X 10'-11

When arylamines in excess were allowed to react 
with V under more drastic conditions (higher tem
perature and longer heating period), the formation 
of 2,4-bis(arylamino)-6-hydroxypyrimidines (type
III) was favored. The treatment of 2,4-bis(p-chloro- 
anilino)-6-hydroxypyrimidine (Ills) with phos
phorus oxychloride in the usual way gave rise to 
the corresponding 6-chloro compound (Hid). This 
shows that the 6-hydroxyl group in IIIc is free. 
The condensation of the second arylamine to pro

duce compounds of type III is probably due to the
4

presence of amidine structure -—N =C —NHj in
3 I

I involving N-3 and C-4 of the pyrimidine ring 
where the electronically deficient C-4 is vulnerable 
to nucleophilic attack by aromatic amines.

OH

nA
A . 1

H,N N NHo
R 

II

The pyrimidines of type II  were synthesized by 
the condensation of 2-amino-4-chloro-6-hydroxypy- 
rimidine9 (VII) with the appropriate arylamine in 
presence of a mineral acid using a modification of 
the method of Banks.10

i /H n h  O ^ O C t f .

NNH2 +  9 Hz
\ = / H  h  c n

OH

H2N N c i 
VII

OH 
NH

_  II

r /  \ n " "h 
\ = / h  h

IV

The compounds of type IV were prepared by the 
condensation of ethyl cyanoacetate with the cor
responding arylbiguanide in absolute ethanol in 
presence of sodium ethoxide following a modified 
procedure of Curd and Rose.1

The C-5 position of these compounds is free be
cause on treatment of an acidic solution of these 
pyrimidines with nitrous acid, they give rise to 
colored precipitates which show that nitrosation oc
curs in the 5-position. One such nitroso compound 
(Hie) has been isolated.

The ultraviolet absorption spectra of these com
pounds were determined in ethanol. The relevant 
data are given in Table III. I t is known that the 
simple trisubstituted pyrimidines exhibit a maxi
mum in the region 264 ±  6 mp. However, in all the 
compounds listed below except in IVc the positions 
of the maxima are at higher wave length. This 
seems to be due to the presence of the phenyl ring 
near the pyrimidine nucleus. The fact that the 
compound IVc behaves differently is apparently 
because the phenyl group is separated from the py
rimidine nucleus by a chain of three atoms:

—N—C—NH—
H ||

NH
(9) S. Gabriel and J. Coleman, B e r ., 3 6 , 3381 (1903).
(10) C. K. Banks, J .  A m .  C h e m . S o c ., 6 6 , 1127 (1944).
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TABLE II
Arylguanidino- and Arylaminopyrimidines

Com
pounds R

Yield,
% M.P.° Formula C

Calcd., % 
H N C

Found, % 
II N

la —H 70 274-275 CioHjoNbO* 59.40 4.95 27.72 59.51 4.91 27.48
lb —CH, 80 272-273 C„HlsN40> 61.11 5.55 25.92 61.00 5.60 25.87
Ic —c : 70 269-270 c 10h ,n 4o c r 50.73 3.80 23.67 50.65 3.77 23.71

Ha —H 63 145 C,„H1„N10 ' 59.40 4.95 27.72 59.21 4.S2 27.56
lib —c h . 86 152-155 C11H12N40<' 61.11 5.55 25.92 61.01 5.46 25.62
lie —c i 95 168-169 CioHsNbOCH 50.73 3.80 23.67 51.00 3.75 23.67

I lia —H 46 214-216 C iJ iHN40 <i 69.06 5.03 20.14 69.20 5.03 20.14
M b —CH, 52 224-226 C18H18N4(H 70.58 5.88 18.30 70.56 5.90 IS .18
IIIc —Cl 60 254 C,sH12N4OC12* 55.33 3.45 16.13 55.17 3.47 16.12
IVa —H 42 151-152 CnH^NeO® 54.04 4.91 34.40 54.02 4.88 34.45
IVb —OCR, 35 142 C,2H14N60 y 52.55 5.10 30.65 52.50 5.06 30.70
IVc —CH, 48 198 C12H14N6Od 55.81 5.42 32.55 56.20 5.40 32.48
IVd —NO, 50 / C„HuN ,0 / 45.68 3.80 33.91 45.59 3.78 34.04
IVe —Cl 34 221-222 CnHnNeOCU 47.39 3.94 30.16 47.35 4.02 29.88

* Molting points are uncorrected. b Recrystallized from 90% ethanol. c Recrystallized from water. d Recrvstallized from 
60% ethanol. • Recrystallized from aqueous acetone. !  Decomposes above 310° without melting. 9 Recrystallized from 
JV,Ar-dimethylformamide. h Recrystallized from acetone.

TABLE III
U l t r a v i o l e t  A b s o r p t i o n  D a t a  o f  A r y l g u a n i d i n o -  a n d  

A r y l a m i n o p y r i m i d i n e s  i n  E t h a n o l

Compound ^msx (mM) log i

2-(p-Chloroanilino)-4- 
amino-6-hydroxy- 
pyrimidine (Ic)

275 4.115

2-Amino-4-(p-chloro- 
anilino)-6-hydroxy- 
pyrimidine (lie )

250 292 4.421 3.639

2,4-Bis(p-chloroanilino)~
6-hvdroxypyrimidine
(H ie)

243 279 4.224 4.510

2-(p-Chlorophe nylguani- 
d in o )-4-ami r. o-6- 
hvdroxypyrimidino 
(IVc) '

265 4.433

The biological properties of these compounds arc 
under detailed investigation and w ill be reported 
elsewhere.

EXPERIMENTAL11

2 - { p -C h lo r o a n il in o ) -4 -a m in o -6 -h y d r o x y p y r im id in e  (Ic). 2- 
Methylthio-4-amino-6-hydroxypyrimidine (5.2 g., 0.033
mole) and p-chloroaniline (4.3 g., 0.033 mole) were thor
ough!}’ mixed and the mixture was slowly heated on an oil 
bath in an Erlenmeyer flask provided with an air condenser 
and an inlet tube through which nitrogen was passed to

(11) Before analysis the samples were dried i n  va cu o  a t 
110° for about 8 hr. The solvents for crystallization, melting 
points, and analytical data are given in Table II.

maintain an inert atmosphere. When the temperature of 
the bath reached about 160° the mixture started to melt. 
The reaction mixture was maintained a t this temperature 
until no odor of methylmercaptan was perceptible (about 
6 hr.). After cooling and dissolving the mixture in ethanol 
and subsequent decolorization with charcoal, the product 
was precipitated with water. The suspension was made 
acidic (pH 3) with hydrochloric acid to dissolve any un
changed starting materials. The precipitate was filtered and 
washed with water. The product (5.2 g.) was crystallized 
from 90% ethanol to yield silky white crystal^.

2 - (A n i l in o ) - 4 -a m in o - 6  h y d r o x y p y r im id in e  (la) and 2  (p- 
lo lu id in o ) - 4 -a m in o -6 -h y d r o x y p y r im id in e  (lb) were prepared 
by the same general method as described for (Ic).

2 .4 -  B is ( p -c h lo r o a n ilin o ) -6 -h y d r o x y p y r im id in e  ( Hie). 2- 
Methylthio-4-amino-6-hydroxypyrimidine (5.2 g., 0.033 
mole) and excess p-chloroaniline (15 g.) were thoroughly 
mixed and the mixture was heated on an oil bath in an 
atmosphere of nitrogen as described in the preparation of Ic. 
The temperature of the oil bath was slowly raised to 180- 
190° and maintained at that level until the solid completely 
melted (about 4 hr.). More p-chloroaniline was added at 
this stage to replenish any loss of it from the reaction mixture 
by evaporation. The temperature of the bath was lowered to 
170-175° and the reaction mixture was further heated for 
another 4 hr. The mixture was then cooled and taken up 
in water and the aqueous medium acidified with dilute hydro
chloric acid. The suspension was stirred for 2 hr. a t room 
temperature to dissolve unchanged starting materials. This 
was then filtered and the residue washed well with water. 
The product was then purified by repeated crystallization 
from 90% ethanol.

2 .4 -  B is { a n i lh io ) - 6 -h y d r o x y p y r im id in e  ( Ilia )  and 2 ,4 -b is -  
(p - to lu id in o ) - 6 - h y d r o x y p y r in i id in e  (M b ) were prepared by 
the same method as described for IIIc.

2 .4 -  B is (p -c h lo r o a n ilin o ) -6 -c h lo r o p y r im  id in e  (II Id ). Com
pound IIIc (1 g.) was finely powdered and treated with 
phosphorus oxychloride (15 ml.). When the initial vigor of 
the reaction subsided, the mixture was slowly heated over



1912 B E N IN G T O N , M O R IN , A N D  C L A R K V O L . 25

boiling water-bath until all the solid went into solution. 
The excess oxychloride was removed by distillation under 
reduced pressure and the oily liquid was poured over 
crushed ice. A white precipitate appeared immediately 
which was filtered, washed with water and finally crystal
lized from aqueous acetone; yield 900 mg. H id decomposes 
above 260°.

A n a l .  Calcd. for Ci6HhN 4C13 C, 52.53; H, 3.00: X, 15.32. 
Found C, 52.49; H, 2.90; N, 15.26.

2 ,4 -B is (p -c h lo r o a n ilin o ) -5 -n itr o s o -6 '-h y ilr o x y p y r im id in e  
(Hie). Compound IIIc was finely pulverized and suspended 
in 30 ml. of 95% ethanol. Concentrated hydrochloric acid 
was added to this mixture until the pH went down to 3. 
Sodium nitrite (200 mg.) in 10 ml. of water was added drop 
by drop with stirring at room temperature maintaining the 
pH of the solution at about 3, until the nitrosation was com
plete. A deep brown colored precipitate was formed during 
nitrosation. The reaction mixture was cooled, filtered, and 
the residue washed thoroughly with water and then with cold 
alcohol. The product could not be satisfactorily crystallized; 
yield 850 mg. I t does not melt below 310°.

A n a l .  Calcd. for C16H„N s0 2C12: C, 51.06; H, 2.92; N,
18.61. Found: C, 51.00; H, 2.86; N, 18.57.

2 - (p -N i tr o p h e n y ly u a n id in o ) - 4 -a m in o - 6 - h y d r o x y p y r im id in e  
(IVd). p-Nitrophenylbiguanide (9 g., 0.04 mole) was added 
to a solution of sodium ethoxide (0.92 g., 0.04 mole of 
sodium in 100 ml. of absolute ethanol), and to this mixture 
w as added slowly with stirring ethyl cyanoacetate (11.3 g., 
0.1 mole) while the temperature was maintained below' 20°. 
The mixture was heated under reflux for 16 hr. The mass 
became deep yellow and some precipitate appeared immedi
ately on refluxing. The reaction mixture was cooled, fil
tered, and the precipitate washed first with water and then 
with alcohol. The product could be crystallized from N ,N -  
dimettyylformamide. The crystals appeared as fine yellow- 
needles.

2 - (P h e n y lg u a m d in o ) -4 -a .m in o -6 -h y d r o x y p y r ii in d in e  (IVa). 
A solution of sodium ethoxide (3 g., 0.13 mole of sodium in 75 
ml. of absolute ethanol) was treated with phenylbiguanide 
hydrochloride (10.7 g., 0.05 mole) in an ice bath. This was 
shaken well until the reaction was complete. The precipitated 
sodium chloride was filtered and to the filtrate ethyl cyano
acetate (11.3 g., 0.1 mole) was added with shaking, taking 
care that the temperature of the mixture did not rise above 
30°. Some precipitate appeared immediately and the 
amount increased on standing. The mixture was left at 
room temperature (25-28°) for 24 hr. The heavy precipitate 
formed was filtered and washed with cold absolute alcohol. 
This was suspended in wafer when most of the precipitate

went into solution. The mixture was acidified with hydro
chloric acid, cooled to 2°, filtered, and the residue washed 
with cold water. The residue could be crystallized from 
aqueous acetone.

2 - ( p - M e th o x y p h e n y lg a a n id in o ) - 4 a m in o  6 - h y d r o x y p y r im i-  
d in c  (IVb). A mixture of p-anisylbiguanide hydrochloride 
(12.2 g., 0.05 mole), sodium ethoxide (2.3 g. sodium in 50 
ml. absolute ethanol), and ethyl cyanoacetate (5.7 g., 0.05 
mole) was refluxed for about 2 hr. The precipitate obtained 
was washed with alcohol, suspended in water (50 ml.), and 
neutralized with hydrochloric acid. After cooling, the prod
uct w-as filtered, washed with cold w-ater, and crystallized 
from w-ater as white needles.

2 -{ p -M e th y lp h e n y lg u a n id in o ) -4 - a m in o -6 - h y d r o x y p y r im id in e  
(IVe). A mixture of p-methylphenylbiguanide hydrochloride 
(11.4 g., 0.05 mole), ethyl cyanoacetate (11.3 g., 0.1 mole) 
and sodium ethoxide (3.5 g. of sodium in 100 ml. of absolute 
ethanol) was refluxed for 4 hr. The product obtained was 
isolated in the same way as described under IVb.

2 - (p - C h lo r o p h m y lg u a n id in o ) - 4 -a m in o - 6 - h y d r o x y p y r im id in e  
(IVe). A mixture of p-chlorophenylbiguanide hydrochloride 
(12.5 g., 0.05 mole), ethyl cyanoacetate (5.7 g., 0.05 mole), 
and sodium ethoxide (1.3 g. of sodium in 50 ml. of absolute 
ethanol) was refluxed for 2 hr. The product was then isolated 
in the same way as described under IVb.

[Added in proof]
2 - A m in o -4 - { p -c h lo r o a n i l in o ) - 6 -h y d r o x y p y r im id in e  (He). A 

mixture of 2-amino-4-chloro-6-hydroxypyrimidine (2.9 g., 
0.02 mole), p-chloroaniline, (2.6 g., 0.02 mole), glacial acetic 
acid (30 ml.), and concentrated hydrochloric acid (0.4 ml.) 
was heated at refluxing temperature for about 4 hr. The 
resulting solution was treated with charcoal for decoloriza- 
tion and filtered hot. The desired product precipitated 
partially on cooling, but for complete precipitation the solu
tion was diluted with 200 ml. of water and then neutralized 
partially w-ith 20 ml. of 10V sodium hydroxide. The precip
itate was filtered, thoroughly washed with water, and crys
tallized from 60% alcohol.

2 - A m in o - 4 - { p - to lu id in o ) - 6 -h y d r o x y p y r im id in e  (lib) a n d  2-  
a m in o - 4 - ( a n i l in o ) - 6 -h y d r o x y p y r im id in e  (Ha) were prepared 
by the same general method as given for lie.
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S y n th esis  o f  Som e V icinal T rim eth oxyp h en y l D erivatives o f  H eterocyelic
N itrogen  B ases

F. BENINGTON,' R. D. M ORIN,1 a n d  L. C. CLARK, J r . 2 

R ece ived  M a r c h  22 , 196 0

A number of vicinal trimethoxy analogs of compounds possessing psychopharmacological activity were synthesized to 
examine the influence of vicinal trimethoxy groups on this type of activity.

In a continuation of our investigation of cor
relations between chemical structure and psycho- 
pharmacological activity, we have undertaken

(1) Battelle Memorial Institute.
(2) Department of Surgery, ITiive-sit.v of Alabama 

Medical School.

the synthesis of several new compounds in which 
vicinal trimethoxy groups are present on the phenyl 
rings of a number of useful synthetic drugs which 
affect mood and behavior of human subjects. 
It is well known that the presence of vicinal tri
methoxy groups on a phenyl ring can alter pro-
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f o u n d l y  t h e  p s y c h o p h a r m a c o l o g i c a l  a c t i o n  o f  

c e r t a i n  a m i n e s .  F o r  e x a m p l e ,  3 , 4 , 5 - t r i m e t h o x y - / ? -  

p h e n e t h y l a m i n e  a n d  D L - 3 , 4 , 5 - t r i m e t h o x y - / 3 - p h e n y l -  

i s o p r o p y l a m i n e  b o t h  e x h i b i t  p s y c h o t o m i m e t i c  

a c t i v i t y  w h e r e a s  t h e  u n a l k o x y l a t e d  a m i n e s  a r e  

i n a c t i v e  i n  t h i s  r e s p e c t  a t  c o m p a r a b l e  d o s e  l e v e l s .

T a b l e  I  s h o w s  t h e  p a r e n t  c o m p o u n d ,  i t s  t y p e  o f  

a c t i v i t y ,  a n d  t h e  s t r u c t u r e  o f  t h e  d e s i r e d  t r i m e t h -  

o x y  a n a l o g .

TABLE I
Vicinal T rimethoxy D erivatives

Parent Type of
Compound Activity

Desired
Trimethoxy

Analog

A s  s h o w n  i n  C h a r t  1 ,  3 , 4 , 5 - t r i m e t h o x y b e n z o -  

n i t r i l e ,  o b t a i n e d  f r o m  t h e  d e h y d r a t i o n  o f  t h e  c o r 

r e s p o n d i n g  a m i d e  w i t h  b e n z e n e s u l p h o n y l  c h l o r i d e , 7  

r e a c t e d  r e a d i l y  w i t h  a  s o l u t i o n  o f  p h e n y l l i t h i u m  i n  

a b s o l u t e  e t h e r  t o  o b t a i n  3 , 4 , 5 - t r i m e t h o x y b e n z o -  

p h e n o n e  ( I )  i n  8 6 %  y i e l d .  P r e v i o u s  w o r k  i n  t h i s  

l a b o r a t o r y  h a d  s h o w n  t h a t  e x t e n s i v e  e t h e r  c l e a v a g e  

o c c u r s  w h e n  t h e  p r e p a r a t i o n  o f  I  i s  a t t e m p t e d  b y  

m e a n s  o f  a  F r i e d e l - C r a f t s  r e a c t i o n  b e t w e e n  3 , 4 , 5 -  

t r i m e t h o x y b e n z o y l  c h l o r i d e  a n d  b e n z e n e  i n  t h e  

p r e s e n c e  o f  a l u m i n u m  c h l o r i d e .  T h e  p r e p a r a t i o n  

o f  I  t h r o u g h  t h e  a c t i o n  o f  p h e n y l m a g n e s i u m  b r o 

m i d e  o n  3 , 4 , 5 - t r i m e t h o x y b e n z o n i t r i l e  w a s  n o t  a t 

t e m p t e d  b e c a u s e  G r i g n a r d  r e a g e n t s  u s u a l l y  a t t a c k  

t h e  4 - m e t h o x y  g r o u p  a n d  a l s o  c a u s e  e t h e r  c l e a v a g e . 8  

O u r  u s e  o f  t h e  o r g a n o  -  l i t h i u m  r e a c t i o n  w a s  

p r o m p t e d  b y  t h e  f a c t  t h a t  m a n y  n i t r i l e s  g i v e  b e t t e r  

y i e l d s  o f  k e t o n e s  w i t h  t h i s  r e a g e n t  t h a n  w i t h  o r g a n o -  

m a g n e s i u m  h a l i d e s . 9  2 - L i t h i o p y r i d i n e ,  o b t a i n e d  

f r o m  t h e  i n t e r c h a n g e  o f  n - b u t y l l i t h i u m  w i t h  2 -  

b r o m o p y r i d i n e  a t  — 5 0 ° ,  w a s  a l l o w e d  t o  r e a c t  w i t h  

t h e  k e t o n e  I  t o  o b t a i n  D L - p h e n y l - 2 - p y r i d y l - 3 , 4 , 5 -  

t r i m e t h o x y p h e n y l c a r b i n o l  ( I I )  i n  7 2 %  y i e l d .

Chart 1

r c o c 6h 5
I

a exN Li ^ N C(OH)C6H5-

II

I ' - - (P to 2)

R

•III

0 .C„HS II /
-O—C—C—OH 

C„H;,

CH3

/ \
c h 3 c h .

Psychotogenic’’

6
Sympathetic
ganglian
stimulator

O /G W  
O-C-C-OH

N
ICHj
CH,0

OCH.,
VIII)
OCH,

N
r  c  
c® J

T í  I
/  \CHj CH,
(XII)

OCH;

r
Antihypotensive 
causing dream !

N
activity6 yi

CH,
(XIII)

(3) B. B. Brown and H. W. Werner, J .  P h a rm a c o l. E x p t l .  
T h e r a p ., 110, 180 (1954).

(4) B. B. Brown, D. L. Braun, and R. G. Feldman, ./. 
P h a rm a c o l. E x p t l .  T h e r a p ., 118,153 (1956).

(5) L. G. Abood, A. Ostfeld, and J. H. Biel, A r c h , in te rn , 
p h a rm a c o d y n a m ie , 120, (2), 186(1959).

(6) I. H. Page, S c ien ce , 125, 721 (1957).

CfiHJ.i

RCN < c„h.,so2ci RC0N h 2 em,CH2MgCI)_ RCOCH2CflH5
V

VIII
SOCI;

I
c  h3

C0H,

RC(0H )C02H - NaQ1 
VII

R = 3,4,5-(CH:iO)3(VH2—

^Se02

RC 0C0C6H5
VI

C a t a l y t i c  h y d r o g e n a t i o n  o f  I I ,  a s  a  m e t h a n o l  

s o l u t i o n  c o n t a i n i n g  s o m e  h y d r o c h l o r i c  a c i d ,  i n  t h e  

p r e s e n c e  o f  A d a m s  c a t a l y s t 1 0  b r o u g h t  a b o u t  t h e

(7) C. R. Stephens, E. J. Bianco, and F. J. Pilgrim, J . ,  
A m .  Che-m. S o c ., 64, 2085 (1942).

(8) In the preparation of 3,4,5-trimethoxyphenyl isobutyl 
ketone from the corresponding nitrile and isobutylmag- 
nesiurn bromide, C. D. Hurd and H. E. Winberg, J .  A m .. 
C h em . S o c ., 64, 2085 (1942), found that this cleavage oc
curred at temperatures above 40°. Although lower reaction 
temperatures prevented this side reaction, the yield of ketone 
was unsatisfactory.

(9) H. Gilman, private communication (1957).
(10) H. W. Warner and C. H. Tilford, 1 . S. Patent 

2,624,739(1953).
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s e l e c t i v e  r e d u c t i o n  o f  t h e  h e t e r o c y c l i c  r i n g  a n d  g a v e  

t h e  d e s i r e d  D L - p h e n y l - 2 - p i p e r i d y l - 3 , 4 , 5 - t r i m e t h o x y -  

p h e n y l c a r b i n o l  (III); t h i s  c o m p o u n d  w a s  i s o l a t e d  

a s  i t s  w a t e r - s o l u b l e  h y d r o c h l o r i d e .

A n  e x p l o r a t o r y  a t t e m p t  t o  p r e p a r e  t h e  i s o m e r i c  

D L - p h e n y l  -  4  -  p i p e r i d y l  -  3 , 4 , 5  -  t r i m e t h o x y p h e n y l  -  

c a r b i n o l  (IV) via  t h e  a b o v e  r o u t e  u s i n g  4 - p y r i d y l -  

l i t h i u m  w a s  u n s u c c e s s f u l  s i n c e  t h e  l a t t e r  r e a g e n t  

c o u l d  n o t  b e  p r e p a r e d .  W h e n  4 - b r o m o p y r i d i n e  

w a s  i n t e r c h a n g e d  w i t h  n - b u t y l l i t h i u m  a t  — 7 5 ° ,  

t h e  o n l y  r e a c t i o n  p r o d u c t  w h i c h  c o u l d  b e  i s o l a t e d  

w a s  a n  o i l  w h i c h  w a s  i d e n t i f i e d  a s  4 - n - b u t y l p y r i d i n e .  

W i b a u t  a n d  I l e e r i n g a 1 1  s t a t e  t h a t  4 - p y r i d y l l i t h i u m  

r e s u l t s  w h e n  t h e  a b o v e  i n t e r c h a n g e  i s  c a r r i e d  o u t  

a t  t h i s  r e a c t i o n  t e m p e r a t u r e .

T h e  s y n t h e s i s  o f  D L - V - m e t h y l - 3 - p i p e r i d y l  3 , 4 , 5 -  

t r i m e t h o x y b e n z i l a t e  (VIII) r e q u i r e d  D L - 3 , 4 , 5 - t r i -  

m e t h o x y b e n z i l i c  a c i d  (VII) a s  a n  i n t e r m e d i a t e .

3 , 4 , 5 - T r i m e t h o x y b e n z a m i d e  w a s  f i r s t  t r e a t e d  w i t h  

b e n z y l m a g n e s i u m  c h l o r i d e  t o  o b t a i n  3 , 4 , 5 - t r i m e t h -  

o x y p h e n y l  b e n z y l  k e t o n e  (V) i n  4 1 %  y i e l d .  O x i d a 

t i o n  o f  V t o  3 , 4 , 5 - t r i m e t h o x y b e n z i l  (VI) b y  m e a n s  

o f  s e l e n i u m  d i o x i d e  i n  a c e t i c  a n h y d r i d e  a s  a  s o l 

v e n t 1 2  g a v e  a  s o m e w h a t  l o w e r  y i e l d  t h a n  m i g h t  

h a v e  b e e n  e x p e c t e d .  C l a r k 1 3  h a s  p o i n t e d  o u t  t h a t  

i t  i s  o f t e n  n o t  a d v a n t a g e o u s  t o  c a r r y  o u t  t h e  o x i 

d a t i o n  o f  d e s o x y b e n z o i n s ,  s u c h  a s  V, i n  t h e  p r e s 

e n c e  o f  a c e t i c  a n h y d r i d e  b e c a u s e  o f  t h e  f o r m a t i o n  o f  

h i g h - b o i l i n g  s e l e n i u m - c o n t a i n i n g  c o m p o u n d s  a s  

s i d e  p r o d u c t s .  T h e  c o n v e r s i o n  o f  t h e  b e n z i l  VI t o  a  

h i g h  y i e l d  o f  D L - 3 . 4 , 5 - t r i m e t h o x y b e n z i l i c  a c i d

(VII) w a s  c a r r i e d  o u t  u s i n g  t h e  a n a e r o b i c  t e c h 

n i q u e  d e s c r i b e d  b y  S c h o e n b e r g  a n d  K e l l e r . 1 4  

T h e s e  w o r k e r s  h a v e  s h o w n  t h a t  a l k o x y b e n z i l s  

a r e  c o n v e r t e d  t o  u n d e s i r a b l e  o x i d a t i o n  p r o d u c t s  

w h e n  t h e i r  a l k a l i n e  s o l u t i o n s  a r e  e x p o s e d  t o  a i r  

u n d e r  t h e  c o n d i t i o n s  u s u a l l y  e m p l o y e d  i n  t h e  

b e n z i l i c  a c i d  r e a r r a n g e m e n t .  D L - X - M e t h y l - 3 - p i p e r -  

i d y l  3 , 4 , 5 - t r i m e t h o x y b e n z i l a t e  (VIII) r e s u l t e d  

f r o m  t h e  r e a c t i o n  o f  VII w i t h  d i - l - m e t h y l - 3 -  

c h l o r o p i p e r i d i n e  i n  i s o p r o p y l  a l c o h o l . 1 5  T r e a t m e n t  

o f  VIII i n  d r y  e t h e r  s o l u t i o n  w i t h  a n h y d r o u s  h y 

d r o g e n  c h l o r i d e  g a v e  a n  o i l y  s a l t  w h i c h  c o u l d  n o t  

b e  i n d u c e d  t o  c r y s t a l l i z e .  A c c o r d i n g l y ,  VIII w a s  

i s o l a t e d  a s  t h e  m a l e a t e .

I n  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n ,  i t  w a s  d e 

s i r e d  t o  o b t a i n  D L - I V - m e t h y l - l , 2 , 5 , 6 - t c t r a h y d r o - 3 -  

p y r i d y l m e t h y l  b e n z i l a t e  ( X I )  f o r  m a k i n g  p h a r m a 

c o l o g i c a l  c o m p a r i s o n s  w i t h  D L - W - m e t h y l - 3 - p i p e r i d y l  

b e n z i l a t e .  T h e  c o m m e r c i a l l y  a v a i l a b l e  a l k a l o i d  

a r e c o l i n e  w a s  r e d u c e d  t o  A r - m e t l : y l - 3 - h y d r o x y -

(11) J. P. Wibaut and L. G. Ilceringa, R e c . tra v . c h im ., 
74,1003(1955).

(12) H. H. Hatt, A. Pilgrim, and W. J. Iiurran, J .  C h em . 
S o c ., 93 (1936).

(13) M. T. Clark, E. C. Hendly, and O. K. Neville,
J .  A m .  C h em . S o c ., 77, 3280 (1955).

(14) A. Schoenberg and K. T. Keller, B e r . , 36B, 1638 
(1923).

(15) F. F. Blicke and C. E. Maxwell, J .  A m .  C h em . S o c .,
64,428(1942).

methyl-1,2,5,6-tetrahydropyridine16 (IX) by means 
of lithium aluminum hydride. Treatment of IX 
with thionyl chloride afforded X-methyl-3-chloro- 
methyl-1,2,5,6-tetrahydropyridine (X) hydro
chloride, which was subsequently treated with 
benzilic acid under the conditions already given 
for the preparation of VIII. The resulting ester 
base XI was isolated as the hydrochloride.

In an attempt to obtain .V-(3,4,5-trimethoxy- 
pheny^-A^-W'-dimethylpiperaziniuin iodide (XII),
3,4,5-trimethoxyaniline was first treated with N - 
methyl-bis(/3-chloroethyl)amine hydrochloride un
der the conditions given by Prelog and Driza17 
for aniline. However, none of the expected inter
mediate A*-(3,4,5-trimethoxyphenyl)-V''-methyl- 
piperazine could be isolated from the tar which 
formed during the reaction. I t was of interest to 
note, however, that 2,3,4-trimethoxyaniline re
acted smoothly with this chloroethylamine deriva
tive to give a 46.5% yield of X-(2,3,4-trimethoxy- 
phenyl)-X-methylpiperazine (XIII) with no forma
tion of tar. By treating XIII with a limited quantity 
of methyl iodide, V-(2,3,4-trimethoxyphenyl)- 
X'jX'-dimethylpiperazinium iodide was obtained 
in high yield.

D e t a i l e d  r e s u l t s  c o n c e r n i n g  t h e  p s y c h o p h a r m a 

c o l o g y  o f  t h e s e  c o m p o u n d s  w i l l  b e  p u b l i s h e d  

e l s e w h e r e .

EXPERIMENTAL18

8 ,4 ,5 -T r i? n e th o x y b e n zo p h e n o n e  (I). To a stirred suspension 
of 35 g. of 3,4,5-trimethoxybenzamide in 70 ml. of pyridine 
was added slowly 34.2 g. of benzenesulphonyl chloride. The 
warm reaction mixture was heated to 70° for 0.5 hr. (stirring), 
cooled to room temperature, and finally poured into 400 ml. 
of cold water. The solid product wras collected on a Buchner 
funnel and washed with dilute hydrochloric acid and then 
with water. After air drying, the crude 3,4,5-trimethoxy- 
benzonitrile amounted to 29.2 g. (91%); m.p. 94-95° (re
ported,7 m.p. 90-92°).

To a stirred solution of phenyllithium, prepared from 2.8 g. 
of lithium ware and 31.4 g. of bromobenzene in 150 ml. of 
dry ether, was added a solution of 29 g. of 3,4,5-trimethoxy- 
benzonitrile in 125 ml. of dry benzene. The mixture was 
stirred a t room temperature overnight and then hydrolyzed 
by the addition of water and cold dilute hydrochloric acid. 
The resulting insoluble ketimine hydrochloride of I W'as 
converted to 35 g. (86%) of nearly colorless 3,4,5-trimeth- 
oxybenzophenone (I) by boiling with very dilute hydro
chloric acid; m.p. 75-76°, after recrystallization from 
alcohol.

A n a l .  Calcd. for Ci6H160 4: C, 70.5; H, 5.9. Found: C, 
70.6; H, 5.8.

D L -P h e n y l-2 -p y r id y l-S ,4 ,5 - tr im e th o x y p h e n y lc a r b in o l (II). A 
solution of n-butyllithium v;as prepared bjr treating a stirred 
suspension of 2.8 g. of lithium wire (2-mm. pieces) in 200 
ml. of dry ether with 30 g. of n-butyl bromide under a dry 
nitrogen atmosphere. When dissolution of the metal was 
complete, the solution was cooled to —60° (Dry Ice-acetone 
bath) and 30 g. of 2-bromopyridine was added a t such a rate 
that the temperature did not rise above —50°. To the re-

(16) P. Ixarrer and P. Portmann, H e lv . C h im . A c ta , 31, 
2088(1948).

(17) V. Prelog and G. J. Driza, C o llec tio n  C zechoslov. 
C han.. C o m m u n s , 5, 497 (1933).

(18) All melting points uncorrected.
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suiting deep-orange solution was added 12.9 g. of I in 25 
ml. of dry benzene; during this addition the temperature of 
the reaction mixture was kept below +10°. After refluxing 
for 45 min. and cooling to room temperature, the reaction 
mixture was hydrolyzed by adding 80-90 ml. of water. The 
organic layer was separated, dried over anhydrous mag
nesium sulfate, filtered, and quickly evaporated to a small 
volume. Treatment of the residue with petroleum ether 
(30-60°) precipitated II  (12 g.; 72%) as nearly colorless 
prisms; m.p. 134-135°. An analytical specimen recrystallized 
from boiling ether melted a t 137-137.5°.

A n a l .  Calcd. for C2iII;,N 04: C, 71.9; H, 5.99. Found: 
C, 71.8; H, 5.8.

m r P h e n y l - 2 - p ip e r id y l-3 ,4 ,5 - tr im e th o x y p h e n y lc a r b in o l (III). 
To a solution of II (14 g.) in 100 ml. of reagent methanol was 
added 200 mg. of Adams’ catalyst and 20 ml. of 10% aqueous 
hydrochloric acid. The mixture was shaken with hydrogen 
in a Parr apparatus a t about 60 p.s.i.g. until hydrogen was 
no longer absorbed (final pressure 56.5 p.s.i.g. after 3.3 hr.). 
After adding both another 200-mg. portion of catalyst and 
5 ml. of 10% hydrochloric acid, the apparatus was repres
surized to 60 p.s.i.g. and hydrogenation continued until the 
total gas uptake had reached tha t calculated for total 
hydrogenation of the pyridine ring. The resulting mixture 
was treated with No-it, filtered, and evaporated i n  vacuo. 
A sample of the crude free base III  thus obtained melted a t 
169-170°. The residue was taken up in a dry ether-benzene 
mixture and treated with dry hydrogen chloride to precipi
tate DL-phenyl-2-piperidyl-3,4,5-trimethoxyphenylcarbinol
(III) hydrochloride. Recrystallization from hot ether-ethanol 
gave 9.5 g. (61%) of the purified salt as colorless prisms, 
m.p. 265-266°.

A n a l .  Calcd. for ChIImCINO,: C, 64.1: H, 7.12: Cl, 9.03. 
Found: C, 63.8: H, 7.2: Cl, 9.0.

8 .4 .5 -  T r im e th o x y p h e n y l  b e n zy l k e to n e  (V). To a stirred 
solution of benzylmagnesium chloride (prepared from 101 g. 
of benzyl chloride and 19.4 g. of magnesium turnings) in 500 
ml. of dry absolute ether was added 42 g. of finely powdered
3,4,5-trimethoxybenzamide. The mixture was refluxed for 
2 hr., allowed to stand overnight, and then poured into 800 
g. of an ice-water mixture containing 44 ml. of coned, sul
furic acid. An insoluble precipitate of unchanged amide 
(20.5 g.; 49% recovery) was collected. The ether layer 
from the filtrate was washed with 5% aqueous sodium bi
carbonate and then with water. After drying over anhydrous 
magnesium sulfate, and concentrating i n  vacuo , the residue 
was induced to crystallize by adding an ether-petroleum 
ether (b.p. 30-60°) mixture. The crude product (20.4 g.) 
yielded 13.1 g. of 3,4,5-trimethoxyphenyl benzyl ketone (V) 
as light-yellow prisms, m.p. 97-98°. An additional 4.4 g. 
of purified V was obtained by treating the recovered amide 
in suspension in dry benzene with benzylmagnesium chlo
ride. A total yield of 17.5 g. (41%) of pure V was thus ob
tained.

A n a l .  Calcd. for CnH,80 ,: C, 71.3; H, 6.3. Found: C, 
71.3; H, 6.2.

8 .4 .5 -  T r im e th o x y b e n z i l (VI). To a solution of 35 g. of V 
in 75 ml. of acetic anhydride was added 19.2 g. of selenium 
dioxide. After refluxing for 3.5 hr., the reaction mixture was 
poured onto crushed ice and brought to pH 8 by the addi
tion of aqueous ammonia. The yellow semisolid precipitate 
was collected and recrystallized from hot ethanol to give 
13 g. (39%) of VI as yellow prisms; m.p. 110-111°; an ana
lytical specimen out of ethanol-ether melted a t 115-116°. 
No additional benzil could be obtained by evaporating the 
mother liquor; instead, an intractable orange oil was ob
tained.

A n a l .  Calcd. for CnHiiOs: C, 68.0; H, 5.34. Found: C, 
68.0; H, 5.2.

DL-3,4,5-Trimelhoxybenzilic acid (VII). A solution of 4.3 
g. of sodium hydroxide in a minimum volume of water was 
first diluted with 45 ml. of absolute ethanol and cooled in an 
ice bath, and than 9.2 g. of 3,4,5-trimethoxybenzil (VI) was 
added in one pertion. The mixture was placed in a 125-ml.

flask and sufficient ether added to fill the neck. After secur
ing a rubber stopper closure by means of a wire, the flask 
was placed in the refrigerator for 2 day's. The resulting solu
tion of the sodium salt of VII was diluted with ice water 
and extracted with ether to remove traces of unchanged 
ketone. Upon acidification of the aqueous liquid with hydro
chloric acid, the crude benzilic acid (VII) precipitated as an 
oil which solidified on cooling and scratching. There was 
obtained 9.2 g. (97%) of DL-3,4,5-trimethoxybenzilic acid as 
colorless prisms; m.p. 148°. The melting point was un
changed after recrystallization from benzene-petroleum 
ether.

A n a l .  Calcd. for CnHigOe: C, 64.2; H, 5.7. Found: C, 
64.3; H, 5.7.

v i j - N - M e th y l - 3 -p ip e r id y l  3 ,4 ,5 - tr im e th o x y b e n z ila te  (VIII). 
A mixture of 8.7 g. of iV-methyl-3-chloropiperidine16 and
10.6 g. of VII in 50 ml. of isopropyl alcohol was refluxed 
for 2 days and then the solvent removed by evaporation i n  
vacuo . The viscous oily residue was first treated with 10% 
aqueous sodium carbonate to remove unchanged VII and 
then extracted with three 50-ml. portions of ether. Treat
ment of the dried ether extracts with anhydrous hydrogen 
chloride gave an oily precipitate -which did not crystallize, 
and therefore the base was again liberated by the addition of 
alkali. The crude base, amounting to 11.1 g. of a colorless 
oil, was taken up in hot ethyd acetate and treated with a 
boiling solution of 3.5 g. of maleic acid in the same solvent. 
Upon cooling and adding ether dropwise, I II  maleate crys
tallized from the solution as small colorless needles. Recrys
tallization from an ethanol-ethyl acetate mixture containing 
a little water afforded 2.5 g. of the pure salt, m.p. 196-197°.

A n a l .  Calcd. for C27H33NO10: C, 61.0; H, 6.22. Found: 
C, 60.9; H, 6.5.

N - M e th y l - 1 ,2 ,5 ,6 - te tra h y d r o -S -p y r id y lm e th y l b e n z ila te  (XI). 
Arecoline alkaloid was reduced by means of lithium alumi
num hydride to N-meth>'l-3-hydroxy'methyl-l,2,5,6-tetra- 
hydropyridine (IX) in 64% yield by the procedure of Karrer 
and Portmann. 16 To an ice-cooled solution of 17.9 g. of IX  
in chloroform was added dropwise with swirling 19 g. of 
thionyl chloride, and the resulting mixture heated on the 
steam bath for 0.5 hr. After cooling and dilution with ether, 
the Ar-methyl-3-chloromethyl-l,2,5,6-tetrahy'dropyTidine (X) 
hy'drochloride was collected and w'ashed with ether. The 
resulting base hy'drochloride was dissolved in a small volume 
of water and made alkaline with saturated potassium car
bonate solution to liberate the free base which in turn was 
taken up in ether. After drying, the ether solution was evapo
rated to a y'ellow oil which exhibited some tendency to 
dimerize. Accordingly, the free base was immediately dis
solved in 100 ml. of isopropyfl alcohol containing 22.5 g. 
of benzilic acid and the resulting solution refluxed for 2.5 
days. Evaporation of the isopropanol i n  va cu o  left a residue 
which wras first treated with saturated potassium carbonate 
solution and then extracted with ether. By' passing anh>'- 
drous hydrogen chloride through the resulting dry ether 
solution, there was obtained the crude ester hydrochloride 
as a heavy dark oil which gradually solidified (12 g.; 32%). 
Recrystallization from ethanol gave 8 g. of pure Ar-methyl-
l,2,5,6-tetrahydro-3-pyridylmethyl benzilate (XI) hydro
chloride as colorless crystals, m.p. 200- 20 1° dec.

A n a l .  Calcd. for C2,H21C1N03: C, 67.5; H, 6.64; Cl, 9.5. 
Found: C, 67.6; H, 6.6 ; Cl, 9.4.

N - { 2 ,3 ,4 - T r im e th o x y p h e n y l) - N ’- m e th y lp ip e r a z in e  (X III). A 
mixture of 20 g. of Ar-methylbis(/3-chloroethyl)amine hydro
chloride, 19 39 g. of 2,3,4-trimethoxyaniline and 90 ml. of 
methanol was stirred and refluxed for 17 hr. The solvent 
was removed at diminished pressure leaving a solid residue 
which was taken up in a minimum volume of hot methanol. 
Upon cooling there was deposited 14.1 g. (47%) of pure X III 
hy'drochloride as small colorless needles, m.p. 239-240° dec.

(19) K. A. Jenson and F. Lundquist, D a n s k . T id d s k r i  
F a r m ., 15,201 (1941).
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A n a l .  Calcd. for CUH2,C1N20 3: C, 55.5; H, 7.6; Cl, 11.7. 
Found: C, 55.2; H. 7.4; Cl, 11.9.

N - (  2,3,4-- T  r im e th o x y p h e n y l  ) - N ' , N  '-d im e lh y lp ip e r a z in iu m  
io d id e  (XIV). The free base was liberated by treating 10.5 
g. of X III hydrochloride with aqueous alkali and extracting 
with ether. After drying over anhydrous magnesium sulfate, 
the ether solution was concentrated to a volume of 25 ml. 
and treated with 5.7 g. of methyl iodide. A white precipitate 
began to form almost immediately. After standing overnight, 
the solid product was collected on a suction filter, washed 
with ether, and air dried. The resulting XIV weighed 15 
g. (93%); m.p. 170-171°.

A n a l . Calcd. for C16H26IN 203: C, 44.2; II, 6.1; I, 31.2. 
Found: C, 44.1; H, 6.3; I, 30.9.
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ra-Butyl 5 -C h loro-2-pyrim id oxyacetate—A P la n t  
G row th R egu lator A nalog

DONALD G. CROSBY a n d  ROBERT V. BERTHOLD

R ece ived  F e b ru a r y  1 5 , 1 9 6 0

In order to provide a further comparative test of the present theories concerning the relation of structure to chemical 
stimulation of plant growth, n-butyl 5-chloro-2-pyrimidoxyacetate was prepared as an analog of the active 4-chlorophe- 
noxyacetic ester. Although very similar in shape and physical properties to the phenyl compound, the analog was inactive 
as a growth stimulant.

The stimulation of plant growth by substituted 
phenoxyacetic acids was first reported by Zim
merman and Hitchcock in 1942.1 Since then these 
compounds have received much attention in an 
attempt to correlate the position and type of sub
stituent with observed effects on growth. The re
sults of the many investigations directed toward 
elucidation of the mechanism of growth regulator 
action have been resolved into three general theo
ries.

One theory1 2 supposes that the regulator under
goes a chemical reaction with appropriate groups, 
probably nucleophilic, at some site within the cell 
with the resulting formation of new covalent 
bonds. The most probable point of reaction on the 
phenyl ring is indicated to be at a position ortho 
to the ether oxygen. Another theory3’4 5 ascribes 
major importance to the shape of the regulator 
molecule and the specificity of its fit onto some re
ceptor within the plant. In this case, the phenyl 
nucleus with its substituents acts as a whole at a 
locus or pomt of attachment, and chemical reac
tions at the ring are considered unlikely. The third 
and most recent theory,6’6 unlike the other two, is

(1) P. W. Zimmerman and A. E. Hitchcock, C o n tr ib s . 
B o y c e  T h o m p s o n  I n s t . ,  12, 321 (1942).

(2) R. M. Muir and C. H. Hansch, .4»». R ev . P la n t  
P h y s io l . ,  6 , 157 (1955).

(3) II. Veldstra, A n n .  R ev . P la n t  P h y s io l . , 4, 151 (1953).
(4) J. Van Overbeek, Fourth International Conference 

on Plant Growth Regulation, Yonkers, N. Y., August, 
1959.

(5) O. V. S. Heath and J. E. Clark, N a tu r e , 178, 600
(1956) .

(6) E. J. Johnson and A. R. Colmer, N a tu r e . 180, 1365
(1957) .

not particularly concerned with the relation of the 
regulator to an active site. It holds, instead, that 
the growth-regulating activity of a compound is 
primarily associated with its ability to chelate 
metal ions such as calcium or magnesium.

In order to offer a further test of these hypotheses, 
it was thought desirable to attempt the synthesis of 
an analog of a simple aromatic growth-promoting 
compound in which the possibility of reaction at the 
positions ortho to the side chain was negligible. The 
compound chosen was 5-chloro-2-pyrimidoxyacetic 
acid (I) which, although expected to be very simi
lar in many respects to the powerful growth stimu
lant 4-chlorophenoxyacetic acid (II), would not be 
susceptible to the usual form of nucleophilic attack 
at the ortho positions.

For our purposes, it was not only desirable but 
necessary for the chlorine and nitrogens to have this

o c h 2c o o r

N ^ NV
Cl

I.R  = H 
la. R = n-C4HB

OCH2COOR

Cl
II.R  = H 

IIa.R  = n-C 4H9

OCHîCOOH

particular structural relationship to each other and 
to the side chain, as the 5-position is the only one
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CH(OC2H5)2 H,N OH
+

ç h 2 1
+  c=o HCl ̂

H N ^ N CI-  «h
CH(OC2Hs), h 2n

OH Cl

N ^ N POC13 N T^N T KOCHoCOOC, h 9V V
Cl Cl
V

OCH2COOC4H9

N ^ N  -----------5!?_____ * v
[ I H + orOH-

V
Cl la

Fig. 1. Preparation of »-butyl 5-chloro-2-pyrimido.\y- 
aeetate (la)

on the pyrimidine nucleus in which a halogen sub
stituent could be expected to be inert under the 
conditions of bioassay.

Consideration of satisfactory synthetic routes to 
the pyrimidine led to the conclusion that an ester 
would be more convenient to prepare and handle 
than the acid itself. The m-butyl ester was chosen 
because of the ease with which these derivatives 
are made and the high degree of plant growth 
stimulation previously shown by n-butyl 4-chloro- 
phenoxyacetate (Ha).

The reaction sequence followed for the prepara
tion of w-butyl 5-chloro-2-pyrimidoxyacetate (la) 
is shown in Tig. 1.

2-Hydroxypyrimidine hydrochloride was ob
tained by reaction of a malonaldehyde derivative 
such as 1,1,3,3-tetraethoxypropane or 1,3,3-tri- 
ethoxy- 1-propene with urea in the presence of al
coholic hydrogen chloride. The reaction mixture 
must be boiled in order for the desired compound to 
be formed. Otherwise, the only product isolated 
was a high-melting material which, from analysis 
and infrared spectrum, appeared to be identical 
with the complex substance obtained by Dornow 
and Peterlein7 from the reaction of triethoxvpro- 
pene with two equivalents of urea. The preparation 
of 2-hydroxypyrimidine from tetraethoxypropane 
and urea at room temperature in the presence of 
aqueous hydrochloric acid, described by l’roto- 
popova and Skoldinov8 during the course of our 
work, could not be repeated. Huder conditions sat
isfactory for our synthesis of 2-hydroxypyrimidine 
hydrochloride, sulfuric acid provided a good yield 
of 2-hydroxypyrimidine bisulfate, while syrupy 
phosphoric acid gave monobasic 2-hydroxypyrimi- 
dine phosphate. Both the bisulfate and the phos

(7) A. Dornow and K. Poterlein. C hen). H er., 82, 257
(1949).

(S') T. V. Protopopova and A. P. Skoldinov, ./. G en.
C hen ,, { t ' S S f t  27, 1270 (1957 I.

phate were readily converted to free 2-hvdroxypy- 
rimidine.

2-Hydroxypvrimidine hydrochloride was con
verted into 2-hydroxy-5-chloropyrimidine by reac
tion with chlorine in aqueous solution, analogous 
to the chlorination of 2-aminopyrimidine reported 
in the literature.9 A large excess of chlorine was 
very detrimental to the yield of the desired prod
uct. In a similar manner, 2-hydroxy-5-bromopyrim- 
idine was prepared by bromination of 2-hydroxy
pyrimidine in aqueous solution. The monoehloro- 
pyrimidine formed 2,5-dichloropyrimidine upon 
heating with phosphoryl chloride,10 and the product 
was recovered by steam distillation.

The preparation of 2-alkoxypyrimidines by reac
tion of 2-chloropyrimidine with the appropriate 
sodium alkoxide has been reported previously.11’12 
Reaction of 2,5-dichloropyrimidine with the potas
sium or sodium alkoxide of n-butyl glycolate in dry 
toluene provided a 52% yield of an almost colorless 
liquid product which was assumed to be the desired 
ester la.

The compound contained the anticipated 
amounts of carbon, hydrogen, and nitrogen corre
sponding to the formula C9H13CIN2O3. Its ultravio
let spectrum was typical of simple 2,5-disubstituted 
pyrimidines,11 as shown in Table I.

TABLE I
P y rim id in e  Spectra“

Compound pH ^max log i

(la) _b 219, 282 4.10, 3.55
0 .7 218, 281 4.08, 3.54
5.0 218, 281 4.03, 3.54

13.0 222, 283 4.05, 3.52
2,5-Dichloropyrimi- _c 219, 268 4.20, 3.49

dine11 7.0 219, 272 4.23, 3.51
2-Methyl-5-bromo- 7.0 219, 267 4.09, 3.48

pyrimidine11

“ Spectra measured in a Cary Model 11 spectrophotom-
eter. h Anhydrous methanol solution. c Ethanol solution.

The wave length of maximum absorption and the 
extinction coefficients were not greatly affected by 
changes in pH of the solvent, indicating a probably 
low order of basicity in the nitrogen atoms.

The infrared spectrum was consistent with the 
proposed structure and exhibited absorption bands 
characteristic of the pyrimidine ring (795 cm.-1. 
1560 cm.-1), ester (1748 cm.-1), and ether (1270 
cm.-1). Although thermal rearrangement of al- 
koxypyrimidines and alkoxypyridines to the cor
responding iV-alkylated pyrimidinones and pyri-

(9) J. P. English, J. H. Clark, J. \Y. Clapp, Doiis Seeger, 
and R. H. Ebel, .7. A m .  C h em . S o c ., 68, 453 (1946).

(10) J. P. English, J. H. Clark, R. G. Shepherd, H. W. 
Marson, J. Krapcho, and II. O. Rohlin, Jr., J .  A m .  C h em . 
S o c ., 68, 1039 (1946).

(11) M. P. V. Boarland and J. F. W. McOmie, .7. C hem . 
Soc., 3722 (1952).

(12) 1). J. Brown and L. X. Short, .7. C h em . S o c ., 331 
(1953).
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TABLE II
C o m p a r a t i v e  P r o p e r t i e s  o p  (la) a n d  ( H a )

Compound
Mol.
Wt. M.P.

B .P ./l
Mm. n4D5 Ring Halogen

n-Butyl 5-chloro-2- 
pvrimidoxyacetate 
(la)

244.7 14° 119-125° 1.492 Planar Aromatic

n-Butyl 4-chlorophen- 
oxyacetate (Ha)

242.7 41° 122-123° 1.501 Planar Aromatic

dones has been reported on several occasions,13'14 15 
the possibility of such a reaction having taken 
place in the present instance to give butyl 5-chloro- 
2-pyrimidinone-l-acetate is removed by the absence 
of any infrared absorption attributable to this type 
of amide (1600-1700 cm.-1 in 5-ch’_oro-2-pyrimidi- 
none). Brown and Short12 have discussed this dif
ference in the case of 2-pyrimidinone (2-hydroxypy- 
rimidine) and 2-methoxypyrimidine.

In a closely analogous reaction, Hill and 
McGraw16 obtained ethyl 2-pyridoxyacetate from 
2-bromopyridine and sodium ethyl glycoxide. The 
structure of their ester was confirmed by synthesis 
of both it and the corresponding IV-substituted com
pound from 2-hydroxypyridine and ethyl diazoace
tate.16 However, unlike the pyridine derivative, bu
tyl 5-chloro-2-pyrimidoxyacetate was not con
verted to the free acid upon hydrolysis. Instead, 2- 
hydroxy-5-chloropyrimidine was produced in the 
presence of either hot alkali or hot acid, offering 
further evidence of O-alkylation rather than jV-al- 
kylation.

The similarity between butyl p-chlorophenoxy- 
acetate and its pyrimidine analog is shown in Fig. 2 
and Table II. Molecules of the two substances are 
of almost identical shape and size. Although the py
rimidine must differ slightly in shape from the ben
zene derivative,17 the difference may be considered 
negligible for most purposes. Dipole moment meas
urements on pyrimidine and 2,5-disubstituted py
rimidines18 indicate that the ring is planar, as it is in 
the phenoxy acid. The halogen in position 5 is simi
lar in its reactivity to a phenyl halogen, and the re
activity of the ester would not be expected to differ 
appreciably from that of the same group in butyl
4-chlorophcnoxyacetate.

The plant growth regulatory activities of the 71- 
butyl esters of 4-chlorophenoxyacetic acid and 5- 
chloro-2-pyrimidoxyacetic acid were measured by 
Dr. A. J. Vlitos of the Boyce Thompson Institute

(13) D. J. Brown, E. Hoerger, and S. F. Mason, J .  
C h e m . S o c ., 211 (1955).

(14) H. Meyer, M o n a ts h ., 28, 47 (1907).
(15) A. J. Hill and W. J. McGraw, J .  O rg . C h e m ., 14, 

783 (1949).
(16) J. Maas, G. B. R. de Graaff, and H. J. den Hertog, 

R e c . tra v . C h im ., 74, 175 (1955).
(17) R. B. Corev, A n n .  R ev . B io c h e m is lr y , 20, 131

(1951).
(1S) W. C. Schneider, J .  A m .  C h e m . S o c ., 70, 627 (1948).

Fig. 2. Similarity between p-chlorophenoxyacetate acid (II) 
and its pyrimidine analog (I)

for Plant Research, Inc., in Yonkers, N. Y. Four 
different bioassays were employed: elongation of 
wheat and oat (Avena) coleoptiles, elongation of oat 
first internodes,19 and curvature of slit pea stems. 
In each test, the phenoxy derivative was highly 
active while the pyrimidine was completely inac
tive.20

Gorter21 has demonstrated the high degree of 
growth stimulation provided by 2-pyridoxyacetic 
acid (III) and 3,5-dichloro-2-pyridoxyacetic acid
(IV), both of which also are closely related to our 
pyrimidine. Although the pyridine derivatives were 
tested as free acids, no difficulty in the in vivo hy-

(19) J. P. Nitsch and Colette Nitsch, P la n t  P h y s io l . , 31, 
94(1956).

(20) D. G. Crosby and A. J. Vlitos, S c ie n c e , 128, 480
(1958).

(21) C. J. Gorter, P h y s io l .  P la n la r u m , 10, 858 (1957).
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drolysis of the pyrimidoxy ester la  to the corre
sponding acid would be anticipated.

According to the proposal of Hansch, et al,,22 
which has received recent theoretical support by 
Fukui,23 the pyridines III and IV could derive 
their biological activity through displacement of 
hydride ion and chloride ion, respectively, from the 
the 3-position by some cellular nucleophilic agent. 
The complete absence of growth-promoting ability 
in butyl 5-chloro-2-pyrimidoxyacetate, a substance 
which appears to possess many spatial and chemical 
characteristics closely resembling those of the cor
responding phenyl and pyridyl analogs, strongly 
suggests that the availability of the positions ortho 
to the side chain toward nucleophilic reaction in
deed bears an important relation to growth stimu
lation by compounds of the phenoxy acid series.

E X P E R IM E N T A L 24

2-Hydroxypyrimidine hydrochloride. Urea (360 g., 6.0 
moles) was added to 2 1. of dry methanol, and the mixture 
was chilled to 0° and saturated with hydrogen chloride. 
While the temperature was maintained at 0°, 1,1,3,3-tetra- 
ethoxypropane (1320 g., 6.0 moles) was added dropwise 
over a period of 1.25 hr. with constant stirring. After 
standing overnight, the mixture was boiled for 1 hr. under 
reflux with stirring, cooled, and the product removed by 
filtration in 88% yield. Crystallization from ethanol gave 
tan needles, m.p. 205-210° dec. (lit.,25 m.p. 200-205° dec.).

Under similar conditions, substitution of coned, sulfuric 
acid for the hydrogen chloride provided a 90% yield of 
2-hydroxypyrimidine bisulfate, which, after crystallization 
from dilute acetic acid, was recovered as white needles, m.p.
188.5-189°.

Anal. Calcd. for C4Hf,N’20 5S: C, 24.7; H, 3.11; N, 14.4. 
Found: C, 24.9; H, 3.23; N, 14.6.

Likewise, use of 86% phosphoric acid provided an 80% 
yield of monobasic 2-hydroxypyrimidine phosphate, m.p. 
179° dec.

Anal. Calcd. for C4H7N20 6P: C, 24.8; H, 3.63; N, 14.4. 
Found: C, 24.9; H, 3.63; N, 14.6.

2-Hydroxy-5-ckloropyrimidine. 2-Hydroxypyrimidine hy
drochloride (9.0 g., 0.068 mole) was dissolved in 1 1. of 
0.13/ aqueous chlorine solution and heated to 70° for 30 
min. After cooling and standing at room temperature over
night, the crude product was isolated by removal of solvent 
under reduced pressure at steam-bath temperature. Re- 
crystallization from ethanol afforded a 54% yield of pale 
yellow crystals m.p. 236° dec. (lit.9 m.p. 237-238°).

Anal. Calcd. for C4H3C1N20: C, 36.8; H, 2.32; N, 21.5. 
Found: C, 37.1; H, 2.17; N, 21.3.

2-Hydroxy-5-bromopyrimidine. Free 2-hydroxypyrimidine 
was prepared by dissolving 20 g. (0.1 mole) of its bisulfate 
in 150 ml. of water, adding a solution of an equivalent 
quantify of baffum acetate in 200 ml. water, treatment with 
carbon dioxide, and filtration. The filtrate was evaporated 
to dryness to provide an 87% yield of pure 2-hydroxy- 
pyrimidine, m.p. 180-181°.

(22) C. Hansch, R. M. Muir, and R. L. Metzenberg, 
Plant Physiol., 26, 812 (1951).

(23) K. Fukui, C. Nagata, and T. Yonezawa, J. Am. 
Chem. Soc., 80, 2267 (1958).

(24) All melting points were determined in a Yander-
kamp block and are corrected.

125) D. J. Brown, Nature, 165, 1010 (1950).

This product (5 g., 0.05 mole) was added with stirring 
to a solution of 9 g. (0.056 mole) bromine in 2 1. water. 
Solvent was removed under vacuum and the residue was 
crystallized from 90% aqueous ethanol. The yield of 2- 
hydroxy-5-bromopyrimidine, m.p. 234-235° dec., was 5 g. 
(55%).

Anal. Calcd. for C4H3BrN20: C, 27.5; H, 1.73; N, 16.0. 
Found: C, 27.8; H, 1.83; N, 16.3.

2,5-Dichloropyrimidine was prepared by the method of 
English, et al.,10 by reaction of 2-hydroxy-5-chloropyrimidine 
with excess phosphoryl chloride. The yield of product 
melting at 58.5-59.5° (lit. m.p. 57-57.5°) was 47%.

n-Bulyl glycolate. Glycolic acid (300 g., 4 moles), n-butyl 
alcohol (600 g., 8 moles), 300 ml. of dibutyl ether, and 5 g. 
of tetrabutyl titanate were mixed and heated to boiling 
under reflux in apparatus permitting the separation of 
water as it distilled azeotropically. After about 5 hr., the 
theoretical volume of water had been collected. The ether 
solution was washed with water and distilled to give an 
almost quantitative jdeld of product, b.p. 56-59° (5 mm.), 
ra3D° 1.4225.26

Butyl (5-chloro-2-pyrimidoxy)aeetate. Metallic potassium 
(5.9 g., 0.15 mole) in the form of sand was suspended in 300 
ml. of dry toluene under a nitrogen atmosphere. Butyl 
glycolate (22.8 g., 0.17 mole) was added dropwise over a 
period of 45 min. with rapid stirring, and stirring was con
tinued for 3 hr. after the ester addition was complete. A 
solution of 22 g. (0.15 mole) 2,5-dichloropyrimidine was then 
added dropwise, the mixture was boiled under reflux for 1 
hr., and, when cool, it was treated with 25 ml. of absolute 
ethanol. After washing with water, the dark toluene solu
tion was dried over anhydrous sodium sulfate, filtered, and 
the solvent was removed under reduced pressure. The resid
ual oil was distilled to give 18 g. (52%) of colorless liquid, 
b.p. 119-125° (1 mm.).

Redistillation gave an analytically pure sample, b.p. 110° 
(0.8 mm.), ra2D° 1.4998, ra4D5 1.492, m.p. 10-14°.

Anal. Calcd. for Ci0H13C1N2O3: C, 49.1; H, 5.35; N, 11.5. 
Found: C, 49.2; H, 5.49; N, 11.5.

Hydrolysis of butyl (5-chloro-2-pyrimidoxy)acetale. The 
ester (9.0 g., 0.037 mole) was heated with stirring at about 
95° for 1 hr. with 10% aqueous sodium hydroxide solution, 
cooled, and acidified with hydrochloric acid. The precipi
tated solid was filtered, washed with water, and dried in air 
to give 5.0 g. (84%) of yellowish crystals of 2-hydroxy-5- 
chloropyrimidine. After recrystallization from ethanol, the 
compound melted at 236.5-237.5°.

Anal. Calcd. for C4H3C1N20: C, 36.8; H, 2.32; N, 21.5. 
Found C, 37.0; H, 2.32; N, 21.5.

Hydrolysis with dilute aqueous hydrochloric acid at 95° 
resulted in the same product.

Butyl p-chlorophenoxyacetate. Commercial p-chlorophe- 
noxyacetic acid was esterified with n-butyl alcohol in the 
presence of a catalytic amount of p-toluenesulfonic acid, 
and water was removed azeotropically with toluene. Dis
tillation provided a 93% yield of the desired ester boiling 
at 122-123° (1 mm.), m.p. 41°, n4D5 1.501.

Anal. Calcd. for Ci2H16C103: C, 59.4; H, 6.23. Found: 
C, 59.7; H, 6.05.

Acknowledgment. We wish to express our grati
tude to Mr. Quentin Quick and his group for infra
red spectra and microanalyses, Dr. A. J. Ylitos and 
his group for bioassays, and Mr. F. G. Bollinger 
and Miss Celeste Holswade for their assistance.
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(26) The authors are indebted to Mr. T. F. Carruthers 
for the preparation of this compound.
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Several 2,2-disubstituted glycines were prepared by the hydrolysis of the intermediate hydantoin in either sulfuric acid or 
barium hydroxide solution. Acid hydrolysis was satisfactory for the preparation of the dialkyl glycines but led to decomposi
tion during the hydrolysis of the aryl substituted gRcines. This route to the synthesis of these amino acids is considered 
superior to that of the Strecker method.

Preliminary anticancer screening of these amino acids containing no alpha hydrogen atom has shown them to be inactive, 
and therefore, unlike their structural analogue, 1-aminocyclopentanecarboxylic acid.

The present paper is concerned wbh the synthesis 
of disubstituted glycines of the type RR'C(NH2)- 
COOH. Compounds of this type were expected to 
be metabolic antagonists of value in the chemo
therapy of cancer.

A number of compounds belonging to this class 
have alread3r been prepared and shown to possess 
biological activity. In vitro and in vivo studies of 
disubstituted glycine have revealed wide differences 
between these compounds and the corresponding 
natural amino acids. 2-Methylalanine appears 
incapable of being metabolized.4 5 2-Methyl- d l -  

tryptophan is an antagonist of tryptophan and 
has shown activity against staphylococcic infec
tions.6 3-(3,4-Dihydroxyphenyl)-2-methyl-DL- 
alanine (a-methyl-DOPA) is a potent inhibitor 
of mammalian DOPA decarboxylase in vitro but 
is inactive in vivo.6 2-Methyl-DL-glutamic acid 
inhibits the decarboxylation of glutamic acid by 
glutamic decarboxylase.1 2-Methyl-DL-methionine 
is a potent antagonist of methionine and also blocks 
the action of D-amino acid oxidase on phenylal
anine;7 it is also reported to be active against 
Newcastle virus disease.8 2-Methylalanine, 2- 
methyl-DL-serine and 2-hydroxymethyl-DL-serine 
are accumulated in the rat liver after intraperito- 
neal injection, but they are not degraded.9 The 
alpha hydrogen of serine appears to be necessary 
for the reaction with pyridoxal and its subsequent

(1) This research was supported by Contract No. SA- 
43-ph-2394 with the Cancer Chemotherapy National Service 
Center, National Cancer Institute of the National Institutes 
of Health, Bethesda, Md.

(2) Presented in part at the 136th National Meeting of the 
American Chemical Society, September 13-18, 1959.

(3) Midwest Research Institute Sabbatical Fellow 1958- 
59 from Colorado State University, Fort Collins, Colo.

(4) T. R. Riggs and L. M. Walker, J. Biol. Chem., 233, 
132(1958).

(5) K. Pfister, 3rd and W. J. Leanza, U. S. Patent 
2,766,255 (1956); Chem. Abstr., 51, 6702?: (1957).

(6) G. A. Stein, H. A. Bronner, and K. Pfister, 3rd, J. 
Am. Chem. Soc., 77, 700 (1955).

(7) K. Pfister, 3rd, W. J. Leanza, J. P. Conbere, H. J. 
Becker, A. R. Matzuk, and E. F. Rogers, J. Am. Chem. 
Soc., 77,697(1955).

(8) A. R. Matzuk, K. Pfister, 3rd, and E. F. Rogers, U. S. 
Patent 2,824,132 (1958); Chem. Abstr., 52, 11114b (1958).

(9) H. N. Christensen, A. J. Aspen, and E. G. Rice, J.
Biol, Chem., 220, 2§7 (1956).

conversion to glycine.9 l\r-Carbamoyl-2-methyl- 
DL-glutamic acid did not catalyze the conversion 
of ornithine to citrulline as did Ar-carfcamoyl- 
DL-glutamic acid.10 10 11 12 13 14 15 2-Methyl-DL-serine does not 
undergo oxidative deamination in the presence of
l -  or D-amino oxidase.11 2-Methyl-DL-valine 
inhibits penicillin synthesis from lactose, but this 
inhibition is reversed by valine.12

Compounds which inhibit specific metabolic 
reactions can also be expected to possess selective 
toxicity and therefore are obvious candidates for 
trial in cancer chemotherapy. A few members of 
this group have been screened for their effects upon 
experimental tumors. 2-Amino-2-methylbutyric 
acid did not inhibit the growth of mouse Sarcoma- 
180, Carcinoma-755, or Leukemia-1210.13 On the 
other hand, 2-methylalanine, 1-amino-cyclohexane- 
carboxylic acid, and 1-amino-cyclopentanecarbox- 
ylic acid inhibited the development of the Novikoff 
hepatoma in the rat.14 The latter compound has 
also been found to be active on at least one of the 
mouse tumors mentioned above.14 1-Aminocyclo- 
hexanecarboxylic acid, l-amino-l,2,3,4-tetrahydro-
1- naphthoic acid, and 2-amino-l,2,3,4-tetrahydro-
2- naphthoic acid wTere inactive in inhibiting the 
growth of transplanted Walker rat carcinoma; 
however, 1-aminocyclopentanecarboxylic acid as 
well as its N- and C-terminal peptides with glycine 
were very effective in retarding growth in this 
same system.16

Two general methods were considered for the 
preparation of the disubstituted glycines: the 
Strecker reaction, i.e., the reaction of a ketone with 
an alkali cyanide and ammonium chloride to give 
the amino nitrile followed by hydrolysis to the

(10) S. Grisolia and P. P. Cohen, J. Biol. Chem., 204, 
753(1953).

(11) E. Frieden, L. T. Hau, and K. Dittmer, J. Biol. 
Chem., 192,425(1951).

(12) A. L. Demain. Arch. Biochem. Biophys., 64, 74 
(1956).

(13) (a) J. Leiter and M. A. Schneiderman, Cancer Re
search, 19, No. 3, Part II, Cancer Chemotherapy Screening 
Data II, p. 112 (1959); (b) p. 31 for screening method.

(14) F. Martel and L. Berlinguet, Can. J. Biochem. and 
Physiol., 37,433(1959).

(15) T. A. Connors, L. A. Elson, and W. C. J. Ross, 
Biochem. Pharmacol., 1,239 (1959).
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amino acid; and the synthesis of an amino acid by 
the hydrolytic cleavage of a hydantoin. From 
preliminary experiments it was seen that for the 
preparation of the dialkyl substituted amino acids, 
either the Strecker method or the hydantoin method 
gave comparable yields of the amino acid. The 
hydantoin method was selected as the preferred 
route for several reasons. The reactions, in the case 
of the hydantoin method, proceeded with less de
composition. Even where the reactions were in
complete, the unchanged starting material was 
easily recovered from the reaction mixture. Fur
thermore, the hydantoins are readily purified and 
relatively stable, while the amino nitriles are 
neither stable nor easily purified. Finally, it was 
found easier to apply forcing conditions to the 
preparation and hydrolysis of the hydantoins of 
hindered ketones, e.g., 4-methylbenzophenone, 
rather than to use the Strecker reaction.

The hydantoins (Table I) were prepared from 
the appropriate ketones by the Bucherer-Berg 
reaction, a method that has been adequately re
viewed by Ware16 and refined by Henze17 in the 
last few years. The hydrolysis of the dialkyl hy
dantoins in 60% sulfuric acid gave good yields of 
the amino acids. The hydrolyses of the aryl sub
stituted hydantoins were much less successful 
in acid due to their low solubility in the reaction 
solutions and the large amount of decomposition 
which accompanied the reaction. As a result, the 
the use of barium hydroxide under autoclave con
ditions was instituted. This method proved satis
factory for the hydrolysis of both the aryl substi
tuted hydantoins and the unsaturated alkyl 
substituted hydantoins. The preferred reaction 
sequence is illustrated below and the disubstituted 
glycines are shown in Table II, where R and R' = 
alkyl and aryl. Reaction conditions are more fully 
described in the experimental section.

O
!!

R—C—R' R

R'

-CO

HN NK 
\  /

CO

R'

R—C—COOH
I

NIR

The compounds described in Tables I and II 
have been submitted to the Cancer Chemotherapy 
National Service Center for screening.1315 Prelimi
nary results indicate that these compounds are 
neither capable of producing significant inhibition 
of the growth of Sarcoma-180 or Carcinoma-755 
nor do they increase the survival time of mice 
bearing Leukemia L-1210. Detailed screening results 
of these compounds will be published by the Na
tional Institutes of Health at a later time.

(16) E. Ware, Chem. Revs., 46,403 (1950).
(17) (a) H. R. Henze and R. J. Speer, J. Am. Chem. Soc., 

64, 522 (1942). (b) H. R. Henze and A. F. Isbell, J. Am. 
Chem. Soc., 76, 4152 (1954).

E X P E R IM E N T A L 18

Preparation of hydantoins. The hydantoins were syn
thesized from commercially available ketones according to 
methods described by Henze and co-workers.17 In cases 
where the ketones were not available, they were prepared 
as noted in Table I. The three methods used for the prepara
tion of the hydantoins are illustrated as follows:

Method A.17* S-Ethyl-5-p-fluorophenylhydantoin. In a 
three-necked flask equipped with a mercury-seal stirrer, 
a dropping funnel, and reflux condenser were placed 46 g. 
(0.33 mole) of 4'-flUoropropiophenone, 100 g. of reagent 
grade ammonium carbonate, and 550 ml. of 60% ethanol. 
The mixture was stirred and warmed to 50°, at which time 
17 g. (0.35 mole) of sodium cyanide dissolved in 50 ml. of 
water was added over a period of 5 min. The reaction mix
ture was then stirred for 3 hr. at temperatures between 56° 
and 60°. The reflux condenser was then replaced by an air 
condenser and the temperature raised to 85° for 1 hr. to 
remove the excess ammonium carbonate. The reaction 
solution was cooled, acidified to pH 6, and chilled to 0° for 
24 hr. The precipitate was collected and washed with several 
portions of cold water. The product was then purified by 
dissolving it in 300 ml. of 5% aqueous sodium hydroxide 
solution, the solution filtered, and the filtrate washed with 
three 50-ml. portions of ether to remove unchanged ketone. 
The aqueous layer was then cooled and acidified to pH 6 
and the precipitate collected and recrystallized from 95% 
ethanol; yield, 44 g., m.p., 209-210.5°.

Anal. Calcd. for CuHuFN^A: C, 59.45; H, 4.99; N, 12.61. 
Found: C, 59.32; H, 5.02; N, 12.44.

Method B.19 Spiro[imidazolidine-4,l'-indan]-2,5-dione. 
Forty-four grams (0.33 mole) of 1-indanone was mixed 
with 33 g. (0.5 mole) of potassium cyanide and 114 g. of 
reagent grade ammonium carbonate. The solids and 350 
ml. of 70% ethanol were placed in a stainless steel reaction 
vessel, sealed, and heated to 110° for 24 hr. The bomb was 
cooled, the contents removed, filtered and diluted with 100 
ml. of water. The reaction solution w'as then heated to boil
ing for 15 min. to remove the excess ammonium carbonate, 
cooled, and acidified to pH 6. The resulting precipitate was 
filtered and recrystallized from 95% ethanol; yield, 46 g., 
m.p., 239-240°.

Anal. Calcd. for C„H10N2O2: C, 65.33; II, 4.98; N, 13.86. 
Found: C, 65.09; H, 4.96; N, 13.68.

Method C.17b 5-{p-Chlorobenzyl)-5-phenylhydantoin. 
Twenty-three grams (0.10 mole) of 2-(p-ehlorophenyl)- 
acetophenone, 7 g. (0.11 mole) of potassium cj'anide, 34 g. 
of reagent grade ammonium carbonate and 250 g. of fused 
acetamide were intimately mixed and then placed in a 
stainless steel reaction vessel which was sealed and heated 
to 110° for 24 hr. After cooling, the contents were removed 
by washing with 500 ml. of boiling water in several portions. 
The reaction product was then filtered and washed several 
times with cold water. The crude hydantoin was decolorized 
with activated charcoal in hot 95% ethanol, precipitated 
by cooling, and recrystallized a second time from ethanol; 
yield, 22 g., m.p., 212-213°.

Anal. Calcd. for C16H13C1N20 2: C, 63.89; H, 4.36; N, 
9.32. Found: C, 63.70; H, 4.57; N, 9.33.

Preparation of amino acids. The hydrolysis of the hy
dantoins listed in Table I was carried out in both acid and 
basic solution. Conditions for the preparation and isolation 
of the amino acids (Table II) are illustrated by the following 
examples:

Method A. Acid hydrolysis.20 2-Amino-2-methylnonanoic

(18) All melting points are uncorrected; analyses were 
performed by Galbraith Microanalytical Laboratories and 
Micro-Tech Laboratories.

(19) E. Campaigne and H. L. Thomas, J. Am. Chem. 
Soc., 77,5365 (1955).

(20) H. T. Bucherer and W. T. Steiner, ./. prakt. Chem., 
140,291(1934).
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acid. In a three-necked flask fitted with a reflux condenser 
and nitrogen inlet tube were placed 45 g. (0.02 mole) of 5- 
heptyl-5-methylhydantoin and 104 g. (0.6 mole) of 60% 
sulfuric acid. The mixture was then headed at 130° for 72 
hr. under a nitrogen atmosphere. The clear, straw-colored 
solution was then cooled and a precipitate, consisting of 
amino acid sulfate and unchanged hydantoin, was filtered. 
The precipitate was dissolved in 300 ml. of hot water, de
colorized with activated charcoal, and filtered. The filtrate 
was cooled and adjusted to pH 6 with 10% aqueous am
monia, which precipitated the free amino acid. The mother 
liquor from the reaction mixture was diluted with 200 ml. 
of w'ater, decolorized with charcoal, filtered, and the free 
amino acid precipitated by the addition of 10% aqueous 
ammonia to pH 6. Both crops of amino acid were combined 
and recrystallized, first, from 50% ethanol and then from 
acetic acid-water. Finally the product was dried for 24 hr. 
in vacuo at 50°; yield, 23 g., m.p., 296-300° (sealed tube).

Anal. Calcd. for C10H2iNO2: N, 7.48. Found: N, 7.33.
Method B. Base hydrolysis,21 2-Amino-2-methyl-5-hexenoic 

acid. In a stainless steel reaction vessel were placed 30.2 
g. (0.18 mole) of 5-(3-butenyl)-5-methy hydantoin, 85 g. 
(0.27 mole) of barium hydroxide and 485 ml. of water. 
The bomb was flushed with nitrogen, sealed, and heated 
to 165° for 30 min. After cooling to room temperature, the 
alkaline reaction mixture was diluted with 300 ml. of water, 
then aerated and heated to drive off the ammonia formed

(21) J. E. Livak, E. C. Britton, J. C. VanderWeele, and
M. F. Murray, J. Am. Chem. Soc., 67, 2218 (1945).

in the reaction. The solution was then acidified with coned, 
sulfuric acid to pH 1-2, the barium sulfate filtered, and the 
pH readjusted to 6 with lead carbonate. The solution was 
filtered free of lead sulfate and then treated with hydrogen 
sulfide to remove the excess lead ion. The aqueous solution 
was next heated to boiling, decolorized with charcoal, fil
tered, and the filtrate concentrated to give three crops of the 
free amino acid; total yield 22.5 g., m.p., 312-314°. A sample 
for analysis was recrystallized from 70% ethanol.

Anal. Calcd. for CjHnNCL: C, 58.72; H, 9.15; N, 9.78. 
Found: C, 58.91; H, 8.97; N, 9.86.

Several of the amino acids hydrolyzed by this method 
were insoluble enough in water to be isolated by concentrat
ing the acidic solution to half volume after removing the 
precipitated barium sulfate and adjusting the pH to 6 with 
coned, ammonium hydroxide. The amino acid was then 
filtered and washed with several portions of distilled water.

Method C. Base hydrolysis. 2-Phenyl-2-p-tolylglycine. A 
stainless steel reaction vessel containing 22.6 g. (0.085 mole) 
of 5-phenyl-5-p-tolylhydantoin and 370 ml. of a 20% sodium 
hydroxide solution was flushed with nitrogen, sealed, and 
heated to 165° for 24 hr. The cooled reaction mixture was 
diluted with 1 1. of water and the pH adjusted to <1 with 
coned, hydrochloric acid. The solution was then treated 
with charcoal, filtered, and the pH readjusted to 6 with am
monium hydroxide; yield, 15 g., m.p., 244.5-245° (sealed 
tube).

Anal. Calcd. for C15H15N02: C, 74.66; H, 6.27; N, 5.81. 
Found: C, 74.70; H, 6.32; N, 5.75.
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3-Aminoquinoline and 3-hydrazinoquinoline have been found to undergo reactions with hippuric acid, carbofcenzoxy- 
glycine, and carbobenzoxy-L-alanine in the formation of amide-like products. Also, they both effectively resolve carbo- 
benzoxy-DL-alanine and benzoyl-DL-alanine under papain catalysis. When benzovl-L-alanine is used alone, however, neither 
of the amino-containing bases undergoes a papain-catalyzed reaction with this single antipode. A number of aminopyridines, 
aminoquinolines, 4-aminoisoquinoline, and 2-hydrazinoquinoline failed to react, under papain catalysis, with this same
selected group of N-acylamino acids.

Papain catalysis of the formation of peptide-like 
linkages from N-acyl amino acids and aniline or 
phenylhydrazine was demonstrated in the original 
research of Max Bergmann and Heinz Fraenkel- 
Conrat.3 Groundwork was thereby laid for a diver

(1) To whom correspondence should be directed relative 
to this paper at ihe Department of Nuclear Medicine and 
Biophysics of The Medical Center, University of California 
at Los Angeles.

(2) California Heart Association Undergraduate Research
Fellow, Summer, 1958; the principal contents of this paper
were presented upon invitation and won first prize and a 
scroll in the Fresno State College Sigma Xi Club under
graduate research contest, May, 1959; present address, 
Graduate School, Washington State University, Pullman, 
Washington.

sity of studies4 which brought forth much informa
is) M. Bergmann and H. Fraenkel-Conrat, J. Biol. Chem., 

il9,707(1937).
(4) E. L. Bennett and C. Niemann, J. Am. Chem. Soc., 

70, 2610 (1948); J. Am. Chem. Soc., 72, 1798 (1950); J. 
Am. Chem. Soc., 72, 1800 (1950); E. Waldschmidt-Leitz 
and K. Kuhn, Z. physiol. Chem., 285, 23 (1950): D. G. 
Doherty and E. A. Popenoe, Jr., J. Biol. Chem., 189, 447
(1951); H. B. Milne and C. M. Stevens, J.Biol. Chem., 74, 
3269 (1952); S. W. Fox, M. Winitz, and C. W. Pettinga, J. 
Am. Chem. Soc., 75, 5539 (1953); J. P. Greenstein, Resolu
tions of Racemic Alpha-Amino Acids, Chapter IX in “Ad
vances in Protein Chemistry,” Academic Press, New York
(1954); J. L. Abernethy, J. Nakamura, and Bro. Myron 
Collins, J. Org. Chem.., 23, 586 (1958); J. L. Abernethy, M. 
Kientz, R. Johnson, and R. Johnson, J. Am. Chem. Soc., 81, 
3944 (1959).
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tion concerning the specificity of this enzyme, par
ticularly with regard to amine structures and the 
ability of the enzyme to resolve a variety of N- 
acylamino acids. Usually a preference is shown by 
the enzyme for an L-acylamino acid in such cataly
sis, although this is not always the case.4 Most of 
the early research was focussed on variations in the 
amino acids structure and the acyl radical bonded to 
the a-amino group. Little was done in extending the 
basic, amino-containing reactant to other varieties 
of structures. Among the few amino-containing 
compounds used were an aliphatic type of amine, 
benzylamine,4-5 and a secondary amine, methyl- 
aniline.5 Neither underwent a reaction with an N- 
acylamino acid. Phenylhydrox\damine5 was also 
employed, but this likewise gave negative results. 
However, in the majority of instances studied, sub
stituted anilines with many kinds of substituents 
did give rise effectively to hippuric substituted ani
lides.4

Still further extension was then made in incor
porating an asymmetric center6 in the amino-con
taining molecule, as in m-(l-hydroxyethyl) aniline. 
With hippuric acid the reaction went well, but the 
resultant hippuric m-(l-hydroxyethyl)anilide was 
racemic. Attention was then turned to hydrazides, 
which contain a basic amino group.4 Effective reso
lutions of .V-acylamino acids occurred during the 
formation of A“,W^)-diacylhydrazines. However, 
resolution of DL-mandelic hydrazide did not occur 
in its reaction with hippuric acid, nor did ethyl- 
malonic hydrazide undergo a partial asymmetric 
synthesis in its reaction with hippuric acid. Racemic 
products resulted.

The present investigation was undertaken to in
corporate nitrogen in a six-membered ring involv
ing a resonance hybrid, rather than using a benzene 
ring, with amino or hydraazino groups attached to 
the heterocyclic nucleus. Pyridine, quinoline, and 
isoquinoline nuclei were used. The specific com
pounds chosen were 2-aminopyridine, 4-methyl-2- 
aminopyridine, 3-aminopyridine, 4-aminopyridine,
2-aminoquinoiine, 3-aminoquinoline, 5-aminoquino- 
line, 6-aminoquinoline, 8-aminoquinoline, 4-amino- 
isoquinoline, 2-hydrazinoquinoline and 3-hydrazino- 
quinoline. W-Acylamino acids selected were hippuric 
acid, carbobenzoxyglycine, carbobenzoxy-L-alanine, 
carbobenzoxy-DL-alanine, benzoyl-L-alanine, and 
benzoyl-DL-alanine because of their reasonably 
moderate solubility.

The investigation was divided into the following 
phases of study: (1) Determination of the de
pendence of yield on pH for a very few reactions 
served as a guide for an appropriate pH to be uti
lized for an entire group of closely related syntheses.

(5) Unreported experimental work performed at the 
California State Polytechnic College, San Luis Obispo, and 
at Fresno State College.

(6) J. L. Abemethy and Bro. Myron Collins, J . Org. 
Chem., 1558.

(2) Each amino-containing compound was sub
jected to reactions with the chosen series of iV-acyl 
amino acids. Papain was the catalyst and L-cys- 
teine the promotor at 40° and the established pH. 
Removal of the reaction product was carried out 
at appropriate intervals of time. (3) Tests were 
made for resolution when racemic iV-acylamino 
acids were utilized by determination of the optical 
activity of the reaction product.

EXPERIMENTAL

Activation of papain. The papain in these experiments was 
obtained from the Wallerstein Laboratories, New York City. 
Activation was carried out according to the procedure of 
Grassmann7 and of Bennett and Niemann8 with certain 
simplifications.4 The resultant light tan product was crushed 
lightly and stored in stoppered vials in a brown bottle fitted 
with a screw cap and was refrigerated at 5°.

Preparation of intermediates. I t was necessary to prepare 
some of the reactants for these studies in papain catalysis.
3-Aminopyridine was synthesized from nicotinamide by a 
Hofmann hypobromite reaction.9 The preparation of 2- 
aminoquinoline involved a Chichibabin reaction using so
dium amide and quinoline in boiling xylene.10 Care was taken 
to employ freshly opened lump sodium amide,11 which was 
cautiously ground to a powder under a dry nitrogen atmos
phere in a dry box. The solid melting at 129-130° after re
crystallization from toluene was used in the papain-cata
lyzed syntheses.

The preparation of 4-aminoisoquinoline12 was effected by 
conversion of isoquinoline to 4-bromoisoquinoline13 and sub
sequent conversion to 4-aminoisoquinoline14 15 by coned, am
monium hydroxide and copper sulfate in a heated, shaking, 
autoclave. The 4-aminoisoquinoline was then converted to 
the solid hydrochloride with a stream of dry hydrogen 
chloride.

The synthesis of carbobenzoxyglycine, carbobenzoxy- 
DL-alanine, and carbobenzoxy-L-alanine was accomplished 
by the method of Carter, Frank, and Johnston16 from benzyl 
chloroformate and the appropriate amino acids.

Dependence of yield on pH for the papain-catalyzed reactions 
between 3-aminoquinoline and hippuric acid to form 3-hippura- 
midoquinoline. I t was necessary to perform exploratory ex
periments to find a wide range of pH values over which there 
was sufficient solubility of both hippuric acid and 3-amino
quinoline and also insolubility of 3-hippuramidoquinoline 
to determine satisfactorily the dependence of yield on pH. 
For the pH range from 4.0 to 6.0, with 0.5 unit increments of 
pH for the study and 0.01 mole each of hippuric acid and
3-aminoquinoline in 125 ml. of total buffered solution, a 
precipitate was given only at pH 5.5. When the quantities 
of hippuric acid and 3-aminoquinoline were increased to

(7) W. Grassmann, Biochem. Z., 279, 131 (1935).
(8) E. L. Bennett and C. Niemann, J. Am. Chem. Soc., 72, 

1789(1950).
(9) C. F. H. Allen and C. N. Wolf. Org. Syntheses, 30, 3

(1950).
(10) D. A. Shirley, Preparation of Organic Intermediates 

John Wiley and Sons, Newr York (1951), p. 16.
(11) Fisher Scientific Company Chemicals, lump sodium 

amide.
(12) D. A. Shirley, Preparation of Organic Intermediates, 

John Wiley and Sons, New York (1951), p. 50.
(13) F. W. Bergstrom and J. H. Rodda, J. Am. Chem. 

Soc., 62,3031 (1940).
(14) D. A. Shirley, Preparation of Organic Intermediates, 

John Wiley and Sons, New York (1951), p. 11.
(15) H. E. Carter, R. L. Frank, and H. AT. Johnston,

Org. Syntheses, Coll. Vol. Ill, 158 (1955).
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Fig. 1. Dependence of yield on pH for the papain- 
catalyzed formation of 3-hippuramidoquinoline from hip- 
puric acid and 3-aminoquinoline

0.02 mole each for this same volume of solution, a consider
able amount of undissolved reactant remained at the higher 
pH values. Satisfactory solution was brought about for the 
entire pH range studied by using 0.0200 mole of hippuric 
acid and 0.0100 mole of 3-aminoquinoline, 0.500 g. of l- 
cysteine hydrochloride, 0.500 g. of activated Wallerstein 
papain, and enough buffer to make 125 ml. total of buffered 
solution. After mixing and filtering, the solutions were ad
justed to the exact pH desired, with the aid of a pH meter. 
The solutions were incubated at 40° and the precipitates 
were collected at the end of 50, 96, and 216 hr., with re
adjustment of the pH to its original value after each filtra
tion. Precipitates were dried and weighed. Results are 
plotted in Fig. 1. Total yields in percent for 216 hr. of in
cubation were: pH 6.01, 13.1%; pH 5.75, 55.9%; pH 5.47, 
93.0%; pH 5.22, 66.1%; pH 4.92, 37.4%; pH 4.40, 33.4%; 
pH 3.95,7.1%.

Dependence of yield on pH for the reaction between S-hydra- 
zinoquinoline and hippuric acid to form hippuric S-(quinolyl)- 
hydrazide. Preliminary experiments showed that effective 
results could be obtained by employing 1.161 g. (0.00500 
mole) of 3-hydrazinoquinoline, 3.583 g. (0.0200 mole) of 
hippuric acid, 0.500 g. of L-cysteine hydrochloride, and 
0.500 g. of activated Wallerstein papain in sufficient buffer 
to make 125 ml. of solution. Filtration was carried out be
fore incubation was started. Some insoluble substrate was 
noted. Incubation was conducted at 40° followed by collec
tion of the precipitates at the end of 48 hr. for each of the 
pH values used. The results are shown graphically in Fig. 2. 
Percent yields at the end of 48 hr. were: pH 3.95, 22.8%; 
pH 4.23, 34.0%; pH 4.49, 34.2%; pH 4.73, 29.7%; pH
4.95, 25.6%.

Experiments with aminopyridines. A number of experi
ments were tried with 2-aminopyridine, 3-aminopyridine, 
and 4-methyl-2-aminopyridine. Both hippuric acid and 
carbobenzoxyglycine were used as the amido acids, with 
L-cysteine hydrochloride as the promotor and activated 
Wallerstein papain as the catalyst. The pH was varied from 
about 3.5 to 6.0 at increments of about 0.5 pH units. After 
5 days or more, no evidence was given for a reaction in any 
of the situations studied, when incubation was carried out 
at 40°.

Experiments using S-aminoquinoline, 5-aminoquinoline, 
8-aminoquinoline and 4-aminoisoquinoline with hippuric add, 
carbobenzoxyglycine, carbobenzoxy-DL-alanine and carbobenz
oxy-L-alanine. These experiments were conducted over a 
range of pH values from 4 to 6 at 0.5 units of pH. In all 
cases the amino compounds were quite insoluble at high 
pH values. At the end of 264 hr. of incubation no precipitate 
of product had been obtained when incubated at 40°, with 
activated Wallerstein papain as the catalyst and L-cysteine 
hydrochloride as the promotor.

Fig. 2. Dependence of yield on pH for the formation of 
hippuric 3-quinolylhydrazide from hippuric acid and 
3-hydrazinoquinoline

Experiments with 3-aminoquinoline and hippuric acid, 
carbobenzoxyglycine, carbobenzoxy-L-alanine, carbobenzoxy- 
DL-alanine, benzoyl-L-alanine and benzoyl-DL-alanine. All of 
these experiments were carried out in 125 ml. total buffered 
solution at pH 5.5 and incubated at 40°. In each case 0.0100 
mole of 3-aminoquinoline was employed with 0.500 g. of 
activated Wallerstein papain and 0.500 g. of L-cysteine 
hydrochloride. The amounts of N-acylamino acids employed 
for the separate reactions were: 0.0150 mole of hippuric 
acid; 0.0150 mole of carbobenzoxyglycine; 0.0150 mole of 
carbobenzoxy-L-alanine; 0.0150 mole of benzoyl-L-alanine; 
0.0300 mole of carbobenzoxy-DL-alanine; 0.0300 mole of 
benzoyl-DL-alanine. Precipitates were collected at the end 
of 18, 44, and 264 hr. of incubation and were dried and 
weighed. After recrystallization from an ethanol and water 
mixture, melting points were determined. Following each 
filtration, the filtrate was readjusted to pH 5.5 before incu
bation was continued. Specific rotations were determined 
in approximately 2% solutions in pyridine. Results are 
given in Table I. No product was given with benzoyl-L- 
alanine.

Experiments between 3-hydrazinoquinoline and hippuric 
acid, carbobenzoxyglycine, benzoyl-L-alanine, benzoyl-DL-ala- 
nine, carbobenzoxy-L-alanine, and carbobenzoxy-DL-alanine. 
These reactions were all conducted at pH 4.5 and 40°.
3-Hydrazinoquinoline dihydrochloride (0.0100 mole) was 
employed with 0.0300 mole of hippuric acid, carbobenzoxy
glycine, carbobenzoxy-L-alanine, or benzoyl-L-alanine or 
with 0.0600 mole of carbobenzoxy-DL-alanine or benzoyl- 
DL-alanine. A total of 250 ml. of buffered solution was 
utilized with 1.000 g. of activated Wallerstein papain and
1.000 g. of L-cysteine hydrochloride. Results are tabulated 
in Table II. No product was given with benzoyl-L-alanine. 
Precipitates were collected at the end of 18, 44, and 168 hr., 
dried and weighed. The filtrates were readjusted to pH
4.5 before incubation was continued. As zero rotation was 
shown in each case in pyridine, rotations were determined 
in chloroform or methanol.

Rotations of a-(benzyloxycarbonylamino)propionic S-quin- 
olylhydrazide and a-benzamidopropionic 3-quinolylhydrazide 
in pyridine. Both of these 3-quinolylhydrazides displayed 
zero rotation when dissolved in pyridine, which suggested 
possible racemization. a-(Benzyloxycarbonylamino)propi 
onic 3-quinolylhydrazide showed [a] d5° = —25.3° in chloro
form. When the chloroform was removed by evaporation 
and the solid was dissolved in pyridine, zero rotation was 
obtained. When the pyridine was then evaporated and this 
solid was redissolved in chloroform, zero rotation was 
obtained.

On the other hand, a-benzamidopropionic 3-quinolylhy- 
drazide exhibited [a ] d5° = +40.0° in methanol. Upon re
moval of the methanol and redissolving the solid in pyri 
dine, zero rotation was shown. Removal of the pyridine and
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TABLE I
R e a c t i o n s  o f  3 - A m i n o q u i n o l i n e  w i t h  A - A c y l a m i n o  A c i d s  a t  p H  5 .5  a n d  4 0 °

Amido Acids® Product M.P.6

w r
2% in 

pyridine
0-18
Hr.

Yield, g. 
18-44 

Hr.
44-264

Hr. Calcd.
N

Found
HA 3-Hippuramidoquinoline 218-220° 0.997 0.446 0.631 13.76 13.76
CBG 3-Car bobenzoxyglycyl-

amidoquinoline 237-238° 2.707 0.245 0.369 12.53 12.49
C-l-A 3-Carbobenzoxy-L-ala-

nylamidoquinoline 179-180° -77 .9° 3.262 0.762 0.209 12.61 12.79
C-dl-A 3-Carbobenzoxyalanyl-

amidoquinoline 180-182° -73 .9° 1.326 0.797 0.151 12.61 12.62
B-dl-A 3-Benzoylalanylamido-

quinoline 204-205° -46.55° 2.533 0.264 0.125 13.16 13.15
0 Hippuric acid (HA); carbobenzoxyglycine (CBG); carbobenzoxy-L-alanine (C-l-A); carbobenzoxy-DL-alanine (C-dl-A); 

benzoyl-L-alanine (B-n-A), no reaction; benzoyl-DL-alanine (B-dl-A). 6 Recrystallized from ethanol and water.

TABLE II
R e a c t i o n s  o f  3 - H y d r a z i n o q u i n o l i n e  w i t h  A’- A c y l a m in o  A c i d s  a t  p H  4 .5  a n d  4 0 °

[ « i r Yield, g.
2% in 0-18 18-44 44-264 N

Amido Acid® Product M.P.4 solvent Hr. Hr. Hr. Calcd. Found
HA Hippuric

3-cuinoIylhydrazide 213-214° 1.320 0.019 0.040 17.49 17.69
CBG Benzyloxycarbonylamino-

acetic 3-quinolylhydra- 
zide 179-180° 1.290 0.020 0.000 16.00 15.99

C-l-A L-a-( Benzyloxycarbonyl-

C-dl-A

amino )propionic 
3-cuinolylhydrazide 197-198° -2 5 .3 ° 1.197 0.183 0.000 15.38 15.32

a-( Benzyloxycarbonyl- in CHClj
amino )propionic 
3-quinolylhydrazide 195-196° 1 o

in CHClj
1.511 0.273 0.019 15.38 15.36

B-dl-A a-Benzamidopropionic
3-quinolylhydrazide 228-230° +40.0° 

in CH.OH
1.928 0.406 0.086 10.76 16.61

a,b See footnotes for Table I.

redissolving in mc'hanol gave substantially the same rota
tion that was given before in methanol.

D IS C U S S IO N

3-Aminoquinoline and 3-hydrazinoquinoline were 
two compounds containing the quinoline nucleus 
and, incorporating a basic amino group in their 
structures, that underwent reactions with hippuric 
acid, carbobenzoxyglycine, carbobenzoxy-DL-ala
nine, carbobenzoxy-L-alanine, and benzoyl-DL-ala
nine. No products were formed when 2-aminopyri- 
dine, 3-aminopyridine, 4-methyl-2-aminopyridine, 
2-aminoquinoline, 5-aminoquinoline, 8-aminoquino- 
line, and 4-aminoisoquinoline were each studied 
with hippuric acid, carbobenzoxyglycine, carbo- 
benzoxv-DL-alanine, and carbobenzoxy-L-alanine. 
Solubilities of reactants and also of products play a 
determining role. Relative basicities of amino 
groups are important contributing factors. Reso
nance withdrawal of the electron pair on amino ni
trogen, particularly when enhanced by the hetero

cyclic nitrogen, would be significant in reducing the 
basicity of amino nitrogen. Besides this, coulombic 
attraction of the hetero nitrogen atom for this elec
tron pair on amino nitrogen would reduce the 
availability of the pair and therefore the basic 
properties of the amido group.

The failure of any of the aminopyridines to re
spond might, in part, also be attributed to rela
tively high solubilities of anticipated products of 
reaction. Generally speaking, one of the driving 
forces of these reactions is the insolubility of the 
products, which can keep the essentially steady- 
state equilibria disturbed in favor of these desired 
substances.

3-Aminoquinoline contains an additional benzene 
ring, which would decrease the solubility of the re
action product. I t has an appropriately situated 
amino radical for enhancing its basicity and ability 
to react with the papain-amido acid substrate in
termediate.



1928 ABERNETH Y AND K ILDAY VOL. 25

H

Enzyme- Substrate 
Intermediate

The possibility of assistance in the reaction by an 
imidazolyl radical of an L-histidine residue, if 
spaced appropriately between an L-cysteine residue 
and an L-glutamic acid residue of the papain poly
peptide chain, has been discussed in detail in con
nection with previous work.6'7 These reactions of 3- 
aminoquinoline show that an amino substituent can 
be bonded to a heterocyclic ring and undergo a reac
tion similar to an amino group bonded to a benzene 
ring. It should be pointed out that an investiga
tion of the dependence of yield on pH for the reac
tion product of the reaction between hippuric acid 
and 3-aminoquinoline showed a relatively high op
timum pH of about 5.5, for the conditions em
ployed.

In contrast with this, 3-hydrazinoquinoline un
dergoes a reaction with hippuric acid at an opti
mum of about 4.5.

This is the first hydrazino group bonded to some
thing besides a benzene ring or a carbonyl group 
that has been demonstrated to take part in such a 
reaction. 4-Aminoisoquinoline did not undergo a 
reaction with any of the acylated amino acids of this 
investigation.

A very peculiar situation has consistently arisen 
with benzoyl-DL-alanine and benzoyl-L-alanine

(7) T. C. Bruire, Am. Chrm. Soc., 81, 5444 (1959).

throughout these and previous experiments.4'6 
In all instances where a reaction did occur with 
benzoyl-DL-alanine and appropriate amino-contain
ing compounds under papain-catalysis, resolution 
of the racemic iV-acylamino acid resulted. When 
benzoyl-L-alanine was used alone no reaction took 
place. This is not readily explained on the basis of 
the compounds. Perhaps some inhibitor is present 
in the benzoyl-L-alanine. Further investigation is 
planned for this puzzling situation.

The zero rotation of a - (benzyloxycarbon- 
ylamino) propionic 3-quinolylhydrazide a-benza- 
midopropionic 3-quinolylhydrazide in pyridine sug
gested that racemization might have occurred in 
this basic solvent. This explanation may apply to

O:

RNHNH- C -C(CH,)NHCOR'

I
: 6:

RNHNH-  C=C(CH3)NHCOR'

+ H +  ~

O H  — »
I! T *r-

R N H N H -C -C -O H ,
i
NHOOR'

0  NHOOR'

RNHNH—C—C—CH3
1 - H  +

the a-benzvloxycarbonyl derivative (see Experi
mental) but cannot apply to the a-benzamido deriv
ative, which gave a rotation in methanol, both be
fore and after the measurement of (zero) rotation 
in pyridine.
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Several 4,5-disubstituted oxazolidines have been prepared and these have been converted to a variety of 4,5-disubstituted
3-imidomethvloxazolidines. In the case of the 4-methyl-5-phonyloxazolidines, both racemic diastereoisomers were prepared 
and converted to the imidomethyloxazolidines. The reactions leading to these compounds are stereospecific and a number 
of the optically active isomers were prepared by the use of resolved starting materials. These compounds exhibit a variety 
of interesting biological activities.

It had been shown in these laboratories that two 
imidomethyl derivatives of 2-phenyl-3-methylmor- 
pholine (Preludin) had potent appetite inhibitory 
activity.1-2 These compounds were prepared by re
action of 2-phenyl-3-methylmorpholine with form
aldehyde and an imide, according to the procedure 
of Moore and Rapala.3

It became desirable to find an alternate route of 
preparation for these compounds ; one which would 
bypass 2-phenyl-3-methylmorpholiue as an inter
mediate. It had previously been shown that hy- 
droxymethylamines react with imides to give imido- 
methylamines.4 An attempt was therefore made 
to prepare 2-phenyl-3-methyl-4-hydroxymethyl- 
morpholine (IV) by ring closure of A7-/9-hydroxv- 
et hyl-A7-hydroxyinethyl norephedri 11e (III).

Reaction of V-/3-hydroxyethylnorephedrine with 
aqueous formaldehyde followed by ring closure with 
concentrated sulfuric acid gave a yellow oil which 
on reaction with succinimide gave I identical with 
the material prepared by reaction of 2-phenyl-3- 
methylmorpholine with formaldehyde and succin
imide. Although it was first thought that the reac
tion between V-/J-hydroxyethylnorephedrine and 
formaldehyde had led to the formation of N-P-hy- 
droxyethyl-A7-hydroxymethylnorephedrine (III),
there was doubt about the structure of this inter
mediate because the literature states that reaction 
of d-hydroxyethylamines with carbonyl compounds 
leads to the formation of either the Schiff base or an 
oxazolidine.8 The original assignment of the triol
(III) for this intermediate was made because reac
tion was achieved by simply shaking the amine with 
aqueous formaldehyde, conditions felt to be too 
mild for anything but the addition of an amine 
across the double bond of formaldehyde. Analysis, 
however, showed the hydrochloride of this com
pound to have the empirical formula which corre
sponds to either the Schiff base or the oxazolidine, 
while infrared spectral analysis showed no band in 
the 1670 cm.-1 region characteristic of the —C H = 
N— absorption of aliphatic Schiff bases.6 It was 
now necessary to find additional methods for iden
tifying this intermediate, as it was necessary to 
prove with certainty that the compound was the 
oxazolidine and because two isomeric oxazolidines
(V) and (VI) can be postulated as the product of 
the reaction between formaldehyde and N-0-hy-

(1) Belgian Patent No. 567,664, Nov. 14, 1958.
(2) South African Patent No. 1627/58, Sept. 23, 1959.
(3) M. B. Moore and R. T. Rapala, J. Am. Chem. Soc., 

68, 1657 (1946).
(4) W. I. Weaver, J. K. Simons, and W. E. Baldwin, J. 

Am. Chem. Soc., 66, 222 (1944).
(5) E. D. Bergmann, Chem. Revs., 53, 309 (1953).
(6) L. Kahovec. Aria Phys. Auslriaca, 1, 307 (1948); 

Chem. Abstr., 42, 6665 (1948).
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7 8  105 130 ISO 185 c.p.8.

______________1 8 8 8____ |__________
Fig. 1. N.M.R. spectra of 3-/3-hydroxyethyl-4-methyl- 

5-phenyloxazolidine and 3-/3-acetoxyethyl-4-methyl-5- 
phenyloxazolidine in D20.

(a) C6H6—CH, (b) —QCH>—N,
O
II

(c) —Clh—O—C—CHS (d) —ClhOll,
(ej —CH,—N—

droxyethylnorephedrine, depending on which hy
droxyl group participates in the reaction.

Nuclear magnetic resonance spectroscopy served 
as an excellent tool both for confirming the oxazoli- 
dine structure of the product and for establishing 
which isomer had been formed. The oxazolidine 
was converted to the acetate and the NMR spec
tra of both the carbinol and its acetate in the form 
of their hydrochlorides were compared. The oxazoli
dine structure was confirmed by the presence of a 
—0 —CII2—N— band at 100 c.p.s. and the com
pounds were shown to possess structure V by a shift 
of the —CH2OH bands at 160 c.p.s. to 130 c.p.s. for 
the —CH2OAc bands. On the other hand the CMIs— 
CH band at 77 c.p.s. was not displaced in going 
from the free alcohol to the acetate as would be the 
case if structure VI were correct. Portions of these 
NMR spectra are reproduced in Fig. 1.

It now became of interest to sec if the reaction 
with aqueous formaldehyde were a general one for 
/3-hydroxyethylamines. To test this the reaction was

run with d,/-norephedrine to prepare the 3-unsubsti- 
tuted oxazolidine. This compound had been pre
pared previously7 but the reaction conditions had 
been much more vigorous. The reaction between 
d,/-norephedrine and aqueous formaldehyde yielded 
an oil which had no absorption at 1670 cm.-1 at
tributable to the Schifi base structure6 but had a 
very weak absorption band at 1610 cm.-1. There 
were in addition bands at 1092 cm.-1, 1130 cm.-1, 
and 1177 cm.-1, a region which is supposed to con
tain a triplet of bands due to the —O—C—N— 
structure. It is therefore believed that this reaction 
also led to the formation of an oxazolidine as the 
major product. A crystalline hydrochloride was 
obtained and this also lacked absorption in the 1670 
cm.-1 region.

No additional structure work was done on the N- 
unsubstituted oxazolidines, as the major interest 
lay in the preparation of 3-imidomethyloxazolidines, 
oxazolidine analogs of I and II. Such compounds, if 
formed, must possess the oxazolidine structure even 
if the precursors are in equilibrium between the 
oxazolidine and Schifi base structure.

Using a variety of imides a number of 3-imido
methyloxazolidines were prepared by the method of 
Moore and Rapala.3 These compounds are stable 
crystalline solids with analyses and infrared spec
tra consistent with the proposed structures. The 
compounds prepared are given in Table I.

The next step was to investigate the preparation 
of the diastereoisomeric compounds from norpseu- 
doephedrine. Pfanz and Kirchner7 had shown that 
the oxazolidines from norpseudoephedrine had the 
threo configuration and that this isomer was more 
stable as a ring than the erythro isomer from nor
ephedrine. It was therefore not surprising that the 
product from reaction of norpseudoephedrine with 
formaldehyde readily formed a variety of 3-imido
methyloxazolidines which differed in their physical 
properties from the corresponding derivatives pre
pared from norephedrine. These compounds are 
described in Table II.

In an attempt to prepare some 2-substituted 
oxazolidines, norephedrine was allowed to react 
with acetaldehyde and with n-heptaldehyde. In 
both instances, the intermediate 3-unsubstitutcd 
oxazolidine was not purified or characterized, but 
was carried directly to the 3-imidomethyloxazoli- 
dine. The products thus obtained were not the 2- 
substituted oxazolidines but were identical with 
the imidomethyloxazolidines prepared from nor
ephedrine and formaldehyde. Two possible explana
tions for the formation of these compounds are that 
either the reaction between norephedrine and alkyl 
aldehydes gives predominantly the Schifi base and 
that further reaction with the imide and formalde
hyde causes first aldehyde interchange followed by 
ring closure, or that the greater stability of the 2- 
unsubstituted ring leads to ring opening followed by

(7) H. Pfanz and G. Kirchner, Ann., 614, 149 (1958)
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TABLE I
I m i d o m e t h y l o x a z o l i d i n e s  D e r i v e d  f r o m  « ¿ ,¿ -N o r e p h e d r i n e

Carbon, % Hydrogen, % Nitrogen, %
No. R Formula M.P. Caled. Found Caled. Found Caled. Found

VII 1 
1 

0
—

0
 

K
 

W

c „h 18n 2o3 132.0-134.0- 10.22 10.01

VIII
—CH

4 „
- c h 2 

\  
c h 2

/
—c h 2

C15H16N2O3 99.0-102. O’ 10.29 10.13

IX C16H20N2O3 92.0-94.0fc 66.64 66.70 6.99 7.06 9.72 9.58

X

-  c h 2 C2Hs
\  /  c
/  \

—CH, CH,

C19H26N2O3 76.0-78.06 8.48 8.35

XI X ) c ,9h ,4n 2o 2 82.0-84.O6 69.49 69.51 7.37 7.43 8.53 8.25

XII X ) c 19h 22n 2o , 98.5-100.5» 69.91 69.83 6.80 7.02

XIII C19H18N203 111.0-113.0» 70.79 70.98 5.63 5.79 8.69 8.52

« Crystallized from absolute ethanol. 6 Crystallized from ethanol and water.

TABLE II
I MI D O M ETH YLO XA Z O EIDI N F. S DERIVED FROM «¿,1-NoRPSEUDOEPHEDRINE

No. R Formula M.P.
Nitrogen, % 

Caled. Found

XIV
—c h 2 

1 C13HI8N20 3 70.5-73.0“ 10.22 10.22

XV

—CHj 
—CH

II c16h 16n 2o3 92.0-96.0“ 10.29 10.21

XVI

—CH
—CH, C,HS

\  /
C C19H26N203 86.0-88.0b 8.48 8.55

XVII

/  \
—CH, CH3

X ) Ci 9H22N2O3 92.5-95.O6 8.59 8.53

XVIII
1 5

C19H18N2O3 91.5-94.5“ 8.69 8.73

« Crystallized from absolute ethanol. 6 Crystallized from ethanol and water.
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TABLE III
3-lMTDOMETHYL-4-METHTL-5-CYCLOHEXYLOXAZOLIDr.NES

Carbon, % Hydrogen, % Nitrogen, %
No. R Formula M.P. Calcd. Found Calcd. Found Calcd. Found

1 O œ

XIX
- 'c il
—CH

c ,5h ,,n 2o3 73.0-75.01 64.26 64.66 8.63 8.63

XX
4 h

-̂>15̂ 22̂  2̂ 3 82.5-88.0“ 10.07 9.92

XXI X) C19H24N2O3 10.5- 93.0“ 69.49 09.19 7.37 7.30 8.53 8.34

“ Crj'stallized from absolute ethanol.6 Crystallized from ethanol and water.

aldehyde interchange and reclosing of the ring. 
Since excess formaldehyde is used in the imido- 
methylation step the aldehyde interchange is possi
ble. The two possible reaction mechanisms are 
shown below.

Although 2-substituted 3-imidomethyioxazoli- 
dines could not be formed by this method, various 
modifications in the substituent at C5 did not af
fect or alter the course of the reaction. Hexahydro- 
norephedrine, which had previously been prepared 
by reduction of l-cyclohexyl-2-nitro-1-propanol,8 
was prepared by reduction of norephedrine with 
ruthenium oxide. This was readily converted to 4- 
methyl-5-cyclohexyloxazolidine, which could be 
transformed into a variety of 3-imidemethyloxazoli- 
dines. The p-chloro-9 10 and p-methoxynorephedrines19

(8) R. R. Burtner and W. M. Selby, U. S. Patent No. 
2,586,512, Feb. 10, 1052.

were also prepared. These were converted to their 
respective oxazolidines by reaction with aqueous 
formaldehyde and a variety of 3-imidomethylox- 
azolidines were prepared from them. The com
pounds are shown in Tables III, IV, and V.

All the substances so far discussed possessed a 
wide spectrum of biological activities. The com
pounds prepared from norpseudoephedrine showed 
a separation of biological properties from those pre
pared from norephedrine. It therefore was of inter
est to determine if such a separation of activities 
also occurred in the case of the individual enantio- 
morphs. At the same time the preparation of the 
enantiomorphs would provide information about 
the stereospecificity of the reactions involved.

As the imidomethyloxazolidines from norephe
drine showed the greatest biological activity, it was 
decided to prepare the enantiomorphs of several of 
these compounds. Resolution of d,/-norephedrine 
with d-tartaric acid yielded after hydrolysis the d- 
isomer of norephedrine. Hydrolysis of the mother 
liquors from this resolution gave the Z-isomer in 
impure form which could be completely resolved by 
the use of /-tartaric acid. The conditions used for 
these resolutions were a modification11 of the 
method of Kanao and Nagai.12 The d- and Z-nor- 
ephedrines thus obtained served as starting ma
terials for the stereospecific syntheses of some of 
the compounds shown in Table I.

The enantiomorphic norephedrines were each

(9) B. L. Zenitz and W. H. Hartung, J. Org. Chem., 11, 
444 (1946).

(10) W. II. Hartung, J. C. Munch, E. Miller, and F. 
Crossley, J. Am. Chem. Soc., 53, 4149 (1931).

(11) The conditions used for resolving d,i-norephedrine 
constitute unpublished results communicated to me by 
Dr. Gordon A. Ailes of Pasadena, California. I am greatly 
indebted to Dr. Ailes for this information as well as for condi
tions for isomerizing d,/-norephedrine to d,/-norpseudoephe
drine and the resolution of the latter compound.

(12) S. Kanao and W. N. Nagai, Ann., 470, 157 (1929).
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TABLE IV
3-lMIDOMETHYL-4-METHYL-5-p-CHLOROPHENYLOXAZOLIDINES

Nitrogen, %
No. R Formula M.P. Calcd. Found

XXII
—CH2 

1
—c h 2

C15H17CIN9O3 113.0-115.5“ 9.08 9.24

XXIII
—CH

II
—CH

C15H15C1N,03 97.0-99.5“ 9.14 9.35

XXIV X ) C19H17C1N203 115.0-118.0“ 7.85 7.98

“ Crystallized from absolute ethanol.

TABLE V
3-lMIDOMETHYL-4-METHYL-5-p-METHOXYPHENYLOXAZOLIDINES

CH30
Nitrogen, % Nitrogen,“ % Methoxyl, %

No. R Formula M.P. Calcd. Found Calcd. Found Calcd. Found

XXV
—C1I2

—¿ h 2
C.cHooNA 103.0-105.06 9.21 9.06 4.60 4.66 10.20 10.23

XXVI
—CH

II
—CH

c, ,h 18n 2o4 116.0-119.06 9.27 9.28 4.63 4.70 10.26 10.01

XXVII

—CH. CTL
\  /

C
/  \

—CH2 CH,

c 20h 2!!n 2o4 61.5-63.0= 7.77 7.90 3.89 4.02

XXVIII YV C20H20N2O4 127.0-129.06 7.95 7.92 3.97 4.04

“ Nonaqueous titration of amino nitrogen. b Crystallized from absolute ethanol. r Crystallized from ethanol and water.

ring closed to the corresponding oxazolidines by 
treatment with aqueous formaldehyde and the 
oxazolidines were in turn converted to imidomethyl- 
oxazolidines shown in Tables VI and VII. In the 
case of the compounds where both isomers were 
prepared the rotations indicated that absolute op
tical purity was not achieved in some instances and 
this may well have been the result of slight racemi- 
zation during ring closure or during the formation 
of the imidomethyl derivatives.

The d,i-norpseudoephedrine was also resolved11 
but only one imidomethyl derivative was prepared. 
This compound was the 3-succinimidomethjd de
rivative of the oxazolidine obtained from i-nor- 
pseudoephedrine.

The compounds described have shown activity 
as appetite inhibitors, diuretics, anti-inflammatory 
agents, antibacterial agents, and antifungal agents. 
A brief summary of some of these biological activi
ties is shown in Table VIII.
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TABLE VI
I midomethyloxazolidines Derived from (¿-Norephedrine

No. R Formula M.P. (XT)

Carbon, % 
Caled. Found

Hydrogen, % 
Caled. Found

Nitrogen, % 
Caled. Found

XXIX
—c h 2 

—¿H.
—c h 2 c 2h 5

\  /
C

/  \
—c h 2 c h 3

C15H18N2O3 99.0-101.0“ +8.7° 65.67 65.77 6.61 6.78 10.22 10.33

XXX C19H26N2O3 93.0-95.06 +28.3° 8.48 8.31

XXXI X) c 19h 18n .o 3 108.0-110.0“ - 7 . 5° 8.69 8.57

« Crystallized from absolute ethanol. b Crystallized from ethanol and water.

TABLE VII
Imidomethyloxazolidines D erived from 1-Norephedrine

No. R Formula M.P. « D

Carbon, % 
Caled. Found

Hydrogen, % 
Caled. Found

Nitrogen, % 
Caled. Found

XXXII
—c h 2 

—¿ h 2
—c h 2 c 2h 5

\  /  c
/  \

—c h 2 c il

c 15h 18n 2o3 101.0-103.0“ -7 .1 ° 65.67 65.78 6.61 6.89 10.22 10.50

XXXIII C19H26N2O3 91.0-94.06 -23 .2° 69.06 68.83 7.93 8.15 8.48 8.49

XXXIV X ) CI9H24N2Os 55.0-62.0“ - 2 . 1° 8.53 8.30

XXXV X 5
C19H18N203 106.5-108.5“ +  6 .2° 70.79 70.45 5.63 5.80 8.69 8.60

» Crystallized from absolute ethanol. b Crystallized from ethanol and water.

E X P E R IM E N T A L 13

N-fl-Hydroxyethylnorephedrine. Two methods which differ 
from the procedures in the literature14'16 were used for the 
preparation of this compound.

A. A solution of 151 g. (1.0 mole) of d, 1-norephedrine and
44.0 g. (1.0 mole) of ethylene oxide in 1000 ml. of absolute 
ethanol was placed in a 2-1. Parr hydrogenation bomb and 
■was heated at 60° with stirring for 18 hr. The solvent was 
stripped at reduced pressure and the residue was triturated 13 14 15

(13) All melting points are uncorrected. Rotations were 
determined at 26 ±  1° at a concentration of 1.2% in metha
nol unless otherwise specified.

(14) R. H. F.Manske and T. B. Johnson, J. Am. Chem. 
Soc., 51, 1906 (1929).

(15) A. Skita and F. Keil, Ber., 63B, 34 (1930).

with anhydrous ether to yield 104 g. (53.3%) of the product 
as a white crystalline solid, m.p. 110-111.5°; lit.,16 m.p. 109°.

B. A solution of 113.5 g. (0.75 mole) of d,Z-norephedrine 
in 100 ml. of absolute ethanol was treated with 79.6 g. 
(0.75 mole) of benzaldehyde and the mixture was stirred 
until Schiff base formation was completed. The material was 
transferred to a 2-1. Parr hydrogenation bomb with 525 
ml. of absolute ethanol and approximately 2.7 g. of com
mercial Raney Nickel catalyst was added. The material was 
hydrogenated at 70° using a pressure of 700 p.s.L, uptake 
being 93% of theory.

After removal of catalyst and addition of 36.2 g. (0.825 
mole) of ethylene oxide the solution was heated at 60° for 
18 hr. in a hydrogenation bomb. After the solution had 
cooled to room temperature, 20 g. of 5% palladium on 
charcoal catalyst was added. The débenzylation was carried 
out at 50° at a pressure of 800 p.s.i., hydrogen uptake being
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TABLE VIII
B i o l o g i c a l  A c t i v i t i e s  of 3 - I m i d o m e t h y l o x a z o l id i x e s

No. R R'

Appetite Inhibition
Diuresis/

Rat
Anti-inflammatory 

Ankle Edema

% of S td /
Dose, mpK 

in Rats Route
M.E.D., 

mpK I.G.
M.E.D.

Mg./rat Route
VII» C6H3 50 150 I.G. 6 40 I.G.8
XIV6 c 6h 5 54 150 I.G. 24 ‘ 5 I.G.
XXIX6 C Ä 225 20 I.G. 12 Inactive8
XXXIP c 6h 5 —CH, 50 150 I.G. 3 <10 S.C.8
XXXVI6 c 6h 6 I1 53 150 I.G. Inactive <10 S.C.
XIX C6Hn —CH. 50 150 I.G. Inactive Inactive
XXII p-CICeH, 30 150 I.G. Inactive 5 I.G.
XXV P-CIMICJL 40 20 S.C. 12 <10 S.C.
VIII« C Ä 40 150 I.G.8 12 <10 S.C.
XV6 c 6h 5 —CH 30 20 S.C. Inactive <10 S.C.
XX c 6h „ II Inactive Inactive 7.5 I.G.
XXIII p-c ic 6h 4 —CH 20 20 S.C. Inactive 11 I.G.
XXVI p-c h 3o c6h ., 50 20 S.C. Inactive <10 S.C.

—CH,
\

IX« c 5h 5 CH, 100 150 I.G. 6 5 I.G.8
/—CH,

X» CjH; —CH, C.Ha 85 20 S.C." 6 Inactive
XVF C;H£ \  / 325 20 I.G. 24; 2 I.G.
XXX« CTL C 180 50 I.G.8 24 Inactive
XXXIII-' CTL /  \ 75 20 S.C.8 6 <40 I.G.
XXVII p-CHsOCcIL —c h 3 c h 3 51 20 S.C. — <10 I.G.

XI« c6h 5 45 20 S.C. 6 <20 I.G.
XXXIV' c 6h 5 34 150 I.G. 6 Inactive8

XII« c 6h 5 V 5 i Inactive 12 Inactive
XVII6 c 6h 5 20 20 S.C. Inactive 11 I.G.

XIII« Celia 40 150 I.G. 6 1 I.G.
XVIIP CeHa 82 150 I.G. Inactive 2 I.G.
XXXV'' CeHa 50 150 I.G. 6 Inactive
XXXI6 CeHa 25 20 S.C. Inactive 1 I.G.
XXI CeH:, Inactive Inactive Inactive
XXIV p-CICeH, 56 150 I.G. Inactive Inactive
XXVIII p-CH3OC6H4 38 20 I.G. 24 <10 S.C.
“ From rf,/-norephedrine. 6 From i/,/-norpseudocphedrine. 6 From (/-norephedrine. li From ¿-norephedrine. e From i-nor- 

pseudoephedrine. / Preludin was used as the standard. 8 Compounds showed some lethality in this test. 6 C. G. Van Armen, 
Gen.Pharm. andExptl. Therap., 111,285(1954). * Active as sodium excretor only.

95% of theory. After removal of catalyst the solvent was 
stripped at reduced pressure and the residue was recn-s- 
tallized from 300 ml. of benzene. The white crystalline prod
uct melted at 105-107°. The yield varied between 67 and 
85% based on d,/-norephedrine.

S-p-Hydroxyethyl-4-inethyl-o-phenyloxazolidine (V). To a 
suspension of 19.5 g. (0.1 mole) of Ar-/3-lvydroxyethylnorephe- 
drine in 50 ml. of water in a separatory funnel was added 
8.75 g. (0.105 mole) of 36% aqueous formaldehyde. The 
mixture was shaken vigorously for 5 min. followed by ex
traction of the product with two 100-ml. portions of chloro
form. The extracts were dried over anhydrous sodium sulfate 
and evaporation of solvent gave 19.1 g. (84.9%) of a yellow 
oil. The crude base was then converted to the hydrochloride: 
Solution of 19.0 g. of the base in 25 ml. of absolute ethanol 
followed by treatment with 1 equivalent of hydrogen chlo
ride in 2-propanol (0.25 g./ml.) gave the salt which was 
crystallized by addition of anhj-drous ether to turbidity.

Recrystallization from ethanol and ether gave the product 
as a white crystalline solid, m.p. 107-110°.

Anal. Calcd. for C15H18C1N02: C, 59.12; H, 7.44; N, 5.75; 
Cl, 14.55. Found: C, 59.03; H, 7.44; N, 5.72; Cl, 14.40.

3-0-Acetoxyelhyl-4-»iethyl-5-phenyloxazolidine. To a stirred 
solution of 40.7 g. (0.197 mole) of 3-/3-hydroxyethyl-4- 
methyl-5-phenyloxazolidine in 100 ml. of pyridine was 
added, dropwise, 21.6 g. (0.21 mole) of acetic anhydride. 
The solution was allowed to stir overnight. The solvent was 
removed by distillation at reduced pressure giving as the 
product an orange oil. The crude base was then converted 
to the hydrochloride: A solution of 10 g. of base in 20 ml. of 
absolute ethanol was treated with 1 equivalent of hydrogen 
chloride in 2-propanol (0.25 g./ml.) and the salt was crys
tallized by addition of anhydrous ether. Recrystallization 
from ethanol and ether gave 7.75 g. (67.7%) of the product 
in the form of white needles, m.p. 134-138° with decom
position.
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Anal. Calcd. for C14H 2 0CINO3 : C, 58.84; H, 7.06; N, 4.90; 
Cl, 12.41. Found: C, 58.77; H, 7.44; N, 4.93; Cl, 12.23.

d,l-N orpseudoephedrine.11 d,¿-Norephedrine hydrochloride 
(94 g., 0.5 mole) was added in portions to 146 ml. (2.0 
moles) of thionvl chloride with stirring. The mixture was 
then warmed to 45°, at which point the reaction began, as 
evidenced by gas evolution. When gas evolution had ceased 
the mixture was heated at 50-60° for 20 min., stirring being 
discontinued. While an internal temperature of 50-60° was 
maintained, 200 ml. of water was slowly added, stirring 
being resumed after the addition of about 100 ml. This was 
followed by rapid addition of 800 ml. of water and the re
sulting solution was heated under reflux for 2 hr. There 
was added 10 g. of Darco G-60 and the mixture was allowed 
to cool to room temperature. The Darco was removed by 
filtration and the filtrate was neutralized with 160 ml. of 
18V sodium hydroxide. The product crystallized on cooling 
in an ice bath, and filtration followed by washing with ice 
water gave 37.6 g. (49.8%) of a white crystalline solid with 
m.p. 73-78°; lit.,12 m.p.71°.

Resolution of df-norephedriue.1- A solution of 302.4 g. 
(2.0 moles) of d,Z-norephedrine in 600 ml. of hot methanol 
was added to a solution of 300 g. (2.0 moles) of cZ-tartaric 
acid in 1000 ml. of hot methanol. The product crystallized 
overnight and was twice recrystallized from 1600 ml. of 
methanol to yield 139.9 g. of d-norephedrine-fZ-bitartrate, 
m.p. 153-163°, an +31.8° (2% in water).

The above bitartrate was dissolved in 280 ml. of warm 
water and was made basic with 113 ml. of 18V sodium hy
droxide. Extraction with three 200-ml. portions of benzene 
followed by removal of solvent gave 61.7 g. of d-norephedrine, 
a n  +14.0°; lit.,12 is a n  +14.8°.

The combined filtrates from the crystallization of the d- 
bitartrate were stripped of solvent at reduced pressure and 
the residue extracted with 4000 ml. of boiling ethanol. On 
cooling, the ethanol solution gave a gel-like precipitate 
which was filtered, washed, and dried to give 374.8 g. of 
solid with aD +8.2° (2% in water). This material was dis
solved in 750 ml. of water and was made basic by addition 
of 300 ml. of 18iV sodium hydroxide. The base was extracted 
with benzene and solvent removed at reduced pressure.

The residual base was dissolved in 400 ml. of hot methanol 
and was treated with a solution of 168 g. of ¿-tartaric acid in 
400 ml. of hot methanol. This gave 191.2 g. of Z-norephe- 
drine-Z-bitartrate, m.p. 149-156° which on recrystallization 
from 1500 ml. of methanol yielded 118.6 g. of the bitartrate, 
m.p. 156-160° and an —34.6° (2% in water).

Liberation of the free base as described for the d-isomer 
using 95 ml. of 18V sodium hydroxide gave 49.2 g. of l- 
norephedrine, o:d —14.5°; lit.,12 is an —14.6°.

l-Norpseudoephedrine. To a solution of 118.2 g. (0.784 
mole) of d-tartaric acid in 275 ml. of hot water was added
118.7 g. (0.784 mole) of d,/-norpseudoephrine. This yielded
78.3 g. of crude bitartrate which on recrystallization from 
250 ml. of water gave 65.5 g. of pure product, m.p. 201- 
202° and an  —12.0° (2% in water). The salt was dissolved 
in 250 ml. of hot water and made basic with 18V sodium 
hydroxide, and the product was extracted with benzene to 
yield 29.2 g. of l-norpseudoephedrine, m.p. 75-78° and an 
-30.9°; lit.,12 m.p. 77.5-78°, an -32.6°.

Hexahydronorephedrine. A solution of 250 g. (1.65 moles) 
of d,Z-norephedrine in 750 ml. of 95% ethanol rvas reduced 
at 83° using 2.5 g. of ruthenium oxide catalyst. Uptake of 
the theoretical amount of Irydrogen required 6.5 hr. After 
filtration of the catalyst the solvent was stripped at reduced 
pressure and the residue was suspended in 250 ml. of water. 
Sufficient concentrated hydrochloric acid was added to 
make the solution acid and this was filtered to remove some 
colloidal catalyst. The filtrate was made basic with 6V 
sodium hydroxide and the product was extracted with 
chloroform to yield 185.5 g. (71.6%) of a crystalline solid. 
The crude base was converted to the hydrochloride: A 5.0-g. 
sample of the base in 20 ml. of absolute ethanol was treated 
with 1 equivalent of hydrogen chloride in 2-propanol

(0.25 g./ml.) and the salt was crystallized by addition of 
anhydrous ether. Recrystallization from ethanol and ether 
gave the product as a white crystalline solid, m.p. 218-219°.

Anal. Calcd. for C3H2„C1N0: N, 7.23; Cl, 18.31. Found: 
N, 7.20; Cl, 18.14.

General procedure for the preparation of 4-melhyl-b-substi
tuted oxazolidines. To a suspension of 0.1 mole of the ap
propriate norephedrine in 50 ml. of w'at.er in a separatory 
funnel is added 0.105 mole of 36% aqueous formaldehyde 
and the mixture is shaken vigorously for 5-10 min. The 
product is extracted with several portions of chloroform and 
the extracts are dried over anhydrous sodium sulfate. 
Evaporation of solvent gives as a residue the crude oxazoli- 
dine. The hydrochloride can be prepared by solution of the 
base in absolute ethanol and conversion to the salt by addi
tion of one equivalent of hydrogen chloride in 2-propanol. 
The product is crystallized by addition of anh3'drous ether 
and is recrystallized from ethanol and ether. In some cases 
the products were not fully characterized but were used as 
intermediates in the crude form.

A. 4-Methyl-5-phenyloxazolidine. The various isomers 
were prepared by the above procedure in juelds varying 
between 89 and 99 %.

(1) From d,l-norephedrine. The product was a colorless oil.
Anal. Calcd. for Ci0Hi3NO: N, 8.58. Found: N, 8.41. 

Hydrochloride salt, m.p. 143-148°.
Anal. Calcd. for C10H14C1NO: N, 7.02; Cl, 17.76. Found: 

N, 7.04; Cl, 17.80.
{2) From d,l-norpseudoephedrine. The product was a pale 

green oil.
(3) From d-norephedrine. The product was a colorless oil, 

an +17.9°; hvdrochloride salt, m.p. 170-172° and an 
+47.5°.

Anal. Calcd. for CioH14C1NO: N, 7.02. Found: N, 7.33.
(4) From l-norephed'dne. The product was a colorless oil, 

an -16.9°.
(5) From l-norpseudoephedrine. The product was a color

less oil, cud —59.7°.
B. 4-Methyl-5-cyclohexyloxazolidine was prepared by the 

general procedure above giving a near quantitative jueld of 
the product; hvdrochloride salt, m.p. 137.5-140°.

Anal. Calcd. for C,„H20C1NO: C, 58.38; H, 9.80; N, 
6.81; Cl, 17.24. Found: C, 58.28; H, 9.58; N, 6.43; Cl,
16.86.

C. 4-Methyl-5-p-chlorophenyloxazolidine was prepared 
from p-chloronorephedrine9'16 by the above general pro
cedure, giving a near quantitative yield of the oxazolidine.

D. 4-Methyl-6-p-methoxyphenyloxazolidine was prepared 
from p-methoxynorephedrine10 by the above general pro
cedure in 97% yield. The product, a yellow oil, was crys
tallized from ethanol to yield a white solid, m.p. 106-110°.

Anal. Calcd. for CnHISN 02: C, 68.37; H, 7.83; N, 7.25. 
Found: C, 68.65; H, 7.87;N, 7.71.

General procedure for the preparation of S-imidomethyl-4- 
methyl-5-substituted oxazolidines. To a solution of 0.03 mole 
of the appropriate 3-unsubstituted oxazolidine in 25—50 
ml. of absolute ethanol is added 0.0306 mole of the desired 
imidc and the mixture is warmed to give a clear solution. 
To this is added 0.06 mole of 36% aqueous^ formaldehyde 
and the resulting solution is heated for 15 min. at the boil
ing point of ethanol. The hot solution is filtered and the 
product crystallizes on cooling in an ice bath, in some cases 
addition of water to turbidity being necessary. Recrystalliza
tion from ethanol or ethanol and water affords the pure 
products. Compounds VII to XXXV were prepared in this 
manner and the physical properties and analyses are given 
in Tables I to VII.

.4. S-Succinimidomeihyl-4-methyl-B-phenyloxazohdine from 
l-norpseudoephedrine (XXXVI). This imidomethyloxazoli- 
dine was prepared by the above procedure using 4.89 g.

(16) W. H. Hartung, J. C. Munch, and F. S. Crosslev, J. 
Am. Chem. Soc., 57, 1091 (1935).
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(0.03 mole) of 4-methyl-5-phenyIoxazolidine (from 7-nor- 
pseudoephedrine), 3.02 g. (0.0306 mole) of succinimide, 5.0 
g. (0.06 mole) o: 36% aqueous formaldehyde, and 35 ml. of 
absolute ethanol. Crystallization from absolute ethanol gave 
the product as a white crystalline solid, m.p. 74-77.5° 
and an —57.6°.

Anal. Calcd. for Ci5H,sN»03: C, 65.67; H, 6.61; X, 10.22. 
Found: C, 65.99; H, 6.56; N, 10.18.
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Chrysene obtained from commercial sources, even purified by recrystallization, has been found to contain from 10 to 12% 
5H-benzo[b]carbazole. This heterocyele, especially in dilution with chrysene, readily undergoes Friedel-Crafts diacylations 
with aliphatic and aromatic acid chlorides.

In the course of an investigation on potential 
antileukemic agents derived from chrysene,1 large 
quantities of chrysene were submitted to various 
chemical reactions, especially Friedel-Crafts acyla
tions. The product used was commercial chrysene 
purified by recrystallization from toluene and 
treated with maleic anhydride to remove naphtha- 
cene, and was thus obtained as a colorless material 
having the melting point indicated in the litera
ture. Friedel-Crafts acetylation of this substance 
yielded, as reported earlier,la 6-acetylchrysene. It 
is now shown that it is possible to isolate in sizable 
amounts, from the mother liquors of this ketone, a 
new compound containing nitrogen, whose compo
sition corresponds to the formula C20H15NO2; 
it was therefore suspected to arise from a nitrogen- 
containing impurity that must have been present 
in appreciable quantities in the starting chrysene. 
Such an impurity could be one of the benzocarba- 
zoles known to exist in coal tar,2 for instance, 5H- 
benzo [b Icarbazole (I). Should this be so, the com
pound C20H15NO2 would be a product of Friedel-

(*) Present address: Institut National d’Hygiène, 21 rue 
de l'Ecole de Medecine, Paris, France.

(1) (a) P. Mabille and N. P. Buu-Hoï, J. Org. Chem.., 25, 
216 (I960), (b) P. Mabille and N. P. Buu-Hoï, J. Org. 
Chem., 25, 1092 (I960), (c) P. Mabille and N. P. Buu-Hoï, 
J. Org. Chem., 25, 1094 (1900).

(2) S. Kikkawa, J. Chem. Soc. Japan (Ind■ Chem. Section), 
54,631(1951).

Crafts diacetylation of I. Indeed, the same com
pound was obtained, although in very low yield, 
along with the known 5-acetyl-5H-benzo[b]carba- 
zole (II), when 5H-benzo[b]carbazole was sub
mitted to acylation under similar conditions. That 
the compound C2oHi6N0 2 was a diketone, i.e., that 
the —NH— group was not acetylated, was proven 
by its ready conversion into a diethyl-5H-benzo[bl- 
carbazole by means of a Wolff-Kishner reaction. 
The ultraviolet spectrum of this reduction product 
closely resembles that of 5H-benzo [b Icarbazole it
self (see Fig. 1 ).

As so little is known of the chemistry of 5H- 
benzo [b Icarbazole, the sites occupied by the sub
stituents in the molecule of its diacetyl compound 
could not be established, but in view of the rules 
governing substitution in carbazole itself,3 one of

(3) For a review of this subject, see N. P. Buu-Hol and 
R. Royer, Rec. trav. chim., 66, 533 (1947).
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the acetyl groups could perhaps he assumed to oc
cupy position 2; the other substituent might be 
placed either in position 6 or in position 9 (as, for 
instance, in Formula III). It is interesting to note

NH
III

that the yield of the diacetyl compound was con
siderably higher when the reaction was performed 
with 5H-benzo[blcarbazole diluted in chrysene 
(shown by nitrogen determinations to contain 10 to 
12% of I) than when the heterocycle was used in 
the pure state.

In the benzoylation of chrysene which, as is 
shown, was heavily polluted with I, an x,y-diben- 
zoyl-5H-benzo[b]carbazole could be isolated from 
the mother liquors of crystallization of 6-benzoyl- 
chrysene.lb This diketone underwent Wolff-Kish- 
ner reduction to x,y-dibenzyl-5H-benzo[b]carba- 
zole. Similarly, an x,y-di-(o-toluoyl)-oli-benzo[b]- 
carbazole and an x,y-di(2,4-dimethylbenzoyl)-5H- 
benzo[b]carbazole could be isolated from the 
mother liquors of crystallization of 6-(o-toluoyl)- 
and 6-(2,4-dimethylbenzoyl)-chrysene, respectively. 
The first of these two could be reduced to x,y-di(o- 
methylbeiizy'll-oH-benzo [bjcarbazole.

Chrysene could be freed of 5H-benzo[b]carba- 
zole by treatment with acetic anhydride in the 
presence of zinc chloride, which converted the im
purity into its iV-acetyl derivative (II), a compound 
more soluble in acetic acid than chrysene.

E X P E R IM E N T A L

The chrysene used in this work was prepared by purifica
tion of commercial chrysene, m.p. 252°, by refluxing its 
toluene solution with maleic anhydride, removal of the 
adduct of maleic anhydride and naphthaeene by alkaline 
treatment, and crystallization from toluene. The chrysene 
thus purified melted at 256-258° and was practically color
less, but its solutions in sulfuric acid showed a slight yellow 
haloehromism. Its nitrogen content was 0.77%, which corre
sponds to circa 12% of 5H-benzo[b]carbazole.

x,y-Diacetyl-5H-benzo[b]carbazole. The acetylation of 100 
g. of the above chrysene with acetyl chloride, performed in 
methylene chloride as already reported,1" afforded 02 g. of
6-acetylchrysene after recrystallization from acetone. Con
centration of the mother liquors of this operation furnished 
9 g. of a yellow, crystalline precipitate, m.p. 185-188°, 
which on recrystallization from 300 ml. of acetone afforded 
6 g. of short, golden yellow- needles, m.p. 180°. This com
pound gave an orange-yellow haloehromism in sulfuric acid; 
its solutions in sulfuric acid with traces of nitric acid gave a 
green coloration characteristic of carbazole derivatives.

Anal. Calcd. for CjnHjsXOu C, 79.7; H, 5.0; X, 4.7; O,
10.6. Found: C, 79.9; H, 5.1; X, 4.8; O, 10.8.

Acetylation of pure 5H-benzo[b [carbazole. To a stirred solu
tion of 4 g. of aluminum chloride in 100 ml. of anhydrous 
methylene chloride containing 5 ml. of acetyl chloride, a sus
pension of 5 g. of 5H-benzo [b¡carbazole in 70 ml. of meth
ylene chloride was added portionwise. The brown mixture 
was left to stand at room temperature for 3 hr., then refluxed 
for 3 hr., and finally left again to stand for 12 hr. at room

temperature. After decomposition with ice and hydro
chloric acid, methylene chloride was added and the organic 
layer washed with 5% aqueous sodium hydroxide, then 
with water, and dried over sodium sulfate. The resinous 
brown mass remaining after evaporation of the solvent was 
taken up in ethanol (charcoal), and after standing for several 
days in the refrigerator, it. formed a pale yellow, crystalline 
precipitate, m.p. 100-110°. Fractional crystallization of 
this from acetone furnished 0.5 g. of x,y-diacetyl-5H- 
benzo[bjcarbazole, m.p. 189-190°, showing no depression 
of melting point when mixed with a sample prepared as 
above. Evaporation of the mother liquors left a residue 
which was extracted with hexane; concentration of "he hex
ane solution afforded 0.5 g. of S-acetyl-SH-benzo [bjcarbazole 
(II), which crystallized from ethanol in two forms, either 
colorless leaflets, m.p. .117-118°, or colorless needles, m.p. 
120°. The literature,4 gives m.p. 117° and 121°, respectively.

x,y-Diethyl-5H-benzo[bjcarbazole. A mixture of 1.4 g. of 
the diketone, 2 g. of 98% hydrazine hydrate, and 30 ml. of 
diethylene glycol was refluxed for 9 hr. with 1.5 g. of po
tassium hydroxide. After cooling, dilute hydrochloric acid 
w-as added, and the precipitate was collected. Crystalliza
tion first from hexane, then from ethanol, yielded 0.7 g. 
of almost colorless needles, m.p. 129°. Sulfuric acid pro
duced a brownish haloehromism.

Anal. Calcd. for CATisX: C, 87.9; IT, 7.0. Found: C, 
87.9; H, 7.3.

x,7j-Dibenzoyl-5H-benzo[b [carbazole. Benzoylation of chry
sene w-as effected in the usual way,lb and the mother liquors 
from the preparation of 6-benzoyl chrysene were evaporated, 
leaving 5 g. of a solid residue. This was treated with hot 
carbon tetrachloride, leaving 1 g. of undissolved material, 
which on reerystallization from acetic acid afforded silky 
y ellow needles, m.p. 232°, giving a blood-red haloehromism 
in sulfuric acid.

Anal. Calcd. for C*.H,<,X02: C, 84.7; H, 4.5; X, 3.3; O, 
7.5. Found: C, 84.7; H, 4.8; X', 3.5; O, 7.2.

x,y-Dibenzyl-oH-benzo[b]carbazole. One gram of the fore
going diketone was reduced with 1.5 g. of hydrazine hy-drate 
and 1 g. of potassium hydroxide in 25 ml. of diethylene glycol 
as above. The reaction product crystallized from a mixture 
of benzene and ethanol in fine colorless prisms (0.5 g.), m.p. 
191-192°. Its solutions in sulfuric acid were brownish.

Anal. Calcd. for CsoIIiaX: C, 90.7; H, 5.8; X, 3.5. Found: 
C, 90.4; H, 5.7; N, 3.8.

x,y-Di-{o-toluoyl)-5H-bcnzo [6 jca'bazole. This compound 
was obtained as a by-product in the preparation of 6-(o- 
toluoyI)chrysene,lc from which it could easily be separated 
because of its greater solubility' in carbon tetrachloride. 
Recrystallization from acetic acid afforded golden-yellow 
needles, m.p. 249°, giving an orange-red haloehromism in 
sulfuric acid; yrield, 1.5 g. (from 22.8 g. of chrysene).

Anal. Calcd. for C3..H23NO2: C, 84.7; H, 5.1; 0, 7.1. 
Found: C, 85.0; H, 5.3; 0, 7.3.

x,y-Di-(o-melhylbenzyl)-oH-benzo [b [carbazole v'as obtained 
by reduction of 1 g. of the foregoing ketone with 1.5 g. of 
hydrazine hydrate and 1 g .  of potassium hydroxide in 35 
ml. ol diethydene glycol; the reaction was considerably slower 
than in the previous cases, and the mixture had to be re
fluxed for 12 hr. The product cry stallized from acetic acid 
in almost colorless needles (0.7 g.), m.p. 236°.

-4»<ti. Calcd. for C32H29X: C, 89.9; H, 6.8 ; X', 3.3. Found: 
C, 90.0; H, 6.4; X, 3.3.

x,y-Di-(3,4-dimethy!ber:zoyl)SH-benzo [b Jcarbazole. Ob
tained rrom the mother liquors o: crystallization of 6—(2,4- 
dimethylbenzoyl)chryscne,lc this diketone crystallized from 
acetic acid or acetone in shiny' y ellow needles, m.p. 222°, 
giving an orange haloehromism in sulfuric acid; yield, 0.2 g. 
(from 22.8 g. of chrysene).

Anal. Calcd. for CMII27X 02: C, 84.8; H, 5.7; O, 6.6. 
Found: C, 84.8; II, 5.7; O, 6.7.

(4) F. Kehrmann, A. Oulevav, and F. Regis, Ber., 46, 
3713(1913).
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Separation of 5H-benzo[b]carbazolc from chrysene. A mix- 
turc o: 50 g. of commercial chrysene purified as described 
above, 500 ml. of acetic anhydride, 2 g. of finely powdered 
anhydrous zinc chloride, and 2500 ml. of acetic acid was 
gently refluxed for 1 hr. After cooling, the precipitate of 
pure chrysene (42 g.) was filtered, washed with acetic acid, 
and recrystallized from toluene. A sample of this hydro
carbon gave no coloration in sulfuric acid. Dilution of the 
filtrate with water to a volume of 6000 ml. produced a pre
cipitation of 4 g. of less pure chrysene. Dilution of the 
second filtrate to a volume of 10 1. yielded 4 g. of 5-acetyl- 
5H-benzo[b]carbazole, from which the nonacetylated

heterocycle could be recovered b}- treatment with potassium 
hydroxide in ethanol. 5H-benzo[b]carbazole gave a brown- 
yellow halochromism in sulfuric acid.
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Skatole, 2-methylindole, benzimidazole, and benzotriazole have been pj'ridylethylated. Under alkaline conditions skatole 
yielded the 1-sr.bs'ituted derivative, 4-(3-methyl-l-indolylethyl)pyridine. The same product was obtained, in poor yield, 
when the reaction was carried out in boiling glacial acetic acid. Base catalyzed pyridylethylations of benzotriazole afforded 
mixtures of two, separable products. Ultraviolet spectral evidence indicates these to be the corresponding 1- and 2-substi- 
tuted benzotriazole derivatives.

An earlier report1 from these laboratories was 
concerned with the pyridylethylation of indole, N  
substitued indoles, and indene. The finding that 
certain of the derived indolylethylpyridines dis
played an interestingly selective spectrum of 
central depressant effects2 3 has stimulated further 
work in this area. The present paper deals with some 
aspects of this work, and in particular examines 
the course of the pyridylethylation reaction with 
related ring systems.

It is well known that indoles undergo substitution 
by electrophilic reagents preferentially at the 3- 
position—no doubt owing to the necessary partici
pation of quinoid forms in the «-substitution proc
ess—but the orientation of further substituents 
is not so clear. Thus, apparently rate control in the 
Mannich reaction under either acidic or basic 
conditions results in the order of substitution, 3, 
N, 2"—except when stability of the product (as in 
the intramolecular Mannich-type cyclizations of 
tryptami nes to tetrahydro-/3-carbolines) overrid- 
ingly directs reaction to the 2-position. On the other 
hand, presumably equilibrium control in Erlich- 
like reactions with aldehydes under more strongly 
acid conditions causes substitution to occur at the
3- and then the 2-position, the nitrogen being

(l'i A. P. Gray and W. L. Archer, J. Am. Chem. Soc., 
79,3554(1957). '

(2) J. H. Mirsky, H. D. TVhite, and T. B. O’Dell, J. 
Pharmacol. Expll. Therap., 125, 122 (1959).

(3) (a) S. Swaminathan and S. Ranganathan, J. Org. 
Chem., 22, 70 (1957); J. Org. Chem., 23, 707 (1958); (b)
J. Thesing and P. Binger, Chem. Ber., 90, 1419 (1957); (c)
F. Troxler and A. Hofmann, Helv. Chim. Acta, 40, 1706 
(1957).

apparently unaffected.4 Perhaps more pertinent is 
the report that skatole reacted with methyl vinyl 
ketone in a mixture of acetic acid and acetic anhy
dride to give (in poor yield) the more stable 2- 
substituted adduct.5 * 1955 1956 It was, therefore, of interest 
to examine the pyridylethylation of skatole. Under 
alkaline conditions (sodium ethoxide in ethanol) 
skatole reacted with 4-vinylpvridine to yield 4- 
(3-methyl-l-indolylethyl)pyridine (I). The struc
tural assignment is unequivocal in view of the re-

O g c r H- ^ N
R
II.R  = H, R' = CH:,

III.R = C2H3, R' = H

action of indole under the same conditions to give 
I(R = H)1 and of analogous experience with base 
catalyzed cyanoethylation (see references cited1). 
It would appear that the indole anion is involved in 
the rate determining step of these base catalyzed 
reactions. More interesting was the finding that 
the acid, boiling glacial acetic acid, catalyzed re
action of skatole with 4-vinvlpyridine also afforded 
I, although in poor yield and accompanied by large

(4) (a) H. v. Dobeneck and G. Maresch, Hoppe-Seyler’s 
Z. physiol. Chem., 289, 271 (1952) [Chem. Abstr., 49, 5432
(1955) ]; (b) H. v. Dobeneck and J. Maas, Chem. Ber., 87, 
455 (1954); (c) A. Treibs and E. Hermann, Hoppe-Seyler’s 
Z. physiol. Chem., 299, 168 (1955) [Chem. Abstr., 50, 943
(1956) ]; (d) W. E. Noland and D. N. Robinson, Tetra
hedron, 3, 68 (1958).

(5) J. Szmuszkovicz, J. Am. Chem. Soc., 79, 2819 (1957).

// ^CH:CH2- f  N 

I.R = CH:,
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quantities of tarry, polymeric materials. The fact 
that the 1-substituted product is obtained under 
acidic or basic conditions suggests that pyridyl- 
ethylation, like the Mannich reaction, is rate 
controlled. I t was not ascertained whether or not 
more strongly acidic conditions (e.g. an acetic 
acid-acetic anhydride mixture) could alter the 
course of the reaction.

It should be mentioned that I gave an imme
diate, deep purple color in the Erlich test with p- 
dimethylaminobenzaldehyde, thus demonstrating 
that the 2-position was indeed unsubstituted.6
4-(l-Methyl-3-indolylethyl)pyridine (III. R =
CHs)1 also gave a strong positive Erlich test 
whereas the 2,3-disubstituted analog, II, obtained 
by the pyridylethylation of 2-methylindole in 
boiling acetic acid, gave a negative test. On this 
basis, recent reports that 1,3-disubstituted indoles 
do not give the Erlich test3a’7 require re-evaluation. 
Certainly, there would seem to be no a priori 
reason why a 1,3-disubstituted indole should not 
form an Erlich dye having the structure A. Inas-

n = r R"
CHR

by Krollpfeiffer, et al., pertinent ratios are as 
follows: for benzyl chloride, 2.8; for methyl iodide, 
1.7; for ethyl bromide, 1.1. Wiley and co-workers9 * 77 
have extensively studied the base catalyzed addi
tion of benzotriazole and benz-substituted benzo- 
triazoles to a,/3-unsaturated carbonyl systems 
(acrylic acid, acrylonitrile, benzalacetophenone, 
etc.). In the absence of solvent, these conjugated 
systems were reported to react exclusively at the
1-position of benzotriazole itself,9a although pre
sumably for steric reasons, just as exclusively at 
the 2-position of 4,7-disubstituted (chlorine, bro
mine) benzotriazoles.9b’°

In light of the foregoing it is particularly striking 
that pyridylethylation of the (unsubstituted) 
benzotriazole in alcohol solution with a few drops of 
a quaternary ammonium methoxide as base cata
lyst provided a mixture of both the 1- and 2- 
substituted products in which, on the basis of iso
lated per cent yields, the 2-isomer predominated. 
Thus, with 4-vinylpyridine the ratio of the amounts 
of 1-substituted (IV) to 2-substituted (V) benzo
triazole derivative isolated was 0.65; with 2-vinyl- 
pyridine the corresponding ratio of VI to VII was 
0.55. The isomeric products were conveniently

R'
A

much as there also seems to be no reason to doubt 
the structures assigned by the earlier workers to 
the compounds tested (ind-V-methyltryptophan7 
and its 1,3-re versed isomer3a), the negative tests 
may be ascribable to features peculiar to the 
substituents themselves. That, for example, cat
ionic groups close to the indole nucleus are capable 
of inhibiting the reaction is suggested by the ob
servation that gramme gives a negative test.

Benzotriazole offers an intriguing and closely 
related problem pertaining to the direction of 
substitution. I t has been shown that alkylation of 
benzotriazole under alkaline conditions in alcohol 
solution yields both the 1- and 2-substituted benzo
triazole derivatives.8 The isomeric products have 
been found to be readily distinguishable on the 
basis of their ultraviolet absorption spectra in 
alcohol solution.8b>c The 1-substituted derivative 
is generally formed in somewhat larger amounts.8a'b 
Although one cannot base too much on simple 
yield data, the ratio of 1- to 2-isomer appears to 
vary directly with the reactivity of the alkylating 
agent; e.g., based on the per cent yields reported

(6) See F. Feigl, Spot Tests, Vol. II, 4th English Edition, 
Elsevier, Amsterdam, 1954, pp. 198-199; M. Strell, A. 
Zocher, and E. Kopp, Chem. Ber., 90, 1798 (1957) and refer
ences cited therein.

(7) J. Giral and J. Laguna, Ciencia {Mex.), 10, 83 (1950) 
[Chem. Abstr., 44,10605 (1950)].

(8) (a) F. Krollpfeiffer, A. Rosenberg, and C. Miihlhausen,
Ann., 515, 124 (1935); (b) F. Krollpfeiffer, H. Potz, and A. 
Rosenberg, Ber., 71, 596 (1938); (c) H. Specker and II. 
Gawrosch, Ber., 75,1338 (1942).

IV. 4-Pyridyl V. 4-Pyridyi
VI. 2-Pyridyl VII. 2-Pyridyl

separated by taking advantage of the circumstance 
that the 2-substituted benzotriazoles were quite 
soluble and the 1-substituted practically insoluble 
in petroleum ether (b.p. 60-70°). This accords 
with the reported greater solubility of the 2- 
isomers in nonpolar solvents.8 An examination of 
the ultraviolet absorption spectra provided a firm 
basis for the structural assignments, IV and VI, 
showing the two maxima at ca. 255 and 280 rnyi 
which are diagnostic for 1-substitution and V 
and VII the broad, single maximum at ca. 275 mu 
characteristic of 2-substituted benzotriazoles81*'c 
(c/. Table I). I t is apparent from Table I that 
absorption by the pyridine nucleus does not prevent 
identification of the isomers.

Since both the alkylation and conjugate addition 
reactions are effected under alkaline conditions, it 
seems reasonable to implicate the benzotriazole 
anion in the rate determining step. If this be so, 
note should be taken of the fact that in the anion 
the nitrogen atoms in the 1- and 3-positions are 
indistinguishable. Therefore, on a purely statistical

(9)(a) R. H. Wiley, N. R. Smith, D. M. Johnson, and 
J. Moffat, J . Am. Chem. Soc., 76, 4933 (1954); (b) R. H. 
Wiley, K. F. Hussung, and J. Moffat, J. Am. Chem. Soc.,
77, 5105 (1955); (c) R. H. Wiley and K. F. Hussung, J. 
Am. Chem. Soc., 79, 4395 (1957).
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TABLE I
U l t r a v i o l e t  A b s o r p t i o n  o f  B e n z o t r i a z o l e  D e r i v a t i v e s “

Compound m̂ax> IÏ1/Z log e
IV.HC1 257 3.93

280 3.65
V.HC1 278 4.04
VI.HC1 260 4.00

280 (shoulder) 3.68
VII.HC1 278 4.09
l-Methylbenzotriazole6 255 3.81

283 3.68
2-Methylbenzotriazole4 275 3.90
Pyridine.IIC1 255 3.72

“ Spectra determined on the hydrochloride salts in 95% 
ethanol using a Beckman Model DU spectrophotometer. 
6 This data from Specker and Gawrosch80; solvent: metha
nol.

basis one would expect the ratio of 1- to 2-substi- 
tuted product to be 2. This suggests that alkyla
tion with methyl iodide and ethyl bromide (but 
not benzyl chloride) as well as pyridylethylation 
occurs more readily at the 2- than at the 1-position.

In attempting to analyse these results it should 
be noted that the ultraviolet absorption spectrum 
of benzotriazole closely resembles that of a 1-sub- 
stituted derivative whereas the spectrum of the 
benzotriazole anion just as closely resembles that of 
a 2-substituted isomer.8b'c I t might then be inferred 
that the 1-substituted products are more stable 
than the 2, but that the electronic charge in the 
benzotriazole anion resides largely on the 2- 
nitrogen. On this basis the relative yields obtained 
in the irreversible (under the conditions) alkylation 
reactions8“'13 seem at variance with the illuminating 
studies made by Kornblum, et al.w pertaining to 
the alkylation of ambident anions since these 
studies would lead to the prediction that the more 
an alkyl halide tended to react by an SN 1-like 
process the more it should effect 2-substitution. 
On the other hand, the reversible conjugate addi
tions studied here and by Wiley and associates9 
have given results which at least are in accord with 
theory in that certainly under alkaline conditions 
the systems studied by the earlier workers would 
be more reactive than the vinylpyridines and would 
therefore be expected to yield a greater proportion 
of the more stable, 1-substituted product.11 It is 
apparent, in any case, that the energetics of 1- 
vs. 2-substitution are closely balanced and that 
only slight changes in the nature of the reagents and, 
no doubt, conditions can markedly alter the course 
of the reaction.

The structure of the quite remarkably stable 2- 
substituted benzotriazoles has been the object of

(10) N. Kornblum, R. A. Smiley, R. K. Blackwood, 
and D. C. Iffland, J. Am. Chem. Soc., 77, 6269 (1955) and 
preceding papers.

(11) The conditions (no solvent) used by Wiley, el al. 
would also favor product control.

much study.8'12 Their properties (ultraviolet and 
infrared13 spectra, weak basicity, high solubility 
in nonpolar solvents and low melting point) can 
best be described in terms of a resonance hybrid, 
of which, in the absence of evidence to the contrary, 
the conventional quinoid canonical form (c/. V) 
is adopted here.

Reaction of benzimidazole with 2- or 4-vinyl- 
pyridine in the presence of base afforded in each case 
a single isolable product. Inasmuch as the alkyla
tion and base catalyzed cyanoethylation of benzimi
dazole straightforwardly yield ^substituted de
rivatives, 14 there seems no reason to question formu
lation of the pyridylethylated products as VIII 
and IX. I t is worth noting that although the anions

VIII. 4-Pyridyl 
IX. 2-Pyridyl

of benzotriazole and of indazole15 can be alkylated 
at the 2- as well as the 1-position, the anions of 
indole and of benzimidazole give no evidence of 2- 
substitution. Without doubt this is a reflection of 
the relative abilities of carbon and nitrogen 
to bear a negative charge and/or to act as nucleo
philic reagents.

Structure-activity relationships. Many of these 
compounds display central depressant properties. 
The most striking, semiquantitatively measurable, 
pharmacological finding with the 4-(3-indolyl- 
ethyl)pyridines is that these compounds, tested in 
mice, strongly inhibit amphetamine-stimulated 
motor activity at doses which have little or no 
effect on normal motor activity.2 Comparison of 
the efficacies of close relatives has revealed some 
intriguingly specific structural requirements for 
this selectivity of biological action. This discussion 
will, therefore, be confined to a comparison of re
sults obtained in these mouse tests.

The 4-(l-substituted 3-indolylethyl)pyridines 
(III, R = CH3,1 C2H5, CeHsCH.1; R '= H ) are all 
about equally effective on stimulated and inef
fective on normal activity. I t would therefore ap
pear that lipophilic balance, at least within this 
range, is not a determining factor. On the other

(12) (a) K. v. Auwers, Ber., 71, 604 (1938); (b) see also
D. D. M. Casoni, A. Mangini, R. Passerini, and C. Zauli, 
Gazz. chim. Hal., 88, 977 (1958) [Chem. Absir., 53, 18945
(1959)].

(13) Sadtler Laboratories, Philadelphia, Pa.
(14) (a) I. G. Farbenind. A. G., British Patent 457,621 

(1936) [Chem. Abstr., 31, 3068 (1937)]; (b) see E. S. Schipper 
and A. R. Day in Elderfield, Heterocyclic Compounds, Vol. V, 
John Wiley and Sons, Inc., New York, 1957, p. 269.

(15) For references see R. C. Elderfield, Heterocyclic 
Compounds, Vol. V, John Wiley and Sons, Inc., New York, 
1957, pp. 187-9.
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hand, molecular geometry has a marked influence 
in that rearrangement of the indole substituents 
as in I and II sharply reduces the selectivity of the 
depressant action. 4-Skatylpyridine (X) is essen
tially without effect. In the indole series then, 
the biological properties under discussion seem 
to be distinctively provided by a 111-type struc
ture.

The considerably more polar benzimidazole 
derivatives (VIII, IX) are only weakly depressant 
on motor activity. The benzotriazole derivatives, 
of intermediate polarity, show intermediate in
hibitory abilities. In direct contrast to the indole 
series, however, in the benzotriazole group it is 
the 2-pyridyl isomers (VI, VII) that display the 
selective antagonism to stimulated activity, the
4-pyridyl isomers (IV, V) being weaker and less 
discriminating in action. It, apparently makes no 
difference, insofar as these biological properties 
are concerned, whether the benzotriazole nucleus 
is substituted at the 1- or 2-position. Of all the 
close analogs of III, the most potent depressants 
are 2- and 4-(3-indenylethyl)pyridine.1 Both in- 
dene derivatives, however, are more general in their 
action, being almost as effective against normal as 
against stimulated activity. The inertness of 2-(l- 
naphthylethyl)pyridine16 taken with the earlier in
dicated specificity of the 1,3-substituted indole 
structure makes it tempting to speculate as to the 
possible involvement of the unsaturated 5-mem- 
bered ring in eliciting the depressant effects. In 
particular, the indolyl and indenyl derivatives could 
enter into reaction with oxidative enzyme systems.

EXPERIMENTAL17

The pyridylelhylalion of indoles. Those wore effected es
sentially as previously described for the preparation of 
corresponding derivatives.1

A. 4-{.2-Methyl-3-indolylethyl)pyridine (II). 2-Methyl- 
indole was treated with 4-vinylpyridine in boiling glacial 
acetic acid to give a 54% yield of II, m.p. 153-154° after 
recrystallization from isopropyl alcohol.

Anal. Calcd. for Ci6HI6X2:N (basic), 5.92. Found: N 
(basic), 5.77.

The hydrochloride salt showed m.p. 242-243° after re- 
crvstallization from ethanol-methanol.

Anal. Calcd. for C16H„C1N2: C, 70.40; II, 0.28; Cl, 13.00. 
Found: C, 09.00; H, 6.27; Cl (ionic), 12.97.

B. 4-{l-Ethyl-3-indolylelhyl)pyndine (III). The reaction
of 1-ethylindole [b.p. 82-85° (0.7 mm.), 1.5889]18 with
4-vinylpyridine in boiling glacial acetic acid afforded III, 
m.p. 47-50° after recrystallization from isopropyl alcohol.

(16) A. P. Gray, W. L. Archer, E. E. Spinner, and C. J. 
Cavallito, J. Am. Chem. Soc., 79, 3805 (1957).

(17) Microanalyses were performed by the Clark Micro- 
analytical Laboratories, Urbana, 111., and bj- the Micro- 
Tech Laboratories, Skokie, 111. Melting points are corrected 
for stem exposure. Basic nitrogens were determined by 
acetous-perchloric titration; ionic halogens by potentio- 
metric titration with silver nitrate.

(18) Prepared by the alkylation of indole with ethyl 
iodide using sodamide in liquid ammonia (cf. ref.1). K. 
Kawasaki, Ann. Rept. Shionogi Research Lab., 5, 57 (1955), 
Chem. Abslr., 50, 16748 (1956), gives b.p. 107-108° (7 mm.).

Anal. Calcd. for Ci7TIisX>: N (basic), 5.59. Found: X 
(basic), 5.00.

The hydrochloride salt formed pale yellow crystals, m.p. 
107-109°, from isopropyl alcohol-ether.

Anal. Calcd. for C17H19CIX0: C, 71.18: II, 0.07: Cl, 12.30. 
Found: C, 71.20; H, 6.36; Cl (ionic). 11.99.

C. 4-(.3-Melhyl-l-mdolylethyl )pyridinr (I). 1. With base 
catalysis. A mixture of 13.1 g. (0.1 mole) of skatole, 22.0 
g. (0.21 mole) of freshly distilled 4-vinylpyridine, 0.5 g. 
of copper sulfate, and 50 ml. of ethanol containing 0.5 g. 
of sodium was heated in a sealed tube at 150° (oil-bath) 
for 10 hr. The cooled reaction mixture, diluted with toluene 
and filtered, was extracted with dilute hydrochloric acid. 
The acid solution was made basic and extracted with ether. 
Treatment of the ice-cold, dried ether solution wit h ethereal 
hydrogen chloride afforded a yellow precipitate which was 
recrystallized three times from isopropyl alcohol and once 
from ethanol to yield 9.0 g. (38%) of the hydrochloride salt 
of I in the form of vellowr ¡dates, m.p. 211- 212°.

Anal. Calcd. for Ci6HnClX2: C, 70.46; II, 0.28; C'l, 13.00. 
Found: C, 70.57; H, 6.18; Cl (ionic), 13.04.

Decomposition of the hydrochloride salt of I gave the base 
as an oil which could not be crystallized.

The salt gave a positive color test with an acid solution 
of p-dimethylaminobenzaldchyde, indicating that the indole 
nucleus was not substituted at the a position. 4-(1-Met,hyl-
S-indolylethybpyridine1 also gave a strong positive test. 
In comparison II gave a negative test.

2. In acetic acid. To a solution of 12.0 g. (0.09 mole) of 
skatole in 100 ml. of boiling glacial acetic acid was added, 
dropwise with stirring, 11.5 g. (0.11 mole) of freshly distilled
4-vinylpyridine containing 0.5 g. of hydroquinone. Heating 
under reflux was continued for 32 hr. Removal of the solvent 
in vacuo left a dark, tarry residue which was (extracted with 
dilute hydrochloric acid. The acid solution was made alka
line and the precipitate exhaustively extracted with ether 
(considerable ether- and chloroform-insoluble, polymeric 
material remained). After a repetition of the acid-base 
extraction process, the dried ether solution was treated with 
ethereal hydrogen chloride in the cold. The resultant pre
cipitate was repeatedly recrystallized from isopropyl alcohol 
to give 2.3 g. of material melting at 200-205°. Further re
crystallization afforded I hydrochloride, m.p. 206-209°; 
a mixture with the product obtained under basic conditions 
showed m.p. 208-210°. The mother liquors from these re- 
crystallizations afforded material which melted over a wide 
range and apparently was contaminated by viny.pyridine 
polymer which could not be removed.

Anal. Found: Cl (ionic), 13.04.
The pyridylethylation of benzotriazole. A. With 4-vinyl

pyridine. To a boiling solution of 40.0 g. (0.33 mole) of 
benzotriazole in 100 ml. of isopropyl alcohol containing 10 
drops of a 40% methanolic solution of benzyltrimethyl- 
ammonium methoxide wars added, dropwise, 31.5 g. (0.3 
mole) of undistilled 4-vinylpyridine. After being heated for 
30 hr. at reflux the reaction solution was diluted with water 
and the precipitated oil was dissolved in ether. The ether 
extract was extracted with 5% hydrochloric acid, the acid 
extract made alkaline and extracted with ether. Drying 
and removal of the ether provided a residue which was ex
tracted with hot petroleum ether (b.p. 00-70°). Upon 
cooling the solution deposited crystals which were twice re- 
crystallized (with charcoal) from petroleum ether to yield
17.0 g. (25%) of colorless flakes, m.p. 92-95°. This is pre
sumed to be 4-(2-benzotriazolylethyl)pyridme (V).

Anal. Calcd. for CYHi-Xt: X (basic), 0.25. Found: X 
(basic), 6.08.

V hydrochloride formed colorless needles from isopropyl 
alcohol, m.p. 197-200°.

Anal. Calcd. for C1;1H13C1X4: C, 59.88; H, 5.03; Cl, 13.00. 
Found: C, 60.13; H, 4.74; Cl (ionic), 13.56.

The residual material which had not dissolved in petroleum 
ether was crystallized from benzene-petroleum ether (with 
charcoal) to give 11.0 g .  (16% 3-ield) of colorless cr3_stals,
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m.p. 100-102°. This is considered to bo 4-(l-beiiznt.riazolyl- 
ethyl)pyridine (IV). A mixture of IV and V melted at 85-03°.

Anal. Calcd. for Ci3Hi2N4: N (basic), G.25. Found: N 
(basic), 6.16.

IV hydrochloride, recrystallized from isopropyl alcohol, 
formed colorless needles, m.p. 200-202°. A mixture melting 
point of the hydrochloride salts of IV and V was depressed 
to 190-197°.

Anal. Calcd. for Cl3Hi3ClN4: C, 59.88; H, 5.03; Cl, 
13.60. Found: C, 59.91; H, 5.01; Cl (ionic), 13.50.

B. With 2-vmyipyridine. Under essentially the same 
conditions 40.0 g. of benzotriazole was allowed to react 
with 31.5 g. of 2-vinylpyridine. As before the initial work-up 
afforded an oil residue which was extracted with hot pe
troleum ether. Removal of the solvent in vacuo and dis
tillation of the residue gave 18.1 g. (27%) of a colorless oil, 
b.p. 150-155° (0.6 mm.), crystallized on standing. Recrys
tallization from petroleum ether yielded 15.4 g., m.p. 
59-62°, apparently 2-(2-benzotriazolylethyl)pyridine (VII).

Anal. Calcd. for Ci3H12N4: N (basic), 6.25. Found: N 
(basic), 6.27.

VII hydrochloride., recrystallized from isopropyl alcohol- 
ether, formed colorless plates, m.p. 183-185°.

Anal. Calcd. for Ci3H13C1N4: C, 59.88; H, 5.03; Cl, 13.60. 
Found: C, 60.20; H, 5.00; Cl (ionic), 13.59.

Distillation of the residual, insoluble oil rdelded 10.2 g. 
(15%) of (presumably) 2-{l-benzotiiazoylethyl)pyridine (VI) 
as a thick, colorless oil, b.p. 150-158° (0.4 mm.), which could 
not be crystallized.

Anal. Calcd. for Ct3HI2N4: N (basic), 6.25. Found: N 
(basic), 6.30.

VI hydrochloride formed colorless crystals, m.p. 161-163°, 
from isopropyl alcohol-ether. A mixture melting point of 
the hydrochloride salts of VI and VII was depressed to 
148-153°.

Anal. Calcd. for C13H13C1N4: C, 59.88; H, 5.03; Cl, 13.60. 
Found: C, 59.90; H, 5.00; Cl (ionic), 13.67.

The pyridylethylation of benzimidazole. A. 4-(l-Benzimi- 
dazolylethyl)pyridine (VIII). To 23.6 g. (0.23 mole) of 
freshly distilled 4-vinyIpyridine and 23.6 g. (0.2 mole) of 
benzimidazole dissolved in 200 ml. of isopropyl alcohol was 
added 5 ml. of Triton A-20. The solution was heated at re
flux for 20 hr. and evaporated to dryness in vacuo. Hy
drogen chloride gas was bubbled into a solution of the residue 
in ethanol-ether and the resultant white precipitate was 
recrystallized from ethanol-ether to yield 19.7 g. (33%) of 
VIII dihydrochloride, m.p. 208-211°.

Anal. Calcd. for Ci4H15Cl2N3: C, 56.76; H, 5.10; Cl, 
23.94. Found: C, 56.84; H, 5.05; Cl (ionic), 23.56.

An aqueous solution of the dihydrochloride salt was made 
weakly basic and exhaustively extracted with chloroform, 
lin ing  and removal of the chloroform gave VIII as a green 
oil residue which crj-stallized on standing, m.p. 97-98°.

Anal. Calcd. for C14H13N3: X (basic), 12.56. Found: N 
(basic), 12.25.

B. 2-(l-Benzimidazolylethyl)pyridine (IX). A mixture 
of 17.7 g. (0.15 mole) of benzimidazole, 17.9 g. (0.17 mole) 
of 2-vinylpyridine and a few drops of a 40% methanol solu
tion of benzyltrimethylammonium methoxide was heated 
in an oil-bath. After being gradually raised, the temperature 
of the bath was maintained at 180° for a period of 3 hr. The 
reaction mixture was allowed to cool and the resultant thick 
oil dissolved in hot, benzene. The cooled benzene solution 
deposited 5.6 g. (32%) of recovered benzimidazole, m.p. 
and mixture m.p. 168-170°. Concentration of the mother

liquor left a residue which was extracted with anhydrous 
ether. Acidification of the ether solution with ethereal hy
drogen chloride and recrystallization of the precipitate 
from ethanol-ethyl acetate (with charcoal) afforded 10.1 
g. (23% yield) of IX dihydrochloride, m.p. 205-207°.

Anal. Calcd. for CI4H1SC12N3: C, 56.76; II, 5.10; Cl, 23.94. 
Found: C, 56.85; H, 5.12; Cl (ionic), 23.30.

4-Skatylpyridine (X). A previous paper described the 
reductive alkylation of indole with pyridinecarboxaldehydes 
in glacial acetic acid to give the corresponding skatyl- 
piperidines.19 4-Skatylpyridine was prepared by the same 
process except that a palladium instead of a platinum 
catalyst was used to make it possible to stop the reduction 
before hydrogenation of the pyridine ring occurred.20

To an ice-cold solution of 23.5 g. (0.22 mole) of 4-pyridine- 
carboxaldehyde in 200 ml. of glacial acetic acid was added
23.4 g. (0.2 mole) of indole. The resultant orange solution 
was hydrogenated over 5 g. of 10% palladium on charcoal 
in an Adams-Parr apparatus at 50 p.s.i. and room tempera
ture. One equivalent of hj'drogen was absorbed in 5 hr., 
by which time the rate of uptake had become very slow'. 
The filtered solution was diluted with about 1 1. of w'ater 
and extracted with ether. Drying and removal of the ether 
and recrystallization of the residue (with charcoal) from 
aqueous methanol yielded 14.8 g. (46% based on indole) 
of 4-(3,3'-diindolvlmethyl)pyridine as light vellow crystals, 
m.p. 152-155°.1,19

The aqueous layer wras made alkaline with solid potassium 
carbonate and extracted with chloroform. Drying and re
moval of the solvent left a dark residue which was taken 
up in hot benzene. The cooled benzene solution was decanted 
from a thick, black oil which had separated, and evaporated 
to dryness in vacuo. The residue W'as crystallized from aque
ous methanol to give, after the removal of initial dark, oily 
precipitates and treatment with charcoal, 1.7 g. of X, m.p.
108-110°.

Anal. Calcd. for Ci4Hi2X2: X (basic), 6.73. Found: N 
(basic), 6.81.

The hydrochloride salt of X, recrystallized from isopropyl 
alcohol-ether, melted at 194-196°.

Anal. Calcd. for Ci4H13C1N2: C, 68.71; H, 5.35; Cl, 14.49. 
Found: C, 68.83, H, 5.46; Cl (ionic), 14.36.

4-Skatylpyridine hydrochloride (in 95% ethanol) showed 
absorption in the ultraviolet typical of an additive combina
tion of the indole and pyridine chromophores: Xmax 223 
m/i (log e 4.34); Xmax 259 m/x (log e 3.79); Xmax 280 my flog 
63.81).
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Dr. T. B. O’Dell and associates for unpublished 
biological data discussed herein, and to Mr. D. F. 
Cortright and Miss M. Unroe for the determina
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D e c a t u r , III.

(19) A. P. Gray, J. Org. Chem., 23, 1453 (1958).
(20) This constitutes a one step synthesis of 4-skatyl- 

pyridine, albeit in low yield. Although this compound has 
apparently not been previously reported, 2-skat,ylpyridine 
has been obtained from a multi-step synthesis by G. R. 
Clemo and J. C. Seaton, J. Chem. Soc., 2582 (1954).
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New cyanuric acid derivatives in which side chains contain functional groups have been synthesized. Specific condensa
tions of cyanuric acid have been obtained with ethj'lene oxide, allyl chloride, ethyl chloroacetate, and acrylonitrile, respec
tively. All resulting compounds have been shown to exist in the isocyanurate form.

Three general methods are useful for the prepa
ration of isocyanurates (derivatives of s-triazine-
2,4,6-[lH, 3H, 5H]trione): thermal rearrangement 
of cyanurates,3 trimerization of certain alkyl or 
aryl isocyanates,4 5 and condensation of alkyl halides 
with certain salts of cyanuric acid.6 Little has been 
done using the cyanuric acid nucleus as a site 
for condensation reactions where side chains con
taining functional groups are formed. We have 
found that a variety of isocyanurates can be formed 
under alkaline conditions.
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II. It,, II,, Rs = —CH2CH2OH
IV. II, = —H; R2, R3 = —CH2CH=CH2
V. R,, R2, R3 = —CH2CH=CH2

VI. R„ R2, R3 = —CILCOOCLH.
VII. It, = —H; R2, R3 = —CH2CH2CN

VIII. R,, R2, R3 = —CH2CH2CN
IX. R, = —H; R2, R3 = —CH2CH2COOH
X. R,, It,, R3 = - CILCILOOOH

XI. Ri, r 2, r 3 = — CH2CH2COOC2H5
XII. R, = —H; R2, Rj = —CH2CH2CII2NH2

XIII. R1; R2 = —H; R3 = —CH2CH2CH2NH2

Ethylene oxide and cyanuric acid (I) in di- 
methylformamide containing sodium hydroxide 
catalyst reacted in a 3:1 molar ratio to form 
tris(2-hydroxyethyl) isocyanurate (II). The iso
meric tris(2-hydroxyethyl) cyanurate has been 
reported6 from the transesterificaticn of trimethyl 
cyanurate and ethylene glycol. The iso structure 
was assigned to our product on the bases of infrared 
peaks in the carbonyl region, hydrolysis of II to

(1) Presented before the Division of Organic Chemistry 
at the Southeastern Regional meeting of the American 
Chemical Society, Richmond, Va., November 5-7, 1959.

(2) Present address: W. R. Grace and Company, Mem
phis, Tenn.

(3) E. Bilmann and J. Bjerrum, Ber., 50, 506 (1917); A. 
Hofmann, Ber., 19, 2061 (1886).

(4) F. Gal, Compt. rend., 61,527 (1865); A. Hofmann, Ber., 
18, 765(1885).

(5) A. Hofmann, Ber., 18, 2796 (1885): J. Ponomarew, 
Ber., 18, 3271 (1885); E. Fisher, Ber., 30, 2616 (1897).

(6) J. Dudley, et al., J. Am. Chem. Snc. 73, 2999 (1951).

ethanolamine and vacuum pyrolysis of II to 2- 
oxazolidone (III). The transformation of II to

CH2—NH 
A I \

II  >- 3 C = 0
Vacuum

c h 2o
III

III, possibly through the hydroxyethyl isocyanate 
intermediate, offers a convenient synthetic route 
to III not involving phosgene.

Triallyl isocyanurate (V) has been prepared from 
the reaction of allyl chloride and potassium cyanate 
under pressure.7 We have found that allyl chloride 
reacts easily with an aqueous solution of cyanuric 
acid maintained at pH 10-10.5 and catalyzed by a 
small amount of cuprous ion. Both diallyl isocy
anurate (IV) and V were isolated from the reaction 
mixture. The assignment of the iso structure to the 
products was made on the basis of a comparison 
with an authentic sample of triallyl cyanurate,8 
which did not show infrared absorption in the 
carbonyl region shown by our compound. A vacuum 
pyrolysis of V, containing caustic, gave a small 
amount of allyl isocyanate. This conversion is 
similar to the formation of III from II. The identity 
of the allyl isocyanate was established by its con
version to allylurea and A-allyl-iV'-phenylurea. 
VjV'-diaHylurea was also isolated from the pyrolv-

Pyro lysis
V r — ----*■ CH2=CHCH2NCO

HaO
L--------->- (CH2=CHCH2NH)2C = 0

sis residue. A similar reaction has been observed 
with triethyl isocyanurate. The latter compound 
forms ethyl isocyanate and V, A'-diethyl urea under 
stringent conditions.9

The synthesis of tris(2-carbethoxymethyl) iso
cyanurate (VI) from potassium cyanate and ethyl 
chloracetate has been reported.10 Our attempts to 
repeat this work failed. Subsequently, it was found 
VI could be prepared in a 60% yield by heating 
trisodium cyanurate and ethyl chloroacetate at 
150-200° for several hours. .An attempt to prepare

(7) I). Kaiser and D. Holm-Hansen, U. S. Patent 2,536,- 
849(1951).

(8) Sample obtained from Monomer-Polymer, Inc.
(9) M. Neneki, Ber., 9, 1008 (1876).
(10) Ger. Patent 812,312 (1949).
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this material under conditions described for tri- 
allyl isocyanurate did not yield VI. This can be 
explained by the rapid hydrolysis of VI to urea 
derivatives.

Tris(2-cyanoethyl) isocyanurate (VIII) and bis- 
(2-cyanoethyl) isocyanurate (VII) can be prepared 
by allowing acrylonitrile and I to react in di- 
methylformamide containing a quaternary am
monium base catalyst. These new nitriles are 
readily hydrolyzed by aqueous mineral acid to the 
corresponding carboxylic acids. The triscarboxylic 
acid (X) is easily esterified to XI. Catalytic pres
sure hydrogenation of VIII in ammonia resulted 
in the loss of one or two of the cyanoethyl groups 
to give bis(3-aminopropyl) isocyanurate (XII) and 
mono(3-aminopropyl) isocyanurate (XIII). The 
ease of decyanoethylation of VIII was shown by 
its transformation to VII in liquid ammonia at 
80°. Tetrahydropvrimidinone-2 (XIV) was isolated

O
II
C

/  \
HN NH
I I

XII and XIII --------CH2 CH,
Vacuum  /

c
h 2

XIV

from a vacuum distillation of mixtures obtained in 
the above hydrogenations. The latter reaction once 
again illustrates the apparent ease with which cer
tain alkyl isocyanurates form alkyl isocyanates.

E X P E R IM E N T A L 11

Cyanuric acid (I). A three kilogram-sample of urea was 
melted in a three-1, round bottom flask and immersed in a 
molten lead bath heated to above 300°. A vigorous evolution 
of ammonia began and continued for about 1 hr. During 
this time the flask contents were at about 225°; at the end 
of the period the contents of the flask had solidified. The 
pot temperature was maintained at about 250° for an addi
tional hour. The flask was removed from the bath, allowed 
to cool, and then broken to recover the solid product. The 
crude product (1900 g.) was ground and refluxed for 2 hr. 
with 6N  nitric acid using 3.5 g. of pyrolyzate per 100 ml. 
of acid. On cooling this solution, long needle-like crystals 
precipitated, were filtered, washed with water and dried, to 
give 1600 g. of product (yield 75%). Recrystallizing this 
material from water gave I of at least 99% purity.

Anal. Calcd. for C3H3N3O3: C, 27.90; H, 2.33; N, 32.56. 
Xeut. equiv., 129.0. Found: C, 28.00; H, 2.57; X, 32.58. 
Neut. equiv., 128.6.

Tris{2-hydroxyethyl) isocyanurate (II). To 2000 ml. of 
dimethylformamide in a three-necked flask equipped with 
submerged gas inlet, stirrer, thermometer, and Dry Ice 
cooled condenser was added 175 g. I and 3 g. sodium hy
droxide. The reaction mixture was heated to 130° and 175 
g. gaseous ethylene oxide fed in at a rate to maintain the 
temperature at 135-140°. On completion of the oxide addi
tion the insoluble sodium cyanurate was removed by filtra
tion and the excess solvent evaporated at reduced pressure.

(11) Temperatures and melting points reported are 
uncorrected.

The solid crude product remaining was recrystallized from 
methanol to give 275 g. of II, m.p. 134-136°.

Anal. Calcd. for CTT5N3O6: C, 41.38; H, 6.0 ; N, 16.09. 
Found: C, 41.40; H, 5.9; N, 16.08.

Hydrolysis of II in strong sodium hydroxide gave 3 
moles of carbon dioxide and ethanolamine. The latter was 
identified by its index of refraction, boiling point, and infra
red spectra. Infrared scan of II in potassium bromide showed 
absorption at 5.93 y. for the carbonyl group.

Conversion of tri-{2-hydroxyethyl) isocyanurate (II) to 
oxazolidone (III). The vacuum pyrolysis of II (127 g.) was 
effected by slowly heating to 180° while maintaining the 
pressure at 1-2 mm. I l l  distilled as a liquid at 130-140° 
and quickly solidified in the receiver to give 114 g. of product 
(yield 90%), m.p. 85-87°. The product was further purified 
by crystallization from chloroform and melted 89-90° 
(lit.,12 m.p. 88-90°).

Triallyl isocyanurate (V). To a three-necked flask fitted 
with addition funnel, stirrer, Dry Ice-acetone cooled reflux 
condenser, and thermometer was added 65 g. I, 60 g. sodium 
hydroxide, and 800 ml. water. The solution was heated to 
50° and 0.5 g. cuprous chloride catalyst was added. Allyl 
chloride (250 g.) w'as introduced dropwise during a 15 min. 
interval and heating was continued for 15 min. Sufficient 
50% sodium hydroxide was added as needed to maintain 
the pH at 10-10.5 throughout the run. The crude product 
was removed by benzene extraction, washed with water, 
dried and distilled to remove the benzene solvent. Residual 
crude V weighed 107.6 g. (yield 86%), b.p. 100-110°/0.2- 
0.5 mm., m.p. 19-22°, k3d° 1.5110.

Anal. Calcd. for C12H15N3O3: C, 57.84; H, 6.06; N, 16.86. 
Found: C, 57.85; H, 6.40; N, 16.86.

Diallyl isocyanurate (IV). The aqueous residue from tri
allyl isocyanurate synthesis was acidified to pH 1-2 with 
sulfuric acid. The diallyl isocyanurate (IV) was collected 
by filtration; yield 12.4 g. (11.9%), m.p. 143-145°.

Anal. Calcd. for CsHnNsCh: C, 51.65; H, 5.27; N, 20.10. 
Found: C, 51.87; H, 5.39; N, 19.90.

Tris(carbethoxymethyl) isocyanurate (VI). Trisodium cya
nurate (65.0 g.) and ethyl chloroacetate (122.5 g.) were 
placed in a 320 cc. stainless steel autoclave and heated at 
190-195° for 6 hr. The contents were washed from the 
cooled autoclave with ethanol and filtered to remove the 
unchanged sodium cyanurate. The filtrate was distilled 
under vacuum to remove ethanol and excess ethyl chloro
acetate leaving 78.0 g. of crude product (yield 60%), b.p. 
200-240°, 0.4-1.0 mm. Redistilling this product gave a frac
tion boiling at 210-220°/0.45 mm. This liquid crystallized 
on standing, m.p. 71-78° after recrystallization from ethanol.

Anal. Calcd. for C15H21N3O9: C, 46.51; H, 5.4; N, 10.85. 
Found: C, 46.65; H, 5.89; N, 10.72.

Attempted saponification of VI in 100 ml. of 5% sodium 
hydroxide at reflux resulted in ring rupture with the forma
tion of iV,iV,-dicarbethoxymethyl urea, m.p. 148-150° 
(from ethanol). An authentic sample prepared by the reac
tion of ethyl glvcinate and phosgene13 failed to depress the 
melting point of the solid hydrolysis product.

Cyanoethyl isocyanurates. A slurry of I (43 g.) in 250 ml. 
dimethylformamide containing 12 ml. of “Triton B” (tri- 
methylbenzyl ammonium hydroxide, 38% in water) was 
prepared. Acrylonitrile (53 g.) was added dropwise over a 
period of 1 hr. The slurry was refluxed at 120-130° for
2.5 hr. A clear solution formed which on cooling gave 31.8 
g. (yield 33%) of tris(2-cyanoethyl) isocyanurate (VIII), 
m.p. 220-230°; recrystallized from dimethylformamide, 
m.p. 228-230°.

Anal. Calcd. for Ci2H12X603: C, 50.00; H, 4.17; N, 29.18. 
Found: C, 50.01; H, 4.26; N, 29.10.

Evaporation of the dimethylformamide solution from 
the synthesis of VIII above at reduced pressure gave 56.4 
g. (yield 67%) of bis(2-cyanoethyl) isocyanurate (VII),

(12) S. Frankel and M. Cornelius, Ber., 51, 1654 (1918).
(13) E. Fisher, Ber., 34, 440 (1901).
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m.p. 190-210°: recrvstallized from ethanol, m.p. 216-218°.
Anal. Caled. for C9H,X50,; C, 40.00: H, 4.8:!; N, 29.80. 

Found: C, 46.13; H, 3.68; N, 30.02.
A mixture of VIII (15 g.) and 150 ce. coned, hydrochloric 

acid heated at reflux for 4 hr. gave 17.4 g. (yield 99%) of 
tris(2-carboxyethyl) isocyanurate (X), m.p. 226-230°; 
recrystallization from water, m.p. 228-229°.

Anal. Caled. for C12Hi5N309 : C, 41.75; H, 4.35: X, 12.17. 
Xeut. equiv., 115.0. Found: C, 41.87; H, 4.39; X, 12.10. 
Xeut. equiv., 115.2.

Hydrolysis of VII (7.9 g.) as describe! above gave 9.0 g. 
(yield 99%) of bis(2-carboxvethyl) Lsocyanurate (IX), 
m.p. 287-289° after recrvstallization from water.

Anal. Caled. for C ^ N jO ,: C, 39.57, H, 4.03; X, 15.38. 
Xeut. equiv., 136.5 and 91.0. Found: C, 39.69; H, 3.91; 
X, 15.25. Xeut. equiv., 135.7 and 91.5.

Tris(2-carboxyethyl) isocyanurate (X) (34.5 g.) refluxed 
with 200 ml. of 5Ar absolute ethanolic hydrogen chloride 
for 2 hr. gave 40.0 g. (yield 93%) of tris(2-carbethoxyethyl) 
isocyanurate (XI), m.p. 50-52° after recrystallization from 
ethanol.

Anal. Caled. for C18H27X30 9: C, 50.35; H, 6.33; X, 9.80. 
Found: C, 50.16; H, 6.33; X, 9.78.

Hydrogenation of tris(2-cyanoethyl) isocyanurate (VIII). 
A stainless steel autoclave containing 50.0 g. of VIII, 17.1 
g. Raney nickel and 61.3 g. anhydrous ammonia was pres
surized to 1400 p.s.i.g. with hydrogen and heated to 80- 
82° for 5 hr. Additional hydrogen was aeded as the reaction 
proceeded until theoretical uptake was realized.

The autoclave was cooled, vented, and the product washed 
from the bomb with absolute ethanol ar.d filtered from the 
catalyst. Evaporation of the alcohol solution gave a sirupy 
mass practically free of ammonia. Extraction of the sirupy 
mass with ethanol gave 23.9 g . of bis(o-aminopropyl) iso
cyanurate (XII), m.p. 212-215°; crystallized from water 
and then from A’-methylpyrrolidone, m.p. 205-207°.

Anal. Caled.: Mol. wt., 243. Xeut. equiv., 121.5 and 24.3. 
Found: Mol. wt. by freezing point depression of water: 236. 
Xeut. equiv., 126 and 252.

Reaction with dilituric acid gave a didiiiturate salt.
Anal. Caled. for C1TH23N„013: C, 34.62; H, 3.90: X, 26.15. 

Found: C, 34.64; H, 3.77; X, 25.93.
A mixture of 43.0 g. of VIII, 100 ml. of ethanol, 15.6 g. of 

wet W-2 Raney nickel and 18.1 g. of ammonia was placed 
in a 320 ml. autoclave and heated to 155-160° for 3 hr. at 
2000 p.s.i.g. hydrogen pressure. The autoclave was cooled, 
vented, and the contents washed out with ethanol. The 
catalyst was filtered and the solution concentrated to give
15.0 g. mono(3-aminopropyl) isocyanurate (XIII).

Anal. Caled. for C6H10N4O3: C,”38.75; H. 5.38; X, 30.10. 
Xeut. equiv., 186. Found: C, 39.05; H, 5.64; X, 30.08; 
Xeut. equiv., 187.

Attempted isolation of the above amines via vacuum 
distillation gave appreciable quantities of tetrahydropyrimi- 
dinone-2 (XIV), m.p. 263-265° (lit.,14 m.p. 263-265°). The 
identity of the pyrimidone-2 was established by hydro- 
bromic acid hydrolysis to 1,3-diaminopropane and com
parison of the dihydrochloride and the picrate salts of the 
latter with authentic materials. The known and the unknown 
salts gave identical infrared spectra.

Conversion of tris(S-cyanoethyl) isocyanurate (VIII) to 
bis{2(cyanoelhyl) isocyanurate (VII). Heating VIII (50 g.) 
and 70 g. of anhydrous ammonia in a 320-ml. autoclave 
for 4 hr. at 80° gave 39.1 g. of VII (yield 96%), m.p. 216- 
218°. A mixed melting point with an authentic sample of 
bis(2-cyanoethyl) isocyanurate gave no depression. Infrared 
spectra of the compounds were identical.

H opewell, Va.

(14) E. Fisher and H. Koch, Ann 232, 224 (1886).

[Contribution from the D epartment of B iological Sciences, Stanford R esearch I nstitute]
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A seven-step synthesis of 9-(2',3'-anhydro-/3-D-ribofuranosyl)adenine (VIII) from 9-(,8-D-xylofuranosyl)adenine (I) wtas 
accomplished. The direct coupling route to VIII using 2-0-acetyl-5-0-benzoyl-3-0-(p-tolylsulfonyl)-D-xylofuranosvl chlo
ride (Xlb) was explored but proved less satisfactory than the use of the 5-O-methoxy carbonyl analog (XIa) of Xlb.

In a previous paper2 from these laboratories, the 
synthesis of the anhydronucleoside (VIII) from
l,2-di-0-acetyl-5- O-methoxy carbonyl-3-0- tosyl-D- 
xylofuranose (X) was described. The over-all yield 
of this versatile intermediate (VIII) from X was 
only 8.9% with essentially all of the low yield being

(1) This work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Contract No. SA-43-ph-1892. The opinions 
expressed in this paper are those of the authors and are not 
necessarily those of the Cancer Chemotherapy National 
Service Center. For the preceding paper in this series, rf.
W. A. Skinner, K. A. Hyde, H. F. Gram, and B. R. Baker, 
J. Org. Chem., in press.

(2) C. 1). Anderson, L. Goodman, and B. R. Baker, ./.
Am. Chem. Soc., SI, 3967 (1959).

attributable to difficulties in the coupling reaction 
between the chlorosugar (XI) and chloromercuri-
6-benzamidopurine. It was felt that better over-all 
yields of X might be obtainable by earn ing out 
the necessary transformations on a suitable and 
more readily accessible preformed nucleoside. 
The coupling reaction between 2,3,5-tri-O-benzoyl- 
D-xylofuranosyl bromide and chloromercuri-6-benz- 
amidopurine has been reported to give approxi
mately 45% of 9-(/3-D-xylofuranosyl)adenine (I)3 
and this nucleoside (I) appeared to be a suitable 
starting material for an alternative synthesis of
VIII.

(3) B. R. Baker and K. Hewson, ./. Org. Chem., 22, 966
(1957).
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The conversion of I to the 3',5'-0-isopropylidene 
derivative (II)3 in 68% yield was accomplished by 
reaction with acetone at room temperature using 
a large quantity of ethanesulfonic acid as a cata
lyst. Reaction of II with a large excess of benzoyl 
chloride in pyridine for three to five days gave a 
66% yield of a crystalline compound whose analysis 
showed that three benzoyl groups had been intro
duced and whose infrared spectrum showed no 
—XH absorption; its structure seems to be best 
represented as the AT6pY6-dibenzoyladenine deriva
tive (III). Cleavage of the O-isopropylidene group 
from III with 70% aqueous acetic acid at 50°4 
gave a good yield of crude VI. A partial purification 
of VI was carried out by partitioning the product 
between the layers of a benzene-methanol-water 
mixture. The major fraction (74% calculated as
VI), isolated from the benzene-rich layer, appeared 
from the infrared spectrum to be mainly the 
iV6,AI6-dibenzoyl compound (VI), although efforts 
to obtain it in analytically pure form were unsuc
cessful; it was the material used for the remainder 
of the synthetic sequence to VIII. The material 
isolated from the water-rich phase appeared to be 
mostly the _V6-monobenzoyl compound, cor
responding to VI, and was probably a useful 
precursor of VIII although it was not used. The 
crude dihydroxy nucleoside (VI) was tritylated at 
50-55° to form V and the reaction mixture was 
directly treated with excess methanesulfonyl chlo
ride to form the mesylate (IV). The crude tritylated 
mesylate (IV) was detritylated by the procedure 
of Schaub, Weiss, and Baker4 using 80% aqueous

(•I) R. It. Schaub, M. J. Weiss, and B. 11. Baker, J. Am. 
Chem. Soc., 80,4692 (1958).

acetic acid at 80° for twenty-five minutes and the 
crude mesylate, benzoate (VII), was converted 
with sodium methoxide to the anhydronucleoside
(VIII) by the procedure of Anderson, et al.,2 
in an over-all yield of 28% based on the acetonide
(II).

As was described previously,2 the procedure of 
Baker and Hewson5 was used to precipitate the 
picrate of VIII, as a means of separating VIII from 
nonbasic materials. Regeneration of the picrate of 
VIII was studied using Dowex 2 (CO3), Dowex 2 
(OAc), and Dowex 2 (Cl); using a standardized 
and comparable procedure with each resin, the 
recovery of VIII was best with the acetate form 
of the resin, somewhat less with the chloride form, 
and poorest with the carbonate form. The same 
order of resin regeneration efficiency was found 
in the recovery of adenosine from adenosine pic
rate. Adsorptive losses on the resins are responsible 
for the lowered yields with the more basic resins.6

The over-all yield of VIII from 2,3,5-tri-O- 
benzoyl bromide was 6-8%, comparable with that 
from the direct coupling reaction with XIa.

In order to study the effect of the blocking group 
at the 5-position of the sugar on the coupling re
action with chloromercuri-6-benzamidopurine, 1,2-
O-isopropy lidene-5-0 - methoxy carbonyl -3-0- tosyl- 
D-xylofuranose (XIII)6 was cleaved with a catalytic 
quantity of sodium methoxide in methanol to the 5- 
hydroxy sugar (XIV), which was directly benzoy- 
lated to give the crystalline 5-O-benzoyl compound

(5) B. R. Baker and K. Hewson, J. Org. Chem., 22, 959
(1957).

(6) C. J). Anderson, L. Goodman, and B. II. Baker, J. 
Am. Chem. Soc., 80, 5247 (1958).
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(XV). Acetolysis of XV to the diacetate (XII) 
and cleavage of the diacetate (XII) to give the 
chloro sugar (Xlb) were carried out as described 
for the 5-0-methoxycarbonyl compound.6 The 
coupling reaction of Xlb with chloromercuri-6- 
benzamidopurine, however, gave a somewhat 
poorer crude yield of VIII than did the reaction 
of XIa, making it clear that the low yield of VIII 
from XIa could not be attributec solely to the 5-
O-methoxycarbonyl blocking group.

A furthei investigation of the coupling reaction 
between XIa and chloromercuri-6-benzamidopurine 
on a large scale has shown that certain modifica
tions of the procedure lead to a large improvement 
in the reaction, as shown by the nearly threefold 
increase in yield of the 3'-ethylthionucleoside (IX) 
isolated by using the crude anhydronucleoside
(VIII) from the coupling reaction. These modi
fications are outlined in the Experimental.

E X P E R IM E N T A L 7

9-(8',5'-O-Isopropylidene-0-v-xylofuranosyl)adenine (I I ). 
To a well stirred mixture of 18.9 g. (70.6 mmoles) of 9-(/3-d- 
xylofuranosyl)adenine (I)3 and 530 ml. of dry acetone was 
added 29.0 ml. (ca. 0.35 mole) of ethanesulfonic acid. After 
being stirred for 7 hr. at room temperature, the mixture 
was poured into a cold stirred solution of 45 g. (0.53 mole) 
of sodium bicarbonate in 200 ml. of water. The resulting 
solution was stirred at room temperature for 2 hr. and was 
evaporated to dryness in vacuo (finally at 2 mm. and 50°t 
The thoroughly powdered residue was extracted with 700 
ml. of chloroform for 22 hr. using a Soxhlet extractor. The 
extract was evaporated in vacuo to leave 14.85 g. (68%) of 
crystalline solid, m.p. 206.0-207.5°, suitable for use in the 
next step. Further crystallization of the product from metha
nol gave material, m.p. 212.5-214.0° (lit.3 m.p. 204-207°); 
it was chromatographicallv homogeneous in solvent A with 
R \a 1.74.

These experimental modifications give a considerably 
higher yield than previously reported.3

N 6,N6-Dibenzoyl-9-(£'-0-bcnzoyl-3' ,5' O-isoprop ylidene-0- 
D-xylofuranosyl)adenine (III). A solution of 4.00 g. (13.0 
mmoles) of the acetonide (II) in 50 ml. of reagent pyridine 
was prepared by gentle heating. The solution was cooled 
in an ice bath and 11.0 g. (78.0 mmoles) of benzoyl chloride 
was added dropwise and with stirring over a period of 30 
min. The reaction mixture was stored at room temperature 
for 96 hr. protected from moisture, then was poured into 
70 ml. of cold water. The aqueous mixture was extracted 
with five 30-ml. portions of chloroform; the combined ex
tracts were washed with two 60-ml. portions of saturated 
aqueous sodium bicarbonate solution and with one 100-ml.

(7) Boiling points and melting poin's are uncorrected; 
the latter were obtained with the Fisher-Johns apparatus. 
Paper chromatograms were run by the descending technique 
on Whatman No. 1 paper in the following solvent systems: 
A, water-saturated n-butyl alcohol8 9; B, 5% disodium hy
drogen phosphate8 (without the usual organic phase); C, 
benzene-water-methanol (2:1:6).10 Adenine was used as a 
standard (spot locations are expressed as Raî units with 
adenine at 1.00) and spots were detected by visual examina
tion under ultraviolet light.

(8) J. G. Buchanan, C. A. Dekker, and A. G. Long, J. 
Chem. Soc., 3162 (1950).

(9) C. E. Carter, J. Am. Chem. Soc., 72, 1466 (1950).
(10) T. Wieland and W. Kracht, Anqew. Chem., 69, 172 

(1957).

portion of water, then were dried over magnesium sulfate. 
After filtration, the filtrate was evporated to dryness in 
vacuo and re-evaporated in vacuo after the addition of 
50 ml. of toluene. The final residue weighed 10.02 g .  and was 
extracted with ten 50-ml. portions of boiling petroleum ether 
(b.p. 64-69°) decanting the hot solvent each time, to leave 
7.94 g. of crystalline solid, m.p. 144-185°. The material was 
recrystallized from 60 ml. of benzene to give 6.34 g. of the 
benzene solvate, m.p. 125-140°. This solvate was then 
heated with 100 ml. of boiling petroleum ether (b.p. 64F69°) 
and gave, on cooling, 5.36 g. (66%) of crystalline solid, 
m.p. 195-196°, which was identical with the analytical 
sample described below.

A portion (0.407 g.) of the product was recrystallized 
from 10 ml. of benzene and it slowly- deposited 0.399 g. of 
crystalline solid that was still solvated after drying at 2 
mm. and 100° for 17 hr., m.p. 164.5-165.5°.

Anal. Calcd. for C34H29N6O7-0.75C6H6: C, 67.7; H, 4.94. 
Found: C, 67.3; H, 5.04.

A portion (0.184 g.) of the benzene-recrystallized material 
was boiled with 20 ml. of petroleum ether (b.p. 64^69°). 
Filtration of the mixture gave 0.151 g. of solid, m.p. 194- 
196°; 5.78 (ester C =0), 5.90 (amide C = 0), 11.77
(strong band related to isopropylidene group), 13.96 (C6H6- 
C02), 14.30 [(C6H5CO)2N]; there was no OH or NH ab
sorption near 3.0 y. The compound traveled as a single spot 
on paper in solvents C and A with RAd 1.56 and 3.14, 
respectively.

Anal. Calcd. for CMH29N50 7: C, 65.9; H, 4.72; N, 11.3. 
Found: C, 65.8; H, 4.86; N, 11.4, 11.6.

The above material could be recrystallized from ethyl 
acetate to give a material, m.p. 136-140°, which was evi
dently another crystal form.

Anal. Found: C, 65.5; H, 5.01; N, 11.3.
ATS,N t'-Dibenzoyl-9-,.2'-O-benzoyl-0-'D-xylofuranosyl)adenine

(VI). A solution of 5.36 g. (8.65 mmoles) of the benzoylated 
purine (III) in 75 ml. of 70% aqueous acetic acid was stirred 
at 50° for 4.75 hr., w-hereupon complete solution was 
effected. Stirring and heating (50°) was continued for 3.25 
hr. more and the solution was allowed to stand 15 hr. at 
room temperature before being evaporated to dryness in 
vacuo at 35°. The residue weighed 5.58 g. and was triturated 
with three 50-ml. portions of boiling petroleum ether (b.p.
65-69°) and again evaporated to dryness in vacuo at 30°. 
The residue (5.47 g.) was partitioned using a mixture of 160 
ml. of benzene, 96 ml. of methanol, and 64 ml. of water. 
The upper benzene-rich phase, on evaporation in  vacuo, 
gave 3.71 g. (74% calculated as VI) of white solid, m.p. 
90-120°; 3.02 (OH), 5.80 (ester C = 0), 14.00 (C6H6-
C02), 14.32-14.50 [(C6H5CO)2N]. There was no isopropyli
dene absorption near 11.8 y; the lack of amide C = 0  near
5.9 v remains unexplained. On paper chromatography in 
solvents C and A, the material show-ed major spots with 
Rad 1.65 and 3.20, respectively, which were not easily dis
tinguished from starting material III; there were additional 
trace spots in each of these solvent systems. The material 
could be recrystallized from benzene or from water but the 
resulting solids had broad melting ranges and analytical 
values that did not fit any reasonable structure.

The water-rich phase w-as evaporated in vacuo, leaving
1.54 g. (32% calculated as the Ar6-monobenzoyl purine corre
sponding to VI) of solid, m.p. 100-118°; 3.02 (OH),
5.80 (ester C==0), 5.95 (amide C =0), 14.02 (C6H5C02); 
there w-as no isopropylidene absorption near 11.8 y. On 
paper chromatography, the material showed three spots in 
solvent C with RAd 1.38, 1.54, and 1.64, and two spots in 
solvent A w-it.h Raj 2.74 and 3.18.

Art,N6-Dibenzoyl-9-(2'-0-bcnzoyl-3'-0-methanesulfonyl-5'- 
O-trityl-0-D-xylofuranosyl)adenine (IV). A solution of 3.71 g. 
(ca. 7.8 mmoles) of the dihydroxy compound (VI) (material 
prepared as above and processed through partition in the 
benzene-methanol-water system) in 7 ml. of reagent pyri
dine was combined with a solution of 2.39 g. (8.57 mmoles)
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of triphenylehloromethane in 10 ml. of pyridine and the 
resulting solution was stirred for 72 hr. at 50-54° with 
exclusion of moisture. Methanesulfon3-l chloride (1.34 g.,
11.7 mmoles) was then added and the mixture was stirred 
for an additional 16 hr. at the same temperature. The reac
tion mixture was diluted with 60 ml. of chloroform followed 
by 100 ml. of water. Solid sodium bicarbonate was added 
to the vigorously stirred mixture until the aqueous phase 
was just basic to litmus paper. The chloroform phase was 
separated, dried over magnesium sulfate, filtered, and the 
filtrate evaporated in vacuo at 30°. The residue was dis
solved in 30 ml. of toluene and the evaporation repeated to 
leave 6.17 g. of a foam, m.p. 80-100°; x”™°,lm 5.78-5.90 
(ester and amide C = 0), 8.48 (—0S02—), 13.09 (mono 
substituted benzene), 14.10-14.25 (C6H5C = 0). Paper 
chromatography in solvents C and A showed main spots 
with RAd 1.64 and 3.50, respectively, not easily distinguish
able from the starting material (VI).

N 6,N<i-Dibenzoylr9-{i!t'-0-benzoyl-8'-0-methanesulfonyl-f}-'D- 
xyloJuranosyl)adenine (VII). A mixture of 6.17 g. of the 
crude 5'-0-trityl compound (IV) and 100 ml. of 80% aque
ous acetic acid was. heated at 80° for 25 min. (complete 
solution resulted in 5 to 6 min.). The reaction mixture was 
evaporated in vacuo at 30° and the residue was dissolved in 
30 ml. of absolute ethanol and re-evaporated in vacuo. The 
evaporation with absolute ethanol was repeated twice more 
to remove actic acid. The final residue was triturated with 
six 50-ml. portions of hot (90°) petroleum ether (b.p. 64- 
69°) and one 40-ml. portion of boiling ether to leave 3.56 
g. of residue, m.p. 105-125°, which was used directly for 
the preparation of the anhydronucleoside (VIII).

A portion (0.100 g.) of the residue was dissolved in 10 ml. 
of benzene, the solution was filtered to remove some in
soluble solid, and the filtrate was diluted with 40 ml. of 
petroleum ether (b.n. 64—69°) and cooled. The precipitated 
solid (0.051 g.) was'collected; A ^ ,  2.99 (OH, NH), 5.78- 
5.90 (ester and amide C = 0 ), 8.45 (—OSOj—), 14.03 
( ( ' s H 5C = 0 ) ;  there was no monosubstit.uted benzene absorp
tion (due to trityl group) near 13.0 y .

Anal. Calcd. for C;35H23N,08S.C6H6: S, 5.08. Found: S,
4.08, 4.03.

9-{Z',3'-Anhydro-f3-n-ribofumnosyl)adenine (VIII). To a 
cold (0°), filtered solution of 3.52 g. (ro 6.4 mmoles) of crude 
VII in 175 ml. of methanol was added a cold solution of 
0.345 g. (6.38 mmoles) of sodium methoxide in 15 ml. of 
methanol. The reaction mixture was stored at 3° for 6 days 
protected from moisture, then was filtered and the filtrate 
adjusted to pH 7 with glacial acetic acid. The solution was 
evaporated in vacivo at 30° and the residue was partitioned 
between 200 ml. of water and 100 ml. of chloroform. The 
aqueous layer was evaporated to dryness in vacuo at 35° 
to leave 2.00 g. of residue which was showm by paper chroma
tography in solvents A and B to contain VIII. The residue 
(2.00 g.) was dissolved in 100 ml. of -water and to this solu
tion was added a warm (30°) solution of 2.56 g. (9.5 mmoles) 
of picric acid in 120 ml. of water. The solution containing 
the precipitated picrate was maintained at 3° for 18 hr., 
filtered, and the picrate washed with 10 ml. of cold water. 
The damp picrate was suspended in 125 ml. of water 
and damp Dowex 2 (OAc) was added portionwise to the 
stirred suspension until the supernatent liquid had become 
essentially colorless. Stirring was continued for 6 hr. and the 
resin was removed by filtration and washed with three 20- 
ml. portions of water. The combined filtrate plus washings 
were decolorized with Norit A, filtered with the aid of Celite, 
and the filtrate evaporated to dryness in vacuo (30° and 
1 mm.) to leave 0.82 g. (28% over-all yield from the aceto- 
nide II) of solid that decomposed gradually on heating11 
and that had [«]2D6 —18.3° (0.6% in 20% aqueous pyridine). 
The infrared spectrum of the material agreed well with that 
of VIII prepared previously2 and paper chromatography 
in solvents A and B showed main spots with the proper RAd2 
but with several trace spots as contaminants. The solid was 
recrystallized twice from absolute ethanol (150 ml./g.)

to give finally 0.16 g. of solid which darkened near 185° 
but showed no definite melting point, [a] 3DS —16.0° (0.6% 
in 20% pyridine), [a]3D° —32.8° (0.53% in water). Its infra
red spectrum was identical with that previously reported2 
and on paper chromatography in solvents A and B, it 
moved as a single spot with RAci 0.81 and 1.32, respectively.

In a study of the regeneration of the picrate of VIII with 
several types of Dowex 2 resin, a damp picrate (1.67 g.) 
from crude VIII prepared as above was divided into three 
equal portions which were regenerated with Dowex 2 
(OAc), Dowex 2 (Cl), and Dowex 2 (C03). The acetate 
resin (2.21 g.) gave 0.122 g. of good nucleoside (VIII), the 
chloride resin (1.40 g.) gave 0.110 g. of VIII, and the car
bonate resin (1.24 g.) gave 0.104 g. of VIII. A similar study 
of the regeneration of adenosine from its picrate showed 
that Dowex 2 (OAc) gave a 94% recovery, Dowex 2 (Cl) 
a 90% recovery, and Dowex 2 (C03) a 77% recovery of 
adenosine.

1 ,S-0-IsopropylideneS-0-(p-tolylsulfonyl)-D-xylofuranose
(XIV). To a solution of 10.0 g. (24.9 mmoles) of the 5-0- 
carbomethoxy compound (XIII)6 in 300 ml. of cold (0°) 
methanol was added 0.134 g. (2.48 mmoles) of sodium 
methoxide dissolved in 5 ml. of methanol. The reaction mix
ture was allowed to stand for 16 hr. at room temperature in 
a stoppered flask and was then evaporated to dryness in 
vacuo at 30°. To the residue was added 50 ml. of chloroform 
and 50 ml. of water. The mixture was adjusted to pH 7 
with glacial acetic acid and the chloroform layer was 
separated. The aqueous phase was extracted with two more 
50-ml. portions of chloroform, then the combined chloroform 
extracts were dried over magnesium sulfate and filtered. 
The filtrate was evaporated in vacuo at 30°, leaving 8.96 g. 
(105%) of product; X"rOT 2.81 (OH), 7.25, 8.37, 8.48 
(—OS02—), 11.74 (isopropylidene), 12.23 (p-disubstituted 
benzene); there was no C = 0  absorption in the 5.5-6.0 y  
region.

o-0-Benzoyl-l,Z-0-isopropylidene-S-0-(p-lolylsulfonyl)-n- 
xylofuranose (XV). To a cold (0°) stirred solution of 1.0 
g. (2.9 mmoles) of the 5-hydroxy compound (XIV) in 10 
ml. of reagent pyridine was added, dropwise, 0.61 g. (4.34 
mmoles) of benzoyl chloride. The stoppered reaction mix
ture was allowed to stand at room temperature for 17 hr., 
then 0.1 ml. of water was added to the solution followed by 
stirring for 30 min. The mixture was diluted with 25 ml. of 
chloroform and the resulting solution was washed with two 
25-ml. portions of water, three 25-ml. portions of 1.1/ aqueous 
sodium bicarbonate solution, and one 25-ml. portion of 
water. After drying over magnesium sulfate, the solution 
was filtered and the filtrate evaporated in vacuo, leaving
I. 15 g. (89%) of crystalline product. The solid was recrys
tallized from 120 ml. of petroleum ether (b.p. 64-69°), 
yielding 0.88 g. (68%) of product, m.p. 94.5-95.5°. Another 
similar recrystallization gave the analytical sample, m.p. 
96.0-96.5°, [of]3p -63° (1% in chloroform); xL“(°'w 5.78 
(ester C =0), 7.82 (ester C—O—C), 8.39, 8.48 (—OS02—),
II. 78 (isopropylidene), 12.29 (p-disubstituted benzene), 
14.12 (C6H6C =0).

Anal. Calcd. for C22H2408S: C, 58.9; H, 5.39; S, 7.15. 
Found: C, 59.1; H, 5.62; S, 7.03.

l,Z-Di-0-acetyl-B-0-benzoyl-S-0-{p-tolylsulfonyl)-v>-xylofura- 
nose (XII). Using the procedure described for the 5-0- 
methoxycarbonyl compound (XIII),6 7.38 g. (16.5 mmoles)

(11) In reference 2, the melting point of VIII was given 
as 200-203° dec. and [a]2D5 as —3° (0.6% in 20% aqueous 
pyridine). The melting point behavior of this compound, 
however, is completely dependent on the rate of heating and 
only with a very rapid rate can any kind of a melting be
havior be observed. With normal heating rates, decomposi
tion begins near 125° and darkening and softening con
tinue up to 300°. When the optical rotation of the analytical 
sample2 was redetermined, it was found to be [<*J™ —17.5° 
(0.4% in 20% aqueous pyridine) and [a]2De —35.2° (0.33% 
in water).
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of XV was converted to the diacetate (XII) which was re
covered as 8.42 g. (104%) of a svrup; 5.68 (acetate
C = 0), 5.78 (benzoate C =0), 7.27, 8.39, 8.49 (—0S02—), 
7.84 (benzoate C—O—C), 8.07, 8.21 (acetate C—0 —C), 
12.24 (p-disubstituted benzene), 14.00 (06H5C =0).

2 - 0 - A c e t y l - 5 - 0 - b e n z o y l - 3 - 0 - { p - t o l y l s u l f o n y l ) - D - x y l o f u r a n o s y l  

c h l o r i d e  (Xlb). The above diacetate (XII), 8.42 g., was con
verted to the chloride (Xlb) by the procedure described for 
the preparation of XIa. A white, solid residue remained 
which showed none of the 8.07 p absorption attributed to 
the C—0 —C of the 1-O-acetate. The residue was directly 
coupled with chloromercuri-6-benzamidopurine using the 
procedure described for the coupling of XIa.1 2 The solid 
product from the coupling and deblocking procedure, after 
regeneration of the picrate, weighed 0.45 g. and contained 
the anhydronucleoside (VIII), adenine, and some other 
purine-containing materials, as shown by paper chroma
tography in solvents A and B. If the residue had been pure 
VIII, the yield would have been 10.5% based on the iso- 
propylidene compound (XV).

9 -  [S '-Deoxy-3'-(ethylthio )-/3-o-xylf.uranosyl]  a d e n i n e  (IX ).2 
The conversion of 353 g. (0.79 mole) of diacetate (X) to the 
chloro sugar (XIa) was carried out as described previous^.2 
Coupling of the chloro sugar (XIa) with 560 g. (0.785 
mole) of 66.7% chloromercuri-6-benzarnidopurine mixed 
with Celite was run for 2.25 hr.; it was found necessary to 
extract the filter cake with five 900-ml. portions of boiling 
chloroform to remove all the product. The crude, blocked 
nucleoside (345 g.) was converted to the anhydronucleoside
(VIII) by dissolving it in 1600 ml. of methanol, cooling the 
solution to 10°, and adding a cold (10°) solution of 35 g. 
(0.65 mole) of sodium methoxide in 500 ml. of methanol. 
The resulting, stoppered solution, after standing at room 
temperature 14-15 hr., was adjusted to pH 7.4 with glacial

acetic acid, then evaporated i n  v a c u o  at 55°, leaving 311 g. 
of crude VIII. A solution of the residue in 600 ml. of metha
nol was heated under reflux for 20 hr. with a methanolic 
sodium ethyl mercaptide solution (prepared from 227 g. 
(4.2 moles) of sodium methoxide, 340 ml. (4.6 moles) of 
ethanethiol, and 900 ml. of methanol) with exclusion of 
moisture. The solution was cooled to room temperature and 
adjusted to pH 8 with glacial acetic acid while cooling the 
mixture with an ice bath and maintaining the temperature 
below 45°. After evaporating the solution i n  v a c u o  at 50°, the 
residue was dissolved in 1500 ml. of water and continuously 
extracted with chloroform for 3.5 days to give 54.2 g .  of 
crude IX. Recrystallization was effected by dissolving the 
material in 1500 ml. of 95% ethanol, evaporating the 
solution to 700 ml., and chilling to give 43.8 g. of a first 
crop, m.p. 183-185° (prior melting and resolidification 130- 
160°), whose infrared spectrum and paper chromatographic 
behavior were in excellent agreement with the previous 
analytical sample,2 and a second crop of 3.1 g., m.p. 180° 
(with prior melting and resolidification 130-150°). The total 
product, 46.9 g., constituted a 19% over-all yield from the 
diacetate (X).

The main changes in the procedure from that of reference 
2 are: (1) thorough extraction of the Celite residues from 
the initial coupling reaction with chloroform, (2) shorter 
reaction time in the deblocking to form VIII (3) neutraliza
tion of the reaction mixture from the reaction of VIII with 
sodium ethyl mercaptide before evaporation.
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The reaction of the butyl esters of uracil-5- and 6-carboxylic acid with hydrazine, butylamine, and with 2-aminoethanol 
gave the expected amides. The hydrazide of uracil-6-carboxylic acid was converted with nitrous acid to uracil-6-carboxazide.

In a continuation of interest in derivatives of 
uracil as potential anticancer agents,2'3 attention 
was focused on some transformations of uracil-
5-carboxylic acid and orotic acid (uracil-6-carbox- 
ylic acid). The latter compound is a key inter
mediate in the de novo synthesis of pyrimidine

(1) This work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center, National 
Cancer Institute, National Institutes of Health, Public 
Health Service, Contract No. SA-43-ph-1892. The opinions 
expressed in this paper are those of the authors and are not 
necessarily those of the Cancer Chemotherapy National 
Service Center. For the preceding paper in this series, c f .  

W. A. Skinner, A. P. Martinez, H. F. Gram, L. Goodman, 
and B. R. Baker, J. O r g .  C h e m . ,  in press.

(2) A. Benitez, L. O. Ross, L. Goodman, and B. R. Baker, 
J. A m .  C h e m .  S o c . ,  in press, paper XXXVI of this series.

(3) W. A. Skinner, M. G. M. Schaelstraete, and B. R.
Baker, J. O r g .  C h e m . ,  25, 149 (1960), paper XXVIII of this 
series.

ribonucleotides and deoxyribonucleotides4 and, 
as such, represents an interesting area for the 
synthesis of possible antimetabolites.

The principal objective in these studies was to 
prepare a number of new amides from the uracil- 
5- and 6-carboxylic acids. One of the common routes 
to amides, via an acid chloride, was not feasible 
because of the unavailability of the acid chlorides 
of the two uracil acids. A few attempts in this 
work to prepare these acid chlorides were unsuc
cessful, probably because of the insolubility of 
the acids; no mention of the two acid chlorides 
appears in the literature. Accordingly, the prepa
ration of the amides via the esters of uracil-5- 
carboxylic acid and orotic acid was investigated.

(4) J. N. Davidson, T h e  B i o c h e m i s t r y  o f  t h e  N u c l e i c  A c i d s ,  

Methuen & Co., Ltd., London, 1957, p. 161.
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The n-butyl ester (I) of orotic acid, chosen in 
order to enhance the solubility of the orotic acid 
derivative in organic solvents, was prepared in 
good yield by the reaction of the acid with 71- 
butyl alcohol in the presence of concentrated 
sulfuric acid. A mixture of the ester (I) and excess 
7i-butylamine in refluxing ethanol gave a fair 
yield of the 7i-butylamide (V) and the reaction of 
I with excess 2-aminoethanol in ethanolic solution, 
carried out in a sealed bomb at 100°, gave a good 
yield of the 2-hydroxyethylamide (IV).
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The infrared spectra of the two crystalline amides 
IV and V, run in Nujol mulls, showed no similarities 
in the 2.9-7.0 ¡x region but the ultraviolet spectra 
of the two compounds were very similar and in 
general agreement with that of the n-butylester (I). 
It seems clear that the two amides show markedly 
different interactions in the crystal state but show 
structural similarity in solution. A number of 
attempts were made to convert IV to the interest
ing 2-chloroethylamide of orotic acid by the use 
of thionyl chloride. There was a definite introduc
tion of chlorine into IV but no pure product could 
be isolated from the reaction.

The n-butyl ester (I) with hydrazine hydrate in 
methanol gave an excellent yield of the carboxy- 
hydrazide (II). In turn, the hydrazide (II), in cold 
dilute hydrochloric acid with a slight excess of 
sodium nitrite, gave a fair yield of the carboxy- 
azide (III) which was readily identified by the 
strong azide infrared absorption at 4.59 ¡x. The 
carboxyhydrazide (II) was allowed to react with
1,3-pentanedione in an effort to prepare the orotyl- 
pyrazole (VII). Acyl pyrazoles have been pre

pared similarly by Ried and Schleimer5 and have 
been used as acylating agents. In the reaction of
I, 3-pentanedione with II, however, the reaction 
seemed to stop at the simple hydrazone (VI) 
stage. The crystalline product had a correct 
analysis for VI (although this would not preclude 
a monohydrate of VII). When attempts were 
made to make a derivative of the free carbonyl 
group in VI with phenylhydrazine or p-nitro- 
phenylhydrazine, the hydrazide (II) was re
generated, a strong indication that the pyrazole 
ring had not formed. In the experiments of Ried 
and Schleimer,5 reaction of an amine with an 
acylpyrazole led to displacement at the carbonyl 
carbon to yield a amide and the free pyrazole; 
a similar course of reaction between VII and 
phenylhydrazine would have given the phenyl- 
hydrazide of orotic acid as the product rather than
II, which was actually isolated and would be the 
expected product from VI by hydrolysis.

In the uracil-5-carboxylic acid series, the n- 
butyl ester (VIII) was formed under similar con
ditions to those used in the preparation of I. 
There was somewhat more difficulty than in the 
orotic acid series in the conversion of VIII to the
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2-hydroxyethylamide (XI) and to the Ti-butyl- 
amide (XII), both preparations requiring the use 
of considerably higher temperatures in a sealed 
bomb. The 5-carboxyhydrazide (XI) was readily 
prepared in high yield from the ester (VII). At
tempts to convert IX to the azide X gave very 
capricious results. In a few cases a strong azide 
band was present in the infrared spectrum of the 
product but in most of the attempts there was no 
evidence for the formation of X. Attempts to con
vert IX to a pyrazole by reaction with 1,3-pentane
dione gave intractable products.

I t was noteworthy in a comparison of ultra
violet spectra of the 5-substituted- and 6-substi- 
tuted uracils that the 5-substituted derivative 
absorbed at a shorter wave length and with greater 
intensity at all three pH conditions employed than 
did the corresponding 6-substituted derivative.

(5) VV. Reid and B. Schleimer, Ann., 619, 43 (1958).
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This same relationship is true in a comparison 
of the ultraviolet spectra of uracil-5-carboxylic 
acid6 and oro'ic acid.7

E X P E R IM E N T A L 8

n-Butyl orotate (I). A suspension of 2.(1 g. (12.8 mmoles) 
of orotic acid in a mixture of 200 ml. of «-butyl alcohol and
2.0 ml. of coned, sulfuric acid was heated under reflux for 
6 hr. The solution was filtered to remove 0.30 g. of orotic 
acid and the filtrate was concentrated in vacuo to about 40 
ml. and chilled. Water (50 ml.) was added to the chilled 
concentrate causing the precipitation of 1.90 g. (82% based 
on utilized orotic acid) of crystalline product, m.p. 178- 
180°. Recrystallization of the solid from 50 ml. of water 
gave 1.80 g. (78%) of the analvtical sample, m.p. 182- 
184°; X“ rw> 3.23 (NH); 5.78 and 0.00 (uracil C = 0);
5.87 (ester 6 = 0 ) ;  6.14, 6.70 and 7.15 (pyrimidine ring); 
7.93 (ester 0 —0 —C);X 286 (c 5800); X ^ mM) 280
(e 7500); 284 (e 7300). The product moved as a
single spot on paper in solvent A with Ra,i 1.41.

Anal. Calcd. for C9HI2N20 4: C, 50.9; H, 5.70; N, 13.2. 
Found: O, 50.7; H, 5.72; N, 13.1.

Orotyl hydrazide (II). A stirred mixture of 5.0 g. (23.5 
mmoles) of n-butyl orotate (I), 9.20 g. (0.185 mole) of 
hydrazine hydrate, and 50 ml. of reagent methanol was 
heated on the sream bath for 20 min. under gentle reflux, 
then chilled. The precipitated material (3.0 g., 75%) was 
removed by filtration and from the evaporated filtrate a 
second crop (0.80 g.) of the same material was recovered, 
giving a total crude yield of 95% of product which failed to 
melt at 300°. The material was recrystaliized from 145 ml. 
of water with the aid of Xorit to give 2.63 g. (66%) of 
product, m.p. >300°, X ^ (#i) 3.08 and 3.1.3 (XH and XH2); 
5.85-6.32 (uracil C = 0 , amide C = 0 , XH2 and pyrimi
dine); 6.75 (pyr:midine_ring); X^,'(m« 282 (« 6000); X",«(‘mm 
305 (broad, t 5500); X 295 (e 8600). On paper chromatog
raphy in solvent C and D,the compound moved as a single 
spot with ltAd 1.10 and 1.55, respectively.

Anal. Calcd. for C5H6N40 3.H20: C, 31.9; H, 4.28; N,
29.7. Found: C, 32.0; H, 4.36; N, 29.5.

Orotyl azide (III). A cold (7-10°) suspension of 1.0 g. 
(5.9 mmoles) of die hydrazidc (II) in a mixture of 5.0 ml. of 
6M hydrochloric acid in 100 ml. of water was vigorously 
stirred while a solution of 0.44 g. (6.4 mmoles) of sodium 
nitrite in 5 ml. of water was added dropwise over a 10-min. 
period. The suspension was stirred 10 min. more at 7-10° 
and was filtered. The solid residue was washed with three 
20-ml. portions of cold water and was dried to give 0.60 g. 
(56%) of product; this compound gave no definite melting 
point, but gradually decomposed, with the decomposition 
most noticeable at 180-190°; X^r(TO 2.9C and 3.15 (NH);

(6) M. M. Stimson, J. Am. Chcm. Soc., 71, 1470 (1949).
(7) H. Vanderhaege, Bull. soc. chen... Belg., 62, 611 

(1953).
(8) Boiling points and melting points are uncorrected; 

the latter were obtained with the Fisher-Johns apparatus. 
Paper chromatography was done by the descending tech
nique on Whatman X'o. 1 paper and the spots were detected 
by visual examination under ultraviolet light. Adenine was 
used as a standard and the spots were located relative to 
ItAd 1-00. The solvent systems used were A,9 re-butanol- 
acetic acid-water (5:2:3); B,10 f-propanol-2.il/ hydrochloric 
acid (65:35); C,11 ammonium sulfate-i-propanol-water 
(2:28:70); I),12 2-methoxyethanol-water (9/1).

(9) D. M. Brown, A. Todd, and S. Varadarajan, J. Chem. 
Soc., 2388(1956).

(10) G. R. Wyatt, B io c h e m .48, 584 (1951).
(11) A variant of a system used by It. Markham and 

J. D. Smith, Biochem. J., 49, 401 (1951).
(12) A. E. Bender, Biochem. ./., 48, XV (1951) (Proc. 

Biochemical Society).

4.49 and 4.59 (X3); 5.8-6.0 (uracil C = 0 ); 6.13 and 6.68 
(pyrimidine ring); no satisfactory paper chromatographic 
solvent system was found for this compound.

Anal. Calcd. for ( /R A W  1/2 H20: C, 31.6; H, 2.12;
N, 36.8. Found: C, 32.0; H, 2.58; X, 37.4.

N-(2-Hydroxyethyl)orotamide (IV). A mixture of 1.0 g.
(4.71 mmoles) of the ester (I), 1.0 g. (16.3 mmoles) of 2- 
aminoethanol, and 20 ml. of absolute ethanol was heated in 
a stainless steel bomb at 100° for 14 hr. After cooling to room 
temperature, the contents of the bomb were transferred and 
evaporated in vacuo. The solid residue was slurried with 20 
ml. of reagent methanol and the suspension filtered to give
O. 80 g. (85%) of solid product, m.p. 272-274° dec. The solid
was dissolved in 10 ml. of water, the solution treated with 
Xorit and filtered. Hot methanol (20 ml.) was added to the 
filtrate and, on chilling, 0.60 g. (64%) of product was ob
tained, m.p. 278-280°; X^°(lw 2.98 and 6.57 (NH), 6.00 
(uracil C = 0); 6.10 (amide C==0); 9.41 (C—OH); sur
prisingly, there was no OH absorption near 3.0 y; X̂!»/(mW 
280 (e 6500); X/'L/,« 280-295 (e 4900); 312 (« 6600).
On paper chromatography in solvent A the compound moved 
as a single spot with RAd 0.70.

Anal. Calcd. for C,H8N30 4: C, 42.2; H, 4.55; N, 21.0. 
Found: C, 42.2; H, 4.71; N, 21.0.

N-Butyl orotamide (V). A stirred mixture of 4.50 g. (2.12 
mmoles) of the ester (I), 4.25 g. (58.8 mmoles) of re-butyl- 
amine, and 50 ml. of absolute ethanol was heated under 
reflux for 7 hr. and evaporated in vacuo to a semi-solid 
slurry. Water (25 ml.) was added and the mixture was 
warmed until complete solution was attained. The hot 
solution was treated with Xorit and filtered. The chilled 
filtrate deposited 2.0 g. (45%) of crystalline solid, m.p. 
275-276°. The solid was recrystaliized from 25 ml. of water 
to give 1.80 g. (41%) of product with unchanged melting 
point: \H°'m 3.04 and 6.43 (XH), 5.74 (uracil C = 0), 6.00 
(uracil C==0 and amide C = 0), 6.12 (pyrimidine ring); 
X '«U) 279 (* 6400); 307 (c 4900); X/"/,^, 311 (e
6400). On paper chromatograph}' in solvent A the product 
moved as a single spot with RA(j 1.50.

Anal. Calcd. for C9Hi3N30 3: C, 51.1; H, 6.20; X", 19.8. 
Found: C, 51.5; H, 6.58; N, 20.2.

Mono-6-uracilylhydrazone of 1,3-penlanedione (VI). A 
stirred mixture of 0.50 g. (2.95 mmoles) of the hydrazide 
(II), 0.30 g. (3.00 mmoles) of 1,3-pentanedione, and 35 ml. 
of iV,V-dimethylformamide was heated at 80° for 3 hr. 
The solvent was evaporated in vacuo at 80-90°, benzene 
(20 ml.) was added to the residue, and the evaporation was 
repeated, leaving 0.30 g. of solid, m.p. 184-188° dec. The 
solid was extracted with 10 ml. of boiling absolute ethanol, 
the mixture was filtered, and the filtrate was chilled to give 
a small amount of crystalline product, m.p. 228-230° 
dec.; X^°'w, 2.97 and 3.07 (NH), 5.82 and 5.98 (uracil 
C = 0), 6.10 and 6.85 (pyrimidine ring); 273 (e
8800); X’JLin,« 276 (e 7900); 242 (shoulder, c 8700),
285 (e 6100). On paper chromatography in solvent D the 
compound moved as a single spot with R Ad 1.90.

Anal. Calcd. for Ci0Hi2N4O4: C , 47.6; H, 4.76; X, 22.2. 
Found: C, 47.3; H, 4.70; N, 21.6.

Subsequent preparations using 1.00 of the hydrazide II 
and recrystallizing the crude residue from hot. water gave 
a 51% yield of material, m.p. 225-228° dec., whose infrared 
spectrum was identical with that, of the analytical sample.

When the hydrazone (VI), dissolved in aqueous ethanol 
containing a few drops of glacial acetic acid, was heated on 
the steam bath for 10 min. with an excess of either phenvl- 
hydrazine or p-nitrophenylhydrazine and the solution chilled, 
the solid product obtained in good yield was the hydrazide 
(II), m.p. >300° and identical with authentic II in infrared 
spectrum and paper chromatographic behavior.

B-Carbo-n-hutoxyuracil (VIII). A stirred suspension of
1.0 g. (2.8 mmoles) of uracil-5-carboxylic acid, 50 ml. of 
n-butyl alcohol, and 0.30 ml. of coned, sulfuric acid in an 
apparatus equipped with a water separable was heated
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under reflux for 3 hr., resulting in complete solution. The 
chilled mixture gave 1.0 g. (74%) of crude product, m.p. 
230-234°. The solid was recrystallized from 40 ml. of hot 
methanol to give 0.60 g. (44%) of product, m.p. 237-239°;

3.11 (NH); 5.70-5.80 (uracil and ester C = 0), 6.60 
(NH and pyrimidine ring); 6.13, and 6.99 (pyrimidine ring), 
8.15 (ester C—O—C); X’JLU, 270 (e 13300); X’JLUi 272 («= 
11900); X^Lta» 239 (e 13700), 291 ( e  17900). On paper chro
matography in solvent A, the product moved as a single 
spot with R.Ad 1-57.

Anal. Calcd. for C9HI2N20 4: C, 50.9; H, 5.70; N, 13.2. 
Found: C, 51.1; H, 5.79; N, 13.0.

Uracil-5-carboxyhydrazide (IX). A stirred suspension of 
0.50 g. (2.36 mmoles) of the ester (VIII) in 5 ml. of hydra
zine hydrate was heated under reflux for 15 min. and the 
resulting solution cooled to room temperature. Methanol 
(10 ml.) was added to the solution and, on chilling, 0.30 g. 
(75%) of product, m.p. >300°, was obtained. The solid was 
recrystallized from 40 ml. of water with the aid of Xorit to 
give 0.20 g. (50%) of product, m.p. >300°; X ^”1,,, 3.09 
and 6.30 (NH2), 3.25 and 3.30 (XH), 5.65 and 5.78 (uracil 
C = 0), 5.99 (amide C = 0), 6.65 (NH and pyrimidine ring),
6.09 and 6.92 (pyrimidine ring); 219 (e 12800), 273
(c 12000); X ^2 * * * * 7taw 223 (<= 8500), 278 («= 10800); 244
(broad e 10200), 292 (e 16800). On paper in solvent B the 
product moved as a single spot with RAci 0.43.

Anal Calcd. for CsHsN^: C, 35.2; H, 3.52; N, 32.8. 
Found: C, 35.3; H, 3.74; N, 32.8.

N-(2-Hydroxyeihyl)uracil-5-carboxamide (XI). A mixture 
of 1.0 g. (4.7 mmoles) of 5-carbo-n-butoxyuracil (VIII), 
0.86 g. (14.2 mmoles) of 2-aminoethanol, and 15 ml. of ab
solute ethanol was heated in a stainless steel bomb at ISO- 
1550 for 15 hr. The bomb was cooled and the contents were 
evaporated to dryness in vacuo at 50-60°. Water (6 ml.) 
was added to the residual sirup and the solution was ad
justed to pH 1 with 6M  hydrochloric acid. On chilling, the 
solution deposited 0.45 g. (48%) of product, m.p. 244- 
246°. This was recrystallized from 30 ml. of hot water to

yield 0.25 g. (26%) of material, m.p. 284-285°;
2.98, 3.09, 3.19, 3.31 (XH, OH), 5.81 and 5.90 (uracil and 
amide C = 0), 6.25 (pyrimidine ring), 9.38 (C—OH); 
XPJLU> 221 (<= 13100), 272 (e 12700); X’mH„7mW 221 («= 13100), 
273 (e 12000); X’mH„tae> 244 (e 11000), 290 (<= 17000). On paper 
chromatography in solvent A the product moved as a single 
spot with R,Ad 0.83.

Anal. Calcd. for C7H9N304: C, 42.2; H, 4.55; X, 21.0. 
Found: C, 42.3; H, 4.77; N, 20.7.

N-(n-butyl)uracil-5-carboxamide (XII). A mixture of 0.50 
g. (2.36 mmoles) of ester (VIII) and 2.0 g. (27 mmoles) of 
ra-butylamine was heated in a stainless steel bomb at 170° 
for 15 hr. The bomb was cooled and the contents were 
evaporated to dryness in vacuo at 70-80°. Water (20 ml.) 
was added to the semi-crystalline residue and the mixture 
was adjusted to pH 1 with 6M  hydrochloric acid, causing the 
precipitation of a solid, 0.35 g. (73%), m.p. 290-293°. The 
solid was recrystallized from 50 ml. of hot water to yield 
0.30 g. (63%) of the analytical sample, m.p. 290-291°;

3.06 and 3.22 (XH), 5.78 and 5.89 (uracil C =0),
6.19 (p3Timidine ring); surprisingly, there was no amide 
carbonyl band near 6.0 y; 222 (i 12600), 272 (e 12200);
X & U  222 (<= 13000), 273 («= 12600); 243 (« 12000),
290 (e 17600). On paper chromatography in solvent A the 
product moved as a single spot with RAd 1-45.

Anal. Calcd. for C9H13N30 3: C, 51.1; H, 6.19; X, 19.9. 
Found: C, 51.3; H, 6.21; N, 19.9.

Acknowledgment. The authors are indebted to 
Dr. P. Lim for interpretation of the infrared spectra 
and to his staff for the paper chromatographic 
results. They also wish to thank Mr. 0. P. Crews, 
Jr., and his group for the large-scale preparation 
of certain intermediates.

M en lo  P a r k , C a l if .

[Co ntribution  fro m  t h e  R ese ar c h  D ep a r t m e n t , C IB A  P h a r m a c eu t ic a l  P roducts, I nc .]

G u a n i d i n e s  w i t h  A n t i h y p e r t e n s i v e  A c t i v i t y

ROBERT P. MULL, MARY E. EGBERT, an d  MARY R. DAPERO

Received February 15, 1960

[2-(Octahydro-l-azocinyl)eth}'l]guanidine sulfate was found to have protracted antihypertensive properties with the 
capacity to block sympathetic efferent transmission, presumably at the nerve terminals. Alterations of the ring, side chain, 
and terminal grouping were investigated and the relationship of these modifications to activity ascertained.

The observation that hexahydro-l-azepinyl- 
propionamidoxime1 possessed protracted antihyper
tensive activity with an unusual mechanism of 
action has prompted a wider search for large- 
membered heterocyclic compounds which might 
display similar unique pharmacological properties. 
Previous communications'-’ on this study disclosed 
that [2-(octahydro-l-azocinyl)ethyl]guanidine sul-

(1) (a) R. P. Mull, R. A. Maxwell, and A. J. Plummer, 
Nature, 180, 1200 (1957); (b) R. P. Mull, P. Schmidt, M. 
R. Dapero, J. Higgins, and M. J. Weisbach, J . Am. Chem. 
Soc., 80, 3769 (1958); (c) R. A. Maxwell, A. J. Plummer, 
A. I. Daniels, F. Schneider, and H. Povalski, J. Pharmacol. 
Exptl. Therap., 124, 127 (1958), R. A. Maxwell, S. D. Ross, 
and A. J. Plummer, ./. Pharmacol. Exptl. Therap., 123, 
128(1958).

fate (I) markedly lowered the arterial pressure of 
unanesthetized renal and neurogenic dogs and

•HjSOi

blocked sympathetic efferent transmission, pre
sumably at the nerve terminals. The protracted

(2) R. A. Maxwell, R. P. Mull, and A. J. Plummer, Ex-
perientia, 15, 267 (1959); R. A. Maxwell, A. J. Plummer, F.
Schneider, H. Povalski, and A. I. Daniels, J. Pharmacol.
Exptl. Therap., 128, 22 (1960). This compound has been
assigned the generic name of guanethidine and the CIBA
Trademark Ismelin™.
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antihypertensive properties of this compound were 
corroborated in man when it was submitted for 
clinical trial.

From the variety of guanidine compounds in
vestigated, some conclusions regarding structure 
and activity could be drawn. With reference to 
ring size, it was found that whereas the pyrrolidyl 
and piperidyl compounds exhibited moderate 
pharmacological properties, a significant increase in 
antihypertensive activity occurred when the hexa- 
hydroazepinyl moiety was present. The eight- 
membered ring derivative, [2-(octahydro-l-azo- 
cinyl)ethyl]guanidine sulfate, possessed maximum 
activity. Further increase in ring size was accom
panied by diminution of activity. These findings 
are similar to those in the amidoxime series except 
that maximum activity, in that instance, was as
sociated with the hexahydroazepine ring system. 
A variety of other ring systems, e.g., the thiazepinyl, 
morpholinyl, phenothiazinyl, and pyridyl, were 
used in place of the octahydroazocinyl moiety, 
but only the pyridyl had noteworthy activity; 
the dialkylaminoalkyl guanidines were inactive.

Side chain variations disclosed that for optimal 
activity the ethyl side chain was essential. Al
teration of the chain produced less active com
pounds, frequently with more pronounced pharm
acological side effects. These findings, too, are 
similar to those noted with the amidoximes except 
that peak activity in that case was noted with the 
propyl side chain. Replacement of the guanidino 
portion of the molecule by those functional 
groups described in the Experimental section 
gave inactive compounds.

In general, the guanidines were prepared from 
the appropriate amines and a 2-methylthiopseudo- 
urea salt according to the method of Rathke.3 
The amines were obtained by lithium aluminum 
hydride reduction of the nitriles which in turn were 
readily synthesized by condensation of an aliphatic 
or cyclic imine with a halonitrile. The preparation 
of the larger ring systems has been previously 
described.1’4-5 Hexahydro-5-oxo-l,4-thiazepine was 
prepared from tetrahydro-l-thiopyran-4-one by 
utilizing the Schmidt reaction for the ring expan
sion; reduction of this lactam with lithium alumi
num hydride gave the desired 1,4-hexahydro- 
thiazepine. All other compounds were prepared 
by established synthetic methods and are given in 
the Experimental or tables.

EX PE R IM E N T A L 6

Tables I and II list those nitriles and amines not pre
viously reported in the literature. l-Pyrrolidylacetouitrile,7

(3) B. Rathke, Ber., 14, 1774 (1881); Ber., 17, 297 
(1884).

(4) L. Ruzicka, M. Kobelt, 0. Hafliger, and V. Prelog, 
Helv. Chim. Acta, 32, 544 (1949).

(5) F. F. Blicke and N. J. Doorenbos, J. Am. Chem. Soc., 
76,2317(1954).

(6) The boiling points and melting points are uncorrected.

1-piperidylacetonitrile,8 hexahydro-l-azepinylaeetonitrile,s 
octahydro-l-azocinylacetonitrile,lb 2-(l-pyrrolidyl)ethyl- 
amine,10 2-(l-piperidyl)ethylamine,10 2-(hexahycro-l-aze- 
pinyl)ethylamine,9 2-(2-pyridyl)ethylamine,11 2-(4-pyri- 
dyl)ethylamine,12 and 3-(10-phenothiazinyl)propylamine13 
have been previously characterized.

The preparation of [2-(octahydro-l-azocinyl)ethyl] guani
dine sulfate is given to illustrate the general method used in 
preparing the guanidines listed in Table III.

Odahydro-l-azocinylacetonitrile (II). Octahydroazocine6 
(109.2 g.; 0.96 mole) in 280 ml. of benzene was added to a 
solution of 73 g. (0.96 mole) of chloroacetonitrile in 500 ml. 
of benzene containing a suspension of 51.5 g. (0.48 mole) of 
anhydrous sodium carbonate. Vigorous stirring and reflux
ing was continued for 4 hr. The reaction mixture was then 
cooled, filtered, concentrated in vacuo, and fractionated. 
See Table I footnote for reference to physical properties of 
this material.

2-(Octahydro-l-azocinyl)ethylamine (III). While stirring,
127.5 g. (0.83 mole) of octahydro-l-azocinylacetonitrile in 
300 ml. of ether was added slowly to 44.5 g. (1.17 mole) of 
lithium aluminum hydride in 2 1. of ether. The solution was 
then refluxed for 3 hr. and stirred at room temperature over
night. The solution was cooled and decomposed by care
fully adding 40 ml. of water, 50 ml. of 20% sodium hydroxide, 
and 125 ml. of water to the solution. After filtration and 
concentration of the ether solution, the residua: oil was 
fractionated. See Table II footnote for reference to physical 
properties of this material.

[2-(Octahydro-l-azocinyl)ethyl\guanidine sulfate (I). 2- 
Methylthiopseudourea sulfate (86 g.; 0.31 mole) was added 
to 98 g. (0.62 mole) of 2-(octahydro-l-azocinyl)ethylamine 
dissolved in 300 ml. of water and the mixture refluxed for 
8 hr. Vigorous evolution of methyl mercaptan took place 
and solid separated. After cooling, the solid was removed by 
filtration and recrystallized from ethanol-water. See Table 
III, footnote c, for reference to physical properties of this 
material.

l-{Oclahydro-l-azocinyl)-l-phenyl-2-propanone. A solution 
of 36.2 g. (0.17 mole) of l-bromo-l-phenyl-2-propanone14 
in 100 ml. of benzene was slowly added to a stirring mixture 
of 38 g. (0.34 mole) of octahydroazocine in 125 ml. of ben
zene. After refluxing for 3 hr. the solution was stirred an 
additional 21 hr. at room temperature. After filtration and 
concentration in vacuo, the residual oil was fractionated 
to give a yellow oil, b.p. 115-128° (0.4 mm.), yield 12.4 g. 
(30%), rriD8 1.5312.

Anal. Calcd. for C,»H23NO: C, 78.37; H, 9.39; N, 5.71. 
Found: C, 78.17; H, 9.20; N, 5.91.

The oxime was recrystallized from etbanol-water and 
melted at 85-88°.

Anal. Calcd. for CkiII2iN20: C, 73.91; H, 9.30; N, 10.78. 
Found: C, 73.30; H, 9.16; N, 11.29.

1-M eth yl-2-{ oclahydro-1 -azocinyl)-2-phenethyl amine. 1 - 
Octahydro-l-azocinyl)-l-phenyl-2-propanone oxime (13.38 
g.; 0.05 mole) in 100 ml. of ether was added to a refluxing 
solution of 4.35 g. (0.114 mole) of lithium aluminum hydride 
in 150 ml. of ether. The solution was refluxed for an addi
tional 3 hr. and decomposed by successive additions of 10 
ml. of water, 12 ml. of 20% sodium hydroxide and 30 ml.

(7) R. H. Reitsema and J. H. Hunter, J. Am. Chem. Soc., 
70,4009(1948).

(8) D. B. Luthen, ./. Org. Chem., 3 , 588 (1938;.
(9) Z. Welvart, Bull. soc. chim. France, 218 (1955).
(10) A. Marxer, Helv. Chim. Acta, 37, 166 (1954).
(11) F. K. Kirchner, J. R. McCormick, C. J. Oavillito, 

and L. C. Miller, J. Org. Chem., 14, 388 (1949).
(12; G. Magnus and R. Levine, J. Am. Chem. Soc., 

78,4127(1956).
(13) E. F. Godefroi and E. L. Wittle, J. Org. Chem., 

21, 1163(1956).
(14) E. M. Schultz and S. Mickey, Org. Syntheses, Coll. 

Vol. Ill, 343 (1955).
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TABLE I
Physical Properties of the N itriles R—(CH2)ctCN

Yield, Molecular Carbon, % Hydrogen, % Nitrogen, %
R m % B.P. mm. Rd‘ t Formula Caled. Found Caled. Found Caled. Found

Octahydro-1-
azocinyl® i 87 114-118 14 1.4720 24 C9H16N2 71.11 71.17 10.61 10.62 18.43 18.36

Octahydro- 1-azocinyl 3 71 140-144 15 1.4751 28 C 11H 20N 2 73.39 73.56 11.20 11.21 15.56 15.26
Octahydro-l-azoninyl 1 83 120-125 13 1.4783 27 C 10H 18N 2 72.35 72.28 10.93 11.13 16.88 16.76
1-Azacycloundecyl
Hexahydro-1,4-

1 63 149-153 15 1.4849 25 C 12H 22N 2 74.29 74.32 11.43 11.44 14.44 14.32

thiazepin-4-yl 1 56 148-150 13 1.5268 24 c ,h 12n 2s 53.89 53.93 7.75 7.77 17.95 17.90
“ Designated as compound II under Experimental.

TABLE II
Physical Properties of the Amines R-—(CH2)mNHs

Yield, Molecular Carbon, % Hydrogen, % Nitrogen, %
R m % B.P. mm. nD* t Formula Caled. Found Caled. Found Caled. Found

Octahydro-1-
azocinyl® 2 

Octahydro-1-
89 108-111 14 1.4830 22 C 9 H 20N 2 69.29 69.26 12.92 12.92 17.96 17.89

azocinyl 3 70 94-98 0.4 1.4858 25 C 10H 22N 2 70.65 70.98 13.04 13.70 16.48 16.88
Octahydro-1- 4 

azocinyl 
Octahydro-1-

74 70-77 0.35 1.4818 28 c „h 24n 2 71.80 71.97 13.15 12.97 15.23 15.24

azoninyl 2 76 64-68 0.7 1.4859 26 O 10U 22N  2 70.65 70.88 13.04 12.93 16.48 16.61
1-Azacycloundecyl 2 
Hexahydro-1,4-

70 87-90 0.3 1.4880 28 C 12H 26N 2 72.79 72.94 13.24 13.11 14.15 14.11

thiazepin-4-yl 2 33 120-122 13 1.5293 24 C 7 H 16N 2S 52.54 52.86 10.08 10.33 17.51 17.46
a Designated as Compound III under Experimental.

P
TABLE III

hysical Properties of the

r  n h  -
/

R—CH2)m—NH—C 
\

L n h 2J

Guanidines

•ILSO4

2

R m
Yield,

%
M.P.,®

dec.
Molecular Carbon, % 
Formula Caled. Found

Hydrogen, % 
Caled. Found

Nitrogen, % 
Caled. Found

1-Pyrrolidyl 2 80 159-162 C nH ^Jm S 4 41.01 40.92 8.36 8.76 27.33 27.05
1-Piperidyl 2 53 204-207 CieHssNsCXS 43.77 43.37 8.73 8.64 25.53 25.54
Hexahydro-l-azepinyl 2 83 208-215 CI8H«Ng0 4S 46.29 46.33 9.07 9.16 24.00 24.39
Octahydro-l-azocinyl 2 74 276-281 C20H46N sCXS0 48.55 48.49 9.37 9.51 22.64 22.49
Octahvdro-l-azocinyl 3 82 248-252 C22H50N 804S 50.52 50.14 9.64 9.74 21.43 20.61
Octahvdro-l-azocinyl 4 66 215-235 C24H56N80 6Sd 50.66 50.69 9.92 9.73 19.69 19.40
Octahvdro-l-azoninyl 2 70 272-275 C22ÍÍ60N 8O4S 50.52 50.86 9.64 9.70 21.43 20.88
1-Azacyloundecy! 2 70 260-273 C26H58N 8O4S 53.93 54.08 10.10 10.10 19.35 19.25
Hexahydro-l,4-thiazepin-

4-yl 2 63 207-214 C16H38N8O4S3 38.20 37.59 7.62 7.60 22.28 21.94
4-Morpholinyl 2 41 177-189 c 14h „n 8o6s 38.04 38.12 7.75 7.77 25.35 24.41
10-Phenothiazinyl 3 52 127-130 C32H38N 804S3 55.30 54.95 5.51 5.70 16.12 15.73
2-Pyridyl 2 48 147-150 C16H26N804S 45.11 45.50 6.15 6.06 26.31 26.49
4-Pyridyl 2 56 256-257 C16H26N804S 45.11 45.36 6.15 6.48 26.31 26.17
Diethylamino 2 66 210-215 Ci4H88N80 4Se 40.52 40.82 9.23 9.20 27.00 26.95
Di-n-buty lamino 2 63 120-123 C22H64N804S^ 50.23 50.39 10.35 10.92 21.30 21.51
Di-n-propylamino 2 73 190-205 C18H48N80 4S<! 46.00 46.05 9.87 9.96 23.84 23.81

“ The recrystallizations were from ethanol-water unless otherwise noted. 4 Prepared by permitting the reactants to stand 
at room temperature for several days after which the product crystallized from the reaction mixture as an analytically pure 
Bample. c Designated as Compound I  under Experimental. d Monohydrate, recrystallized from ethanol. e Recryetailized 
from ethanol-ether. r Recrystallized from water.
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of water. After filtration, concentration in vacuo, and frac
tionation of the residual oil, 6.5 g. (51%) of product was 
obtained, b.p. 136-146° (0.6 mm.), n2„ 1.5353.

Anal. Calcd. for Ci6H26N2: C, 78.11; H, 10.65; N, 11.39. 
Found: C, 78.52; H, 10.25; N, 10.81.

[l-Methyl-2-(octahydro-l-azocinyl)-2-phenethyl\ guanidine 
sulfate was prepared from 5 g. (0.02 mole) of l-methyl-2- 
(octahydro-l-azocinyl)-2-phenethylamine and 2.83 g. (0.01 
mole) of 2-methylthiopseudourea sulfate. Recrystallization 
from ethanol-ether gave 4.1 g. (61%) of crystalline material, 
m.p. 145-155° dec.

Anal. Calcd. for C34H«N80 4S: C, 60.49; H, 8.66; N, 16.60. 
Found: C, 60.40; H, 8.37; N, 16.81.

Hexahydro-5-oxo-l,4-thiazepine. With moderate cooling,
12.7 g. (0.19 mole) of sodium azide was slowly added to 15 
g. (0.13 mole) of tetrahydro-l-thiopyran-4-one15 16 in 65 ml. 
of coned, hydrochloric acid. After the addition was com
pleted, stirring was continued for an additional 4 hr. at 
room temperature. Solid sodium carbonate was then added 
until the solution was slightly alkaline, sufficient water being 
added to dissolve salts present. After extraction with chloro
form, drying, and concentrating to a low volume, petroleum 
ether was added to precipitate the product. Recrystallization 
was from carbon tetrachloride-heptane to give 11.5 g. 
(63%) of product, m.p. 115-118°.

Anal. Calcd. for C5H9NOS: C, 45.84; H, 6.93; N, 10.69; 
S, 24.48. Found: C, 45.13; H, 6.79; N, 10.10; S, 24.23.

1,4,-Hexahydroihiazepine. To a solution of 5.9 g. (0.15 
mole) of lithium aluminum hydride in 800 ml. of ether was 
added, with stirring, 12 g. (0.09 mole) of solid hexahydro-
5-oxo-l,4-thiazepine. After refluxing for 24 hr., the mixture 
was carefully decomposed with 20 ml. of water. After filtrar- 
tion and concentration of the filtrate, the residue was frac-

(15) C. Barkenbus, V. C. Midkiff, and R. M. Newman, 
J. Ory. Chem., 16, 232 (1951).

donated to give 9.5 g. (88%) of product, b.p. 192-193° 
«D 1.5342.

Anal. Calcd. for CtH„NS: C, 51.32; H, 9.48; X, 11.97; 
S, 27.41. Found: C, 51.23; H, 8.96; N, 11.22; S, 27.85.

The hydrochloride salt was recrystallized from isopropyl 
alcohol-ether to give material which melted at 210-212°.

Anal. Calcd. for C5H12C1NS: C, 39.25; H. 7.91; N, 9.16; 
Cl, 23.17. Found: C, 39.08; H, 7.89; N, 9.06; Cl, 23.04.

[.2-{Octahydro-l-azocinyl)ethylamino]-8-imidazoline hydro- 
iodide. To 4 g. (0.025 mole) of 2-(octahydro-l-azocinyl)- 
ethylamine in 10 ml. of water was added 6.26 g. (0.025 
mole) of 2-methylthio-2-imidazoline16 hydroiodide and 
the mixture warmed on the steam bath until evolution of 
methyl mercaptan ceased. The oil which separated on cool
ing was dissolved in ethanol and reprecipitated by addition 
of ether. This low molting material amounted to 6 g. (67%).

Anal. Calcd. for C12H26IN4: C, 40.91; H, 7.16; N, 15.92. 
Found: C, 39.66; H, 7.25; N, 15.65.

[2-{Octahydro-l-azocinyl)ethyl\-2-thiopseudourea dihydro
chloride. 2-(Octahydro-l-azocinyl)ethylchloride hydrochlo
ride5 (2 g.; 0.01 mole) was added with stirring to a solution 
of 0.8 g. (0.01 mole) of thiourea in 26 ml. of ethanol and 
refluxed for 6 hr. The solid which separated after cooling 
was recrystallized from ethanol to give 1.6 g. (56%) of 
material, m.p. 212-215°.

Anal. Calcd. for CuHaCUNjS: C, 41.70; H, 8.05; N, 14.59. 
Found: C, 41.59; H, 7.96; N, 14.37.

Acknowledgment. The authors wish to express 
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The flower petals of two composites, neither of which is a member of the subtribe Coreopsidinae, have been found to lie 
pigmented with chalcones and aurones. The presence of these (anthochlor) pigments in plants not in the subtribe of which 
they have heretofore seemed to be characteristic offers further evidence concerning their biosynthetic relationships. As in 
earlier examples, a chalcone is accompanied by the structurally corresponding aurone in each instance of its occurrence.

The designation “anthochlor” has been applied 
to the polyhydroxychalcones and -aurones (2- 
benzal-3-coumaranones) typified by the widely 
distributed compounds butein (I) and sulfuretin
(V):

I. Butein, R = OH, R ' = H
II. Coreopsin, R = O-glucosyl, R ' = H

III. Okanin, R  = R '  = OH
IV. Marein, R = O-glucosyl, R ' = OH

R

V. Sulfuretin, R = OH, R ' = H
VI. Sulfurein, R = O-glucosyl, R ' = H

VII. Maritimetin, R = R ' = OH
VIII. Maritimein, R = O-glucosyl, R ' = OH

Pigments of these classes that contain a resor
cinol-derived ring (as in I and II) rather than one 
derived from phloroglucinol1 II. III. IV. occur in numerous 
genera of compositae, and most characteristically
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in members of the tribe Heliantheae, subtribe 
Coreopsidinae.1 2 3 4 5

The recognition, by qualitative tests, of the 
presence of anthochlor pigments in Viguiera multi
flora, Nutt., a member of the Heliantheae but not 
of the Coreopsidinae, and in Baeria chrysostoma
F. and M., a member of the tribe Helenieae, was 
of special interest, as it indicated a chemical 
relationship between these species that, was not 
forecast by their taxonomic classification. Ac
cordingly, a detailed study of these two species was 
undertaken with a view to establishing the identity 
of all of their flavonoid pigments.

Viguiera multiflora flowers were separated into 
ray and disc flowers and the former examined in 
detail. Chromatographic separation of the con
stituents of an alcoholic extract led to the isolation 
of coreopsin (II) and quercimeritrin (quercetin
7-glucoside) in crystalline form, and to the identi
fication by spectrometric and chromatographic 
methods of sulfurein (VI), sulfuretin (V), butein
(I), and caffeic and chlorogenic acids. From ex
perience in work with other plants containing 
chalcone and aurone glycosides, it is probable 
that the aglucons butein and sulfuretin are hy
drolytic artefacts that arose after the flowers were 
collected.

The whole flower heads of Baeria chrysostoma 
were extracted and the constituents separated 
by chromatography on paper. The following com
pounds were isolated in crystalline form: butein, 
caffeic acid, quercetin, isoquercit.rin, coreopsin, 
okanin (III), and marein (IV). In addition to 
these, sulfurein. sulfuretin, maretimein (VIII), 
maritimetin (VII), and chlorogenic acid were 
identified by spectrometric, chromatographic and 
chemical procedures.

These findings show that Viguiera multiflora and 
Baeria chrysostoma have patterns of pigmentation 
that are remarkably similar to these previously 
found in certain Coreopsis species. Butein and its 
4'-glucoside, coreopsin, have been identified in 
a number of Coreopsis and Cosmos species, and 
constitute what are probably the commonest of 
the naturally occurring anthochlor pigments.3-5 
The corresponding aurone, sulfuretin, and its

(1) It is of interest to note that aurones based upon the 
phloroglueinol ring have not been found in the Compositae, 
but are present in such diverse genera as Oxalis and Antir
rhinum]: see ref. 2.

(2) T. A. Geissman, J. B. Harborne, and M. K. Seikel, 
Les Heterocycles Oxygénés, Colloques Internat, du Centre 
National de Recherche Scientifique, Lyon, 1955, pp. 277- 
285.

(3) T. A. Geissman, J. Am. Chem. Soc., 63, 656; 63, 2689 
(1941): T. A. Geissman and C. D. Heaton, J. Am. Chem. 
Soc., 65, 677; 66, 486 (1944); M. K. Seikel and T. A. Geiss
man, J. Am. Chem. Soc., 72, 5720 (1950).

(4) M. Shimokoriyama and S. Hattori, J. Am. Chem. Soc., 
75, 1900 (1953).

(5) T. A. Geissman and L. Jurd, J. .4m. Chem. Soc., 76,
4475 (1954).

6- glucoside, sulfurein,6 have been found in Cosmos 
sulfureus,7 the yellow Dahlia variabilisf and in 
Coreopsis gigantea and C. maritima, 9  The presence 
of caffeic and chlorogenic acids is so common in 
numerous composites as to make their discovery 
in the present study quite unexceptional. Quercetin
7- glucoside (quercimeritrin) is known to occur in 
the sunflower, Helianthus annuus, 1 0  but has not 
previously been found in other genera of the tribe. 
The flavones that have so far been found to co
occur with anthochlor pigments are luteolin in 
Cosmos sulfureus,7 its 7-glucoside in Coreopsis 
maritima,8 and isoquercitrin in Cosmos sulfureusA

It is interesting to note that Baeria chrysostoma 
contains nearly the same pigment complex as does 
Coreopsis maritima9; the exception is that in 
Baeria isoquercitrin (quercetin 3-glucoside), and 
in C. maritima luteolin 7-glucoside, accompany 
the chalcones coreopsin and marein and the 
aurones sulfurein and maritimein.

The presence of the chalcone-aurone pairs coreop- 
sin-sulfurein (in Viguiera and Baeria) and marein- 
maritimein (in Baeria) emphasizes further the 
close interrelationship of chalcones and aurones 
and supports the hypothesis that aurones are di
rectly derived from chalcones by way of an oxida
tion reaction. The conversion of 3,4-dihydroxy- 
chalcones into aurones occurs with ease under 
ordinary conditions. Butein, when allowed to 
stand in alcoholic solution slowly changes into 
sulfuretin, and it has been found experimentally 
that in air in the presence of alkali the change is 
rapid.11 The formulation of this reaction in the 
following way suggests possible implications in the 
oxidation of other 3,4-dihydroxylated flavonoid 
compounds:

(6) L. Farkas, L. Pallos, and Z. Paâl, Chem, lier., 92, 
2847 (1959).

(7) T. A. Geissman, J. Am. Chem. Soc., 64, 1704 (1942).
(8) C. G. Nordstrom and T. Swain, Chem, and Ind., 823 

(1953); Arch. Biochem. Biophys., 60, 329 (1956).
(9) T. A. Geissman, J. B. Harborne, and M. K. Seikel, 

Arch. Biochem. Biophys., 78, 825 (1956).
(10) C. E. Sando, J. Biol. Chem., 68, 407 (1926).
(11) J. B. Harborne and T. A. Geissman, unpublished 

observations in this laboratory.
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It is of interest to note that in studies of this re
action in which various model compounds were 
examined, 4-hydroxyl and 4-hydroxyl-3-methoxyl- 
chalcones were not converted into aurones.11

The fact that all of the flavonoid compounds 
knowm to be present in the Viguiera and Baeria 
species examined contain the 3,4-d hvdroxyphenyl 
residue indicates their close biosynthetic relation
ship. The presence of quercimeritrin in Viguiera 
and of isoquercitrin in Baeria, along with the G- 
(aurone numbering) and 4'-(chalcone numbering) 
glycosides of the anthochlor pigments indicates 
that the processes of glycosylation in the flavone 
and anthochlor pigments bear no direct connection 
with each other.

The taxonomic relationships suggested by these 
findings offer attractive ground for speculation 
but must be assessed with caution. That anthochlor 
pigmentation is not a purely accidental feature is 
shown by the fact that it is highly characteristic 
of the sub-tribe Coreopsidinae (being found, for 
example, in Cosmos, Coreopsis, Dahlia, Bidens) 
but is encountered only rarely cutside of that 
group of genera. Qualitative tests in this laboratory 
have shown that Viguiera laciniata and Baeria 
macrantha also contain pigments of this class, an 
indication that it is the genera Viguiera and Baeria 
that are so characterized and not simply the two 
species V. midtiflora and B. Chrysostoma. That 
these observations suggest that there is a closer 
relationship between Viguiera and the genera of 
the Coreopsidinae than between Viguiera and 
other genera of the Heliantheae is a reasonable 
speculation; but by the same token, Baeria, of 
the tribe Helenieae, should be considered to be 
more closely related to members of another taxo
nomic tribe than with those of its own, no other of 
which has been found to be anthochlor-pigmented.

E X P E R IM E N T A L

General remarks. The filter paper used for the isolation of 
the pure compounds described below was Whatman No. 3 
paper (19 X 45 cm.) that had been prewashed with butanol: 
27% acetic acid (1:1) (BAW); 30% acetic acid (AA); and 
50% ethanol, in this order, each for 3 days. In the prepara
tion of solutions for spectrophotometric measurements, 
Whatman No. 1 paper, prewashed as above, was used, and 
the final operation was carried out by the half-banding 
method.12 All solvents were freshly distilled. For the elution 
of glycosides and chlorogenic acid, 50% aqueous ethanol 
was used; for aglycones and caffeic acid, 95% ethanol. In 
determining shifts in absorption spectra caused by alumi
num chloride, 3 drops of 5% ethanolic aluminum chloride 
were added to the sample and blank solutions (3 ml.) in 
the spectrophotometer cuvettes. Where identifications were 
made by chromatographic and spectrometric means, authen
tic samples were used as standards for comparison.

Viguiera multi flora. Flowers were collected near Gothic, 
Colorado, in August, 1959. The whole flower heads were 
dried at once in a current of warm air. The rays were 
separated, and 8 g. was extracted five times, each with 80

(12) T. A. Geissman, J. B. Harborne, and M. K. Seikel, 
J. Am. Chem. Soc., 78, 825 (1950).

ml. of methanol. The combined extracts were filtered and 
evaporated under reduced pressure and the aqueous con
centrate washed thoroughly with benzene and with petro
leum ether (b.p. 20-40°), and then exhaustively extracted 
with ethyl acetate (20 times). Evaporation of the ethyl 
acetate solution yielded a residue that was dissolved in 8 
ml. of 50% ethanol. A similar extract of the disc florets gave 
a paper chromatogram that was nearly the same as that of 
the ray flowers; it was not studied in detail.

To each of four Whatman No. 3 sheets was applied 1 ml. 
of the stock solution; development with BAW gave five 
distinct bands. These were eluted and purified by repeated 
chromatography with BAW and AA.

Bands 1 and 2 contained caffeic acid, butein, and sul- 
furetin (band 1) and quercetin and chlorogenic acid. These 
were readily identified by comparison with authentic speci
mens and by their ultraviolet absorption spectra.

Band 3 gave butein on hydrolysis. When the eluate was 
evaporated and the residue dissolved in 2 ml. of 30% 
ethanol, coreopsin crystallized (18 mg.). I t melted at 213- 
214° (reported10 m.p.“209-211°, 215-216°).

Anal. Calcd. for C^HmOio-'/THoO: C, 56.88; H, 5.23. 
Found: C, 57.15; H, 5.25.

Band 4 contained as its chief component sulfurein, identi
fied by its ultraviolet absorption and chromatographic com
parison with authentic material.

Band 5 contained a flavone glycoside. When the eluate 
was evaporated and dissolved in 1 ml. of 50% ethanol, 3 
mg. of the crystalline glycoside separated. Recrystallization 
from 40% ethanol gave 2 mg. of pure material, m.p. 247- 
248°. It was identified as quercimeritrin (reported10 m.p. 
247-249°) from the following observations: It showed 
chromatographic behavior identical with that of authentic 
quercimeritrin and showed exactly the same color reactions, 
the bright green-yellow fluorescence (in ultraviolet light) 
with aluminum chloride being characteristic of flavonols 
with free 3-hydroxyl groups; it gave quercetin on hydrolysis.

Baeria chrysostoma. Whole flower heads of B. chrysostoma, 
collected in the vicinity of Los Angeles, were dried, ground, 
and extracted exhaustively with methanol. An ethyl acetate 
solution was prepared and chromatographed on Whatman 
No. 3 paper as described for Viguiera multiflora. Four dis
tinct bands were developed.

Band 1 was eluted and the eluate evaporated under 
reduced pressure. A solution of the residue in 3 ml. of 30% 
ethanol was cooled and soon deposited 16 mg. of crystalline 
butein. The mother liquor was separated on paper with 
30% acetic acid as developing solvent. The two bands that 
were formed contained caffeic acid (A) and butein plus 
sulfuret.in (B). From the eluate of B was obtained a further 
5 mg. of crystalline butein; sulfuretin was identified by 
chromatographic comparison with authentic materia! and 
by its ultraviolet absorption spectrum. The butein, m.p.
213-214°, was analyzed.

Anal. Calcd. for C,.,H120 5-H20: C, 62.06; H, 4.86. Found: 
C, 62.54; H, 5.17.

Band 2 yielded an eluate that deposited quercetin (11 
mg.) on concentration. This was identified by its melting 
point and chromatographic properties. The mother liquor 
contained chlorogenic acid.

Band 3 was eluted and the eluate concentrated to 5 ml. 
and kept at 0°. Crystalline okanin (106 mg.) separated. 
Recrvstallized from 40% ethanol, the okanin melted at 
235-240° (reported13 m.p. 235-240°).

Anal. Calcd. for C;5H,20 6->/2H20: C, 60.61; II, 4.41. 
Found: C, 60.91; H, 4.39.

The mother liquor from the crystalline okanin was further 
separated by chromatography on paper with 30% acetic 
acid. Four bands were formed; these contained, respectively, 
A) chlorogenic acid; B) isoquercitrin, obtained in crystalline

(13) F. E. King and T. J. King, J. Chem. Soc., 569
(1951).
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form (24 mg., m.p. 196-198°, identified by comparison with 
an authentic specimen; C) coreopsin, obtained in crystalline 
form (18 mg.), m.p. 213-214°, and sulfurein; and D) 
additional okanin, from which 50 mg. of crystalline material 
was isolated, and maritimetin.

Band D, after elution and concentration of the eluate to 
5 ml., yielded 309 mg. of marein. This was crystallized as 
bright orange aggregates from 50% ethanol. When hy
drolyzed with 5% hydrochloric acid it gave a mixture of 
okanin and the isomeric flavano-okanin. The presence of

marein in the mother liquors was readily established by 
paper chromatographic comparison with authentic material 
and by spectral measurements.
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Jamaicensine, C11N22N2O, and jamaidine, CUH24N2O2, have been isolated from seeds of Ormosia jamaicensis (Urb.) and 0, 
panamensis (Benth.) Jamaicensine closely resembles, but may not be identical with, a new alkaloid angustifoline isolated re
cently from Lupinus anguslifolius. Jamaidine is isomeric with hydroxylupanine but not identical with it.

Three isomeric bases of formula C20H33N3 
present in seeds of Ormosia panamensis (Benth.) 
and other Ormosia species were described in a pre
vious paper.1 Several additional alkaloids, two of 
which were oxygen-containing, were also found in 
seeds of Ormosia species which were examined, 
except for 0. stipitata (Schery).2 The oxygen- 
containing alkaloids have now been isolated and 
characterized. Seeds of 0. panamensis and 0. 
jamaicensis (Urb.) were used as the source of these 
compounds. The extraction process was carried out 
as described previously,1 in such a way as to yield 
an ether solution that contained the three major 
bases (panamine, ormosanine, ormosinine) and a 
chloroform solution that contained two major 
components and several minor ones. Chromatog
raphy on alumina provided these two components 
in pure form. They were named jamaicensine 
and jamaidine.

Jamaicensine (m.p. 80.5-81°) was found to 
have an empirical formula C14H22N2O through an
alysis of the base and a number of derivatives. 
The hydrochloride and picrate were formed in 1:1 
ratio of acid to base, and a detenu ¡nation of the 
neutral equivalent showed that only one basic 
group was present. A strongly positive Simon 
test indicated that- this was a secondary amino 
group. This was confirmed through the preparation 
of an acetyl and a benzoyl derivative, and through 
the preparation of JV-methyljamaicensine. The 
latter compound gave a negative Simon test. 
Additional analytical determinations indicated 
that one active hydrogen atom was present in the

(1) H. A. Lloyd aDd E. C. Horning, J. Am. Chem. Soc., 
80, 1506 (1958).'

(2) H. A. Llovd and E. C. Horning, J. Org. Chem., 23, 
1074 (1958).

alkaloid, and that no C-methyl, W-methyl or 0- 
methyl groups were present. No absorption was 
found through the ultraviolet region (above 220 
mju). The infrared absorption spectrum showed a 
strong carbonyl band at 1625 cm.-1; this suggested 
that the oxygen atom was present in an amide 
group, possibly of the a-piperidone type. Strong 
absorption bands at 919 and 998 cm. -1 and absorp
tion at 3078 cm.-1 in the carbon-hydrogen region 
suggested that a vinyl group RCII=CH 2 was 
present.3 When the alkaloid was hydrogenated in 
acetic acid solution with platinum (Adams’ 
catalyst), dihydrojamaicensine was formed. The 
infrared spectrum of this compound retained 
the carbonyl (amide) absorption band, but the 
bands at 3078 and 998 cm.-1 were no longer present 
and only a weak band remained at 919 cm.-1. 
Additional evidence for a terminal methylene group 
was obtained by oxidation of the alkaloid with a 
periodate-permanganate mixture; formaldehyde 
was isolated as the dimedone derivative.

The reduction of the ethylenic double bond and 
of the carbonyl (amide) group was effected in 
hydrochloric acid solution with a platinum cata
lyst. Dihydrodesoxyjamaicensine contained no 
oxygen and the infrared spectrum showed no 
evidence of a carbonyl or a terminal methylene 
group. This reduction method is applicable to 
lactams of the sparteine family.4 The sum of evi
dence suggests that jamaicensine is a tricyclic base 
containing a lactam group, a secondary amino 
group, and a side chain with a vinyl group.

(3) W. F. Cockburn and L. Marion, Can. J. Chem., 30, 
92 (1952); L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, 2nd Edition, John Wiley and Sons, N. Y., 1958, 
p. 34.

(4) F. Galinovsky and E. Stern, Ber. 77, 132 (1944).
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Wiewiorowski, Galinovsky, and Bratek6 recently 
reported the isolation of a new lupine alkaloid, 
angustifoline, from Lupinus angustifolius and L. 
perennis. This compound was reported to contain 
both a tertiary amino group and an amide group. 
The empirical formula of angustifoline is the 
same as that of jamaicensine, and there is a very 
close correspondence in the properties of the deriva
tives of angustifoline and those found for jamaicen
sine. A comparison of the pertinent data is given 
in Table 1. The extent of agreement suggests 
strongly that the two alkaloids may be identical, 
but the evidence for a secondary amine structure in 
jamaicensine is unequivocal. The two names should 
be retained until angustifoline crai be reinvesti
gated.

TABLE I
P roperties op Angustifoline and J amaicensine 

D erivatives

Angustifoline ChH22X,0 Jamaice asine C14H22N2O
M.p. 79-80°
[a]2,;' -7 .5° (EtOH) 
OuHo2N20 HC1-H.0 

m.p. 134-135° 
Monopicrate m.p. 186°

M.p. 80.5-81°
I«Td +5.2 (EtOH)
c 14h 22n 2o -h ci

m.p. 96-97° 
Monopicrate m.p. 182- 

185°

Dihydroangustif oline Dihydrojamaicensine
M.p. 82-83°
[<*]j,° +36.8° (EtOH)

M.p. 82.5-83.5° 
l«]2? +37.2° (EtOH)

Dihydrodesoxy angustifoline Dihydrodcsoxyjamaicensine
Dipicrate m.p. 207° dec. Dipirnte m.p. 204-210° 

dec.

Jamaidine, (m.p. 194.5-195°) was found to have 
an empirical formula C16H24N2O2. Analytical de
terminations indicated that an active hydrogen 
atom was present, and that C-methyl, O-methyl 
and iV-methyl groups were absent. The Simon test 
was negative. A neutral equivalent determination 
indicated that only one nitrogen atom was present 
in a basic group. Xo absorption was found in the 
ultraviolet region (above 220 m/z,. The infrared 
spectrum contained a strong band at 1625 cm.“ 1 
indicative of a carbonyl (amide) group. Bands at 
3620 cm.“ 1 and 3425 cm.“ 1 were indicative of an 
hydroxyl group (nonbonded and bonded). An acetyl 
derivative was prepared.

Jamaidine was not reduced with a platinum 
catalyst in ethanol, and O-acetyl-jamaidine was 
not reduced with a platinum catalyst in acetic acid. 
When jamaidine was hydrogenated in hydrochloric 
acid solution with a platinum catalyst, the product 
was a base with an empirical formula C15H26N2O. 
This substance showed no carbonyl (amide) absorp
tion in the infrared spectrum, bin the hydroxyl 
absorption bands were unchanged.

(5) M. Wiewiorowski, F. Galinovskv, and M. D. Bratek, 
Monatsh., 88, 663 (1957).

The structural information suggested that jamai
dine was a hydroxylactam, probably of the spar
teine or matrine group. The hydroxyl group was 
removed by Galinovsky’s method,6 and the product 
(after hydrogenation) had an infrared spectrum 
identical with that of an authentic specimen of dl- 
lupanine, and the molecular rotation was identical 
with that of rf-lupanine. However, jamaidine is not 
identical with 13-hvdroxvlupanine, the only known 
naturally-occurring hydroxylupanine. The melting 
points, infrared spectra, and perchlorates of the two 
alkaloids are different and desoxyjamaidine does 
not correspond to 13-hydroxysparteine, the re
duction product of the alkaloid, hydroxylupanine. 
Additional studies on both alkaloids are in progress.

E X P E R IM E N T A L 7

Extraction. Seeds of Ormosia jamaicensis (1500 g.), proc
essed in the manner reported in a previous paper,1 yielded 
35 g. of crude material from an ether extract and 8.1 g. of 
material from a chloroform extract. The two residues were 
examined by ascending paper chromatograph}' on Whatman 
#1 paper, in a solvent system of sec-butyl alcohol, hydro
chloric acid, and water (100:20:36). The ether extract con
sisted of a mixture of ormosinine, ormosanine, and panamine 
as described previously,1 with traces of other bases. The 
chloroform extract was mostly jamaicensine (Rf 0.84) and 
jamaidine (0.60) and smaller amounts of alkaloids of Rf 
0.32, 0.40 (ormosinine), 0.52 (panamine), 0.69 (ormosanine), 
and 0.96.

An extraction of Ormosia panamen-sis seeds gave sub
stantially the same results.

Isolation of jamaicensine and jamaidine. The crude alka
loids of the chloroform extract were dissolved in dry thio
phene-free benzene and chromatographed on Merck alumina 
(400 g.). The separation was followed by paper chroma
tography in the solvent system described above. Some non- 
basic material was eluted with benzene. Elution with ben
zene-ethyl acetate (3:1) and benzene-ethyl acetate (3:2) 
gave 1.55 g. of a mixture of alkaloids of Rf 0.30, 0.43, 0.54, 
0.68, and increasing amounts of jamaicensine (0.84). Elu
tion with benzene-ethyl acetate (2:3) and pure ethyl ace
tate gave 2.45 g. of a semicrystalline fraction consisting of 
jamaicensine with traces of other alkaloids. Several re
crystallizations from hexane yielded 2.1 g. of jamaicensine, 
m.p. 78-80°. Continued elution of the column with ethyl 
acetate and ethyl acetate-chloroform (9:1) gave 1.34 g .  of an 
oily mixture of jamaicensine and jamaidine (Rf 0.60). 
Upon addition of ether to this oil, jamaidine (0.65 g.) 
crystallized as small needles, m.p. 185-188°. Elution with 
chloroform gave a brown oil (0.75 g.), a mixture of jamai
censine, jamaidine, and an alkaloid of Rf 0.98. Further 
chromatography of the intermediate fractions yielded small 
amounts of jamaicensine and jamaidine.

Jamaicensine. The material obtained by column chroma
tography was sublimed at 60° (0.001 mm.) and recrystal
lized twice from hexane to give clusters of short needles, 
m.p. 80.5-81°, [«]” „ +5.2°, [«]=“* +20.4° (c 0.95, etha
nol).

Anal. Calcd. for ChH22N;0 : C, 71.75; H, 9.46; N, 11.96; 
neut. equiv., 234.3; active H, 0.43 (one), (C)CH3, 6.42.

(6) F. Galinovsky and M. Pohm, Monals., 80,864 (1949).
(7) All melting points were observed on a Kofler stage. 

The optical rotations were taken with a Rudolph photo-elec
tric spectropolarimeter and the infrared spectra were re
corded on a Perkin-Elmer Model 21 or a Beckman IR-7 
double-beam spectrophotometer. Analyses rvere performed 
by Mr. J. F. Alicino, Metuchen, N. J., and Mr. W. Manser, 
Zurich, Switzerland.
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Found: C, 71.54; H, 9.37; N, 11.61; neut. equiv., 238; ac
tive H, 0.50; OCH3, none; (C)CHS, 1.22; (N)CH3, none.

Jamaicensine hydrochloride. A solution of jamaicensino in 
ethanol was made acid to Congo Red by addition of a few 
drops of coned, hydrochloric acid. The hydrochloride was 
precipitated by addition of ether and was recrystallized 
from acetone containing a drop of methanol; it formed fine 
needles, m.p. 96-98°, [aj” 9 +15°, [a]H6 +39° (c 0.92 
ethanol).

Anal. Calcd. for C,4H22N20-HC1: C, 62.09; H, 8.56; N, 
10.35; Cl, 13.09. Found: C, 61.95; H, 8.58; N. 10.24; 
Cl, 13.21.

Jamaicensine picrate was prepared by treating the free 
base in ether with an excess of a saturated ether solution of 
picric acid. The precipitate was washed with ether and re
crystallized twice from ethanol, m.p. 182-185° dec.

Anal. Calcd. for C14H22N20 C 6H3N30 7: C, 51.83; H, 5.44; 
N, 15.11. Found: C, 51.90; H, 5.43; N, 15.17.

N-Methyljamaicensine hydriodide was prepared by reflux
ing the free base in acetone with an excess of methyl iodide. 
I t was recrystallized four times from acetone-ether to give 
needles, m.p. 196-199°.

Anal. Calcd. fer C16H26N2OI: C, 47.88; H, 6.70; N, 7.45;
l, 33.73. Found: C, 47.56; H, 6.79; N, 7.46; I, 33.84.

N-Methyljamaicensine. A solution of the hydriodide in 
water was made strongly basic with sodium hydroxide and 
extracted exhaustively with chloroform. The chloroform 
extract yielded a crystalline residue which was sublimed 
and recrystallized twice from hexane to give iridescent plates,
m. p. 90-91°.

Anal. Calcd. for C16H24N20: C, 72.54; H, 9.74; N, 11.28; 
neut. equiv., 248.4. Found: C, 72.80; H, 9.72; N, 11.32; 
Neut. equiv., 246.

N-Benzoyljamaicensine prepared by the Schotten-Bau- 
mann method was recrystallized three times from benzene- 
cyclohexane to give small prisms, m.p. 194.5-195.5°.

Anal. Calcd. for C21H26N20 2: C, 74.52; H, 7.74; N, 8.28. 
Found: C, 74.35; H, 7.81; N, 8.28.

N-Acetyljamaicensine. A solution of jamaicensine in acetic 
anhydride was allowed to stand overnight at room tempera
ture. The excess anhydride was destroyed with water and 
the solution was neutralized with sodium carbonate and 
extracted with chloroform. Evaporation of the dried organic 
extract yielded a colorless sirup which crystallized on tritu
ration with ether. Three recrystallizations from cyclohexane- 
ether gave thick needles, m.p. 150.5-151.5°.

Anal. Calcd. for Ci6H24N20 2: C, 69.53; H, 8.75; N, 10.14. 
Found: C, 69.59; H, 8.80; N, 10.10.

Dihydrojamaicensine. A solution of 240 mg. of jamaicen
sine in 15 ml. of glacial acetic acid was added to 15 ml. of 
acetic acid containing 70 mg. of reduced platinum oxide 
catalyst, and the mixture was stirred under hydrogen at 
room temperature and atmospheric pressure. The reduction 
stopped in 10 min. after 1 equivalent of hydrogen was ab
sorbed. The solution was filtered from the catalyst and 
evaporated to dryness in vacuo. The residue was dissolved in 
a small amount o:' water and the solution was made strongly 
alkaline with sodium hydroxide pellets and extracted with 
ether and chloroform. The combined extracts, -when dried 
and evaporated, yielded 211 mg. of thick oil w+ich crystal
lized to a buff-colored product on trituration with a few 
drops of ether. The material was sublimed at 60° (0.001 mm.) 
and recrystallized from hexane to give colorless prisms, 
m.p. 82.5-83.5°, [<*]” „ +37.2°, [a]” . +90.3° (c 1.24, 
ethanol).

Anal. Calcd. for C14H24N20: C, 71.14; H, 10.24; N, 11.85; 
(C)CHs, 6.36; neut. equiv., 236.3. Found: C, 71.09; H, 
10.21; N, 11.75; (C)CH3, 2.98; neut. equiv., 233.

Dihydrojamaicensine hydrochloride was prepared in etha
nol-ether and recrystallized twice from wet acetone to give 
fine long needles, m.p. 89-90.5°.

Anal. Calcd. for C14H24N20H C 1H 20: C, 57.81: H, 9.36; 
NT, 9.63; Cl, 12.19; (C)CH3, 5.17. Found: C, 57.66; H, 9.30; 
N, 9.68; Cl, 12.09; (C)CH3, 2.93.

Hydrogenation of jamaicensine with platinum in dilute 
hydrochloric acid. A solution of 238 mg. of jamaicensine in 20 
ml. of 1IV hydrochloric acid was stirred under hydrogen with 
250 mg. of reduced platinum oxide catalyst. The reduction 
stopped in 5 hr. after 3 equivalents of hydrogen were ab
sorbed at room temperature and atmospheric pressure. The 
catalyst was removed by filtration and the solution was 
made strongly basic with sodium hydroxide pellets and 
extracted with chloroform to yield 225 mg. of thick colorless 
oil.

Dipicrate of dihydrodesoxyjamaicensine. A solution of the 
oil in ether w-as treated with an ether solution of picric acid 
and the precipitate was recrystallized three times from etha
nol to give small needles, m.p. 204-210° dec.

Anal. C a lc d . fo r  C i4H 26N 2-2 C 6H 3N 30 7: C , 45.88; H , 4.74;
N, 16.47. Found: C, 45.91; H, 4.63; N, 16.22.

Oxidation of jamaicensine with potassium permanganate- 
periodic acid. An aqueous solution of periodic acid (30 mg.) 
was added to a solution of 30 mg. of jamaicensine and a crys
tal of potassium permanganate in 10% acetic acid. The 
brown solution was allowed to stand for 10 min. and filtered 
through charcoal. A solution of 30 mg. of dimedone in 50% 
aqueous alcohol was added and the mixture was heated for 2 
min. (water bath). Upon standing fine long needles separated. 
The product was recrystallized from aqueous alcohol, and 
the m.p. and mixed m.p. with an authentic sample of dime- 
done derivative of formaldehyde was 189-191°.

Jamaidine. Sublimation of the crude product followed by 
repeated recrystallizations from acetone yielded colorless 
needles, m.p. 194.5-195°, +63.7°, [«]” „ +141° (c
O. 66, ethanol).

Anal. Calcd. for Ci5H24N20 2: C, 68.15; H, 9.15; N, 10.60; 
active H, 0.38 (one); neut. equiv., 264.4. Found: C, 67.91, 
68.02; H, 9.30, 9.15; N, 10.78, 10.70; active H, 0.31; neut. 
equiv., 267; (N)CH3, none; (C)CH3, none; OCH3, none.

Jamaidine perchlorate. This salt was prepared and re- 
crystallized from methanol; it formed small prisms, m p 
175-177°.

Anal. Calcd. for Ci6H24N20 2HC104: C, 49.38; H, 6.91; 
N, 7.68; Cl, 9.72; neut. equiv., 364.8. Found: C, 49.42, 49.57- 
H, 6.81, 6.71; N, 7.59, 7.74; Cl, 9.66, 9.77; neut. equiv., 366.

O-Acetyljamaidine. A solution of jamaidine in acetic an
hydride and pyridine was heated for 10 min. (steam bath). 
The excess anhydride was decomposed with water, and the 
solution was made strongly basic with sodium hydroxide 
and extracted with chloroform. The chloroform extract was 
dried over anhydrous potassium carbonate and concentrated 
in vacuo to give a pale yellow oil which crystallized upon tri
turation with ether. Two recrystallizations from acetone 
gave colorless plates, m.p. 170.5-171°. The acetate showed 
basic properties.

Anal. Calcd. for C„H26N20 3: C, 66.64; H, 8.55; N, 9.14. 
Found: C, 66.71; H, 8.52; N, 9.08.

Hydrogenation experiments. A solution of O-acetyl jamai- 
dine in acetic acid was stirred for 2 hr. under hydrogen with 
reduced platinum oxide. No hydrogen was absorbed at room 
temperature and atmospheric pressure and the base was re
covered unchanged. Under similar conditions a solution of 
jamaidine in ethanol did not absorb hydrogen.

Desoxyjamaidine. A mixture of 136 mg. of jamaidine and 
140 mg. of reduced platinum oxide catalyst in 1JV hydro
chloric acid absorbed 2 equivalents of hydrogen in 12 hr., at 
room temperature and atmospheric pressure. The solution, 
filtered from the catalyst, was made strongly alkaline and 
thoroughly extracted with chloroform. The extract was 
dried and evaporated to yield 124 mg. of colorless crystals, 
m.p. 174-177°. Two recrystallizations from acetone gave 
long needles, m.p. 178-179°, [ajsas —25.6°, [a]**,, —47.3° 
(c 0.76, ethanol).

Anal. Calcd. for Ci5H26N20: C, 71.95; H, 10.47, N, 11 19; 
neut. equiv. 125.3. Found: C, 72.03; H, 10.37; N, 11.04; 
neut. equiv., 125.3.

The dipicrate of desoxyjamaidine was prepared in ethanol
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and recrystallized from ethyl acetate-ethanol, m.p. 122° 
dec.

Anal. Calcd. for CisHWNîO^CeHsNaOj: C, 45.76; H, 
4.55; N, 15.81. Found: C, 46.00; H, 4.84; N, 15.52.

Conversion of jamaidine to d-lupanine. A mixture of 100 
mg. of jamaidine and 1 g. of phosphorus pentoxide was 
heated for 6 hr. at 170-180° under nitrogen. It was then 
cooled to room temperature and ice water was added to de
compose the phosphorus pentoxide. The resulting solution 
was made strongly basic with potassium hydroxide and 
extracted with chloroform. The extract was dried, the sol
vent was evaporated, and the residue was submitted to 
evaporative distillation in high vacuum (0.01 mm.). A color
less oil (45 mg.) was obtained. The infrared spectrum carbon 
tetrachloride showed a band at 3021 cm.-1 (—CH=CH—) 
and no hydroxyl absorption. The oil wa3 dissolved in ab
solute ethanol and hydrogenated at room temperature and 
atmospheric pressure in the presence of 10% palladium- 
charcoal catalyst. The solution took up the calculated 
amount of hydrogen in 5 min. After another 15 min., during 
which no more hydrogen was absorbed, the catalyst was re
moved by filtration and the solution was evaporated. Two 
evaporative distillations of the residue yielded 35 mg. of 
thick colorless oil, [a]l*a +78.5 (c 0.35, ethanol); the re

ported8 1 2 3 rotation of d-lupanine is [a]“  +79.5. The infrared 
spectrum of the product was identical with that of an au
thentic sample of df-lupanine. A picrate, m.p. 180-183° was 
prepared; the reported3 melting point of d-lupanine picrate 
is 185°.
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Treatment of tomatidine with acetic anhydride yields an acetylated A5-tetrahydropyridylallopregnane and a diacetyl- 
amino-5a,20(22)furostene derivative. With a zinc chloride-acetic anhydride-acetic acid solution tomatidine affords a A1- 
tetrahydropyridylallopregnane derivative. The chemistry of these compounds is discussed.

In the previous papers of this series, solasodine 
and its derivatives were subjected to a series of 
reactions which revealed the interesting and inter
related chemistry of the spiroaminoketal system 
present in these alkaloids. Tomatidine has now 
been exposed to a similar series of reactions and, 
as expected, behaves in an analogous manner. 
The acetic anhydride treatment of tomatidine3 
(I. R = II) yields the crystalline 26-aminodiacetyl- 
5a-furost-20(22)en-3/3-ol acetate (II) and an amor
phous component which affords crystalline III. 
The oxidation and subsequent removal of the 165- 
aminodiacetyl ester side chain of II to A16-allo- 
pregnenolone (VI. R = H) have previously been 
reported.3 The oxidative degradation to 35- 
acetoxyallopregnenolone (VI. R = Ac) of the 26- 
aminoacetyl derivative V which is readily obtained 
from II by chromatography on an alumina column 
or from the acid catalyzed isomerization of 0,N- 
diacetyltomatidine (la. R = Ac) has similarly

(1) For previous papers of this series see J. Ora. Chem., 
25, 789 (I960).

(2) Visiting Scientist, National Institutes of Health.
(3) Y. Sato, A. Katz, and E. Mosettig, J. Am. Chem. 

Soc., 74, 538 (1952).

been described.4 The reversion of V to II can be 
effected by treatment of V with a solution of acetic 
anhydride and pyridine.

The above mentioned amorphous residue, ob
tained from the acetic anhydride treatment of 
tomatidine, possesses an ultraviolet absorption 
band at 236 m/i (log e, 3.92) and characteristic 
infrared absorption bands at 5.78, 5.98, and 6.07 
ix. These data are in close agreement with those ob
tained for the analogous product from solasodine6 
and are consistent for the assignment of an a,6- 
unsaturated acetylamino function6'7 to this com
ponent. This is supported by the correct elemental 
analysis4 (for structure III) as well as by she fol
lowing transformation. Hydrolysis of the amor
phous mass with hydrochloric acid in acetic acid 
yields the crystalline acetylamino ketone IV as in

(4) See Part I, Y. Sato, N. Ikekawa, and E. Mosettig, J. 
Org. Chem., 25, 783 (1960).

(5) See Part II, Y. Sato and N. Ikekawa, J. Orç. Chem., 
25, 786 (1960).

(6) G. Rosenkrantz, O. Mancera, F. Sondheimer, and C. 
Djerassi, J. Org. Chem., 21, 520 (1956).

(7) R. Griot and T. Wagner-Jauregg, Ilelo. Chim. Acta, 
42, 121, 605 (1959).
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the case of the solasodine derivative.5 The A2- 
tetrahydropyridines are known for their ease of 
hydrolysis to acylamino ketones.8 Finally, the 
amorphous substance afforded crystalline III when 
seeded with a crystalline sample of III prepared 
by treating tomatidine with a solution of zinc 
chloride, acetic anhydride, and acetic acid mixture 
and reacting the resultant so-called pseudotomati- 
dine “B” with acetic anhydride in pyridine. 
Product III thus prepared by this alternate route 
proved to be identical with III obtained from the 
amorphous substance.

The site of unsaturation in III is most probably 
located at the A22-position since the NMR spec
trum9’10 indicates vinyl proton absorption. This 
would fulfill the requirements of a A22-structure but 
not the alternate A20(22)-formulation. Endocyclic 
double bonds are recognized generally to possess 
greater stability than their exocyclic homologs.11

Since pseudotomatidine “B” (VIII) exhibits 
the same prominent infrared spectra bands (5.76 
H, OAc; 5.99 n, —C = N —; hydrochloride, 4.0, 
4.94, 5.88 n] perchlorate, 5.90 m)12 and undergoes 
the same reactions as pseudosolasodine “B”,13 
it is regarded as its counterpart and accorded 
the formulation VIII. Treatment of VIII with 
methyl iodide gives the methiodide IX which with 
alkali yields the V-methyl derivative X .14 * The 
latter conversion can be reversed by addition of

(8) A. Lipp, Ann., 289, 173 (1896); A. Lipp and E 
Widnmann, Her., 38, 2471 (1905).

(9) Peak assignment at 71 c.p.s. (relative to benzene). 
J. N. Shoolery and M. T. Rogers, J. Am. Chem. Soc., 80, 
5121 (1958) give a range of 71 to 78 c.p.s. (corrected from 40 
to 60 meg.) for the vinyl protons of a A22 bond. Spectra 
were measured in deuterochloroform solution at 0.1M con
centration on a Varian 60 meg. NMR spectrometer (4300-C) 
with tetramethylsilane as internal and benzene as external 
standards. We are deeply indebted to Dr. L. Cohen of this 
Institute for the measurements and interpretation of the 
NMR spectra of these compounds.

(10) Proton resonance shift (69 c.p.s.) was also observed 
for the analogous product obtained from solasodine.6 Since 
the reaction of acetic anhydride with solasodine proceeds 
most likely in the same manner as with tomatidine, the Ap
position appears as the most tenable one for the correspond
ing unsaturated tetrahydropyridyl derivative obtained from 
solasodine. The A20(221 structure proposed for the amorphous 
product after removal of the A22 compound seems doubtful 
since shifts were observed (63 c.p.s., C6 proton, and 76
c.p.s., C23 proton) indicating the presence of A6 and A22 un- 
saturation in the molecule. Studies of the remaining amor
phous component, after removal of the N-acetyl-A22(23>- 
derivative, of both solasodine and tomatidine are being con
tinued.

(11) R. B. Turner and R. H. Garner, J. Am. Chem. Soc., 
80, 1424 (1958).

(12) N. J. Leonard and V. W. Gash, J. Am. Chem. Soc., 
76, 2781 (1954).

(13) Y. Sato, H. G. Latham. Jr., and E. Mosettig, J. Org. 
Chem., 22, 1496 (1957).

(14) The double bond in X is probably endocyclic (A22)
rather than A20(221 as depicted previously13 for the solasodine
analog. Oxidation of X has never yielded any significant
amounts of 3i?-acetoxy-A16-allopregnene-20-one as would be
expected of a compound with a A20(221-bond.

hydrogen iodide. Interestingly IX or X can be con
verted to X-methyltomatidine (XI) by vigorous 
treatment with alcoholic alkali. Similarly tomati
dine (I) is regenerated when an alcoholic solution 
of VIII is vigorously refluxed with base. Milder 
saponification yields first the 3-alcohol of VIII. 
The V-acetylated derivative of VIII, (III) has 
also been found to undergo conversion to tomati
dine by prolonged treatment with alcoholic base. 
The catalytic reduction (platinum oxide, acetic 
acid) of VIII and the subsequent hydrolysis of the 
resulting dihydro derivative forms predominantly 
the higher melting isomer of dihydrotomatidine16
(XII).

Analogous to 0,X-diacetylsolasodine,16 the acid 
catalyzed isomerization of 0,X-diacetyltomatidine 
(la) with hydrochloric acid in methanol leads to 
the formation of 26-acetylamino-22-methoxy-5a- 
furostan-3/3-ol acetate (VII) which can readily 
be converted to the 26-acetylamino-20(22)furo- 
stene derivative V by refluxing with glacial acetic 
acid. The formation of VII is attributed to the nu
cleophilic attack of methoxide ion on C-22.16 In 
the presence of aqueous acetic acid VII is easily 
transformed into the corresponding 22-hydroxy 
compound Vila.

E X P E R IM E N T A L 17 *

Treatment of tomatidine (I) with acetic anhydride.3'* A mix
ture of 500 mg. of tomatidine and 30 ml. of acetic anhydride 
was refluxed vigorously for 3 hr. The excess reagent was re
moved in vacuo and the oily residue crystallized from metha
nol-water. The 26-aminodiacetyl derivative II amounted to 
230 mg. (35%). The mother liquor was evaporated to dry
ness and the residue chromatographed on alumina. Frac
tions eluted with benzene-ether (1:1) consisted principally 
of 0,N-diacetyltomatidine (68 mg., 11%). Subsequent elu
tions with ether yielded 98 mg. (15%) of an amorphous com
ponent which displayed the following spectra: > w ‘°H 236 
mM (log f, 3.92); X^6" 5.78 y  (acetoxy), 5.99, 6.08 y . When 
this amorphous substance was dissolved in hexane-ether and 
seeded with III resulting from the interaction of pseudoto- 
matidine “ B” with acetic anhydride and pyridine (see be
low), 53 mg. of crude crystals (m.p. 148-167°) were ob
tained. Upon recrvstallization from hexane, plates, m.p. 
169-172°, [a]2D° +190°, x£«tOH 236 m y  (log e, 3.88) 
were secured. It agreed in melting point, mixture melting 
point, rotation, and infrared spectrum with a sample of III 
prepared from the acetylation of pseudotomatidine “ B” 
(VIII). The oily mother liquor, after removal of crystalline 
III, displayed an infrared spectrum similar to III and pos
sessed an ultraviolet absorption maximum at 234 m y  (log e, 
3.85) and rotation of +78° (CIIGljj.

(15) Y. Sato and H. G. Latham, Jr., J. Am. Chem. Soc., 
78, 3146 (1956).

(16) See Part III, Y. Sato and N. Ikekawa, J. Org. 
Chem., 25, 789 (1960).

(17) Melting points were taken on the Kofler block and 
are uncorrected. Microanalyses were performed by the 
Microanalytical Services Unit of this laboratory under the 
direction of Mr. Harold G. McCann. The infrared spectra 
were taken on the Model 21 Perkin-Elmer Infrared Spec
trometer by Messrs. H. K. Miller and R. T. Brown of this 
Laboratory. “ Woelm” alumina grade 1 was used as adsor
bent for chromatography unless otherwise stated. We thank 
Dr. E. Becker and Mr. R. B. Bradley for the NMR 
measurements.
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The last fractions of the chromatogram eluted with ether- 
methanol (0.5%) afforded 214 mg. (35%) of the pseudo de
rivative V.

Pseudotomatidine “B” (VIII). To 1 g. of tomatidine was 
added 35 ml. of a zinc chloride solution 'prepared by dis
solving 8 g. of zinc chloride in a mixture of 70 ml. of acetic 
anhydride and 30 ml. of glacial acetic acid) and the solution 
allowed to stand overnight. The reaction mixture was then 
poured into ice water. After standing for 30 min., ammonium 
hydroxide was added to the mixture until alkaline. The 
copious precipitate was crystallized from aqueous methanol 
to yield 900 mg. of crude crystals which when twice recrys
tallized from aqueous acetone melted at 132-136°, [a]2̂  
+6.5° (CHCls), X°“C1! 5.76 y  (OAc); 5.99 y  (— C =N —); 
hydrochloride, 4.0, 4.94, 5.88 y;  perchlorate, 5.90 y.

Anal. Calcd. for C31H.19O.1N: C, 74.51; H, 9.88. Found: 
C, 74.62; H, 9.80.

S0,160-Diacetoxy-2O-(2'-A2’-N-acetyl-S'-methyltetrahydro- 
pyridyl)-5a-pregnane (III). A solution of 180 mg. of pseudo- 
tomatidine “B” (VIII) in 2 ml. of pyridine and 1.5 ml. of 
acetic anhydride was allowed to stand overnight at room 
temperature and poured into ice water. The product which 
crystallized as plates (180 mg.) from hexane melted at 166- 
170°. Recrystallization from the same solvent gave a product

of m.p. 170-172°, [<*]2D° +190° (CHC13), X'mfJi0n 236 m y  (log 
«, 3.90).

Anal. Calcd. for CssH.nOsN: C, 73.16; H, 9.49. Found: C, 
73.18; H, 9.66.

Forty milligrams of the above Ar-acetyltetrahydropyridyl 
derivative III was refluxed with 10 ml. of methanolic potas
sium hydroxide (10%) for 13 hr. The product which was re
crystallized from methanol-water melted at 199-203° and 
proved to be tomatidine (melting point, mixture melting 
point, and infrared spectrum).

3p,16^-Diacetoxy-26-acetyhnninocholestan-22-one (IV). A 
solution of 80 mg. of III in 0.6 ml. of 3iV hydrochloric acid 
and 3 ml. of acetic acid was allowed to stand for 50 min. at 
room temperature and poured on ice. After addition of 
ammonia water to the solution, the product was chromato
graphed on alumina. The ether-methanol (1%) eluate 
yielded 44 mg. of crystals (from acetone-hexane) which 
melted at 126-130°, x“ cla 2.88 y  (N—H), 5.77 y  (OAc and 
CO), 5.98, 6.57 y  (HN—Ac), H 2D0 +13° (CHC13). ^ i0H 
287 mM (log e, 1.91).

Anal. Calcd. for C33H{30,',N: C, 70.80; H, 9.54. Found: C. 
70.48; H, 9.40.

Hydrolysis of the amorphous substance in the same man
ner also yields IV.
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Methiodide of pseudotomatidinz “B” (IX). One hundred 
milligrams of pscudotomatidine “B” (VIII) with 10 ml. of 
acetone and 1 ml. o: methyl iodide were placed in a sealed 
reaction flask and allowed to stand at room temperature for 
68 hr. Upon concentration and addition of hexane, slightly 
yellowish granular crystals were obtained (72 mg.). They 
melted at 252-255°.

Anal. Calcd. for C32H 52O 4N I: C, 59.90; H, 8.17. Found: 
C, 60.10; H, 8.09.

When the salt was dissolved in methanol and the solution 
made basic by dropwise addition of sodium carbonate solu
tion (5%), N-methylpseudotomalidine (X) was obtained. 
Recrystallized from aqueous acetone, the compound crystal
lized as rods and melted at 151-153°, X™*cu 5.80, 6.08 p. 
When a solution of X in ether is treated with an alcoholic 
solution of hydriodic acid, it reforms the methiodide (IX).

Anal. Calcd. for C^HaChN: C, 74.81; H, 10.01. Found: C, 
75.11; H, 10.19.

'N-Methyltomalidine (XI). Sixty milligrams of AMnethyl- 
pseudotomatidine “B” (X) was refluxed for a period of 7 hr. 
with 14 ml. of methanolic potassium hydroxide (5%), 
concentrated in vacuo and water added to the residue. The 
precipitate was twice recrystallized from aqueous acetone. 
It formed plates which melted at 218-220°; its infrared 
spectrum somewhat resembled tomatidine in the finger 
print region, X™cl3 2.78, 10.25, 10.43, 11.00, 11.30, 11.45 p.

Ana!. Calcd. for C25H47O2X: C, 78.27; H, 11.03. Found: C, 
78.10; H, 10.78.

When the methiodide IX was used in place of X, XI was 
likewise obtained.

Hydrolysis of pseudotomotidine “B” (VIII). (a). (With 2% 
methanolic potassium hydroxide). A solution of 400 mg. of 
pscudotomatidine “B” (VIII) in 40 ml. of methanolic potas
sium hydroxide (2' ,,) was refluxed for 45 min., concentrated, 
and water added. The product (330 mg.), m.p. 100-107°, was 
chromatographed on neutral alumina, and the fraction (189 
mg.) eluted with 1% methanol in ether afforded rectangular 
plates which melted at 157.5-161°, [aj2D° +21° (CHC13), 
after recrystallization from aqueous methanol. Its infrared 
spectrum (CHC1,.) displayed bands at 2.78 p (OH), 5.78 p 
(OAc), 5.98 p (—C =N —”). I t  is the 3-alcohol of VIII.

Anal. Calcd. for C29H4703N: C, 76.10; H, 10.35. Found: 
C, 76.26; H, 10.21.

(b). (With 5% methanolic potassium hydroxide). A solu
tion of 90 mg. of VIII in 10 ml. of methanolic potassium hy
droxide (5%) was refluxed for 3 hr. The reaction mixture was 
partially concentrated and water added until precipitation 
was induced. The substance (70 mg.) crystallized from 
aqueous methanol and melted at 201-204°. It agreed in 
melting point, mixture melting point, and infrared spectrum 
with an authentic sample of tomatidine.

Reduction of VIII. Four hundred milligrams of VIII were 
dissolved in 7 ml. of glacial acetic acid and reduced over 100 
mg. of platinum oxide catalyst under atmospheric pressure. 
The absorption of gas ceased with the uptake of 1 mole 
equivalent of hydrogen. After removal of the catalyst by fil
tration, the filtrate was made alkaline with addition of am
monia water and the copious precipitate subjected to chroma
tography on alumina after drying. The fractions eluted with 
benzene and with ether gave 225 mg. of crystalline product 
which melted at 110-115° when crystallized from ether.

Anal. Calcd. for C3lH5i04N : C, 74.21; H, 10.25. Found: 
C, 73.51; H, 10.26.

Although its elemental analysis was not quite satisfactory, 
136 mg. of the above dihydro derivative was subjected to 
hydrolysis by refluxing with 15 ml. of methanolic potassium 
hydroxide (5%) solution for 2 hr. The crude product which 
weighed 112 mg. was chromatographed over alumina. The 
early fractions (ether-methanol (0.5%) eluate) gave a small 
amount (18 mg.) of the low melting dihydrotomatidine A 
wrhile the fractions eluted with 2% and 10% methanol in ether 
yielded 46 mg. of the high melting dihydrotomatidine B 
(m.p. 231-234°). The compound was identical in respect to 
melting point, mixture melting point, and infrared spectrum 
with an authentic specimen of dihydrotomatidine B,15 
(XII).

Anal. Calcd. for C2,H470 2N: C, 77.64; H, 11.34. Found: C, 
77.31; H, 11.06.

0 ,N-Diacetyltomatidine with hydrochloric acid in methanol. 
A mixture of 250 mg. of 0,A-diacetyltomatidine (IA), 15 ml. 
of methanol, and 0.2 ml. of ON hydrochloric acid was allowed 
to stand for 15 min. at room temperature. The reaction mix
ture was made alkaline with 0.2 ml. of coned, ammonia 
water, partially concentrated, and diluted with w7ater. The 
product wras chromatographed over alumina. The ether- 
methanol (0.5%) eluate gave 185 mg. (73%) of the 22- 
methoxy compound VII, m.p. 141-144° (acetone), |a]2D° 
-59° (CHCh).

Anal. Calcd. for C32H53O5N : C, 72.27; H, 10.05. Found: C, 
72.36; H, 10.07.

26-Aminoacetyl-oa-furost-20(22)-en-3^-ol acetate (V). A 
solution of 48 mg. of the 22-methoxy derivative, VII, in 3 ml. 
of glacial acetic acid was refluxed for 30 min. After removal 
of the solvent in vacuo, the residue was crystallized from 
acetone-hexane to yield the pseudo derivative V which 
melted at 128-131°. It agreed in properties (melting point, 
infrared spectrum) with an authentic sample of V.

Conversion of V to II. Twenty-eight milligrams of the 
pseudo derivative V was dissolved in a mixture of 0.5 ml. of 
pyridine and 0.25 ml. of acetic anhydride and refluxed for 1 
hr. The excess reagents were removed in vacuo and the resi
due dissolved in ethanol. Water was added to incipient tur- 
biditj' and the mixture allow'ed to stand. The compound 
which formed (20 mg.) was recrystallized from aqueous eth
anol and melted at 98-101°. It proved to be identical (melt
ing point and infrared spectrum) with II obtained directly 
from the acetic anhydride treatment of tomatidine.

26-A cetylamino-22-hydroxy-S a-furostan-3/3-ol acetate 
(Vila). A solution of the 22-methoxy compound, VII, (80 
mg.) in aqueous acetic acid (5 ml. of 80%) was allowed to 
stand for 2 hr. at room temperature. I t was taken up in 
ether and the ethereal solution washed with water, dilute 
sodium bicarbonate solution, and again with water. The 
product recovered from the ethereal extract was chromato
graphed over alumina. The ether-methanol (2%) eluate 
afforded 56 mg. of Vila, m.p. 119-123° (acetone-hexane) 
[or]2D° -27° (CHCI3).

Anal. Calcd. for C3iH5i0 6N: C, 71.91: H, 9.93. Found: C, 
72.15; H, 10.02.

B e t h e s d a , M o.
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Procedural improvements in C-21 acétoxylation of steroids by iodine and calcium oxide followed by treatment of the 
resulting 21-iodo steroids with trimethylammonium acetate are described and the method is shown to be applicable to 12- 
keto steroids.

Ringold and Stork3 reported a novel and useful 
procedure for the preparation of 21-acetoxylated 
steroids from a number of 20-keto pregnanes by- 
reaction with iodine and calcium oxide followed by 
subsequent reaction of the 21-iodo intermediate with 
potassium acetate in acetone. In such a way they 
prepared the 21-acetoxy derivatives of 17a-hy- 
droxyprogesterone, 17 a-hydroxy-1,4-pregnadiene-
3,20-dione, 11-keto progesterone, and 3a-hydroxy- 
pregnane-ll,20-dione. More recently Halpern and 
Djerassi4 applied similar reactions as the final stage 
of a cortisone acetate synthesis. We have found the 
Syntex method to be of great utility. The present 
paper presents several procedural improvements 
and in particular describes the extension of this 
reaction to 12-keto steroids.

It may be recalled that several attempts5’6-7 to 
prepare 21 - acetoxy -17a-hydroxy-4-pregnene-3,12,- 
20-trione (“12-keto S”) from hecogenin failed when 
a variety of well known reactions, which ordinarily 
succeed when the 12-keto group is absent, were un
successful. The unfavorable effect of the 12-keto 
group was particularly demonstrated by the unsuc
cessful attempt,8 to obtain the 21-acetate derivative 
of 3/3-acetoxy-17a-hydroxy-5-pregnene-12,20-dione 
by the Julian procedure.9 Using the presently de
scribed method, 12-keto S was prepared by two 
routes, and the products agreed in physical proper
ties with 12-keto S prepared from desoxycholic acid 
by Adams, Patel and Petrow.10

(1) Eastern Utilization Research and Development Divi
sion, Agricultural Research Service, United States Depart
ment of Agriculture.

(2) Previous paper in this series, Steroidal Sapogenins 
LXIII, J. Org. Chem., in press.

(3) (a) H. J. Ringold and G. Stork, J. Am. Chem. Soc., 
80, 250 (1958). (b) British patent 776,858 to Syntex Corp., 
June 12, 1957.

(4) O. Halpern and C. Djerassi, J. Am. Chem. Soc., 81, 
439 (1959).

(5) W. J. Adams, D. N. Kirk, D. K. Patel, V. Petrow, 
and I. A. Stuart-Webb, J. Chem. Soc., 2209 (1954).

(6) E. S. Rothman and M. E. Wall, J. Am. Chem. Soc., 
78, 1744 (1956).

(7) E. S. Rothman and M. E. Wall, J. Org. Chem., 22, 
223 (1957).

(8) E. S. Rothman and M. E. Wall, J. Am. Chem. Soc., 
77, 2229 (1955).

(9) P. L. Julian, E. W. Meyer, W. J. Karpel and I. R. 
Waller, J. Am. Chem. Soc., 72, 5145 (1950).

(10) W. J. Adams, D. K. Patel, and V. Petrow, J. Chem.
Soc., 4688 (1954).

We followed Ringold and Stork’s original pro
cedure from details disclosed in a British patent.sb 
Later Halpern and Djerassi, in a footnote, recom
mended the use of aged tetrahydrofuran contain
ing peroxides. In our hand the use of these tech
niques gave variable results and usually iodine up
take was very slow. On the assumption that the re
action was of the free radical type, mainly because 
of the above mentioned peroxide catalysis, wTe 
added small amounts of azobisisobutyronitrile to 
the reaction mixture as an initiator. Thereafter no 
further difficulties were encountered, although even 
with azobisisobutyronitrile induction periods of as 
long as one hour were sometimes observed.

In a further procedural modification, we used 
Moreland’s excellent trimethylammonium acetate 
method11 for replacing the C-21 iodine atom by the 
acetoxyl group. Moreland’s procedure has several 
advantages over the more widely used potassium 
acetate method, in particular short reaction time 
and homogeneity of phase.

The experimental section describes the prepara
tion of the following 21-acetoxy steroids: 21-acet- 
oxy-3/3,17 a-dihydroxypregnane-20-one, 21-acet-
oxy-3/3,17a-dihydroxy-5-pregnene-20-one, 21-acet- 
oxy-16a,17a-epoxy-5-pregnene-20-one, 21-acet-
oxy-3,3,17«-dihydroxy-5-pregnene-12,20-dione, 21- 
acetoxy - 17a - hydroxy -5-pregnene-3,12,20-trione, 
and 21-acetoxy-17 a-hydroxy-4-pregnene-3,12,20-
trione.

By way of general comment it might be men
tioned that the acetoxylation procedure gave vari
able results in the presence of the A4-3-keto group
ing. Good yields of 21-acetoxylated product were 
obtained in 12-keto S preparations, but, on the 
other hand, conversion of progesterone to 21-acet
oxy progesterone consistently gave low yields. In 
general the maximal yields were obtained wdth 3,8- 
hydroxy steroids. The iodinations are somewhat 
exothermic and in larger scale preparations sudden 
evolution of heat was occasionally observed ca
pable of raising solvents to the boiling point unless a 
cooling bath was provided.

As a result of the availability of the key interme
diate 21 - acetoxy -3/3,17 a - dihydroxy - 5 - pregnene -
12,20-dione, IV, we were able to re-investigate the 
possibility of preparation of a cortisone analog, VI,

(11) W. T. Moreland, Jr., J. Org. Chem., 21, 820 (1956).
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wherein the C-ring is expanded to a 12,13-seco-lac- 
tone system.8 The A6 double bond of IV was pro
tected by bromination to give the crystalline prod
uct, 21-acetoxy-5a,6/3-dibromo-3/3,17a-dihydroxy- 
allopregnane-12,20-dione12 which was submitted to 
the Baeyer-Villiger reaction conditions.8 Regenera
tion of the olefinic bond with sodium iodide gave a 
product exhibiting the expected lactonic infrared 
spectrum13 but the product resisted crystallization.

VI ¥ I¥
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Melting points were determined on the Kofler block but 
are otherwise not corrected. Rotations were measured in a 
2 dm. tube containing 25 mg. of steroid dissolved in 1.5 ml. 
of chloroform.

21 -Acetoxy-30, 17ardihydroxy-5-pregnene-l2,20-dione. Prep
aration by generalized acétoxylation procedure. A solution of
11.5 g. of 3/3,17ff-dihydroxy-5-pregnene-12,20-dione, IV, in 
85 ml. of tetrahydrofuran and 85 ml. of methanol was 
treated with 17 g. of powdered calcium oxide and 575 mg. 
of azobisisobutyronitrile. The mixture was surrounded by 
a 25° water bath and stirred during addition of 11.4 g. of 
iodine dissolved in a mixture of 55 ml. of tetrahydrofuran and 
35 ml. of methanol. The iodine solution was added rapidly 
in a dropwise manner to just exceed the rapid decoloriza- 
tion rate. Typically a 5 to 60-min. induction period was ob
served and thereafter iodine absorption was continuous 
until an abrupt stop occurred at the indicated 50% excess 
point.15 The mixture was then diluted with 450 ml. of 
methylene chloride and was filtered. The residue was washed 
on the filter with 200 ml. of methylene chloride and was dis
carded. The filtrate, diluted with 600 ml. of ether, often

(12) The dibromide structure is assigned on the basis 
that sodium iodide treatment liberated iodine and regener
ated the olefinic bond. The dibromide had an optical rota
tion more negative than the olefin as is the relationship 
of the 5a,6/3-dibromide of cholesterol to cholesterol, whereas 
the other trans dibromide, 5/3,6«-, is more dextrorotatory 
than its olefin precursor, cholesterol (see L. F. and M. 
Fieser, Steroids, Reinhold Publishing Corp., New York, 
1959, p. 39).

(13) See Fig. 1 of reference 9 and compare curve D with 
curve E.

(14) Specification of brand names of materials used does 
not imply endorsement over similar commercial products.

(15) This point probably has no stoichiometric signifi
cance. The rate or amount of iodine uptake seems to be in 
some way affected by the nature of the surface of the cal
cium oxide surface. After iodine uptake stopped at about 
the 50% molar excess point, uptake could be reinduced by 
addition of a fresh quantity of calcium oxide even though 
there was already an apparent excess of solid calcium oxide 
in the system.

became turbid but shaking with as little as 2 ml. of water 
produced clarification. The organic layer was washed free 
of excess iodine with 15% aqueous sodium iodide solution, 
was dried with sodium sulfate, and solvents evaporated 
under reduced pressure. The 21-iodo residue, without 
purification, was redissolved in 150 ml. of acetone, mixed 
with 51.5 ml. of acetic acid and 79 ml. of triethylamine 
(exothermic reaction), and refluxed for 45 min. After cooling 
and carefully diluting with 250 ml. of water, the mixture 
was let stand to deposit crystals of the acetoxylated 
product in 66% yield, m.p. 185-186°. Recrystallization from 
ether-hexane and from aqueous ethanol gave the analytical 
sample, m.p. 187-188°, [<*PD5 -13.7°.

Anal. Calcd. for CaHsA: C, 68.29; H, 7.97. Found: C, 
68.43; H, 8.16.

In runs on cruder material it was necessary to extract the 
reaction mixture with benzene and to chromatograph the 
crude product. The desired product was rapidly eluted from 
Florisil with benzene and crystallized in the earliest eluate 
residues on treatment with ether-hexane.

21-A cetoxy-16 a, 17 a-epoxy-S0-hydroxy-5-prcgnen-2O-one 
(VTI). Using the above procedure 5 g. of 16«, 17«-epoxy-3/3- 
hydroxy-5-pregnen-20-one16 gave 2.10 g. of the known com
pound,17 VII, m.p. 190-192°, previously reported17 m.p. 
190-192°.

21-Acetoxy-30,17a-dihydroxypregnan-20-one (VIII). In like 
manner, 2 g. of 3/3,17a-dihydroxy pregnan-20-one18 gave 
1 g. of VIII,18 m.p. 201-205°. The 3-acetate of VIII18'19 
exhibited a double melting point, 90-100°; 153-155°, previ
ously reported, 154-157°18 and 149-151°.19

21-Acetoxy-30,17a-dihydroxy-6-pregnen-2O-one (IX). Simi
larly, 15.26 g. of 3/3,17«-dihydroxy-5-pregnen-20-one16 gave 
10 g. of IX,20 m.p. 210-212°, previously reported20 m.p. 211- 
213°.

21-Acetoxy-17a-hydroxy-4-pregnene-S,12,20-trione (II). A 
suspension of 300 mg. of 17«-hydroxy-4-pregnen-3,12,20- 
trione,6 I, in 2.25 ml. of tetrahydrofuran and 1.5 ml. of 
methanol was treated with 450 mg. of iodine under the 
conditions described iD the generalized acetoxylation pro
cedure described above. After chromatography on Florisil 
with 1:1 hexane-benzene 148 mg., m.p. 189-192°, was 
obtained after crystallization from hexane containing a 
trace of acetone. The analytical sample of II recrystallized 
from hexane melted from 190-193°, [a]2̂  +109° in reason
ably good agreement with the reported values,10 m.p. 189.5- 
190.5°, [«]2d0 +125°.

Conversion of S0-acetoxy-5,16-pregnadiene-l 2,20-dione1 to 
30,17a-dihydroxy-6-pregnene-dione. The indicated pregna- 
diene was converted with alkaline hydrogen peroxide as 
previously described7 to the 16«,17a-epoxide, the alkalinity 
of the oxidant concomitantly saponifying the 3-acetate 
group. Attempts to open the oxirane ring w ith hydrobromic 
acid in tetrahydrofuran and in methanol failed21; thus 33 g. 
of the epoxide in 1.32 1. of tetrahydrofuran treated with 45 
ml. of 48% hydrobromic acid was recovered unchanged after 
standing 18 hr. at 25°. In methanolic-aqueous hydrobromic 
acid, no reaction occurred in 3 days time. However, using 
precisely the conditions for oxirane opening described for the
11-keto analog,22 namely anhydrous hydrobromic acid in

(16) P. L. Julian, E. W. Meyer, and I. Ryden, J. Am. 
Chem. Soc., 72, 367 (1950).

(17) P. L. Julian, E. W. Meyer, W. J. Karpel, and I. 
Ryden, J. Am. Chem. Soc., 71,3574 (1949); 72, 5145 (1950).

(18) B. A. Koechlin, T. H. Kritchevsky, and T. F. Gal
lagher, J. Am. Chem. Soc., 73, 189 (1951).

(19) R. B. Wagner and J. A. Moore, J. Am. Chem. Soc., 
72, 5301 (1950).

(20) J. Heer and K. Miescher, Helv. Chim. Acta, 34, 359
(1951).

(21) Under similar conditions 16a,17a-epoxy-3/3-hydroxy-
5-pregnen-20-one gives an excellent yield of bromohydrin.

(22) E. S. Rothman and M. E. Wall, J. Am. Chem. Soc., 
81, 411 (1959), see compound V of that reference.
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acetic acid, complete reaction occurred in 25 min. Unlike 
the 11-ketone case, a substantial amount of 3-acetylation 
occurred during the reaction. The debron.ination was carried 
out as previously described.7 The mixed 3-alcohol and 3- 
acetate, 22.2 g. in 1.11 L, of methanol was treated with 22.2 
g. of potassium bicarbonate in 222 ml. of water and refluxed 
in a nitrogen atmosphere for 1 hr. The cooled mixture was 
diluted with 7 1. of ice-water and after standing overnight 
was filtered. The 18.9 g. of crystalline product was collected 
and recrvstallized from acetone to give 17.1 g. of diol, m.p.
203-205°, M 2d5 -19.3°.

Anal. Calcd. for C21H30O,: C, 72.81: H, 8.73. Found: 
C, 72.83; H, 8.85.

21-Acetoxy-17a-hydroxy-5-pregnenc-S,12,20-trione, III. The 
trioldione monoacetate, IV, 135 mg. dissolved in 25 ml. of 
acetone (redistilled from potassium permanganate), was 
cooled to 10° and stirred with 0.10 ml. of an aqueous solu
tion containing 26.7 mg. of chromium trioxide and 0.023 
ml. of sulfuric acid.23 Within 1 min. a gray-green precipitate 
formed. Stirring was continued an additional 2 min. and 
the reaction mixture was diluted to 150 ml. with nearly 
saturated sodium chloride solution. The crystalline pre
cipitate filtered off weighed 130 mg., melted at 155°, and 
showed no selective ultraviolet absorption maximum and no 
band at 6 y in the infrared. The analytical sample was 
recrystallized from water containing 20% of acetone and 
finally from hexane, m.p. 172-175°, [a] an5 +8.2°.

Anal. Calcd. for C23H3o06: C, 68.63; H, 7.51. Found: C, 
68.30; H, 7.71.

Isomerization of 21 -acetoxy-17a-hydroxy-5-pregnene-
3.12.20- trione (III) to the corresponding 4-ene (II). The 5-ene, 
III, 600 mg. was stirred and refluxed 2 hr. in 30 ml. of dry 
acetone with 1.2 g. of potassium acetate. The mixture was 
cooled, diluted with 60 ml. of water, and concentrated under 
reduced pressure to 60 ml. final volume. The crystalline 
precipitate was collected and recrystallized from hexane 
containing a small proportion of acetone. The product, II, 
needles melted from 191-193°, [a]2Ds +123°, X“ lOH 238 
my , log e = 4.23, agreed well with the product described 
above and with the preparation reported by the British 
group.10

21-Acetoxy-oa,6f!-dibromo-8f3,17a-dihydroxy allopregnane-
12.20- dione (V). A solution of 1 g. of 21-acetoxy-3/S,17a-

(23) C. Djerassi, R. R. Engle, and A. Bowers, J. Org. 
Chem., 21, 1547 (1956).

dihydroxy-5-pregnene-12,20-dione, o:d  —13.7°, in 25 ml. of 
methylene chloride at 4° was treated with 10.72 ml. of a 
carbon tetrachloride solution containing a molar equivalent 
of bromine. The bromine solution was added at a con
trolled rate during 75 min. time. The mixture was stirred 
an additional 2 min., solvents were removed in vacuo at 
room temperature and 10 ml. of methanol was added. On 
stirring, 955 mg. of colorless crystals of V, cm —28.8°, m.p. 
140-141° dec., deposited. A small additional crop separated 
from the decanted supernatant solution. Some preparations 
of the dibromide developed coloration on standing due to 
decomposition. Purer preparations were more stable.

Anal. Calcd. for C23H3206Br2: C, 48.95; H, 5.72; Br, 28.32. 
Found: C, 49.12; H, 5.86; Br, 28.77.

Treatment of the dibromide, V, with perbenzoic acid. The di
bromide, V, 1.17 g., dissolved in 7.9 ml. of cold chloroform, 
was treated with 11 ml. of a solution of perbenzoic acid in 
the same solvent (1 ml. = 11.52 ml. 0.11V sodium thiosulfate) 
0.2 ml. of water, and 0.45 ml. of 10% sulfuric acid in acetic 
acid and was let stand with occasional shaking fcr 113 hr. 
in the dark at room temperature. The resulting orange solu
tion was shaken with 100 ml. of ether and 100 ml. of water. 
Decolorization occurred and the aqueous phase was dis
carded. The organic layer wras washed wTith aqueous sodium 
iodide to destroy peroxyacid and was washed cautiously 
with just enough dilute sodium thiosulfate to decolorize the 
large excess of liberated iodine, with dilute sodium bicarbo
nate to remove acids and with saturated sodium chloride 
solution. Solvents were evaporated under reduced pressure. 
The residue, dissolved in 25 ml. of acetone, was stirred with 
2 g. of potassium iodide and refluxed for 1 hr. After dilution 
with water, extraction with ether, and removal of liberated 
iodine bir treatment with dilute sodium thiosulfate, the 
isolated steroid was chromatographed on Florisil.14 Elution 
with methylene chloride gave unchanged starting material 
identified by its infrared spectrum. Further elution with 
1:1 methylene chloride gave an intermediate cut rich in 
unreacted starting material. Elution with 4% methanol in 
methylene chloride gave 250 mg. of a material yielding an 
amorphous powder on treatment with ether and having a 
single broad carbonyl infrared absorption band from 5.7 to
5.8 #1 with a weak shoulder at 5.91 y  (in methylene chloride 
solution). The carbonyl area resembled that of the similarly 
obtained known 5a—C ring lactonoid corticoid.13 The sub
stance gave a strong tetrazolium color reaction.

P h i l a d e l p h i a  1 8 , P a .

[ C o n t r i b u t i o n  f r o m  t h e  R e s e a r c h  L a b o r a t o r i e s  o f  T h e  U p j o h n  C o .]
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Two cases of microbial hydroxylation with accompanying oxidation of a pre-existing 11/3-hydroxyl group are reported. 
Cunninghamella blakesleeana [A.T.C.C. 8688a ( +  )] and Helicostylum piriforme (A.T.C.C. 8992) were found tc convert 
11/3,21-dihydroxypregna-4,17(20)-dien-3-one (I) to 9a,21-dihydroxypregna-4,17(20)-diene-3,ll-dione (II). Rhizopus arrhizus 
(A.T.C.C. 11145) was found to convert the same substrate to 6/3,21-dihydroxypregna-4,17(20)-diene-3,ll-dione (V). Proof 
of structures of the two products consisted in their conversion to the known 9a-hydroxy- and 6/3-hydroxycortisone acetates, 
respectively.

D IS C U S S IO N

In our continuing investigation of the micro
bial transformation of steroids, we became in
terested in determining the positions susceptible

to attack by various microorganisms in a steroid 
containing both a conjugated and an isolated

(1) Paper XV of this series, J. Am. Chem. Soc., 80, 3382
(1958).
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double bond. The substrate used for these studies 
was 1 l/3,21-dihydroxypregna-4,17(20)-diene-3-one
(I)2 (hereafter called dienediol), chosen because the 
11 position is blocked, thus decreasing the number 
of possible products.

Both CunninghameUa blakesleeana [A.T.C.C. 
8688a (+ )] and Helieostylum piriforme Bain 
(A.T.C.C. 8992) have been shown to perform 14- 
hydroxylation.1 When the dienediol (I) was in
cubated with either of these organisms one major 
product was formed. Although other products were 
also formed to some degree in both fermentations, 
the Helieostylum gave a much cleaner transforma
tion than did the CunninghameUa. The major 
product, purified by chromatography and re- 
crystallization, differed from the substrate by the 
presence of an added carbonyl group, shown by the 
infrared spectrum and elemental analysis. Acetyla
tion produced a monoacetate (III) whose infrared 
spectrum showed the presence of a free hydroxyl, 
an ester, and a 1:1 ratio of a,/3-saturated ketone to 
a,/3-unsaturated ketone. On the basis of the above 
data it was hypothesized that oxidation of the 
11/3-hydroxyl group as well as hydroxylation at C-14 
had occurred during the fermentation. The final 
proof of structure consisted in treatment of the 
acetate (III) in ¿-butyl alcohol-pyridine with 
phenyl iodosoacetate in the presence of catalytic 
amounts of osmium tetroxide2 to convert the 17-
(20)-double bond to a 17«-hydroxy-20-ketone. 
The supposition that the compound was hydroxyl- 
ated cortisone acetate was borne out by elemental 
analysis, infrared and ultraviolet spectra, positive 
Tollens’ test, and papergram mobilities. However, 
the properties of the compound did not agree 
with those of the expected 14«-hydroxy cortisone 
acetate3 but were identical with those of 9«-hy- 
droxy cortisone acetate (IV) prepared by the oxi
dation of 9«-hydroxyhydrocortisone acetate,4 ob
tained via the 9,11-oxide.

The introduction of a hydroxyl group into a 
steroid molecule with accompanying oxidation of a 
pre-existing hydroxyl had previously been noted 
in the case of testosterone. Incubation of this 
steroid with Fusarium sp.5 resulted in the intro
duction of a hydroxyl into the 15«-position with 
concurrent oxidation of the 17/3-hydroxyl to a 
ketone to give 15a-hydroxvandrost-4-ene-3,17- 
dione. No cas?, however, has been reported on 
the oxidation of a 11/3-hydroxy steroid to an 11- 
ketosteroid by a microorganism. The microbial oxi
dation6 of Ileichstein’s Compound S (11-desoxy-

(2) J. A. Hogg, P. F. Beal, A. H. Nathan, F. H. Lincoln, 
W. P. Schneider, B. J. Magerlein, A. R. Hanze, and R. W. 
Jackson, J. Am. Chem. Soc., 77, 4436 (1956).

(3) E. J. Agnello, B. L. Bloom, and G. D. Laubach, J. 
Am. Chem. Soc., 77, 4684 (1955).

(4) J. Fried and E. F. Sabo, J. Am. Chem. Soc., 79, 1130 
(1957).

(5) P. D. Meister, H. C. Murray, R. C. Meeks, A. Wein-
traub, S. H. Eppstein, L. M. Reineke, H. M. Leigh Osborn,
and D. H. Peterson, unpublished data.

CH2OH
I
CH

 ̂ CH2OAc I
CH

C H 2O A c
I
c = o

C H 2O A c

CH

CHjOAc
I
c = o

17«-hydroxycorticosterone) with CunninghameUa 
blakesleeana is known to produce both hydrocorti
sone and cortisone; however, no evidence has been 
presented to show whether cortisone is a primary 
or secondary product of the fermentation. We have 
now shown in shake flask studies the conversion 
of hydrocortisone to cortisone with this organism, 
thus establishing the possible route to cortisone 
in the above fermentation as one involving oxi
dation of the newly formed 11/3-hydroxyl group. 
The introduction of a hydroxy group into the 
9 (or 8) position of a steroid by a microorganism 
has been reported by several groups.7 The present

(6) F. R. Hanson, L. M. Mann, E. D. Nielson, H. V. 
Anderson, M. P. Brunner, J. R. Karnemaat, D. R. Colings- 
worth, and W. J. Haines, J. Am. Chem. Soc., 75, 5369 
(1953).

(7a) D. Stone, M. Hayano, R. I. Dorfman, O. Hechter, 
C. R. Robinson, and C. Djerassi, J. Am. Chem. Soc., 77, 
3926 (1955); (b) J. Fried, R. W. Thoma, D. Perlman, 
J. E. Herz, and A. Bowman, Recent Progr. in Hormone 
Research, 11, 157 (1955), Academic Press, Inc., New York, 
N. Y.; (c) A. Schubert, D. Onken, R. Siebert, and K. Heller, 
Helv. Chim. Acta, 91, 2549 (1958); (d) G. Rosenkranz, O. 
Mancera, and F. Sondheimer, J . Am. Chem. Soc., 76, 2227 
(1957);(e.)R. M. Dodson and R. D. Muir, J. Am. Chem. 
Soc., 80, 6148 (1958).
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example, however, represents, to our knowledge, 
the first example of the introduction of a hydroxyl 
group into a steroid molecule with accompanying 
oxidation of a pre-existing 11/3-hydroxyl to an
11-ketone.

Microbial oxidation of the dienediol (I) with 
Rhizopus arrhizus Fischer (A.T.C.C. 11145) also 
yielded a compound in which a hydroxyl was in
troduced with concurrent oxidation of the pre
existing hydroxyl group. The product was identi
fied as 6/?,21-dihydroxypregna-4,17(20)-diene-3,ll- 
dione (V) on the basis of the following evidence. 
The compound exhibited infrared absorption 
bands at 3500 cm.-1, 3410 cm.-1, 1697 cm.-1, 
1667 cm.-1, and 1617 cm.-1. An examination of 
the spectrum indicated that the compound con
tained hydroxyl and a 1:1 ratio of a,/3-saturated 
to a,/J-unsaturated ketone. The ultraviolet spec
trum showed a maximum at 233 mp. with e 13,850, 
which is in agreement with that reported for other 
6/3-hydroxylated steroids.8 The compound on 
acetylation formed a diacetate (VI) as evidenced 
by analysis and infrared spectrum. Final proof 
consisted in the conversion of the diacetate (VI) 
to the known 6/3-hydroxycortisone diacetate9 
by reaction with phenyl iodosoacetate in the 
presence of osmium tetroxide.2

Hydroxylation of steroids at carbon atom 6 is 
one of the most common reactions of the fungi 
and has been reported to occur with numerous 
genera of the order of Mucorales. The micro
organism of the present study, Rhizopus arrhizus, 
converts10 progesterone to 6/3,11 a-dihydroxypro- 
gesteron. The conversion of the dienediol (I) to 
6/3,21 - dihydroxypregna -4,17(20) - diene - 3,11 - dione
(V) could thus be represented as a 6/3,lla-dihy- 
droxylation to give the 6/3-hydroxy-l 1-ketone.

E X P E R IM E N T A L 11

9a,21-Dihydroxypregna-4,17(20)-diene-3,l 1-dione (II). A 
fermenter containing 100 1. of a sterile medium at pH 4.9, 
made from commercial dextrose (10 g./'l.) and corn steep 
(20 g./l.), was inoculated with 5.0 1. of vegetative growth of 
Helicostylum piriforme Bain (A.T.C.C. 8992). After 24 hr. 
of vigorous agitation and aeration at a rate of 20 1. per min. 
at 28°, 20.0 g. of ll/S,21-dihydroxypregna-4,17(20 )-diene-3- 
one (I) was added in 500 ml. of acetone, and the fermenta
tion continued for 48 hr. under the same conditions. Extrac
tion of the conversion products with methylene chloride and 
work-up as described previously10 yielded ca. 42.0 g. of a 
semicrystalline residue. Paper chromatography, using the

(8) P. T. Herzig and M. Ehrenstein, J. Org. Chan., 16, 
1050(1951).

(9) S. Burstein and R. I. Dorfman, J. Biol. Chan., 213, 
581 (1955).

(10) D. H. Peterson, H. C. Murray, S. H. Eppstein,
L. M. Reineke, A. Weintraub, P. D. Meister, and H. M. 
Leigh, J. Am. Chan. Soc., 74, 5933 (1952).

(11) All melting points were taken in open capillaries and 
are not corrected for stem exposure. The fermentation pro
cedures using Cunninghamella blakesleeana and Rhizopus 
arrhizus were identical to that given for Helicostylum 
piriforme.

PTF system12 13 indicated the presence of a new compound 
with increased polarity.

The semicrystalline residue was redissolved in ca. 1000 
ml. of dry methylene chloride and chromatographed on 
2000 g. of Florisil,12 taking six 2-1. fractions of the following 
solvent mixtures: 18%, 20%, 25%, and 50% acetone in 
petroleum ether (b.p. 62-72°). Fractions 9-21 were com
bined, dissolved in hot acetone, treated with Darco G-60 (2 
g.), filtered, and the filtrate concentrated until copious crys
tallization took place. The mixture was cooled in a refrigera
tor for 2-3 hr., and filtered to give 10.33 g. of II melting at
217-219°. Additional crops of 1.62 g. (m.p. 216-218°) and 
360 mg. (m.p. 211.5-214°) were obtained upon further 
concentration of the initial filtrate, making the over-all 
yield 12.31 g. (59.0%). Recrystallization from acetone gave 
material melting at 219.5-221°, [a] n +173° (c 1.022, di- 
oxane); A™, 238.5 mM (15,725); 3440, 3220, 1697,
1635, and 1603 cm.-1

Anal. Calcd. for C2iH280 4 (344.43): C, 73.22; H, 8.19. 
Found: C, 73.32; H, 8.30.

9a,21 -Dihydroxypregna-/,,17(20)-diene-3,l 1 -dione 21 -ace
tate (III). To a solution of 5.0 g. of 9a,21-dihydroxypregna- 
4,17(20)-diene-3,ll-dione (II) in 15 ml. of dry pyridine at 
20° was added 15 ml. of acetic anhydride. After 17 hr. at 
room temperature the solution was poured into 450 ml. of 
ice-water mixture. The crystalline product which separated 
was filtered, washed well with water, and dried; yield 5.53 
g. (99.0%), m.p. 172.5-177°. The crystals were dissolved 
in 70 ml. of hot acetone, the solution clarified and concen
trated on a steam bath until crystallization began. The mix
ture was cooled in a refrigerator and filtered to give 3.83 
g. of III, m.p. 188.5-190°, [a]o +160° (c 0.65, acetone), 
Ai„ 239 (15,750); x£™°‘ 3390, 1725, 1700, 1652, 1623,
1240, and 1224 cm.-1

Anal. Calcd. for C+I+oO,, (386.47): C, 71.48; H, 7.82. 
Found :C, 71.42; H, 8.19.

9a-Hydroxycortisone acetate (IV). To an ice-cold solution 
of 387 mg. (1 mmole) of 9a,21-dihydroxypregna-4,17(20)- 
dicne-3,ll-dione 21-acetate (III) in 18.5 ml. cf f-butyl 
alcohol containing 0.93 ml. of pyridine and 0.185 ml. of 
water was added 370 mg. of Ar-methylmorpholine oxide, 800 
mg. of phenyl iodosoacetate, and 4.0 mg. of osmium tetroxide. 
The slurry was stirred at 0-5° for 2 days at which time the 
reaction mixture was clear. Magnesol14 (600 mg.) and a 
solution of 150 mg. of sodium sulfite in 10 ml. of water were 
added, and the mixture stirred for 15 min. at room tempera
ture. The mixture was filtered and the filtrate concentrated 
to opalescence under reduced pressure. The solution was 
cleared by careful addition of <-butyl alcohol and stirred 
at room temperature for 1 hr. The crystals which formed 
were filtered and washed with i-butyl alcohol-water (1:4) 
and finally water, and dried; yield 245 mg. (58.5%), m.p. 
233-236°.15 Recrystallization from acetone-petroleum ether 
(b.p. 62-72°) gave 185 mg., m.p. 237-239°, [a]D +227° 
(c 0.48, CHCls), Â A 239 my (15,900), reported4 m.p. 237- 
239°, [a]2D3 +211° (c 0.51, CHCh), A^; 238 mM (16,500). 
The compound has an infrared spectrum identical with that 
of a sample of 9a-hydroxycortisone acetate prepared by 
the oxidation of 9a-hydroxyhydrocortisone acetate, obtained 
via the 9,11-oxide,4 with sodium dichromate in acetic acid 
by W. P. Schneider of these laboratories with A^°‘ 3400, 
1748, 1732, 1710, 1660, 1620, and 1239 cm.“1

6p,in-Dihydroxypregna-4,l 7(20)-dime-3,l 1-dione (V). 
ll/5,21-Dihydroxypregna-4,17(20)-diene-3-one (I—2.5 g.) 
was fermented with Rhizopus arrhizus (A.T.C.C. 11145)

(12) A. Zaffaroni, R. B. Burton, and E. H. Keutman, J. 
Biol. Chem., 193, 749 (1951).

(13) A synthetic magnesium silicate manufactured by 
the Floridin Co., Warren, Pa.

(14) Magnesium silicate formerly manufactured by West- 
vaco-Chlor-Alkali Division, Food, Machinery and Chemi
cal Corp., New York.

(15) A polymorphic modification melted at 212-214°.
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in the same manner as that given for the Helicostylum fer
mentation above. The semicrystalline residue obtained 
upon evaporation of the extraction solvent showed by paper- 
gram1’ one major product which was more polar than I and 
differed in mobility from that produced by the Helicostylum. 
The residue was triturated with acetone and filtered to give 
610 mg. of crystals. These were dissolved in 65 ml. of hot 
acetone, filtered through a bed of Magnesol,14 and concen
trated to crystallization; yield of V, 360 mg., m.p. 252- 
254°, [ a ] +107= (c 0.86, dioxane), 233 mM (13,850), 
X ^ ‘3500, 3410,1697, 1667, and 1617 cm."1

Anal. Calcd. for C+HmO, (344.43): C, 73.22; H, 8.19. 
Found: C, 73.53; H, 8.47.

The mother liquors were combined, concentrated to re
move the acetone, and chromatographed on 300 g. of Flori- 
sil,1* taking five 200-ml. fractions of each of the following 
solvents: methylene chloride, 12%, 20%, 30%, and 50% 
acetone in petroleum ether (b.p. 62-72°). Fractions 17-21 
(1.21 g.) were combined and crystallized from acetone to 
give 500 mg. of V, melting at 243-247°. Recrystallization 
of this material from acetone gave 400 mg. with m.p. 246- 
250°.

66,¡SI-Dihydroxypregna-4,17(20)-diene-S, 11 -dione diacetate
(VI). A solution of 400 mg. of V in 1 ml. of pyridine and 1 
ml. of acetic anhydride was allowed to react overnight at 
room temperature. Addition of ice and water caused crys
tallization. The mixture was filtered and the solid dried, 
yield 440 mg., m.p. 129-135°. Recrystallization from ethyl 
acetate (1 ml.) and petroleum ether (b.p. 62-72°) (2 ml.) 
gave 270 mg., m.p. 136-138.5°, [<z]d +66° (c 0.72, dioxane),

X^; 231 mu (13,250), X™°' 1732, 1700, 1676, 1617, 1250, 
and 1230 cm."1

Anal. Calcd. for C25H3206: C, 70.07; H, 7.53. Found: C, 
69.70; H, 7.90.

6fi-Hydroxycortisone 6,21-diacetate (VII). 6/3,21-Dihy- 
droxypregna-4,17(20)-diene-3,ll-dione diacetate (580 mg.) 
was oxidized with phenyliodosoacetate in the presence of 
osmium tetroxide to yield 400 mg. of 6/5-hydroxycortisone
6,21-diacetate by a procedure identical with that given 
above for the preparation of 9a-hydroxycortisone acetate. 
Recrystallization from acetone-petroleum ether (b.p. 62- 
72°) gave 260 mg., m.p. 236-238.5° (reported1’ 225-233°), 
[«]*D2 3 +124° (c 0.33, dioxane), X**°' 3540, 1735, 1712, 
1697, 1675, 1620, and 1240 cm.“1 The ultraviolet spectrum 
in sulfuric acid agrees with that given by Burstein and 
Dorfman.’ A sample obtained by chromic acid oxidation 
of 6/3-hydroxyhydrocortisone 6,21-diacetate, prepared via 
the 5,6-oxide by G. B. Spero of these laboratories, melted at
231-232°, [a]”  +127° (dioxane) and was identical with our 
sample by infrared and paper chromatographic analysis.

Acknowledgment. The authors are indebted to 
A. Koning for technical assistance; to L. M. 
Reineke and group for papergram analysis; to 
Dr. J. L. Johnson, J. E. Stafford, and Mrs. G. S. 
Fonken for infrared and ultraviolet absorption 
studies; and to W. A. Struck and associates for 
analytical data.

K alamazoo, M ich.

[Contribution from the Chemistry Department of Howard University]

U l t r a v i o l e t  S p e c t r o s c o p i c  S t u d i e s  o f  S o m e  S w e e t  a n d  

N o n s w e e t  I s o m e r i c  m - N i t r o a n i l i n e s 1

LLOYD N. FERGUSON and LILLIAN GREEN CHILDERS’

Received March 7t 1960

The ultraviolet spectra of some 2- and 4-substituted 5-nitroanilines and of their respective disubstituted constituent com
pounds have been measured in 95% alcohol. Their absorption bands have been classified and discussed in terms of elec
tronic transitions within the molecules. Certain solvent and salt effects are also reported. Taste-structure relationships 
which possibly might be drawn from the spectra are pointed out.

It has been observed3 that many 2-substituted 5- 
nitroanilines (I) are intensely sweet, whereas the 
isomeric 4-substituted-5-nitroanilines (II) are bit
ter or tasteless.

I III II

Relative sweetness4 
(Sucrose = 1 )

R I II

-OCH3 167 Tasteless
-CH3 298 Tasteless
-Br 715 Tasteless

(1) Number V in a program of physicochemical studies 
of the sense of taste; No. IV, J. Org. Chem., 25, 1220 (1960).

This striking difference in taste of isomeric pairs 
has aroused our interest in their physicochemical 
properties and the present paper reports some of 
their spectroscopic properties. There is even a no
ticeable difference in the color of the isomers. 
All of the compounds are yellow to red but the 
sweet isomer of each couple is lighter than the non
sweet member.

Two types of spectroscopic studies were made in 
this investigation. The first was to measure the 
complete ultraviolet spectra down to 210 m/t. It 
was hoped, through an interpretation of the spec
tra, to learn if there is any significant difference in 
electronic interactions of the substituents in the

(2) Taken from the M.S. thesis of L.G.C., Howard Uni
versity, 1959.

(3) J. J. Blanksma and P. W. M. van der Weyden, Rec.
trav. chim., 59, 629 (1940); 65, 329 (1946); cf. P. E. Verkade, 
et al., Rec. trav. chim., 68, 639 (1949) and earlier papers in 
this series.
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210 260 320 400
X ( h i m )

Fig. 1. Absorption spectra of 2-methyl-5-nitroaniline
(----------) and its disubstituted constituents all in alcohol:
o-toluidine (-------- ), p-nitrotoluene (-------- ), and m-nitro-
aniline (-------- )

X (him)
Fig. 2. Absorption spectra of 4-methyl-3-nitroaniline

(----------) and its disubstituted constituents all in alcohol:
p-toluidine (-------- ), o-nitrotoluene (-------- ), and m-nitro-
aniline (-------- )

sweet and nonsweet isomers. The second type of 
spectroscopic study involved measuring the ab
sorbancy of the compounds at a wave length of 
maximum absorption in the presence of various 
cations. The objective here was to detect any differ
ential behavior of the sweet and tasteless isomers 
towards cations which are important in biological 
systems.

E X P E R IM E N T A L

Sources of compounds. With the exception of 4-carboxy-3- 
nitroaniline, all of the substituted m-nitroanilines were 
available from other phases of the major investigation.4 
The other organic compounds were obtained from com
mercial sources. The solid compounds were recrystallized 
to constant melting points which agreed with those reported 
in the literature. The liquid compounds were redistilled 
under reduced pressure and used soon thereafter. The

(4) Cf. A. R. Lawrence and L. N. Ferguson, Nature,
183, 1469 (1959).

X (m/j)
Fig. 3. Absorption spectrum of 2-methyl-5-nitroaniline in

alcohol (-------- ) and in water (-------- )

Fig. 4. Absorption spectrum of 4-methyl-3-nitroaniline in 
alcohol (-------- ) and in water ( ..........)

inorganic salts were the purest commercial grades available 
and used as purchased.

4.-Carboxy-3-nitroaninne.s This compound was prepared by 
nitrating p-toluidine in coned, sulfuric acid at —15° to 
— 10° to yield 4-methyl-3-nitroaniline. The latter compound 
was acetylated with acetic anhydride in benzene, m.p. 142- 
143° (lit.,* 183 5 6 m.p. 144°). The acetanilide was oxidized with 
aqueous potassium permanganate in the presence of mag
nesium sulfate and the product hydrolyzed in 6N  hydro
chloric acid on a steam bath. The reaction mixture was 
brought to pH 6 with ammonia and evaporated to dryness. 
The residue was extracted with hot alcohol and the alcohol 
solution evaporated to dryness. This residue was then 
washed with water and recrystallized twice from alcohol, 
m.p. 239-240° (lit.1 m.p. 239.5° corr.).

Spectral measurements. All measurements were made on a 
Beckmann Model DU spectrophotometer in 1-cm. matched, 
fused-silica cells. The solute concentrations were adjusted 
to give absorbancy readings between 0.2 and 0.8. Measure
ments were made in distilled water, aqueous solutions of 
sodium chloride, potassium chloride, magnesium chloride, 
and manganous chloride, or in 95% ethanol, and in all cases 
the respective solvent was used as a blank.

D IS C U S S IO N  A N D  R E S U L T S

Doub and Vandenbelt8 found for a particular class 
of trisubstituted compounds (III), in which only

(5) Reported to have a very swyeet taste by Bogert and 
Kropff.7

(6) K. Brand and H. Zoller, Ber., 40, 3324 (1907).
(7) M. T. Bogert and A. H. Kropff, J. Am. Chem. Soc.,

31, 847 (1909).
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TABLE I
S p e c t r a l  C h a r a c t e r i s t i c s  o f  t h e  S w e e t  m - N iT R o a n i l i n e s  a n d  T h e i r  D i s u b s t i t u t e d  C o n s t i t u e n t s “

(Wave Lengths in m^)
Secondary Band First Primary Band Secpnd Primary Band Third Primary Band

Compound Am 6 Am e Am € Am €
2-CH.3-5-N O2-Aniline8 370 1,800 288 4,660 2506 11,900 227 12,460

(354) (1,860) (292) (4,970) (245) (8,730) (222) (11,420)
m-Nitroaniline11“ 370 1,358 275b 4,000 235 17,200)

(358)9 (1,450)9 (280 )9 (4,800)9
o-Toluidine 285 1,810 233 7,790

ca. (280)16 ca. (1,600)14 ca. (230)16 ca. (7 ,100)16
p-Nitro toluene 275 10,410 215 7,790

(285)10 (9,250)10 (217)10 (6,700)10
2-0CH3-5-N02-Aniline8 370 3,560 304 4,760 2576 13,240 226 10,560

(367) (4,330) (309.5) (5,170) (256)6 (10,040) (222) (10,680)
m-Nitroaniline11“ 370 1,358 275" 4,000 235 17,200

o-AnidisinellS
(358)9 (1,450)9 (280)9 (4,800)9
284 3,110

306 10,780
236 8,100

224 7,690p-Nitroanisole12
(317)8 (11,000)8 (227)8 (7,000)8

2-Br-5-N O2-Anil ine 370 2,308 2856 5,500 253.5 13,210 229 13,950
(357)" (1,980) (290) (5,200) (250) (8,420) (224) (11,100)

m-Nitroaniline1 370 1,358 2756 4,000 235 17,200
(358)9 (1,450)9 (280)9 (4,800)9

o-Bromoaniline 293 2,700 237 8,580
299“ 3,110“

p-Nitrobromobenzene13-14 276 11,380 215 7,760
270c 11,500e

4-COOH-3-NO2- 282 13,050 2536 9,600
Aniline

m-Nitroaniline11“ 370 1,358 2756 4,000 235 17,200
(358)9 (1,450)9 (280)9 (4,800)9

o-Nitrobenzoic acid ca. 25012 3,50012
(266)12 (5,300)12

p-Aminobenzoic acid 285 17,500 219 9,260
(288)14 (19,000)14 (219.5)10 (9,900)19

“ All data are from this study unless indicated otherwise. The values in parentheses are for an aqueous solvent. 6 The 
mean value of a shoulder or broad band. c In hexane.14 The shift is in the correct direction in going to the less polar solvent.

one substituent is a meia-orienting group, that there 
is a relationship of their ultraviolet spectra to the 
spectra of their disubstituted constituents.

I l l

A trisubstituted benzene Its disubstituted constituents

As compounds I and II fall in the class reported by 
Doub and Vandenbelt, the spectra of I and II were 
compared with those of their disubstituted constit
uents. Typical spectra for compounds of type I and 
II and of their respective constituents are shown in 
Figs. 1 to 4. The spectral characteristics for all of 
the compounds studied are given in Tables I and 
II. The bands are assigned on the basis of three

(8) L. Doub and J. M. Vandenbelt, J. Am. Chem. Soc., 77, 
4535 (1955).

(9) L. Doub and J. M. Vandenbelt, J. Am. Chem. Soc., 
71, 2414 (1949).

(10) L. Doub and J. M. Vandenbelt, J. Am. Chem. Soc., 
69, 2714 (1947).

considerations17: (1) First use the criteria of Doub 
and Vandenbelt,10 although these authors pointed 
out18 that the intensity criteria do not always 
strictly apply, especially in the case of the second
ary bands. In most instances, our assignments 
agree with those of Doub and Vandenbelt. (2) A 
more polar solvent will produce a bathochromic 
shift of the first primary band and a hypsochromic

(11) (a) R. A. Morton and A. J. McGookin, J. Chem. Soc., 
901 (1934). (b) I. P. Grammaticakis, Bull. soc. chim. France, 
18, (5) 220 (1951).

(12) W. P. Forbes, Can. J. Chem., 36, 1350 (1958).
(13) H. E. Ungnade, J. Am. Chem. Soc., 76, 1601 (1954).
(14) A. Burawov and A. R. Thompson, J. Chem. Soc., 

4314 (1956); G. Forster and J. Wagner, Z. fur physik. 
Chem., B35, 343 (1937).

(15) W. F. Forbes, A. S. Ralph, and R. Gosine, Can. J. 
Chem., 36, 869 (1958).

(16) L. Dede and A. Rosenberg, Ber., 67, 147 (1934). 
These authors report a solvent effect in agreement with 
that noted in the present paper.

(17) Other descriptions have been used, such as X and 
X ' bands, R, B, and K bands, N —*■ V, N —► R, and others 
[cf. E. A. Braude, Determination of Organic Structures by 
Physical Methods edited by E. A. Braude and F. C. Nachod, 
Academic Press, X. Y., 1955, Chap. 4].

(18) Footnote 3 of ref. 9.
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TABLE II
S p e c t r a l  C h a r a c t e r i s t i c s  o f  t h e  N o n s w e e t  ot- N i t r o a n i l i n e s  a n d  T i i e i r  D i s u b s t i t u t e d  C o n s t i t u e n t s “

(Wave Lengths in mu)

Compound
Secondary Band

First
Primary Band

Second
Primary Band

Third
Primary Band

Am e Am 6 Am € Am €
4-CH3-3-N O r Aniline 366 1,395 234.5 15,500

(356)6 (1,462) (228) (15,200)
TO-Nitroanilir.e11“ 370 1,358 275» 4,000 235 17,200

(358)» (1,450)» (280)» (4,800)»
o-Nitro toluene 332.5 1,800 257 5,720

(325)» (1,300)» (266)» (5,300)» (202.5)» (13,000)»
p-Toluidine“ 289 1,515 234 9,120

(286)“ (1,600)“ (232)“ (8,900)“

4-0CH3-3-N02-Aniline 385 1,400 233 13,420
(390) (1,923) (228) (15,910)

m-Nitroaniline1 la 370 1,358 275» 4,000 235 17,200
(358)* (1,450)» (280)» (4,800)»

o-Nitroanisole 324 2,370 259 3,220
(338)8 (2,800)8 (267)» (4,000)0 (211 )8 (15,000)»

p-Anisidine1“ 300 2,138 235 9,250

4-Br-3-N O r Aniline 365 1,199 241 18,250
(355 )6 (1,107) (236.5) (15,450)

TO-Nitroaniline11" 370 1,358 2750 4,000 235 17,200
(358)* (1,450)» (280)» (4,800)»

o-Nitrobromobenzene13 295 1,380 253 2,980
p-Bromoaniline 296 1,440 244 12,580

(290)“ (1,340)“ (239.5)“ (12,800)“
2-COOH-5-N O2-Aniline 400 2,830 265 11,000 242 19,690
m-Nitroaniline11“ 370 1,358 275» 4,000 235 17,200

(358)* (1,450)» (280)» (4,800)»
Anthranilic acid 333 4,400 247 6,880

(327)* (1,940)» (248)» (3,900)»
p-Xitrobenzoic acid 261 12,040

(271)“ (10,000)“

“ AU data are from this study unless indicated otherwise. The values in parentheses are for an aqueous solvent. 6 The 
mean value of a shoulder or broad band.

shift of the second and third primary bands. This 
criterion is based on empirical observations; how
ever, explanations of solvent effects on successive 
absorption bands have been offered by others.19
(3) Bands below 250 mp are arbitrarily designated 
third primary bands. In some cases, as with com
pounds of type I, such an assignment is natural be
cause the first and second primary bands are clearly 
observable.

An accounting of the four bands of these com
pounds can be given in terms of electronic transi
tions within the molecules. I t can be seen in Tables 
I and II that m-nitroaniline, a constituent of all of 
the trisubstituted benzenes, has a band at 370 mp. 
A similar band appears in the spectra of all but one 
of the trisubstituted benzenes. This band can be 
designated an n -*■ it* band on the basis20 of its low 
intensity, its broadness in alcohol solvent, its disap
pearance in acid solution, the effect of an electron- 
withdrawing substituent, and the blue-shift in going 
to more polar solvents.21 It is observed from the

(19) N. S. Bavliss and E. G. McRae, J. Phys. Chem.., 
58, 1002, 1006 (1954).

(20) J. W. Sidman, Chem. Rev., 58, 689 (1958).
(21) H. McConnell, J. Chem. Phys., 20 , 700 (1952).

data in Tables I and II that with few exceptions, 
the secondary band suffers a blue-shift in going from 
an alcohol to an aqueous solvent (latter values are 
in parentheses). This blue-shift has been explained22 
as originating from the effect of solvent molecules 
orienting themselves around the solute molecules in 
a favorable orientation to the ground state charge 
distribution of the solute molecules. Upon excita
tion, the charge distributions of the solute mole
cules are markedly changed and the solvent mole
cules are no longer oriented for strong binding to 
the solute molecules. This produces a greater solva
tion energy for the ground state of the solute than 
for the excited state.

The first primary band can be associated with 
the nitrobenzene it-*  it resonance of the type:
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In m-nitroaniline this band is only a shoulder at 
about 275 mji. The presence of the electron-donat
ing substituent R produces a bathochromic and 
hyperchromic shift, and is greatest for the 2-OCH3 
derivative. Furthermore, in the case of substituted 
m-nitoanilines, the band persists in acid solution, 
although the +NH3 group produces a small shift to 
shorter wavelengths. In fact, the band resembles 
very much that for the correspondingly substituted 
nitrobenzene in which there is no +NH3 group.22 23 
This band in the 2-COOH derivative is very similar 
to that in p-nitrobenzoic acid.

The red-shift of the primary band with change of 
solvent from ethanol to water has been explained 
in terms of increased solvation of the solute mole
cules in the excited state owing to their greater di
pole moments.19

The second primary band apparently involves the 
lone-pair electrons on the amino nitrogen atom be
cause, for all cases studied, it disappears in acid 
solution where the lone-pair electrons are not avail
able for the transition. As this band too undergoes a 
blue-shift with a change to more polar solvents, it 
can be readily distinguished from the first primary 
band. On this basis, for example, the more intense 
bands of o-toluidine, p-toluidine, and p-bromoani- 
line are designated second rather than first primary 
bands, and that of anthranilic acid as a first rather 
than a second primary band.

The third primary band is the least tenable as
signment. I t has been pointed out24 25 that this band 
could possibly be the third primary band of benzene 
shifted to longer wave lengths. It is significant that 
a band in the 210-223 mji region appears in the 
spectra of all of the substituted m-nitroanilines in 
acid solution.23

The first primary band is sensitive to the pres
ence of a group ortho to the nitro group.13’26 Thus, 
the band is either missing or is at shorter wave
lengths and of much lower intensity for the o-sub- 
stituted nitro compounds than for the p-substi- 
tuted isomers. This is understandable in view of the 
coplanarity required for the nitro-phenyl group 
electronic interaction responsible for this band.

There is no readily apparent correlation between 
the spectra of the substituted m-nitroanilines and 
their tastes. It can be observed that only the sweet 
compounds have a first primary band above 280 
m/x and a second primary band in the 230-260 m#x 
range. Considering the electronic transitions re
sponsible for these two bands, one might deduce 
that intense sweetness is associated with a molecule 
having a flatness and a charge distribution as 
found in a p-disubstituted benzene with an elec

(22) G. J. Brealey and M. Kasha, J. Am. Chem. Soc., 
77,4462 (1955).

(23) A. R. Lawrence, Ph.D. thesis, Howard University, 
1959.

(24) Page 2418 of ref. 9.
(25) G. S. Hammond and F. J. Modic, J. Am. Chem.

Soc., 75, 1385 (1953).

tron-donor and an electron-withdrawing group plus 
a third group off center.

The sweetness of a molecule would then depend on 
the degree to which it approximates this structure. 
For example, m-nitroaniline, lacking a more elec
tron-donating group than the hydrogen atom para 
to the nitro group, is only weakly sweet.3 Further
more, when R in I and II is an electron-donating 
group, I is the sweet isomer and II  is nonsweet; 
but we have found in two cases that when R is an 
electron-withdrawing group (COOH or S02NHs), 
II becomes the sweet isomer.

HO

This possible taste-structure relationship is being 
explored further through a study of the molecular 
addition complex forming ability of these com
pounds and through an examination of the tastes of 
other structural systems approximating that of I 
and II.

The intensities of the second primary band (as 
the nonsweet isomers have no first primary band) 
of the 2- and 4-substituted 5-nitroanilines were 
measured in aqueous solutions with salt concentra
tions of 0.005M, 0.01M, 0.1.M, and 1.0M. The 
molar extinction coefficients observed in water 
were unaffected by the presence of sodium chloride 
and magnesium chloride. However, potassium 
chloride produced a decrease in intensity of 5 to 10% 
for both isomers at each of the salt concentrations, 
and manganous chloride produced a variable 10% 
increase at the two higher salt concentrations. As 
these salt effects did not differ for the sweet and the 
nonsweet isomers, they were not investigated fur
ther at this time. These ions were chosen because 
of their key roles in nerve transmission and enzyme 
activations.

It is believed that the critical set of properties 
which determines the tastes of these compounds 
involves their loose complex-forming ability with 
some biological constituent in the tongue area. 
One does not expect a correlation with a single 
property of structure, basicity, or charge distribu
tion, but with a combination of these and other 
factors. It is hoped that a factor analysis of the 
spectroscopic and other physicochemical properties 
of these compounds will provide a function which 
may be used for predicting the tastes of compounds, 
or at least give a clue as to why one isomer is sev
eral hundred times as sweet as sucrose while the 
other isomer is tasteless.

W a s h i n g t o n  1, D. C.
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The infrared spectra of some polycyclic 1,3-diols and 1,3-diol monoacetates, compounds I-VI, have been studied in the 
O—H stretching region under high resolution. Intramolecular hydrogen bonds from hydroxyl hydrogens to the ether oxygen 
of the acetate groups2 3“ appear to be present in those monoacetates in which both groups are axial. In the diaxial diols the 
spectra indicate probable equilibrium between two different intramolecularly bonded species. The mechanism of hydroxyl 
participation in the solvolysis of the diaxial monoacetates is discussed.

In six-membered ring 1,3-diol monoesters which 
have the two functional groups rigidly held in the 
cts-diaxial relationship to one another, the ester 
group undergoes base-catalyzed methanolysis with 
surprising ease. This assistance by the hydroxyl 
group in facilitating solvolvsis in such compounds 
was discovered independently by Henbest and 
Lovell2 and by workers in these laboratories,8 
and accordingly may be called the “Henbest-Kup- 
chan effect.” Henbest and Lovell have also ob
served the infrared spectra of several 1,3-diaxial 
hvdroxyesters in the cholestane and coprostane 
series.2b These spectra provide evidence for intra
molecular hydrogen bonding of the hydroxyl hy
drogen to the weakly basic alcohcl oxygen of the 
ester group, and Henbest and Lovell suggest that 
this hydrogen bond formation is the factor respon
sible for the increased solvolysis rate of these com
pounds.

The importance of this unusual type of hydrogen 
bonding prompted us to study, at high resolution, 
the infrared spectra in the 0 —H region of some 1,3- 
diols and 1,3-hydroxyacetates of the bicyclononane 
and bicyclononene series (compounds I-VI).

E X P E R IM E N T A L

All of the compounds used in this study were prepared, 
purified, and characterized by methods described elsewhere.4 * * * 
The carbon tetrachloride solvent was used directly from 
freshly opened bottles of Merck and Co. reagent grade 
material; it contained negligible amounts of hvdroxylic 
impurities. The spectra were determined using a Perkin- 
Elmer Model 112 single-beam double-pass spectrometer 
with calcium fluoride prism calibrated against ammonia 
and water vapor. Assignments are considered to be accurate 
to ±3  cm.-1 for sharp bands. Most of the compounds were 
studied both at 0.05JI, using 1 mm. path length, and at 
0.005.11, using 10 mm. path length. Compounds II and IV 
were not soluble to the extent of 0.051/ in carbon tetra

(1) Allied Chemical and Dye Company Fellow, 1958- 
1959.

(2) (a) H. B. Henbest and B. J. Lovell, Chem. andlnd., 278 
(1956); (b) H. B. Henbest and B. J. Lovell, J. Chem. Sac., 
1965(1957).

(3) S. M. Kupchan and W. S. Johnson, ./. Am. Chem. 
Soc., 78,3864(1956).

(4) (a) W. S. Johnson, J. Ackerman. J. F. Eastham,
and H. A. DeWalt, Jr., J. Am. Chem. Soc. 78, 6302 (1956);
(b) W. S. Johnson, J. J. Korst, R. A . Clement, and J. Dutta,
J. Am. Chem. Soc., 82,614 (1960).

chloride, and so were studied only at the lower concentra
tion. Spectra in the 1700 cm.-1 region were determined 
for some of the compounds as approximately O.OlTlf solu
tions in carbon tetrachloride.

All band maxima observed between 3100 and 3750 cm. ”1 
are given following the names of the compounds below. 
Frequencies are given in cm.-1, and the letters following 
the frequencies describe the bands as follows: s, strong; 
m, medium; w, weak; sh, shoulder; c, concentration-depend
ent band (intensity decreases upon dilution).

1 /3,6-erado-Dimethy 1 - 6 - exo - hydroxy - 9 a - aeetoxy - 2,3 - (1 '- 
methoxy - 7 ',8 '-dihydro-6',5 '-n aphtho) - A2 - bicyclo [3,3,1]- 
nonene4b(l), m.p. 131-132°, 3594 (s), 3480 (w).

1/3,6-endo- Dimethyl - 6 - exo - 9a - dihydroxv - 2,3 - (1' - meth- 
ox3r-7',8'-dihydro-65' -naphtho) - A2-bicyclo [3,3,1 ] nonene4“
(II), m.p. 150.5-151°, rmax 3628 (sh, m), 3607 (m). 3500 (s), 
3300 (c).

1S,6-cndo-I)imethyl - 6- exo - hydroxy - 9a - aeetoxy - 2,3 - (1 '- 
methoxy - 5'/3,6'/3,7',8' - tetralrydro - 6 ',5 '-naphtho )-bicyclo- 
[3,3,l]nonane4b (III), m.p. 197-198°, >wx 3593 (s), 3482 (w).

l/2,6-e)ido-Dimethyl-6-e:ro-9a-dihydroxy-2,3-( 1 '-methoxy- 
5'/3,6'/S, 7',8 ' - tetratmlro-6’,5' - naphtho) - bicjrclo]3,3,1]no
nane4“ (IV), m.p. 212-218°, 3628 (sh, m), 3609 (m l, 3510
(s), 3530(c).

l/8,6-e«d0-Dimethj 1 - 6- ezo-hydroxy- 9/3 - aeetoxy - 2,3 - (1 '- 
methoxy - 7',8 ' - dihydro - 6 ’,5,-naphtho)-A2-bicyclo[3,3,1 ]- 
nonene4b (V), m.p. 195-198°, rmai 3608(m), 3450 (c).

1^,6- endo - Dimethyl - 6 - exo - 9/3 - dihydroxy - 2,3 - (1' - meth- 
oxy-7', 8 '-dihydro-6 ', 5'-naphtho )-A2-bicyclo [3,3,1]nonene4“ 
(VI), m.p. 185-186.5°, vm„  3618 (m), 3588 (m), 3300 (c).

D IS C U S S IO N

The 1,3-diol monoacetates. The high resolution 
infrared spectra of the diaxial 1,3-hydroxv acetates 
I and III provide strong evidence in favor of intra
molecular hydrogen bonding involving the hydroxyl 
group. Both compounds have a single strong
O—H stretching absorption band at 3593-3594 
cm-1. The intensity of this bond is independent of 
concentration, and even at the maximum concentra
tion used, 0.05M, there is no appearance of a con
centration-dependent band attributable to inter- 
molecular hydrogen bonding. In contrast the spec
trum of the axial-equatorial hydroxy acetate V, 
which cannot be intramolecularly hydrogen bonded, 
has a sharp peak at 3607 cm.-1 and a broad band 
at about 3450 cm.-1, increasing in relative intensity 
with increasing concentration, characteristic of 
intermolecularly associated hydroxyl (Fig. 1).

A weak band at about 3480 cm.-1 also appears 
in the spectra of compounds I and III. However, 
this band is not due to a hydrogen-oxygen stretch-
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Fig. 1. Infrared spectra in the hydroxyl region. Solid lines, 0.005 M ;  broken lines, 0.05 M ,  in carbon tetrachloride

ing absorption, for when compound I was partially 
deuterated at the hydroxyl group by exchange with 
deuterium oxide in dioxane, the 3480 cm.-1 band 
was not shifted. In contrast, the 3593 cm.-1 O—H 
band exhibited a normal shift to 2637 cm-1. 
The 3480 cm.-1 band probably represents the first 
overtone of the strong carbonyl absorption at 1730 
cm-1.

The shift, A v ,  of band position on hydrogen bond 
formation is approximately proportional to A H  

for the hydrogen bonding reaction.5 The band at 
3593 cm.-1 in compounds I and III must therefore 
represent a very weakly bonded hydroxyl group, 
as A v  is only 15 cm.-1 from the position of the un
associated band (in compound V). The shift seems 
too small for a hydrogen bond to the carbonyl 
oxygen of the acetate group.6 We believe that it 
indicates hydrogen bonding to the ether oxygen, 
as shown in structure A. As suggested by Henbest 
and Lovell for other compounds,2b hydrogen bond
ing to the more weakly basic ether oxygen atom 
probably takes place in I and III because of the 
large entropy effect favoring the six-membered 
ring hydrogen bonded system in A over the eight- 
membered ring system in B.

Further evidence for hydrogen bonding to the 
ether oxygen rather than to the carbonyl oxygen is 
given by the spectra of compounds I and III in

(5) R. M. Badger, J .  C h em . P h y s . ,  8, 288 (1940).
(6) M. St. C. Flett, S p e d r o c h im . A c ta , 10, 21 (1957).

A B

the 1700 cm.-1 region. Intramolecular hydrogen 
bonding to carbonyl oxygen is known to lower the 
frequency of C = 0  stretching bands.7 Compounds 
I and III, however, are observed to have carbonyl 
bands at unusually high frequencies. Compound V, 
which cannot be intramolecularly hydrogen bonded 
to either oxygen of the acetate group, has a broad 
carbonyl band centered at 1730 cm.-1, while com
pounds I and III show sharp C = 0  bands near 1745 
cm-1.

Henbest has suggested that the intramolecular 
assistance of solvolysis in 1,3-diaxial hydroxy 
acetates involves an intramolecular solvation in 
the collapse (see arrows, formula C) of the re
versibly formed adduct C between the ester and 
nucleophile (N- ). An alternative mechanism is 
conceivable, however, in view of the likely facile

(7) L. J. Bellamy, T h e  I n fr a r e d  S p e d r a  o f  C o m p le x  M o le 
cu les , 2nd Edition, Methuen and Co., London, 1958, p. 
142.
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C D
interconversion between structures A and B.8 
Hydrogen bonding to the carbonyl oxygen in 
species B would strongly polarize the C = 0  group 
and render it more susceptible to nucleophilic 
attack, by a sort of intramolecular acid catalysis 
(see formula D). Form B rather than A thus may 
be important in facilitation of solvolysis. In any 
case, the hydrogen bond to the ether oxygen in 
species A, prior to the solvolysis of the acetate 
group, seems too weak to have a significant in
fluence on the rate of solvolysis. Which ever species 
is the important one in solvolysis, it seems likely 
that the hydrogen bond will become much stronger 
in the transition state, and that the increase in 
hydrogen bond energy in passing from the ground 
state to the transition state decreases the energy 
of activation for the reaction, thereby increasing 
the rate of solvolysis.

It may be possible to distinguish between the 
two mechanisms by appropriate kinetic measure
ments comparing the facilitation of 1,3-diaxial 
systems with eclipsed 1,2-systems wherein the 
entropy as well as enthalpy factors would favor 
the hydrogen to carbonyl oxygen interaction.

The 1,3-diols. The diols II and IV present very 
similar, and quite complicated, infrared spectra in 
the 3100-3800 cm.-1 region (Fig. 1). Both show the 
following features: (a) a concentration-dependent 
band at about 3300 cm.-1 which can be ascribed 
to intermolecular hydrogen bonding; (b) a strong 
concentration-independent band at about 3500 
cm.-1, in an appropriate position for an intra
molecular hydrogen bond of moderate strength; 
and (c) two sharp, closely spaced bands, one at 
about 3608 and the other at about 3628 cm.-1 
The last two bands are in the right region for 
non-bonded hydroxyl groups. However, it seems 
quite unlikely that there are any substantial 
numbers of molecules of II or IV present which 
are not intramolecularly bonded, as even in the 
case of the weakly bonded acetates I and III no 
free hydroxyl vibrations are observed. We attrib
ute the 3628 and 3608 cm.-1 bands to secondary 
and tertiary hydroxyl groups, respectively, which 
are acting as bases in intramolecular hydrogen 
bond formation. The lower frequency band can be 
attributed to the tertiary hydroxyl, as in the non- 
bonded compound V the tertiary hydroxyl also

(8) The spectra give no indication of the presence of 
structure B, but an amount of B less than 1% of A at 
equilibrium cannot be excluded.

absorbs at 3608 cm.-1 It is well established that 
secondary hydroxyl groups absorb at higher 
frequencies than tertiary hydroxyls,9 and Cole 
has recently shown that axial secondary hydroxyls 
absorb about 20 cm.-1 higher than axial tertiary 
hydroxyls in triterpenoids.10

Our assignment implies the following equi
librium in diols II and IV:

E F

The relative intensities of the O—H bands suggest 
that the equilibrium constant for the reaction 

F lies in the neighborhood of 2. The ring formed 
by the hydrogen bond is six-membered in both E 
and F, so no large entropy effect is expected. The 
position of the equilibrium reflects the fact that 
the secondary hydroxyl is slightly more acidic, and 
less basic, than the tertiary hydroxyl group.9 
The bonded hydroxyl groups in forms E and F 
together contribute to the strong, broad peak at 
about 3500 cm.-1 Finally, the presence of a con
centration-dependent band at much lower fre
quency is not inconsistent with complete intra
molecular hydrogen bonding in the diols, as that 
hydroxyl hydrogen which is not intramolecularly 
hydrogen bonded is available for intermolecular 
association.

One of the hydroxyl groups in compound VI is 
equatorial to ring A, which precludes intramolecular 
hydrogen bonding between the hydroxyl groups. 
I t is somewhat surprising, then, to find that this 
compound has an absorption band at 3588 cm.-1, 
indicating weak intramolecular hydrogen bonding. 
Probably the equatorial (secondary) hydroxyl 
group is partly or wholly intramolecularly hydro
gen-bonded to the 7r-electrons of the double bond 
in ring B.11
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A series of substituted m-ferrocenylazobenzenes and p-ferrocenylazobenzenes was prepared and the ultraviolet and visible 
spectra were obtained for purposes of interpreting resonance effects of the ferrocenyl substituent on the azo substrate. 
Strong bathochromic shifts for the p-ferrocenylazobenzenes compared to slight shifts for the m-ferrocenylazobenzenes indi
cate that the ferrocenyl substituent does interact with the substrates by resonance, and the electron donating character of 
this interaction is seen in the greatly exalted bathochromic shift for p-ferrocenyl-p'-nitroazobenzene. The p-ferroccnyl sub
stituent causes a greater shift of the azobenzene absorption than does a p-phenyl substituent.

The high electron density in the aromatic rings 
of ferrocene is reflected in the reactivity of the fer
rocene nucleus toward electrophiles. As a substit
uent, ferrocene exhibits electron donor properties. 
This has been shown quantitatively in the compari
son of the base constants of ra-ferrocenylaniline 
(m-aminophenylferrocene) and p-f errocenylanil ine

spectra. The ferrocenylazobenzenes were con
veniently prepared by condensation of the appro
priate nitrosobenzenes with m- and p-aminophenyl- 
ferracene. p-Ferrocenylazobenzene was also pre
pared by direct arylation of the ferrocinium ion with 
a diazonium salt of p-aminoazobenzene. Table I lists 
the properties of the ferrocenylazobenzenes.

TABLE I
F e r r o c e n y l a z o b e n z e n e s

( F c  =  F e r r o c e n y l )

Compound M.P. Color Yield, % Formula
Nitrogen, % 

Caled. Found
p-Fc 122.8-123.8 Red 49 C22H18N2Fe 7.65 7.43
p-Fe, p'-Cl° 217.5-218.7s Red 82 C22H„N2ClFe 6.99 7.15
p-Fc, p'-Br 216.5-218.06 Red 78 C22H17N2BrFe 6.29 6.23
p-Fc, p'-I 196.0-197.5 Red 80 C22HnN2IFe 5.69 5.89
p-Fc, m'-Cl 134.0-136.0 Purple 56 C22H„N2ClFe 6.99 7.18
p-Fc, p'-CH, 180.8-181.8 Red 55 C23H2(pN2Fe 7.38 7.44
p-Fc, o'-Cl 134.0-135.5 Black 60 C22H„N2ClFe 6.99 6.95
p-Fe, m'-CFj 116.5-118.0 Purple 47 C23HnN2F3Fe 6.45 6.53
p-Fc, p '-N02 260 (dec.)4 Green4 58 C22H17N30 2F e 10.22 10.47
m-Fc 109.8-111.8 Orange-red 64 C22H18N2Fe 7.65 7.81
m-Fe, p'-Cl 118.0-119.0 Red 55 C22H„N2ClFe 6.99 7.18
m-Fe, p'-Br 117.0-119.0 Red 68 C22HI7N2BrFe 6.29 6.44
m-Fe, p'-I 153.0-155.0 Purple 68 C22H17N2IFe 5.69 5.74
m-Fc, m'-Cl 66.0- 68.5 Red 39 C22H„N2ClFe 6.99 7.16
m-Fc, p '-N02 166.0-168.0 Brown 45 C22Hi7N30 2F e 10.22 10.38

0 Caled, for C22Hi7N2ClFe: C, 65.94; H, 4.28. Found: C, 65.83, 65.60; H, 4.31, 4.46. 4 Uncorrected. 4 Reddish purple in 
solution.

(p-aminophenylferrocene) with aniline in 80% 
aqueous alcohol reported by Nesmeyanov2: ani
line, 7.2 XAO-11; m-ferrocenylaniline, 1.4 X 10-10; 
p-ferrocenylaniline, 2.2 X 10-10. The same in
terpretation is given to the results that p-ferro- 
cenylphenol is a weaker acid than phenol and the 
ferrocenylbenzoic acids are weaker acids than 
benzoic acid.

A series of m- and p-ferrocenylazobenzenes were 
prepared for the purpose of observing resonance 
effects of the ferrocenyl substituent on the azo
benzene substrates as exhibited in the shifts of the 
absorption maxima in the ultraviolet and visible

(1) Union Carbide Fellow, 1958-59.
(2) A. N. Nesmeyanov, E. G. Perevalova, and R. V.

Golovnya, Doklady Akad. Nauk S.S.S.R., 103, 81 (1958);
A. N. Nesmeyanov, Proc. Roy. Soc., London, 246, 495 (1958).

D IS C U S S IO N

The ultraviolet and visible spectra of the p- 
ferrocenylazobenzenes (Table II) show marked 
resonance interaction3 between the p-ferrocenyl 
substituent and the azo system as reflected in the 
strong bathochromic shifts of the absorption 
maxima compared to the corresponding parent 
azobenzenes. p-Ferrocenylazobenzene, itself, shows 
maximum absorption in the ultraviolet at 350 mp

(3) A referee has pointed out that resonance interactions 
of phenyl substituents with the ferrocene ring have been 
previously reported and that many of these same con
clusions were drawn in these reports: K. L. Rinehart, 135th 
Meeting of the American Chemical Society, Boston, Mass., 
April, 1959, Abstracts, p. 29; M. Cais and R. T. Lundquist, 
XVIIth International Congress of Pure and Applied Chem
istry, Munich, August 1959, Abstracts p. 7.
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TABLE II
U l t r a v i o l e t  a n d  V i s i b l e  S p e c t r a  o f  F e r r o c e n y l a z o b e n z e n e s

(Fc = ferrocenyl)

R

u.v.
Max.,

m p 6
Vis.

Max.,
m/i € R

U.V.
Max.,
mu €

Vis.
Max.,
mp e R

u.v.
Max.,
mu €

Vis.
Max.,
mu 6

p-H 350 25100 488 4640 p-H 316 21200 441 519 p-H 317 23400 438 1420
p-C6H5 342 30600 440 1030

p-Cl 357 27600 499 5300 p-Cl 322 23900 442 623 p-Cl 325 25000 442 1530
p-Br 358 29100 500 5460 p-Br 324 25500 442 638 p-Br 326 26300 442 1610
p-I 361 31500 502 5730 p-I 329 27400 443 740 p-I 332 27600 442 1700
p-CH3 353 28800 483 4950 p-CH3 323 23800 439 676
p -n o 2 376 25900 537 6080 p-NOî 331 25500 457 638 p -n o 2 331 25000 450 1550
o-Cl 359 24500 506 5140 o-Cl 322 18600 450 481
m-Cl 356 26000 504 5090 m-Cl 319 21700 443 499 ///-Cl 319 22300 443 1350
p-Cl 357 27600 499 5300 p-Cl 322 23900 442 623
m-CF3 357 25100 507 5040 ?ra-CF3 315 21400 443 458

compared to 316 mp for azobenzene, a shift of 
34 mji. By comparison, the phenyl substituent in 
p-phenylazobenzene shifts the maximum of azo
benzene to 342 mp, a shift of 26 mp, indicating a 
greater resonance interaction for the ferrocenyl 
substituent than for the phenyl group. In m- 
ferrocenylazobenzene, on the other hand, the fer
rocenyl substituent cannot interact with the azo 
function, and, as expected, there is but a slight 
shift of the maximum absorption (317 mp, a shift 
of one mp) from that of azobenzene.

Similar effects are seen in the visible spectra, 
where the p-ferrocenyl substituent causes a batho- 
chromic shift in the azobenzene absorption of 
47 m/i, compared to slight hypsochromic shifts 
of 1 mp for p-phenylazobenzene and 3 mp for m- 
ferrocenylazobenzene.

I t is interesting to compare the absorption 
maxima and extinction coefficients of ferrocenyl- 
azobenzene to those of ferrocene and azoferrocene. 
While ferrocenylazobenzene absorbs at 350 mp 
(e 25,100) in the ultraviolet and at 488 mp (e 
5300) in the visible, ferrocene itself absorbs at the 
shorter wave lengths, 326 mp and 440 mp, with 
much smaller extinction coefficients, 50 and 87, 
respectively.4 5 Nesmeyanov et al., have prepared 
azoferrocene,6 and have reported absorptions at 
315 mp (e 350), 375 mp (e 76), and 510 mp (e 81).

Table II shows that ultraviolet extinction co
efficients of the substituted azobenzenes are in
creased by the ferrocenyl substituent. Except for 
the ferrocenyl-p'-nitroazobenzenes, which show 
abnormally low extinction coefficients, the p- 
ferrocenyl group increases the extinction coefficients 
between 14 and 30%, while the /«-ferrocenyl substit

(4) G. Wilkinson, M. Rosenblum, M. C. Whiting, and
11. B. Woodward, J. Am. Chem. Soc., 74, 2125 (1952).

(5) A. N. Nesmeyanov, E. G. Perevalova, and T. V.
Nikitina, Tetrahedron Letters, 1, 1 (19(50).

uent appears responsible for smaller increases 
ranging from 1 to 10%. Similarly, the visible ex
tinction coefficients of the substituted azobenzenes 
are between seven- and eleven-fold larger due to 
the p-ferrocenyl substituent, while the ra-ferrocenyl 
group is responsible for extinction coefficients 
around 2.5 times larger than the correspondingly 
substituted azobenzenes not containing ferrocene.

Table III lists the spectral shifts brought about 
by substituents within the two series, the azo
benzenes and the //-ferrocenylazobenzenes. From 
the listed data it can be seen that for those substit
uents with electron withdrawing inductive effects, 
the bathochromic shifts in the p-ferrocenylazo- 
benzene series are slightly larger than the cor
responding shifts in the azobenzene series. The only 
group with an electron donating inductive effect, 
the methyl group, shows a smaller shift in the p- 
ferrocenyl series. This suggests that the p-ferro- 
cenyl group is electron releasing in its resonance 
interaction with the azo system. The effect is 
dramatic in the case of the p-nitro group, the only 
substituent listed that is electron withdrawing by 
resonance as well as by induction. The bathochromic 
shift in p-nitro-p'-ferrocenylazobenzene is far larger 
than the shifts caused by other substituents in 
the p-ferrocenyl series (26 mp), and, relative to 
azobenzene, the shift is 60 mp.

It can be seen from Table III that the ?/i-CF3 
group also causes a marked bathochromic shift in 
both the ultraviolet and visible spectra of the p'- 
ferrocenylazobenzene series, though not so out
standingly large as that of the p-nitro group.

In the m-ferrocenylazobenzene series (Table II) 
the absorption maxima for the substituted m- 
ferrocenylazobenzenes are very nearly the same 
as the correspondingly substituted azobenzenes.

The magnitudes and directions of these spectral 
shifts suggest activated states that can be repre
sented by the structures:
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TABLE III
S p e c t r a l  S h i f t s  A r i s i n g  f r o m  S u b s t i t u e n t s  i n  A z o b e n z e n e  a n d  p ' - F e r r o c e n y l a z o b e n z e n e

Ultraviolet Visible

Group

a,
Observed shift 
of azobenzene 
spectrum, mu

b,
Observed shift 

of p'-ferrocenyl- 
azobenzene 

spectrum, mu b — a

c,
Observed shift 
of azobenzene 
spectrum, mp

d,
Observed shift 

of p'-ferro- 
cenylazobenzene 

spectrum, mu d — c
p-Cl 6 7 +  1 1 11 +10
p-Br 8 8 0 1 12 +11
p-I 13 11 - 2 2 14 +  12
p-CH, 7 3 - 4 - 2 - 5 - 3
p-N02 15 26 +  11 16 49 +33
o-Cl 6 9 +3 9 18 +9
TO-C1 3 6 + 3 9 16 + 7
p-Cl 6 7 +  1 1 11 +  10
m-CF3 - 1 7 + 8 2 19 +  17

<̂C+n-n<IXFe+ H

q o «Fe

where the substituted ring takes on the character 
of a diene-iron complex.6

The use of the arylation of the ferrocinium ion 
in the direct preparation of p-ferrocenylazobenzene 
and m-nitrophenylferrocene from diazonium salts 
has led the authors to comment on the mechanism 
of this reaction as presented by Pauson.7 Pauson has 
shown that traces of neutral ferrocene are neces
sary for the initiation of this reaction according 
to the mechanism :

Fc +  ArN2+ — Fc+ +  Ar

Ar‘ +  Fc + — >■ Fc +Ar +  H‘

H' +  Fc+ ----Fc +  H +

A more plausible modification of this scheme 
can be suggested wherein a base attack on the in
termediate sigma complex, rather than loss of a 
hydrogen atom, is proposed8:

(6) Pauson has reported stable diene-iron complexes, 
though of a somewhat different nature from this, P. L. 
Pauson, J. Chem. Soc., 642 (1958).

(7) P. L. Pauson, Quart. Revs. (London), 9, 391 (1955).
(8) Rinehart9 has discussed the nature of the intermediate 

sigma complexes in electrophilic substitution of ferrocene. 
While he has represented the intermediates as resonance 
forms with the seat of positive charge located principally in 
the rings, we prefer to represent these intermediates with 
the positive charge largely contained in the iron, in view of 
Panson’s stable diene-iron complexes/

E X P E R IM E N T A L

Melting points are corrected.
p-Aminophenylferrocene and m-aminophenylferrocene. p- 

Aminophenylferrocene was prepared by hydrogenation of 
p-nitrophenylferrocene10 with platinum oxide in alcohol 
at room temperature and 50 lb. pressure. The reduction re
quired about 20 min. and crystallization from alcohol gave 
90% yield of a product melting at 159-160°. Nesmeyanov10 
reported p-aminophenylferrocene from a tin-hydrochloric 
acid reduction of p-nitrophenylferrocene, m.p. 159-160.5°.11 12 13 
wi-Aminophenylferrocene was prepared by hydrogenation of 
m-nitrophenylferrocene in a similar manner, m.p. 117-118°; 
reported10 m.p. 112-113°. The benzoyl derivative of m- 
aminophenylferrocene was prepared, m.p. 207.0-209.5°.

Anal. Calcd. for C23Hi90NFe: N, 3.68. Found: N, 3.82.
Nitrosobenzenes. Three methods were used for the prepara

tion of substituted nitrosobenzenes. Method 1. Substituted 
nitro compounds were reduced to hydroxylamines with 
zinc and ammonium chloride, followed by oxidation to 
nitroso compounds with ferric chloride or dichromate.12-14 
This method was used for the preparation of nitrosoben- 
zene, p-chloronitrosobenzene, p-bromonitrosobenzene, p- 
iodonitrosobenzene, and o-chloronitrosobenzene.

Method 2. Substituted aromatic amines were oxidized 
with Caro’s acid.14 15'16 This method was used for m-chloro- 
nitrosobenzene, p-methylnitrosobenzene, and m-trifluoro- 
methylnitrosobenzene.

Method 3. p-Nitronitrosobenzene was prepared by perace
tic acid oxidation of p-nitroaniline.16

Azobenzenes. The azobenzenes were prepared by dissolving 
equimolar quantities (usually about 0.004 mole) of the ap
propriate substituted aniline and the substituted nitroso 
compound in glacial acetic acid. The azo compounds were 
collected as precipitates after standing from 12 to 48 hr., 
and were recrystallized from water and alcohol. The com
pounds prepared from nitrosobenzene and the appropriate 
substituted anilines were: »¡.-chloroazobenzene, m.p. 68-

(9) K. L. Rinehart, K. L. Motz, and S. Moon, J. Am. 
Chem. Soc., 7 9 , 2750 (1957).

(10) A. N. Nesmeyanov, E. G. Perevalova, R. V. 
Golovnva. and L. S. Shilovtseva, Doklady Akad. Nauk
S.S.S.R., 102,535(1955).

(11) V. Weinmayr, J. Am. Chem. Soc., 77, 3012 (1955).
(12) W. J. Wijs, S. E. Hoekstra, R. M. Ulmann, and E. 

Havinga, Rec. trav. chim., 7 7 , 746 (1958).
(13) R. E. Lutz and M. R. Lytton, J. Org. Chem., 2, 68

(1937).
(14) C. H. Coleman, C. M. McCloskey, and F. A. Stuart, 

Org. Syntheses, Coll. Vol. Ill, 668 (1955).
(15) E. Bamberger and R. Hubner. Tier., 36, 3803 (1903).
(16) E. Hooker, Her., 88, 1666 (1955).
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09.5°, reported17 m.p. 67.5°; p-chloroazobenzene, m.p.
88-89°, reported17 m.p., 87.5°; p-bromoazobenzene, m.p. 
88-90°, reported17 m.p. 89°; p-iodoazobenzene, m.p. 105- 
107°, reported18 m.p. 105°; p-methylazobenzene, m.p. 69- 
71°, reported19 m.p. 71-72°; p-phenylazobenzene, m.p. 
154-155°, reported20 m.p. 150°, and ?ii-trifluoromethyl- 
azobenzene, m.p. 38-39°, reported21 m.p., 37°.

The azobenzenes prepared from aniline and the appro
priate substituted nitrosobenzenes were: p-nitroazobenzene, 
m.p. 132-134°, reported11 m.p. 134-135°; ro-trifiuoromethyl- 
azobenzene, m.p. 38-39°; and o-chloroazobenzene, m.p. 
29-31°.

Anal. Caled. for C;2H9N2C1: C, 66.52; H, 4.19. Found: 
C, 66.60, 66.79; H, 4.28,4.17.

Ferrocenylazobenzenes. The fcrrocenjdazobenzenes were 
prepared by the same methods as the azobenzenes, using in 
each case the aminophenylferrocene and a 10% excess of 
the appropriate nitroso compound. Their properties and 
analyses are listed in Table I. The ferrocenylazobenzenes 
dissolve in alcohol to give colored solutions varying from 
orange to reddish purple. They are soluble in coned, hydro
chloric acid to form red solutions.

p-Ferrocenylazobenzene was also prepared directly from 
ferrocene and p-aminoazobenzene. A solution of 9.3 g. (0.05 
mole) of ferrocene was prepared in 27 ml. of coned, sulfuric 
acid, to yield the ferrocinium ion, and this solution was 
poured on crushed ice. To this solution was added a solution 
of diazotized p-aminoazobenzene in acetic acid, prepared 
from 9.9 g. (0.05 mole) of p-aminoazobenzene in acetic acid 
with sulfuric acid and a 10% excess o: sodium nitrite at 
— 3°. The mixture was brought to room temperature with 
stirring overnight. Work-up involved chromatography on 
alumina (benzene). p-Ferrocenylazobenzene was obtained 
in 21% yield, based on recovery of 38% of the ferrocene. 
The infrared spectrum of this product was identical with 
that prepared from p-aminophenylferroeene ; a mixed 
melting point showed no depression.

(17) E. Bamberger, Ber., 29, 102 (1896)
(18) E. Noelting and P. Werner, Ber., 23, 3252 (1903).
(19) C. Mills, J. Chem. Soc., 67,925 (1895).
(20) P. Greiss, Ber., 9, 132 (1876).
(21) V. P. Chernetskii, L. M. Vagupolskii, and S. B.

Serebryanyi, Zhur. Obshchei Khim., 25, 2161 (1955); Chem. 
Abslr., 50, 8661 (1956).

Several nitroso compounds failed to couple with the amino- 
phenylferrocenes. p-Nitroso-A,.V-dimethylaniline, p-nitro- 
soanisole, and m-nitrosotoluene yielded with the amino 
compounds intractable tars.

Attempts to diazotize m-aminophenylferrocene and p- 
aminophenylferrocene and to couple with Ar,A,-dimethyl- 
aniline failed. In both cases it is doubtful that the diazonium 
salt was obtained. This is not surprising in view of the 
report of failures by Nesmeyanov22 22 23 24 to diazotize p-amino- 
phenylferrocene.

Spectra. The spectra were obtained with a Cary Model 14 
instrument. The solutions were prepared in absolute alcohol 
in about 10“M/ for the ultraviolet spectra and about 10_4M 
for the visible spectra and were allowed to stand overnight 
in the dark to assure the irans form of the azo compounds. 
Although attempts to detect cis and Irans isomers of the 
ferrocenylazobenzenes by chromatography on alumina gave 
no evidence of these two types of isomers, it was deemed 
desirable to allow these solutions to stand in the dark 
overnight in view of reports of changes in the spectra of 
azobenzenes upon exposure to light.23,24 In view of experi
ence the authors have had with decomposition of solutions 
of acetylferrocene and other derivatives of ferrocene on 
standing in acetonitrile, the ferrocenylazobenzene solutions 
were examined for decomposition on standing. No changes 
were observed in either the absorption maxima or the ex
tinction coefficients of these solutions over a period of several 
days.
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(22) A. N. Nesmeyanov. E. G. Perevalova, L. S. Shilovt- 
seva, and Yu A. Ustynyuk, Dokladij Akad. Nauk S.S.S.R., 
124,331 (1951).

(23) W. R. Brode, J. H. Gould, and G. M. Wyman, J. 
Am. Chem. Soc., 74, 4641 (1952).

(24) K. Veno and S. Akiyoshi, J. Am. Chem. Soc., 76, 
3667(1954).
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Treatment of mixtures of bisacetylferrocene and benzaldehyde with 5% aquoous-ethanolic sodium hydroxide produced a 
yellow product and a red product, which were evidently mono- and dibenzaldeh.yde derivatives respectively. The structure 
of the red product was established as the dibenzal derivative of bisacetylferrocene but that of the yellow product was not 
determined. Some evidence was obtained that the latter compound had a cyclic vinyl ether structure.

It has previously been shown3 that acetyl- 
ferrocene (I) and benzaldehyde undergo the alkali

(1) Supported in part by the Office of Ordnance Research,
U. S. Army.

(2) Esso Research and Engineering Company Fellow,
1957-1958.

(3) C. R. Hauser and J. K. Lindsav, J. Org. Chem., 22,
4S2 (1957).

catalyzed aldol type of condensation accompanied 
by the elimination of water to form the benzal 
derivative II.

It therefore seemed possible that bisacetylferro
cene (III)4 and benzaldehyde would undergo this

(4) We are indebted to Dr. R. L. Pruett, Union Carbide 
Chemicals Company, South Charleston, W. Va., for a gener
ous sample of this compound.
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o

type of condensation to give the mono- and diben- 
zal derivatives IV and V respectively.

COCH3 

Fe

C O C H 3  

III

COCH=CHC6H5 

Fe

COCH=CHC6H5 

V

Actually treatment of mixtures of diketone III 
and benzaldehyde with 5% aqueous-ethanolic so
dium hydroxide produced a yellow product and a 
red product, the analyses of which were satisfactory 
for mono- and dibenzaldehyde derivatives, respec
tively. As might be expected on this basis, the pro
portion of the yellow product decreased and that of 
the red product increased as the number of molecu
lar equivalents of benzaldehyde were increased 
(Table I).

<+>Fe

COCH=CHC6H5

c o c h 3

IV

TABLE I
Y i e l d s  o f  Y e l l o w  a n d  R e d  P r o d u c t s  f r o m  

B i s a c e t y l f e r r o c e n e  (III) w i t h  V a r i o u s  
E q u i v a l e n t s  o f  B e n z a l d e h y d e

Yellow Prod., Red Prod.
CsHsCHO Yield, (V) Yield,

Equiv. %“ %
1 66-68 6-13
2 60 23
4 22 72
6 5 75

“ Calculated as a monobenzaldehyde derivative.

Evidence was obtained that the red product was 
indeed the dibenzal derivative V but that the yellow 
product was an isomer or a polymer of structure IV. 
In Table II are summarized some significant bands 
of the infrared absorption spectra of the red and 
yellow products and of certain related compounds.

It can be seen from Table II  that the infrared 
spectrum of the red product was almost identical

TABLE II
I n f r a r e d  A b s o r p t i o n  S p e c t r a  o f  t h e  R e d  a n d  Y e l l o w  

P r o d u c t s -a n d  R e l a t e d  C o m p o u n d s  ( p)

Red
Product

V°

Benzal 
Deriva
tive 11“

Benzal
aceto

phenone6

Satu
rated

Ketone
VIe

Satu
rated

Ketone
VII6

Yellow
Prod
uct“

— — — — — 3.24
6.03 6.03 6.0 5.87 5.88 6.00
6.23 6.23 6.2 — — —

— — — 6.77 6.79 —
— — — 7.15 7.15 —

7.75 7.75 7.6 7.65 7.64 7.80
— — — — — 8.05
— 9.0 — — 8.95 —

— 9.98 — — 9.90 —

10.20 10.20 10.30 10.09 10.11 10.10
— — — 11.27 11.36 11.24

14.3,
14.6

14.1,
14.6

13.5,
14.5

14.16

“ Infrared spectrum determined in potassium bromide 
pellet. 6 Ref. 5. 6 Infrared spectrum determined in carbon 
tetrachloride solution.

with that of the benzal derivative of monoacetyl- 
ferrocene (II) and similar to that of benzalaceto- 
phenone,5 6 both of which are structurally analogous 
to V. All three compounds showed bands at 6.2 p 
and at about 14 p, which may be ascribed to the con
jugated carbon-carbon double bond6 and to the 
monosubstituted benzene ring7 respectively. The
9-10 p bands exhibited by II but not by the red 
product (or benzalacetophenone) are attributed8 
to the unsubstituted cyclopentadienyl ring of II.

Further support that the red product had struc
ture V was obtained by its molecular weight and 
by hydrogenation of the carbon-carbon double 
bond over palladium-charcoal, about 1.5 molecular 
equivalents of hydrogen being absorbed. The prod
uct was presumably the saturated ketone VI 
(51%), since its infrared spectrum showed carbonyl 
absorption at 5.88 p and no band in the region of
6.2 p for a carbon-carbon double bond conjugated 
with the carbonyl group (see Table II).

COCH2CH2C6FI5

c o c h 2c h 2c 6h 6

VI

As a model for such a hydrogenation, benzal 
derivative II was treated similarly, approximately 
one molecular equivalent of hydrogen being ab
sorbed. The resulting saturated ketone VII (89%)

(5) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, John Wiley and Sons, New York, 1958, p. 89.

(6) See ref. 5, p. 136.
(7) See ref. 5, p. 76.
(8) See P. L. Pauson, Quart. Revs. {London), 9, 391

(1955).
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was independently synthesized from ferrocene and 
hydrocinnamoyl chloride (Scheme A).

Scheme A

< ?
Fe

Ò

C„H, CH
I ' ¡I

COCH2OH—O—c

0 —O—CH(’I bCO
Il I 
CH, ( '6H5

9

The infrared spectra of the two saturated ketones 
were almost identical, except for the usual absence 
of the 9-10 n bands in the spectrum of VI8 (see 
Table II). As these spectra were determined in car
bon tetrachloride solution, the phenyl absorption 
was obscured by the solvent. The spectrum of ke
tone VII was also determined in a potassium bro
mide pellet, in which strong phenyl absorption was 
observed in the 14 ja region. These results are con
sidered to establish the structure of the red product 
as V.

Incidentally, the method of preparation of benzal 
derivative II from monoacetylferrocene (I) and 
benzaldehyde was improved to give II in yields of 
94-96% instead of the 65-69% yields reported 
earlier.3

It can further be seen from Table II that the in
frared spectrum of the yellow product was not con
sistent with structure IV. Thus, although a car
bonyl band was shown at 6.0 fi, no band was ob
served in the region of 6.2 /r for a conjugated car
bon-carbon double bond. Instead, several bands ap
peared that were not exhibited by the a.d-unsatu- 
rated carbonyl compounds. As the analysis of the 
yellow compound called for a monobenzaldehyde 
derivative, an isomer or polymer of IV is suggested. 
A conceivable isomer would be VIII or IX, which 
might have arisen through intramolecular conju
gate addition involving the oxygen or carbon reso
nance forms of the intermediate anion respectively. 
A conceivable dimer would be X or XI, which might, 
have arisen through intermolecular conjugate addi- 
1 ion of the two resonance forms of the anion.

As VIII and IX may correspond to an eight- or 
nine-membered ring and X and XI to a 16- to 18- 
membered ring, the latter might appear more likely 
even though an intermolecular condensation would 
first be required. Of course all *he cyclizations 
would require the «¿»-configuration (i.e., with the 
two groups on the same side) which appears to be 
the normal configuration of at least certain ferro
cene derivatives.9 Even if some ferrocene compounds

/ T X  Ï *  T T \J c o o w i i w o i  ¡ J

Fe Fe

Ò  COCH.CHCHjCO d >

were normally in the trans-con figuration, there 
seems to be free rotation around the iron in solution 
at normal temperatures.10’11

Because the yellow product had a relatively high 
melting point (>300°) and a relatively low solubil
ity in such solvents as refluxing ethanol, benzene, 
carbon tetrachloride, tetrahydrofuran, and di- 
methylformamide, a dimer or even a higher poly
mer was indicated. Unfortunately, attempts to de
termine the molecular weight of the yellow product 
were unsatisfactory because of its insolubility in 
the usual cryoscopic and ebullioscopic solvents.

Although the structure of the yellow product was 
not established, its infrared spectra appeared to in
dicate the presence of a large ring ether group as in 
VIII and X but not in IX and XI (see Table II). 
Thus, the product showed a strong band at 8.05 n, 
which corresponds to bands in the region of 7.87-8.1 
fi reported for this type of group.12 Moreover, the 
product gave weak bands at 3.24 p and 11.24 , 
which seem attributable to the a,a-disubstituted 
ethylenic linkage found in VIII and X, as bands 
in these regions among others have been observed 
for compounds having such a group.13 While the 
former band might also have been due to carbon-

(9) See D. A. Semenov and J. D. Roberts, J. Am. Che.m. 
Soc.. 79, 2741 (1957).

(10) See M. Rosenblum and 11. H. Woodward, ./. Am. 
('hem. Soc., 80, 5443 (1958).

(11) Yu T. St.ruchkov, Zhur. Ohshchei Khhn., 27, 2039 
(1957).

(12) See ref. 5. page I 14.
(13) See ref. 5, page 51.
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hydrogen stretching in the ferrocene nucleus,8 the 
nonferrocene type of vinyl ether X II14 15 likewise 
showed a band at 3.23 y (and at 3.55 y) for the 
methylene double bond group. The band for the 
vinyl ether group in XII appeared at 9.0 y, but this 
shift in value might be attributable to the presence 
of the nitro group.

p-N02C6H4C=CH2
XII

Indirect evidence was obtained that the yellow 
product had only one ketone group per ferrocene 
nucleus in agreement with structures VIII and X. 
Thus, the product gave a monophenylhydrazono 
and a mono-2.4-dinitrophenvlhydrazone on treat
ment with large excesses of phenylhydrazine and
2,4-dinitrophenjdhydrazine respectively. No di- 
phenylhydrazone or di-2,4-dinitrophenylhydrazone 
was found.

It should be mentioned that when a suspension 
of the yellow product iii glacial acetic acid con
taining 5% hydrochloric acid was heated at reflux 
temperature for two hours under dry nitrogen, 
decomposition occurred. However, no pure com
pound was isolated.

EXPERIMENTAL16

Condensation of bisacetylferrocene (III) with benzaldehyde. 
This condensation was effected with various molecular 
equivalents of benzaldehyde by means of dilute aqueous- 
ethanolic sodium hydroxide to form yellow and red prod
ucts, the yields of which are summarized in Table I. Experi
ments are described below employing 1 and 6 equivalents of 
the aldehyde.

(.1) With one equivalent of benzaldehyde. Preparation of 
yellow product. To a stirred solution of 1.6 g. (0.04 mole) 
of sodium hydroxide in 10 ml. of water and 125 ml. of 95% 
ethanol was added 10.8 g. (0.04 mole) of bisacetylferrocene
(III). As soon as the diketone had dissolved, a cold water 
bath (approximately 15°) was placed around the flask, and
4.2 g. (0.04 mole) of freshly distilled benzaldehyde was 
slowly added to the solution. The resulting deep red solu
tion was stirred for 90 min., during which time a pink 
precipitate formed. Stirring was stopped and the solution 
was allowed to stand overnight in the refrigerator. The 
pink-yellow solid was collected and washed with water 
until the washings were neutral to litmus. Reerystallizat.ion 
from ethanol-benzene gave 9.6 g. (66%) of the yellow com
pound as golden feathers, m.p. >300°, the analysis of which 
was satisfactory for a monobenzaldchyde derivative of bis
acetylferrocene.

Anal. Calcd. for C2iHis0 2Fe: C, 70.41; H, 5.06; Fe, 15.53 
Found: O, 70.38; H, 5 11; Fe, 15.74.

Concentration of the filtrate precipitated 1.0 g (6%) of 
the bis-a,/3-unsaturated ketone V as small, red crystals, m.p.
206-209°.

(B) With six equivalents- of benzaldehyde. Preparation of 
bis-a,fi-unsaturaled ketone V. To a stirred solution of 6 g.

(14) We are indebted to Ur. Frank G. Young of Union 
Carbide Chemicals Co., South Charleston, W. Va., for the 
infrared spectrum of this compound.

(15) Analyses are by Galbraith Laboratories, Knoxville,
Tenn. Melting points are uncorrected. Infrared spectra were 
obtained on a Perkin-Elmer Model 21 Spectrophotometer.

(0.150 mole) of sodium hydroxide in 75 ml. of water and 100 
ml. of 95% ethanol was added 5.4 g. (0.02 mole) of bis
acetylferrocene (III) in 50 ml. of 95% ethanol, followed by
11.5 g. (0.12 mole) of freshly distilled benzaldehyde. The 
resulting deep red solution was stirred for 6 hr. During this 
time a very flocculant, red precipitate formed. The stirring 
was stopped, and the solution was allowed to stand over
night in the refrigerator. The red precipitate was collected 
and washed with water until the washings -were neutral to 
litmus. The red powder, on recrystallization from ethanol- 
water, gave 6.7 g. (75%) of the bis-a,fi-unsaturated ketone 
V as red needles, m.p. 208-210°.

Anal. Calcd. for CaHaCLFe: C, 75.34; H, 4.94; Fe, 12.51. 
Found: C, 75.06; H, 4.99; Fe, 13.34. Mol. wt.is Calcd.
446.3. Found: 462.

In addition, there was isolated a very small quantity 
(approximately 0.3 g.) of the yellow product, m.p. >300°. 
Mixed melting points and infrared spectra showed these 
two products to be identical with those isolated under (A).

Hydrogenation of bis-a,P-unsaturated ketone V. To a deep 
red solution of 1 g. of the unsaturated ketone V in 225 ml. 
of absolute ethanol was added 400 mg. of 5% palladium on 
charcoal. The resulting, rapidly stirred mixture was saturated 
with hydrogen at room temperature (approximately 28°) 
and atmospheric pressure. After 4 hr. the uptake of hydro
gen, having reached approximately 75% of the theoretical, 
ceased and the reaction was stopped. The mixture was 
filtered and the filtrate was concentrated to yield a crude 
red-orange powder. This powder was recrystallized four 
times from ethanol to give 0.5 g. (51%) of the reduced 
ketone, presumably, VI, as red-orange needles, m.p. 130- 
130.5°.

Anal. Calcd. for C2sH2602Fe: C, 74.5; H, 6.04; Fe, 12.4. 
Found: C, 73.90; H, 5.95; Fe, 12.02.

Hydrogenation of benzalacetoferrocene (II) to form saturated 
ketone VII. The bcnzal derivative II was prepared by a 
modification of the earlier procedure.3

To a stirred solution of 2.18 g. (0.055 mole) of sodium 
hydroxide in 20 ml. of water and 10 ml. of 95% ethanol at 
30° was added a mixture of 9.8 g. (0.043 mole) monoacetyl- 
ferrocene and 4.9 g. (0.048 mole) of freshly distilled benzalde
hyde in 25 ml. of 95% ethanol. This mixture was stirred for 
about 10 min. The resulting thick mixture was allowed to 
stand for 1.5 hr., filtered, and the solid washed with water 
until the washings were neutral to litmus. The solid was 
recrystallized from 95% ethanol to give 13.0 g. (96%) of 
benzalaectoferrocene (II) as red crystals, m.p. 137-139°. 
Mixed melting points and infrared spectra showed this 
sample to be identical with an authentic one.

To the deep red solution of 1 g. of unsaturated ketone II 
in 150 ml. of absolute ethanol was added 500 mg. of 5% 
palladium on charcoal. The resulting, rapidly stirred mixture 
was saturated with hydrogen at. 30° and atmospheric pres
sure. After 3 hr. the uptake of hydrogen, having reached 
approximately 100% of theory, ceased. The mixture was fil
tered, and the filtrate was concentrated to precipitate 0.88 
g. (89%) of the saturated ketone VII as dark red needles, 
m.p. 85-85.5°. Recrystallization from /¡-hexane failed to 
raise the melting point.

Anal. Calcd. for CjsHigOFe: C, 71.6; H, 5.7; Fe, 17.5. 
Found: C, 71.53; H, 5.35; Fe, 16.7.

Independent synthesis of saturated ketone VII. To a rapidly 
stirred, cooled solution of 10 g. (0.054 mole) of ferrocene 
and 9.04 g. (0.054 mole) of hydrocinnamoyl chloride in 200 
ml. of anhydrous ethylene chloride was added 15.7 g. (0.108 
mole) of anhydrous aluminum chloride at such a rate that 
the temperature did not rise above 8°. The resulting deep 
purple solution was stirred at 0° for one-half hour and then 
refluxed for 4 hr. Ice and excess hydrochloric acid were 
added, and the two layers were separated. The aqueous 
layer was extracted twice with small portions of methylene

(,16) Determined using Cott.rill boiling point apparatus.
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chloride, and the extracts were added to the ethylene 
chloride layer. The combined chlorocarbon layers were 
washed with water until neutral, and dried over Drierite. 
The solvents were removed to leave a red, mobile oil which 
very slowly crystallized. This crystalline solid was col
lected and recrystallized twice from hexane to give 7.0 g. 
(41%) of ketone VII, m.p. 85.5-86°, as small orange-red 
needles. Further recrystallizations did not raise the melting 
point. Mixed melting points and infrared spectra showed 
that this compound was identical with that obtained from 
the hydrogenation of the benzal derivative II.

Monophenylhydrazone of yellow product. To a solution of 
1 g. of the yellow product in 250 ml. of boiling absolute 
ethanol was added 4 g. of phenylhydrazine. This solution 
was heated on the steam bath for 30 min., and then 3.5 ml. 
of coned, hydrochloric acid was added. The solution was 
cooled in the refrigerator overnight to precipitate a brown 
powder. Recrystallization from absolute ethanol gave 0.3 
g. (25%) of tan needles, m.p. 200-201°, the analysis of

which was satisfactory for a monophenylhydrazone of a 
monobenzaldehyde derivative of bisacetylferrocene.

Anal. Calcd. for C27H24N2OFe: C, 72.10; H, 5.35; N, 
6.24; Fe, 12.4. Found: C, 72.22; H, 4.96; N, 6.12; Fe, 12.02.

Mono-2,4-dintirophenylhydrazone of yellow product. To a 
solution of 1 g. of the yellow product in 100 ml. of absolute 
ethanol was added 2 g. of 2,4-dinitrophenylhydrazine in 25 
ml. of absolute ethanol. This solution was heated on the 
steam bath for 10 min., and then 3 ml. of coned, hydro
chloric acid was added. The solution was cooled in the 
refrigerator to precipitate 1 g. (66%) of purple needles, 
m.p. >300°, the analysis of which was satisfactory for a 
mono-2,4-dinitrophenylhydrazone of a monobenzaldehyde 
derivative of bisacetylferrocene.

Anal. Calcd. for C27H22N40 6Fe: C, 60.24; H, 4.12; N, 
10.41; Fe, 10.37. Found: C, 59.98; H, 3.84; N, 10.08; Fe,
10.27.

Dubham, N. C.

[C o n t r ib u t io n  f r o m  t h e  R e s e a r c h  D i v i s i o n , W y a n d o t t e  C h e m ic a l s  C o r p .]
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The reaction of cyclopentadienyllithium with dimethyldichlorosilane, 1,3-diehlorotetramcthyldisiloxane, and 1,5-dichloro- 
hexamethyltrisiloxane gave monochloro derivatives which furnished unsymmetrical cyclopcntadienylsiloxanes upon treat
ment either with a sodium silanolate or with water and a chlorosilane. From the cyclopcntadienylsiloxanes, a series of silox- 
anylferrocenes was prepared by treatment with butyllithium and ferrous chloride. Similarly, l,l'-bis(3-phenyltetramethyl- 
disiloxanyl)-z,a;'-dimethylferrocene and l,l'-bis(chloromethyldimethylsilyl)ferrocene were synthesized. From the latter, 
l,l'-bis(ammomethyldimethyIsilyl)ferrocene dihydrochloride was prepared.

Silicon-substituted ferrocenes previously de
scribed have been mono- or bis (priarylsilyl) ferro
cenes or trialkylsilylferrocenes and were prepared 
either by addition of a trisubstituted chlorosilane 
to metalated ferrocene3-6 or by treatment of a tri- 
substituted-silyl cyclopentadiene successively with 
butyllithium and ferrous chloride.6 By application 
of the latter method to cyclopen: adienylsiloxanes 
we have prepared a series of siloxanylferrocenes. 
A major part of this paper describes the synthesis 
of the precursor cyclopcntadienylsiloxanes, which, 
like the siloxanylferrocenes, are a class of compound 
not previously described in literature.

A compound desired for the synthesis of cyclo- 
pentadienylsiloxanes was cyclopcntadienyldimeth- 
vlchlorosilane (la). The reaction of cyclopentadi- 
enylmagnesium bromide with dimethyldichlorosil
ane in benzene has been described, but despite a

(1) Presented at the 135th National Meeting of the 
American Chemical Society, Boston, Mass., April 1959.

(2) This investigation was conducted under contract 
with Materials Laboratory, Wright Air Development Divi
sion, Dayton, Ohio.

(3) R. A. Benkeser, D. Goggin, and G. Schroll, J. Am. 
Chem. Soc., 76, 4025 (1954); R. A. Benkeser, U. S. Patent 
2,831,880 (Apr. 22, 1958).

(4) M. Rausch, M. Vogel, and H. Rosenberg, J. Org. 
Chem., 22, 900 (1957).

(5) S. I. Goldberg, D. W. Mayo, M. Vcgel, H. Rosenberg, 
and M. Rausch, J . Org. Chem., 24, 824 (1959).

75% excess of dimethyldichlorosilane, the main 
product, obtained in about 40% yield, was bis(cy- 
clopentadienyl)dimethvlsilane6 and not la. A by
product, obtained in 11% yield and which was not 
specifically named or characterized, was called cy- 
clopentadienyldimethylchlorosilane in a related 
patent,7 but the reported boiling point, 80-83°/ 
0.7 mm., is too high for the monomer. Cyclopenta- 
dienyltrichlorosilane, b.p. 50-55°/10 mm., has 
been described, prepared in 56% yield from cyclo- 
pentadienylsodium and a five- to seven-fold excess 
of silicon tetrachloride in xylene.8

When cyclopentadienyllithium was treated with 
two moles of dimethyldichlorosilane in ether, cy- 
clopentadienyldimethylchlorosilane9 (la) was ob
tained in 69% yield. Regarding the mode of addi
tion, it would be logical to add the cyclopentadi
enyllithium to the dimethyldichlorosilane, but the 
order of addition was not important to good yield or

(6) K. C. Frisch, J. Am. Chem. Soc., 75, 6050 (1953).
(7) R. W. Martin, U. S. Patent 2,667,501 (Jan. 26, 1954).
(8) Enjay Company, Inc., Hifjh Purity Dicyclopenladiene, 

Technical Bulletin No. 12, 18.
(9) Throughout this paper compounds containing a 

monosubstituted cyclpentadiene ring are referred to with
out designation of the relative position of the substituent 
and double bonds in the ring. The position of attachment 
is not important to the investigation, inasmuch as the final 
products prepared from the cyclopentadiene compounds 
are ferrocenes, in which the ring positions are equivalent.



N O V E M B E R  1 9 6 0 S Y N T H E S IS  O F  S IL O X A N Y L F E R R O C E N E S 1 9 8 7

purity. When methyltrichlorosilane was used, cy- 
clopentadienylmethyldichlorosilane (II) was ob
tained in 55% yield. The preparation of II from cy- 
clopentadienylmagnesium bromide was claimed in 
a patent,7 but physical data were not given, and the 
reported boiling point (137-140°/0.7 mm.) of the 
diacetoxy derivative by which the compound was 
identified seems to be too high for the monomer. 
Methylcyclopentadienyllithium with dimethyl- 
dichlorosilane furnished methylcyclopentadienyl- 
dimethylchlorosilane (III) in 71% yield.

When 1,3-dichlorotetramethyldisiloxane and 1,5- 
dichlorohexamethyltrisiloxane were employed in 
place of dimethyldichlorosilane, cyclopentadienyl- 
lithium reacted to give the desired cyclopentadien- 
ylchlorosiloxanes, lb and Ic, respectively.

C6H6 = cyclopentadienyl

la. n =  0
lb. n =  1
lc. n =  2

Of the general methods available for the prepara
tion of unsymmetrical siloxanes from halosilanes,10 
the reaction with metal silanolates11 is the most 
straightforward. Treatment of compounds Ia-Ic 
and III  with sodium phenyldimethylsilanolate in 
ether gave 61-80% yields of the desired siloxanes, 
IVa-IVc, and l-(methylcyclopentadienyl)-3-phen- 
yltetramethyldisiloxane J(V ), respectively. Simi
larly, cyclopentadienylpentamethyldisiloxane (IVd) 
was formed from la  and sodium trimethylsilanolate.

CHi
R—SiONa 

(OH,
----------->

c h 3
I

OSi—R

. Ah3
C 5T I5  = cyclopentadienyl IVa. R = C6H5, n = 0

IVb. R = C6H6, n =  1 
IVc. R = C«H6, n = 2 
IVd. R = CH3, n =  0

Another method for the preparation of cyclo- 
pentadienylsiloxanes was based upon the in situ 
formation of cyclopentadienyldimethylsilanol from

(10) General methods have been described or referred to 
by W. H. Daudt and J. F. Hyde, J. Am. Chem. Soc., 74, 386
(1952).

(11) J. F. Hyde, O. K. Johannson, W. H. Daudt, R. F.
Fleming, H. B. Laudenslager, and M. P. Roche, J. Am. 
Chem. Soc., 75, 5615 (1953).

Ia. After la in cold dioxane-ether had been treated 
with two moles of pyridine and one mole of water 
in order to form the silanol, the subsequent addi
tion of one mole of trimethylchlorosilane furnished 
pure cyclopentadienylpentamethyldisiloxane (IVd) 
in 53% yield. By this method (Method B) three cy- 
clopentadienyldisiloxanes, IVa, IVd, and 1-cyclo- 
pentadienyl - 3 - (dichlorophenyl)tetramethyldisil- 
oxane (IVe), were prepared in 46-66% yields.

Triphenylsilanol reacted slowly with Ia in ether 
in the presence of pyridine to give 1-cyclopentadi- 
enyl-l,l-dimethyl-3,3,3-triphenyldisiloxane (VI) in 
57% yield.

From the above cyclopentadienylsiloxanes (IVa- 
IVe, V, and VI), the corresponding siloxanylferro- 
cenes Vlla-VIIe, l,l'-bis(3-phenyltetramethyldi- 
siloxanyl)-x,x'-dimethylferrocene (VIII), and 1,1'- 
bis(3,3,3 - triphenyl - 1,1 - dimethyldisiloxanyl)fer
rocene (IX) were prepared by conversion to the 
lithio derivative with butyllithium in ether fol
lowed by treatment of the lithio derivative in tet- 
rahydrofuran with ferrous chloride. With these re
agents Goldberg, et al., prepared l,l'-bis(trimethyl- 
silyl)ferrocene in 50% yield from trimethylsilyl- 
cyclopentadiene.6 Yields of siloxanylferrocenes were 
36-59%.

c h 3 f  ÇH3\ c h 3

f OSi OSi-R
c h 3 V c h 3/(L c h 3

c h 3 /  c h 3\ c h 3

f
OSi j OSi-R

( h3 V CH J , c h 3
Vila. R = C6H6, n = 0 
Vllb. R = C6H6, n =  1 
Vile. R = C6H6, n = 2 
Vlld. R = CH„ n = 0 
Vile. R = C6H3C12, n =  0 
CelhCh = x,x-diehlorophenyl

The conversion to ferrocenes was also successful 
when the substituent on the cyclopentadienyl ring 
contained a chloromethyl group. With butyllith
ium and ferrous chloride, crude cyclopentadienyl- 
chloromethyldimethylsilane, obtained in 72% yield 
from chloromethyldimethylchlorosilane, was con
verted to 1,1 '-bis (chloromethyldimethylsilyl) ferro
cene (X) in 39% yield. Compound X in very crude 
form (86% yield) could be converted to the corre
sponding diamine dihydrochloride (XII) in 45% 
yield via the bis(phthalimide) (XI).12

(12) S. Gabriel, Ber., 20, 2224 (1887); H. R. Ing and 
R. H. F. Manski, J. Chem. Soc., 2348 (1926).
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TABLE I
Cyclopentadiexylchlorosilanes and Cyclopentadienylchlorosiloxanes

Com - Y ield ,
%

C arbon, % H ydrogen, % Chlorine, % Silicon, %

pound Form ula B .P . /m m ." Caled. Found Caled. Found C aled. Found C aled. Found

la C ,H „C lS i 69 3 7 -4 0 / 7 -4 .5  5 2 .9 7 53.08 6.99 6 .8 7 22.34 22.36 17 .7 0 17 .8 1
lb C sII„C 1 0 S i2 57 62-82/3-4 46.42 4 6 .19 7 .3 6 7.6 8 15 .2 3 1 5 .4 2 4 .12 24.41
Ic C 1 1 H 23CIO 2SÍ3 40" 6 2 -10 0 /1 .5 -2  43.03 43.44 7 .5 5 7.2 8 1 1 .5 5 1 1 .5 3 27.45 2 6.71

II CcH sCbSi 55 36 -5 0 /3 .5  40.23 39.81 4 .50 4.81 39.59 39.09 15 .6 8 15 .6 6
III C 8U 13C lSi 71 75-90/20 55.63 5 5 .3 5 7 .5 9 7 .9 3 20.53 20.42 16 .25 16 .1 1

a  T he wide boiling ranges but sa tisfa cto ry  analyses suggest some dim er m av be present. 6  In subsequent runs, the yield
varied from  9 -2 6 % .

T A B L E  II

C yclopentadienylsiloxanes

Com - Y ield , Carbon, % H ydrogen, % Silicon, %

pound Form ula M ethod“ O' /0 B .P ./m m . «D C aled. Found C aled. Found C aled. Found

IV a C 15H 22OSÍ; A 80 83-86/0 .0 3- 1.5004 65.63 65.81 8.08 8.07 20.40 20.33
0.05

B 6 6 81-8 9 /0 .2 1.498 7
IVb C 1 7 H 28O2SÍ3 A 76 10 7 -112 / 0 .0 4 - 1.4 79 7 58.56 58.39 8.09 8.09 2 4 .17 24.53

0 .0 7
IV c C 1 9 H 34O 3SÍ4 A 61 116 -14 4 /0 .0 9 1.4653 5 3 .9 7 53.53 8 . 1 1 8.09 2 6 .5 7 26.64
IV d CjoîîonOSlo A 6 6 82-83/21 1.4 391 5 6 .5 3 56.83 9.49 9 .76 26.45 26.0 5

B 53 78-81/20 1.4390 5 6.53 56 .37 9.49 9.39
IV e C 1 5 H:0C h O S i2 B 46 102/0.03 1.5 2 4 5 52.46 52.42 5 .8 7 5 .6 4 16.30 16 .4 3

20.65* 20.63*
V C 1 6II,,O.Si2 A 79 82 -8 5/0 .16 1.4968 66.60 66.24 8.38 8.96 19 .4 7 19 27

V I C 2 5H 26O Si2
a 57 156-150 /0 .0 5 1.578 8 75 .3 2 74.94 6 .5 7 6 .79 14.09 13 .9 6

“ See Experim ental. * Chlorine, % .

EXPER IM EN TAL13

C y c l o p e n t a / i i e n y l c h l o r o s i l a n e s  a n d  c y c h p e n l a d i e n y i c h l o r o -  

s i l o x a n e s  (T able  I). T h e following procedure for the prepara
tion of 1-cyclopen tadienyl-3-chlorotetram ethyldisiloxane
( lb )  is representative of the procedures em ployed for the 
preparation of the compounds listed in T ab le  I. A  solution 
of n-butyllithium  prepared 1 4  from  0.9 mole of n-butyl 
bromide was added dropwise during a 1 -hr. period to a 
stirred solution of 59.5 g. (0.9 mole) of cyclopentadiene in 
500 ml. of anhydrous ether under nitrogen in an ice bath . 
A fter the m ixture was stirred an additional 1.5 hr. w ithout 
the bath, a m ixture of 365 g. (1.8 moles) of 1,3-dichlorotetra- 
m ethyldisiloxane 15 in 350 ml. of ether was added in one 
portion and the m ixture refluxed overnight. T h e volum e of 
the m ixture was reduced b\' vacuum  distillation, the m ixture 
filtered through a fritted  glass filter, and the solid washed 
w ith ether. A fter rem oval of volatile  m aterial from the fil
trate under vacuum , distillation of the residue through a  2 0 - 
cm. Vigreux column gave a fraction, 203 g., b.p. 46°/14 
m m .-75°/6  mm., and a  second fraction, 95.1 g., b.p. 7 1 -  
100°/4 mm. B y  redistillation of the first fraction, 197 g. 
(540c) of 1,3-dichlorotetram ethyldisiloxane, b.p. 42-46°/22 
mm., was recovered. T he second fraction, redistilled for

(13) A ll m elting points and boiling points were uncor
rected. A nalyses of ferrocenes were b y  the Schw artzkopf 
M icroanalytieal Laboratory, W oodside 77, N ew  Y o rk . 
Other analyses were b y  Spang M icroanalytieal Laboratory, 
Ann Arbor, M ich. D istillations were in general perform ed 
under nitrogen, and products were stored under nitrogen 
in am ber bottles. H eating of m ixtures containing cyclo
pentadiene com pounds was kept to a practical m inim um  
during isolations, in an effort to  avoid dim erization.

(14) R . G . Jones and H . G ilm an, O r g a n i c  R e a c t i o n s ,  6 , 
339 (1951).

(15) B ritish  Thom son-H ouston C o., L td ., B rit. P aten t 
631,018 (O ct. 25, 1949).

analysis, furnished 76.4 g. (36% ) of lb , b.p. 62-82°/3-4  
mm. In a  repeat run, the yield  of m aterial b.p. 5 3 °/1.5  mm. 
to  60°/0.7 mm. was 5 7 % .

W hen tetrahydrofuran was substituted for ether in the 
above procedure and the mode of addition was cyelopenta- 
dienyllithium  to dichlorosiloxane, compound Hr, b.p. 5 1 -  
7 1° / 1 .5  m m ., w as obtained in 1 5 %  yield . T h e  tem perature 
of the refluxing reaction m ixture was 55°.

C yclopentadien 3 ddim ethylehlorosilane ( la )  was prepared 
as described for lb  and b y  variations of the m ethod as shown 
in T ab le  IV .

F o r conversion of cyclopentadienyllithium  to Ic, the 
reaction tim e was doubled (40 hr.) and the product, obtained 
in 40%  yield, was not redistilled before anah'sis. A  repeat 
run gave  a  25 %  yield of Ic, b.p. 72-86 °/1.2  mm. W hen the 
reaction tim e was 20 hr., yields of 19, 26, and 9%; were ob
tained.

F or th e isolation of II, the following procedure w as used. 
A fter the m ixture had refluxed overnight, the precipitate 
w as allowed to settle, the clear layer w as forced w ith  n itro
gen into distillation equipm ent, and the solid was washed 
w ith  petroleum ether and finally filtered. R em oval of solvent 
from the decanted solution and washes and distillation of 
the residue through a 30-cm. Vigreux column furnished II 
(55 % ), b.p. 35-42°/3.5 mm. In an in itial run, the product 
(4 1% ), b.p. 36-50°/3.5 mm., w as subjected to elem ental 
anah'sis (T ab le  I).

C y c l o p e n t a d i e n y l s i l o x a n e s  f r o m  s o d i u m  s i l a n o l a t e s  (T able  
II, M ethod A). C yelopentadienylpentam ethvldisiloxane 
(IV d ) and the cvelopentadienylphenylsiloxanes I V a -IV c  
and V  were prepared by sim ilar procedures from the required 
chlorosilanes and sodium silanolates (sodium trim ethyl- 
silanolate 1 1  and sodium phenyldim ethylsilanolate11). T h e 
following procedure for the preparation of I -cy( lopenta- 
dienyl-3-phenyltetram ethyldisiloxane (IV a )  is typ ical. 
C yclopentadienyldim ethylehlorosilane ( la )  (39.7 g.; 0.25 
mole) in 1 0 0  ml. of anhydrous ether w as stirrpd under nitro-
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TABLE IV

P repa ra tio n  of C yclopentadieny 'ld im eth y i^
CHLOROSILANE (la )

Hvdro-00 Re- Ivzable
r—1 actan t Mode of Field, Chlorine,

R atio“ Addition % B .P ./M m . % »

1:5 Indirect6 58 62-69/22oCD *0 1:5 D irect 57 63-75/24 21.5
00 o 1:2 Indirect 53 62-74/24“ 22.0

1:2 D irect 60 63-75/24“ 20.4
1:2 D irect 67 31-38/5 22.3

iO CD X LO 1:2 D irect 69 37-40 /7 -4 .5 22.4

° R atio of cyclopentadiene to  dimethyldichlorosilane. 
6 Calcd. for C7Hn ClSi: 22.34%. c Cyclopentadienyllithium 
to dimethyldichlorosilane. d  Continued distillation up to 20° 
above this range gave a fraction which upon redistillation 
furnished additional product (7-18% ) boiling within this 
range; the stated yield includes this material, which con
tained 20-21.6% hydrolyzable chlorine.
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gen in an ice bath  while a solution of 43.5 g. (0.25 mole) of 
sodium phenyldimethylsilanolate in 100 ml. of anhydrous 
ether was added during a 5-min. period The mixture was 
allowed to  come to room tem perature while it was stirred 
overnight. Precipitated solid was removed by centrifuga
tion and washed with ether, and the combined filtrate and 
washes were evaporated i n  v a c u o .  D istillation of the residue 
gave 55.0 g. (80% ) of compound IVa.

The tetrasiloxane IVc, b.p. 124-144°/0.06 mm., was ob
tained in 61% yield after two distillations, and was distilled 
again before it was analyzed.

Compound IVd, prepared in 66% yield, b.p. 76-81 °/21 
mm., was redistilled through a 25-cm. column for analysis.

C y c l o p e n t a d i e n y l s i l o x a n e s  f r o m  c h l o r o s i l a n e s  (Table II, 
M ethod B). The procedure given below for the preparation 
of cyclopentadienylpentamethyldisiloxane (IVd) is repre
sentative for those compounds in Table I I  prepared by 
Method B. Trimethylchlorosilane, phenyldimethylchloro- 
silane,16 and x,a>dichlorophenyldimethyl chlorosilane16 were 
freshly distilled. A solution of 15.9 g. (0.1 mole) of cyclo- 
pentadienyldimethylchlorosilane (la )  in a mixture of 50 ml. 
of anhydrous ether and 50 ml. of anhydrous dioxane was 
stirred under nitrogen in an ice bath  while 15.8 g. (0.2 mole) 
of pyridine was added during a 5-min. period. After 10 min., 
1.8 ml. (0.1 mole) of w ater in a mixture of 25 ml. of ether 
and 25 ml. of dioxane was added in one portion and followed 
45 min. later by 10.7 g. (0.1 mole) of trimethylchlorosilane in 
25 ml. of ether, added in a  slow stream. The mixture was 
stirred overnight and the precipitated solid was removed In
filtration and washed with ether. The filtrate was evaporated 
i n  v a c u o  and the residue distilled; there was less than  1 ml. of 
liquid remaining after the main fraction (15.8 g.), b.p. 60- 
84°/20 mm., rrD5 1.4386, was collected. Redistillation of the 
main fraction gave 11.2 g. (53% ) of IVd.

For the preparation of the 3-phenyl compound (IV a) hy
drolyzable chlorine analyses of la  and phenvldimethylchloro- 
silane were made, and the amounts of each chlorosilane em
ployed were such th a t the quantities of hydrolyzable chlorine 
in each am ount were equal. This was also true in the case of 
the 3-(r,r-dichlorophenvl) compound (IVe); in this instance 
a center cut from the second distillation of the product, b.p.
100-103°/0.03 mm., was taken for elemental analysis.

l - C y c l - o p e n t a d i e n y l - l , l - d i m e l h y l - 3 , 3 , 8 - t r i p h e n y l d i s i l o x a n e  
(VI). Cyclopentadienyldimethylchlorosilane ( la )  (52.9 g.: 
0.333 mole) in 400 ml. of ether was cooled in an ice bath un
der nitrogen, and treated  with 26.4 g. (0.333 mole) of pyri
dine. Triphenvlsilanol (97.5 g., 0.353 mole) was then

(16) Technical grade; Dow Corning Corporation, M id
land, Mich.
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washed into the mixture with 100 ml. o: ether, and the re
action mixture was refluxed overnight. Solids were removed 
by filtration and were washed with petroleum ether (b.p. 
30-00°) and with ether. The filtrate and washes were com
bined and evaporated in vacuo, the residue was extracted 
with 200 ml. of petroleum ether, and the insoluble, un
changed triphenylsilanol (29 g.) was removed by filtration 
and washed with 100 ml. of petroleum ether. By distillation 
of the combined extract and washes, 83.4 g. of liquid, b.p. 
160°/0.13 mm. to 165°/0.07 mm., was obtained. Redistilla
tion furnished VI, Table II.

Siloxanylferrocenes (Table III). The method for the 
preparation of the ferrocenes listed in Table III is illustrated by 
the synthesis of l,l'-bis[3-(z,z-dichlorophenyl)tetramethyl- 
disiloxanyl]ferrocene (Vile). n-Butyllithium solution, pre
pared14 from 0.175 mole of n-butyl bromide, was added dur
ing a 1.5-hr. period to a solution of 00 g (0.175 mole) of 1- 
cyclopentadienyl - 3 - (z,z - dichlorophenyl)tetramethyldisil- 
oxane (IVe) in 175 ml. of anhydrous ether with stirring un
der a blanket of nitrogen. The mixture .vas stirred and re
fluxed overnight and then cooled. Ferrous chloride solution, 
which had been freshly prepared17 from 0.5 g. (0.0585 mole) 
of ferric chloride and 1.65 g. of 325-mesh reduced iron, was 
washed into the stirred mixture with 175 ml. of anhydrous 
tetrahydrofuran. Solvent was removed by distillation until 
the boiling point of the distillate was 55°, and the mixture 
was stirred and refluxed overnight under nitrogen. The re
action mixture was then evaporated in vaiuo and the residue 
extracted with petroleum ether. Removal of solvent from 
the extract and fractionation of the residue gave 30.9 g. 
(47%) of Vile, b.p. 263-26570.12 mm.

Compound Vila prepared in this manner melted at 18- 
19.5°; a sample, m.p. 19.5-20°, n”  1.5474, was obtained by 
distillation through a 60-cm. column packed with glass 
helices.

In the preparation of Vllb, Vlld, and IX the ferrous 
chloride solution was added 2 to 3 hr. after completion of the 
addition of n-butyllithium solution. For analysis of Vlld, 
the first of two distillation fractions was taken: fraction 1 
(41%), b.p. 107-109°/0.01 mm., and fraction 2 (14%), b.p.
106-110°/0.03-0.07 mm.

The reaction of n-butyllithium with VI was conducted in 
an ice bath. For subsequent isolation of IX, the final reac
tion mixture was evaporated to dryness under vacuum, the 
residue was extracted with boiling heptane, and the ex
tracts were taken to dryness. By crystallization of the resi
due from hexane, the desired IX (37%), rn.p. 146-149°, was 
obtained. It was recrystallized from acetone for analysis 
(Table III).

l,l'-Bis(chloromethyldimelhylsilyl)ferrocene (X). Cyclo- 
pentadienyllithium in ether (1200 ml.) was prepared in the 
usual manner from 66.1 g. (1 mole) of cyclopentadiene and 
n-butyllithium, prepared14 from 1 mole of n-butyl bromide. 
To the solution of cyclopentadienyllithium was added in one 
portion 143 g. (1 mole) of chloromethyldimethylchloro- 
silane18 in 200 ml. of ether under nitrogen. The mixture was 
refluxed overnight, filtered, and the fitrate stripped of sol
vent in vacuo. The residual liquid was distilled through a 
15-cm. Vigreux column to give 125 g. (72%) of crude cyclo- 
pentadienylchloromethyldimethylsilane, b.p. 48-52°/1.5 
mm.

A solution of n-butyllithium prepared from 0.78 mole of n- 
butyl bromide was added dropwise during a 30-min. period 
to a stirred solution of 121 g. (0.70 mole) of this crude ma
terial in 350 ml. of tetrahydrofuran, kept at —20 to —30° 
under nitrogen. The mixture was stirred for an additional 45 
min. at —30°. A slurry of ferrous chloride and tetrahydro
furan, freshly prepared17 from 39.3 g. (0.243 mole) of ferric 
chloride and 7.2 g. of iron powder in 150 ml. of tetrahydro-

(17) G. Wilkinson, Org. Syntheses, 36, 31 (1956).
(18) Peninsular ChemResearch, Inc., Gainesville, Fla.

furan, was cooled to —30° and added in one portion to the 
above mixture. The mixture was stirred overnight as it was 
allowed to warm to room temperature, and vo.atile ma
terials were then removed in vacuo. The residue was mixed 
with petroleum ether until solids formed, the insoluble solids 
were filtered and washed thoroughly with petroleum ether, 
and the filtrate was evaporated in vacuo. The residue was 
then dissolved in 100 ml. of petroleum ether, refrigerated 
overnight, and filtered. Volatile material was removed from 
the filtrate under vacuum, and unchanged cyclopentadienyl- 
chloromethyldimethylsilane was removed by evaporation at 
75°/0.5 mm. The residue, 106 g., which solidified upon re
frigeration, was used for preparation of the bis(phthalimide,
(XI), below. For purification, a portion of the solidified resi
due was extracted with petroleum ether, the extract evapo
rated to dryness and the residue crystallized from 2-propanol. 
Including material isolated by concentration of the mother 
liquor, the total yield of the ferrocene, m.p. 38-41°, was 
39%. An analytical sample, m.p. 41-42°, was prepared by 
two recrystallizations from 2-propanol.

Anal. Calcd. for C16H24Cl2FeSi2: C, 48.13; H, 6.06; Cl, 
17.76; Fe, 13.99. Found: C, 48.08; H, 5.92; Cl, 17.15; Fe,
14.05.

In an initial experiment an attempt was made to purify 
the compound by distillation, but decomposition was evi
dent, and the orange-brown fraction, b.p. 125-135°/0.1 
mm., contained 13.4% chlorine.

l,l'-Bis(.phthalimidomethyldim.ethylsilyl)ferrocene (XI). A 
mixture of 231 g. (0.58 mole) of crude X and 236 g. (1.27 
mole) of potassium phthalimide in 800 ml. of dimethylform- 
amide was stirred at 60-110° for 4 hr., cooled, and filtered. 
Solvent was evaporated from the filtrate, and the residue was 
extracted with benzene. Removal of solvent from the ex
tract and recry'stallization of the resulting residue from 2- 
propanol furnished 188 g. (55%) of crude XI, m.p. 145- 
149°. After two recrystallizations, the product was analyzed. 
Anal. Found: N, 4.6%. In an initial experiment on a smaller 
scale, the yield of material m.p. 143-145° was 35%, and re
crystallized XI melted 149-150°.

Anal. Calcd. for C3:H,2FeN20 4Si2: C, 61.93; H, 5.20; N,
4.52. Found: C, 61.55; H, 5.37; N, 4.74.

1,1 '-Bis(aminomelhyldimethylsilyDferrocene dihydrochlo
ride (XII). To a refluxing sluny of 192 g. (0.311 mole) of XI 
and 700 ml. of methanol was added 74 g. (1.26 moles) of 85% 
hydrazine hydrate. Refluxing was continued overnight. 
Concentrated hydrochloric acid (105 ml.; 1.06 moles) was 
then added dropwise during a 30-min. period, and refluxing 
was continued an additional 2 hr. The mixture was cooled, 
filtered, and the filtrate stripped of solvent. Extraction with 
benzene caused the residue to crystallize. The crystals were 
dissolved in water, the solution filtered, and the filtrate 
extracted with chloroform. The aqueous solution was evapo
rated to dryness. The residue was dissolved in hot methanol, 
the solution cooled and filtered to remove hydrazine hydro
chloride, and the methanol evaporated from the filtrate; 
this procedure was repeated three times. Finally, the product 
was recrystallized from 2:1 2-propanol-methanol to give
108.3 g. (81%) of XII. It decomposed above 185°, without 
melting.

Anal. Calcd. for C16H30Cl2FeN2Si2: C, 44.35; H, 6.98; 
Cl, 16.36; N, 6.47. Found: C, 44.45; H, 6.77; Cl, 16.71; N, 
6.91.
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0,0-Dialkyl phosphorochloridothionates may be prepared by the reaction of 0,0-dialkyl hydrogen phosphorodithioates 
with hydrogen chloride in the presence of hj’drogen sulfide acceptors. Acetonitrile, benzonitrile, ethyl, phenyl and benzyl 
thiocyanates, and ethyl isothiocyanate function as the hydrogen sulfide acceptors in the reaction.

T h e  p re p a ra tio n  of 0 ,0 -d ia lk y l phospho roch lo ri
d o th io n a te s  h a s  received  considerab le s tu d y  as  ev i
denced  b y  th e  li te ra tu re  rep o rts  an d  p a te n ts  issued 
on th e  su b je c t .3-18 T h re e  general m e th o d s h av e  
been u sed  in  th e  p re p a ra tio n  of th e  0 ,0 -d ia lk y l 
pho sp h o ro ch lo rid ith io n ates  as show n in eq u a tio n s
( l ) , 1-10’14 (2 ),17 a n d  (5 ) .3'6-7’u-13dMM8

2ROH +  PSC1, — > (ROLPSC1 +  2HC1 (1)

2ROH +  PCL +  S — >  (ROLPSC1 +  2HC1 (2)

2(RO)2PSSH +  3CL — 2(R0)2PSC1 +  S2C12 +  2HC1
(3)

A fo u rth  m e th o d  b ased  u p o n  th e  doub le  decom 
p osition  of 0 ,0 -d ia lk y l hyd rogen  p h o sp h o ro d ith io 
a te s  w ith  h y d ro g en  ch loride a p p e a red  to  be feasib le

(1) Paper VI. Chemistry of the Aliphatic Esters of Phos- 
phorodithioic Acids. For previous paper in this series see 
W. E. Bacon, N. A. Meinhardt, and W. M. LeSuer, J . 
Org. Chem., in press.

(2) Present address: The Rand Development Corpora
tion, Cleveland 10, Ohio.

(3) L. Carius, Ann., 119, 291 (1861).
(4) T. W. Mastin, G. R. Norman, and E. A. Weil- 

muenster, J. Am. Chem. Soc., 67, 1662 (1945).
(5) J. II. Fletcher, J. C. Hamilton, I. Hechenbleikner,

E. I. Hoegberg, B. J. Sertl, and J. T. Cassaday, J. Am. Chem. 
Soc., 72 , 2461 (1950).

(6) L. Malatesta and F. Laverone, Gazz. Chim. Ital., 81, 
596 (1951); Chem. Abstr., 46, 6079h (1951).

(7) T. Yamasaki, Sci. Repts. Research Insis., Tohoku 
Univ., 4A, 403 (1952); Chem. Abstr., 48, 5075d (1954).

(8) R. A. Mclvor, G. D. McCarthy, and G. A. Grant, 
Can. J. Chem., 34, 1819 (1956); Chem. Abstr., 51, 8639 
(1957).

(9) N. N. Melnikov, Ya. A. Mandelbaum, V. I. Loma
kina, and Z. M. Bakanova, Zhur. Obshchei Khim., 26, 2577
(1956); Chem. Abstr., 51, 1825a (1957).

(10) E. Clemmensen, U. S. Patent 1,982,903, Dec. 4, 
1934.

(11) I. Hechenbleikner, U. S. Patent 2,482,063, Sept. 13, 
1949.

(12) L. Malatesta, Ital. Patent 458,770, July 28, 1950.
(13) R. F. Ashbolt and H. Coates, Brit. Patent 665,303, 

Aug. 22, 1951.
(14) M. R. Bland and E. II. Young, U. S. Patent 2,663,- 

723, Dec. 22, 1952.
(15) I. Hechenbleikner, U. S. Patent 2,692,893, Oct. 26, 

1954.
(16) A. D. F. Toy, U. S. Patent 2,715,136, Aug. 9, 

1955
(17) W. T. Dye, Jr., U. S. Patent 2,730,541, Jan. 10, 

1956.
(18) H. Jones, Ger. Patent 951,718, Oct. 31, 1956.

for the preparation of the 0,0-dialkyl phosphoro
chloridothionates, since this reaction was known to 
occur with diphenylphosphinodithioic acid,1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 as in 
equation (4). However, the elimination of hydrogen

150-200°
(C6H5)2PSSH +  HC1 -----------^  (CJLbPSCl +  H2S (4)

sulfide in this reaction takes place at temperatures 
in excess of 150°, which makes it impractical for 
use with the ester acid.

It has now been found that in the presence of a 
hydrogen sulfide acceptor,20 the elimination of hy
drogen sulfide in the double decomposition reac
tion between hydrogen chloride and 0,0-dialkyl 
hydrogen phosphorodithioates takes place smoothly 
in ethyl ether at the reflux temperature. The hy
drogen sulfide acceptors used in this study were 
acetonitrile, benzonitrile, ethyl, phenyl and benzyl 
thiocyanates, and ethyl isothiocyanate. In addition 
to the 0,0-dialkyl phosphorochloridothionates, 
which were obtained in yields as high as 88%, 
there were also obtained the products which would 
be produced by the addition of hydrogen sulfide to 
the acceptor molecules in accordance with equa
tions (5) and (6). Ethyl isothiocyanate did not. func-
(RO)2PSSH +  R'CN +  HC1 -— >

(RO)2PSCl +  R'CSNH2 (5)
(RO).PSSH +  R'SCN +  HC1 — >-

(RO)2PSCl +  R'SCSNH2 (6)

tion as a hydrogen sulfide acceptor in ethyl ether. 
In dioxane, at 100°, the reaction between 0,0- 
diethyl hydrogen phosphorodithioate, hydrogen 
chloride, and ethyl isothiocyanate yielded 39% of 
0,0-diethyl phosphorochloridothionate and 83% 
of ethylamine hydrochloride. The amine salt was 
probably formed through decomposition of the in
termediate dithiocarbamic acid, equations (7) and 
(8).
(C2H60 )2PSSH +  C2H6NCS +  HC1 — >

(C2H50 )2PSC1 +  [C ^N H C SiH ] (7)

[C2H5NHCS2H] +  HC1 — >- C2H 5NH3+C1- +  CS2 (8)

The yields of 0,0-diethyl phosphorochloridothio
nate and the coproducts obtained with the hydrogen

(19) W. A. Higgins, P. W. Vogel, and W. G. Craig, 
J .  Am. Chem. Soc., 77, 1864 (1955).

(20) P. W. Vogel, U. S. Patent 2,822,374, Feb. 4, 1958.
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sulfide acceptors used in this reaction are shown in 
Table I.

TABLE I
Y i e l d s  of 0 , 0 - D i e t h y l  P h o s p h o r o c h l o r i d o t h i o n a t e  
a n d  C o p r o d u c t s  O b t a i n e d  w i t h  H t d r o g e n  Sulfide

Acceptors

Yield of
(C.H.OfePSCI, Yield,

Acceptor % Coproduct %

c h 3c n 74 CH3CSNH2 51
C6H6CN 74 c 6h 5c s n h 2 77
CdLSCX 73 c2h 5s c s n h 2 91
CeHsSCN 88 CsHsSCSNHc 94
C6H5CH2SCN 85 C6H5CH2SCSNH2 90

Phenyl isothiocyanate, potassium cyanide, and 
octene-1 did not serve as hydrogen sulfide acceptors 
in this reaction.

0,0-Di-n-propyl, 0,0-diisopropyl, 0,0-di-n-bu- 
tyl, and 0,0-di-sec-butyl phosphorochloridothio- 
nates were also prepared by this method, using ben
zyl thiocyanate as the coreactant. The yields and 
physical constants of these materials are shown in 
Table II.

Other materials used were commercially available re
agents.

Preparation of 0,0-dialkyl phosphorocb.loridoihionates. 
Hydrogen chloride was bubbled through a solution of the 
0,0-dialkyl hydrogen phosphorodithioat.e (0.5 mole) and 
the hydrogen sulfide acceptor (0.5 mole) in 200 ml. of ethyl 
ether at the reflux temperature for 2 hr. The ether was 
removed by distillation at reduced pressure. The solid resi
due was extracted with 250-ml. portions of petroleum ether 
(b.p. 30-60°) four times. The combined extracts were dried 
over anhydrous sodium carbonate. The sodium carbonate 
was removed by filtration and the filtrate was distilled 
under reduced pressure over calcium carbonate chips.

The 3’ields of O,O-diethyl phosphorochloridothionate ob
tained are shown in Table I. Typical analyses for this com
pound, as obtained, are: b.p. 34-35° at 0.5 mm.; n“  1.4688 
(reported 1.46853).

Anal. Calcd. for C4H10PSC1: Cl, 18.8; P, 16.4; S, 17.0. 
Found: Cl, 19.2; P, 16.2; S, 16.9.

The yields of the oilier 0,0-dialkyl phosphorochlorido- 
thionates prepared are shown in Table II.

The solid residue from the petroleum ether extractions 
was recrystallized to obtain the coproduct of the reaction. 
The yields are shown in Table I. The products were identified 
as follows:

Thioacetamide was recryst.allized from isopropyl ether, 
m.p. 113-116° (reported22 m.p. 115-116°), a mixed melting 
point with an authentic sample of thioacetamide showed no 
depression.

TABLE II
0 , 0 - D i a l k y l  P i i o s p h o r o c h l o r i d o t h i o n a t e s  f r o m  t h e  R e a c t i o n  o f  0 , 0 - D i a l k y l  H ydrogen P h o s p h o r o d i t h i o a t e s

w ith  H ydrogen C hloride and B enzyl T hiocyanate 
(RO)2PSSH +  C6H5CH2SCN +  HC1 — (R0)2PSC1 +  C6H5CH2SCSNH2°

R
Yield,

% B.P. Mm. »V
Phosphorus, % Sulfur, % Chlorine, %

Found Calcd. Found Calcd. Found Calcd.

TI-C3H7 75.5 72 2 1.47016 14.17 14.34 14.46 14.77 16.45 16.39
¿-C3IÍ, 81.0 61 3 1.4612“ 14.32 14.34 15.05 14.77 16.30 16.39

81 .0 76 0.5 1.4697á 12.66 12.68 13.16 13.08 14.42 14.50
scc-CjHs 86.0 54 0.1 1.4692 12.65 12.68 13.30 13.08 14.55 14.50

“ Yields of 85-95% of benzyl dithiocarbamate were obtained. b Reported51.4672. c Reported5 1.4601. d Reported51.4670.

The reaction sequence suggested for this reaction 
is shown in equation (9). The intermediate imino- 
ester hydrochloride postulated here is similar to
(RO)2PSSH +  R'CN +  HC1 -— ^

[(RO)2PSSC(NH)R'-HCI] (9)

I
(ROLPSC1 +  R'CSNH,

the imino-thioether hydrochloride isolated from the 
reaction of mercaptans with nitriles and hydrogen 
chloride.21 The intermediate imino-thioester hy
drochloride formed in the present reaction is ap
parently too unstable to be isolated, and breaks 
down immediately into the reaction products iso
lated.

E X P E R IM E N T A L

0,0-Dialkyl hydrogen phosphorodithioates were prepared 
by a previously described method.4 The crude acids were 
purified by distillation at reduced pressure and then were 
98% to 99% pure by titration.

(21) V. Migrdichian, The Chemistry of Organic Cyanogen 
Compounds, Reinhold Publishing Company, New York, 
N. Y., 1947, p. 94.

Thiobenzamide was recrystallized from ether-petroleum 
ether (b.p. 30-60°), m.p. 114-116° (reported22 m.p. 115- 
116°), a mixed melting point with an authentic sample 
showed no melting point depression.

Benzyl dithiocarbamate was recrystallized, successively, 
from ethyl acetate, isopropyl alcohol, and chloroform, m.p.
87-88°.

Anal. Calcd. for CsH9NS2: S, 34.95; N, 7.66. Found: 
S, 35.19; N, 7.69.

Phenyl dithiocarbamate was recrystallized twice from 
chloroform, m.p. 109-110.5°.

Anal. Calcd. for C7H7NS«: S, 37.88; N, 8.27. Found: 
S, 37.98; N, 8.30.

Ethyl dithiocarbamate was recrystallized from petroleum 
ether (b.p. 30-60°) m.p. 41.5-43° (reported23 m.p. 42°).

Anal. Calcd. for C3HtS2N: N, 11.58. Found: N, 11.65.
Ethylamine hydrochloride was recrystallized frem iso

propyl alcohol, m.p. 107-109°. A mixed melting point with 
an authentic sample of ethidamine hydrochloride showed 
no melting point depression.

Acknowledgment. The authors are indebted to 
Mr. Harry Ferber who carried out the analytical 
determinations.
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(22) K. Kindler and F. Finndorf, Ber., 54, 1080 (1921).
(23) M. Delepine, Compt. Rend., 135, 975 (1903).
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Saponification of 0,0,iS-trialkyl phosphorodithioates gave alkyl mercaptans and sulfides. Good yields of mercaptans were 
obtained when the 0 -alkyl group of the phosphorus triester was isopropyl or 2-ethylhexvl.

The facile preparation of 0,0,iS-trialkyl phos
phorodithioates in high yields1-2’3 makes these 
esters attractive starting materials for the prepa
ration of alkyl mercaptans and sulfides. Earlier 
work in this laboratory has shown that alkoxide 
cleavage of the 0,0,£-trialkyl phosphorodithioates 
yields alkyl sulfides exclusively.3 The aqueous 
saponification of 0,O-di-?i-propyl-$-2-octyl phos- 
phorodithioate and 0,0-di-w-propyl-iS-a-phenethyl 
phosphorodithioate was reported to give 29% 
yields of 2-octyl mercaptan and a-phenethyl 
mercaptan respectively.2

This investigation was a continuation of the 
study on the saponification of the 0,0,iS-trialkyl 
phosphorodithioates as a method for the prepara
tion of mercaptans. This would be of particular 
utility in connection with the hydrolysis of the 
0,0,iS-trialkyl phosphorodithioates prepared by 
the addition of 0,0-dialkyl hydrogen phosphoro
dithioates to olefins. The addition exhibits the 
peroxide effect so that either 0,0-dialky \-S-n- 
alkyl phosphorodithioates or 0,0-dialkyl-$-2-alkyl 
phosphorodithioates are available.3

This paper describes the aqueous, alcoholic, 
and glycolic saponification of 0,0,$-trialkyl phos
phorodithioates.

Aqueous saponification of 0,0,S-trialkyl phos
phorodithioates. There was a considerable varia
tion in the ease of hydrolysis of the 0,0,S-trialkyl 
phosphorodithioates in aqueous media. These 
results are indicated in Table I, in which the per
cent of ester recovered after ten-hour reflux in 30% 
aqueous sodium hydroxide is shown. I t appears 
probable that solubility of the ester in the reaction 
mixture is not a primary factor in this hydrolysis 
study, as 0,0,£-triethyl phosphorodithioate was 
largely unsaponified in the 30% aqueous system, 
while 0,0-di-n-hexyl phosphorodithioate esters 
and 0,O-di-2-ethylhexyl phosphorodithioate esters 
were readily saponified in the same system (Table
II). It would be expected that the n-hexyl and 2-

(1) Paper V. “Chemistry of the Aliphatic Esters of the 
Phosphorodithioie Acids.” For previous paper in this series 
see N. A. Meinhardt and P. W. Vogel, J. Org. Chem., 24, 
1604 0  959).

(2) G. R. Norman, W. M. LeSuer, and T. W. Mastin,
J. Am. Chem. Soc., 74, 161 0952).

(3) W. E. Bacon and W. M. LeSuer, J. Am. Chem. Soc., 
76 ,670(1954).

ethylhexyl derivatives would be considerably less 
soluble than the triethyl ester in the aqueous 
system.

TABLE I
Sa ponification  of 0 ,0 ,5 -T rialkyl  P h ospho ro dithio a tes  
in 30%  A queous Sodium H ydroxide (10-h r . reflux) 

(RO)2PSSR'
Un- Un

changed changed
Ester, Ester,

R R ' % R R' %
c a c 2h 5 70 f-C A ¿-C A 87
c a l-CAU 70 f-C A 2-C A , 84
C2H6 2-C8H„ 55 f-C A CACILOTL 82
c a c a c h 2c h 2 30 Î-C3H7 C A (C H 3)CH 89
c 2h 5 CA(CH,)CH 20 n- C A c 6h 5c h 2c h 2 10

The products obtained by the aqueous hydroly
sis of a series of 0,0,$-trialkyl phosphorodithioates 
arc shown in Table II. I t can be seen that the 0,0- 
di-n-alkyl phosphorodithioate esters tended to 
yield mixtures of mercaptan and sulfide. The 0,0- 
diethyl phosphorodithioate derivatives hydrolyzed 
in the aqueous system to give the corresponding 
ethyl sulfides in up to 60% yield. However, in
creasing the chain length of the w-alkyl group 
appeared to result in the formation of a higher 
ratio of mercaptan to sulfide in the hydrolysis 
product. With these esters, the tendency to form 
mercaptan was also increased by the presence of 
branching in the alkyl groups attached to the sulfur.

0,O-Di-2-ethylhexyl-)S!-2-octyl phosphorodithio
ate and 0,0-di-2-ethylhexyl-<S-a-phenethyl phos
phorodithioate hydrolyzed to yield 60% 2-octane- 
thiol and 65% a-phenethyl mercaptan, respectively.

Ethanolic and glycolic saponification of 0,0,S- 
trialkyl phosphorodithioates. The 0,0,<S-trialkyl 
phosphorodithioates which resisted saponification 
in the aqueous system were readily saponified 
by the use of 21% potassium hydroxide in 70 weight 
% ethanol or in a 34% solution of potassium hy
droxide in ethylene glycol. The results of the 
ethanolic saponifications are shown in Table III. 
In these hydrolyses, the same trend was noted as 
in the aqueous saponifications. The 0,0-diiso- 
propyl phosphorodithioates yielded from 57% 
to 65% of mercaptans, with an attendant yield of 
0 to 9% of the corresponding isopropyl sulfides.
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TABLE II
Aqueous Saponification of 0 ,0 ,S-T rialkyi. P hosphorodithioates

,R 'SII +  (RO)2PSONa
(RO)2PSSR' +  NaOH (30%)----- (

^“R'SR +  ROP(S)(ONa)j

R R '
Yield, %

% Sulfur
R'SH3 R'SR4 5 6

R'SH R'SR Found Calcd. Found Calcd.
C2H5 n-C8Hn 0 48 — — 18.10 18.20
r-C,H, n-C8Hi7 37 35 21.70 21.90 15.92 15.80
C2H5 2-CsH17 14 49 21.74 21.90 18.25 18.40
R-C4II» 2-CgHn 46 21 21.73 21.90 15.57 15.85
H-OeHis 2-CgHn 30 18 21.65 21.90 13.80 13.90
2-Ethylhexyl 2-C8Hi7 60 5 21.73 21.90 12.60 12.40
c2h 5 c 6h 6c h 2c h 2 48 19 a 19.10 19.26
r-C4H2 c 6h 5c h 2c h 2 43 28 22.90 23.20 16.48 16.50
n-CeHi3 c 6h 6c h 2c h 2 40 17 23.15 23.20 14.52 14.40
CJR, C6H5(CH3)CH 0 60 — — 19.10 19.20
n- (J4Ü9 C6H6(CH3)CH 51 20 23.00 23.20 16.35 16.50
fi-OeHis C6H5(CH3)CH 51 8 23.02 23.20 14.34 14.40
2-Ethylhexyl C6Hs(CH3)CH 65 0 23.13 23.20 — —

° Mercaptans were also identified by conversion to the corresponding 2,4-dinitrophenyl alkyl sulfides.4’6 6 Sulfides were 
also converted to their sulfones for identification purposes.6

TABLE III
Ethanolic Saponification of 0 ,0 ,S -T rialkyl. P hosphorodithioates

,R 'SH +  (RO)2POSK
(RO)2PSSR' +  KOH(21%).......<

nR'SR +  ROP(S)(OK)2

R R '
Yield, %

Sulfur, %
R'SH“ R'SR6

R'SH R'SR Found Calcd. Found Calcd.
i-CjH, Tl-CgHn 57 6 21.70 21.90 17.20 17.00
t-C3H, 2-C8Hi7 53 9 21.98 21.90 16.86 17.00
I-O 3 M 7 CsHsCHaCH, 65 0 23.11 23.20 —

¿ -C 3 H 7 C6H5(CH3)CH 65 6 23.00 23.20 17.85 17.75
c2h 5 c 6h 6c h 2c h 2 57 24 23.00 23.20 19.00 19.20
c2h 6 C6H6(CH2)CH 44 20 a Ô
CaHs Cyclohexyl 41 31 27.60 27.60 22.10 22.10
71-Ü6Ü13 n-C8Hi7 53 3 21.70 21.90 14.00 13.90

° Mercaptans were identified also by their 2,4-dinitrobenzene derivatives.4’6 6 Sulfides were also converted to their sulfones 
for identification purposes.3

The 0,0-diethyl phosphorodithioate esters gave 
mixtures of mercaptan and the corresponding ethyl 
sulfide, although with a higher ratio of mercaptan 
to sulfide than was obtained from the same ester 
in the aqueous system. Thus, ethanolic hydrolysis 
of 0,0-diethyl-iS-a-phenethyl phosphorodithioate 
gave 44% a-phenethyl mercaptan and 20% ethyl 
a-phenethyl sulfide. In the aqueous saponification 
of the same ester only the sulfide was obtained, in 
60% yield.

Diethyl sulfide, ethyl isopropyl sulfide, and ethyl 
¿-butyl sulfide azeotrope with ethanol, which made 
their isolation difficult in the ethanolic saponifica
tions. Therefore, 0,0,5-triethyl phosphorodithioate

(4) R. W. Bost, J. O. Turner, and R. D. Norton, J. Am. 
Chem. Soc., 54, 1985 (1932).

(5) M. S. Kharasch, E. S. May, and F. R. Mayo, J. Org.
Chem., 3, 175 (1934).

(I) , 0,0-diethyl-iS-isopropyl phosphorodithioate
(II) , and 0 ,0-diethyl-,Sl-f-butyl phosphorodithioate
(III) were saponified by use of a 34% solution of 
potassium hydroxide in ethylene glycol. The results 
of these hydrolyses are shown in Table IV. The 
saponification of I yielded only diethyl sulfide, 
while the saponification of both II and III gave both 
mercaptan and sulfide.

I t may be concluded from these studies that satis
factory yields of mercaptan may be obtained by 
the saponification of 0,0,,S-trialkyl phosphorodi
thioates in which the 0-substituents are sterically 
hindered.

Peroxide effect in the addition of 0,0-dialkyl 
hydrogen phosphorodithioates to olefins. As was re
ported previously, the addition of 0,0-diethyl 
hydrogen phosphorodithioate to octene-1 and 
styrene is subject to the peroxide effect,3 Equations
(1) and (2). Utilization of the peroxide effect offers
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TABLE IV
E thy len e  G lycol Sapo n ifica tio n  of 0 ,0 ,S -T rialkyl 

P hosphorodithioates

*R'SH +  (RO)2PSOK 
(RO)iPSSR' +  KOH(34%)-— -<

n R'SR +  ROP(S)(OK)2

R R '
Yield, %

Sulfur, % 
R 'SR 6

R'SH® R'SR Found Calcd.

c 2h 6 c 2h 5 0 42 35.40 35.00
c 2h 5 l-CaH, 28 29 30.50 30.80
c 2h 6 f-CiH» 13 24 27.00 27.10

0 Mercaptans were identified by their 2,4-dinitrobenzene 
derivatives.4’6 6 Sulfides were also converted to their sul
fones for identification.3

(CsHsO)2PSSH +  CelliCH: CH2 ------ >-
(crude)

(C2H50)jPSSCH(CH1)C6H 6 (1)

peroxide
(C2H50 )2PSSH +  C6H,CH:CH 2 --------->-

(pure)
(C2H 60 )2PSSCH2CH2C6H6 (2)

a convenient route to certain 0,0-dialkyl-<S-n- 
alkyl phosphorodithioates. This method was used 
in the preparation of a series of the 0,0,iS-trialkyl 
phosphorodithioates used in this saponification 
study. The esters prepared and their analyses are 
shown in Table V.

0,0-dialkyl-iS-2-octyl (or a-phenethyl) phosphoro
dithioates in this reaction.2

The structures of the adducts were established 
by the saponification of the triesters as reported 
here.

E X P E R IM E N T A L

0,0-D ialkyl hydrogen phosphorodithioates were prepared 
by previously reported methods.6

Purification of 0 ,0-dialkyl hydrogen phosphorodithioate. 
The crude acid was dissolved in an equivalent quantity of 
4M  sodium hydroxide solution. The aqueous solution was 
extracted three times with naphtha (b.p. 90-120°), then 
acidified with an equivalent amount of hydrochloric acid. 
The 0,0-dialkyl hydrogen phosphorodithioate was extracted 
with ethyl ether and the ethereal solution was dried over 
magnesium sulfate. The magnesium sulfate was removed 
by filtration and the ether was distilled.

0,0-Diethyl hydrogen phosphorodithioate, 0,0-diiso- 
propyl hydrogen phosphorodithioate and 0 ,0 -di-n-butyl 
hydrogen phosphorodithioate were then distilled under re
duced pressure.

0,0-Diethyl hydrogen phosphorodithioate boiled a t 66.1° 
(0.6 mm.).

Anal. Calcd. for C4H u02PS2: P, 16.69; S, 34.4; neut. 
equiv., 186. Found: P, 16.6; S, 34.2; neut. equiv., 190.

O,0-Diisopropyl hydrogen phosphorodithioate boiled at 
75-80° (2.0 mm.).

A nal. Calcd. for C6H i50 2PS2: P, 14.5; S, 29.9; neut. equiv., 
214. Found: P, 14.4; S, 29.4; neut. equiv., 211.

0,0-Di-n-butyl hydrogen phosphorodithioate boiled a t 110- 
115° (1.5 mm.).

Anal. Calcd. for C8Hi90 2PS2: P, 12.8; S, 26.4; neut. 
equiv., 242. Found: P, 12.7; S, 26.1; neut. equiv., 243.

TABLE V
Peroxide E ffect in the P repa ra tio n  of 0 ,0 ,S -T rialkyl P h osphorodithioates

(RO)sPSSH +  Olefin------ >  (RO)2PSSR'

R R 'a Method6 Yield, %
Phosphorus, % 

Found Calcd.
Sulfur, % 

Found Calcd.

¿-C3H7 CbH6(CH3)CH A 89 1.5374 9.45 9.75 2 0 .1 20.2
Í-C3H7 C„H6CH2CHj B 89 1.5400 9.80 9.75 19.9 20.2
¿-C3H7 2-CsH i7 A 78 1.4834 9.82 9.52 20.0 19.6
¿-C3H7 7l-C,H,7 B 68 1.4823 9.55 9.52 19.9 19.6
n-C4H 9 C6H6(CH3)CH A 90 1.5341 8.82 8.95 18.7 18.5
7I-C4H 9 c 6h 6c h 2c h 2 B 94 1.5348 8.95 8.95 18.8 18.5
7I-C4H 9 7i-C8Hi7 B 91 1.4915 8.71 8.73 18.0 18.0
n-C6Hi3 2-C8Hn A 70 1.4841 7.65 7.55 15.8 15.6
n-CeHi3 71-Cglln B 87 1.4859 7.38 7.55 15.5 15.6
7i-CeHi3 C6H6(CH3)CH A 82 1.5208 7.68 7.78 15.9 15.9
7l-C6H13 C6H;,CH2CH2 B 79 1.5222 7.58 7.78 16.1 15.9

® Structure assignments were made on the basis of the hydroh'sis studies. Infrared spectra of the a-phenethyl esters ex
hibited absorptions a t 9.5 (s) and 13.0 (m) y, -which were not present in the spectra of the ,8-phenethyl esters. The infrared 
spectra of the ,3-phenethyl esters exhibited absorptions at 13.3 (m) and 14.0 (w) ¿i, which were not present in the spectra of 
the a-phenethyl esters; (s =  strong, m = medium, and w =  weak.) Structural assignments for these absorptions will be 
the subject of another publication. No differences in the infrared spectra of the w-oetyl and the 2-octyl esters were observed. 
6 Method: A, crude (RO)2PSSH +  olefin. B, purified (RO)2PSSH +  olefin.

When purified 0,0-dialkyl hydrogen phosphoro
dithioates were added to either octene-1 or sty
rene, the peroxide normally present in the olefin 
was sufficient to cause formation of the 0,0- 
dialkyl-£-n-octyl (or /3-phenethyl) phosphorodi
thioate. The crude acid contains a reducing agent 
which destroys the peroxide present in ordinary 
samples of olefin and results in the formation of

0,0-Di-n-hexyl hydrogen phosphorodithioate was heated 
to 100° a t 0.5 mm. after the extraction procedure.

Anal. Calcd. for CidtoChPSz: P, 10.4; S, 21.5; neut. 
equiv., 298. Found: P, 10.6; S, 21.1; neut. equiv., 308.

Octene-1 and styrene were commercial reagents, used as 
received.

(6 ) T. W. Mastín, G. R. Norman, and E. A. Weilmuen- 
ster, J . Am . Chem. Soc., 67, 1662 (1945).
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0,0,S-Trialkyl Phosphorodithioates were prepared as pre
viously described.1 2'3

General procedure for the aqueous saponification of 0,0,S- 
trialkyl phosphorodithioates. The 0,0,S-trialkyl phosphoro- 
dithioate, 0.5 mole, was added rapidly to a 30% aqueous 
solution of sodium hydroxide, 2 moles, and heated under 
reflux for 10 hr. The reaction mixture was cooled to 30°, 
blown with carbon dioxide for 1 hr. and then steam distilled. 
The distillate was saturated with sodium chloride and ex
tracted with benzene. The benzene layer was dried over 
magnesium sulfate. The magnesium sulfate was removed by 
filtration and the benzene distilled. The products were frac
tionated under reduced pressure.

Mercaptans were identified by elemental analysis, and 
the corresponding 2,4-dinitrophenyl alkyl sulfides4,5 were 
prepared in order to confirm the structure of the products.

Sulfides were identified by elemental analysis and con
verted to the sulfones in order to confirm structures.

The esters saponified by this procedure and the products 
obtained are summarized in Table II.

General procedure for the ethanolir saponification of 0,0,S- 
trialkyl phosphorodithioates. The 0,0,S-trialkyl phosphoro- 
dithioate, 0.4 mole, was added rapidly to a solution of po
tassium hydroxide, 147 g. (2.6 moles) ir. 534 g. of 70% 
ethanol, and heated under reflux for 5 hr. The reaction solu
tion was cooled to 30°, blown with carbon dioxide for 1 hr., 
and then steam distilled. The isolation and identification

procedure used for the products was the same as in the 
aqueous saponification. The results are summarized in Table
III.

General procedure for the glycolic saponification of 0,0,S- 
trialkyl phosphorodithioates. The 0,0,S-trialkyl phosphoro- 
dithioate, 0.5 mole, was added dropwise, to a 34% solution 
of potassium hydroxide, 0.9 mole, in ethylene glycol, at 140°. 
The reaction was exothermic and the temperature rose to 
160° during the 1-hr. addition period. The products were 
collected as they distilled from the reaction mixture. The 
mixture of mercaptan and sulfide was dried over calcium 
chloride; the calcium chloride was removed by filtration and 
the products were separated by fractionation at atmospheric 
pressure. The products were identified by the methods out
lined previously7. The results of these experiments are shown 
in Table IV.

Infrared spectra of the esters were measured on the 
Perkin-Elmer Infracord, Model 137, as neat films on sodium 
chloride plates.
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The reduction of benzyl-containing phosphonium compounds with lithium aluminum hydride has been used for the 
synthesis of two unsymmetrical tertiary phosphines. Thus ethylmethylphenylphosphine was prepared from dichlorophenyl- 
phosphine in an over-all yield of 59%. Similarly, ethylmethylpentylphnsphine was prepared from dichloromethylphosphine 
in an over-all yield of 50%.

The methods available for the synthesis of un
symmetrical tertiary phosphines are long and 
tedious and in general result- in poor yields. Kosola- 
poff5 lists very few unsymmetrical tertiary phos
phines and only one of these contains three ali
phatic radicals. The most widely used method for 
their synthesis, introduced by Hofmann6 and 
Michaelis,7 was one in which tire halogens of a 
phosphorus halide are replaced stepwise by treat
ment with Grignard reagents, organozine eom-

(1) Previous paper in this series, J. Am. Chem. Sor., 79, 
3567 (1957).

(2) This work was done in fulfillment of a contract with 
the Army Chemical Corps.

(3) Member of the Armed Forces assigned to the Army 
Chemical Corps, 1954-1956.

(4) Chemical Corps Postdoctoral Fellow, 1957-1959.
(5) G. M. Kosolapoff, Organophosphorus Compounds, 

John Wiley and Sons, New York, N. Y., 1950, p. 37.
(6) A. W. Hofmann, Ber., 6, 292 (1873).
(7) A. Michaelis, Ann., 315, 53 (1901).
(8) W. C. Davies and F. G. Mann, ./. Chem. Sm-., 276

v 1944).

pounds or organolithium compounds.8 Although 
there are new procedures available for the prepara
tion of the monosubstituted dichlorophosphines in 
good yields,9~13 the synthesis of disubstituted 
monochlorophosphines is still somewhat unsatis
factory.14,16

The treatment of a phosphine with an alkyl 
halide appears to be a general synthetic procedure 
but gives satisfactory yields of an unsymmetrical 
tertiary phosphine only with unsymmetrical sec
ondary phosphines.6 Although there are new pro
cedures available for the preparation of primary

(9) B. Buchner and L. B. Lockhardt, Jr., J. Am. Chem. 
Soc., 73, 755 (1951).

(10) W. T. Dye, Jr., J. Am. Chem. Soc., 70, 2595 (1948).
(11) G. M. Kosolapoff, J. Am. Chem. Soc., 69, 2020

(1947).
(12) T. Weil, B. Prijs and H. Erlenmeyer, Helv. Chim. 

Acta, 35, 1412 (1955); 36, 1314 (1956).
( 13) R. B. Fox, J. .4m. Chem. Soc., 72, 4147 (1950).
(14) E. Wedekind, Ber., 45, 2933 (1912).
(15) A. Michaelis, Ann., 315, 43 (1901).
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phosphines,16'17 a general synthesis of secondary 
phosphines is not available.

A third method for the preparation of unsym- 
metrical phosphines, the pyrolysis of quaternary 
phosphonium halides, usually gives mixtures of 
products.18’19

The previous article in this series1 reported the 
facile reduction of benzylphosphonium compounds 
with lithium aluminum hydride. It was likely, as 
only one benzyl group was removed at a time, that 
this reaction could be conveniently adapted to the 
synthesis of unsymmetrical tertiary phosphines. 
This method appeared to be attractive, not only 
because it gave high yields, but also because the 
starting material could be either phosphorus 
trichloride or a readily available monosubstituted 
dichlorophosphine. For these reasons the syn
theses of two unsymmetrical tertiary phosphines 
were undertaken, one completely aliphatic and the 
other containing an aromatic ring.

The commercially available dichlorophenylphos- 
phine was treated with an excess of benzylmag- 
nesium chloride to produce dibenzylphenylphos- 
phine, which was not isolated but was treated 
directly with methyl iodide to give an 82% over
all yield of dibenzylmethylphenylphosphonium 
iodide (I). The iodide I was reduced with a large 
excess of lithium aluminum hydride in tetrahydro- 
furan to give the corresponding phosphine, which 
was treated directly with ethyl iodide to give an 
80% over-all yield of benzylethylmethvlphenyl- 
phosphonium iodide (II). Reduction of II with 
lithium aluminum hydride gave the desired ethyl- 
methylphenylphosphine (III) in a 90% yield. The 
phosphine III was characterized by conversion 
to the solid dimethylethylphenylphosphonium io
dide (IY) in a 94% yield. The phosphine III was 
quite stable to air oxidation. It could be exposed 
to air with little or no change and air bubbled 
through a refluxing benzene solution of III pro
duced only slow oxidation.

When dichloromethylphosphine was treated 
with benzylmagnesium chloride, the resulting 
dibenzylmethylphosphine was not isolated but 
was converted directly to the dibenzylethylmethyl- 
phosphonium iodide (V) in an 84% over-all yield 
by treatment with ethyl iodide. Reduction of V with 
lithium aluminum hydride, followed by treatment 
of the resulting phosphine with n-pentyl iodide, 
gave benzylethylmethylpentylphosphonium iodide
(VI) in an 84% over-all yield. Reduction of VI 
with lithium aluminum hydride gave a 71% yield 
of the desired ethylmethylpentylphosphine (IX). 
In contrast to compound III, the aliphatic phos
phine IX is extremely sensitive to air oxidation. 
The lower yield of IX is partially due to the dif

(16) H. Albers and W. Schuler. Iier.. 76, 23 (1943).
(17) N. Kreutzkamp, Rer., 87, 919 (1954).
(18) J. Meisenheimer, Ann., 449, 213 (1906).
(19) G. Kamai, Zhur. Obshchei Khirn., 2, 52-1 (1932).

ficulty in handling the phosphine. Even though 
atmospheric oxygen was carefully excluded, the 
distillation residue from IX always contained 
some phosphine oxide XII.

As in some cases it was difficult to remove all 
oxygen-containing material by simple distillation, 
treatment with metallic sodium was used. Curi
ously, addition of sodium produced a solid material 
and a blue color which faded on exposure to air. 
Hein, Plust, and Pohlemann20 reported the forma
tion of blue phosphyles, R3P- 0 —Na by the
treatment of arylphosphine oxides with sodium. 
Apparently the introduction of a single phenyl 
group, as in III, markedly lowers the reactivity 
toward oxygen. On a preparative scale, heating 
the phosphine IX in air produced an 85% yield of 
ethylmethylpentylphosphine oxide (XII). The 
structure of XII was indicated by reduction with 
lithium aluminum hydride, followed by direct 
alkylation of the intermediate phosphine with 
methyl bromide, to give a 52% yield of dimethyl- 
ethylpentylphosphonium bromide (XI). XI also 
could be prepared in an 80% yield by direct alkyla
tion of the phosphine IX.

Treatment of IX with methyl iodide similarly 
produced an 85% yield of the solid dimethyl- 
ethylpenty] phosphonium iodide (VIII), which also 
could be prepared in an 81% yield by direct re
duction of VI with lithium aluminum hydride, 
followed by alkylation of the intermediate phos
phine with methyl iodide.

Although no solid derivative could be prepared 
from IX with either picric acid or tetracyano- 
ethylene, mercuric chloride formed both a 1:1 
and a 1:2 adduct with IX, depending on the ratio 
of the reactants.

Several by-products were isolated from the 
preparation of the tertiary phosphines. In both 
cases toluene was isolated and characterized through 
its dinitro derivative. Vapor-phase chromatography 
indicated that a 96% yield of toluene was obtained 
from the reduction of VI. It can be speculated 
that the hydride attacks the benzyl carbon atom 
with the displacement of the phosphine or the addi
tion of a hydride ion to the phosphorus atom with 
subsequent rearrangement to the products. The 
latter possibility would be similar to the mecha
nism proposed for the decomposition of phosphon
ium hydroxides21 and halides.22 The driving 
force for either mechanism would be the removal of 
the formal positive charge on the phosphorus atom. 
In several reductions small quantities of lower 
boiling secondary phosphines were detected by 
odor and vapor-phase chromatography. This ob
servation suggests that some reductive method

(20) F. Hein, H. Plust and H. Pohlemann, Z. anorg. allg. 
C h e m ., 272, 25 (1953).

(21) O. W. Fenton and C. K. Ingold, J. Chew. Snr., 2342
(1929).

(22) G. VY. Fenton, L. Hey and O. Iv. Ingold, ./, Chem. 
Roc., 989 (1933).
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could be used for the synthesis of secondary phos
phines. A second by-product isolated from the 
reductions of II and VI in quite large quantities 
was n-butyl alcohol, which was characterized 
by conversion to the corresponding 3,5-dinitro- 
benzoate and by vapor-phase chromatographic 
analysis. The production of the n-butyl alcohol 
from the tetrahydrofuran will be the subject of 
a separate report.

The synthesis of ethylmethylphenylphosphine
(III) in an over-all yield of 59% and that of 
ethylmethylpentylphosphine (IX) in an over-all 
yield of 50% illustrates the versatility and useful
ness of this procedure for the preparation of 
unsymmetrical tertiary phosphines.
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All phosphines, solutions of phosphines, and Grignard 
reagents were prepared and handled in an atmosphere of 
nitrogen purified by passage of the commercial gas through 
a basic pyrogallol trap, a sulfuric acid trap, and then a tube 
filled with potassium hydroxide pellets and Drierite.

Dibenzylmethylphenylphosphonium iodide (I). To a solu
tion of benzylmagnesium chloride [prepared in the usual way 
from 35.7 g. (1.47 g.-atoms) of magnesium, 184.0 g. (1.47 
moles) of benzyl chloride, and 1300 ml. of anhydrous ether] 
cooled in an ice bath was added a solution of 125.5 g. (0.7 
mole) of dichlorophenylphosphine (Eastman Kodak Com
pany, technical grade) in 250 ml. of anhydrous ether with 
stirring and cooling over a period of 4 hr. After the mixture 
had been heated under reflux for 1 hr. and then allowed to 
stand for 15 hr., it was hydrolyzed by the cautious addition 
of 300 ml. of water and 250 ml. of a 20% ammonium chloride

(23) The authors are grateful to Dr. Mary Aldrich, 
Kathryn Gerdeman, and Jane Swan for the analyses. All 
melting points and boiling points are uncorrected.

solution. The ether layer was separated, dried, and then 
treated with 200 g. (1.47 moles) of methyl iodide. After the 
solution was allowed to stand in a tightly stoppered flask 
for 48 hr., the crystalline solid which formed was removed by 
filtration and dried to give 266 g. (88%) of slightly impure 
iodide I, m.p. 201-205°. Recrystallization from a 3:1 mix
ture of ethanol and ethyl acetate gave 246 g. (82%) of pure 
dibenzylmethylphenylphosphonium iodide (I), m.p. 207- 
208° (reported24 m.p. 206°).

Benzylethylmethylphenylphosphonium iodide (II). To a sus
pension of 108.0 g. (0.25 mole) of finely powdered dibenzyl- 
methylphenylphosphonium iodide (I) in 900 ml. of dry tetra
hydrofuran was added 9.5 g. (0.25 mole) of lithium aluminum 
hydride. After the mixture was heated under reflux for 30 
hr., most of the tetrahydrofuran (750 ml.) was removed 
by distillation, and 950 ml. of a 20% sodium potassium 
tartrate solution was added cautiously with cooling in an ice 
bath. This mixture was then extracted with two 800-ml. 
portions of ether and the combined dry ether extracts were 
treated with 117 g. (0.75 mole) of ethyl iodide. After the 
solution was allowed to stand in a tightly stoppered flask 
for 9 days, the crystalline solid which deposited was col
lected, washed with ether, and air dried to obtain 74.0 g. 
(80%) of crude benzylethylmethylphenylphosphonium 
iodide (II), m.p. 164-166°. Recrystallization from water 
gave pure II, m.p. 165-166° (reported24 m.p. 167-168°). 
When similar experiments were conducted with smaller 
quantities of lithium aluminum hydride or for shorter reflux 
periods, marked reduction in the yield was observed, to
gether with recovery of unchanged starting material.

Ethylmethylphenylphosphine (III). To a suspension of
52.0 g. (0.14 mole) of finely powdered benzylethylmethyl- 
phenylphosphonium iodide (II) in 650 ml. of dry tetrahydro
furan was added 5.3 g. (0.14 mole) of lithium aluminum 
hydride. After the mixture was heated under reflux for 5.5 
hr., most of the tetrahydrofuran was removed by distillation 
and 520 ml. of a 20% sodium potassium tartrate solution 
was added cautiously. The mixture was then extracted with 
two 400-ml. portions of ether, and the combined extracts 
were dried over anhydrous sodium sulfate. After the solvent

(24) J. Meisenheimer, Ann., 449, 213 (1926).
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was removed by distillation, the residue was fractionated 
through a 12-inch Vigreux column to yield 15.6 g. of impure 
toluene, b.p. 45-65° (80 mm.), ra2D5 1.4667; 8.9 g. of impure 
n-butyl alcohol, b.p. 65-80° (12-25 mm.), 1.4012; and
19.1 g. (90%) of slightly impure ethylmethylphenylphos- 
phine (III), b.p. 82-83° (10 mm.), n2D5 1.5522. Redistillation 
of the tertiary phosphine III gave an analytically pure 
sample, b.p. 93-94° (14 mm.), n2D5 1.5524, d\l 0.954.

Anal. Calcd. for C9II13P: C, 71.03; H, 8.61. Found: C, 
71.20; H, 8.42.

The toluene was further identified by conversion to a solid 
derivative, 2,4-dinitrotoluene, m.p. 70-71° (reported25 m.p. 
70-71°). A mixed melting point determination with an 
authentic sample showed no depression. Redistillation of 
the crude n-butyl alcohol at atmospheric pressure gave a 
fairly pure sample, b.p. 116-117°, n2D5 1.3970 (reported26 
b.p. 117.4°, n2o 1.3993). A 3,5-dinitrobenzoate, m.p. 64- 
65° (reported27 m.p. 64°), was prepared from the n-butyl 
alcohol by the procedure of Shriner and Fuson.27 A mixed 
melting point determination with an authentic sample 
showed no depression.

Dimethylethylphenylphosphonium iodide (IV). To a sus
pension of 10.0 g. (0.027 mole) of finely powdered benzyl- 
ethylmethylphenylphosphonium iodide (II) in 125 ml. of 
dry tetrahydrofuran was added 1.02 g. (0.027 mole) of 
lithium aluminum hydride. After the mixture was heated 
under reflux for 5.5 hr., most of the tetrahydrofuran was 
removed by distillation, and 100 ml. of a 20% sodium 
potassium tartrate solution was added cautiously. This mix
ture was then extracted with two 100-ml. portions of ether, 
and the combined extracts, together with 7.7 g. (0.054 mole) 
of methyl iodide, were allowed to stand in a tightly stop
pered flask for 5 days. The oil which separated was dis
solved in methanol, and the solvent was allowed to evapo
rate slowly to produce 7.46 g. (94%) of crystalline dimethyl
ethylphenylphosphonium iodide (IV), m.p. 144-148°. Re
crystallization from isopropyl alcohol gave an analytically 
pure sample, m.p. 148.5-150° (reported28 m.p. 137°).

Anal. Calcd. for CMH1GIP: C, 40.83; H, 5.48. Found: 
C, 40.57; H, 5.58

Dibenzylethylmeihylphosphonium iodide (V). Benzylmag- 
nesium chloride, prepared in the usual way from 37.7 g. 
(1.55 g.-atoms) of magnesium, 194 g. (1.55 moles) of benzyl 
chloride and 1350 ml. of anhydrous ether, was cooled in an 
ice bath, and a solution of 82.0 g. (0.7 mole) of freshly dis
tilled dichloromethylphosphine, b.p. 77-79° (Army Chemical 
Center, Md.), in 200 ml. of ether was added with stirring 
and cooling over a period of 4 hr. The mixture was then 
heated under reflux for 1 hr. and hydrolyzed cautiously 
with 300 ml. of water and 300 ml. of a 20% ammonium 
chloride solution. The ether layer was combined with 435 
g. (2.8 moles) of ethyl iodide and allowed to stand in a 
tightly stoppered flask for 14 days. The solution was then 
filtered to yield 225.5 g. (84%) of impure crystalline di- 
benzylethylmethylphosphonium iodide (V), m.p. 118-121°. 
Recrystallization from isopropyl alcohol-ethyl alcohol (3:1) 
gave an analytically pure sample, m.p. 122.5-123°.

Anal. Calcd. for C^HkIP: C, 53.13; H, 5.77. Found: 
C, 53.41; H, 5.86.

Bemylethylmelhylpentylphosphonium iodide (VI). To a 
suspension of 120 g. (0.312 mole) of finely powdered di- 
benzylethylmethylphosphonium iodide (V) in 1440 ml. of 
freshly distilled dry tetrahydrofuran was added 11.85 g. 
(0.312 mole) of lithium aluminum hydride, and the mixture

(25) E. A. Huntress and S. P. Mulliken, Identification of 
Pure Organic Compounds, John Wiley and Sons, New York, 
N. Y., 1941, p. 520.

(26) I. Heilbron, Dictionary of Organic Compounds, Oxford 
University Press, New York, N. Y., 1953, p. 388.

(27) R. L. Shriner and R. C. Fuson, Identification of 
Organic Compounds, 3rd edition, John Wiley and Sons, 
New York, N. Y., 1949.

(28) A. Michaelis, Ann., 181, 362 (1876).

was heated under reflux for 6 hr. Most of the tetrahydro
furan was then removed by distillation and 1140 ml. of a 
20% sodium potassium tartrate solution was added 
cautiously. This mixture was extracted with four 250-ml. 
portions of ether, and the combined extracts were dried over 
magnesium sulfate. After most of the ether was removed by 
distillation, a solution of 124 g. (0.624 mole) of n-pentyl 
iodide in 100 ml. of freshly distilled n-butyl ether was added 
to the residue. The solution immediately became milky 
and an oil separated. After the mixture had been heated 
under reflux for 24 hr., the supernatant liquid was removed 
by decantation. With cooling, the residual oil crystallized 
in an hour to yield, on filtration, 95 g. (84%) of crude white 
benzylethylmethylpentylphosphonium iodide (VI), m.p. 
80-82°. Several recrystallizations from isopropyl alcohol- 
petroleum ether (b.p. 80-100°) gave an analytically pure 
sample, m.p. 90.5-92.0°.

Anal. Calcd. for CiSH26IP: C, 49.46; H, 7.19. Found: 
C, 49.26; H, 7.20.

Benzylethylmelhylpentylphosphonium bromide (VII). A 
suspension of 1.2 g. (0.0031 mole) of dibenzylethylmethyl- 
phosphonium iodide (V) in 150 ml. of freshly distilled tetra
hydrofuran was reduced with 0.12 g. (0.0032 mole) of lithium 
aluminum hydride, and the reaction mixture was hydro
lyzed as described above. After most of the ether had been 
removed from the solution containing the benzylethyl- 
methylphosphine, 6.6 g. (0.044 mole) of n-pentyl bromide 
in 15 ml. of methanol was added. This mixture was heated 
under reflux for 24 hr., and then was allowed to stand for an 
additional 24 hr. to yield, after removal of the methanol, a 
semisolid material. Recrystallization from ethyl acetate 
yielded 0.5 g. (61%) of crude benzylethylmethylpentyl- 
phosphonium bromide (VII) in the form of white crystals, 
m.p. 123-127°. Two further recrystallizations from pro
panol-ethyl acetate (1:1) gave an analytically pure sample, 
m.p. 129-130.5°.

Anal. Calcd. for Ci5H26BrP: C, 56.78; H, 8.26. Found: 
C, 56.84; H, 8.01.

Dimethylethylpentylphosphonium iodide (VIII). A. From 
benzylethylmethylpentylphosphonium iodide (VI). To a sus
pension of 7.0 g. (0.0192 mole) of finely powdered benzyl- 
ethylmethylpentylphosphonium iodide (VI) in 75 ml. of 
dry tetrahydrofuran was added 0.73 g. (0.0192 mole) of 
lithium aluminum hydride, and the mixture was heated 
under reflux for 7 hr. After most of the tetrahydrofuran had 
been removed by distillation, 70 ml. of a 20% sodium 
potassium tartrate solution was added to the residue. This 
mixture was extracted with two 80-ml. portions of ether 
and the combined extracts were treated with 11.4 g. (0.08 
mole) of methyl iodide. After this solution was stored in a 
tightly stoppered flask for 3 days, the oil which formed was 
separated and dried in vacuo to give 4.81 g. of a crude solid. 
Recrystallization from 8 ml. of methylisobutylcarbinol- 
ethyl acetate (1:1) gave 4.48 g. (81%) of crystalline di
methylethylpentylphosphonium iodide (VIII), m.p. 106- 
108°. Two further recrystallizations gave an analytically 
pure sample, m.p. 108-109°.

Anal. Calcd. for C9H22IP: C, 37.51; H, 7.70. Found: 
C, 37.29; H, 7.59.

B. From ethylmethylpentylphosphine (IX). To 0.51 g. of 
ethylmethylpentylphosphine (IX) in 10 ml. of ether was 
added 1 ml. of methyl iodide in 20 ml. of ether with stirring 
and cooling with ice-water over a 30-min. period. The solu
tion immediately turned milky and an oil, which solidified 
within 30 min., separated to give 0.85 g. (85%) of the crude 
iodide VIII. Recrystallization from propanol-ethyl acetate 
(1:2) gave fairly pure dimethylethylpentylphosphonium 
iodide (VIII), m.p. 108-108.5°. A mixed melting point 
determination with an authentic sample showed no depres
sion.

Ethylmethylpentylphosphine (IX). To a suspension of 69 
g. (0.19 mole) of finely powdered benzylethylmethylpentyl- 
phosphonium iodide (VI) in 1150 ml. of tetrahydrofuran
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(freshly distilled from lithium aluminum hydride) was 
added 8.9 g. (0.23 mole) of lithium aluminum hydride, and 
the mixture was heated under reflux for 8 hr. After most of 
the tetrahydrofuran was removed by distillation over a 12- 
hr. period, the residue was treated cautiously with 600 ml. 
of a 25% sodium potassium tartrate sclution with cooling 
and stirring. This mixture was then extracted with three 
200-ml. portions of ether, which were removed through a 
glass tube by the application of an excess of nitrogen 
pressure. After the combined ether solutions were dried over 
anhydrous sodium sulfate, the ether and most of the tetra
hydrofuran were removed by distillation through an 8-
inch, helix-packed column. The residue was fractionated
through the same column to give the following fractions:

Frac Wt.,
tion B.P., ° Mm. g- '¡n

1 100-112 755 32.6 1.4489
2 112-114.5 755 7.0 1.4042
3 60-41 60-21 4.3 1.4081
4 68-73.5 21 10.5 1.4551
5 Residue — 2.9 —

The impure ethylmethylpentylphosphine (IX), contained 
in fraction 4, was obtained in a 71% yield. Redistillation of 
fraction 4 through a 5-inch Podbielniak column (which had 
been alternately evacuated and flushed with nitrogen six 
times) yielded an analytically pure sample, b.p. 74-74.5° 
(22 mm.), n™ 1.4574. (Satisfactory analyses were obtained 
only if the combustion wras carried out at 900°.)

Anal. Calcd. for CsHi9P: C, 65.72; H, 13.09. Found: C, 
65.53; H, 12.94.

Vapor-phase chromatography indicated that fractions 1 
through 3 contained 16.5 g. (96%) of toluene, 20.5 g. of re
butyl alcohol, and 6.8 g. of tetrahydrofuran. The toluene 
was further identified as its 2,4-dinitro derivative, m.p. 
70-71°, wdiich did not depress the melting point of an authen
tic sample. The re-butyl alcohol was converted to its 3,5- 
dinitrobenzoat.e, m.p. 65.0-65.5°, w'hich did not depress the 
melting point of an authentic sample.

Ethylmethylpentylphosphine-mercuric cMoride addition com
pounds (X). When 0.4 g. (0.0027 mole) of ethylmethyl
pentylphosphine (IX) was added to a solution of 0.63 g. 
(0.0023 mole) of mercuric chloride in 20 ml. of ethanol, no 
precipitate was formed. Removal of the solvent on a steam 
bath produced a gray, sticky solid, m.p. 120-205°. Extrac
tion of this solid with ethanol, followed by removal of the 
ethanol from the extracts on a steam bath, yielded a clear, 
sticky film, which was redissolved in hot ethanol. When the 
solution was allowed to cool to room temperature, an oil 
separated which solidified in the refrigerator. Three re- 
crystallizations from ethanol produced white crystals of a 
1:1 adduct of ethylmethylpentylphosphine and mercuric 
chloride (Xa), m.p. 67.5-68.5°.

Anal. Calcd. for C8H,,Cl2HgP: Cl, 16.97. Found: Cl,
16.77.

Repetition of the procedure described above, but with 
double the quantity of mercuric chloride, produced a 1:2 
adduct of ethylmethylpentylphosphine and mercuric chlo
ride (Xb), m.p. 155-155.5°. With continued heating, the 
molten Xb resolidified to produce a solid, which was re- 
crvstallized from ethanol to produce a pure samule of Xb, 
m.p. 210°.

Anal. Calcd. for CsHi9ChHgoP: Cl, 20.57: P, 4.-9. Found: 
Cl, 20.59; P, 4.67.

Stoichiometric quantities of reactants are recommended, 
as purification of the adducts by recrystallization from 
ethanol is difficult. However, an excess of mercuric chloride 
can be conveniently removed by extraction with boiling 
wrater in which the adducts are only sparingly soluble.

Dimethylethylpentylphosphonium bromide (XI). To 0.8 g. 
(0.0054 mole) of ethylmethylpentylphosphine (IX.) dissolved 
in 20 ml. of ether wras added 3 ml. of methyl bromide at 
— 15°. After the mixture was allowed to stand for 5 days at 
room temperature, the ether solution was decanted from an 
oil which solidified after being dried in a desiccator at 1 
mm. pressure to produce 1.25 g. (80%) of very crude hygro
scopic dimethylethylpentylphosphonium bromide (XI), 
m.p. 116-121°. Two recrystallizations from ethyl acetate- 
propanol (20:1) produced an analytically pure sample, m.p.
128-128.5°.

Anal. Calcd. for C9HMBrP: C, 44.81; H, 9.19. Found: 
C, 44.51; H, 9.19.

Ethylmethylpentylphosphine oxide (XII). After a mixture 
of 15 g. of ethylmethylpentylphosphine (IX) and the 
residue (2.9 g.) from the distillation of IX w'as heated for 
4 hr. in the air, the reaction product was distilled at reduced 
pressure to yield 17 g. (86%) of crude ethylmethylpentyl
phosphine oxide (XII). Redistillation through an 8-inch, 
helix-packed column gave pure XII, b.p. 76-76.5° (0.4 
mm.), re2D° 1.4591, m.p. 8-9°, as a colorless, very hygro
scopic liquid.

Anal. Calcd. for CsH19OP: C, 59.26; H, 11.81. Found: 
C, 59.37; H, 11.53.

Reduction of ethylmethylpentylphosphine oxide (XII) with 
lithium aluminum hydride. A solution of 1.14 g. (0.007 
mole) of ethylmethylpentylphosphine oxide (XII) in 10 ml. 
of tetrahydrofuran was added to 0.3 g. of lithium aluminum 
hydride in 90 ml. of tetrahydrofuran. After the mixture had 
been heated under reflux for 5 hr., the mixture was worked 
up in the usual way, as described above. To the combined 
ether extracts was added 6 g. of methyl bromide, and the 
mixture was allowed to stand for 5 days at room tempera
ture to yield 0.88 g. (52%) of crude dimethylethylpentyl
phosphonium bromide (XI), m.p. 110-114°. Three recrystal
lizations from propanol-ethyl acetate raised the melting 
point to 127.5-129°. A mixed melting point determination 
with an authentic sample of XI showed no depression.

C o l l e g e  P a r k . Mr.
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Synthesis of four monomers, p-styryldiphenylphosphine, p-glycidyloxyphenyldiphenylphosphine oxide, di(p-glycidyloxy- 
phenyl)phenylphosphine oxide, and tri(p-glycidyloxyphenyl)phosphine oxide is described.

In view of the high thermal stability of tri
phenylphosphine oxide1-2 we have undertaken the 
synthesis of a group of polymers containing this 
structure. In this paper we wish to describe the 
preparations and properties of a number of mono
mers required for this work.

The mono-, di-, and tri-p-hydroxy derivatives of 
triphenylphosphine and triphenylphosphine oxide 
were prepared as outlined below. Reactions of the 
hydroxyphenylphosphine oxides with epichloro- 
hydrin yielded glycidyl ethers in which the tri
phenylphosphine oxide nucleus replaced the bis- 
phenol A moiety of conventional epoxy resins. The

:nes .r V
a 1 2
b 2 1
c 3 0

Grignard synthesis of the mono-, di-, and tri-p- 
methoxy derivatives of triphenylphosphine went 
smoothly in tetrahydrofuran. Although the mono
functional product could be readily isolated by 
distillation, attempts to distill benzene extracts

(1) G. N. Kosolapoff, Organophosphorus Compounds, John 
Wiley & Sons, New York, 1950, page 98.

(2) J. W. Dale, I. B. Johns, et al., Synthesis of 1000°F. 
Stable Fluids, paper presented at the Conference on High 
Temperature Polymer & Fluid Research sponsored by the 
Wright Air Development Center, May 26-28, 1959.

containing the di- and tri-functional compounds 
led to strongly exothermic decompositions begin
ning at about 225°. In large scale syntheses these 
became uncomfortably vigorous. Extraction with 
concentrated hydrochloric acid gave very satis
factory separations of products from accompany
ing tars and from p,p'-dimethoxybiphenyl, a 
principal by-product, and is therefore recommended 
in spite of its unpleasant features.

Demethylation by hydrobromic acid (reaction 3) 
proceeded smoothly, with no sign of phosphorus- 
phenyl cleavage.3 Because the free hydroxyphos- 
phines were difficult or impossible to recrystallize, 
they were isolated and purified as their hydrobromic 
acid salts.

The hydrogen peroxide oxidations of the meth- 
oxyphosphines (reaction 2) and of the hydroxy- 
phosphines (reaction 6) proceeded smoothly in 
excellent yields. The phosphine oxides were nicely 
crystalline solids. To obtain satisfactory analyses 
it was necessary to dry them very thoroughly, as 
they held traces of solvent tenaciously.

As di(p-hydroxyphenyl)phenylphosphine (VII-
b) and tri(p-hydroxyphenyl) phosphine (Vile) 
could not be recrystallized, samples of them were 
oxidized to the corresponding hydroxyphosphine 
oxides (Vb and Vc) to establish their identity 
and purity (reaction 6). The products, obtained in 
excellent yield, were identical with those prepared 
by demethylation of the appropriate methoxy- 
phosphine oxides (reaction 4).

The preparation of p-vinyl phenyldiphenyl- 
phosphine (XIII) was earned out by reactions
8-11, following Neville.4 Attempts to prepare it 
directly from p-styrylmagnesium chloride and di- 
phenylchlorophosphine (reaction 12) led to im
mediate polymerization instead.5

Physical properties, yields, and analytical data 
for the compounds prepared are compiled in Table 
I. Those features of the infrared spectra used in 
confirming assigned structures are listed in Table

(3) L. M. Kindley and L. P. Glekas, Synthesis of Ther
mally Stable Epoxide Resins for Dielectric Applications. 
Quarterly Progress Report No. 5 to Wright Air Develop
ment Center, Contract AF 33(616 )-5518, September 1959.

(4) R. G. Neville, J. Org. Chem., 21, 111 (1959).
(5) See J. R. Leebrick and H. E. Ramsden, J. Org. Chem., 

23, 935 (1959) for the preparation of p-styrylmagnesium 
chloride, and A. E. Senear, R. G. Neville, and J. Wirth, 
./. Org. Chem., 25, 807 (I960) for a similar resinification 
reaction with a ohlorosilane.
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II. The spectra were determined using potassium 
bromide pellets, and measured in a Perkin-Elmer 
Model 12 single beam spectrophotometer with 
sodium chloride optics.

EXPERIMENTAL6

Diphenylchlorophosphine ( I la ).7 In a 5-1. flask attached to 
a 2-foot, unwrapped Vigreux column were mixed 4650 g. 
(26.0 moles) of phenyldichlorophosphine8 ( lib )  and 175 g. 
of anhydrous aluminum chloride. The mixture was heated 
so that phosphorus trichloride distilled off the top of the 
column at 85-95° as it was formed by redistribution. After 
20 hr. 700 ml. (8.0 moles) had been collected. The pot 
residue was distilled in vacuo through a fractionating column 
to yield 1015 ml. (7.5 moles) of unchanged phenyldichloro
phosphine, b.p. 90-95°/l mm., followed by 1624 g. (7.35 
moles) of diphenylchlorophosphine, b.p. 145-147°/1 mm., 
(79%, based on consumed starting material).9

p-Methoxyphenyldiphenylphosphine (Ilia ) . To the Gri- 
gnard reagent prepared from 112  g. (0.60 moles) of p-bromo- 
anisole in 250 ml. of tetrahycrofuran was added a solution

(6) All melting points were measured in glass capillaries 
immersed in a heated silicone bath, and are uncorrected.

(7) Although this compound has been described fre
quently [see reference 1, page 55, also F. G. Mann and 
I. T. Miller, J. Chem. Soc., 4453 (1952) and B. A. Arbuzov 
and N. P. Grechlin, Zhur Obschei Khim., 20, 107 (1950); 
cf. Chem. Abstr., 44, 5832 (1950)], this method is presented 
as it conveniently furnishes a good yield with easily avail
able starting material.

(8) Available from Victor Chemical Co., Chicago Heights,
111.
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TABLE II
I n f r a r e d  S p e c t r a , C m . 1

Com
pound

Phenyl,
Mono-
substi
tuted

Phenyl
v-

Substi-
tuted

C—O, 
Ether or 
Phenolic P—O

P—
c 6h 5

—CH, 
bend

Aromatic
C =C

OH
Region Comments

Ilia 696, 746 833 1247 1424 1451 1494, 1566, p-Substitution and
1590 methyl bending

Illb 697, 753 831 1247 1429 1449 1494, 1566, bands increase in
1592 intensity on going

IIIc 831 1247 1437 1451 1494, 1566, from mono- to
1590 trifunctional

IVa 704, 728 838 1259 1174-1178 1426 1451 1499, 1563,
1596

IVb 704, 726 831 1259 1175 1434 1455 1499, 1570,
1600

IVc 805 1252 1176 1439 1455 1449, 1566,
1596

Via 683, 738 843 1117, 1294 1432 1497, 1577, 3021 P-H at 2257
1600

VIb 683, 746 846 1118, 1283 1424 1494, 1576, 3067 P-H at 2328
1600

Vic 830 1115, 1283 1424 1494, 1576, 3130, 3257 P-H at 2358
1600

Vila 697, 743 833 1093, 1217 1426 1494, 1582, 3280
1596

Vllb 697, 746 826 1093, 1245 1429 1503, 1582, 3280
1604

Vile 830 1115, 1247 1429 1497, 1583, 3416
1604

Va 692, 729 836 1117, 1285 1158-1166 1429 1499, 1574, 3021
1600

Vb 694, 728 831 1120, 1276 1156 1432 1497, 1586, 3106
1604

Vc 831 1118, 1276 1171 1426 1997, 1582, 3179
1604

V illa 709, 754 831 1026, 1258 1183 1437 1500, 1570, 3390 Oxirane bands at 863,
1596 919, 1163

VUIb 700, 754 833 1026, 1255 1176 1434 1497, 1570, 3205 Oxirane bands at 865,
1592 919, 1163

Ville 831 1024. 1255 1176 1429 1503, 1574, 3257 Oxirane bands at 863,
1596 916, 1160

X 697, 746 831 1255 1429 1476, 1590 Ketal doublet at 1041,
1071

XI 697, 746 826 1265 1424 1476, 1592 C = 0  strong at 1680
XII 696, 746 830 1082 1426 1476, 1586 3311 Variable band at 2392“

H
/

XIII 696, 750 838 1426 1478, 1590 C =C  at 1628, = C
\

H
at 919

“ This band, absent in some preparations and very strong when treatment of the reaction mixture with acid was omitted, 
was attributed to residual B—H structures in the oily product. Its presence or absence did not materially affect the subse
quent dehydration of the carbinol.

of 90 g. (0.40 mole) of diphenylchlorophosphine in 50 ml. of 
tetrahvdrofuran.9 10 The mixture was refluxed 1 hr. and poured 
over ice-hydrochloric acid. The product was extracted into 
benzene, washed, dried, and distilled to yield 97 g. of yellow

(9) CAUTION: At the end of the distillation a waxy 
yellow solid collected in the still head. While hot, both this 
material and the still pot residue would ignite on contact 
with air. After cooling, air could be carefully admitted, 
and these materials rinsed out with acetone.

(10) Substitution of p-chloroanisole (Ansul Chemical Co.)
gave comparable yields, and the Grignard formed readily 
in tetrahydrofuran. Tetrahydrofuran was preferred to ether, 
as it held complexes of the reaction products in solution, 
greatly facilitating working up the products.

oil, b.p. 195-225°/5 mm. Trituration with methanol caused 
the oil to crystallize, and recrystallization from 1 1. of 
methanol gave 82 g. (70%) of colorless crystals, m.p. 78- 
79°.11

Di(p-methoxyphenyl)phenylphosphine (Illb). A mixture of
3.0 moles of p-methoxyphenylmagnesium bromide and 1.25 
moles of phenyldichlorophosphine in 3 1. of tetrahydrofuran

(11) In our first preparation a metastable crystalline 
form, m.p. 68-69°, was isolated, recrystallized, and analysed. 
Both forms gave quantitative yields of p-methoxyphenyl- 
diphenylphosphine oxide (IVa) upon oxidation, and had 
identical infrared spectra. The lowrer melting form yielded 
the higher melting one when seeded with the latter during 
recrystallization.
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w a s re flu x ed  3 h r ., p o u red  o v e r  ice , a n d  a c id ified  w ith  h y d r o 
ch lo r ic  a c id . A fte r  s ta n d in g  o v e r n ig h t  t o  a llo w  t h e  te tr a -  
h y d ro fu ra n  t o  e v a p o r a te , th e  p r o d u c t  w a s ta k e n  u p  in  
b e n z e n e , w a sh e d  w ith  w a ter , a n d  e x tr a c te d  w ith  fo u r  1-1. 
p o r t io n s  o f  co n ed , h y d r o c h lo r ic  a c id . T h e  a c id  e x tr a c ts  w ere  
c a u t io u s ly  n e u tr a liz e d  w ith  co n ed , a m m o n ia  g iv in g  a n  o il 
w h ic h  so lid if ied  o n  c o o lin g . T h e  s o lid  w a s  filtered , w a sh e d , 
d ried , a n d  r e c r y s ta lliz e d  fro m  2 1. o f  m e th a n o l to  y ie ld  271  
g . (7 5 % ) o f  co lo r le s s  c r y s ta ls , m .p . 8 5 - 9 0 ° .  U p o n  a  se co n d  
c r y s ta ll iz a t io n  t h e  m e lt in g  p o in t  b e c a m e  8 9 - 9 0 ° .

T ri(p -m eth o x yp h e n y l)p h o sp h in e  ( I I I c ) .12 T h is  co m p o u n d  
w a s p rep a red  in  4 5 %  y ie ld  b y  tr e a t in g  in  te tr a h y d r o fu r a n
6.0 m o le s  o f  p -m e th o x y p h e n y lm a g n e s iu m  b r o m id e 10 w ith  1 .8  
m o les  o f  p h o sp h o r u s  tr ich lo r id e , a n d  is o la t in g  t h e  p r o d u c t  
b y  t h e  p ro ced u re  d esc r ib ed  a b o v e  for  th e  d im e th o x y  co m 
p o u n d .

M ono-, d i- , a n d  tr i-p -m e th o xy  derivatives o f  trip h en y lp h o s-  
p h in e  oxide  ( IV a . b , c ) .  T o  t h e  m e th o x y p h o sp h in e  su s 
p en d ed  in  4 - 8  v o lu m e s  o f  a c e to n e  w a s  s lo w ly  a d d ed  e n o u g h  
10%  h y d ro g en  p ero x id e  t o  fu r n ish  1.1 m o le s  o f  th e  la t te r  
p er  m o le  o f  p h o s p h in e .13 D u r in g  t h e  v ig o r o u s  e x o th erm ic  
re a c t io n  th e  so lid s  d is s o lv e d . T h e  a c e to n e  w a s a llo w e d  to  
e v a p o r a te , a n d  t h e  p r o d u c ts  ta k e n  u p  in  b e n zen e , w a sh e d  
p ero x id e  free  w ith  ferro u s a m m o n iu m  su lfa te  so lu t io n , a n d  
d ried . E v a p o r a t io n  o f  t h e  b e n z e n e  le f t  t h e  p h o sp h in e  o x id es  
as r e a d ily  c r y s ta ll iz a b le  o ils . T h e  m o n o -  an d  t r im e th o x y  
co m p o u n d s  r e c r y sta lliz e d  e a s ily . T o  a v o id  o ilin g  o u t  th e  
d im e th o x y  d e r iv a t iv e , c a re fu l a d d it io n  o f  p e tr o le u m  e th e r  
(b .p . 3 0 - 6 0 ° )  t o  a  d ilu te  b e n z e n e  s o lu t io n  a t  ro o m  te m 
p era tu re , fo llo w e d  b y  r e fr ig era tio n  w a s n ec e ssa r y ;  th e  
y ie ld  w a s  lo w ered  b y  r e c r y s ta lliz a t io n  lo sse s .

p -H yd ro xyp h en y ld ip h en y lp h o sp h in e  hydrobrom ide  ( V ia ) .  
F if ty -n in e  g ra m s (0 .2  m o le )  o f  p -m e th o x y p h e n y ld ip h e n y l-  
p h o sp h in e  ( I l i a )  a n d  15 0  m l. o f  4 8 %  h y d ro b ro m ic  a c id  
w ere  re flu x ed  u n d er  n itr o g e n  4  h r. A  6 .5 -m l. sa m p le  (6 5 % )  
o f m e th y l  b ro m id e  c o lle c te d  in  a  co ld  tra p  a t ta c h e d  t o  t h e  
co n d en ser  to p . O n  c h ill in g  6 1 .8  g . (8 0 % ) o f  c r y s ta ll in e  
p r o d u c t, m .p . 2 0 0 - 2 0 3 ° ,  ca m e  o u t  o f  so lu t io n . R e c r y s ta l
l iz a t io n  fro m  16 0  m l. o f  m e th a n o l a n d  10 m l. o f  h y d ro b ro m ic  
a c id  g a v e  55 .1  g . (7 1 % )  o f  co lo r le s s  c r y s ta ls , m .p . 2 0 2 .5 -  
2 0 3 .5 °  d ec .

D i-(p -h yd ro xy p h e n y l)p h en y lp h o sp h in e  hydrobrom ide  (V I b )  
a n d  tr i(p -h yd ro xy p h en y l)p h o sp h in e  hydrobrom ide  ( V ic ) .  
T h e s e  co m p o u n d s  w ere  p rep a red  in  th e  sa m e  fa sh io n  a s  th e  
m o n o  fu n c t io n a l a n a lo g , in  y ie ld s  o f  7 0 %  fo llo w in g  re
c r y s ta lliz a t io n .

p -H y d ro x yp h e n y ld ip h en y lp h o sp h in e  ( V i l a ) .  T h e  p h o sp h in e  
h y d r o b r o m id e  ( V ia )  p rep a red  a b o v e  w a s  d is s o lv e d  in  5 0 0  
m l. o f  3 %  so d iu m  h y d r o x id e  so lu t io n . T h e  free  p h o sp h in e , 
p r e c ip ita te d  b y  t h e  s lo w  a d d it io n  o f  a c e t ic  a c id , c a m e  d o w n  
as an  o il a n d  th e n  so lid if ied . A fte r  4  d a jrs in  vacuo  i t  m e lte d  
o v e r  a  w id e  ra n g e , 8 7 - 1 1 2 ° ,  a n d  w e ig h e d  4 0 .4  g . ( th e o r y  is
3 6 .7  g .) .  I t  rvas d is s o lv e d  in  2 0 0  m l. o f  b e n z e n e  a n d  reflu xed . 
B y  m e a n s  o f  a  D e a n  S ta r k  tra p  4 .5  m l. o f  w a te r  w a s  re
m o v e d . A fte r  a d d it io n  o f  20 0  m l. o f  p e tr o le u m  e th e r  (b .p .  
3 0 - 6 0 ° )  to  th e  d r ied  b en z e n e  so lu t io n , ch illin g  c a u se d  3 1 .3  g. 
(8 5 % ) o f  c r y s ta ll in e  p r o d u c t, m .p . 1 1 0 - 1 1 2 °  to  form . T h is  
r ep resen ts  an  o v e r -a ll y ie ld  o f  6 0 %  fro m  jo -m eth o x y p h en y l-  
d ip h e n y lp h o s p h in e .

D u r in g  t h e  co u rse  o f  se v e r a l r e c r y s ta lliz a t io n s  fro m  b e n 
ze n e -p e tr o le u m  e th e r  (b .p . 3 0 - 6 0 ° )  t h e  m e lt in g  p o in t  o f  th e  
h y d r o x y p h e n y lp h o s p h in e  d ro p p ed  t o  1 0 2 .5 -1 0 3 .5 ° ,  a n d  
th e n  r em a in ed  c o n s ta n t . T h e  in fra red  sp ec tru m  w a s  u n 
a ltered  d u r in g  th is  ch a n g e , a n d  w a s  in  a g r e e m e n t  w ith  th e  
p ro p o sed  s tr u c tu r e . B o th  fo rm s w ere  re c o n v e r te d  q u a n tita 
t iv e ly  to  p -h y d r o x y p h e n y ld ip h e n y lp h o s p h in e  h y d ro b ro m id e  
( V ia )  on  r e c r y s ta lliz a t io n  from  m e th a n o l-h y d r o b r o m ic  acid , 
an d  y ie ld e d  p -h y d r o x y p h e n 3' ld ip h en 3d p h o sp h in e  o x id e  (V a )  
on  o x id a tio n .

(1 2 )  F . G . M a n n  a n d  E . C h a p lin , J .  Chem . Soc., 5 2 7  
(1 9 3 7 ).

(1 3 )  R . L e ts in g e r , J . N a z y , a n d  A . H u s s e y , J .  Org. Chem.,
2 3 , 1806 (1 9 5 8 ).

D i(p -h yd ro xyp h en y l)p h en y lp h o sp h in e  ( V l l b )  a n d  tr i{p -  
h yd ro xyp h en yl)p h o sp h in e  ( V I I ; ) .  T h e  p h o sp h in e  h v d ro -  
b ro m id es  w ere  c o n v e r te d  to  t h e  free  b a se s  b y  s o lu t io n  in  
so d iu m  h y d r o x id e  a n d  p r e c ip ita t io n  w ith  a c e t ic  a c id . T h e  
d ih i'd r o x v  c o m p o u n d  w a s  a  n o n c r y s ta ll iz a b le  o il. T h e  tr i
fu n c t io n a l p r o d u c t  3o e ld ed  a  ta ffy -lik e  p r e c ip ita te  w h ich  
g r a d u a lly  so lid ified . A fte r  g r in d in g  w ith  w a ter , w a s h in g  s a lt -  
free , a n d  d ry in g , i t  m e lte d  a t  1 3 0 -1 3 8 ° . A t te m p te d  re -  
c r y s ta lliz a t io n  led  to  o ils . T h e  h ig h  y ie ld s , 8 5 %  a n d  9 5 % , 
o f t h e  d i-  a n d  tr ih 3rd r o x y  p h o sp h in e  o x id es , o b ta in e d  b y  
o x id a tio n  (se e  b e lo w ), con firm  th e  c o m p o s it io n s  o f  th e se  
p ro d u c ts .

p -H y d ro x yp h en y ld ip h en y lp h o sp h in e  oxide  (V a ) . a . B y  
hydro lys is . A  su sp en sio n  o f  7 0 .4  g . (0 .2 3  m o le )  o f  p -m e th o x y -  
p h e n id d ip h e n y lp h o sp h in e  o x id e  ( I V a )  in  2 5 0  m l. o f  4 8 %  
h y d ro b ro m ic  ac id  w a s reflu x ed  3 .5  hr. T w e lv e  m illilite r s  
(9 7 % ) o f  m etln d  b ro m id e  w a s iso la te d . A fte r  co o lin g , th e  
a c id  p h a se  w a s  d isca rd ed , a n d  th e  o i ly  r e s id u e  d is s o lv e d  in  
d ilu te  so d iu m  h y d ro x id e  a n d  p r e c ip ita te d  w ith  a c e t ic  a c id . 
R e c r y s ta lliz a t io n  o f  th e  ta n  p o w d er  fro m  5 0 0  m l. o f  m e th a n o l  
g a v e  8 2 .7  g. (9 1 % ) o f  c r y s ta ls , m .p . 2 3 7 - 2 3 9 ° .

b . B y  oxida tion . A d d itio n  o f  a s l ig h t  ex ce ss  o f  10 %  h y d ro 
g en  p ero x id e  to  a  so lu tio n  o f  p -(h y d r o x 3̂ p h en y l)d ip h en y l-  
p h o sp h in e  in  s ix  v o lu m e s  o f  a c e to n e  p ro d u ced  a  v ig o ro u s  
rea c tio n . A s th e  a c e to n e  e v a p o r a te d  a  p r o d u c t, id e n tic a l  
w ith  th e  h y d r o ly s is  p r o d u c t  a b o v e , c r y s ta ll iz e d  o u t  in  9 6 %  
y ie ld .

D i(p -h yd ro xyp h en y l)p h en y lp h o sp h in e  oxide  (V b )  a n d  tr i(p -  
hyd ro xyp h en yl)p h o sp h in e  oxide  (V c ) .  H y d r o g e n  p ero x id e  
o x id a tio n  o f  t h e  o i ly  d ifu n c t io n a l p h e n o l ( V l l b )  p ro d u ced  
t h e  p h o sp h in e  o x id e  in  8 5 %  y ie ld , b a sed  o n  th e  h y d ro g en  
b ro m id e  s a lt  p recu rsor  o f  t h e  free  b a se . H 3rd ro b ro m ic  a c id  
d e m e th y la t io n  o f  d i(p -m e th o x y p h e n 3'l)p h e n y lp h o sp h in e  
o x id e  ( I V b )  g a v e  th e  sa m e  p r o d u c t  in  8 0 %  3’ie ld . S im ila r ly  
tr i(p -h y d r o x y p h e n 3’l)p h o s p h in e  o x id e  w a s  p rep a red  in  9 5 %  
y ie ld  b o th  b y  o x id a tio n  o f  cru d e  tr i(p -h y d r o x y p h e n y l) -  
p h o sp h in e  a n d  b y  d e m e th y la t io n  o f  t r i(p -m e th o x 3'p h en 3'l)-  
p h o sp h in e  ox id e .

M ono-, d i-, a n d  tr i{p -g lyc id y lo xy)tr ip h en ylp h o sp h in e  oxide  
( V i l l a ,  h , c ) . F o llo w in g  th e  r e a c t io n s  o f  ep ich lo ro h y d r in  
w ith  th e  h y d r o x y p h e n y lp h o s p h in e  o x id es  a s d e scr ib ed  b y  
L e e  a n d  N e v il le  for  b isp h e n o l A ,14 th e  p r o d u c ts  w ere  ta k e n  
u p  in  b e n zen e , a n d  w a sh e d  s a lt  free . S o lv e n t  s tr ip p in g  in  
vacuo  le f t  v isc o u s  o ils . T h e  ep o x id e  e q u iv a le n ts  sh o w n  in  
T a b le  I  in d ic a te  t h a t  so m e  o p e n in g  o f  th e  e p o x id e  r in g  h a d  
occu rred  d u r in g  r ea c tio n . T h e  p ro d u c ts  co u ld  b e  c o n v e r te d  
t o  to u g h , stro n g , a d h eren t r es in s b y  r e a c t io n  w ith  su ch  ty p ic a l  
e p o x y  cu r in g  a g e n ts  a s  a m in es , a c id  a n h 3rd r id es , a n d  b oron  
tr iflu o r id e .

2 -M eth y l-2 -{4 '-d ip h e n y lp h o sp h in y lp h e n y l)-l ,3 -d ioxolane
( X ) .  T o  th e  G rign ard  r e a g e n t  from  5 2 9  g . (2 .1 8  m o le s)  o f  
2- (4 '-b ro m o p h en 3 rl) -2 -m e th y l- l ,3 -d io x o la n e  ( I X ) 4 a n d  5 8  g . 
(2 .4 0  m o le s)  o f  m a g n e siu m  in  1 .5  1. o f  te tr a h y d r o fu r a n  w a s  
a d d ed  s lo w ly  a so lu t io n  o f  3 8 6  g . (1 .7 5  m o le s )  o f  d ip h e n y l-  
ch lo ro p h o sp h in e  in  0 .5  1. o f  te tr a h y d r o fu r a n . A fter  re flu x in g
1 .5  hr. th e  so lu t io n  w a s p o u red  o v e r  cra ck ed  ic e  a n d  th e  
p r o d u c t  e x tr a c te d  in to  b e n zen e . E m u ls if ic a tio n  m a d e  th is  
a  te d io u s  p ro ced u re . A fter  d ry in g , t h e  b e n z e n e  so lu t io n  w a s  
d is t ille d  to  y ie ld  a  w y s ta l l in e  fr a c t io n , b .p . 1 2 0 - 1 3 0 ° /2 5  m m . 
(p r o b a b ly  2 -p h e n y l-2 -m e th y l- l ,3 -d io x o la n e ) ,  a n d  a  p r o d u c t-  
c o n ta in in g  fra c tio n , b .p . 2 0 0 - 3 0 0 ° /3 .5  m m ., w e ig h in g  4 23  
g . (7 1 % ), m a in ly  d is t i l l in g  a t  2 3 5 - 2 5 5 ° /3 .5  m m .

T r itu r a t io n  w ith  3 0 0  m l. of e th a n o l c a u se d  th e  o il to  
c r y s ta ll iz e . T h e  c r y s ta ls , m .p . 6 3 - 7 0 ° ,  w ore sh o w n  b 3r in fr a 
red  sp e c tr o s c o p 3" to  c o n s is t  m a in h - o f  k e ta l ( X ) ,  w ith  so m e  
k e to n e  ( X I )  a s im p u r ity , p r o b a b ly  fo rm ed  b y  h y d r o ly s is  
d u r in g  w o rk -u p . A lth o u g h  k e to n e -free  k e ta l, m .p . 7 3 -7 4 °  
co u ld  b e  p rep a red  b y  e th a n o l r e c r y s ta lliz a t io n , th is  p r o d u c t  
w a s c o n v e r te d  d ir e c t ^  to  th e  k e to n e  w ith o u t  p u r ifica tio n .

p -A ce ty lp h en y ld ip h en y lp h o sp h in e  ( X I ) .  T h e  cru d e c r y s ta l
l in e  p r o d u c t  fro m  th e  p r e v io u s  re a c t io n  w a s d isso lv e d  in  2 1.

(1 4 )  H . L e e  a n d  K . N e v il le ,  E p o x y  R es in s .  M c G r a w -H ill  
B o o k  C o ., I n c ., N e w  Y o rk , 1957 .
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of acetone containing 10 g. of p-toluenesulfonie acid. Follow
ing 3 hr. of reflux the solution was neutralized with meth- 
anolic sodium hydroxide solution and, after filtering out 
sodium p-toluenesulfonate, concentrated to 800 ml. On 
chilling 220 g. of product, m.p. 117-119°, crystallized.

The ethanolic mother liquor from the ketal preparation 
was evaporated, and the residual oil treated with acetone 
and p-toluenesulfonic acid as described above to give an 
additional 35 g. of ketone. By concentration of the combined 
acetone mother liquors 48 g. of impure ketone was obtained, 
making the overall yield of ketone (XI) 58%, based upon 
the original diphenylchlorophosphine.

p-(l'-Hydroxyelhyl)phenyldiphenylphoiphine (XII). To a 
suspension of 254 g. (0.84 mole) of p-acetylphenyldiphenyl- 
phosphine (XI) in 1.2 1. of methanol was slowly added a 
solution of 32 g. (0.84 mole) of sodium torohydride in 0.5 1. 
of methanol. Mild cooling was needed to keep the tempera
ture below 30°. After standing overnight 150 ml. of glacial 
acetic acid and 200 m l. of water were added. Four hours 
later 1.5 1. of water was added and the product was taken 
up in benzene and washed with dilute hydrochloric acid, 
dilute base, and water. Removal in vacuo of the benzene 
left 254 g. (99%) of a very viscous oil which resisted crystal
lization. The infrared spectrum (Table II) confirmed its 
structure.

p-Styryldiphenylphogphine (XIII). Over a 4-hr. period a 
solution of 253 g. (0.33 mole) of the carbinol (XII) in 250 
ml. of toluene was dropped into a 40 cm. X 25 mm. column 
filled with 7-10 mesh activated alumina. The column was 
heated to 400°, with an exit pressure of 2-5 mm. and an inlet 
pressure of 15-20 mm. The tendency of the product to 
crystallize in the condenser below the column caused some 
difficulty.

From the Dry Ice trap protecting the vacuum pump 
approximately one-third of the toluene and 8 ml. (53%) of 
water were isolated. Addition of 500 ml. of methanol to the 
toluene solution of the product caused 46.2 gm. of white 
crystals, m.p. 74-76°, to form. By removing all the solvent 
in vacuo from the mother liquor, and treating the oily 
residue with methanol, an additional 34.1 g. of product was 
obtained, giving a total yield of 38%.

A c k n o w le d g m e n t . We wish to thank Dr. Murray 
Taylor of this laboratory for the microanalyses 
reported, and Mr. Harry Goldberg and Miss 
Carolyn Aldrich for measurements of infrared 
spectra.

S e a t t l e , W a s h .
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Two unsymmetrical trialkylphosphine oxides, dimethallylmethylphosphine oxide and dimethallylethylphosphine oxide, 
have been synthesized. Polymerization of these monomers was initiated with a,cj'-azobisisobutyronitrile and afforded 
soluble polymers. An intrinsic viscosity determination on a sample of poly(dimethallylmethylphosphine oxide) indicates it 
is of low molecular weight. Conversions to polymer are low for both oxides, and it is suggested that the presence of a large 
number of active hydrogen substituents may cause excessive degradative chain transfer.

The formation of linear polymers, v ia  cyclic poly
merization, from certain unsaturated, tertiary 
phosphine oxides has been reported from two in
dependent studies.3'4 * Extension of this idea to 
include unsymmetrical trialkylphosphine oxides 
prompted this investigation. Dimethallylmethyl
phosphine oxide(III) and dimethallylethylphos- 
phine oxide (II) were synthesized by treatment of 
the appropriate phosphonate with an excess of the 
methallyl Grignard reagent under forcing condi

(1) This research was supported by the United States Air 
Force through the Air Force Office of Scientific Research of 
the Air Research and Development Command, under 
Contract Number AF 33(616)-5616, Part I. Reproduction 
in whole or in part is permitted for any purpose of the 
United States government.

(2) Post-doctoral Fellow, 1958-1960; present address: 
Department of Chemistry, Oklahoma State University, 
Stillwater, Okla.

(3) K. D. Berlin and G. B. Butler, J. Am. Chem. Soc., 
82,2712(1960).

(4) C. G. Gebelein and E. Howard, Jr., Abstracts of
Papers, Third Delaware Regional Valley Regional Meeting,
Philadelphia, February 25,1960, p. 79.

tions. The yields approximated 50% in both cases. 
Preparation of diphenylmethylphosphonate (I)

0  O

t RMgCl t
CH3P(OC6H5), ------ 5- CIIaPR,

1 III
o  o

t RMgCl t
C2H5P(OC6H5); -------> c 2h 5p r 2

II IV
R = Methallyl

was by the method recorded in the literature.8 
The scheme below afforded diphenyl ethylphos- 
phonate (II)6'7 in an overall yield of 36%.

(5) P. W. Morgan and B. C. Herr, J. Am. Chem. Soc., 74, 
4526(1952).

(6) A. E. Arbuzov and L. V. Nesterov, Doklady Akad. 
Nauk S.S.S.R. 92, 57 (1953); C.A. 48, 10538 (1954).

(7) A. E. Arbuzov and L. V. Nesterov, Izvest Akad. Nauk
S.S.S.R. Otdel Khim Nauk 427 (1954); Chem. Abstr., 49, 
9541 (1955).
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o o

C2H5P(OC2H5),
HCl SOCU

-> C2H6PC12

II -e-
Pyridine

Phenol

The trialkylphosphine oxides encountered in 
this study possess hydrogen activated by unsatu
rated functions. For example, any of the carbon 
atoms marked by an asterisk in dimethallylmethyl- 
phosphine oxide (Ilia) might lose a hydrogen 
atom15 to produce a radical which could be stabi-

Treatment of dimethallylmethylphosphine oxide
(III) in bulk with catalytic amounts (up to 5%) of 
benzoyl peroxide apparently initiated little or no 
polymerization as unreacted monomer could be 
recovered in high yield. This is in contrast to the 
behavior of diallyphenylphosphine oxide and 
dimethallylphenylphosphine oxide.3 The highest 
conversions of the trialkylphosphine oxides III 
and IV to soluble polymers were obtained by using 
azobisisobutyronitrile (5%) at a temperature 
of 110°. That poly(dimethallylmethylphosphine 
oxide) was not of high molecular weight was inferred 
by a low value (0.042) for its intrinsic viscosity. 
Infrared data demonstrate the existence of a small 
amount of residual unsaturation. Intramolecular 
cyclization during propagation would give polymers 
of the following structure.

/  \  
*CH, O

Ilia

lized through interaction with a carbon-carbon 
double bond and/or through an enolic structure 
involving the phosphoryl group. Delocalization of 
the former type is well known in the polymeriza
tion of allyl compounds.16 The enolic forms would 
include species which may also contribute to the 
overall phenomena of autoinhibition:

:0: :0:

CH, CH, 

CH,-

------- C

CH2
/  \ l /

C

¿ h 2 c h 2
\ /

P
/ \

R O
R = CH„ C2H5

The small conversions of monomers with azo- 
bisisobutyronitrile as well as the negative results 
with benzoyl peroxide can probably be explained 
in part as another example of degradative chain 
transfer. In addition to the increased reactivity 
of hydrogen atoms on a carbon atom adjacent to 
a carbonyl function,8-9'10 the stability of the radical 
resulting from hydrogen abstraction is well 
known.11-12 13 14 15 16 17 18 Stabilization via the following contrib
uting forms V and VI was postulated.12 Alkylation

:0: :0:

RCh Sr ' -c---> RCH—/JR'
V VI

of certain phosphonates, such as tetraethyl meth- 
anediphosphonate, attests to the activating in
fluence of a phosphoryl group on flanking methylene 
hydrogen atoms.13-14

(8) N. G. Gaylord and F. R. Eirich, J. Am. Chem. Soc., 
74,337(1952).

(9) M. S. Kharasch, J. Kuderna, and W. Nudenberg, J. 
Org. Chem., 18,1225(1953).

(10) P. Gray and A. Williams, Chem. Revs., 59, 267 (1959).
(11) C. Walling, Free Radicals in Solution, John Wiley 

and Sons, Inc., New York, 1957, p. 276.
(12) T. M. Patrick, Jr., J . Org. Chem., 17, 1269 (1952).

CHj==CCH—PR -e---->  C H 2=CC H =PR

CH, ¿ H , ¿ H , ¿H ,
:0: :0:

(R)2PCH2- <— >■ (R)2P = C H 2 
R = Methallyl

Objections to this kind of delocalization have been 
expressed.17 Attempts *o copolymerize diethyl 
vinylphosphonate with styrene resulted in the in
corporation of only a small amount of the phospho- 
nate in the polymer. As a partial explanation it was 
suggested that the radical VII may not receive

O
II

ZCH2CHP(OC2H6)2
VII

Z = Initiating radical

additional stabilization through enolic structures 
due to difficulty in creating carbon-phosphorus 
double bonds. A previous report indicated that the 
phosphonate did polymerize, however, but no 
conditions were presented.18 Recent developments 
have established that carbon-phosphorus double 
bonds do exist and that the phosphorus-oxygen 
linkage does have some double-bond character

(13) G. M. Kosolapoff and J. S. Powell, J. Am. Chem. 
Soc., 72,4198 (1950).

(14) G. M. Kosolapoff, J. Am. Chem. Soc., 75, 1500
(1953).

(15) This could result from abstraction of hydrogen by 
the radical produced by decomposition of the initiator or 
by the radical generated during propagation.

(16) R. C. Labile, Chem. Revs. 58, 807 (1958).
(17) C. L. Arcus and R. J. S. Matthews, J. Chem. Soc., 

4607(1956).
(18) G. M. Kosolapoff, J. Am. Chem. Soc., 70, 1971

(1948).
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reminiscent of a carbonyl function.19 More recently 
it was found that di-n-propenylphenylphosphine 
oxide and diisopropenvlphenylphosphine oxide 
could not be obtained by a Grignard reaction as the 
oxides polymerized in situ to give both soluble 
and insoluble polymers.4

E X PE R IM E N T A L 2'1

D ie th y l e th y lp h o sp h o n a le . This chemical 'vas obtained from 
the Victor Chemical C o m p a n y .

D ip h e n y l  m e th y lp h o s p h o n a te . Diphenyl methylphospho- 
nale was prepared in a manner similar to that described in 
the literature5 with a few modifications which improved 
the yield slightly.

A mixture consisting of 155.0 g. (0.5 mole) of triphenyl 
phosphite, 71.0 g. (0.5 mole) of methyl iodide, and several 
boiling chips, was warmed slowly until a reaction began. 
After 48 hr. at reflux, the mixture was allowed to cool to 
room temperature whereupon it solidified. The solid was 
washed with dry ether and was decomposed (cautiously) in 
the following manner: 200 ml. of 10% aqueous sodium hy
droxide was added slowly with cooling and stirring; 200 ml. 
of 5% aqueous sodium hydroxide wras added, and the entire 
mixture was transferred to a separatory funnel. When ex
cessive base was used or w hen the decomposition was effected 
without cooling, the yield of phosphonate was decreased 
presumably through saponification. The browm-colored 
mixture was extracted rapidly with four 200-ml. portions of 
ether. The ether solution was dried over sodium sulfate. 
Evaporation of the ether left an oil which was fractionated 
to give 86.8 g. (70%) of colorless diphenyl methylphos- 
phonate, b.p. 145-148° (0.4 mm.); 1.5510. The reported
boiling point is 151° (0.8 mm.).5

D im e th a lly lm e th y lp h o s p h in e  o x id e . The general procedure 
was the same as that described previously in the preparation 
of dimcthallylphenylphosphine oxide.3

To the methallyl Grignard reagent, prepared from 72.0 
g. (3.0 g. atom) of magnesium and 181.0 g . (2.0 moles) of 
methallyl chloride in 1200 ml. of dry ether, was added a 
solution of 49.6 g. (0.2 mole) of diphenyl methylphosphonate 
in 400 ml. of dry benzene. The reaction mixture was de
composed and worked up in the usual manner, and the or
ganic solvents were distilled. Careful fractionation of the 
residual oil gave 19.0 g. (57.5%) of dimethallylmethyl- 
phosphine oxide which distilled at 136-141° (2 mm.). 
The average yield in several runs was 50%. The oxide is 
extremely hygroscopic and wras dried in a vacuum oven over 
phosphorus pentoxide for a month. The infrared spectrum21 
has peaks which can be ascribed to aliphatic hydrogen 
(2900 cm.-1), a carbon-carbon double bond (1645 cm.“1), 
a methyl-phosphorus linkage (1290 cm.“1), a phosphoryl 
group (1185 cm.“1), and a terminal methylene function 
(890 cm.“1;. There is also absorption of medium intensity 
at 1450 (broad). 1370, and 715 cm.“1 (broad) as well as a 
small peak for water.

A n a l .22 Calcd. for C9HI7OP: C, 62.79; H, 9.88; P, 18.02. 
Found: C, 62.56; H, 9.82; P, 17.40, 17.98.

D ip h e n y l  e th y lp h o s p h o n a te . Although this compound has 
been reported previously, the procedures have involved the 
preparation of several uncommon intermediates at high 
temperatures.6'7 The following procedure does not give

(19) P. C. Crofts, Quart. Revs., 12, 341 (1958), see pages
45-347.

(20) All melting points are corrected. All boiling points 
are uncorrected.

(21) The infrared spectra were recorded by Mr. Leo 
Pijanowski, Jr., and Miss Anna M. Yoakum on a Perkin- 
Elmer Model 21.

(22) The microanalyses were preformed by Galbraith 
Laboratories, Knoxville, Tenn.

superior yields but it can be carried out with general labora
tory equipment and readily available starting materials.

Diethyl ethylphosphonate (166.0 g., 1.0 mole) was hy
drolyzed with boiling, coned, hydrochloric acid (150 ml.) 
over a 16-hr. period. To the mixture was added a solution 
of benzene-toluene (100 ml.-50 ml.), and the water was 
azeotroped from the reaction flask. A white solid separated 
from the mixture upon cooling. An excess of thionyl chloride 
(216 ml.) was added to the solid and, as a reaction appeared 
to occur immediately, the solution was allowed to stand 
at room temperature for 12 hr. and was then refluxed for 
4 hr. Excess thionyl chloride was removed under aspirator 
pressure, and the residual oil was fractionated. The acid 
chloride, which was faint-yellow in color, distilled at 56-60° 
(2.5 mm.); yield, 92.0 g. (62.5%). Bands for aliphatic 
hydrogen (2950 cm.“1) and a phosphoryl group (1275 cm.“1 
are present in the infrared spectrum. Absorption is also 
evident at 1400, 1245, 750, and 715 cm.“1

To the acid chloride in 250 ml. of dry ether was added, 
with cooling and stirring, a solution of 116.5 g. (1.24 moles) 
of phenol in 97.9 g. (1.24 moles) of pyridine. A cloudiness 
appeared in the mixture, and a precipitate began to settle 
almost immediately. The addition required 1 hr. and stirring 
was continued for another 4 hr. at room temperature. The 
pyridine hydrochloride was filtered, and the ether was 
evaporated. Diphenyl ethylphosphonate distilled at 159- 
161° (1-2 mm.), ti”  1.5453; yield 94.2 g. (57% based on 
the acid chloride or 36% based on the diethyl ethylphos
phonate converted). The reported boiling point is 202° 
(13 mm.), n™ 1.5451.11 The results were obtained from only 
one run, and undoubtedly they could be improved by me
ticulous purification at each stage. The infrared spectrum 
of this phosphonate is similar to the spectrum of diphenyl 
methylphosphonate. The ethyl compound has bands which 
can be assigned to aromatic hydrogen (3050 cm.“1), aliphatic 
hydrogen (2950 cm.“1) and a phosphoryl function (1200 
cm.“1, broad). Bands of strong intensity are also present 
at 1290, 1270, 1160, ('30, 770, and 690 cm.“1 (probably 
monosubstituted phenyl).

D im e th a l ly le th y lp h o s p h in e  o x id e . The methallyl Grignard 
reagent was prepared3 from 72.0 g. (3.0 g.-atoms) of mag
nesium and 181.0 g. (2.0 moles) of methallyl chloride in 
1500 ml. of dry ether. To the Grignard mixture was added 
a solution of 52.0 g. (0.2 mole) of diphenyl ethylphosphonate 
in 175 ml. of dry benzene. The procedure from this point 
was identical with that described in the preparation of 
dimethallylphenylphosphine oxide.3 Fractionation of the 
crude oil gave 16.0 g. (43%) of a colorless oil which dis
tilled at 115-118° (0.3 mm.). In several runs the yields 
ranged from 40 to 50%. This oxide is also very hygroscopic, 
and the compound partially solidified after being placed in 
a vacuum oven with phosphorus pentoxide for one month. 
An infrared analysis revealed absorption for aliphatic hydro
gen (2900 cm._1), a carbon-carbon double bond (1640 cm.-1), 
a phosphoryl group (1180 cm.“1), and a terminal methylene 
function (890 cm.“1). There arc bands at 1550, 1375, 1040, 
and 875 cm.“1 of medium to strong intensity. The presence 
of water was indicated by a small peak near 3300 cm“1.

A no!. Calcd. for ClnH,”9OP: C, 64.51: H, 10.21; P, 16.66. 
Found: C, 64.49; H, 10.32; P, 16.46.

Polymerizations. Attempts to polymerize dimethallyl- 
methvlphosphine oxide in bulk failed with benzoyl peroxide 
at 75° at concentrations up to 5% catalyst and for as long 
as 30 days. Oils resulted from which a large amount of un
changed oxide could be recovered. This behavior was unlike 
that of diallvl phenyl phosphine oxide and dimethallylphenyl- 
phosphine oxide both of which polymerized under the 
above conditions.3 It was possible to obtain soluble polymers 
from both of the trialky.phosphine oxides, however, and the 
data can be found in Table I.

P o ly id im e lh a l ly lm e th y lp h o s p h in e  o x id e ) . A general pro
cedure for the preparation of the polymers was as follows: 
A sample of monomer and catalyst were placed in a glass 
tube, one end of which was sealed. To the other end of the
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TABLE I
P o l y m e r i z a t i o n - D a t a

Monomer Initiator
Wt. g. 

Monomer
Wt. g. 

Initiator Temp. Time
Intrinsic6
Viscosity

Yield,
%

M.P. of 
Polymer

I a 6.5871 0.2632 110° 10 days 0.042 15.0 150-160°
I a 9.8249 0.4910 110° 15 days C 15.2 162-170°
II a 12.1216 0.4848 110° 10 days C 4.0 141-152°
II a 12.3215 0.6160 110° 15 days c 4.7 130-140°
II a 6.3001 0.3150 110° 30 days c 5.5 165-185°

a a,a'-AzodiisobutjTonitnIo. 6 In alcohol at 150°; concentrations of solutions were less than 1%, and the flow times were 
obtained in a modified Ubbelohde viscometer. c Not determined.

tube was attached a condenser and nitrogen inlet. 
The polymerization mixture was maintained at 110°. Partial 
purification of the polymers was achieved by dissolving 
the crude solid in a minimum of absolute alcohol and re- 
precipitating with dry ether. Poly(dimethallylmethylphos- 
phine oxide) is soluble in alcohol and acetic acid. The infra
red spectrum indicates the presence of some residual un
saturation by a small peak at 1640 cm .-' Additional data 
can be found in Table I. Although the polymer did not ap
pear to be hygroscopic, the analytical results checked well 
for a monohydrate.

Anal. Caicd. for (C9Hi7OP)n: C, 62.79; H, 9.88; Calcd. 
for (C9H170P-H20 )re: C, 59.99; H, 10.55; Found: C, 59.34,
59.95, H. 10.01, 9.89.

Poly(dimethaUylethylphosphine oxide). The polymer was 
prepared and purified as described above; it is also soluble 
in alcohol and acetic acid. A small peak for the carbon- 
carbon double bond (1640 cm.-1) can be found in the infra
red spectrum, but no band is evident for a terminal meth
ylene function (890 cm.-1). Table I contains further experi
mental details. This polymer also had an analysis consistent 
with a monohydrate but it was not hygroscopic.

Anal. Calcd. for (CioHi9OP)m: C, 64.51; H, 10.21; P,
16.66. Calcd. for (CI0H19OP-H2O)n: C, 58.82; H, 9.31; P, 
14.21. Found: C, 59.18, 59.17; H, 10.26, 9.99; P, 13.18.

G a i n e s v i l l e , F l a .

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y ,  L a f a y e t t e  C o l l e g e ]

T h e P reparation  o f  Aryl D iflu orom eth y l E th ers1

THOMAS G. MILLER a n d  JOHN W. THANASSI 

Received March 2, 1960

Aryl difluoromethyl ethers may be prepared in acceptable yields by the reaction of chlorodifluoromethane with phenols 
in an aqueous dioxane solvent and in the presence of an excess of sodium hydroxide. Aryl orthoformates are formed as by
products. Difluoromethylene, the reactive intermediate in the synthesis, affords only O-alkylation of the arvloxide ion in
contrast to dichloromethylene which, in the Reimer-Tiemann

Previous methods for the preparation of a- 
fluoroethers have involved replacement of chlorine 
and bromine in ethers by fluorine, addition of metal 
alcoholates to fluorine-containing olefins, electro
chemical fluorination of ethers, and the reaction 
of metal alcoholates with saturated, fluorine- 
containing carbon compounds.2 The latter method 
when used with halogenated ethanes and propanes 
often proceeds through a dehydrohalogenation 
step, and thus resembles the method of addition 
of metal alcoholates to fluoroolefins.3 Alkyl di
fluoromethyl ethers have been prepared by the 
reaction of metal alcoholates with difluoromethyl
ene generated by treatment of bromo- or chloro
difluoromethane with a strong base.4 One aryl

(1) This w-ork was supported by a grant, NSF-G6578, 
from the National Science Foundation.

(2) W. H. Pearlson in J. H. Simons (ed.), Fluorine Chem
istry, Academic Press, Inc., New York, 1950, Vol. I, p. 
486.

(3) (a) P. Tarrant and J. A. Young, J. Am. Chem. Soc.,
75, 932 (1953); (b) E. T. McBee and R. 0. Bolt, Ind. Eng.
Chem., 39,412(1947).

synthesis, causes considerable C-alkylation.

difluoromethyl ether, a, a-difluoroanisole, was re
ported to have been prepared in 28% yield from 
dibromodifluoromethane and potassium phenoxide.5 
The stoichiometry of this reaction is not obvious, 
and no equation was given in the brief note.

It has now been found that the reaction of phenols 
with chlorodifluoromethane, under conditions favor
able for the Reimer-Tiemann reaction between 
phenols and chloroform, gives acceptable yields 
of aryl difluoromethyl ethers (Table I). Appreci
able quantities of the corresponding orthoformate 
esters were also formed in the reaction and were 
isolated and characterized in several cases. In no 
instance could any carbonyl compounds be de
tected by testing the neutral products or the aque
ous mother liquor with 2,4-dinitrophenylhydrazine 
reagent.8

(4) (a) A. L. Hernie and M. A. Smook, J. Am. Chem. 
Soc., 72, 4378 (1950): (b) J. Hine and J. J. Porter, J. Am. 
Chem. Soc., 79, 5493 (1957).

(5) R. F. Clark and J. H. Simons, J. Am. Chem. Soc., 
77,6618(1955).
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TABLE I
A r y l  D i f l u o r o m e t h y l  E t h e r s  (Ar-0-CHF2)

MR
Ar- Yield, % d*° n1,o° Calcd." Obs.

Phenyl-4 65 1.183 1.4473 32.71 32.57
p-Tolyl- 66 1.133 1.4531 37.55 37.74
p-Methoxy-

phenyl- 53 1.239 1.4671 38.99 38.99
p-Nitrophenyl 9.5 — — — —
2,4-Xylyl- 56 1.119 1.4591 41.97 42.03

2,4-Dichloro-
phenyl- 44 1.441 1.4897 42.45 42.71

2-Naphthyl- 66 1.242 1.5527 C 50.02

° Atomic refractivities used, except for fluorine, are those 
of ref. 6. A value of 1.18 was used for fluorine (ref. 4b). 
4 The authors of ref. 5 report da 1.171, n2D5 1.4400, MR 
calcd. 32.35, MR obs. 32.58. Sources for the atomic refrac
tivities used were not given. c I t is difficult to calculate a 
meaningful value for the MR of new naphthalene deriva
tives, as the exaltation for the naphthalene ring varies 
widely with the substituents present (ref. 7). The physical 
constants obtained indicate an exaltation of 1.95 for the ring 
in the difluoromethyl ether.

The identity of the difluoromethyl ethers was 
established by means of the elemental analyses, 
molecular refractivities, and infrared spectra.9 
Satisfactory analytical results were difficult to 
obtain. This was due apparently to the nature of 
the compounds themselves, as agreement between 
duplicate analyses was usually poor. The infrared 
spectra are characterized in each case by three 
strong absorption bands at ca. 1220, 1130, and 1040 
cm.-1 Assignment of the 1130 cm.-1 band to the 
C—F linkage and the 1220 cm.-1 band to the 
Ar—0 linkage can be made with confidence.10 
The absorption at 1040 cm.-1 is probably the result 
of the combination of two or more separate bands.

Like the a,a-difluoroanisole reported by Clark 
and Simons,6 the aryl difluoromethyl ethers listed 
in Table I are stable when purified, and can be 
stored for extended periods at room temperature 
without noticeable decomposition. Unpurified 
ethers, or those to which traces of strong acids 
have been added, decompose rapidly with evolu
tion of hydrogen fluoride and development of a 
red coloration and black tars. No qualitative dif
ference in stability was noted between the nega
tively substituted ethers and those having electron

ic) K. Fajans in A. Weissberger (ed.), Physical Methods of 
Organic Chemistry, 2nd ed., Interscience Publishers, New 
York, 1949, Vol. 1, P a rti, p. 1162.

(7) K. von Auwers and A. Fruhling, Ann., 422, 192 
(1921).

(8) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The 
Systemic Identification of Organic Compounds, 4th ed., John 
Wiley & Sons, Inc., New York, 1956, p. 111.

(9) The authors are indebted to Edward J. Pugh of the 
Kirby Health Center, Wilkes-Barre, Pa., for the infrared 
spectra.

(10) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, 2nd ed., John Wiley & Sons, New York 1958, 
p. 329,117.

donating substituents which would be expected 
to render the ether group more susceptible to attack 
by acids. As the method of preparation suggests, 
the ethers are relatively stable in the presence of 
hot, aqueous alkalies. In contrast, the alkyl coun
terparts usually decompose on standing43’*5 although 
difluoromethyl isopropyl ether is reportedly stable 
at 500.11

The reaction of chlorodifluoromethane with 
phenols under conditions favorable to the Reimer- 
Tiemann reaction affords a comparison of the 
behavior of the dihalomethylenes, difluoromethyl- 
ene, and dichloromethylene.12 13 The latter is ac
cepted as the reactive intermediate in the Reimer- 
Tiemann reaction,18 and the former has been 
demonstrated to be the electrophilic species in the 
reaction of sodium methoxide with chlorodifluoro- 
methane.4*5 There is little doubt that difluoro- 
methylene is also involved in the preparation of aryl 
difluoromethyl ethers, because yields of ethers 
and conversion of chlorodifluoromethane are both 
greatly reduced for a given reaction time, when 
only a small instead of a large excess of sodium 
hydroxide is used. As the analogy to the work of 
Hine and Porter is close,4*5 it seems probable that 
the following equations described the course of 
the reaction:

HCCIFj +  OH- H,0 +  :CFS +  Cl~
ArO- +  :CF, — > ArOCF,

ArO—CF, +  H20  — > ArOCHFs +  OH~

That nuclear alkylation of phenoxide ions occurs 
to a considerable extent with dichloromethylene 
and not at all with difluoromethylene may result 
because the latter is significantly less electrophilic 
than the former.14 15 Only the more reactive alkyl 
halides are capable of effecting C-alkylation of 
phenols.16 * O-alkylation by dichloromethylene has 
not been excluded as a side reaction during the 
Reimer-Tiemann synthesis of hydroxyaldehydes. 
In fact, the isolation of the orthoformate ester from 
such a reaction definitely suggests this possibility.16

(11) J. Hine and K. Tanahe, J. Am. Chem. Soc., 79, 2654
(1957).

(12) Aqueous dioxane, the solvent employed in this work, 
is not a commonly-used solvent for Reimer-Tiemann syn
thesis. In order to test the suitability of this medium, an 
experiment was carried out under the conditions described 
in the Experimental for the preparation of difluoromethyl 
ethers, in which an equimolar amount of chloroform was 
substituted for the chlorodifluoromethane and 2-naphthol 
was used as the phenolic reactant. The yield of purified
2-hydroxy-l-naphthaldehyde was 47%, which is comparable 
to the best yields obtained by others under different condi
tions—see A. Russell and L. B. Lockhart, Org. Syntheses, 
Coll. Vol. IE, 463 (1955).

(13) H. Wynberg, J. Am. Chem. Soc., 76, 4998 (1954).
(14) J. Hine and S. J. Ehrenson, J. Am. Chem. Soc., 80, 

824 (1958).
(15) L. F. Fieser in H. Gilman (ed.), Organic Chemistry, 

2nd ed., John Wiley & Sons, Inc., New York, 1943, p. 190, 
and references therein.

(16) D. E. Armstrong and D. H. Richardson, J. Chem.
Soc., 496 (1933).
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That dichloromethyl ethers are not isolated is 
readily explained by their known hydrolytic in
stability.17 The occurrance of extensive 0-alkyla
tion by dichloromethylene during the Reimer- 
Tiemann synthesis would help to explain the 
customary low yields of hydroxyaldehyde and the 
recovery of large amounts of the phenol used as the 
starting material in the reaction.

A mixed dioxane-water solvent is necessary for 
the preparation of aryl difluoromethyl ethers by 
the method described in the Experimental.18 
In most cases the trihalomethane reacted com
pletely, either by formation of the ether or by hy
drolysis. One experiment in which the dioxane 
was omitted, however, gave only a negligible 
yield of neutral reaction products, and 73% 
of the chlorodifluoromethane passed was recovered 
unreacted. The exact role of the dioxane is unknown. 
Solubility considerations may be paramount; 
however, it has been found that hydrolysis rates 
of some haloforms are considerably greater in a 
67% dioxane-water solution than in water alone, 
even under conditions where solubility is not a 
factor.14 Utilization of the chlorodifluoromethane 
was also only 45% complete if the phenol were 
omitted from the reaction mixture.

The phenolic reactant was not in any case 
completely accounted for by recovered difluoro
methyl ether and the orthoformate still-residues. 
As tests on all fractions for carbonyl compounds 
were negative, it appears likely that unaccounted- 
for phenols were unchanged and lost in the aqueous 
fractions.

E X PE R IM E N T A L 19

General procedure for aryl difluoromethyl ethers. The fol
lowing general procedure was used for the preparation of all 
of the aryl difluoromethyl ethers. Comments on individual 
preparations are given under separate headings.

A mixture of 0.51 mole of the phenol, 103 g. of sodium 
hydroxide, 125 ml. of water, and 150 ml. of dioxane was 
prepared in a four-necked flask equipped with thermometer, 
stirrer, gas-inlet tube extending below the liquid surface, 
and reflux condenser to which a Dry-Ice trap was connected 
through calcium chloride and Drierite drying tubes. The 
temperature was adjusted to 68-70° and chlorodifluoro
methane was introduced, with vigorous agitation, at the 
rate of 0.91 g./min. until 65 g. had been added. The mix
ture was allowed to cool to room temperature, then diluted 
with 500 ml. of water. One hundred milliliters of ether was 
added and the mixture was filtered to remove precipitated 
inorganic salts which if not separated caused emulsifica
tion of the water and ether layers. After the organic layer 
was separated, the water layer was extracted with three 
100-ml. portions of ether. The combined ether solutions 
were then extracted with five 100-ml. portions of water 
and dried over potassium carbonate. After distillation of the

(17) C. Weygand and K. Vogel, J ■ prakt. Chem., 155, 
342 (1940).

(18) There is no particular reason to believe that solvents 
other than aqueous dioxane would not suffice. No others 
were examined, however.

(19) All melting and boiling points are corrected for stem
exposure.

ether, the remaining liquid was fractionated through a 22- 
cm. column packed with stainless-steel sponge.

a,a-Difiuoroanisole. No unchanged chlorodifluoromethane 
was recovered in the cold trap. Acidification of the aqueous, 
alkaline mother liquor produced 1 g. of unchanged phenol. 
The ether boiled at 37° (13 mm.), and had a hydrocarbon- 
like odor.

Anal. Calcd. for C7H«F20 : C, 58.33; H, 4.20; F, 26.37. 
Found: C, 58.04; H, 4.42; F, 26.95.

The distillation residue contained an appreciable amount 
of a solid, presumably the ortho ester, which could not be 
purified due to decomposition accompanied by tar-forma
tion and evolution of hydrogen fluoride by other compounds 
present.

a,a-Difluoro-^-methylanisole. Complete reaction of chloro
difluoromethane wTas indicated by the absence of the con
densed gas in the Dry Ice trap, and no unchanged p-cresol 
was precipitated on acidification of the aqueous mother 
liquor. The ether, possessing a sweet fruity odor, boiled at 
28-29° (3 mm.).

Anal. Calcd. for CgHsFiO: C, 60.76; H, 5.10; F, 24.03. 
Found: C, 61.08; H, 5.08; F, 23.88.

The distillation residue of ca. 10 ml. solidified on cooling, 
but purification of the ortho ester could not be effected.

A second run, identical with the first except that the tem
perature was held at 50 ±  2° and rate of addition of chloro
difluoromethane was halved, yielded 53% of the ether. 
From the aqueous mother liquor 16.7 g. of unrecovered p- 
cresol was isolated by acidification and extraction with ether. 
The recovered phenol did not contain carbonyl compounds 
(test with 2,4-dinitrophenylhydrazme) or combined fluorine 
(ref. 8, p. 62).

A third run, carried out by the general procedure, except 
that no dioxane was used, resulted in recovery of 73% of the 
chlorodifluoromethane. The yield of crude, neutral products 
was 2.5 g.

S,JrDichloro-a,a-difluoroanisole. A voluminous, white 
precipitate, the ortho ester (see below), appeared during the 
reaction of 2,4-dichlorophenol and chlorodifluoromethane. 
This was removed along with inorganic salts by filtration of 
the water-ether mixture (see general procedure). The ether 
boiled at 117° (42 mm.) and possessed a fruity odor. There 
was no unchanged 2,4-dichlorDphenol in the aqueous mother 
liquor, and no chlorodifluoromethane was collected in the 
cold trap.

Anal. Calcd. for C7H4C12F20: C, 39.46; II, 1.89; Cl, 
33.29; F, 17.84. Found: C, 39.73; H, 2.28; Cl, 33.75; F, 
17.53.

Tris(H,4-dichlorophenyl) orthoformate. The white solid 
which appeared during the preparation of 2,4-dichloro-a,a- 
difluoroanisole was removed by filtration and triturated 
with water to remove inorganic salts. A second portion of 
the orthoformate was recovered from the residue from the 
distillation of the corresponding difluoromethyl ether. 
The total weight of crude orthoformate was 55.4 g. Crys
tallization from ethyl acetate (low recovery) gave fine, 
white, hair-like crystals melting at 205.5-206° (reported,20 
m.p. 201-202°). The melting point was undepressed when 
this compound was mixed with a sample prepared by the 
method of ref. 20.

Anal. Calcd. for C^HuCleCh: C, 45.78; H, 2.02; Cl, 42.03. 
Found: C, 46.01; H, 2.18; Cl, 42.23.

H-Difluoromeihoxynaphthalene. The neutral reaction prod
ucts, after removal of the solvent ether, were dissolved in 
petroleum ether (b.p. 30-60°) and the solution chilled to 
0°. The precipitated ortho ester was removed by filtration. 
Distillation of the petroleum ether from the filtrate and 
fractionation of the residue gave the difluoromethyl ether, 
b.p. 128-130° (14 mm.), a sweet-smelling liquid which solidi
fied easily when chilled.

No unchanged chlorodifluoromethane was collected in
(20) A. Jonsson, Acta Chem. Scand., 7, 596 (1953).
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the cold trap, and only 2.2 g. of re-naphthol was recovered 
by acidification of the aqueous mother liquor.

Anal. Calcd. for C,iHgF,0: C, 38.02; H, 4.17; F, 19.57. 
Found: C, 68.38; H, 4.21; F, 18.92.

Tris(2-naphthyl) orthoformate. Crystallisation of the crude 
orthoformate (for separation from the corresponding di- 
fluoromethyl ether, see above) from a mixture of toluene 
and hexane gave 5.2 g. of fine, white needles melting at
137-150°. The melting-point range was not narrowed by re
peated crystallization from other solvents such as ethyl 
alcohol and isopropyl alcohol-toluene. Analytical data, 
solubility and chemical behavior, and the infrared spectrum 
are consistent with the assigned orthoformate structure.

Anal. Calcd. for C31H22O3 C, 84.14; H, 5.02. Found: C, 
84.05; H, 5.22.

a,a-Difluoro-2,4-dimethylanisole. The 2,4-xylenol was 
purchased from the Eastern Chemical Corp. At the end of 
the reaction there was no recovered chlorodifluoromethane 
in the cold trap, and the aqueous mother liquor gave no 
phenolic precipitate on acidification. The ether, a fruity- 
smelling liquid, boiled at 70° (12 mm.). A sizeable dis
tillation residue underwent rapid decomposition, preventing 
isolation of the ortho ester.

Anal. Calcd. for C9H10F2O: C, 62.78; H, 5.87; F, 22.07. 
Found: C, 62.58: H, 6.06; F, 21.82.

<x,ct-Difluoro-4-nitroanisole. The sodium salt of p-nitro- 
phenol has very limited solubility in strong sodium hy

droxide solutions. Consequently, agitation in this experi
ment was very inefficient, and the low yield of difluoromethyl 
ether obtained doubtless reflects this condition as well as 
any inherent lower reactivity* of the p-nitrophenoxide ion. 
Twenty-one per cent of the chlorodifluoromethane was 
recovered unchanged in the cold trap, and acidification of 
the water layer yielded 50% of unchanged p-nitrophenol. 
The product was not distilled but was crystallized from 
petroleum ether (b.p. 30-60°) as shining, off-white plates, 
m.p. 32-32.5°.

Anal. Calcd. for C;H5F2N 03: C, 44.45; H, 2.67; F, 20.09; 
N, 7.41. Found: C, 44.68; H, 2.91; F, 20.37; N, 7.75.

l-Difluoromethoxy-4-methoxybenzene. Reaction of chloro
difluoromethane was complete as evidenced by the lack of 
any condensed gas in the cold trap. The product, a fruity- 
smelling liquid, boiled at 108° (29 mm.). A 10-12-g. residue 
remained after the distillation (see next section).

Anal. Calcd. for CsHsFsCh: C, 55.17; H, 4.63; F, 21.82. 
Found: C, 55.30; H, 4.87; F, 21.18.

Tris(_p-methoxyphenyl) orlhoformate. From the still residue 
left after distillation of the difluoromethyl ether 2 g. of the 
orthoester was isolated by crystallization from cyclohexane. 
The shining, white plates, melted at 50-51°.

Anal. Calcd. for C^H^O«: C, 69.09; H, 5.80. Found: 
C, 68.82: H, 6.05.

E a s t o n ,  P a .
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The action of the Lewis acids, stannic chloride and boron trifluoride, upon several representative nitrate esters, namely, 
re-butyl, isopropyl, benzyl, and triphenylmethyl nitrates, has been investigated. Products have been isolated and free-radical 
mechanisms have been postulated which fit the experimental observations.

In previous studies2 involving the polymeriza
tion of glycidyl nitrate, it was found that denitra
tion always occurred to some extent when this 
polymerization was catalyzed by stannic chloride. 
It seemed evident, therefore, that this observed 
denitration was due to some reaction involving the 
Lewis acid and the nitrate ester moiety of the 
glycidyl nitrate monomer or polymer. In an at
tempt to elucidate the nature of this Lewis acid 
nitrate ester interaction, a study of the action of 
stannic chloride and boron trifluoride upon model 
simple nitrate esters, namely, w-butyl, benzyl, 
isopropyl, and triphenylmethyl nitrate, was under
taken.

When equimolar amounts of re-butyl nitrate and 
stannic chloride were mixed at room temperature, 
a single phase resulted, and no immediate reaction 
was apparent. After about one hour, greenish-yellow

(1) Reported at. the Tenth Meeting of the Joint, Army- 
Navy—Air Force Solid Propellant Group at Wright Air 
Development Center, Dayton, Ohio. June 2-4, 1954.

(2) J. G. Meitner, C. J. Thelen, W. .1. Murbach, and R. W.
Van Dolah, unpublished work.

crystals formed in the reaction mixture and grad
ually increased in amount. About four hours after 
mixing, a vigorous decomposition took place with 
evolution of much heat and gas. Infrared analysis 
of the gas fraction showed it to contain nitric 
oxide and possibly nitrous oxide. Since the gases 
were colorless, however, it was assumed that, no 
nitrogen dioxide (or tetroxide) was present. 
Butyl butyrate was isolated in small amounts from 
the residue, which contained considerable amounts 
of tarry material. The greenish-yellow crystals 
which were deposited on the walls were identified 
as dinitrosyl hexachlorostannate, (NO)2SnCl6, by 
tin and chlorine analyses and by comparison of 
the x-ray powder patterns with that of an authentic 
sample prepared as described by Rheinboldt and 
Wasserfuhr3 from nitrosyl chloride and stannic 
chloride.

Several attempts were made to determine the 
nature of any chemical change that might take 
place between the time of mixing of stannic chlo-

(3) H. R,einboldt and R. Wasserfuhr, C'hem. Ber., 60, 
732(1927).
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ride and butyl nitrate and the time of the violet 
reactions.

The infrared spectrum of an equimolar mixture 
of butyl nitrate and stannic chloride remained 
essentially the same during the “induction period” 
of the reaction except for an over-all decrease in 
transmittance (due to fogging of the salt windows 
by stannic chloride). The only observed change was 
an increase in the peak at 2.9 n in the OH stretch 
region.

Similarly, when aliquots of the reaction mixture 
taken during the induction period were poured 
into water and the organic materials extracted 
into petroleum ether, no substituents other than 
«-butyl nitrate could be found.

Other conceivable products, such as butyralde- 
hyde, butyl butyrate, and butyl alcohol, would 
have been extracted into the petroleum ether. 
However there was no sign of any of these ma
terials, and the infrared curve of all of these petro
leum ether extracts was nearly identical with that 
of «-butyl nitrate. After the reaction had pro
ceeded to the vigorous stage, water was added to 
the sirupy residue and the mixture extracted with 
petroleum ether to yield a material whose infrared 
spectrum was essentially that of «.-butyl «.-butyr
ate. Indeed, the only noticeable change was the 
production of a small amount of dinitrosyl hexa- 
chlorostannate in the gas phase above the reaction 
mixture, 'the fact that this reaction did occur in 
the gas phase was confirmed by conducting a run 
in a divided vessel where the liquids were not 
in contact with each other, but where their vapor 
phases could freely intermix. In this experiment, 
the reaction proceeded just as though the reactants 
were mixed, including the final violent reaction.

There appeared to be very little difference in 
the induction period of the reaction when the molar 
ratio of stannic chloride to butyl nitrate varied 
from 1:5 to 2:1.

The reaction of stannic chloride with benzyl 
nitrate was similar to that with butyl nitrate, 
except that the time between mixing and violent 
reaction was only a few minutes and their was no 
observed formation of dinitrosyl hexachlorostan- 
nate. The reaction seemed to be somewhat cleaner, 
as evidenced by higher yields of isolablo products. 
Thus, benzaldehyde was isolated as its 2,4-dinitro- 
pheuylhydrazone in ra. 45% yield from this re
action. Benzaldehyde was likewise obtained as a 
product of the reaction of dinitrosyl hexachloro- 
stannate upon benzyl nitrate.

The action of stannic chloride upon triphenyl- 
niethyl nit rate appeared to be somewhat anomolous. 
There appeared to be no interaction between stan
nic chloride and triphenylmethyl nitrate when 
the two were mixed; however, since these (tom- 
pounds are not miscible, a solvent (diethyl ether) 
was used. The reaction appeared to be cleaner than 
the other degradations studied, crude triphenyl-

methane being isolated in nearly quantitative 
yield.
The substitution of another powerful Lewis 

acid, boron trifluoride, for the stannic chloride 
led to analogous reactions with the nitrate esters 
of butyl alcohol, isopropyl alcohol, benzyl alcohol, 
and triphenyl carbinol. Thus, butyl butyrate was 
isolated in low yield from the reaction between 
«-butyl nitrate and boron trifluoride, benzaldehyde 
and benzoic acid from benzyl nitrate, triphenyl- 
methane and triphenylcarbinol from triphenyl
methyl nitrate, and acetone from isopropyl nitrate.

Any mechanism derived from the experimental 
facts can be, at best, highly speculative, but it 
seemed desirable to demonstrate that one could 
be derived which would fit the experimental ob
servations. The choice between a free-radical and 
an ionic mechanism is not an obvious one. The 
observed induction periods and the explosions 
which occurred in certain instances seemed typical 
for a free-radical reaction, while the catalysis by 
strong electrophiles such as stannic chloride and 
boron trifluoride pointed to the possibility of an 
ionic type of formulation. The free radical mech
anism is discussed here.

The reactions considered to be the important 
steps in the nitrate-ester-Lewis acid reaction are 
the following:

RCHîONO. +  SnCh — >- SnChN02 +  RCH20- (1)
O

%
S11CI4NO2 +  RCH20 ----- >- SnChN +  RCHO (2)

\
OH

I
()

/
SnChN — >- StiGU +  NO +  HO- (3;

\
OH

NO + SnCh — >- NOCI +  -SnCh (4)
2NOC1 +  SnCh — >- (NOLSnCk (5)

O-
I

RCH20- +  RCHO — >- RC—OCHoR (0)
I

H
O-
I

RC -OCH2R +  HnCUNOs
I

H
O O

RC—OCHsR +  SnChN (7)
\

OH

If seems difficult to envision initiation to be 
other than the coordination of the nitrate ester 
group with the electrophile (stannic chloride in this 
case) and cleavage of the 0 —-N bond as in step
(1). For the propagation steps, the unstable in
termediate I (reaction 2) has been postulated 
which can propagate by chain-branching step (3).
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Additional chain-branching steps may be written, 
but these will not be considered here.

Termination steps may be induced from the 
initiation and propagation steps. Reactions (4) 
and (5) have been introduced to explain the forma
tion of dinitrosyl hexachlorostannate.

The available evidence seems to point to a 
strong autocatalysis via various chain-branching 
steps. Thus the rate can become very fast after 
the reaction has proceeded only a very small 
extent.

The reaction of benzyl nitrate with stannic 
chloride to yield benzaldehyde may be formulated 
as in steps (1) and (2).

The products observed in the case of the boron 
trifluoride reactions can be explained by substi
tution of reactions similar to the initiation and 
propagation steps (1), (2) and (3).

The reaction between isopropyl nitrate and 
boron trifluoride was not very thoroughly in
vestigated. The indications are that the reaction 
is fairly complex. However, acetone was identi
fied as one of the products by its isolation in low 
yield as the 2,4-dinitrophenylhydrazone. The for
mation of acetone from isopropyl nitrate seems to 
be directly analogous to the formation of benzalde
hyde from benzyl nitrate, and a similar sequence 
of reactions may be written.

The relatively high yields of triphenylmethane 
obtained from triphenylmethyl nitrate and either 
stannic chloride or boron trifluoride are attributed 
to the cleavage of the C—0  bond of the triphenyl
methyl nitrate in preference to the 0 —N bond, 
the resulting radical abstracting a hydrogen atom 
from the solvent:
(C6H5)3CONO, +  SnCh (or BF,) — >

(Celts) ¡C- +  0N 02SNCU 
(or ONOjBFa)

(CsH,),C- +  RH — > (CeHs)iCII +  R-

The triphenylcarbinol observed in the boron 
trifluoride-triphenylmethyl nitrate reaction very 
likely arose from the decomposition of the tri
phenylmethyl nitrate, as previously observed.4'5

Since this work was completed, an article has 
appeared in which the action of stannic chloride 
and of sulfuric acid upon ethyl nitrate was briefly 
studied.6 The observations are very similar to 
those reported here, with the initial induction 
period and the final violent reaction yielding oxides 
of nitrogen.

■EXPERIMENTAL

R e a c tio n  o f  n -b u ty l  n itr a te  w ith  s ta n n ic  ch lo rid e . In order 
to have a sizable amount of the stannic chloride-butyl nitrate

(4) R. T. Merrow and R. H. Boschan, J .  A m .  C h e m . S o c ., 
76,4622(1954).

(5) S. J. Cristol and J. E. Leffler, J .  A m .  C h e m . S o c . 76,
4468 (1954).

16) R. A. Slavinskaya, J .  G en . C h em . ( U . S . S . R .), 27, 844 
(1957).

reaction product, twelve runs were made in the following 
manner: Stannic chloride, 13.02 g. (5.84 cc., 0.050 mole), 
and butyl nitrate, 5.97 g. (5.68 cc., 0.050 mole), were mixed 
and allowed to stand until the violent reaction took place 
(ca . 4 hr.). Each run was worked up as follows: The mixture 
was diluted with water and extracted with ether. To the 
mixture of ether, water, and reaction product was added 
solid sodium bicarbonate until carbon dioxide evolution 
ceased. The ether layer was removed, shaken once with 
saturated sodium bicarbonate solution, and dried over 
anhydrous magnesium sulfate. The ether extracts from all 
the runs were filtered and combined; and the ether was re
moved by distillation, the residue being transferred to a small 
distilling flask. In order to avoid polymerization observed 
in previous attempts to distill this product, the distillation 
was conducted at 1 mm. and the distillate, ca . 4.5 g., (10.4%) 
was collected in a Dry Ice trap, b.p. 30° (1 mm.), n2r° 1.4047.7 * 56 
The infrared spectrum on this material was nearly identical 
with that of an authentic sample of n-butyl butyrate (pre
pared from n-butyl alcohol and ?i-butyryl chloride).

S a p o n if ic a t io n  o f  s ta n n ic  ch lo r id e -b u ty l n i tr a te  re a c tio n  
p ro d u c t. A sample of 1.00 g. of the product obtained above 
was added to a solution of 1.00 g. of sodium hydroxide and 
20 cc. of water, and the mixture was refluxed 5 hr. The mix
ture was extracted with a total of 25 cc. of ether, and the 
extract was dried over anhydrous magnesium sulfate. The 
dried ether extract was filtered and the ether was removed 
by distillation. To the residue was added 1.00 g. of a-naph- 
thyl isocyanate and this mixture was heated over the steam 
bath for 2 hr., after which time it was extracted with hot 
benzene. Evaporation of the benzene extract left an oil 
which gradually crystallized upon cooling. After one re
crystallization from 10 cc. of ligroin (b.p. 60-80°) 0.48 g. of 
crystals, m.p. 65°, were collected, m.p. 70-71° after a second 
recrystallization, m.p. 70.5-71° when mixed with an authen
tic sample of ra-butyl a-naphthyl urethan.

I s o la t io n  a n d  ch a ra c te r iza tio n  o f  the  in te r m e d ia te  i n  the  
s ta n n ic  ch lo r id e  b u ty l  n itr a te  re a c tio n . The greenish-yellow 
solid from one of the butyl nitrate-stannic chloride runs was 
collected by filtering the reaction mixture through a sin
tered disk in a nitrogen atmosphere before the end of the 
induction period. This solid crystalline material vigorously 
evolved nitrogen dioxide upon addition of water. When 
aqueous silver nitrate was added to an acidified aqueous 
solution of this material, a precipitate of silver chloride ap
peared. Volhard titration of a sample showed it to contain 
54.23% chlorine. A polarographic determination of tin 
showed the tin content to be 29.1 ±  0.9%.

A n a l .  Calcd. for (NO)2SnCl6: Cl, 54.34%; Sn, 30.32%.
D in i tr o s y l  h e xa ch lo ro sta n n a te . This compound was pre

pared by the procedure of Rheinboldt and Wasserfuhr.3 
To a solution of 0.05 mole (13.02 g., 5.84 cc.) of stannic chlo
ride in 25 cc. of spectro grade carbon tetrachloride was added 
dropwise with agitation a solution of 0.20 mole (4.47 cc.) 
of purified nitrosyl chloride in 25 cc. of carbon tetrachloride. 
The nitrosyl chloride had been purified by two successive 
partial freezings and three distillations. A yellow-green pre
cipitate appeared as the nitrosyl chloride was added. The 
product was filtered, taking precautions to exclude moisture, 
and was stored in a sealed ampoule. The x-ray powder pattern 
was identical with that of the product from the butyl ni
trate-stannic chloride reaction.

I n fr a r e d  s tu d y  o f  the b u ty l n i tr a te - s ta n n ic  ch lo r id e  rea c tio n . 
n-Butyl nitrate, 11.36 g. (0.10 mole), and stannic chloride, 
11.68 g. (0.10 mole), were mixed and allowed to stand. 
Samples of 1.0 cc. of the mixture were removed at five 
different intervals throughout the induction period. To each 
sample was added 25 cc. of water and the mixture extracted 
with two 10-cc. portions of redistilled petroleum ether 
(b.p. 30-35°). The extracts were dried over anhydrous

(7) H a n d b o o k  o f  C h e m is try  a n d  P h y s ic s , 37th ed. 1955-
56, Cleveland, Ohio, Chemical Rubber Publishing Co., p. 
822, reported n2D° for n-butyl butyrate 1.4049.
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magnesium sulfate, filtered, and evaporated. The infrared 
curves on each extract were essentially the same and vir
tually identical with the spectrum of n-butyl nitrate.

After the violent reaction took place, the residue was 
extracted with petroleum ether and the nearly colorless 
extract was dried and evaporated. The infrared spectrum 
of the residue from this extraction indicated that it con
sisted essentially of n-butyl ra-butyrate.

Reaction of benzyl nitrate with stannic chloride. Benzyl 
nitrate, 3.06 g. (0.02 mole), was placed in a glass ampoule 
and cooled for ca. 10 min. in Dry Ice. Stannic chloride,
2.34 cc. (5.21 g., 0.020 mole), was added; the mixture again 
cooled; and the ampoule sealed off while still immersed in 
Dry Ice. The mixture was allowed to warm to room tem
perature behind an explosion shield. As the stannic chloride 
melted into the benzyl nitrate, a dark layer developed. 
In a very short time, copious brown fumes (probably ni
trogen dioxide) effervesced from the reaction mixture. Just 
as the gases filled the ampoule, there was a brilliant flash of 
light, followed by a loud detonation which powdered the 
glass in the ampoule, completely shattering it.

Products from the reaction of benzyl nitrate with stannic 
chloride. To 3.0 g. (0.20 mole) of benzyl nitrate was added
2.34 cc. (5.21 g., 0.020 mole) of stannic chloride. The induc
tion period followed by vigorous effervescence, as previously 
described, was observed in a few minutes after mixing. 
Water was added and the mixture extracted with ether. 
The ether extract was dried and filtered and the ether 
distilled, leaving a residue smelling strongly of benzaldehyde. 
Addition of 2,4-dinitrophenylhydrazine reagent to an alco
holic solution of this residue precipitated 2.45 g. (44% based 
on benzaldehyde) of derivative, m.p. 220-223°; m.p. 230° 
after two recrystallizations from absolute ethanol; m.p. 
230-235° when mixed with an authentic sample of benzalde- 
hyde-2,4-dinitrophenylhydrazone.

Reaction of benzyl nitrate with dinitrosyl hexachlorostannate. 
To 4.0 g. of dinitrosyl hexachlorostannate was added 5.0 cc. 
of benzyl nitrate, and the mixture was allowed to stand for 
a week in a stoppered flask; it was then poured into water 
to decompose the residual solid material. The water solution 
was extracted with three portions (total 150 cc.) of petroleum 
ether (b.p. 30-60°), and the extracts dried and evaporated. 
The residue was made up to 100 cc. in a volumetric flask 
with absolute ethanol. A 20-cc. portion was treated with 
dinitrophenylhydrazine reagent to yield 0.43 g. of benzal- 
dehyde-2,4-dinitrophenylhydrazone, m.p. 236-237°. This 
corresponds to a total of 2.15 g. of derivative or to 0.80 g. of 
benzaldehyde.

A polarographic determination of the product showed the 
ratio of benzyl nitrate to benzaldehyde to be 5:15. Thus,
4.12 g. of benzyl nitrate remained.

Reaction of triphenylmethyl nitrate with stannic chloride. 
Triphenylmethyl nitrate, 3.0 g. (0.098 mole), was dissolved 
in ca. 25 cc. of ether and 4 cc. of stannic chloride was care
fully added. A vigorous reaction ensued (probably coordi
nation of stannic chloride and diethyl ether); and after 
the stannic chloride was added, the ether was boiled for a 
few minutes, then poured into water. An oil formed which 
crystallized after ca. 1 hr. The crystals were filtered to yield
2.34 g. (97.5% crude yield) of dark crystals, m.p. 91°. The 
crystals were dissolved in hot alcohol, and the solution 
boiled with Norit, filtered, and cooled to yield 1.32 g. (55%) 
of white crystals, m.p. 93-94°. The melting point was un
changed when this material was mixed with an authentic 
sample of triphenylmethane (from hydrogenation of tri
phenylmethyl chloride).

Reaction of n-butyl nitrate with boron trifluoride. Into 3.0 
ml. of n-butyl nitrate was passed a slow stream of boron tri
fluoride for ca. 3 hr. Ten cubic centimeters of petroleum ether 
was added and the mixture was cooled. Some semisolid 
material appeared at the bottom of the flask. When the 
petroleum ether was evaporated from this mixture, an

exothermic reaction occurred accompanied by loss of nitro
gen oxide. An infrared spectrum of the residue, 1.49 g., 
which had an ester odor, identified it as being principally 
n-butyl n-butyrate.

Reaction of boron trifluoride with benzyl nitrate. Into a mix
ture of 4.9 g. of petroleum ether (b.p. 30-60°) and 6.9 g. 
(0.045 mole) of benzyl nitrate was passed a slow stream of 
boron trifluoride. Within a few seconds the reaction mixture 
turned yellow, and after ca. 1.5 min. an exothermic reaction 
took place which was sufficient to reflux the mixture. Boron 
trifluoride was passed through for a total of ca. 20 min. The 
mixture was then made basic with 40% sodium hydroxide 
and extracted successively with 20 cc. of petroleum ether, 
two 20-cc. portions of ethyl ether, 20 cc. of benzene, and two 
20-cc. portions of ether, the extracts being combined and 
evaporated to ca. 25% of the volume. The residue was cooled 
and 50 cc. of saturated sodium bisulfite solution was added 
and the precipitate filtered, washed with ether, and dried. 
Liberation of the aldehyde and formation of the 2,4-dini- 
trophenylhydrazone yielded 3.83 g. (30%) of derivative. 
Acidification of the base solution precipitated 1.0 g. (18%) 
of benzoic acid to bring the total yield of products to 48%.

Reaction of boron trifluoride with triphenylmethyl nitrate. 
Into a solution of 1.5 g. (0.0051 mole) of triphenylmethyl 
nitrate was passed a slow stream of boron trifluoride for ca. 
20 min. To the mixture was added ca. 25 cc. of ether. A 
reaction took place with apparently some evolution of ni
trogen dioxide. The suspended solid was filtered to yield 
0.26 g. of yellow powder, m.p. 145-155°. The melting point 
increased to 159-160° after washing with water, and the 
melting point of this latter material was unchanged when 
mixed with an authentic sample of triphenylcarbinol.

Evaporation of the ether solution left darkly colored 
crystals which were redissolved in ether and twice decolorized 
with Norit to yield 0.36 g. (29%) of material, m.p. 90-92°, 
mixed m.p., taken with an authentic sample of triphenyl
methane, 91-92.5°.

Isopropyl nitrate. Isopropyl nitrate was prepared by the 
method of Silva8 from isopropyl iodide and powdered silver 
nitrate in 69% yield, n\° 1.3897, b.p. 23-24° (27 mm.).

Reaction of isopropyl nitrate with boron trifluoride in pe
troleum ether. Isopropyl nitrate, 10.0 g. (0.0952 mole), was 
dissolved in 14 g. of petroleum ether (b.p. 40-60°). The 
mixture, in a round-bottomed flask fitted with an ice- 
water-cooled reflux condenser, was cooled in Dry Ice, and a 
slow stream of boron trifluoride was passed through for 20 
min., at which time the solution was colored and appeared 
to contain some solid matter. The solution wras allowed 
to ŵ arm to room temperature very slowly. Shortly after the 
mixture had reached room temperature, it effervesced and 
finally reacted very violently, with some volatile material 
escaping through the reflux condenser. After this violent 
reaction subsided, two phases were present, a nearly color
less upper phase and a dark brown lower phase. The layers 
were separated, and the lower phase washed with petroleum 
ether, the washings being added to the upper layer. Addi
tion of a sample of 2,4-dinitrophenylhydrazine reagent to 
the petroleum ether extract precipitated 0.15 g. of acetone 
dinitrophenylhydrazone, m.p. 119-122°. Huntress and 
Mulliken9 reported m.p. 126°.

The dark lower phase was connected to a vacuum pump 
through a Dry Ice trap, and the liquid distillate in the trap 
was treated with 2,¿dinitrophenylhydrazine to yield an 
additional 0.20 g. of derivative, m.p. 122-125° to give a 
total of 0.35 g. of acetone 2,4-dinitrophenylhydrazone.

C h i n a  L a k e , C a l i f .

(8) R. V. Silva, Ann. 154,254 (1870).
(9) F. H. Huntress and S. P. Mulliken, Identification of 

Pure Organic Compounds, Order 1. New York, John Wiley 
and Sons, p. 374.
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Sodium fluoride suspended in nonaqucous tetramethylene sulfone, acetonitrile, or dimethylforniamide has been found to 
exchange halogen readily with carboxylic acid chlorides, a-chloro ethers, trichloromethanesulfenvl chloride, thiocarbonyl 
chloride, selenium oxychloride, phosphorus oxychlorides, phosphorus thioehlorides, and phosphonitrilic chlorides. The con
version to fluorides was usually accomplished by heating the reactants at temperatures ranging up to 250° at atmospheric 
pressure.

Syntheses of aliphatic1-5 and aromatic6 fluorides 
by metathesis of organic halides with metallic 
fluorides have generally avoided sodium fluoride 
which has been considered a poor reagent for 
halogen exchange. However, sodium fluorosilicate 
has been used in exchange read,ions with acyl 
chlorides and chloroalkanes.7a More recently, 
sodium fluoride has served auspiciously in the 
synthesis of sulfur tetrafluoride it. 9 0 %  yield by 
reaction with sulfur dichloride in acetonitrile at 
8 0 ° .7b This result has led to ar. exploration of sodium 
fluoride as a fluorination agent in exchange reac
tions with chlorine-containing compounds in a 
nonaqueous polar medium.6’8’9

Compounds containing reactive chlorine bonded 
to carbon, sulfur, or phosphorus have now been 
converted to the corresponding fluorides by re
action with sodium fluoride in tetramethylene 
sulfone, acetonitrile, or dimethylformamide.

Synthesis of carbon fluorides. Members of three 
classes of compounds, namely, acid chlorides, 
a-chloro ethers, and carbon chlorides bonded to 
sulfur, were found to exchange readily with sodium 
fluoride. Thus, oxalyl fluoride, acetyl fluoride, 
benzoyl fluoride, methyl fluoroformate, cyanuric 
fluoride, monofluorodimethyl ether, 1,2-difluoro-
1,4-dioxane, and trifluoromethanesulfenyl chlo
ride were prepared from the corresponding chlo
rides. Trifluoromethanesulfenyl chloride was ob
tained along with bis(trifluoromethyl) disulfide 1 2 3 4 5 * 7 8 9

(1) A. M. Lovelace, D. A. Rausch, and W. Postelnek, 
Aliphatic Fluorine Compounds, Rein hold Publishing Co., 
New York, 19.58.

(2) K. Wallenfalls and \Y. Draber, Chan. Rer., 90, 2819 
(. 1957%

(3) F. Seel and L. Riehl, Z .  arujrg. u. allqem. Chan., 282, 
293(1955).

(4) <i. (Mali and S. Kuhn, ./. Dry. Chan., 21, 1319 (1956).
(5) J. H. Fried and W. 4'. Mil.or, Jr.. ,/. Am. Chan. Hoc., 

81,2078(1959).
((’>) C. C. Finger and C. W. Kruse, /. .tin,. Chan. Hoc., 

78, 6034 (1956).
(7) (a) J. Dahmlos, Angew. Chemic, 71, 274 (1959). (b)

C. W. Tullock, F. S. Fawcett, W. C. Smith, and D. D. 
Coffmann, ./. Am. Chem. Soc., 82, 539 ;1960).

(8) J. E. Leffler and W. B. Bond, J. Am. Chem. Soc., 78, 
335 (1956 j.

(9) R. L. Burnell, Jr., and C. H. Langford, J. Am. Chem. 
Soc., 81,3799(1059).

in 47% combined yield in a 3:2 weight ratio by 
reaction of trichloromethanesulfenyl chloride with 
sodium fluoride in tetramethylene sulfone at 170 
250°. Similar treatment of thiocarbonyl chloride 
at 85-245° gave bis(trifluoromethyl) disulfide in 
37% conversion.

In an interesting modification of the metathesis, 
fluorocarbonyl cyanide, FCOCN, was obtained in 
14% conversion by reaction of phosgene at room 
temperature with sodium fluoride in hydrogen cy
anide which served both as a medium and as a 
reactant. The chief product was carbonyl fluoride. 
Fluorocarbonyl cyanide was also prepared directly 
from carbonyl fluoride and hydrogen cyanide using 
sodium fluoride as hydrogen fluoride acceptor.

Conditions under which the foregoing reactions 
were carried out are summarized in Table I.

S y n t h e s i s  o f  s i d f u r  a n d  s e l e n i u m  o x y f lu o r id .e s .  
Sulfuryl fluoride, sulfuryl chlorofluoride, and thionyl 
fluoride were prepared from the corresponding 
chloro compounds in good conversions through 
reactions with sodium fluoride at atmospheric 
pressure, and selenium oxyfluoride was obtained 
from the oxychloride (see Table II). In these syn
theses tetramethylene sulfone, acetonitrile, and 
dimethylformamide were apparently interchange
able as reaction media. The synthesis of the oxy
fluorides of sulfur and selenium as reported in the 
literature10-14 usually requires reactions under 
pressure with such reagents as silver (I) fluoride, 
antimony or arsenic trifluorides, zinc fluoride, 
hydrogen fluoride, or even elemental fluorine. 
Sulfuryl fluoride has been prepared in low con
versions by the reaction of sodium fluoride with 
sulfuryl chloride at 400°.13

Synthesis of phosphorus fluorides. Sodium fluoride 
suspended in tetramethylene sulfone has also 
exchanged fluorine for chlorine bonded to phos-

(10) R. N. Haszeldine and A. (!. Sharpe, Fluorine and Its 
Compounds, John \\ iley and Sons, Inc., New York, 1951.

(11) W. C. Schumb, J. G. Trump, and G. L. Priest, I  ml. 
Eng. Chem., 41,1348(1949).

(12) H. J. F.meleus and J. F. Wood, ./. Chem. Soc., 2183
(1948).

(13) M. M. Woyski, J. Am. Chem. Soc., 72, 919 (1950).
(14) J. H. Simons, Fluorine Chemistry, Academic Press, 

Inc., Now York, 1950, Vol. 1, pp. 93-102.
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phorus in the tri- and pentavalent phosphorus 
compounds listed in Table III. Two new compounds, 
phenylphosphonic difluoride, CelTPOIb, and phen- 
ylphosphonothioic difluoride, CeHsPSF,, were 
prepared from the corresponding chlorides. The 
phosphonitrilic fluorides, (PNF2)3,4, previously 
obtained from the corresponding chlorides and 
potassium fluosuifinate,16 have also been prepared 
by metathesis with sodium fluoride.

Although sodium fluoride has been used in 
isolated instances to prepare phosphorus fluo
rides16-18, arsenic trifluoride, lead difluoride, zinc

(15; F. Seel and J. Langer, Angew. Chem., 68, 461 (195(5).
(16) Hamilton McCombie, B. C. Saunders, and C. L. 

Wheeler, British Patent 601,210 (1948).
(17) M. Hallman, J. Chem. Soc., 309 (1959).

difluoride, or antimony trifluoride have been 
employed more commonly in such syntheses.19-21

EXPERIMENTAL

With the exception of a few reactions in a sealed vessel 
under autogenous pressure, the syntheses (Tables I—III) 
were carried out at atmospheric pressure in Pyrex glass 
equipment. In most instances the product was distilled from

(18) W. Lange and G. Kruger, Ber., 65, 1253 (1932).
(19) J. H. Simons, Fluorine Chemistry, Academic Press, 

Inc., New York, 1950, Vol. 1, pp. 97-102.
(20) D. M. Yost and H. Russell, Jr., Systematic Inorganic 

Chemistry, Prentice-Hall, Inc., New York, 1944, pp. 234-7.
(21) G. Brauer, Handbuch Der Preparation Anorganischen 

Chemie, Ferdinand Enke Verlag, Stuttgart, 1954, pp. 154- 
9.

TABLE I
S y n t h e s i s  o f  C a r b o n  F l u o r i d e s

% Conversion 
of Chloride

Products Reactants (Moles) Reaction Conditions to Fluoride Properties
CF3SSCF2 CSC12 (1.03) 33-8971.0 hr. 37 cr V 00 CO Of 0

CS2 TMS (2.18) 89-122 73.0 hr.
NaF (2.62) 122-22470.6 hr. 

224-245 7 0 .2  hr.
CF3SCI CChSCl (1.09) 34-107 7 0 .5  hr. 47 CF3SCI, b.p. -4 °  to + 2°* 16 17 18 19 20 21 *
CF3SSCF3 TMS (3.16) 107-20971.3 hr. CFjSSCFs, b.p. 27-370“’’’
(3:2 bv wt.) NaF (4.76) 209-240°/2.75 hr.
(CNF), (CNC1)3

TMS
(0.67) 43-134°0.2 hr. 74 b.p. 72.5-73.5°'
(1.85) 134-19370.4 hr.

NaF (2 .50) 193-24870.2 hr.
f c h 2o c h 3 CICHoOCHj (F29) 33-100 7 1 .5  hr. 47 b.p. 8- 11.5°rf

TMS (1.33) 100-14571-0 hr.
NaF (1.90) 145-16870.7 hr.

CHF—CHF CHC1—CHCI
/  \ /  \

32-9370.7 hr. b.p. 28-30 721 mm.*0  0 0  0 (0.50) 42
\  / \  /
c h 2—c h 2 c h 2— CH2 

TMS (1.33) 93-14371.0 hr.
NaF (1-50) 143-173 70.75 hr.

FC02CH:; (ICO,OIL (1 .00) 33-8170.7 hr. 33 b.p. 35-37 0/
TMS (1.33) 81-11971.4 hr.
NaF (2 .00) 119-14071.5 hr.

(COF)î (COCl)2 (0.50) 59-89 71.5 hr. 60 b.p. 0° to 2°“
COF. TMS (1.33) 89-12272.0 hr.

NaF (2 .00)
O Cl

CHjC—F c h 3c = o (1 .02) 41-6071-5 hr. 48 b.p. 19-20.5°A
TMS (1.33) 60-950/2.4 hr.
NaF (2 .00)

O
II

CeHjC—F

Cl

c 6h sc= o ( 1.00) 29-12870.4 hr. 62 b.p. 157-159°'
TMS (1.33) 128-18870.5 hr.
NaF (1.50) 188-226°/0.6 hr.

226-250°/0.4 hr.
• CF3SSCF3, b.p. 34°, has been obtained (1) by the fluorination of carbon disulfide with mercuric fluoride [E. L. Muetter- 

ties, U. S. Patent 2,729,663 (1954); (2) by the fluorination of carbon disulfide with IF5 (R. N. Haszeldine and J. M. Kidd, 
J. Chem. Soc., 3223 (1953)]; and (3) by the present method [C. W. Tullock, U. S. Patent 2,884,453 (1959)); infrared analysis 
showed the product t.o contain 70 mole % OF3SSCF3 and 25 mole % CS2. h The products were identified bv infrared analysis. 
CF3SCI, b.p. — 1°, has been prepared by the chlorination of CFsSSCFs and of (CF3S)-2Hg [R. N. Haszeldine and J. M. Kidd, 
J. Chem. Soc., 3219-23 (1953)]. c The fluorine NUR spectrum was consistent for (CNF)3. The literature reports a b.p. of 
74° [D. W. Grisley, Jr., E. W. Gluesencamp, and S. A. Heininger, J. Org. Chem., 23, 1802 (1958)]. The product was distilled 
from the flask as it formed. d Fluorine and proton NMR spectra were consistent for FCH2OCH3. The literature reports a 
b.p. of about 19°. The compound was prepared byreacting C1CH20CH3 with mercuric fluoride [C. T. Masen and C. C. Allairi, 
J. Am. Chem. Soc., 78, 1682 (1956)]. « The product was separated from the reaction mixture by heating at 163-187°/107 mm.

Anal. Calcd. for C4Hg0 2F2: F, 30.60. Found: F, 29.26; Cl, 1.64. This compound was recently synthesized from 2,3-dichloro- 
p-dioxane and mercuric fluoride [C. T. Masen, Southeastern Regional ACS Meeting, Gainsville, Fla., December 1958].

(Continued on page 2018)
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TABLE I (C o n tin u e d )
% Conversion 
of Chloride

Products Reactants (Moles) Reaction Conditions to Fluoride Properties

O

F<^—CN COCL (2 .00) 25720 hr. in 1-1. 14 b.p. - 20° to -18°»'
COF2 HCN (2.04) reactor at autogenous 

pressure

0
NaF (9.52)

II
FC—CN c o f 2 ( 1 .00) 150°/3 hr. in 1-1. 22.5 b.pt -2 2 °  to —19°*

HCN ( 1 .00) reactor a t autogenous
CH:iC0 2H (3 drops) pressure; mixture was 

then transferred to
evacuated pressure 
reactor containing 
NaF and stored at 
25° for 24 hr.

TMS = tetramethylene sulfone; the compound darkens with partial decomposition above 220°.
1 The literature reports a b.p. of 40°. The product was obtained by treating CICO2CH3 with T1F or potassium fluoride 

[H. C. Goswami and P. B. Sarkar, J .  I r .d ia n  C h em . S o c ., 10, 537 (1933); G. Olah and S. Huhn, J .  O rg. C hern ., 21, 1319 
(1956)]. In our experiment CH3C1 was obtained in a 20% conversion. » The product was characterized by infrared analysis. 
The literature reports a b.p. of +26° [N. Fukuhara and L. A. Bigelew, J .  A m .  C h em . S o c ., 6 3 , 788 (1941)]. The amount of 
OOF2 produced was not determined. h The product was characterized by infrared analysis. The literature reports a b.p. 
21-22°. The product has been obtained from NaF and CH3C—Cl [A. I. Mashentsev, J .  A p p l ie d  C h em . ( U . S . S . R .), 20, 854-

63(1947)].
* The product was distilled from the mixture as formed. The literature reports a b.p. of 156°. This product has 
been obtained by heating benzoyl chloride and NaF in the absence of a medium [A. T. Dann, W. Davies, A. N. Hambly, 
R. E. Paud, and G. Semmens, J .  C h em . S o c ., 18 (1933)]. ' The volatile products from three experiments were combined 
and distilled. The amount of COF. formed was not determined. C. W. Tullock, U. S. Patent 2,816,131 (1957) describes the 
preparation of FCOCN. * Appreciable reaction probably occurred afoer the reactants had been stored over sodium fluoride.

A n a l .  Calcd. for C2FNO: Mol. Wt. 73. Found: Mol. Wt. 72.4. Mass spectrometric and infrared analyses were satisfactory 
for FC—CN; the product was further characterized by reaction with aniline to obtain diphenylurea.

0

TABLE II
S y n t h e s i s  o f  S u l f u r  a n d  S e l e n i u m  O x y f l u o r id e s

Products Reactants (Moles) Reaction Conditions

% Conversion 
of Chloride 
to Fluoride Properties

SOF2 S0C12 (0.50) 43-69°/0.4 hr. 77 b.p. -4 3 °  to -3 6 ° “
NaF (2 .00) 69-80°/l .6  hr.
CH3CN (2 .88)

SOF2 SOCl2 (0.50) 44-70°/0.5 hr. 52 b.p. -3 9 °  to -3 6 ° “
NaF (2 .00) 70-78°/2.0hr.
TMS (1.58)

so 2f c i SO,Cl2 (0.50) 80 ° /3 .5 hr. 64 b.p. 3-7°“
NaF (2.48)
CH3CN (3.24)

SO2F2/SO2FCI S02C12 (0.50) 5 2 -8 0 °/l. 1 hr. 55 S02F2, b.p. -4 9 °  to -4 8 ° “
( 1 :2  by wt.) NaF (2 .00) 8 0 ° /l. 1 hr. S02C1F, b.p. 3-6°“

DMF (1.93)
s o 2f 2 S02C12 ( 1 .00) 60°/l hr.; 80°/l hr.; 85 b.p. -4 9 °  to —48°®

NaF (4.00) 100°/1 hr.; 12571 hr.;
150°/2 hr.

TMS (2.50) 1-1. reactor a t autogenous
pressure

SeUF2 SeOCl2 1(0.64) 60-100°/0.8hr. 28 b.p. 30-3276 mm .5
NaF C .78) 100-115°/0.5 hr.
TMS (1.32)

TMS = tetramethylene sulfone
DMF = dimethylformamide

0 0he reported b.p. are: SOFo, —43.8°: SOaFCl, 7.1°; SO2F2, —55.4° (J. H. Simons, F lu o r in e  C h e m is try , Academic Press, 
Inc., New \o rk , 1950, Vol. 1, p. 94). These products were identified by infrared analysis. ® This experiment was carried out 
by Dr. R. D. Cramer. c The product was removed from the reaction mixture by heating at 120-167°/2 mm. for 1.6 hr. 
The reported b.p. for SeOF2 is 124 ± 3 °  (see J. H. Simons, F lu o r in e  C h e m is tr y , Academic Press, Inc., New York, 1950, Vol. 
1, p. 95; E. Anyslev, R. Peacock, and P. Robinson, J .  C h em . S o c ., 1231-4 (1952).

A n a l .  Calcd. for F2OSe: F, 28.57; Se, 59.40. Found: F, 29.57; Se, 58.73.
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TABLE III
S y n t h e s i s  o f  P h o s p h o r u s  F l u o r i d e s

Products Reactants (Moles)
Reaction

Conditions

% Conversion 
of Chloride 
to Fluoride Properties

p o f 3 POCl3 (0.49) 48-80°/0.4hr. 43 b.p. -44° to — 40°a
NaF (2 .00) 80-96°/2 .8 hr.
TMS (1.33) 96-16870.5 hr.

168-21570.5 hr.
215-228 7 0 .2  hr.

C6H5POF2 C6HsPOC12 (0.50) 65 b.p. 44°/2.5 mm.*
NaF (1.50) 75-120°/l .8 hr.
TMS (1.33)

PSF3 PSC13 (0.50) 53 b.p. -52° to —48°“
NaF (2 .00) 37-14070 .6 hr.
TMS (1.33) 140-170 7 2 .7  hr.

CsHsPSFj CeHsPSCL (0.50) 73 b.p. 47-49°/3 mm.'
NaF (1.50) 25-89°/0.4 hr.
TMS (1.33) 89-10771-8 hr.

(PNF2)m (PNCl2)3,4,5,6 (4.31) 80720 hr. 54 (PNF2)3, b.p. 51-2°»; n3̂  = 1.3183°;
m.p. 29-31°

NaF (32.14) (PNF2)„, b.p. 89-89.5°»; n”  =
1.3449; m.p. 30°

c h 3c n (34.39)
p f 3 PCL (0.73) 47-52°/1.0 hr. 18 0

NaF (2.74) 52-7570.6 hr.
TMS (1.85) 75-10972.5 hr.

c ic h 2p o f 2 C1CH2P0C12 (0.50) 60-17570.6 hr. 76 b.p. 112-113°'
NaF (2 .00) 175-194 7 0 .9  hr.
TMS (1.33) 194-230 7 0 .5  hr.

TMS = tetramethylene sulfone; the compound darkens with partial decomposition above 220°.
° The reported b.p. for POF3 is —39.4° and for PSFa is —52.3° (J. H. Simons, Fluorine Chemistry, Academic Press, Inc., 

New York, 1950, Vol. 1, p. 100). PSFs inflamed on contact with air. The products were further characterized by infrared 
analysis. 6 The reported b.p. are: (PNF2)3, 51.8°; (PNF2)4, 89.7° (F. Seel and J. Langer, Angew. Chem., 68, 461 (1956) .c This 
experiment was carried out by Dr. C. M. Langkammerer. A mixture of phosphonitrilic chlorides was employed; it was ob- 
obtained by treating 280 g. ammonium chloride, with 900 g. phosphorus pentachloride in 3000 ml. svm.-tetrachloroethane as 
reflux with stirring and then removing the solvent by distillation under 0.5-2.0 mm. pressure. The value of 4.31 moles 
(PNCl2)3,4,5,e is based on PNC12 monomer. After reaction with sodium fluoride, the (PNF2)3, b.p. 50-62°, was distilled di
rectly from the stirred reaction mixture; the (PNF2)4 codistilled with acetonitrile, b.p. 73-80°. Pure (PNF2)4 was isolated by 
washing out the acetonitrile with water, drying, and redistilling.

Anal. Calcd. for (P3NsFe): P, 37.38; Mol. Wt., 236. Found: P, 37.43; Mol. Wt., 236, 255. Mass spectrometric analysis 
satisfactory for (PNF2)3.

Anal. Calcd. for PJ'T.tFg: N, 16.87. Found: N, 16.69. Mass spectrometric analysis was satisfactory for (PNF2)4.
d The product was removed by heating the reaction mixture to 80-100°/2-3 mm. Anal. Calcd. for C3HsF2PO: F, 23.42. 

Found: F, 23.24. e The product was removed by heating the reaction mixture to 80-100°/2-3 mm. Anal. Calcd. for CeHtFjPS: 
F, 21.35. Found: F, 21.47. r The product was removed from the reaction mixture by heating to 80-100°/2-3 mm. for 30-40 
min.

Anal. Calcd. for CH2C1F20P: F, 28.25. Found: F, 28.84. s Infrared showed the samples to contain 35 mole % PF3 and 20 
mole % HC1.

the reaction mixture as formed and was collected in glass 
traps cooled in solid carbon dioxide and acetone. When the 
product was too high boiling to be removed in this way, it 
was isolated by warming the reaction mixture under reduced 
pressure. Gaseous products were purified by distillation at 
low temperature and were identified by boiling point and 
infrared spectra. Liquids were fractionally distilled through 
a spinning band column or a 10-inch Vigreux column.

The tetramethylene sulfone, acetonitrile, and dimethyl- 
formamide used as reaction medium were purified by 
distillation. The sodium fluoride employed was dry and 
finely divided. I t  was presumed that small particle size 
was beneficial. Commercial product as supplied by the

Mallinckrodt Chemical Works or Baker and Adamson was 
satisfactory.

The usual procedure was to employ a volume of medium 
(ml.) numerically equal to the sum of the weights (g.) of 
sodium fluoride and chloro compound employed. The chloro 
compound was introduced slowly into the stirred suspension 
of sodium fluoride at such a rate that the reaction tempera
ture was less than 100°. In many cases the chloro compound 
could be added in less than 5 min. without an appreciable 
rise in temperature. Heating was begun only after all the 
reactants had been added.

W i l m i n g t o n , D e l .
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Naphthalic anhydride reacts with methylcadmhim chloride to form 3,3-dimethylnaphthalide, as well as the normal product, 
8-acetyl-l-naphthoic acid. Formation of the lactone can be formulated as the result of a direct displacement by the cadmium 
reagent, and this idea is supported by the observation that a series of 3-substituted phthalides are converted to 3-methyl- 
phthalides when subjected to the same ccnditions.

In connection with our previous observations1 2 
on the formation of both o-acetylbenzoic acid and
3,3-dimethylphthalide from phthalic anhydride 
and the methylcadmium reagent, it was of great 
interest to determine the behav.or of the six- 
membered ring in naphthalic anhydride (I) under 
the same conditions. If it were similarly reactive, 
then the expected products with methylcadmium 
reagent would be 8-acetyl-l-naphthoic acid (II) 
and 3,3-dimethylnaphthalide (III). We have found 
that both II and III are formed from I, although 
the extent of reaction is considerably lower than

that in the case of phthalic anhydride. Even the 
reaction of I with the methyl Grignard reagent led 
to II and III in low yields. In both instances, the 
anhydride was recovered in substantial amount. 
While this difference in the reactivities of phthalic 
and naphthalic anhydrides toward the methyl
cadmium reagent might be ascribed to the difference 
in size of the anhydride rings, it -s most likely a 
result of the lower solubility of I in diethyl ether. 
It has been shown previously3 that I will react 
extensively with both cadmium and Grignard 
reagents when toluene is used as solvent. We have 
found that the yield of II with methylmagnesium 
iodide can be increased three-fold by using benzene- 
ether as solvent.

In order to explain the unexpected formation of 
lactone with the cadmium reagent, we suggested 
it might arise by a direct displacement reaction 
on the initial adduct (a cyclic tautomer) by addi
tional reagent. The alternative explanation—that 
the lactone was formed by reaction of methyl
cadmium reagent at the ketone function of o-

(1) This work was generously supported by a Frederick 
Gardner Cottrell grant from the Research Corporation of 
New York.

(2) Part I: P. R. Jones and S. L. Congdon, J. Am. Chem. 
Soc., 81, 4291 (1959).

(3) D. V. Nightingale, W. S. Wagner, and R. H. Wise, J. 
Am. Chem. Soc., 75, 4701 (1953).

acetylbenzoic acid—was rejected because it was 
found that the latter acid was extremely unreac- 
tive under comparable conditions. Similar reasoning 
to rationalize the formation from I of III, an “ab
normal product,” as well as the normal product 
II, may be represented as follows.

("cd” = VîCd or its equivalent)

Chemical evidence for this series of transforma
tions comes from the observation that II, like o- 
acetylbenzoic acid, is not converted to lactone under 
the usual reaction conditions. Only a trace of III 
could be isolated, and II was recovered to the extent 
of 88%.

The validity of this explanation was, of course, 
highly questionable because it necessitated postu
lation of an unusual displacement of some oxy- 
cadmium species by the alkylcadmium reagent. 
We have tested the feasibility of such a displace
ment by subjecting a series of 3-substituted 
phthalides (IV. R = H, CH3; X = Br, OH, OCH3, 
OC2H6, OCOCH3) and di-3-phthalidyl ether (V) 
to the action of excess methylcadmium chloride. 
If reaction were to proceed by the proposed dis
placement pathway, the expected products would 
be 3-methylphthalides (VI).

|[ o  +  CH3CdCl 
'CO 

IV

R CH3

,0 + CdCl(X) 
CO

(R = H)

Indeed, under the relatively mild conditions of 
the cadmium reaction previously employed with 
phthalic and naphthalic anhydrides, all but one of
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the substrates were converted to the correspond
ing lactones. The yields of VI under standard 
conditions, which are a rough measure of the rela
tive reactivities, vary considerably with the struc
ture of IV. With 3-bromophthalide, for example, 
the displacement product, 3-methylphthalide, was 
isolated in 90% yield, while the same product was 
formed in only 9% yield from either 3-methoxy- 
or 3-ethoxyphthalide. When the substituent was 
hydroxyl (3-hydroxyphthalide, the cyclic tautomer 
of o-phthalaldehydic acid),4 the conversion to lac
tone was found to be only 31%, the starting ma
terial being recovered to the extent of 46%. Perhaps 
most surprising was the extremely low reactivity 
of 3-acetoxyphthalide, which failed to yield any 
isolable lactonic product. By contrast, di-3- 
phthalidyl ether (V), in which the group being dis
placed is the phthalaldehydic acid radical, was con
verted to VI in quantitative yield (based on forma
tion of two moles of lactone per mole of ether). 
This remarkable reactivity implies that a facile 
displacement on the ether occurs, and this is fol
lowed by a second reaction of methylcadmium 
chloride with the phthalaldehydic acid radical 
that has been displaced.

If this unusual displacement were considered 
to be nucleophilic in nature, one would expect 
the relative reactivities of IV to vary in accord 
with Swain’s scale of nucleophilicity.5 Thus, 
acetoxyl, one of the poorest nucleophiles, should 
undergo displacement most readily, and a bromo 
substituent should be somewhat less reactive. 
Since the predicted order is not observed, there is 
no justification for classifying this reaction as 
another example of nucleophilic displacement. 
It is interesting to note, however, that the 3- 
methoxy- and 3-ethoxy- derivatives react only 
slightly, according to expectation. The extent of 
displacement is apparently sensitive to structural 
features other than the leaving group, as evidenced 
by the observation that 3-methyl-3-acetoxy- 
phthalide reacts to the extent of 44%, although 3- 
acetoxyphthalide failed to react at all.

It is presumed that 3-substituted naphthalides 
would undergo a similar displacement, but this 
series was not investigated because of the difficulty 
in preparing derivatives. The reaction may be of 
broad scope and, indeed, can be utilized to ration
alize some previously reported abnormal products

(4) Our previous suggestion that phthalaldehydic acid be 
assigned the open chain tautomeric structure in the solid 
state was based on infrared data (See Refs. 2 and 10). Be
cause it reacts considerably more readily with cadmium re
agent than either o-acetylbenzoic acid or 8-acetyl-l-naph- 
thoic acid, however, there is justification for assuming the 
existence of some ring tautomeric form in ether solution. 
It is clearly indicated that neither infrared absorption nor 
reactivity with the methylcadmium reagent is an unequivo
cal criterion for assigning ring or chain tautomeric struc
tures to compounds of this type.

(5) C. G. Swain and C. B. Scott, J. Am. Chem. Soc., 75, 
141 (1953).

formed from cadmium reagents. For example, the 
formation of 3,3-diphenylphthalide from phthaloyl 
chloride6 and of 3-phenyl-3-ethylnaphthalide from 
the acid chloride of 8-benzoyl-l-naphthoic acid3 
might be the result of direct displacement of a 
chloro substituent in the corresponding pseudo acid 
chlorides.

EXPERIMENTAL7

1,8-Naphthalic anhydride. Crude anhydride, obtained 
from Koppers Co., Inc., was purified in one of two ways: 
solution in 10% sodium hydroxide, decolorization with char
coal, and precipitation with mineral acid; or adsorption 
chromatography on a Florisil column eluted successively 
with benzene, ether, and 95% ethanol. The recovery of pure 
anhydride by these two methods was, respectively, 44% 
(m.p. 259-262°) and 9% (m.p. 260-263°).

Action of methylcadmium reagent on 1,8-naphlhalic anhy
dride. The cadmium reagent was prepared as previously de
scribed2 from 3.1 g. (0.13 mole) of magnesium, 20.4 g. (0.14 
mole) of methyl iodide, 27.5 g. (0.15 mole) of cadmium 
chloride, and 180 ml. of ether. To this mixture, cooled in an 
ice-bath, was added 8.5 g. (0.043 mole) of solid 1,8-naph- 
thalic anhydride, with stirring, in 10 min. Stirring and heating 
under reflux were maintained for 75 min.; then the flask 
was surrounded by an ice-bath and the mixture decomposed 
with dilute sulfuric acid. The solid wras removed by filtra
tion, taken up in base, and the alkaline mixture filtered. By 
acidification of the filtrate with dilute hydrochloric acid, 2.1 
g. (25%) of 1,8-naphthalic anhydride was recovered, m.p. 
257-261°. The ether layer from the original filtrate was 
separated and combined with ether washings of the water 
layer. The organic phase was washed with 0.06 mole of 
potassium carbonate, and the alkaline solution added to 
dilute sulfuric acid. The precipitated 8-acetyl-l-naphthoic 
acid, recrystallized from aqueous ethanol, separated as tiny 
clusters of needles, m.p. 171-173°, yield 2.1 g. (23%). After 
two more recrvstallizations the melting point was 173- 
174°.

Anal. Calcd. for C13Hio03: C, 72.89; H, 4.71. Found: 
C, 73.14; H, 4.71.

The infrared spectrum (Nujol) contains strong, broad 
bands at 3410 and 1690 cm.-1

All attempts to prepare the oxime, phenylhvdrazone, 
and semicarbazone of 8-acetyl-l-naphthoic acid by standard 
methods8 were unsuccessful, as vrere attempts to prepare the 
cyclic acetyl derivative by the method previously described.2

By concentration of the remaining ether solution, crystal
line 3,3-dimethylnaphthalide wras collected and washed with 
ice-cold ether, m.p. 103-105°, yield 1.4 g. (17%). It was re
crystallized several times from ether, m.p. 110.5-111.0°.

Anal. Calcd. for C„H120 2: C, 79.24; H, 5.70. Found: C, 
79.49; H, 5.82.

The infrared spectrum (Nujol) contains a carbonyl band 
at 1706 cm.-1

Reaction of naphthalic anhydride with methylmagnesium io
dide. An ethereal solution of methylmagnesium iodide was 
prepared (about 0.1 mole) and to this was added, with stir
ring, solid naphthalic anhydride during 30 min. The Gri- 
gnard reagent was ahvays used in excess. Reaction conditions

(6) R. C. Fuson, S. B. Speck, and W. R. Hatchard, J. 
Org. Chem., 10, 55 (1945).

(7) The infrared spectra were determined with a Perkin- 
Elmer Model 21 recording double-beam spectrophotometer 
with sodium chloride optics. Analyses were performed by 
Galbraith Laboratories, Knoxville, Tenn. Melting points and 
boiling points are uncorrected.

(8) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The 
Systematic Identification of Organic Compounds, John Wiley 
and Sons, Inc., New York, 1957.
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varied in several runs from 0.5 hr. at room temperature to
1.5 hr. at reflux, and products were isolated as described 
above. The yield of 8-acetyl-l-naphthcic acid ranged from 
0-13%, that of 3,3-dimethylnaphthalide from 2-14%. 
Anhydride was recovered to the extent of 50-68%. When 
benzene was added to the reaction mixture before the reflux 
period of 1.5 hr., the yield of keto acid was 36%; and only a 
trace of lactone could be isolated.

Action of rr.elhylcadmium reagent on 8-acetyl-l-naphlhoic 
acid. To the cadmium reagent, prepared from 0.47 g. (0.02 
mole) of magnesium, 3.0 g. (0.021 mole) of methyl iodide,
4.1 g. (0.023 mole) of cadmium chloride, and 80 ml. of ether, 
was added, with stirring, 1.2 g. (0.006 mole) of 8-acetyl-l- 
naphthoic acid during 30 min. When the mixture had been 
heated under reflux for 1.5 hr. and was worked up as de
scribed above, 1.05 g. (88%) of the ketc acid was recovered. 
Only a trace of 3,3-dimethylnaphthalide, m.p. 108-110°, was 
obtained by concentration of the ether layer.

8-Acetoxyphihalide. Phthalaldehydic acid was converted 
to the acetyl derivative in 63% yield by the method pre
viously described2 for o-acetylbenzoic acid. The lactol ace
tate was recryatallized from n-hexane, m.p. 64-67°.

Anal. Calcd. for C10H8O4: C, 62.50; H, 4.20. Found: C, 
62.69; H, 4.36.

The infrared spectrum (Nujol) contains strong carbonyl 
bands at 1777 and 1760 cm. -1 but none attributable to a hy
droxyl group.

The displacement by methylcadmium reagent of 3-substituted 
phthalides. The following description for phthalaldehydic 
acid is typical of the reaction conditions for the displace
ment of various 3-substituted phthalides, including 3- 
methoxy-,9 3-ethoxy-,10 3-bromo-,11 3-acetoxy-,10 3-methyl-
3-acetoxyphthalide,2 and di-3-phthalidyl ether.12 The reac
tion time was held constant throughout; and the cadmium 
reagent, always in excess, was that prepared from approxi
mately equimolar amounts of magnesium and cadmium 
chloride. AH samples of 3-methylphthalide exhibited identi
cal infrared spectra (film, strong carbonyl band at 1760 
cm.-1); and the 3,3-dimethylphthalide was compared by 
mixture melting point and infrared spectrum with an 
authentic sample.2 The results are tabulated below. 9 10 11 12

(9) K. v. Auwers and A. Heinze, Ber., 52, 584 (1919).
(10) D. D. Wheeler, D. C. Young, and D. S. Erley, J. 

Org. Chem., 22, 547 (1957).
(11) Y. Hirshberg, D. Lavie, and E. D. Bergmann, J. 

Chem. Soc., 1030 (1951).
(12) C. Graebe and F. Triimpy, Ber., 31, 369 (1898).

The methylcadmium reagent, prepared from 2.2 g. 
(0.C9 mole) of magnesium, 15.0 g. (0.12 mole) of methyl 
iodide, 19.6 g. (0.12 mole) of cadmium chloride, and 150 ml. 
of ether, was cooled in an ice bath; 7.5 g. (0.05 mole) of 
phthalaldehydic acid was added with stirring, in 30 min. 
The mixture was heated under reflux for 1.5 hr., cooled, 
and decomposed with dilute sulfuric acid. The ether layer 
was separated and combined with ether washings of the 
water layer. This organic phase was washed with four 60- 
ml. portions of 10% potassium carbonate. From the ether 
layer, which was dried and distilled, was obtained 2.4 g. 
(32%) of 3-methylphthalide, b.p. (aspirator) 170-175°. 
When the product was heated at atmospheric pressure to its 
reported boiling point,13 it decomposed.

Anal. Calcd. for CJ!s02: C,72.96; H,5.44. Found: 
C, 72.73; H, 5.57.

S u m m a r y  o p  R e s u l t s

Phthalide Product
Yield,

%
3-Hydroxy-(IY; R = H, 

X = OH) VI (R = H) 31“
3-Methoxy-(IY; R = H, 

X = OCHs) VI (R = H) 9
3-Ethoxy-(IV ; R = H,

X = o c2ho VI (R = H) 9
3-Bromo-(iy; R = H, 

X = Br) VI (R = H) 90
3-Acetoxv-(IV; R = H, 

X = ÓCOCH3) _ _b
3-Acetoxy-3-methyl-(IV ;

R = CH3, H = OCOCHO VI (R = CH3) 44
Di-3-phthalidyl ether-(V) VI (R = H) 100°

0 Starting material recovered, 46%. t Starting material 
recovered, 59%. e Based on formation of two moles of lac
tone from one mole of ether.

Acknowledgment. The authors are grateful to 
Dr. M. G. Sturrock, Koppers Company, for a 
generous sample of naphthalic anhydride.

D u r h a m , N. H. 13

(13) G. Giebe, Ber., 29, 2533 (1896).
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Aryl vinyl ethers have been hydrogenolyzed in good yields by lithium aluminum hydride to give phenols and hydrocar
bons. The extent of hydrogenolysis, which was catalyzed by nickel (II) chloride and by Raney nickel, was significantly in
fluenced by temperature and the solvent. Phenyl vinyl ether was cleaved more than 90% on treatment with excess lithium 
aluminum hydride and nickel chloride at 0° in bis(2-ethoxyethyl) ether, contrasted to 40% hydrogenolysis at 35° in ethyl 
ether. Substituents on the aromatic ring and on the vinyl group, in general, caused a decrease in the hydrogenolysis com
pared with phenyl vinyl ether.

INTRODUCTION

The ether linkage is generally considered stable 
in the presence of lithium aluminum hydride since 
ethers are the usual solvents for this reagent. 
Certain types of ethers, however, undergo hydro
genolysis readily with lithium aluminum hydride; 
for example, epoxides,3 allyl aryl ethers,4-5 and /?- 
alkoxy- and /3-aryloxypropionitriles6 are cleaved in 
good yields under mild conditions. It is the purpose 
of this paper to report an investigation of the 
lithium aluminum hydride hydrogenolysis of aryl 
vinyl ethers.

This hydrogenolysis, which apparently has not 
been previously observed, has been applied to a 
series of nine aryl vinyl ethers by treating the ethers 
with a large excess of lithium aluminum hydride in 
a suitable solvent at reflux temperature or below 
and in the presence of nickel chloride. The alkyl- 
oxygen bond was preferentially cleaved to yield 
phenols and alkyl hydrocarbons. As in the various 
solvents the reaction was nearly complete in three 
hours or less, this time was arbitrarily chosen for 
comparative runs evaluating other variables. 
The extent of hydrogenolysis was measured by 
quantitative determination of the resultant phenol, 
and in general, the results were reproducible within 
± 3 % .

The aryl vinyl ethers with the exception of 
d-eh loro vinyl phenyl ether were obtained by de- 
hydrohalogenation of the corresponding aryl /3- 
haloethyl ethers, which in turn were generally pre
pared by the Williamson reaction. All were ex
tensively purified to remove phenolic impurities.

(1) Presented in part at the 129th meeting of the Ameri
can Chemical Society, April, 1956, Dallas, Tex.

(2) (a) From the thesis submitted by B.G.B. in partial 
fulfillment of the requirements for the M.S. degree, Baylor 
University, 1956. (b) Baroid Division, National Lead Co., 
Houston, Tex.

(3) L. W. Trevoy and W. G. Brown, J. Am. Chem. Soc., 
71, 1675 (1949).

(4) P. Karrer and 0. Ruttner, Helv. Chem. Acta, 33, 
812 (1950).

(5) Paper I in this series. V. L. Tw'eedie and M. Cuscurida, 
J. Am. Chem. Soc., 79, 5463 (1957).

(6) L. M. Soffer and E. W. Parrotta, J. Am. Chem. Soc., 
76, 3580 (1954).

Several of the ethers were characterized com
pletely with physical properties, ultraviolet spectra, 
and analysis for the first time.

DISCUSSION

Data presented in Table I show the effect of a 
variety of experimental conditions on the hydro
genolysis.

TABLE I
E f fec t  of R eactio n  C onditions on H ydro g en o lysis  of 

P h e n y l  V in y l  E t h er

Solvent Catalyst Temp.
Time, Cleavage, 

hr. %
Carb.“ NiCk 0° 3 93
Carb. NiCk 35 3 61
Carb. NiCk 35 24 61
Carb. NiCk 65 3 52
Carb. NiCk 100 3 47
Carb. Raney Ni 0 3 97
Carb. Raney Ni 35 3 80
Carb. Black pwd. 0 3 62
t h f 4 NiCk 0 3 89
THF NiCk 35 24 40
THF Raney Ni 0 3 88
Dioxane NiCk 35 3 77
Dioxane NiCk 35 24 96
Dioxane NiCk 65 3 61
Dioxane NiCk 101 24 60
Ethyl ether NiCk 35 24 38
THPC NiCk 0 3 68
THP NiCk 35 3 24
THP NiCk 85 24 15

a Bis(2-ethoxyethyl) ether. 4 Tetrahydrofuran. c Tetra- 
hydropyran.

The hydrogenolysis reaction was favored by low 
temperatures, all other variables being held con
stant. Using phenyl vinyl ether in bis(2-ethoxy- 
ethyl) ether at 0°, 35°, 65°, and 100°, the ob
served cleavages were 93%, 61%, 52%, and 47%, 
respectively. In dioxane the cleavage of phenyl 
ether was 96% at 35° but only 60% at reflux tem
perature. Similar results were obtained with tetra- 
hydrofuran and tetrahydropyran as solvents. This 
unusual temperature effect suggests that the re
action is dependent on the formation of an inter
mediate complex which is stabilized at low tempera
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tures and which is broken down into reaction 
products upon addition of wafer.

Nickel (II) chloride was used as a catalyst on 
the basis of its use in the hydrogenolysis of the 
allyl aryl ethers.5 Lithium aluminum hydride 
effected 13% hydrogenolysis of phenyl vinyl ether 
in the absence of catalyst compared with 67% in 
the catalyzed reaction. The effective minimum 
amount of catalyst was about fifteen millimoles 
per mole of I’eactant ether; however, excessive 
amounts were undesirable and reduced the cleavage 
yield. In all cases the amount o: catalyst was 
in excess of its solubility in the solvent.

The black color which characterized the catalyzed 
reactions suggested that the nickel chloride was 
reduced by the lithium aluminum hydride. When 
nickel chloride was added to a solution of lithium 
aluminum hydride in bis(2-ethoxyethvl) ether, an 
energetic reaction occurred and produced a finely 
divided black solid resembling Raney nickel. 
Similar reactions were observed using tetrahydro- 
furan, tetrahydropyran, and ethyl ether as sol
vents; however, the reaction was very slow in 
dioxane and required heating. In all the solvents 
except ethyl ether the suspended black material was 
only partially collected by centrifugation. Dilution 
of these solvents with ether caused coalescence and 
precipitation. After decantation of the solvents 
and repeated washing of the precipitate with ether 
to remove unchanged lithium aluminum hydride, 
the black material reacted vigorously with water, 
liberating a gas which was presumed to be hydro
gen. Upon exposure to air the dried solid became 
hot and occasionally flamed. The solid was not iden
tified but on the basis of x-ray analysis appeared 
to be a nickel hydride or more probably an active 
form of metallic nickel, with a large amount of 
adsorbed hydrogen.7’8 Many metal halides are 
reported to be reduced by lithium aluminum hy
dride to the metal hydride or in some cases to the 
metal.9 The preparation of a nickel hydride or 
nickel by this method apparently has not been 
reported.

The black solid when kept under organic sol
vents to avoid contact with moisture and air was 
as effective as nickel chloride in the catalysis of the 
hydrogenolysis. Because of the resemblance of the 
solid to Raney nickel, it seemed likely that Raney 
nickel would also catalyze the hydrogenolysis. 
Indeed, Raney nickel was as effective as nickel 
chloride.

The solvent had a marked effect on the extent

(7) H. K. Emeleus and J. S. Anderson, Modern Aspects of 
Inorganic Chemistry, D. Van Xostrand Co.. Inc., New York,
X.Y., 1952, p. 295]

(8) D. T. Hurd, An Introduction to the Chemistry of the 
Hydrides, John Wiley and Sons, Inc., New York, N.Y., 1952. 
p. 189.

(9) Lithium Aluminum Hydride, General Catalog of Tech
nical Bulletins, Metal Hydrides, Inc., Beverly, Mass., 1955,
p .  1.

of hydrogenolysis, all other conditions being con
stant. The decreasing order of effectiveness of sol
vents for the hydrogenolysis of phenyl vinyl ether 
at 35° was: dioxane > bis(2-ethoxyethyl) ether > 
tetrahydrofuran > ethyl ether > tetrahydropyran. 
This order is similar to the order of solvents for the 
hydrogenolysis of allyl phenyl ether,5 except that 
the positions of tetrahydrofuran and dioxane are 
exchanged. Other workers6'10 have observed varying 
solvent effects in lithium aluminum hydride re
actions; however, the order of effectiveness of sol
vents appears to be characteristic for each reaction. 
Wiberg11 12 has shown that highly ether soluble co
ordination compounds are formed between nucleo
philic solvents and lithium aluminum hydride, and 
that the number of dentates increases as the tem
perature decreases. Thus the observed solvent effect 
might be interpreted in terms of the competition 
between the solvent and the aryl vinyl ether for 
coordination with the hydride.

A series of chloro- and methyl- substituted aryl 
vinyl ethers was subjected to hydrogenolysis as a 
means of determining the effect of ring-activating 
and ring-deactivating groups. The conditions used 
for these comparative runs were those which gave 
moderate cleavage of phenyl vinyl ether so that 
any increase or decrease in cleavage caused by the 
substituent could be detected. The data are pre
sented in Table II. In a similar study with allyl 
aryl ethers5 it was shown that hydrogenolysis was 
decreased by methyl- and increased by chloro- 
substituents on the ring compared with the un
substituted ether. In the aryl vinyl ethers the effect 
of ring substituents was not clearly defined and 
appeared to be highly solvent-dependent. In dioxane 
all of the substituted ethers, especially chloro, 
were cleaved less than phenyl vinyl ether. In bis- 
(2-ethoxyethyl) ether the chloro- and methyl- 
substituted compounds, with exception of the 
trichloro- and the trimethyl-, showed equal or 
greater cleavage than phenyl vinyl ether. The very 
sharp decrease in hydrogenolysis for both the 
mesityl vinyl and the 2,4,6-trichlorophenyl vinyl 
ethers suggests that steric factors are equally or 
more important than the kind of substituent on the 
ring.

Unsaturation in the alk3d moiety near the ether 
linkage has been shown an essential structural 
feature for significant hydrogenolysis by catalyzed 
lithium aluminum hydride. Negligible cleavage 
has been reported with phenyl propyl ether, 3- 
butenyl phenyl ether, /3-chlorophenetole, and ani- 
sole at 65° in tetrahydrofuran5; phenetole and j3- 
ethoxyphcnetole were not cleaved in refluxing butyl 
ether. 2 Likewise, when the vinyl unsaturation was

v o l . 2 5

(10) N. L. Paddock, Nature, 167, 1070 (1951).
(11) E. Wiberg, H. Noth, and R. Uson, Z. Naturforsch. 

lib , 487 (1956).
(12) Sheila Fling, M. S. thesis, Baylor University, 1958.
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TABLE II
E f f e c t  o f  S t r u c t u r e  o n  H y d r o g e n o i .y s i s  o f  A r y l  V i n y l  

E t h e r s “

Ether

Per Cent 
Hydrogenolysis 

In dioxane In carb.
Phenyl vinyl 77 67
p-Tolyl vinyl 55 89
o-Tolyl vinyl 60 69
p-Chlorophenyi vinyl 53 65
o-Chlorophenyl vinyl 31 80
Mesityl vinyl 29 28
2,4,6-Trichlorophenyl vinyl 126 37
/3-Chlorovinyl phenyl 41° 42
Phenyl 5 4

“ Reaction time, 3 hr.; temperature, 35°; catalyst, nickel 
(II) chloride; lithium aluminum hydride, 100% mole excess. 
6 Recovered 85% of 2,4,6-trichlorophenyl vinyl ether. 
c Hydrogenolysis of chlorine was 43.2% (Volhard).

made a part of an aromatic ring—as in phenyl 
ether—hydrogenolysis was negligible.

Substitution of chlorine in the vinyl group greatly 
reduced the hydrogenolysis. It is interesting that 
with /S-chlorovinjd phenyl ether the carbon-halo
gen bond underwent hydrogenolysis to the same 
extent as the ether linkage. It is very unlikely that 
after the hydrogenolysis of the ether the halogen 
would be quantitatively cleaved from the resulting 
vinyl chloride or ethyl chloride; equally unlikely 
would be the removal of the chlorine from the 
chlorovinyl ether followed by the quantitative 
cleavage of the resulting phenyl vinyl ether. 
Thus, it is proposed that the carbon chlorine and the 
carbon oxygen hydrogenolyses occur simultaneously 
or in sequence in the transition complex. The 
final products of the reaction must be held as com
plexes until decomposition with water, as no gaseous 
products were liberated during the reaction.

To account for the observed effects of the solvent, 
the catalyst, temperature, the initially rapid re
action, and the reaction products, it is proposed 
that the aryl vinyl ethers form reversibly interme
diate complexes with the solvent and/or the hydride 
which then undergo hydrogenolysis by excess hy
dride to yield product complexes from which the 
final products are liberated upon decomposition 
with water. The reversible first step would be 
favored by low temperatures and by certain sol
vents. The catalyst may stabilize the intermediate 
or may catalyze its hydrogenolysis by the excess 
hydride.

E X P E R IM E N T A L

Materials. The aryl /S-haloethyl ethers, which were start
ing materials for the preparation of the aryl vinyl ethers, 
were either purchased or prepared by recognized methods. 
The /3-chlorophenetole and phenyl ether (Eastman, white 
label) were used without further purification. /9-Bromoethyl
2,4,6-trichlorophenyl ether and ¡3-bromoethyl mesityl ether 
were prepared by the method of Peak and XYatkins.13 Ac

(13) D. A. Peak and T. I. Watkins, J. Chem. Soc., 445,
(1950).

cording to the method of Clemo and Perkin,14 14 15 16 17 18 19 o- and p-cresol 
were treated in basic aqueous solution with /3-chloroethyl p- 
toluenesulfonate to obtain the /3-chloroethyl o- and p- 
tolyl ethers in yields above 50%. The ¿¡-bromoethyl o- and p- 
chlorophenjd ethers were prepared from the corresponding 
chlorophenols and ethylene bromide by the Williamson re
action.15 The observed physical constants of these several 
ethers were in agreement with those reported in the litera
ture.

The anhydrous nickel (II) chloride was prepared from the 
hexahydrate (Baker and Adamson, reagent grade) by heat
ing at 125° for several hours. The solvents—ethyl ether, 
dioxane, tetrahydrofuran, tetrahvdropyran, and bis(2- 
ethoxyethyl) ether—were purified by drying over sodium 
wire, filtering, and finally distilling from lithium aluminum 
hydride (Metal Hydrides, Inc., Beverly, Mass.).

Dehydrohalogenation. The /3-chlorophenetole and the /3- 
bromoethyl mesityl ether ŵ ere dehydrohalogenated by heat
ing slowly 0.32 mole of the haloether with 70 g. of powdered 
potassium hj'droxide in a 500-ml. flask arranged for simple 
distillation of the aryl vinyl ether as it was formed. The 
crude product was dried in ether solution over anhydrous 
sodium sulfate and purified by fractionation. Phenyl vinyl 
ether: yield 35%; b.p. 155-157°, reported16 155-156°; ultra
violet spectrum Xma* 270 and 225 mm, e 1,113 and 14,480, 
respectively. Mesityl vinyl ether: jdeld 50%; b.p. 200-202°; 
d25 0.9728, d30 0.9686; 1.5089, rr‘° 1.5072; ultraviolet
spectrum Xma, 276 mm, t 312.

Anal. Calcd. for ChHhO: C, 81.30; H, 8.80. Found: C, 
81.12; H, 8.90.

To a cooled solution of 80 g. potassium hydroxide in 50 g. 
of 2-ethoxyethanol wras added 25 g. of and /3-haloethyl ether. 
Upon heating dehydrohalogenation proceeded smoothly, 
and the aryl vinyl ether distilled. This procedure was used 
to dehydrohalogenate the /3-chloroethyl o- and p-tolyl ethers 
and the (¡-bromoethyl o- and p-chlorophenyl ethers to the 
corresponding aryl vinyl ethers. o-Tolyl vinyl ether: yield 
76%; b.p. 167-169°, reported16 167-168.5°; d25 0.9531, 
d30 0.9484; re2Ds 1.5072, 1.5050; ultraviolet spectrum
Xma* 276, 270.5, and 225.5 mm, e 769, 923 and 8,070, re
spectively. p-Tolvl vinvl ether: yield 50%; b.p. 177-178° 
reported,17 b.p. 177-178'°; d25 0.9509, d30 0.9461; nk5 1.5077, 
w3d 1.5057; ultraviolet spectrum Xmax 275 and 228 mp, c 
1,290 and 13,720, respectively. p-Chlorophenyl vinyl ether: 
yield 36%; b.p. 198-202°, reported18 90° (20 mm.); d25 
1.1118, d30 1.1130; m2D5 1-5356, n3D°l. 5330; ultraviolet spec
trum Xmax 279 and 232 mp, e 1170 and 18,800, respectively. 
o-Chlorophenyl vinyl ether: yield 47%; b.p. 195-198°, re
ported13 b.p. 192-195°; d25 1.1300, d30 1.1248; nk5 1.5336, 
n™ 1.5310; ultraviolet spectrum Xmax 280, 273.5 and 226 m^, 
e 1245, 1184, and 8780, respectively.

Anal. Calcd. for CsH,OCl: C, 59.00; H, 4.54. Found: C, 
59.12; H, 4.40.

For dehydrohalogenation o: /S-bromoethyl 2,4,6-trichloro
phenyl ether, 50 g. (0.116 mole) was dissolved in an alcoholic 
solution of sodium ethoxide (10 g. of sodium in 150 ml. of 
absolute ethanol) and warmed for 40 min. The cooled reac
tion mixture was diluted with four volumes of water and 
acidified with sulfuric acid. The red oil which separated wras 
taken up in ethyl ether, washed with water, dried over an
hydrous sodium sulfate, and distilled. The yield was 42% of

(14) G. R. Clemo and W. H. Perkin, Jr., J. Chem. Soc., 
121, 642 (1922).

(15) C. S. Marvel and A. L. Tanenbaum, Org. Syntheses, 
CoU.Vol. I, 435 (1951).

(16) M. F. Shostakovskii and M. S. Burnistrova, J. Appl. 
Chem. (U.S.S.R.), 15, 260 (1942).

(17) S. G. Powell and R. Adams, J. Am. Chem. Soc., 42, 
646 (1920).

(18) J. M. Wilkinson, Jr., and E. S. Miller, U.S. Patent 
2,695,920 (1954).

(19) M. Julia and G. Tchernoff, Bull. soc. chim. France, 
181 (1956).
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2,4,6-trichlorophenyl vinyl ether, b.p. 230-235°, reported19 
b.p. 135-40° (21 mm.); d26 1.350, dw1.339; n2Ds 1.5494, n3D° 
1.5474; ultraviolet spectrum Xnmx 288 and 279.5 mp, e 652 
and 627, respectively.

Anal. Calcd. for C8H60C13: C, 43.00; H, 2.25. Found: C, 
43.17; H, 2.41.

(¡-Chlorovinyl phenyl ether. To 350 ml. of absolute methanol 
was added 120 g. (0.9 mole) of powdered potassium phen- 
oxide20 and 110 g. (1.13 moles) of 1,2-dichloroethene. The 
solution was heated in an autoclave so that a temperature 
of 110° was reached in 6 hrs. and maintained for an addi
tional 12 hrs. When cooled to room temperature, the reac
tion mixture was removed and steam distilled. Upon diluting 
the alcoholic distillate with water, the crude ¿¡-chlorovinyl 
phenyl ether separated as an oil and was taken up in ethyl 
ether for washing with 20% potassium hydroxide solution 
and finally with water. After drying over anhydrous calcium 
sulfate, the drying agent and excess ethyl ether were re
moved. Vacuum distillation gave 28 g. (0.18 mole) of 0- 
chlorovinyl phenyl ether, b.p. 74-75° (5 mm.); d25 1.147, 
d30 1.141; »“  1.5444, n3£ 1.5420; ultraviolet spectrum \ mal 
268 and 226 mji, 1 1,062 and 13,560, resp.

Anal. Calcd. for CsIROCl: C, 59.00; H, 4.54. Found: 
C, 59.16; H, 4.42.

Procedure for ether hydrogenolysis. For a typical hydro- 
genolysis run 100 ml. of solvent, 43-76 mg. (3.3-5.8 X 10-4 
moles) anhydrous nickel (II) chloride, and 3 g. (0.08 mole)

(20) H. I. Jones and A. N. Cook, J. Am. Chem. Soc., 38,
1537 (1916).

of finely divided lithium aluminum hydride were mixed in a 
250-ml. three necked flask equipped with a dropping funnel 
and a reflux condenser with drying tube protection. A 
weighed quantity (usually about 0.03 mole) of the phenol- 
free aryl vinyl ether in a small amount of solvent was added. 
The mixture was refluxed 3 hrs., after which time it was 
cooled below room temperature, and the excess lithium 
aluminum hydride was destroyed by the slow addition of 30 
ml. of water. The inorganic solids were dissolved by addition 
of hydrochloric acid (18%), and the organic constituents 
were extracted with ether to a negative Folin* 1537 * 21 test on the 
aquecus layer. The phenolic content of the ether extract was 
determined quantitatively by the methods used by Tweedie 
and Cuscurida. For reactions run at temperatures lower than 
the reflux temperature of the solvent, a constant temperature 
bath was used and the reaction mixture was agitated.

In the hydrogenolysis of /3-chlorovinyl phenyl ether the 
reaction mixture was acidified with sulfuric acid instead of 
hydrochloric, and the extracted aqueous residue w'as ana
lyzed for chloride by the Volhard Method.22 * A chloride blank 
on a reaction mixture without /3-chlorovinyl phenyl ether 
present was used to correct for the nickel chloride catalyst 
and the trace of chloride in the lithium aluminum hydride.

W a c o , T e x .

(211 O. Folin and V. Ciocalteu, J. Biol. Chem., 73, 627
(1927).

(22) J. R. Caldwell and H. V. Moyer, Ind. Ena. Chem.,
Anal. Ed., 7, 38 (1935).
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Reduction of Conjugated 1,4-Dilcetones with
Tin Amalgam

J o h n  P. S c h a e f e r  

R e c e iv e d  M a r c h  2 8 , 1 9 6 0

A kinetic study of the oxidation of 1,4-diketones 
in which we are currently engaged has necessitated 
the synthesis of a series of these compounds. Since 
the unsaturated 1,4-diketones are readily available, 
reduction of the olefinic linkage offers a conven
ient route to these substances.

The usual reducing agent for effecting this con
version is zinc in acetic acid; however, this reduc
tion is often accompanied by serious side reactions 
which make it useless as a synthetic tool. In studies 
on the reduction of l,4-diphenyl-2-butene-l,4- 
dione (I) Lutz1-2 has reported the isolation of 
five different bimolecular reduction products along 
with the desired saturated diketone. In an effort 
to develop a reliable system for converting 1,4- 
enediones to 1,4-diones a more specific reducing 
agent was sought.

We have found that amalgamated tin and acid 
will rapidly reduce unsaturated 1,4-diketones to 
the saturated derivative in high yield without 
any detectable side reactions in the cases studied. 
Reduction of I with tin amalgam and hydrochloric 
acid in ethanol gave l,4-diphenylbutane-l,4-dione
(II) in 90% yield. l,4-p-Chlorophenyl-2-butene-
1,4-dione (III) reacted in an analogous manner 
to give similar results.

Utilizing the same procedure /3-norcholest-4- 
ene-3,6-dione (IV) was quantitatively reduced to 
d-norcoprostane-3,6-dione3 and quinone (V) to 
hydroquinone. Substitution of acetic acid for 
hydrochloric acid was attempted in the cases I 
and V and also worked well, although reaction 
times were considerably longer and the reaction 
mixtures were usually lightly colored. Typical 
experimental procedures are illustrated below.

EXPERIMENTAL

T i n  a m a lg a m . To a flask containing 15 g. of mercuric 
chloride and 100 ml. of water was added 100 g. of 30-mesh 
tin metal. The flask was stoppered and shaken for a few 
minutes until all of the tin appeared to have a shiny coating 
of mercury on the surface. The tin amalgam was then

(1) R. E. Lutz, J .  A m .  C h em . S o c ., 51, 3008 (1929).
(2) R. E. Lutz and F. S. Palmer, J .  A m .  C h em . S o c ., 57, 

1947 (1935).
(3) W. G. Dauben and W. Templeton, private com

munication.

washed repeatedly with water until the washings were clear, 
and stored under distilled water.

R e d u c t io n  o f  1 ,4 -d ip h e n j l- 2 - b u te n e - l ,4 - d io n e . To 5.0 g. of
l,4-diphenyl-2-butene-l,4-dione and 10 g. of tin amalgam 
was added 150 ml. of ethanol. The solution was heated to 
reflux and 20 ml. of coned, hydrochloric acid was added 
cautiously. After 5 min. the solution was colorless. The solu
tion was filtered and cooled to give 4.5 g. (90%) of crystalline 
product, m.p. 142-143°.

R e d u c t io n  o f  q u in o n e . To 5.7 g. of quinone was added 10 
g. of tin amalgam and 50 ml. of glacial acetic acid. The 
mixture was heated on a steam bath and after 3 min. 
lustrous green crystals separated (quinhydrone). The crys
tals soon dissolved to give a light yellow solution. After 0.5 
hr. the solution was filtered and the solvent removed i n  
vacuo . Recrystallization of the hydroquinone from benzene- 
acetone gave 5.0 g. (88%) of product, m.p. 169-170°.

D e p a r t m e n t  o f  C h e m i s t r y

U n i v e r s i t y  o f  C a l i f o r n i a

B e r k e l e y  4 , C a l i f .

The Stereochemistry of Some Hydrophe- 
nanthron.es1

E r n e s t  W e n k e r t  a n d  J a m e s  W .  C h a m b e r l i n  

R ece ived  M a r c h  7, 1 9 6 0

The recent synthesis of hydrophenanthrones la 
by three new routes2 has made available compounds 
which can serve as the backbone for tricarbocyclic 
diterpenes. A partial use of la  for the synthesis of 
the latter has been illustrated already,3 while fur
ther work in this connection is continuing. Since any 
rational synthesis of the natural products was de 
pendent, among other things, on the stereochem
istry of the two isomers of la every effort had to be 
made to determine their configuration. Thus, a 
correlation of cis- and trans-la with substances of 
known constitution was sought, even though a 
large body of stereochemical evidence had been 
accumulated already.2'3

(1) This work was aided by research grant NSF-G6226. 
The authors are grateful to the National Science Foundation 
for this support.

(2) (a) and (b) E. Wenkert and T. E. Stevens, J .  A m .  
C h e m . S o c ., 78, 2318, 5627 (1956); (c) E. Wenkert and R. D. 
Youssefyeh, unpublished data, c f. Ph.D. dissertation of R.
D. Youssefyeh, Iowa State University, June 1959.

(3) E. Wenkert and B. G. Jackson, J .  A m .  C h em . S o c ., 81, 
5601 (1959).
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A few years ago the stereoisomeric hydrocarbons 
lb were converted via their ketones Ic to dibasic 
acids of known configuration.4 As a consequence 
the saturated ketones la were transformed into 
their aromatic counterparts Ic by Wolff-Ivishner 
reduction followed by chromic acid oxidation and 
the 2,4-dinitrophenylhydrazones of the latter 
compared with authentic samples.5 These experi
ments were in full accord with the previous stereo
chemical assignment2-3 of the isomers of la.

EXPERIMENTAL

H y d r o c a rb o n s  lb. A mixture of 350 mg. of cfs-Ia and 0.7 
ml. of hydrazine hydrate in 12 ml. of diethylene glycol was 
heated at 190° for 1 hr. After cooling to 70°, a solution of 
700 mg. of sodium in 10 ml. of diethylene glycol was added 
and the mixture heated a t 215-220° for 6 hr. Thereupon the 
mixture was cooled, poured into 100 ml. of saturated brine 
solution, and extracted with benzene. The extract was 
washed with water, dried, and its solvent removed, leaving 
265 mg. of an oil. Chromatography of the latter on 25 g. of 
alumina and elution with petroleum ether (b.p. 30-60°) gave 
204 mg. of colorless oil, which was used directly in the 
chromic acid oxidation.

A similar operation on 150 mg. of t r a n s - la  yielded 105 mg. 
of crude product which on chromatography on 9 g. of alumina 
led to 88 mg. of colorless hj'drocarbon. The latter also was 
used for oxidation without further purification.

K e to n e s  Ic. A solution of 50 mg. of chromic oxide in 0.1 ml. 
of water and 0.4 ml. of glacial acetic acid was added drop- 
wise with stirring to a solution of 52 mg. of cis-Ib in 0.5 ml. 
of glacial acetic acid. The mixture was allowed to stand at 
room temperature for 6.5 hr. and then was diluted with 15 
ml. of saturated brine solution and extracted with chloro
form. The extract was washed three times with 10% sodium 
hydroxide solution and once with saturated brine solution, 
dried over anhydrous sodium sulfate, and evaporated. The 
resulting 30 mg. of residual neutral oil was chromatographed 
on 5 g. of alumina, yielding 9 mg. of colorless liquid ketone, 
infrared spectrum (chloroform): C = 0  5.88(s)/i, C = C  6.26 
(m)ji, b3' 9:1 petroleum ether-ether elution.

A similar operation on 126 mg. of t r a n s - lh ,  however for 11 
hr. reaction time,6 led to 105 mg. of neutral oil which on 
chromatography on 10 g. of alumina and 9:1 petroleum 
ether-ether elution gave 31 mg. of colorless liquid ketone, 
infrared spectrum (chloroform): C = 0  5.88(s),u, C = C
6.26(m)/j.

2 ,4 - D in i tr o p h e n y lh y d r a z o n e s . The derivative of c is -  Ic 
melted a t 182-183°, m.m.p. 179-183° with authentic 
sample4 (m.p. 182.5-184°), identical infrared spectrum with 
that of an authentic sample.

The derivative of t r a n s -Ic melted at 208-210.5°, m.m.p. 
207°-210° with an authentic specimen4 (m.p. 209.5- 
210.5°), identical infrared spectrum with that of an authen
tic specimen.

D e p a r t m e n t  o f  C h e m i s t r y

I o w a  S t a t e  U n i v e r s i t y

A m e s , I o w a

(4i R. A. Barnes and M. T. Beacham, J .  A m .  C h e tn . S o c ., 
77, 5388 (1955) and preceding papers.

(5) The authors wish to express their gratitude to Profes
sor Barnes for his gift of comparison samples.

(6) The tr a n s  hydrocarbon is over-oxidized more slowly 
than its c is  isomer [cf. E. Wenkert and 3. G. Jackson, ,/. 
A m .  C h e m . S o c ., 80, 211 (1958)].

A Reinvestigation of the Action of 
Formaldehyde on 1,2- and 1,3-Hydroxyamines

in the Pyrrolidine and Piperidine Series

R i c h a r d  K. H i l l  a n d  L a r r y  J. L o e f f l e r  

R ece ived  M a r c h  2 1 , 1 9 6 0

In 1913, Hess reported1 a remarkable synthesis 
of the coca alkaloid hygrine (V) by heating the 
amino alcohol I with formaldehyde in acidic 
solution. Although direct comparison of his prod
uct with the natural base was not made at the 
time, the empirical formula and the close cor
respondence of the physical and chemical properties 
of the base and its derivatives2 all supported his 
conclusion that a disproportionation reaction had 
occurred which resulted in simultaneous methyla- 
tion of the nitrogen and oxidation of the secondary 
hydroxyl. Continued investigation showed that 
the reaction was apparently a general one for
1,2- and 1,3-hydroxyamines, and over a dozen 
examples were reported.4'5

It must be noted that except in two cases (those 
which gave hygrine and the isomeric ketone VI, 
both of which were reported to yield oximes) 
no experimental evidence was offered for the 
presence of either the V-methyl or the carbonyl 
group in the products. The structures were pro
posed solely on the empirical formulas of their 
picrates and the analogy to the initial reaction 
which had afforded hygrine. The only chemical 
behavior reported was first, that many of the re
action products gave a positive silver mirror test, 
and second, that with the exception of the two 
cases already mentioned, every effort to prepare 
carbonyl derivatives yielded only the correspond
ing derivative of formaldehyde plus the original 
hydroxyamine.

It is not surprising, in the face of this cenuous 
evidence, that it soon became apparent that some 
of Hess’ products were incorrectly formulated. 
I t  was pointed out by both Kohn6 and Rolfes7 
that the products from the reactions of aldehydes 
with diacetone alcohol amine were more likely 
tetrahydro 1,3-oxazines. In two other cases,8-9 1 2 3 4 5 6 7 8 9

(1) K. Hess, B e r ., 46, 4104 (1913).
(2) The picrate of the synthetic base was first reported to 

melt a t 174°, although hjgrine picrate melts at 149-150°; 
Hess regarded this discrepancy as due to differences in 
purity of the two samples. Some years later,3 he reported 
that the original sample of the synthetic picrate now melted 
at 149-150°, and did not depress the melting point of authen
tic hygrine picrate.

(3) K. Hess and H. Fink, B e r ., 53, 781 (1920).
(4) K. Hess, F. Merck, and C. Uibrig, B e r ., 48, 1886

(1915).
(5) K. Hess and C. Uibrig. B e r ., 48, 1974 (1915).
(6) M. Kohn, B e r ., 49, 250 (1916).
(7) H. Rolfes, B e r ., 53, 2203 (1920).
(8) K. Hess and A. Eichei, B e r ., 50, 1407 (1917).
(9) K. Hess and W. Corleis, B e r ., 54, 3010 (1921).
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including the closely related piperidine alcohol 
III, Hess found that the supposed aminoketones 
were different from genuine samples prepared 
by other routes, and was forced to assign tetra- 
hydrooxazine and oxazolidine structures to them, 
too.

While it is surprising that the reaction should 
take different courses with compounds of such 
similar structure, there seemed to be no doubt 
about the constitution of the ketones from I and 
II, as both reportedly formed oximes of the ex
pected composition. Hess’ work is still widely 
cited in texts as the first synthesis of hygrine. 
It appeared worthwhile to reinvestigate these 
reactions to confirm their authenticity and with a 
view to studying the mechanism.

The reaction of the pyrrolidine alcohols I and 
II with formaldehyde in aqueous acid was carried 
out in sealed tubes exactly as described by Hess. 
Basic products were isolated whose empirical 
formulas and physical properties agreed with 
those reported. The infrared spectra quickly 
revealed, however, the complete absence of ab
sorption in the carbonyl region. As the spectra 
were also devoid of N—H and 0 —H absorption, 
the only plausible structures for the products are 
the tetrahydrooxazine VII and the oxazolidine 
IX, respectively. A closer examination of the spectra 
showed the presence of the triplet in the 1080- 
1200 cm.-1 region characteristic of cyclic com
pounds containing the —N—C—O— grouping.10 
Also consistent with this formulation was the 
liberation of formaldehyde, identified as its dime- 
done derivative, on mild hydrolysis with dilute 
hydrochloric acid. Even when the initial reaction 
mixture was made alkaline and extracted with 
ether, no trace of carbonyl absorption could be 
found in the infrared spectra of the total extracts, 
and consequently it must be concluded that N- 
methyl aminoketones are not formed in detect
able amounts in these reactions.11 We are unable 
to account for the reported formation of oximes 
from these two bases, since in our hands, the re
action of VII with hydroxylamine following Hess’ 
procedure gave no solid product.

We have also carried out the reaction with com
pounds III and IV, the corresponding alcohols of 
the piperidine series. The mixture of diastereo- 
isomers of formula III was first reported4 to yield 
an V-methyl aminoketone, but later8 the struc
ture was changed to a tetrahydrooxazine and the 
isolation of a second product containing an addi
tional carbon was claimed. We were able to isolate 
only the base VIII, with an analysis corresponding 
to C9H17NO; the tetrahydrooxazine structure is

(10) E. D. Bergmann, C h em . R ev ., 53, 309 (1953).
(11) After this work had been completed, the same con

clusion was announced by Lukes and co-workers; R. Lukei,
J. Kloubek, J. Kovâr, and K. Blâha, C oll. C zech. C h e m .
C o m m ., 24, 2433 (1959).

again supported by the infrared spectrum12 
and the hydrolysis to formaldehyde. In this case, 
the starting amino alcohol was also isolated from 
the hydrolysis.

Finally, in the case of d,Z-conhydrine (IV), 
the starting material was available as a single 
isomer of known configuration.13 Once again, the 
product from formaldehyde treatment was shown 
to be the oxazolidine (X) by its infrared spectrum 
and hydrolysis to formaldehyde.
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EXPERIMENTAL

P r e p a r a t io n  o f  s ta r tin g  a m in o  a lcoho ls. l - a - P y r r o l id y l - 2 -  
p ro p a n o l (I), prepared by the method of Hess,14 distilled at 
115-125° (16 mm.), lit. b.p. 115-120° (15 mm.).

1 - a -P y r r o l id y l - l - p r o p a n o l  (II). l-a-Pyrryl-l-propanoue 
was prepared by a modification of Oddo’s method16; steam 
distillation of the acidified Grignard reaction mixture gave 
directly the pure ketone, m.p. 52-53°, lit. m.p. 52.5°, in 12- 
14% yields. Reduction with sodium and ethanol, according 
to Hess,14 followed by vacuum sublimation, gave hygroscopic 
needles of II, m.p. 45-52°, lit. m.p. 50°. The picrate, after 
three recrystallizations from ethanol, melted at 125-127°.

A n a l .  Calcd. for CisHisNAls: C, 43.57; H, 5.06; N, 15.64: 
Found: C, 43.41; H, 5.17; N, 15.78.

l - a -P ip e r id y l - 2 -p r o p a n o l  (III) was prepared by hydro
genation of l-a-pyridyl-2-propanol16 in 85-90% yields. The 
mixture of stereoisomers obtained melted at 52-59°; re
ported17 melting points are 75° and 70-71° for the two pure 
isomers, 45-55° for the mixture obtained by hydrogenation.

/ - c t-P ip e r id y l- l -p r o p a n o l (d ,l - c o n h y d r in e ) (IV), m.p. 99.5- 
100°, was synthesized as described previously.13

(12) The crude basic product showed weak but repro
ducible absorption at 5.82 and 5.95 m. but the grouping re
sponsible for this absorption could not be identified. No 
pure material containing either band could be isolated, a
2,4-dinitrophenylhydrazone could not be formed from the 
crude product, and the picrate of the crude base showed no 
absorption in this region.

(13) R. K. Hill, J .  A m .  C h em . S o c ., 80, 1609 (1958).
(14) K. Hess, B e r ., 46, 3113 (1913).
(15) B. Oddo, B e r ., 43,1012 (1910).
(16) L. A. Walter, O rg. S y n th e s e s , Coll. Vol. II, 757.
(17) H. C. Beyerman, J. Eenshuistra, W. Eveleens, and 

A. Zweistra, R ec . trav . c h im ., 78 , 43 (1959).
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R e a c t io n  o f  I w ith  fo r m a ld e h y d e . A solution of 2.0 g. of 1- 
a-pyrrolidyl-2-propanol in 5 ml. of water was acidified with 
coned, hydrochloric acid and treated with 6 ml. of 40% 
formalin solution. The resulting mixture was heated in a 
sealed pyrex tube a t 117° (refluxing 1-butanol) for 4 hr. 
The dark brown contents of the tubes were cooled, made 
alkaline with 50% potassium hydroxide solution, and the 
base extracted with ether and dried over magnesium sul
fate. Vacuum distillation gave 1.5 g. of a colorless liquid, b.p. 
83-84° (21 mm.), lit.* 1 b.p. 89-92° (22 mm.). The picrate 
melted a t 174-175°, lit.2 m.p. 174°.

A n a l .  Calcd. for CuHi,N40 ,: C, 45.40; H, 4.90; N, 15.15. 
Found: C, 45.33; H, 4.93; N, 15.44.

In an attem pt to prepare the reported oxime, 1.4 g. of 
VII, 0.7 g. of hydroxylamine hydrochloride and 0.6 g. of 
potassium hydroxide were warmed on the steam bath in 20 
ml. of water for 2 hr. Working up the mixture in the manner 
described by Hess1 gave no solid products.

H y d r o ly s is  o f  VII. A solution of 0.25 g. of VII in 5 ml. of 
ethanol, 5 ml. of 1N  hydrochloric acid, and 5 ml. of a 10% 
alcoholic solution of dimedone was refluxed for 2 hr., neu
tralized with potassium hydroxide and concentrated on the 
steam bath. Chilling gave a crude solid, which was recrys
tallized from ethanol to yield 50 mg. of the dimedone deriva
tive of formaldehyde, m.p. and mixed m.p 188-191.5°.

R e a c tio n  o f  II w ith  fo r m a ld e h y d e . The base (1.66 g.) isolated 
by vacuum distillation of the product from reaction of 2.0 g. 
of II  with formaldehyde, as described above, gave a picrate, 
needles from ethanol, melting a t 101-103°, lit.1 m.p. 103°.

A n a l .  Calcd. for CuHiglLOs: C, 45.40; H, 4.90; N, 15.15. 
Found: C, 45.35; H, 5.03; N, 15.38.

Hydrolysis of the base in the presence of dimedone, as 
described above, gave the crystalline derivative of formalde
hyde.

R e a c tio n  o f  I II  w ith  fo rm a ld e h y d e . A solution of 10 g. of 
III  in 17.5 ml. of water was acidified with 8.2 ml. of coned, 
hydrochloric acid, treated with 10.5 ml. of 40% formalin 
solution, and heated a t 117° for 4 hr. The mixture was 
worked up as described above, affording 9.1 g. of colorless 
liquid, b.p. 110-113° (14 mm.), 70-72° (6 mm.), lit.8 b.p.
108-111° (28 mm.).

A n a l .  Calcd. for C9HnNO: C, 69.70: H, 11.04; N, 9.03. 
Found: C, 69.31: H, 11.06: N, 9.08.

The picrate, twice recrystallized from ethanol, molted at
140.5-144°, lit. m.p. 162-163°.

A n a l .  Calcd. for Ci5HMN40 8: C, 46.87; F , 5.24; N, 14.5S. 
Found: C, 46.89; H, 5.31; N, 14.71.

Hydrolysis of the base in the presence of dimedone again 
afforded the dimedone derivative of formaldehyde. The 
starting amino alcohol (III) was also recovered by crystalli
zation and identified by its infrared spectrum.

R e a c tio n  o f  IV w ith  fo rm a ld e h y d e . The reaction of 1.70 g. 
of IV with formaldehyde was carried out as described above, 
and yielded 1.50 g. of colorless product. The picrate was 
recrvstallized twice from ethanol, and meh,ed a t 142-144°.

A n a l .  Calcd. for ClSH2oN408: 46.87: H, 5.24; N, 14.58. 
Found: C, 47.06; H, 5.11; N, 14.85.

Formaldehyde was isolated as the dimedone derivative 
when the base was hydrolyzed as described above.

F r i c k  C h e m i c a l  L a b o r a t o r y

P r i n c e t o n  U n i v e r s i t y

P r i n c e t o n , N. J.

The Dinitration of m-Toluic Acid

A. H. B l a t t

R ece ived  F e b ru a r y  29 , 1 9 6 0

The first report of the dinitration of m-toluic 
acid is that of van Scherpenzeella who nitrated the

acid in one- to two-gram quantities with 100% 
nitric acid and obtained in an unspecified, low yield 
a dir.itro acid (m.p. 173°) which he formulated as
2,6-dinitro-m-toluic acid.lb From methyl m-toluate 
by the same procedure he obtained, again in an 
unspecified, low yield, a methyl ester (m.p. 104°) 
which he considered to be methyl 2,6-dinitro-m- 
toluate because it could be hydrolyzed with hydro
chloric acid to the dinitro-m-toluic acid he had al
ready prepared. No direct comparison was made of 
the two samples of the dinitro acid and no comment 
was made about the ready hydrolysis o: a di- 
ortho substituted benzoic ester.

In the second report of the dinitration of m- 
toluic acid, Hargreaves and McGookin2 described 
the use of mixed acid to furnish in 60% yield a 
dinitro-m-toluic acid which they considered to be 
identical with the acid obtained by van Scherpen- 
zeel. They converted the acid to the acid chloride 
with thionyl chloride. From the crude acid chlo
ride with methanol they obtained a methyl ester, 
m.p. 104°, which confirms the identity of their 
acid and van Scherpenzeel’s, and a second unidenti
fied product, m.p. 67°, which casts doubt on the 
homogeneity of their acid.

Since the nitration of m-toluic acid with 100% 
nitric acid was so unpromising and inconvenient, 
we used mixed acid and obtained consistent 
yields of 85% of a crude product which is a mix
ture containing 2,6-dinitro- and 4,6-din:tro-m- 
toluic acid in approximately equal amounts. The 
two acids can be separated and structures may be 
assigned to them from the behavior of the crude 
product on heating with methanol containing sul
furic acid: 4,6-dinitro-m-toluic acid is converted to 
the methyl ester (m.p. 104°) while 2,6-dinitro-m- 
toluic acid is unaffected. The two reactions, nitra
tion and treatment with methanol and sulfuric 
acid, show that the earlier workers actually had in 
hand an impure 4,6-dinitro-m-toluic acid rather 
than the 2,6-dinitro acid as they believed. I t also 
follows from these two experiments that 2,6-dini- 
tro-m-toluic acid and its esters have not hitherto 
been prepared, that the description of these com
pounds in the literature are erroneous, and that the 
substituted stilbenes prepared by Hargreaves 
and McGookin2 from aromatic aldehydes and the 
104° methyl ester have structure I rather than the 
structure II that was assigned to them.

C02CH3 C 02CH,

0 ^ C H = C H A r
02Nĉ |N 0 2

‘l ^ C H = C H  Al
no2

I ii
(la) L. van Scherpenzeel, R ec . trav . c h im ., 20, 149-182

(1901).
(lb ) In m-toluic acid and its substitution products the 

carboxyl group and the methyl group are assigned positions
1 and 3, respectively.

(2) K. R. Hargreaves and A. McGookin, J .  S o c . C h em .
I n d .  (L o n d o n ), 69,190 (1950).
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We next nitrated methyl m-toluate by the same 
procedure we had used to nitrate the acid. This 
furnished in quantitative yield a product that is 
obviously identical with the unidentified esteri
fication product described earlier by Hargreaves 
and McGookin. We first thought that this product, 
most samples of which melt fairly sharply in the 
neighborhood of 65°, might be methyl 2,6-dinitro- 
m-toluate. Actually it is a mixture that contains 
methyl 2,6-dinitro-m-toluate and methyl 4,6- 
dinitro-m-toluate in about a 5 to 4 ratio. On heat
ing with concentrated hydrochloric acid, the crude 
ester mixture furnishes 4,6-dinitro-m-toluic acid 
and unattacked methyl 2,6-dinitro-m-toluate. Ni
tration of methyl m-toluate followed by heating 
with hydrochloric acid is therefore a route to the
4,6-dinitro acid and the methyl ester of the 2,6- 
dinitro acid, which complements the nitration and 
esterification described in the previous paragraph 
both as a preparative procedure and as a basis for 
assigning structure.

The structure of 2,6-dinitro-m-toluic acid and its 
methyl ester are adequately established by their 
resistance to esterification and hydrolysis, re
spectively. We have considered the isomeric dinitro 
acid to be the 4,6- rather than the 2,4-dinitro 
derivative because of the identity in melting point 
(104°) of the methyl ester prepared by (a) esteri
fication of the acid in question, (b) dinitration of 
methyl m-toluate, and (c) esterification of the acid 
obtained by the partial oxidation of 4,6-dinitro-
1.3- dimethylbenzene.3 Direct comparison of the 
methyl ester prepared by routes (a) and (b) has 
been made, but no direct comparison has been made 
between these samples and the ester made by route
(c). Instead of preparing the ester by route (c) 
and comparing it with our samples, we chose to 
confirm its structure by the following method which 
is independent of the orientation of 4,6-dinitro-
1.3- dimethylbenzene.

Oxidation of 4,6-dinitro-m-toluic acid would 
yield 4,6-dinitroisophthalic acid, which should 
esterify to the neutral dimethyl ester III. Oxidation 
of 2,4-dinitro-m-toluic acid would yield 2,4- 
dinitroisophthalic acid, which should esterify to 
the acid monomethyl ester IV. On oxidation, our 
presumed 4,6-dinitro-m-toluic acid furnished a 
dinitroisophthalic acid which esterified to a di
methyl ester, thus establishing the correctness of 
the structure of the dinitro-m-toluic acid as the 4,6- 
isomer and confirming the orientation of 4,6-

(3) R. D. Haworth and P. R. Jeffries, J .  C h em . S o c ., 2069
(1951).

(4) T. Nozoe, Y. Kitahara, K. Yamane, and K. Yamaki, 
P ro c . J a p a n  A c a d ., 2 6 , No. 8, 14-18 (1950) [C hem . A b s tr . ,  
4 5 , 7097 (1951)] reported that nitration of hinokitiol 
followed by oxidation furnished 4,6-dinitroisophthalic acid, 
m.p. 240-241°. The acid, which was crystallized from 
boiling water, gave a dimethyl ester, m.p. 141°. The proper
ties of this acid and its dimethyl ester do not agree with 
those of 4,6-dinitroisophthalic acid and dimethj-l 4,6- 
dinitroisophthalato. See the Experimental section.
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IV

dinitro-m-xylene and 4,6-dinitroisophthalic acid.4 
For completeness we also oxidized 2,6-dinitro-n- 
toluic acid and found, as we expected, that the 
resulting hitherto unknown 2,4-dinitroisophthalic 
acid esterifies only to the acid methyl ester IV.

The material in the preceding paragraphs pro
vides new and somewhat different examples of the 
high ortho-para ratio in the nitration products of 
aromatic compounds containing a meta-directing 
group. The phenomenon and possible explana
tions for it have been discussed earlier4“ so that it 
is necessary here only to mention by way of 
illustration that the nitration of benzonitrile 
furnishes, in addition to the principal product 
m-nitrobenzonitrile, the ortho and para nitro- 
benzonitriles in a ratio greater than 3.T. On 
statistical grounds a 2:1 ratio would be expected 
and steric effects should lower this ratio. m-Toluic 
acid and its methyl ester differ from the mono- 
substituted benzenes hitherto studied in that the 
2-, 4-, and 6-positions would be activated. Statis
tically one would expect equal amounts of the
2,4-, 4,6-, and 2,6-dinitro derivatives, while steric 
factors would favor the 4,6-isomer at the expense 
of both the 2,4- and 2,6-isomers. One finds that all 
of the dinitration produces are substituted in the
6-position, and that the ratio of 2-substitution to
4-substitution is about 1:1 with the acid and about 
5:4 with the methyl ester. Since these ratios are 
based on products isolated (64% of the material was 
accounted for in the nitration of the acid and 80% 
in the nitration of the ester) we cannot say that 
none of the 2,4-dinitration product was formed. 
I t is clear, however, that activation ortho to the 
nitro group is occurring and that it is sufficient to 
offset the considerable hindrance to substitution 
in the 2-position. Although our results constitute 
additional evidence of ortho activation, they do 
not enable us to add to or distinguish between the 
explanations already advanced.

Two other items should be mentioned. The 
first is the extraordinary solubility in water of 2,6- 
dinitro-m-toluic acid: 1 g. of the acid will dissolve

(4a) Pertinent references are to be found in an article by 
George S. Hammond and Katharine J. Douglas, J .  A m .  
C h em . S o c .. 8 1 , 1184 (1959).
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in less than 5 ml. of hot water. Presumably, the 
crowding and resulting nonplanarity of the four 
adjacent substituents prevents close packing in 
the crystals and favors solvation at the carboxyl 
group. Similar striking solubility relations are ob
served with the dinitroisophthalic acids. The second 
is that the dinitro acids and their derivatives de
scribed in this paper show the yellow color that is 
characteristic of dinitro aromatic compounds in 
acetone solution in the presence o: iodide ion.5

EXPERIMENTAL

Wo are indebted to the Hercules Powder Co. for the m -  
toluic acid and methyl m-toluate used in these experiments.

Melting points are uncorrected.
N i tr a t io n  o f  m -to lu ic  a c id . I s o la t io n  o f 2 ,6 -d in itr o -m -to lu ic  

a c id  a n d  m e th y l 4 ,6 -d in itr o -m -to lu a te . Nitrating acid was pre
pared from 89 ml. of chilled fuming nitric acid (d . 1.5) and 
an equal volume of chilled fuming sulfuric acid (80% sulfur 
trioxide) in a 500-ml., three-necked, round-bottomed flask 
that was fitted with a mechanical stirrer and thermometer 
and was surrounded by an ice-water bath. The temperature 
of the nitrating acid was kept between 25 and 80° during 
its preparation and during the subsequent nitration.

Stirring and cooling were continued while 27.2 g. (0.2 
mole) of m-toluic acid was added in portions. As soon as the 
addition was complete—about 50 min. was required—the 
cooling bath was removed. Stirring was continued for 90 
min., then the reaction mixture, which usually contained a 
considerable amount of precipitate, was drowned on 400 g. 
of ice. The solid was filtered, washed with 75 ml. of water, 
stirred for a few- minutes with 100 ml. of water, filtered, and 
dried. The yield of crude product, an almost white solid that 
turns superficially yellow on prolonged exposure to light, 
averaged 38.5 g. (85%). On heating, the product begins to 
soften at about 155° and melts from 162 to 170°. If larger 
amounts of ice are used to decompose the reaction mixture 
or more water is used to wash the product, the yield de
creases.

In order to separate the reaction products, 22.6 g. (0.1 
mole) of the crude dinitro-m-toluie acids w-as dissolved in 
226 ml. of colil absolute methanol and 22.6 ml. of cold 
coned, sulfuric acid was added. The solution, protected 
from moisture, was heated under reflux for 16 hr. and then 
chilled. The precipitate of methyl 4,6-dinitro-m-toluate was 
filtered, and the filtrate was diluted with 400 ml. of ether 
and shaken with one 300-ml. and two -50-ml. portions of 
water. The ether w-as then extracted with 1% aqueous 
sodium carbonate and dried over sodium sulfate. Evapora
tion of the ether left methyl 4,6-dinitro-m-toluate.

The sodium carbonate extract was freed of ether by a cur
rent of air, filtered if necessary, acidified with hydrochloric 
acid, and extracted with an equal volume of ether divided 
in tw-o portions. The combined ether extracts were washed 
with water, dried over sodium sulfate, and evaporated to 
leave a residue of 2,6-dinitro-m-toluic acid as an off-white 
solid.

The average recovery in a series of these separations was
7.7 g. of crude ester (32%) m.p. 94-98°, and 7.5 g. of acid 
(33%) m.p. 174-178°. After it had been established that 
the two isomeric dinitro-m-toluic acids were present in 
approximately equal amounts in the crude dinitration prod
uct, a single separation was carried out with half the amounts 
of methanol and sulfuric acid called for above. This gave a 
75%, instead of a 65%, recovery with a small but not 
significant increase in the relative amount of the 2,6- acid.

I t  should be possible to separate the mixture of dinitro-m-

(5) A. H. Blatt and Norma Gross, J .  O rg. C h a n ., 22, 
1046(1957).

toluic acids without going through the esterification just 
described, for the 2,6-dinitro acid is far more soluble in hot 
water than is the 4,6-dinitro acid. (See below.) We have 
not attempted to work out a procedure for such a separation.

N i tr a t io n  o f  m e th y l m -to lu a te . I s o la t io n  o f  f f i - d i n i t r o - m -  
to lu ic  a c id  a n d  m e th y l 2 ,6 -d in itr o -m -lo lu a te . The nitrating mix
ture was prepared from 110 ml. of fuming nitric acid and 
110 ml. of fuming sulfuric acid as described for the preceding 
nitration. To the stirred mixed acid, whose temperature 
was held between 20° and 30° by an ice-water bath, was 
added dropwise 30 g. (0.20 mole) of methyl m-toluate dur
ing 20 min. The ice hath was removed and the clear yellow 
solution was stirred for an hour, then poured onto 450 g. of 
ice. The precipitate was filtered, washed with water, and 
dried to yield 48 g. (quant.) of a pale yellow solid. The crude 
product usually melts over less than a 2° range, e .g ., 03- 
65°, with some preliminary softening.

In order to separate the nitration products, 24 g. (0.1 
mole) of the crude ester mixture was suspended in 400 ml. of 
coned, hydrochloric acid and heated under reflux for 24 hr. 
during which time a slow stream of nitrogen was bubbled 
through the reaction mixture to reduce oxidative discolora
tion and to remove methanol and methyl chloride. The 
reaction mixture was cooled and ether was added to dis
solve the dark yellow oil and admixed crystals. Water was 
added, the aqueous acid layer was discarded, and the ether 
was washed three times with water. The ether was then 
extracted with 1% aqueous sodium carbonate, washed 
with water, and dried over sodium sulfate. On evaporation, 
the ether left methyl 2,6-dinitro-m-toluate, m.p. 80-83°. The 
sodium carbonate extract was freed of dissolved ether by 
an air stream, filtered if necessary, and acidified with hydro
chloric acid which precipitated 4,6-dinitro-m-toluic acid as 
an off-white solid, m.p. 166-170°.

The average recover}' in a number of these separations was 
12 g. of methyl 2,6-dinitro-m-toluate (50%) and 7 g. of 4,6- 
dinitro-m-toluic acid (30%). By extracting with ether the 
acidified sodium carbonate extract from which the 4,6- 
dinitro acid had preci uitated, it was possible to increase the 
recovery of that acid to about 40%, but the additional 
material obtained hi this way was of such poor quality that 
the extra operation was not worthwhile.

By crystallizing the crude dinitro ester mixture from 
methanol one can obtain reasonable amounts of methyl
4,6-dinitro-m-toluate, the less soluble of the two esters, and 
by a laborious and inefficient fractional crystallization from 
the same solvent one can isolate identifiable amounts of 
methyl 2,6-dinitro-m-toluate. We have not, however, been 
able to work out a satisfactory procedure for separating the 
ester mixture into its eomjioncnts by crystallization.

4,6-Dinitro-m-toluie acid is an almost colorless solid with 
a faint yellow cast. Or exposure to direct sunlight the mate
rial turns superficially bright yellow. The acid is exceedingly 
soluble in (he common organic solvents except ligroin or 
benzene. I t can be crystallized from benzene (c.a. 40 ml./g.) 
or water ic a . 50 ml./g.) with a 75% recovery. The pure acid, 
obtained in this wav as very fine transparent crystals, melts 
a t 178-179°.

The acid is esterified only slowly with methanol or ethanol 
and sulfuric acid. Wi en 1 g. of the acid is heated under 
reflux with 10 ml. of methanol or ethanol and 1 ml. of coned, 
sulfuric acid, 16 hr. is required for complete esterification. 
d ie th y l  4 ,6 -d in  itro -m -lo ln o te , obtained by esterification of 
the acid or by nitration of methyl-??i-toIuate, is very soluble 
in hot benzene, methanol, acetone, dioxane, tetrahydro- 
furan, dimethylformamide, or pyridine and is only very 
sparingly soluble in the same solvents cold. It, is very slightly 
soluble in ether. The ester can be purified conveniently by 
crystallization from methanol (c a . 10 ml./g.; recovery, 
85%). The pure ester is obtained as small pale yellow crys
tals that melt a t 103-104°. The ester is hydrolyzed slowly 
by aqueous hydrochloric acid: 1.2 g. of ester heated under 
reflux with 20 ml. of coned, hydrochloric acid requires 16 
hr. for complete hydrolysis.



NOVEMBER I9 6 0 NOTES 2 0 3 3

Ethyl 4,6-dinitro-m-toluate can be prepared by esterifying 
the acid with ethanol as described above for the methyl 
ester. I t  can also be prepared by heating the acid, suspended 
in benzene, with excess thionvl chloride until the solid goes 
into solution (c a . 4 hr.), adding excess absolute ethanol, heat
ing for a short time, and then evaporating the solvents. Both 
procedures give better than 90% yields. The ester is purified 
by dissolving it in ethanol at 35° and cooling the solution 
slowly. The pure ester, pale yellow crystals, melts at 47-48°.

Anal. Calcd. for CioH10N2C>6: C, 47.24; H, 3.93. Found: 
C, 47.17; II, 4.11.

This ester has previously been prepared by esterification 
of the acid obtained by the partial oxidation of 4,6-dinitro-
l ,  3-dimethylbenzene. I t was described6 as brown prisms,
m. p. 61-62°. We have no explanation for the difference in 
color and melting point between the earlier sample and 
ours.

Oxidation of 4,6-dinitro-m-toluic acid to 4,6-dinitroiso- 
phthalic acid. The procedure was taken from that of Ruggli 
and Schmid for the oxidation of 4,6-dinitro-l,3-dimethyl- 
benzene.7 A solution of 4.6 g. of 4,6-dinitro-m-toluic acid 
in 60 ml. of coned, sulfuric acid was stirred and chilled in an 
ice-salt bath to —7°, then a solution of 4.6 g. of chromium 
trioxide in 6.5 ml. of water was added dropwise slowly 
enough to permit the temperature of the reaction mixture 
to be held below 20°. Stirring was continued until the 
temperature dropped to 5°, when the reaction mixture was 
poured onto 300 g. of ice. The precipitate of unoxidized 
acid, 1.2  g., identified by melting point and mixed melting 
point, was removed by filtration and the filtrate was ex
tracted with 120 ml. and then 60 ml. of ether. The ether, 
after washing, drying, and evaporating, left 3 g. of crude 
dinitroisophthalic acid, which melted at 241-243° after it 
had been digested with hot benzene. The pure acid, crys
tallized by solution in nitrobenzene at 160°, was obtained 
as sandy transparent crystals, m.p. 246-247° dec.

Since our material melted higher than the material pre
pared by Ruggli and Schmid bj- the oxidation of 4,6- 
dinitro-l,3-dimethylbenzene (246° vs . 234°), we esterified our 
product not only with methanol but also with ethanol so as 
to be able to compare the melting point of the diethyl ester 
with that reported by Ruggli and Schmid.

A solution of 1.28 g. of 4,6-dinitroisophthalic acid in 22.6 
ml. of absolute methanol and 2.26 ml. of coned, sulfuric 
acid w-as heated under reflux for 16 hr. during which time a 
large precipitate of glistening white crj-stals formed in the 
hot solution. The precipitate was filtered, the filtrate was 
diluted with ether, washed with water, and extracted with 
10 ml. of 1% aqueous sodium carbonate. On evaporation the 
ether left 0.3 g. of product which, with the original precipi
tate, made a total yield of 1.25 g. or 88%. The strongly alka
line carbonate extract on acidification furnished a small 
precipitate which was rejected since the ester already ob
tained accounted for 88% of the starting material.

The dimethyl ester was purified for analysis by crystalli
zation from methanol and by solution in acetone followed 
by addition of methanol and heating to expel most of 
the acetone. The pure ester, obtained as colorless glisten
ing crystals which are moderately soluble in hot acetone and 
verv sparingly soluble in hot methanol, melts at 162- 
163°.

Anal. Calcd. for CI0H8N,O8: C, 42.25; H, 2.8; OCIR,
21.8. Found: C, 42.71; H, 2.83; OCH3, 21.35.

The diethyl ester, prepared in 86% yield in the same way 
as its lower homolog, melted at 126°, in satisfactory agree
ment with the melting point of 124° given by Ruggli and 
Schmid for a sample prepared from the silver salt of the 
acid and ethyl iodide.7

(6) G. Errerà and R. Maltese, G a zz. ch in i. Hai., 33, II, 
277(1903).

(7) P. Ruggli and O. Schmid, M ele. C h in i, .lcfa, 18, 247 
(1935).

Anal. Calcd. for Ci2H i2N2Os: CARO, 28.84. Found 
C2H60, 28.45, 29.48.

2.6- Dinitro-m-toluic acid is an almost colorless solid with 
a faint yellow cast. It is very soluble in the common organic 
solvents except ligroin or benzene and is remarkadlv soluble 
in hot water: 1.0 g. requires less than 5 ml. of water for solu
tion on the steam bath and about 0.75 g. crystallizes on 
cooling the solution. Benzene is the most satisfactory solvent 
for purification: 1.0 g. of the acid dissolves in about 50 ml. 
of benzene and 0.75 g. can be recovered on cooling. The 
pure acid, obtained in large transparent chunky crystals 
from benzene and in very small crystals from water, melts 
at 182-183° with considerable sublimation.

Anal. Calcd. for C8H6N20 6: C, 42.48; H, 2.67. Found: C, 
42.74; H, 2.81.

The hindrance to esterification of the 2,6-dinitro acid is 
pronounced. When 1.0 g. of the acid in 10 ml. of absolute 
methanol and 1 ml. of coned, sulfuric acid was heated under 
reflux for 16 hr.—conditions under which the isomeric 4,6- 
dinitro acid is quantitatively esterified—only enough of the 
methyl ester was formed to permit identification by melting 
point and mixed melting point.

Methyl 2,6-dinitro-m-toluate can be prepared by the nitra
tion of methyl m-toluate (see above) and in quantitative 
yield from the acid by conversion to the acid chloride with 
thionyl chloride follow-ed by reaction of the crude acid chlo
ride with methanol. The ester crystallizes as large chunky 
pale yellow lozenges that melt at 83-84°. Its solubility is 
similar to but greater than that of the isomeric 4,6-dinitro 
ester. I t  is conveniently purified by crystallization from 
methanol (ca. 5 ml./g.) with an 8CF85% recovery.

Anal. Calcd. for C9H8X20 6: C, 45.0; H, 3.33. Found: C, 
45.67; H, 3.40.

The ester is resistant to hydrolysis. A suspension of 1.2 
g. of the ester in 20 ml. of coned, hydrochloric acid was 
heated under reflux for 24 hr. in a nitrogen stream. The 
material solidified on cooling. I t was dissolved in ether and 
the ether shaken out with 1 % aqueous sodium carbonate. 
The carbonate extract on acidification gave no precipitate 
and an ether extract of the acidified carbonate solution 
3-ielded only about 0.06 g. of the 2,6-dinitro acid, which cor
responds to about 5% hydrolysis. (The isomeric 4,6-dinitro 
ester is completely hydrolyzed in 16 hr. under the same 
conditions.) The original ether solution that had been 
shaken out with sodium carbonate left unhydrolyzed ester 
on evaporation.

Ethyl 2,6-dinitro-m-loluale was prepared by converting the 
acid to the acid chloride with thionyl chloride in the presence 
of benzene as a solvent and heating the crude acid chloride 
with absolute ethanol. The yield of crude ester left on 
evaporation of the solvents at room temperature was quan
titative. The ester was purified by dissolving it in ethanol 
at 35°, filtering, and cooling the filtrate slowly. A second 
crystallization from a larger volume of ethanol diluted with 
a little w-ater after filtering did not change the melting 
point, 58-59°. The pure ester is colorless.

Anal. Calcd. for CioH i0N20 6: C, 47.24; H, 3.93. Found: 
C, 47.33; H, 3.99.

2.6- Dinitro-m-toluic acid was oxidized to 2,4-dinitroiso- 
phthalic acid by the procedure described above for the oxi
dation of 4,6-dinitro-m-toluic acid. The amount of unoxi
dized 2,6-dinitro-m-toluic acid that precipitated on pouring 
the reaction mixture into water was small: 2,6-dinitro-m- 
toluic acid is quite soluble in water. Evaporation of the ether 
extract gave 2.1-2.3 g. of crude product w-hieh w-as purified 
for analysis by crystallization from nitrobenzene and then 
from ether-petroleum ether (b.p. 60-90°). The pure acid 
melts at 246-247°, as does the isomeric 4,6-dinitroiso- 
phthalic acid. Mixtures of the two acids melt from 215 to 
225°.

A n a l .  Calcd. for CsH4X20g: C, 38.28; H, 1.56. Found: 
C, 38.22; H, 1.86.

2,4-Dinitroisophthalic acid was esterified with methanol 
and sulfuric acid following the procedure described above
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for the preparation of dimethyl 4,6-dinitroisophthalate. 
No precipitate formed on cooling the reaction mixture so 
the solution was diluted with ether and shaken out three 
times with water to remove sulfuric acid and most of the 
methanol. The ether was then shaken out with 1% aqueous 
sodium carbonate; 20 ml. was required. The carbonate ex
tract freed of ether was acidified and furnished the crude 
acid methyl ester IV in 43% yield. The poor yield is prob
ably a result of the high solubility of the acid ester. No at
tem pt was made to obtain more of the acid ester from the 
water washings or the acidified carbonate extract. The ether 
solution tha t had been extracted with sodium carbonate 
left no residue on evaporation showing that no neutral ester 
had been formed. The acid methyl ester is too soluble in 
aqueous methanol to permit crystallization from that 
solvent. For analysis, the material wa3 crystallized from 
ether-petroleum ether (b.p. 60-90°). The pure methyl acid 
ester IV melts a t 184-185°.

A n a l .  Calcd. for CsH6N20 ,: CH30, 11.1. Found: CH30, 
11.44.

D e p a r t m e n t  o f  C h e m i s t r y  

Q u e e n s  C o l l e g e  

F l u s h i n g , N. Y.

Reaction of Hydrogen Bromide with 
Conjugated Dienols1

R. L. L o h m a r ,  C. R. S m i t h ,  J r . ,  a n d  T. L. W i l s o n  

R ece ived  M a r c h  7, 1 9 6 0

Dimorphecolic acid, the major fatty acid of 
D im o r p h o th e c a  a u r a n t ia c a  seed oil, rapidly con
sumes essentially one molar equivalent of hydrogen 
bromide in the Durbetaki titration for oxirane 
oxygen.2 Formulation of this acid as 9-hydroxy- 
irims,frans-10.12-octadecadienoic acid indicated no 
grouping known to consume hydrogen bromide 
in this manner. We report here a comparison of the 
behavior of dimorphecolic acid with that of two 
model compounds, 2,4-hexadiene-l-ol (sorbyl al
cohol) and 4,6-octadiene-3-ol, when treated with 
hydrogen bromide in nonaqueous media.

Although several aliphatic compounds with a 
secondary hydroxyl group in a-pcsition to a con
jugated diene are known, their behavior toward 
hydrogen bromide has not been examined. Kuhn 
and Grundmann3 showed that 4,6-octadiene-3-ol 
is readily dehydrated by p-toluenesulfonic acid to
2,4,6-octatriene. Heilbron and co-workers,4 5 as well 
as Braude and co-workers,6 examined the effect 
of acid catalysts on related unsaturated alcohols. 
They found that compounds containing the system

( 1 ) This is a contribution from the laboratory of the 
Northern Utilization Research and Development Division, 
Agricultural Research Service, U. S. Department of Agri
culture. Article not copyrighted.

(2) C. R. Smith, Jr., T. L. Wilson, E. II. Melvin, and
I. A. Wolff, J .  A m .  C h em . S o c ., 82, 1417 (1960).

(3) R. Kuhn and C. Grundmann, B e r ., 71, 442 (1938).
(4) I. M. Heilbron, J. T. McCombie, and B. C. L. Weedon,

J .  C h e m . S o c ., 1945, 84, and preceding papers.
(5) E. A. Braude and J. A. Coles, J .  C h e m . S o c ., 1951,

2085, and preceding papers.

—CH=CH—CHOH—CH=CH— showed a pro
nounced tendency to rearrange to secondary con
jugated dienols (—CHOH—CH=CH—CH =
CH—) which were readily dehydrated to trienes. 
Heilbron examined the action of hydrochloric acid 
on the closely related hex-4-ene-l-yne-3-ol and 
similar compounds. Rearrangement similar to 
that of the dienols was observed, accompanied by 
replacement of hydroxyl by chlorine. However, the 
action of hydrobromic acid led to “unstable hetero
geneous products.”

2,4-Hexadiene-l-ol does not consume hydrogen 
bromide under the conditions of the Durbetaki6'7 
titration, but 4,6-octadiene-3-ol behaves in a 
manner analogous to that of dimorphecolic acid. 
It rapidly consumes a like amount of hydrogen 
bromide. Ultraviolet absorption studies indicate 
that essentially all the dienoid absorption is pre
served immediately after titration, but triene is 
then formed at a slower rate. Appearance of triene 
is accompanied by disappearance of diene, suggest
ing that an initially formed bromodiene is dehy- 
drobrominated. Similar results are obtained when 
a chloroform solution of hydrogen bromide is used 
rather than an acetic acid solution. Hydrogen 
chloride in acetic acid is not consumed rapidly.8 
Treatment of the octadienol with two thirds the 
titrimetric amount of hydrogen bromide results in 
eventual turning of the indicator. This observation 
supports the interpretation of replacement followed 
by elimination. The presence of free acid in mixtures 
that had stood some time after Durbetaki titration 
was confirmed by the rapid neutralization of sodium 
carbonate dissolved in acetic acid.

Although consumption of hydrogen bromide ap
pears to be stoichiometric or nearly so, formation of 
triene is not. Diene and triene are in equilibrium 
(Fig. 1). The molar sum of conjugated diene and 
triene is 75-80% of that expected. The fate of the 
remainder is not known, but a possibility exists 
that in the equilibrium reaction some of the hy
drogen bromide is added to yield a nonconjugated 
bromodiene that would not be estimated by the 
spectral method used. Conversion of diene to triene 
is reminiscent of the results Bergstrom and Hans- 
son9 obtained by treating linoleate with Ar-bromo- 
succinimide. The initially formed conjugated 
dienoid bromide lost hydrogen bromide to form a 
conjugated triene. They also observed that about 
30% of the bromide was not eliminated, even after 
prolonged refluxing.

The mechanism sequence may resemble that pro
posed by DeWolfe and Young10 for the reaction of

(6) A. Durbetaki, A n a l .  C h e m ., 28, 2000 (1956).
(7) American Oil Chemists’ Society, “Official and Tenta

tive Methods,” 2nd ed. (1958 revision), Method Cd 9-57.
(8 ) Miss Glenda Geisinger carried out this experiment.
(9) S. Bergstrom and G. Hansson, A d a  C h em . S c a n d ., 4, 

435 (1950).
(10) R. H. DeWolfe and W. G. Young, C h e m . R e v s ., 56, 

753 (1956).
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Fig. 1 . Effect of hydrogen bromide on 4,6-octadiene-3-ol 
and on dimorphecolic acid

monoethenoid allylic alcohols with hydrogen bro
mide, followed by elimination to form triene. 
Interpretation of the initial substitution as an 
Sn2 mechanism is favored by the similar uptake of 
hydrogen bromide in either acetic acid or chloro
form solution, by the slower uptake of the more 
weakly nucleophilic hydrogen chloride, and by the 
appearance of triene only after the uptake of hy
drogen bromide, rather than concurrently as would 
occur from a carbonium ion intermediate in an 
SnI scheme. However, an Sn-1 route is strongly 
supported by the lack of uptake of hydrogen 
bromide by the primary alcohol, 2,4-hexadiene-l- 
ol, which should have a lesser tendency toward 
carbonium ion formation than the secondary 
dienols.11

EXPERIMENTAL

Dimorphecolic acid. An analytically pure sample was pre
pared by chromatographing acid isolated by solvent parti
tioning of mixed acids from Dimorphotheca aurantiaca seed
oil. 12 A benzene solution of acid (0.5 g.) was added to a silica 
gel column (5 g.) pretreated with 80% aqueous methanol:- 
hexane (1:1). The pure acid (0.22 g.) was eluted by benzene 
under nitrogen. I t  was a semisolid at room temperature.
xctfn°H 231( e 28,800.

Anal. Calcd. for C1SH32O3: C, 73.0; H, 10.8. Found: C, 
73.3; H, 10.9.

Trans,trans-2,4-hexadiene-l-ol. Ethyl sorbate was reduced 
by lithium aluminum hydride by a slight modification of 
the method of Nystrom and Brown. 13 The alcohol was 
obtained as a colorless mobile liquid. Its 3,5-dinitrobenzoate, 
prepared according to Reiehstein and co-workers, 14 melted 
a t 82-84° (Fisher-Johns16 block) (lit. m.p., 85°).

(11) E. R. Alexander, Principles of Ionic Organic Reac
tions, John Wiley &  Sons, New York, 1950, p. 41.

(12) C. R. Smith, Jr., M. C. Burnett, T. L. Wilson, R. L. 
Lohmar, and I. A. Wolff, J. Am. Oil Chemists’ Soc., 37, 320
(1960).

(13) R. F. Nystrom and W. G. Brown, J. Am. Chem. Soc., 
69, 1197, 2548 (1947); J. Am. Chem. Soc., 70, 3738 (1948).

(14) T. Reiehstein, C. Ammann, and G. Trivelli, Helv.
Chim. Acta, 15, 261 (1932).

Trans,trans-4,6-octadiene-3-ol. Technical grade hexa- 
dienal15 was purified by distillation a t 65.5-66°/18 mm., 
xc,h6°h 2 7 ]̂  e 28,700. Hausser, et al.11 reported 1 26,500. 
The distilled hexadienal was condensed with ethylmag- 
nesium bromide according to Kuhn and Grun imann3 to 
give the octadienol (78%) X ^ ‘°H 229, t  24,2) ). Distillation 
at 77-79 °/20 mm. gave a product having 229.
c 28,400, n '£  1.4895 (lit., 1.4892).

Hydrogen bromide consumption. Uptake of hydrogen 
bromide by the unsaturated alcohols was determined by 
Durbetaki titration6,7 in benzene-acetic acid solution. For 
spectral studies, acetic acid only was used as solvent. This 
solvent change reduced the molar hydrogen bromide uptake 
to 0.77 (from 0.9 or higher).

Hydrogen bromide reactions. The unsaturated alcohols 
(0.15-0.2 mmole) were dissolved in 5-10 ml. of glacial acetic 
acid and were treated with a volume of 0.03-0.05V hydrogen 
bromide in acetic acid found, by prior titration, to be rapidly 
consumed. At intervals, 0.1-mI. aliquots were removed and 
diluted to 100 ml. with absolute ethanol. Conjugated diene 
was determined in 1-cm. cells in a Beckman Model DU 
spectrophotometer, using the experimentally determined 
extinction coefficients given above. A molecular extinction 
of 59,200 at 264 him18 was used for conjugated triene. Data 
in Fig. 1 are from one of several similar experiments.

N o r t h e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y

P e o r i a ,  I II .

(15) Mention of firm names or trade products does not 
imply tha t they are endorsed or recommended by the U. S. 
Department of Agriculture over other firms or similar 
products not mentioned.

(16) Generously supplied by Union Carbide Chemicals 
Co.

(17) K. W. Hausser, R. Kuhn, A. Smakula, and M. Hof- 
fer, Z. physik. Chem., B29, 371 (1935).

(18) American Oil Chemists’ Society, “Official and 
Tentative Methods,” 2nd ed. (1958 revision), Method Cd
7-58.

Specificity of the Phenolic Component for 
Sakaguchi Reaction1

K s h i r o d  R .  B h a t t a c h a r y a , J y o t i r i n d r a  D a t t a ,  a n d  

D u r l a v  K .  R o y

Received March 11,, 1960

In 1925, Sakaguchi observed that an intense 
red color was produced when arginine was treated 
in alkaline solution with 1-naphthol and hypo- 
halite2 3; it was found later that the reaction was 
specific for a class of monosubstituted guanidines.2-3 
The specificity of the phenolic component for this 
reaction has not, however, been studied adequately

(1) (a) This constitutes Paper V in a series Studies on 
Sakaguchi Reaction; for Paper IV, see K. R. Bhattacharya, 
Ann. Biochem. Expll. Med., 20, 57 (1960). (b) Presented in 
part by K. R. Bhattacharya and J. D atta  before the 46th 
session of the Indian Science Congress Association, Delhi, 
January 21-28,1959.

(2) S. Sakaguchi, J. Biochem. (Tokyo), 5, 25 (1925). 
See for review R. J. Block and D. Bolling, The Amino Acid 
Composition of Proteins and Foods, 2nd Ed., Charles C. 
Thomas, Springfield, 111., 1951, p. 47.

(3) (a) C. J. Weber, J. Biol. Chem., 86, 217 (1930). (b) J.
D. Mold, J. M. Ladino, and E. J. Schantz, J. Am. Chem 
Soc., 75,6321(1953).
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so far, although a few aromatic hydroxy compounds 
other than 1-naphthol have been employed from 
time to time in analytical work as useful substi
tutes for the latter.4 Color response of various sub
stituted phenols to this reaction was therefore 
studied in detail. It was hoped that apart from 
throwing useful light on the mechanism of the 
reaction, this might also indicate the point of cou
pling between the guanidine and the phenolic resi
dues in the colored reaction product.9

In Table I are listed a few of the results obtained 
with arginine. That all the indicated positive tests 
were in response to specific Sakaguchi reactions

TABLE I
C o l o r  P r o d u c t i o n  b y  V a r i o u s  P h e n o l i c  C o m p o u n d s  b y  

S a k a g u c h i  R e a c t i o n  w i t h  A r g i n i n e

Compound
Color

Produced“

Relative 
Intensity 
of Color6

Phenol LY +  +
p-Phenylphenol —
o-Cresol Y +  +  +
wi-Cresol GY
p-Cresol —
Thvmol GY +  +  +  +
Salicvlic acid Y +  +
p-Hvdroxvbenzoie acid —
o-Aminophenol LY ±
p-Aminophenol —

Resorcinol Y ±
Hydroquinone —
o-Chlorophenol LY +  +
p-Chlorophenol LY +  +
2,4-Dichlorophenol LY ±
2,4,6-Trichlorophenol —
l-Naphthol-8-sulfonic acid R +  +  +  +
l-Naphthol-4-sulfonic acid —
1,4-N aphthoquinone —
5-Quinolinol RS H—1—1—h
2-Mcthyl-4-quinolinol —
2-Naphthol B + +
2-Naphthol-6-sulfonic acid B +
l-Xitroso-2-naphthol —

“ Y =  Yellow; LY =  lemon yellow; GY = golden 
yellow; R = red; B = brown; RS = reddish saffron;— = 
none. These refer to the color in alkaline soln. In acid,10 
the color varied from very faint (in the case of a benzene 
ring) to fairly strong (naphthalene or quinoline ring) 
yellow. 6 The intensities are based on visual comparison. 
The larger the number of plus signs, the higher is the color 
intensity. The sign ±  indicates very feeble coloration.

(4) The following compounds have been used: 8-quinoli- 
nol,5 7-ehloro-8-quinolinol, and 5,7-dichloro-8-quinolinol,5b
1- naphthol-8-sul:onic acid,6 2,4-dichloro-l-naphthol,7 and
2- naphthol.8

(5) (a) S. Sakaguchi, J. Biochem. (Tokyo), 37, 231 (1950). 
(b) J. W. Janus, Nature, 177, 529 (1956).

(6) H. Kraut, E. von Schrader-Beielstein, and M. Weber, 
Z. physiol. Cheni., 286, 248 (1950). Cited in Chem. Abstr., 
47, 5977-a (1953,.

(7) J. McLeish and H. S. A. Sherratt, Exptl. Cell Research, 
14,025(1958).

(8) P. M. Strocchi and P. Drago, Ann. chim. (Rome), 44, 
836 (1954). Cited in Chem. Abstr., 49, 6035-d (1955).

(9) See discussion in (a) K. R. Bhat.taeharya, J. Datta,
and D. K. Roy, Arch. Biochem. Biophys., 77, 297 (1958);
(b) K. R. Bhattacharya, Nature, 184, 53 (1959).

was shown by the fact that no other amino acid 
nor creatine could replace arginine in these color 
reactions, but glycocyamine2'3a reacted positively 
like arginine. It is clear from these results that 
the Sakaguchi reaction is actually a general reaction 
of phenolic compounds but that a free p a r a  posi
tion in the phenol is specifically required for partici
pation in it. The positive response of a few (though 
not all) p-halophenols (also observed earlier4) is ad
mittedly at variance with the latter requirement, 
but such occasional exceptional behavior of some 
p-halophenols is not without precedent. Thus 
although the Gibbs indophenol reaction1 la is in 
general specific for para-unsubstituted phenols, 
p-ehlorophenol is able to give the same reaction.1”3 
Similarly, in the indophenol reaction between p -  
aminodimethylaniline and phenols in presence of 
hypohalite, p-cresol gives no reaction but p -  
chlorophenol does (although trichlorophenol, as in 
the present work, does not).12 This behavior 
thus appears to be a property inherent in a phenolic 
p-halogen substituent itself which, under the 
conditions of these reactions, is apparently suf
ficiently activated to be eliminated or migrated to 
another position.

The overall nature of the Sakaguchi reaction 
would thus place it in the general class of the cou
pling-type reactions of phenols, the point of coupling 
being limited here to the carbon atom at position 
p a r a  with respect to the phenolic hydroxyl.13 
More specifically, however, the great similarity 
in the circumstances of reaction and in the nature 
and specificity of the reactants involved (including 
the singular reactivity of some p-halophenols) 
suggest in particular that there is probably a good 
deal of similarity between the mechanism of 
Sakaguchi reaction and those of the two indophenol 
reactions noted above (and probably other indo
phenol and indamine reactions as well). This view is 
further strengthened by our recent finding913 that 
the colored product of this reaction also, like the 
indophenols, behaves as a typical redox system. 
Another very similar indophenol reaction is that 
between ammonia and phenol mediated by hy-

(10) See K. R. Bhattacharya, J. D atta, and D. K. Roy, 
Arch. Biochem. Biophys., 84, 377 (1959), for the effect of pH 
on color in the case of 1-naphthol.

(11) (a) H. D. Gibbs, J. Biol. Chem., 72, 649 (1927). See 
for review F. D. Snell and C. T. Snell, Colorimetric Methods 
of Analysis. Vol. I ll , 3rd Ed., D. Van Nostrand Company, 
Inc., New York, N. Y., 1953. pp. 106, 118. (b) M. B. Ettinger 
and C. C. Ruchhoft, Anal. Chem., 20, 1191 (1948).

(12) G. U. Houghton and R. G. Pellv, Analyst, 62, 117 
(1937).

(13) As neither parr-substituted phenols nor a simple 
derivative of 4-quinolinol could participate in the reaction, 
any linkage through the aromatic hydroxyl group itself2 
or through positions ortho or meta to it can be safely ruled 
out. Similarly, the nonparticipation of hydroquinone or
1,4-naphthoquinone would show that the linkage is also 
not through the 2-position of a preformed p-quinone. With 
2-naphthol, the linkage is apparently a t position 1.
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pohalite.14 The only apparent difference between 
these two types of reaction is that, whereas in one 
the phenol is condensed with a simple amine (or 
ammonia) under ’she influence of hypohalite,15 it 
is condensed with a guanido group in the other. 
It may thus be speculated that perhaps their 
products also parallel each other in structure, al
though it must be remembered that the indophe- 
nols and indamines as a class (blue, green or 
purple) differ appreciably from the products of 
Sakaguchi reaction (yellow to red) in being more 
intensely colored.

Incidentally, thymol, 5-quinolinol and 5-chloro-
7-iodo-8-quinolinol (the latter in ethyl acetate 
solution), besides 8-quinolinol, gave sufficiently 
intense color to be of possible use as substitutes 
for 1-naphthol in the estimation of arginine by 
Sakaguchi reaction; 1-naphthol is known to have 
several disadvantages in this respect.6b’6’10 With 
thymol, moreover, blank coloration was practically 
absent.

EX PER IM EN TA L

.Arginine and glycocyamine2,3* were employed as the 
guanidine compounds. Because of the advantage of a clear 
contrast between the color of the spot and that of the sur
rounding areas, the reactions were carried out on filter 
paper5“ rather than in solution. Briefly, spots of arginine 
(or glycocyamine) were treated first with 2.5% potassium 
hydroxide in ethanol, then with a 0.1-0.2% solution of the 
phenol16 in a suitable solvent, and finally with aqueous 
hypobromite solution (0.1-2 g. % bromine in 1A’ potassium 
hydroxide).

Note added in proof: After this note went to the press, 
a copy of the paper of K raut et al.6 has been procured. I t 
has been noted that these workers, while selecting a suitable 
naphtholsulfonic acid for the method, found l-naphthol-4- 
sulfonic acid to be ineffective in producing color by this re
action and so concluded tha t a free 4-position in 1-naphthol 
was apparently essential for Sakaguchi reaction.

I n d i a n  I n s t i t u t e  f o r  B i o c h e m i s t r y

a n d  E x p e r i m e n t a l , M e d i c i n e

C a l c u t t a  13, I n d i a

(14) A. P. Orr, Biochem. J., 18, 806 (1924); J. A. Russell, 
J. Biol. Cheni., 156, 457 (1944).

(15) It is noteworthy that the 2,6-dibromoquinonechlorim- 
ine of Gibbs is itself prepared by the action of hypochlorite 
on 2,6-dibromo-p-aminophenol.lla

(16) We wish to express our appreciation to Prof. B. D. 
Tilak of the Department of Chemical Technology, University 
of Bombay, for generous gifts of l-naphtbol-4-sulfonic acid 
and 2-naphthol-6-sulfonic acid.

Isolation and Characterization of a Phenol 
Half-Salt

A. T. S h u l g i n  a n d  H. O .  K e r l i n g e r  

Received April 1, 1960

Many observations have been made of anomalous 
behavior at or near the half neutralization point 
in the nonaqueous titration of weak acids. In con

ductometric titration1 conductivity maxima have 
frequently been recorded, whereas in potentiometric 
titration2 there have been observed corresponding 
inflections or distortions in the titration curve.

These anomalies have been explained23 by the 
generation, during titration, of an association 
species in which the generated anion (of either a

R—O—H .......... O- —R

carboxylic acid or a phenol) protects an equivalent 
amount of acid, the association being stoichiometric 
at the half-titration point. This new species is 
then the acidic participant for the remainder of 
the titration. The evidence for such a material 
has been entirely physical and predominately 
spectroscopic. Pool3 and Kaufman4 have presented 
cryoscopic evidence for the formation of a solid 
compound composed of one molecule of a base and 
two molecules of a carboxylic acid, the latter pre
paring several half-salts between fatty acids and 
tertiary amines. Analysis of the infrared spectra 
of dilute solutions of carboxylic acids and tertiary 
amines5 has yielded support for this same 2:1 
relationship. Recently the alkali half-salts of several 
carboxylic peptide precursors have been described.6 
In the case of phenols, the evidence for this rela
tionship with bases has been heretofore titrimetric 
The structural requirements of an unhindered 
—OH group,Ib’2a'b and for the exclusion of appre
ciable amounts of polar solvents (as hydrogen bond
ing competitors)lb imply that the acid-anion struc
ture is a dimer as shown:

0 —H ..................0 (_)

We have found that the inclusion of a sterically 
hindered formamido group p a r a  to the phenolic 
—OH group greatly increases the stability of these 
half-salts, permitting their isolation and manipula
tion as discrete chemical substances.

When a solution of 4-formamido-3,5-xylenol in 
methyl isobutyl ketone is titrated with tetrabutyl- 
ammonium hydroxide in solution in a mixture of 
methanol and isopropanol, there is obtained a ti
tration curve typical of those described earlier.211 
In addition, however, there is the generation of a * 1833

(1 ) (a) A. A. Maiyott, Jourr.. of Res. Nat. Bureau. Stand
ards, 38, 527 (1947). (b) D. B. Brass and G. A. Harlow, 
Anal. Chem., 30, 1836 (1958).

(2) (a) G. A. Harlow, and D. B. Brass, Anal. Chem., 30,
1833 (1958). (b) H. B. van der Heijde, Anal. Chem. Ada, 
16,392(1957).

(3) W. O. Pool, H. J. Harwood, and A. W. Ralston, J. Am. 
Chem. Soc., 67, 775 (1945).

(4) S. Kaufman, and C. R. Singleterrv, J. Phys. Chem., 
56,604(1952).

(5) G. M. Barrow, et al., J. Am. Chem. Soc., 76, 5211
(1954). J. Am. Chem. Soc. 77, 4475 (1955). J. Am. Chem. 
Soc., 78, 5802 (1956).

(6 ) M. Goodman, and K. C. Stueben, J. Org. Chem., 24, 
112(1959).
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Fig. 1. Titration curve of 4-formam:do-3,5-xylenol with 
tetrabut3'lammonium hydroxide. The arrows indicate the 
point of first, appearance and of final disappearance of the 
crystalline half-salt

crystalline product prior to the half-neutralization 
point, which redissolves prior to the final endpoint 
(see Fig. 1).

This material may be filtered free of the solvent 
and recrystallized as required. If the titration is 
continued to the full 1:1 endpoint, the normal 
salt is formed (in solution) from which the half- 
salt may be regenerated by the introduction of an 
additional mole of phenol. The normal salt cannot 
be isolated from this ketone medium, however.

As to the structural requirements permitting 
formation of an isolatable half-salt under these 
conditions, it appears that both a hindered form- 
amido group and an unhindered —OH group are 
necessary. The acetamido homolog yielded no such 
precipitate.

The following table summarizes the structural 
requirements permitting the formation of a stable, 
insoluble half-salt with tetrabutylammonium hy
droxide under the experimental conditions men
tioned below.

Formulation
R. r 2 of Half-Salt

H H ___

OH 2,6-CH3 H —

I 3,5 CH„ H +

0 ~ R '
3 CHj,5 C2H s H +
3,5-CoHs H +

7 2,3,5-CHs H +
n h c o r 2 2,3,5,6-CHs H —

3,5-CHj CH, -

The solvent employed in the titration is not
critical. Various diethers of ethylene glycol and
diethylene glycol all yielded an insoluble half-
salt and a redissolved normal salt. However,
dioxane yielded a dark solution at the endpoint 
and lower ketones (acetone) were unsatisfactory.

WAVELENGTH IN MICRONS

Fig. 2. Spectra of: a) 4-Formamido xylenol (mineral oil 
mull), b) 4-formamido xylenol■ tetrabutylammonium 4- 
forir.amido xylenate (mineral oil mull), c) Tetrabutyl
ammonium 4-formamido xylenate (smear). Ail from a 
Beckman prism-grating IR-7 spectrophotometer

When the tetrabutyl ammonium hydroxide was 
in water solution, apparently any solvent may be 
used in which both the phenol and water are soluble. 
Dimethyl formamide and diethylene glycol dimethyl 
ether were satisfactory.

The only other base employed was trimethyl- 
ben zylammonium hydroxide in methanol (with 
the phenol in methyl isobutyl ketone). The half
salt was a gummy solid, and was not further 
pursued.

Structure of the half-salt. Infrared spectra of the 
free phenol, the half-salt, and the normal salt of
4-formamido-3,5-xylenol and tetrabutylammonium 
hydroxide are shown in Fig. 2.

The unexpected stability of this half-salt, 
demonstrated by its formation in water and its 
insolubility, suggests a more strongly bonded 
dimer than one associated by the phenolic —OH 
alone. In the structure below these arguments are

" • • o

achieved. Infrared spectra of dilute solutions 
(saturated in methylene chloride solution, 1 cm. 
cells) show no unbonded —OH in the half-salt, 
whereas the free phenol contains such an —OH 
(at 3595 cm.-1).7 Any attempt to provide a quinone- 
like structure for the anionic portion of the half-
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salt must allow for the complete absence of color in 
all the half-salts observed so far.

The Preparation of Tetrahydro-3,3,5,5' 
tetrakis(hydroxymethyl)pyran

EXPERIMENTAL T h o m a s  J. P r o s s e r

A c y la m id o  p h e n o ls . All formulations and acetylations 
were performed as described by Smith, el a l .e for the forma
tion of 4-formamido-2,3,5-trimethylphenol from the amino- 
phenol. I t  was desirable, however, to employ boiling water 
or a water-formic acid mixture as a recrystallization solvent, 
after prior treatment of the crude reaction product with 
charcoal.

4 -F o r m a m id o  p h e n o l melted at 137.5-139° (from water).
4 -F o r m a m id o -2 ,6 -x y le n o l melted at 159-160° ffrom water).
4 -  F o r m a m iio -3 ,5 -x y le n o l melted at 233° (from water).
5 -  E th y l-4 - fo rm a m id o -m -c re s o l melted a t 185-186° (from 

formic acid-water).
8 ,5 -D ie th y l-4 - fo r m a m id o  p h e n o l melted at 208-209° (from 

formic acid-water).
4 -F o r m a m id o -2 ,3 ,5 - tr im e th y lp h e n o l melted a t 215° (from 

water).
4 -F o r m a m id o -2 ,3 .5 ,6 - te tr a m e th y lp h e n o l melted a t 298° 

dec. (from formic acid-water).
4 -A c e ta m id o -3 ,5 -x y le n o l was obtained as the monohydrate 

from water; m.p., 179-180.5°, with sintering a t 90°. The 
anhydrous form may be obtained by dehydration writh boil
ing benzene and recrystallization from ether-pentane.

4 -F o r m a m id o -8 ,5 -x y le n o l te tr a b u ty la m m o n iu m  4 - fo r m a m id o -  
8 ,5 -x y le n a te . P r e p a r a t io n  i n  n o n a q u e o u s  m e d iu m . A solution 
of 1.0 g. of 4-formamido-3,5-xylenol in a minimum amount 
of methyl isobutyl ketone was titrated to its normal end
point with a full equivalent of 0.2M tetrabutylammonium 
hydroxide2® in isopropyl alcohol methanol (5:1 V/V). 
To this solution of the normal salt was then added an addi
tional 1.0 g. of the parent phenol in a minimum amount of 
solvent. The mixture was stirred for 2 hr. during which 
time the half-salt was deposited as a white, crystalline solid. 
I t  was removed by filtration and washed sparingly with 
methyl isobutyl ketone. Recrystallization from acetonitrile 
yielded 2.5 g. (72%) of a fine, white microcrystalline product; 
m.p. 189° dec.

A n a l .  Calcd. for C34H5,N30 4: C, 71.41%; II, 10.05%; 
N, 7.35%; neut. equiv. (HC104) 571. Found: C, 71.08%; 
H, 9.96%; N, 7.28%; neut. equiv. 560.

P r e p a r a t io n  i n  a q u e o u s  m e d iu m . To a solution of 4- 
formamido-3,5-xylenol in three times its weight of di- 
methylformamide there was added exactly 0.5 equivalent 
to a 1 M  solution of tetrabutylammonium hydroxide in 
water (Southwestern Analytical Chemical Co.). Crys
tallization of the half-salt started immediately and was 
essentially complete in 10 min. Filtration and recrystalliza
tion yielded a product identical with tha t formed in prepara
tion in nonaqueous medium, above.

T h e  D o w  C h e m i c a l  C o .
W e s t e r n  D i v i s i o n

P. O. Box 351
P i t t s b u r g , C a l i f .

(7) This does not exclude a dimeric form for the free 
phenol, as a normal —OH group would still be expected for 
the unbonded form, and the bonded -—OH may well lie 
outside of the narrow, transparent region available in 
methylene chloride.

O - H ...................O—H

r S  r S
Unfortunately, neither the free phenol nor the half-salt was 
sufficiently soluble in carbon tetrachloride or carbon di
sulfide to permit their use as solvents.

(8) L. I. Smith, H. H. Hoehn, and A. G. Whitney, J .  
A m .  C h e m . S o c ., 6 2 , 1867 (1940).

R ece ived  A p r i l  2 9 , 1 9 6 0

Limited evidence found in the literature indi
cates that the base catalyzed, exhaustive hydroxy
méthylation of ketones in which the carbonyl 
group is flanked by methylene groups gives rise to 
substituted tetrahydropyran-4-ols. Thus, the re
action of acetone and formaldehyde gives anhy- 
droenneaheptitol (la),1 whereas methyl ethyl ke
tone and diethyl ketone are reported to give tetra-

a) Ri = Rs =  CH2OH; X =  OH
b) R 4 = CH2OH; R2 =  CH3; X =  OH
c) Ri = R2 =  CH3; X = OH
d) R4 = R 2 = CH2OH; X = H

hydro-3,3,5-tris (hydroxymethyl) -5-methylpyran- 
4-ol (lb) and tetrahydro-3,5-bis (hydroxymethyl) - 
3,5-dimethylpyran-4-ol (Ic), respectively.2

It has now been found that a similar reaction 
takes place in a l,3-bis(methylene) system acti
vated by terminal aldehyde groups rather than by 
a central ketone function. The exhaustive hydroxy
méthylation of glutaraldehyde gives the previously 
unreported tetrahydro-3,3,5,5-tetrakis (hydroxy
methyl) pyran (Id). A general reaction mechanism 
would seem to apply to all of the above cases. The 
following scheme is proposed for the glutaralde- 
hyde-formaldehyde reaction and is analogous to 
that suggested for the formation of dipentaeryth- 
ritol in the preparation of pentaerythritol from 
acetaldehyde and formaldehyde.3

X H ,
HCCH2CH2CH2CH ,rH O - HCCH

Id CH,0

O
II

HC

CHCH
I

c h 2 c h 2o h

^ O H  v\

O

O
II
CH

Nv- h , o

HCCH CCH

CH2 CH2
^ O H

The tetraacetate, dibenzylidene acetal, and di- 
isopropylidene ketal derivatives of Id were pre
pared.

(1) M. Apel and B. Tollens, P e r ., 27, 1089 (1894), A n n . ,  
289 , 46 (1896); C. Mannich and W. Brose, P e r ., 55, 3155 
(1922).

(2) I. R. Roach, H. Wittcoff, and S. E. Miller, J .  A m .  
C h e m . S o c ., 69,2651 (1947).

(3) S. Wawzonek and D. A. Rees, J .  A m .  C h e m . S o c .,  
70,2433(1948).
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T e tr a h y d r o -3 ,3 ,5 ,5 - te tr a k is (h y d r o x y m e th y l)p y r a n  (Id). To 
236 g. (3.30 moles) of 42% aqueous formaldehyde solution 
adjusted to pH 11.0 by addition of 50% sodium hydroxide 
solution was added 200 g. (0.50 mole) of 25% aqueous 
glutaraldehyde (Union Carbide Chemicals Co.) a t 40-45° 
over a 1-hr. period. Thereafter, the temperature of the 
mixture was held a t 50, 60, and 70° for 4, 3, and 2 hr., respec
tively. A pH of 11.0 was maintained throughout by inter
m ittent addition of base. Theoretical base consumption was 
observed following the complete heating period. Deioniza
tion of the total crude reaction solution by passage through 
columns of Dowex 50 and Dowex 1 exchange resin, in that 
order, gave 60.6 g. of crystalline to semicrystalline product 
in the initial portions of effluent. Further rinsing gave an 
additional 10.3 g. of oil}' by-product considered to represent 
lower condensation products. The major portion of the 
latter material was absorbed by the exchange resin and not 
recovered. The main product contained 55.5% Id (32.6% 
yield) as determined by quantitative isclation of its di- 
benzylidene derivative. Preparation of an analytical sample 
of Id by water recrystallization gave a white crystalline 
solid; m.p. 176.5°.

A n a l .  Calcd. for C9H,805: C, 52.41; H, 8.80; OH, 32.99; 
mol. wt., 206.23. Found: C, 52.64, 52.51; H, 8.80, 8.96; OH 
(acetylation), 32.3, 31.9; mol. wt. (crvoscopic in ethanol), 
206, 206.

D er iva tiv e s  o f  te t r a h y d r o - S ^ ^ ^ - le lr a k U ^ h y d r o x y m e th y l ) -  
p y r a n  (Id). (1) T e tra a c e ta te . A mixture of 10 g. (0.049 mole) 
of Id, 40 g. (0.39 mole) of acetic anhydride, and 4 ml. of 
glacial acetic acid was heated under reflux for 1 hr., allowed 
to stand overnight, and then poured into 100 ml. of water. 
The crystalline, white solid which separated amounted to
7.8 g. (43% yield), m.p. 91-95°, recrystallized from n -  
hexane, 94°.

A n a l .  Calcd. for CnH^Cb: C, 54.54; H, 7.00; mol. wt., 
374.38; Sapon. No., 599.48. Found: C, 54.81, 55.00; H,
7.09, 7.17; mol. wt. (Rast), 386, 381; Sapon. No., 604.

(2) D ib e n z y lid e n e  ace ta l. A mixture of 5.0 g. (0.024 mole) 
of impure Id, 25 ml. of water, 25 ml. of methanol, and 
5 ml. of coned, hydrochloric acid was reacted with 10 ml. 
of benzaldehyde for 45 min. at steam bath temperature. 
There was obtained 8.14 g. (89% yield) of crude, white 
solid which upon recrystallization from butyl acetate 
melted a t 232-234°.

A n a l .  Calcd. for C -H jsOs: C, 72.22; H 6.85; mol. wt., 
382.43. Found: C, 72.37, 72.47; H, 7.01,7.02; mol. wt. (Rast), 
388, 403.

Tests with pure Id showed the dibenzylidene reaction to 
be quantitative and applicable to the determination of Id in 
mixtures, or compounds hydrolyzed uncer the reaction 
conditions.

(3) D iis o p r o p y l id e n e  ke ta l. A mixture of 10 g. (0.048 mole) 
of Id, 150 ml. of acetone, 5 drops of coned, sulfuric acid, 
and 15 g. of 2,2-dimethoxypropane (Dow Chemical Co.) 
was heated under reflux overnight. Concentration of the 
reaction mixture gave 11.6 g. (91.4% yield) of white crystals. 
Recrvstallization from acetone gave a melting point of 201- 
205°.

A n a l .  Calcd. for C15H26O5: C, 62.91; H, 0.15. Found: 
C, 63.27, 63.25; H, 9.39, 9.29.

The Id content of the recrystallized product was deter
mined by conversion to its dibenzylidene derivative: calcd., 
72.02; found, 71.2. Various samples of Id diisopropylidene 
ketal melted over a range of 153-206°, suggesting the 
presence of allotropic crystalline forms.

R e s e a r c h  C e n t e r

H e r c u l e s  P o w d e r  Co.
W il m i n g t o n , D e l .

(4) All melting points are uncorrected.

VOL. 25

Reaction of Trimethylacetoxysilane 
with Tetraisopropoxytitanium1

J. B. R ust, H. H. Takimoto, and G. C. D enault2

R ece ii ed  A p r i l  2 5 , 19 6 0

The preparations of organotitanium derivatives 
containing the silicon-oxygen-titanium linkage 
have been reported by several investigators.3-9 
These compounds have been prepared by any one 
of the following methods:

\  /  \  /
—Si—OH +  Cl—Ti------->  —Si—O—'Ti— +  HC1 (1)
/  \  /  \

\  /  \  /
—Si—OH +  RO—Ti--------—Si—0 —Ti— +  ROH (2)
/  \  /  \
\  /
—Si—OOCR/ +  RO—Ti------- >
/  \

—Si—O—Ti— +  ROOCR' (3)
/  \

Although these three methods have been uti
lized in the synthesis of the tetrasubstituted 
triorganosiloxy titanium derivatives, only Dan- 
forth8 has reported the preparation of monomeric, 
partially substituted trimethylsiloxy titanium es
ters. He studied the reaction of trimethylsilanol 
with tetraisopropoxytitanium. The reaction was 
reported to proceed as follows:
n(CH%,SiOH +  Ti(OC3H,)4 — J-

[(CH3)3SiO]„Ti(OC3Hv)4_„ +  «C JhO H  (4)

where n is 1, 2, or 4. The extent of the substitution 
may be controlled by the stoichiometry of the 
reactants used.

The condensation reaction of trimethylacetoxy
silane with tetrabutoxytitanium as reported by 
Andrianov and Ganina10 results not in the desired 
tetrakis(trimethylsilcxy)titanium but rather in

(1) This work was supported in part by the Office of 
Naval Research under Contract No. Nonr 2540(00).

(2) Hughes Research Laboratories, A Division of Hughes 
Aircraft Company, Malibu, Calif.

(3) W. D. English and L. H. Sommer,,/. A m .  C h em . S o c .,  
77,170(1955).

(4) V. A. Zeitler and C. A. Brown, J .  A m .  C h e m . S o c ., 
79,4616(1957).

(5) D. N. Dolgov and N. F. Orlov, Izv e s t . A k a d .  K a u k .
S .S . S . R . ,  O tdel. K h im  N a u k ,  1395 (1957), D o k la d y  A k a i l .  
N a u k S . S . S . R . ,  117, 617 (1957).

(6) K. A. Andrianov, A. A. Zhdanov, N. A. Kurasheva, 
and V. G. Dulova, D o k la d y  A k a d .  X a u k .  S . S . S . R . ,  112, 
1050(1957).

(7) D. C. Bradley and I. M. Thomas, C h a n , a t r l  h i d . ,  
17(1958).

(8) J. D. Danforth. J .  A m .  C h em . S o c ., 80, 2585 (1958).
(9) E . H. Takimoto and G. C. Denault, R e a c tio n s  o f  

A c e to x y s ila n e s  w ith  T e tra is o p ro p y l T ita n a te , Pacific South
west Regional Meeting of the American Chemical Society, 
Redlands, Calif., October 1958.

(10) K. A. Andrianov and T. N. Ganina, Z .  O bschei 
K h i m i i  S . S . S . R . ,  29, 605 (1959).
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solid infusible substances. Among the products 
characterized and reported were

(CH3COO)2 Ti—0 —Ti(OOCCH3)2

ITiO(OOCCH3)2‘4 and 0  O
CHsCOO | I

\ l  I
Ti—O—Ti(OOCCH3)2

/
(CH3)3SiO

These authors concluded that the basic reaction 
between trimethylacetoxysilane and tetrabutoxy- 
titanium resulted in the substitution of the butoxy 
group by acetoxy groups with the formation of 
cyclic structures.

Bradley and Thomas,11 on the other hand, 
obtained a 95% yield of the tetrakis(trimethyl- 
siloxy) titanium by the reaction of trimethylacetoxy
silane with tetraisopropoxytitanium; furthermore, 
they also found that the treatment of tetrakis- 
(trimethylsiloxy) titanium with trimethylacetoxy 
silane resulted in a solid product containing ace
toxy groups. Thus, the following reaction appears to 
take place readily:

\
—'Ti—OSi(CH3)3 +  (CH3)3SiOOCCH3 — >

\
—Ti—OOCCH3 +  [(CH3)3Si]20  (5)

It is apparent from this work that the use of an 
excess of the acetoxysilane would result in the de
struction of the trimethylsiloxy titanium derivative 
formed initially in the condensation reaction.

The apparent anomaly of the ester-interchange 
reaction reported by Andrianov and Ganina be
comes clear upon the re-examination of their ex
perimental procedures. These workers used a six 
to one molar ratio of trimethylacetoxysilane to 
tetrabutoxytitanium, whereas stoichiometry would 
require a ratio of four to one. In addition, the titan
ium orthoester was added to the acyloxysilane, 
and consequently the latter compound was in con
siderable excess at all times. Under these reaction 
conditions, then, it is expected that the formation of 
Ti—OOCCH3 compounds would be favored to the 
point of exclusion of tetrakis(trimethylsiloxy)tita- 
nium.

In the present study the findings of Bradley and 
Thomas have been confirmed. Under proper re
action conditions, the condensation of trimethyl
acetoxysilane with tetraisopropoxytitanium pro
ceeds smoothly to yield trimethylsiloxy titanium 
derivatives. By the control of the stoichiometry 
of the reaction as well as of the order of addition, 
the mono-, di-, tri-, and tetrasubstituted trimethyl
siloxy titanium esters have been produced in good 
yields.

(11) D. C. Bradley and I. M. Thomas, J . C h em . S u e .,  
3404(1959).

n(CH3)3SiOOCCHj +  Ti(OC3H7), — ^
[(CH3)3SiO]„Ti(OC3H7)4_„+ nC3H7OOCCH3 (6)

To obtain a high yield of the desired product, 
the purity of the starting materials is very impor
tant. Strict care must be taken to exclude moisture 
from the reaction mixture, as both the acyloxy
silane and the titanium esters are readily hy
drolyzed. In our later work on the synthesis of 
tetrakis(trimethylsiloxy)titanium, we found that 
cooling of the reaction mixture during the slow 
addition of the trimethylacetoxysilane and mini
mizing the subsequent period of heating resulted 
in an improved yield. The use of this modified 
procedure would probably give higher yields of the 
partially substituted trimethylsiloxy titanium es
ters than that reported here.

In analogy to the reaction of tetrakis (trimethyl
siloxy) titanium with trimethylacetoxy silane as 
reported by Bradley and Thomas, the treatment of 
the former compound with acetic anhydride was 
investigated. The use of acetic anhydride was of 
interest in our work on metalloxane polymers. 
Trimethylacetoxysilane was liberated with the 
formation of a white, solid product containing 
acetoxy groups. The reaction may be written as
\

—Ti—OSi(CH3)3 +  (CH3CO >>0 — >
/

\
—Ti—OOCCH3 +  CH3COOSi(CH3)3 (7)
/

and is analogous to the acetylation of (CTI3)3SiO— 
Ti with trimethylacetoxysilane.

E X PER IM EN TA L

M a te r ia ls . Trimethylacetoxysilane was prepared by the 
method of Schuyten12 using freshly distilled trimethyl- 
chlorosilane. A commercially available tetraisopropoxy
titanium was distilled and the product, boiling a t 89-91.°/
3-4 mm., nzD5 1.4608, was used.

T r im e th y ls i lo x y tr i i s o p r o p o x y t i la n iu m . Trimethylacetoxy
silane (13.2 g., 0.10 mole) was slowly added to 28.4 g. (0.10 
mole) of tetraisopropoxytitanium (rezDs 1.4630) in a flask 
equipped with a stirrer and an addition funnel. Drying 
tubes were used to protect the mixture from moisture. The 
addition of acetoxysilane caused the temperature of the 
mixture to rise. The contents of the flask were stirred for
1.5 hr. and the condensation by-product, isopropyl acetate, 
was then removed.

Fractionation of the residual material was carried out at 
reduced pressure to give 26.10 g. (93.1% yield) of product 
boiling at 91°/5 mm., ra2D5 1.4509.

A n a l .  Calcd. for C12H30O4SiTi: C, 45.85; H, 9.62. Found: 
C-, 45.80, H, 9.56.

B is ( tr im e th y ls i lo x y )d i i s o p r o p o x y t i ta n iw n . Trimethylace
toxysilane (132.0 g., 1.00 mole) was slowly added to 142.0 
g. (0.50 mole) of tetraisopropoxytitanium. A considerable 
amount of heat was evolved upon addition of the acetoxy
silane. The reaction mixture was stirred for 2 hr. and the 
isopropyl acetate was removed. The product (131.6 g., 76% 
yield) distilling a t 103°/9 mm., ??2D5 1.4378 was collected.

A n a l .  Calcd. for Ci2H320 4Si2T i: C, 41.85; H, 9.37. Found: 
C, 41.66; H, 9.22.

(12) H. A. Schuyten, J. W. Weaver, and J. D. Reid, J .  
C h em . S o c ., 69,2110(1947).
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T r is ( t r im e th y ls i lo x y ) is o p r o p o x y t i ta n iu m . Trimethylace- 
toxysilane (26.4 g., 0.20 mole) was treated with 19.0 g. 
(0.067 mole) of tetraisopropoxytitanium as described pre
viously. Isopropyl acetate was removed. Fractionation of 
the residual material yielded 16.3 g. (65.3% yield) of product 
boiling a t 107°/8 mm., n2D5 1.4321.

A n a l .  Calcd. for Ci2H 3i04Si3Ti: C, 38.49; H, 9.15. Found: 
C, 38.48; H, 9.08.

T e tr a k is { tr im e th y ls i lo x y ) ti la n iu m . This compound was 
prepared by the addition of 26.4 g. (0.20 mole) of trimethyl- 
acetoxysilane to 14.3 g. (0.05 mole) of tetraisopropoxyti
tanium. After isopropyl acetate was removed, fractionation 
of the reaction mixture gave 16.6 g. 82.5% yield of product 
distilling at 125°/8 mm., re2D5 1.4283.

A n a l .  Calcd. for C^IGO^i-iTi: C, 35.62; H, 8.98. Found: 
C, 35.42, H, 8.73.

R e a c tio n  o f  t e t r a k is ( tr im e th y ls i lo x y ) t i ta n iu m  w i th  a ce tic  
a n h y d r id e . Acetic anhydride (5.1 g., 0.05 mole) was added 
over a period of 10 min. to 10.1 g., (0.025 mole) of tetrakis- 
(trimethylsiloxy)titanium. The temperature of the reaction 
mixture rose from 28° to 51° during the addition, and a 
low boiling material was observed refluxing on the wall of 
the flask. The contents of the flask became increasingly 
cloudy and a viscous, opaque gel appeared after 15 min. 
After 30 min. the gel turned into a white solid. The reaction 
mixture was heated for 30 min. At this time the mixture 
consisted of two phases, a clear fluid and a white solid. Dis
tillation of the volatile material yielded 9.4 g. of the product 
boiling a t 102°, n™  1.3810. The infrared spectrum taken 
on the volatile product was similar to that of trimethyl- 
acetoxysilane. The white solid pot residue weighed 4.5 g. 
(Si, 10.7%; Ti, 13.8%).

H ughes R esearch  L aboratories
H ughes Aircra ft  C o .
C ulver  C ity , Ca l if .

The Preparation of i-Propyl Cyanomethyl 
Fumarate

P aul G. C am pbell and C harles  H. Schramm

R ece ived  M a y  2 , 1 9 6 0

In the course of the preparation of new vinyl 
monomers, a convenient synthesis for alkyl fum- 
aryl chlorides was developed. These acid chlorides 
served as intermediates for the preparation of 
various thiolfumarate esters and alkyl aryl fuma- 
rates via the Schotten-Baumann reaction.1 As 
there are numerous examples of the synthesis and 
polymerization of cyanomethyl esters of a,/3- 
unsaturated acids reported in the literature,2 it 
was thought that alkyl cyanomethyl fumarates 
might also have useful properties.

Generally, the cyanomethyl esters of 
unsaturated acids have been prepared by alcoholy

(1) P. G. Campbell, G. Sumrell, and C. H. Schramm, to 
be published.

(2a) D. T. Mowry, J .  A m .  C h e m . S o c ., 66, 371 (1944); 
(b) J. Harmon and C. J. Mighton, U. S. Patent 2,379,297 
[C hem . A b s tr . , 39, 5128 (1945)]; (c) D. T. Mowry, U. S. 
Patents 2,380,061 and 2,380,062 [C h em . A b s tr . , 40, 91 
(1946)]; (d) C. E. Rehberg, M. B. Dixon, and W. A. Fau- 
cette, J .  A m .  C h em . S o c ., 72, 5199 (1950); (e) G. F. D’Alelio, 
U. S. Patent 2,583,062 [C h em . A b s tr . , 48, 11806 (1954)];
(f) C. S. Marvel, e i a l., I n d .  E n g .  C h e m ., 47, 344 (1955).

sis of methyl or ethyl acrylates,2d the esterification 
reaction between an acyl halide and glycolo- 
nitrile,2a'b'c’f dehydrochlorination of the appro
priate ester with quinoline,20 and the reaction of 
an acyl halide, formaldehyde, and an alkali metal 
cyanide. 2a'° While Mowry was able to prepare 
a series of cyanomethyl esters by essentially a 
Schotten-Baumann reaction involving sodium cy
anide and an appropriate acyl halide, these deriva
tives of dibasic acid halides, including fumaryl 
chloride, were formed in insignificant yield by this 
method. Instead biscyanomethyl fumarate was 
prepared from fumaryl chloride and glycolonitrile 
in the presence of a tertiary amine. However, as 
previously mentioned, the Schotten-Baumann re
action had been used successfully with various 
alkyl fumaryl chlorides, and the reaction between 
¿-propyl fumaryl chloride, formaldehyde, and so
dium cyanide was undertaken. The yield of

(CHakCHOCf7

h

Hw \
O

i - C l

H +  NaOCH2CN — >

O

H (!—OCHsCNw
/  \

(CHs)2CHO—C H (31.7%)

I)
+

0

H I d -OCH,

Xc = c /

(CH.kCHO—< /  ' l l  (5%)

<5

¿-propyl cyanomethyl fumarate obtained was 31.7%. 
However, material of the empirical formula 
CgHtfCh was also formed. This was shown to be methjd 
¿-propyl fumarate by comparison with an authentic 
sample prepared from ¿-propyl fumaryl chloride 
and methanol in the presence of pyridine. The 
probable explanation for the presence of this by
product is the formation of methanol by the Can
nizzaro reaction involving formaldehyde in the 
alkaline sodium cyanide solution. The methanol 
could then compete for the available acyl halide.

EXPERIMENTAL

Boiling points are uncorrected. Unless otherwise indi
cated, distillations w'ere carried out through an 80-cm. 
Podbielniak-type column.

i - P r o p y l  f u m a r y l  ch lo rid e . A sample of crude i-propyl 
hydrogen maleate was prepared by warming a mixture 
of 0.5 mole each of maleic anhydride and i-propyl alcohol 
on the steam bath until a sirupy liquid resulted. To this
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mixture was added dropwise and with stirring, 0.6 mole of 
thionyl chloride. After the addition was complete, the mix
ture was gradually heated to 100°, in ca . 2 hr., and main
tained a t this temperature for an additional 4 hr. The amber 
colored mixture was fractionally distilled, yielding 41.2 g. 
(46.8%) of product at 87-89° (12 mm.), n™  1.4539.

A n a l .  Calcd. for Ct̂ CIO.,: C, 47.60; H, 5.14; Cl, 20.08. 
Found: C, 47.69; H, 5.30; Cl, 20.23.

i - P r o p y l  c y a n o m e th y l fu m a r a te . This compound was 
prepared by essentially the method of Mowrv.1 2* A mixture 
of 13.9 g. (0.17 mole as a 37% aqueous solution) of formalde
hyde, 8.4 g. (0.17 mole) of sodium cyanide, and 100 ml. of 
water was cooled to 5-10°. ¿-Propyl fumaryl chloride, 26.5 
g. (0.15 mole) was added dropwise and the mixture was 
allowed to stir overnight. The solution was extracted with 
ether and the combined ether extracts were washed with 
dilute sodium carbonate, dilute hydrochloric acid, and 
finally with water. After drying over Drierite, the material 
was distilled through a 15-cm. Vigreux column. The bulk 
of the distillate, 9.4 g., b.p. 112-113° (1.1 mm.), n2 4D5 1.4534, 
represented a 31.7% yield of the desired product.

A n a l .  Calcd. for C9H „N 04: C, 54.82; H, 5.62; N, 7.10. 
Found: C, 54.80; H, 5.75; N, 6.82.

However, in the forerun, there was obtained 1.3 g. of ma
terial of b.p. 40° (0.2 mm.), n ) f  1.4364.

A n a l .  Calcd. for C8H,20 4: C, 55.80; H, 7.03. Found: C, 
55.65; H, 7.15; N, 0.26.

M e th y l  i - p r o p y l  fu m a r a te . A mixture of 6 g. (0.18 mole) 
of methanol and 50 ml. of pyridine was cooled to 0°, 12.4 g. 
(0.07 mole) of ¿-propyl fumaryl chloride was added dropwise 
and the mixture was allowed to stir overnight. The solution 
was poured into ice water with stirring. The aqueous solu
tion was extracted with ether and the combined ether ex
tracts were washed with dilute hydrochloric acid and water. 
The material was fractionally distilled and 7.0 g. (63.4%) 
of product a t 98° (10 mm.), w2D5 1.4354 was obtained.

A n a l .  Calcd. for CsH^Ch: C, 55.80; H, 7.03. Found: C, 
55.91; H, 7.12.

The infrared spectra of this material and the above-men
tioned forerun were identical.

Acknowledgment. The authors wish to thank 
Alfred Foulds for the microanalyses, N. Kerschner 
for the infrared spectra, and C. F. Hartman for 
technical assistance in this work.

J. T. B a ker  C hem ical  Co.
P h illipsb u r g , N. J.

New Synthesis of Dibenzo[a,i]pyrene'

G uido II. D aub and M argaret  A. S mith 

R ece ived  M a y  5 ,  1 9 6 0

Recently Buu-Hol and Lavit reported a five-step 
synthesis of dibenzo[a,i]pyrene (I) from benzo-
[a]pyrene in approximately 1% over-all yield.2 
Previously, the synthesis of I has been reported 
by several workers by the reduction of dibenzo- 
[a,i]pyrene-5,8-quinone.3-6

(1) This investigation was supported in part by a re
search grant (C-1595) from the National Cancer Institute of 
the National Institutes of Health, U. S. Public Health 
Service.

(2) N. P. Buu-Hol and D. Lavit, T e tra h e d ro n , 8, 1 (1960).
(3) R. Scholl and H. Neumann, B e r ., 55, 118 (1922).
(4) E. Clar, B e r ., 72, 1645 (1939).

A new synthesis of I has been accomplished in 
7% over-all yield in this laboratory via 3-keto-
1,2,3,1 lb-tetrahydro-7H-meso-benzanthracene (II), 
an intermediate readily available from previously 
reported research.6’7 The ketone II was treated with
o-tolylmagnesium bromide and the resulting car
binol, III, was dehydrated with Lucas reagent and 
chromatographed on alumina. The red, oily 3- 
(o-tolyl)-l, 1 lb-dihydro-7H-?neso-b enzan th racene
(IV) (or isomers thereof) thus obtained was cyclo- 
dehydrogenated with palladium on charcoal to 
dibenzo[a,i]pyrene (I).

I l l  IV

EX PER IM EN TA L

S - H y d r o x y -3 - (o - io ly l) - l  ,2 ,3 ,1  lb - ie tr a h y d r o -7 H -m e s o -b e n z -  
a n th ra c e n e  (III). A solution of 4.68 g. (0.02 mole) of 3-keto- 
1,2,3,llb-tetrahydro-7H-?neso-benzanthracene (II) in 75 ml. 
of dry benzene was added dropwise over a period of 30 min, 
to a stirred ether solution of o-tolylmagnesium bromide pre
pared from 4.28 g. (0.025 mole) of o-bromotoluene. After 
refluxing for 1 hr. the reaction mixture was hydrolyzed with 
50 ml. of 10% hydrochloric acid. The organic layer was 
washed wTith water and dried over anhydrous sodium sulfate. 
Removal of the solvent left 3-hydroxy-3-(o-tolyl)-l,2,3,llb- 
tetrahydro-7H-raeso-benzanthracene (III) as a viscous 
brow n oil which failed to crystallize.

S - ( o - T o ly l ) - l  ,1 lb -d ih y d r o -7  H -m e so -b e n z a n th ra c e n e  (IV).
The crude carbinol, III , was dissolved in anhydrous ben
zene and refluxed for 90 min. with 30 ml. of Lucas reagent. 
The organic layer was washed with water and saturated 
sodium carbonate solution, dried over anhydrous sodium 
sulfate, and chromatographed on alumina. Removal of the 
solvent yielded 5.2 g. of the hydrocarbon IV as a light red 
oil.

D ib e n z o \a ,i] p y r e n e  (I). The hydrocarbon IV  was cyclo- 
dehydrogenated by heating with 0.78 g. of 10% palladium 
on charcoal a t 320-400° for 30 min. The crude hydrocarbon 
was sublimed from the reaction mixture a t 275° and 0.05 
mm. A toluene solution of the sublimate was chromato
graphed on alumina and concentration of the eluants 
yielded 0.42 g. (7% over-all yield from II) of dibenzo[a,i]- 
pyrene (I) as small yellow plates, m.p. 281.5-282.5° uncorr.

D epa rtm en t  of C hem istry
U n iversity  of N e w  M exico
Albu q u erq u e , N . M .

(5) N. P. Buu-Ho! and D. Lavit, R e c . T r a v . C h im ., 75, 
1194 (1956).

(6) G .  H. Daub and W. C. Doyle, J .  A m .  C h e m . S o c ., 74, 
4449 (1952).

(7) J. L. Adelfang and G. H. Daub, J .  A m .  C h em . S o c .,  
77, 3297 (1955).
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A Convenient Synthesis of 
Crystalline L-Threonolactone

J ames M. P e r e l  and P e t e r  G. D ayton

R ece ived  M a r c h  28 , I 9 6 0

Many attempts to obtain L-threonolactone have 
resulted in poor yields of crude, syrupy material 
which had to be characterized by derivatives.1'2 
Reichstein, Grussner, and Bosshard2 isolated l- 
threonolactone as the brucine and quinine salts, 
using acetone L-ascorbic acid as a starting ma
terial. Gatzi and Reichstein3 synthesized for the 
first time crystalline L-threonolactone directly 
from L-ascorbic acid in 32% yield. Subsequently, 
Gatzi and Reichstein,4 in degradation studies of 
3,o:4,6-di-0-ethylidene-L-glucitol, obtained very 
small yields of crystalline L-threonolactone. Later, 
Lucas and Baumgarten,5 upon reduction of l -  
threuronic acid, were unable to obtain crystalline 
L-threonolactone by the Giitzi and Reichstein3 
isolation procedure and had to characterize i t  as 
the brucine salt. Also, Micheel and Peschke,6 start
ing from L-threaric acid, obtained a poor yield 
of a syrup which, upon several months of standing, 
crystallized and was characterized as L-threono
lactone. Hardegger et a l.7 obtained crystalline 
L-threonolactone by direct oxygenation of l -  
ascorbic acid; in this and one other publication,8 
no yields were given.

The original method of Reichstein, et a l.2 has 
now been simplified, and crystalline material 
of purity higher than reported3’7 has been con
sistently obtained in better yield. L-Threonolactone

(1) E. Anderson, A m .  C henu  J . ,  42, 401 (19011). J. W. E. 
Glattfeld, A m .  C h em . J . ,  50, 135 (1913). J. W. K. Glattfeld 
and R. E. Hoen, J .  A m .  C h em . S o c ., 57, 1405 (1935). J. U. 
Nef, A n n . ,  403, 204 (1914). J. U. Nef, O. F. Hedenburg, 
and J. W. E. Glattfeld, J .  A m .  C h em . S o c ., 39, 1642 (1917). 
A. Wohl and F. R. Momber, R e r ., 50, 455 (1917). R. Weiden- 
hagen, H. Wegner, K. H. Lung, and L. Nordstrom, B er ., 
72B, 2010 (1939). F. Micheel and K. Kraft, Z .  P h y s io l .  
C h e m ., 216, 233 (1933). E. L. Hirst and R. J. W. Reynolds, 
S a tu r e ,  129, 576 (1932). E. G. Cox, E. L. Hirst, and R. J. 
W. Reynolds, S a tu r e ,  130, 888 (1933). R. W. Herbert, E. L. 
Hirst, E. G. V. Percival, R. J. W. Reynolds, and F. Smith, 
J .  C h em . S o c ., 1270 (1933). E. L. Hirst and E. G. V. Per
cival, N a tu r e , 131, 617 (1933). W. N. Haworth, E. L. Hirst, 
and F. Smith, J .  C h em . S o c ., 1556 (1934). K. Heyns, A n n . ,  
558, 177 (1947).

(2) T. Reichstein, A. Gnissner, and W. Bosshard, H clv . 
C h im . A c ta , 18, 602 (1935).

(3) K. Gatzi and T. Reichstein, H e b .  C h im . A c ta , 20, 
1298 (1937).

(4) K. Gatzi and T. Reichstein, H clv . C h im . A c ta , 21, 
186 (1938).

(5) H. J. Lucas and W. Baumgarten, J .  A m .  C h em . S o c ., 
63,1653 (1941).

(6) F. Micheel and W. Peschke, B e r ., 75B, 1603 (1942).
(7) E. Hardegger, K. Kreis, and H. El. Khaden, H elv . 

C h im . A c ta , 34, 2343 (1951).
(8) R. Pasternack and R. A. Patelski, U .S .  P a te n t 2,-

308,385 (1943).

was needed, in order to continue studies of the 
metabolism of L-ascorbic acid.9

EXPERIMENTAL

0 ,6 -O -I s o p r o p ’jIic le n e -l^a sco rh ic  a c id  was prepared from L- 
ascorbic acid and dry acetone in the presence of anhydrous 
cupric sulfate, m.p. 218-220°; yields of 95% can be ob
tained.10

P o ta s s iu m  3 ,í-0 - is o p ro p ¡ ilid e n e - ir - lh re o n a le  was prepared 
by a twenty-fold enlargement of the method of Reichstein, 
et a l .-  The 5,6-O-isopropylidene-L-ascorbic acid (86 g., 0.37 
mole) was dissolved in 2000 ml. of carbon dioxide-saturated 
water and was cooled to 0°, causing part of the sugar com
pound to precipitate. To the resulting suspension, a solution 
of potassium permanganate (84 g., 0.53 mole) and potassium 
carbonate (70 g., 0.51 mole) in 2400 ml. of water was added 
dropwise during 2-3 hr., with constant mixing, the reaction 
mixture being kept a t 0-5°. After reaction was complete (as 
noticed by lack of decolorization of the permanganate solu
tion), the mixture was heated to 50° to coagulate manganese 
dioxide, which was filtered off. Two milliliters of ethanol 
were added and the solution was again filtered. The filtrate 
was evaporated to dryness wdth a rotary evaporator a t 40°. 
The residue was extracted three to four times with 100-ml. 
portions of hot absolute ethanol, and solutions were pooled 
and evaporated i n  vacuo  to about 25 ml. Crystallization was 
induced by the addition of 3 ml. of cold acetone and, upon 
evaporation of the solvents, 62 g. (0.29 mole, 78% yield) of 
a pale yellow solid was obtained. For this synthesis, it was 
not necessary to recrystallize the crude compound, wdiich 
melted a t 148-150° (m.p. recrystallized material 158°).

l-T h r e o n o la c lo n e . A solution of 62 g. (0.29 mole) of the 
above potassium salt in 175 ml. of distilled water was 
passed through a 250 g. column of Amberlite IR-120(H), 
resin, analytical grade. The effluent and 300 ml. xvater wash 
were pooled, and the solution (pH 3—4) was evaporated to 
dryness i n  vacuo  a t 50°. The residue was dissolved in 200 ml. 
of hot absolute ethanol, and treated twice with 2.5 g. of ac
tivated carbon. Upon evaporation to dryness, 35 g. of a 
pale yellow syrup was obtained which was distilled as de
scribed by Giitzi and Reichstein.3 The first fraction, 8 g. of 
yellow, nonviscous syrup, distilled a t 100-130° (0.8 mm.); 
it had a sweet odor, and [a]”  +  10.3° (methanol, c 1.90). 
The main fraction distilled a t 145-150° (0.25 mm.) (some 
decomposition towards the end), and consisted of 18 g. 
(0.15 mole, 52% yield) of a pale yellow' syrup which rapidly 
solidified into a white crystalline material. The low boiling 
fraction, suspected to be the acetone derivative of L-threonic 
acid, when dissolved in 50 ml. of water, refluxed for 1 hr., 
and treated as above, gave about 4 g. of additional crystal
line L-threonolactone. This increased the yield to 65%. Upon 
recrystallizing from dry ethyl acetate and washing with 
anhydrous ether,3 16 g. of L-threonolactone melting at 66- 
71° was obtained11; phenvlhydrazide, m.p. 160-161°, 
[aIk1 +  52.5° (methanol, c 0.73): brucine salt, m.p. 209- 
210° dec., [a]“  -19 .7° (H20  c 1.92).

A small portion of the lactone, recrvstallized three more 
times, melted at 74-75°, [ad”  +  51.2 (methanol, c 1.54). 
Infrared (potassium bromide): 1775 c m r 1 (y-lactone), 3380 
cm ."1 (OH).

A n a l .  Caled, for C J ld h : G, 40.63; H, 5.16. Found: C, 
40.74; H, 5.37.

The compound gave a quantitative hydroxamic acid as-

(9) H. H. Horowitz and C. G. King, J .  B io l .  C h e m ., 200, 
125 (1953). J. J. Burns, J. Kanfer, and P. G. Dayton, J . B io l .  
C h e m ., 232, 107 (1958). P. G. Dayton, F. Eisenberg, and J. 
J. Burns, A r c h . B io c h c m . B io p h y s . , 81, 111 (1959).

(10 ) L. Von Vargha, N a tu r e , 130, 847 (1933). F. Micheel, 
and K. Hasse, B e r ., 69B, 879 (1936).

( I l  l About 2 to 3 g. of additional crystalline L-threonolac- 
tone can be obtained by distillation of the mother liquor.
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say for a glyconic acid lactone.12 The best physical constants 
previously reported are: L-threonolactone, m.p. 74-76°,8 
[“ Pd +  47.0° (methanol)3; phenylhydrazide, m.p. 161— 
161.5°, [«Id1 +  48.6° (methanol)1 2 3 4 3; brucine salt, m.p. 
209-210° dec., [a l2,,2 —19.3° (H20 ) .3 Despite the high melt
ing point given bjr Hardegger, et a l . ,7 these authors report 
[c*]d —27.0° (H20 ) for the brucine salt, indicating the pres
ence of optically active impurities; this suggests that the 
lower melting (65-68°) material obtained by Giitzi and 
Reichstein3 was purer.

Acknowledgment. The authors wish to thank 
Dr. J. J. Burns for his helpful suggestions and Mr. 
Julian Kanfer for the analyses.

T h e  R e s e a r c h  S e r v i c e

T h i r d  ( N e w  Y o r k  U n i v e r s i t y )  M e d i c a l  D i v i s i o n  

G o l d w a t e r  M e m o r i a l  H o s p i t a l  

N e w  Y o r k  17, N.Y.
T h e  L a b o r a t o r y  o p  C h e m i c a l  P h a r m a c o l o g y  

N a t i o n a l  H e a r t  I n s t i t u t e  

N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  

B e t h e s d a , M d.

(12) F. Lipmann and J. Tuttle, J .  B io l .  C h em ., 159, 21 
(1945).

Strong Analgesics. Some Ethyl 1-Alkyl-
4-phenylpiperidine-4-carboxylates

B i l l  E l p e r n , 1 P h i l i p  M .  C a r a b a t e a s ,

A l b e r t  E. S o r i a ,  a n d  L e o n a r d  G r u m b a c i i

R ece ived  M a y  5 , 1 9 6 0

Some time ago. it was shown,2 that when the N- 
mefhyl substituent of meperidine, ethyl 1-methyl-
4-phenylpiperidine-4-carboxylate hydrochloride, 
was replaced by lower alkyl groups the analgesic 
potency remained relatively constant although the 
toxicity gradually increased.

Recently it was reported3 that replacement of the 
iV-methyl substituent of meperidine by aralkyl 
groups other than benzyl gave compounds having 
significantly higher analgesic potency. It seemed of 
interest to us to see if relatively long alkyl groups 
would effect the same enhancement of analgesic 
potency.

Accordingly, analogs were prepared wherein the 
iV-methyl substituent was replaced by various rela
tively long chain alkyl groups, both straight and 
branched.

The alkylation of ethyl 4-phenylpiperidine-4- 
carboxylate was accomplished using either alkyl 
halides or toluenesulfonates.

The pharmacological evaluation of these com
pounds for analgesic potency by the Bass, Vander 
Brook modification4 of the D’Amour, Smith rat

(1) Present address: Cutter Laboratories, Berkeley, 
Calif.

(2) R. H. Thorp and E. Walton, J .  C h em . S o c ., 559 (1948).
(3) B. Elpern, L. Gardner, and L. Grumbach, J .  A m .  

C h e m . S o c ., 79,1951 (1957).
(4) W. B. Bass and M .  J. Vander Brook, J .  A m .  P h a r m .  

A sso c ., S c i .  E d . , 41, 569 (1952).

thermal stimulus method5 will be reported more 
fully elsewhere, but a brief summary can be 
given here. It is apparent that the substituent on 
the nitrogen of meperidine can be extended to 
at least nine carbons without loss of any analgesic 
potency; in fact, the compounds having straight 
chains and one of the branched chain compounds 
are more potent than meperidine itself.

EXPER IM EN TAL

E th y l  l - h e p ly l - f - p h e n y lp ip e r id in e - ’f-c a rb o x y la te  h yd ro ch lo 
r id e . A mixture of ethyl 4-phenylpiperidine-4-carboxylate 
hydrochloride (13.5 g., 0.05 mole), n-heptyl bromide 
(8.95 g., 0.05 mole), sodium carbonate (20 g.), and n-butyl 
alcohol (100 ml.) was refluxed with stirring for 24 hr. The 
solids were removed by filtration and a small piece of Dry 
Ice added to the filtrate to precipitate any secondary amine 
still present. The filtrate was then concentrated i n  vacuo  
on a steam bath and the residual oil taken up in ether. A 
small amount of precipitate was removed by filtration and 
ethereal hydrogen chloride was added to the filtrate. The 
product was collected and crystallized from ethyl acetate 
(150 ml.), then recrystallized from a mixture of benzene 
(65 ml.) and cyclohexane (65 ml.). There was obtained
14.3 g. (78.0%) of product, m.p. 146.4-149°.

2 -H e x y l-p - to lu e n e s u lfo n a te . 2-Hexanol (255 g., 2.5 moles) 
and pyridine (595 g., 7.5 moles) were stirred in an open 
beaker and cooled to 0°. p-Toluenesulfonyl chloride (858 
g., 4.5 moles) was added portionwise over 3 hr. a t such 
a rate as to keep the temperature a t about 15°. When the 
addition was completed, the reaction mixture was allowed 
to reach room temperature. The unchanged p-toluenesul- 
fonyl chloride was hydrolyzed by addition of 150 ml. of water 
and 200 ml. of pjTidine. After hydrolysis was completed, 
coned, hydrochloric acid was added, the aqueous layer w’as 
separated, and the organic layer was washed with water, 
dilute sodium bicarbonate solution, and water again. 
Traces of water were removed from the organic layer by 
heating a t 50-60° at reduced pressure, first with a water 
pump and then with a mechanical pump. There w'as ob
tained 533 g. (82%) of yellow' oil which was used without 
further purification.

E th y l  l- (3 -h c x y l) -4 -p h e n y lp ip e r id in e -4 -c a r b o x y la te .  M e th 
a n e  s u lfo n a te . Ethyl 4-phenylpiperidine-4-carboxylate hy
drochloride (1700 g., 6.3 moles) was dissolved in 2.5 1. of 
water. The solution was made basic with 35% aqueous 
sodium hydroxide, extracted with ether, the extract dried 
over anhydrous sodium sulfate, and concentrated to an oil.
2-Hexyl-p-toluenesulfonate (768 g., 3.0 moles) was added 
all a t once. The reaction mixture turned into a thick magma 
after stirring for 3 hr. at room temperature. Heating on the 
steam bath caused the mixture to liquify, then resolidify 
after 1 hr. Heating was continued for 1 hr. more and the 
mixture allowed to stand overnight. Three liters of water 
was added to the solid reaction mixture, which was heated 
on the steam bath until solution was complete. The cooled 
solution was extracted with ether several times. A 750-ml. 
portion of v'ater was added to the ether extracts and 252 
ml. of coned, hydrochloric acid added with cooling. In 15 
min. the product precipitated. After drying there was ob
tained 848 g. (80%) of ethyl 1-(2-hexvl)-4-phenylpiperidine-
4-carboxylatc hydrochloride, m.p. 162-164. A 1098-g. 
sample (3.1 moles) of the above hydrochloride was dissolved 
in 3 1. of water, made basic with 35% sodium hydroxide, and 
extracted with benzene. The extract was concentrated i n  
vacuo  and the oily residue dissolved in 250 ml. of isopropyl 
alcohol and 4 1. of ether. Methanesulfonic acid (328 g.,
3.41 moles) was added with cooling and stirring. The product

(5) F. E. D’Amour and D. L. Smith, J .  P h a rm a co l.
E x p t l .  T h e r a p ., 72, 74 (1941).
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TABLE I
E thyl 1-Alkyl-4-phenylpiperidine-4-carboxylates

CfiHl' \ / ' C00CiH5 
c h 2 c h 2

c h 2 ^ c h 2
N

R

R— Formula
Yield,

% M.P.
Carbon, % 

Caled. Found
Hydrogen, % 

Calcd. Found
Chlorine, % 

Calcd. Found Activityd

CH3(CH2)S— C20H 32ClNO2HCl 48.6 160.0-161.4 67.87 67.81 9.12 9.10 10.02 10.02 6.7
CH3(CH2)6— C21HmC1N02 HC1 78.0 146.4-149.0 68.54 68.40 9.31 9.26 9.64 9.49 3.3
CH3(CH2),— C22H36C1N02 HC1 68.4 137.0-138.0 69.16 69.44 9.50 9.09 9.28 8.99 4.0
CH3(CH2)8— C23H 3sC1NO.HC1 43.0 132.4-134.2 69.76 69.58 9.67 9.47 8.95 8.77 2.5
CH,(CH2)9— CmH íoCINO.-HCI 28.7 135.4-136.2 70.30 70.61 9.83 10.48 8.65 8.60 0
CH3(CH2)„—
c h 3

\

C26H«C1N02HC1 16.4 131.6-132.6 71.27 71.35 10.13 10 .0 1 8.09 8.16 0

CHCHîCHs—
/

C2Hö
CHa

\

c 20h 32c in o 2h c i 59.9 163.4-165.4 67.87 67.97 9.12 9.59 10.02 9.99 3.0

CH—
/

CiHj
C Ä

\
CH—

/
C Æ
c 2h 6

\

CmHsiN O / 68.8 120-122 60.97 61.01 8.53 8.56 7.75° 7.78 5.8

c 2,h 31c ix o 2-h c i 17.6 145.0-147.4 8.694 3 70 9.63 9.54 1.7

CH—
/

C3H7

Meperidine

c 20h 32c in o 2-h c i 35.6 179.6-182.6 9.044 8.95 10.02 9.99 0.23

1

0 Analyzed for sulfur. 4 Analyzed for oxygen. c B. C H 3 S O 3 H  salt. d Relative tc meperidine.

precipitated after a few minutes of stirring The product was 
collected, washed with ether and dried; yield 1089 g. (86%), 
m.p. 120- 122°.

A n a l .  Calcd. for C 20H 31N O 2 - C H 3 S O 3 H : C, 00.97; H, 8.53; 
S, 7.75. Found: C, 61.01; H, 8.56; S, 7.78.

Acknowledgment. We are greatly indebted to 
Messrs. M. E. Auerbach, K. D. Fleischer, and staff 
for the chemical analysis and to Miss L. Oona, 
Mrs. H. Lawyer, and Mrs. A. Pierson for technical 
assistance in the pharmacological evaluations.

Sterlin g -W in'th ro p  R esearch  I n st itu te ,
R en sse la er , N. Y.

TV- Substituted iV'-Phenylureas

C harles G. Sk in n e r  and  W illiam  S hive 

R ece ived  A p r i l  1 1 , 1 9 6 0

A factor which stimulated growth in mature 
carrot phloem cells has been identified as 1,3- 
diphenylurea.1 The possibility that other phenyl- 
urea derivatives might possess physiological activity

is suggested by the fact that various structural 
modifications of another plant growth factor, Kine- 
tin2 [6-(2-furfurylamino)purine], have been found 
to be effective in stimulating biological responses 
in a number of assay systems. For example, 
the furfuryl group of Kinetin can be replaced, with 
retention of biological activity, by phenyl-,3 
u-phenylalkyl-,4 w-cyclohexylalkyl-,6 and hetero- 
cyclicaminopurines.6 Accordingly, a number of 
substituted amines were condensed with phenyl- 
isocyanate to produce the corresponding iV-substi- 
tuted TV'-phenylureas. These compounds were 
subsequently examined in several biological assay 
systems. 1 2 3 4 5 6

(1) E. M. Shantz and F. C. Steward, J .  A m .  C h e m . S o c .,  
77, 6351 (1955).

(2 ) C. O. Miller, F. Skoog, F. S. Okumura, M. H. Von 
Saltza, and F. M. Strong, J .  A m .  C h e m . S o c ., 77, 2662
(1955).

(3) C. O. Miller, P la n t  P h y s io l . , 31, 318 (1956).
(4) R. G. Ham, R. E. Eakin, C. G. Skinner, and W. 

Shive, J .  A m .  C h e m . S o c ., 78, 264 (1956).
(5) C. G. Skinner, P. D. Gardner, and W. Shive, J .  A m .  

C h em . So c ., 79, 2843 (1657).
(6 ) C. G. Skinner and W. Shive, J .  A m .  C h e m . S o c ., 77, 

6692 (1955).
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TABLE I
A'-SUBSTITUTED A’ '-PHENYLUREASa

0

CiHs—NH—C—NH—R

Empirical Calcd. Found
R M .P .6 Formula C,% H,% N,% c,% H,% N,%

3-Phenylpropyl- 87- 90 C16H18N2O 75.56 7.13 75.30 7.03
4-Phenylbutyl- 107-110 C17H20N2O 10.44 10.44
5-Phenylpentyl- 98-100 C18H22N2O 76.56 7.85 9.92 76.11 7.87 10.00
7-Phenylheptyl-
(2-Methyl-2-

95- 96 C20H26N2O 9.02 8.89

phenyl)ethyl-
2-a-Naphthyl-

136-137 C16HiaN20 75.56 7.13 75.19 6.75

ethyl- 15^156 O19H18N2O 78.62 6.25 78.20 6.35
3-Cyclohexyl-

propyl-
6-Cyclohexyl-

112-113 C16H24N2O 73.80 9.29 73.66 8.90

hexyl- 117-120 C19H30N2O 75.45 10.00 9.26 74.35 9.83 9.34
2-Pyridylmethyl- 128-130 C13H13N3O 68.70 5.77 18.55 68.55 5.55 18.46
3-Pyridylmethyl- 103-105 C„H13N :,0 68.70 5.77 68.55 5.80
4-Pyridylmethyl- 134-136 CI3H13N3C) 18.50 18.88
2-Thenyl- 165-168 C12H12N2OS 62.04 5.21 12.06 62.01 5.24 1 2 .1 1
2-Furfuryl- 118-120 C12N12N202 66.65 5.59 12.96 66.77 5.79 13.04
3-Methoxypropyl- 248-249 C11H16N202 13.45 13.23

a The authors are indebted to Mr. B. S. Gorton for technical assistance with some of these syntheses. 6 M.p. are uncor
rected.

The various IV-substituted A'-phenylureas were 
prepared through the usual procedure by condens
ing the appropriate amine with phenylisocyanate 
under anhydrous conditions as indicated in the 
accompanying equation, and were obtained in 
essentially quantitative yields. Some physical

RNH, +  C Jfi—N = C = 0  — >- CJLNHCONHH

properties and analytical data for the previously 
unreported derivatives which were prepared are 
summarized in Table I.

Because of the limited solubility of many of these 
jV-substituted A'-phenylureas in water, most of 
the biological assays were carried out using a sat
urated aqueous solution of the compound as the 
highest concentration tested. The biological systems 
studied included an attempt to (a) augment the 
rate of lettuce seed germination,7 (b) inhibit hydra 
tentacle regeneration,8 (c) inhibit the growth of 
Escherichia coli, and (d) augment the growth 
inhibition of 2,4-diamino-6,7-diphenylpteridine in 
Lactobacillus arabinosus.9 Under the testing condi
tions cited in the references, representative members 
of each of the homologous series of 6-substituted 
purine derivatives possessed a significant biological 
response; however, none of the A-substituted 
A'-phenylurea analogs were found to be appreciably 
active in any of these assay sj’stems. Recently,

(7) C. G. Skinner, J. R. Claybrook, F. D. Talbert, and W. 
Shive, P la n t  P h y s io l . , 32, 117 (1957.)

(8 ) C. G. Skinner, W. Shive, R. G. Ham, D. C. Fitz
gerald, Jr., and R. E. Eakin, J .  A m .  C h e m . S o c ., 78, 5097
(1956).

(9) E. M. Lansford, Jr., C. G. Skinner, and W. Shive,
A r c h . B io c h e m . B io p h y s . , 73, 191 (1958).

these compounds were also tested for their ability 
to stimulate growth in carrot tissue, and no signifi
cant growth-promoting effects were observed; 
in contrast, several of the corresponding 6-substi
tuted aminopurines were active in this test system.10 1 2 3 4 *

C layton F oundation  B iochem ical I n stitu te  
and th e  D epa rtm en t  of C hem istry  

T h e  U n iversity  of T exas 
A ustin  12, T e x .

(10) The authors are indebted to Dr. E. M. Shantz, Cor
nell University, for a preliminary report of these data.

The Mechanism of the A,A-Dichloro-sec- 
alkylamine Rearrangement

G. H. A l t  a n d  W. S. K n o w l e s  

R ece ived  A p r i l  7 , 1 9 6 0

In recent papers1'2 on the rearrangement of N,N- 
dichloro-sec-alkylamines to a-amino ketones Baum- 
garten and coworkers visualize a mechanism similar 
to that proposed by Cram and Hatch3’4 for the 
Neber rearrangement of oxime tosylates. A key 
intermediate in this reaction sequence is the de- 
hydrohalogenation of the A,A-dichloroamine to

(1) H. E. Baumgarten and F. A. Bower, J. Am. Chem. 
Soc., 76,4561 (1954).

(2) H. E. Baumgarten and J. H. Petersen, J. Am. Chem. 
Soc., 82,459(1960).

(3) D. J. Cram and M. S. Hatch, J. Am. Chem. Soc., 
75,33(1953).

(4) M. S. Hatch and D. J. Cram, J. A m .  C h em . Soc.,
75,38(1953).
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the Ar-chloroimine. The A'-chloroimme being iso- 
electronic with the oxime tosylate can then undergo 
closure to an azirine intermediate, evidence for 
which has already been presented.2 Positive evi
dence that the iV-chloroimine is an intermediate 
is now si

n  c

N 

i

Treatment of iV,Ar-dichlorocyclohexylamine, I, 
with potassium acetate in ethanol at the reflux 
temperature gave Af-chlorocyclohexylimine, II,5 6'6 
as a colorless liquid. The compound was character
ized by its infrared spectrum, elemental analysis 
and by its conversion to cyclohexanone on hydroly
sis with aqueous acid. Treatment of II with one 
mole of sodium methoxide in absolute methanol 
gave an excellent yield of 2-aminocyclohexanone, 
III, isolated and characterized by its conversion 
to 1,2,3,4,6,7,8,9-octahydrophenazine, IV.7 * 1959 1960

The conversion of II to III with one mole of 
base proceeds at least as well as the conversion of 
I to III with two moles of base, so that- the N- 
chloroimine II appears to be an intermediate in 
the Ar,A’-dichloro-sec-alkylamine rearrangement.

dinitrophenylhydrazine reagent and on cooling cyclohexa
none 2,4-dinitrophenylhydrazone, m.p. and mixture m.p. 
160-162° crystallized.

R e a rr a n g e m e n t o f  N -c h lo r o c y c lo h e x y lim in e . A solution of
1.0 g. (0.0075 mole) of .V-chlorocyclohexylimine in 20 ml. of 
methanol was treated with 8 ml. of a l.OAf solution of sodium 
methoxide in methanol a t the reflux for 1 hr. The solution 
was cooled and 30 ml. of dry ether added. The sodium chlo
ride produced was fibered and amounted to 410 mg. (92%). 
The ethereal solution was extracted with 3 X 70 ml. of 10% 
hydrochloric acid and with water. The combined aqueous 
extracts were heated on the steam bath for 15 min., 30 ml. 
of 50% sodium hydroxide solution and 5 ml. of 30% hy
drogen peroxide were then added, and the heating was con
tinued for a further 15 min. The reaction mixture was cooled 
in ice and the precipitate filtered. The solid was recrystallized 
from acetone giving 530 mg. (74%) of 1,2,3,4,6,7,8,9- 
octaliydrophenazine, m.p. 108-109°; mixture melting 
point- with an authentic sample7 was not depressed.

A c k n o w le d g m e n t. The authors are indebted to 
Dr. B. Katlafsky for the interpretation of the in
frared spectra.

O r g a n i c  C h e m i c a l s  D i v i s i o n

St . Louis R e s e a r c h  D e p a r t m e n t

M o n s a n t o  C h e m i c a l  Co.
St. L o u i s ,  M o .

Three 2- FluoroalkyI-5-nitrofurans

W i l l i a m  R .  S h e r m a n ,  M o r r i s  F r e i f e l d e r , 

a n d  G e o r g e  R .  S t o n e

R ece ived  M a y  5 ,1 9 6 0

EXPERIMENTAL

N -C h lo r o c y d o h e x y l im in e . To a solution of 25 g. (0.25 
mole) of potassium acetate in 130 ml. of absolute ethanol 
a t the reflux temperature was added dropwise over a period 
of 30 min. 16.8 g. (0.1 mole) of A,iV-dichlorocyclohexyl- 
amine.1 The reaction mixture was heated for a further 3 
hr., cooled to room temperature and 200 ml. of ether and 100 
ml. of benzene added. The ethereal solution was washed 
with 3 X 100 ml. of water, then with 3 X 50 ml. of 2N  
hydrochloric acid and again with water. The solvent layer 
was dried with calcium sulfate and the solvent removed at 
room temperature under vacuum. The residue consisted 
of 13 g. of an oil which was submitted to vacuum distillation 
through a column a t 3 mm. of mercury. After a small fore
run, the product distilled at 53-54°. The product was re
distilled to give 7.5 g. (57%) of TV-chlorocyclohexylimine, 
b.p. 36°/1.5 mm., re2̂  1.5056. The infrared spectrum showed 
absorption due to C = N  a t 1612 cm.-1, probably displaced 
from its normal position because of the c.dorine.

A n a l .  Calcd. for C6H i0C1N: C, 54.75; H, 7.66; Cl, 26.94;
N, 10.65. Found: C, 54.92; H, 7.82; Cl, 26.68; N, 10.53.

A c id  h y d r o ly s is  o f  N -c h lo r o c y c lo h e x y lim in e . A solution of
O. 2 g. of .V-ehlorocyclohexylimine in acueous ethanol was 
heated on the steam bath with 1 ml. of coned, hydrochloric 
acid for 30 min. The reaction mixture was treated with 2,4-

(5) S. Reid and D. Sharpe of Centra. Research Labora
tories, Monsanto Chemical Company, Dayton, Ohio (pri
vate communication) have also prepared this compound by a 
different method.

(6) U. S. Patent 2,894,028 claims the preparation of this 
compound as a crystalline solid, m.p. 20°, by the action of 
chloramine on cyclohexanone; however, no analysis is given 
and in our hands the compound failed to crystallize.

(7) P. A. S. Smith, J .  A m .  C h em . S o c ., 70, 323 (1948).

In an excellent series of papers1 sulfur tetra- 
fluoride has recently been introduced as a unique 
fluorinating agent. By means of this reagent alde
hydes and ketones are readily converted to g e m -  
difluoro compounds and carboxylic acids to tri- 
fluoromethyl derivatives. Using sulfur tetrafluoride 
we have been able to obtain three 2-fluoroalkyl-5- 
nitrofurans. This type of nitrofuran has not 
previously been reported. Thus sulfur tetrafluoride 
reacted with 5-nitro-2-furaldehyde to form 2- 
difluoromethyl-5-nitrofuran, with 2-acetyl-5-nitro- 
furan to give 2-(a,a-difluoroethyl)-5-nitrofuran, 
and with 5-nitro-2-furoic acid to produce 2-tri- 
fluoromethyl-5-nitrofuran.

All of the fluoroalkylnitrofurans had antibacte
rial activity. The most active member of the group 
was 2-difluoromethyl-5-nitrofuran. In a two-fold 
agar dilution test2 this compound completely 
inhibited the growth of E s c h e r ic h ia  c o li and S a l 
m o n e lla  t y p h im u r iu m  at a concentration of 6 meg. 
per ml., S ta p h y lo c o c c u s  a u r e u s  at 12 meg. per ml. 
and P r o te u s  v u lg a r is  at 25 meg. per ml.

(1) W. C. Smith, et. a l .,  J .  A m .  C h e m . S o c . 81, 3165
(1959) ; C. W. Tullock, e t. a l., J .  A m .  C h e m . S o c ., 82, 539
(1960) ; W. R. Hasek, et. a l., J .  A m .  C h e m . S o c ., 82, 543
(I960); W. C. Smith, et. a l., J .  A m .  C h e m . S o c ., 82, 551 
(I960;.

(2) Carried out by R. J. Otto and staff of Abbott Labora
tories.
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EXPERIMENTAL3

2 -T r i f lu o r o m e lh y l-B -n i tr o fu r a n . 5-Nitro-2-furoic acid (15.7 
g., 0.1 mole) was placed in a 183 ml. stainless steel bomb, 
which was sealed and cooled in an acetone-Dry Ice bath. 
After evacuation to about 0.3 mm. pressure, the vessel 
was charged with sulfur tetrafluoride4 (43 g., 0.4 mole). 
After allowing the mixture to warm to room temperature, 
the reactor was heated to 120° for 7 hr. under autogenous 
pressure. Following the reaction the cooled bomb was 
vented and the oily residue taken up in chloroform. The 
chloroform extract was washed w-ith sodium carbonate 
solution followed by water, then dried and the solvent 
removed. The residual oil was fractionally distilled to give 
5.47 g. of a light yellow liquid with a camphor-like odor, 
b.p. 108° (102 mm), ?i2 3D5 1.4368. When the sodium carbonate 
extract was neutralized with acetic acid and cooled, 3.5 g. 
of the sodium salt of 5-nitro-2-furoic acid (explodes at 
247°) was obtained. Based on recovered starting material 
the vield of pure trifluoromethyl compound was 37%.

A n a l . Calcd. for C5H2F3N 0 3: C, 33.16; H, 1.11; N, 7.74. 
Found: C, 33.39; H, 1.39; N, 7.60.

2 -D if lu o r o m e th y l-5 -n i tr o fu r a n . Sulfur tetrafluoride (42 g., 
0.39 mole) was added to 5-nitro-2-furaldehyde (26.4 g., 
0.187 mole) in the manner described above. After heating 
for 8 hr. a t 65°, the bomb was cooled and vented. The residue 
was worked up as before and distilled to provide 6.7 g. of the 
difluoromethyl compound, b.p. 96-98° (13 mm), '3 
1.4910-1.4922 and 6.2 g. of starting nitrofuraldehyde. Based 
on recovered starting material the yield was 28%.

A n a l .  Calcd. for C6H3F2N 0 3: C, 36.82; H, 1.85; N, 8.59. 
Found: C, 36.88; H, 1.99; N, 8.56.

2 - (a ,a - D i f lu o r o e th y l ) -5 - n i t r o fu r a n . A mixture of 2-acetyl-
5-nitrofuran (31 g., 0.2 mole) and water (1 ml.) was charged 
with sulfur tetrafluoride (63.0 g., 0.575 mole) as described 
above. The addition of water was necessary in order to 
generate hydrofluoric acid to catalyze the reaction. After 
heating at 75° for 10 hr., the reaction was worked up in the 
usual way to give 8.9 g. (25%) of the difluoroethyl derivative 
b.p. 58-60° (0.5 mm.), n 2̂  1.4717. When the reaction was 
carried out a t 55-60° for 10 hr., the yield was increased to 
34%.

A n a l .  Calcd. for C6H5F2NO.,: C, 40.68; H, 2.84; N, 
7.91. Found: C, 40.81; H, 3.09; N, 7.98.

In an attem pt to prepare the difluoroethyl compound 
by carrying out the reaction with catalyst at 40° for 10 hr. 
only starting ketone was recovered, in 70% yield. When the 
reaction was run a t 75° for 10 hr. in the absence of catalyst, 
starting material was again recovered, this time in 50% 
yield. At 110° only tars were formed.

O r g a n i c  C h e m i s t r y  D e p a r t m e n t

R e s e a r c h  D i v i s i o n , A b b o t t  L a b o r a t o r i e s

N o r t h  C h i c a g o , III .

(3) Boiling and melting points are uncorrected. Analyses 
were carried out b3r E. F. Shelberg and staff of Abbott 
Laboratories.

(4) Purchased from E. I. du Pont de Nemours anti Com
pany.

Novel Synthesis of Heterocyclic Ketones

W i l l i a m  C .  A n t h o n y  

R ece ived  M a r c h  8 , 1 9 6 0

The introduction of an aldehyde function into 
aromatic (I)1 and heterocyclic (II)2 compounds

(1) Org. S y n th e s e s , Coll. Vol. I ll, 98 (1955).

I II

by use of phosphorus oxychloride and methyl 
formanilide or dimethylformamide has been de
scribed in the literature. In this paper we report 
the introduction of a ketone function into certain 
indoles and pyrroles by means of phosphorus 
oxychloride and the appropriate amide. The com
pounds which were prepared by this method are 
listed in Table I. All attempts to acylate d-ethoxy- 
naphthalene, thiophene, dimethylaniline, and fluo- 
rene by this method failed.

It has been stated1 that only one replaceable 
hydrogen on the aromatic system is necessary for 
the reaction with formamides to proceed. Smith3 
has applied this procedure to the preparation of 
indole-3-carboxaldehyde. He isolated and char
acterized the intermediate III and proposed a re
action mechanism which would require two 
replaceable hydrogens on the nucleophile.

H

III

In the course of our investigation of indole and 
pyrrole ketone formations, we have found that an 
indole compound (IV) with only one replaceable 
hydrogen, is also convertible into a ketone. With 
such a starting material, an intermediate similar 
to III is not possible.

R = ethyl

The following reaction scheme may apply to 
acylations of indoles and pyrroles which contain 
either one or two replaceable hydrogens:

POCl2+ (CH3)2N - C - R ' 

0

R
IVa

©
(ch3)2n = c -R' c r

0 -P O C l2
V

(2) E. Campaigne and W. L. Archer, J .  A m .  C h em . S o c ., 
75, 989 (1953).

(3) G. F. Smith, J .  C h em . S o c ., 3842 (1954).
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TABLE II
A b s o r p t i o n  S p e c t r a  o f  N e w  C o m p o u n d s  P r e p a r e d

Compd.
No. Infrared, cm.-1 Ultraviolet, m/i ( J ) 9 5 %  ethanol

4 NH (3085); C = 0  (1595); amide vinylog (1565); C = C  (1515, 
1490); aromatic (747, 713, 697)

313 (12,000); 263 (10,550); 247 (15,075); 
303 (14,325); 260 (10,975); 243 (15,400); 
206 (47,935)

7 NH (3140); C = 0  (1592); C = C  (1574, 1560, 1527, 1483); C—N 
(1270, 1205, 1128, 1058, 990); aromatic (795, 752, 740, 720)

302 (10,300); 270 (9,525); 244 (10,675); 216 
(29,300)

8 NH (3150, 3080sh); 0 = 0  (1592); C = C  (1573, 1523, 1485); 
C—N (1173, 1147, 973); aromatic (785, 751, 747, 735)

301 (10,725); 269 (9,900); 244 (11,675); 216 
(29,600)

9 NH (3280); 0 = 0  [(plus C = C ) 1613]; C = C  (1585,1573,1485); 
vinylog (1520); C—N (1267, 1172, 1110); aromatic (757, 738, 
728, 700)

303 (11,800); 269.5 (10,375); 245 (11,975); 
216 (31,000)

10 NH (3230); C = 0  (1625, 1610); C = C  (1580 sh., 1532, 1492); 
C—N (1260, 1178, 1052); aromatic (757, 743, 728)

301 (11,450); 268 (10,600); 243 (12,850); 
215 (29,400)

13 (a) NH/OH (absent); C = 0  (1687); C = C  (1615, 1357); aro
matic (13070); (748, 740sh, 713, 677); other bonds (1430,1408, 
1310, 1250, 1240, 1160, 1073)

(b) NH/OH (3200); 6m region (1680sh, 1655sh, 1625, 1610sh, 
1545sh); other bonds (1131, 1107, 1050, 920, 750)

431 (2,113); 308 (12,650); (16,375); 274 
(15,010); 212 (13,547)

433 (357); 292 (16,269)

R
VIII

R = Hor alkyl 
R ' = alkyl or aryl

A comparison between the behavior of pyrrole 
and other systems such as /3-ethoxynaphthalene in 
this type of acylation reaction is informative. Al
though the latter form only aldehydes, the former 
give both aldehydes and ketones. Furthermore, 
intermediates such as III have been isolated in the 
synthesis of compounds containing a pyrrole nu
cleus but not with other systems. Even in the acety
lation of indoles and pyrroles with V/V-dimethyl- 
carboxamides, a water soluble compound is formed 
when water is added to the reaction mixture. 
This fact lends support to the intervention of 
intermediates such as YII in the reaction sequence. 
The counterpart of this intermediate in reactions 
such as the formylation of /3-ethoxynaphthalene 
would be Vila. Unlike VII, which probably is

sufficiently stabilized by resonance to permit its 
detection, Vila may be expected to hydrolyze 
much more rapidly. The failure of /3-ethoxynaph- 
thalene to acetylate with Ar,iV-dimethylacetamide 
is attributable to the relatively low nucleophilicity 
and higher steric requirements in the former 
compound.

When this work was essentially complete the 
existence of German Patent 614,326 was brought 
to our attention. This patent claims the preparation 
of l-methyl-3-p-chlorobenzoylindole using p-chloro- 
benzanilide and 1-methylindole. We applied the 
German procedure to the preparation of 3-acetyl- 
indole and found that the procedure reported in 
this paper is superior to the patented method as 
the yields were much better and the isolation and 
purification of the product was simpler. In addi
tion, considerably less time is required to obtain 
the product.

In the course of these experiments some interest
ing chemical and physical properties of the indolic 
ketones were observed. It was found that when a 
carbonyl group is attached to the indole nucleus 
in the 3-position, the 1-position can be readily 
alkylated with an alkyl halide and potassium 
carbonate.4 5 When the side chain of the indole ke
tone was branched, V-alkylation could not be 
achieved under these mild conditions, but could 
be achieved using much stronger basic conditions.6

In the ultraviolet region an alcoholic solution of 
a 1-unsubstituted 3-acyl indole exhibits a new 
maximum at 332 m/i in the presence of alkali which 
is an indication of the degree of enolization. When 
the 2-position is substituted, branching in the side 
chain lowers the intensity at this wave length until

(4) W. B. Whalley, J .  C h em . S o c ., 1651 (1954).
(5) Hans Plieninger, B e r ., 87, 127 (1954).
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TABLE III
U l t r a v i o l e t  A b s o r i t i v i t y  o f 0

0
II

H

Compd. a« K O H /aM
No. R R ' aM Neutral aM KOH neutral

5 H —c h 3 483 4750 13.95
2 H —c h 2c h 3 216 2435 11.25
6 —CHS —CIL 515 1275 2.48

10 -  CH=
/C fL

—O U C H ; 781 1334 1.71
x c h 3

7 —c h 3 —C—(CH3)3 1225 1700 1.38
ID H —c h 3 1071 1047 0.98

“ (Table I) a t 332 m u  (e) in 95% éthanol and in 0.0LV 95% ethanolic potassium hydroxide. b The compound has a 1-ethyl 
substituent.

it approaches the value observed in neutral solu
tion as shown in Table III.

The difference in ease of alkylation of the ke
tones in Table III can be explained on the basis 
of differences in the degree of steric inhibition of 
resonance for the various compounds and their 
respective anions.

+ BH

The value of K depends on the size of R and 
R'. If R and R ' are large, then XI is destabilized 
relative to IX since all the groups cannot become 
coplanar. Thus the acyl indole becomes a weaker 
acid, and the value of K is diminished. As a result, 
a stronger base is needed to effect alkylation. The 
ultraviolet absorption data of Table III supports 
this contention.

EXPERIMENTAL6'7

The necessary amides which were utilized in this investiga
tion were obtained commercially or were prepared according 
to literature procedures and used in their crude state. The 
ketones were prepared essentially as described in the follow
ing examples.

B -B e n zy lo x y -3 -a c e ty lin d o le  (I). An 18-rr.l. sample of N , N -  
dimethylacetamide was cooled to 5° and 7.0 ml. (0.072 
mole) of phosphorus oxychloride was slowly added keeping 
the temperature below 20°. After the addition was complete, 
a solution of 12.5 g. (0.056 mole) of 5-benzyloxyindole and

(6) All melting points were taken by capillary and are 
uncorrected.

9 ml. of X,X-dimethylacetamide was slowly added keeping 
the temperature below 40°. The mixture was heated to 87° 
for 2 hr. and allowed to cool. The red mass was dissolved in 
water and extracted with ether. The water solution was made 
basic with sodium hydroxide and filtered. The solid was 
washed well with water, refluxed in alcohol containing 
Darco “60” and filtered. Upon cooling the solution deposited
10.5 g. (71%) of product, m.p. 189-190°. This solid caused 
no depression in melting point when mixed with an authentic 
sample (see Table I, footnote a ) .

3 -B e n z o y lin d o le  (4). A mixture of 14 ml. (0.15 mole) of 
phosphorus oxychloride, 36 g. (0.24 mole) o: A%V-dimethyl- 
benzamide and 13.0 g. (0.122 mole) of indole was heated 
to 84° for 2 hr., cooled, and dilute sodium hydroxide was 
added. The mixture was stirred until a fine suspension was 
obtained and then filtered. The solid was thoroughly ex
tracted with alcohol to yield 13.5 g. (51%) of product, m.p. 
241-243.5°.

R e a c t io n  o f  p y r ro le  a n d  N , N ,.V' ,N '- te tr a m e th y lm a lo n a m id e  
(13). A 93-g. (0.57 mole) sample of phosphorus oxychloride 
was slowly added to 47.4 g. (0.3 mole) of N , N , N ' , N ' -  
tetramethylmalonamide at 10-20°. The mixture was cooled 
to 10° and 20.1 g. (0.3 mole) of pyrrole was slowly added 
keeping the temperature below 45°. After the addition was 
complete the mixture was heated over 45 min. to 55-60°. 
The mixture was maintained a t this temperature for 30 
min., then cooled and poured into ice water. The solution 
was made basic with sodium hydroxide and filtered. The 
solid (7.9 g.) was washed well with water and dried. The 
solid was shaken twice with 300 ml. of ether and filtered. 
The ether solution was concentrated yielding 3.5 g. of 
residue. After three recrystallizations from benzene com
pound no. 13a was obtained, m.p. 143-144°.

The original basic solution was extracted with ether for 24 
hr. and concentrated yielding 16.2 g. of an oil. The oil was 
dissolved in ether, with a trace of ethyl acetate, and treated 
with anhydrous hydrogen chloride. The precipitate was 
washed with ether until free of acid and then treated with 
potassium hydroxide solution. The mixture was extracted 
with ethyl acetate. Concentration of the organic layer

(7) The author wishes to express his appreciation to 
Drs. Jacob Szmuszkovicz and R. V. Heinzelman of our 
Department of Chemistry for their helpful discussions and 
advice in this work and to Professor D. J. Cram of the 
University of California, Los Angeles, for his criticisms of 
and assistance in preparing this paper. The author is also 
indebted to Dr. J. L. Johnson and associates for spectral 
data and Mr. W. A. Struck and staff for analytical deter
minations.
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yielded an orange colored oil. A sample of the oil was dis
tilled at 154°/1 mm. to yield compound no. 13b.

S u p p o r t in g  ev idence  f o r  slruc tx ire  1 3 a . A 0.003-mole sample 
of 13a was dissolved in one equivalent of 0.1 N  hydro
chloric acid. After 30 min. bubbles appeared and the solu
tion began to decolorize. After 2 hr. the colorless solution 
deposited 2-acetylpyrrol, m.p. 91-92°, in quantitative yield.

R e s e a r c h  D i v i s i o n

T h e  U p j o h n  C o .

K a l a m a z o o ,  M i c h .

Ilalogenated Aminobenzaldéhydes and 
Aminostyrylquinolines1

C a r l  T a b b  B a h n e r ,  W i l l i a m  C h a p m a n ,  C l a r e n c e  C o o k ,  

O a k l e t  C r a w f o r d , C h a r l e s  H a n n a n ,  N o r v e l l  H u n t ,

L y d i a  M. R i v e s , W a r r e n  Y e e ,  a n d  W i l l i a m  E a s l e y

R ece ived  A p r i l  11 , 1 9 6 0

4-(4'-Dimethylaminostyryl) quinolines bearing a 
halogen atom on the benzene ring of the quinoline 
portion of the molecule have been prepared from 
halogen substituted anilines.2 Additional halogen- 
ated styrylquinolines listed in Table I have been 
prepared, for testing against animal tumors at the 
Chester Beatty Research Institute. The presence of 
a bromine atom usually seems to make the com
pounds less toxic and less active against tumors. 
Chloride atoms have similar but smaller effect and 
fluorine atoms have even less effect, but even a fluo
rine atom in the 2' position reduces biological ac
tivity sharply. The ratio of maximum tolerated 
dose to minimum effective dose is not necessarily 
greatest in the most potent compounds and the 
position of the halogen atom makes a great deal of 
difference.

EXPERIMENTAL

The 2-chloro-, 2-Êuoro-, 3-fluoro-, and 2,5-difluorobenz- 
aldehvdes were prepared from the corresponding halo- 
dimethvlanilines by the method of Campaigne and Archer.3
3-Bromo- and 3-chlcro-4-dimethylaminobenzaldehyde were 
prepared by halogénation of 4-dimethylaminobenzaldehyde.4 
Attempts to prepare 3,5-dibromo- and 3-chloro-5-bromo- 
dimethylaminobenzaldehyde by treatment of the monohalo 
compounds with bromine in glacial acetic acid produced 
crystalline products which seemed to be perbromide hydro-

(1) The research was supported in part by grants from the 
American Cancer Society and the National Cancer Institute. 
Some of the compounds described were prepared in the 
laboratories of the Chester Beatty Research Institute. A 
portion of this paper was presented a t the Southeastern 
Regional Meeting, ACS, at Raleigh, N. C., in November 
1957.

(2) C. T. Bahner, C. Cook, J. Dale, J. Fain, E. Franklin, 
J. C. Goan, W. Stump, and J. Wilson, J .  O rg . C h e m ., 2 2 , 
682 (1956).

(3) E. Campaigne and W. L. Archer, O rg a n ic  S y n th e s e s ,  
33, 27 (1953).

(4) D. L. Brady and R. Truskowski, J .  C h em . S o c ., 2434 
(1923).

bromides of the monohalo compounds. Heating these crystals 
3 hr. a t 110-130° formed crystalline substances whose com
position corresponded to 3,5-dibromo-4-aminobenzaIdehyde 
and 3-chloro-5-bromo-4-aminobenzaldehyde. The loss of 
the alkyl groups from the dialkylamino group was less sur
prising in view of Fries5 report that 2,4,6-tribromo-N,iV- 
dimethylaniline perbromide hydrobromide on treatment 
with water in glacial acetic acid formed 2,4,6-tribromo-A7- 
monomethylaniline. Molecular models indicate that the 
crowding of large groups at the amino end of the molecule 
would produce severe strain, and that even a single bromine 
or chlorine atom adjacent to the dimethylamino group 
would cause some strain. I t  is interesting to note that, 
although a halogen atom on the benzene ring in the quinoline 
portion of the styrylquinolines tends to raise the melting 
point, 4-(4-dimethylamino-3-bromostyryl)quinoline, 4-(4- 
dimethylamino-3-chlorostyryl)quinoline, and 4-(4-dimethyl- 
amino-3-fluorostyryl)quinoline melt approximately 25°, 
40°, and 50° lower, respectively, then the unhalogenated 
parent compound.

3-Bromo- and 3-ehlorolepidine, obtained in poor yield by 
the method of Ellinger,6 formed styryl derivatives without 
undue difficulty. In a modification of the Leese method, 
the picrate was used instead o: the hydrochloride, keeping 
in mind the possible explosive character of the picrate. 
Numerous efforts to condense 2-chlorolepidine with 4- 
dimethylaminobenzaldehyde failed, but this base did con
dense with 4-nitrobenzaldehyde and the resulting nitro
compound was reduced by stannous chloride to 4-(4- 
aminostyryl)-2-chloroquinoIine. 6-Fluorolepidine, b.p. 135° 
(23 mm.), was prepared from 4-fluoroaniline by William K. 
Easley, L. Free, and Frank Howell at East Tennessee State 
College using the method of Campbell and Schaffner.7 6- 
Fluoroquinaldine, m.p. 49.5-513 was provided by Dr. W. F. 
Little and Mr. Clarence Cook, of the University of North 
Carolina.

3 -B r o m o -4 -d im e th y la m in o b e n z a ld e h y d e  p e rb ro m id e  h yd ro 
b ro m id e  was prepared by adding 171 g. (1.07 moles) of 
bromine in 100 ml. of glacial acetic acid dropwise, with 
stirring, during 15 min., to 75 g. of 4-dimethylaminobenz- 
aldehyde in 240 ml. of glacial acetic acid, then continuing 
to stir 45 min. while cooling with an ice bath. The orange 
crystals were washed well with benzene and dried overnight 
over sodium hydroxide; yield 216 g., m.p. 128.5-129.3°.

A n a l . Calcd. for C9H 10NOBr.HBr.Br2: Oxidizing bromine 
34.1%; total bromine 68.18%. Found: Oxidizing bromine 
34.19, 34.01; total bromine 68.1, 68.3.8 9

3 ,5 -D ib ro m o -4 -a m in o b e n za ld e h y d e  was prepared by heat
ing 67 g. of the above perbromide 3 hr. a t 110-130°. The 
remaining porous mass was recrystallized from ethanol, from 
isohexane, and again from ethanol; yield 9.0 g., m.p. 149.5- 
150.8°; after sublimation m.p. 151.7-152.7°.10

A n a l .  Calcd. for C7H5Br2NO: C, 30.14; H, 1.81. Found: 
C, 30.83; H, 2.10, 1.81.8

S -C h lo ro -4 -d im e th y la m in o b e n za ld e h y d e  p e rb ro m id e  h y d ro 
b ro m id e  was prepared similarly from 50 g .  of 3-chloro-4- 
dimethylaminobenzaldehyde; vield 66.4 g., m.p. 125.4- 
127.1°.

A n a l .  Calcd. for C9H 10NOCl.HBr.Br2: Oxidizing bromine, 
37.61; total halogen 64.84. Found: Oxidizing bromine, 
36.68, 36.55; total halogen, 63.7, 63.8.8

3-C h lo ro -5 -b ro m o -4 -d iin e th y la m in o b e> iza ld eh yd e  was pre
pared by heating 51.8 g. of the perbromide 8 hr. a t 115°,

(5) K. Fries, A n n . ,  346, 193 (1906).
(6 ) A. Ellinger, B e r ., 39, 2515-2522 (1906).
(7) K. N. Campbell and J. Schaffner, J .  A m .  C h e m . S o c ., 

67, 86 (1945).
(8 ) Analyses by Weiler and Strauss.
(9) C. T. Bahner, C. Cook, J. Dale, J. Fain, F. Hannan,

P. Smith, and J. Wilson. J .  O rg. C h e m ., 2 3 , 1060 (1958).
(10) J. J. Blanksma, C e n lr ., 1910,1, 260 (1910).
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TABLE II 
F l u o r o a l d e h y d e s

Yield, Calcd., % Found, %
Name M.P. % Formula C H C H

4-Dimethylamino-2-fluorobenzaldehyde 62.9-64.5° 74.3 C9Hk>FNO 64.66 6.03 64.31 5.83“
64.46 5.83

4-Dimethylaminc>-2,5-difluorobenzaldehyde 60.8-62.0° 17.3 C9H 9F2NO 58.37 4.90 58.43 5.00“
58.45 5.20

“ Analysis by Weiler and Strauss.

recrystallizing t te  residue repeatedly from ethanol, and sub
liming in vacuum, m.p. 145.7-147.0°.

A n a l .  Calcd. for C-H5BrClNO: C, 35.85; H, 2.15. Found: 
C, 35.63, 35.48; H, 2.23, 2.33.8

C a r s o n - N e w m a n  C o l l e g e  

J e f f e r s o n  C i t y , T e n n .

Synthesis of eM-/3-(l-FIuorenyI)aIanine

D .  C .  M o r r i s o n  

R ece ived  J a n u a r y  2 6 , 1 9 6 0

In continuation of work begun with the synthesis 
of ¿Z-̂ -(2-fluorenyl) alanine1 the corresponding 1- 
fluorenyl isomer has been prepared. The substance 
I may be of interest in cancer chemotherapy and 
as an aromatic amino acid.

CH2CHNH2COOH

I

It was obtained from fluorene-l-carboxylic acid2 
II as starting material by a route similar to that 
used for the 2-isomer. Reduction of the 1-methvl 
ester by lithium aluminum hydride gave the 1- 
carbinol3 III, which was converted to the cor
responding bromide3 with phosphorus tribromide. 
The bromide was employed to alkylate the sodium 
derivative of diethyl acetamidomalonate, and the 
intermediate ester was hydrolyzed by hydrochloric 
acid to the amino acid hydrochloride. This salt, 
when dissolved in dilute alkali and acidified with 
acetic acid gave the free amino acid. The hydro
chloride serves to characterize the compound.

The amino acid was a very sparingly soluble 
crystalline powder, similar in most physical prop
erties to the 2-isomer. The melting point and that 
of the hydrochloride were not very sharp as is 
usually observed with this type of compound.

The infrared spectrum of the free amino acid in 
a potassium bromide disk showed a wide multi- 
component band between 3100-2900 cm.-1, prob
ably due to C—H stretching and NH3+ stretching.

(1) D. C. Morrison, J .  O rg. C h e m ., 24,463 (1959).
(2) D. C. Morrison, J .  O rg. C h e m ., 23, 1772 (1958).
(3) L. A. Pinck and G. E. Hilbert, J .  A m .  C h e m . S o c ., 68, 

752(1946).

A series of peaks at 1640 (sh), 1613, 1584, 1486, 
and 1410 cm. -1 may be ascribed to C=C stretching, 
NH3+ deformation, and carboxylate ion vibrations 
but single assignments would be difficult. A very 
strong band at 759 cm. -1 is attributable to C—H 
out of plane bending.

E X P E R IM E N T A L

Melting points are uncorrected and were taken on a 
Fisher-Johns block.

1 -H y d r o x y m e th y lf lu o r e n e . Methyl fluorene-l-carboxylate 
was prepared by conventional esterification with methanol 
and sulfuric acid. I t  was distilled from a small still a t 1 mm. 
pressure and recrystallized from acetone-water. The greater 
solubility of the ester in organic solvents was an advantage 
over use of the free acid in reductions. The methyl ester 
(8.4 g. or 0.038 mole) was treated with lithium aluminum 
hydride as described for the 2-isomer1 and gave a nearly 
theoretical yield (7.4 g.) of crude fluorenyl-carbinol. This 
melted at 137-146°, and after several recrystallizations 
from ether-petroleum ether (b.p. 30-60°) had a melting point 
of 146.5-147.5°. Pinck and Hilbert3 give 148° corr. The carbi- 
nol could also be distilled at 1 mm. to aid in its purification.

1 -B r o m o m e th y lflu o re n e . This was prepared by a process 
similar to that used for the 2-isomer1 and was obtained in 
nearly theoretical yield. If insufficient phosphorus tribromide 
is used, some starting material may be recovered unchanged. 
The crude product melted at 97-102° and when recrystallized 
from ether and petroleum ether, this was raised to 100-  
101.5° with previous sintering; lit.3 m.p. 104° corr.

D ie th y l  (l - f lu o r e n y lm e th y l)a c e ta m id o m a lo n a te . A solution 
of 0.92 g. (0.04 mole) of sodium in absolute ethyl alcohol 
was treated with 8.7 g. (0.04 mole) of diethyl acetamido
malonate and warmed for solution. Now 10.4 g. (0.04 mole) 
of the bromide (m.p. 97-102°) was added and the mixture 
refluxed 16 hr. If variations from the theoretical amounts 
are used, the product cannot be purified easily. Most of the 
ethanol was distilled and 3 ml. of acetic acid and an excess 
of water were added. After leaving overnight on ice, the 
solid product was filtered, washed with water, and dried. 
I t weighed 15 g. or 94.9%. The ester could be recrystallized 
from aqueous acetone with difficulty. Slow crystallizations 
from clear solutions, taking center fractions, were carried 
out twelve times to obtain a pure product. This was a cream- 
white powder, m.p. 120- 1 2 1°.

A n a l .  Calcd. for C23H25NO5: C, 69.87; H, 6.33. Found: 
C, 69.91; H, 6.19.

■ D i^-P -ll-F lucrrenyR alanine h yd ro ch lo rid e . A solution of
14.8 g. (0.0375 mole) of the crude ester in 150 ml. of glacial 
acetic acid was heated to boiling under reflux. While boiling, 
a mixture of 60 ml. cf coned, hydrochloric acid and 10 ml. 
of water was added and reflux continued for 48 hr. Most 
of the solvent was now distilled and the residue extracted 
repeatedly with boiling 2N  hydrochloric acid until nothing 
further was removed. The extracts were filtered at 90° 
or higher and the filtrates cooled to obtain the product. 
This was filtered and the filtrates concentrated to a small 
volume for a second crop. The combined weight of hydro
chloride was 9.3 g. or 85.8%. The hydrochloride could be
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reerystallized from hot dilute hydrochloric acid but it was 
best to cause slow deposition of the salt from the dilute acid 
at room temperature on standing. After several recrys
tallizations in this way, it was further reerystallized from 
ethanol-toluene and then formed a nearly white crystalline 
powder. The best material, on heating, began to turn orange 
at 210-215° with melting at 228-231° to an orange-brown 
melt.

A n a l .  Calcd. for C16H 16N 0 2C1: C, 06.32; H, 5.53. Found: 
C, 66.69; H, 5.80.

m j- f3 -( l-F lu o r e n y l)a la n in e . The hydrochloride could be 
converted to the free amino acid by extraction with am
monium hydroxide and acidification with acetic acid. This 
tended to form a pink product, especially if heated. I t  was 
found preferable to acidify a very dilute solution of the hy
drochloride in dilute potassium hydroxide with acetic acid 
so that the amino acid slowly deposited at room temperature. 
In this way, a nearly white crystalline product was formed. 
On heating, the best sample began to turn orange at 210- 
212° and melted 221-230° to an orange-brown melt.

A n a l .  Calcd. for CicHisXOy C, 75.89; H, 5.93. Found: 
C, 76.04; H, 5.96.

R e a c t io n  w ith  n in h y d r in .  The amino acid was suspended 
in dilute acetic acid and treated with an excess of ninhydrin 
and heated. A greenish-gray solution was formed at first 
which became dark blue-gray on further heating. On boiling 
a few minutes, a purple solution was produced with dark 
blue-gray particles (from undissolved amino acid) in sus
pension.

D e p t , o f  P h y s i o l o g i c a l  C h e m i s t y

U n i v e r s i t y  o f  C a l i f o r n i a  S c h o o l  o f  M e d i c i n e

B e r k e l e y ,  C a l i f .

Preparation of N -  Substituted Glycines. II.
Ar-(3,5-Dinitro-2-thienyl)glycine1,2a

J a c k  M .  T i e n  a n d  I. M o y e r  H u n s b e r g e r 211 

R ece ived  M a r c h  13 , 1 9 6 0

Our interest in V-heteroaryl derivatives of 
the sydnone ring system3 led us to attempt the 
preparation of an N -thienylsydnonc. As no N -  
thienylglycines have been reported in the litera
ture, we first attempted to prepare Ar-2-thienyl- 
glycine by condensation of 2-ehlorothiophene with 
glycine ethyl ester hydrochloride (I); however, 
only unchanged chlorothiophene was isolated. The 
more reactive 2-bromo-5-nitrothiophene (II) also 
failed to condense with I. Finally, the hitherto 
unreported 2-bromo-3,5-dinitrothiophene (III) was 
prepared in high yield by nitration of 2-bromo-5-

(1 ) Paper I: J. M. Tien and I. M. Hunsberger, J .  A m .  
C h em . S a c . 77, 6696 (1955).

(2) (a) Supported, in part, by a research grant (CY-2962) 
from the National Cancer Institute of the Public Health 
Service and by the U. S. Air Force under Contract No. AF 
18(603)-127, monitored by the Air Force Office of Scientific 
Research of the Air Research and Development Command. 
Reproduction in whole or in part is permitted for any pur
pose of the United States government, (b) To whom all 
inquiries should be sent: Department of Chemistry, Univer
sity of Massachusetts, Amherst, Mass.

(3 1 J. M. Tien and I. M. Hunsberger, J  A m .  C h em . S o c .,  
7 7 ,  6604 (1955).

nitrothiophene with mixed acid at low temperature. 
After considerable difficulty the condensation of
III with I was effected by heating in absolute 
ethanol containing a rather carefully regulated 
amount of zinc oxide. In this way the ethyl ester
(IV) of V-(3,5-dinitro-2-thienyl)glycine, m.p. 125- 
126c, was obtained in good yield. Acid hydrolysis 
of IV then afforded the desired V-(3,5-dinitro-2- 
thienyl)glycine (V). Esterification of V regenerated
i v .  .......................

All attempts to nitrosate both the glycine (V) 
and its ethyl ester (IV) were unsuccessful; methods 
specifically designed for nitrosating weakly basic 
amines gave only unchanged starting material. 
As 3,5-dinitro-2-thienol1 2 4 5 is a much stronger acid 
than 2,4-dinitrophenol. it seems likely that IV 
and V also are weaker bases than the corresponding 
benzene derivatives. Apparently, two nitro groups 
on the thiophene ring exert effects comparable to 
three nitro groups on the benzene ring. In this 
connection it is noteworthy that V separated as 
the free base from aqueous hydrochloric acid and 
that IV did not form a hydrochloride salt in 
absolute ethanol saturated with dry hydrogen 
chloride.

Further work in this series was abandoned be
cause of the extremely potent vesicant action of 
both II and III (see Experimental).

E X P E R IM E N T A L 6

2 -B r o m o -3 ,5 -d in itr o th io p h e n e  ( I I I ).6 Concentrated sulfuric 
acid (45 ml.) and 60 ml. of yellow fuming nitric acid (sp. gr. 
1.49-1.50)7 were mixed a t —5°. The mixed acid was kept 
a t —5° (ice-salt bath) while 14.6 g. (0.070 mole) of I I8 was 
added portionwise (stirring) during 25 min. After about 10 
min. a pasty mass had formed. The ice-salt bath was re
placed by a water bath, and stirring was continued for 
another 25 min. The yellow slurry was poured onto chipped 
ice to yield 17 g. (96%) of III  as a pale yellow crystalline 
powder, m.p. 135-136°. Reervstallization from hot ethanol 
afforded colorless plates of unchanged m.p.

A n a l .  Calcd. for CiHN2OiBrS: Br, 31.59; S. 12.67. 
Found: Br, 31.51; S, 12.53.

This compound was very soluble in acetone, chloroform, 
dioxane, and petroleum ether; it was soluble in ether but 
insoluble in benzene, water, and concentrated or dilute 
hydrochloric acid.

E th y l  ester (IV) o f  N - (3 ,B -d in i tr o -S - th ie n y l)g ly c in e . A hot 
solution of 6.3 g. (0.045 mole) of I in 450 ml. of absolute 
ethanol was treated with 11.0 g. (0.0435 mole) of III  and 
1.40 g. (0.0172 mole) of zinc oxide. The reagents were added 
alternately and in about six equal portions, a given portion 
not being added until the preceding one had dissolved. The 
yellow solution was refluxed in a hot water bath for 2 hr. 
On coding, the solution deposited 9.80 g. (82%) of crude
IV as yellow to brown needles. Recrystallization from hot

(4) C. D. Hurd and K. L. Kreuz, J .  A m .  C h e m . S o c .,  
74,2965(1952).

(5) All combustion analyses were performed by Schwarz
kopf Microanalytieal Laboratories, Woodside, N. Y.

(6) This procedure is similar to that used4 for nitrating 
2-ehloro-5-nitrothiophene.

(7) Red fuming nitric acid produced virtually identical 
results.

(8) v . S. Babasinian, J .  A m .  C h em . S o c . 57, 1764 (1935).
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ethanol saturated with hydrogen chloride9 afforded the 
analytical sample as thin lemon-yellow needles, m.p. 125- 
126°, which contained no halogen.

A n a l .  Calcd. for C8H 9N 30 6S: C, 34.91; H, 3.27; N, 15.27; 
S, 11.64. Found: C, 35.18; H, 3.27; N, 15.00; S, 11.57.

Both the nature of the solvent and the proportion of zinc 
oxide used in this preparation are critical. Thus, the above- 
stated proportion of zinc oxide in 95% ethanol produced 
only a red gum. Larger proportions of zinc oxide in absolute 
ethanol gave about 70% yields of IV, but the product had 
a dark purplish-brown color. Use of absolute ethanol con
taining no zinc oxide produced a small amount of unidenti
fied white flakes, m.p. 120-121°. With pyridine as solvent, 
an intractable black product formed immediately. The 
effect of the varying reflux periods used in these experiments 
is believed to be slight.

Using pyridine as a solvent, we were unable to effect 
condensation of I with either 2-chlorothiophene or II. II 
and I  also did not react in absolute ethanol containing zinc 
oxide.

N - ( 3 ,5 -D in i t r o -2 - th ie n y l )g ly c in e  (V). A solution of 0.275 
g. (1.00 mmole) of the ethyl ester IV in 12 ml. of coned, hy
drochloric acid and 12  ml. of water was boiled, diluted with 
20 ml. of water, and then refrigerated to yield 0.235 g. 
(95%) of V as tiny yellow needles, m.p. 215-217°, with some 
prior decomposition and sublimation.

A n a l .  Calcd. for CeHsNaOsS: C, 29.15; H, 2.02. Found; 
C, 29.64; H, 2.53.

The glycine V was reconverted to IV by saturating its 
solution in absolute ethanol with dry hydrogen chloride. 
Concentration and cooling afforded IV as lemon-yellow 
needles, m.p. 125-126°; no depression when mixed with a 
sample prepared as described above.

V e s ic a n t  p ro p e r tie s . Both II  and I II  produced a very 
persistent skin rash and painful blisters. More than 6 months 
was required for the irritation to disappear completely, even 
after treatment with certain cortisone ointments. The per
son most seriously affected had worked with a large variety 
of thiophene compounds of other types for several years 
without any ill effects. In addition to its vesicant properties, 
III  exhibited a potent corrosive action similar to tha t of the 
phenols. An acetone solution of I II  removed the skin in a 
short time.

A c k n o w le d g m e n t. The authors are indebted to 
Mr. Jean-Pierre Anselme for repeating and checking 
the preparations described in this paper.

D e p a r t m e n t  o f  C h e m i s t r y

F o r d h a m  U n i v e r s i t y

N e w  Y o r k  5 8 ,  N. Y .

(9) The hydrogen chloride is necessary to remove the color 
from crude IV.

Syntheses of Some 1-Alky lamino-1,1- 
di(hydroxymethyl)-2-phenylethanes

B. V i t h a l  S h e t t y  a n d  A l l a n  R. D a y 1

R ece ived  M a r c h  2 3 , I 9 6 0

Many derivatives of /?-phenylethylamine have 
been synthesized by earlier investigators with the 
hope of obtaining physiologically active compounds. 
In the present study a number of derivatives of

(1 ) The authors are indebted to the Wyeth Institute for 
Medical Research for their assistance during this investiga
tion.

/3-phenylethylamine, having a trisubstituted carbon 
atom attached to the amino group, have been 
synthesized. In all cases the trisubstituted carbon 
is attached to two hydroxymethyl groups, to a 
benzyl or a substituted benzyl group and to an 
alkylamino group. The synthetic steps may be 
illustrated by the following example;

O COOC2H5
/  NaOC:Hs

H—C—HN—CH +  ArCTLCl ----------- ->
\

COOC2H 5

O COOC2H3
'! /  LiA IH i

H—C—H N—C —CEL A r ---------- >

c o o c 2h 5

ArCH2-

CH2OH

- A nNHCEL

CH2OH
Ar =  C6H6, 2-CH3C6H4, 3-CH3C6H4, 4-CH3C6H4,

4-CH3OC6H4, 4-HOCcH i .

In one case the ethylamino group was introduced 
in place of the methylamino group. Diethyl 
acetamidomalonate was the starting material for 
the preparation of the ethylamino compound.

The dinicotinates and the sulfites of most of these 
compounds were also prepared.

O
II

CtbO c
N CH2 -Q

ArCH2- C — NHCHs'HCl ArCH2- C —NHCH3HCI SO

O
II

CITO— C-
c h 2- -0

A A
N

E X P E R IM E N T A L

E th y l  iso n itr o so m a lo n a te , I. This compound was prepared 
by the procedure of Cerchez.2 The yield was 81%.

E th y l  fo r m a m id o m a lo n a te , II. Compound I  was reduced 
with zinc dust and formic acid by the method of Conrad 
and Schulze.3 The crude yield was 71%. The product was 
sufficiently pure for the subsequent steps.

E th y l  a - fo r m a m id o -o i-c a r b e th o x y -p -p h e n y lp ro p io n a te , III. 
Compound III  was prepared from II  by treatment with 
sodium ethoxide and benzyl chloride.4 The yield was 96%, 
m.p. 105-107°.

N - M e th y l -1 ,  l -d i(h y d r o x y m e ih y l ) -2 - p h e n y le th y la m in e  h y d ro 
ch lo rid e , IV. Lithium aluminum hydride (19.9 g., 0.52 mole) 
was added to 470 ml. of dry ether and the mixture stirred 
for 20 min at room temperature and then for 20 min. while 
cooling in an ice bath under an atmosphere of dry nitrogen. 
Then 50 g. (0.17 mole) of compound III, suspended in 250 
ml. of dry ether, was added in small amounts during a 
period of 45 min. while maintaining the temperature below 
30°. After the addition was complete, the stirring was con
tinued for 6 hr. The cooled reaction mixture was carefully

(2) V. Cerchez, B u l l .  soc . c h im . F ra n c e , 47, 1279 (1930).
(3) M. Conrad and A. Schulze, B e r ., 42, 733 (1909).
(4) A. Cohen, E. G. Hughes, and J. A. Silk, British 

Patent 621,706 (1949).
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treated with water to decompose the lithium aluminum 
compounds and the ether layer then separated. The aqueous 
layer was extracted with ether and the combined ether 
extracts were then dried over anhydrous sodium sulfate. 
The ether was removed under reduced pressure and the 
residue was dissolved in 300 ml. of dry ether. The ether 
solution was treated with dry hydrogen chloride and the 
gummy precipitate so obtained was extracted with dry 
ether until it solidified. The solid was dissolved in 75 ml. of 
dry methanol and the solution decolorized with charcoal. 
Fifty milliliters of dry acetone was then added followed by 
300 ml. of dry ether. After standing overnight a t —10°, 18 
g. of the hydrochloride was obtained.

The dinicotinate of compound IV was prepared by 
refluxing a solution of 2 g. of nicotinic anhydride5 and 1 g. 
of IV in 200 ml. of dry benzene for 28 hr. The mixture was 
filtered while hot and the residue washed with hot benzene. 
The benzene filtrate and washings were combined and the 
benzene removed in vacuo. The residue was dissolved in 50 
ml. cf dry ethanol, decolorized with charcoal, 300 ml. of dry 
ether added, and the solution then allowed to stand over
night a t —10°. The colorless crystals so obtained were 
dried in vacuo, yield 51%, m.p. 189-190°.

Anal. Calcd. for C23H24CIN3O4: C, 62.51; H, 5.43; Cl, 
8.04; N, 9.41. Found: C, 62.29; H, 5.33; Cl, 8.0; N, 9.44.

The hydrochloride of the sulfite of compound IV was also 
prepared. Eight grams of W-methyl-l,l-di(hydroxymethyl)-
2-phenylethylamine hydrochloride was thoroughly mixed 
with 83 ml. of freshly distilled thionyl chloride. The mixture 
was allowed to stand for the 30 min. The solid was then 
removed by filtration and washed with petroleum ether (b.p. 
30-60°). I t  was recrystallized from 60 ml. of methanol with 
the aid of decolorizing carbon. The yield was 62%, m.p.
157-158°.

Anal. Calcd. for CuEqClNChS: C, 47.56; H, 5.76; Cl, 
12.79; N, 5.04; S, 11.52. Found: C, 47.53; H, 5.80; Cl, 12.60; 
N, 5.02; S, 11.30.

\ - \ l  ,l-Di{hydroxymethyl)-2-phenylethyl]-l ,8-dihydroiso- 
indole, V. Ethyl phthalimidomalonate was prepared by the 
method of Sheehan and Bolhofer.6 This compound was 
converted to sodium ethyl phthalimidomalonate by the 
procedure of Barger and Weichselbaum.7

Ethyl benzyl phthalimidomalonate was made by the 
method reported by Sorensen.8 The yield was 90%, m.p. 
105-106°.

Lithium aluminum hydride (3.5 g., 0.092 mole) was 
stirred with 200 ml. of dry ether a t room temperature for 
20 min. and then for 20 min. a t 0°, in an atmosphere of 
nitrogen. Then 10 g. (0.025 mole) of ethyl benzyi phthal
imidomalonate dissolved in 150 ml. of dry ether, w7as added 
over a period of 30 min. The mixture was stirred and 
refluxed for 3 hr. I t was then cooled and treated carefully 
with v/ater. The ether layer was separated and the aqueous 
layer extracted with ether. The combined ether extracts 
were dried over anhydrous sodium sulfate and the ether 
removed by distillation. The residue was warmed with 50 
ml. of 20% hydrochloric acid and the solution filtered. On 
cooling, the product (V) separated.

N-M ethyl-1,1 -di(hy dr oxy methyl )-2-(2-meth ylphen yl )ethyl- 
amine hydrochloride, VI. Sodium (2.07 g., 0.09 g.-atom) was 
dissolved in 175 ml. of dry ethanol. To this solution was 
added 15.0 g. (0.09 mole) of ethyl formamidomalonate with 
stirring. Then 19.5 g. (0.13 mole) of o-methylbenzyl chloride9 
was added over a period of 10 min. with stirring. Stirring

(5) W. A. Schrecker and B. P. Maury, J. Am. Chem. 
Soc., 76, 5803 (1954).

(6) J. C. Sheehan and W. A. Bolhofer, J. Am. Chem. Soc., 
72, 2786 (1950).

(7) G. Barger and T. E. Weichselbaum, Org. Syntheses, 
Coll. Vol. II, 384 (1943).

(8) S. P. L. Sorensen, Centrl., II, 33 (1943).
(9) K. Kindler and E. Yehlhaar, Archiv. Pham., 274, 

385 (1936).
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and refluxing were continued for 1 hr. The mixture was 
filtered while hot and the residue was washed with hot 
alcohol. The alcohol was removed under reduced pressure 
and the product, ethyl a-formamido-a-carbethoxy-/S-2- 
methylphenylpropionate, was recrystallized from acetone- 
water, yield 68%, m.p. 92-94°.

A n a l .  Calcd. for Ci6H21N 0 6: C, 62.54; H, 6.84; N, 4.56. 
Found: C, 62.60; H, 7.03; N, 4.67.

This product was reduced to compound VI with lithium 
aluminum hydride by the procedure used for making com
pound IV.

The corresponding sulfite was prepared as described for 
compound IV. The yield was 65%, m.p. 164-165°.

A n a l .  Calcd. for C12H18C1N03S: C, 49.39; H, 6.17; Cl, 
12.17; N, 4.80; S, 10.97. Found: C, 49.30; H, 6.15; Cl, 12.40; 
N, 4.79; S, 10.89.

The corresponding dinicotinate, prepared by the method 
described for compound IV, melted a t 193-194°, yield 38%.

A n a l .  Calcd. for C24H26C1N3(V. C, 63.22; H, 5.71; Cl, 
7.79; N, 9.22. Found: C, 63.01; H, 6.05; Cl, 7.6; N, 8.92.

N - M  e th y l-1 ,1  -d i{ h y d r o x y m e th y l  ) -£ -( S -m e th y lp h e n y l  )e th y l-  
a m in e  h yd ro ch lo rid e , VII. Ethyl a-formamido-a-carbethoxy- 
/3-3-methylphenylpropionate was prepared by the procedure 
used for making a-formamido-a-carbethoxy-/3-phenylpro- 
pionate except that m-methylbenzyl chloride was used in 
place of benzyl chloride. The yield was 84%, m.p. 94-96°.

A n a l .  Calcd. for C16H2INOs: C, 62.54; H, 6.84; N, 4.56. 
Found : C, 62.50 ; H, 6.81 ; N, 4.76.

Ethyl a-formamido-a-carbethoxy-/S-3-methylphenylpro- 
pionate was reduced with lithium aluminum hydride to 
compound VII.

The dinicotinate of VII was prepared in 38% yield, m.p.
185-186°.

A n a l .  Calcd. for C24H26C1N30 4: C, 63.22; H, 5.71; Cl, 
7.79; N, 9.22. Found: C, 63.20; H, 5.88; Cl, 7.72; N, 9.37.

The sulfite of VII was prepared in 65% yield, m.p. 148- 
149°.

A n a l .  Calcd. for C12H18C1N03S: C, 49.39; H, 6.17; Cl, 
12.17; N, 4.80; S, 10.97. Found: C, 49.26; H, 6.42; Cl, 12.20; 
N, 5.13; S, 10.75.

N - M  e th y l-1  , l - d i (  h y d r o x y m e th y l  )-2-{ 4 -m e th y lp h e n y l  )e th y l-  
a m in e  h yd ro ch lo rid e , VIII. Ethyl a-formamido-a-carbethoxy- 
/3-4-methylphenylpropionate was prepared by the method 
used for making ethyl a-formamido-a-carbethoxy-/3-phenyl- 
propionate except that p-methylbenzyl chloride was used in 
place of benzvl chloride. The yield was 93%, m.p. 135- 
136°.

A n a l .  Calcd. for C,6H2iN05: C, 62.54; H, 6.84; N, 4.56. 
Found: C, 62.63; H, 7.26; N, 4.79.

Ethyl a-formamido-a-carbethoxy-/3-4-methylphenvlpro- 
pionate was reduced with lithium aluminum hydride to com
pound VIII.

The sulfite of V III was prepared in 65% yield, m.p. 156- 
157°.

A n a l .  Calcd. for Ci2H i8C1N03S: C, 49.39; H, 6.17; Cl, 
12.17; N, 4.80; S, 10.97. Found: C, 49.68; H, 6.45; Cl, 
12.15; N, 4.96; S, 10.81.

N - E lh y l- l , l - d i ( h y d r o x y m e th y l ) - 2 - p h e n y le th y la m in e  h y d ro 
ch loride , IX. Ethyl acetamidomalonate was the starting 
material for this preparation. Otherwise the procedure was 
similar to that used for making compound IV.

N - M  e th y l-1  , l - d i {  h y d r o x y m e th y l  ) -2 - (4 -m e th o x y p h e n y l)e th y l-  
a m in e  h yd ro ch lo r id e , X. Ethyl <*-formamido-a-carbethoxy-/3- 
4-methoxyphenylpropionate4 was reduced with lithium 
aluminum hydride to compound X.

The dinicotinate of X melted at 172-173°, yield 33%.
A n a l .  Calcd. for C2,H26C1X30 5: C, 61.08; H, 5.51; Cl, 

7.52; X, 8.90. Found: C, 61.13; H, 5.56; Cl, 7.6; N, 8.95.
The corresponding sulfite melted at 167-168°, yield 

73%.
A n a l .  Calcd. for C12H18C1N04S: C, 46.82; H, 5.85; Cl, 

11.54; N, 4.55; S, 10.40. Found: C, 46.93; H, 5.82; Cl, 
11.45; N, 4.68; S, 10.55.

N - M  e th y l-1 ,1 -d ii. h y d r o x y m e th y l  ) -2 -U - h y d r o x y p h e n y l  )e th y l-

a m in e  h yd ro ch lo rid e , XI. One gram of compound X was 
refluxed in 2 ml. of 48% hydrobromic acid and 5 ml. of 
acetic acid for 20 min. On diluting with 20 ml. of water a 
dark gummy material separated. The gum was washed with 
dilute sodium hydroxide solution and then with water. The 
residue was dissolved in ether, the solution dried and 
treated with dry hydrogen chloride. The hydrochloride, 
which was quite hygroscopic, was recrystallized from 
propanol and dry ether.

D e p a r t m e n t  o p  C h e m i s t r y  
U n i v e r s i t y  o p  P e n n s y l v a n i a  
P h i l a d e l p h i a  4 , P a .

Synthesis of iV-(2-Hydroxyethyl)- 
Ar'-(4-pentenyl)ethyIenediamine

E. F. C l u f f  a n d  H. F. M c S h a n e , J r.

R ece ived  M a r c h  2 4 , I 9 6 0

As an intermediate for the preparation of a 
certain polyurethane elastomer1 the substituted 
ethylenediamine (I) was required in a state of high 
purity. Diamine syntheses involving alkylation 
reactions usually give mixtures which contain dif
ficultly separable tertiary amine isomers. The latter 
materials act as chain terminating agents in poly
condensation reactions and prevent the attainment 
of high molecular weight. Consequently the 
synthetic route shown in the flowsheet was chosen 
to provide a diamine of unequivocal structure.

Aminolysis of dimethyl oxalate (II) with N -  
(2-hydroxyethyl) ethylenediamine (III) provided 
crystalline Ar-(2-hydroxyethyl) piperazine-2,3-dione
(IV) in 20-35% yield. This reaction has been shown 
to be general for many Ar-substituted ethylene- 
diamines.2 The present reaction most likely pro
ceeds through the formation and subsequent break
down of a linear polyamide. As the temperature was 
slowly raised to about 180°, an essentially quanti
tative yield of alcohol was obtained, and the 
reaction mass became increasingly more viscous. 
At this point, the product was insoluble in alcohol 
and no piperazinedione (IV) could be isolated. 
Increasing the temperature above 180° to about 
220° produced a marked viscosity reduction in 
the reaction mass which was then alcohol soluble 
and deposited crystals of IV.

Conversion of IV to the monopotassium salt 
proceeded smoothly in refluxing f-butyl alcohol. 
The salt was not isolated but was alkylated directly 
with l-bromo-4-pentene to provide the crystalline 
disubstituted piperazinedione (V) in 70% yield. 
Hydrolysis of V with aqueous-alcoholic potassium 
hydroxide provided an excellent yield of N - ( 2 -  
hydroxyethyl) - V' - (4 - pentenyl)ethylenediamine
(I). That alkylation of the piperazinedione (IV) 
had occurred on nitrogen and not on hydroxyl

(1) E. F. Cluff and E. K. Gladding, Proceedings Inter
national Rubber Conf., Washington, D. C., 1959, p. 543.

(2) J. L. Riebsomer, J .  O rg. C hern ., 15, 68 (1950).
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was established by analysis of the diamine (I) for 
primary amino nitrogen which was absent. The 
purity of the diamine (I) was ultimately established 
by its polymerization with polytetramethylene- 
ether glycol bischlorofornmte to form a high 
molecular weight polyurethane. 1

This sequence of reactions should provide a 
general route for the preparation of unsjunmetri- 
cally Ar,Ar,-disubstituted ethylene-diamines of high 
purity.

O O
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E X P E R IM E N T A L

N - ( 2 - H y d r o x y e th y l ) p ip e r a z in e - £ ,3 -d io n e  (IV). A mixture 
of 343 g. (3.30 moles) of aminoethylethanolamine (III) and 
5 ml. of coned, hydrochloric acid was added to 389 g. (3.30 
moles) of dimethyl oxalate (II) over a period of 15 min. 
with good agitation. The temperature was raised gradually 
to 218° in about 1 hr., during which time 206 g. (6.44 moles, 
97.6%) of methanol distilled from the reaction mixture. 
The reactants gradually formed a viscous polymer wdiich 
broke down above 180° to form the piperazinedione (IV) 
and a red noncrystalline material which was not further 
investigated. The mixture was cooled to room temperature, 
taken up in 400 ml. of ethanol, cooled, and filtered. The 
crude product (199 g., 38%) was recrystallized from alcohol 
until pure, m.p. 163-164°.

A n a l .  Calcd. for C6H i0X2O3: C, 45.56; H, 6.37; X, 17.72. 
Found: C, 45.2, 45.5; H, 5.9, 6.1; X, 17.4, 17.6.

l \T- (2 -H y d r o x y e lh y l ) -N '- ( 4 -p e n :e n y l ) p - ’p c r a z in e -8 ,3 -d io n e  
(V). A 3-1., four-necked flask equipped with a stirrer, ther
mometer, and reflux condenser fitted with a calcium sulfate 
drying tube was flamed out and cooled while being flushed 
with dry nitrogen. Distilled ¿-butyl alcohol (1600 ml.) was 
added followed by 61.4 g. (1.57 moles) of potassium. The 
mixture was refluxed and agitated until the metal had com

pletely reacted. Ar-(2-Hvdroxyethyl)piperazine-2,3-dione 
(248 g., 1.57 moles) was added, and the agitated suspension 
■was refluxed overnight. The temperature was lowered to 70°, 
234 g. (1.57 moles) of l-bromo-4-pentene3 was added, and 
the mixture was again refluxed overnight. After cooling, 
the solid potassium bromide was filtered (160 g., 86%), 
and the ¿-butyl alcohol was distilled. The last traces of sol
vent were removed under reduced pressure. The viscous 
residue was extracted wdth benzene (one 500-mi. and three 
250-ml. portions) and then with tetrahydrofuran (three 500- 
ml., eight 250-ml., and six 100-ml. portions). The tetra
hydrofuran was distilled, and the residue placed in a 0 ° 
coldbox overnight to crystallize. The solid was recrystal
lized from tetrahydrofuran (wt. 127 g.). The filtrate was 
diluted with 2 1. of tetrahydrofuran and the supernatant 
liquid was decanted from the precipitated oil. The tetra
hydrofuran solution was again concentrated, seeded, and 
cooled to yield another 56 g. of solid. Further concentration 
of the filtrate yielded an additional 8.5 g. of product, bring
ing the total yield to 191.5 g. (54%). The residue from the 
benzene extract, combined with the end tetrahydrofuran 
filtrate from the reerystallizations, was chromatographed on 
200-mesh activated alumina with tetrahydrofuran and 
ethanol. This resulted in the recovery of an additional 56.5 
g. (16 %) of material. Recrystallization of the combined 
solids from tetrahydrofuran afforded pure X-(2-hydroxy- 
ethyl)-Ar'-(4-pentenyl)piperazine-2,3-dione, m.p. 75-76.5°.

A n a l .  Calcd. for C1:H18X20 ,: C, 58.39; H, 8.02; X, 12.38. 
Found: C, 58.5, 58.5; H, 7.8, 7.9; X, 12.5, 12.7.

N - ( 2 -H y d r o x y e th y l) -N '- (4 -p e n te n y l) e th y le .n e d ia n i in e  (I). To 
a solution of 50 g. (0.770 mole) of 85% potassium nydroxide 
in 500 ml. of ethanol was added 0.1 g. of 2,6-di-i-butyl-p- 
cresol, a solution of 0.1 g. of sodium sulfite in 25 ml. of dis
tilled water, and 83 g (0.376 mole) of ,V-(2-hydroxyethvl)- 
V'-(4-pentenyl)piperazine-2,.3-dione (V). The clear solution 
was refluxed overnight under an atmosphere of nitrogen. 
A precipitate began forming after about 15 min. The mix
ture was cooled, the solid potassium oxalate monohydrate 
was filtered (65.5 g., 96.8%), and the solvent was distilled 
from the filtrate. Vacuum distillation of the residue yielded 
hydroxyethylpentenylethylenediamine (57.6 g., 91.5% yield, 
b.p. 97.5° (0.15 mm.), re2D5 1.4772).

A n a l .  Calcd. for C9H20X2O: C, 62.75; H, 11.70; X, 16.27; 
primary amino X, absent. Found: C, 62.5, 62.8; H, 11.4, 
11.5; X, 16.1, 16.1; primary amino X, absent.

A drop of amine added to aqueous oxalic acid yielded the 
bisoxalate, m.p. 236-237°.

A n a l .  Calcd. for Ci3H24X20 9: C, 44.31; H, 6.87; N, 7.95. 
Found: C, 44.0, 44.2; H, 6.8, 6.9; X, 7.8, 7.8.

The amine forms a solid hemihydrate, m.p. 41.5-42°, on 
admixture with 0.5 mole equivalent of water.

E l a s t o m e r  C h e m i c a l s  D e p a r t m e n t

E .  I .  d u  P o n t  d e  N e m o u r s  a n d  C o . ,  I n c .

W i l m i n g t o n , D e l .

(3) Prepared according to the method of P. Gaubert, 
R. P. Linstead, and H. N. Rydon, J .  C h e m . S o c ., 1971 (1937) 
and E. M. Van Heyningen, J .  C h em . S o c ., 76, 2241 (1954), 
b.p. 124° (760 mm'.), r .2D5 1.4615 (reported b.p. 124.5-128°, 
n”  1.4642).

Decarboxylation of AT-Methylaminoaromatic 
ort/io-Carboxvlic Acids

W a y l a n d  E .  X o l a n d  a n d  G e o r g e  J .  M e i s t e k s 1

R ece ived  A p r i l  7 , 1 9 6 0

D ry  distillation with soda-lime has been shown 
previously to produce A-déméthylation (and con-
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comitant decarboxylation to carbazole) of the salt of
9-methylcarbazole-l,2,3,4-tetracarboxylic acid (I) .2 
No Ar-demethylation occurred under similar con
ditions, however, with 9-methylcarbazole2 or with 
the salt of a triacid believed to be 1-methylindole-
4,5,6-tricarboxylic acid (II) .3 The possibility that

COOH
COOH

COOH

N y  "COOH 
CH, COOH 

I

Ar-demethylation of I is occurring by neighboring 
group participation of the o rth o  carboxylate anion 
led us to test the generality of V-demethylation 
accompanying decarboxylation by use of selected 
N-methylaminoaromatic o rth o  carboxylic acids.

N-Methylanthranilic acid (III) ,4 upon decar
boxylation with soda-lime,2 gave a liquid amine, 
which was isolated in 34% yield as the acetyl 
derivative, shown to be identical by mixed melting 
point and infrared comparison in Nujol with an au
thentic sample of iV-methylacetanilide. 9-Methyl- 
carbazole-l-carboxylic acid (IV)5 and 9-methyl- 
carbazole-l,8-dicarboxylic acid (V)5 were similarly 
decarboxylated to 9-methylcarbazole in yields of 
58% and 50%, respectively.

^ - y C O O H

^ X 'NHCH3

III

These results show that N-demethylation accom
panying decarboxylation of iV-methylaminoaro- 
matic ortho  carboxylic acid salts is not a general phe
nomenon; that the presence of one or two o rtho  car
boxylate groups is, in itself, insufficient cause for 
iV-demethylation. It is concluded that, in the case 
in which it occurs (I), .V-demethylation is favored 
by unusual stabilization of the resulting anion, at
tributable to the combined resonance and inductive 
effects of the four carboxylate substituent groups. 
In this connection, it is perhaps of interest to note 
that our efforts to V-methylate the sodium salt of 
the ester (VI) 2 of the corresponding unsubstituted

COOCH3

(1) Graduate School research assistant, summer 1959. 
I t is a pleasure to acknowledge the support of this work 
through a grant from the General Research Fund of the 
Graduate School of the University of Minnesota.

(2) W. E. Noland, W. C. Kuryla, and R. F. Lange, 
J .  A m .  G hem . S o c ., 81, 6010 (1959).

(3) O. Diels, K. Alder, and H. Winckler, A n n . ,  490, 267 
(1931).

compound have been unsuccessful. The results cited 
in this paper provide no evidence either for or against 
neighboring group participation by the o rtho  car
boxylate group in iV-demethylation in the case in 
which it occurs.2

Because of its importance to the conclusions 
drawn in this work, it appeared desirable to estab
lish rigorously the position of the carboxyl group in
9-methylcarbazole-l-carboxylic acid (IV), prepared 
by action of w-butyllithium on 9-methylcarbazole, 
followed by reaction with carbon dioxide.5 The struc
ture had been logically assigned previously by anal
ogy with numerous examples of ortho  lithiation of 
aromatic amines5 and with the fact that 9-ethyl- 
carbazole-l-carboxylic acid, prepared similarly, had 
been shown to be identical with a sample prepared 
by ethylation of carbazole-1-carboxylic acid.6

Carbazole-l-carboxylic acid, most readily pre
pared from carbazole by reaction of its potassium 
salt7 with carbon dioxide at 270°,8 has been pre
pared unambiguously by two different methods,9’10 
and the product in the first case has been shown to 
be identical with a sample prepared from carbazole. 
After unsuccessful méthylation attempts with di
methyl sulfate or methyl iodide in the presence of 
alkali,11 we obtained 9-methylcarbazole-l-car
boxylic acid (IV) in 11% yield from carbazole-l- 
carboxylic acid8 by the action of sodamide and 
methyl iodide in liquid ammonia.12 13 The sample was 
shown to be identical by mixed melting point 
(188.5-190°) and infrared comparison in Nujol 
with a sample5 prepared from 9-methylcarbazole, 
thus constituting a proof of structure for 9-methyl
carbazole-l-carboxylic acid (IV).

E X P E R IM E N T A L

Melting points were determined on a calibrated Kofler 
micro hot stage.

D e c a r b o x y la tio n  o f  N - m e th y la n th r a n i l ic  a c id  (III). N -  
Methylanthranilic acid4 (3.00 g., 0.0198 mole) was mixed 
thoroughly with powdered soda-lime (9 g.) and the mixture 
pyrolyzed under a stream of nitrogen with the aid of a 
Meker burner, in the manner previously described.2 The 
liquid distillate was refluxed with acetic anhydride' 3 for 30

(4) J. Houben and W. Brassert, B e r ., 39, 3233 (1906). 
We are indebted to James A. Elberling1 for this preparation.

(5) H. Gilman and S. M. Spatz, J .  O rg. C h e m ., 17, 860
(1952).

(6) H. Gilman and R. H. Kirby, J .  O rg. C h e m ., 1 , 146 
(1936).

(7) C. Graebe, A n n . ,  202, 19 (1880).
(8) G. L. Ciamician and P. Silber, G azz. c h im . H a l., 12, 

272 (1882); J .  C h em . S o c . A b s tra c ts , 42, 1103 (1882).
(9) E. F. Briscoe and S. G. P. Plant, ./. C h em . S o c ., 1990

(1928); W. M. Collar and S. G. P. Plant, J .  C h em . S o c ., 808 
(1926).

(10) P. Baumgarten and M. Riedel, B e r ., 75, 984 (1942).
(11) T. S. Stevens and S. H. Tucker, J .  C h em . S o c ., 123, 

2140 (1923).
(12) K. T. Potts and J. E. Saxton, J .  C h em . S o c ., 2641

(1954).
(13) S. M. McElvain, T h e  C h a ra c te r iza tio n  o f  O rg a n ic  

C o m p o u n d s , rev. ed., The Macmillan Co., New York, N. Y., 
1953, p. 210.
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min., yielding a colorless precipitate (1.01 g., 0.0068 mole, 
34%), m.p. 97-98.5°. After recrystallization from ether the 
sample melted at 99.5-100.5°, mixed m.p. 100.5-101.5° 
with a sample of iV-methylacetanilide prepared13 from East
man Kodak Co. White Label V-methylaniline. The infrared 
spectra of the two samples in Nujol were identical, vnh 
none; »c-o 1672 cm.-1 in Nujol.

D e c a r b o x y la tio n  o f  9 -m e th y lc a rb a z o le - l-c a r b o x y lic  a c id  (IV),
9-Methylcarbazole-l-carboxylie acid6 (6.50 g., 0.00221 
mole) was mixed thoroughly with powdered soda-lime (2.5 
g.) and the mixture decarboxylated as described previ
ously. The white sublimate (0.23 g., 0.00127 mole, 58%), 
m.p. 87.5-89.0°, did not depress the melting point of 
authentic 9-methylcarbazole,6 and the infrared spectra in 
Nujol were identical, cnh none.

D e c a r b o x y la tio n  o f  9 -m e th y lc a rb a z o le - l,3 -d ic a r b o x y lic  a c id
(V). 9-Methylcarbazole-l,8-dicarboxylic acid5 (6.50 g., 
0.00186 mole) was decarboxylated as described previously. 
The white sublimate (0.17 g., 0.00094 mole, 50%), m.p.
84-86°, did not depress the melting point of authentic
9-methylcarbazole6 (it is interesting to note, however, that 
the mixed melting point of equal quantities of carbazole 
and 9-methylcarbazole is 83-87°) and the infrared spectra 
in Nujol were essentially identical, except for the presence 
of a medium weak NH or OH band a t 3500 cm.-1, sug
gesting contamination by a small amount of carbazole, 
the V-demethylation product.

S c h o o l  o f  C h e m i s t r y  
U n i v e r s i t y  o f  M i n n e s o t a  
M i n n e a p o l i s  1 4 , M i n n .

A New Synthesis of Benzothiazoline

G l e n n  L .  J e n k i n s , A b e l b e r t  M .  K n e v e l , 
a n d  C h a r l e s  S .  D a v i s

R ece ived  A p r i l  2 6 , 1 9 6 0

Although a number of syntheses for benzothiazo
line have been reported in the literature,1-4 
none offers the convenience of the method which 
we report here.

We found that benzothiazoline (III) was formed 
in good yields by refluxing 2-aminobenzenethiol
(I) with paraformaldehyde (II) followed by distil
lation under reduced pressure.

E X P E R IM E N T A L

To 12.5 g. (0.1 mole) of 2-aminobenzenethiol (American 
Cyanamid, tech, grade) dissolved in 20 ml. of anhydrous 
methyl alcohol was added a mixture of 4 g. of paraformalde
hyde (Eastman Kodak, pract. grade) suspended in 10 ml. 
of anhydrous methyl alcohol. The mixture was refluxed 
until the original yellow color disappeared (about 12 hr.).

(1) M. Claaz, B e r ., 45, 1031 (1912); 49, 1141 (1916).
(2) M. T. Bogert and A. Stull, J .  A m .  C h e m . S o c ., 47, 

3078(1925).
(3) H. P. Lankelma and P. X. Sharnof:, J .  A m .  C h em . 

S o c ., 53,2654(1931).
(4) K. Baker, H e lv . C h im . A c ta , 33, 2011 (1950).

Upon cooling to room temperature, two distinct layers 
formed. The bottom layer was withdrawn and distilled. 
The fraction collected at 146-149°/18 mm. was identified 
as benzothiazoline. The yield was 75-80% based on 2- 
aminobenzenethiol.

Identification of the product was accomplished as follows:
(a) The infrared spectrum showed an intense nitrogen- 
hydrogen stretching band ai 3.0 y . (b) The boiling point was 
identical with that reported,1 2 3 4 1’6 in the literature (b.p. 270°).
(c) The phenylisocyanate derivative melted at 161-162°. 
The literature5 value was 162°.

A c k n o w le d g m e n t. The authors are grateful to 
the American Cyanamid Co. for graciously supply
ing 2-aminobenzenethiol.

R e s e a r c h  L a b o r a t o r i e s  
S c h o o l  o f  P h a r m a c y  
P u r d u e  U n i v e r s i t y  
L a f a y e t t e , I n d .

(5) R. A. Henry and W. M. Dehn, J .  A m .  C h e m . S o c .,  
71,2297(1949).

SchifT Bases from 4-(4-Aminostyryl)quinoline 
and Aldose Sugars1

C a r l  T a b b  B a h n e r , N o r v e l l  H u n t , 
a n d  L y d i a  M .  R i v e s

R ece ived  M a y  2 , 1 9 6 0

4-(4-Aminostyryl)quinoline (I) reacted readily 
with 4-dimethylaminobenzaldehyde to form a 
Schiff base that was less toxic than I .2 It seemed 
that aldose sugars might produce similar products 
and that the sugar moiety might cause the com
pounds to be water soluble. The use of a small 
amount of dimethylformamide made it possible 
to bring the reactants into a homogeneous liquid 
reaction mixture at the desired temperature, 120-  
130°. Glyceraldehyde, ribose, galactose(II), glu- 
cose(III), lactose, and maltose all seemed to react 
smoothly under these conditions, but only II formed 
crystals that were purified readily by recrystalli- 
zatior.. The other products tended to precipitate 
as gels or amorphous solids.

E X P E R IM E N T A L

G alactose  S c h i f f  base o f  4 - (4 -a m in o s ty r y l)q u in o l in e . A mix
ture of 30.0 g. of I and 15.0 ml. of dimethylformamide was 
heated to 130° to produce a clear solution. This solution 
was cooled to 110°, 21.6 g. of II was added slowly with 
stirring, and the mixture was heated 10 min. at 126-130°. 
The resulting solid mass was washed with benzene and with 
water to remove excess starting materials. One gram of solid 
was dissolved in 30 ml. of dimethylformamide, 20 ml. of 
the solvent was removed by distillation at 60° at 2.5 mm. 
The bright yellow crystals which formed xvere recrystallized

(1) This research was supported by a grant from the 
National Cancer Institute.

(2) Carl T. Bahner, Clarence Cook, John Dale, John 
Fain, Fred Hannan, Patricia Smith, and Joan Wilson, J .  
O rg. C h e m ., 23,1060 (1958).
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four times in this way, darkening a t 209°, melting with 
decomposition a t 216-217°; yield 60%.

Anal. Caled. for C23H23N2O5: C, 67.71; H 5.92. Found: 
C, 67.48-67.75; H, 5.85, 6.06.3

Dextrose Schiff base of 4-(f.-aminostyryl)quinoline. To a 
solution formed by heating 9.8 g. of I and 5 ml. of dimethyl- 
formamide to 130°, 13.8 g. of I II  was added slowly, with 
stirring, at 110°. The mixture was then heated to 120-130° 
for 30 min., until it solidified. The product was washed with 
benzene and with water and recrystallized four times from 
isopropyl alcohol, using a Soxhlet extractor, and three times 
from methanol; m.p. 189.7-191.7° (dec.).

Anal. Caled. for C23H23N2O5: C 67.71; H, 5.92. Found: 
C, 67.48, 67.75; H, 5.85, 6.06.3

These compounds were not readily soluble in water but 
dissolved readily in hot propyleneglycol and in dimethyl- 
formamide.

C h e m i s t r y  D e p a r t m e n t

C a r s o n - N e w m a n  C o l l e g e

J e f f e r s o n  C i t y , T e n n .

(3) Analyses by Galbraith Microanalytical Laboratories.

Methyl Ethers of Quercetin in Tobacco 
Flowers1

C .  H. Y a n g , H. D. B r a y m e r , E. L. M u r p h y ,
W. C h o r n e y , N. S c u l l y , a n d  S .  H. W e n d e r

Received February 26, 1960

Monomethyl and dimethyl ethers of quercetin 
(3,3',4',5,7-pentahydroxyflavone, I) having no 
methoxyl group at the 3-position, such as rham-

OH

netin (quercetin-7-methyl ether), isorhamnetin 
(quercetin-3'-methyl ether), quercetin-4'-methyl 
ether, and rhamnazin (quercetin-3',7-dimethyl 
ether) have been found previously in natural prod
ucts, usually as glycosides. A 3,7,4'-trimethyl ether 
of quercetin, ayanin, has been isolated from the 
heartwood of the tree D is te m o n a n th u s  B e n th a m ia n u s  
by King, e t a l .2 However, monomethyl and dimethyl 
ethers of quercetin that contain a methoxyl group at 
the 3-position have been obtained only by laboratory 
synthesis.3-6 This note describes the isolation and 
identification of quercetin-3,3'-dimethyl ether from

(1) This work was performed in part under the auspices 
of the U. S. Atomic Energy Commission.

(2) F. E. King, T. J. King, and K. Sellars, J. Chem. Soc., 
155,92(1952).

(3) R. Kuhn and I. Low, Ber., 77B, 211 (1944).
(4) A. C. Jain, K. S. Pankajamani, and T. R. Seshadri, 

J. Sci. Ind. Res. (India), 12B, 127 (1953).
(5) T. R. Seshadri, Tetrahedron, 6 , 196 (1959).

tobacco flowers. We have also found other related 
flavonol ethers in these flowers. One of these other 
compounds has been tentatively identified as quer- 
cetin-3-methyl ether.

E X P E R IM E N T A L

Separation of quercetin ethers. Samples each containing 
100 g. of powdered, oven-dried flowers from tobacco plants, 
Nicotiana tabacum, one-sucker variety, grown in the green
house a t Argonne National Laboratory during 1958, were 
extracted with 500 ml. of the following solvents in the 
order named: n-pentane, benzene, chloroform, ethyl ace
tate (anhydrous), and acetone. Each 500-ml. extract was 
concentrated in vacuo to 5 ml. and studied by paper chro
matography. The flavonol ethers were mostly in the chloro
form fraction, although a t least two such compounds were 
present in small amounts in the ethyl acetate extract.

Each 5-ml. chloroform concentrate was streaked onto 
eight sheets of Whatman No. 3 MM chromatography paper 
(approx. 7" X 22l/ 2'), and the chromatograms were de
veloped by descending chromatography in 15% acetic 
acid-water for about 24 hr. The upper part of each chroma
togram, containing the methylated flavonol compounds 
which moved only a relatively short distance in this solvent, 
was cut out and sewn onto a new sheet of S & S chroma
tography paper, No. 589, Red Ribbon. Each sheet was next 
developed in n-butyl alcohol-acetic acid-water (6 : 1 :2  
v./v.). After drying, the papers were viewed under long 
wave-length ultraviolet light f3660 A). A dark brown 
zone was seen near the solvent front; it was poorly separated 
from some blue-fluorescing material. The broad, dark 
brown zone containing the mixture of methylated flavonols 
was cut from each chromatogram, eluted with methanol, 
and then subjected to further extended chromatography, 
first in 15% acetic acid for 36—48 hours, then on fresh sheets 
in 60% acetic acid-water. The latter effected separation of 
the quercetin dimethyl ether from a trace amount of another 
brown fluorescing substance which had the same mobility 
as authentic quercetin-3-methyl ether on chromatograms. 
The yield of this latter compound from the 1958 tobacco 
flowers was insufficient to confirm its identity. After elution 
of the brown fluorescing zone containing the quercetin di
methyl ether, the methanol eluates were subjected to further 
chromatography on S & S No. 589 paper, using four different 
solvent systems in the order: 15% acetic acid-water: ethyl 
acetate-formic acid-water (10:2:3 v./v., upper layer); 
n-butyl alcohol-acetic acid-water (6 : 1 :2  v ./v .); and 
finally 60% acetic acid-water. The quercetin dimethyl ether 
zone of each final chromatogram was then pure enough for 
identification studies.

Identification of quercetin-S,S'-dimethyl ether. On paper 
chromatograms, the quercetin dimethyl ether exhibited a 
dark brown fluorescence under ultraviolet light, but after 
the compound had been sprayed with a 1 % solution of 
aluminum chloride in ethanol, it gave a yellow fluorescence. 
Flavone aglycones such as apigenin (4',5,7-trihydroxy- 
flavone); flavonol glycosides such as isoquercitrin (quercetin-
3-glucoside); and certain 3-methyl ethers of flavonols, such 
as quercetin-3-methyl ether and quercetin-3,7-dimethyl 
ether exhibit this fluorescent behavior.

After the isolated tobacco quercetin dimethyl ether waB 
refluxed with hydriodic acid, sp. gr. 1.7, for 4 hr., a product 
was obtained which proved to be quercetin. Identity was 
established by comparison of color tests, fluorescence, ultra
violet absorption spectra, and co-chromatography with 
authentic quercetin.

After the tobacco quercetin dimethyl ether was refluxed 
with dimethyl sulfate and sodium carbonate in acetone for 6 
hr., the product showed a blue fluorescence under ultraviolet 
light and was identified as quercetin-3,3',4',5,7-pentamethyl 
ether by paper chromatographic comparison with an authen
tic sample. Thus, the unknown was definitely a methyl ether
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of quercetin with a t least one methoxy group a t the 3- 
position.

An attem pt was made to hydrolyze the quercetin dimethyl 
ether isolated from tobacco flowers by heating it in 7% 
sulfuric acid solution for 12 hr. on a steam bath. No sugar 
was found on paper chromatograms of the reaction mixture, 
nor was there any significant change observed in the un
known compound, although a trace of some nonflavonol 
material could be located on the chromatogram by observing 
the chromatogram under ultraviolet light. These tests indi
cated tha t the unknown compound was not a flavone nor a 
glycoside of quercetin.

When an ethanol solution of the tobacco quercetin di
methyl ether was shaken with sodium amalgam, and then 
acidified with hydrochloric acid, a salmon pink color was 
obtained. Thus, substitution of the 3-position of the quer
cetin was again indicated.8

Mixtures of quercetin-3-methyl ether and quercetin-3,7- 
dimethyl ether, which were synthesized and purified in our 
laboratory as described in later paragraphs, could be readily 
separated by paper chromatography, using the solvent 
system nitromethane-benzene-water ( 2 : 3 : 5  v./v., upper 
layer), with R f  values of 0.13 and 0.85, respectively. The 
naturally occurring compound had a R f  value of 0.83 in this 
solvent system, thus indicating the likelihood of its being a 
dimethyl, and not a monometliyl quercetin 3-methyl ether.

The fluorescence was quenched by the addition of acetic 
anhydride to the solid compound,3 indicating a free 5-hy
droxy group on the quercetin. The reaction of the isolated 
compound wdth alcoholic ferric chloride solution, and its 
behavior during methylation, likewise indicated a free 
phenolic group at the 5-position.

Addition of anhydrous sodium acetate to the solution of 
the tobacco quercetin dimethyl ether, by the method of 
Jurd and Horowitz,7 caused a shift in the short wave-length 
band of its ultraviolet absorption spectrum from 254 to 
275 mm- This indicates tha t the 7-hydroxy position of the 
tobacco quercetin dimethyl ether is open.

The long wave-length band of the ultraviolet absorption 
spectrum of the tobacco unknown did not shift in absolute 
ethanol saturated with boric acid and anhydrous sodium 
acetate, by the spectral method of Jurd.8 Thus, a t least one 
hydroxyl of the o-dihydroxy group (3',4 ) of quercetin was 
blocked in the tobacco unknown in question.

Degradation of the isolated tobacco quercetin dimethyl 
ether was carried out by dissolving 1 mg. of the unknown 
in 30 ml. of a 2 N  solution of sodium hydroxide in a mixture 
of 50% ethanol and 50% water, and evaporating the solu
tion to drjmess in an oven a t 120°. The residue was dissolved 
in water, acidified with hydrochloric acid to a pH of 2, and 
extracted four times with 20-ml. portions of ether. The ether 
solution was concentrated to 1 ml. and studied by paper 
chromatography. The acid obtained after degradation 
proved to be vanillic acid (4-hydroxy-3-methoxybenzoic 
acid) by the identification procedure of Hergert and Gold- 
schmid.9 Thus, the 4 '-position of the tobacco quercetin di
methyl ether has a free phenolic group, whereas the 3'- 
position has a methoxy group on it. The structure of the 
isolated tobacco compound is, therefore, quercetin-3,3'- 
dimethyl ether.

Studies on both tobacco leaves and flowers obtained 
from a 1955 field-grown crop a t Argonne indicated the 
presence in each of a quercetin dimethyl ether (which may 
have been quercetin-3,3'-dimethyl ether instead of the re
ported quercetin-3,7-dimethyl ether), plus a compound 
giving color tests similar to and co-chromatographing with

(6) L. H. Briggs and R. H. Locker, J .  C h em . S o c ., 152, 
2158(1949).

(7) L. Jurd and R. M. Horowitz, J .  O rg. C h e m ., 22, 1618 
0957).

(8) L. Jurd, A r c h . B io c h e m . B io p h y s . ,  6 3 , 376 (1956).
(9) H. L. Hergert and O. Goldschmid, J .  O rg. C h e m ., 23, 

700(1958).

authentic quercetin-3-methyl ether.“ A third compound 
appeared to be kaempferol-3-methyl ether by preliminary 
tests. Kaempferol is 3,4',5,7-tetrahydroxyflavone. The 
specrral tests of Jurd and Horowitz7 and of Jurd6 were not 
run on these 1955 samples, and their identifications were 
only tentative. On the 1958 greenhouse-grown tobacco 
flowers, the quercetin-3,3'-dimethyl ether was present in 
relatively larger amount, but the compounds which might 
have been flavonol monomethyl ethers wTere not present in 
sufficient amount to undertake the studies needed for 
unequivocal confirmation of their structures.

P r e p a r a t io n  o f  p u r e  q u erc e tin -3 -m e th y l ether a n d  q u e rc e lin -
3 ,7 -d im e th y l ether. Both of these compounds weie synthe
sized by the method reported by Jain and co-workers4 for 
quercetin-3,7-dimethyl ether. On paper chromatographic 
examination, the resulting methylated quercetin precipitate 
appeared to be a complicated mixture containing five or 
more different derivatives of quercetin. Using methanol as 
the suspending medium, the precipitate was adsorbed onto 
Magnesol (Food Machinery and Chemical Corp., New York). 
The column was developed with a solvent system containing 
two parts of water-saturated ethyl acetate and one part 
nitromethane. Brown-fluorescing material, with some 
traces of blue-fluorescing impurities, moved rapidly off the 
column, leaving the major portion of the blue-fluorescing 
substances on the column. The eluates containing the brown- 
fluorescing mixture were then further purified by extended 
paper chromatography, using in order the solvent systems 
60% acetic acid-water, 15% acetic acid-water, and nitro
methane-benzene-water (2:3:5 v./v. upper layer) for 
purification of the quercetin-3-methyl ether. For obtaining 
pure quercetin-3,7-dimethvl ether, the 60% acetic acid- 
water, nitromethane-benzene-water, and finally 60% acetic 
acid-water systems were used. R { values in the 15% acetic 
acid and 60% acetic acid systems were respectively: querce- 
tin-3-methyl ether, 0.17 and 0.63 and quercetin-3,7-dimethyl 
ether, 0.19 and 0.72. Each of these compounds was eluted 
from its final chromatogram with 50% methanol-water. 
The purified quercetin-3-methyl ether checked in every 
respect (fluorescence, R f  values, color tests, and spectral 
studies) with authentic quercetin-3-methyl ether kindly 
furnished by Dr. R. M. Horowitz, USDA Fruit and Vege
table Laboratory, Pasadena, Calif. The identity of the puri
fied, synthetic quercetin-3,7-dimethyl quercetin was checked 
by procedures similar to those described above for the deter
mination of the structure of the tobacco quercetin-3,3'- 
dimetiiyl ether isolated from tobacco.

C h e m i s t r y  D e p a r t m e n t  

U n i v e r s i t y  o f  O k l a h o m a  

N c r m a n ,  O k l a . 

a n d

D i v i s i o n  o f  B i o l o g i c a l  a n d  M e d i c a l  R e s e a r c h  

A r g o n n e  N a t i o n a l  L a b o r a t o r y  

A r g o n n e , I II .

(10) E. L. Murphy, Ph.D. dissertation, University of 
Oklahoma (1957).

Fluoro Analogs of Prostigmine

S e y m o u r  L .  S h a p i r o ,  T h e o d o r e  B a z g a , 

a n d  L o u i s  F r e e d m a n

R ece ived  M a r c h  17 , 1 9 6 0

The useful physiological properties of prostig- 
mine, 6 7 8 9 1 I, and its analogs suggested exploration of

(1) A. Stempel and J. A. Aeschlimann, M e d ic in a l  C h e m 
is tr y , Vol. I ll, John Wiley & Sons, New York, N. Y., 1956. 
p. 23G (see pp. 270-274).
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trifluoromethylphenyl carbamates, and related 
compounds, II.

OCON(CH3)2

N(CH3)3 
I

(X)CONR!R2

CF3
II

X =  O, NH 
R1R2 =  H, alkyl, aryl

In particular, employment of a strongly m e ta  
orienting trifluoromethyl group2 evaluated re
placement of the electronically similar trimethyl- 
ammonium group3’4 5 of I. The steric effects of the 
trifluoromethyl group6 and its incorporation into 
biologically active agents6 have been recently 
described. The m e ta  relationship of the oxy func
tion in II was indicated on pharmacological7 8 and 
chemical2’8-12 bases.

The compounds were conveniently prepared by 
reaction of the appropriate isocyanate ester with 
m-trifluoromethylphenoi or m-trifluoromethyl- 
aniline and are described in Table I.

On testing^ compound 1, the trifluoromethyl 
analog of I, gave complete ganglionic block at
5  mg./kg., although it was without anticholin
esterase activity.1 Other noted effects were tran- 
quilizing activity with compound 2 , anti-tremo- 
rine effects with compound 3, and anti-inflam
matory activity with compounds 6- 8 . Compound
6 showed anesthetic activity somewhat better 
than procaine. The noted tranquilizing activity 
of compound 2 suggested examination of 0,/3,/3- 
trifluoroethylcarbanilate analogs, III ,14 which 
proved to be inactive.

H 0
^  I il
^ r - N —C—-OCH2CF3

III
R =  p-CH30 — (m.p. 81-83°) 
R =  p-Cl- -  (m.p. 70-71°)

E X P E R IM E N T A L 15

TABLE I
W -T r IFLU ORO M ETH Y LPHENY I, CA RBAM A TES AND U R E A S , II

No. R ia M .PAC Formula
Nitroge
Calcd.

V  % 
Found

1 CH3—6
X =  

t

— O—
CioHioF 3N O2 Q

2 C2H5— 52-53 C10HioF 3N O2 6.0 6.1
3 n-C4H 9— 43-44 c 12h 14f 3n o 2 5 .4 5.0
4 A C6H6— 142c> c 14h iof 3n q 2 5 .0 5.0
5 p-C Æ O C eH ,-■ 137-138 c 16h 14f 3n o 3 4 .3 4.7

6 C2H 5—
X =  — NH—

119-120Cz CwHnFsNsO 1 2 .1 12.0
7 C4H o— i C12IÏI5F 3N2C) 10 .8 10.5
8 CjHsOOCHr- 112-114 C12H 13F3N203 9 .7 9.8

“ R2 is hydrogen unless otherwise indicated. 6 Melting 
points are not corrected (capillary). 9 10 * Recrystallizing solvent 
is hexane unless otherwise shown; Clethanol;Czacetonitrile. 
d Analyses by Weiler and Strauss, Oxford, England. e R2 is 
methyl. 7’B.p. 84-86° (0.2 mm.). 1 A nal. Calcd. C, 51.5; 
H, 4.3. Found: C, 51.7; H, 4.2. h Reported by M. T. Leffler 
and E. J. Matson, J .  A m .  C h em . S o c ., 70, 3439 (1948), m.p.
138-140°. *' B.p. 184-192° (2 mm.).

N ,N -D im e th y l - { m - tr i f lu o r o m e th y l )p h e n y l  ca rb a m a te  (Com
pound 1). To a stirred refluxing solution of 8.1 g. (0.05 
mole) of m-trifluoromethylphenol in 30 ml. of benzene and 
10 ml. of triethylamine there was added dropwise 6.0 g. 
(0.056 mole) of dimethylcarbamyl chloride over 75 min. 
Stirring and refluxing was continued for 3 hr. When cool, 
the formed triethylamine hydrochloride was separated and 
washed with benzene. The fibrate and the benzene washings 
were combined, the benzene was removed, and the residue 
distilled to give 8.36 g. (72%) of product, b.p. 84-86° 
(0.2 mm.).

N - E th y l- { m - tr i f lu o r o m e th y l )p h e n y l  ca rb a m a te  (Compound 
2). A mixture of 3.24 g. (0.02 mole) of ire-trifluoromethyl- 
phenol, 1.36 g. (0.02 mole) of ethyl isocyanate, and 1 drop 
of pyridine was warmed under reflux in an oil bath main
tained a t 100° for 1 hr. When cool, the reaction mixture 
crystallized and upon trituration with cold hexane gave 2 
g. (43%) of product.

Compounds 3-5 were similarly prepared.
N -E th y l ,N '- ( m - tr i f lu o r o m e th y l) p h e n y lu r e a  (Compound 6). 

A mixture of 3.2 g. (0.02 mole) of w-aminobenzotrifluoride 
and 1.36 g. (0.02 mole) of ethyl isocyanate reacted a t 20° 
and solidified. Upon trituration with hexane 2.8 g. (61%) of 
product was obtained.

Compounds 7 and 8 were similarly prepared.

(2) J. D. Roberts, R. L. Webb, and E. A. McElhill, 
J .  A m .  C h em . S o c ., 7 2 , 408 (1950).

(3) J. D. Roberts, R. A. Clement, and J. J. Drysdale, J .  
A m .  C h em . S o c ., 73, 2181 (1951).

(4) B. M. Wepster, B e c . trav . c h im ., 75, 1473 (1956).
(5) D. M. Hall and M. M. Harris, P ro c . C h em . S o c ., 396

(1959) .
(6) (a) H. L. Yale, J .  M e d . P h a r m . C h e m ., 1, 121 (1959);

(b) E. D. Bergmann and I. Shahak, J .  C h em . S o c ., 462
(1960) .

(7) K. N. F. Shaw, M. D. Armstrong, and A, McMillan, 
J .  O rg. C h e m ., 21,1149 (1956).

(8) R. G. Jones, J .  A m .  C h e m . S o c ., 6 9 , 2346 (1947).
(9) J. Bornstein, S. A. Leone, W. F. Sullivan, and O. F. 

Bennett, J .  A m .  C h e m . S o c ., 7 9 , 1745 (1957).
(10) R. Mechoulam, S. Cohen, and A. Kalüszyner, J .

O rg. C h em ., 21,801 (1956).

(11) M. W. Buxton, M. Stacey, and J. C. Tatlow, J .  C h em . 
S o c ., 366,1954.

(12) R. H. Groth, J .  O rg . C h e m ., 25, 102 (1960).
(13) For ganglionic block, anti-tremorine and anesthetic 

activity testing procedure see S. L. Shapiro, H. Soloway, E. 
Chodos, and L. Freedman, J .  A m .  C h e m . S o c ., 81, 203
(1959); for tranquilizing test see S. L. Shapiro, H. Soloway, 
and L. Freedman, J .  A m .  P h a r m . A s s o c . S c i .  E d . ,  46, 333
(1957); for anti-inflammatory method see E. Siegmund, R. 
Cadmus, and G. Lu, P ro c . S o c . E x p t l ,  B io l .  M e d . , 95, 729 
(1957).

(14) Reported by Y. T. Oliverio and E. Sawicki, J .  O rg. 
C h e m ., 20, 1733 (1955); III, R  =  p-CHO—, m.p. 84-85°; 
III, R  =  p-Cl—, m.p. 72-73°.

(15) D ata shown in Table I  are not reproduced. Repre
sentative examples are shown for the general procedures 
used.
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A c k n o w le d g m e n t. The authors wish to thank 
Dr. G. Ungar and his staff for the pharmacological 
screening of the compounds, and Dr. I. Rose for 
the preparation of compound 1.

O r g a n i c  R e s e a r c h  D i v i s i o n

U. S. V i t a m i n  &  P h a r m a c e u t i c a l  C o u p .
Y o n k e r s  1, N .  Y .

Mescaline Analogs. X. 3,4-Dimethyl-,
3,4-Dichloro-, and 3,5-Dimethoxy-

4-methyl-/3-phenethylaminesI

F. B e n i n g t o n , 2 R. D. M o r i n , 2 
a n d  L e l a n d  C .  C l a r k , J r . 3

H °

CHi~ V = / <COîH
HO

(CHsJsSO.
----------- ^  R—C 02H

N aO H SOCI, 

Ag +
R—COC1 ------ >  R -C O C H N 2 — »

C H aN , N H ,
R—CHjCONH, — — > R—CHjCHjNH j

L iA im

CH,0

R = C H , - /  V

CH,0

Details of the pyschopharmacological properties 
of these compounds will be published elsewhere.

E X P E R IM E N T A L '

R ece ived  M a r c h  3 3 , 19 6 0

In a continuation of a long-range study of the 
influence of ring substituents on /?-phenethylamines 
on psychopharmacological activity,4 5 three new 
d-phenethylamines substituted ii: the 3-, 4-, 
or 5-positions of the ring were synthesized, and 
the effect of these compounds on normal cat 
behavior was examined. The sham rage response6 * 
induced by 3,4,5-trimethyl-, 4-methyl-, 4-chloro-, 
and 3,5-dimethyl-4-methoxy-|3-phenethylamines4 
prompted investigation of other /3-phenethylamines 
with these ring substituents.

The three new /3-phenethylamines described in 
this communication, 3,4-dimethyl-, 3,4-dichloro-, 
and 3,5-dimethoxy-4-methyl-, all induced a strong 
rage response in cats. These findings confirmed pre
vious observations that the substitution of methyl 
or chloro groups in the 3- and 4-positions of the 
d-phenethylainine molecule results in compounds 
which produce a rage syndrome in cats. Replace
ment of just the 4-methoxy group in mescaline 
(3,4,5-trimethoxy-/3-phenethylamine) with methyl 
is sufficient to impart rage-producing properties 
to the compound, whereas mescaline itself does not 
induce rage.

3.4- Dimethyl-/3-phenethylamine was synthesized 
from 3,4-dimethylbenzyl chloride by conversion 
to 3,4-dimethylphenylacetonitrile and reduction 
with lithium aluminum hydride. 3,4-Dichloro-/3- 
phenethylamine was obtained in a similar manner.

3.5- Dimethoxy-4-methyl-0-phenethylamine was 
synthesized from 3,5-dihydroxy-p-toluic acid6 by 
the following steps:

(1) This research was supported by Battelle Memorial 
Institute funds and by Public Health Service Grant M-1588.

(2) Battelle Memorial Institute.
(3) The University of Alabama Medical School.
(4) F. Benington, R. D. Morin, L. C. Clark, Jr., and R.

P. Fox, J .  O rg. C h e m ., 23,1979 (1958).
(5) S. Norton and E. J. deBeer, A n n .  N .  Y .  A c a d . S c i . ,  

65,249(1956).
(6) Obtained from Aldrich Chemical Co., Milwaukee,

Wis.

3 .4 -  D im e th y lb e n z y l  ch lo rid e . A rapid stream of dry hydro
gen chloride gas was passed into a stirred mixture of 106 g. 
of o-xylene, 84 g. of 35% aqueous formaldehyde solution, and 
450 ml. of coned, hydrochloric acid kept a t 65 ±  5° for 6 hr. 
The organic layer was separated, the aqueous layer ex
tracted with ether, and the combined organic layer was 
washed thoroughly with water and aqueous sodium bicar
bonate, dried over anhydrous magnesium sulfate, and dis
tilled through a 12-in. Vigreux column. After removal of 
unchanged o-xylene and a small intermediate fraction, 3,4- 
dimethylbenzyl chloride was collected as the fraction boiling 
a t 113-116°/22 mm.; yield, 98.4 g. (64%). The structure 
of this chloromethyl compound has been demonstrated.8

3 .4 -  D im e th y lp h e n y la c e lo n itr i le . To a stirred solution of 26 
g. of sodium cyanide in 30 ml. of water was added a solution 
of 62 g. of 3,4-dimethylbenzyl chloride in 100 ml. of alcohol, 
and the resulting mixture was stirred and refluxed for 4 hr. 
The dark reaction mixture was filtered from inorganic 
salts, and most of the alcohol was removed from the filtrate 
by evaporation under reduced pressure. The residue was 
treated with water, and the crude oily product extracted 
with ether. The ether solution was washed three times with 
50-ml. portions of 1:1 hydrochloric acid to remove foul
smelling isonitrile, then several times with water, and 
finally dried over anhydrous magnesium sulfate. After re
moval of ether, the residue was distilled under reduced pres
sure through a 12 in.-Vigreux column; b.p. 147-150°/22 
mm.; yield, 44.6 g. (77%).

A n a l .  Calcd. for Ci0HuN: C, 82.7; H, 7.6. Found: C, 82.4; 
H, 7.5.

8 ,i -D im e th r j l -6 -p h e n y le th y la m in e . To a stirred solution of
11.7 g. of lithium aluminum hydride in 250 ml. of dry abso
lute ether was added slowly a solution of 29 g. of 3,4-di
methylphenylacetonitrile a t a rate which caused the ether 
to reflux. The mixture was then stirred and heated under 
reflux for 0.5 hr., cooled in an ice bath, and hydrolyzed by 
slow and cautious addition of water until decomposition of 
the reaction complex was complete. Inorganic m atter was 
removed by filtration, the filtrate was dried (anhydrous 
magnesium sulfate), filtered again, and treated with al
coholic hydrogen chloride to precipitate the 3,4-dimethyl- 
/3-phenethylamine as its hydrochloride salt; yield, 21 g. 
(57%); recrystallization from hot alcohol afforded colorless 
plates, m.p. 222-223°.

A n a l .  Calcd. for Ci0H ibC1N: Cl, 19.1; N, 7.55. Found: 
Cl, 19.0 ;N, 7.47.

3 .4 -  D ic h lo r o p h e n y la c e to n itr ile . A mixture of 100 g. of a,3,4- 
trichlorotoluene,9 130 ml. of ethanol, 33.4 g. of sodium 
cyanide, and 40 ml. of water was stirred and heated under

(7) Melting points are uncorrected.
(8) G. Vavon, J. Bolle, and J. Calin, B u l l .  soc . C h irn .,

[5] 6,1025(1939).
(9) From Eastman Organic Chemicals.
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reflux for 3.5 hr. Most of the ethanol was distilled under 
reduced pressure, and the dark residue was added to 500 
ml. of water. The crude nitrile was extracted with ether, 
washed with 1:1 hydrochloric acid and water, dried (an
hydrous magnesium sulfate), ether removed, and distilled 
under reduced pressure; b.p. 115-130°/0.5 mm. (reported,10 
b.p. 170°/12mm.); yield, 71.5 g. (76%). The distillate gradu
ally solidified, and melted a t 45-46° after recrystallization 
from petroleum ether.

A n a l .  Calcd. for C.ILCUN: Cl, 38.2; N, 7.53. Found: 
Cl, 37.8; N, 7.34.

8 ,4 -D ic h lo ro - fi-p h e n e th y la m in e . To a stirred solution of
16.9 g. of lithium aluminum hydride in 300 ml. of dry absolute 
ether was added gradually a solution of 37.2 g. of 3,4- 
dichlorophenylacetonitrile in 100 ml. of dry ether. The reac
tion mixture was then refluxed for an additional hour, 
cooled, hydrolyzed cautiously with water, and filtered from 
inorganic matter. The dried ether solution was treated with 
dry hydrogen chloride to precipitate 3,4-dichloro-/S-pheneth- 
ylamine hydrochloride, which was recrystallized from 
methanol-ether; yield, 7.5 g. (17%); m.p. 178-179°.

A n a l .  Calcd. for C*H10C13N: Cl, 47.0; N, 6.18. Found; Cl, 
46.9; N, 6.14.

8 .6 -  D im e th o x y -^ -m e lh y lb e n z o ic  a c id . To a stirred solution 
of 40 g. of 3,5-dihydroxy-p-toluic acid in 57 g. of sodium 
hydroxide and 250 ml. of water were added three 33-ml. 
portions of methyl sulfate a t such a rate tha t the tempera
ture remained below 30° during addition of the first por
tion, a t 30 to 35° during the second, and a t 40 to 45° during 
the third.11 The mixture was then boiled under reflux for 
2 hr., treated with a solution of 20 g. of sodium hydroxide 
in 30 ml. of water, and boiled for an additional 2 hr. Acidi
fication with dilute hydrochloric acid precipitated the crude 
product, which was purified by recrystallization from ace
tone; yield, 30.5 g. (65%); m.p. 216-217°; (reported12 m.p.,
213-214°).

u-D ia zo -3 ,5 -d im e th o x y ~ 4 -m e th y la c e to p h e n o n e . A mixture 
of 30 g. of 3,5-dimethoxy-4-methylbenzoic acid, 30 ml. of 
dry benzene, and 22 ml. of thionyl chloride was refluxed 
for 2 hr. After removal of benzene and excess thionyl chlo
ride, the residue was distilled under reduced pressure to 
yield 21 g. (64%) of 3,5-dimethoxy-4-methylbenzoyl chlo
ride, b.p. 107-110°/0.5 mm. A solution of this acid chloride 
was added to a cooled (ice bath) and stirred solution of 0.316 
mole of diazomethane (generated from .V-nitroso-.V-methyl- 
urea and 45% potassium hydroxide and assayed against 
benzoic acid) in 680 ml. of dry ether. After stirring for 20 hr. 
a t room temperature, the diazoketone had separated 
as a yellow solid. Collection of this solid and concentration 
of the filtrate by evaporation yielded a total of 19.6 g. 
(90%) of the pure diazoketone; m.p. 138-139° dec.

A n a l .  Calcd. for CiiH 12N203: C, 60.0; H, 5.5. Found: C,
59.7 ;H, 5.7.

3 .6 -  D im e th o x y -4 -m e th y lp h e n y la c e ta m id e . To a mixture of 
19 g. of w-diazo-3,5-dimethoxy-4-methylacetophenone and 
100 ml. of dioxane was added 200 ml. of coned, ammonium 
hydroxide and 20 ml. of 10% aqueous silver nitrate. The 
mixture was heated on a steam bath under a reflux condenser 
for 16 hr. when evolution of nitrogen, brisk a t first, was 
complete. The hot reaction mixture was treated with Norite, 
filtered, and concentrated by evaporation whereupon the 
crude solid amide crystallized on cooling. Recrystallization 
of the crude product from alcohol-water yielded 10.5 g. 
(58%) of pure 3,5-dimethoxy-4-methylphenylacetamide, 
m.p. 166-167°.

(10) C. E. Kwartler and P. Lucas, J .  A m .  C h e m . S o c ., 
68, 2395 (1946) reported this compound as an oil rather 
than the crystalline solid which we obtained.

(11) See F. Mauthner, O rg. S y n th e s e s , Coll. Vol. I, 
537 (1943) for méthylation of gallic acid.

(12) K. Yamaguchi, J .  C h e m . P h a r m . S o c . ( J a p a n ) ,  62, 
491 (1952).

A n a l .  Calcd. for CnHi6N 03: C, 63.2; H, 7.2. Found: 
C, 63.2; H, 7.4.

3 ,5 -D im .e th o x y -4 -m e th y l- f} -p h e n e th y la m in e . To a Btirred 
solution of 6.8 g. of lithium aluminum hydride in 200 ml. of 
dry absolute ether was added a slurry of 10 g. of 3,5-di- 
methoxy-4-methylphenylacetamide in 125 ml. of hot dry rea
gent benzene, using part of the benzene to rinse in the last of 
the amide. The resulting mixture was stirred and refluxed for 
1 hr., cooled in an ice bath, and hydrolyzed by slow and 
cautious addition of water. The ether solution of the amine 
obtained after filtration from inorganic matter and drying 
(anhydrous magnesium sulfate) was treated with dry hy
drogen chloride to precipitate the product as its hydro
chloride salt; yield, 8.9 g. (80%); m.p. 233-235°. Recrys
tallization from ethanol-ethyl acetate raised the melting 
point to 244-245°.

A n a l .  Calcd. for ChH 18C1N02: C, 57.0; H, 7.8; Cl, 15.3. 
Found: C, 56.2; H, 8.0; Cl, 15.2.

B a t t e l l e  M e m o r i a l  I n s t i t u t e

C o l u m b u s  1 , O h i o

T h e  U n i v e r s i t y  o p  A l a b a m a  M e d i c a l  S c h o o l

B i r m i n g h a m  3 ,  A l a .

Nobiletin from the Peel of the Valencia Orange 
( C i t r u s  s i n e n s i s  L.)1

L y l e  J a m e s  S w i f t  

R ece ived  M a r c h  2 8 , 1 9 6 0

During an investigation of the constituents of 
orange peel, a substance was isolated which was 
identified as nobiletin by physical and chemical 
properties, elemental analysis, and degradation 
products.

Nobiletin was first isolated by Tseng2 from the 
Chinese drug chen-pi which, in turn, was made 
from the peel of a variety of mandarin (C i tr u s  
n o b il is , Lour.). In the original work the isolation 
was made by a rather tedious process from a 
cold methanolic extract of the drug but in the 
present study the juice of fresh orange peel was 
utilized.

The structural formula for nobiletin was partly 
elucidated by Tseng2 and Robinson and Tseng,3 
who isolated veratric acid and acetoveratrone 
(as the oxime) from the alkaline hydrolysis mix
ture. On the basis of this and other evidence, 
Robinson and Tseng came to the conclusion that 
nobiletin was 3', 4', 5 , 6 , 7, 8-hexamethoxyflavone. 
This view was supported later by syntheses carried 
out by Horii,4 Sreerama Murti and Seshadri,5

(1) Presented before the Symposium on Chemistry of 
the Citrus Fruit Industry a t the Miami meeting of the 
American Chemical Society, April, 1957.

(2) K. Tseng, J .  C h em . S o c ., 1003 (1938).
(3) R. Robinson and K. Tseng, J .  C h e m . S o c ., 1004

(1938).
(4) Z. Horii, J .  P h a r m . S o c . J a p a n ,  60, 614, Abstracts 

246 (1940); C h em . A b s tr . 35, 7964(1941).
(5) V. V. Sreerama Murti and T. R. Seshadri, P ro c . 

I n d i a n  A c a d .  S e i . , 27-A, 217 (1948).
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and by Oliverio and Casinovi.6 Thus there is no 
doubt about the proposed structural formula.

E X P E R IM E N T A L

I s o la t io n  o f  n o b ile tin . Orange peel juice was obtained from 
the peel oil centrifugals which were operated in connection 
with a frozen concentrate plant. Peel from the orange juice 
extractors passed directly through grooved rolls which ex
pressed an emulsion of peel oil and the aqueous peel juice. 
After screening to remove peel fragments, the emulsion was 
fed directly to the centrifugals which separated part of the 
oil.

Juice so obtained was filtered in the laboratory with a 
diatomaceous filter aid on precoated ßüchner funnels. The 
filtrate was extracted once with petroleum ether (b.p. 60- 
68°) to remove any remaining peel oil and adjusted to pH
8.0 with sodium hydroxide pellets. The alkaline mixture was 
then extracted batchwise with carbon tetrachloride, using 
two 50-ml. portions to each 1.5-1. portion of juice. The 
combined extracts were then concentrated i n  va cu o  nearly 
to dryness and the residue was dissolved in hot methanol. 
After treatment with a small quantity of decolorizing car
bon, the hot solution w'as filtered and allowed to crystallize. 
The precipitate was repeatedly recrystallized from methanol 
to a constant melting point of 137-138° cor. The yield was 
quite small, 4.7 g. nobiletin being obtained from about 250 
1. of peel juice.

The ultraviolet spectrum was determined in 95% ethanol 
solution. The locations of the maxima and corresponding 
log t values were as follows: 210 m/i (4.627), 248 myu (4.341), 
271 mM (4.283), 333 mM (4.449).

A n a l .  Calcd. for C21H220 8: C, 62.68; H, 5.51; -O C H 3,
46.28. Found: C, 62.95, 63.05; H, 5.67, 5.72; —OCH3,
46.34, 46.29. Nobiletin is tasteless in the crystalline form, 
probably because of its slight solubility. Alcoholic solutions 
diluted with water are quite bitter.

H y d r o ly s is  o f  n o b ile tin . A 2.0-g. portion of nobiletin was 
refluxed with a mixture of 100 ml. of ethanol and 100 ml. of 
20% aqueous potassium hydroxide for 6 hr. The mixture 
was concentrated at atmospheric pressure to half its volume 
and 100 ml. of water were added. Carbon dioxide was 
bubbled into the mixture until it was saturated. An ether 
extraction of the neutral products of hydrolysis was then 
made and reserved for the isolation of acetoveratrone. The 
aqueous residue was also retained for the isolation of the 
acidic hydrolysis products.

I s o la tio n  o f  acetovera trone o x im e . The ethereal extract of 
the neutral hydrolysis products was evaporated nearly to 
dryness. To this was added a mixture containing 0.5 g. of 
hydroxylamine hydrochloride and 4 ml. of 5% sodium hy
droxide and enough ethanol to give a clear solution. After 
heating for 10 min. in a hot water bath, the mixture was 
cooled and placed in a cold room at 4°. A yield of 0.23 g. of 
crystals melting at 141° cor. was obtained which agrees with 
that reported by Robinson and Tseng3 for acetoveratrone 
oxime.

A n a l .  Calcd. for C,„H130 3N: C, 61.55; H, 6.66; —OCH3, 
31.80; N, 7.18. Found: C, 61.98, 61.74; H, 6.65, 6.72; 
—OCH3, 31.24, 31.09; N, 6.76, 6.80.

A c id ic  h y d r o ly s is  p ro d u c ts . V e r a tr ic  a c id . The aqueous 
residue remaining after the extraction of the neutral hy
drolysis products was acidified with dilute sulfuric acid and 
extracted again with ether. The ether was removed by 
evaporation and the residue weighing 1.4 g. was twice crys
tallized from about 70 ml. w'at.er. After drying, the melting 
point was found to be 182° cor. A mixture with anisic 
acid gave a melting-point depression of 30°, thus excluding 
this as a possibility'. Analysis and a neutral equivalent 
determination were in agreement with those of veratric

(6) A. Oliverio and C. Casinovi, O azz. I ta l . ,  80, 798
(1950); Chern. A b s tr . 46, 977 (1952).

acid. The yield w'as 0.4 g. The amide melted at 1'¡4-166°, 
which is in agreement with the values given in the literature 
for veratric acid.

A n c l .  Calcd. for C9Hi0O4: C, 59.33; H, 5.53; —OCH3, 
34.07; Neut. equiv., 182.2. Found: C, 59.56, 59.67; H, 
5.70, 5.68; —OCH3, 34.26, 34.34; Neut. equiv., 185.1.

A c k n o w le d g m e n t. The author is indebted to L. E. 
Brown of the Southern Regional Research Branch, 
ARS, for the elemental analyses.

F r u i t  a n d  V e g e t a b l e  P r o d u c t s  L a b o r a t o r y

S o u t h e r n  U t i l i z a t i o n  R e s e a r c h  a n d  D e v e l o p m e n t  

D i v i s i o n

A g r i c u l t u r a l  R e s e a r c h  S e r v i c e

U. S. D e p a r t m e n t  o p  A g r i c u l t u r e

W i n t e r  H a v e n , F l a .

Reaction of Cyclic Sulfites of 1,3-Glycols 
■with Sodium Iodide

S t a n l e y  W a w z o n e k  a n d  J. T. L o f t 1 

R ece ived  F e b r u a r y  2 2 , 1 9 6 0

.Alkyl sulfites have not been studied extensively 
as alkylating agents because of the ease of prepara
tion and reactivity of the corresponding sulfates and 
sulfonates.

Cyclic sulfites of 1,3-glycols which are much more 
readily available than the cyclic sulfates have not 
been studied in this respect. Their behavior as al
kylating agents would offer a convenient route to
3-monosubstituted derivatives of 1-propanol.

In this work the reaction of sodium iodide with 
the sulfites of trimethylene glycol, 3,3-bishv droxy- 
methyloxetane, pentaerythritol, 3,3-dimethyl-l,3- 
propanediol, and 3-methyl-3-hydroxymethyl-l,3- 
propanediol has been studied and found to proceed 
normally with the first three compounds; 3-iodo-
1-propanol, 3-hydroxymethyl-3-iodomethyloxe- 
tane, and 2,2-bisiodomethyl-l ,3-propanediol were 
obtained, respectively.

The reaction was carried out in methyl ethyl ke
tone and found to proceed in a similar fashion to 
that found by others2 for the reaction of sodium

O I
/  \  /

(CH2)3 SO +  N al — > (CH2)3 
N /

0  0 3 0 2Na
1 II

iodide with alkyl sulfites in acetone. Simultaneous 
condensation of methyl ethyl ketone apparently 
occurs with the liberation of water and subsequent 
hydrolysis of the intermediate sulfite. The methyl 
ethyl ketone bisulfite addition compound in con
trast to the findings of Foster, et a l .-  coprecipitated

(1) Abstracted in part from the Ph.D. thesis of J. T. 
Loft, August 1959.

(2) A. B. Foster, E. B. Hancock, W. G. Overend, and 
J. C. Robb, J .  C h e m . S o c ., 2589 (1956).



2 0 6 9NOVEMBER 1 9 6 0 NOTES

with sodium iodide during the reaction. The al
kylation in the presence of water was found to 
cause the precipitation of sodium bisulfite instead 
and to increase the yield of 3-iodo-l-propanol in the 
reaction of trimethylene sulfite (I) with sodium 
iodide. A similar addition of water to a solution of 
pentaerythrityl disulfite and sodium iodide in 
methyl ethyl ketone was deleterious, as the alkyla
tion reaction was slower and hydrolysis of the sul
fite to pentaerythritol occurred.

The structure of 3-hydroxymethyl-3-iodomethyl- 
oxetane (IV) obtained from 2,4,8,3-trioxathiaspiro- 
[5,3] nonane-3-oxide (III) 3 was indicated by its ele-

CH2 c h 2~ o  c h 2 c h 2o h
7  \  /  \  N a l  /  \  /c s o -----o c
\  /  \  /  \  /  \  

c h 2 c h 2o  c h 2 c h 2i
I II  IV

mental analysis and its infrared spectra.
The sulfite of 2-methyl-2-hydroxymethyl-l,3- 

propane-diol3 required methyl isopropyl ketone 
as a solvent to effect a reaction. The reaction pro
ceeded normally but the product, 2-methyl-2-hy- 
droxymethyl-3-iodo-l-propanol was isolated as a 
1:1 complex with 2-methyl-2-hydroxymethyl-l,3- 
propanediol. Dissociation of the complex occurs 
in acetone since after five crystallizations from this 
solvent 2-methyl-2-hydroxymethyl-l ,3-propane-
diol could be obtained in pure condition.

The sulfite of 2,2-dimethyl-l,3-propanediol was 
resistant to alkylation and after refluxing with so
dium iodide in methyl isopropyl ketone for forty- 
eight hours gave very little product. The stability of 
this cyclic sulfite is no doubt brought on by the g em  
methyl groups.

E X P E R IM E N T A L 4

3 - Io d o - l-p r o p a n o l . A solution of l,3,2-dioxanthiane-2- 
oxide5 (24.4 g.), sodium iodide (30 g.), and water (3.6 g.) 
in methyl ethyl ketone (300 ml.) was refluxed for 24 hr. and 
formed a light yellow precipitate. The entire mixture was 
dried with anhydrous sodium sulfate and filtered. Frac
tional distillation under nitrogen gave 24.5 g. of 3-iodo-l- 
propanol boiling at 112° (31 mm.); n™  1.5515; d \ s 2.014. 
The literature6 reports a boiling point of 115° (38 mm.) 
and a refractive index of n™  1.5585.

A n a l .  Calcd. for CsH,OI: C, 19.38; H, 3.79. Found: 
C, 19.42; H, 3.58.

3 -H y d ro x y m e th y l-3 - io d o ? n e th y lo x e ta n e  (IV). 2,4,8,3-Tri-
oxathiaspiro[5,3]nonane-3-oxide3 (III) (10 g.) and sodium 
iodide (14.2 g.) were refluxed in methyl ethyl ketone for 20 
hr. The solution was filtered, then acidified with dilute 
hydrochloric acid and separated from the water layer. 
Removal of the methyl ethyl ketone gave an oil which 
distilled at 128° (2 mm.); yield, 2.6 g.; 1.5603.

A n a l .  Calcd. for C5H 9O2I: C, 26.31, H, 3.95. Found: 
C, 25.8; H, 3.80.

(3) S. Wawzonek and J. T. Loft, J .  O rg. C h u m ., 24, 641 
(1959).

(4) Melting points and boiling points are not corrected.
(5) P. B. D. de la Mare, W. Klyne, D. J. Miller, J. G. 

Pritchard, and D. Watson, J .  C h em . S o c ., 1813 (1956).
(6) J. P. Henry, C h em . Z . ,  1897, II, 344.

The infrared spectra of 3-hydroxymethyl-3-iodomethyl- 
oxetane had the characteristic oxetane absorption peak 
a t 970 cm.-1 •1 and hydroxyl peaks at 2850 and 3400 cm.-1

2 ,2 - B is io d o m e th y l- l ,3 -p r o p a n e d io l . A mixture of sodium 
iodide (30 g.) and 2,4,8,10-tetraoxa-3,9-dithia [5,5 Jundecane-
3,9-oxide8 (22.8 g.) in dry merhyl ethyl ketone (300 ml.) 
was refluxed for 36 hr. with constant stirring. Removal of 
the solvent gave a heavy oil which was extracted twice with 
methylene chloride (150 ml.). The solid which remained 
proved to be the starting material (2.7 g.).

The combined methylene chloride extracts were dried 
with calcium sulfate and upon removal of the solvent gave 
an oil (17 g.). Trituration with ethanol gave additional 
starting material (1 g.). Removal of the ethanol gave an oil 
which was crystallized from water and gave 2,2-bisiodo- 
methyl-l,3-propanedioI (11 g.) melting at 129-130°. The 
literature9 reports a similar melting point.

A n a l .  Calcd. for C5H i0O2I2: C, 16.86; H, 2.81. Found: 
C, 16.65; H, 3.02.

R e a c tio n  o f  s o d iu m  io d id e  w i th  B -m e th y l-5 -h y d ro x y m e th y l-
l ,3 ,2 -d io x a th ia n e -2 -o x id e . A solution of sodium iodide (60 
g.) and 5-methyl-5-hydroxymethyl-l,3,2-dioxathiane-2- 
oxide3 (64 g.) in methjd isopropyl ketone (500 ml.) pro
tected from light was refluxed with stirring for 48 hr. 
Removal of the solvent gave an oil which was separated 
by distillation into two fractions. The first fraction boiling 
at 110-140° (7 mm.) proved to be mainly starting materials 
(35 g.). The second fraction, which distilled a t 160° (7 mm.), 
gave an oil which upon crystallization from chloroform gave
13.4 g. of a white solid melting a t 70-71°. Analysis and a 
molecular weight determination in camphor indicated that 
this solid was a molecular complex of 2-methyl-2-hydroxy- 
metlvyl-l,3-propanediol and 2-methyl-2-hydroxymethyl-3- 
iodo-l-propanol.

A n a l .  Calcd. for C10H22O5I: C, 32.35; H, 6.76; I, 37.33. 
Found: C, 32.67; H, 6.58; I, 37.24. Mol. wt. 349.9. Found:
354.4, 350.8 (Rast) (Acetone, b.p. el.) 184, 145.

Five fractional crystallizations of the complex (3 g.) 
from acetone a t —70° gave 0.05 g. of 2-methyl-2-hydroxy- 
methyl-1,3-propanediol melting at 199-200°.

R e a c tio n  o f  B ,B -d im e th y l- l ,3 ,2 -d io x a th ia n e -2 -o x id e  w ith  
s o d iu m  io d id e . 5,5-Dimethyl-1.3,2-dioxathiane-2-oxide10 (30 
g.) and sodium iodide (30 g.) were refluxed in methyl iso
propyl ketone (600 ml.) with stirring and protected against 
light for 48 hr. Removal of the solvent gave a dark residue 
which was fractionally distilled. Starting material (17.6 g.) 
was obtained together with 2.0 g. of a liquid which boiled at
106-110° (35 mm.). Two further distillations gave a sample 
which had an approximate analysis for 2,2-dimeth3rl-3-iodo- 
1-propanol.

D e p a r t m e n t  o f  C h e m i s t r y

S t a t e  U n i v e r s i t y  o f  I o w a

I o w a  C i t y ,  I o w a

(7) S. Searles, J .  A m .  C h e m . S o c ., 75, 1175 (1953); 
J. W. Campbell, J .  O rg. C h e m ., 22, 1029 (1957).

(8) L. Orthner, B e r ., 61B, 116 (1928).
(9) H. Bincer and K. Hess, B e r ., 61B, 537 (1928).
(10) D. G. Markees and A. Burger, J .  A m .  C h em . S o c ., 

71, 2031 (1949).

Preparation of 2,2,2-Trinitroetlianol1

H e n r y  F e u e r  a n d  T h o m a s  J. K u c e r a  

R ece ived  A p r i l  4 , 1 9 6 0

The synthesis of trinitroethanol (I) has been re
ported from the reaction of trinitromethane with

(1) From the Ph.D. Thesis of Thomas J. Kucera, Purdue 
University, August 1953.
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an excess of paraformaldehyde.2 The experimental 
procedure involved distillation of I and the authors 
reported that explosions were encountered during 
this operation. In addition, compound I made by 
this method was very low melting (30°) and un
stable.

An investigation of this reaction in this labora
tory by G. Leston3 showed that compound I could 
be obtained with a much higher melting point 
(65-66°), but that it was still hygroscopic and 
decomposed in the presence of moisture.

We now wish to report a more efficient prepara
tion of I which eliminates the explosion hazard and 
affords in 80% yield pure I, m.p. 72°, directly 
from the reaction solution.

Pure I was found to be nonliygroscopic and 
stable. The presence of small amounts of water 
and formaldehyde was found to decrease the melt
ing point and to cause I to react with the absorbed 
atmospheric moisture. The ready dissociation of I 
to trinitromethane and formaldehyde in water 
has recently been studied.4

E X P E R IM E N T A L

2,2,2-Trinitroethanol. In a three-necked flask which was 
provided with a stirrer, reflux condenser, and thermometer 
were placed 100 ml. of carbon tetrachloride, 2.12 g. (1.4 
mmoles) of trinitromethane and 0.45 g. of paraformalde
hyde (14.3 mmoles of formaldehyde assuming 95% formalde
hyde). The turbid solution was heated with stirring for 3 hr. 
a t 60-65° and then at reflux for 30 min. Concentrating the 
solution to 30 ml. and cooling in the refrigerator gave trini- 
troethanol in the form of long needles. Further concentra
tion of the filtrate gave additional crops of crystals, m.p. 
72°. The overall yield wras 80%.

Anal. Calcd. for C2H30 7N3: C, 13.26; H, 1.66; N, 23.20. 
Found: C, 13.22; H, 1.62; N, 23.02.

A c k n o w le d g m e n t. We are indebted to the Office 
of Naval Research for the financial support of this 
work.

D e p a r t m e n t  o p  C h e m i s t r y

P u r d u e  U n i v e r s i t y

L a f a y e t t e ,  I n d .

(2) N. S. Marans and R. P. Zelinski, J .  Am. Chem. Soc., 
72,5329(1950).

(3) Unpublished results from the M.S. dissertation of
G. Leston, Purdue, 1949.

(4) J. Reinhart, J. G. Meitner, and R. W. Van Dolah, 
J. Am. Chem. Soc., 77,496 (1955).

Polymerizable Esters of Trinitroethanol1

H e n r y  F e u e r ,  H e n r y  B. H a s s , a n d  R. D. L o w r e y  

Received April 11, I960

The preparation of polymerizable mononitro- 
alcohol esters of acrylic acid was described by

(1) From the Ph.D. Thesis of Robert D. Lowrey, Purdue 
University, February 1950.

D’Alelio.2 Marans and Zelinski3 showed that tri
nitroethanol (I) reacts readily with acetyl chlo
ride and propionyl chloride to give the expected 
esters of I in high yields. We now wish to report 
the preparation of esters of I with unsaturated 
acids which are enumerated in Table I. In all cases 
the acid chlorides were employed and with the 
monobasic acids the highest yields were obtained 
in the absence of a solvent. This was also the case 
with fumaryl chloride, but the reaction tempera
ture had to be raised to 130°. In the preparation 
of ditrinitroethyl itaconate the reaction was 
performed in petroleum ether. On heating, trinitro- 
ethvl acrylate and trinitroethyl methacrylate (II) 
were converted to high melting translucent solids 
of high softening range. Ester II was also copoly
merized with ditrinitroethyl fumarate.

Attempts to prepare a monomer from isopropenyl 
isocyanate and compound I were unsuccessful. 
Reactions which were carried out in the presence 
of a polymerization inhibitor such as trinitroben
zene led to a viscous oil which turned to a solid 
during distillation at low pressure. It had the 
correct analysis for a polymer of trinitroethyl 
N -isopropenylcarbamate.

E X P E R IM E N T A L

Trinitroethyl methacrylate (II). Three grams (0.019 mole) 
of trinitroethanol and 10 ml. of methacrylyl chloride were 
agitated with a stream of dry nitrogen while the temperature 
was raised to 80° and kept there for 3 hr. The excess acid 
chloride was removed in vaaio, the residue dissolved in ether, 
washed successively with water, 1.5JV potassium carbonate, 
and again with water, and the ether solution was dried with 
calcium sulfate. Distillation at 95° and 5 mm. caused the 
ester to crystallize in 'he condenser. Recrystallization from 
petroleum ether (b.p. 60-70°) a t —60° gave trinitroethyl 
methacrylate, m.p. 26°.

Trinitroethyl acrylate. The procedure was the same as 
described above, except that the reaction was carried out 
at 28° for 2 hr.

Ditrinitroethyl fumarate. The reaction was conducted at 
100° for 4 hr. and then at 130° for 3 more hr. After work-up 
as described above, a solid, m.p. 119°, remained. I t  was 
recrystallized from dibutvl ether to give ditrinitroethyl 
fumarate, m.p. 150°.

Ditrinitroethyl itaconate. The procedure was the same as 
described for the preparation of ester II  except tha t pe
troleum ether (b.p. 60-70°) was employed as a solvent and 
the reaction mixture was refluxed for 16 hr. Removal of the 
solvent gave an oil which solidified on adding ethanol. 
Recrystallization from ethanol gave ditrinitroethyl ita- 
onate, m.p. 97°.
Polymerization experiments. Heating ester II  a t 70° in an 

airtight flask for 6 days gave a yellow translucent solid 
which softened a t 250-280°.

Similar treatment of trinitroethyl acrylate gave a solid 
of softening range 170-210°.

Heating an equimolar mixture consisting of ester II  and 
ditrinitroethyl fumarate in a sealed flask a t 70° for 6 days 
gave a translucent solid softening at 150-190°.

(2) G. F. D ’Alelio, U. S. Patent 2,499,804 (Sept. 21, 
1948).

(3) N. S. Marans and R. P. Zelinski, J .  Am. Chem. Soc .
72,5329(1950).
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TABLE I
U n s a t u r a t e d  E s t e r s  o f  T r i n i t r o e t h a n o l

Caled. Found
Compound B.P. M.P. Yield, % Formula C H N C H N

Trinitroethyl aervlate 80/2 mm. 41 c 5h 6n ,o , 25.53 2.21 17.87 25.25 2.18 17.90
Trinitroethyl methacrvlate 95/5 mm. 26 54 c ,h 7n 3o8 28.92 2.83 16.87 28.60 2.76 16.78
Trinitroethyl crotonate 97/5 mm. 60 c «h ,n 3o8 28.92 2.83 16.85 29.90 2.88 16.32
Ditrinitroethyl fumarate 150 18 CgHeNßOie 21.71 1.35 19.00 22.05 18.45
Ditrinitroethyl itaconate 97 9 C ,H ,N ,0„ 23.68 1.75 18.42 18.00

P o ly tr in i tr o e th y l  N - is o p r o p e n y lc a r b a m a te . Three grams 
(0.019 mole) of trinitroethanol, 0.85 g. (0.01 mole) of iso- 
propenyl isocyanate4 and 0.005 g. of trinitrobenzene were 
allowed to stand 1 week at 24°, and the mixture was then 
diluted with ether. A small amount of material which did not 
dissolve was discarded. Washing the solution with water 
until the water layer was colorless, drying with anhydrous 
calcium sulfate, and distilling i n  vacuo , left a dark semisolid 
which did not distill at 100° and 2 mm. I t was purified 
by washing with hot petroleum ether (b.p. 60-70°).

A n a l .  Calcd. for C6H8X ,08: C, 27.28; H, 3.05, X, 21.21. 
Found: C, 27.35; H, 3.38; N, 21.18.

A c k n o w le d g m e n t. We are indebted to the Office 
of Naval Research for the financial support of this 
work.

D e p a r t m e n t  o f  C h e m i s t r y

P u r d u e  U n i v e r s i t y

L a f a y e t t e , I n d .

(4) D. D. Coffmann, U. S. Patent, 2,334,476 (Xov. 16, 
1943).

Polymerization of Perfluorobutyne-21

H e n r y  C. B r o w n  a n d  H e r m a n  L. G e w a n t e r  

R ece ived  M a r c h  18 , 196 0

High molecular weight polymers of perfluoro
butyne-2 have not been previously reported 
although recent publications2-4 have described the 
thermal and catalytic preparation of trimers and 
tetramers of this bis (perfluoroalkyl) acetylene.

It has now been found that perfluorobutyne-2 
forms a new, thermally stable, high molecular 
weight polymer under the influence of 7-radiation. 
Exposure of perfluorobutyne-2 to a Co60 3 4 source 
for sixty-seven hours at a rate of 3.6 X 105 r./hr. 
produced, in quantitative yield, a white, inert, 
solid polymer that is not attacked or wetted by 
boiling concentrated sulfuric acid, concentrated 
nitric acid or 50% sodium hydroxide solution.

(1) This work was supported in part by the Office of 
Naval Research, Chemistry Branch, under Contract N-onr 
580(03); NR 356-333 with the University of Florida. Repro
duction in whole or in part is permitted for any purpose of 
the United States Government.

(2) H. C. Brown, H. L. Gewanter, D. M. White, and 
W. G. Woods, ./. O rg. C h e m ., 25, 634 (I960).

(3) J. F. Harris, Jr., R. J. Harder, and G. N. Sausen, 
J .  O rg . C h e m ., 25, 633 (1960).

(4) J. F. Harris, Jr., U. S. Patent 2,923,746, February 2,
1960.

The polymer is insoluble in ether, carbon tetra
chloride, methyl alcohol, benzene, and all other 
common laboratory solvents.

Preliminary data indicate that the thermal 
behavior of this polymer, polyperfluorobutyne, 
is quite different from that of polytetrafluoro- 
ethylene. The decomposition curve obtained from 
a thermogravimetric analysis in nitrogen showed 
an initiation point at 425°, approximately the same 
temperature as was found for polytetrafluoro- 
ethylene; at the 50% decomposition point, how
ever, the curve for polyperfluorobutyne was about 
75° above that of polytetrafluoroethylene.

Pyrolysis of polyperfluorobutyne and poly
tetrafluoroethylene in an evacuated system showed 
a more marked difference in behavior. Production 
of gaseous products from polytetrafluoroethylene 
began at 430°; the temperature was raised to 550°, 
and after six hours, one-half of the polytetra
fluoroethylene had formed gaseous products; 
three hours at 630° completed the decomposition 
of this polymer sample. In contrast, with the same 
heating schedule, polyperfluorobutyne did not 
form gaseous products until a temperature of 550° 
had been reached, and after four hours at 630° 
only about 40% of the weight of the sample was 
converted to gaseous products. This pyrolysis does 
not necessarily indicate greater thermal stability 
in polyperfluorobutyne but does show a- type of 
decomposition different from that of polytetra
fluoroethylene.

The infrared spectrum of polyperfluorobutyne 
resembled that of polytetrafluoroethylene in the 
position of its major absorption peaks; there was 
a shift, however, to somewhat higher frequencies 
than those found for polytetrafluoroethylene.

Elemental analysis confirmed the assumption 
that this new product is a polymer of perfluoro- 
butyne and that neither carbon nor fluorine was 
lost by fragmentation in the irradiation process. 
An empirical formula of C4F6 was obtained from 
the analysis.

Assumptions of the structure of this new poly
mer are at the present only speculative. As per- 
fluorobutadiene is known to polymerize rather 
easily,6 the possibility that perfluorobutyne-2

(5) C. Slesser and S. R. Schram, T h e  P r e p a r a t io n , P ro p e r 
tie s , a n d  T e c h n o lo g y  o f  F lu o r in e  a n d  O rg a n ic  F lu o r in e  C o m 
p o u n d s , McGraw-Hill Book Company, New York, New 
York, 1951, pp. 624-626.
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might isomeme to perfluorobutadiene and sub
sequently polymerize was considered. A 1,4- 
linear polymerization of perfluorobutadiene would 
leave one carbon-carbon double bond in each 
monomer unit and this should be detectable in the 
infrared spectrum. The spectra of the new polymer 
showed no absorption in this region. The known 
homopolymers of perfluorobutadiene decompose 
at approximately 300° and thus do not resemble 
the polymer obtained in the present work.

There was no apparent phase change when poly- 
perfluorobutyne was heated in a melting point tube 
to 500°. This fact and the lack of unsaturation seem 
to indicate a highly branched and highly cross- 
linked structure.

Small yields of polyperfluorobutyne (ca. 7%) 
have been obtained also in the thermal preparation 
of hexa(trifluoromethyl) benzene from perfluoro- 
butyne-2.2

E X P E R IM E N T A L

P o ly p e r flu o r o b u ty n e . Hexafluorobutyne-2 (2.25 g., 0.0139 
mole) was condensed in a previously evacuated heavy-wall 
Pyrex tube 40 cm. X 1.3 cm. (ca . 50 ml. capacity). The 
reaction tube was then sealed ancl placed in the Co60 ir
radiation tank for 67 hr. to receive -/-radiation at a rate of
3.6 X 105 r./hr. (total dosage 2.4 X 107 r.).

The polymerization tube was then opened and 0.24 g. of 
unchanged perfluorobutyne-2 recovered. Remaining in the 
tube was 2.0 g. of a white, solid polymer. This polymer was 
refluxed with coned, sulfuric acid, with coned, nitric acid 
and with 50% sodium hydroxide solution with no apparent 
degradation. I t  was insoluble in ethyl ether, carbon tetra
chloride, methyl alcohol, benzene, and a variety of other 
common laboratory solvents.

The infrared spectra of solid polyperfluorobutyne shows 
strong absorption peaks at 8.05, 8.36, and 8.50 n ; a weak 
absorption peak -was found at 8.80 p . These peaks are in the 
same region as the major peaks for polytetrafluoroethylene 
but at slightly higher frequencies.

A n a l .  Calcd. for C4P 6: C, 29.63; F, 70.37. Found: C, 
29.14; F, 70.27.

C o m p a ra tiv e  p y r o ly s is  o f  p o ly p e r flu o r o b u ty n e  a n d  p o ly 
te tra flu o ro e th y len e . Polyperfluorobutyne, 2.0 g. and poly
tetrafluoroethylene, 2.0 g. were placed in individual heavy- 
wall Pyrex tubes and each tube -was connected by Tygon 
pressure tubing to its own liquid-air cooled trap for condensa
tion of gaseous pyrolysis products. The pyrolysis tubes

were tien  bound together, placed in a vertical tube furnace, 
and the system evacuated.

The temperature of 'lie furnace was raised to 100° and 
held at this temperature for 1 hr. while the sj'stem was 
pumped to remove residual moisture or air from the poly
mer samples. The furnace temperature was then raised to 
524°, oo 550°, and to 630° in steps as shown in Table I. 
Moles of gaseous products were determined in following the 
course of the reaction.

TABLE I
P y r o l y s i s  o f  P o l y p e r f l u o r o b u t y n e  a n d

POLYTETRAFLUOROETHYLENE

Moles, gaseous product, 
X 103

Temp.
Time,

Hr.

Polytetra
fluoro

ethylene

Polyper
fluoro
butyne

524-550 3.5 10.1 0.0
550 5.5 14.9 0.0
550 11.5 17.4 0.0

553-630 13.3 — 3.1“
-330 14.5 20.0 —
-330 16.3 (Completely

pvrolyzed)
6 .96

° Av. mol. wt., 116. b Av. mol. wt., 123.

Pyrolysis of polytetrafluoroethylene resulted in an almost 
quantitative decomposition to tetrafluoroethylene. The 
infrared spectra of the polyperfluorobutyne gaseous decom
position products indicated that it was largely hexafluoro- 
ethane, though other compounds, at least one of which 
showed C—C unsaturation, were also present.

In addition to the volatile products, the pyrolysis of 
polyperfluorobutyne produced 0.95 g. of a tan powder, 
collected from the upper part, of the pyrolysis tube and the 
connecting tubing that evidently contained unsaturation 
as it cecolorized an acetone solution of potassium per
manganate. Further investigation of this pyrolysis product 
will be reported in a subsequent publication.

A c k n o w le d g m e n t. The authors wish to thank 
the Materials Laboratory, Wright Air Develop
ment Division, U. S. Air Force, for the thermo- 
gravimetric analysis data.

D e p a r t m e n t  o f  C h e m i s t r y  

D e p a r t m e n t  o f  C h e m i c a l  E n g i n e e r i n g  

U n i v e r s i t y  o f  F l o r i d a  

G a i n e s v i l l e , F l a .
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Reactions of ge/n-Dibromocvclopropanes with 
Alkyllithium Reagents. Formation of Allenes, 

Spiropentanes, and a Derivative of 
Bicyclopropylidene1

S ir :

We have found that treatment of <7ewi-dibromo- 
cyelopropanes with methyl- or butyllithium in 
ether at 0 to —80° presents a general method for 
the synthesis of allenes2; 1,2-undecadiene ( A n a l .  
Found: C, 86.77; H, 13.04), 2,3-heptadiene ( A n a l .  
Found: C, 87.52; H, 12.60), 1,2-cyclodecadiene 
( A n a l . Found: C, 88.13; H, 11.96), and 1,2-cyclo- 
undecadiene (A n a l . Found: C, 87.81; H, 12.12) 
have been obtained in 70-90% yields.

In these reactions, no evidence of carbene inter
mediates3 has been found in experiments employ
ing cyclohexene as a trapping agent. However, 
treatment of 7,7-dibromobicyclo [4.1.0]heptane (I) 
with methyllithium in ether-cyclohexene at —80° 
gave a mixture of products from which a white 
solid (II) (30%), m.p. 120.5- 121°, Ci4H2o ( A n a l .  
Found: C, 89.56; H, 10.54; mol. wt.,4 188) and 
liquids (III) (10%; A n a l .  Found: C, 88.43; H, 
11.53; mol. wt.,4 176) and IV (5%; A n a l .  Found: 
C, 88.6 8 ; H, 11.45; mol. wt.,4 176), both C13H20, 
were isolated by gas chromatography.5 In the ab
sence of cyclohexene, II was obtained but III and 
IV were not formed.

II III

Structure II has been assigned on the basis of the 
following data: reaction with bromine, high end 
absorption in the ultraviolet (xr -Hs0fI 206 mg,

(1) Acknowledgment is made to the donors of the Petro
leum Research Fund, administered by the American Chemi
cal Society, for partial support of this research.

(2) W. von E. Doering and P. M. LaFlamme, T e tra h e d ro n , 
2, 75 (1958) have reported related reactions.

(3) Certain polyhalomethylenes produce carbenes when 
treated with alkvllithium reagents, (a) G. L. Closs and L. E. 
Closs, J .  A m .  C h e m . S o c ., 81, 4996 (1959). (b) W. T. Miller, 
Jr., and C. S. Y. Kim, J .  A m .  C h em . S o c ., 81, 5008 (1959).

(4) Determined by mass spectrometry. We thank Prof. K. 
Biemann for measuring the mass spectra.

(5) (a) Relative retention times: Carbowax 20 M (142°)
t i i / t \ n  =  2.70, fiv/fin =  1.00; silver nitrate (15%) —
tetraethvlene glycol (115°), fiv/hii =  1-41. (b) The struc
ture of IV (an olefin) and the structures of lower boiling 
products will be discussed in the future.

16) (a) r  =  10.00 — SiShsi. (b) Tertiary cyclopropane pro
tons in certain fused-ring systems (e .g ., norcarane) show sig
nals below t  =  9. (c) We thank Dr. G. E. Maciel for meas
uring NMR spectra.

« ~  13,000), NMR6 absorption in the region r = 
8 — 9 only (no olefinic protons), 2977 cm. ' 1 
(cyclopropane C IT). Hydrogenation of II (plat
inum, acetic acid. 25°, 1 atm.) has given mixtures 
of dihydro-II ( iT ’1 3000 cm .'1; A n a l .  Found: C, 
88.31; H, 11.55), tetrahydro-II (r^% 3000 cm.-1; 
A n a l .  Found: C, 87.08; II, 12.51) and 1,2-dicyclo- 
hexylethane (hexahydro-II). At higher tempera
tures, both di- and tetrahydro-II are slowly hydro
genated to give 1,2-dicycIohexvlethane.

Structure III has been assigned on the basis of 
the following data: no reaction with bromine, es
sentially no end absorption in the ultraviolet 
(V'iHiOir 206 mg, e < 300), NMR6 absorption in the 
region r = 8 — 9 only, ^ '¿ ‘2988 cm. -1 Hydrogena
tion of III (platinum, acetic acid, 120°, 34 atm.) 
gave only cyclohexylcycloheptane (identified by 
gas chromatography on three columns and com
parison of infrared spectra. A n a l .  Found: C, 86.61; 
H, 13.49). Less vigorous conditions (platinum, 
propionic acid, 100°, 1 atm.) gave 74% of cyclo
hexylcycloheptane, 1% of a compound with re
tention times (four columns) identical to those of 
dicyclohexylmethane, and 24% of dihvdro-III (mol. 
wt.4178; 2996 cm.-1).

Present results indicate that the formation of 
spiropentanes related to III may be general. A 
liquid, CnHis ( A n a l . Found: C, 87.91; H, 12.04; 
mol. wt.4 150), assigned structure V on the basis of 
evidence similar to that presented for III, has been 
obtained from the reaction of I with methyllithium 
in the presence of isobutylene.

V VI

The formation of spiropentanes III7 and V7 must 
involve a common intermediate which may be car
bene VI, or the highly strained 1,2-cyclohepta- 
diene, or a species which is intermediate in struc
ture between carbene and aliéné. The formation of 
bicyclopropylidene II7 may also involve this inter
mediate. We hope that work in progress may shed 
some light on these questions.

D e p a r t m e n t  o f  C h e m i s t r y  W i l l i a m  R. M o o r e

M a s s a c h u s e t t s  I n s t i t u t e  o f  H a r o l d  R. W a r d 8
T e c h n o l o g y

C a m b r i d g e  3 9 ,  M a s s .

Received July 11, 1960

(7) Consistent names: II, 7,7'-{bicyclo[4.1.0]heptyli- 
dene); III, 7,7'-spirobi(bicyclo[4.1.0]heptane) ; IV, spiro{bi- 
cyclo [4.1.0 ]heptane-7,1 '-(2',2'-dimethylcjrclopropane)}.

(8) National Science Foundation Summer Fellow ,̂ 1959,
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Synthesis of a Highly Potent Gypsy Moth 
Sex A ttractant

S ir :

The gypsy moth (P o r th e tr ia  d is b a r  L.) is one of 
the most serious pests of fruit, shade, and woodland 
trees in New England and eastern New York State, 
causing extensive loss by defoliation. The male is 
attracted to the virgin female by means of a sub
stance secreted by her abdominal glands, and the 
use of traps baited with a crude extract of these 
glands is the best known means of detecting infesta
tions of the insect.1 Collection of the necessary 
insects and preparation of the extract are extremely 
costly and a practical, efficient synthetic attractant 
is needed as a substitute. 12-Aceioxy-1-hydroxy- 
cis-9-octadecene (I), prepared as a model compound 
for oxidation studies during the chemical investiga
tion of the natural lure,2 has now been found to be 
a highly potent attractant for the male gypsy moth.

CH3(CH2)5CHCH2CH =CH (CH 2),CH2OH I

Lithium aluminum hydride reduction of ricinoleic 
acid (Kahlbaum) gave a quantitative yield of 
rincinoleyl alcohol [b.p. 175°/0.5 mm., n □ 1.4704, 
[«]d +5.3° (chloroform); reported3 b.p. 178°/0.5 
mm., n f f  1.4700, [ajfj4 5 +5.7° (undiluted). A n a l .  
Found: C, 75.83; H, 12.67], which was acetylated 
in 62% yield with acetyl chloride in refluxing ben
zene (containing pyridine) to the 1,12-diacetate 
[b.p. 180o/L3 mm., n o  1.4519, [a]3D° +8.7° 
(chloroform). A n a l . Found: C, 71.52; H, 11.06].

(1) F. Acree, Jr., M. Beroza, R. F. Holbrook, and H. L. 
Haller, J .  E c o n . E n to m o l., 52, 82 (1959).

(2) M. Jacobson, M. Beroza, and W. A. Jones, S c ien ce , 
October 1960.

(3) S. P. Ligthelm, E. von Rudloff, and D. A. Sutton, 
J .  C h em . S o c ., 3187 (1950).

Saponification with refluxing ethanolic potassium 
hydroxide removed only the primary acetyl group,4 
giving a 90% yield of I [b.p. 18270.5 mm., n §  
1.4607, [<x]d° +7.4° (chloroform). A n a l .  Found: 
C, 73.36; H, 11.70]. The compound shows blue 
fluorescence in ultraviolet light, is remarkably 
stable to heat, and does not appear to decompose 
on storage at room temperature.

Male gypsy moths in large numbers were lured 
to field traps containing as little as one microgram 
of I , ’-6 and the compound was attractive at one 
ten-millionth of a microgram in laboratory bio
assay tests.7 These figures compare very favorably 
with the activity of the natural attractant. The use 
of the synthetic lure in U. S. Department of Agri
culture survey traps should result in substantial 
monetary savings i:i the conduct of current pro
grams, and the product may provide a new means of 
control.

The effect of isomerization of the double bond of 
I and its optical isomers on activity is being 
investigated.

E n t o m o l o g y  R e s e a r c h  D i v i s i o n  M a r t i n  J a c o b s o n  

A g r i c u l t u r a l  R e s e a r c h  S e r v i c e  

U .  S .  D e p a r t m e n t  o f  A g r i c u l t u r e  

B e l t s v t l l e , M d.

Received August 25, 1960

(4) The secondary acetyl group was extremely resistant 
to saponification with refluxing ethanolic alkali, and it was 
necessary to use diethylene glycol-potassium hydroxide 
mixture a t 120° to break this linkage.

(5) Field tests were carried out as described by J. M. 
Corliss, Y ea rb o o k  o f  A g r ic u l tu r e  ( In s e c ts ) , 694 (1952). The 
assistance of Mr. E. C. Paszek, U. S. Department of Agricul
ture, Nashua, N. H., in carrying out these tests is grate
fully acknowledged.

(6) The only lures previously reported, 1,2-epoxyhexa- 
decane and 1,2-hexadecanediol [cf. M. Jacobson, U. S. 
Patent 2,900,756 (Aug. 25, 1959)] were considerably less 
attractive in the field when tested at 0.5 g. per trap.

(7) Bioassay tests were carried out by the method of 
B. C. Block, J .  E c o n . E n to m o l., 53, 172 (1960).
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