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The dehalogenation of 1,4-dibromobutane under a variety of conditions has been found to lead to a mixture of ethylene, 
butane, 1-butene, trans and cis 2-butenes, 1,3-butadiene, and cyclobutane. A free radical mechanism accounting for the for­
mation of each of the above is proposed.

A literature survey of the metal dehalogenation 
reactions of 1,4-dibromobutane reveals a wide di­
vergence of reported products. While it does not fol­
low that all metal dehalogenations must proceed 
via a common mechanism, it is only through a 
thorough study of the reaction products that such 
a question can really be answered. Such a study is 
reported here.

The reaction of sodium vapor with 1,4-dibromo­
butane at 300° has been reported by Bawn and 
Milstead2 to give ethylene (41%) and butylene 
(51%). The mechanism proposed by these authors 
involves the formation of a 1,4-butyl diradical and 
its subsequent reactions to give the observed prod­
ucts. Cason and Way3 carried out essentially the 
same reaction in refluxing toluene and observed 
butane and cyclobutane (12%) as products. While 
they suggested no reaction mechanism, the further 
observation that cyclobutane formation was less 
in boiling benzene was interpreted as meaning that 
this was a process of relatively high activation 
energy.

Demj anow4 reported the treatment of 1,4-di­
bromobutane with zinc in ethanol to give butyl bro­
mide; while Hamonet5 * 594 obtained butane under the 
same conditions. When the dehalogenation was car­
ried out with zinc and refluxing dioxane, Grob and

(1) Presented in part before the April 19, 1957, meeting 
of the Ohio Academy of Sciences, Bowling Green, Ohio.

(2) C. E. H. Bawn and J. Milstead, Trans. Faraday Soc., 
35,889 (1939).

(3) J. Cason and R. L. Way, J. Ory. Chern., 14, 31 (1949).
(4) N. J. Demjanow, Ber , 28, 22 (1895).
(5) J. Hamonet, Compl. rend., 132, 789 (1901).

Bauman6 identified ethylene, butylene, and butyl 
bromide as reaction products. They proposed the 
initial formation of an organozinc halide which 
then decomposed by an ionic process.
Br—Zn—CH2—CH2—CH2—CII2—Br — >

CHs= C H 2 +  CII2= C I I2 +  ZnBr2
II20

V
CH,CE2CH2CH2Br

In this laboratory the treatment of 1,4-dibromo­
butane with a variety of metals in refluxing xylene 
and in butyl ether has been found to produce the 
same gaseous products in each case (Table I ) ; 
ethylene, butane, 1-butene, trans- and cis-2-butene,
1,3-butadiene, and cyclobutane. Analysis of the 
complex reaction products was carried out by 
means of gas chromatography (Fig. 1). Direct com­
parison of yields between reactions conducted in 
xylene and in butyl ether is complicated by the fact 
that butyl ether itself undergoes some cleavage 
when heated with the metals used in this study. 
The treatment of boiling butyl ether with sodium 
produced a large amount of propane and small 
amounts of C-2 and C-4 hydrocarbons. With the 
less active metals listed in Table I, the production 
of propane was negligible.

While the distribution among the products ob­
served on metallic dehalogenation of 1,4-dibromo­
butane varied considerably with the reaction 
conditions, the over-all consistency of products 
strongly supports the supposition of a common 
mechanism for all of these reactions. In order to

(6) C. A. Grcb and W. Bauman, Helv. Chim. Acta, 38,
594 (1955).
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TABLE I
D e h a l o g e n a t i o n  R e a c t i o n s  o f  1 ,4 - D i b r o m o b u t a n e  (0 .0 1  M o l e )

Products, Mole %

Reagent Solvent
Yield,

Ml. c 2h 4 c 4h ,„ 1-C4H8 2-C4Hs 1 j3~C4Hg
Cyclo
C4H8

Na Xylene 80 63 16 5 2 3 11
Li Xylene 80 16 46 15 5 5 13
Mg Xylene 90 14 51 12 4 6 13
Na Bu20° 200 High s.a. s.a. s.a. s.a. 0
Mg Bu20 “ 190 31 24 19 6 2 9
Zn Bu2Os 260 34 28 16 11 1 0
Zn dioxane 60 27 47 13 13 0 0
Mg +  CoBr2 Bu2Os 200 8 24 46 13 3 1
Mg +  CoBr-2 E t20 70 8 33 42 17 0 0
CHsMgBr +  CoBr2 Xylene6 C 21 3 8 5 4 2
CH3MgBr +  CoBr2 Bu20 c 23 17 15 30 0 8
CHsMgBr +  CoBr2 E t20 c 6 3 51 17 0 0

a The high yields in butyl ether were cue to the secondary reaction of the metal with the solvent; the other product being 
propane. Small amount is abbreviated s.a. 6 In addition, 53% ethane and 4% propane were found. c No yield of reaction 
products was measured here due to the large dilution by methane.

ID
X

TIME IN MINUTES
Fig. 1. Gas chromatography tracings for a standard 

mixture of hydrocarbons (upper curve) and the reaction 
product of 1,4-dibromobutane with methylmagnesium 
bromide and cobaltous bromide in butyl ether (lower curve)

further clarify the question of whether the dehalo- 
genations are free radical or ionic in nature, the re­

action was carried out under conditions which 
would favor radical formation.

Kharasch and co-workers7 have carried out a 
number of reactions using a Grignard reagent and 
cobaltous halides as a source of free radicals in 
solution. It was proposed that radical formation 
takes place according to the following scheme.

RMgX +  CoX2 — ^  RCoX +  MgX2 

RCoX — > R- +  -CoX

When a mixture of 1,4-dibromobutane and cobal­
tous bromide was treated with methylmagnesium 
bromide in a high boiling solvent, it was found that 
the same group of gaseous reaction products was 
observed as in the metal dehalogenation reactions. 
The results of this series of reactions are also listed 
in Table I. At the lower temperature of refluxing 
ethyl ether, no cyclobutane was formed; a not un­
expected result in view of the observations of 
Cason and Way.3

The experimental results of this study support 
the view that the metal dehalogenation reactions 
of 1,4-dibromobutane are free radical in nature. 
However, it should be born in mind that in any re­
actions as complex as these there is no difficulty in 
finding explanations of the experimental facts, but 
only in defending a preferred explanation selected 
from many. One reasonable reaction scheme which 
will accommodate the above observations is as 
follows:

M
Br— (CH2)4—Br — Br(CH2)4-(A) +  MBr (1) 

(A) — >- cydo-CJR +  Br- (2)

(A) — >- 2C2H4 +  Br- (3)

2(A) — >- Br—CHo—CH2—C H =C H 2 +  ?i-C4H 9Br(4) 

M
C4H 9Br — ^  C4H 9-(R) +  MBr (5)

(7) M. S. Kharasch, R. D. Mullev, and W. Nudenberg, 
J. Org. Chem., 19, 1477 (1954).
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TABLE II
R e a c t i o n s o f  ti- B u t y l  B r o m i d e  a n d  4 - P h e n o x y b u t y l  B r o m i d e

Product, Mole %

Reagents Solvent
Yield,

Ml. C2H4 C4H,„ 1-C4H8 2 -C4ÎÎ8  1,3-C4H6
Cyclo
c 4h 8

Mg +  CoBr2 
CH3MgBr +  CoBr2

E y )
E t20

«-Butyl bromide, 0.02 mole
490 0 55 21 
. . . “ 6 11 20

24

Mg +  CoBr2 Xylene
4-Phenoxybutyl bromide, .0052 mole 

25 5 3 79 10 1 2

a No yield of reaction products was measured due to the high dilution with methane. The other major product (63%) was 
pentane.

2(B) — >- C4H io +  1-C4H8 (6)

In the same fashion the 4-bromo-l-butene (Equa­
tion 4) may decompose to form 1,3-butadiene and
1-butene. The 4-bromo-l-butyl radical (dl) may be 
generated either by the direct abstraction of the 
halogen by the metal or by the thermal decomposi­
tion of a metal alkyl intermediate.8

The formation of cyclobutane as envisioned in 
Equation 2 above is a displacement of bromine atom 
from carbon by an attacking radical. The experi­
mental evidence regarding radical displacement re­
actions has been summarized by Steacie.9 The for­
mation of a 1,4-butyl diradical as suggested by 
Bawn and Milstead2 is also a possibility. In order 
to test the proposal of the 4-bromo-l-butyl radical
(A) as a reaction intermediate, the decomposition of
4-phenoxybutyl bromide with magnesium and co- 
baltous bromide in refluxing xylene was carried out. 
Again a complex mixture of gaseous products was 
formed (Table II). Analysis of this mixture showed 
the same products as observed in the reactions of
1,4-dibromobutane. Cyclobutane was formed to 
the extent of 2 mole percent. Kharasch, Stampa, 
and Nudenburg10 have reported that treatment of
4-phenoxybutyl bromide with phenylmagnesium 
bromide and cobaltous bromide in ether gave pre­
dominantly butyl phenyl ether and butenyl phenyl 
ether.

Both trans and cis 2-butene (the ratio trans/cis 
varied from two to five) were formed in each of the 
reactions studied. Kharasch, Lambert, and Urry11 
noted the formation of 2-butene when l-chloro-3- 
phenylpropane was treated with butylmagnesium 
bromide and cobaltous bromide. Their suggestion 
of the rearrangement of a «-butyl radical to a sec- 
butyl radical via a hydrogen atom migration has not 
received further experimental support. However,

(8) A. A. Morton and E. J. Lanpher, J. Org. Chem., 21, 
93 (1956).

(9) E. W. R. Steacie, Atomic and Free Radical Reactions, 
Reinhold Publishing Corp., New York, N. Y., Vol. II, p. 
743; Vol. I, p. 269.

(10) M. S. Kharasch, G. Stampa, W. Nudenburg, J. 
Org. Chem., 18, 575 (1953)

(11) M. S. Kharasch, F. L. Lambert, W. II. Urry, J. 
Org. Chem., 10, 298 (1945).

should such a migration occur then the formation 
of 2-butene may be postulated as follows;

~ H  . d is p ro p o rt io n a t io n
(B) — =>- CH3—CH2— CH—CH3-------------------->

C4H,„ +  1-C4H8 +  2-C4H8 (7)

When butylbromide is allowed to react with mag­
nesium and cobaltous bromide in ether, the yields 
of 1-butene and 2-butene were essentially the same 
(Table II). In another experiment butyl bromide 
and cobaltous bromide were allowed to react with 
methylmagnesium bromide. There‘was no observ­
able yield in 2-butene under these conditions 
(Table II) and the high yield of pentane suggests 
that the recombination of methyl and butyl radicals 
is a faster reaction than any process leading to 2- 
butene formation.

One referee has suggested that the metal salts 
present in the reaction mixture may serve as Lewis 
acids catalyzing the rearrangement of 1-butene to
2-butene. While there is a real possibility of such 
an isomerization occurring in the reactions at lower 
temperatures, it would be dubious that 1-butene 
would have a sufficiently long residence time in the 
reaction vessel at the temperatures of refluxing 
butyl ether and xylene for such a rearrangement to 
occur.

Finally, with regard to the balance of product 
yields predicted by the above proposed mech­
anistic scheme, it should be born in mind that no 
mention has been made of the interactions of the 
various radicals proposed with each other or with 
the solvents employed. Such factors undoubtedly 
play an important role in determining the yields of 
reaction products. Thus, it is not to be expected 
that the above scheme should account quanti­
tatively for the products but rather for the spec­
trum of products observed.

E X P E R IM E N T A L

Reagents. Eastman Kodak White Label 1,4-dibromobutane 
was carefully distilled through a Widmer column. After a 
slight forerun, the major fraction was taken; b.p. 74.5°/ 
11 mm.

Butyl ether was washed with dilute potassium hydroxide 
and water. While still wet it was treated with an excess of
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calcium hydride and then distilled from the excess hydride; 
b.p. 141°.

n-Butyl bromide was Eastman Kodak White Label care­
fully distilled through a Todd column; b.p. 106.6°.

The magnesium used in this study was Fisher Grignard 
Reagent magnesium.

Method of yas analysis. The gases produced in the following 
reactions were analyzed by means of a Fisher Gulf Parti- 
tioner using the standard column provided with the instru­
ment (tricresyl phosphate on firebrick). The eluting gas 
was helium. The peaks produced by an unknown sample 
were identified by comparison with those produced by a 
standard known mixture of light hydrocarbon gases (Fig. 1). 
The cyclobutane band was identified by inference from the 
products formed by the treatment of 1,4-dibromobutane 
with sodium in refluxing toluene.3

The mole percent of each component was calculated bj' the 
expression:

mole % A area under A 
total area

Apparatus. The apparatus consisted of a 100-ml., three­
necked flask fitted with a dropping funnel and a condenser. 
All reactions were stirred by means of a magnetic stirrer. 
All gases were collected, after passing through the con­
denser, in a gas collection bottle filled either with mercury or 
a saturated salt solution.

Reaction of 1,4-dibromobutane with various metals. To a 
refluxing mixture of 2 g. of the appropriate metal and 20 ml. 
of solvent was slowly added 2.16 g. (0.01 mole) of 1,4-dibro­
mobutane. The mixture was usually allowed to reflux over­
night. The evolved gases were then measured and analyzed 
according to the above procedure. The metals, solvents, and 
reaction products are tabulated in Tabler I.

Reaction of 1,4-dibromobutane with méthylmagnésium 
bromide and cobaltous bromide in various solvents. To a re­

fluxing mixture of 2.16 g. (0.01 mole) of 1,4-dibromobutane 
and 2 g. of cobaltous bromide in 20 ml. of solvent, was 
added ca. 0.03 mole of méthylmagnésium bromide in the 
same solvent. The solvents used were ethyl ether, butyl 
ether, and xylene. In the latter two solvents, the addition 
reagent was formed by mixing the solvent with the appro­
priate amount of méthylmagnésium bromide in ethyl ether 
and then removing as much of the ethyl ether as possible 
by evacuating to water pump pressure. In xylene and butyl 
ether, the Grignard reagent was added in the form of a 
slurry. The gases produced were collected and analyzed as 
described previously.

Reactions of n-butyl bromide, (a) A mixture of 2.74 g. of re­
butyl bromide (0.02 mole), 4.3G g. of cobaltous bromide 
(0.02 mole), and 1 g. of magnesium was refluxed in 15 ml. of 
ethyl ether for three hours. The reaction gas was collected 
and analyzed as before. The results are recorded in Table II.

(6) To a refluxing mixture of 2.74 g. of n-butyl bromide 
and 1 g. of cobaltous bromide in 15 ml. of ethyl ether was 
slowly added 25 ml. of ca. 1M  méthylmagnésium bromide. 
The yield of gas was quantitative based on the amount of 
méthylmagnésium bromide. The analytical results are given 
in Table II.

Reaction of 4-phenoxybutyl bromide with magnesium and 
cobaltous bromide. 4-Phenoxybutyl bromide was prepared 
by the method of Kharaseh, et al.;10 m.p. 40-41.5°. A mix­
ture of 1.2 g. (5.2 mmole) of 4-phenoxybutyl bromide, 1 g. 
of cobaltous bromide, and 2 g. of magnesium was refluxed 
for three days in 25 ml. of xylene. The rather small gas 
yield (25 ml.) wras collected and analyzed as before. The 
results are recorded in Table II.
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From the adduct (III) of butadiene and cinnamaldehyde, 4,5-tetramethyleno-2,3-benzosubcrone (VI) has been prepared. 
Condensation of its 7-formyl derivative with the methiodide of /3-diethylaminoethyl methyl ketone gave the tetracyclic 
hydroxyketone (X) from which by dehydration and dehydrogenation tribenzocycloheptatriene (II) has been obtained. 
The corresponding heptafulvene (XIV) does not differ in its physical properties from triphenylethylene; it has no “fulvenic” 
properties. Some other reactions of the adduct (III) and the ketone (VI) have also been explored.

The failure of the properties of the dibenzohepta- 
fulvenes (I) to agree with those predicted by the 
theory, based on the linear combination of atomic 
orbitals (LCAO),1-3 made it interesting to synthe­
size heptafulvenes derived from tribenzocyclohepta­
triene (II). The preparation of this compound 
started from the adduct (III) of butadiene and 
cinnamaldehyde, 2-phenyl-1,2,3,6-tetrahy droben- 
zaldehyde. The frans-structure o: this aldehyde

(1) E. D. Bergmann, E. Fischer, D. Ginsburg, Y. Hirsh- 
berg, D. Lavie, M. Mayot, A. Pullman, and B. Pullman, 
Bull. soc. chim. France, 18, 684 (1951).

(2) G. Berthier and B. Pullman, Trans. Faraday Soc., 45, 
484 (1949).

(3) See, however, A. Julg and B. Pullman, J. chim. phys., 
52,481 (1951).

follows from the configuration of cinnamaldehyde4 
and from its oxidation to the known5 2-phenyl-l ,2,3,-
6-tetrahydrobenzoic acid, by means of silver oxide.6 * * *

(4) M. Bourguel, Bull. soc. chim. France [4], 45, 1086
(1929); G. Gomboni, V. Thens, and H. Schmitz, Helv. Chim. 
Acta, 38, 255 (1955); H. Schinz, Chem. Abstr., 49, 6874
(1956).

(5) J. W. Cook, C. L. Ilewett, and A. M. Robinson, J. 
Chem. Soc., 168 (1939); G. Blumenfeld, Ber., 74, 524 (1941); 
C. D. Gutsche, J. Am. Chem. Soc., 70, 4150 (1948); K. 
Alder, H. Vagt, and W. Vogt, Ann., 565, 135 (1945); N. V. 
Organon, Brit, Patent 674,177 [Chem. Abstr., 47, 7540 
(1953)].

(6) The isomeric 2-phenyl-l,2,5,6-tetrahydrobcnzaIde-
hyde has been prepared by E. Lehmann and W. Paasche,
Ber., 68, 1146 (1935), and K. Alder, H. Vagt, and \V. Vogt,
ref. 5.
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Condensation of III with malonic acid gave /?- 
(2-phenylcyclohex-4-enyl) acrylic acid (IV); how­
ever, a pure product (m.p. 129°) could only be ob­
tained after a number of recrystallizations, and the 
yield did not exceed 50%. It appears that a second 
product (a geometric isomer or, more likely, a com­
pound with different location of the double bond) is 
formed, which, however, could not be isolated in 
pure form. The acid IV was characterized by its 
crystalline methyl ester and benzylisothiuronium 
salt.7

Hydrogenation of the acid (IV) gave the well 
known8 ¿rans-2-phenylcyclohexylpropionic acid (V) 
in 86% yield, which was also obtained in somewhat 
better over-all yield by the following alternative 
route: the diethyl acetal of (III) was hydrogenated 
and the hydrogenation product hydrolyzed to 
¿rcms-2-phenylcyclohexanaldehyde. The latter con­
densed with malonic acid to yield the dihydro­
analog of IV, which could be hydrogenated to V.

Cyclization of V with polyphosphoric acid gave in 
good yield 4,5-tetramethyleno-2,3-benzosuberone
(VI) the key substance in the present synthesis.9 
It gave a 7-bromo derivative which, however, did 
not lend itself to further transformation. Reduction 
of the carbonyl group in VI with lithium aluminum 
hydride and dehydration of the secondary alcohol 
so formed gave 3,4-benzo-5,6-tetramethylenocyclo- 
hepta-1,3-diene (VII). This was dehydrogenated 
by means of palladium to a mixture of two hydro­
carbons which could be separated by fractional dis­
tillation: 9-methylphenanthrene and the dihydro 
derivative (IX) of the expected 3,4,5,6-dibenzo- 
cyclohepta-l,3-5-triene (VIII), which did not give 
a picrate and had the same principal maximum 
(247 m/x; log e 4.12) as 2-methyl-3,4,5,6-dibenzocy- 
clohepta-3,5-diene (248 m,u; log e 4.14) and the cor­
responding 2,4,7-trimethyl derivative (250 m/x; log 
e 4.14), hydrocarbons which have only recently been 
described by Hall et aZ.10>u

(7) The route chosen in this investigation is somewhat 
similar to that of J. W. Cook, G. T. Dickson, J. Jack, J. D. 
London, J. McKeown, J. Macmillan, and W. F. Williams 
[J. Chem. Soc., 139 (1950)], who condensed the fully aro­
matic 2-phenylbenzaldehyde with malonic acid. When the 
authors attempted to cyclize the resulting o-biphenylyl- 
propionic acid (corresponding to V), they obtained not a 
seven-, but a five-membered ring.

(8) C. D. Gutsche, see ref. 5.
(9) The substance has been prepared before by a dif­

ferent route. C. D. Gutsche, J. Am. Chem. Soc., 73, 786
(1951).

(10) D. M. Hall, J. E. Landburg, M. S. Lesslie, and E. E. 
Turner, J. Chem. Soc., 3475 (1956); cf. Cook and Turner, 
J. Chem. Sue., 113 (1937); cf. also G. H. Beaven and E. A. 
Jonson, J. Chem. Soc., 651 (1957), who have studied 2- 
methvl-3,4,5,6-dibenzocyclohepta-3,5-diene (248 m/x; log e 
4.18))

(11) The occurrence of hydrogenation in dehydrogenation 
reactions (hydrogen transfer) is not unusual, nor is the for­
mation of phenanthrene compounds from dibenzocyclohepta- 
diene derivatives unexpected; similar observations have 
been made in the colchicine series. See, e.g., A. Windaus,
Ann., 439, 59 (1924), and J. W. Cook et al., J. Chem. Soc.,
746 (1947).

A more convenient method for the preparation 
of the desired tetracyclic system wras found in the 
Michael reaction between the 7-formyl derivative 
of VI and the methiodide of /3-diethylaminoethyl 
methyl ketone in the presence of sodium ethoxide. 
The reaction product had the formula of the hy- 
droxyketone X ; it was characterized by a mono-2,4- 
dinitrophenylhydrazone, which exhibited a band at 
365 mju (4.23), as expected for a saturated ketone. 
The infrared spectrum of the compound revealed 
the presence of the hydroxyl group (3400 cm.“ 1), 
but the carbonyl band appeared at the unexpect­
edly low frequency of 1675 cm.-1 in the solid state, 
whilst in chloroform solution a doublet at 1724 and' 
1689 cm.-1 was observed. I t may be that the ketone 
contains some cf the dehydration product (XI), and 
that some more of the latter was formed in the 
preparation of the potassium bromide disk. Potas­
sium hydroxide in aqueous-alcoholic dioxane at 
room temperature dehydrated X to the tetracyclic 
ketone XI with a yield of 50%. The ultraviolet ab­
sorption spectrum of the 2,4-dinitrophenylhydra- 
zone showed a band at 394 m/x (4.35), and that of 
the ketone itself at 292 m/x (4.10), as expected for 
an a,d-unsaturated cycloalkenone in which the 
double band is also conjugated writh a phenyl 
group.lla Again, the infrared absorption of the car­
bonyl group had an unexpectedly low frequency, 
viz. 1650 cm.-1 (in potassium bromide).

When XI was subjected to treatment with alumi­
num isopropoxide, not only was the keto group re­
duced to hydroxyl, but water was split off,12 and the 
compound XII formed.

Dehydrogenation of XII gave II which both 
according to the analysis and the spectrum had the 
desired structure. Bromination of II with JV-bromo- 
succinimide converted it into l-bromo-2,3,4,5,6,7- 
tribenzocyclohepta-2,4,6-triene which was hy­
drolyzed to the corresponding secondary alcohol 
and oxidized further to the ketone XIII. This was 
characterized by its orange-red 2,4-dinitrophenyl- 
hydrazone and the infrared absorption band at 
1667 cm.-1.13

Reaction of XIII with benzylmagnesium chloride 
and subsequent dehydration gave the desired hepta- 
fulvene XIV, l-benzylidene-2,3,4,5,6,7-tribenzocy-

(lla ) See, e.g. 3-phenvlcycIopent-2-en-l-one: 280 m/x 
(log e 4.42). A. L. Wilds, L. W. Beek, W. J. Close, C. Djer- 
assi, J. A. Johnson, T. C. Johnson, and C. H. Shunk, J. 
Am. Chem. Soc., 69, 1985 (1947).

(12) Such a secondary reaction is rare, but not altogether 
unknown: J. Doeuvre and H. Perret, Bull. soc. ¿him. France,
[5], 2, 298 (1935) ; W. G. Grubb and J. Read, J. Chem. Soc., 
242 (1934); A. G. Short and J. H. Read, J. Chem. Soc., 
1306 (1939); W. E. Bachmann and W. S. Struve, J. Org. 
Chem., A, m i  (1939).

(13) This compound has recently been obtained by the 
rearrangement of the diazonium salt of 9-(o-aminophenyl)-
9-fluorenol (M. Stiles, A. J. Sisti, and A. J. Libbey, 131st 
Meeting, American Chemical Society, April 1957). We are 
grateful to the referee who informed us of this fact. See the 
paper bv M. Stiles and A. J. Libbey, J. Org. Chem., 22, 
1243 (1957).
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clohepta-2,4,6-triene. The absorption spectrum of 
this compound shows practically no structure; 
maxima are observed at 230 m^ (4.65) and at 262 
m/x (4.38) (Fig. 1). The analogous dibenzoheptaful- 
vene (I, R. = Cells) absorbs at 284 my. (4.40).1

Fig. 1 . Ultraviolet spectrum of l-benzylidene-2,3,4,5,6 -tri- 
benzocyclohepta-2,4,6-triene (XIV) in ethanol

It follows, therefore, that XIV exactly as I is a 
fulvene only in name; its properties are not those 
one would have expected. One will have to assume 
that the incorporation of the double bonds of the 
cycloheptatriene system into aromatic rings de­
prives the system of its pseudo-aromatic character. 
The hypsochromic effect of the anellation of ben­
zene rings to the system of the fulvenes derived 
from cyclopentadiene and the concomitant decrease 
in the polarity of the semicyclic double bond in 
these fulvenes are phenomena of the same charac­
ter.14

In the course of this investigation, another route 
was explored in which the third ring was to be cre­
ated through a Diels-Alder reaction. The aldehyde 
III was condensed with acetone, the ketone XV re­
duced to the secondary alcohol, and the latter de­
hydrated to l-butadienyl-2-phenyl-cyclohex-4-ene 
(XVI). The yields in the three steps were fair (74%, 
57%, 52%, respectively), but the condensation of 
XVI with maleic anhydride proved disappointing, 
and the method was abandoned.

EXPERIMENTAL

trans-2-Phenyl-l,2,3,4-tetrahydrobenzaldehyde (III). A mix­
ture of 150 g. of freshly distilled cinnamaldehyde, 180 g. 
of butadiene, 4 g. of hydroquinone, and 350 ml. of benzene 
was heated a t 2 0 0 ° for 2 0  hr. (autoclave) and distilled 
through a Vigreux column. A quantity of about 20 g. of 
cinnamaldehyde was recovered and 130-150 g. (yield, 62- 
71%) of the desired aldehyde, b.p. 171-173° (30 mm.), m.p. 
36-37°, was obtained.

Anal. Caled, for CisHuO: C, 83.9; H, 7.5. Found: C, 84.0; 
H, 7.8.

Ultraviolet spectrum: 290 m î (log e 2.78); several
minor (benzene) bands between 250 and 270 m,u (2.50-2.68).

Phenylhydrazone, bright yellow needles, from ethyl alco­
hol; m.p. 127°.

Anal. Caled, for C16H 2„Na: C, 82.6; H, 7.3. Found: C, 83.0; 
H, 7.3.

2-Nitrophenylhydrazone, yellow needles, from butyl alco­
hol, m.p. 180°. Anal. Caled, for C19H 1 9N 3O2 : C, 71.0; H, 6.0; 
N, 13.1. Found: C, 71.0; H, 6.0, N, 12.9.

2,4-Dinilrophenylhydrazone, yellow needles, from alcohol; 
m.p. 161°.

Anal. Caled, for C1SH 18N 4 0 4 : C, 62.7; H, 5.1; N, 15.5. 
Found: C, 62.9; H, 5.0; N, 15.3.

lrans-2-Phenyl-l,2,3,4-tetrahydrobenzoic acid. To a solu­
tion of 2.2 g. of sodium hydroxide in 50 ml. of water, silver 
oxide, prepared from 8.5 g. of silver nitrate, and 9 g. of the 
aldehyde (III) were added successively with stirring and 
cooling with ice. The product was kept a t room temper­
ature for 30 min., filtered, and acidified. The acid was re­
crystallized from ligroin and melted at 104° (lit . : 5 107- 
108°); yield, 50%.

----------------  Anal. Calcd. for C13IIh0 2: C, 77.2; H, 6.9. Found: C,
(14) E. D. Bergmann, “The Fulvenes,” in Progress in  77.2; H, 7.1.

Organic Chemistry, Vol. 3, Butterworth’s Scientific Publi- ß-(2-Phenylcyclohex-4-enyl)acrylic acid (IV). A mixture 
cations, London, 1955, p. 81. of 130 g. of the aldehyde (III), 143 g. of malonic acid, 280
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ml. of pyridine, and 5 ml. of piperidine was heated for 3 hr. a t 
100° and for 30 min. at 150°, and poured into ice cold hydro­
chloric acid. The product was extracted with ether and 
transferred again into 5% sodium carbonate solution. 
Acidification gave 150 g. (94%) of a yellowish product 
(m.p. 95-110°) which was recrystallized twice from cyclo­
hexane and then melted at 126° (yield, 80-90 g.; 53%). 
Another recrystallization from benzene raised the m.p. to 
129°. (in cm.-1) 2950 (associated hydroxyl); 1685 (CO 
of an a,/3-unsaturated acid); 1625 (C = C ); 705 (CH wagging 
frequency in a cis-olefin).

Anal. Calcd. for Ci5H160 2: C, 78.9; H, 7.0. Found: C, 
79.6; H, 6.8.

Methyl ester, prepared with diazomet.hane, b.p. 164-165° 
(3.5 mm.); m.p. 63° (from methanol).

Anal. Calcd. for Ci6H i80 2: C, 79.3; H, 7.4. Found: C, 
79.5; 11,7.1.

The methyl ester (in ethanol) does not show a very char­
acteristic ultraviolet absorption spectrum; a t 262 my, an 
inflection (log e 2.64) is observed. This may be due to steric 
influences.

Benzylisothiuronium salt, m.p. 161° (from ethanol).
Anal. Calcd. for C23H26N20 2S: C, 70.0; H, 6.6. Found: C, 

70.0; H, 6.6.
(¡-(S-Phenylcyclohexyl)propionic acid (V). A solution of 63 

g. of the acid IV in 250 ml. of glacial acetic acid was hydro­
genated at ordinary temperature and pressure in the pres­
ence of 0.7 g. of 10% palladium-charcoal. The solvent was 
distilled off and the residue recrystallized from petroleum 
ether (60-90°), m.p. 85° (lit.:8 83.5-84.5°); yield, 54 g. 
(86%).

The same acid was obtained in almost quantitative yield, 
when j3-(2-phenylcycIohexyl)acrylic acid (vide infra) was 
hydrogenated in ethanol solution and in the presence of 10% 
palladium-charcoal as catalyst. The hydrogenation pro­
ceeded rapidly at ordinary temperature and pressure.

Diethyl acetal of the aldehyde III. A mixture of 12.4 g. of 
the aldehyde (III), 8.3 g. of ethyl orthoformate, 30 ml. of 
anhydrous ethanol, and some drops of saturated alcoholic 
hydrochloric acid was kept at room temperature for 12 hr., 
neutralized by stirring with an excess of solid carbonate for 
15 min., diluted with an equal volume of ether, filtered, and 
distilled, b.p. 120-122° (0.9 mm.). The yield was 15.2 g. 
(87%).

Anal. Calcd. for CI7H240 2: C, 78.5; H, 9.2. Found: C, 78.4; 
H, 9.0.

With the dinitrophenylhydrazine reagent, the acetal gives 
the above-described 2,4-dinitrophenylhydrazone of III.

Diethyl acetal of 8-phenylhexahydrobenzaldehyde. The solu­
tion of 13.7 g. of the foregoing acetal in 50 ml. of ethanol was 
hydrogenated at ordinary temperature and pressure in the 
presence of 0.5 g. of 10% palladium-charcoal. The theoretical 
amount of hydrogen was absorbed in 40 min. The product 
distilled at 115-117° (0.7 mm.); and weighed, 12.7 g. 
(100%).

Anal. Calcd. for CnH260 2: C, 77.9; H, 10.0. Found: C, 
78.0; H, 10.0.

8-Phenylhexahydrobenzaldehyde. The solution of 11 g. of 
the saturated acetal in 10 ml. of alcohol was heated on the 
water bath for 1 hr. with 50 ml. of 2% aqueous hydrochloric 
acid, and extracted wfith benzene. The product (7 g., 90%) 
distilled at 115-118° (1 mm.).

Anal. Calcd. for CI3H160 : C, 83.0; H, 8.5. Found: C, 
83.8; H, 8.7.

2,4-Dinitrophenylhydrazone, from butyl alcohol, m.p. 174°.
Anal. Calcd. for C19H20N4O4: C, 61.9; H, 5.4; N, 15.2. 

Found: C, 61.6; H, 5.3; N, 14.9.
/3-(8-Phenylcyclohexyl)acrylic acid. In the manner described 

above, 37 g. of 2-phenylhexahydrobenzaldehyde, 40 g. of 
malonic acid, 80 ml. of pyridine, and 2 ml. of piperidine 
gave 31 g. (72%) of the desired acid, from ligroin, m.p. 113- 
114°.

Anal. Calcd. for C15H180 2: C, 78.3; II, 7.8. Found: C, 78.9; 
H, 8.0.

Benzylisothiuronium salt, m.p. 169° (from ethanol).
Anal. Calcd. for C23H28N20 2S: N, 7.1. Found: N, 6.9.
trans-4,5-Tetramethyleno-g,8-benzosuberone (VI). A mixture 

of 55 g. of the pure acid V and 900 g. of polyphosphoric 
acid15 16 was heated at 100° for 3 hr., diluted with water, and 
extracted with benzene. The product boiled at 163-165° 
(1.5 mm.) and solidified spontaneously. Recrystallization 
from petroleum ether gave 32 g. (60%) of m.p. 55°.9 
1667 cm.-1 This is a rather low carbonyl frequency, as 
benzosuberone has this band at 1690 cm ."1; incidentally, 
in the Raman spectrum, the corresponding figure is 1676 
cm.-1.16 In chloroform (40.9 mg.; 1 ml.) the carbonyl fre­
quency was observed at 1690 cm.“1 This extreme influence 
of the potassium bromide pellet is very unusual.

7-Bromo-4,5-tetramethyleno-3,8-benzosuberone. To a solu­
tion of 4.3 g. of the ketone VI in 20 ml. of carbon tetra­
chloride, there was added, over a period of 25 min., a solu­
tion of 3.2 g. of bromine in 30 ml. of carbon tetrachloride. 
After further 30 min., the solvent was evaporated in vacuo 
and the residue recrystallized from ligroin (b.p. 90-100°). 
The yield was 3.5 g. (60%) of colorless needles, m.p. 117- 
118°.;™r 1678cm.-1.17

Anal. Calcd. for CuHnBrO: C, 61.5; H, 5.8. Found: C, 
61.6; H, 6.0.

4.5- Tetramethyleno-3,3-benzocyclohept-8-en-l-ol. To 0.5 g. 
of lithium aluminum hydride in 30 ml. of ether, there was 
added, during 30 min. and with stirring, a solution of 9 g. 
of the ketone VI in 50 ml. of ether. After 12 hr. a t room 
temperature, the reaction product was decomposed and 
acidified. The product, a yellow-greenish oil boiled at 162- 
164° (0.1 mm.); yield, 7.5 g. (83%). I t  could not be ob­
tained in analytically pure state; probably, even in vacuo 
some dehydration takes place. 250 my (log e 2.63); 
^  3500 cm.-1

Anal. Calcd. for Ci5H2oO: C, 83.3; H, 9.3. Found: C, 
84.9; H, 9.8.

5.6- Tetramethyleno-8,4-benzocyclohepta-l,3-diene (VII). The 
foregoing alcohol (5 g.) was subjected to azeotropic distilla­
tion with 0.5 g. of p-toluenesulfonic acid in 80 ml. of xylene. 
After 90 min., the reaction mixture was washed with water 
and distilled; b.p. 105-110° (0.15 mm.); yield, 4.5 g. (quan­
titative). X™°n 248 m/i (log e 4.02).

Anal. Calcd. for Ci5H i8: C, 90.9; H, 9.1. Found: C, 91.0; 
H, 9.4.

5.4.5.6- Dibenzocyclohepta-8,5-diene (VIII)  and 9-methyl- 
phenanthrene. A mixture of 3.4 g. of VII and 1 g. of 10% 
palladium-charcoal was heated in a carbon dioxide atmos­
phere for 1 hr. a t 310°, for 25 min. a t 320°, and finally for 
45 min. at 340°. The organic product was extracted with 
benzene and fractionated. Thus, two products were ob­
tained: an oil (2 g.) of b.p. 156° (6 mm.) and a fraction 
(0.5 g.) of b.p. 170° (6 mm.) which solidified. This hydro­
carbon was recrystallized from methanol, melted at 92°, gave 
the analytical figures required for, and exhibited an ultra­
violet spectrum identical with that of, 9-methylphenan- 
threne. Also the mixture with an authentic specimen melted 
a t 92°.

(15) F. Uhlig, Angew. Chew.., 66, 435 (1954).
(16) R. N. Jones and C. Sandorfy, Chemical Application 

of Spectroscopy, Interscience Publishers Inc., New York, 
N. Y., 1956, p. 449.

(17) I t  has been observed that a bromine atom a  to a car­
bonyl either increases the frequency of the carbonyl ab­
sorption or leaves it practically unchanged, depending upon 
the conformation of the brominated product. In cyclohepta- 
none, e.g., a-bromination shifts the carbonyl band by 8 
cm.-1 Cf. E. J. Corey, J. Am. Chem. Soc., 75, 2301 (1953); 
E. J. Corey and H. J. Burke, J. Am. Chem. Soc., 77, 5418 
(1955); R. N. Jones et al., J . Am. Chem. Soc., 74, 2828
(1952). G. Chiurdoglu, Bull. soc. chim. France, 1018 (1956); 
Cf. W. D. Kumler and A. C. Huitric, J. Am. Chem. Soc., 78, 
3369 (1956); M. Josien, C. Castinel, and G. Chiurdoglu, 
Compt. rend., 244, 2383 (1957).
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Anal. Calcd. for CisHiU C, 93.7; H, 5.2. Found; C, 93.4; 
H, 6.3.

Picrate, from methanol, m.p. and mixed m.p. with pure
9-methylphenanthrene picrate, m.p. 153°.

Anal. Calcd. for C-r.HioNaO?: C. 59.9; H, 3.6. Found: C, 
60.2; H, 3.4. 349 mM (log £ 2.47); 341 my (2.28); 333
mM (2.42); 326 my (2.28); 318 m.u (2.29); 296 my (4.02); 
285 my (4.01); 253 my (4.66). The oily product gave an 
analysis corresponding to CisHh ; it has r,he structure IX  and 
shows a spectrum in accordance with this structure, 247 
my (4.20) in ethanol.

Anal. Calcd. for Ch,Hi4: C, 92.8; H, 7.2. Found: C, 92.6;
H, 6.7.

4,5-Tetramethyleno-7-formyl-2,3-benzoeuberone. To a sus­
pension of dry sodium methoxide, freshly prepared from
I. 4 g. of sodium metal18 in 100 ml. of benzene, 4.8 g. of ethyl 
formate and then, at 0°, a solution of 6.4 g. of the ketone VI 
in 50 ml. of benzene were added. One sairred for 1 hr. a t room 
temperature and for 1 hr. a t reflux temperature, extracted 
the benzene solution with 5% sodium hydroxide solution, 
and isolated the product by acidification of the alkaline ex­
tract. From methanol, m.p. 117°; yield, 5.8 g. (80%).

Anal. Calcd. for CisHisO«: C, 79.3; H, 7.4, Found: C, 79.6; 
II, 7.8.

Tetracyclic hydroxyketone ( la-hydroxy-8-keto-l,la,2,S,4,- 
4a,6a,7,8,9,9a-dodecahydrotribenzo[a,c,e}eycloheptatriene) (X). 
To a solution of 0.7 g. of sodium in 50 ml. of ethanol, there 
were added, successively, 6.0 g. of rhe foregoing product and 
a solution of 4-diethylamino-2-butanone methiodide (pre­
pared from 4 g. of the aminoketone and 4 g. of methyl io­
dide) in 40 ml. of ethanol. After 24 hr. a t room temperature, 
water and benzene was added to the reaction mixture. The 
benzene solution was extracted with 5% sodium hydroxide 
solution from which 3 g. (50%) of the initial formyl com­
pound was precipitated by acidification. (Prolongation of the 
reaction time to 48 hr. did not improve the conversion.) 
The benzene solution gave, upon distillation, an oil (3.1 g.; 
46%) of b.p. 190° (0.1 mm.), which according to the an­
alysis and the spectrum was the hydroxyketone X. I t  crys­
tallized on standing and showed, after recrystallization from 
alcohol, the m.p. 82°. 7™ cm.-1 3400 (hydroxyl), 1670 
(carbonyl); 250 my (log e 3.56); 282 my (log e 3.10). 
In chloroform solution (45.0 mg. in 1 ml.), the carbonyl fre­
quency is a doublet (1724; 1689 cm.-1). It is assumed that 
the hydroxy-ketone contains a small amount of the unsatu­
rated ketone (XI); in the preparation of the potassium bro­
mide pellet, perhaps, some further dehydration takes place. 
Even so, the influence of the physical state on the carbonyl 
frequency is surprising.

Anal. Calcd. for C18II240 2: C, 80.3; H, 8.4. Found: C, 
80.0; H, 8.1. In accordance with formula X, the 2,4-dinitro- 
phenylhydrazone was vellow; from bucvl acetate, m.p. 168°. 
X“ cu 365 mM (log £ 4.36).

Anal. Calcd. for C22H28N40 5: C, 64.7; H, 6.1; N, 12.1. 
Found: C, 64.9; H, 6.5; N, 12.1.

Tetracyclic ketone (2-oxo-2,3,4,4a,6,6a,7,8,9,9a-decahydro- 
tribenzo[a,c,e]cycloheptatriene) (XI). To a solution of 5 g. of 
(X) in 60 ml. of dioxan and 110 ml. of anhydrous ethyl 
alcohol, 110 ml. of a 10% aqueous solution of potassium hy­
droxide was added in an atmosphere of nitrogen and the 
mixture kept at room temperature for 48 hr. Dilute sulfuric 
acid was added and the product extracted with benzene. 
The product (2.5 g.; 50%) boiled at 207-210° (0.3 mm.) and 
solidified spontaneously. Recrystallization from alcohol 
yielded colorless crystals of m.p. 141°. 1650 cm.-1 (car­
bonyl); x r ,H 287 my (log £ 4.15); 292 my (log £ 4.18).

Anal. Calcd. for Ci9H220 : C, 85.7: H, 8.3. Found: C, 85.8; 
H, 8.6. The red 2,4-dinitrophenylhvdrazone was recrystal­
lized from butyl acetate and melted at 250°. X™% 268 m î 
(log £ 4.20); 296 m*i (4.11); 394 m/r (4.52).

(18) A. S. Wilds and C. Djerassi, J. Am. Chcm. Soc., 68, 
1715 (1946).

Anal. Calcd. for C2SH!CN40 4: C, 67.3; H, 5.8. Found: C, 
68.1; IT, 6.4.

Hydrocarbon (XII). (4,4a,6,6a,7,8,9,9a-octahydrotribenzo- 
[,a,c.,e]cycloheptatriene). During 5 hr., 1.4 g. of XI and 2 g. 
of aluminium isopropoxide in 70 ml. of anhydrous isopropyl- 
alcohol were distilled slowly in a Vigreux column. After 
cooling, ice and concentrated hydrochloric acid was added 
and the product isolated by extraction with benzene. The 
product distilled at 140-145° (0.01 mm.); yield, 1 g. (78%). 
xr*H 234 my (log £ 4.00); 290 mM (log £ 3.63).

Anal. Calcd. for Ci8II22: C, 91.2; H, 8.8. Found: C, 91.4;
H, 8.6.

Tribenzocycloheptatriene (II). A mixture of the foregoing 
product (0.8 g.) and 10% palladium-charcoal (0.4 g.) was 
heated for 30 min. at 270-280°, for 20 min. a t 290-310° and 
for 30 min. at 330°. 80% of the theoretical amount of hy­
drogen was collected. The product was extracted with 
benzene and the benzene residue triturated with ethanol, 
whereupon a white solid of m.p. 105-115° (0.3 g.; 40%) 
separated. Purification by chromatography on activated 
alumina with petroleum ether and recrystallization again 
from methanol raised the melting point t.o 121°. X®(°H 239 
my (log £ 4.59); 256 my (4.26; inflection). (cm.-1) 
3100, 2900,1475,1441, 762, 758, 740.

Anal. Calcd. for Ci9H i4: C, 94.2; H, 5.8. Found: C, 94.6;
H, 6.2.

l-Bromo-2,3,4,5,6,7-tribenzocydohepta-2,4,6-lriene. A mix­
ture of 0.6 g. of tribenzocycloheptatriene (II), 0.3 g. of N- 
bromosuccinimide and 10 ml. of carbon tetrachloride was 
refluxed for 3 hr. in the presence of a trace of benzoyl per­
oxide. The filtered solution was evaporated and the residue 
triturated with petroleum ether and recrystallized from cy­
clohexane, m.p. 173-174°; yield, 0.5 g. (62%).

2,3,4,5,6,7-Tribenzocyclohepta-2,4,6-trien-l-one (X III). A 
mixture of 0.3 g. of the foregoing compound in 10 ml. of 
acetone and of 4 ml. of a 5% aqueous solution of sodium 
carbonate was refluxed for 8 hr., the acetone evaporated and 
the residue extracted with benzene. The residue of the 
benzene solution was triturated with cyclohexane and the 
crude secondary alcohol (0.2 g.) oxidized as follows [the 
alcohol crystallized from aqueous methanol (80%) in white 
rods of m.p. 118°].

The solution of the product in 30 ml. of glacial acetic acid 
was refluxed for 1 hr. with a solution of 0.2 g. of sodium 
dichromat.e in 4 ml. of water. Water was added and the solid 
filtered and recrystallized from ethanol. M.p. 180° (lit.13: 
178-179°); yield," 0.16 g. i>™ 1667 cm.-1; ?“ ch 1672 cm.-1 
(carbonyl): X™11 239 my (log £ 4.43); 323 m/r (log £ 3.27).

Anal. Calcd. for Ci9H i20 : C, 89.1; H, 4.7. Found: C, 88.8; 
H, 4.7. The orange-colored 2,4-dinitrophenylhydrazone had 
m.p. 260°, after recrvstallization from butyl alcohol.

Anal. Calcd. for C26H16N40 4: C, 68.8; H, 3.7. Found: 
C, 68.4; H, 3.8.

l-Benzylidene-2,3,4,5,6,7-lribenzocyclohepta-2,4 ,6-triene 
(XIV). To a solution of benzylmagnesium chloride, pre­
pared from 1.25 g. of benzyl chloride and 240 mg. of mag­
nesium, 500 mg. of the foregoing ketone X III in 10 ml. of 
benzene was added; the mixture was refluxed for 1.5 hr. and 
worked up as usual. The crude product was dissolved in 
petroleum ether and chromatographed on activated alumina 
(40 g.). Elution of the adsorbate with benzene gave 1-benzyl- 
l-hyroxy-2,3,4,5,6,7-tribenzocyclohepta-2,4,6-triene; the 
benzene was evaporated, the residue heated in toluene for 
2 hr. in the presence of 0.1 g. of p-toluenesulfonic acid and 
the solution evaporated. The product -was chromatographed 
from petroleum ether on activated alumina (40 g.) and 
eluted with petroleum ether in 30-ml. fractions. The fifth 
and sixth fraction contained a colorless solid of m.p. ISO- 
1520; the melting point was raised to 152-153° by recrystal­
lization from ethanol. The yield was 0.4 g.

Anal. Calcd. for C2SII18: C, 94.3; II, 5.7. Found: C, 94.6; 
H, 5.6.

l-{(3-Acetylvinyl)-2-phenylcyclohex-4-ene (XV). At —10°, 
a few drops of a solution of 1.4 g. of sodium in 45 ml. of
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methanol were added to a solution of 19 g. of the aldehyde 
III  in 150 ml. of anhydrous acetone. The temperature rose 
to 0°. When the temperature had fallen again to —10°, the 
balance of the sodium methoxide solution was added and 
the stirring continued for 30 min. at —10° and for 1 hr. a t 
25°. The mixture was neutralized with dilute sulfuric acid, 
diluted with water, and extracted with benzene to yield 17 g. 
(74%), b.p. 175-177° (1 mm.); X™* 292 m^ (log 6 3.40); 
imtx 1675 cm. 1 (carbonyl).

Anal. Calcd. for Ci6Hl80 : C, 84.9; H, 8.0. Found: C, 
84.3; H, 8.2.

The 2,4-dinitrophenylhydrazone precipitated as an oil 
which crystallized on trituration with butyl alcohol. From 
the same solvent or from ethanol, orange-red crystals, 
m.p. 112-114°; X“ clJ 385 mM (log e 4.45).

l-Butadienyl-2-phenylcyclohex-4-ene (XVI). The ketone 
IX  (14 g.) was reduced in the usual manner with 14 g. of 
aluminum isopropoxide and 100 ml. of isopropyl alcohol. The

product, which boiled at 150-153° (2 mm.) (yield, 8 g., 
57%) showed in the infrared no residual carbonyl absorption 
and the hydroxyl band a t 3400 cm.-1 I t  was heated with
1.5 g. of freshly fused potassium hydrogen sulfate at 140° 
in vacuo. The desired diene distilled a t 130-132° (3 mm.); 
yield, 4.2 g. (52%). xS,°H 230 mM (log e 4.06); 292 mM (log 
<= 2.72). (cm,-1) 1600; 1650 (substituted butadiene);19
660 (term inal=CH2).20

Anal. Calcd. for Ci6H18: C, 91.4; H, 8.6. Found: C, 91.4; 
H, 8.4.

J e r u s a l e m , I s r a e l

(19) W. Bruegel, Einfuthrung in die Ultrarotspektroskopie 
Steinkopff, Darmstadt, 1954, p. 272.

(20) R. S. Rasmussen, R. R. Brattain, and P. S. Zucco,
J. Chem. Phys., 15, 135 (1947).
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The preparation of pyracene derivatives having eliminable functional groups on the five-membered rings and the attempted 
conversion of these to pyracylene is described. 1,2-Dihydropyracylene has been prepared by reaction of pyracene with chlora- 
nil or 2,3-dichloro-5,6-dicyano-l,4-benzoquinone.

Since the initiation of the work on the synthesis of 
pyracene3 one of the objectives has been to obtain 
the conjugate-unsaturated nonalternant hydro­
carbon pyracylene (I).4 Our interest in this com­
pound arose from two considerations. First, it 
would have a total of 14 n-electrons associated with 
a. cyclocondensed ring structure in which 12 of the 
electrons could be viewed as being in the planar 
perimeter and 2 in the ethylene core of the mole­
cule.5 The molecule would thus be an important 
addition to the type exemplified by pleiadiene
(II) and acepleiadylene (III)6 and provide a fur­

(1) From the Ph.D. thesis of Robert G. Anderson.
(2) Support for a part of this work by contract DA-04- 

200-ORD-235 with the Office of Ordnance Research, U. S. 
Army, is gratefully acknowledged.

(3) A. G. Anderson, Jr. and R. H. Wade, J. Am. Chem. 
Soc., 74,2274 (1952).

(4) The only report indicating the existence of pyracylene 
is that of S. H. Hastings, B. H. Johnson, and H. E. Lumpkin, 
Anal. Chem. 28, 1243 (1956), who found that mass spectral 
data on a minor component of the aromatic fraction of virgin 
gas oil fit the molecular formula. Dibenzo[o,g] pyracylene 
and several of its derivatives are known; cf. E. Clar, Ber. 64, 
2199 (1931); B. P. Federov, Bull. Acad. Sci., U. S. S. R. 
Classe Sci. Chem., 397 (1947); C. Dufraisse and R. Girard, 
Bull. soc. chim., France (5) 1, 1359 (1934); C. Dufraisse, (5) 
3, 1857 (1936); C. Dufraisse and R. Horelois, (5) 3, 1894 
(1936); H. W. D. Stubbs and S. H. Tucker, J. Chem. Soc., 
2936 (1951).

(5) J. R. Platt, J . Chem. Phys., 22, 1448 (1954); W. T. 
Simpson, J . Chem. Phys., 17, 1218 (1949).

(6) V. Boekelheide, W. E. Langeland, and C.-T. Liu,
J. Am. Chem. Soc., 73, 2432 (1951); V. Boekelheide and G. K.
Vick, J . Am. Chem. Soc., 78, 653 (1956).

ther test for the various theories of electronic 
structure of complex molecules.7 Further, Brown8 
has calculated the resonance energy of pyracylene 
to be about 88 kcal./mole as compared to values of 
61 and 36 for naphthalene and benzene obtained by 
the same method. The value for pyracylene is 
probably incorrect because of the neglect of strain 
considerations in the calculations (herewith).

(7) For a theoretical interpretation of the pleiadienes see J. 
W. Sidman, J. Am. Chem. Soc., 78, 1261, 4217 (1956). Profs.
H. J. Dauben and W. T. Simpson have suggested (private 
communication) that an explanation based on the valence 
bond method which is consistent with the observed chemical 
and spectral properties and with the molecular orbital de­
scription may be advanced. This derives from a qualitative 
consideration of -he reasonable valence bond structures with 
the inclusion of the dipolar sesquifulvalenoid structure 
shown. Since calculations [B. Pullman, A. Pullman, E. D.

Bergman, H. Berthod, E. Fischer, Y. Hirschberg, D. Lavie, 
and May Mayot, Bull soc. chim. France, 73 (1952)] indicate 
that the resonance stabilization of sesquifulvalene would be 
almost the same as that of naphthalene, the sesquifulvale­
noid and naphthalenoid structures would be expected to 
contribute almost equally to the hybrid (strain will be the 
same in both types of structure).

(8) R. D. Brown, J. Chem. Soc., 2391 (1951). The molecu­
lar orbital method with overlap was used.
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I II III

From the molecular orbital treatment8’9 the w- 
electron densities, free valencies and mobile bond 
orders and, consequently, the most probable 
positions for electrophilic, nucleophilic and homo- 
lytic attack have been predicted.

Second, the structure of pyracylene would clas­
sically be expected to have considerable strain10 
and a correlative study of its physical and chemical 
properties would be of importance in this respect. 
The existence of dibenz[a,ff]pyracylene4 shows that 
the strain is not prohibitive for a 1,2- and 5,6-bond 
distance of approximately 1.4 A. Since these bonds 
are of the order of 1.64 A as single bonds in pyra- 
cene,11 perhaps pyracylene could exist with double 
bonds of about 1.4 A. The enhancement of reac­
tivity might, however, be much greater with the 
lengthening of double bonds and polymerization, 
for example, might occur very readily.

In the earlier work it was observed that liquid 
phase, catalytic (Pd-C) dehydrogenation of tetra- 
hydropyracene at ca. 300° only gave pyracene.3 
Also, it has been observed by many workers that 
acenaphthylene polymerizes at temperatures above 
200°. Accordingly, the usual catalytic reagents and 
conditions seemed unpromising and attention was 
directed to the introduction of unsaturation through 
elimination processes involving groups other than 
hydrogen. Any such scheme must involve the prepa­
ration of a pyracene (or hydropyracene) derivative 
having eliminable groups, preferably identical, in 
both peri-rings. Two approaches of this type were 
investigated.

The conversion of acenaphthene to acynaphthyl- 
ene by a bromination-debromination sequence and 
also by acetoxylation followed by pyrolytic elimi­
nation of acetic acid had been accomplished.12 
When pyracene was treated with either four 
moles or an excess of A-bromosuccinimide, how­
ever, a mixture of bromides was obtained from 
which the desired tetrabromide could not be sepa­

ls)) J. I. F. Alonso and J. Mira, Anales real soc. espah.
fis. yquim., 50B, 146 (1954).

(10) The introduction of double bonds in the peri-rings 
of pyracene would be expected to result in shortening of the 
1,2- and 5,6-bonds. Prof. H. J. Dauben (Abstracts of Papers, 
130th Meeting of the American Chemical Society', New 
York, September, 1956, p. 37-0) has calculated the strain 
energy of pyracylene to be ca. 52 kcal./rr.ole. If the resonance 
energy value of Brown (ref. 8) is considered to be the delo­
calization energy then correction of this for strain would 
give 36 kcal./mole as a perhaps more realistic value for the 
resonance energy.

(11) A. I. Kitaigardoski, J. Phys. Chem. (U. S. S. R.), 23, 
1036 (1949).

(12) A. G. Anderson, Jr. and R. G. Anderson, J. Am.
Chem. Soc., 77, 6010 (1955).

rated. Reaction of the mixture with zinc in tetra- 
hydrofuran yielded zinc bromide plus a yellow 
polymeric material and it was not possible to 
determine whether or not pyracylene had been 
formed as an intermediate.

A test with acenaphthene showed that acetoxyla­
tion with even a large excess of lead tetraacetate 
formed only the monoacetate. Thus the diacetoxy- 
pyracene obtained from the corresponding reaction 
with pyracene was most probably the 1,5- or 1,6- 
compound (IV) or a mixture of these. Either product 
would yield pyracylene on the elimination of two 
molecules of acetic acid.

The ultraviolet spectrum of the pyrolysate from 
the diacetoxypyracene was very similar to that of 
acenaphthylene. The substance in the pyrolysate 
polymerized on attempted isolation but the poly­
mer showed a band at 5.75p. which corresponded to 
absorption by the diacetoxypyracene. These find­
ings suggested that l-acetoxy-l,2-dihydropyracy- 
lene (V) was the initial product.

OAc v, R = OAc
IV V I, R = H

It was felt that the properties of 1,2-dihydro- 
pyracylene (VI) would provide better evidence con­
cerning the identity of the pyrolysate product as
V. As 2a,3,4,4a-tetrahydro-l-pyracenone (VII), a 
possible intermediate for the preparation of VI, was 
at hand,3’13 an attempt was made to carry out the 
conversion. Liquid phase dehydrogenation of VII 
with Pd-C catalyst or with a Rh-C catalyst plus 
benzene gave only polymeric material. Vapor phase 
dehydrogenation with a Pd-C catalyst gave low 
(<4%) and erratic yields of pyracenone-1 (VIII).

VII VIII

Although VIII was apparently.reduced to the cor­
responding alcohol with lithium aluminum hy­
dride, the poor yields of VIII forced abandonment 
of the sequence.

The report by Braude and coworkers14 of the 
dehydrogenation of acenaphthene with 2,3-di- 
chloro-5,6-dicyano-l,4-benzoquinone led us to try 
this reagent and also chloranil with pyracene.

(13) A. G. Anderson, Jr. and R. G. Anderson, J. Org. 
Chem., 22,1197 (1957).

(14) E. A. Brando, A, G. Brook, and R. P. Linstead, J. 
Chem. Soc., 3569 (1954),
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The reaction with chloranil gave a 51% yield of a 
yellow crystalline material which was stable in the 
cold under a nitrogen atmosphere but decomposed 
at room temperature. Microanalysis, quantitative 
(one mole) hydrogenation to pyracene, the close 
similarity of the ultraviolet spectrum to that of 
acenaphthylene, and the characteristic (double 
bond) absorption at 6.20p in the infrared estab­
lished this product as 1,2-dihydropyracylene (VI).

A comparison of the spectra of VI and of the 
pyrolysate showed that the latter was not the 
acetoxy derivative (V). Thus the pyrolysis of the 
diacetoxypyracene must give a dimer, trimer, or 
some such species which can polymerize further; 
or pyracylene may be the unstable intermediate. 
Attempts to prepare pyracylene by altering the 
ratio of pyracene to chloranil, by treating the 1,2- 
dihydropyracylene with chloranil separately, or 
by the use of the dichlorodicyanoquinone were un­
successful. The latter reagent gave a 42% yield of
VI.

Efforts to achieve 1,6-disubstituted pyracene 
derivatives via the cyclization of l-keto-2a,3,4,5- 
tetrahydroacenaphtheneacetic acid,13 its oxime, 
or the acetate ester of the corresponding alcohol 
were unsuccessful with a variety of reagents and 
conditions. The ketal of the keto acid could not be 
formed by either direct or exchange reaction meth­
ods. The oxime resisted catalytic reduction with 
Raney nickel and treatment with sodium and 
alcohol.

E X P E R I M E N T A L 15 16’ 16

Bromination—debromination of pyracene. A mixture of 
pyracene (0.196 g., 0.001 mole), iV-bromosuccinimide (0.775 
g., 0.0044 mole), 45 ml. of anhydrous carbon tetrachloride 
and a few crystals of benzoyl chloride was heated under re­
flux for 25 min. The product (0.31 g.) isolated as described 
elsewhere1 2  and recrystallized three times from benzene, 
melted at 130-135° (dec.) and analyzed (C, 38.02; H, 2.86) 
as a mixture of bromides. Reaction of the mixture with zinc 
( 2  equivalents based on tetrabromide) in tetrahydrofuran 
gave only a yellow polymeric material which was not char­
acterized.

The use of an excess of iV-bromosuccinimide in the pro­
cedure gave similar results.

l,5{l,6)-Diacetoxypyracene (IV). To a warm (60°) solu­
tion of pyracene3 ’ 13 (0.43 g., 0.0024 mole) in 42 ml. of glacial 
acetic acid was added 4.0 g. (0.0058 mole) of red lead in 1 g. 
portions with stirring. The orange color produced by the 
red lead was allowed to disappear before the next portion 
was added. The mixture was stirred and kept at 60° until 
it no longer oxidized starch iodide paper and then poured into 
water (85 ml.). The aqueous solution was extracted with 
other and the combined extracts washed with water, satu­
rated sodium chloride solution, and finally dried (sodium 
sulfate). Removal of the solvent left a gummy residue which

(15) Melting points were taken on a Fisher-Johns appara­
tus and are uncorrected. Ultraviolet spectra were taken on 
a Cary Model US Recording Spectrophotometer or (e 
values) on a Beckmann Model DU Spectrophotometer in 
ethanol. Infrared spectra were obtained with a Perkin Elmer 
Recording Spectrophotometer with sodium chloride cells.

(16) Microanalyses were performed by B, Nist and C, H,
Ludwig.

crystallized from methanol to give 0.53 g. (75%) of crude 
product, m.p. 162-180°. Sublimation and two further re­
crystallizations left 0.18 g. (25%) of pure material, m.p. 190- 
192°.

Anal. Calcd. for C18H 160 4: C, 72.90; H, 5.45. Found: C, 
72.60; H, 5.47.

Pyracenone-1 (VIII). 2a,3,4,4a-Tetrahydro-l-pyrace- 
none3 ’ 1 3  (0.47 g., 0.0023 mole) was sublimed in an oxygen- 
free nitrogen atmosphere through a column packed with a 
5% Pd-C catalyst and maintained at 350-400° and a pres­
sure of 20 mm . 17 over a period of 8  hr. The yellow solid in 
the receiver was washed out with acetone and when puri­
fied by crystallization from ethanol, sublimation, and re­
crystallization amounted to 0.018 g. (4%), m.p. 182-183°. 
The ultraviolet spectrum displayed maxima at 258mju (log 
«„.as 1.75) and Sidmp (log emMt 0.49).

Anal. Calcd. for C14H 10O: C, 86.57; H, 5.19. Found: C, 
86.48; II, 5.43.

1,%-Dihydropyracylene (VI). A solution of pyracene 
(0.210 g., 0.0012 mole) and chloranil (0.30 g., 0.0012 mole) 
in 1 0  ml. of xylene was refluxed under a nitrogen atmosphere 
for 24 hr. The brown reaction mixture was cooled to 0° and 
washed with 1 0 % potassium hydroxide until the washings 
were colorless. The red organic layer was dried over mag­
nesium sulfate and passed through a column (10 X 100 mm.) 
of activated, basic alumina. Removal of the solvent from the 
yellow effluent gave 0.108 g. (51%) of product, m.p. 145- 
150°. A portion recrystallized twice from hexane and sub­
limed at 80° and 0.3 mm. melted at 155-156°. The infrared 
spectrum showed a peak at 6.20/i. The ultraviolet absorption 
spectrum had maxima in mp at 240 (log e 4.28), 320 (log e 
4.00), 342 (log e 3.78) and 357 (log « 3.25). The substance 
was stable in the cold under nitrogen but decomposed at 
room temperature.

Anal. Calcd. for C14H 1 0 : C, 94.34; H, 5.66. Found: C, 
94.13; H, 5.62.

The above procedure was also carried out with a 2:1 molar 
ratio of chloranil to pyracene and a 1 : 1  molar ratio of 2,3- 
dichIoro-5,6-dicyano-l,4-benzoquinone. The yields of VI 
were 45% and 42% respectively.

Treatment of VI with one molar equivalent of chloranil as 
above resulted in the recovery of the starting material (27%) 
as the only product which could be identified.

A solution of pure VI (0.053 g., 0.0003 mole) in ethanol 
took up 7.3 cc. (0.0003 mole) of hydrogen over a platinum 
catalyst a t one atmosphere pressure and room temperature 
to give 0.052 g. (96%) of pyracene, m.p. 211-215°.3

l-Keto~2a,8,4,5-tetrahydro-5-acenaphtheneacetic acid oxime. 
A solution of the keto acid13 (5.0 g., 0.022 mole) in 70 ml. of 
10% potassium hydroxide was added to 30 ml. of an aqueous 
hydroxylamine hydrochloride solution and the mixture 
warmed on a steam bath for 30 min. Acidification of the 
cooled (0 °) reaction mixture gave a precipitate which was 
washed with water and dried to yield 4.4 g. (82%) of tan 
product. A portion recrystallized several times from ethanol 
melted at 225-230°.

Anal. Calcd. for C14H 16N 0 3: C, 68.55; H, 6.16. Found: 
C, 68.67; H, 6.06.

l-Hydroxy-2a,S,4,5-tetrahydro-5-acenaphtheneacetic acid. A 
solution of l-keto-2a,3,4,5-tetrahydroacenaphtheneacetic 
acid (7.6 g., 0.033 mole) in 25 ml. of 10% potassium hydroxide 
and 1 0 0  ml. of methanol was added in 2 0 -ml. portions with 
shaking over a period of 30 min. to a solution of sodium 
borohydride (5.8 g., 0.152 mole) in 150 ml. of methanol. 
After about 10 hr. the mixture was acidified slowly with 10% 
hydrochloric acid and most of the methanol removed with 
a stream of air while the solution was warmed on a steam 
bath. The precipitate which formed was collected and dried 
to give 7.6 g. (99%) of crude product. A portion recrystallized 
three times from ethanol melted at 215-220° and had a

(17 A. G. Anderson, J. A. Nelson, and J. Tazuma, J. Am. 
Chem. Soc., 75, 4980 (1953); H. L. Pan, M. S. Thesis, Univ. 
of Wash., 1953.
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neutral equivalent of 232 (calcd. N.E. 232). The ultraviolet 
spectrum displayed maxima in mu at 267 (log e 2.92) and 
274 (log e 2.90).

Anal. Calcd. for ChH i60 3: C, 72.39; H, 6.94. Found: O 
72.11; H, 7.12.

l-Acetoxy-2a,8,4,5-tetrahydroacenaphtheneacetic acid. To a 
solution cf the above hydroxy acid (2 g., 0.0086 mole) in 20 
ml. of anhydrous pyridine was added with shaking 8 ml. of 
acetic anhydride. The mixture was healed under reflux for 
15 min., cooled, and poured into 100 ml. of ether. The result­
ing solution was washed with 10% hydrochloric acid, then

water, and finally with saturated sodium chloride solution. 
The organic layer was dried (magnesium sulfate) and the 
solvent removed to give an orange solid which melted a t 
1 7 2 - 1 8 6 °  and amounted to 2 .1  g. ( 7 9 % )  after crystallization 
from ethanol. A portion recrystallized twice more from 
ethanol melted at 1 7 9 - 1 8 8 °  and showed absorption maxima 
in m/x at 2 7 4  (log « 2 .9 6 )  and 2 6 7  (log e 2 .9 5 ) .

Anal. Calcd. for Ci-H.sCh: C, 70.06; H, 6.61. Found: C, 
70.01; H, 6.79.

S e a t t l e  5 , W a s h .

[ C o n t r i b u t i o n  p r o m  t h e  C h e m i c a l  L a b o r a t o r i e s  o f  t h e  P o l y t e c h n i c  I n s t i t u t e  o f  B r o o k l y n ]
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ROBERT F. DOERING,2 ROBERT S. MINER, J r . ,2 LEONARD ROTHMAN,2 
a n d  ERNEST I. BECKER3
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The reaction of tetraphenylcyclopentadienone (I) and fumaronitrile (II) in bromobenzene gave tram- 1,2-dihydrotetra- 
phenyl-o-phthalonitrile (III). Bromine converted I II  to tetraphenyl-o-phthalonitrile (VI). Alkali dehydrocyanates I II  to 
give 2,3,4,5-tetraphenylbenzonitrile (IV).

When tetracvclone (tetraphenylcyclopentadie­
none) (I) was refluxed with fumaronitrile (II) in 
bromobenzene, ¿ra/is-l,2-dihydro-3,4,5,6-tetraphen- 
yl-o-phthalonitrile (III) was formed. The trans 
configuration is assumed by analogy with other 
Diels-Alder reactions. Bromine aromatized III 
to tetraphenyl-o-phthalonitrile (VI). In turn VI was 
hydrolyzed to tetraphenylphthalic acid (XI), a 
known compound. Somewhat unexpected was the 
thermal behavior of III.

Heating III above its melting point gave a poor 
yield of a colorless compound whose analysis 
corresponded to that of 2,3,4,5-tetraphenylben- 
zonitrile (IV). Thus, the central ring of III had been 
aromatized by elimination of hydrogen cyanide, 
an infrequently observed reaction.4 5 The same de- 
hydrocyanation was effected by means of an alka­
line alumina during an attempted chromato­
graphic purification of III in 89% yield and by 
refluxing III in bromobenzene with diethylene- 
triamine in over 90% yield.

The structures of these compounds were proved 
by alternate syntheses. The synthesis of V via the 
reaction of I with propiolic acid went smoothly in 
62% yield.6 An attempt to prepare tetraphenyl-

(1) Presented in part a t the Meeting-in-Miniature of the 
Metropolitan-Long Island Subsection of the American 
Chemical Society, February 20, 1953.

(2) Taken from the B.S. thesis of R.F.D. (1951), the
M.S. thesis of R.S.M., Jr., (1953) and from a portion of 
the Ph.D. dissertation of L.R.

(3) To whom inquiries should be sent.
(4) For a recent reference see A. Treibs and R. Derra, 

Ann., 589, 176 (1954).
(5) I t  is interesting to note the difference in the behavior

of phenylpropiolic acid with tetracvclone. Dilthey, et al.,M 
have pointed out that decarboxylation occurs when phenyl­
propiolic acid reacts with tetracyclone to give pentaphenyl-

benzoic acid (V) by hydrolysis of IV gave only a 
small quantity of V. The two acids agreed in their 
physical properties but the poor yield in the hy­
drolysis prompted a search for a more elegant 
proof for the structure of IV.
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I reacted smoothly with acrylonitrile (VIII) in 
the latter as solvent to give 7-keto-l,4,5,6-tetra- 
phenylbicyclo[2.2.1 ]-5-heptene-2~carbonitrile (IX). 
Carbon monoxide was eliminated from IX by 
heating it with VIII in either p-cymene or nitro­
benzene solution. Excess VIII appeared to be 
necessary since on heating IX it dissociated into 
its congeners. The 2,3-dihydro-3,4,5,6-tetraphenyl- 
benzonitrile (X) so formed9 was dehydrogenated by 
bromine in bromobenzene to give IV. A mixture 
melting point of this sample with that prepared 
previously was not depressed.

E X P E R I M E N T A L 11

trans-1 ,2-Dihydro-3,4,5,6-tetraphenyl-o-phthalonitrile (III). 
A solution of 12.0 g. (0.031 mole) of 1 and 2.8 g. (0.036 mole) 
of II in 12 ml. of bromobenzene was refluxed for 5.25 hr. 
Cooling to room temperature gave crystals which were fil­
tered and recrystallized from benzene to give 10.09 g. (0.023 
mole, 74%) of colorless crystals, m.p. 230-232° (gas evolved 
upon melting).

Anal. Calcd. for ,C32H22N2: C, 88.45; H, 5.10; N, 6.45. 
Found: C, 88.41; H, 5.18; N, 6.36.

Tetraphenyl-o-phthalonitrile (VI) was prepared directh' 
from I and II without isolation of III  (Procedure A) or from 
III  (Procedure B).

Procedure A. A solution of 8.5 g. (0.11 mole) of II and
38.4 g. (0.10 mole) of I in 75 ml. of bromobenzene was 
refluxed until the effluent gases would no longer reduce a
0.02% solution of palladium(II) chloride—about 2 hr. 
The reaction mixture was allowed to cool and then 24 g. 
(0.15 mole) of bromine in 25 ml. of bromobenzene was 
slowly added down the condenser and followed by refluxing 
for 3 hr. Cooling gave a crop of crystals which was filtered 
and washed with 20 ml. of cold benzene and the 20 ml. of 
cold petroleum ether (b.p. 90-100°). The residue (23 g.) 
was recrystallized three times from toluene and three times 
from benzene to constant melting point affording colorless 
crystals, 265.3-265.4°, 13.4 g. (0.031 mole, 31%).

Anal. Calcd. for C32H20N2: C, 88.86; H, 4.66; N, 6.48. 
Found: C, 89.14; H, 4.78; N, 6.64.

benzene if the reaction mixture is heated “ too high.” They 
have also pointed out that under the same conditions 
phenylpropiolic acid itself decarboxylates. Dudkowski and 
Becker8 have verified these facts for the reaction in boiling 
toluene (110°) and in boiling p-cymene (177°). With 
propiolic acid and tetracvclone no decarboxylation was ob­
served since the Diels-Alder reaction went more rapidly 
and was complete before 100° was reached.

(6) W. Dilthev, I. Thewalt, and O. Trosken, Ber., 67B, 
1959 (1934).

(7) W. Dilthey, S. Henkels, and A. Schaefer, Ber., 7lB, 
974 (1938).

(8) J. J. Dudkowski and E. I. Becker, J. Org. Chern., 17, 
201 (1952).

(9) The position of the double bonds is not certain; 
however, the band at 2230 cm.-1 indicates a conjugated 
nitrile.10 The named compound is one of several possible 
structures.

(10) R. E. Kitson and N. E. Griffith, Anal. Chem., 24, 
334 (1952).

(11) Melting points have been corrected unless otherwise 
indicated. Infrared spectra were obtained on a Perkin 
Elmer Recording Infrared Spectrophotometer, Model 21. 
In the combustion analyses of the highly arylated com­
pounds, obtaining correct results was facilitated by raising 
the temperature of the combustion furnace from the cus­
tomary 700° to about 1000°.

Procedure B. To a refluxing solution of 0.10 g. (0.23 
mmole) of III  in 2 ml. of bromobenzene was added dropwise 
a solution of 0.156 g. (0.98 mmole) of bromine in 2 ml. of 
bromobenzene. After refluxing for 3.5 hr., the solution was 
distilled to dryness. Extraction of the residue with 5 ml. of 
petroleum ether (b.p. 60-70°) left a residue of flat platelets, 
0.050 g. (0.12 mmole, 50%,), melting at 256-258° to a dark 
brown melt.

Tetraphenyl-o-phthalic acid (XI). One gram of VI was 
refluxed for .12 hr. with an excess of 10% alcoholic potassium 
hydroxide. Cooling gave crystals which were washed with 
two 10-ml. portions of 6N  HC1 and tw-o 10-ml. portions of 
water. Four recrystallizations of the residue from benzene 
gave a nitrogen-free product, m.p. 289-290° (uncorr.), 
wdiich did not depress the melting point of known tetra- 
phenylphthalic anhydride, m.p. 288.3-289.0° (uncorr.).* 6 7 8 9 10 11 12

7-Keto-l ,4,5 ,G-tetraphenylbicyclo[2 .2 ,l]-5-heptene-2-carbo- 
nitrile (IX). IX  was prepared by refluxing a solution of I and 
VIII in benzene or by refluxing I in V III alone; the latter 
procedure is preferable and is described.

A solution of 1.0 g. (2.6 mmoles) of I in 2.4 g. (0.045 
mole) of acrylonitrile w'as refluxed for 4.5 hr. during which 
time the red-purple color of I was discharged. Upon cooling 
to room temperature, colorless crystals separated which were 
filtered and dried in vacuo a t 65-70° for 5 hr. to give 0.63 
g. (1.44 mmoles, 55%), m.p. 204-206° (dec.).

Anal. Calcd. for C32H23NO: C, 87.84; H, 5.30; N, 3.20. 
Found: C, 87.51; H, 5.26; N, 3.18.

Reversible dissociation of IX. A solution of 0.5 g. of IX 
in 3 ml. of bromobenzene was slowly heated to reflux. The 
color changed from colorless initially to pink and then to 
deep purple at reflux. No evidence of evolution of gas w'as 
noted. At reflux 3 ml. of acrylonitrile was added in one 
portion and the reflux continued for 5 hr. The purple color 
w'as completely discharged and distillation of the solution 
to dryness gave 0.48 g. (96%) of white microcrystals of 
recovered IX, m.p. 203.4-204.8° (dec.).

2.5- Dihydro-8,4,5,6-tetraphenylbenzonitrile (X). Decarbon- 
ylation of IX  wras effected in either nitrobenzene or in p- 
cymene with about equal facility. The use of nitrobenzene is 
described.

A solution of 2 0 g. of crude (IX), m.p. 188-194°, and 5 
ml. of acrylonitrile in 90 ml. of nitrobenzene w'as refluxed 
(165°) for 10 hr. At first a red-purple color (I) appeared 
and then it disappeared on further heating. Removal of the 
solvent at reduced pressure and recrystallization (charcoal) 
of the residue from a mixture of benzene and petroleum ether 
(b.p. 30-60°) afforded 0.78 g. (42%) of colorless product, 
m.p. 192.5-194°.

Anal. Calcd. for C3J ! 23N: C, 90.92; FI, 5.66; N, 3.42. 
Found: C, 90.47; H, 5.78; N, 3.63.

2.3.4.5- Tetraphenylbenzonitrile (IV). (A) A solution of 0.56 
g. (1.4 mmoles) of X and 0.4 g. (2.5 mmoles) of bromine in 
30 ml. of bromobenzene was refluxed for 6 hr. Distillation 
of the solvent at reduced pressure and recrystallization of 
the residue from a mixture of benzene and petroleum ether 
(b.p. 30-60°), and then from absolute alcohol gave 0.49 g. 
(1.2 mmoles, 86%,) of IV, m.p. 216-217°. The melting point 
of IV wras depressed upon admixture with X.

(B) A benzene solution of 0.197 g. (0.45 mmole) of III 
passed through a column of Merck alumina (which was 
basic to pH paper). The eluant wras evaporated to yield 
0.162 g. (0.40 mmole, 88%) of IV, m.p. 215.5-217°. A 
mixture melting point between III  and this product w'as 
depressed.

(C) III  was heated at 240-250° (uncorrected) for 15 min. 
The material melted and a gas w'as evolved. After cooling, 
the product was recrvstallized from ligroin (b.p. 65-90°) 
to give a poor j'ield of IV, m.p. 215-216°.

(12) The acid and the anhydride have the same melting 
point,13

(13) G. W. Thielcke and E. I. Becker, J. Org. Chem., 21, 
1003 (1956).
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(D ) A solution of 1.02 g. (2.35 mmoles) of III and 0.0109 
g. (0.106 mmole) of dietliylenetriamine in 1 0  ml. bromo- 
benzene was refluxed for 1 hr. The evolution of hydrogen 
cyanide was detected by the formation of a copious pre­
cipitate in a 5% silver nitrate solution, connected to the 
system by a vent-line trap. The solvent was removed at 
reduced pressure to give 0.95 g. (2.37 mmoles, 99%) of 
IV, which sintered at 214.5° and melted at 215.5-216.5°. 
The product was recrystallized from a mixture of benzene 
and petroleum ether (b.p. 30-40°) to give 0.87 g. (2.13 
mmoles, 91%) of IV, m.p. 215-216°. Recrystallization 
from absolute alcohol gave the analytical sample which 
sintered at 215.5° and melted at 216-217°.

Anal. Calcd. for C31H 21N: C, 91.37; Ii, 5.19; N, 3.44. 
Found: C, 91.19; H, 5.35; N, 3.57.

Mixed melting points between samples of IV prepared 
from III  and from X showed no depression, m.m.p. 216- 
217°.

2,8,4,5-Tetraphenylbenzoic acid (V). (A) A solution 3.0 
g. (7.8 mmoles) of tetracyclone and 1.48 g. (0.021 mole) 
of propiolic acid1 4  in 1 0  ml. of bromobenzene was slowly 
heated. The color of tetracyclone was almost completely 
discharged within 1 0  min. and before the solution reached 
100°. The evolution of carbon monoxide was detected by 
the reduction of dilute aqueous permanganate in a vent-line 
trap. The solution was refluxed (156°) for 8  hr. Removal 
of the solvent at reduced pressure gave 3.1 g. of light tan 
crystals. One gram of this material was recrystallized four

(14) C. Moureu and J. C. Bongrand, Ann. chini., 14, 47 
(1920).

times from acetone to give 0.66 g. (1.54 mmoles, 62%), of 
colorless crystals of V, m.p. 327.5-328.5°.

Anal. Calcd. for C3,H 220 2: C, 87.30; H, 5.20. Found: C, 
87.10; H, 5.34.

(B) A mixture of 0.38 g. (0.93 mmoles) of tetraphenyl- 
benzonitrile, 1.0 g. of potassium hj'droxide, 10 ml. of 3A15 

ethanol and 0.4 ml. of water was refluxed 12.25 hr. An 
additional 50 ml. of water was added, the mixture wras 
digested on the steam bath 24 hr. longer, cooled, and then 
1 0  ml. of concentrated hydrochloric acid was added (acid 
to Congo paper), and the mixture was digested 4 hr. longer. 
Filtration, washing with water until acid free, and drying 
afforded 0.36 g. (0.85 mmole, 90%,) of colorless V, m.p. 
270-286°. Recrystallization from acetone gave only 10% 
of material, m.p. 297-300°. Admixture with authentic V 
raised the melting point to 309.5-310.5°. The infrared 
spectra coincided except for the presence of a band at 3455 
cm . - 1  No improvement was achieved by digestion of this 
material on the steam bath for 7 hr. in a mixture of 20 ml. of 
3A ethanol and 20 ml. of 6 N  II2S04, isolation, and subse­
quent recrystallization.

A mixture of 0.27 g. of IV (0.66 mole), 4.5 g. of concen­
trated sulfuric acid and 3.3 ml. of water wras refluxed for 
12.25 hr., diluted, filtered, wmshed, and recrystallized from 
acetone to give 0.015 g., (5%) of V, m.p. 316-319°. A mix­
ture melting point with authentic V was 317.0-320.5°. 
Infrared spectra w’ero superimposable.

B r o o k l y n  1, N eiv  Y o rk

(15) “Lange’s Hand Book of Chemistry, 9th Edition,” 
Handbook Publishers, Inc., Sandusky, Ohio, 1956, p. 1781.

[Co n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , U n iv e r s it y  o f  M is s o u r i]

U n sy m m e tr ic a l T e tr a a lk y lm e th a n c s . I I .1 S y n th e se s  fro m
2 -(/3 -C y a n o eth y l)-2 -e th y lh ex a n a l

NORMAN RABJOHN a n d  H. H. FARMER 2 ’ 3

Received October 22, 1057

Two unsymmetrical tetraalkylmothar.es, 5-ethyl-5-methyldeeane (III) and 5-ethyl-5-methyltetracosane (IV), have been 
prepared from 2-(/3-cyanoethyl)-2-cthylhexanal. A common intermediate, 4-ethyl-4-ir.ethyloctauoic acid (I), was converted 
to the hydrocarbons by the action of an organocadmium reagent on the corresponding acid chloride, followed bj’ a Wolff- 
Kishner reduction of the resulting ketone, or by electrolytic coupling with stearic acid.

In a previous investigation4 it was shown that the 
readily available 2-(/3-cyanoethyl)-2-ethylhexanal 
could be converted to an unsymmetrical tetra- 
alkylmethane by treatment with a Grignard re­
agent, followed by reduction of the intermediate 
dihydropyran to a tetrahydropyran. The latter 
was cleaved with hydrogen bromide to a dibromide 
which was reduced then to a hydrocarbon. The 
over-all process gave poor yields and left much to 
be desired.

The present study describes the satisfactory syn­
theses of two unsymmetrical tetraalkylmethanes

(1) Part I: Norman Rabjohn and M. J. Latina, J. Am. 
Chem. Soc., 7 6 ,1389 (1954).

(2 ) Supported in part by the Petroleum Research Fund 
of the American Chemical Society.

(3) Abstracted from the Ph.D. thesis of H. H. Farmer, 
1955.

(4) Norman Rabjohn, M. J. Latina, and L. V. Phillips,
J. Org. Chem., 2 1 , 285 (1956).

from 2-(d-cyanoethyl)-2-ethylhexanal. The reac­
tions employed are summarized in the following 
equations.

The cyai methylated aldehyde was converted 
readily to the y,y,y-trisubstituted propionic acid
(I) by concurrent reduction and hydrolysis during 
the Wolf-Kishner reaction. This acid in the form of 
its chloride, was then transformed into the ketone
(II) in approximately G0% yield by the use of di- 
ethylcadmium. A further Wolf-Kishner reduction 
led to the desired hydrocarbon (III).

The branched acid (I) was electrolyzed in meth­
anol-petroleum ether solution in the presence of 
stearic acid by the Kolbe process to give a mixture 
of n-tetracosane and the unsymmetrical tetra- 
alkylmethane (IV). The latter resulted in approxi­
mately 30% yield.

Infrared absorption spectra of compounds III 
and IV indicated that they were free of unsatura-
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tion or oxygen containing intermediates. The for­
mer has a solidification point below —70° while the 
latter melts at 10-11°. The boiling points of both 
are about 30° below the corresponding straight 
chain isomers.

E X P E R I M E N T A L 6

Jf-Ethyl-4-methyloctanoic acid (I). A mixture of 83 g. (0.46 
mole) of 2-(/3-cyanoethyl)-2-ethylhexanal,6 50 ml. of 85% 
hydrazine hydrate, and 500 ml. of diethylene glycol was 
heated under reflux for 1 hr. Then 200 g. of a 50% potassium 
hydroxide solution was added and the reaction mixture was 
caused to reflux for a further 2 hr. The mixture was dis­
tilled through an alembic column until the temperature in 
the flask reached 200°, and the residue was heated at this 
temperature for 5 hr. I t  was cooled, diluted to 31. with water, 
and acidified with hydrochloric acid. The layers were sepa­
rated and the water solution was extracted with ether. The 
organic layers were combined, concentrated, and distilled. 
There was obtained 53 g. (63%) of 4-ethyl-4-methyloctanoic 
acid, b.p. 109-110°/0.7 mm., n2D5 6 1.4459.

Anal. Calcd. for 0nH 220 2: C, 70.92; H, 11.90; neut. equiv., 
186. Found: C, 71.22; H, 11.68; neut. equiv., 187.

4-Ethyl-4-methyloctanoyl chloride. A mixture of 25 g. (0.13 
mole) of 4-ethyl-4-methyloctanoic acid and 50 ml. (0.7 mole) 
of tbionyl chloride was heated under reflux for 30 min. after 
the initial reaction had subsided. The excess thionyl chlo­
ride was removed and the residue was distilled to give 25 
g. (91%) of the desired acid chloride; b.p., 88-91 ° / l  mm.

I t  was identified by means of its anilide; m.p. 72-73°.
Anal. Calcd. for CnH^NC): C, 78.11; H, 10.41. Found: 

C, 78.33 ;H , 10.38.
6-Ethyl-6-methyl-3-decanone (II). A Grignard reagent was 

prepared from 3.4 g. (0.14 g.-atom) of magnesium and 15.3 
g. (0.14 mole) of ethyl bromide in 100 ml. of dry ether. This 
was treated with 12.8 g. (0.07 mole) of cadmium chloride 
and the ether was replaced with anhydrous benzene in the 
usual manner. The reaction mixture was stirred while a 
solution of 22.8 g. (0.11 mole) of 4-ethyl-4-methyloctanoyl 
chloride in 30 ml. of benzene was added. The reaction mix­
ture was caused to reflux for 1 hr. and then was decomposed 
by pouring onto ice and sulfuric acid. The layers were sep­
arated and the water solution was extracted with benzene. 
The organic layers were combined, and washed successively 
with water, sodium bicarbonate solution, saturated sodium 
chloride solution, and water. The benzene solution was 
dried over anhydrous sodium sulfate, concentrated, and 
distilled. There was obtained 12.1 g. (58%) of ketone; b.p., 
90-9170.5 mm., n 2D5 1.4412.

(5) All melting points are uncorrected. The authors are 
indebted to R. L. Elliott and R. E. Bolin for the semimicro 
carbon and hydrogen analyses. They also would like to 
thank Dr. E. E. Pickett for the infrared data.

(6) H. A. Brusen and T. W. Riener, J . Am. Chem. Soc., 
66,56 (1944).

Anal. Calcd. for Ci3H260: C, 78.72; H, 13.21. Found: C, 
78.67; H, 13.43.

A hydantoin derivative was prepared by the method of 
Henze and Speer;7 m.p., 143-144°.

Anal. Calcd. for C16H28N20 2: C, 67.12; H, 10.52. Found: 
C, 67.03; H, 10.28.

5-Ethyl-d-methyldecane (III). A mixture of 22.if g. (0.116) 
mole) of 6-ethyl-6-methyl-3-decanone, 15 ml. of 85% hy­
drazine hydrate, 100 ml. of diethylene glycol, and 25 g. of 
potassium hydroxide in a 50% aqueous solution was heated 
under reflux for 2 hr. Water was removed by distillation until 
the temperature of the reaction mixture reached 200°. The 
mixture was heated then at this temperature for 4 hr. during 
which time a "layer separated. The mixture was cooled and 
the upper layer was taken up in ether and separated from the 
reaction mixture. The diethylene glycol solution was ex­
tracted with two portions of ether which then were combined 
with the original ether solution of the hydrocarbon. This was 
washed with water, dried over calcium chloride, and con­
centrated. The residue was distilled to give 7.5 g. (35%) of 
product. This was purified further by shaking with three 
20-ml. portions o: cold concentrated sulfuric acid, then with 
water, 5% sodium bicarbonate solution, and again with 
water. I t was dried over anhydrous calcium sulfate and dis­
tilled; b.p., 101-103°/18 mm., n 2D3 1.4291.

Anal. Calcd. for Ci3H28: C, 84.69; H, 15.31. Found: C, 
84.83; H, 15.32.

B-Eihyl-5-methyltetracosane (IV). The mixed Kolbe reac­
tion was carried out in a 2-1. resin flask fitted with a copper 
cooling coil and a mechanical stirrer and immersed in a water 
bath. The platinum electrode assembly consisted of an outer 
platinum cylinder 10 cm. long and 3 cm. in diameter, an inner 
platinum cylinder 6 cm. long and 2.5 cm. in diameter, and 
a coil of platinum wire 5 cm. long and 1 cm. in diameter 
placed inside the inner cylinder.

A mixture of 69 g. (0.37 mole) of 4-ethyl-4-methyloctanoic 
acid, 315 g. (1.1 moles) of stearic acid, 500 ml. of petroleum 
ether (b.p., 60-68°), and a solution of 2 g. of sodium in 1200 
ml. of methanol was placed in the flask. All of the solid could 
not be brought into solution; however, a t  the temperature 
(55-60°) attained during the electrolysis, the mixture be­
came homogeneous. At the beginning of the reaction a t 110 
volts only 1 amp. of current passed through the solution. 
This value increased over the first 4 hr. to 3.5 amps., rose 
to 4.5 amps, during the next 7 hours, and then dropped off 
rapidly as the reaction neared completion.

The reaction mixture was concentrated by distillation to 
about one-half volume, and a solution of 56 g. of potassium 
hydroxide in 500 ml. of water was added. Distillation was 
continued then to remove most of the solvent. The residue 
was diluted with 2 1. of petroleum ether (b.p. 60-68°), the 
mixture was shaken thoroughly and the layers separated. 
The petroleum ether solution was washed with warm water, 
filtered, and cooled. There precipitated from solution 65.4 g. 
of a white, crystalline solid; m.p. 73-75°. This was pre-

(7) H. Henze and R. Speer, J. Am. Chem. Soc., 64, 522 
(1942).
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sumed'to be tetratriacontane; lit.8 m.p., 72-73°. The filtrate 
was concentrated and the residue was distilled to give 40.5 g. 
of material which boiled at 200-21871 mm. This was shaken 
with four 25-ml. portions of concentrated sulfuric acid,

(8) G. Egloff, Physical Constants of Hydrocarbons, Vol. V, 
Reinhold Publishing Corp., New York, 1953, p. 270.

washed -with water, 5% potassium carbonate solution, again 
with water, and dried over anhydrous calcium sulfate. 
There was obtained 32.2 g. (23%) of product; b.p., 208- 
21071 mm., n”  1.4511, m.p. 10-11°.

Anal. Calcd. for C«H6a: C, 85.17; H, 14.83. Found: C, 
85.07; H, 14.57.

C o l u m b i a , M o .

[ C o n t r i b u t i o n  f r o m  t i i e  C i i e m i s t r y  D e p a r t m e n t  o p  t i i e  U n i v e r s i t y  o p  M i c h i g a n ]

Synthesis of Heterocyclic Compounds from Aryl Azides. IV. Benzo-, Methoxy-,
and Chloro-carbazoles1,2

PETER A. S. SMITH, JOHN M. CLEGG,3 a n d  J. H. HALL 

Received September 3, 1957

l,2-Ben2ocarbazole(III) has been prepared in high yield from both 2-(2'-azidophenyl) naphthalene (IV) and l-a.zido-2- 
plienylnaphthalene(V). The isomeric 2,4-benzocarbazole has been prepared from 1-(2'-azidophenyl)naphthalene. 1,4-Dimeth- 
oxycarbazole has been prepared from (o-azidophenyl)hydroquinone dimethyl ether, and 2-methoxy-, 2-hydroxy-, and 3- 
chloro-carbazole have been prepared from o-azidobiphenyls. 2-Azido-2 '-cyanobiphenyl has been found to cyclize to tetra- 
zolophenanthridine instead of to 4-cyanocarbazole, and 4-azidofluorene and 4-azidofluorenone to decompose on heating 
without apparent cyclization, to give intractable products.

o-Azidobiphenyl has been prepared from o-hydrazinobiphenyl and N I6-labeled potassium nitrite. Thermal decomposition 
gave carbazole with normal isotope content, while all the excess N 16 was found in the evolved nitrogen.

The thermally or photochemicaily induced cycli­
zation of o-azidobiaryls (I) to give carbazole deriv­
atives has been shown in previous papers1 2 3 to be a 
synthetically useful route to bromo- and nitro- 
carbazoles, and to certain heterocyclic analogs. 
From these studies, little could be concluded re­
garding the generality of the reaction or its mech­
anism, particularly since the substituents studied 
were all electron-withdrawing. In the work re­
ported in this paper, an attempt has been made to 
fill some of these gaps in the knowledge of the re­
action.

5  6 R' 5 '  3  4 5  6

The loss of nitrogen from the azido group might 
occur as the first stage in the reaction, unassisted 
by any sort of preliminary cyclization. In such a 
case, the ease with which nitrogen is lost should de­
pend on the electronic condition of the ring holding 
the azido group, and be independent of the nature 
of the ultimate cyclization point on ring B, except 
insofar as ring B influences the condition of ring A. 
Furthermore, the outer two nitrogen atoms of the 
azido group would be those that, appear as molec­
ular nitrogen.

Alternatively, loss of nitrogen might accompany 
or follow cyclization to ring B. In such a case, the

(1) The larger part of this work was supported by the 
Office of Ordnance Research, U. S. Army (D.O.R. Project 
No. 965).

(2) Part III, J. Am. Chem. Soc., 75, 6335 (1953).
(3) In part from the doctoral thesis of John M. Clegg.

nature of the site of cyclization on ring B should 
profoundly influence the ease with which nitrogen 
is released from the azide. Furthermore, the struc­
ture of this cyclic intermediate or transition state, 
as the case may be, would determine which of the 
azide nitrogen atoms would be released.

o-Azidobiphenyls substituted in ring B with a 
hydroxy or methoxy group in the 4'-position, and 
with two methoxy groups in the 3',6' -positions, 
have now been prepared. All give the expected car- 
bazoles on heating. Qualitatively, no difference in 
ease of decomposition large enough to clearly show 
a concerted reaction was noticed, either among 
these compounds, or between them and the azido- 
biphenyls previously reported.4 It thus appears 
that the synthesis of carbazoles by this reaction 
may be expected to succeed with most types of 
substituents.

A similar comparison is provided by the reac­
tions leading to benzooarbazoles. 1,2-Benzocar- 
bazole(III) was prepared from /3-(°-azidophenyl)- 
naphthalene(IV), involving cyclization to the ex­
position of the naphthalene, and from /3-phenyl-a- 
azidonaphthalene(V), involving cyclization to a 
simple benzene ring. The high yields were similar 
for the two cyclization paths, but the ease of nitro­
gen release was noticeably different, the azido­
phenyl isomer requiring at least a 10° higher tem­
perature for comparably rapid decomposition.. 
Complete selectivity was shown in cyclization to 
the naphthalene ring; cyclization to the 3-position, 
which would have led to 2,3-benzocarbazole, did 
not occur to a detectable extent. Another example

(4) P. A. S. Smith and B. B. Brown, J. Am. Chem. Soc., 
73,2438(1951).
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of internal selectivity is given by the example of a- 
(o-azidophenyl) naphthalene, which cyclized en­
tirely to the 2-position, giving 3,4-benzocarbazole, 
and not to a detectable extent to the 8-position, 
which would have given a benzacridine. /?-(o-Azido- 
phenyl)pyridine, reported previously,5 shows little 
selectivity, however, and cyclizes to both the a- 
and the 7-positions, but in this case the two sites 
are electronically similar.

These observations are insufficient to determine 
the mechanism of the reaction, but they do imply 
that regardless of whether the loss of nitrogen is 
concerted or not, the formation of the new bond to 
nitrogen can be a highly selective process. There­
fore, if the rate-determining step is the unassisted 
breakdown of the azido group to give molecular 
nitrogen and an arylnitrogen, Ar-N:, the latter 
species either has a half-life appreciably longer than 
the time for rotation about the aryl-aryl bond, or it 
is able by polarization to accelerate such rotation 
in a selective manner. To help resolve these ques­
tions, kinetic investigations have recently been 
begun.

Further information about the nature of the 
breakdown of the azido group was obtained from
o-^azidobiphenyl in which the terminal nitrogen 
was isotopically labeled. This was obtained by 
treatment of the hydrazine with isotopic nitrite, 
according to the method developed by Clusius.6 
On heating, all of the excess isotopic nitrogen was 
found in the evolved gas, which showed that it is 
almost certainly the carbon-attached nitrogen 
atom that is retained in the carbazole (retention 
of the central nitrogen can be safely ignored on the 
grounds of mechanistic improbability). A cyclic

intermediate or transition state involving the outer 
azide nitrogen is therefore very unlikely.

n = n = n
1+) e

(5) P. A. S. Smith and J. H. Boyer, J. Am. Chem. Soc., 
73, 2626 (1951).

(6) K. Clusius and H. R. Weisser, Helv. Chim. Acta,
35,1548 (1952).

2-Azido-2'-cyanobiphenyl, prepared in a series 
of steps through the half-nitrile of diphenic acid, 
was studied in order to see whether the difficultly 
accessible carbazole-4-carbonitrile could be made 
by this reaction, and if it could not, to learn in what 
way the cyano group would interfere. This azide 
was found to undergo a change in melting point 
from 57° to 223.5° as a result of heating, but no 
loss of nitrogen occurred. The alteration product 
was found to be tetrazolophenanthridine(VI), 
whose structure was confirmed by independent 
synthesis in the form of the von Braun-Rudolph 
reaction applied to 9-chlorophenanthridine, ob­
tained by the Beckmann rearrangement of fluore- 
none oxime.

This is the first authenticated case of an azide 
other than hydrogen azide adding to a nitrile (an 
isolated patent claim of a similar reaction in the ali­
phatic series has been disputed).7 Tetrazolophen- 
anthridine was found to have exceptional stability 
to heat; unlike most tetrazoles, which lose nitrogen 
at slightly above 200°, this substance required 300° 
for decomposition, at which temperature it was 
converted to a black glass, from which nothing 
could be characterized.

4-Azidofluorene and 4-azidofluorenone were pre­
pared from the amines obtained by degradation of 
the corresponding carboxylic acids, with the inten­
tion of seeing whether the energy of the azido group 
woidd enable them to be converted to the strained 
carbazoles with, respectively, a 4,5-methylene or
4,5-carbonvl bridge. Such cyclization of an azide 
between two benzene rings held coplanar by the 
bridging group might be feasible if the cyclization 
proceeded through abstraction of the 5-hydrogen 
by the aryl nitrogen, followed by N-C bond forma­
tion. If, on the other hand, it should be necessary 
for N-C bond formation to occur first, with subse­
quent hydrogen migration, the nitrogen would have 
to approach the 5-carbon partly from one side, to 
avoid having the 5-hydrogen between it and the 
carbon, and the coplanarity enforced by the bridg­
ing group should interfere with the cyclization. 
Furthermore, by either path followed, the final 
tetracyclic system would be highly strained, and 
ring closure might not occur for this reason alone.

(7) J. H. Boyer and F. C. Canter, Chem. Revs., 54, 44 
(1954).
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TABLE I
N e w  A z i d o b i a r y l s

Anal.
Empirical Caled. Found

Yield, % M.P., C.° Formula C H C H

2-Azido-4 '-hydroxyhiphenyl 
2-Azido-2 ', 5-dimethoxybiphenyl 
l-Azido-2-phenylnaphthalene

57.5 117-119.2 C,2H 9ON313 68.23 4.30 68.25 4.31
61“ 81.5-83.5 C„HI30 2N314 65.87 5.13 66.07 5.24
436 44-45 c16h „n 316 78.34 4.52 78.70 4.20

2- (2 '-Azidophenyl)naphthalene 72e 46-47 CxeHnN,1« 78.34 4.52 77.64 4.30
1- (2'-Azidophenyl)naphthalene
2- Azido-2 '-cyanobiphenyl

OS'* 101-102 CjeHnN,1« 78.34 4.52 78.40 4.57
16e 55.5-57 C13HSN417 70.89 3.66 70.84 3.72

4-Azidofluorenone 96.5 ' 118.5-120 C13H,ON317 70.58 3.19 70.77 3.32
d-Azidofluorene" 83.5 78-81 C13H9N317 75.34 4.38 75.41 4.42

“ From 2-amino-2',5'-dimethoxybiphenyl in aqueous hydrochloric acid. 6 From 2-phcnyl-l-naphthylamine in aqueous 
hydrochloric acid. c From 2-(2'-aminophenyl)naphthylamine15 in aqueous hydrochloric acid. d From l-(2 '-aminophenyl)- 
naphthalene with hydrochloric acid in water; crude product m.p. 98-101°. e From 2-amino-2'-cyanobiphenyl hydrochloride 
with hydrochloric acid in aqueous acetic acid; crude product m.p. 55.5-58°. 1 From 4-aminofluorenone,ls with sulfuric acid 
in water-ethanol; crude product m.p. 110-115°. 0 From 4-aminofluorene with sulfuric acid in -water-ethanol; crude product 
m.p. 75-79°.

The two azides lost nitrogen as usual, at about 
180°, and gave solid products. However, the prod­
ucts were apparently amorphous and polymeric, 
having high, indefinite melting points and a gen­
eral insolubility in organic solvents. It was ap­
parent that cyclization did not take place, and one 
cannot conclude whether it is strain in the product 
of cyclization or the availability of only an un­
favorable path that is responsible.

In the course of this work, the known 3-cliloro- 
carbazole was prepared by the new route of cycli­
zation of 2-azido-5-chlorobiphenyl. In connection 
with this synthesis, a route of synthetic value has 
been developed for 2-amino-5-chlorobiphenvl; di­
rect chlorination of 2-benzamidobiphenyl gives the
5-chloro derivative in 65% yield, whereas attempts 
to chlorinate 2-acetamidobiphenyl are reported8 9 to 
give tarry, nearly inseparable mixtures. In addi­
tion, the preparation of some biphenyl inter­
mediates by synthetically practicable paths has 
been developed, in cases where the only published 
procedures are not of preparative value.

E X P E R IM E N T A L

S-Acetamiiio-4 '-aminobiphenyl dihydrocJdoride. 2-Acetami- 
do-4'-nitrobiphenyl (25.6 g., 0.1 mole) was hydrogenated* 
in 200 ml. of methanol with platinum oxide at an initial 
hydrogen pressure of 49 p.s.i. When the calculated amount 
of hydrogen had been absorbed, the mixture was filtered, 
concentrated, diluted with ether, and dried over magnesium 
sulfate. Passing in hydrogen chloride then precipitated 21.74 
g. (71.2%) of 2-acetamido-4'-aminobiphenyl dihydrochlo­
ride as a white solid, m.p. 185° (dec.).

Anal.10 Calcd. for Ci4H16ON2Cl2: C, 56.18; H, 5.39; Cl, 
23.15. Found: C, 56.25; H, 5.38; Cl, 23.7.

2-Acetamido-4'-hydroxybiphenyl. A diazonium solution 
prepared from 19.42 g. (0.065 mole) of 2-acetamido-4'-

(8) H. A. Scarborough and W. A. Waters, ./. Chem. 
Soc., 89 (1927).

(9) C. K. Bradsher and L. J. Wissow, J. Am. Chem. 
Soc., 68,404 (1946).

(10) Analysis by Mrs. Anna Griffin, University of Michi­
gan.

aminobiphenyl dihydrochloridc in 120 ml. of N  sulfuric acid 
and 5.17 g. of sodium nitrite in 30 ml. of water was freed of 
excess nitrous acid with urea, and further acidified with 
200 ml. of N  sulfuric acid and overlaid with 75 ml. of toluene. 
The mixture was heated on a steam bath until the color 
lightened, chilled overnight, and the solid collected. The 
solid was dissolved in 150 ml. of 10% sodium hydroxide, 
decolorized with charcoal, and reprecipitated with hydro­
chloric acid, to give 11.56 g. (78%) of 2-acetamido-4'- 
hydroxybiphenyl, m.p. 177-182° (reported,11 11 12 13 14 15 16 17 18 185-186°).

3-A mino-4 '-hydroxyhiphenyl. 2-Acetamido-4'-hydroxybi- 
phenyl (3.74 g.) was hydrolyzed by refluxing for 16 hr. with 
30 ml. of coned, hydrochloric acid and 70 ml. of glacial acetic 
acid. Dilution with water and neutralization with sodium 
hydroxide precipitated 2.85 g. (93.5%) of 2-amino-4'- 
hydroxybiphenyl, m.p. 161-163.5°. Recrystallization from 
aqueous ethanol gave an analytical sample, m.p. 163.5- 
165.5° (reported,12 164-165°).

Anal.10 Calcd. for CuHnON: C, 77.81; H, 5.99. Found: 
C, 77.70; H, 5.91.

Azides. The azides prepared are summarized in Table I. 
All were prepared from diazonium salts and sodium azide, 
with minor variations as noted, in a manner analogous to the 
following example.

2-Azido-4'-hydroxybiphenyl. A solution of 2.85 g. (0.0154 
mole) of 2-amino-4'-hydroxybiphenyl in 40 ml. of water and 
8 ml. of coned, sulfuric acid was diazotized at 0° with 1.17 
g. (0.017 mole) of sodium nitrite, the excess nitrous acid was 
destroyed with urea, and a solution of 1.17 g. (0.018 mole) of 
sodium azide in 10 ml. of water was added. After two hours 
at 0°, the azide, wt. 1.87 g. (57.5%), m.p. 113-119°, was 
filtered off. Recrystallization from aqueous methanol gave 
an analytical sample, m.p. 117-119.2°.

2-Nitro-2' ,5'-dihydroxyhiphenyl. A diazonium solution 
prepared from 13.8 g. (0.1 mole) of o-nitroaniline in excess

(11) F. C. Copp and L. 1>. Walls, ./. Chem. Soc., 313
(1950).

(12) W. H. von Claim and B. W. Rottschaefcr, U. S. Pat. 
2,363,819; Chem. Abstr., 39, 36754 (1945).

(13) Analysis by Clark Microanalytical Laboratories, 
Champaign, 111.

(14) Analysis by Microtech Laboratories, Skokie, 111.
(15) D. H. Hey and S. E. Lawton, J. Chem. Soc., 374

(1940).
(16) Analysis by Spang Microanalytical Laboratory, Ann 

Arbor, Mich.
(17) Analysis by Dr. Goji Kodama, University of Michi­

gan.
(18) C. Graebe and P. Schestakow, Ann., 284, 312 

(1895).
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25% sulfuric acid was added drop wise with stirring to a solu­
tion of 22 g. (0.2 mole) of hydroquinone in 1100 ml. of water 
at room temperature. After several hours of stirring, the 
mixture was filtered and the filtrate extracted with ether. 
The extracts were in turn extracted with 10% sodium hy­
droxide solution containing some sodium bisulfite, and the 
alkaline extract was neutralized with hydrochloric acid and 
allowed to cool. The orange needles of 2-nitro-2',5'-dihy- 
droxybiphenyl that separated had m.p. 163-167° (reported,19 
167°), and the yield varied between 11.5 and 13.5% in four 
trials.

2-Nilro-2' ,5'-dimethoxybiphenyl. This compound was pre­
pared by treating the foregoing substance with dimethyl 
sulfate in aqueous sodium hydroxide solution. It could be 
obtained more expeditiously, however, by evaporating the 
ether extracts containing the crude dihydroxy compound, 
dissolving the residue in 4% sodium hydroxide solution, 
and treating with a large excess (4 moles per mole of o-nitro- 
aniline) of dimethyl sulfate at 60-70° with stirring. When 
the mixture is heated overnight, the contaminating hydro­
quinone dimethyl ether sublimes, and on cooling, 2-nitro- 
2',5'-dimethoxybiphenyl separates as a brown solid, m.p. 
100-105°, in 10.5% yield.

The crude product was purified by washing its ether solu­
tion with N  sodium hydroxide until the washings were color­
less, drying over magnesium sulfate, and evaporating to a 
small volume. There was obtained from 4.54 g. of crude 
material two crops of light yellow crj^stals: 3.18 g. of m.p. 
100-102°, and 0.45 g. of m.p. 96-101°.“

Anal.14 Calcd. for C14Hi304N: C, 64.86; H, 5.05. Found: 
C, 65.17; H, 4.91.

2-Amino-2',5'-dimelhoxybiphenyl. In a Parr bottle w-as 
placed 3.33 g. (0.0128 mole) of 2-nitro-2',5'-dimethoxy- 
biphenyl with about 200 ml. of methanol and a small amount 
of platinum dioxide. I t  was shaken with hydrogen until the 
pressure reading on the gage was constant (about 16 hr.). 
The solution was filtered, the methanol evaporated, the resi­
dues taken up in acetone, and water added. The crude, 
brownish product weighed 1.60 g. (56.5%), m.p. 65-68°. It 
■was recrystallized once from acetone-water, and once from 
methanol-water, to obtain an analytical sample as fine, 
white needles, m.p. 68-69°.

Anal.14: Calcd. for C14H15O2N: C, 73.34; H, 6.59. Found: 
C, 74.16; H, 6.54.

2-Benzamido-6-chlorobiphenyl. Chlorine was passed 
through a sintered glass inlet tube into a solution of 27.3 g. 
(0.1 mole) of 2-benzamidobiphenyl in 250 ml. of dry ether 
until the mixture was bright yellow and crystals began to 
form. The solvent was partially evaporated and the product, 
20.1 g. (65.5%), m.p. 137-143°, was filtered off. 2-Benz- 
amido-5-chlorobiphenyl prepared by benzoylation of the 
amine has reported m.p. 142-143°.8

2-Amino-5-chlorobiphenyl. Hydrolysis of 4.0 g. (0.013 
mole) of 2-benzamido-5-chlorobiphenyl by refluxing for 12 
hr. with 25 ml. of concentrated hydrochloric acid and 75 
ml. of glacial acetic acid gave 2.0 g. (75.5%) of the amine, 
m.p. 47-50° (reported, 48°,"-° 54°21).

2-{2'-Nitrophenyl)naphthalene. A mixture of 2'- and 4 - 
nitro-2-phenyhmphthalene, b.p. 230-270°/0.8 mm., was 
prepared from 76.7 g. (0.415 mole) of 2-aeetamidonaphtha- 
lene by the method of Hey and Lawton.15 This mixture, a 
red sirup, was dissolved in 200 ml. of benzene and allowed to 
stand overnight. The crystals wriich separated melted at 
167-175° and were primarily the 4'-nitro isomer. The filtrate 
was chromatographed on alumina using benzene for develop­
ment and elution. Two bands were seen under ultraviolet 
light; the lower fluoresced deep purple and the upper fluor­
esced tan. The eluted lower band gave 12.2 g. (12%) of 2- 
(2'-nitrophenyl)naphthalene, m.p. 93-98° (m.p. 101° after

(19) J. Dobäs, Chem. lisly, 46, 277 (1952); Chem. Abstr., 
47, 8669d (1953).

(20) H. Hübner and H. Lüddens, Atm., 209, 349 (1881).
(21) Th. De Crauw, Rcc. Irav. chim., 50, 776 (1931).

recrystallization from ethanol); the upper band was found 
to contain the 4'-nitro isomer.

l-{2'-Nitrophenyl)naphthalene. Ten grams of copper- 
bronze powrier was added over a period of 15 min. to a mix­
ture of 14.9 g. (0.06 mole) of l-iodo-2-nitrobenzene and 15.2 
g. (0.06 mole) o: 1-iodonapbthalene heated to 240°. After 
3 hr. at 235-240°, the mixture w'as cooled and the mass ex­
tracted with three 30 ml. portions of benzene. Chroma­
tography of the extracts on an alumina column, using ben­
zene for development, gave three bands visible under ultra­
violet light. The lowest fluoresced bright blue and contained 
a,a'-binaphthyl along with some other material, presum­
ably l-iodo-2-nitrobenzene. The middle band fluoresced 
grey-browm and contained l-(2 '-nitrophenyl)naphthalene 
and 1-iodonaphthalene. The upper band fluoresced purple 
and was 2,2'-dinitrobiphenyl. The middle band w'as washed 
out with benzene to give an oil after evaporation, which 
after crystallization from 70 ml. of 95% ethanol gave 3.41 
g. (21%) of l-(2'-nitrophenyl)naphthalene, m.p. 88-90° 
(reported m.p. 83-90°22). The upper band on similar treat­
ment gave 2.70 g. of 2,2'-dinitrobiphenyl.

Carbazoles. The carbazoles prepared are summarized in 
Table II. All were prepared by heating dilute solutions of 
azides in kerosine, according to the method described for 
the following example.

3,4-Benzocarbazole from l-(2'-azidophenyl)naphthalene. A 
solution of 0.5012 g. of l-(2'-azidophenyl)naphthalene in 
50 ml. of kerosine (washed by extraction with sulfuric acid) 
was quickly heated to 180-200°. After five minutes, the solu­
tion was allowed to cool and was eventually chilled to 
— 10°. Filtration then gave 0.272 g. (61%) of 3,4-benzocar- 
bazole, m.p. 132.5-134.5° after washing with petroleum 
ether (b.p. 30-40°). The filtrates were passed through an 
alumina column, the kerosine was removed by eluting with 
petroleum ether (b.p. 40-60°), and the column w'as devel-

TABLE II
C a r b a z o l e s  P r e p a r e d  f r o m  A z i d o b i a r y l s

Yield
Crude 

M.P., C°.
Pure

M.P., C.°

2-Hydroxycarbazole 87.5 255-260 266.5-269.5“
2-Methoxycarbazole 71.8Ö 227-234 234-235.5°
1,4-Dime thoxycar- 

bazolc 71 109-112 111.5-112. &
3-Chlorocarbazolc 60.5e 188-191 195. s - m 7
1,2-Benzocarbazole“ 94 226-228 229-230'1
1,2-Benzocarbazole* 94 228-230 230-231
3,4-Benzocarbazole 100 132.5-134.5 135-136'

“ Reported24 25 m.p. 276°. Anal.13 Calcd. for Cr>H9ON: C, 
78.67; H, 4.95. Found: C, 78.78; H, 4.95. 6 Based on 2- 
amino-4'-methoxybiphenyl;11 azide not isolated. c Re­
ported26 m.p. 235-236°. Anal.14 Calcd. for CnHnON: C, 
79.6; H, 5.62. Found: C, 79.47; H, 5.73. d Anal.14 Calcd. for 
C14H13O2N: C, 73.99; H, 5.77. Found: C, 74.03; H, 5.83. 
‘ From 2-aniino-5-chlorobiphenyl; azide not isolated. ! Re­
ported26 m.p. 199°. 0 From l-azido-2-phenylnaphthalene. 
* Reported27 m.p. 225°; undepressed when mixed with 1,2-
c.arbazole from 2-(2'-azidophenyl) naphthalene. Picrate, 
m.p. 186-188° (reported 185°). * From 2-(2'-Azidophenyl)- 
naphthalene. 7 Reported23 m.p. 134-135°.

(22) J. Forrest and S. H. Tucker, J. Chem. Soc., 1137 
(1948).

(23) F. R. Japp and W. Maitland, J. Chem. Soc., 83, 270 
(1903).

(24) F. Baullauf, F. Muth, and A. Schmelzer, U. S. Patent 
1,807,682; Chem. Abstr., 25, 4412 (1931).

(25) C. K. Bradsher, F. C. Brown, and P. H. Leake, J . 
Org. Chem., 22, 500 (1957).

(26) O. Sirs, Ann., 557, 240 (1947).
(27) S. H. Oakeshott and S. G. Plant, J. Chem. Soc., 

1843 (1928); W. Borsche, Ann., 359, 79 (1908).
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oped with benzene. A single, bright bl le, fluorescent band 
was visible under ultraviolet light. Elution with benzene 
gave 0.176 g. of a solid, m.p. 127-134°, which gave no m.p. 
depression with the 3,4-bcnzocarbazole first isolated; total 
yield 0.448 g. (100%). Recrystallization from 30 ml. of 
petroleum ether (b.p. 90-100°) raised the m.p. to 125-136° 
(reported,23 134-135°).

2-M ethoxy carbnzole from 2-Hydroxycarbazole. To a solution 
of 0.32 g. (6.00175 mole) of 2-hydroxycarbazolc in 20 ml. of 
sodium hydroxide was added slowly 0.25 g. (0.002 mole) of 
dimethyl sulfate, and the resulting mixture was heated on 
the steam bath for one hour. The yield of crude 2-methoxy- 
carbazole obtained upon filtration of the cooled solution was 
0.28 g. (81%), m.p. 231.5-234.5°. Upon recrystal.ization 
from acetone-water, 0.15 g., m.p. 231.5-234.5°, and 3.06 g., 
m.p. 224-230° was obtained. A mixed melting point with 
material prepared from 2-azido-4'-merhoxybiphenyl gave 
no depression.

2-Biphenylyl azide-S'-Nu. 2-Bipheny_ylhydrazine chloro- 
stannite28 (2.99 g., 0.00473 mole) was slurried with 7 ml. of 
concentrated hydrochloric acid in 25 ml. of water, and 1.00 
g. of potassium nitrite (about 2% enriched in A’15) in 5 ml. 
of water was added dropwise to the solution at 0-5°. After 
30 min., the precipitated azide was filtered off; wt. 1.77 g. 
(96%), m.p. 48-50°. I t was recrystallized for use by chilling 
its solution in methanol to —20°.

Decomposition of labeled azide. The apparatus used for 
the collection of nitrogen from the decomposition of the 
JUMabeled azide was that described by Vaughan, Boyd, 
McCane, and Sloan.29 In the reaction vessel was placed 25 
ml. of kerosine (extracted with sulfuric acid, sodium hy­
droxide solution, dried and distilled) along with 0.3-0.4 g. 
of the azide. The reaction vessel was connected to a nitrom­
eter tube filled with 50% potassium hydroxide solution. 
Air was removed from the system by a stream of carbon 
dioxide, obtained from Dry Ice and found to contain only 
a slight trace of air. The reaction vessel was heated to 195° 
for 30 min. by means of an oil bath, and then cooled to room 
temperature. The nitrogen wras swept into the nitrometer 
tube with carbon dioxide, and collected over 50% potassium 
hydroxide solution; the yield was quantitative. The nitrogen 
was drawn from the nitrometer through Ascarite and Dehy- 
drite into an evacuated sample tube, and samples were 
analyzed on a Xier-tvpe isotope-ratio mass spectrometer. 
(See Vaughan el al,29 for details of the procedure.)

Assay of potassium nitrite. The labeled potassium nitrite 
was assayed by heating it with an equivalent of ammonium

TABLE III
R e s u l t s  o f  N15 E x p e r i m e n t s

Source of X2

Isotope
Ratio

(29/28)
Atom % 
N 15 in N2

Excess 
Atom % 
X :s in N2

“ Pure” tank X2 0.00735 0.365 0.000
KX*02 +  NH4C1 0.02617 1.291 0.926
Ordinary 2-azidobiphenvl 0.00738 0.308 0.003
Labeled 2-azidobiphcnyl 0.02640 1.303 0.935
Atom % N15 in K \* 0 2, 2.217%.
Maximum possible atom percent of X15 in X2 from labeled 
azide, 1.292%.
Maximum possible atom percent of N15 in X2 from labeled 
azide over that from ordinary azide, 0.924%.

0.935
0)924 X 100 = 101%

Thus, 101 ±  3% of the isotropic (terminal) nitrogen atoms 
of the azide appeared in the evolved nitrogen.

(28) C. Graebe and A. Sc. Rateami, Ann., 279, 267 ( 1894).

chloride in aqueous solution.25 The nitrogen obtained vras 
collected in the same way as described above.

2-Carboxy-2'-cyanohiphenyl. Phenanthrenequinone mon­
oxime was subjected to the Beckmann rearrangement “of 
the second kind” essentially according to Werner and 
Piguet.,30 except that the benzenesulfonyl chloride was 
added to the pyridine solution of the oxime at ice-bath tem­
perature, followed b}' refluxing for 1.5 hr. The yield was 
31%.

2-Amino-2'-cyanohiphenyl. A mixture of 13.5 g. (0.061 
mole) of 2-carboxy-2'-cyanohiphenyl and 14.3 g. (0.12 
mole) of thion3rl chloride was heated under reflux on a steam 
bath for 2 hr., and the excess thionyl chloride was removed 
under aspirator vacuum. A solution of 7.8 g. (0.12 mole) of 
sodium azide in 30 ml. of water was added dropwise with 
stirring to the residual dark oil dissolved in 50 ml. of acetone, 
kept at 0-5° with an ice-salt bath. After several hours, 40 
ml. of water was added and the suspension was allowed to 
stand overnight. The solid azide was collected, dissolved in 
toluene to a total volume of 294 ml., and dried over mag­
nesium sulfate. The resulting amber solution was heated 
until nitrogen evolution ceased. A small portion of the re­
sulting purple solution was reserved for other work, and the 
main portion, 245 ml., was cooled and added dropwise with 
stirring to 500 ml. of concentrated hydrochloric acid that 
had been additionally saturated with hydrogen chloride 
near 0°; some frothing occurred. The mixture was then 
allowed to come to room temperature overnight with con­
tinuous stirring, after which the layers were separated and 
the aqueous phase was neutralized with sodium carbonate. 
The mixture was extracted with ether, the extracts were 
dried over magnesium sulfate, and hydrogen chloride was 
passed in until precipitation appeared complete. There was 
obtained 4.41 g. (40%) of 2-amino-2'-cyanohiphenyl hydro­
chloride, m.p. 307-310°, which, from the analytical figures, 
may have lost a small amount of hydrogen chloride during 
drying.

Anal.13: Calcd. for ChHuNjCI: C, 67.68; H, 4.81. Found: 
C, 67.90, 67.88; H, 5.25, 5.30.

The free base was obtained as a browm oil when the hy-dro- 
chloride was dissolved in sodium carbonate solution. Taking 
it up in ether, drying over magnesium sulfate, concentra­
tion and crystallization from chilled aqueous ethanol gave 
fine, white needles, m.p. 61-63°.

Anal.:13 Calcd. for C13H10X2: C, 80.38; H, 5.19. Found: C, 
80.12; H, 5.01.

The N-carhoelhoxy derivative was obtained from an experi­
ment in which the hydrochloric acid hydrolysis step following 
the Curtins rearrangement was largely incomplete. From 
14.13 g. of 2-carboxy-2'-cyanobiphenyl, there was obtained 
in the manner described only 0.396 g. (2.7%) of 2-amino-2'- 
cyanobiphenvl hydrochloride. Evaporation of the toluene 
layer and addition of ethanol to the residual oil gave 8.83 g. 
(33%) of 2-earboethoxyamino-2'-cyanohiphenyl, light tan 
solid from aqueous ethanol, m.p. 91-96°. An analytical 
sample from one further crystallization melted at 94.5- 
96.5°.

Area/.:18 Calcd. for Ci6IIhN20 2: C, 72.16; H, 5.30; N,
10.52. Found: C, 71.74; H, 5.42; N, 10.44.

9,10-Tetrazolophenanthridine. A. From 2-Azido-2'-cyano- 
biphenyl. In an attempt to bring about cyclization to 4- 
cyanocarbazole, 0.1 g. of 2-azido-2 '-cyanohiphenyl in 20 
ml. of kerosine was heated near 180° for 0.5 hr. and allowed 
to cool; a few bubbles were noticed during the heating. The 
tan solid that formed was collected by centrifugation, washed 
with petroleum ether, and treated with charcoal in hot 
absolute alcohol. Dilution with water produced a crystalline 
solid, wt. 0.0718 g. (71.8%), m.p. 220-222°, which proved 
to be 9,10-tetrazolophenanthridine. An analytical sample 
recrystallized from ethanol had m.p. 221.5-223.5°.

(29) W. R. Vaughan, W. T, Boyd, D. L. McCane, and
G. ,1. Sloan, Anal. Chem., 23, 508 (1951).

(30) A. Werner and A. Piguet, her., 37, 4311 (1904).
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Anal.:1« Calcd. for C13H8N4: C, 70.89; H, 3.66. Found: C, 
70.65; H, 3.77.

B. From fluorenone oxime. To a mixture of 10 g. (0.05 
mole) of fluorenone oxime and 15 g. (0.07 mole) of phos­
phorus pentachloride was cautiously added 100 ml. of phos­
phorus oxychloride; a vigorous reaction began at once. After 
two hours of refluxing, the mixture had turned black. The 
phosphorus oxychloride was removed by distillation after the 
addition of 25 ml. of xylene as diluent and chaser, and a solu­
tion of co. 0.1 mole of hydrogen azide in 200 ml. of dry ben­
zene was added to the cold residue. After one week at room 
temperature, the solution was heated for 0.5 hr., cooled 
and washed thoroughly with 20% sodium carbonate solution. 
The dried (magnesium sulfate) and filtered solution was 
concentrated to near dryness, heated with absolute alcohol, 
filtered from some insoluble matter, and crystallized by the 
addition of water to give 2.06 g. (18.4%), m.p. 208-218°. 
A sample recrystallized from aqueous ethanol gave no de­
pression of melting point when mixed with the compound 
obtained from 2-azido-2 '-cyanobiphenyl.

Pyrolysis of JrAzidofluorenone. When 1.0 g. samples of 4- 
azidofluorenone were heated in kerosine or resorcinol di­
methyl ether solution, nitrogen was evolved at about 175° 
and the solutions turned nearly black. On cooling, a brown, 
amorphous solid separated, insoluble in benzene or ethanol, 
but soluble in nitrobenzene. Attempts at crystallization, 
with and without chromatography, failed, as did attempts 
to prepare a picrate and an oxime.

4-Aminofluorene. A mixture of 5.00 g. (0.0238 mole) of 
fluorene-4-carboxylic acid31 and 5.95 g. (0.05 mole) of thionyl 
chloride was heated on a steam bath for one hour and the

excess thionyl chloride was distilled off. A solution of 3.25 
g. (0.05 mole) of sodium azide in 15 ml. of water was added 
with stirring to a solution of the resulting acid chloride in 
25 ml. of acetone. The light orange-brown, crude, solid 
azide was collected after the addition of 50 ml. of water, and 
was pressed dry and promptly dissolved in 60 ml. of benzene. 
After 0.5 hr. of refluxing, nitrogen evolution had stopped, 
and 25 ml. of 50% potassium hydroxide solution was added 
and the refluxing continued for several hours. Hydrogen 
chloride was passed into the separated and dried benzene 
layer, precipitating 3.28 g. (63.5%) of 4-aminofluorene hy­
drochloride, m.p. 240° (dec.). A purer sample was prepared 
by releasing the free base with aqueous ammonia, taking it 
up in benzene, and reprecipitating with hydrogen chloride, 
which gave a white solid, m.p. 283-288°.

Anal.11: Calcd. for C1SHI2NC1: C, 71.69; H, 5.56. Found: 
C, 71.82; H, 5.70.

The free base was obtained by decomposing the salt with 
aqueous ammonia and crystallizing from benzene. It formed 
pale yellow needles, m.p. 112.5-114°.

Anal.11: Calcd. for CuHuN: C, 86.16; H, 6.12. Found: 
C, 86.02; H, 6.09.

Pyrolysis of 4-azidofluorene. Attempted thermal cyclization 
of 4-azidofluorene in the same manner as described for 4- 
azidofluorenone gave an amorphous, brown solid of similar 
characteristics, that resisted all attempts at crystallization.

A n n  A r b o r , M i c h .

(31) W. E. Bachmann and J. C. Sheehan, J. Am. Chem 
, Soc., 62, 2689 (1940).

[ 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 ]

Synthesis of Some 1,1-Dibenzylhydrazines1

R. L. HINMAN2 a n D  KENNETH L. HAMM 

Received June 28, 1957

A series of unsymmetrically substituted dibenzylhydrazines, p-XC6H4CH2NCH2C6H6, where X = CH30 —, (CH3)2N—,

NH2
CH3—, and Cl—, have been prepared by reduction of the corresponding nitrosamines with lithium aluminum hydride. 
1-Benzyl-l-furfurylhydrazine was also prepared by this method. Attempts to prepare other hydrazines of this type are 
discussed.

In connection with a current investigation of the 
oxidation of 1,1-dibenzylhydrazines, it was neces­
sary to prepare a number of disubstituted hydra­
zines of the general formula I.

CeH6CTT2,
>NNH2 

p-XCeH4C H /
I

The hydrazines were all prepared by the same 
general route. Benzylamine and a suitably sub­
stituted benzaldehyde (II) were condensed to give 
a Schiff base (III). I l l  was reduced in absolute 
ethanol in the presence of platinum oxide to a 
secondary amine (IV) which was then nitrosated in

(1) Presented before the Organic Division of the American 
Chemical Society at the Atlantic City Meeting, September 
16,1956.

(2) Present Address: Union Carbide Research Institute,
32 Depot Plaza, White Plains, N. Y.

dilute acetic acid solution to give a nitrosamine 
(V). The latter was reduced with lithium aluminum 
hydride to the corresponding 1,1-dibenzylhydrazine 
(I). The properties of the products are listed in 
Tables I-V.

CeHsCIUNH, +  p-XCsHiCTIO — >
II  p-X C 6H 4C H = N C H 2C6H 5

III

I PtOs

N = 0  | Ha
i HOAo '

p-X C 6H 4CH2N —CH2C6H 5 <------ p-X C6H 4CH2N H C H 2C6H 6
NaNOs

V IV

|  H A U L
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TABLE I
S c h i f f  B a s e s :  RCH = NCH,CfiHs“(III)

R Yield, %
M.P., or 

B.P. Mm.
Lit. M.P., or 

B.P. Mm.
p-(CH.,)2NC6H4ö 63 76-77“
P-CIRSOoCcIL6 66 72.5-74a
P-CH3OCoH4 77 39-40 42“
p-c h 3c 6h 4 76 207(24) 210(25/
p-c ic6h 4 81 34-36 34/
p-n o 2c 6h 4 70 55-57“ 56“
2-furyl 60 158-159(12) i s s i l i /
p-OHC6H4 93 202-204’ 205-206’

0 Prepared by heating benzylamine and the appropriate al­
dehyde in the absence of a solvent except where noted other­
wise. 6 Recrystallized from ether. “ Calcd. for Ci6Hi8N2: C, 
80.62; H, 7.63; N, 11.76. Pound: C, 80.33; H, 7.58; N, 11.37. 
d Calcd. for C15H16N02S: C, 65.90; H, 5.54; N, 5.13. Found: 
C, 65.63; H, 5.46; N, 5.47. “ Ref. 7. 1 C. Shoppee, J. Chem. 
Soc., 1225 (1931). 9 This product was obtained only when 
an ethereal solution was allowed to stand for several hours 
[C. K. Ingold and H. Piggott, J. Chem,. Soc., 121, 2381 
(1922)]. The procedure of footnote a invariably yielded a 
light yellow solid, m.p. 193-195°, of unknown structure. h G. 
De Chamot, Ann., 271, 11 (1892). * 78 4 A. Mason and G. Winder, 
J. Chem. Soc., 65, 192 (1894). ’ This value seems unusually 
high compared to the melting points of the other Schifi 
bases. The same compound was obtained using the method 
described in footnote g. The structure of the product is 
supported by its ultraviolet absorption spectrum (Amax 273 
m;u, log (Im 4.25) which shows a reasonable relationship to 
that reported for ./V-(p-methoxybenzylidene)benzy]amine 
(Ama* 268 nip, log om 4.30) [P. Grammaticakis, Bull. soc. 
chim., (5), 427 (1941).]

also was attempted with sodium borohydride in the 
presence of aluminum chloride. In this case the re­
duction failed and 74% of the starting material was 
recovered. The reduction was then attempted em­
ploying lithium aluminum hydride in the manner 
suggested by Felkin4 who had successfully reduced 
ester groups without affecting aromatic nitro 
groups. This method also failed and the starting 
material was again recovered along with a small 
amount of orange solid which was not the desired 
hydrazine.

The hydrazines were all colorless or light yellow 
liquids which appeared to suffer oxidation and de­
terioration upon exposure to the atmosphere. The 
hydrazines were identified as the hydrazones of p -  
nitrobenzaldehyde (Table V). In several cases the 
hydrochlorides of the hydrazines were prepared; 
however, difficulties were encountered in purifica­
tion and their physical properties are not reported 
here.

From the lithium aluminum hydride reduction 
of IV-nitroso-iV-(p-methanesulfonylbenzyl)benzyl- 
amine, a compound thought to be l-benzyl-l-(p- 
methanesulfonylbenzyl)hydrazine was obtained. I t 
could not be purified by distillation. The crude 
product reacted with oxalic acid, forming what ap­
peared to be an oxalate salt, but analysis of this 
salt did not agree with values calculated for an 
oxalate of l-benzvl-l-(p-methanesulfonylbenzyl)-

TABLE II
S e c o n d a r y  A m i n e s : RCILNHCIbCeH., (IV)

Time Required for 
Reduction of Schiff M.P. or Lit. M.P. or

R Base, Hr.® Yield, % B.P. (Mm.) B.P. (Mm.)
P-CHsOCbH? 2 92 193-194 (7) 206(10)“
p/C IbhN C eH / 1 82 190-194(1-2)
p-CH3S02C6H4“ 18 69
p-c h 3c6h / 1 92 147(2)
p-c ic6h 4 2 . 67 192(10) 193-196(13)“
p-n o 2c6h 4 49 247-249*
2-furyl 6 77 127-134(5) 115-124(4)’
p-OHC6H4 1 J

° All reductions were carried out in absolute ethanol according to the directions in Org. Reactions, IV, p. 197 (1948), with 
the exception of W-(p-methanesulfonylbenzylidene)benzylamine which was reduced in absolute methanol and iV-(p-hydroxy- 
benzylidene)benzylamine which was reduced in dimethylformamide. 6 n™ 1.5728, d\7 1.078. “ Ref. 8. d n 1.5984, dj2 
1.035. “ This material was not purified. Derivative: l-benzyl-l-(p-methanesulfonylbenzyl)-3-phenyl-2-thiourea. Calcd. for 
C22H22N2S2O3: C, 64.35; H, 5.29; N, 6.82. Pound: C, 64.06; H, 5.39; N, 7.14. 1 n2̂  1.5660; dl7 1.018. Derivative: 1-benzyl-l- 
(p-methylbenzyl)-3-phenyl-2-thiourea. Calcd. for C22H22N2S: C, 76.25; H, 6.41. Pound: C, 76.42; H, 6.33. 9 J. V. Braun, M. 
Kuhn, and J. Weismantel, Ann., 449, 249 (1926). h Melting point of hydrochloride, in which form the amine was isolated. 
1 K. N. Campbell, J. P. Ackerman, B. K. Campbell, J. Am. Chem. Soc., 71, 2905 (1949). 1 Although the reaction mixture 
rapidly took up the calculated quantity of hydrogen, the product decomposed during distillation. No product could be 
isolated from attempts to nitrosate the crude product from the hydrogenation.

The preparation of fV-(p-nitrobenzyl) benzylamine 
differed from the general procedure in the use of 
sodium borohydride and aluminum chloride3 to re­
duce the carbon-nitrogen double bond of the Schiff 
base without affecting the nitro group. The reduc­
tion of iV-nitroso-Af-(p-nitrobenzyl)benzylamine

(3) H. C. Brown and B. Sabba Rao, J. Am. Chem. Soc.,
78, 2582 (1956).

hydrazine. Attempts to prepare a hydrazone with 
p-n itroben zaldehyde and to prepare the 4-phenyl-
3-thiosemicarbazide with phenyl isothiocyanate 
were unsuccessful. For these reasons the identity 
of the reduction product remains in doubt.

(4) H. Felkin, Compì, rend., 230, 304 (1950).
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TABLE III
Nitrosamines: RCH,NCH2C6H5 (V)

N = O
I

M.P B.P., Calcd. Found
R* Yield, %, °C., (Mm.) Formula c H N C H N

p-CH3OC6H4 91 53-55 c 15h 16n 2o2 74.34 7.50 74.07 ■ 7.18
p-(CH3)2NC6H4 55 60-63 c 16h 19n 3o 71.33 7.12 15.60 71.13 7.24 15.73
p-c h 3so2c 6h 4 64 86-88 C15H16N2O3S 59.18 5.31 9.21 58.62 5.19 9.24
p-c h 3c 6h / 87 176-177(3) c I5h 16n 2o 74.96 6.72 11.66 75.09 6.59 11.57
p-c ic6h 4 74 190(2) c „h 13n 2oci 64.48 5.04 64.19 4.70
a-Furyl-c 67 158-164(4) C12TÏ12N202 66.64 5.60 12.96 66.40 5.23 12.80
p-n o 2c6h 4 95 78-80 c i4h 13n 3o3 61.97 4.84 15.49 62.98 4.55 14.39

“ All the nitrosamines were recn^stallized from 95% ethanol with the exception of iV-nitroso-A'-(p-methoxybenzyl)benzyl- 
amine, which was recrystallized from absolute ethanol. 6 nfjf 1.5783, dffi 1.145. 0 4 '  1-5582, dfifi 1.158.

TABLE IV
NIL

1,1-Dibenzylhydrazines: RCH2NCH2C6H5 (I)“

R
Yield,

% B.P. (Mm.) îl!D d \

P-CH.,OCoH4 67 185-188
(0.5-1)

1.5815 18 1.067 26

p-(CH3)2NC6H4 50 188-190
(1)

1.5983 18 1.073 28

p-CIhAJL 71 144-146
( 1)

1.5737 26 1.064 24-6

p-ClC6H4 71 165-167
(1)

1.5855 27 1.132 23

a-Furyl 58 132-134
(3)

1.552 30 000

“Reduction of corresponding nitrosamine carried out by 
method of Schueler and Hanna [/. Am. Chem. Soc., 74, 
3693 (1952)]. The rate of addition of the nitrosamine solu­
tion was not permitted to exceed one drop per second to 
keep the reaction from taking place with explosive violence 
[L. F. Audrieth, el al., J. Am. Chem.. Soc., 77, 790 (1955)].

solution had been added, the mixture was stirred at room 
temperature for 30 min. and then heated on a steam bath 
for 1.5 hr. The reaction mixture was then cooled and poured 
into 70 g. of crushed ice and 12 ml. of concentrated hydro­
chloric acid. A light yellow precipitate was removed by fil­
tration and recrystallized from 200 ml. of 95% ethanol. A 
white precipitate was obtained which weighed 9.5 g. (49%) 
and melted at 247-249°. This precipitate gave a positive 
Beilstein test for halogen and a Hinsberg test for a secondary 
amine.

Anal. Calcd. for C14HI£C1N20: C, 60.31; H, 5.44. Found: 
C, 60.97; H, 5.52.

Attempt to reduce N-nitroso-N-{p-nitrobenzyl)benzylamine 
with sodium borohydride. The procedure was the same as that 
employed in the preparation of W-(p-nitrobenzyl)benzyl- 
amine hydrochloride. From 3.5 g. (0.01 mole) of V-nitroso- 
iV-(p-nitrobenzyl)benzylamine, 0.4 g. (0.01 mole) of sodium 
borohydride, and 0.5 g. (0.004 mole) of aluminum chloride, 
an oil was obtained which solidified upon cooling. The solid 
was recrystallized from 95% ethanol to yield 2.6 g. of a 
light yellow solid, m.p. 76-80°. A mixed m.p. of 76-80° was 
obtained with a sample of ./V-nitroso-.V-(p-nitrobenzyl)benz- 
ylamine (m.p. 78-80°). This represented a 74% recovery of 
starting material.

Attempt to reduce N-nitroso-N-(p-nitrobenzyl)benzylamine

TABLE V
Hydrazones of p-nitrobenzaldehyde: R—CH2N N =C H C 6H4N 0 2

I
c h 2
c 6h 5

R“ M.P., °C. Formula
Calcd. Found

c H N C H N

p-CH3OC6H4s 76-77 C21ÏÏ22N3O3 70.37 5.65 11.19 70.25 5.86 11.59
P-(CHs)2NC6H4 110-111 c23h 24n 4o2 71.13 6.24 14.43 71.00 6.09 14.52
p-c h 3c 6i i 4 123-125 C22H21N302 73.50 5.90 11.69 73.41 5.43 11.49
p-cic6h 4 122.5-123.5 c22h I8n 3o2ci 66.39 4.79 66.45 4.65
a-Furyl- 65-66 c 19h 17n 3o3 68.04 5.12 12.53 68.40 5.28 12.54

° The procedure employed was that of R. L. Shriner, R. C. Fuson and D. Y. Curtin, Systematic Identification of Organic 
Compounds, 4th Edition, Wiley & Sons, New York, New York, 1956, p. 219. 6 This hydrazone was recrystallized from absolute 
ethanol. All the others were recrystallized from 95% ethanol.

EXPERIMENTAL5

With the exception of the reactions described below, the 
hydrazines were prepared by well-known procedures.

N-{p-Nitrobenzyl)benzylamine hydrochloride. A solution of
1.2 g. (0.35 mole) of sodium borohydride and 16.9 g. (0.07 
mole) of N-(p-nitrobenzylidene)benzylamine in 100 ml. of 
tetrahydrofuran was vigorously stirred as 1.6 g. (0.01 mole) 
of aluminum chloride in 50 ml. of tetrahydrofuran was 
added, at such a rate that the temperature of the reaction 
did not rise above 50°. After all of the aluminum chloride

(5) Melting points and boiling points are uncorrected.

with lithium aluminum hydride. The procedure employed was 
that of Felkin.4 From 7.4 g. (0.03 mole) of Ay-nitroso-AT-(p- 
nitrobenzyl)benzylamine and 0.4 g. (0.01 mole) of lithium 
aluminum hydride a light orange solid, m.p. 68-76°, was 
obtained. After two recrystallizations of this material from 
80%, ethanol two products were obtained. One was a light 
yellow solid which melted at 80-81° and did not depress the 
melting point of an authentic sample of V-nitroso-V-fp- 
nitrobenzyl)benzylamine. The other product was a fight 
orange solid wliich melted at approximately 135° and did not 
have the properties of the desired hydrazine.

I o w a  C i t t , I o w a
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[ C o n t r i b u t i o n  f r o v  t h e  C a n c e r  R e s e a r c h  L a b o r a t o r y , U n i v e r s i t y  o f  F l o r i d a ]

Physical Properties of the Aminoazobenzene Dyes. IX. Absorption Spectra in 
Alcohol and Acid Solution of Disazobenzene Dyes1

EUGENE SAWICKI2 3 4 5

Received September 25, 1957

The position of proton addition and the absorption spectra in various solvents of 4-dimethylamino-p-disazobenzene dyes 
has been investigated. Spectral evidence has been presented which indicates that the first proton adds to the /3-azo nitrogen 
and the second proton to the 5-azo nitrogen. The tautonierism of these salts has also been investigated.

In previous papers the beta and amino nitrogens 
of a large number of 4-aminoazobenzene deriva­
tives3-6 were shown to be of the same order of 
basicity. For example, the basicity of the amino 
nitrogen relative to the /3-nitrogen is increased by 
the following substitutions in 4-dimethylaminoazo- 
benzene: (a) replacement of one or both methyl 
groups by ethyl groups; (6) a methyl,6 fluoro,7 or 
methoxy8 group in the 3-position; (c) alkyl, 
methoxy, chloro, or nitro groups in the 2 '-position;6 
(■d) electron donor groups in the 4 '-position.6 The 
basicity of the /3-nitrogen relative to the amino 
nitrogen in dyes such as 4-dimethylaminoazoben- 
zene is increased by (a) substitution in the 2- 
position by an alkyl6 or fluoro7 group; (6) the pres­
ence of a 2'-carboxy group;6 (c) 4 '-substitution by 
electron-attracting groups;6 (d) replacement of an
IV-methyl group by a base-weakening phenyl, 
benzyl, or /3-chloroethyl8 group. As the amino 
and /3-nitrogens are of the same order of basicity, 
the 4-aminoazobenzene dyes tend to form a mix­
ture of monocationic tautomers in acid solution con­
sisting of the C tautomer involving proton addition 
to the /3-nitrogen and the A tautomer involving 
proton addition to the amino nitrogen. With Ce 
equivalent to the molar extinction coefficient of the 
long wave length band of the C tautomer and Ae 
equivalent to the molar extinction coefficient of the 
long wave length band of the A tautomer, the 
Ce/Ae ratio has been shown to give a crude indica­
tion of what one would expect for rhe relative tauto­

(1) This investigation was supported by research grant 
C-1308 from the National Cancer Institute of the National 
Institutes of Health, U. S. Public Health Service. Paper 
VIII, E. Sawicki, 7. Org. Chem., 22, 1084 (1957).

(2) Present address: Robert A. Taft Sanitary Engineering 
Center, 4676 Columbia Parkway, Cincinnati 26, Ohio.

(3) E. Sawicki and F. Ray, J. Org. Chem., 19, 1686 (1954).
(4) E. Sawicki and D. Gerber, .7. Org. Chem., 21, 410

(1956).
(5) E. Sawicki, 7. Org. Chem., 21, 605 (1956).
(6) E. Sawicki, 7. Org. Chem., 22, 621 (1957).
(7) G. Cilento, E. Miller, and J. Miller, 7. Am. Chem. Soc., 

78,1718 (1956).
(8) This is a prediction based on the results of W. Ross and

G. Warwick, 7. Chem. Soc., 1719 (1956), who showed that 
in the acid spectra of some thirty 4-di(2-ehloroethvl)ammo- 
azobenzene dyes only the 3-methoxy-4'-carboxy derivative 
had an A band. They pointed out that the 3-methoxy deriv­
ative increased the basicity of the amino nitrogen.

meric equilibria on the basis of structural modifica­
tions and pK ’s.

Knowing the effect of the position of a methyl 
group on the Ce/A e ratio of 4-dimethylaminoazo- 
benzene, it was believed that the position of proton 
addition in 4-dimethylamino-p-disazobenzene (I) 
should be capable of determination. 4-Dimethyl- 
aminoazobenzene has a Ce/A c ratio of 3.6 in 50% 
alcoholic 1.2N  hydrochloric acid, its 2 '-methyl 
derivative has a Ce/A e ratio of 0.29, while the 3'-, 
4'-, and 2-methyl isomers have Ce,/A6 ratios of 4.1,
2.6, and 10.0, respectively.6 In the 4-dimethyl- 
amino-p-disazobenzene dyes a much more com­
plicated situation is present. There are five nitro­
gens at which salt formation can take place. If we 
consider zwitterionic resonance structures such as 
la  and lb  as contributors to the over-all structure of

+
NMe,

la

lb

these dyes, then the /3- and 5-azo nitrogens have a 
greater electron density than the a- or y-azo nitro­
gens which cannot act as a negative resonance ter­
minal. As la  involves one p-benzoquinonic ring and 
lb  involves two such rings and also a greater sep­
aration of charge, lb  is probably of higher energy 
and the /3-nitrogen would consequently have a 
higher electron density than the 5-nitrogen. Con­
sequently in a competition for the first proton, the 
amino and /3-nitrogens would probably be the chief 
competitors. In the derivatives under study the only 
methyl groups that appear to definitely affect the 
Ce/A e ratio of I, Ce/A e 3.5, are those that would be 
expected to affect the electron density of the /3-azo 
nitrogen. For example, 2 ', 2 " -dimethyl-1 has a 
Ce/Ae ratio of 0.28. Just as in 2/ -methyl-4-di- 
methylaminoazobenzene the 2 '-methyl group has 
strongly decreased the Ce/A ( ratio. In 3 ',4"- 
dimethyl-I the C(/A, ratio is practically the same 
as in I, Table I. These methyl groups would not be 
expected to have a strong electronic effect on the 
/3-nitrogen, but would be expected to increase the
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TABLE I

Z Y X

A b s o r p t i o n  S p e c t r a  o f  4 - D i m e t h y l a m i n o - p - d i s a z o b e n z e n e  D y e s  i n  A l c o h o l  a n d  A c id  S o l u t i o n 3

X Y Z ^max (e X 10 3) Solvent6
0 /
Ae

H H H 330 (16.0) 476 (35.8) A
355 (17.1) 548(59.6) B 3.5

635(106.3) C
490tf (39.7) D

H 2'-CH, 2"-CH3 335 (14.2) 470 (34.6) A'
370 (35.8) 534 (9.80) B 0.28

630(73.2) E
540 (46.4) D

H 3'-CH3 4"-CH3 340(14.6) 475 (38.0) A
360 (17.1) 558 (58.7) B 3.4
428 (7.08) 647 (110.0) C*

545 (51.4) D
2-CIL 3'-CH3 4"-CH3 344(14.2) 475 (37.4);490 (36.4) A

360 (12.3) 550 (69.0) B 5.6
425 (6.02) 645 (108.0) Ce

540 (46.4) D
3 Spent,ral data for the 320-800 mp region. 6 A = 95% ethanol containing 0.25% dioxane; B = 50% alcoholic 1.21V HC1; 

C = 50% alcoholic 50% sulfuric acid; D = 95% sulfuric acid; E = 50% alcoholic, 40% sulfuric acid. c This ratio gives a 
crude idea of the tautomeric equilibrium. Ce is the molecular extinction coefficient at the wave length maximum of the C band 
(•—-540 m/i); Ae is the molecular coefficient at the wave length maximum of the A band (~360 m/x). d Also a shoulder at 620 
mix, log e 3.97 due to the presence of some dicationic salt. ‘ Spectrum in 50% alcoholic 6N  HC1 very closely similar.

electron density of the 5-nitrogen. This would be 
mainly due to the 3 '-methyl group. As the Ce/A„ 
ratio shows no change, this must mean that the 
first proton adds to the /3-azo nitrogen. This is sub­
stantiated by the Ce/Ae ratio of 2,3',4"-trimethyl- 
1, C,/A, 5.6. The 2-methyl group has increased the 
electron density of the /3-nitrogen. The increased 
Ce/Ae ratio must mean that the first proton adds 
at the /?-nitrogen. The definite effect of the 2- and 
2 '-methyl groups on the spectra and the tautomeric 
equilibrium of the 4-dimethylamino-p-disazoben- 
zene dyes are shown in Fig. 1. The band at approxi­
mately 360 mju is the A band of the A tautomer 
which is iso-pi-electronic to p-disazobenzene, 
X ^ 11359, e 80600.9 *

Substitution of a phenylazo group into the 4'- 
position of 4-dimethylaminoazobenzene, X®axH 
408, log e 4.44 shifts the values to X^a°H 476, log 
6 4.55. In this respect the phenylazo group is ap­
proximately equivalent to a nitro group for 4'- 
nitro-4-dimethylaminoazobenzene has 478,
log e 4.52.6

In 50% alcoholic 1.2N hydrochloric acid the long 
wave length band of the C tautomer of 4-dimethyl- 
amino-p-disazobenzene, Xmar 548, absorbs at a 
longer wave length than the long wave length band 
of the C tautomer of 4-dimethylaminoazobenzene, 
Xma* 516. This absorption is probably due to the 
contribution of extraconjugative structures such as

(9) H. Dahn and H. Castelmur, Helv. Chim. Acta, 36,
638(1953).

to the excited state of the molecule. Essentially 
this type of conjugation could cause a net stabili­
zation of the excited state. This, of course, has a

Fig. 1. Absorption spectra in 50% alcoholic 1.21V HC1:
4-dimethylamino-p-disazobenzene ( ......... ); 2',2'-dimethyl-
4-dimethylamino-p-disazobenzene (------- ); and 2,3',4*’-tri-
methyl-4-dimethylaminoazobenzene ( -----  )
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bathochroniic and hyperchromic effsct on the long 
wave length band. This same type of extraconju- 
gative effect is shown by phenyl- or benzo-sub- 
stituents in the prime ring of 4-dimethylaminoazo- 
benzene, Table II. While electron acceptor groups 
(e.g., the nit.ro group) in the 4 '-position of 4- 
dimethylaminoazobenzene cause an increase in 
the Ce/Ae ratio,6 the interposition of another ben­
zene ring between the nit.ro group and the prime 
ring (as in the nitrofluorene derivative, Table II) 
destroys this effect. As was mentioned previously 
many types of 2 '-substituents in the 4-dialkyl- 
aminoazobenzene dyes cause a strong decrease in 
the Ce/A e ratio. This same type of effect is seen in 
the 1-naphthyl dye as compared to its 2-isomer, 
Table II.

TABLE II

T h e  Ce/Ae R a t io  o f  S o m e  P o l y n u c l e a r  Azo D y e s  

Ar—N—N—$  y—NMe2

Ar
Xmax ( €

C band

Normality
x 10-3)

A band IICF
Ce
Ae

p-Biphenylyl- 544(39.5) 350(13 4) 1.2 3.0
2-Fluorenvi- 565(36.9) 370(15 5) 1.2 2.4
2-(7-Nitrofluorem,-D- 545(42.3) 368(19 4) 1.2 2.2
2-Naphthyl- 545(35.9) 325(14.1) 1.2 2.6
1-Naphthyl 540(3.20) 380(11.9) 1.2 0.27

540(8.08) 380(10 1) 6.0 0.8
a In 50% ethanol.

The addition of a second proton causes another 
strong bat.hochromic and hyperchromic effect to an 
approximate X„,ax 640, log e 5.0, Fig. 2. These data

Fig. 2. Absorption spectra of 2,3',4"-trimcthyl-4-di- 
methylamino-p-disazobenzene in 95% ethanol containing
0.25% dioxane ( ......... ); in 50% alcoholic 1.2.V HC1
(-------- ); in 50% alcoholic 50% sulfuric acid (-------- ); and
in 95% sulfuric acid (— -----)

strongly indicate that the second proton has added 
to the 5 azo nitrogen. The spectral data show that 
the dicationic tautomer involving salt formation 
at the ft- and 5-nitrogens is present to a very large 
extent in 50% alcoholic 50% sulfuric acid, Table I, 
Fig. 2. The dicationic dye is apparently also formed 
in pure trifluoroacetic acid for solutions of all the 4- 
dimethylamino-p-disazobenzene dyes in this acid 
are brilliant blue. In these dicationic dyes the ab­
sorption at such a long wavelength is apparently 
due to the increased length of conjugation involved 
in the cationic resonance structures contributing to 
the ground and excited states of the molecule.

Î

The third proton possibly adds to these dyes with 
a protropic shift as shown in Fig. 2. The presence 
of other tautomers is also possible. The main struc­
ture for the tricationic salt is based on the fact that 
p-disazobenzene, X”fx°* 502, log e 4.74,9 is spectrally 
similar to 4-dimethylamino-p-disazobenzene,
490, log e 4.60.

E X P E R IM E N T A L 10

4-Diinethylam.ino-p-disazobmzene. To a stirred solution 
of 19.6 g. of 4-aminoazobenzene in 12 ml. of WA-dimethyl- 
formamide was added a mixture of 100 g. of ice and 20 ml. 
of concentrated hydrochloric acid. A solution of 7.4 g. of 
sodium nitrite in 20 ml. of water was added slowly with stir­
ring at 0-5°. Five grams of urea were added gradually fol­
lowed by a 10-min. stirring period. Then 12.1 g. of dimethyl- 
aniline in 18 ml. of acetic acid followed by 40 g. of potassium 
acetate in 100 ml. of water were gradually added to the 
stirred solution at 0-5°. The mixture was stirred an addi­
tional hour, filtered cold, and then washed thoroughly with 
water. Crystallization from dimethylformamide followed 
by two crystallizations from Methyl Cellosolve (jS-meth- 
oxyethanol) gave an approximately 60-70% yield of glisten­
ing brown-red micro crystals, m.p. 198-199°. Lit. m.p. 
190°.11

Anal. Calcd. for CaHigN;,: N, 21.3. Found: N, 21.0.
2',2"-Dimethnl-A-dimeth}jIamino-p-disazobenzenc. The same 

procedure was used for this compound. Three crystallizations 
from Methyl Cellosolve gave an approximately 50-60% 
yield of gleaming brown-red crystals, m.p. 139-140°.

Anal. Calcd. for Co.>IL,N5: N, 19.6. Found: N, 19.9.
3',4’-Thmethyl-4-d.im.ethyla.m.ino-p-disazo1jcnzem. Several 

crystallizations of the crude product prepared by the stand­
ard procedure from Methyl Cellosolve gave an approximately 
50-60% yield of brown-red crystals, m.p. 187-189°.

Anal. Calcd. for C2TL3NU N, 19.0. Found: N, 19.5.
¿!.3',4"-Trii>i<‘.lhyI-4-<liineth<jIamino-p-<lisazob('nzene. Sev­
(10) All melting points are uncorrected. Analyses are by 

the Peninsular ChemResearch, Inc., Gainesville, Fla.
(11) J. Hewitt and F. Thole, J. Chem. Soc., 95, 1393 

(1909).
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eral crystallizations of the crude product, prepared by the 
standard procedure, from Methyl Cellosolve gave an ap­
proximately 50-60% yield of gleaming red plates, m.p. 
177-179°.

Anal. Calcd. for C23H25N5: N, 18.9. Found: N, 18.6.
Preparation of the remainder of the dyes. 4'-Phenyl-4-di- 

methylaminoazobenzene,12 m.p. 219-220° (1. xylene, 2. 
kerosene, 3. Methyl Cellosolve); 2-(4'-dimethylaminophen- 
ylazo)fluorene,13 m.p. 227° (1, 2. Methyl Cellosolve, 3. ace-

(12) W. Brode, J. Gould, and G. Wyman, J. Am. Chem 
Soc., 74, 4641 (1952).

(13) A. Korczynski, G. Karlowska, and L. Kierzik, Bull, 
soc. chini. France, [4] 41, 65 (1927).

tone); l-(4'-dimethylaminobenzeneazo)naphthalene,14 m.p. 
134-135° (1. heptane, 2,3. Methyl Cellosolve); 2-(4'-di- 
methylaminobenzeneazo)naphthalene,15 * m.p. 174° (1,2.
heptane); and 2-(4'-dimethylaminophenylazo)-7-nitrofluo- 
rene, m.p. 270-271° (1,2. nitrobenzene) were prepared by 
the procedure used for the preparation of 4-dimethylamino- 
p-diazobenzene.

Ultraviolet-visible absorption spectra. The absorption spec­
tra were determined with a Beckman Model DU Quartz 
spectrophotometer in the range of 325-800 m/o

G a i n e s v i l l e , F l a .

(14) C. Bischoff, Ber., 23, 1908 (1890).
(15) H. Goldschmidt and B. Bardaeh, Ber., 25, 1347 

(1892).
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Reduction of Schiff Bases. II. Benzhydrylamines and Structurally Related
Compoundsla,b

JOHN H. BILLMAN a n d  KWANG M. TAI
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A new method has been developed for the preparation of secondary amines of the M-aryl substituted benzhydryl type and 
structurally related compounds by reduction of the corresponding Schiff bases with lithium aluminum hydride. In connection 
with this study, a series of Schiff bases has been prepared by a modification of procedures previously described. In prelimi­
nary studies, the optimum ratio of the lithium aluminum hydride to the Schiff bases has been found to be one hundred per­
cent excess above the theoretical amount. The chlorine atoms present in the W-aryl group of the Schiff bases were not re­
moved by the hydride. Acetyl and phenylurea derivatives and hydrochloride salts of the secondary amines were prepared. 
The N-aryl substituted anthrylidenimine failed to give the corresponding anthryfamines by this method. An explanation has 
been offered.

The present investigation was concerned with a 
new method for the preparation of secondary amines 
of the benzhydryl type, having the general formula 
Ar2CH-NHAr'(II). The.Ar2 represents aryl groups 
which may be the same or different, or the aryl 
groups in fluorene and xanthene. Ar' represents an 
aryl group.

Schiff bases, in general, form with little difficulty. 
However, those that were needed for the present 
work had to be made by an extension of the proce­
dure of Reddelien2’3 in which a catalyst such as 
fused zinc chloride or 48% hydrobromic acid was 
used.

ZnCli
or

Ar—O +  IIoN—Ar' -------^  A r,C = N -A r'
H B r

I

The two catalysts worked equally well but the 
Schiff bases prepared through the use of hydro­
bromic acid were easier to purify. In the experi­
ments where 2,4-dichloroaniline was used the yield 
of Schiff base was lower than in other cases. 2,4,6- 
Trichloroaniline failed to react with the correspond­

1(a) Taken in part from the Ph.D. thesis of Kwang M. 
Tai, Indiana University, 1953. (b) J. H. Billman and A. C. 
Diesing, J. Org. Chem., 22, 1068 (1957).

(2) G. Reddelien, Ber., 43,2476 (1910).
(3) G. Reddelien, Ber., 46, 2718 (1913).

ing ketones probably due to excessive steric hind­
rance and the decreased basicity of the amine. The 
Schiff bases that were prepared are listed in Table I.

A survey of the literature showed that only a 
limited number of secondary amines of the afore­
mentioned type (II) have been synthesized. In most 
instances the methods of preparation were rather 
inconvenient and gave poor yields or the author 
failed to report yields. At the time this work was 
started, no information had been published on the 
catalytic hydrogenation of these compounds. How­
ever, during the course of the investigation it was 
reported4 that Al-phenylbenzhydrylidenimine could 
be reduced catalytically but since no other com­
pounds of this type were reduced it is impossible to 
draw any conclusions as to how general the proce­
dure may be. Since none of the literature references 
gave evidence of a general preparative method for 
complex amines of the type under investigation, it 
was decided to try lithium aluminum hydride as 
the reducing agent which has been shown previously 
to reduce simpler Schiff bases.5

(4) I. H. Kaye, I. C. Kogon and C. L. Parris, J. Am. 
Chem. Soc., 74, 403 (1952).

(5) R. F. Nvstrom and W. G. Brown, J. Am. Chem. Soc., 
70, 3738 (1948). E. D. Bergmann, D. Lavie, and S. Pinchas, 
J. Am. Chem. Soc., 73 , 5662 (1951). W. Stiihmer and G. 
Messwarb, Arch. Pharm., 286, 19 (1953). R. N. Castle, D. 
L. Aldous, and M. Hall, J. Am. Pharm. Assoc., 42, 435
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TABLE I 
S c h i f f  B a s e s

Ar2C =N —A r ' ______________________________________

Reactants Reac-
(moie) tion Solvent M.P., N  Analyses,

Ke- time Proce- for Yield, °C. ._____ %_____
Product Amine tone (hr.) dure' Recryst. % (uncorr.) Formula Calcd. Found

1. benzhydrylidenimine 
M-Phenyl"
ÎV-4-M ethoxy phenyl" 
N-Phenyl-p-methoxy"

N-Phenyl-4,4 '-dimethoxy6
.V-4-Chlorophenyl"
Ar-2,4-Dichlorophenyl-
Ar-2,4,6-Trichlorophenylc
iV-l-Naphthyl“

2. 9-fluorenylidenimine 
M-Phenyl0 
M-4-Methylphenyl“ 
Ar-4-M ethoxy pheny 1- 
./V-4-Chlorophenyl- 
)V-2,4-Dichlorophenyl

A^^ô-TrichlorophenyF
3. 9-xanthvdrylidenimine 

A'-Phenyl“
4. 9-anthrylidenimine 

A-Phenyl“
A-4-Methoxyphenyl-
Y-4-Chlorophenyl-
A-2,4-Diehlorophenyl-

0.4 0.2 42A A
0.4 0.2 5‘A A<J
0.4 0.2 6 Ad
0.3 0.1 3 B
0.3 0.1 2’A B
0.3 0.2 3 A"
0.3 0.2 2>A a<2
0.3 0.2 10 A, B
0.3 0.2 8 A

0.3 0.2 2 B
0.3 0.2 3‘A B
0.3 0.2 4‘A B
0.3 0.2 3>A B
0.3 0.2 3‘A A
0.3 0.2 3 B
0.1 0.05 10 A, B

0.8 0.4 12 Bh

0.3 0.2 3‘A A
0.3 0.2 3 A
0.3 0.2 4 A
0.3 0.2 4 A

Ethanol 81 113-114
Ethanol 78.5 75’
MethanoF 73 71-71.5
Methanol 72.4 71-71.5
Methanol 76 93.5-94
Ethanol 80 92.5-93
Methanol 50.8 93.5-94

Ethanol 74 136-136.5

Pet. etheH 75 88.5-90
Ethanol 80.5 122.5-123
Ethanol 76 135-136
Pet. etheff 71 147-147.5
Ethanol 28 108-108.5
Ethanol 25 108-108.5

Pet. etheH 38 131—132*

CMHnNO 4.88 5.02

C21H19N 02 4.41 4.37

c 19h 13ci2n 4.30 4.45

c 20h 16n o 4.91 5.23
c ,9h 12cin 4.84 5.04
C19HuC12N 4.32 4.47

C19H13NO 5.16 5.17

c 21h „ n o 4.68 4.66
c 20h 14c in 4.61 4.65
c 20h 13ci2n 4.14 4.43

74.3 202-203 
70 164-165
71.5 197.5-199
49.5 146-147

0 Previously reported. 6 Previously mentioned but neither yield nor analytical data was given, A. Schonberg and W. 
Urban, J. Chem. Soc., 530 (1935). c Only starting materials were isolated. d Reaction carried out under C02 atmosphere. 
e Compound Tvas purified by fractional distillation (b.p. 191-195° at 6 mm.) before crystallization. 1 B.p. 30-60°. 0 B.p. 90- 
120°. h The residue, after removing chloroform and unreacted aniline, was triturated with low boiling pet. ether and ex­
tracted with ether; dry hydrogen chloride was then passed into the cold ethereal solution to separate the compound as its 
hydrochloride salt. The Schiff base was liberated by treating the salt with 20% NaOH solution. * Pet. ether (b.p. 90-120°) 
and benzene; the reaction mixture was treated with boiling benzene, and the benzene solution filtered. Crystallization was 
affected upon adding pet. ether to the filtrate and cooling. ’ Reported m.p. 70°, G. Reddelien, Ber., 47,1360 (1914).h Reported 
m.p. 134-135°, C. Graebe and P. Roder, Ber., 32, 1688 (1899); 134.5°, A. Schonberg and W. Urban, J. Chem. Soc., 530
(1935). 1 Procedure A employed hydrobromic acid as catalyst whereas procedure B employed zinc chloride as catalyst.

In general, it was found that lithium aluminum 
hydride was a good reducing agent for Schiff bases 
to produce amines of the (V-aryl substituted benz- 
hydryl type (II) as well as their structurally related 
compounds.

Ar2C =N —Ar' +  LiAlH4 — > Ar2CH—NH—Ar'
II

Table II lists the amines that were prepared by 
this method.

Although no systematic study was made as to the 
effect of varying the molar ratio of lithium alumi­
num hydride, some preliminary experiments on the 
reduction of A-phenyl-9-fluorenylidenimine indi­
cated that the optimum ratio of hydride to Schiff 
base was 0.5:1, which amounts to an excess of 
100% of the hydride. The results are shown in Table
III. * 1042

(1953). B. Boothroyd and E. R. Clark, J. Chem. Soc., 1499 
(1953). A. H. Sommers and S. E. Aaland, J. Org. Chem., 21, 
484 (1956). M. Mousseron, R. Jacquier, M. Mousseron- 
Canet and R. Zagdoun, Bull. soc. chim. France, [5] 19,
1042 (1952). J. Thesing, Ber., 87, 507 (1954).

No reduction of A-phenyl-O-xanthydryliden- 
imine was observed when the reduction was carried 
out in diethyl ether even by varying the molar ratio 
of the hydride to a tenfold excess. However, by 
using tetrahydrofuran as a solvent and increasing 
the reaction temperature, the Schiff base was 
successfully reduced to the corresponding amine. 
In no instance were halogen atoms removed by the 
lithium aluminum hydride.

Although this method seemed to be general and 
suitable for the preparation of A-aryl substituted 
benzhydrylamines, fluorenylamines, and xanthy- 
drylamines, it was not successful for the synthesis 
of secondary amines derived from A-arylanthryli- 
denimines. Both N-phenyl-9-anthrylidenimine and 
A-(4-methoxyphenyl)-9-anthrylidenimine were 
treated with varying amounts of hydride in diethyl 
ether and tetrahydrofuran but all modifications 
failed to give reduction. The failure of these Schiff 
bases to react with lithium aluminum hydride might 
be explained by considering the tautomeric nature 
of the parent compound, anthrone. The keto form of
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TABLE II
I V - A r y l b e n z h y d r y l a m i n e s  a n d  R e l a t e d  C o m p o u n d s  

Ar2CH—NHAr'
Reaction Solvent M.p., N  Analyses,

Time4 for Yield, °C. %
Secondary Amines (min.) Recryst. 07/o (uncorr.) Formula Calcd. Found

A. benzhydrylamine
iV-Phenyl“ 50 Ethanol'1 77.1 57
lV-4-Methoxyphenyla 50 Ethanol7* 84.3 81.
V-Phenyl-p-methoxy- 70 i 80 140-141" C20H20C1NO" 4.29" 4.60"
A'-Phenyl-4,4'-dimethoxy- 140 i 86 i c21h 21n o 2 4.40 4.51
V-I-Chlorophenyl- 80 k 93.5 89.5-90 c 19i i 16cin 4.77 4.79
A-2,4-Dichlorophenyl 60e Ether' 93.5 91.5-92 c 19h 16c i2n 4.28 4.40
iV-l-NaphthyF 7 h rs / Methanol1 80.8 109.5-110 C23H19N 4.53 4.91

B. 9-flurorenylainine
A-Phenyl® 150 l,m 94.2 121
A-4-Methylphenyl“ 150 Ethanol' 86.6 123.5-124
A-4-Methoxylphenyl- 6 h r / n-Butanol' 72 134.5-135 c 2„h „n o 4.87 5.11
Wl-Chlorophenyl- 7 h rs / n-Butanol' 71 115-116 c 19h 14c in 4.80 4.04
Ar-2,4-Dichlorophenyl 8017 Ether' 89 140-140.5 c 19h 13ci2n 4.29 4.42

C. 9-xanthydry lamine 
A-PhenyF 4 hr. Pet. ether" 70.6 97-97.5 c 19h 15no 5.12 5.35

“ Previously reported. h Previously mentioned, R. Cantarel, Conipt, rend.., 226, 931 (1948), but no melting point and 
analytical data were given. c The amine was prepared in tetrahydrofuran; no reduction of the corresponding SchifT base 
occurred in diethyl ether. d Including period of addition or extraction of the Schiff base. e The Schiff base was added as solid 
suspension in ether. 1 The Schiff base was added by extraction via Soxhlet setup. c The Schiff base was added as solid form. 
h Purified by fractionation under reduced pressure before crystallization. * A viscous colorless oil which failed to crystal­
lize from various solvents; b.p. 187-189° (1 mm.). 1 A viscous colorless oil; b.p. 208-210° (1 mm.). k Recrystallized from 
ethanol acetone (4:1). ' Crystallized without first purification by fractionation. m Recrystallized from pet. ether (b.p. 30-60°) 
90-120°. " B.p. benzene (3:1). " Recorded for its hydrochloride.

TABLE III
E f f e c t  o f  V a r y t n g  t h e  R a t i o  o f  L i t h i u m  A l u m i n u m  

. H y d r i d e  t o  t h e  S c h i f f  B a s e

Moles
Schiff Base“ LiAlH4 Yield %

1 0.25 82.5
1 0.50 94.2
1 1.00 92.0
1 2.00 92.4

® N-Phenyl-9-fiuorenylidenimine.

an throne, in general, is indifferent to most reagents; 
whereas the enol form is highly reactive. When 
either form is dissolved in an organic solvent, tauto- 
merization occurs and the material is slowly con­
verted into an equilibrium mixture; the point of 
equilibrium being dependent upon the nature of the 
solvent and the temperature.6 Furthermore, a basic 
medium and elevated temperatures favor the exist­
ence of the enolie form of anthrone. Likewise, the 
imino derivatives of anthrone should undergo a 
similar tautomeric shift under corresponding 
conditions.

N—Ar H—N—Ar
III IV

Since the Schiff bases were prepared in a basic 
medium (aniline) and the products later subjected

(6) L. F. Fiescr and M. Fiescr, Organic Chemistry, 3rd
Ed., Reinhold Publishing Corp., New York (1956), p. 768.

to reduction with potentially basic lithium alumi­
num hydride at elevated temperatures, the equilib­
rium might be expected to shift completely to the 
amino form IV. On the other hand, the anthrone 
might first rearrange in the presence of the aniline 
to anthrol which would then react with the aniline 
to give form IV.

If the condensation products were in the form of 
structure III, reduction would certainly be ex­
pected in view of the results with the other Schiff 
bases. However, if they were in the form of struc­
ture IV, then reduction should not be expected 
since such a reduction would require an attack of a 
benzenoid system which is not accomplished by 
lithium aluminum hydride under ordinary condi­
tions. In view of the experimental results, structure 
IV seems to be the favored form.

Whereas most of the secondary amines involved 
in this work gave satisfactory acetyl and phenylurea 
derivatives, some of them failed to react with acetic 
anhydride, acetyl chloride, and phenyl isocyanate. 
Some of the amines likewise failed to form hydro­
chlorides. The derivatives that were prepared are 
listed in Tables IV, V, and VI.

E X P E R IM E N T A L

Schiff bases. The Schiff bases in Table I were prepared by 
modification of the methods described by Reddelien2’3 in 
which the aromatic amine was allowed to react with the 
appropriate ketone, using a moisture trap to collect water 
as it formed. Fused zinc chloride or 48% hydrobromic acid 
was used as a catalyst. Several hours of heating, instead of 
20-30 minutes, were required to collect approximately the



5 3 8 BILLMAN AND TAI VOB. 2 3

TABLE IV
A c e t y l  D e r i v a t i v e s  o f  M - A r y l b e n z h y d r y l a m i n e s  a n d  R e l a t e d  C o m p o u n d s

R—N—Ar

0 = C —CHS

M.p.,
°C. Yield, N  Analyses, %

R— Ar— (uneorr.) % Formula Calcd. Found

Benzhydryl Phenyl 84.5-85 98 C21H19NO 4.65 4.73
Benzhydryl 4-Methoxyphenyl 100.5-101 94 c 22h 21n o 2 4.22 4.35
Benzhydryl 4-Chlorophenyl 98-98.5 78 c2Ih 18cin o 4.17 4.17
Fluorenyl Phenyl0 177-177.5 93 C2iH17NO 4.68 4.65
Fluorenyl 4-Methylphenyl 160-161 95 c 22h 19n o 4.47 4.52
Fluorenyl 4-Methoxyphenvl 125-126 87 Ü22H19-N Ü2 4.25 4.39
Fluorenyl 4-Chlorophenyl 184-185 85 c 21h 16cin o 4.19 4.35

a Previously reported, A. J. Hailwood and R. Robinson, J. Chem. Soc., 1292 (1932).

TABLE V
P h e n y l u r e a  D e r i v a t i v e s  o f  iV - A r y l b e n z h y d r y l a m i n e s  a n d  R e l a t e d  C o m p o u n d s

R—N- [ -A r

0= C --N H —C6H6

M.p.,
°C. Yield, N  Analyses, %

It— Ar— (uneorr.) % Formula Calcd. hound

Benzhydryl Phenyl“ 118-118.5 75 c 26h 22n 2o 7.40 7.50
Benzhydryl 4-Methoxyphenyl“ 132-133 64 (J27-H24-N 2O2 6.86 6.84
Fluorenyl Phenyl 165-165.5 55 ^26^20^20 7.44 7.28
Fluorenyl 4-Methylphenyl 174 5-176 72 CnHjjNjO 7.17 7.18
Fluorenyl 4-Methoxyphenyl 177-178.5 68 O27H22N2O2 6.89 6.99
Fluorenyl 4-Chlorophenyl 170-171 78 c26h 19c in 2o 6.82 7.03
Xanthydryl Phenyl 214-215 73 C26H20N2O2 7.14 7.07

0 Previously reported, P. Grammaticakis, Compt. rend., 210, 716 (1940).

TABLE VI
H y d r o c h l o r i d e s  o f  M - A r y l b e n z h y d r y l a m i n e s  a n d R e l a t e d  C o m p o u n d s

R—NH—AR-HCI
M.p.,

°C. N  Analysis, %
R— Ar— (uneorr.) Formula Calcd. Found

Benzhydryl Phenyl0 201-203° C19H18C1N 4.73
Benzhydryl 4-Methoxyphenyl6 191-192° c 20h 20cin o 4.29 4.62
4-Methoxvbenzhydryl Phenyl 140-141° c 20h 20c in o 4.29 4.60
Benzhydryl 4-Chlorophenyl 176-178 c 19h „ ci2n 4.24 4.41
Fluorenyl Phenyl 222-223.5° c 19h 16cin 4.77 4.77
Fluorenyl 4-Methylphenyl 217-219° c 20h 18cin 4.55 4.94
Fluorenyl 4-Methoxyphenyl 214.5-216.5 CsoH,8C1NO 4.32 4.45
Fluorenyl 4-Chlorophenyl 192-193 c 19h I6ci2n 4.27 4.38
Xanthydryl Phenyl0 24.8-251'* Ci9Hi6C1NO 4.52 4.62

“ Reported m.p. 194°, H. Staudingcr, E. Anthes, and F. Pfenninger, Her., 49, 1928 (1916); and 202.5°, A. Skita, Ber., 
48, 1685 (1915). 6 Reported m.p. 187°, M. Busch and A. Rinck, Ber., 38, 1761 (1905); and 194°, P. Grammaticakis, 
Compt. rend., 210, 716 (1940). ° Color changed to greenish after drying. 0 Started to sinter at 148°. ° Melted with decom­
position.

theoretical amount of water. Because of the difference in 
time of heating, the yields of the Sehiff bases obtained in this 
work were 10 to 20% higher than those given by Reddelien. 
The yields of several Sehiff bases prepared by both methods 
are listed in Table VII.

A number of comparisons of the fused zinc chloride and 
48% hydrobromic acid procedures were made and it was 
found that the crude yields tvere roughly the same. How­
ever, it was found that the hydrobromic acid method gave 
products that were easier to purify and thus gave slightly 
higher yields of pure products.

Secondary amines. Stock solutions of the lithium aluminum 
hydride were prepared and standardized according to the 
procedure of Finholt, Bond, and Schlesinger.7 8 9 10

In a typical preparation of the secondary amines, 25 ml.

(7) G. Reddelien, Ber., 48, 1462 (1915).
(8) G. Reddelien, Ber., 47, 1360 (1914).
(9) E. Bergmann, L. Engel, and H. Meyer, Ber., 65, 

446 (1932).
(10) A. E. Finholt, A. C. Bond, and H. I. Schlesinger, 

J. Am. Chem. Soc., 69, 1199 (1947).
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TABLE VII
C o m p a r is o n  o f  Y i e l d s  o f  S c h i f f  B a s e s

Yield, %

Schiff Bases
Method

la
Method

2”
Refer­
ences

.Y-Phenylbenzhydrylidenimine 81 71 (7)
iV-p-Methoxyphenylbenzhydryli-

denimine 78.5 56 (8)
iV-p-Chlorophenylbcnzhydryli-

denimine 80 59 (9)
•V-a-Naphthylbenzhydrylidcni-

mine 74 66 (3)
iV-Phenyl-9-florenylidenimine 75 56 (2)

“ Modified method. 6 Reddelien’s method, see refs. (2) 
and (3).

of a one-molar stock solution of lithium aluminum hydride 
(0.025 mole) diluted with 200 ml. of absolute ether was re­
fluxed in a 1-liter, three-necked flask equipped with a drop­
ping funnel, a mercury-sealed stirrer, and a reflux con­
denser. A solution of 13 g. (0.05 mole) of A-phenylbenz- 
hydrylidenimine in 100 ml. of absolute ether was added 
dropwise at a rate to maintain gentle refluxing. The addi­
tion required 20 min. and the solution was refluxed for an 
additional 30 min. During this time, the yellow color of the 
solution gradually faded and finally became nearly colorless. 
The complex formed and the excess of hydride were de­
composed by careful addition of water with cooling of the 
flask in an ice bath. Through the top of the condenser, 
enough ordinary ether was added to compensate for the 
amount which had been entrained by the evolved hydrogen. 
This was followed by the addition of 100 ml. of 20% sodium 
potassium tartrate and 40 ml. of 10% sodium hydroxide, 
which caused most of the precipitate to dissolve. The con­
tents of the flask were then transferred to a separatory 
funnel and the ether layer separated. After the ether solu­
tion had been dried over sodium hydroxide pellets, the ether 
was evaporated, leaving an oily residue which was fraction­
ally distilled. The material that distilled at 178-182° under 
2 mm. pressure was collected as a pale yellow oil. For isola­
tion of the product in crystalline form, the oily mass was 
dissolved in 125 ml. of boiling absolute ethanol and the hot 
solution filtered. The filtrate was allowed to cool slowly, and 
then chilled at 0° for 24 hr. The precipitate which crystallized 
was collected and washed twice with 5-ml. portions of cold 
ethanol. The filtrate and washings were evaporated to a

volume about one half that of the original filtrate, and a 
second crop of crystals was obtained upon cooling. The crude 
product weighed 10.6 g., and melted at 54-56°. Two recrys­
tallizations from absolute ethanol gave 10.1 g. (77.1%) of 
colorless crystals, melting at 57°. The melting point agrees 
with that previously described.11-13

Acetyl derivatives of N-arylbenzhydrylamines and related 
compounds (Table IV). One gram of the amine and a four- 
to fivefold excess of acetic anhydride were mixed and heated 
under gentle reflux for 15 to 30 min. After being cooled, 
the reaction mixture was poured into 30-40 moles of cold 
water. The aqueous mixture was then neutralized by careful 
addition of solid sodium carbonate. The mixture was cooled, 
and the insoluble acetamide was collected, washed, and 
dried in a vacuum desiccator. Recrystallization was effected 
from water-ethanol mixtures or from cyclohexane-benzene 
mixtures.

Phenylurea derivatives of N-arylbenzhydrylamines and re­
lated compounds (Table VI). A slight excess of phenyl iso­
cyanate was added to a solution of 1 or 2 g. of the amine in
10-20 ml. of petroleum ether (b.p. 90-120°). If the amine 
was only slightly soluble, heating was necessary to bring it 
into solution. The mixture was boiled at a gentle reflux for 
about 5 min., and then allowed to cool. When the precipitate 
did not form even after the wall of the container had been 
rubbed, the heating was repeated, two times if necessary. 
The solid product was collected and extracted with 10-20 
ml. of boiling petroleum ether (b.p. 90-120°), and the 
solution was filtered and cooled. If the phenylurea did not 
crystallize, the filtrate was concentrated. The crystals were 
collected, dried, and the melting point determined. If the 
latter was not sharp, petroleum ether (b.p. 60-120°) or 95% 
of ethanol was used for recrystallization.

Hydrochlorides of N-arylbenzhydrylamines and related 
compounds (Table VII). The hydrochlorides were prepared 
by dissolving one gram of the amine in 15-30 ml. of absolute 
ether and passing dry hydrogen chloride through this solu­
tion for 5 to 15 min. The precipitate which formed was col­
lected and dried over phosphorus pentoxide. The amine 
hydrochlorides were rccrystallized from an ether-ethanol 
mixture. All of the salts obtained were white, solid, and non- 
hygroscopic. The yields in all cases were over 95%.

B l o o m i n g t o n , I n d .

(11) W. Schlenk, J. Appenrodt, H. Michael, and A. Thai, 
Ber., 47, 473 (1914).

(12) M. Busch and A. Rinck, Ber., 38, 1761 (1905).
(13) P. Grammaticakis, Comp, rend., 210, 716 (1940).
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Some Nitrogen Derivatives of l-Fluoronaphthalene
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4-Fluoro-l-naphthylamine has been synthesized from 4-fluoro-l-acetonaphthone, and used for the preparation of a number 
of fluorinated A,!V'-diarylthioureas of interest as potential antiviral agents. Various nitrogen-containing heterocyclic deriv­
atives of 1-fluoronaplithalene have also been prepared from various 4-fluoro-l-acylnaphthalenes, for biological testing.

A number of aryl derivatives of thiourea bearing 
nuclear fluorine substituents, especially 4-chloro-4'- 
fluorothiocarbanilide, have been found to possess 
chemotherapeutic activity against influenza virus,11 12 13 1 
and these observations prompted the preparation

(1) N. P. Buu-Hoi, P. Gley, N. D. Xuong, and A. Bouffa- 
nais, Compt. rend., 238, 2582 (1954); N.P. Buu-Hoi, P. Gley,
A. Bouffanais, N. D. Xuong, and N. H. Nam, Experientia,
12,73 (1956).

of similar compounds derived from the 4-fluoro-l- 
naphthyl radical. 4-Fluoro-l-naphthylamine (II),

F F

CO-CXI, NIL
I II
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required for these syntheses, wus prepared free from 
isomers by a Beckmann rearrangement of the oxime 
of 4-fiuoro-l-acetonaphthone 'I);2 this, treated 
with phosphorus pentachloride in ether, furnished
4-fluoro-l-acetonaphthalide, which was subse­
quently submitted to acid hydrolysis. Amine II 
has previously been obtained in another way,3 and 
in a less pure state.

Condensation of 4-fluoro-l-naphthylamine with 
aryl isothiocyanates yielded various A7-aryl-A7'- 
(4-fluoro-l-naphthyl)thioureas (III), and N,N'- 
bis(4-fluoro-l-naphthyl)thiourea (IV) was obtained 
by reaction between carbon disulfide and amine II.

F F F

For the preparation of a number of nitrogen- 
containing heterocyclic compounds bearing a 1- 
fluoronaphthyl radical, various 4-fluoro-l-acylnaph- 
thalenes were used as intermediates. In the quino­
line series, Pfitzinger reaction4 of isatin and its 5- 
bromo- and 5-chloro- derivative on the one hand, 
and 4-fiuoro-l-acetonaphthone, 4-fluoro-l-pro- 
pionaphthone, and 4-fluoro-l-phenacetonaphthone 
on the other hand, readily afforded the corre­
sponding 2-(4-fluoro-l-naphthyl)cinchoninic acids
(V), listed in Table I; these underwent thermal de-

carboxylation to give the corresponding 2-(4- 
fluoro-l-naphlhyl)(iuinolines (VI). Bromination of
4-fiuoro-l-acetonaphthone yielded the liquid 4- 
fluoro-l-bromoacetonaphthone, along with the solid
4-fl uoro-1 -dibromoacetonaphthone.

The reaction of 4-fluoro-l-bromoacetonaphthone 
with 2-aminopyrimidine in ethanol resulted in 2- 
(4-fluoro-l-naphthyl)-8-azapyrimidazole (VII),
following a reaction recently described by Buu-Hoi 
and Xuong,5 and involving the tautomeric imino 
form of 2-aminopyrimidine. Compound VII bears

(2) The structure of compound I had already been estab­
lished by T. L. Jacobs, S. Winstein, J. W. Rails, and J. H. 
Robson, J. Org. Chcm., 11, 27 (1040).

(3) G. Schiemann, W. Gueffroy, and W. Winkelinuoller, 
Ann., 487, 270 (1931).

(4) See N. P. Buu-Hoi, R. Royer, N. D. Xuong, and P. 
Jacquignon, ./. Org. Chcm., 18, 1209 (1953).

(5) N. P. Buu-Hoi and N. D. Xuong, Cotnpt. rend., 243,
2090(1950).

a heterocyclic arrangement which resembles the 
purine nucleus, and is therefore of potential biolog­
ical interest as a possible competitor of purines.

In the course of this work it was found that, con­
trary to what was expected, 4-fluoro-l-aeetonaph- 
thone and 4-fluoro-l-propionaphthone could not be 
reduced by the Kishner-Wolff method6 to the cor­
responding fluoro hydrocarbons, and in both in­
stances only high boiling products of unknown 
constitution were obtained; nor could /3-(4-fluoro-l- 
naphthoy 1) propionic acid (VIII), prepared in good 
yield by Friedel-Crafts succinoylation of 1-fluoro- 
naphthalene, be satisfactorily reduced by the same 
method. This remarkable lability of the fluoro 
radical in these naphthalene derivatives is in con­
trast both with the stability of the chlorine group 
in similar reductions, and with the known pos­
sibility to reduce fluoro ketones in the benzene 
group.7

E X P E R IM E N T A L

4-Flnoro-l-acctonaphlhone (/) and corresponding chalcones. 
The preparation of this ketone, b.p. 180-181°/30 mm., n2D9' 5 
1.6049, lias already been reported.2,8 The piperonylidene de­
rivative, prepared by condensation of this ketone with piper- 
onal in ethanol in the presence of aqueous sodium hydroxide, 
crystallized from ethanol in shiny yellowish prisms, m.p. 
114°.

Anal. Calcd. for C20H13FO3: C, 75.0; If, 4.1. Found: C, 
75.1; H, 4.3.

The 2-melhoxy-l-naphthylidene derivative, similarly pre­
pared from 2-methoxy-l-naphthaldehyde, crystallized from 
ethanol in pale yellow leaflets, m.p. 162°.

Anal. Gated, for C24H17F02: C, 80.9; II, 4.8. Found: C, 
80.6; H, 5.0.

4-Fluoro-l-propionaphthonc. This ketone was prepared 
from 50 g. of 1-fluoronaphthalene, 35 g. of propionyl chloride, 
and 55 g. of aluminum chloride in 200 ml. of dry carbon 
disulfide, the mixture left for 24 hr., and then refluxed for 1 
hr. on the water bath. After decomposition with ice and 
hydrochloric acid, the organic layer was washed with water 
and dried over sodium sulfate, the solvent was removed, 
and the residue was vacuum-fractionated. The yield was 
56 g. of a pale yellow oil, b.p. 188°/1S mm, »„a 1.5895.

Anal. Calcd. for (V4111FO: C, 77.2; H, 5.4. Found: C, 
77.3; H, 5.7.

4-Fluoro-l-phenacelonaphthone, prepared with phenacetyl 
chloride, crystallized from methanol in long colorless 
needles, m.p. 76°.

Anal. Calcd. for ClsHi;FO: C, 81.8; H, 4.9. Found: C, 
82.0; H, 4.8.

Preparation of 4-flaoro-l-naphthylamine (II). 4-Fluoro-l- 
acetonaphthone oxime (21 g.), prepared by refluxing for 12 hr. 
a solution of 28 g. of the ketone, 20 g. of hydroxylamine

(6) Using the Huang-Minlon technique [/. Am. Chem. 
Soc., 68,2487 (1946)].

(7) N. P. Buu-Hoi, N. Ho&n, and N. D. Xuong, Rcc. 
trav. chim., 71, 285 (1952).

(8) N. P. Buu-Hoi, N. D. Xuong, and R. Rips, J. Org. 
Chcm., 22, 193 (1957).
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TABLE I

2 - ( 4 - F l u o r o - 1 - n a p h t h y l ) c i n c i i o n i n i o  A c id s  (V)

Substituents Formula M.P., °C.
Calcd.

C

Analyses
Found

H C H
R = R ' = H c2„h 12f n o 2 260 75.7 3.8 75.4 3.6
R = H ;R ' = Cl c20h „ c if n o 2 294 68.3 3.1 68.2 3.2
R = H; R ' = Br C20HnBrFNO2 >310 60.6 2.8 60.3 2.7
R = CH3; R ' = H c21h 14f n o 2 306 76.2 4.2 75.9 4.1
R = CH3; R ' = Cl c21h 13c if n o 2 295 68.9 3.6 68.6 3.5
R = CHS; R ' = Br C21HI3BrFN02 293 61.5 3.2 61.3 3.0

hydrochloride, and 18 g. of sodium hydroxide in aqueous 
ethanol, crj'stallized from ethanol in fine colorless prisms, 
m.p. 119°.

Anal. Calcd. for Ci2Hi0FNO: N, 6.9. Found: N, 7.0.
The Beckmann rearrangement was effected by shaking a 

solution of 21 g. of the foregoing oxime in anhydrous ether 
with 30 g. of finely powdered phosphorus pentachloride. 
After treatment with water and evaporation of the ether, the 
crude 4-fluoro-l-acelonaphlhalide was directly hydrolyzed by 
refluxing its solution in ethanol for two hours with hydro­
chloric acid; after evaporation of the solvent, and basifica- 
tion with aqueous sodium hydroxide, the 4-fluoro-l-naphthyl- 
amine obtained was taken up in ether and purified by vac­
uum-distillation. The yield was 14 g. of a product, b.p. 165°/ 
15 mm., crystallizing from petroleum ether in colorless 
prisms, m.p. 57-58°.

Anal. Calcd. for C10H8FN: C, 74.5; H, 5.0. Found: C, 
74.6; H, 5.3.

N,N'-Bis(4-fluoro-l-naphthyl)thiourea (IV). Prepared by 
refluxing a solution of the foregoing amine (2 moles) in etha­
nol with carbon disulfide-(1.5 moles) in the presence of a 
small amount of sulfur, this compound crj'stallized from 
ethanol in shiny colorless prisms, m.p. 219°.

Anal. Calcd. for C2iHi4F2N2S: C, 69.3; H, 3.9. Found: 
C, 69.0; H, 3.7.

N-p~Fluorophenyl-N'-(4-fluoro-l-naphthyl)-thiourea. To a 
warm solution of 4-fluoro-l-naphthyIamine (1 mole) in the 
minimum of ethanol, p-fluorophenyl isothiocj-anate9 (1 
mole) was added with stirring, and the mixture was left to 
cool. The solid precipitate, obtained in almost quantitative 
yield, crystallized from ethanol in shiny colorless prisms, 
m.p. 184°.

Anal. Calcd. for Ci7H12F2N2S: C, 65.0; H, 3.8. Found: C, 
64.7; H, 4.0.

N-p-Chloroplienyl-N'-{4-fluoro-l-naphthyl)-thiourea. Simi­
larly prepared from p-chlorophenyl isothiocyanate, this 
thiourea crj^stallized from ethanol in colorless needles, m.p. 
215°.

Anal. Calcd. for C„H12C1FN2S: C, 61.8; H, 3.7. Found: 
C, 61.5; H, 3.8.

N-p-Broinophenyl-N '-(4-fluoro-l-naphthyl)lh io urea. Pre­
pared from p-bromophenyl isothiocyanate, this compound 
crystallized from ethanol in colorless needles, m.p. 219°.

Anal. Calcd. for CnHi2BrFN2S: C, 54.5; H, 3.2. Found: 
C, 54.4; H, 3.2.

N-p-Chlorophenyl-N'-{4-fluoro-l-naphthyl)urea. Prepared 
from 4-fluoro-l-naphthylamine (1 mole) and p-chlorophenyl 
isocyanate in benzene, this compound crystallized from 
that solvent in shiny colorless prisms, m.p. 280°.

Anal. Calcd. for C17H12C1FN20: C, 64.9; H, 3.8. Found: 
C, 64.6; H, 3.6.

Bromination of 4-fluoro-l-acelonaphthone. To a solution of 
18 g. of ketone I in 30 ml. of dry chloroform, 16 g. of bromine 
(dissolved in 15 ml. of chloroform) was added portionwise 
with stirring, and the mixture w'as warmed at 50° for one

(9) N. P. Buu-Ho'i, N. D. Xuong, and N. H. Nam, J. 
Chem. Soc., 1573 (1955).

hour on the water bath. After cooling, water was added, the 
chloroform layer was dried over sodium sulfate, and the 
solvent was distilled. The oily residue deposited 2 g. of di- 
bromo-4-fluoro-l-acetonaphlhone, which crystallized from 
ethanol in shiny colorless prisms, m.p. 83°.

Anal. Calcd. for Ci2H7Br2FO: C, 41.6; H, 2.0. Found: 
C, 41.8; H, 2.2.

The residual yellow oil, consisting mainly of the crude 
4-fluoro-l-bromoacetonaphthone, was directly used for the 
following syntheses.

2-{4-Fluoro-l-naphthyl)-8-azapyrimidazole (VII). A solu­
tion of 2 g. of 4-fluoro-l-bromoacetonaphthone and 1 g .  of 
2-aminopyrimidine in ethanol was refluxed for 12 hr. After 
evaporation of the solvent, the residue was basified with 
aqueous sodium carbonate, and the solid obtained wras re­
crystallized from ethanol, giving colorless needles, m.p. 
158°.

Anal. Calcd. for Ci6Hi„FN3: C, 73.0; H, 3.8. Found: C, 
72.9; H, 3.8.

$-{4-Fluoro-l-naphthoyl)propionic acid (VIII). To a solu­
tion of 200 g. of 1-fluoronaphthalene and 137 g. of succinic 
anhydride in 800 ml. of nitrobenzene, 200 g. of finely pow­
dered aluminum chloride was added in portions with stir­
ring, and the mixture was left for 24 hr. at room temper­
ature. After decomposition with dilute hydrochloric acid, 
the nitrobenzene was removed by steam distillation; after 
cooling, the keto acid obtained wras purified via the sodium 
salt, and recrystallized from benzene to yield 100 g. of fine 
colorless prisms, m.p. 135°.

Anal. Calcd. for Ci4HnF03: C, 68.3; H, 4.5. Found: C, 
68.5; H, 4.8.

Pfitzinger reactions. These were effected by refluxing for 
24 hr. a solution of isatin or one of its 5-halogenated deriv­
atives (1 mole), the ketone (1 mole), and potassium hy­
droxide (3 moles) in ethanol (in sufficient quantity to make 
a 15% solution of potassium hydroxide). After evaporation 
of the ethanol, water wras added, the neutral impurities re­
moved by ether extraction, and the cinchoninic acid precipi­
tated with acetic acid. Rccrystallization was from ethanol 
or acetic acid, and the yields ranged from 60 to 80%. All the 
cinchoninic acids, which are listed in Table I, crystallized in 
yellowish prisms.

2-{4-Fluoro-l-naphthyl)quinoIine (VI, R = R ' = H). 
Prepared by heating the corresponding cinchonic acid above 
its melting point, this base crystallized from ethanol in shiny 
colorless needles, m.p. 79°.

Anal. Calcd. for Ci9Hi2FN: N, 5.1. Found: N, 4.8.
The corresponding picrate crystallized from benzene in 

yellow prisms, m.p. 234°.
6-Chloro-3-{4-fluoro-l-napthyl)quinoline (VI, R = H, R ' = 

Cl). This quinoline crystallized from ethanol in fine colorless 
prisms, m.p. 132°.

Anal. Calcd. for Ci9HnClFN: N, 4.6. Found: N, 4.5.
The compounds described in this paper are currently 

undergoing biological tests, and results will be published at 
a later date.

P a r is  Ve, F r a n c e
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Reactivity of Some 6-Alkyl-2-naphthols and Their Ethers
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The Friedel-Crafts acetylation of 6-cthyl-2-mcthoxynaphthalene in nitrobenzene is shown to occur at position 1, proof 
being furnished by the identity of the naphthol prepared from the reaction product, with l,6-diethyl-2-naphthol obtained 
from 6-acetyl-l-ethyl-2-methoxynaphthalene. Some other reactions of 6-alkyl-2-naphthols (Japp-Maitland condensation 
with phenylhydrazines) and their ethers (formylation) have been investigated.

It has been shown recently that the acyl group 
in the Friedel-Crafts acetylation of l-alkyl-2- 
methoxynaphthalen.es in nitrobenzene medium 
enters position 6.1 It was of interest to investigate 
the orientation of similar acetylations in the case 
of 6-alkyl-2-methoxynaphthalenes. The starting 
material for this study was G-ethyl-2-methoxy- 
naphthalene (I), which reacted with acetyl chloride

CH3- C H 2 CHa-CH,

in nitrobenzene and in the presence of aluminum 
chloride to give a single ketone; this was 1-acetyl-
6-ethyl-2-methoxynaphthalene (II), since in the 
course of a Wolff-Kishner reaction it underwent 
simultaneously reduction and demethylation, to 
give a small amount of l,6-diethyl-2-naphthol (IV). 
The low yield in the last two operations is due to the 
fact that part of the ketone underwent alkaline 
hydrolysis to 6-ethyl-2-naphthol. The structure of 
naphthol IV was established by its identity with the 
demethylation product of l,6-diethyl-2-methoxy- 
naphthalene, prepared in excellent yields by Wolff- 
Kishner reduction of 6-acetyl-l-ethyl-2-methoxy- 
naphthalene (III), this last ketone being obtained 
as a single product from the Friedel-Crafts acety­
lation of l-ethyl-2-methoxynaphthalene.

These results, together with others previously 
recorded,1 establish positions 1 and 6 as the most 
reactive in the molecule of 2-methoxynaphthalene, 
while the main sites of Friedel-Crafts substitution 
in the molecule of 2-methylnaphthalene are po­
sitions 6 and 8;2 it is also worth mentioning that
2-acetnaphthalide is acetylated in positions 6 and
8 .3

(1) N. P. Buu-Hoï and D. Ravit, J. Ora. Chem., 22, 912
(1957).

(2) G. A. R. Kon and W. T. Weller, J. Chem. Soc., 792
(1939).

(3) N. Leonard and A. M. Hvson. J. Am. Chem. Soc., 71, 
1392 (1949).

The excellent yields of 2-methoxy-G-methyl-l- 
naphthaldehyde (V), obtained from the formyla­
tion of 2-methoxy-6-methylnaphthalene,1 were

V VI
further proof of the high reactivity of position 1 in
6-alkyl-2-methoxynaphthalenes. Dehydration of 
the oxime of V afforded 2-methoxy-6-methyl-l- 
naphthonitrile (VI). Further reactions were per­
formed with 6-alkyl-2-naphthols, to show the 
greater reactivity of position 1 than in the case of
2-naphthol itself. Thus, the Japp-Maitland con­
densation4 5 of 6-alkyl-2-naphthols with phenyl- 
hydrazine gave good yields of 3-alkyl-7H-benzo-
[c]carbazoles (VII), in contrast with the low yields 
known with 2-naphthol; also, the Wieland-Rhein- 
heimer condensation6 of 6-alkyl-2-(phenylamino)~ 
naphthalenes (VIII) with arsenic trichloride, to 
give the 3-alkyl-12-chloro-7,12-dihydrobenzo[a]- 
phenarsazines (IX), was easier than in the case of

VII VIII

2-iV-phenylnaphthylamine. Similarly, 6-propyl-2- 
(phenylamino) naphthalene reacted readily with 
sulfur in the presence of iodine6 to give an almost 
theoretical yield of 3-propyl-7ii-benzo[c]pheno-

NH NH
IX X

thiazine (X); this compound is of practical interest 
in view of its pronounced antioxidant properties 
and its ready solubility in fats.

(4) F. R.. Japp and W. Maitland, J. Chcm. Soc., 83, 267 
(1903).

(5) H. Wieland and W. Rheinheimer, Ann., 423, 1
(1921).

(6) E. Knoevenagel, J. prakt. Chem., 89, 15 (1914).
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In the course of this work, it was found that 6- 
acetyl-l-ethyl-2-methoxynaphthalene (III) readily 
undergoes a Pfitzinger reaction with isatin to give
2- (l-ethyl-2-methoxy-6-naphthyl) cinchoninic acid; 
this gave on thermal decarboxylation, 2-(l-ethyl-2- 
methoxy-6-naphthyl) quinoline.

E X P E R IM E N T A L

l-Acetyl-6-cthyl-2-methoxynaphthalene (II). To a water- 
cooled, well stirred solution of 50 g. of 6-ethyl-2-methoxy- 
naphthalene and 23.2 g. of acetyl chloride in 500 ml. of 
nitrobenzene, 39.5 g. of finely powdered aluminum chloride 
was added in small portions, and the mixture left overnight 
at room temperature. After decomposition with dilute hy­
drochloric acid, the nitrobenzene was removed by steam 
distillation, and the reaction product taken up in benzene. 
The benzene solution was then washed with water and 
dried over sodium sulfate, the solvent was removed, and the 
residue was vacuum-distilled to yield 45 g. (73%) of a 
ketone, b.p. 207°/20 mm., crystallizing from petroleum 
ether in lustrous colorless leaflets, m.p. 70°; no isomeric 
ketone was found in the mother liquors.

Anal. Calcd. for C16H160 2: C, 78.9; H, 7.1. Found: C, 
78.9; H, 7.3.

1- Elhyl-2-melhoxynaphlhalene. A solution of 64.7 g. of 
l-acetyl-2-methoxynaphthalene, 32 g. of 95% hydrazine 
hydrate, and 30 g. of potassium hydroxide in 250 ml. of 
diethylene glycol was refluxed for 2.5 hr. with removal of 
water; after cooling, water was added, the impurities ex­
tracted in benzene, and the aqueous layer acidified with 
hydrochloric acid. The precipitate obtained was taken up 
in chloroform, the chloroform solution was washed with 
water and dried over sodium sulfate, the solvent was 
removed, and the residue was vacuum-distilled to yield 32 
g. (58%) of l-ethyl-2-naphthol, m.p. 105°, b.p. 184-185°/17 
mm. This naphthol was methylated with methyl sulfate 
(27 g.) and potassium hydroxide (11 g.), to give 29.4 g. of 
l-ethyl-2-methoxynaphthalene, b.p. 160°/20 mm., which 
solidified to colorless needles, m.p. 47°.

Anal. Calcd. for Ci3H140 : C, 83.8; H, 7.6. Found: C, 
84.0; H, 7.5.

The preparation of l-ethyl-2-naphthol was found much 
more convenient by this method than by those reported in 
the literature,7 as l-acetyl-2-methoxynaphthalene could be 
readily obtained by Friedel-Crafts acetylation of neroline, 
along with some of the 6-acetyl isomer; during the Kishner- 
Wolff reaction, this last ketone is reduced with no significant 
demethylation, and the 6-eth3d-2-methoxynaphthalene thus 
formed is easily eliminated by the benzene extraction.

6-Acetyl-l-ethyl-2-methoxynaphtha!ene (III). A solution of 
27 g. of l-ethyl-2-methoxynaphthalene and 12.5 g. of acetyl 
chloride in 100 ml. of nitrobenzene was treated with 21.3 
g. of aluminum chloride in the usual way to yield 25 g. 
(75%) of a ketone, b.p. 215-216°/15 mm., crystallizing 
from ethanol in long colorless needles, m.p. 88°; here again, 
no isomer was found in the mother liquors.

Anal. Calcd. for Ci6H,60 2: C, 78.9; H, 7.1. Found: C, 
78.8; H, 7.1.

2- {l-Ethyl-2-melhoxy-6-naphlhyl)cinchoninic acid. A solu­
tion of 2 g. of the foregoing ketone, 1.4 g. of isatin, and 1.5 g. 
of potassium lydroxide in 20 ml. of ethanol was gently 
refluxed for 24 hr., the ethanol was distilled off in a vacuum, 
and the residue treated with water; after ether-extraction 
of the neutral impurities, the aqueous layer was acidified 
with acetic acid, and the precipitate was recrystallized from 
ethanol, giving 2.5 g. (80%) of fine yellowish needles, m.p. 
248°.

Anal. Calcd. for C23H13NO3: C, 77.3; H, 5.4. Found: C, 
77.0; H, 5.3.

(7) Iv. Fries and H. Engel, Ann., 439, 232 (1924).

2-(l-Ethyl-2-methoxy-6-naphthyl)quinoline, prepared by 
heating the foregoing cinchoninic acid above its melting 
point, and purified by vacuum-distillation, crystallized 
from ethanol in shiny yellowish leaflets, m.p. 148°.

Anal. Calcd. for C22Hi9NO: C, 84.3; H, 6.1. Found: C, 
84.2; H, 6.2.

The picrate of this base crystallized from benzene in fine 
orange-yellow prisms, m.p. 235°.

1,6-Diethyl-2-naphthol (IV). l,6-Diethyl-2-methoxynaph- 
thalene was prepared by reduction of 20 g. of ketone III 
with 19 g. of 95% hydrazine hydrate and 16 g. of potassium 
hydroxide in 120 ml. of diethyl glycol. The yield was 14.5 
g. (77%) of a pale yellow oil, b.p. 183°/18 mm., n2D5 1.6100.

Anal. Calcd. for Ci5HlgO: C, 88.2; H, 4.0. Found: C, 
88.0; H, 4.2.

A mixture of 13 g. of this ether and 39 g. of redistilled 
P3rridine hydrochloride was refluxed for 1 hr.; on cooling, 
water was added, and the demethylation product was taken 
up in chloroform. The chloroform solution was washed with 
dilute hydrochloric acid, then with water, dried over sodium 
sulfate, the solvent removed, and the residue was vacuum- 
fractionated to yield 9.5 g. of l,6-diethyl-2-naphthol, b.p. 
189-191°/20 mm., crystallizing from petroleum ether in 
shiny colorless needles, m.p. 75°.

Anal. Calcd. for C14H160 : C, 84.0; II, 8.1. Found: C, 
83.7; H, 8.4.

The same product was obtained, in poorer yield (10%) 
in the reduction of l-acetyl-6-ethyl-2-methox3ynaphthalene 
(accompanied by demetlylation) together with some 6- 
ethyl-2-naphthol (m.p. 98°).

2-MethoxyS-methyl-l-naphihaldehyde (V). Fifty grams of 
the methyl ether of 6-methyl-2-naphthol,8 50.5 g. of N- 
methylformanilide, and 60 g. of phosphorus ox3’chloride 
was refluxed for 5 hr. on a water bath; after cooling, a con­
centrated aqueous solution of sodium acetate was added, 
and the mixture refluxed for 30 min. more. The reaction 
product was taken up in benzene, washed with dilute hydro­
chloric acid, then with water, dried over sodium sulfate, 
the solvent removed, and the residue vacuum-fractionated. 
The yield w'as 50 g. (86%) of an aldehyde, b.p. 228-220°/30 
mm., c^stallizing from petroleum ether in shin3* colorless 
leaflets, m.p. 72°.

Anal. Calcd. for Ci3Hi20 2: C, 78.0; H, 6.0. Found: C, 
77.9; H, 6.0.

The corresponding semicarbazone crystallized from eth­
anol in shiny colorless needles, m.p. 244°. The oxime crystal­
lized from ethanol in shiny colorless prisms, m.p. 168°.

Anal. Calcd. for Ci3Hi3N 02: N, 6.5. Found: N, 6.4.
2- Methoxy-6-methyl-l-naphthonitrile (VI). Dehydration of

2.6 g. of the foregoing oxime was effected by shaking its 
ether solution with 3 g. of finely powdered phosphorus 
pentachloride; the ether laj’er was decanted, washed with 
aqueous sodium carbonate, then with water, and dried over 
sodium sulfate. The residue from evaporation of the solvent 
was recrystallized from cyclohexane, giving 1.9 g. (80%) 
of silky colorless needles, m.p. 100°.

Anal Calcd. for CI3HuNO: C, 79.2; H, 5.6. Found: C, 
79.0; H, 5.5.

3- Propyl-7H-benzo[c]carbazo!e (VII; It = K-C3H7). A 
mixture of 4 g. of 6-propyl-2-naphthol, 4 g. of phenyl- 
lydrazine, and 4 g. of phen3ihydrazine lydrochloride was 
cautiously refluxed for 1 hr.; after cooling, dilute aqueous 
sodium hydroxide was added, and the reaction product 
taken up in toluene. The toluene layer was washed with 
water and dried over sodium sulfate, the solvent was re­
moved, and the residue vacuum-fractionated. The portion 
boiling at 280-305°/17 mm. (4 g., 72%) was recrystallized 
from cyclohexane, giving lustrous colorless leaflets, m.p. 
127°. This substance cystallized with solvent, which w'as 
eliminated only at 115°.

(8) K. Dziewonski, J. Schoenouyna, and E. Waldmann, 
Ber., 58, 1211 (1925).
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Anal. Calcd. for Ci„H17N: C, 88.0; H, 6.6. Found: C, 
88.2; H, 6.9.

This carbazole gave with tetrachlorophthalic anhydride 
an orange addition-product, crystallizing from acetic acid 
in fine orange needles; with picric acid, a picrate was formed, 
which crystallized from ethanol in fine brown red needles, 
m.p. 162°.

3-Butyl-7H-benzo[c]carbazole (VII; R = n-CJK). Simi­
larly prepared from 4 g. of 6-butyl-2-naphthol, this carb­
azole (3.5 g., 64%) crystallized from cyclohexane in lus­
trous colorless leaflets, m.p. 127°; the crystals were solvated, 
and the solvent was given off above 115°.

Anal. Calcd. for C20H19N: C, 87.9; II, 7.0. Found: C, 
88.1; H, 7.0.

The corresponding picrate crystallized from ethanol in 
brown red needles, m.p. 168-169°; the addition-compound 
with tetrachlorophthalic anhydride crystallized from acetic 
acid in shiny orange prisms, m.p. 165-166°.

3-Propyl-12-chloro-7,lB-dihydrobenzo{a]phenarsazine (IX; 
R = »-C3H7). 6-PropyI-2-(phenylamino)naphthalene (VIII; 
R = 7i-C3H7), previously described as a viscous oil,8 was 
now obtained as a solid, m.p. 75°. A solution of 2.6 g. of 
this diarylamine in 5 ml. of o-dichlorobenzene was gently 
heated with 1.1 g. of arsenic trichloride until a vigorous 
reaction set up, then refluxed for 3 min.; cyclohexane was 
then added, and the solid obtained in 80% yield was filtered 
off and recrystallized from toluene, giving shiny deep yellow 
leaflets, m.p. 217-218°.

Anal. Calcd. for CisHnAsCIN: C, 61.7; H, 3.8. Found: 
C, 61.4; H, 3.6.

3-Methyl-10-phenyl-13-chloro-7,12-dihydrobenzo [a]phen- 
arsazine. 6-Methyl-B-{p-xenylamino)naphihalene was pre­
pared by heating for 24 hr. a mixture of 3 g. of 6-methyl-

(9) N. P. Buu-Ho'i, R. Royer, B. Eckert, and P. Jac- 
quignon, J. Chem. Soc., 4867 (1952).

2-naphthol, 4 g. of p-aminobiphenyl, and 0.1 g. of iodine;10 
the reaction product was taken up in benzene, the benzene 
solution washed with aqueous sodium hydroxide, then with 
wnter, dried over sodium sulfate, the solvent removed, and 
the residue recrystallized from ethanol, giving shiny color­
less needles, m.p. 170°. The yield was 1.6 g. (27.5%).

Anal. Calcd. for C23H18N: C, 89.3; H, 6.2. Found: C, 
89.2; H, 6.2.

Condensation of this amine (3.1 g.) with arsenic tri­
chloride (1.1 g.) in o-dichlorobenzene was almost instan­
taneous, and gave a 90% yield of the phenarsazine, winch 
crystallized from o-dichlorobenzene in shiny deep yellowr 
prisms, melting with decomposition at 268°, and giving a 
deep blue coloration in sulfuric acid.

Anal. Calcd. for C23H17ASCIN: C, 66.1; H, 3.4. Found: 
C, 65.8; H, 3.1.

3-Propyl-7H-benzo[c]phenolhiazine (X). A mixture of 2.6 
g. of 6-propyl-2-(phenylamino)naphthalene and 0.64 g. of 
sulfur was heated with 0.02 g. of iodine until a vigorous 
reaction set up, then kept at 150-160° for 2 min.; the 
reaction product gave on recrystallization from cyclohexane, 
2.1 g. (72%) of pale yellow' needles, m.p. 143-144°, giving 
a deep blue coloration in sulfuric acid.

Anal. Calcd. for CI9H17NS: C, 78.3; H, 5.9. Found: C, 
78.2; H, 6.2.

6-Butyl-2-(phenylamino)naphthalene (VIII; R = n-CiHs). 
This amine, prepared in the usual way from 3 g. of 6-butyl- 
2-naphthol, 2 g. of aniline, and 0.05 g. of iodine, boiled at 
277-279°/20 mm., and crystallized from petroleum ether 
in shiny needles, m.p. 60°. Yield: 2 g. (48%).

Anal. Calcd. for C20H21N: C, 87.2; H, 7.7. Found: C, 
87.1; H, 8.0.

P a r i s  Ve, F r a n c e

(10) See N. P. Buu-Hoi, J. Chem.. Soc., 4346 (1952).
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Preparation of Vinylphenols and Isopropenylphenols
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Directions for the preparation of five alkenylphenols are reported.

Five alkenylphenols were prepared for evaluation 
as monomers—o-vinylphenol, m-vinylphenol, p- 
vinylphenol, ?n-isopropenylphenol, and p-isopro- 
penylphenol. Of these alkenylphenols, o-vinyl­
phenol and p-vinylphenol are the most accessible. 
Five preparative methods were employed: (a) de­
carboxylation of o-eoumaric acid for o-vinylphenol;
(6) dehydrogenation of m- and p-ethylphenols for 
m- and p-vinjdphenols, dehydrogenation of vi­
and p-isopropylphenols for m- and p-isopropenyl- 
phenols; (c) hydrogenation of p-acetoxyaceto- 
phenone followed by dehydration-hydrolysis for 
p-vinylphenol; (d) cracking of 2,2-bis(p-hydroxy-
phenyl) propane and 2,2-bis(p-aceioxyphenyl) 
propane for p-isopropcnylphenol; (e) depoly­
merization of poly-p-isopropenylphenol for p- 
isopropenylphenol.

o-Vinylphenol has usually been prepared by the

decarboxylation of o-coumaric acid.1 2 3 4 5 6̂7 8 9 It has also 
been prepared from salicylaldéhyde via the Grig­
nard reaction8 and by the pyrolysis of 2,4-dimethyl-
1,3-benzodioxane.9 Our starting material was o- 
coumaric acid. We confirmed the findings of

(1) K. Fries and G. Fickewirth, Ber., 41, 367 (1908).
(2) K. Auwers, Ann., 413, 253 (1917).
(3) H. Kunz-Krause, Arch. Pharm., 236, 542 (1898); 

Chem. Zentr., II, 973 (1898).
(4) H. Kunz-Krause and P. Manicke, Arch. Pharm., 267, 

555(1929).
(5) C. S. Marvel and N. S. Rao, J. Poly. Sei., 4, 703

(1949).
(6) A. R. Bader, J. Am. Chem. Soc., 77, 4155 (1955).
(7) W. J. Dale and H. E. Hennis, Atlantic City A.C.S. 

Meeting, 1956.
(8) P. Hoering and F. Baum, Ger. patent 208,886 (1907).
(9) E. Adler, H. Euler, and G. Gie, Arkiv. Kemi, Mineral., 

Geol, 16A, No. 12, 1 (1943).
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Bader6 and Williams, Borden, and Laakso10 that
o-vinylphenol is not obtainable by following the 
directions of Smith and Niederl11 (reaction of 
phenol with ethylene oxide or ethylene ehloro- 
hydrin) nor those of Niederl, Smith, and McGreal12 
(reaction of vinyl acetate with phenol). Other 
fruitless attempts included the alkenylation of 
phenol with vinyl chloride and the rearrangement 
of vinyl phenyl ether.

The yield of o-vinylphenol by the thermal de­
carboxylation of o-coumaric acid was 61%. Num­
erous attempts to improve the yield by catalysis 
failed. For example: (a) mixtures of o-coumaric acid 
in pyridine and quinoline were passed over cop- 
perized pumice at 200 to 300° at 15 mm. and 740 
mm.; (6) quinoline solutions of o-coumaric acid 
containing soluble metal naphthenates (copper, 
cobalt, and manganese) were passed through a 
tube at 238°; (c) quinaldine and 2,4,6-collidine 
solutions of o-coumaric acid were distilled at 
atmospheric pressure in the presence of copper 
powder.

o-Vinylphenol is relatively stable on storage. 
Its purity fell from 100 to 76% in 257 hr. under 
laboratory conditions of temperature and illumi­
nation, and from 100 to 89% in 2015 hr. at —5° 
in the dark.

m-Vinylphenol has been prepared from m-

(10) J. L. R. Williams, D. G. Borden, and T. M, Laakso, 
/ .  Org. Chem., 21, 1461 (1956).

(11) R. A. Smith and J. B. Niederl, J. Am. Chem. Soc., 
53 , 806 (1931).

(12) J. B. Niederl, R. A. Smith, and M. E. McGreal, 
J. Am. Chem. Soc., 53 , 3390 (1931).

aminostyrene v i a  diazotization by Komppa,13 
Dahlig,14 15 and Matsui;16 by cracking several m- 
alkyl-substituted phenols according to the patent 
literature;16 and recently by Dale and Hennis7 from 
m-hydroxybenzaldehyde v i a  the Grignard reaction.

We prepared m-vinylphenol by the dehydro­
genation of m-ethylphenol. With chromia-alumina 
catalyst the maximum yields of m-vinylphenol 
were 42% per pass and 68% ultimate, obtained at 
600°. With 1707 dehydrogenation catalyst17 the 
maximum yields were 11% per pass and 48% 
ultimate, obtained at 525°. The dehydrogenation 
yield is satisfactory but it is difficult to separate 
m-vinylphenol from the catalyzate by distillation 
because of loss due to polymerization. Acetylation 
of the dehydrogenation catalyzate prior to distil­
lation did not eliminate this difficulty.

p-Vinylphenol has been obtained by Schmid and 
Karrer18 in small amount from poppy straw and in 
trace yield by the decarboxylation of p-hydroxy- 
cinnamic acid. Recently it was made by Dale and 
Hennis7 v i a  the decarboxylation of the benzoate of 
p-hydroxycinnamic acid. Schmid and Karrer 
showed the alleged preparation of p-vinylphenol 
v i a  diazotization by Miller and Kinkelin19 to be 
inoperative.

We prepared p-vinylphenol from phenol in 53% 
yield by a five-step process: (1) acetylation of phe­
nol to p-hycroxyacetophenone, (2) acetylation of 
the latter to p-acetoxyacetophenone, (3) hydro­
genation of the ketone to p-acetoxyphenylmethyl- 
carbinol, (4) dehydration of the carbinol to p- 
acetoxystyrene, (5) saponification of p-acetoxy- 
styrene to p-vinylphenol.

p-Acetoxystyrene, the immediate precursor of 
p-vinylphenol, has good storage stability. Storage 
for 4 months under laboratory conditions lowered 
its freezing point from 7.19 to 6.99° which cor­
responds to a fall in purity from 97.8 to 97.2 mole 
%. The conversion of p-acetoxystyrene to p- 
vinylphenol is quantitative and the conditions of 
hydrolysis are so gentle that the sensitive p-vinyl­
phenol requires no purification.

We also prepared p-vinylphenol by the dehydro­
genation of p-ethylphenol over chromia-alumina 
catalyst at 600°. Only one experiment was made; 
the yield of p-vinylphenol was 15%.

m-Isopropenylphenol has been prepared by 
Auwers2 from ethyl m-hydroxybenzoate v i a  the 
Grignard reaction. We prepared it by the dehydro­
genation of m-isopropylphenol. With 1707 catalyst

(13) G. Komppa, Ber., 26, Ref., 677 (1893).
(14) W. Dahlig, Prace Placowek Nauk-Badawczych. 

Ministerslwa Przemystu Chem., 1, 29 (1952).
(15) E. Ma:,sui, J. Soc. Chem. Ind. Ja-pan, 46, Suppl. 

binding, 125 (1943).
(16) J. E. S. Whitney and E. M. Evans, Brit, patent 

669,074 (1952).
(17) K. Kearby, U. S. patent 2,395,875 (1946).
(18) H. Schmid and P. Karrer, Helv. Chim. Acta, 28, 

722 (1945).
(19) W. Miller and F. Kinkelin, Ber., 22, 1705 (1889).
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TABLE I
D e h y d r o g e n a t i o n  o f  A l k y l p i i e n o l s  

( 1 2 - H r . R i j n s )

Alkylphenol r i-Ethylphenol
p-Ethjd-
phenol

m-Iso-
propyl-
phenol p-Isopropylphenol

Conditions
Catalyst“ 1707 Cr20 3-Al20 3 Cr20 3-Al20 3 1707 1707 Cr20 3-Al20 3
Water rate, ml./hr. 52 48 48 52 52 48
Alkylphenol rate, ml./hr. 36 32 32 40 40 36
Temperature, °C. 525 600 600 525 525 600

Products, wt. % of charge
Light ends4 1 2 — 1 3 7
Recovered alkylphenol 77 39 — 75 62 25
Alkenylphenol (purity, %)c 11(95) 43(95) 15(95) 17(95) 28 (90) 52(80)
Residue“ 11 16 — 7 7 16

Alkenylphenol yield, wt. %
Per pass 11 42 15 16 25 43
Ultimate 48 68 — 69 64 56

a 100 ml. of Vs X '/s-inch pellets. 4 Includes gaseous products and material distilling below starting alkylphenol. c Purity 
determined by analytical hydrogenation. a Includes high boiling liquid products and carbonaceous deposit on catalyst.

the maximum yields were 17% per pass and 69% 
ultimate, obtained at 525°. Auwers’ product was 
a liquid; we were able to obtain crystalline m- 
isopropenylphenol.

p-Isopropenylphenol has not previously been 
reported in the scientific literature. We prepared it 
by the dehydrogenation of p-isopropylphenol. 
With chromia-alumina catalyst the maximum 
yields were 43% per pass and 56% ultimate, ob­
tained at 600°. With 1707 catalyst the maximum 
yields were 25% per pass and 64% ultimate, ob­
tained at 525°. We also prepared p-isopropenyl- 
phenol by both thermal and catalytic cracking of
2,2-bis(p-hydroxyphenyl) propane20 and its di- 
acetate.

p-Isopropenyl phenol polymerizes slowly on 
storage. At —5° in the dark its purity fell from 100 
to 87% in 3000 hr., whereas under laboratory 
conditions of temperature and illumination it fell 
from 100 to 25% in 3000 hr. p-Isopropenylphenol 
polymer can be depolymerized thermally.

E X P E R IM E N T A L

All melting points and freezing points are corrected; the 
latter were determined by extrapolation of freezing curves, 
temperature being measured by a certified platinum resist­
ance thermometer and G-2 Mueller bridge. Purities were 
estimated from the shapes of the freezing curves. Boiling 
points are uncorrected.

Catalysts. The chromia-alumina (15% Cr20 3-85% A120 3), 
activated alumina, nickel-kieselguhr (65% Ni-35% Si02), 
and copper chromite catalysts were purchased from the 
Harshaw Chemical Co. “Solid phosphoric acid” was the 
Universal Oil Products catalyst No. 2. Super Filtrol was 
obtained from the Filtrol Corp., and the 1707 catalyst17 
(72.4% MgO—18.4% Fe,03—4.6% CuO—4.6% K20) from 
the Standard Oil Development Co. of New Jersey.

Alkylphenols. w-Ethylphenol (b.p. 112-114c/20 mm., m.p. 
— 3.4°) and p-ethylphenol (b.p. 112-114°/20 mm., m.p. 
47.0°) were purchased from the Reilly Tar and Chemical

( 2 0 )  Schering-Kahlbaum, Fr. p a t e n t  6 5 7 ,1 2 2  ( 1 9 2 8 p  
U. S. Patent 1 ,7 9 8 ,8 1 3  ( 1 9 3 1 ) .

Co. m-Isopropylphenol (b.p. 121-122°/20 mm., m.p. 25.6°) 
and p-isopropylphenol (b.p. 121- 122°/20 mm., m.p. 62.6°) 
were obtained from Koppers Co., Inc.

Dehydrogenation apparatus and procedure. The apparatus 
and procedure emplo3-ed have been described.21 The separate 
alkylphenols were dehydrogenated (Table I) at atmospheric 
pressure in the presence of about 10 moles of diluent steam 
per mole of alkylphenol, water and alkylphenol being 
delivered separately by micro bellows pumps tc the pre­
heater section of the vertical reactor whence the gasified 
mixture passed down through the catalyst bed. The cat­
alyzates were collected in an ice-cooled receiver. The m- 
ethyl-, m-isopropyl-, and p-isopropylphenol catalyzates 
were distilled at 20 mm. through a 27-plate column at 5/1 
reflux ratio. Fractions were collected as follows: m-ethjd- 
phenol, b.p. 100-116°; m-vinylphenol, b.p. 116-123°; m- 
isopropylphenol, b.p. 118-125°; m-isopropenylphenol, b.p. 
125-160°; p-isopropylphenol, b.p. 118-125°; p-isopropenyl- 
phenol, b.p. 125-160°. The p-ethylphenol catalyzate was 
not distilled; p-vinylphenol was isolated from it by crystal­
lization. The other alkenylphenols were purified by redis­
tillation and/or crystallization.

Analysis and proof of structure of alkenylphenols. Approxi­
mate purities (±3% ) were determined by analytical hydro­
genation of 1.5-g. samples of alkenylphenols in 100 ml. of 
methanol in the presence of 0.08 g. of Adams’ platinum 
catalyst at room temperature and pressure. Proof of struc­
ture of the alkenylphenols was accomplished by mixture 
melting point comparisons of hydrogenated derivatives with 
authentic specimens.

o-Coumaric acid. To a solution of 143 g. (6.2 g.-atoms) of 
sodium in 2180 ml. of ethanol was added 450 g. (3.1 moles) 
of coumarin and the solution was refluxed for 3 hr. The solu­
tion was diluted with 2 1. of water and distilled to remove 2 1. 
of distillate. The residue was diluted with 2 1. of water and 
800 ml. of distillate was removed. The residual liquid was 
stirred at 85° with 25 g. of activated carbon for 0.5 hr. and 
filtered. To the cooled filtrate (40°) was added 1 1. of ben­
zene and the stirred mixture was acidified with 620 ml. (7.3 
moles) of concentrated hydrochloric acid, stirring being 
continued for 0.5 hr. The mixture was filtered and the filter 
cake was washed with two 500-ml. portions of water fol­
lowed by two 150-ml. portions of benzene. The weight of 
the air-dried o-coumaric acid was 425 g. [84% yield, 93- 
95% pure by electrometric titration, m.p. 205-206° (dec.);

(21) .7. E. Nickels, G. A. Webb, W. J. Ileintzelman, and 
B. B. Corson, hid. Eng. Chem., 41, 563 (1949).
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lit. m.p. 190°,22a 207-208°22b]. This preparative method is a 
modification of that of Reychler.23

A sample of o-coumaric acid, air-dried after 3 crystal­
lizations from water, analyzed 99.4% pure by electrometric 
titration. Air-dried o-coumaric acid, therefore, does not 
contain water of crystallization, contrary to the report of 
Kuntz-Krause and Manicke.4

o-Vinylphenol by thermal decarboxylation of o-coumaric 
acid. o-Coumaric acid prepared by the preceding directions 
gave a low yield of o-vinylphenol, presumably because of its 
fluffiness and the resultant low heat transfer rate. The yield 
was improved by using a dense variety of acid obtained by 
slow evaporation of an acetone solution or by reprecipitation 
from its sodium salt with concentrated hydrochloric acid.

Dense o-coumaric acid (100 g., 0.61 mole) in a 500-ml. 
flask connected via an air condenser to a 500-ml. ice-cooled 
receiver containing 250 g. of 25% aqueous sodium hydroxide 
(1.6 moles) was heated in an oil bath to 260°/15 mm. until 
distillate no longer came over (1 hr.). In the decarboxylation 
flask there remained 14 g. of polymeric residue and 10 g. of 
o-coumaric acid sublimate. The pyrolyzate, diluted with 
750 ml. of cold water, was extracted with ether to remove 3 
g. of viscous oil. The stirred alkaline solution was acidified 
at 0-5° with gaseous carbon dioxide to pH 8 and extracted 
with ether. The extract was concentrated under reduced 
pressure and the residue evacuated at 35°/2 mm. for 1 hr. 
to yield 46.5 g. of o-vinylphenol (61% per pass, 68% ulti­
mate).

o-Vinylphenol by catalytic decarboxylation of o-coumaric 
acid, (a) Copperized pumice containing 6% of copper was 
prepared as follows: 4-8 mesh pumice was soaked in hot 
saturated copper sulfate solution and the impregnated 
pumice was drained, dried at 110°, and reduced in a stream 
of hydrogen for 6 hr. at 300°. A quinoline (200 g.) solution 
of o-coumaric acid (50 g.) was passed (150 ml./hr.) down 
through a 50-ml. bed of copperized pumice under nitrogen 
at 250°. The catalyzate, diluted with an equal volume of 
ether, was acidified with cold 6AT hydrochloric acid. The 
ether layer was extracted with cold 5% aqueous sodium 
hydroxide and the extract acidified with carbon dioxide to 
yield 16 g. (44%) of o-vinylphenol. When Pyrex beads were 
substituted for copperized pumice the yield of o-vinyl­
phenol was the same.

(6) A solution containing 50 g. of o-coumaric acid, 200 g. 
of quinoline, and 5 g. of copper naphthenate was passed 
(160 ml./hr.) down a glass spiral path (125-cm. long) 
at 238° under nitrogen. The yield of o-vinylphenol w-as 18.5 
g. (51%). Experiments in which copper naphthenate wras 
replaced by cobalt and manganese naphthenates gave 
similar yields of o-vinylphenol.

(c) A mixture of 78 g. of o-coumaric acid, 102 g. of quin- 
aldine, and 14 g. of copper powder was heated to 250°; the 
yield of o-vinylphenol was 20 g. (36%). When 2,4,6-col­
lidine was substituted for quinaldine the yield of o-vinyl­
phenol was 27 g. (47%).

Recovery of o-vinylphenol by selective springing. A 100-g. 
composite of crudes containing about 30% of o-vinylphenol 
was extracted with 10% aqueous sodium hydroxide and the 
extract was wvnshed with ether. The stirred alkaline solution 
was acidified with carbon dioxide at 0-5° and extracted 
with ether. Concentration of the ether extract yielded 20 
g. of o-vinylphenol (yellow oil which solidified, m.p. 23- 
24°). Reaction of this solid with monochloroacctic acid 
yielded o-vinylphenoxyacetic acid; melting point and mix­
ture melting point with an authentic specimen 136.5- 
137.5° (lit. m.p. 137° %

Purification of o-vinylphenol by equilibrium melting. A 510- 
g. sample of o-vinylphenol (m.p. about 24°) was frozen, 
then allowed to melt and drain at 28° to the extent of 50%.

(22) (a) H. Bleibtreu, Ann., 59, 177 (1846); (b) F. Tie- 
mann and H. Herzfeld, Ber., 10, 283 (1877).

(23) A. Reychler, Bull. soc. chini. France (4), 3, 551 
(1908).

The residual solid was held at 28°/l mm. for 4 hr., then 
flash-distilled through a continuous unit at 165°/15 mm. 
The constants cf the distillate were: f.p. 26.0° (lit m p 
29° >■*), n2o 1.5850 (lit. n2D° 1.5842, n2J  s 1.5783s), d20 1.0607 
(lit. dl° 1.060,2 dV -6 1.02935).

o-Vinylphenyl N-phenylcarbamate. White needles from 
carbon tetrachloride, m.p. 150-151°.

Anal. Calcd. for Ci6Hi3N 02: N, 5.85. Found: N, 5.91.
The identity of this urethane was established by hydro­

genation to o-ethylphenyl A-phenylcarbamate; melting 
point and mixture melting point with an authentic specimen 
144-145° (lit. m.p. 141°24).

o-Vinylphenyl N-{a-naphthyl)carbamate. White fluffy pow­
der from carbon tetrachloride, m.p. 146-147°.

Anal Calcd. for Ci9H15N02: N, 4.84. Found: N, 4.80.
m-Vinylphenol by dehydrogenation of m-ethylphenol. Redis­

tillation of the crude m-vinylphenol fraction gave a heart 
cut boiling at 120°/20 mm. (lit. b.p. 114-116°/16-17 
mm.13); rt2) 1.5770, d24 25 1.0459, m.p. 0.5 to 1.0°. Hydrogena­
tion of m-vinylphenol yielded m-ethylphenol which was 
identified by converting it to m-ethylphenyl A-phenyl- 
carbamate; melting point and mixture melting point with 
an authentic specimen 140.0-141.5° (lit. m.p. 138.8°2S).

m-Vinylphenyl benzoate (white leaflets from ethanol, 
m.p. 63-64°, lit. m.p. 62.5-63.5°13) was identified by hydro­
genation to m-ethylphenyl benzoate; melting point and 
mixture melting point with an authentic specimen 50-52° 
(lit. m.p. 52°,25126 50°27).

m-Vinylphenyl p-nilrolenzoate. Ivory needles from meth­
anol, m.p. 84-85°.

Anal. Calcd. for Ci5HiiN0 4: N, 5.20. Found: N, 5.23.
Separation of m-vinyl- and m-ethylphenols as acetates 

Dehydrogenation catalyzate (395 g., 3.3 moles) containing 
45% of m-vinylphenol was mixed with 800 g. of 25% aqueous 
sodium hydroxide (5.0 moles) and 7.5 kg. of cracked ice, 
and to the mixture was quickly added 420 g. (4.1 moles) 
of acetic anhydride. The mixture was stirred for 5 min. and 
extracted with e~her; the extract was washed with cold 10% 
sodium hydroxide followed by water. The dried extract was 
concentrated at 50 mm. to yield 491 g. (96%) of mixed 
acetates. Distillation at 20 mm. through a 27-plate column 
at 5/1 reflux ratio gave: (a) 16 g., b.p. 94-111°, phenyl 
acetate; (b) 204 g., b.p. 111-117°, m-ethylphenyl acetate; 
(c) 42 g., b.p. 117-121°, 12% ??i-vinylphenyl acetate-88% 
m-ethylphenyl acetate; (d) 74 g., b.p. 121-130°, 87% m- 
vinylphenyl acetate; (e) 106 g., brown residue. Redistil­
lation of the m-ethylphenyl acetate fraction (6) gave 184 g. 
of distillate with the following constants: b.p. 117°/20mm. 
(lit. b.p. 222-223°26), « 2D5 1.4981, d25 1.0232, f.p. -38.69°, 
purity 97.0 ± 1 .0  mole %.

The 74 g. (0.45 mole) of 87% m-vinylphenyl acetate 
(fraction d) was stirred with 180 ml. of 25% aqueous sodium 
hydroxide (1.2 moles) until the mixture was homogeneous 
(15 min.). The solution was washed with ether, acidified 
at 0-5° with carbon dioxide and extracted with ether. The 
extract was washed with water, dried, and concentrated to 
give 53 g. (0.44 mole) of 87% m-vinylphenol.

p-Vinylphenol from, phenol via 5-step synthesis. p-Hydroxy- 
acetophenone. Boron trifluoride was passed into a 0-5° 
stirred mixture of 470 g. (5.0 moles) of phenol and 600 g. 
(10 moles) of acetic acid until the gas was no longer absorbed 
(12 hr.); 1020 g. (15 moles) of boron trifluoride was absorbed. 
The solution was stirred for 5 hr. at 80°, allowed to stand 
for 16 hr. at 30°, then poured into a mixture of cracked 
ice and w'ater. After stirring for 1 hr. at 0-5° the mixture 
was filtered and the red solid wms dissolved in 2 1. of aqueous

(24) G. Vavon and V. M. Mitchovitch, Bull. soc. chini. 
France (4), 45, 961 (1929).

(25) O. Kruber and A. Schmitt, Ber., 64, 2270 (1931).
(26) A. Behal and E. Choay, Bull soc. chini. France (3), 

11,206 (1894).
(27) J. Kenner and F. S. Statham, J. Chem. Soc., 299

(1935).
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caustic containing 280 g. (7.0 moles) of sodium hydroxide. 
The solution was stirred at 30° with 10 g. of activated car­
bon for 0.5 hr. and filtered. The filtrate .was cooled to 
— 5°, acidified with concentrated hydrochloric acid and 
filtered. The light tan solid was air-dried; 640 g., 85% yield,28 
m.p. 105-108°, lit. m.p. 107°,29 30“’b 109°,290 110°.29d

p-Acetoxyacetophenone. To a stirred solution of 98 g. (0.72 
mole) of p-hydroxyacetophenone in 780 ml. of 7.5% aqueous 
sodium hydroxide (1.45 moles) was added 110 g. (1.08 
moles) of freshly distilled acetic anhydride during 5 min. 
at 5-10°. The mixture was stirred for 1 hr. at 5-10° and 
filtered. The solid was crystallized from 55-45 water-ethanol 
to yield 119 g. (93%) of p-acetoxyacetophenone, m.p. 
52-53°. This product is satisfactory for the next step. A 
portion of it was recrystallized from methanol to give mate­
rial with f.p. 52.05°; purity 97.3 ±  0.9 mole % (lit. m.p. 
54° »). ' '

p-Acetoxyphenylmethylcarbinol. p-Aeetoxyacetophenone 
(300 g., 1.7 moles) diluted with 700 ml. of methanol was 
hydrogenated at 30°/110 p.s.i. in the presence of 10 g. of 
10% palladiumized carbon (9 hr., hydrogen consumption
1.6 moles). The catalyzate was filtered and the filtrate con­
centrated under reduced pressure to yield 295 g. (95%) of 
p-acetoxypheny Imethylcarbinol.

Anal. Calcd. for C10H12O3: hydroxyl, 9.44; sapon. equiv., 
180. Found: hydroxyl, 9.00; sapon. equiv., 173.

p-Acetoxyphenylmethylcarbinol can be distilled through 
a 10-cm. Vigreux column at 1 mm. without decomposition 
(b.p. 115-125°). However, extensive dehydration-poly­
merization took place in an attempt to distill it through a 
27-plate column at 10 mm.

In two experiments the previous use of the autoclave in 
copper chromite-catalyzed hydrogenations seemed to poison 
palladium for the hydrogenation of p-acetoxyacetophenone. 
This trouble was remedied by filtering off the poisoned 
palladium catalyst and replacing it with fresh catalyst. 
With nickel-kieselguhr as hydrogenation catalyst it was dif­
ficult to prevent over-hydrogenation to p-acetoxyethyl- 
benzene. With Raney nickel it was possible to halt the 
reaction at the carbinol stage, but the ester group was 
cleaved to give p-hydroxyphenylmethylcarbinol.

p-Acetoxystyrene. Three dehydration methods were tried 
for the conversion of p-acetoxyphenylmethylcarbinol to 
p-acetoxystyrene.

(a) Liquid phase dehydration in the presence of potassium 
acid sulfate. A mixture of 280 g. (1.56 moles) of p-aeetoxy- 
phenylmethylcarbinol, 3 g. of fused potassium acid sulfate, 
and 3 g. of Z-butylcatechol (TBC) was heated at 190-200°/20 
mm. for 1.8 hr. and the distillate (b.p. 105-121°) collected 
in an ice-cooled receiver containing 1 g. of TBC. A 51-g. 
residue (18% of the charge) remained in the flask. The dis­
tillate was dissolved in ether (water yield 22 ml., 79%) and 
the solution washed with 5% sodium carbonate followed by 
saturated calcium chloride solution and dried over anhydrous 
calcium chloride. The ether was evaporated and the residue 
distilled through a 10-cm. Vigreux column to yield 179 g. 
(71%) of p-acetoxystyrene; b.p. 73-75°/0.6 mm. (lit. b.p. 
100-105°/4 mm.31 and 83-86°/l mm.32), f.p. 6.94°, purity
97.5 ±  0.5 mole %.

(28) Kàstner, thesis, Marburg, 1937; “Newer Methods of 
Preparative Organic Chemistry,” Interscience, N. Y., 1948,
p. 281.

(29) (a) J. Klingel, Ber., 18, 2687 (1885); (b) A. G. Per­
kin, J. Chem. Soc., 71, 805 (1897); (ci A. C. Cope, J. Am. 
Chem. Soc., 57, 572 (1935); (d) P. Pfeiffer, Ann., 383, 92
(1911).

(30) F. M. Irvine and R. Robinson, J. Chem. Soc., 130, 
2086 (1927).

(31) W. E. Emerson, J. W. Heyd, V. E. Lucas, W. B. 
Cook, G. R. Owens, and R. W. Shortridge, J. Am. Chem. 
Soc., 68, 1665 (1946).

(32) V. V. Alderman and W. E. Hanford, U. S. patent
2,276,138 (1942).

(6) Vapor phase dehydration over potassium acid sulfate- 
impregnated pumice. A solution of 150 g. (0.88 mole) of p- 
acetoxyphenylmethylcarbinol, 1.5 g. of TBC, and 385 g. of 
toluene was passed at a rate of 60 ml./hr. at 225°/20 mm. 
through a 100-ml. bed of 4-8 mesh pumice impregnated with 
3% of potassium acid sulfate. The catalyzate passed into a 
flask at 150° whence it was continuously flash-distilled into 
an ice-cooled receiver containing 1 g. of TBC (water yield
8.4 ml., 56%). The distillate was redistilled to yield 58 g. 
(43%) of p-acetoxystyrene (f.p. 7.19°, purity 97.7 ±  0.8 
mole %) plus 34.6 g. of residue.

(c) Vapor phase dehydration of p-acetoxyphenylmethylcar­
binol over activated alumina. A 700-g. mixture of p-acetoxy­
phenylmethylcarbinol, acetic acid, and acetic anhydride in 
a mole ratio of 1:3.3:1 was passed at a rate of 170 ml./hr. 
through a 100-ml. bed of activated alumina at 350°/25 mm. 
and the catalyzate collected in an ice-cooled receiver con­
taining 7 g. of TBC. The purpose of the acetic acid-acetic 
anhydride was to repress cleavage of the acetoxy group. 
Acetic acid and acetic anhydride were distilled from the 
catalyzate at 85°/30 mm. and the concentrate was distilled 
through a 10-cm. Vigreux column. The yields of p-acetoxy­
styrene were 56% per pass and 78% ultimate. The product 
was 80 ±  5 mole % pure; its infrared spectrum indicated 
the main impurity to be p-vinylphenol. A 100-g. batch of 
product was cooled at —5° for 15 hr. with seeding. The 
mother liquor was drained from the solid. The solid was 
melted and the process repeated four times to yield 27 g. 
(27%) of p-acetoxystyrene; m2d5 1.5360, d”  1.056,33 f.p. 
7.64°, purity 98.9 ±  0.4 mole %.

p-Acetoxystyrene is dimorphic, the freezing points of the 
a- and ^-modifications being 8.2 ±  0.1° and 7.4 ±  0.2°, 
respectively. Several samples of p-acetoxystyrene froze 
initially in the j9-form which quickly changed to the a- 
form upon addition of a-seed.

p-Vinylphenol. A mixture of 16.2 g. (0.10 mole) of p- 
acetoxystyrene, 13.8 g. (0.25 mole) of potassium hydroxide, 
and 140 ml. of water was stirred at 0-5° until homogeneous 
(1 hr.). Gaseous carbon dioxide was passed into the stirred 
cold solution to pH 8 to produce 12 g. (100% yield) of p- 
vinylphenol, m.p. 68-69° (lit. m.p. 73.5° 18). p-Vinylphenol 
was identified by hydrogenating it to p-ethylphenol and 
converting the latter to p-ethylphenyl V-phenylcarbamate; 
melting point and mixture melting point with an authentic 
specimen 119-120° (lit. m.p. 120° 26).

p-Vinylphenyl benzoate. Crystallized from methanol, white 
needles, m.p. 75.5-76.5°.

Anal. Calcd. for CuH^Ch: C, 80.33; H, 5.39; double bond, 
1.00. Found: C, 80.45; H, 5.50; double bond, 0.98.

p-Vinylphenyl benzoate was hydrogenated to p-ethyl­
phenyl benzoate; melting point and mixture melting point 
with authentic p-ethylphenyl benzoate 58-59° (lit. m.p.
59-60° 2S).

p-Vinylphenyl p-nitrobenzoate. Yellow needles from meth­
anol, m.p. 109.5-110.5°.

Anal. Calcd. for CisHnNCh: N, 5.20. Found: N, 4.99. 
p-Vinylphenyl 3,5-dinitrobenzoate. White needles from 

methanol, m.p. 132.5-133.0°.
Anal. Calcd. for Ci6H10N2O6: N, 8.92. Found: N, 9.18. 
p-Vinylphenol by dehydrogenation of p-ethylphenol. The 

chromia-alumina catalyst was badly carbonized; oxidation 
of the used catalyst showed the presence of 19 g. of carbon. 
Half of the catalyzate was heated under a 27-plate column 
at 20 mm. There resulted 5 g. of distillate (b.p. 70-100°) 
and a viscous residue, neither of which was investigated. 
The other half of the catalyzate was extracted with a 50-50 
mixture of ether-petroleum ether. The extract was cooled at 
— 5° for 18 hr. and filtered. The solid was recrystallized from 
»-hexane to yield 29.5 g. of p-vinylphenol, m.p. 68-69°; 
its mixture melting point with authentic p-vinylphenol waB 
not depressed. The solubility of p-vinylphenol in 10 ml. of

(33) C. G. Overberger, E. J. Luhrs, and P. K. Chien., J. 
Am. Chem. Soc., 72, 1200 (1950).



APRIL 1958 VIXYLPHENOLS AND ISOPROPENYLPHENOLS 549

ra-hexane is 0.04 g. at 13°, 0.11 g. at 25°, 0.31 g. at 31°, and
0.49 g. at 39°.

m-Isopropenylphenol by dehydrogenation of m-isopropyl- 
phenol. The m-isopropenylphenol fraction was crystallized 
from Skellysolve B to yield white crystals (m.p. 39.5- 
40.5°) which liquefied on standing at room temperature for 
8 days; the resulting liquid was insoluble in Skellysolve B. 
The crystalline m-isopropenylphenol was converted to m- 
isopropenylphenoxyacetic acid (white needles from water, 
m.p. 98.5-99.5°, lit. m.p. 98° 2).

m-Isopropylphenoxyacetic acid. White flakes from n- 
hexane, m.p. 65.5-66.0°; its mixture melting point with 
hydrogenated m-isopropenylphenoxyacetic acid was not 
depressed.

Anal. Calcd. for CuH140 3: C, 68.02; H, 7.27. Found: C, 
68.27; H, 7.35.

w-Isopropylphenyl N-phenylcarbamate. White needles from 
Skellysolve B, m.p. 116.5-117.5°, prepared from m-iso- 
propylphenol plus phenyl isocyanate.

Anal. Calcd. for CiJInNCh: N, 5.49. Found: N, 5.58.
Its mixture melting point with product obtained by the 

reaction of hydrogenated m-isopropenylphenol with phenyl 
isocyanate was not depressed.

m-Isopropenylphenyl p-nitrobenzoale. Ivory needles from 
ethanol, m.p. 90.5-91.5°.

Anal. Calcd. for C16H13NO4: N, 4.95. Found: N, 4.96.
p-Isopropenylphenol by dehydrogenation of p-isopropyl- 

phenol. Redistillation of the crude p-isopropenylphenol 
fraction gave a heart cut boiling at 136-137°/20 mm. The 
latter was crystallized from cyclohexane to yield white 
crystals, m.p. 83-84°.

Anal. Calcd. for C9H10O: C, 80.56; H, 7.51; double bond,
I. 00. Found: C, 80.26; H, 7.60; double bond, 1.00.

The hydrogenation of p-isopropenylphenol produced p- 
isopropvlphenol; melting point and mixture melting point 
with an authentic specimen 62-64° (lit. m.p. 61°,34a 60.5- 
61.5°).34b

2,2-bis{p-Hydroxyphenyl)propane. A mixture of 2205 g. 
(23.4 moles) of phenol, 458 g. (7.9 moles) of acetone and 366 
ml. of concentrated hydrochloric acid was allowed to stand 
for 6 days at room temperature, then filtered. The water- 
washed solid was air-dried for 7 days to yield 1400 g. (55%) 
of a solid (m.p. 103-121°) containing approximately equi- 
molal amounts of bisphenol and phenol. Crystallization 
from benzene or 50% aqueous acetic acid yielded bis­
phenol, m.p. 157-159° (lit. m.p. 151-152°,34 35 155°36); m.p. 
of dibenzoate 161-162° (lit. m.p. 153.5°,35 161036). Phenol 
can also be removed from the complex by steam distillation

(34) (a) E. Paternd and P. Spica, Gazz. chim. ital., 6, 
535 (1876); (b) E. Berliner, F. Berliner and I. Nelidow,
J . Am. Chem. Soc., 76, 507 (1954).

(35) A. Dianin, J. Russ. Phys.-Chem. Soc., 23, 488 
(1891); Per., 25, Ref., 334 (1892).

(36) E. E. Reid and E. Wilson, J. Am. Chem. Soc., 66,
967 (1944).

or vacuum distillation. For example, 473 g. of air-dried 
complex was heated under a 23-plate column until the vapor 
temperature was 100°; 146 g. of distillate (phenol) was ob­
tained and a flask residue of 326 g. (bisphenol, m.p. 157- 
159° after crystallization from benzene). This corresponds 
to a phenol/bisphenol mole ratio of 1.08/1.00.

p-I sopropenylphenol by cracking of 2,2-bis(p-hydroxy- 
phenyl)propane. Molten bisphenol (90 g.) was passed through 
a 20-ml. bed of “solid phosphoric acid” at 250° during 28 
min. The catalyzate was dissolved in benzene and the solu­
tion was washed with aqueous sodium bicarbonate, dried 
azeotropically and concentrated. The concentrate was dis­
tilled at 20 mrr„. to yield 41 g. of phenol, 29 g. of p-iso- 
propenylphenol (48%, b.p. 125-145°) plus 14 g. of residue.

2,2-Bis(p-acetoxyphenyl)propane. A mixture of 114 g. 
(0.5 mole) of 2,2-bis(p-hydroxyphenyl)propane, 204 g. (2.0 
moles) of acetic anhydride, and 50 g. of anhydrous sodium 
acetate was refluxed for 2 hr. The cooled reaction mixture 
was stirred with 400 ml. of water and filtered. The product 
was crystallized from methanol to yield 147 g. (94%) of
2,2-bis(p-acetoxvphenyl)propane, heavy white crystals, 
m.p. 79.5-81.5°*(lit. m.p. 78037).

p-I sopropenylphenol by cracking of 2,2-bis(p-acetoxyphenyl)- 
propane. (a) 2,2-Bis(p-acetoxyphenyl)propane (100 g.) was 
heated to 370° to yield 85 g. of distillate which was stirred 
for 2 hr. at 25° with dilute sodium hydroxide. The mixture 
was extracted with ether and the extract concentrated to 
give 18.5 g. of recovered 2,2-bis(p-acetoxyphenyl)propane, 
m.p. and mixture m.p. 80-82°. The aqueous layer was acidi­
fied to pH 8 at C-5° with carbon dioxide and extracted with 
ether. The extract was concentrated and the residue dis­
tilled through a 27-plate column to yield' 18 g. of p-isopro- 
penylphenol (37%), b.p. 125-145°, m.p. 83-84°.

(6) A mixture of 100 g. of 2,2-bis(p-acetoxyphenyl)propane 
and 4.5 g. of Super Filtrol was heated to 370° to give 72 g. 
of distillate which was worked up as in method (a). The 
yield of p-isopropenylphenol was 15 g.

p-I sopropenylphenol by depolymerization of poly-p-isopro- 
penylphenol. Sixty grams of 90% p-isopropenylphenol 
changed to a yellow, taftj’-like material during a 6-month 
storage in the laboratory. This material was heated under a 
27-plate column at 20 mm. to give: (a) 10 g., b.p. 105- 
125°, not identified; (6) 45 g., b.p. 125-145°, m.p. 83-84°, 
p-isopropenylphenol; (c) 5 g. of residue.

The p-isopropenylphenol obtained from depolymerization 
and cracking was identified by mixture melting point with 
an authentic specimen.
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(37) T. Szeky, Chem. Zentr., II, 1737 (1904).
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Certain aromatic hydrocarbons have been found to react with lithium metal in tetrahydrofuran to give compounds having 
a carbon—lithium bond. 9,9-Diphenylfluorene has been cleaved by lithium in tetrahydrofuran to give 9-phenylfluorenyl- 
lithium and phenyllithium.

Aromatic hydrocarbons like fluorene and 9- 
phenylfluorene1 have been metalated in high yields 
by a variety of organolithium compounds. On the 
other hand, cyclopentadienyllithium has been suc­
cessfully prepared from the reaction of cyclopenta- 
diene with lithium in liquid ammonia.2 3 It has also 
been obtained by the metalation of cyclopentadiene 
by phenyllithium5 and n-butyllit.hium.4

We are now reporting convenient methods for 
synthesizing some organolithium compounds by 
the direct reaction of aromatic hydrocarbons with 
lithium metal in tetrahydrofuran (THF). To our 
knowledge this is the first reported example wherein 
an aromatic hydrocarbon reacts with lithium metal 
in an ethereal solvent. Fluorene and 9-phenyl- 
fluorene,

+ LiH

when treated with lithium in THF, yielded 72 and 
38% of 9-fluorenecarboxylic acid and 9-phenyl- 
fluorenecarboxylic acid, respectively, subsequent 
to carbonation. Likewise, cyclopentadiene reacted 
with lithium in a similar fashion to give a 45% 
yield of diphenylfulvene after treatment of the 
reaction mixture with benzophenone. Thus, this 
appears to be a well-suited method for preparing 
certain organolithium compounds, which are free 
of halide salts, in an organic solvent.

The open-chained model of 9-phenylfluorene, 
triphenylmethane, did not react with lithium in 
THF.

9-Phenylfluorenyllithium was also prepared by 
another method. 9,9-Diphenylfluorene underwent 
almost a quantitative cleavage in 15 hr. by lithium 
in THF to give 9-phenylfluorene subsequent to 
hydrolysis of the reaction mixture. This reaction 
is not novel since Koelsch6 found that stirring 9- 
benzyl-9-phenylfluorene with sodium amalgam in

(1) Mct.Tli.tion of these compounds as well as other types 
has been reviewed recently; H. Gilman and J. A. Morton, 
Jr., Org. Reactions, VIII, 258 (1951).

(2) E. O. Fischer, W. Hafner, and II. 0. Stahl, Z. anorg. 
allgem. Chem., 282, 59 (1955).

(3) W. E. Doering and C. H. Dep.iy, J. Am. Chem. Soc., 
75,5955 (1953).

(4) L. Summers, R. H. Uloth, and A. Holmes, J. Am. 
Chem. Soc., 77,3604 (1955).

(5) C. F. Koelsch, J. Am. Chem. Son., 56, 1005 (1934).

diethyl ether for 5 days afforded, after hydrolysis, 
40% of 9-phenylfluorene; but it does emphasize 
that THF has a pronounced effect on facilitating 
the cleavage.

In connection with the synthesis of 9,9-diphenyl- 
fluorene, we have found that the intermediate car­
binol, 2-biphenylyldiphenyl carbinol, can be ob­
tained in a higher yield from the reaction of 2- 
biphenylyllithium with benzophenone than by a 
previously reported6 procedure in which 2-phenyl- 
benzophenone was treated with phenylmagnesium 
bromide. The former method also involves fewer 
steps.

E X P E R IM E N T A L 7

Reaction of lithium with fluorene. A solution of 5 g. (0.03 
mole) of fluorene in 35 ml. of tetrahydrofuran (THF) was 
added, during 1.5 hr., to a stirred suspension of 1.23 g. 
(0.178 g. atom) of finely cut lithium wire contained in 10 
ml. of THF. The color of the mixture which was periodically 
cooled by a water bath during the addition changed from 
green to orange. When the addition was complete, the mix­
ture was stirred at room temperature for 50 min. and was 
poured through a glass wool plug onto a slurry of Dry Ice 
and diethyl ether. Following hydrolysis with water, the 
aqueous layer was separated, boiled to expel THF and di­
ethyl ether, filtered, and acidified with hydrochloric acid to 
give a solid which was crystallized from acetic acid to yield
4.46 g. (71%) of needles, m.p. 230-232°, which showed no 
depression in melting point when admixed with an authentic 
sample of 9-fluorenecarboxylic acid.

Reaction of lithium with 9-phenylfluorene. A mixture of
4.0 g. (0.0165 mole) of 9-phenylfluorene, 1.7 g. (0.245 g. 
atom) of lithium, and 45 ml. of tetrahydrofuran v'as stirred 
at room temperature for 4 hr. before carbonating and work­
ing the reaction mixture up as described in the preceding 
experiment. The yield of acid, m.p. 180-182°, was 1.81 g. 
(38%). Die melting point was undepressed when the com­
pound was admixed with an authentic sample of 9-phenyl- 
fluorenecarboxylic acid.

Reaction of lithium with triphenylmethane (attempted). A 
mixture of 5.0 g. (0.02 mole) of triphenylmethane, 0.8 g. 
(0.115 g. atom) of lithium wire, and 40 ml. of tetrahydro­
furan was stirred at room temperature for 5 days. Work-up 
of the organic layer gave 4.71 g. (94%) of triphenylmethane, 
m.p. 90-92°, identified by mixed melting point.

Reaction of lithium with cyclopentadiene. A solution of
4.03 g. (0.061 mole) of cyclopentadiene in 30 ml. of tetra­
hydrofuran (THF) was added to a rapidly stirred suspension

(6) R. G. Clarkson and M. Gomberg, J. Am. Chem. Soc., 
52, 2881 (1930).

(7) All melting points are uncorrected. Reactions in­
volving organolithium compounds wore carried out under 
an atmosphere of dry, oxvgen-free nitrogen in sodium-dried 
solvents.
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of 2.0 g. (0.288 g. atom) of lithium in 40 ml. of THF. Ini­
tially about 5 ml. of the cyclopentadiene solution was added. 
After 20 min. bubbles began to evolve around the pieces 
of lithium. The remaining cyclopentadiene solution was 
added, during 45 min. while cooling at 0°. The mixture was 
stirred at room temperature for 30 min. before filtering it 
into a stirred solution of 10.9 g. (0.06 mole) of benzophenone 
in 35 ml. of THF. The orange mixture was stirred at room 
temperature for 21 hr. and was poured into a mixture of ice 
and water. The organic layer was separated, dried, and most 
of the solvent was evaporated under a stream of dry air. 
The red residue was refluxed in petroleum ether (b.p. 28- 
38°) and filtered to leave a brown, gummy material. The 
petroleum ether was slowly evaporated under reduced 
pressure to leave orange crystals which were washed with 
95% ethanol, filtered, and dried to give 4.88 g. (35%) of di- 
phenylfulvene, m.p. 75-77°, identified by mixed melting 
point.

In another run using 8.05 g. (0.122 mole) of cyclopenta­
diene and 2.85 g. (0.41 g. atom) of lithium, a 45% yTeld of 
diphenylfulvene was obtained.

2-Biphenylyldiphenylcarbinol. An ethereal solution con­
taining 0.344 mole of 2-biphenylyllithium8 was added to a 
solution of 62.6 g. (0.344 mole) of benzophenone. The mix­
ture was hydrolyzed with water and the organic layer was 
worked up in the usual fashion. Evaporation of the solvent

(8) II. Gilman and K. Oita, J. Org. Chem., 20, 862 (1955).

under a stream of dry air left a solid which was crystallized 
from ethanol to give 97 g. (84%) of product, m.p. 86-88°.

2-Biphenylyldiphenylcarbinol, m.p. 87-88°, has previ­
ously been prepared in 63% yield from phenylmagnesium 
bromide and 2-phenylbenzophenone.6 Refluxing the car- 
binol in acetic acid gave 9,9-diphenylfluorene.

Reaction of lithium with 9,9-diphenylfluorene. A mixture of
6.0 g. (0.019 mole) of 9,9-diphenylfluorene, 2.0 g. (0.29 g. 
atom) of lithium wire, and 50 ml. of tetrahydrofuran was 
stirred at room temperature for 15 hr. The organic layer was 
separated and dried over sodium sulfate after hydrolyzing 
with water. Distillation of the solvent left a material which 
was crystallized from a minimum of ethanol to give 3.88 g. 
(85%) of colorless needles, m.p. 143-144°, which showed no 
depression in melting point when admixed with an authentic 
sample of 9-phenylfluorene.

When the reaction time was limited to 1.75 hr., only a 
25% yield of 9-phenylfluorene was obtained.
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The free-radical addition of two equivalents of ethyl mercaptan to several acetylenic compounds has been studied. These 
comprised propargyl alcohol, propargyl acetate, 2-butyn-l,4-diol diacetate, 1-hexyne, 2-methyl-3-butyn-2-ol, propiolic 
acid, dimethyl acetylenedicarboxylate, and phenylacetylene. Vicininal fra's-ethylmercapto derivatives were obtained in all 
but two instances. Phenylacetylene afforded phenylacetaldehyde diethyl mercaptal while from dimethyl acetylenedicar- 
boxylato only a monoadduct was realized.

These bisethylmercapto derivatives were not active when tested in vivo against M-tuberculosis infection in mice.

Although the literature abounds with reports of 
studies of the addition of thiols to ethylenic sub­
stances, relatively little attention has been given to 
such additions involving acetylenic compounds.2-3

(1) The work reported here was done as part of a general 
research program in organic chemistry at Cornell University, 
sponsored by the B. F. Goodrich Co.

(2) (a) S. Ruhemann and H. E. Stapleton, ./. Chem. Roc., 
77, 1179 (1900); (b) C. Finzi, Gazz. chim. ital., 60, 798
(1930); (c) K. Bowden, E. A. Braude, and E. R. H. Jones, 
J. Chem. Soc., 945 (1946); (d) L. N. Owen and M. U. S. 
Sultanbawa, J. Chem. Soc., 3109 (1949); (e) H. Behringer, 
Ann., 564, 219 (1949); (f) B. R. Baker and M. V. Querry, 
J. Org. Chem., 15, 417 (1950); (g) B. Weibull, Arkiv Kemi, 
3, 225 (1951); (h) C. S. Marvel and H. Wexler, J. Am. 
Chem. Soc., 75, 6318 (1953); (i) H. Fiesselmann and P. 
Schipprak, Ber., 89, 1897 (1956).

(3) (a) W. H. Carothers, ./. Am. Chem. Soc., 55, 2008
(1933); (b) E. P. Kohler and H. Potter, J. Am. Chem. Soc., 
57, 1316 (1935); (c) S. D. Jones and E. E. Reid, J. Am. 
Chem. Soc., 60, 2452 (1938); (d) W. Reppe and F. Nicolai, 
Ger. Patent 617,543; Chem. Abstr., 30, 733 (1936); (e) W. 
Reppe and F. Nicolai, Ger. Patent 625,660; Chem. Abstr., 
30, 5595 (1936); (f) W. Reppe and F. Nicolai, U. S. Patent 
2,156,005; Chem. Abstr., 33, 5874 (1939); (g) W. Reppe and

A. Freytag, Ger. Patent 704,235; Chem. Abstr. 36, 1958 
(1942); (h) N. V. deBataafsche Petroleum Maatschappij, 
Brit. Patent 532,676; Chem. Abstr., 36, 1045 (1942); (i) M.
H. M. Arnold, U. S. Patent 2,336,916; (j) W. E. Vaughn and
F. F. Rust, Brit. Patent 581,775; Chem. Abstr., 41, 2999
(1947); (k) H. Bader, L. C. Cross, I. Heilbron, and E. R. H. 
Jones, J. Chem. Soc., 619 (1949); (1) A. Kh. Khomenko, 
Izvest. Akad. Nauk S.S.S.R. Oldel. Khim. Nauk, 280 (1951); 
Chem. Abstr., 46, 884 (1952); (m) L. W. C. Miles and L. N. 
Owen, J. Chem. Soc., 817 (1952); (n) W. Franke, K. Weiss- 
bach, W. Dietrich, and H. Weber, Ger. Patent 859,307; 
Chem. Abstr., 47, 11220 (1953); (o) E. N. Prilezhaeva and M. 
F. Shostakovskii, Akad. Nauk S.S.S.R., Inst. Org. Khim., 
Sintezy Org. Soedinenii, Sbornik., 2, 54 (1952); Chem. Abstr., 
48, 731 (1954); (p) T Mo, Japan Patent 7667 (1951); Chem. 
Abstr., 48,731 (1954); (q) S. J. Cristo], A. Begoon,W. P. Norr, 
and P. S. Ramey, J. Am. Chem. Soc., 76, 4558 (1954); (r)
H. Bader, J. Chem. Soc., 116 (1956); (s) M. F. Shostakovskii, 
E. N. Prilezhaeva, and N. I. Uvarova, Izvest. Akad. Nauk
S.S.S. Otdel. Khim. Nauk, 906 (1955); Chem. Abstr., 50, 
9278 (1956); (t) K. Yamagishi, Tanaka, and T. Hoshino, 
Bull. Chem. Soc. Japan, 29, 447 (1956); (u) W. Reppe, et 
al., Ann., 601, 111 (1956); (v) W. E. Truce and J. A. Sims, 
J. Am. Chem. Soc., 78, 2756 (1956); (w) W. E. Truce, M.
M. Boudakian, R. F. Heine, and R. J. McManimie, J. Am 
Chem. Soc., 78, 2743 (1956); (x) W. E. Truce and R. F. 
Heine, ,/. Am. Chem. Soc., 79, 1770 (1957).
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Further, these additions to acetylenes have, for the 
most part, involved thiolacetic acid. It was of in­
terest therefore, to study the free-radical addition 
of ethyl mercaptan to a representative number of 
acetylenic compounds. Since during the course of 
this study, it was announced that certain ethyl- 
mercapto compounds possessed antitubercular ac­
tivity,4 it seemed desirable also to have the ethyl- 
mercapto derivatives tested for physiological ac­
tivity.

In this study all additions were carried out by 
irradiating with ultraviolet light for two to four 
weeks5 a mixture of one molecular equivalent of the 
acetylene and two equivalents of ethyl mercaptan 
containing a catalytic amount of benzoyl peroxide. 
Products were isolated by direct distillation of the 
reaction mixtures. Structure of two of the adducts 
was established by conventional chemical and 
physical methods. In the remaining cases assign­
ment of structure was made on the basis of analogy 
and qualitative tests.

The addition of ethyl mercaptan to propargyl 
alcohol afforded 2,3-bis(ethylmercapto)-1-propanol
(I) in 95% yield.6 This I was identical with I pre­
pared by ethylation of 2,3-dimercapto-l-propanol 
(BAL). This BAL was prepared by hydrolysis of 
the mixture of acetates which resulted from the ad­
dition of thiolacetic acid to propargyl alcohol. The 
BAL obtained showed b.p. 86-90° (1 mm.), n^2
1.5690 and gave a benzylidene derivative which 
had m.p. 75-77°.

Free-radical addition of ethyl mercaptan to pro­
pargyl acetate, 2-butyn-l,4-diol diacetate, and 1- 
hexyne proceeded smoothly and essentially quanti­
tatively. By analogy to propargyl alcohol the prod­
ucts obtained were 2,3-bis(ethylmercapto)-l-pro- 
pyl acetate, 2,3-bis(ethylmereapto)-l,4-butanediol 
diacetate, and l,2-bis(ethylmercapto)hexane, re­
spectively. All three products were inert toward 
Brady’s reagent.10 Attempts to oxidize these bis- 
sulfides to sulfones gave water soluble products 
only.

(4) H. D. Brown, et al., J. Am. Chem. Soc.. 76, 3860
(1954) ; S. Kushner, et a l. ,  J. Am. Chem. Soc., 77, 1152
(1955) .

(5) The volume of the reactants generally became con­
stant after 3 to 6 days which suggested that reaction was 
complete. As a matter of convenience and in order to insure 
complete addition, the reactants were irradiated for the 
periods specified.

(6) Yamagishi3f reported that irradiation of a mixture of 
propargyl alcohol and methyl mercaptan gave 2,3-bis- 
(methylmercapto)-l-propanol. However, this structural as­
signment to the product was based on its similarity to a 
compound prepared by Barbieri7 which recently has been 
best described as l,3-bis(methylmercapto)-2-propanol.8’9

(7) A. De Barbieri and S. Tricerri, Boll. soc. ital. biol. 
sper., 25, 522 (1949); Chem. Abstr., 44, 8862 (1950).

(8) F. D. Doyle and J. H. C. Naylor, Chemistry & In­
dustry, 714 (1955).

(9) N. S. Johary and L. N. Owen, J. Cfwm. Soc., 1302 
(1955).

(10) O. L. Brady, J. Chem. Soc., 756 (1931).

Similarly, ethanedithiol and 2-butyn-l,4-diol 
diacetat.e afforded l,2-bis(acetoxymethyl)l,4- 
dithiane (43%) and viscous, insoluble polymeric 
products which were not investigated.

The addition of ethyl mercaptan to 2-methyl-3- 
butyn-2-ol gave two colorless liquid organic prod­
ucts and water. The higher boiling product failed 
to respond to Brady’s reagent and hence is consi­
dered to be 3,4-bis(ethylmereapto-)2-methyl-2- 
butanol (II). The lower boiling product developed 
a pinkish color rapidly on standing. I t reacted im­
mediately with Brady’s reagent to give a red 
crystalline solid of m.p. 182-183° which proved to 
be identical with the 2,4-dinitrophenylhydrazone 
of /3-methylcrotonaldehyde. The lower-boiling prod­
uct thus appeared to be III and/or IV.

EtSH
(CH3)2—C—C=C—H ------^

¿H
(CH3)2— C—CH=CH—SEt +  (CH3)2C=CHCH(SEt)2 

OH
III IV

+  (CH3)2—C----- CH—CH2SEt

¿H  ¿Et 
II

From the addition of ethyl mercaptan to pro- 
piolic acid two products were realized: (3-ethyl- 
mercaptoacrylic acid (V), m.p. 74-75°, and 
bis(ethylmercapto)propionic acid (VI), b.p. 128- 
131° (0.5 mm.). The product V gave the 2,4- 
dinitrophenylhydrazone of acetaldehyde when 
treated with Brady’s reagent. Its infrared spec­
trum showed strong absorption at 6.36p and its 
ultraviolet spectrum showed Xma* 276 nip, e 6,000. 
The elemental analysis of VI was not satisfactory. 
This was probably due to the fact that it was very 
hygroscopic. VI gave no reaction with Brady’s 
reagent, showed no maximum in the ultraviolet, 
and its infrared spectrum was void of absorption 
maxima in the region 6.0-6.7p.
EtS—CH=CH—C02H EtS—CH2—CH—C02H

¿Et
V VI

Me02C—CH=C—C02Me

¿Et
VII

The monoadduct VII was the only product iso­
lated from the addition of ethyl mercaptan to di­
methyl acetylenedicarboxylate. Small amounts of 
higher boiling substances were obtained, but in 
quantity too small to characterize. VII displayed 
a strong maximum at 6.30p in its infrared spectrum 
and possessed an ultraviolet maximum at \ maT 283 
mp, e, 13,720. VII gave a 2,4-dinitrophenylhydra­
zone derivative, m.p. 173-180°. This derivative 
was not examined further.

The addition of ethyl mercaptan to phenylacet-
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ylene proved to be different from the other addi­
tions studied since phenylacetaldehyde diethyl 
mercaptal (VIII) was obtained. VIII was identified 
by its conversion to the 2,4-dinitrophenylhydrazone 
of phenylacetaldehyde, by oxidation to a sulfone de­
rivative and finally by comparison with an authen­
tic sample of VIII prepared directly from phenyl­
acetaldehyde and ethyl mercaptan. The formation 
of a stable benzyl free radical intermediate, as 
pictured below, apparently controls the path of 
addition in this instance.11
C Jt5-  C =C —II -— > C6H6— CH=CH—SEt — >

C6H6—CH—CH(SEt)*

— > C6H5—CH2—CH(SEt)2
VIII

Several of these compounds were tested in vivo 
against experimental M-tuberculosis (My 5) infec­
tion in mice. None of the compounds prolonged 
significantly the survival time of the treated mice.12

E X P E R IM E N T A L 13

2.3- Dimercaplo-l-propanol (BAL ). A solution of 20 g. 
(0.357 mole) of propargyl alcohol, 60 g. (0.789 mole) of 
thiolacetic acid, and 0.1 g. of benzoyl peroxide was irradi­
ated in a sealed Pyrex tube for one month. The reaction 
mixture was dissolved in ether and washed with aqueous 
sodium carbonate solution. Distillation afforded 30.5 g. 
of an orange liquid; b.p. 102-117° (0.6 mm), n2D5 1.5147-
1.5161, Amax 230-233 mp, e, 6,100 [reported for the diacetate 
of BAL;14 b.p. 60° (0.1 mm.), ra2D° 1.5198, Xmax 230 m/*, e, 
7,800]. The infrared spectrum of this product showed weak 
hydroxyl and mercaptan absorption which suggested that it 
comprised a mixture of diacetates and possibly triacetate.

Hydrolysis of 25 g. of the above acetate mixture with 2.5 
ml. of concentrated hydrochloric acid in 150 ml. of metha­
nol gave 9.2 g. of colorless BAL; b.p. 86-90° (1.0 mm., ni­
trogen atmosphere), n2D2 1.5690. Lit. b.p. 71-75° (1 mm.), 
n'D5 1.5733;13 b.p. 60° (0.1 mm.), n2D3 1.5735.16

Heating a mixture of 0.5 g. of BAL, 0.45 g. of benzalde- 
hyde, and 2 drops of concentrated hydrochloric acid in 
benzene gave 0.45 g. (53%) of a white crystalline benzylidene 
derivative, m.p. 75-77° from hexane (lit. m.p. 79°15).

2.3- Bis(ethylmercapto)-l-propanol. (I). (A) A solution of 20 
g. (0.357 mole) of propargyl alcohol, 53 g. (0.855 mole) of 
ethyl mercaptan, and 0.1 g. of benzoyl peroxide was irradi­
ated in a Pyrex bomb for two weeks. Distillation afforded
61.6 g. (95%) of a colorless liquid; b.p. 118-120° (3.4 mm.), 
n2D5 1.5248, d25 1.0658.

Anal. Calcd. for C,HI6OS2: C, 46.62; H, 8.94; S, 35.57. 
Found: C, 46.44; H, 8.89; S, 35.30.

The a-naphthylurethan derivative of this alcohol melted 
at 49.5-51° from benzene-hexane. This melting point was 
not depressed on admixture with the a-naphthylurethan 
derivative of authentic 2,3-bis(ethylmercapto)-l-propanol.

Anal. Calcd. for CI8H230 2NS2: C, 61.85; H, 6.63. Found: 
C, 61.83,61.90; H, 6.50,6.62.

(B)16 Ethyl iodide (25 g., 0.22 mole) was added to a well

(11) F. G. Bordwell, It. D. Chapman, and W. II. Mc- 
Kellin, J. Am. Chem. Soc., 76 3637 (1954).

(12) The tests were made at the laboratories of the Wm.
S. Merrell Co.

(13) All melting points and boiling points are uncorrected.
(14) H. R. Ing, J. Chem. Soc., 1393 (1948).
(15) L. A. Stocken, J. Chem. Soc., 592 (1947).
(16) For related alkylations of BAL see refs. 8 and 9.

stirred solution of 8.5 g. (0.082 mole) of BAL and 6.0 g. 
(0.22 mole) of sodium hydroxide in 50 ml. of water. The 
stirred mixture was heated for one hour and extracted with 
ether. Distillation of the washed and dried ether extract 
gave 8.7 g. of colorless liquid I; b.p. 100-103.5° (1 mm.), 
# d 1.5263. The a-naphthylurethan derivative of this I 
had m.p. 49-51° from ethanol.

Addition of ethyl mercaptan to other acetylenic compounds. 
The procedure used was similar to that described above for 
the addition of ethyl mercaptan to propargyl alcohol.
(1) To propargyl acetate. From 15 g. (0.153 mole) of propargyl 
acetate, b.p. 121-122.8°, n2D° 1.4169, there was obtained
31.7 g. (93%) of a colorless 2,3-bis(etli3'lmercapto)-l-propyl 
acetate; b.p. 100-102° (0.8 mm.), nV  1.4978, d\s 1.0639.

Anal. Calcd. for C9H,80 2S2: S, 28.84. Found: S, 28.95.
(2) To 2-butyn-l,Jr diol diacetate. From 42 g. (0.247 mole) 

of 2-butyn-l,4-diol diacetate there was obtained 67.6 g. 
(93%) of 2,3-bis(ethylmercapto)-l,4-butanediol diacetate; 
b.p. 145-146° (1.4 mm.), n2D° 1.4932, d\° 1.1100.

Anal. Calcd. for C,2II220 4S2: C, 48.96; H, 7.53; S, 21.79. 
Found: C, 48.57, 48.61; H, 7.50, 7.30; S, 21.90, 21.75.

(3) To 1-hexyne. 1-Hexyne (20 g., 0.244 mole) afforded
47.0 g. (94%) of l,2-bis(ethyImercapto)hexane; b.p. 72- 
75.5° (0.2 mm.), n2DE 1.4934, d26 0.9339.

Anal. Calcd. for C10H22S2: C, 58.18; H, 10.75. Found: C, 
57.97, 58.12; H, 10.84, 10.68.

(4) To 2-methyl-3-butyn-2-ol. Irradiation of a solution of 
32 g. (0.516 mole) of ethyl mercaptan, 20 g. (0.238 mole) of 
2-methyl-3-butyn-2-ol, and 0.15 g. of benzoyl peroxide gave
1.3 g. of an aqueous layer. Distillation of the organic layer 
gave two fractions: (a) 21.10 g. of a colorless liquid which 
rapidly turned pink on standing, b.p. 66-87° (0.3 mm.), 
n“  1.5146—1.5115; and (6) 17.8 g. of colorless II, b.p. 87- 
89° (0.3 mm.), n2D5 1.5080, d25 1.0196. Fraction (5), the 
alcohol II, was analyzed.

Anal. Calcd. for C9H20OS2: C, 51.87; H, 9.57. Found: C, 
51.57; H, 9.92.

Fraction (a) gave an immediate precipitate with Brady’s 
reagent. Recrystallized from ethanol-ethyl acetate the re­
sulting red solid showed m.p. 182-183° (reported17 for the
2,4-dinitrophenylhvdrazone derivative of /3-methylcroton- 
aldehvde, m.p. 182-183°). A precipitate was not obtained 
from fraction (6) after 24 hr. of heating with Brady’s reagent.

(5) To propiolic acid. Irradiation of 10 g. (0.143 mole) of 
propiolic acid with ethyl mercaptan gave the following two 
fractions on disti.lation: (a) 5.7 g., b.p. 107-125° (0.5 mm.), 
nV  1-5208 and (6) 12.04 g., b.p. 128-131° (0.5 mm.), m2d5 
1.5222-1.5229.

A pentane solution of fraction (a) deposited solid V wdiich 
after several recrystallizations from pentane had m.p. 
74-75°.

Anal. Calcd. for C6H80 2S: C, 45.43; H, 6.10. Found: C, 
45.92; H, 6.10.

On warming V overnight with Brady's reagent a yellow 
solid of m.p. 140.5-144° was obtained. Recrvstallization 
from ethanol raised the m.p. to 145-147°. No depression in 
melting point was observed on admixture of this derivative 
with an authentic sample of the 2,4-dinitrophenylhydrazone 
derivative of acetaldehyde.

Anal. Calcd. for C8HsN404: C, 42.86; H, 3.60. Found; 
C, 42.84, 43.11; E, 3.60, 3.71.

Careful distillation of fraction (5) gave a sample of VI 
uncontaminated with V as shown by the absence of an ultra­
violet maximum and the absence of a peak at 6.36/* in its 
infrared spectrum. VI showed b.p. 133-134° (0.65 mm.), 
n2̂ 1.5217, dl5 1.1356. No reaction was noted when VI was 
treated with Brady's reagent.

(6) To dimethyl acelylenedicarboxylate. From 20 g. (0.14 
mole) of dimethyl acetylenedicarboxylate there was ob­
tained 26.4 g. of a yellow liquid, b.p. 96-120° (1.0-2.0 mm.), 
n2D° 1.5097-1.5038. A similar result was observed when di­
methyl acetylenedicarboxylate was heated at 140° with

(17) M. Julia, Ann. chim. (Paris), 5, 618 (1950)
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ethyl mercaptan and benzoyl peroxide. A redistilled sample 
of this adduct (VII) showed b.p. 107-109° (1.0 mm.) re“  
1.5132, d l6 1.1747, Xma* 283 m/i, t 13,720, and a strong infra­
red band at 6.30/t.

Anal. Calcd. for C,8H120 4S: C, 47.04; H, 5.92; S, 15.70. 
Found: C, 46.67; H, 6.08; S, 16.12.

On standing with Brady's reagent VII gave a crystalline 
derivative which had m.p. 173-180°.

(7) To phenylacetylene. From 20 g. (0.484 mole) of phenyl- 
acetylene there was obtained 39.3 g. (93%) of colorless 
VIII; b.p. 114-116° (0.75 mm.), re2D5 1.5604, dV 1.0419. 
The ultraviolet spectrum showed cnly shoulders at X 260, 
268, and 269.5 m/i, e, 380, 238, and 230, respectively. The 
infrared spectrum of this VIII was identical with that of an 
authentic sample of phenylacetaldehyde diethyl mercaptal;18 
b.p. 124-126° (1.0 mm.), re2D5 1.5601.

Anal. Calcd. for CI2H18S2: S, 28.33. Found: S, 28.09.
Heating the above adduct VIII for an hour with Brady's 

reagent afforded a yellow solid, m.p. 117-119°, which did not 
depress the melting point of an authentic sample of the 2,4- 
dinitrophenylhydrazone of phenylacetaldehyde.

(18) M. L. Wolfrom and J. V. Karabinos, J. Am. Chem. 
Soc., 66,909 (1944).

Oxidation of 1 g. of the adduct VIII with 2 ml. of 30% 
hydrogen peroxide in 7 ml. of glacial acetic acid gave 1.1 g. 
of a crystalline sulfone which melted at 133-134° after 
recrystallization from benzene. Lit. m.p. 133-135°.19 20

Anal. Calcd. for C42H180 4S: C, 49.63; H. 6.24. Found: 
C, 50.02; H, 5.94.

Addition of elhanedilhiol to 2-buiyn-l,/,-diol diacetale.w An 
exothermic reaction occurred on adding 0.25 g. of benzoyl 
peroxide to a solution of 50 g. (0.294 mole) of 2-butyn-l,4- 
diol diacetate and 28 g. (0.298 mole) of ethanedithiol. The 
reactants were then irradiated for 4 days. Distillation gave
21.2 g. of unreacted diacetate, b.p. 91-94° (1.2 mm.), and
20.0 g. of l,2-bis(acetoxymethyl)-l,4-dithiane, b.p. 156- 
161° (1.0 mm.). The still residue was an extremely viscous 
oil and proved to be insoluble in benzene and in ethanol.

A redistilled portion of the dithiane showed b.p. 156° 
(1.0 mm.), re2D° 1.5252.

Anal. Calcd. for C10HI6O4S2: C, 45.34; II, 6.10; S, 24.26. 
Found: C, 45.15; H, 6.00; S, 23.97.

I t h a c a , N. Y.

(19) M. W. Cronyn, J. Am. Chem. Soc., 74, 1225 (1952).
(20) A quartz flask was used in this experiment.
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Certain mercaptans, sulfides and disulfides of naphthalene, such as the 1- and 2-thionaphthols, their respective disulfides 
and mixed phenyl sulfides, as well as 2-naphthyl benzyl sulfide, 1-naphthyl allyl sulfide, the 1- and 2-naphthyl methanethiols, 
2-naphthyImethyl benzyl sulfide, and l-(a-naphthyl)-2-mcthylpropanethiol-2 were either synthesized or purified, and
their ultraviolet absorption spectra recorded and correlated.
l,5-bis(/5-naphthylmethylthio)pentane are also described.

The ultraviolet absorption spectra of various sul­
fur-containing naphthalene derivatives were re­
quired for a study of the number and type of sulfur 
linkages to be obtained from polybutadiene and 
polystyrene polymers prepared in polymerization 
systems containing either a naphthalene- 
substituted mercaptan or a dinaphthyl disulfide 
as a polymerization modifier. The use of such modi­
fiers in these polymerization systems would provide 
these polymers with naphthalene-chromophore- 
tagged chain ends, making possile: (1) corrobora­
tion of the theory of the mode of interaction of 
polymerization systems with mercaptans and disul­
fides, and (2) a correlation of polymer molecular 
weight with macrostructure for polymers so pre­
pared. Earlier work on this subject, dealing with 
the determination of the number of naphthalene- 
containing chain ends incorporated into bulk poly­
merized polystyrenes, has involved systems con­
taining either 1-naphthyl methanethiol or di-2- 
naphthyl disulfide.1 The syntheses, methods of puri­
fication, and ultraviolet absorption spectra of the

(1) R. M. Pierson, A. J. Costanzu, and A. H. Weinstein,
J. Polymer Sci., 17, 221 (1955).

Syntheses for 2-naphthylmethyl (S-hydroxyethyl sulfide, and

aforementioned mercaptan and disulfide as well as 
a similar characterization of such other naphtha­
lene-containing mercaptans and disulfides as 2- 
thionaphthol, 2-naphthyl methanethiol, di-l-naph- 
thyl disulfide, and l-(a-naphthyl) 2-methyl-pro- 
panethiol-2 are described in this paper.

In addition, the methods of preparation and 
ultraviolet absorption spectra of certain model sul­
fides of naphthalene, which are closely related in 
structure to the naphthalene-containing polymer 
chain ends formed when the aforementioned 
naphthalene-containing thiols and disulfides are 
used in butadiene or styrene polymerization sys­
tems, are also reported. For example, 2-naphthyl 
benzyl sulfide, structurally related to the terminal 
groups formed by modification of a styrene poly­
merization system by 2-thionaphthol or its disulfide, 
i.e.

1-naphthyl allyl sulfide, related to a possible ter­
minal group formed by modification of butadiene
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polymerization by 1-thionaphthol or its disulfide, 
i.e.

S(CH2CH=CH—CH2V

(neglecting possible terminal groups formed as a 
result of 1,2 polymerization), as well as 1-naphthyl- 
methyl benzyl sulfide, related similarly to the ter­
minal groups formed by modification of styrene 
polymerization by 1-naphthyl-methanethiol, and 
the 1- and 2-naphthyl phenyl sulfides are so 
characterized herein.

The syntheses of 2-naphthylmethyl /3-hydroxy- 
ethyl sulfide and l,5-bis-(/?-naphthylmethylthio)- 
n-pentane are also described.

Ultraviolet Absorption Spectra. I t will be observed 
that two families of ultraviolet absorption curves 
are represented in Figs. 1 and 2. The curves shown 
in Fig. 1, which represent a family of sulfur deriva­
tives of naphthalene in which the sulfur atom is 
separated from the naphthalene chromophore by

Fig. 1. Ultraviolet absorption spectra of alkylnaph- 
thalene derivatives with sulfur-containing functions sub­
stituted on the side chain. The curves of the following com­
pounds were obtained from chloroform solutions: l-(a- 
naphthyl)-2-methyl-propanethiol-2 (X I); 1-naphthylmethyl 
benzyl sulfide (VTII); 2-naphthyl-methanethiol (VII); 1- 
naphthyl-methanethiol (VI). The curves for 1-methyl- 
naphthalene (XVI), and 2-methylnaphthalene (XVII), 
which were obtained from 95% aqueous ethanol, were re­
produced from the Friedel and Orchin compendium2a’b

Fig. 2. Ultraviolet absorption spectra of naphthylthio- 
containing compounds. The curves of the following com­
pounds were obtained from chloroform solutions: 1-naphthyl 
phenyl sulfide (IV); benzyl 2-naphthyl sulfide (III); 2- 
naphthyl phenyl sulfide (V); di-2-naphthyl disulfide (II), 
2-thionaphthol (I); di-l-naphthyl disulfide (XII); 1- 
naphthyl allvl sulfide (XIII). The curves for 1-naphthol 
(XV), and 2-naphthol (XIV) which were reproduced from 
the compendium by Friedel and Orchin,2c>d were obtained 
from cyclohexane solutions. The ordinate for the curves of 
di-1- and di-2-naphthyl disulfide is log« (e/2) whereas those 
of all other curves is logic e, where « is the molar extinction 
coefficient

at least one carbon atom, resemble the ultraviolet 
absorption spectra of the alkylnaphthalenes to 
which they are related. The curve for 2-naphthyl- 
methane thiol (VII) bears a strong resemblance to 
that of 2-methylnaphthalene (XVII),2a the pres­
ence of the thiol group in the former compound 
contributing a slight bathochromic effect and gen­
eral enhancement of molar extinction with respect 
to the spectrum of the hydrocarbon. In the same 
manner, the small family of closely related curves 
represented by 1-naphthyl methanethiol (VI), and 
its carbon- and sulfur-substituted derivatives, 1- 
(a-naphthyl)-2-methyl-propanethiol-2 (XI), and
1-naphthylmethyl benzyl sulfide (VIII), bear the 
same relationship to the curve of 1-methylnaph- 
thalene (XVI).2b On the other hand, Fig. 2 repre­
sents a family of ultraviolet absorption curves con- 
taming sulfur derivatives of naphthalene in which 
the sulfur atom is adjacent to the naphthalene 
chromophore (thus containing either 1- or 2-naph- 
thylthio- units).

It will be observed that the simplest member of 
this series, 2-thionaphthol (I), has a spectrum re­
sembling that of 2-naphthol (XIV),2c but with the 
peaks typical of the naphthalene chromophore

(2) The following ultraviolet absorption spectra are re­
printed with permission from Friedel and Orchin, Ultra­
violet Spectra of Aromatic Compounds, John Wile}7 and Sons, 
Inc., New York, 1951: a. Spectrum No. 197; b. Spectrum 
No. 196; c. Spectrum No. 237; d. Spectrum No. 236; e. 
Spectrum No. 268.
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shifted even more bathochromically by the thiol 
auxochrome than the naphthalene chromophore is 
by a 2-hydroxy function (with a thiol peak value 
of A™»* 283 m/x, log e 3.81, as compared with Amax 
273 m/x, log « = 3.70 for that of 2-naphthol). It will 
be observed that the curve of 2-thionaphthol (I), 
unlike that of the corresponding naphthol XIV, 
rises in absorbance with decreasing wave length 
between 265 m/x and 250 m/x. In this respect the 
spectrogram of 2-thionaphthol resembles that of 
other members of the family of curves containing 
naphthylthio groups. The other compounds repre­
sented in Fig. 2 either have a similar rise in absorb­
ance in this region, i.e. di-1 and di-2-naphthyl di­
sulfides and 1-naphthyl allyl sulfide, cr have peaks 
at log e 4.37-4.40 in the region of 255-257 m/x, i.e.
1- and 2-naphthyl phenyl sulfides (IV and V), and
2- naphthyl benzyl sulfide (III). The latter series 
of peaks may be representative of a sulfur-benzene 
conjugative band which may be related to the peak 
found by Koch3 in cyclohexyl phenyl sulfide at 
Amax 257.5 m/x, log e = 3.7. (Note that 2-naphthyl 
benzyl sulfide has an insulating methylene group 
between the benzene ring and the sulfur atom.)

Although Koch found a similar band at Ama* 250 
m/x, log e 4.07 in diphenyl sulfide, he did not attri­
bute it to the same sulfur-benzene conjugative band 
found in this region in cyclohexyl phenyl sulfide but 
rather to a quasi-conjugation between aromatic 
rings and the 3p orbital of the sulfur atom. Koch 
did find a peak at Amax 274 m/x, log e 3.76 in di­
phenyl sulfide which, partly on the basis of the cor­
respondence of its peak value with that of the 257.5 
m/x band of the cyclohexyl phenyl sulfide, he at­
tributed to this sulfur-benzene conjugative band.

It will be observed that in the whole family of 
naphthyl thio-containing compounds, there may be 
found either a series of inflections followed by a 
shoulder, or a series of distinct peaks in the region 
from 270 m/x to 310 m/x. These are undoubtedly re­
lated to the series of peaks found in naphthalene 
between 260-290 m/x. The general shape of the 
curves for 1-naphthyl and 2-naphthyl phenyl 
sulfides (IV and V), 2-naphthyl benzyl sulfide 
fill), and di-2-naphthyl disulfide (II) is very 
similar to that illustrated by Koch for diphenyl di­
sulfide which has a peak at Am»x 238, log e 4.2 and 
inflections near 270 m/x and 300 m/x. The fact that 
the molar extinction value of the corresponding 
thiol (as indicated in Fig. 2 where the absorbancy 
for the disulfide, whose ordinate is plotted as log 
(e/2) is a little greater than that of the thiol, whose 
ordinate is plotted as (log e) does tend to affirm: 
1. the idea of a contribution to the resonance of the 
diaryl disulfide molecule through the two sulfur 
atoms (as proposed by Koch for the diphenyl disul­
fide system as caused by alternately charged reso­
nating phenylthio chromophores) and 2. the general 
additive nature of the ultraviolet absorption of the

two naphthylthio chromophore units in the disul­
fide molecule.

The presence of a peak in 2-naphthyl benzyl sul­
fide (III) at Am», 286 m/x, log t 3.92, bears a similar 
relationship to the one present in 2-naphthol (XIV) 
at Amax 273 m/x, log e 3.70, as the peak in 1-naphthyl 
allyl sulfide (XIII) at Amax 303-304 m/x, log e 3.82, 
bears to the one in 1-naphthol (XIV)2d at Amax 290 
m/x, log e 3.71.

Syntheses. The known mixed aryl sulfides,4-5 1- 
and 2-naphthyl phenyl sulfides (IV and V) were 
both obtained, surprisingly enough, from the reac­
tion mixture of the sodium salt of 2-thionaphthol 
(a technical grade product) with iodobenzene in 
presence of copper powder, along with diphenyl di­
sulfide and mixed di-naphthyl disulfides. Since the 
presence of 1-thionaphthol could not be detected 
in the 2-thionaphthol reagent used, it appears that 
presence of 1-naphthyl phenyl sulfide in the reac­
tion product was the result of a rearrangement.6

The 1- and 2-naphthyl methanethiols (VI and 
VII) were obtained in standard fashion by treat­
ment of 1-chloromethylnaphthalene and 2-bromo- 
methylnaphthalene with thiourea followed by sub­
sequent basic hydrolysis of the thiouronium salts. 
Compound VI, which has been prepared pre­
viously,7 8 is an oil, whereas the analogous new 2- 
naphthyl compound, VII, is a crystalline solid.

The new compounds 1-naphthyl allyl sulfide
(XIII), 1-naphthylmethyl benzyl sulfide (VII), and
2-naphthylmethyl /3-hydroxethyl sulfide (IX) were 
prepared by treatment of the alkali metal salts of 
the respective thionaphthol and naphthylmethane- 
thiols with suitable alkyl, aralkyl or hydroxyalkyl 
halides in a manner similar to that used for the 
preparation of 2-naphthyl benzyl sulfide (III), a 
known compound,8a,b from 2-thionaphthol.

The bismonosulfide, l,5-bis(/3-naphthylmethyl- 
thio)-n-pentane (X), was synthesized by treatment

(4) E. Bourgeois, Ber., 28, 2327 (1895).
(5) F. Krafft and E. Bourgeois, Ber., 23, 3045 (1890).
(6) I t  is possible that both /3-naphthyl and jS-naphthyl- 

mercaptyl radicals, as well as phenyl and phenvlmercaptyl 
radicals were formed in the reaction mixture by thermal 
cleavage a t 220°. Under such circumstances «-naphthyl 
phenyl sulfide could be formed by recombination of either a
0-naphthyl or /3-naphthvlmercaptyl radical which had re­
arranged to the a-form, with the appropriate benzenoid 
radical. This explanation would account for the presence of 
diphenyl disulfide as well as a mixture of di-naphthyl sul­
fides in the reaction product. I t  is to be noted that lead aryl 
mercaptides are known to decompose when heated to form 
lead sulfide and di-aryl sulfides.

(7) This mercaptan has been prepared previously by W. 
Windus and H. G. Turley, J. Am. Leather Chem. Assn., 
33, 246 (1938), cf. Chem. Abslr., 32, 8821 (1938), as an oil, 
b.p. 165-175°/16 mm., by treating the corresponding 
carbinol with potassium hydrosulfide.

(8) a. H. Rheinboldt, F. Berti, M. Perrier, W. Preg- 
nolatto, G. Cilento, and G. Nazario, Univ. Sao Paulo, Fac. 
filosof., dine, e letras, Quim. No. 3 Bol. No. 129, 8 (1951); 
cf. Chem. Ahstr., 4 6 ,  7554 (1952); b. D. S. Tarbell and D. P. 
Harnish, J. Am. Chem. Soc., 7 4 ,  1862 (1952).(3) H. P. Koch, J. Chem. Soc., 387, 394 (1949).



APRIL 1958 SULFUR-CONTAINING DERIVATIVES OF NAPHTHALENE 557

of disodium pentamethylene dimercaptide with 2- 
bromomethyl-naphthalene.

The tertiary mercaptan l-(a-naphthyl)
2-methyl-propanethiol-2 (XI) was prepared by 
hydrosulfurating 1-methallyl-naphthalene.

EXPERIMENTAL9

Absorption Spectra. The ultraviolet absorption spectra of 
di-l-naphthyl disulfide, 1-naphthyl allyl sulfide, and 1- 
(a-naphthyl)-2-methyl-propanethioI-2 were determined 
with a Cary Recording Spectrophotometer, Model 11. All 
other ultraviolet absorption spectra shown, other than those 
reproduced from Friedel and Orchin’s compendium,2 were 
determined with a Model DU Beckman quartz spectro­
photometer. The solvent used for all samples and blanks 
was chloroform (Baker and Adamson tech, grade).

2-Thionaphthol (I). Du Pont’s commercial product, pre­
extracted with hot methanol, was treated with aqueous 
potassium hydroxide. By adding mineral acid to the alkaline 
extract, the thiol was reprecipitated. The collected, washed, 
dried precipitate was recrystallized twice from absolute 
ethanol to m.p. 81.8-82.4° (reported m.p. 81°10). The ultra­
violet absorption spectrum obtained from this sample was 
very similar to that published for this compound by Friedel 
and Orchin.2e

Di-2-naphthyl disulfide (II). A solution of 64.0 g. of I 
(E. I. du Pont commercial grade 0-thionaphthol) in 260 
ml. of hot ethanol was filtered through a medium porosity 
sintered glass funnel and the residue discarded. To the fil­
trate, in a 3 neck 3 1. flask equipped with heating mantle, 
mechanical stirrer, and reflux condenser, was added 50.4 g. 
of iodine, in a slurry in 800 ml. methanol with stirring. The 
mixture was refluxed for 1 hr., and the disulfide precipitate 
was washed with 3 portions of 95% aqueous alcohol, then 
with water, and oven dried. The crude white disulfide prod­
uct, -weighing 51.5 g. (80.5%) having m.p. 140.5-141.5°, 
was recrystallized twice from benzene and once from chloro­
form to form yellow-white flakes of m.p. 141.8-142.6° 
(reported m.p. is 139°n ).

2-Naphthyl benzyl sulfide (III). Although this compound 
was prepared twice in recent years8a'b by treatment of an 
alkaline solution of I with benzyl chloride, details of these 
preparations were not given. Therefore, our preparation 
of III  is described as follows: To a refluxing solution of 
potassium 2-naphthyl mercaptide (0.086 mole) in aqueous 
ethanol (prepared from 13.9 g. I, 5.8 g. potassium hydroxide 
pellets, 400 ml. abs. ethanol, and 20 ml. water), was added, 
dropwise, a solution of 12.7 g. benzyl chloride (0.10 mole) in 
50 ml. ethanol. After 2 hr. a t reflux, the system was cooled 
and diluted with several volumes of water, thus precipitating 
the crude sulfide product. Unreacted thiol was removed 
from the product by extracting with hot 10% aqueous 
potassium hydroxide. The residual sulfide, an oil which 
solidified upon cooling to 0°, was washed with water and 
recrystallized from abs. ethanol, forming 10.6 g. of fine 
white crystals, m.p. 87.4-89.9 (49%), which melted at
89.8-90.5° when recrystallized again from this solvent. 
Analytical data for this compound are to be found in Table 
I.

Compounds 1-naphthylmethyl benzyl sulfide (VI), 2- 
naphthylmethyl /3-hydroxyethyl sulfide (IX), l,5-bis-(0- 
naphthylmethylthio )-n-pentane (X), and 1-naphthyl allyl 
sulfide (X III) were prepared by the same general procedure 
as that used to prepare III. Pertinent data relating to these 
preparations may be found in Table I.

(9) All melting points are corrected. Element analyses 
were done by Messrs. William C. Hukari and Wellman W. 
Dietz of this laboratory.

(10) F. Krafft and R. Schonherr, Ber., 22, 824 (1889).
(11) P. T. Cleve., Ber., 21, 1100 (1888).

1- and 2-Naphthyl phenyl sulfides (IV and V). To 25.0 g. 
(0.137 mole) of sodium 2-naphthyl mercaptide (prepared 
by concentrating an alkaline extract obtained from Du 
Pont commercial grade /3-thionaphthol) was added 8.4 g. 
of iodobenzene, and 1.0 g. of copper powder. After refluxing 
the system at 188° for 3 hr., the mixture was cooled, diluted 
with benzene, and filtered. After distilling benzene and 
iodobenzene from the filtrate in vacuo, the residual 24.7 g. 
of semisolid sulfides was fractionally distilled. The following 
fractions were obtained:

1. 0.5 g. orange oil, b.p. 125-137°/0.25 mm. (diphenyl 
disulfide).

2. 12.4 g. yellow oil, b.p. 144-156°/0.25 mm., m.p. 47.5- 
50°.

3. 5.0 g. yellow oil, b.p. 154-165°/0.25 mm., m.p. 38- 
41°.

4. 3.6 g. amber oil, b.p. 170-223 °/0.25 mm. (dinaphthyl 
sulfides).

5. 2.0 g. black, greasy, solid residue.
By recrystallizing fraction 2 twice from absolute ethanol,

5.7 g. of 2-naphthyl phenyl sulfide (V), m.p. 50.7-51.7°, 
(17.6%) was obtained. The product melted a t 51.2-52.2° 
(reported m.p. 51.8°4) after a third recrystallization. Re­
crystallization of fraction 3 from 93% aqueous ethanol 
yielded 3.3 g. of 1-naphthyl phenyl sulfide (IV), m.p. 39.0- 
40.5° (11.7%). The product melted at 40.0-41.0° (reported 
m.p. 41.8°5) after another recrystallization.

Analysis of crude (1-thionaphthol. By extracting 10.0 g. of 
crude |8-thionaphthol with several 100 ml.-portions of 
chloroform, and removing solvent from the extract, 7.4 g. 
of thiol, m.p. 73-77° (compared with m.p. 81.8-82.4° for 
pure II) was obtained. The chloroform insoluble residue was 
primarily a metallic powder which could be decomposed 
with mineral acid.

By treating 4.00 g. (0.0250 mole) of the extracted thiol 
in alcohol solution containing an equivalent of aqueous 
sodium hydroxide with an alcohol solution of 5.06 g. (0.0250 
mole) of 2,4-dinitrochlorobenzene by the method of Bost 
et al.,n  6.57 g. (80%) of crude dinitrophenyl sulfide, m.p. 
120-130°, was isolated. Careful repeated fractional recrystal­
lization of the product from hot 2:1 ethanol/benzene solu­
tion yielded 5.21 g. of the 2,4-dinitrophenyl sulfide of /3- 
thionaphthol (XIV), a golden yellow solid, m.p. 149-150°, 
(reported m.p. of 145°12b), 0.33 g. of di-/S-naphthyl disulfide, 
m.p. 141.5-142.5° (which did not depress the m.p. of 
authentic II, but did depress the m.p. of XIV) and about 
one gram of a solid of m.p. 103-135°, believed to be a mixture 
of II  and XIV. No trace of the a-2,4-dinitrophenyl sulfide 
(known to melt at 176°12b) could be found.

1-Naphthyl-methanelhiol (VI). This compound was pre­
pared by converting 1-chloromethyl-naphthalene (obtained 
by chloromethylating naphthalene13) to the corresponding 
thiol by the method of Urquhart et al.11

To 19.4 g. (0.110 mole) of 1-chloromethylnaphthalene, 
b.p. 122-124°/1.8 mm., was added 8.4 g. (0.11 mole) of 
thiourea, and 60 ml. of 98% aqueous ethanol. After refluxing 
the mixture for 7 hr., it was treated with a solution of 6.8 g. 
of sodium hydroxide, and refluxed for another 2 hr. Most 
ethanol was removed by distilling in vacuo. The residue was 
acidified with mineral acid, treated with brine solution, and 
extracted with benzene. The benzene extract was washed, 
dried, and the benzene removed by distillation in vacuo. The 
residual 17.5 g. of yellow oil (consisting of desired mer­
captan of 91.2% purity on basis of an amperometric titra-

(12) a. R. W. Bost, J. O. Turner, and R. D. Norton,
J. Am. Chem. Soc., 54, 1985 (1932); b. R. W. Bost, J. O. 
Turner, and M. W. Conn, J. Am. Chem. Soc., 55, 4956
(1933).

(13) A. Cambron, Can. J . Research, 17B, 10 (1939); 
cf. Org. Reactions, I, 70 (1942).

(14) G. G. Urquhart, J. W. Gates, Jr., and R. Connor, 
Org. Syntheses, 21, 36 (1941).



558 WEINSTEIN AND PIERSON

WXPQ<1H

"d
iS"3¡X*

'Ti

' w
Ö

Q
EPpm
oz

E-<fcOo
H55HP◄WHfflP<1
£
Öwkl

feo
2o
EH
<
33«<
PhW33

Ph

cToxíhdo

PH

^  2 .03 0)^\H Tr“to>i

•+3 -Hm d 5>» ©f-t t>© X © O 
P h CQ

Ph ö

X X X C<J hH 05oo »o X rH o CO
O (M CO CO (N X1—1 t-H X rH
Xfl 00COoo oo co oo00 Ol X 00p NOoiO o  t> X C0 T}H oo x
p5 io IO IO Tji *c X X X x  X X X

Ca
led

. X (N (M o 00 XX t-H I-1 rH X
«D i6 X X X X

Xfl to o 00 o X X X o X o O X00 )>COX X X x X CO
o t-H r-H T_H T-H t-H x  r-pH 00 go oo oo0000 0000 t> l> 1H X

X* GO X X X Th,© ÍO CO CO l> 1> 00d H—| t y-f (Mo GO 00 00 00 l> X

ó 1
X X H b ©

©X
Mo
X©

©d©esjfl

©fl©K)Ö

Pho
X©

X©
© d d *S

I I
I J2 x

w '>»N ©X ©Xo N © X
%  >v

ö x o fth d© X X ■S -* ffl Cm h-t VH w w Ol

N H O O O I O H Q O ^  I C O )  CDNOiOOOOOOH^iO
(N(N W ^fOCOlM Ci^^

dX■+=>X
P<d
55

©Ö©
'd
XH-=
X

&
¡5

ÖJ©
13
X■+=>
XpH

i>> © !>> © x  fl x  fl-g d ~g 08 
X  X  X  XPh -H> Ph H-303 © g* ©£ s iz s
-H <N

OO

wo
H
S§IO05

wO-H>H
tfiH3■<

WO4-Sw
wo-H
w
S8XCO

>»
'S *>,© X 
d ©
fl g 
Ph

tHCO

CJ <ow o
o

>>x

>>d©

>>x

d
x

P h

>>X

>>X
^ x►H -g© ■+=> e |

, *
-fl .C^nSa¡-¡ a C  o .^  a
03 -H S3 C3 h» o3

£  ~¡Z  CJ|Z

£ g . .
X X

_ X fl ft !

o
X

05 00 »  00
X LO

tJ<o

00 oO 05
oo r-1 t'- r--

X
s
<

dXH>XPHd
55

V)X X X CO X X
o o H 1> CO 00051 T X1 X X 05
00 ó X o o c¿>
05 05 o X Ol l>oo CO X X X 05

mCQ CQ CQ CQ o CQ QQ
ffl p? t f t l w irj ¡1
c5 ü d d d d o

_ d
xjz;

!>>
£©■ scS+3
ö CT
P h' —

PP

¡>>x  _
X ,—lx  HHPhVH

Ph

bß ©d o X 
P « l §© i-H bß
M  CG ^T3 T* *r
-g> *H M r~:
0,0 ö© . +3
■ © *“• t»
^ 'g  ££  S Oí-i t-i P
o  o  c n
P h P h .

io • x
? ? &O.^ 03
X © m O © d
ß X  ̂^ ^  X
h-t ö gS  © d
h  d  o

M-B &© P
o  ^ -^ 9   ̂ x O
CDc3 © .

w °
f l ?
° ¡ 5
©T *  o  bß  ̂^  d 03 o
2  g *> .21>- bß +*
.2 *® J-,43 ON *© ÄI> g _cq rH

M 4*.s s,g '+-•
3  o

x
ddx  r2dm

■* © d

_  J b
° | o  x  *ooQ O X+? JH +=>
s  2 "■o g 3o o d of-H * J*x rd f-H
d § l  £d © S mO d l—H ĥ2- d b1 op fl x  ^
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tion with silver nitrate solution16) was distilled. In this way,
15.1 g. of colorless oil, b.p. 142.0-143.0°/0.5.0 mm., n 2D° 
1.6628 (78.6%) was obtained.7

Anal. Calcd. for C„H10S: C, 75.79; H, 5.78; S, 18.39. 
Found: C, 75.25, 75.40; H, 5.78, 5.68; S, 17.75, 18.00.

2-N aphthylmethanethiol (VII). Essentially the same pro­
cedure was employed for synthesis of VII as that for syn­
thesis of VI. The 2-bromomethyl-naphthalene used in this 
preparation was synthesized from 2-methylnaphthalene 
(Matheson, Coleman & Bell pract. grade) by the procedure 
of Buu-Hoi.16 A yield of 26.6 g. of crude mercaptan (VII) 
(79.9%) was obtained in crops of 18.0 g., m.p. 46-49°, and
8.6 g., m.p. 41-43°, by treating 42.2 g. (0.191 mole) of 2- 
bromomethyl-naphthalene with thiourea and base in the 
prescribed manner. By reprecipitating the first crop of mer­
captan from aqueous-alcoholic alkaline solution with mineral 
acid, and recrystallizing the precipitate so obtained from 
absolute ethanol, 9.5 g. of pure thiol, m.p. 47.2-47.7° was 
obtained.

Anal. Calcd. for CuHi0S: C, 75.79; H, 5.78; S, 18.39. 
Found: C, 75.95, 76.20; H, 6.10, 5.93; S, 18.33, 18.08.

l-(a-Naphthyl)-2-methylpropanethiol-2 (XI). This mer­
captan was prepared by hydrosulfurating crude 1-methallyl- 
naphthalene. The hydrocarbon was prepared, essentially, 
by the method used by Bordwell el al.a to prepare meth- 
allylbenzene.

Crude 1-methallylnaphthalene. A Grignard reagent, ob­
tained by interaction of 104 g. of 1-bromonaphthalene 
(0.500 mole of Eastman Kodak white label product) with
12.2 g. magnesium turnings (Merck Grignard grade) in 500 
ml. abs. ether (predried over sodium) under nitrogen 
atmosphere, was treated, first, with a solution of 50 ml. 
anhyd. ether and 200 ml. anhyd. benzene (C.P.), then, 
with an 0.500 mole quantity of /9-methallyl chloride (M athe­
son, Coleman & Bell pract. grade), added, dropwise, over a 
0.5 hr. period to the Grignard system on a warm water 
bath. The system was refluxed for 2 hr., hydrolyzed with 330 
ml. of 10% sulfuric acid, and the layers separated. By 
removing ether, 0-methallyl chloride and benzene from the 
washed, dried, ether layer, 89.4 g. of amber colored oil was 
obtained. After removal of a 14 g. forecut of naphthalene 
and l-bronionaphthalene between b.p. 78-123°/7.5 mm., 
a 57.9 g. fraction of crude 1-methallylnaphthalene, b.p. 
128-132°/6.9 mm., was obtained (63.6% 19). The product 
was known to contain some 1-bromonaphthalene (which 
boils at 122-125°/5 mm.) but was used without further 
purification.

Hydrosulfuration. The crude 1-methallylnaphthalenc was 
placed in the glass liner for a 1 liter stainless steel autoclave 
and cooled to —78°. To the hydrocarbon was added 10 ml. 
of a 48% solution of boron trifluoride in ether and 90 g. of 
iquid hydrogen sulfide. The glass liner (wiped free of frost)

(15) I. M. Kolthoff and W. E. Harris, Ind. Eng. Chem., 
Anal. Ed., 18, 161 (1946).

(16) Ng. Ph. Buu-Hoi, Ann., 556, 8 (1944).
(17) This compound was supplied to us by Mr. Max. H. 

Keck of this laboratory, who prepared it from the dibromide 
by the thiourea method (see ref. 14) in a manner, similar to 
that of one of the two methods by which W. P. Hall and 
E. E. Reid, J . Am. Chem. Soc., 65, 1466 (1943), prepared 
this compound. One of the boiling points recorded for this 
compound by H. and R. is 90.1°/10 mm. These workers 
also prepared this dithiol by treatment of the dibromide 
with sodium hydrosulfide.

(18) F. G. Bordwell, C. M. Suter, and A. J. Webber, 
J. Am. Chem. Soc., 67, 830 (1945).

(19) H. F. Hipsher and P. H. Wise, Nat’l Advisory Comm, 
for Aeronaut. Tech. Note No. 2430, 19 (1951), cf. Chem. Abstr., 
46, 8074 (1952), report preparation of a crude uncharac­
terized form of this hydrocarbon, in 85% yield, by their 
own modification of the same general method. They frac­
tionated an undisclosed quantity of crude isomeric l-(a- 
naphthyl), 2-methylpropene-l from this product.

was inserted into the 1-1. steel autoclave, which had been 
precooled to —78°, and the autoclave sealed. The autoclave 
was allowed to warm to room temperature, and to stand at 
this temperature for 88 hrs. The vessel was opened under a 
hood, the product poured into water, and extracted with 
ether. By removing ether from the washed, dried ether 
extract, 60.5 g. of brown oil was obtained. The product, 
which contained 83.2% of desired mercaptan (on basis of 
amperometric nitration with silver nitrate16), could not be 
purified further by formation of the lead mercaptide (a 
taffy-like yellow semi-solid) and liberation of the mer­
captan with mineral acid. By distilling 27.4 g. of crude 
mercaptan under nitrogen atmosphere, the following frac­
tions were obtained: 1. 8.6 g. of yellow oil, b.p. 152-155°/5.0 
mm. (containing mercaptan of 94.5% purity). 2. 10.2 g. of 
pale yellow fluorescent oil, b.p. 155.7-160.0°/5.0 mm., n“  
1.6162 (containing mercaptan of 97.1% purity).

Thus, the over-all yield of fairly pure thiol (XI) in two 
steps from 1-bromonaphthalene is 34.8%.

Fraction 2 was used for determination of ultraviolet 
absorption spectrum and for element analysis.

Anal. Calcd. for Ci4H i6S: C, 77.71; H, 7.45; S, 14.82. 
Found: C, 77.45, 77.30; H, 7.76, 7.65; S, 14.84, 14.79.

Di-l-naphthyl disulfide (XII). This compound w'as pre­
pared in two ways. A. By Leuckart method. By treating 
diazotized 1-naphthylamine with potassium ethyl xanthate, 
and hydrolyzing the resultant xanthate ester with base 
(following the Tarbell and Fukushima adaptation of the 
Leuckart method for preparation of m-thiocresol20) a 19 g. 
(48%) quantity of crude brown colored mercaptan oil was 
obtained. Upon distilling this oil, a total of 5.5 g. of mer­
captan, b.p. 131°/4.5 mm., and disulfide, b.p. 165°/3 mm. 
was obtained. By treating the combined distillate with as 
much iodine/aqueous potassium dioxide solution as could 
be decolorized by the oil, extracting the oxidation product 
with benzene, isolating the product, triturating with hexane, 
and collecting the crystals, 2.3 g. (5.7%) of yellow-white 
needles, m.p. 87.1-88.4°, was obtained. By recrystallizing 
the product from 15 pts. hot n-hexane, 1.48 g. of pale yellow 
needles, m.p. 89.4-89.9°, were obtained. (Compare with 
needles, m.p. 91°, from pet. ether reported by Leuckart,21 
and with leaflets, m.p. 85°, from ethanol reported by Scher- 
tel22). This sample was used for ultraviolet absorption 
spectrum determination.

B. By Grignard method. By converting a 2.00 mole quan­
tity  of 1-bromonaphthalene to the Grignard reagent by 
treatment with a 50% excess of magnesium turnings, in 
ether solvent, under nitrogen atmosphere, allowing the 
Grignard to react with two gram atom equivalents of sulfur, 
hydrolyzing the complex, and isolating the mercaptan in the 
usual manner,23 312 g. of oil, containing a 68:29 ratio of 
mercaptan to disulfide24 (or a 95.6% yield of naphthylthio 
units) was obtained. By treating an aliquot portion of the 
oil mixture with sufficient iodine/potassium iodide solution 
to oxidize all mercaptan to disulfide, and recrystallizing the

(20) D. S. Tarbell and D. K. Fukushima, Org. Syntheses, 
Coll. Vol. I ll, 809 (1955).

(21) Leuckart, J. prakt. Chem., [2] 41, 217 (1890).
(22) A. Schertel, Ann., 132, 94(1864).
(23) A method used to prepare a similar mixture by 

Taboury, Compt. rend., 138, 982 (1904), who gave no details 
of the mixture ratio or yield.

(24) As determined by a method developed by Dr. Glen 
E. Meyer of this laboratory, as reported by G. E. Meyer, 
R. J. Coleman, and R. M. Pierson, “Behavior of Some Bis- 
Type Modifiers in Emulsion Butadiene Polymerization,” 
private communication to Office of Synthetic Rubber, FFC 
1954, based upon the fact that di-aryl disulfides are cleaved 
quantitatively by treatment with sodium sulfite, generally 
to one mole of sodium mercaptide and one mole of Bunte 
salt, and in special cases to two moles of sodium mercaptide. 
The mercaptide content is then determined by potenti- 
ometric titration with standardized silver nitrate solution.
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crude solid disulfide from a 95% aqueous ethanol/«-hexane 
mixture, disulfide was obtained in two crops of 117 g. of 
yellow-orange crystals, m.p. 87.3-88.3°, (36.8%) and 17.5 
g. of very fine pale yellow crystals, m.p. 81-83° (5.3%). 
The melting point of the higher melting crop was increased 
to m.p. 89.7-90.6° by recrystallization from 95% aqueous 
acetic acid. Titrimetrio analysis of this product by the 
sodium sulfite silver nitrate method,24 indicated a purity of 
99% of XII.

1-Naphthyl allyl sulfide (X III). By treating 60.8 g. of 
1-thionaphthol (0.380 mole) with equivalent quantities of 
alcoholic potassium hydroxide and allyl bromide (Halogen 
Chem. Co.) in much the same manner as that used to pre­
pare III, the crude mixed sulfide was isolated as a golden 
oil. By distilling this oil, two fractions of desired sulfide 
were obtained: 1. 26.8 g., b.p. 153.3-155.3°/4.2 mm., and
2. 22.3 g., b.p. 154.3-157.4°/4.2 mm., both distillates being

fluorescent yellow oils (78%) with distinct garlic-like odors. 
Fraction 1 was used as a sample for both ultraviolet absorp­
tion spectrum determination and element analysis.
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The preparation of some new thiophene and thianaphthene dyes and their derivatives has been presented and discussed. 
The absorption spectra of 3-Thianaphthene Malachite Green, 2-Thianaphthene Malachite Green and its derivatives, 3- 
Thiophene Malachite Green and its derivatives have been determined and compared with the absorption spectra of Mala­
chite Green. An interpretation of the bathochromic effects of the thiophene and thianaphthene rings in triarylmethane 
dyes has been offered.

It was demonstrated earlier3 that replacement of 
one of the phenyl rings in Malachite Green by a 
thiophene ring produces a bathochromic shift of 
the secondary absorption band. In a continuation 
of the study of the effect on the absorption spec­
trum of Malachite Green, of replacing one of the 
phenyl rings by a heterocyclic ring, a number of 
dyes containing either a thiophene ring or a thia­
naphthene ring were prepared and their absorption 
spectra measured. Furthermore, dyes containing 
various substituents on the heterocyclic moiety 
were also prepared to investigate the effects of 
these substituents.

The dyestuffs studied were those shown in the 
accompanying formulas.

The general method of preparation consisted of 
the condensation of the appropriate aldehyde or 
the substituted aldehyde with two molecules of 
dimethylaniline using anhydrous zinc chloride as 
the condensing agent. The oxidation of the leuco 
compounds so obtained to the dyes was achieved

* For communication XXXI of this series see J. Org. 
Chem,., 21, 419 (1956).

(1) Postdoctoral fellow from the University of Bombay, 
India.

(2) Present address: Glidden Company, P.O. Box 389,
Jacksonville, Fla.

N (CH3) 2

using manganese dioxide and sulfuric acid. The 
dyes were isolated as their zinc chloride complex 
salts. The dye bases were prepared by basification 
of the dye solutions with aqueous sodium hydroxide 
solution. During the course of purification of the 
dye bases, a considerable polymerization was en­
countered. This observation was first made in the 
case of the dye base of 2-Thiophene Malachite 
Green.3 It could be avoided to a certain extent by 
isolating the dye bases immediately upon formation.

(3) C. D. Mason and F. F. Nord, J. Org. Chem., 16, 722
(1951).



APRIL 1958 CHEMISTRY OP HETEROCYCLICS. XXXII 561

The identities of the dyes were established by 
their methods of preparation, analyses of the leuco 
bases and the dye bases and by their characteristic 
absorption spectra.

Of the aldehydes and the substituted aldehydes 
required for the preparation of these dyes, 3-bromo-,
3-chloro-, and 3-methyl-2-thianaphthenecarboxal- 
dehyde have not been reported previously. These 
were prepaired from the respective 3-substituted 
thianaphthene derivatives which are known, met- 
alating them using n-butyllithium and treating the 
aryllithium compounds with iV-methylformanilide. 
Hydrolysis of the complexes so formed gave the 
desired aldehydes.

Absorption spectra. The absorption spectra of 
triarylmethane dyes are of a particular type be­
tween 800 and 200 mp. Three principal bands are 
observed, which have been referred to as the x, y, 
and the x' bands.4 5 * The x and the y bands are in 
the visible region and in dilute solutions practically 
symmetrical. The x band is the main band and has 
the highest extinction.

According to the prevailing theory,4 the main 
absorption band of Malachite Green is characterized 
by an oscillation of the electron cloud across the 
molecule between the two auxochromes. The y 
band corresponds to an oscillation through the 
phenyl group along an axis perpendicular to the 
main axis, while the x' band has been associated 
with a secondary oscillation of a higher amplitude. 
In a dye such as Malachite Green, the y band is of 
a shorter wave length, since the resonance in the 
y direction involves a carbonium ion, which has a 
lower stability than an ammonium nitrogen atom. 
Any alteration in the structure of Malachite Green 
which affects the phenyl group such as replacement 
with a thienyl or a thianaphthenyl group, will be 
most pronounced in the shift of the y band. Results 
of these replacements can be seen in Figs. 1 and 2.

The x' band is observed in the ultraviolet region 
of the spectrum. According to Lewis and Bigel- 
eisen,8 the main band of a molecule of a frequency 
V corresponds to the difference in energies between 
the ground state and the first excited state. When 
a molecule receives a higher excitation to the sec­
ond excited state, resulting in an electronic oscil­
lation of a higher amplitude in the direction of 
polarizability, a second band of frequency V' is 
found, which is related to the x' band. Since the 
differences in the energy levels are equal, the ratio 
V'/V should be exactly 2; however, the probability 
of such a jump is zero. In a molecule, in which the 
electronic oscillations are not entirely harmonic, 
as in the case of dye molecules, the energy levels of 
the successive excited states will lie closer together. 
In this case the ratio V '/V will be less than 2 and

(4) G. N. Lewis and M. Calvin, Chem. Revs., 25, 273
(1939).

(5) G. N. Lewis and J. Bigeleisen, J. Am. Chem. Soc., 65,
2107 (1943).

Fig. 1. Absorption spectra of Malachite Green and
3-Thiophene Malachite Green. Malachite Green, 
3-Thiophene Malachite Green, -----;—

Fig. 2. Absorption spectra of Malachite Green and 2- 
and 3-Thianaphthene Malachite Greens. Malachite Green,
-------- ; 3-Thianaphthene Malachite Green,--------- ; 2-Thia-
naphthene Malachite Green,

the ratio e*'/«* greater than zero. However the 
ratio V'/V may be greater than 2, depending on 
the amplitude of the electronic displacements rela-
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TABLE I
A b s o r p t io n  M a x im a  a n d  M o l e c u l a r  E x t in c t io n  C o e f f ic e n t s  o f  3 -T h io p h e n e  M a l a c h it e  G r e e n  a n d  S u b s t it u t e d

D y es

Dye
X*, 
m fj. e* X 10“4

Xy>
rn.fi 6y X 10

Xx',
lïlyU ey X 10-" Vx'/Vx e»'/«*

Malachite Green 620 9.91 428 1.88 320 1.76
3-Thiophene Malachite Green 617 9.71 444 2.31 316 1.51 1.95 0.158
2,5-Dimethyl-3-Thiophene

Malachite Green 619 10.4 464 1.92 321 1.28 1.93 0.123
2-Bromo-3-Thiophene

Malachite Green 640 9.0 441 1.28 318 1.42 2.02 0.175
2-Chloro-3-Thiophene

Malachite Green 642 10.70 441 1.63 318 1.88 2.01 0.158

TABLE II
A b s o r p t io n  M a x im a  a n d  M o l e c u l a r  E x t in c t io n  C o e f f ic ie n t s  o f  T h ia n a p h t h e n e  M a l a c h it e  G r e e n  D y es  C om ­

p a r e d  w it h  T h o se  o f  M a l a c h it e  G r e e n

Dye
Xx,
m fi ** X 10 “4

Xy,
TCifl << X 1—i O 1 Xx',

mu ex' X 10 ~4 Vx'/v% €xr /  *X

Malachite Green 620 9.90 428 1.88 316 1.91
3-Thianaphthene Malachite 

Green 627 8.87 476 1.86 304 1.53 2.06 0.171
2-Thianaphthene Malachite 

Green 645 7.56 492 3.10 311 1.50 2.07 0.198
3-Methyl-2-Thiana,phthene 

Malachite Green 645 9.03 495 2.19 309 1.68 2.07 0.185
3-Bromo-2-Thianaphthene 

Malachite Green 661 8.10 480 1.54 309 1.65 2.13 0.203
3-Chloro-2-Thianaphthene 

Malachite Green 667 7.80 485 1.70 310 1.61 2.15 0.206

tive to the dimensions of the molecule.6 Since the 
amplitude of the electron displacement depends 
on the polarizability of the molecule, it will be greater 
for those dyes with larger maximum wave lengths 
of absorption. Hence, in a series of similar com­
pounds, as the value of Ama* of the x band increases, 
the ratio of the frequencies of the x; and the x 
band, Y'/V, will increase even to the extent of 
exceeding 2, and simultaneously the ratio ex'/ex 
will decrease. When the thianaphthene dyes are 
placed in the order of increasing A* a gradation of 
the ratio of frequencies is evident, as can be seen 
in Table II. However, such a gradation is not seen 
in the case of the thiophene dyes (Table I).

Both the hetorocyclic rings produce a batho- 
chromic shift of the y band of Malachite Green, as 
can be seen from the data listed in Tables I and II. 
I t will also be recognized that there is a bathoc.hro- 
mic shift of 64 m̂ i of the y band when the phenyl 
ring in Malachite Green is replaced by a 2-thia- 
naphthenyl ring. This is much larger in comparison 
with a similar shift of 41 m^ observed in the case 
of 2-Thiophene Malachite Green.3 This compara­
tively larger shift may be due to the higher electron 
releasing power of the thianaphthene ring as com­
pared to that of the thiophene ring. It is therefore 
capable of donating more electrons to the central 
carbon atom, thereby increasing the basicity of the 
nitrogen atom and consequently lowering the ab­
sorption frequency.

It has been reported previously6 that when one of 
the phenyl rings of Malachite Green is replaced by 
an a-naphthyl or a /3-naphthyl group, prominent 
secondary bands are observed. Although no shift 
of the secondary band was mentioned in either 
case, it was noted that the second band is twice as 
high in the ¡3- as in the «-compound. This has been 
attributed6 partly to the greater extension in the y 
direction of the former molecule and partly to its 
nearer approach to coplanarity. However, in the 
present case, where one of the phenyl groups is re­
placed by a 2- or 3-thianaphthenyl ring, it is found 
that the second band is twice as high in the former 
compound as in the latter. Since the extension of 
the molecule in the y direction is the same in both 
the thianaphthene substituted dyes, it appears that 
the higher extinction in the case of the former 
dye is due to its nearer approach to coplanarity. 
However, it might also be due to a greater extent 
of conjugation from the 2- than from the 3-thia- 
naphthenylgroup

It will be noticed from the data listed in Table 
II that there is practically no effect of the methyl 
substituent on the absorption spectrum of 2- 
Thianaphthene Malachite Green, while there is a 
bathochromic shift of the y band of 3-Thiophene 
Malachite Green (Table I). According to Lewis03

(6) G. N. Lewis and J. Bigeleisen, J. Am. Chem. Soc., 65, 
2102 (1943).

(6a) G. N. Lewis, J . Am. Chem. Soc., 67, 770 (1945).
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an ortho substituent on the phenyl ring in 
Malachite Green should have a bathochromic 
effect on the main band due to a steric effect, which 
forces the phenyl group out of the nearly coplan ar 
configuration, thus diminishing its share in the 
general resonance. Since, however, such a shift is 
not noticed, it appears that the introduction of 
either heterocyclic ring has increased the atomic 
distance sufficiently so that no steric hindrance is 
encountered. This finding is similar to previous 
observations regarding the effect on the absorption 
spectra of 2-Thiophene Malachite Green by the 
methyl substituent in the ortho position of the 
thienyl ring.7 8

The absorption spectra of the halogenated dyes 
reveal that there is a bathochromic shift of the x 
band. The deepening of the color produced by these 
electronegative atoms is apparently due to their 
ability to remove electrons from the heterocyclic 
ring, thus increasing the positive charge that is 
present.

E X P E R IM E N T A L

Preparation of the starting substances. Thianaphthene-2- 
carboxaldehyde was prepared from thianaphthene.7 Thia- 
naphthene-3-carboxaldehyde was prepared from thianaph­
thene by applying the Sommelet reaction.8 3-Methylthia- 
naphthene was prepared by cyclization of phenyl acetonyl 
sulfide.9 3-Bromothianaphthene was prepared by bromi- 
nation of thianaphthene.10 3-Thenaldehyde was prepared 
according to Campaigne,11 2,5-dimethyl-3-thiophene car- 
boxaldehyde according to Blanchette,12 and 2-halo-3-thio- 
phenecarboxaldehydes according to Campaigne and Le Suer.13

Preparation of S-methylthianaphthene-2-carhoxaldehyde. 3- 
Methylthianaphthene (29.6 g., 0.2 mole) in 60 ml. of anhy­
drous ether was metalated by addition to an ethereal solu­
tion of n-butyllithium prepared from n-butyl bromide (41.2 
g., 0.3 mole) in 50 ml. ether and lithium metal (5.04 g., 
0.72 g.-atom) in 100 ml. ether. To the organometallic com­
pound was added slowly with stirring a solution of V-methyl- 
formanilide (27.0 g., 0.2 mole) in 45 ml. of ether. After com­
pletion of the addition, the mixture was heated to reflux for 
one hour and then hydrolyzed by pouring it into a mixture 
of 2N  hydrochloric acid and crushed ice. The ether layer 
was separated and the aqueous layer extracted three times 
with ether. The residue after the removal of the solvent was 
dissolved in the minimum amount of ethanol, and 150 ml. 
of an aqueous saturated solution of sodium bisulfite was 
added. The mixture was shaken for 0.5 hr., and the bisul­
fite addition compound which separated was filtered, washed 
with ether, and decomposed with a hot, saturated aqueous 
solution of sodium carbonate, yielding a colorless product

(7) D. A. Shirley and M. J. Danzig, J. Am. Chem. Soc., 
74,2935 (1952).

(8) W. J. King and F. F. Nord, J. Org. Chem., 13, 635
(1948).

(9) E. G. G. Werner, Rec. Trav. Chim., 68, 509 (1949).
(10) J. Szmuszkovicz and E. J. Modest, J. Am. Chem. 

Soc., 72, 571 (1950).
(11) E. Campaigne, R. C. Bourgeois, and W. C. Mc­

Carthy, Org. Synthesis, 33, 93 (1953).
(12) G. Blanchette, dissertation, Fordham University 

(1951).
(13) E. Campaigne and W. M. Le Suer, J. Am. Chem. 

Soc., 71,333 (1949).

(18.1 g.). On two further crystallizations from acetone it 
gave colorless needles, m.p. 88-88.5°.

Anal. Calcd. for Ci0H8OS: C, 68.19; H, 4.55; S, 18.19%. 
Found: C, 68.28; H, 4.54; S, 18.50.

The phenylhydrazone crystallized from alcohol in yellow 
needles, m.p. 178-179°.

Anal. Calcd. for Ci6HhN2S: N, 10.53. Found: N, 10.90.
By applying a similar procedure, 3-bromothianaphthene 

(42.6 g., 0.2 mole) gave colorless needles of 3-bromothi- 
naphthene-2-carboxaldehyde, m.p. 123-124°.

Anal. Calcd. for C9H6SBrO: C, 44.81; H, 2.08; S, 13.28%. 
Yield 5.1 g. Found: C, 45.28; H, 1.98; S, 13.50.

The phenylhydrazone crystallized from alcohol in pale 
yellow needles, m.p. 158-159°.

Anal. Calcd. for Ci5HiiBrN2S: C, 54.39; H, 3.57; Br, 
24.18; S, 9.67%. Found: C, 54.53; H, 3.57; Br, 24.20; S, 
9.61.

3-Chlorothianaphthene-2-carboxaldehyde, prepared simi­
larly from 3-ehlorothianaphthene crystallized in colorless 
needles from ethanol, m.p. 106-107°.

Anal. Calcd. for C 9H 5CIOS: C, 54.95; H, 2.52; Cl, 18.06%. 
Found: C, 55.00; H, 2.23; Cl, 18.48.

The phenylhydrazone crystallized from ethanol in orange 
flakes, m.p. 172-173°.

Anal. Calcd. for Ci5HuC1N2S: N, 9.08%. Found: N, 9.50.
Preparation of intermediates. The preparation of all the 

leuco bases, their oxidation and the isolation of derivatives 
was carried out utilizing the procedure of this laboratory.3 
The yields, melting points, and analyses of the various inter­
mediates are listed in Tables III, IV, V, and VI. As an ex­
ample, preparation of 2-Thianaphthene Malachite Green is 
presented.

Preparation of p-p'-tetramethyldiaminodiphenyl (2-thianaph- 
thenyl)methane (I). 2-Thianaphthenecarboxaldehyde (12.75 
g., 0.079 mole) was mixed with dimethylaniline (19.5 g., 
0.16 mole) in a 100-ml. three-necked flask. The mixture was 
heated on a steam bath and anhydrous zinc chloride (16.1 g., 
0.118 mole) was gradually added under stirring. The thick 
mass was heated under stirring for 6 hr. After the excess of 
dimethylaniline and the unreacted aldehyde had been steam 
distilled, the residue was cooled and washed with water. 
The colorless product (25.8 g.), obtained on four crystal­
lizations from benzene and petroleum ether (b.p. 60-75°), 
gave colorless needles, m.p. 142-143°.

Oxidation of (I). The leuco base (I) (7.8 g., 0.0202 mole) 
was dissolved in 2N  sulfuric acid (30 ml.) and water (500 
ml.). To the clear solution pulverized manganese dioxide 
(2.3 g., 0.0272 mole) was gradually added, with stirring. 
After the addition was completed, the mixture was stirred 
vigorously for 2 hr. I t  was then filtered and the residue ex­
tracted with 100 ml. of boiling water. The washings were 
added to the dye solution, which was finally made to 800 
ml.

Zinc chloride complex of 2-Thianaphthene Malachite Green. 
To 400 ml. of the dye solution was added 1.36 g. (0.01 
mole) of anhydrous zinc chloride dissolved in minimum 
amount of water followed by 600 ml. of saturated brine 
solution. The copper colored crystals were filtered and 
washed carefully with ice cold water.

Preparation of p-p’-tetramethyldiaminodiphenyl{2-thia- 
naphthenyl)methanol. Aqueous sodium hydroxide (10 ml. of 
10% solution) was added to 300 ml. of the dye solution with 
vigorous stirring. The carbinol, which precipitated, was 
filtered and washed with water. I t  was then dried in  vacuo 
in a desiccator. The dry product was extracted in a Soxhlet 
extractor with petroleum ether (b.p. 60-75°) for 6 hr. The 
pink colored crystals obtained gave colorless needles on re­
peated crystallizations from petroleum ether (b.p. 60- 
75°).

Absorption spectra. These measurements were taken 
with a Beckman DU Quartz Spectrophotometer over a 
range from 260-700 my. Readings were taken a t every 10 
m y  intervals in the visible region and at every 5 m y  intervals 
in the ultraviolet. Near the points of maxima readings were
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TABLE III
L etjco  B a s e s  a n d  Z in c  C h l o r id e  C o m p l e x e s  o f  T h i o p h e n e  M a l a c h it e  G r e e n

Leuco Bases
Zinc Chloride 

complexes4

Tetramethyl- Analyses Analyses

Yield, M.P.,“ Caled. Found Caled. Found
diphenyl- % ' °c.' C H N S Hal. C H N S Hal. N N

(3-Thienyl)- 
methane 

(2,5-
Dimethyl- 
3-thienyl) 
methane 

(2-Bromo-3- 
thienyl)- 
methane 

(2-Chloro-3- 
thienyl)- 
methane

“ All melting points are uncorrected.4 For ChiiL:;ClN^l.l,°S-2Z[it L  • .‘Ul.O where R° is a substituent on the thiophene ring.

TABLE IV
B a s e s  o f  T h i o p h e n e  M a l a c h it e  G r e e n  D y e s

59.3 111-112 75.00 7.14 8.35 74.97 7.17 8.65 5.84 5.60

49.0 139-140 75.76 7.76 8.80 75.05 7.91 8.92 5.77 5.75

65.3 115-117 60.07 5.59 19.24 60.14 5.54 19.30 5.02 5.59

57.0 122-123 67.98 6.26 9.56 68.00 6.14 9.89 5.45 5.50

Analyses
Tetramethyldiamino-

diphenyl-
M.p..“ Caled. Found

°C. C H N S Hal. C H N S Hal.

(3-Thienyl )methanol 
( 2,5-Dime thyl-3-thienyl )-

183-184 71.60 6.82 7.96 71.57 6.37 7.93

8.35methanol
(2-Bromo-3-thienyl)-

152-153 72.58 7.43 8.43 73.16 7.71

methanol-
(2-Chloro-3-thienyl)-

143-144 58.47 5.38 18.52 58.54 5.48 19.42

methanol- 140-142 65.17 6 00 9.16 65.12 6.58 9.80

a All melting points are uncorrected.

TABLE V
L e u c o  B a s e s  a n d  Z in c  C h l o r id e  C o m p l e x e s  o f  T h ia n a p h t h e n e  M a l a c h it e  G r e e n  D y e s

Leuco Bases ___________________  Complexes4
Analyses Analyses

Tetramethyldiamino- M.P.,“ Yield, Found Caled. Caled. Found
diphenyl- "C. % C H S Hal C H S Hal. N N

(3-Thianaphthenyl)-
methane

( 2-Thianaphthenyl )-
148-149 84.8 78.01 7.40 8.34 77.71 6.74 8.30 5.27 4.85

methane
(3-Methyl-2-thianaph-

142-143 80.4 77.34 6.69 7.96 77.71 6.74 8.30 5.27 5.11

thenyl)methane 157-158 34.3 77.68 0.59 7.66 78.00 7.00 8.00 5.15 4.94
(3-Bromo-2-thianaph- 

thenyl)methane 
( 3-Chloro-2-thianaph-

126-127 39.8 64.25 5.45 17.40 64.50 5.38 17.21 4.60 5.22

thenyl (methane 139-140 61.3 71.19 5.89 71.35 5.95 6.40 5.82

0 All melting points are uncorrected.4 For 3 C25R25ClN2R 0S-2ZnCl2 - 3 ^ 0  where R° is a substituent on the thianaphthene 
ring.

TABLE VI
C a r b in o l  B a s e s  o f  t h e  T h ia n a p h t h e n e  M a l a c h it e  G r e e n  D y e s

Analyses

Tetramethyldiaminodiphenyl-
M.P.,“

°C.
Found Calculated

C H S C H S
(3-Thianaphthenyl)methanol 170 74.95 6.47 7.78 74.63 6.47 7.96
( 2-Thianaphthenyl )me thanol 193-194 74.57 6.82 8.16 74.63 6.47 7.96
(3-Methyl-2-thianaphthenyl (methanol 182-183 75.00 6.73 7.69 74.61 6.54 7.69
(3-Bromo-2-thianaphthenyl)methanol 212-213 62.79 5.40 7.30 62.38 5.20 6.65
(3-Chloro-2-thianaphthenyl)methanol 188 69.13 6.01 68.71 5.73

All melting points are uncorrected.
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taken a t every m/x. Solutions of the dyes were made by dis­
solving weighed amounts of analytically pure carbinols in 
glacial acetic acid. The molarities of the dye solutions were 
between 1 X 10“6 and 1 X 10-3.
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Tetra-2-benzimidazolylethylene (I) has been prepared and its ultraviolet, visible, infrared, and x-ray diffraction spectra 
determined. Nitro, chloro, bromo, sulfo, methyl, and methoxyl derivatives of I have been made.

In the course of an investigation of novel dye 
structures, tetra-2-benzimidazolylethylene (I) was 
prepared and found to be a strong yellow chromo- 
phore. The visible spectrum in dimethylformamide 
is shown in Fig. 1. The molar extinction coefficient

WAVE LENGTH, m/c
Fig. 1. Visible spectrum of tetra-2-benzimidazolylethyl- 

ene. One centimeter dimethylformamide solution, 0.0093 
gram per liter

is 24,000 at 3800 A. I is insoluble in water at any 
pH and in most organic solvents. I t can be dis­
solved to a small extent in dimethylformamide and 
is completely soluble in 100% sulfuric acid from 
which it is recovered unchanged by dilution with 
water. I is crystalline and is characterized by an 
x-ray diffraction pattern having seven peaks at the 
following interplanar spacings:

d, Â. I / I m a x

13.5 40
12.4 100
6.20 20
5.85 30
5.42 20
3.80 20
3.65 15

The ultraviolet and infrared spectra of I are re­
produced in Figs. 2 and 3, respectively. From a 
study of molecular models, it is concluded that I 
should be hydrogen-bonded between the 4 adjacent 
nitrogen pairs.

Fig. 2. Ultraviolet spectrum of tetra-2-benzimidazolyl- 
ethylene. One centimeter dimethylformamide solution, 
0.0180 gram per liter

Two routes to I were found. The first is reaction 
of tetramethvl ethane-1,1,2,2-tetracarboxylate with 
o-phenylenediamine to give l,l,2,2-tetra-2-benzimi- 
dazolylethane which is subsequently oxidized to I.
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N = C  ,C— NH
\ = C

HN— C XC = N

N HN 

I

Oxidation may be achieved in air at 210-250°, 
refluxing nitrobenzene, aqueous hydrogen peroxide, 
alkaline sodium hypochlorite, chlorine, bromine, or 
nitric acid. Chlorine, bromine, and nitric acid pro­
duce chloro, bromo, and nitro derivatives of I, 
respectively. Nitrobenzene is preferred for ease of 
operation, yield, and purity. Acidic potassium per-

(C2H5OOC)2CH2 +  2

I
[0]

manganate or chromic acid cannot be used since 
they destroy the product.

The second preparative route is reaction of di- 
ethylmalonate with o-phenylenediamine to give 
di-2-benzimidazolylmethane, followed by bimolec- 
ular oxidation to I with air, nitrobenzene, sulfur, 
sodium hypochlorite, chlorine, or bromine. Chlorine 
and bromine give halogenated products.

Both routes are generally successful with o- 
phenylenediamine substituted with alkyl or alkoxyl 
groups. Halogen or nitro substituents, on the other 
hand, prevent reaction.

Chlorination and bromination of I are readily 
effected by direct reaction with the elements in al­
cohol or acetic acid. As expected,1 an appreciable 
amount of halogen is bound by the imidazole rings 
and is difficult to remove even by pasting in sul­
furic acid. For this reason it is best to chlorinate 
with sulfuryl chloride and to brominate in a mix­
ture of bromine, sulfuryl chloride, and trichloro­
benzene. Products obtained in this way appear to 
be free of removable halogen and are characterized 
by very low solubility in nitrobenzene, a solvent 
for many of the iV-halogenated compounds. A prod­
uct containing approximately 11 nuclear chlorine 
atoms was found to be too insoluble in dimethyl- 
formamide to permit determination of the visible 
spectrum in that solvent. Determination of the 
spectrum on a mineral oil dispersion showed a 
maximum at 3600 A. The infrared spectrum of this 
chlorinated derivative is reproduced in Fig. 4.

I and its derivatives are not affected noticeably 
by mild alkalies and weak acids. Strong alkalies 
and strong mineral acids cause shade changes, 
greener with alkalies, redder with acids. An excep­
tion is the completely chlorinated derivative which 
shows no sensitivity to either acids or bases.

The strong color and stability of I and its deriv­
atives make these novel substances potentially 
useful as dyes and pigments.2

(1) J. B. Wright, Chem. Revs., 48, 397 (1951).
(2) R. G. Arnold, U. g. Patents 2,697,711, 2,697,712, and 

2,697,713 (1954) [Chem. Abstr., 49, 14036 (1955)].
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Fig. 4. Infrared spectrum of polychlorotetra-2-benzimidazolylethylene, KBr disk, NaCl prism

E X P E R I M E N T A L

The ultraviolet and visible spectra were determined with 
a Cary Model 11 Recording Spectrophotometer. The infra­
red spectrum was obtained with a Perkin-Elmer Model 12-C 
Spectrophotometer.

l,l,2,2-Tetra-2-benzimidazolylethane dihydrate. One hun­
dred grams (0.378 mole) of tetramethyl ethane-l,l,2,2-tetra- 
carboxylate and 180 g. (1.66 mole) of o-phenylenediamine 
were dissolved in 750 ml. of trichlorobenzene at 85°. This 
solution was then added to 300 ml. of boiling trichloroben­
zene a t such a rate tha t the temperature did not drop below 
180°. The reaction mixture was then boiled for 3 hr. The 
mixture was cooled to room temperature which caused a 
crystalline product to precipitate. After cooling, the mass 
was poured into several volumes of alcohol and filtered. The 
product was washed free of trichlorobenzene with alcohol 
and dried. The yield was 131.5 g. (65.5%).

Anal. Calcd. for C3oH22N8(H20 )2: C, 67.9; H, 4.92; N, 21.2. 
Found: C, 67.7, 67.3; H, 5.3, 5.3; N, 20.8, 20.9.

Tetra-2-benzimidazolylethylene monohydrate. A slurry of 
70 g. (0.132 mole) of l,l,2,2-tetra-2-benzimidazolylethane 
dihydrate and 5 g. of potassium carbonate in 150 ml. of 
nitrobenzene was heated a t reflux for 1 hr. The mixture, 
which became thick during heating, was cooled to room 
temperature and filtered. The filter cake was washed with 
benzene, then with alcohol, and dried. I t  was next dissolved 
in 30 ml. of 98% sulfuric acid at 10°, reprecipitated with 
water, filtered, and washed free of acid. When dry the bright 
orange product weighed 30 g. (44.7%).

Anal. Calcd. for C3oH20N8(H20 ) : C, 70.5; H, 4.31; N, 21.7. 
Found: C, 70.4, 70.5, 70.8; H, 4.25, 4.25, 4.23; N, 21.6, 21.9.

Oxidation of 1,1,2,2-tetra-2-benzimidazolylethane dihydrate 
with nitric acid. A fine slurry was produced by ball-milling
56.4 g. (0.106 mole) of l,l,2,2-tetra-2-benzimidazolylethane 
dihydrate in 1 1. of water. An additional 1 1. of water was 
added, followed by 450 ml. of 70% nitric acid added in a 
slow stream. Stirring was continued for 30 min. and then the 
red reaction mass was made basic with 30% sodium hy­
droxide. The product was filtered, washed free of alkali, and 
dried. This material was dissolved in 15 parts of 96% sulfuric 
acid, reprecipitated with water, filtered, washed free of acid, 
and dried. The yield was 42 g. (71.3%) of a bright yellow 
solid.

Anal. Found: C, 63.2, 63.8; H, 3.74, 4.08; N, 22.6, 22.8; 
H20  by weight loss at 200°, 3.14. This corresponds to a mix­
ture of nitro derivatives with an average content of 1.2 nitro 
groups.

This product can be further nitrated with fuming nitric 
acid in 96% sulfuric acid at 25° to give a tetranitro deriv­
ative.

Oxidation of 1,1,2,2-tetra-2-benzimidazolylethane dihydrate 
with bromine. Five grams (0.0094 mole) of l,l,2,2-tetra-2- 
benzimidazolylethane dihydrate was suspended in 100 ml.

of carbon tetrachloride containing 5 g. of dissolved bromine. 
After standing for 48 hr. at room temperature, the mixture 
was filtered. The product was washed with carbon tetra­
chloride and then with alcohol. When dry it was dissolved 
in 10 parts of 96% sulfuric acid, reprecipitated with water, 
washed free of acid, and dried again. The final product was 
a bright orange solid. The yield was 5.5 g. (87.3%).

Anal. Calcd. for C30H18N8Br2(H2O): C, 53.8; H, 2.99; N, 
16.8; Br, 23.9. Found: C, 53.5, 54.0; H, 3.21, 3.41; N, 17.0, 
17.4; Br, 23.5, 24.0.

Tetrakis{5[or 6]methyl-2-benzimidazolyl)ethylene. This
product was made in 56% yield by condensing 4-methyl-o- 
phenylenediamine with tetramethyl ethane-1,1,2,2-tetra- 
carboxylate, followed by oxidation with nitric acid. The 
product was not nitrated and contained no water of crystal­
lization.

Anal. Calcd. for C34H28N8: C, 74.4; H, 5.14; N, 20.4. 
Found: C, 72.9, 73.0; H, 5.17, 5.21; N, 21.1, 21.0.

Tetrakis(5[or 6 }methoxy-2-benzimidazolyl) ethylene dihy­
drate. This product was prepared in 30% yield by con­
densing 4-methoxy-o-phenylenediamine with tetramethyl 
ethane-1,1,2,2-tetracarboxylate followed by oxidation with 
sodium hypochlorite.

Anal. Calcd. for C34H28N80 4(H20 )2: C, 62.9; H, 4.93; N,
17.3. Found: C, 62.1, 62.5; H, 5.04, 5.23; N, 17.0, 17.1.

Di-2-benzimidazolylmethane monohydrate. A mixture of 
1,000 g. (9.25 moles) of o-phenylenediamine and 2,500 ml. 
of trichlorobenzene was heated to 170° in a flask equipped 
with an azeotroping head, and 740 g. (4.62 moles) of diethyl- 
malonate was added over 90 min. The temperature was 
allowed to rise to 185° during addition of the malonate, and 
finally was maintained at 185-190° for 2 hr. more. During the 
reaction period, volatile material amounting to 641 g. was 
collected. The mixture was cooled to 25° whereupon a crys­
talline product precipitated. The product was filtered and 
the filter cake washed twice with 250-ml. portions of benzene, 
and then with 250 ml. of alcohol and 250 ml. of water. The 
sand-like yellow product was dried a t 110°. The yield was 
1,040 g. (84.5%).

Anal. Calcd. for C15H12N4(H20 ) : N, 21.4. Found: N, 21.6,
21.6.

Tetra-2-benzimidazolylethylene monohydrate by oxidation of 
the corresponding methane. Two hundred g. (0.806 mole) of 
di-2-benzimidazclylmethane monohydrate, 200 g. of potas­
sium carbonate, and 1200 ml. of nitrobenzene were heated 
at 160° for 4 hr. After cooling at room temperature, the reac­
tion mass was poured into 2 1. of alcohol, filtered, and the 
filter cake washed with alcohol until free of nitrobenzene. 
The product was then stirred with 2 1. of water at 50°, 
filtered, washed with water until alkali-free, and dried at 
110°. The yield was 160 g. (77.8%) of a bright yellow solid.

Anal. Calcd. for C30H2„N8(H2O): C, 70.5, H, 4.31; N, 21.7. 
Found: C, 70.2, 70.3, 70.8; H, 4.13, 3.95; N, 21.9, 21.9.

This product was identical with that prepared by oxida­
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tion of the corresponding ethane with nitrobenzene. A small 
sample was dried for 3 days at 110° and analyzed before 
moisture could be regained.

Anal. Calcd. for C3oH2oN8: C, 73.2; H, 4.10; N, 22.8. 
Found: C, 73.6, 73.7; H, 3.70, 3.80; N, 22.3, 22.5.

Chlorination of tetra-2-benzimidazolylethylene with sulfuryl 
chloride. Fifty g. (0.098 mole) of tetra-2-benzimidazolyleth- 
ylene was finely ground and suspended in 650 ml. of tri­
chlorobenzene. One g. of iodine was added, the mixture was 
heated to 150° and maintained at 150-155° while 200 ml. 
(2.47 moles) of sulfuryl chloride was added over 4 hr. The 
mixture was held at 155° for an additional 30 min., cooled, 
and poured into 2 1. of water. The product was filtered, 
washed with alcohol, and dried. The yield of crude material 
was 85 g. This was ground and extracted for 7 hr. in a Soxh- 
let extractor with benzene. The residue was then extracted 
twice with 500-ml. portions of nitrobenzene at 90°, washed 
free of nitrobenzene with alcohol, and dried. The yield was
59.5 g. (69.3%) of bright orange solid.

Anal. Found: C, 40.1, 40.6; H, 1.60, 1.70; N, 12.7, 12.7; 
Cl, 42.3, 42.4.

This corresponds to a mixture of monohydrates with an 
average content of 10.6 chlorine atoms.

This product can be further chlorinated to a chlorine con­
tent of 53.4% by autoclaving at 150° for 10 hr. with excess 
sulfuryl chloride.

Brominaiion of telra-2-benzimidazolylethylene. A mixture of
10.5 g. (0.065 mole) of bromine and 10.5 g. (0.077 mole) of 
sulfuryl chloride was slowly added to a suspension of 4 g.

(0.008 mole) of tetra-2-benzimidazolylethylene in 100 ml. of 
trichlorobenzene. The temperature rose to 31°. The mixture 
was heated to 80°, held one hour, then heated to 130° and 
held one hour. After cooling, the mixture was filtered and 
the filter cake washed with alcohol. The dry product weighed 
8 g., was insoluble in nitrobenzene, and contained 70.2% 
bromine, corresponding to 14 bromine atoms. No chlorine 
was found.

Sulfonation of tetra-2-benzimidazolylethylene. A mixture of 
93 ml. of 100% sulfuric acid and 8 ml. of 65% oleum was 
cooled to 19°. Ten g. (0.203 mole) of finely ground tetra-2- 
benzimidazolylethylene was added slowly at 20-25°. The 
mixture was heated a t 70° until a drop was just soluble in 
dilute sodium hydroxide (45 min.). The solution was then 
cooled and poured slowly into 200 ml. of water. Fifty ml. of 
30% sodium hydroxide was added and, after filtration 
to remove any insoluble material, the filtrate was mixed with 
150 ml. of 30% sodium hydroxide. After cooling again to 
room temperature, the product was filtered, redissolved in 
400 ml. of water, and reprecipitated with 7 g. of potassium 
chloride. The product weighed 35 g. when dry.

Anal. Found: N, 4.63, 4.39; Organic S, 2.04, 2.04. This 
corresponds to a mixture of sulfonated derivatives averaging
1.5 sulfonic acid groups admixed with sodium and potassium 
salts.

This product dyes wool from a weakly acidic dyebath in 
red-yellow shades.

W i l m i n g t o n , D e l .

[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  D i v i s i o n , B r i s t o l  L a b o r a t o r i e s , I n c .]

D ia lk y lam in oa lk y l E thers o f  Som e 2 ,6-D ialk y lp h en o ls

WILLIAM B. WHEATLEY a n d  CHARLES T. HOLDREGE

Received August 28, 1957

A number of dialkylaminoalkyl ethers of some 2,6-dialkylphenols, particularly 2,6-diisopropylphenol, have been prepared 
in good yields by the Williamson synthesis using dialkylaminoalkyl chlorides. Attempts to prepare other ethers, e.g., /3-hy- 
droxyethyl and fS-haloethyl ethers, were almost completely unsuccessful, probably because of steric hindrance.

2,6-Dialkylphenols have recently become avail­
able on a scale such that their use as intermediates 
is now feasible.1 Because of the fact that certain 
basic ethers of substituted phenols have shown 
utility as therapeutic agents, we set out to pre­
pare some dialkylaminoalkyl ethers of these 2,6- 
dialkylphenols. This particular type of compound 
has received little attention, due in part to the 
previous accessibility of only the simpler dialkyl- 
phenols such as 2,6-xylenol, and of the 2,4,6-tri- 
alkylphenols.

The majority of compounds to be described are 
ethers of 2,6-diisopropylphenol (DIP), and most of 
the discussion which follows refers to this phenol. 
The presence of two branched ortho substituents 
causes this phenol to be cryptophenolic, being in­
soluble in aqueous alkali, but soluble in Claisen’s 
alkali. It does form a sodium salt quite readily on 
treatment in boiling toluene with either sodium 
hydride or sodium hydroxide.2 This sodium 2,6-

(1) A. J. Kolka, J. P. Napolitano, A. H. Filbey, and G.
G. Ecke, J  Org. Chem., 22, 642 (1957).

(2) T. H. Coffield, A. H. Filbey, G. G. Ecke, and A. J.
Kolka, J. Am. Chem. Soc., 79, 5019 (1957).

diisopropylphenoxide is not typical, however, since 
it participates in the Williamson ether synthesis in 
widely varying degrees, depending on the nature 
of the halide used as the other reactant.

R
f = \  ,  N aO H

—OH +  ClC„H,n—NR 2 *"

R
R

With dialkylaminoalkyl chlorides, the desired 
basic ethers (I) were obtained in quite acceptable 
yields. With other halides, the results were often 
negative. All attempts to prepare /3-hydroxyethyl
2,6-diisopropyl ether were unsuccessful; neither 
ethylene chlorohydrin nor ethylene carbonate3 
could be caused to react with DIP under a variety

(3) W. W. Carlson, U. S. Patent 2,448,767 (1948).
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of conditions. Ethyl chloroacetate also failed to 
react with the sodium salt of DIP.

An alternate synthesis of basic ethers would in­
volve the preparation of an w-haloalkyl ether and 
subsequent reaction of this halide with an amine. 
The only successful preparation was that of the ¡3- 
chloroethyl ether, from DIP and /3-chloroethyl p- 
toluenesulfonate, although in only 26% yield. Be­
cause of the low yield, this approach was not in­
vestigated further. Neither ethylene dibromide or 
ethylene chlorobromide reacted with DIP in the 
presence of sodium hydroxide.

The facile conversion of DIP to its sodium salt 
in nonaqueous medium and the inconsistent reac­
tivity of this sodium salt toward alkylating agents 
pose an interesting question. The answer probably 
includes both polar and steric factors. The fact that 
DIP is more difficult to etherify than other phenols 
not having large alkyl groups in the 2 and 6 posi­
tions suggests steric hindrance. A polar effect is indi­
cated in that the only really good reactions ob­
served are those with basic alkyl chlorides, in which 
cyclic quaternary imonium ions are known to be in­
volved.4

In order to ascertain the effect of groups in the 4- 
position, a few 4-substituted-2,6-dialkylphenols 
were prepared. The 4-bromo- and 4-chloro-2,6- 
diisopropylphenol were prepared easily and in high 
yield by halogenation with bromine and sulfuryl 
chloride, respectively. Friedel-Crafts reactions of 
DIP with benzyl alcohol and phenylmethylcar- 
binol yielded the 4-benzyl- and 4-a-methylbenzyl-
2,6-diisopropylphenols. An attempted nitration of 
DIP apparently resulted in oxidation to a dipheno- 
quinone (II), a reaction which has been recorded for 
analagous 2,6-dialkyl-phenols with a variety of 
oxidizing agents.6

A few basic ethers of phenols having ¿-butyl 
groups in the ortho positions were made, using 2- 
methyl-6-i-butylphenol, 2,6-di-i-butylphenol (D- 
TB), and 2,6-di-i-butyl-p-cresol (DBPC). Under 
the experimental conditions used, we could detect 
no noticeable difference in reactivity. This is in­
teresting in relation to the work of Stillson, Sawyer, 
and Hunt,6 who studied the properties of hindered 
phenols containing ortho ¿-alkyl groups. These 
workers found that DBPC and 2,4,6-tri-i-butyl- 
phenol were insoluble in both aqueous and alcoholic 
alkali, and failed to form sodium salts on refluxing 
with sodium in ether or petroleum ether. We like­
wise found DTB to be insoluble in Claisen’s alkali,

(4) E. M. Schultz, C. M. Robb, and J. M. Sprague, J. 
Am. Chem. Soc. 69, 2454 (1947).

(5) K. von Auwers and G. Wittig, Ber., 57, 1270 (1924).
(6 ) G. H. Stillson, D. W. Sawyer, and C. K. Hunt, J. Am.

Chem. Soc., 67, 303 (1945).

but it must form a sodium salt in the course of the 
conversion to the basic ether. As with DIP, DTB 
failed to react with ethylene carbonate.

A recent paper by Coffield, Filbey, Ecke, and 
Kolka2 discusses further reactions of these 2,6- 
dialkylphenols.

E X P E R I M E N T A L 7

Bade ethers. In a typical experiment, 0.3 mole of the 2,6- 
dialkylphenol, 0.4 mole of the dialky laminoalkyl chloride 
hydrochloride, and 0 . 8  mole of flake sodium Irydroxide were 
stirred together for 24 hr. in refluxing toluene. After trea t­
ment of the cooled reaction mixture with water to dissolve 
inorganic material, the toluene solution was extracted three 
times with dilute hydrochloric acid. Basification of the acid 
extracts and ether extraction, followed by distillation of the 
dried ether solution yielded the basic ether I. As noted in 
Table I, most of these were converted to crystalline acid 
addition salts for ease in pharmacological evaluation.

In working up a significant number of experiments, it was 
found that extraction with dilute acid failed to transfer the 
basic ether from the toluene to the aqueous phase. If this 
occurred, the toluene layer was concentrated to an oil under 
reduced pressure. This residual oil was taken up in Skelly- 
solve B and extracted with acid. Basification and ether ex­
traction of the acid aqueous extracts then yielded the basic 
ether as described above. This modification is noted in 
Table I.

2.6- Diethylphenol. Diazotization and hydrolysis of 2,6- 
diethvlaniline afforded 2 ,6 -diethylphenol in 8 8 % yield, b.p. 
100-105° at 8  mm. The concomitant hydrolysis and steam 
distillation as described by Lambooy8 proved highly effective 
in this instance.

4-Chloro-S,6-diisopropylphenol. A total of 2.5 moles of 
sulfuryl chloride was added to 2 . 0  moles of 2 ,6 -diisopropyl- 
phenol in two equal portions. After 4 hr. on the steam bath, 
the mixture was distilled to give 370 g. (89% yield) of pale 
orange liquid, b.p. 94-97° at 1 mm . , 1 1.5279.

4-Bromo-Z,6-diisopropylphenol. To a solution of 357 g. 
(2.0 moles) of 2,6-diisopropylphenol in 300 ml. of carbon 
tetrachloride was added dropwise 320 g. (2.0 moles) of bro­
mine, maintaining the temperature at 15-20° by occasional 
cooling. Hydrogen bromide was evolved copiously. The 
solution was stirred for one hour at room temperature, then 
heated on the steam bath to drive off solvent and remaining 
hydrogen bromide. Distillation gave 498 g. (97% yield) of 
liquid, b.p. 101-107° at 1 mm., n 2D5  1.5465.

Anal. Calcd. for C12HnBrO: C, 56.1; H, 6.7. Found: 
C, 55.9; H, 6 .8 .

4-Benzyl-%,6-diisopropylphenol. Aluminum chloride (67 g. 
0.5 mole) was added portion wise over a two-hour period to a 
stirred solution of 222 g. (1.25 moles) of 2,6-diisopropyl­
phenol and 108 g. ( 1 . 0  mole) of benzyl alcohol in 2 0 0  ml. of 
Skellysolve B, keeping the temperature at 30-35° by cooling 
as needed. After standing overnight at room temperature, 
the dark red reaction mixture, which contained much oily 
solid, was hydrolyzed with ice-hydrochloric acid. The Skelly­
solve layer was separated and the aqueous layer extracted 
three times with ether. After evaporation of the solvent from 
the dried organic extracts, distillation gave 1 1 2  g. of re­
covered DIP, followed by 91,5 g. (34% jield) of 4-benzyl-
2 ,6 -diisopropylph3 nol, b.p. 156-162° a t 1 mm., n 2D5 1.5553.

Anal. Calcd. for C19H 24O: C, 85.0; H, 9.0. Found: C, 85.4; 
H, 9.0.

2.6- Diisopropyl-4-{a-methylbenzyl)phenol. Similarly, 2,6- 
diisopropylphenol and phenjimethylcarbinol gave 2 ,6 - 
diisopropyl-4-(a-methylbenzyl)phenol in 67% yield, b.p. 
158-163° at 1 mm., ti2ds 1.5496.

(7) Melting points and boiling points are uncorrected. 
Analytical data were obtained by Mr. R. M. Downing.

(8 ) J. P. Lambooy, J. Am. Chem. Soc., 72, 5327 (1950).
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Anal. Calcd. for CjoHs»0: C, 85.1; H, 9.3. Found: C, 85.4; 
H, 9.1.

2-{2,6-Diisopropylphenoxy)ethyl chloride. A solution of
53.5 g. (0.3 mole) of 2,6-diisopropylphenol in 300 ml. of 
toluene was added drop wise to a stirred suspension of 7.1 
g. (0.3 mole) of sodium hydride in 150 ml. of toluene. The 
mixture was then stirred a t reflux for one hour. To this thick 
suspension was added in five portions 70.7 g. (0.31 mole) of
5-chloroethyl-p-toluenesulfonate. After refluxing overnight, 
the reaction mixture was treated while hot with 25 ml. of 
20% sodium hydroxide, and when cool, with 200 ml. of 
water. The toluene layer was separated, dried, and distilled. 
A fraction boiling at 130-140° at 8 mm. appeared to be es­
sentially the desired product: 18.7 g. (26% yield) was ob­
tained, 1.5070. A considerable amount of D IP was re­
covered as forerun.

Anal. Calcd. for Ci4HmC10: C, 69.8; H, 8.8. Found: C, 
70.1; H, 8.8.

3,3' ,5,5'-Tetraisopropyldiphenoqidnone (II). To a stirred 
solution of 220 g. (1.23 moles) of 2,6-diisopropylphenol in 
450 ml. of benzene and 320 ml. of glacial acetic acid, held 
at 0-5°, was added drop wise 90 ml. of concentrated nitric

acid. Some brown fumes were evolved during the addition 
and appeared to have ceased at the end. After standing over­
night at room temperature, the reaction mixture was poured 
into one liter of water, shaken well, and the aqueous layer 
discarded. The benzene layer was extracted in turn with 
10% urea solution and saturated sodium bicarbonate solu­
tion. Evaporation of the solvent from the dried benzene solu­
tion left a semisolid residue, which on trituration with 250 
ml. of cold methanol gave 55.1 g. of purplish red solid, m.p. 
185-198°. Three recrystallizations from isopropyl alcohol 
gave material melting at 199-203°: red plates with a purple 
luster (lit.1 m.p. 196-198°).

Acknowledgment. The authors wish to express 
their appreciation to Dr. Lee C. Cheney for his ad­
vice and encouragement throughout this investi­
gation. Samples of the 2,6-dialkylphenols used were 
kindly furnished by the Ethyl Corp.

Syracuse 1, N. Y.

[Contribution from the Department of Chemistry of T he Ohio State University]

S yn th esis  o f  A m in o  C om pounds in  th e  Sugar Series by P h en ylh yd razon e
R ed u ctio n 1,2

M. L. WOLFROM, F. SHAFIZADEH, J. O. WEHRMULLER, AND R. K. ARMSTRONG

Received September 3, 1957

I t  has been shown that the reduction of the phenylhydrazone function provides a convenient method for the synthesis of 
a variety of amino compounds in the sugar series. These include: the 1-amino-l-deoxy derivatives of D-arabinitol, D-galacti- 
tol, D-glucitol, D-gulitol, and D-xylitol; the diaminodideoxyalditols l,4-diamino-l,4-dideoxy-2,3-0-isopropylidene-D-threitol,
l,4-diamino-l,4-dideoxy-D-threitol, l,2-diamino-l,2-dideoxy-D-gIucitol, and l,2-diamino-l,2-dideoxy-D-mannitol; and 5- 
amino-5-deoxy-l,2-0-isopropylidene-or-D-xylofuranose. All of these compounds have been isolated as crystalline salicylal­
déhyde Schiff bases and some of them have been further characterized as their hydrobromide and Y-(2,4%linitrophenyl) 
derivatives.

Reduction of the condensation products of carbo­
hydrates with nitrogen bases provides a general 
route for the synthesis of a variety of amino sugars. 
Thus, many of the l-amino-l-deoxyalditols have 
been prepared through the sodium amalgam reduc­
tion of the corresponding oximes.3 These com­
pounds can also be prepared by the reduction of

(1) Carried out in part under contracts DA-33-019-ord- 
2042 (Office of Ordnance Research) and DA-33-019-ord-2025 
(Aberdeen Proving Ground) between the U. S. Army Ord­
nance Corps (technical supervising agency, Ballistic Re­
search Laboratories, Aberdeen Proving Ground, Md.) and 
The Ohio State University Research Foundation (Projects 
679 and 675).

(2) Reported in main part in Abstracts Papers Am. Chem. 
Soc., 130, 22D (1956).

(3) O. Piloty and O. Ruff, Btr., 30, 1656 (1897); L. Ma- 
quenne and E. Roux, Compt. rend., 132, 980 (1901); E. 
Roux, Compt. rend., 134, 291 (1902); 135, 691 (1902); 136, 
1079 (1903); 138,503 (1904).

(4) W. Wavne and H. Adkins, J. Am. Chem. Soc., 62, 
3314 (1940); F. W. Holly, Elizabeth W. Peel, R. Mozingo, 
and K. Folkers, J. Am. Chem. Soc., 72, 5416 (1950); F. W. 
Holly, C. H. Shunck, and K. Folkers, U. S. Patent 2,621,175
(1952).

(5) F. Kagan, M. A. Rebenstorf, and R. Y. Heinzelman, 
J. Am. Chem. Soc., 79, 3541 (1957).

the aldoses in the presence of ammonia4’8 or by the 
hydrogenation of glycosylamines6 and of 1-deoxy-
1-benzylaminoalditols.6 Other methods are based 
on the reduction of the aldonamides with lithium 
aluminum hydride7 and the reduction of hydrazine 
derivatives. The latter method was employed by 
Fischer and Groh8 for converting the phenyl- 
hydrazones of certain keto acids to the correspond­
ing amino acids, a process which has been employed 
for the identification and estimation of the keto 
acids in plant products.9 Emil Fischer also pre­
pared (as the acetate salt) 1-amino-l-deoxy-D-fruc- 
tose, “isoglucosamine,” by the reduction of D-glu- 
cose phenylosazone with zinc and acetic acid.10 
Maurer and Schiedt11 increased the yield in this 
reaction to 60% through employment of catalytic

(6) C. Neuberg and F. Marx, Biochem. Z., 3, 539 (1907).
(7) J. W. W. Morgan and M. L. Wolfrom, J. Am. Chem. 

Soc., 78, 2496 (1956).
(8) E. Fischer and R. Groh, Ann., 383, 363 (1911).
(9) G. H. N. Towers, J. F. Thompson, and F. C. Steward, 

J. Am. Chem. Soc., 76, 2392 (1954); M. Alfthan and A. I. 
Virtanen, Acta Chem. Scand., 9, 186 (1955).

(10) E. Fischer, Ber., 19, 1920 (1886).
(11) K. Maurer and B. Schiedt, Ber., 68, 2187 (1935).
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hydrogenation with a palladium catalyst in acetic 
acid.

The carbohydrate hydrazone derivatives pro­
vide a class of readily available and often highly 
crystalline compounds. Thus, their reduction should 
be of interest. Despite this, applications in carbo­
hydrate chemistry12-13 have been sporadic. We have 
found that this reaction provides a convenient 
method for the synthesis of a variety of amino 
sugar derivatives, some of which have been pre­
pared for the first time.

The catalytic reduction of the aldose hydrazone 
derivatives with Raney nickel proceeds under mild 
conditions and provides a good yield of the ex­
pected 1-amino-1-deoxyalditol. Thus, the reduction 
of a hot concentrated solution of D-galactose 
phenylhydrazone, which is known to exist in the acy­
clic form (I)14-15 in the Parr hydrogenation appara­
tus provides 1-amino-l-deoxy-D-galactitol (II) and 
presumably aniline, which can be extracted from 
the aqueous solution with benzene. We have isolated 
the product, 1-amino-l-deoxy-D-galactitol, as a 
crystalline hydrobromide salt, salicylaldehyde 
Schiff base, and A-(2,4-dinitrophenyl) derivative. 1- 
Deoxy-l-salicylideneamino-D-galactitol2 is a useful 
intermediate for the isolation of the amino alditol. 
This compound has recently been recorded by 
Kagan and associates.6 The amino alditol can also 
be isolated from the reaction mixture as the hydro­
chloride or hydrobromide salt. However, the salt 
obtained through this method is contaminated 
with an unknown impurity which can be separated 
by fractional crystallization. The physical con­
stants and properties of this material are in agree­
ment with those reported for the substance desig­
nated “didulcitylamine” by Kagan and co-workers.6

D eriv a tiv es  of 1 -am ino-l-deoxy-D -arab in ito l,
1-am ino-l-deoxy-D -gulito l, (6-am ino-6-deoxy-L- 
g lucito l), 1-am ino-l-deoxy-D -glucitol, a n d  1-am ino-
1-deoxy-D-xylitol h a v e  been  sim ilarly  p rep a red  
th ro u g h  th e  c a ta ly tic  red u c tio n  of th e  co rrespond ­
ing  p h eny lhyd razones. T h e  abo v e  reac tio n  h as  
been ex tended  to  th e  p h en y lh y d razo n e  deriv a tiv es  
p rep a red  from  th e  p ro d u c t of glycol cleavage of 
som e c a rb o h y d ra te  aceta ls . T h u s , 2,3-O -isopro- 
pylidene-dialdehydo-v-threo-tetrodiose (III), first 
p rep a red  b y  th e  lead  te tra a c e ta te  o x ida tion  of 3,4-
O -isopropylidene-D -m annito l16 a n d  la te r  b y  th e  
p e rio d a te  ox idation  of 3 ,4 -O -isopropylidene-r-g lu- 
c ito l,17 has been  converted  to  th e  b is(p h en y lh y d ra -

(12) Y. Matsushima and Y. Imanaga, Bull. Chem. Soc. 
Japan, 26, 506 (1953).

(13) E. G. Y. Percival, Advances in Carbohydrate Chem., 
3, 23 (1948).

(14) M. L. Wolfrom and C. C. Christman, J. Am. Chem. 
Soc., 53,3413 (1931).

(15) L. Mester and A. Major, J. Am. Chem. Soc., 77, 
4297 (1955).

(16) H. O. L. Fischer and H. Appel, Helv. Chim. Acta, 17, 
1574 (1934).

(17) E. J. Bourne, G. P. McSweeney, M. Stacey, and L. 
F. Wiggins, J. Chem. Soc., 1408 (1952).
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zone) derivative16 (IV) and subsequently hydro­
genated. The product, l,4-diamino-l,4-dideoxy-
2,3-O-isopropylidene-D-threitol (VI) has been iso­
lated as a crystalline dipicrate salt and bis(sali- 
cylaldehyde Schiff base). Acid hydrolysis of the iso- 
propylidene group gave l,4-diamino-l,4-dideoxy- 
D-threitol (V), isolated as the crystalline bis- 
(salicylaldehyde Schiff base). In  similar manner, 
the phenylhydrazone derivative of 1,2-O-isopro- 
pylidene-5 - aldehydo -  a - d  - xylo - pentodiofuranose
(VII), produced by lead tetraacetate18 or perio­
date19'20 oxidation of 1,2-0-isopropylidene-a-D- 
glucofuranose, was converted to 5-amino-5-deoxy-
1,2-0-isopropylidene-a-D-xylofuranose (VIII). This 
product was isolated as the crystalline hydrobro­
mide salt and salicylaldehyde Schiff base. Since 
our first report on this subject,2 the isolation of the 
above compound, as the free base and p-toluene- 
sulfonat-e salt, has been recorded by other investi­
gators.21 The hydrobromide and hydrochloride 
salts of the above compound are unstable and grad-

(18) K. Iwadare, Bull. Chem. Soc. Japan, 16, 40 (1941).
(19) J. C. Sowden, J . Am. Chem. Soc., 74, 4377 (1952).
(20) F. Shafizadeh and M. L. Wolfrom, J. Am. Chem 

Soc., 77, 2568 (1955).
(21) S. Akiya and T. Osawa, J. Pharm. Soc. Japan 76, 

1280 (1956).
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ually decompose with the evolution of acetone. 
Attempts to prepare the free 5-amino-5-deoxy-D- 
xylose by the acid hydrolysis of the above com­
pound led to the extensive decomposition with the 
formation of a product resembling the “browning” 
polymers formed in the Maillard reaction.22

The reduction of the phenylhydrazine deriva­
tives of carbohydrates has been herein extended to 
the synthesis of l,2-diamino-l,2-dideoxyalditols 
which constitute a unique class of carbohydrate 
derivatives. Thus, 2-amino-2-deoxy-D-glucose hy­
drochloride was treated with phenylhydrazine and 
the reaction mixture, containing 2-amino-2-deoxy- 
D-glucose phenylhydrazone (IX), was hydrogenated 
with Raney nickel catalyst. The reduction product 
was isolated, in low yield, as the crystalline bis- 
(salicylaldehyde Schiff base), identical with the 
product (X) obtained by the hydrogenation of 2- 
amino-2-deoxy-D-glucose oxime (hydrochloride)23
(XI) w ith  pallad ium -charcoa l c a ta ly s t. T h is  d em ­
o n s tra te s  th a t  X bears th e  D-glucose s tru c tu re . A n 
isom eric su b stan ce  (XIII) w as ob ta ined , in  low 
yield, b y  th e  red u c tio n  of D-ara&mo-hexose p h en y l - 
osazone ( “g lucosazone” ; XII) w ith  pallad ium - 
charcoal c a ta ly s t, in  th e  p resence of hydroch lo ric  
acid. T h is  com pound  m u s t th e re fo re  possess th e  
D -m annose configuration .

It has been noted that the reduction of d  -arabino- 
hexose phenylosazone, in the presence of acetic 
acid according to Emil Fischer10 and Maurer and 
Schiedt,11 results in the formation of 1-amino-l- 
deoxy-D-fructose. This is in contrast with the prop­
erties of acetophenone ketazine, C6H5(CH3)C =  
N—N=C(CH3)C6H5, which on catalytic hydro­
genation gives l,2-bis(a-methylbenzyl)hydrazine, 
C6H6(CH3)CHNHNHCH(CH3)C6Hb, without cleav­
age, and with benzil phenylosazone which re­
mains unchanged.13 Kuhn and Kirschenlohr24 have 
isolated the IV-acetyl derivatives of 2-amino-2- 
deoxylactose and 1-amino-l-deoxylactulose by chro­
matographic separation of the mixture obtained 
from the catalytic reduction of lactose phenylosa­
zone in the presence of acetic acid. According to 
these authors,24 the acidic conditions cause one of 
the phenylhydrazone functions to be hydrolyzed 
and subsequent reduction gives a mixture of 2- 
amino-2-deoxyaldose and 1-amino-1-deoxyketose, 
in which the latter product predominates. These 
considerations reflect the complexity of the reduc­
tion products of v-arabino-hexose phenylosazone
(XII) which is stabilized in the acyclic structure25’26

(22) L.-C. Maillard, Compt. rend., 154, 66 (1912).
(23) R. Breuer, Ber., 31, 2193 (1898); E. R. de Labriola 

and V. Deulofeu, J. Am. Chem. Soc., 62, 1611 (1940).
(24) R. Kuhn and W. Kirschenlohr, Chem. Ber., 87, 1547 

(1954).
(25) M. L. Wolfrom, M. Königsberg, and S. Soltzberg, 

J. Am. Chem. Soc., 58, 490 (1936).
(26) L. Mester and A. Major, J. Am. Chem. Soc., 79,

3232 (1957).

by the formation of a chelate ring,26’27 and may 
provide an explanation for the low yield of 1,2- 
diamino-l,2-dideoxy-D-mannitol.
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E X P E R IM E N T A L

1-Deoxy-l-salicylideneamino-v-galactitol. D-Galactose phen­
ylhydrazone28 (15 g.) was dissolved in 150 ml. of hot water 
and hydrogenated in the Parr apparatus at 3-atm. pressure 
for 17 hr., using Raney nickel catatyst. The reaction mixture 
was filtered and extracted with five 100-ml. portions of 
benzene. The aqueous solution containing 1-amino-l-deoxy- 
D-galactitol was then treated with 7 g. of salicjdaldehyde 
and 5 g. of sodium bicarbonate. After shaking for 2 hr., the 
product, l-deo.xy-l-salicylideneamino-D-galactitol, was fil­
tered and recrystallized from 50% aqueous ethanol; yield 
12.1 g., m.p. 202°; no suitable solvent was found for the 
determination of optical rotation.

Anal. Calcd. for C13HI9N 06: C, 54.73; H, 6.71; N, 4.91. 
Found: C, 54.58; H, 6.86; N, 4.91.

l-Amino-l-deoxy-v-galactitol hydrobromide. A suspension 
of 1-deoxy-l-salisylideneamino-D-galactitol (10 g.) in 200 
ml. of abs. ethanol was treated with 6 g. of 48% aqueous 
hydrogen bromide. The resulting colorless precipitate of 1- 
amino-l-deoxy-D-galactitol hydrobromide was filtered and 
recrystallized from hot aqueous methanol; yield 6.8 g., 
m.p. 136°, [a] d° -10.5° (c 4.59, water).

Anal. Calcd. for C6H16B rN 06: C, 27.49; H, 6.15; Br, 30.49; 
N, 5.34. Found: C, 27.66; H, 6.25; Br, 30.21; N, 5.50.

This compound, as well as the hydrochloride salt, could be 
isolated directly from the benzene-extracted hydrogenation 
mixture described above, by concentration to a sirup and 
addition of methanolic hydrogen bromide or hydrogen chlo­
ride and repeated fractional crystallization from aqueous 
methanol. The less soluble fraction, which crystallized first, 
is a by-product which was obtained as the hydrochloride 
salt, after two more recrystallizations from the same solvent; 
m.p. 241-242° (the reported5 m.p. of “didulcitylamine 
hydrochloride” is 240-241°).

(27) L. F. Fieser and Mary Fieser, Organic Chemistry 
D. C. Heath and Co., Boston, Mass., 1944, p. 351.

(28) E. Fischer, Ber., 20, 821 (1887).
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Anal. Calcd. for Ci2H28ClNO10: C, 37.75; H, 7.39; N, 3.67. 
Found: C, 36.92; H, 7.04; N, 3.67.

l-Deoxy-l-{2,4-dinitroanilino)-r>-galactitol. A solution of 
150 mg. of 1-amino-l-deoxy-D-galactitol hydrobromide in 
3 ml. of water was treated with 140 mg. of 2,4-dinitrofluoro- 
benzene and 300 mg. of sodium bicarbonate. The reaction 
mixture was heated briefly at 100° with continuous stirring. 
After cooling, the orange colored precipitate of 1-deoxy-l- 
(2,4-dinitroanilino)-D-galaetitol was filtered and recrystal­
lized from aqueous methanol; yield 138 mg., m.p. 195-196°.

Anal. Calcd. for Ci2HnN 30 9 : C, 41.49; H, 4.89; N, 12.1. 
Found: C, 41.43; H, 4.85; N, 11.98.

l-Deoxy-l-salicylideneamino-D-gulitol. D-Gulose phenylhy- 
drazone29 30 (3 g.) was dissolved in 90 ml. of water and hydro­
genated as described above for D-galactose phenylhydrazone. 
The resultant aqueous solution of 1-amino-1-deoxy-D-gulitol 
was treated with 1.3 g. of salicylaldeh.yde and 3 g. of sodium 
bicarbonate. Evaporation of the reaction mixture gave 1- 
amino-l-deoxy-D-gulitol salicylaldéhyde Schiff base as a sirup 
which crystallized on standing. The product was filtered, 
washed with small amounts of water and ether, and rccrys- 
tallized from ethanol; yield 1.58 g., m.p. 157.5-158°, [a]2D°
— 11.5° (c 2.24, A^-A-dimethylformamide).

Anal. Calcd. for Ci3Hi9NÔ6: C, 54.73; H, 6.71; N, 4.91. 
Found: C, 54.69; H, 6.74; N, 4.88.

1-A mino-1-deoxy-v-arabinüol hydrobromide, salicylaldéhyde 
Schiff base and N-2,4-dinitrophenyl derivative. D-Arabinose 
phenylhydrazone80 (10 g.) was hydrogenated as described 
above and the product was converted to 1-amino-1-deoxy- 
D-arabinitol salicylaldéhyde Schiff base; yield 5.5 g., m.p. 
184-185°, [a] d° +25° (c 2.24, AyA’-iiimethylformamide).

Anal. Calcd. for C12H17N 0 5: C, 56.46; H, 6.71; N, 5.49. 
Found: C, 56.26; H, 6.52; N, 5.56.

A suspension of 2 g. of 1-amino-l-deoxy-D-arabinitol sali­
cylaldéhyde Schiff base in 50 ml. of methanol, on treatment 
with 1.6 g. of 48% aqueous hydrogen bromide, gave a color­
less solution containing 1-amino-l-deoxy-D-arabinitol hydro­
bromide. This product was precipitated by the gradual 
addition of ether and was recrystallized from 95% ethanol; 
yield 0.75 g., m.p. 166-167°, («]2D° +11° (c 4.14, water).

Anal. Calcd. for C5H „B rN 04: C, 25.58; H, 6.08; Br, 34.43; 
N, 6.03. Found: C, 26.12; H, 5.84; Br, 34.56; N, 5.80.

The above product was converted to l-deoxy-l-(2,4- 
dinitroanilmo)-D-arabinitol, m.p. 174-175°.

Anal. Calcd. for CuH15N30 8: C, 41.64; H, 4.77; N, 13.25. 
Found: C, 41.52; H, 5.35; N, 13.07.

l-Deoxy-t-sa,ii,cylideneamino-!)-glucilol. This compound 
(3.8 g.) was prepared from the reduction product of 8 g. of 
D-glucose phenylhydrazone («-form),28 m.p. 177-177.5°, 
[a] d* —20° (c2.58, A^jA^-dimethylformamide).

Anal. Calcd. for Ci3H19N 0 6: C, 54.73; H, 6.71; N, 4.91. 
Found: C, 54.86; H, 6.55; N, 4.86.

l-Amino-1-deoxy-ü-xyhiol salicylaldéhyde Schiff base and 
hydrobromide. The Schiff base (14.5 g.) was prepared from 
the reduction product of 20 g. of D-xylose phenylhydrazone;31 
m.p. 128-129°, [«]“  —20° (c 2.79, A+V-dimethylformamide) 
Kagan and co-workers,6 quote the m.p. 131-133°.

The above compound (12 g.) was converted to 1-amino-1- 
deoxy-D-xylitol hydrobromide (9.2 g . ) ,  m.p. 167-168°, [a] °D3
— 13° (c 4.33, water).

Anal. Calcd. for C6H14B rN 04: C, 25.58; H, 6.08; N, 6.03. 
Found: C, 25.85; H, 5.93; N, 6.14.

1 ,4-Diamino-l ,4-dideoxy-S,3-O-iso propylidene-D-threitol di­
picrate. 2,3-O-lsopropylidene-dialdehydo-D-threo-tetvodiose 
bis(phenylhvdrazone)16,17 (664 mg.) was dissolved in 67% 
aqueous ethanol and hydrogenated with freshly prepared 
Raney' nickel catalyst at atmospheric pressure for 18 hr. 
The reaction mixture was then filtered and the filtrate was 
evaporated under reduced pressure. Treatment of the residue

(29) H. S. Isbell, J. Research Natl. Bur. Standards, 5, 
741 (1930).

(30) G. Chavannc, Compt. rend., 134, 661 (1902).
(31) C. Tanret, Bull. soc. chiin. [France), 27, 392 (1902).

w d th  a  h o t  c o n c e n t r a t e d  s o l u t i o n  o f  9 1 0  m g .  o f  p i c r i c  a c i d  in  
e t h a n o l  g a v e  8 7 0  m g .  o f  l , 4 - d i a m i n o - l , 4 - d i d e o x y - 2 , 3 - 0 - i s o -  
p r o p y l i d e n e - D - t h r e i t o l  d i p i c r a t e ,  w h i c h  w a s  p u r i f i e d  b y  s e v ­
e r a l  r e c r y s t a l l i z a t i o n s  f r o m  a q u e o u s  e t h a n o l  a n d  f r o m  w a t e r ;  
m .p .  2 1 7 - 2 1 8 °  ( d e c . ) .

Anal. Calcd. for C19H22N80 I6: C, 36.90; H, 3.58; N, 18.12. 
Found: C, 36.99; H, 3.54; N, 18.72.

l,4-Dideoxy-2,3-0-isopropylidene-l,4-bis{salicylidene- 
amino)-D-threitol. l,4-Diamino-l,4-dideoxy-2,3-0-isopropyli- 
dene-D-threitol dipicrate (100 mg.) was dissolved in 2 ml. of 
saturated sodium bicarbonate solution and sufficient water 
was added to keep the resulting sodium picrate in solution. 
The warmed reaction mixture wras treated with 0.04 ml. of 
salicylaldéhyde and the resulting precipitate of 1,4-diamino-
l,4-dideoxy-2,3-0-isopropylidene-D-threitol bis(salicylalde- 
hyde Schiff base) (55 mg.) was isolated after standing at 0° 
for 15 hr. The product was purified by several recrystalliza­
tions from aqueous methanol; m.p. 111°.

Anal. Calcd. for C21H24N20 4: C, 68.46; H, 6.57; N, 7.61. 
Found: C, 68.48; H, 6.43; N, 8.11.

1 ,/r Dideoxy-l ,4.-bis(salicylideneamino)-ï)-threitol. 1,+Di-
amino-l,4-dideoxy-2,3-0-isopropylidene-D-threitol dipicrate 
(200 mg.) was suspended in 10 ml. of water containing one 
drop of concentrated hydrochloric acid and the mixture was 
heated for 2 hr. over the steam bath. I t  was then neutralized 
to pH 8 with sodium bicarbonate and sufficient w'ater was 
added to keep the resulting sodium picrate in solution. The 
reaction mixture was then treated with 0.11 ml. of salicylal­
déhyde, heated briefly, and allowed to stand at 0° for 18 hr. 
The resulting precipitate of l,4-diamino-l,4-dideoxy-D- 
threitol bis(salicylaldehyde Schiff base) (100 mg.) w'as re­
crystallized from 18 ml. of methanol; m.p. 228-231° (dec.). 
This compound wras poorly soluble in most of the organic 
solvents and in water.

Anal. Calcd. for C18H20N2O4: C, 65.83; H, 6.14; N, 8.53. 
Found: C, 65.70; H, 6.18; N, 8.46.

5-Amino-5-deoxy-0-isopropylidene-a-T)-xylofuranose hydro­
bromide, hydrochloride, and salicylaldéhyde Schiff base.
l , 2-0-Isopropylidene-5-aMe%do-a - d  - xylo - pentodiofuranose 
phenydhydrazone18 (4.5 g.) was suspended in 200 ml. of water 
and hydrogenated in the Parr apparatus at 3-atm. pressure, 
using Raney nickel as catalyst. After 17 hr., the reaction 
mixture was filtered and extracted with benzene as before. 
Evaporation of the aqueous layer furnished 5-amino-5- 
deoxy'-l,2-0-isopropylidene-a-D-xylofuranose as a thick 
sirup. This w'as dissolved in ethanol and neutralized with hy­
drogen chloride to pH 4.5. The resultant hydrochloride was 
precipitated by the addition of ether and was recrystallized 
from aqueous ethanol; yield 1.68 g., m.p. 130° dec., [ale0 
—12° (c 3.2, water).

Anal. Calcd. for CsHi6ClNO„: C, 42.6; H, 7.09; N, 6.2. 
Found: C, 42.07; H, 7.71 ; N, 6.33.

The hydrobromide salt was prepared in like manner;
m .  p. 170° (dec.).

Anal. Calcd. for C8H,6BrN0 4: C, 35.55; H, 5.90; N, 5.2. 
Found: C, 35.60; H, 5.54; N, 5.09.

Both of the above salts were unstable and decomposed 
gradually with the evolution of acetone.

5-Amino-5-dcoxy-l ,2-0 - isopropylidenc - a - D - xylofuranose 
on treatment with salicylaldéhyde furnished a crystalline 
Schiff base; m.p. 155°.

Anal. Calcd. for C15Hi9N 0 6: C, 61.4; H, 6.48; N, 4.77. 
Found: C, 61.40; H, 6.45; N, 4.78.

Attempted isolation of the free 5-amino-5-deoxy-D-xylose 
through the acid hydrolysis of the isopropylidene group was 
unsuccessful and resulted in rapid browning of the reaction 
mixture and the formation of a gummy dark brown product.

1,8-Dideoxy-l,2-bis{salicylideneamino)-Vi-glucitol. A s o lu ­
t i o n  o f  5  g . o f  2 - a m in o - 2 - d e o x y - a - D - g lu c o s e  ( a - D - g lu c o s a -  
m i n e )  h y d r o c h l o r i d e ,  2 .5  g . o f  p h e n y l h y d r a z i n e ,  a n d  0 .5  m l .  
o f  a c e t i c  a c i d  i n  2 .0  m l .  o f  w a t e r  w a s  h e a t e d  w i t h  s t i r r i n g  
u n t i l  t h e  i n i t i a l  f o r m a t i o n  o f  D -g lu c o s e  p h e n y l o s a z o n e .  T h e  
r e a c t i o n  m i x t u r e  w a s  t h e n  c o o le d  a n d  f i l t e r e d  f r o m  t h e  s m a l l  
p r e c i p i t a t e  o f  D -g lu c o s e  p h e n y l o s a z o n e ,  a n d  t h e  f i l t r a t e  was
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hydrogenated in the Parr apparatus at 3-atm. pressure, 
using Raney nickel as catalyst. After 18 hr., the reaction 
mixture was filtered and extracted with benzene in the 
manner described above. The aqueous solution containing 
the l,2-diamino-l,2-dideoxy-D-glucitol was treated with 2 
g. of sodium bicarbonate and 4.68 g. of salicylaldéhyde and 
the mixture was heated over the steam bath, with stirring, 
for 3 hr. The product, l,2-diamino-l,2-dideoxy-D-glucitol 
bis(salicylaldehyde Schiff base), was recrystallized from 
95% ethanol; yield 2.34 g., m.p. 208-208.5°, [a]2D° -8 3 °  
(c 4.04, AT,Ar-dimethylformamide), x-ray powder diffraction 
data : 3 2  1 15.17w, 11.87m, 8.04w, 5.93m, 5.55vw, 5.15s(3), 
4.90vs(l,l), 4.62s, 4.47s, 4.14vs(l,l), 3.85vw, 3.71vw, 3.53vw, 
2.72 vw.

Anal. Calcd. for C20H 24N 2O6 : C, 61.84; H, 6.23; N, 7.21. 
Found: C, 61.65; H, 6.01; N, 7.00.

2-Amino-2-deoxy-D-glucose oxime hydrochloride2 3  (11.5 
g.) was dissolved in 200 ml. of 75% ethanol and the solution 
was hydrogenated as in the above experiment, but with 
palladium-charcoal catalyst. The reaction mixture was then 
evaporated under reduced pressure and a portion of the

(32) Interplanar spacing, A, CuKa radiation. Relative 
intensity, estimated visually; s, strong; m, medium; w, 
weak; v, very. First three strongest lines are numbered (1, 
strongest); double numbers indicate approximately equal 
intensities.

product (10%) was converted to l,2-dideoxy-l,2-bis(sa!icyli- 
deneamino)-D-glucitol. This compound had the same x-ray 
powder diffraction pattern and physical properties as the 
product synthesized above from 2-amino-2-deoxy-D-glucose 
phenylhydrazone.

l,2-Dideoxy-i,2-bis{salicylideneamino)-T>-mannitol. D-ora- 
bmo-FIexose phenylosazone (3.6 g., 10 millimoles) was dis­
solved in 100 ml. of 95% ethanol containing 40 millimoles of 
hydrogen chloride and the solution was hydrogenated in the 
Parr apparatus at 3-atm. pressure, using palladium-charcoal 
as catalyst. The reaction mixture was filtered and the filtrate 
was concentrated to 25 ml., diluted with 100 ml. of water, 
neutralized with sodium bicarbonate, and extracted with 
four 100-ml. portions of benzene. The aqueous solution of 
the reduction product was treated with 4 g. of sodium bicar­
bonate and 1  ml. of salicylaldéhyde and heated over the 
steam bath with stirring for 2 hr. The resulting yellow pre­
cipitate of l,2-diamino-l,2-dideoxy-D-mannitol bis(salicyl- 
aldehyde Schiff base) was purified by three recrystallizations 
from 95% ethanol; yield 0.15 g., m.p. 223-224°, [ajo’ 
+54.2° (c 2.15, A+V-dimethylformamide), x-ray powder 
diffraction data : 3 2  14.98w, 11.33m, 8.67m, 6.71 w, 5.40m, 
5.10vs(l), 4.80m, 4.60vs(2), 4.31vw, 4.00s(3), 3.73vw, 
3.48vw, 3.29vw. 3.14w.

A nal Calcd. for CsolRiNsOe: C, 61.84; H, 6.23; N, 7.21. 
Found: C, 62.02; H, 6.46; N, 7.17.
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A practical synthesis of i8-(4-pyridyl)-DL-alanine, suitable for application on a gram scale, has been developed. /3-(4-Pyri- 
dyl-l-oxide)-DL-alanine has been prepared in good yield, by a procedure capable of being employed on a much larger scale, 
and a satisfactory resolution of A'-bcnzoyI-/3-(4-pyridyl-l-oxidc)-DL-alanine has been achieved.

Two methods have been reported for the syn­
thesis of (3-(4-pyridyl)-DL-alanine. The first3 was 
based upon the sequence, 4-pyridyIcarbinol-»-
4-pyridylmethyl bromide—»-diethyl benzamido-(4- 
pyridylmethyl)malonate—»-/3-(4-pyridyl)-DL-alanine 
and the second4 upon the sequence, 4-picolinc-»- 
ethyl a-oximino-^-(4-pyridyl)propionate->a:-ox- 
imino-/3-(4-pyridyl)propionic acid-»-/3-(4-pyridyl)- 
DL-alanine. Both syntheses involved a step in which 
poor yields were obtained. The malonic ester con­
densation gave but a 4% yield, and the Claisen 
condensation a 12% yield. It was decided to study 
the malonic ester condensation with the aim of 
improving the yield.

(1) Supported in part by a grant from the National Insti­
tutes of Health, Public Health Service.

(2) To whom inquiries regarding this article should be 
sent.

(3) C. Niemann, R. N. Lewis, and J. T. Hays, J. Am. 
Chem. Soc., 64, 1678 (1942).

(4) D. F. Elliott, A. T. Fuller, and C. R. Harington,
J. Chem. Soc., 85 (1948).

The starting material for the malonic ester con­
densation, 4-pyridylmethyl bromide hydrobromide, 
was obtained in 85% yield from 4-pyridylcarbinol. 
This hydrobromide, and its parent amine, are 
severe vesicants.

The principal competing side reaction in the 
malonic ester condensation is the polymeric quater- 
nization of 4-pyridylmethyl bromide. This quater- 
nization has been studied by Sorm and Sedivy,5 
who also observed that 2-pyridylmethyl bromide 
quaternized at a slower rate. The quaternization 
of 4-bromopyridine is much faster than that of
2-bromopyridine,6 the difference in rate being at­
tributed to steric effects.7 Presumably the same 
effects are operative in the case of 2- and 4-pyridyl­
methyl bromide. Examination of various modifi-

(5) F. Sorm and L. Sedivy, Coll. Czech. Chem. Comm., 13, 
289 (1948).

(6 ) H. S. Mosher in R. C. Elderfield, Heterocyclic Coin- 
pounds, John Wiley and Sons, Inc., New York, 1950, vol. 1, 
p. 516.

(7) I’. W. Bergstrom, Chem. Revs., 35, 138 (1944).
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cations of the malonic ester condensation,8 such as 
using 4-pyridylmethyl tosylate, in lieu of the 
bromide, did not lead to a significant increase in the 
yield of desired product.

Considering the nature of the competing re­
actions, it would be predicted that use of a less 
polar solvent, e.g., benzene instead of ethanol, 
would favor the rate of condensation and retard 
that of quaternization.9 It was determined that 
approximately 50% benzene in ethanol was the 
most satisfactory solvent for effecting condensation.

It was necessary to neutralize the hydrobromide 
of 4-pyridylmethyl bromide. The rapid quater­
nization of the free base led to the use of an excess 
of the sodium salt of the acylamidomalonic ester in 
the neutralization reaction, which was conducted by 
adding the hydrobromide to a solution of the so­
dium salt. This procedure had she added effect of 
providing a higher concentration of the attacking 
group during the early part of the reaction and thus 
minimized the possibility of ether formation due to 
attack of the halide by alkoxide ion.

One would expect the rate of condensation of
4-pyridylmethyl bromide with the malonic ester 
to be reasonably fast, if the usual comparison of 
nitrophenyl and pyridyl groups can be made.10 
Dornow and Winter11 obtained at least a 60% 
yield of the desired product from the condensation 
of p-nitrobenzyl chloride with diethyl formamido- 
malonate and it has been shown that p-nitrobenzyl 
bromide is about 400 times more reactive than 
n-butyl bromide in SN2 reactions.12 On the other 
hand, p-nitrobenzyl bromide exhibited, the slowest 
rate of several p-substituted benzyl bromides in a 
quaternization reaction with triethylamine.13 There 
are no data that afford comparison o: the rate of 
an Sn2 reaction with that of quaternization.

The addition of the dry hydrobromide to the 
sodio-acylamidomalonic ester was abandoned for 
two reasons. One, the salt was hygroscopic, which 
complicated its addition. Two, high local concen­
tration of 4-pyridylmethyl bromide formed when 
the addition was conducted with the dry salt 
favored quaternization. Since the hydrobromide 
was soluble only in water, it was necessary to add 
it as a slurry in benzene-ethanol.

As a result of studying the effect of time, tem­
perature, solvent, mode of addition of the hydro­
bromide, and concentration of reactants, on the 
yields obtained in sixteen preparations, a procedure

(8) A. C. Cope, H. L. Homes, and H. O. House, Org. 
Reactions, 9, 107 (1957).

(9) E. R. Alexander, Principles of Ionic Organic Reactions, 
John Wiley and Sons, Inc., New York, 1950, pp. 85-87.

(10) R. H. Wiley in H. Gilman, Organic Chemistry, An  
Advanced Treatise, John Wiley and Sons, Inc., New York, 
1953, p. 837.

(11) A. Dornow and G. Winter, Per., 84, 307 (1951).
(12) S. Sugden and J. B. Willis, J. Chan. Soc., 1360 

(1951).
(13) J. W. Baker and W. S. Nathan, J. Chan. Soc., 519

(1935).

was devised which gave consistent 60-70% yields 
of diethyl acetamido(4-pyridylmethyl)malonate on 
a 0.02-mole scale. However, when scaled up to
0.08-mole quantities, the yield dropped to 30%, 
largely because of slurrying problems.

The diethyl acetamido (4-pyridylmethyl) malo­
nate was hydrolyzed and decarboxylated with 48% 
hydrobromic acid to give 76% of the dihydro­
bromide of /3-(4-pyridyl)-DL-alanine. Treatment of 
this salt with “Amberlite IR-4B” resin gave the 
desired a-amino acid in 90% yield. /3-(4-Pyridyl)- 
DL-alanine reacted rapidly in the cold with ninhy- 
drin to give a red color,3'4 and was soluble in water 
to the extent of 3.4 g. per 100 ml. at 25°.

TIME (Min.1
Fig. 1. The catalytic hydrogenation of (3-(4-pyridyl-l-

o x i d e ) - D L - a l a n i n e : --------/ 3 - ( 4 - p y r i d y l - l - o x id e ) - D L - a l a n i n e ;
-  • -  / 3 - ( 4 - p y r i d y l ) - D L - a la n in e ;  —  /3 - ( 4 - p i p e r id y l ) - D L - a la n i n e

Another route to /3-(4-pyridyl)-DL-alanine that 
wras considered was from isonicotinaldehyde via the 
azlactone. However, the aldehyde is stable only 
as a hydrate, the anhydrous compound being very 
sensitive to air oxidation.14 It also readily under­
goes a Cannizzaro reaction in the presence of air.15 
No product could be isolated from a standard 
Erlenmeyer synthesis16 using the anhydrous alde­
hyde, or its diacetate, prepared from the hydrate 
by reaction with acetic anhydride. A modified 
Erlenmeyer synthesis involving rhodanine17 gave 
only non-characterizable products.

One possible route that wras not investigated was 
the Knoevenagel condensation of isonicotinalde­
hyde with nitroacetonitrile. The yield of l-y- 
pyridyl-2-cyano-2-nitroethylene has been reported 
as 35%.18 The reaction of ethyl nitroacetate with 
picolinaldehyde gave an 81% yield of diethyl

(14) V. M. Mitchovitch and M. Lj. Mihailovitch, Rec. 
trav. chim., 71,  970 (1952).

(15) J. P. Wibaut, C. E. Kooyman and H. Boer, Rec. 
trav. chim.., 64, 30 (1954).

(16) H. E. Carter, Org. Reactions, 3, 198 (1946).
(17) P. L. Julian and B. M. Sturgis, J. Am. Chem. Soc., 

57, 1126 (1935).
(18) W. Ried and E. Kohler, Ann., 598, 145 (1956).
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a,a-dinitro-7-(4-pyridyl)glutarate19 and probably 
could be controlled to give a 1:1 condensation 
product. It appears that the double bond and nitro 
group of l-y-pyridyl-2-cyano-2-nitroethylene could 
be reduced without reducing the pyridine ring on 
the basis of work done by Walter et al. on the re­
duction of the pyridine acrylic acids.20

Although the goal of raising the yield in a series 
of reactions leading to ¡3-(4-pyridyl)-DL-alanine was 
achieved, the improved synthesis was not useful 
for the preparation of large quantities of this amino 
acid. While there was no reason to expect that the 
yield obtained by Elliott, Fuller, and Harington4 
could be improved, more recent studies indicated 
that the electron deficiency at the methyl group of
4-picoline was greatly enhanced in 4-picoline-l- 
oxide21 thus implying that a Claisen condensation 
based upon 4-picoline-l-oxide would be consider­
ably more successful than one based on 4-picoline. 
This was shown to be the case by Adams and Mi- 
yano,22 who obtained a 48% yield of ethyl ¡3- 
(4-pyridyl-l-oxide)pyravate from the condensa­
tion of ethyl oxalate and 4-picoline-l-oxide, in the 
presence of potassium ethoxide. The a-keto ester 
was isolated via aqueous hydrolysis of its potas­
sium salt and extraction with chloroform. A modi­
fication of this reaction, conducted in these labora­
tories, involved aqueous hydrolysis of the sodium 
salt of the keto ester and, after cooling, isolation 
of the crystalline solid that had formed. This prod­
uct was impure, and was found to contain a com­
ponent that was insoluble in chloroform. Recrystal­
lization of the impure material from water gave a 
48% yield of the a-keto ester. Concentration of the 
filtrate gave a yellow crystalline light sensitive 
solid, m.p. 186-187°, of unknown constitution. 
This latter compound was insoluble in chloroform, 
and would not form a water insoluble oxime, as 
would the a-keto ester or a-keto acid.

The oxime of the a-keto ester was prepared by 
Adams and Miyano22 in 57% yield, and this result 
was confirmed in these laboratories. A modification 
of the method for the preparation of the oxime, not 
involving isolation of the a-keto ester, gave con­
sistent 55-60% yields of recrystallized ethyl a- 
oximino-/3-(4-pyridyl-l-oxide)propionate, directly 
from 4-picoline-l-oxide.

Oximes are readily reduced to amines, but a- 
oximino esters require rather strenuous conditions. 
Hartung and co-workers23 have examined the 
catalytic reduction of a number of a-oximino 
esters. Generally, five grams of palladium on char­
coal plus one to five grams of palladium chloride

(19) A. Dornow and G. Wiehler, Ann., 578, 113 (1952).
(20) L. A. Walter, W. H. Hunt, and R. J. Fosbinder, 

J. Am. Chem. Soc., 63, 2771 (1941).
(21) E. Ochiai, J. Org. Chem., 18, 534 (1953).
(22) R. Adams and S. Miyano, J. Am. Chem. Soc., 76, 

3168 (1954).
(23) R. H. Barry and W. H. Hartung, J. Org. Chem., 12, 

460 (1947).

with 150 p.s i. of hydrogen at room temperature 
was used for 0.15 mole of oximino ester. In addition, 
a threefold excess of concentrated hydrochloric 
acid was necessary to prevent formation of second­
ary amines. Hartung and Waters24 25 have shown 
that a-amino acids poison the catalytic reduction of 
a-oximino acids. In the case of oximinomalonic 
ester, 1500 p.s.i. of hydrogen were necessary to 
obtain reduction with the palladium catalyst.26 
With Adam’s catalyst the reduction of 3-oximino-l- 
dimethylaminobutane gave a 25% yield of the 
diamine.26 Shivers and Hauser27 found that reduc­
tion of a-oximino esters with Raney nickel gave 
85% yields of the amino esters and Ried and 
Schiller28 employed Raney nickel in glacial acetic 
acid for the reduction of ethyl a-oximino-|6-(2- 
quinolyl)-propionate. In the latter instance, con­
siderable amounts of /3-(2-tetrahydroquinolyl)- 
DL-alanine were obtained and in other cases only 
the a-hydroxylamino ester was isolated.29

In all of the above procedures it would be ex­
pected that concurrent reduction of a pyridine 
nucleus would occur. This has been shown to be 
the case for a-oximino-/3-(4-pyridyl)propionic acid 
by Elliott, et al,,4 and for its 7V-oxide in this in­
vestigation.

Other methods used for the reduction of oximes, 
such as lithium aluminum hydride, or sodium 
amalgam, are not applicable to the case at hand. 
The use of sodium borohydride was investigated, 
but no reduction was obtained.

Elliott, Fuller, and Harington4 found that their 
oximino acid could be reduced with stannous 
chloride in concentrated hydrochloric acid. The 
tin salts were removed by precipitation with hy­
drogen sulfide after dilution of the reaction mix­
ture with wawr. A more satisfactory procedure was 
developed in this investigation and was based 
upon removal of most of the hydrochloric acid by 
distillation in vacuo and neutralization of the residue 
to pH 6.7 with ammonium hydroxide. The precipi­
tation of stannous and stannic hydroxides was so 
complete that no further precipitate could be ob­
tained with hydrogen sulfide. The aqueous solu­
tion was evaporated to dryness to give a mixture 
of ammonium chloride and the amino acid, in a 
ratio of about four to one. The ammonium chloride 
was removed by extraction of the powdered mix­
ture with methanol, the salt being soluble in 
methanol to the extent of 3.35 g. per 100 g. at

(24) K. L. Waters and W. H. Hartung, J. Org. Chem., 
10, 524 (1945).

(25) H. R. Snyder and C. W. Smith, J. Am. Chem. Soc., 
66,350 (1944).

(26) D. E. Pearson, W. H. Jones, and A. C. Cope, J. Am. 
Chem. Soc., 68, 1225 (1946).

(27) J. C. Shivers and C. R. Hauser, J. Am. Chem. Soc., 
69,1264 (1947).

(28) W. Ried and H. Schiller, Ber., 86, 730 (1953).
(29) W. Ried and K. Lotterhos, Ber., 88, 38 (1955).
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19°.30 The residue analyzed correctly for (3- 
(4-py ridy 1-1 -oxide ) -DL-alanine.

The amino acid reacted very slowly at room 
temperature with an aqueous solution of ninhy- 
drin to give an orange color. I t  was soluble in water 
to the extent of 47 g. per 100 ml. at 25° and was 
essentially insoluble in the usual organic solvents.

In the preparation of acylated /3-(4-pyridyl-l- 
oxide)-DL-alanines, one potential complicating fac­
tor has to be considered, i.e., that amine oxides 
occasionally react with anhydrides and acid chlo­
rides. In the case of heterocyclic aromatic amine 
oxides, the literature, while consistent, is difficult to 
explain. Thus, 4-nitroquinoline-l-oxide reacted 
with acetyl chloride at room temperature to give
4-chloroquinoline-l-oxide while reaction with ben­
zoyl chloride gave 4-chlorocarbostyril.31 The re­
action of 4-aminopyridine-l-oxide with benzoyl 
chloride under Schotten-Baumann conditions gave 
a dibenzoyl derivative, which was converted to
4-benzamidopyridine-l-oxide upon recrystalliza­
tion.32 Acylation of 4-aminoquinoline-l-oxide with 
benzoyl chloride under Schotten-Baumann con­
ditions gave a dibenzoate, a monobenzoate, and a 
carbostyril.38 Treatment of the same amine with 
acetic anhydride or benzoic anhydride at room 
temperature gave only the 4-acylamidoquinoline-l- 
oxides.33 Both anhydrides reacted with pyridine-1- 
oxide at temperatures near 140° to give a-pyri- 
done.34 With the 2-and 4-picoline-l-oxides, reaction 
with acetic anhydride at room temperature gave 
the pyridylcarbinol acetates.35 36 However, reaction 
of acetyl chloride with 4-nitro-2-picoline-l-oxide 
gave 4-chloro-2-picoline 1-oxide, with no evidence 
of rearrangement.56

The attempted acylation of /3-(4-pyridyl~l- 
oxide)-DL-alanine with benzoyl chloride under 
Schotten-Baumann conditions gave only red oils, 
from which no single product could be isolated.37 
However, benzoic anhydride in the presence of 
triethylamine gave A-benzoyl-,8-(4-pyridyl-l-oxide) 
-DL-alanine in 74% yield. The product was sepa­
rated from benzoic acid by acidifying the reaction 
mixture until it was 2A in hydrochloric acid. The

(30) C. A. L. de Bruyn, Z. physik. Chem., 10, 782 (1892).
(31) T. Itai, J. Pharm. Soc. Japan, 65, 70 (1945); Chem. 

Abslr., 45, 8525h (1951).
(32) E. Ochiai, T. Teshigaqara, K. Oda, and T. Naito, 

J. Pharm. Soc. Japan, 65, 1 (1945); Chem. Abstr., 45, 8527i 
(1951).

(33) K. Oda, J. Pharm. Soc. Japan, 64, 6 (1944); Chem. 
Abstr., 45 ,8523h (1951).

(34) M. Katada, J. Pharm. Soc. Japan, 67, 51 (1947); 
Chem. Abstr., 45, 9536d (1951).

(35) O. H. Bullitt and J. T. Maynard, J. Am. Chem. Soc., 
76,1370 (1954).

(36) I. Suzuki, J. Pharm. Soc. Japan, 68, 120 (1948); 
Chem. Abstr., 47, 8074b (1953).

(37) Attempts to benzoylate /3-(4-pyridyl)-Dn-alanine with
benzoyl chloride under Schotten-Baumann conditions led
to the same result. However, benzoic anhydride in the pres­
ence of triethylamine gave A-benzoyl-/3-(4-pyridyl)-DL-
alanine.

precipitated benzoic acid was removed and the 
solution then adjusted to pH 2.3, to precipitate the 
product. A-Benzoyl-/3-(4-pyridyl-l-oxide)-DL-ala- 
nine was also obtained in 70% yield from the ox- 
imino acid by reduction with stannous chloride, 
precipitation of stannous and stannic ions with 
sodium hydroxide, and benzoylation of the filtrate 
after removal of the stannous and stannic hydrox­
ides.

The pl%  of the 1-hydroxypyridinium ion de­
rived from /3-(4-pyridyl-l-oxide)-DL-alanine was 
determined to be 1.15 by the spectrophotometric 
method of Flexser, Hammett, and Dingwall.38 
This value is in good agreement with the values for 
this type of ion obtained by Jaffe and Doak.39 With 
a value of 3.5 for the pK'A of the carboxyl function,40 
the above value of 1.15 was used to calculate the 
pH for the minimum solubility of A-benzoyl-/?- 
(4-pyridyl-l-oxide)-DL-alanine noted above, i.e., 
2.3.

I t was found that /3-(4-pyridyl-l-oxide)-DL- 
alanine could be acylated with acetic anhydride 
under Schotten-Baumann conditions in 87% yield. 
A unique feature of this acetylation was that no 
excess of the anhydride was required. In fact, an 
excess led to the immediate formation of colored 
products, presumably arising from the reaction of 
the anhydride with the A-oxide function. This ob­
servation suggests that the amino group is more 
nucleophilic than the A-oxide oxygen with its 
formal negative charge. A-Acetyl-/3-(4-pyridyl-l- 
oxide)-DL-alanine was so soluble in water, about 
50 g. per 100 ml. at 25°, and so insoluble in organic 
solvents that it could not be separated from sodium 
chloride. This property led to the use of triethyla­
mine as the base in the Schotten-Baumann acetyla­
tion, for after acidification of the solution to pH 2 
and evaporation to dryness, the triethylamine 
hydrochloride that was formed could be removed 
by extraction of the solid residue with chloroform 
since its solubility in this solvent was 17.4 g. per 
100 g. at 25°.41 As no free amino acid could be de­
tected in the extracted residue, it may be inferred 
that the acylation was quantitative.

In order to determine whether the apparent low 
order of reactivity of anhydrides toward the A'- 
oxide function could be observed under more drastic 
conditions equimolar amounts of /3-(4-pyridyl-l- 
oxide)-DL-alanine and phthalic anhydride were 
heated in the dry state a t 140°. A-Phthaloyl-|8- 
(4-pyridyl-l-oxide)-DL-alanine was isolated in 64% 
yield. This compound was characterized by its

(38) L. A. Flexser, L. P. Hammett, and A. Dingwall, 
J. Am.. Chem. Soc., 57, 2103 (1935).

(39) H. H. Jaffe and G. O. Doak, J. Am. Chem. Soc., 77, 
4441 (1955).

(40) E. J. Cohn and J. T. Edsall, Proteins, Amino Acids 
and Peptides, Reinhold Publishing Corp., New York (1943), 
p. 135.

(41) C. J. Peddle and W. E. S. Turner, J. Chem. Soc., 
1205 (1913).
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strong ultraviolet absorption at 260 m/q42 its 
failure to give a positive ninhydrin reaction, and 
by its ability to give a positive ferric hydroxamate 
test.

The methyl esters of iV-benzoyl- and iV-acetyl- 
/3-(4-pyridyl-l-oxide)-DL-alanine, and the ethyl 
ester of the former compound were prepared by the 
thionyl chloride procedure of Brenner and Huber.43 
The product first isolated was the hydroxypyridin- 
ium chloride which was converted to the free ester 
by reaction with ammonia in chloroform at ice 
temperatures.44 The acetyl ester was soluble in 
water at room temperature to the extent of 50 g. 
per 100 ml. at 25° and the benzoyl ester to the 
extent of 8 g. per 100 ml. at 25°.

The resolution of A-benzoyl-/3-(4-pyridyl-l-ox- 
ide)-DL-alanine methyl ester with a-chymotrypsin 
was conducted at pH 7.9, the solution acidified to 
pH 2.2, and after standing for one hour at 4°, the 
A?'-benzoyl-/8-(4-pyridyl-l-oxide)-L-alanine was re­
covered by filtration. The filtrate was neutralized 
to pH 7 and saturated with salt, whereupon the 
fV-benzoyl-/3-(4-pyridyl-l-oxide)-D-alanine methyl 
ester precipitated. The L-acid was purified by 
solution in aqueous sodium bicarbonate, at pH 7, 
filtration, reprecipitation at pH 2.2, and recrystal­
lization from water. The compound appeared to be 
a monohydrate. Esterification of the L-acid with 
methanol and thionyl chloride43 gave fV'-benzoyl- 
/3-(4-pyridyl-l-oxide)-L-alanine methyl ester, with 
the same melting point and the same rotation, but 
of opposite sign, as the n-ester.

In the attempted resolution of iV-acetyl-/3- 
(4-pyridyl-l-oxide)-DL-alanine methyl ester, solu­
bility problems were encountered. Because of the 
high water solubility of both the ester and parent 
acid, the attempted separations were based on dif­
fering solubilities in organic solvents. Both com­
pounds had rather low solubilities in methanol or 
ethanol. However, the ester was soluble in chloro­
form, while the acid was only slightly soluble in 
this solvent. Since the resolution was conducted in 
aqueous solution at pH 7.9, it was necessary to add 
base to maintain a constant pH. Two choices were 
available, sodium hydroxide or triethylamine. 
When sodium hydroxide was used, the sodium salt 
of the L-acid was formed, and this compound was 
only slightly in methanol or ethanol. When the 
solution containing the D-ester and L-acid salt was 
acidified, sodium chloride was formed. It was not 
possible to separate the salt from the L-acid. 
When triethylamine was used the solution again 
had to be acidified because the triethylammonium 
salt of the L-acid was soluble in chloroform. 
Acidification of the solution produced triethyl­
ammonium chloride which is soluble in chloroform.

(42) H. H. Jaffe, J. Am. Chem. Soc., 77, 4451 (1055).
(43) M. Brenner and W. Huber, Helv. Chim. Ada, 36, 1109

(1953).
(44) R. P. Bell, J. Chem. Soc., 1371 (1931).

Evaporation of the acidified solution to dryness 
gave a dry powder only a small portion of which 
would dissolve in chloroform. The low solubility of 
this product in chloroform was due to the fact that 
enzyme was present in the dry powder. The dry 
enzyme is very hygroscopic. Also, triethylam­
monium chloride is very hygroscopic in the presence 
of an excess of hydrochloric acid. These two features 
led to the wetting of the methjd ester, which then 
was insoluble in chloroform.

A n a lte rn a tiv e  m e th o d  considered  for th e  reso lu­
tio n  of iV-acetyl-/8-(4-pyridyl-l-oxide)-D L -alanine 
w as via a  p a p a in  ca ta ly zed  sy n th esis  of th e  pheny l- 
h yd raz ide . T h is  m e th o d  is based  on th e  fo rm atio n  
of a  w ater-inso lub le  pheny lh y d raz id e , w hich fo r th e  
case a t  h a n d  w ould n o t be  likely, since IV-acetyl-/8- 
(4 -pyridy l-l-ox ide)-D L -alan inam ide was p rep a red  
an d  found  to  be  v e ry  w a te r  soluble.

Since the original aim of this study was an im­
proved route to (3-(4-pyridyl)-DL-, d - ,  and l -  

alanine, it was necessary to consider the problem 
of removal of the Ar-oxide group. Aliphatic amine 
iV-oxides or those represented by dimethylaniline- 
Ar-oxide are readily reduced to the corresponding 
tertiary amine. On the other hand, aromatic 
heterocyclic amine vV-oxides are characterized by 
a marked resistance to reduction. The oxide oxygen 
of pyridine- and quinoline-iV-oxide is not readily 
removed by catalytic hydrogenation at ordinary 
temperatures and pressures.45 46 For example 4- 
benzyloxypyridine-l-oxide can be hydrogenolyzed 
to 4-hydroxypyridine-l-oxide.32 However, the use 
of acetic acid-acetic anhydride as a solvent ap­
parently led to reduction of the W-oxide group.46 
Raney nickel at elevated temperatures gave a fair 
yield of the tertiary amine but also a large amount 
of by-products.47 Of the many chemical reducing 
agents that have been investigated, few have proved 
successful. One of the most useful, i.e., phosphorus 
trichloride,48 has obvious limitations. Hertog, 
et al., has reported the use of iron and glacial acetic 
acid.49

A catalytic reduction would be the most desir­
able. However, one is handicapped by the ease of 
reduction of the pyridine nucleus. Exploratory 
studies were based on the reduction of 4-picoline-
1-oxide with platinum and palladium on charcoal. 
The extent of reduction at room temperature w’as 
followed by means of pressure-drop in a low pres­
sure hydrogenation apparatus. The presence of 
secondary amine was determined by means of the

(45) E. Ochiai and M. Katada, J. Pharm. Soc. Japan, 
63, 186 (1943); Chem. Abstr., 45, 5151 i (1951).

(46) E. Ochiai and I. Suzuki, J. Pharm. Soc. Japan, 67, 
185 (1947); Chem. Abstr., 45, 9541d (1951).

(47) T. Ishii, J. Pharm. Soc. Japan, 71, 1092 (1951); 
Chem. Abstr., 46, 5046b (1952).

(48) M. H a m m , J. Pharm. Soc. Japan, 71, 263 (1951); 
Chem. Abstr., 46, 4542c (1952).

(49) M. J. den Hertog, C. R. Kolder, and W. P. Combs, 
Rec. trau, chim., 70, 591 (1951).
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nickel chloride-carbon bisulfide reagent described 
by Shriner and Fuson.60 With 5% palladium on 
charcoal, no reduction was obtained using absolute 
ethanol or IN  hydrochloric acid in absolute ethanol. 
With glacial acetic acid and one mole equivalent of 
acetic anhydride, reduction of the pyridine nucleus 
was extensive. With Adams’ catalyst, and the above 
three solvents, reduction of the nucleus proceeded 
concomitantly with that of the A’-oxide.

I t  w as decided to  s tu d y  th e  c a ta ly tic  red u c tio n  
of /3-(4-pyridyl)-DL-alanine an d  of th e  co rresponding  
A -ox ide sp ec tropho tom etrically , u sing  th e  m eth o d  
o u tlined  b y  F riede l an d  O rch in .61 T h e  cond itions 
em ployed  involved  th e  use of p la tin u m  dioxide a t  
40 p .s.i. of h yd rogen  a t  room  te m p e ra tu re  in  w ater. 
T h e  resu lts  a re  sum m arized  in  F ig u re  1. A lthough  
th e  d a ta  a re  n o t precise, th e re  is good evidence th a t  
co n co m itan t red u c tio n  of /3-(4-pyridy l-l-ox ide)- 
DL-alanine a n d  /3-(4-pyridyl)-DL-alanine w as en­
coun te red  u n d e r th e  above conditions.

I n  co n junction  w ith  th e  prev ious s tu d y , a  sam ple  
of /3-(4-pyridyl-l-oxide)-D L-alanine w as hy d ro g en ­
a te d  a t  40 p .s.i. an d  room  te m p e ra tu re  over a p la t­
inum  dioxide c a ta ly s t, allow ing 2.5 eq u iv a len ts  of 
hy d ro g en  to  be  absorbed  in s tead  of th e  4 equ iva­
len ts  requ ired  fo r com plete  reduction . T h ese  con­
d itio n s  should  hav e  led to  a  1 :1  m ix tu re  of fi- 
(4-pyridyl)-D L-alanine an d  /3-(4-piperidyl)-DL-ala- 
nine. A  sam ple  of th e  la t te r  com pound  w as p re ­
p ared  and. w as found  to  be  v e ry  soluble in  abso lu te  
m e th an o l. T h e  red u c tio n  p ro d u c t w as iso la ted , 
d ried , a n d  e x tra c te d  w ith  m e th an o l. T h e  u ltra ­
v io le t ab so rp tio n  sp ec tra  of th e  d ried  p ro d u c t 
exh ib ited  a b o u t one-half of th e  th e o re tic a l m o lar 
ab so rp tio n  fo r /3-(4-pyridyl)-DL-alanine an d  gave  a 
b lue-pu rp le  n in h y d rin  reac tion , in  c o n tra s t to  th e  
red  color g iven  b y  ^-(4-pyridyl)-D L-alanine. T h e  
sam e p ro d u c t w as iso la ted  a f te r  a  second m eth an o l 
ex trac tio n . T h is  p ro d u c t a p p ea rs  to  be  th e  /3- 
(4-piperidyl)-D L-alanine sa lt of /3-(4-pyridyl)-DL- 
a lan ine .

Other methods for the reduction of the amine 
oxide group that were investigated involved the use 
of hypophosphorous acid and triphenyl phosphine. 
In both cases no reduction was obtained. Horner 
and Hoffmann52 recently reported the failure of 
attempted reductions of pyridine- and quinoline-1- 
oxides with triethyl- and triphenylphosphine. 
Because of the similarity of the semi-polar N-*-0 
bond in heterocyclic aromatic amine A-oxides to 
that of the N-»-0 bond in aromatic nitro com­
pounds, it was hoped that the use of hydrazine 
and Raney nickel in alcohol, a method which

(50) R. L. Shriner and R. C. Fuson, The Systematic Identi­
fication of Organic Compounds, 3rd Ed., John Wiley and 
Sons, Ine., New York, 1948, p. 111.

(51) R. A. Friedel and M. Orchin, Ultraviolet Spectra of 
Aromatic Compounds, John Wiley and Sons, Inc., New York, 
1951, pp. 29-32.

(52) L. Horner and H. Hoffmann, Angew. Chem., 68, 473
(1956).

w orks well fo r a ro m a tic  n itro  com pounds,63 w ould  
be  app licab le  to  th e  N -oxides. N o red u c tio n  w as 
o b ta in ed  w ith  4 -p ico line-l-ox ide. A re d u c tio n  of 
th e  sam e com pound  was a tte m p te d , u sing  su lfu r in  
m orpho line  u n d e r th e  cond itions of th e  W illgerod t 
reac tion . T h e  p ro d u c t ob ta in ed  w as th io iso n ico tin y l 
m orpholine . T hese  cond itions a p p e a r to  be  to o  
s tren u o u s  fo r ap p lica tio n  to  m ore com plex com ­
pounds.

T h is  in v es tig a tio n  h as  resu lted  in  th e  develop­
m e n t of a  sy n th esis  of /3-(4-pyridyl)-D L-alanine 
■which is sa tis fa c to ry  if q u a n titie s  of 1 to  2 g ram s of 
th is  a -am in o  ac id  a re  all t h a t  a re  requ ired . An 
a lte rn a tiv e  sy n th esis  has  been  developed  to  th e  
p o in t w here su b s ta n tia l q u a n titie s  of Ar-benzoy l- 
/3-(4-pyridyl-l-oxide)-D L-, D - ,  and  L -alanine m a y  
be p rep a red  w ith  re la tiv e  ease. T h e  p ro b lem  of 
tran sfo rm in g  th ese  la t te r  com pounds to  /3-(4- 
pyrid3d)-DL~, D-, an d  L -alanine in  good y ie ld  h as  
n o t been  solved.

E X P E R I M E N T A L 64' 50 51 52 53 54 55

4-Pyridylmethyl bromide hydrobromide. A solution of 20 
g. of 4-pyridylcarbinol in 180 ml. of 48% hydrobromic acid 
was held at reflux for 4 hr. The reaction mixture was concen­
trated in vacuo to a thick paste, diluted with 100 ml. of 
absolute ethanol, filtered at ice temperature, and the residue 
washed with 20 ml. of absolute ethanol. The product, color­
less needles, was dried in vacuo to give 38.7 g. of the hydro­
bromide (84%), m.p. 185-187° with dec., lit., 145-150“3, 
187°6.

Diethyl acetamido-(4-pyridylmethyl)malonale. As a result 
of sixteen preparations of this compound under varying 
conditions, the procedure given below was found to be opti­
mal for a 0.02-mole scale.

A 500-ml. three-necked round-bottomed flask, equipped 
with a Teflon-bladed Trubore stirrer, reflux condenser, dry­
ing tube, and a slurrying device containing a separate 
Teflon-bladed stirrer, was purged with dry nitrogen. After 
0.92 g. (0.04 g.-atom) of sodium had been dissolved in 70 
ml. of a 1:1 mixture of benzene and anhydrous ethanol,
8.46 g. (0.04 mole) of diethyl acetamidomalonate was added 
and the resultant solution heated to reflux. With the stop­
cock on the slurrying device closed, 100 ml. of the benzene- 
ethanol solvent was added to the bulb of the slurrying de­
vice with its stirrer on, followed by 5.06 g. (0.02 mole) of 
4-pyridylmethyl bromide hydrobromide. With the stirrer 
in motion in the reaction flask, the stopcock of the slurrying 
device was opened. The slurry was added to the reaction 
flask over 40 min., the rate of addition being controlled by 
the stirring rate in the slurrying device. The resultant red 
reaction mixture was held at reflux for 2 hr., then allowed 
to stand overnight at room temperature. The solvent was 
removed by evaporation under a stream of air, leaving a 
brick red solid. The solid was extracted with 100 ml. of dry 
chloroform, and the chloroform solution extracted with 40 
ml. of 4JV hydrochloric acid. The acid phase was neutralized 
a t ice temperatures with 30% aqueous sodium hydroxide 
to pH 6. The resultant precipitate was recovered by filtra­
tion, and combined with a small amount of material ob­
tained by chloroform extraction of the filtrate to give ca. 4 
g. of product (70%). The ester was recrystallized from water; 
m.p. 121.7-122.0°.

(53) D. Balcom and A. Furst, J. Am. Chem. Soc., 75, 
4334 (1953).

(54) All melting points are corrected.
(55) Microanalyses by Dr. A. Elek.
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Anal. Calcd. for CI5H20O6N2: C, 58.4; H, 6.5; N, 9.1. 
Found: C, 58.5; H, 6.5; N, 9.1.

This procedure gave only 30% yields when 0.08-mole 
quantities of the bromide-hydrobromide were used.

@-{4-Pyridyl)-T>-L-alanine. A solution of 15 g. of recrystal­
lized diethyl acetamido(4-pyridylmethyl)malonate in 75 ml. 
of 48% hydrobromic acid was held at reflux for 6 hr. The 
solvent was removed in vacuo until a dense white solid sep­
arated. The crystalline material was recovered by filtration 
and washed with 20% hydrobromic acid. The filtrates were 
concentrated to 10 ml., and another batch of crystals ob­
tained. The combined solids were dried in vacuo to give 12.2 
g. (76%) of /3-(4-pyridyl)-DL-alanine dihydrobromide, m.p. 
250-252° (dec.).

Anal. Calcd. for C8Hi20 2N2Br2: C, 29.0; H, 3.7; H, 8.5; Br,
48.4. Found: C, 29.1; H, 3.6; N, 8.7; Br, 48.5.

An aqueous solution of 11.2 g. of dihydrobromide was 
shaken with water washed Amberlite IR-4B until the solu­
tion was neutral. The resin was removed by filtration, and 
the yellow solution treated with Norit to give a colorless 
filtrate. The water was removed in vacuo to yield after re­
crystallization from water, 5.11 g. (90%) of /3-(4-pyridyl)- 
DL-alanine, m.p. 234-235° with dec., lit.,3 235-236°.

Anal. Calcd. for C8H i0O2N2: C, 57.8; H, 6.1; N, 16.9. 
Found: C, 57.5; H, 6.1; N, 16.2; Br, 0.3.

The addition of ninhydrin to an aqueous solution of the 
amino acid resulted in the formation of a red color.3'4 The 
amino acid is soluble in water to the extent of 3.4 g. per 100 
ml. a t 25°, and is slightly soluble in pyridine.

N-Benzoyl-@-(4--pyridyl)-DL-alanine. To 0.5 g. (3.02 mmole) 
of |8-(4-pyridyl)-DL-a]anine dissolved in 20 ml. of water 
at 10° was added 0.835 ml. of triethylamine (6.04 mmole) 
and 0.75 g. (3.32 mmole) of benzoic anhydride. The suspen­
sion was stirred for 18 hr., filtered to remove residual an­
hydride, the filtrate acidified to pH 1 with coned, hydro­
chloric acid, the precipitated benzoic acid removed, and the 
filtrate adjusted to pH 4.3 with aqueous sodium bicarbonate. 
A ter standing overnight a t 4°, the crystalline product was 
recovered and recrystallized from 50% aqueous methanol 
to give 0.67 g. of the acylated amino acid, m.p. 246° with 
dec.

Anal. Calcd. for Ci5H 140 3 N2: C, 66.7; H, 5.2; N, 10.4. 
Found: C, 66.4; H, 5.3; N, 10.3.

Ethyl 0-(4-pyridyl-l-oxide)pyruvate. To a solution of 28 g. 
(1.22 g.-atom) of sodium in 300 ml. of absolute ethanol was 
added 109.2 g. (1.00 mole) of 4-picoline-l-oxide dissolved 
in 300 ml. of absolute ethanol. The solution was stirred at 
reflux for 15 min. to give a clear red solution. To this solution 
was added 146.2 g. (1.00 mole) of ethyl oxalate over a period 
of 5 min. After about 2 min., the yellow sodium salt of the 
keto ester began to precipitate. Heating was discontinued 
and the resultant yellow paste stirred for 2 hr. The solvent 
was removed in vacuo to leave a yellow paste, which was 
dissolved in water to give a dark red solution. The solution 
was neutralized with 12JV aqueous hydrochloric acid, the 
precipitate recovered and recrystallized from water to give 
100 g. of product A, yellow needles, m.p. 140.2-141.5°. 
Concentration of the aqueous filtrate gave 20 g. of product 
B, yellow prisms, m.p. 182.8-183.0°. Analyses of both sam­
ples showed neither to be pure keto ester. B would not dis­
solve in chloroform, while A dissolved nearly completely. 
Recrystallization of A from water after prior solution in 
chloroform and removal of the insoluble material, i.e., B, 
gave 95 g. of keto ester, m.p. 129° with dec., lit.,22 122-123°. 
Another 5.0 g. was obtained from a chloroform extract of B 
to give a total yield of 48%.

Recrystallization of B from water, after prior extraction 
with chloroform, gave a pale yellow solid, m.p. 187-188° 
with dec. This compound was an acid of molecular weight 
ca. 300 and would not form an oxime. When heated, the 
compound suddenly decomposed and evolved a purple 
vapor. The compound turned bright yellow after prolonged 
exposure to light. No consistent analyses could be obtained 
but it was shown that the compound contained nitrogen.

Eihyl-a-oximino-fi-{4-pyridyl-l-oxide)propionate. The con­
densation of 4-picoline-l-oxide and ethyl oxalate was con­
ducted as described above. However, the solvent was not 
removed in  vacuo. Instead, the yellow paste was washed 
from the reaction flask into a 4-1. beaker with 2 1. of 50% 
aqueous ethanol. The resultant red solution heated to ca. 
60°, and 85 g. (1.22 mole) of hydroxylamine hydrochloride 
and 100 g. (1.22 mole) of sodium acetate were added. The 
reaction mixture was allowed to cool overnight, the crystals 
which had formed collected, the filtrate concentrated to one- 
half its original volume, and a second crop of crystals re­
covered. The two crops were combined and recrystallized 
from water to give 136 g. (60%) of oximino ester, m.p. 210° 
with dec., lit.,22 221-222°. Although the oximino ester was 
dried over phosphorus pentoxide at 65° and 100 mm., the 
low melting point and the analysis indicated that a hydrate 
had been obtained.

Anal. Calcd. for C10H12O4N2H2O: C, 49.6; H, 5.8; N,
11.6. Found: C, 49.7; H, 5.6; N, 11.7.

The same product was obtained from ethyl /3-(4-pyridyl-l- 
oxide)pyruvate. To a hot solution of 15 g. (0.0702 mole) of 
keto ester in 100 ml. of water was added 4.9 g. (0.0702 mole) 
of hydroxylamine hydrochloride, 2.8 g. (0.0702 mole) of 
sodium hydroxide, and 5.75 g. (0.0702 mole) of sodium 
acetate. A white flocculent precipitate formed as the solu­
tion cooled. The precipitate was recrystallized from water 
to give 8.2 g. (52%) of fibrous needles, m.p. 210° with dec.

a-Oximino-f}-{4-pyridyl-l-oxide)propionic acid. A solution 
of 20 g. (0.0893 mole) of the ester and 7.15 g. (0.1786 mole) 
of sodium hydroxide in 180 ml. of water was held at the 
boiling point for 5 min. The reaction mixture was cooled to 
about 50°, neutralized with 14.9 ml. of coned, hydrochloric 
acid, diluted with 25 ml. of water, kept in an ice bath for 
4 hr., the solid which had formed recovered and washed with 
a small amount of cold water. The product was dried in 
vacuo to give 14.3 g. (82%) of acid, m.p. 140-141° with dec. 
Recrystallization from water gave the acid, clusters of fine 
needles, m.p. 139.8-140° with dec.

Anal. Calcd. for C8H80 4N2: C, 49.0; H, 4.1; N, 14.3. 
Found: C, 49.2; H, 4.2; N, 14.4.

p-U-Pyridyl-l-oxide)-T>-L-alanine. To 1 1. of coned, hydro­
chloric acid and 260 g. (1.15 mole) of stannous chloride di- 
hydrate was added, in portions, 100 g. (0.51 mole) of a- 
oximino-/3-(4-pyridyl-l-oxide)propionic acid. The clear solu­
tion was allowed to stand at room temperature overnight 
and then concentrated in vacuo to a thick paste. The paste 
was dissolved in 750 ml. of water and the solution neutralized 
to pH 6.8 with ca. 375 ml. of 28% aqueous ammonia. The 
precipitate was removed and washed with 200 ml. of water. 
The filtrate was evaporated to dryness in  vacuo, and the 
granular residue ground to pass an 80-mesh screen. This 
powder was extracted with 6 1. of absolute methanol to 
give 90 g. of crude product. Further extraction with two 
500 ml. portions of methanol gave 78 g. (84%) of |3-(4- 
pyridyl-l-oxide)-DL-alanine, m.p. 238.2° with dec. An aque­
ous solution of the product did not give a positive test with 
silver nitrate

Anal. Calcd. for C8H,„03N2: C, 52.7; H, 5.5; N, 15.4. 
Found: C, 52.7; E , 5.6; N, 15.4.

The product could be obtained more rapidly, but in a 
lower yield, i.e., ca. 45%, by removing the solid, formed on 
partial evaporation of the filtrate obtained by adjustment 
of the acidic reaction mixture to pH 6.8 with aqueous am­
monia followed by filtration, and continuing this process un­
til the volume of the filtrate was reduced to ca. 150 ml. 
The filtrate was then evaporated to dryness and the residue, 
mainly product, extracted with methanol to remove residual 
ammonium chloride.

The amino acid gave an orange color, preceded by a violet- 
blue color, with ninhydrin solution. The reaction was very 
slow. The amino acid was soluble in water to the extent of 
45 g. per 100 ml. a t 25° and was slightly soluble in pyridine.

N-Benzoyl-(i-{4-pyridyl-l-oxide)-mj-alanine. To a  s o l u t i o n  
o f  6 1 .0  g . ( 0 .3 3  m o l e )  o f  /3 - ( 4 - p y r id y l - l - o x id e ) - D L - a l a m n e  i n
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600 ml. of ice cold water and 92 ml. (0.60 mole) of triethyl- 
amine was added 82.2 g. (0.363 mole) of finely ground ben­
zoic anhydride. The mixture was stirred for 18 hr., filtered, 
and the filtrate acidified with 246 ml. of 12iV aqueous hydro­
chloric acid. The precipitated benzoic acid was removed, 
washed with a small amount of 2N  aqueous hydrochloric 
acid, and the combined filtrate and washings adjusted to pH
2.3 with 91.2 g. of sodium hydroxide in 200 ml. of water. 
The resultant paste was cooled to 4°, the product collected, 
washed with 250 ml. of water, and dried to give 73 g. (77%) 
of acid, m.p. 228.5-229.2° with dec. The acid was recrystal­
lized from 60% aqueous ethanol to give 70 g. (74%,) of acid, 
m.p. 229.5° with dec.

Anal. Calcd. for C15HHO4N2 : C, 62.9; H, 4.9; N, 9.8. 
Found: C, 62.9; H, 5.0; N, 9.8.

The compound was soluble in water to the extent of 0.5 g. 
per 100 ml. at 25°.

N-Acetyl-0-(4-pyridyl-l-oxide)-T>i.-alanine. To 30 g. 
(0.165 mole) of the amino acid dissolved in 165 ml. of water 
was added 23.1 ml. (0.165 mole) of triethylamine. The solu­
tion was cooled to ca. 0° and portions, each of 5.8 ml (0.041 
mole) of triethylamine and 3.85 ml. (0.041 mole) o: acetic 
anhydride, were added in that order with vigorous stirring 
and at 10-min. intervals. When a few drops of the fifth por­
tion of acetic anhydride was added, the solution became 
bright orange, and no further addition was made. The solu­
tion was acidified with 100 ml. of 4iV hydrochloric acid and 
concentrated in vacuo. The residual paste was dried in  vacuo 
over potassium hydroxide and phosphorus pentoxide for two 
days. The dried material was powdered in a dry box, shaken 
with 400 ml. of dry chloroform for 20 min. to remove the 
triethylamine hydrochloride, and then filtered to give 32.9 
g. of crude product. An additional 3.6 g. separated from the 
filtrate to give a total yield of 36.5 g. The crude product was 
stirred with 1 0 0  ml. of dry chloroform for 1 0  min., filtered, 
and dried to give 32.3 g. (87%) of chloride-free product. 
This product was recrystallized from absolute ethanol to give 
the acid, m.p. 2 1 0 .2 ° with dec.

Anal. Calcd. for C10H 12O4N2 : C, 53.6; H, 5.4; N, 12.5. 
Found: C, 53.5; H, 5.1; N, 12.5.

The acid was soluble in water to the extent of 60 g. per 
100 ml. at 25°.

N-Phthaloyl-p-(4-pyridyl-l-oxide)-Di<-alanine. /3-(4-Py- 
ridyl-l-oxide)-DL-alanine, 1.0 g., (5.5 mmole) and phthalic 
anhydride, 0.816 g., (5.5 mmole) were thoroughly mixed 
and heated Ed 140° for one hour. The yellow paste was cooled 
and treated with saturated aqueous sodium bicaroonate. 
The residual anhydride was removed and the filtrate acidi­
fied -with hydrochloric acid to give an oil -which crystallized 
upon trituration with water. The crystalline solid was col­
lected to give 1.06 g. (64%) of product, m.p. 253-254° with 
dec. This product was recrystallized from 200 ml. of water 
to give the acid, rhombs, m.p. 254.5-255.0° with dec. The 
ultraviolet spectrum of the acid exhibited a characteristic 
AT-oxide absorption at 260 mp and the acid did not give a 
positive ninhydrin reaction. I t  gave a positive ferric hy- 
droxamate test, similar to that observed with A-phthaloyl- 
nn-phenylalanine.

Anal. Calcd. for C^H^N^Os: C, 61.5; H, 3.9; N, 9.0. 
Found: C, 61.5; H, 4.0; N, 9.1.

N-Benzoyl-0-{4-pyridyl-l-oxide)-Tt\j-alanine methyl ester. 
To 200 ml. (4.88 mole) of absolute methanol, cooled in an 
ice-salt, bath and stirred, was added over a period of 15 min.,
26.7 ml. (0.366 mole) of thionyl chloride. To this solution 
was added, in portions, over a period of 2 0  min., 70.0 g. 
(0.244 mole) of A’-bcnzoyl-/5-(4-pyridyl-l-oxide)-DL-alanine. 
The clear solution was warmed to 40°, and after about 15 
min., a white solid began to precipitate. The slurry was 
stirred overnight a t room temperature, filtered, and the fil­
trate evaporated to dryness. The residues from the filtra­
tion and evaporation were combined and dried in vacuo to 
give 77 g. (94%) of ester hydrochloride. The dry hydro­
chloride was suspended in 600 ml. of ice cold dry chloroform 
and treated with 150 ml. of 1.81V ammonia in chloroform

(0.270 mole). The ammonium chloride that formed was 
removed and the filtrate evaporated to dryness. The residue 
was washed with ligroin and dried in vacuo to give 63.5 g. 
(8 6 %) of ester, m.p. 190.0-190.5°. The melting point was 
not raised by recrystallization of the ester from chloroform. 
The ester was soluble in water to the extent of 8.0 g. per 100 
ml. at 25°.

Anal. Calcd. for ChH .A N j : C, 64.0; H, 5.4; N, 9.3. 
Found: C, 63.9; H, 5.4; N, 9.5.

N-Benzoyl-(}-(4-pyridyl-l-oxide)-m^alanine ethyl ester. 
This ester, m.p. 141-143°, was prepared from the acid and 
anhydrous ethanol as described for the methyl ester.

Anal. Calcd. for CnH.aChN,: C, 65.0; H, 5.8; N, 8.9. 
Found: C, 65.2; H, 5.6; N, 9.0.

N-Acetyl-f3-{4-pyridyl-l-oxide)-mj-alanine methyl ester. 
This ester was prepared in 75% yield from ,/V-acetyl-/J-(4- 
pyridyl-l-oxide)-DL-alanine in a manner identical with that 
used for the A-benzoyl-compound. The ester was very sol­
uble in chloroform and water, soluble in methanol, less 
soluble in ethanol and 2 -propanol, and insoluble in ethyl 
acetate and toluene. The ester was recrystallized from ab­
solute ethanol to give clusters of hygroscopic needles, m.p.
193.5-194.2° with dec.

Anal. Calcd. for CnHuChN,: C, 55.5; H, 5.9; N, 11.8. 
Found: C, 55.4; H, 6.0; N, 11.7.

The ester was also obtained in a 47% yield from a-ox- 
imino-/5 -(4 -pyridyl-l-oxide)propionic acid as follows: The 
oximino acid was reduced with stannous chloride and the 
tin salts removed as described previous^. Following con­
centration, the filtrate was acetylated with acetic anhydride 
and sodium hydroxide. The resultant solution was acidified 
to pH 2.0 and evaporated to dryness. Treatment of the resi­
due with thionyl chloride and methanol gave a solution of 
the ester hydrochloride and a precipitate of sodium chlo­
ride. Following filtration, the solution was treated as de­
scribed above.

The determination of the p K \ of the N-benzoyT(3-{4-pyri- 
dyl-l-hydroxy)~T>\j-alanine ion. A stock solution, 0.930 X 
1 0 in A-benzoyl-0-(4-pyridyl-l-oxide)-Di,-alanine in ca. 
0.3Ar hydrochloric acid was prepared. The ultraviolet spec­
trum of 1.00 ml. of the stock solution, diluted to 50.00 ml. 
-with AN hydrochloric acid, was taken to obtain a value for 
Abh- The ultraviolet spectrum of 1 . 0 0  ml. of the stock solu­
tion, made basic with sodium hydroxide and diluted to
100.00 ml. with water (pH 10.6), was determined to obtain
a value for A B. From extinction coefficients determined at 
260 mp and proceeding as described bj' Flexser, Hammett, 
and Dingwall, 38 the following values were obtained or de­
rived; Abh =  1-013, A = 1.438, AB =  1.648, CBH = 1 . 8 6  X
1 0 -W , C = 1 . 8 6  X 1 0 -W , CB =  0.93 X 10-fiH, CH = 
0.309.17, Cbh/C b = 4.37, = 0.545 X 104 cm. M 1

k ' = 0.773 X 104 cm. M _1, K  = 1-772 X 104 cm. M ^ 1 

K ; = 0.0707 and pK i =  1.15.
[}-{4-Pyridyl-l-oxide)-mi-alanine methyl ester. The amino 

acid was suspended in absolute methanol and the mixture 
saturated with dry hydrogen chloride, allowing the temper­
ature to rise to ca. 60°. The clear solution was evaporated 
in  vacuo, and the residue neutralized with methanolic so­
dium methoxide. The sodium chloride was removed, the 
filtrate concentrated, filtered, and the filtrate evaporated 
to dryness in vacuo. The product, a hard glass, was soluble 
in chloroform if initially wet with methanol. I t  was com­
pletely insoluble in anhydrous chloroform once exposed 
to a trace of moisture. The product was deliquescent in 
air, and it was impossible to obtain a pure sample, even when 
working in a dry box.

(¡-{4-Pyridyl-l-oxide)-mj-alaninhydrazide. Approximately
1.0 g. of the above ester was dissolved in 5 ml. of absolute 
methanol, 0.5 ml. of anhydrous hydrazine added, the solu­
tion held at reflux for one hour and then evaporated in a 
stream of dry nitrogen to give a viscous oil which crystallized 
when triturated with chloroform. The solid was collected and 
dried in vacuo to give 0.71 g. (70%) of a hygroscopic product,
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TABLE I
S p e c t r a l  a n d  R a t e  D a t a  f o r  H y d r o g e n a t i o n  o f  /3 - ( 4 -P y r i d y l ) - d l - a l a n i n e  a n d  I t s  AM Dx i d e

Optical Density
/3-(4-Pyridyl)-DL-alanine

vs. Concentration
0- (4-Pyridyl-l-oxide)-DL-alanine

Concn. 
M  X 10 ~3 O.D.260 Mil O.D250 M/i

Concn. 
M  X 10~4 O.D.260 M m O.D . 2 5 0  M m

0.120 0.258 0.246 0.209 0.328 0.213
0.240 0.526 0.498 0.418 0.660 0.434
0.480 1.042 0.981 0.835 1.343 0.878
0.959 2.056 1.947 1.044 1.692 1.106
1.199 2.619 2.416 1.225 2.053 1.402

Optical Density vs. Time
0- (+Pyridyl)-DL-aIanine 0- (4-Pyridyl-l-oxide)-DL-alanine

Co =  1.199 X 10“s■M Co =  1.074 X 10~2 M
P t =  0.265 g./l. P t =  0.265 g./l.

Time, O.D.260 M m O.D.250 Mix Time, O.D.260 M m O.D.250 M m
min. X lO^1 X 10“1 Min. X 10 ~2 X 10 “2

0 2.619 2.416 0 1.724 1.185
5 2.323 2.147 10 0.983 0.672

10 2.167 2.010 23 0.504 0.362
21 2.010 1.838 39 0.263 0.213
46 1.767 1.648 64 0.1250 0.118
63 1.672 1.605 109 0.0730 0.0730
91 1.616 1.477 155 0.0581 0.0578

298 1.010 0.990 1130 0.0149 0.0151

Mole Percent vs. Time“
0- (+Pyridyl)-DL-alanine 0-(4-Pyridyl-l-oxide)-DL-alanine
Time, Mole % Time, Mole %, Mole %, Mole %,
Min. PA6 Min. POAc PA“ PIA“

0 100 0 100 0 0
5 89 10 51 4 4 5

10 82 23 2 2 49 29
21 76 39 6.5 63.5 30
46 68 64 1 46 53
63 65 109 0 32.5 67.5
91 61 155 0 25.5 74.5

298 40 1130 0 6.5 93.5

“ B a s e d  u p o n  t h e  r e l a t i o n s :  a t  2 6 0  m/i, O .D . po a / cpoa = 1 .6 0 4  X 1 0 4 M ~1, O .D .p A/ cpa  = 2 .1 8 3  X 1 0 3 M ~ l; a t  2 5 0  mu 
O .D .p 0 a / cpoa  =  1 .0 5 8  X 1 0 4 M ~ \  O.D.pA/opA = 2 .0 1 7  X 1 0 3 M _1 . s /S - ( 4 - p y r id y l ) - D L - a la n in e .  c / 3 - ( 4 - p y r i d y l - l - o x i d e ) -  
D L -a la n in e .  “  /3 - ( 4 - p ip e r id y l ) - D L - a la n in e .

which was recrystallized from ethanol to give large rhombs, 
m.p. 147-148°.

Anal. Calcd. for C8H120 2N4 (196): C, 49.0; H, 6.2; N,
28.6. Found: C, 48.9; H, 6.0; N, 28.4.

N-Acetyl-f}-(4-pyridyl-l-oxide)-m^alaninamide. A solution 
of 5.0 g. of iV-acetyl-/9-(4-pyridyH-oxide)-DL-alanine methyl 
ester in 120 ml. of dry methanol saturated with ammonia 
at room temperature was allowed to stand overnight. The 
solution was evaporated to dryness in vacuo, the residue sus­
pended in absolute ethanol and filtered to give 4.0 g. (86%) 
of product. This substance was recrystallized from 300 ml. 
of absolute ethanol to give 3.4 g. of amide, m.p. 235-236° with 
dec. The amide was soluble in water to the extent of about 
50 g. per 100 ml. at 25°.

Anal. Calcd. for CI0H13O3N3: C, 53.8; H, 5.9; N, 18.8. 
Found: C, 53.8; H, 5.8; N, 18.8.

N-Benzoyl-0-{4-pyridyl-l-oxide)-ij-alanine. a-Chymotryp- 
sin, 20 mg., was added to a solution of 10 g. of A-benzoyl-/3- 
(4-pyridyl-l-oxide)-DL-alanine methyl ester in 100 ml. of 
water maintained at pH 7.9 by the addition of 11V aqueous 
sodium hydroxide. The asymmetric hydrolysis was com­
plete in one hour. The clear solution was acidified to pH 2.3 
with 6N  aqueous hydrochloric acid, the solution held for one 
hour at 4°, the precipitated L-acid collected, and recrystal­
lized from water to give 2.73 g. (58%) of L-acid, [a]2D5° 
—45.1° to —43.4° (c, 1.5% in acetic acid), m.p., 216- 
220°, with oil formation a t 145-150°. Analyses for this com­

pound were never satisfactory even after repeated recrys­
tallization. A similar behavior was observed with resolutions 
conducted with the ethyl ester.

Anal. Calcd. for C16H140 4N2 • H20  (316): C, 60.7; H, 5.1; 
N, 8.9. Found: C, 59.5; H, 5.2; N, 10.1.

N-Benzoyl-0-(4-pyridyl-l-oxide)-n-alanine methyl ester. The 
acidified filtrate from the above resolution was adjusted to 
pH 7.0 with saturated aqueous sodium bicarbonate and the 
solution saturated with sodium chloride. The D-methyl 
ester precipitated. The crude ester was collected, dried, 
dissolved in chloroform, the solution filtered and the filtrate 
evaporated to give 2.82 g. (56%) of the D-methyl ester, m.p. 
207° with dec., [o]2D5° +95.5° (c, 3.3% in methanol).

Anal. Calcd. for C16H160 4N2: C, 64.0; H, 5.4; N, 9.3. 
Found: C, 63.9; H, 5.3; N, 9.2.

N-Benzoyl-0-{4-pyridyl-l-oxide)-v-alanine ethyl ester. This 
ester was recovered from a resolution of the D L -e th y l ester 
which was conducted as described for the D-methyl ester. 
The crude product was recrystallized from 300 ml. of ethyl 
acetate containing 3 ml. of water to give 3.7 g. (74%) of 
n-ester, m.p. 181.0-182.0, [« ]d5<> +87.6° (c, 1.5% in 
methanol).

Anal. Calcd. for C17H180 4N2: C, 65.0; H, 5.8; N, 8.9. 
Found: C, 65.0; H, 5.9; N, 8.8.

N-Benzoyl-0-(4-pyridyl-l-oxide)-^-alanine methyl ester. 
This ester was prepared from the L-acid by reaction with 
methanol and thionyl chloride. The recrystallized product,
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m.p. 208°, [a] 2d ° —95.5° (c, 4% in methanol), was obtained 
in 88% yield.

Anal. Calcd. for G,sH,60 4N2: C, 64.0; H, 5.4; N, 9.3. 
Found: C, 63.9; H, 5.4; N, 9.3.

N-Benzoyl-f3-(4-pyridyl-l-oxide)-J^-alanine ethyl ester. This 
ester was prepared as described for the no-ester. Recrystal- 
lizat.ion of the crude product from wet ethyl acetate gave 
86% of the L-ester, m.p. 181.0-182.5°, [a]2D5° —87.3° (c, 
1.5% in methanol).

Anal. Calcd. for CnHi80 4N2: C, 65.0; H, 5.8; N, 8.9. 
Found: C, 64.9; H, 5.9; N, 8.9.

4-(Pyridyl-l-oxide)carbinol. To 23 g. of 4-pyridylearbinol 
dissolved in 200 ml. of glacial aoetic acid was added 30 ml. 
of 30% aqueous hydrogen peroxide, the solution held at 70° 
for three hours, another 30 ml. of hydrogen peroxide added 
and the solution held at 70° overnight. The solvent was re­
moved in vacuo and the residue recrvstallized from a mix­
ture of ethanol and ethyl acetate to give 19.6 g. (74%) of fine 
needles, m.p. 111.5-112.0°.

Anal. Caled. for C6H7N 02 (125): C, 57.6; H, 5.6; N, 11.2. 
Found:C, 57.6; H, 5.6; N, l ' . l .

4-{Pyridyl-l-oxide)methyl bromide hydrobromide. A solu­
tion of 10.0 g. of 4-(pyridyl-l-oxide)earbinol in 50 ml. of 
48% hydrooromic acid was heated twice to the boiling point 
and allowed to stand overnight. The acid was removed in 
vacuo, 50 ml. of absolute ethanol added, and the solution 
cooled to 0° to give a paste, which was recrystallized from 
absolute ethanol to give 8.2 g. of the hvdrobromide of 4- 
(pyridyl-l-oxide)earbinol, m.p. 93-95°. This material, 6.53 
g., was dissolved in 25 ml. of hydrobromic acid and held at 
reflux for 18 hr. The acid wras removed in vacuo. The addi­
tion of absolute ethanol to the residue caused the forma­
tion of a white crystalline solid, which wras collected, washed 
with absolute ethanol, and dried in vacuo to give 7.2 g. (88%,) 
of a hygroscopic product, m.p. 170.5-171.8°.

Anal. Calcd. for CeEhONBr-HBr: C, 26.8; H, 2.6; N, 
5.3; Br, 59.4. Found: C, 26.9; H, 2.6; N, 5.2; Br, 59.4.

4-(Pyridyl-l-oxide)methyl bromide. Five g. of the above 
bromide hydrobromide was dissolved in the minimum 
amount of water and solid sodium bicarbonate was added 
until the solution was adjusted to pH 7.0. The solution was 
saturated with salt and extracted with chloroform. The ex­
tracts were dried and the solvent removed to give the theo­
retical amount of solid, m.p. 138-138.5°. No analysis w-as 
obtained as the compound becomes colored and decomposes 
wdthin several hours.

Thioisonicotinyl morpholine. A suspension of 9.6 g. (0.3 
g.-atom) of sulfur in a mixture of 10.9 g. (0.1 mole) of 4- 
picoline-l-oxide and 13.1 g. (0.15 mole) of morpholine was 
heated a t 170° for 12 hr. The reaction mixture was cooled,

diluted with 50 ml. of absolute ethanol, the precipitate 
collected and recrystallized twice from ethanol to give 11.4 
g. (55%) of product, m.D. 150-152° lit.,66 150-151°.

Anal. Calcd. for 0,„H12N20S: C, 57.7; H, 5.8; N, 13.5. 
Found: C, 57.6; H, 5.8; N, 13.4.

Catalytic hydrogenation of f3-{4-pyridyl)-xvL-alanine and its 
N-oxide. The reductions were conducted in the same manner 
for both compounds. A weighed sample of each compound 
was dissolved in 25 ml. of water, the weighed platinum 
dioxide catalyst added, and the mixture hydrogenated a t 
40 p.s.i. and 25°. At selected time intervals the hydrogen­
ation was interrupted, a 2.5-ml. aliquot removed, filtered 
and a 1.0-ml. aliquot of the filtrate diluted 1:10 for /3- (4- 
pyridyl)-m>alanine and 1:100 to 1:5 for the A-oxide. The 
spectra were taken at 260 and 250 mp. The data are sum­
marized in Table I. The data for the mole percentage of
13-(4-pyridyl)-DL-alanine and |6-(4-piperidyl)-DL-alanine in 
the reduction of /S-(4-pyridyl-l-oxide)-DL-alanine have error 
in them estimated at ±  10 mole percent through the fifth 
point, and about ±  2 mole percent in the last points. This 
is due to the fact there is approximately a factor of 10 be­
tween the molar extinction coefficients of /3-(4-pyridyl-l- 
oxide)-DL-alanine and /3-(4-pyridyI)-DL-alanine and small 
errors in the concentration of the former component are re­
flected by ca. 10 times that error in the concentration of the 
latter. |3-(4-Piperidyl)-DL-alanine has no absorption in this 
region.

To a solution of 5.0 g. (.0275 mole) of /S-(4-pyridyI-l- 
oxide)-DL-alanine in 25 ml. of water was added 0.5 g. of 
platinum dioxide and the mixture hydrogenated at 40 p.s.i. 
and 25° until 0.069 mole of hydrogen had been absorbed. 
The catalyst was removed and the solution evaporated in 
dryness in vacuo. The solid was extracted with 25 ml. of dry 
methanol and the residue, 2.82 g., dried in vacuo. An oily 
solid was isolated from the methanol extract. /S-(4-Piperidyl)- 
DL-alanine is very hygroscopic. A determination of the ex­
tinction coefficient at 256 my, assuming the absence of /3-(4- 
pyridvl-l-oxide)-DL-alanine, gave a value of 311 ±  16 for the 
molecular weight of the solid product. After a second extrac­
tion with methanol, a value of 380 ±  10 was obtained. The 
molecular weight of /3-(4-piperidinium)-DL-alanine /S-(4-pyri- 
dyl)-DL-alaninate is 338. The solid decomposed at 250-280° 
and gave a blue-purple color with ninhydrin. The yield of
2.8 g. compares favorably with the yield of 2.5 g. expected 
on the basis of hydrogen uptake.

P a sa d en a , C a l if .

(56) H. D. Porter, J. Am. Chem. Soc., 76, 127 (1954).

[C o n t r ib u t io n  f r o m  I n d ia n  A s s o c ia t io n  f o r  t h e  C u l t iv a t io n  o f  S c i e n c e ]

S y n th esis  o f  th e  D icarboxylic Acid C12Hi40 4—D egradation  P rodu ct o f  P icrotoxin

MONOJIT GHOSAL, BISWAJIT SINHA, a n d  P. BAGCHI
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7-(2-Carboxy-6-methylphenyl)butyric acid, a degradation product of picrotoxin, has been synthesized following an 
unambiguous procedure. The synthetic compound possesses properties similar to those described for the product from 
natural sources.

Picrotoxin is a molecular compound of picrotin duces acetone and a dibasic acid, C12H14O4.2 Out of 
and picrotoxinine. Each of these compounds when the two possible structures for this dibasic acid, 
boiled with phosphorus and hydriodic acid produces 
picrotic acid.56 * 1 The latter, on hydrolytic fission pro-

(2) F. Angelico and F. Monforte, Gazz. chim. ital., 53,
(1) F. Angelico, Gazz. chim. ital. 42, ii, 337 (1911). 800 (1923).
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Robertson has chosen structure (V) on the basis of 
its transformation to 5-methyltetralone.3

The acid (V) has been synthesized by an unam­
biguous method shown in the flow sheet.

y - (2-Methylbenzoyl)butyric acid (I, R = Ii) was 
prepared following two different routes. In the first 
method o-tolylcadmium bromide was made to react 
with y-caJrbethoxybutyroyl chloride resulting in the 
formation of ethyl y-(2-methylbenzoyl)butyrate 
(I, R = E t)4 5 * which gave acid (I, R = H) on hydroly­
sis with alkali. In the second method the Grignard 
complex of o-bromotoluene was reacted with cy- 
clopentanone and the resulting mixture of tertiary 
alcohol (VII) and the corresponding dehydrated 
product was oxidized with chromic acid to acid 
I (R = H).8

Huang-Minlon reduction of compound I (R = Et) 
gave S-o-tolylvaleric acid (II) in satisfactory yield. 
Cyclization of acid II with polyphosphoric acid gave 
1'-methylbenzocyclohepten-3-one (III) in almost 
quantitative yield. Compound III was converted 
into the formyl derivative (IV) which on oxidation

c o 2h  c h 2 c o 2h
V

(3) D. Mercer, A. Robertson, and R. S. Cahn, J. Chem. 
Soc., 997(1935).

(4) J. Cason and P. Prout, J. Am. Chem. Soc., 66, 46 
(1944).

(5) L. F. Fieser and J. Szmuszkovicz, J. Am. Chem. Soc.,
70,3352 (1948).

with potassium permanganate or on ozonolysis 
furnished a dibasic acid which gave analytical fig­
ures agreeing with the molecular formula Ci2Hi40 i 
and melted at 136-136.5° (uncorrected). Robert­
son et al.3 report melting point 135-136° for the 
degradation product of picrotoxin. A direct com­
parison of the synthetic specimen was not possible 
owing to unavailability of a sample from natural 
sources. The synthetic acid, however, could be 
converted to 5-methyltetralone according to the 
method of Robertson et al.3 This definitely shows 
that the synthetic acid is identical with the acid 
from natural sources.

E X P E R IM E N T A L

Melting and boiling points are uncorrected.
Ethyl y-{2-methylbenzoyl)butyrate (I, R =  Et). A solution 

of o-bromotoluene (45 g.) in a mixture of dry ether (132 ml.) 
and thiophene-free benzene (44 ml.) was added with stirring 
in the course of 1.5 hr. to magnesium turnings (6.5 g.) cov­
ered with ether containing a little methyl iodide maintain­
ing gentle reflux of the reaction mixture. The Grignard 
solution was then cooled in an ice bath and anlwdrous cad­
mium chloride (29 g.) was added. The resulting mixture was 
heated under reflux with stirring for 45 min. The ether in 
the mixture was then distilled off until the mixture in the 
flask became a thin slurry and the distillation became slow. 
Thiophene-free benzene (176 ml.) was added and 22 ml. of 
benzene were distilled off.

A solution of y-carbethoxybutyroyl chloride (47.1 ml.) 
dissolved in thiophene-free benzene (44 ml.) was added with 
vigorous stirring to the hot mixture (kept in nitrogen atmos­
phere) as quickly as possible. An exothermic reaction ensued, 
and cadmium halide precipitated out. The mixture was then 
heated under reflux for 1 hr., and processed in the usual 
manner. Ethyl Y-(2-methylbenzoyl)butyrate (19 g.) b.p. 
157.5° (4.0 mm.) was obtained.

Anal. Calcd. for C14H180 3: C, 71.79; H, 7.69. Found: C, 
71.38; H, 7.80.

The 2,4-dinilrophenylhydrazone crystallized from alcohol, 
m.p. 100°.

Anal. Calcd. for C2oH22N406: N, 13.53. Found: N, 13.41.
The ester (1.3 g) was hydrolyzed with sodium hydroxide 

(1 g.) in a mixture of ethanol (6 ml.) and water (4 ml.).
7-(2-Methylbenzoyl)butyric acid (I, R = H) "was obtained 
as a white solid which was purified with the help of sodium 
bicarbonate and then crystallized from water containing a 
few drops of acetic acid; m.p. 80°, which did not rise on 
further crystallization. Yield—0.7 g.

Anal. Calcd. for Ci2H i40 3: C, 69.90; H, 6.79. Found: C, 
69.61; H, 6.93.

1-o-Tolylcyclopentanol. (VII) To a Grignard solution pre­
pared from o-bromotoluenc (105.5 g.), magnesium (14.5 g.), 
ether (310 ml.), and methyl iodide (1 ml.) cooled in ice was 
added cyclopentanone (50.0 g.) in 175 ml. of ether with 
stirring. A white solid was precipitated. The reaction mix­
ture was left overnight, and then refluxed for 3 hr. I t  was 
then cooled in an ice bath and decomposed with saturated 
ammonium chloride solution and worked up in the usual 
manner. On distillation a clear liquid (12.5 g.), b.p. 110- 
115°/6 mm., was obtained.

y-{2-M ethylbenzoyl)butyric acid (I, R = H). The above 
Grignard product (12.5 g.) was dissolved in acetic acid 
(375 ml.) and ehromic acid solution (7N, 165 ml.) was 
added gradually in the course of 1 hr. The temperature of 
the reaction mixture was kept below 25°. Excess chromic 
acid was decomposed with sodium bisulfite. Acetic acid was 
removed by distillation under reduced pressure below 100°. 
The residue was treated with 10% sulfuric acid and extracted 
with ether. The ethereal extract was treated with 5% sodium
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bicarbonate solution and the alkaline layer acidified. The 
precipitated acid was purified by sublimation under low 
pressure. When the product (1.6 g.), m.p. 72-73°, was crys­
tallized from water containing a few drops of acetic acid 
the melting point rose to 80°. Mixed m.p. with the acid 
previously described was undepressed.

5- (o-tolyl)valeric acid (II). To a solution of sodium hy­
droxide (4 g.) in diethylene glycol (42 ml.) was added ethyl
7 -2 -methylbenzoyl butyrate (5.9 g.) followed by hydrazine 
hydrate (50%, 8.5 ml.). The mixture was refluxed on an oil 
bath kept at 140° for 1  hr. The system was then connected 
to a distilling arrangement and the temperature was raised 
to 200°. Brisk evolution of nitrogen set in, and a few milli­
liters of water distilled out. After 3 hr. the reaction mixture 
was cooled, diluted with water, and acidified with hydro­
chloric acid (1:1) in the cold. The precipitated white solid 
(3.9 g.) had m.p. 57-58° which rose to 58.5-59° on crystal­
lization from petroleum ether (b.p. 40-60°).

Anal. Calcd. for C12H 160 2 : C, 75.00; H, 8.33. Found: 
C, 75.10; H, 8.60.

l-Methylbenzosuber-5-one. (III). To a mixture of phos­
phorus pentoxide (153 g.) and phosphoric acid (89%,
97.5 ml.), maintained at 100°, 5-(o-tolyl)valeric acid (5 
g.) was gradually added with stirring. In 7 min., the reac­
tion mixture turned an amber color which gradually deep­
ened. The temperature was maintained a t 100° for 2 hr. 
Then the reaction mixture was decomposed with ice water, 
and allowed to stand for 15 min. The separated solid was 
filtered, and washed with dilute ammonia; yield, 4.9 g., 
m.p. 62-63°, which rose to 65° on sublimation in high 
vacuum and crystallization from methanol.

Anal. Calcd. for Ci2H 140 : C, 82.76; H, 8.05. Found: C, 
82.52; H, 8.11.

The 2 ,^-dinitrophenylhydrazone crystallized from benzene- 
ethyl acetate mixture, m.p. 240°.

Anal. Calcd. for CigHisOiNi: C, 61.02; H, 5.08. Found: 
C, 61.12; H, 5.22.

6- For?nyl-l-methylbenzosuber-5-one (IV). To an ice-cold 
suspension of sodium ethoxide from sodium (0.55 g.) and 
ethanol (1.4 ml.) in thiophene-free benzene (26 ml.) was 
added a mixture of compound III (2.1 g.) and ethyl formate 
(1.8 g.) in benzene (13 ml.) under nitrogen. After keeping 
overnight in a nitrogen atmosphere, the reaction mixture was 
decomposed with ice water. The benzene layer was separated

and washed twice with 3% alkali, and mixed with the water 
layer. The combined aqueous solution was extracted once 
with ether, and then acidified with 80% acetic acid. The 
formyl derivative was extracted with ether and distilled to 
yield 1.8 g., b.p. 133°/0.4 mm. With ferric chloride it gave 
a reddish violet color turning greenish violet.

Anal. Calcd. for C13HHO2 : C, 77.23; H, 6.93. Found: C, 
77.65; H, 7.12.

y-(2-Carboxy-6-methylphenyl)butyric acid (V). (a) By oxi­
dation with permanganate: To an ice-cold solution of the 
formyl derivative (IV, 1.65 g.) in 3% sodium hydroxide, 
powdered potassium permanganate (3.9 g.) was added 
slowly with stirring. After 2 hr., the solution was treated 
with sufficient hydrochloric acid ( 1 : 1 ) and saturated sodium 
bisulfite solution when a tarry mass separated. This was re­
moved and washed several times by decantation with water 
and then dissolved in hot sodium bicarbonate solution. 
The alkaline solution was acidified and left in a refrigerator 
overnight. Black and white particles of solid separated, the 
latter melting a t 129-130°. This was subjected to evaporative 
distillation and the distillate crystallized twice from benzene 
to yield 0.3 g., m.p. 136-136.5°.

(b) By ozonolysis: Sufficient ozonized oxygen was passed 
through a solution of the formyl derivative (IV, 0.2 g.) in a 
mixture of ethyl acetate (5 ml.) and glacial acetic acid (5 ml.) 
chilled in an ice-salt bath. Three such lots were combined 
and treated with water (4.5 ml.) and hydrogen peroxide 
(30%, 1.5 ml.). The mixture was then kept overnight. Ethyl 
acetate and acetic acid were removed under reduced pres­
sure and the residue was treated with water and then taken 
up in ether. The ether solution was thoroughly extracted 
with saturated sodium bicarbonate solution. The combined 
bicarbonate solutions were acidified and extracted with 
ether. Removal of ether and trituration of the residue with 
petroleum ether (b.p. 40-60°) gave a solid having an indefi­
nite melting point. Evaporative distillation followed by 
two crystallizations from benzene gave colorless crystals 
having m.p. 136-136.5° which was not depressed on admix­
ture with the product prepared according to the method (a).

Anal. Calcd. for C12H 14O4 : C, 64.86; H, 6.31. Found: 
C, 64.80; H, 6.16.

Calcutta, I ndia

[Contribution from the Department of Chemistry, Fresno State College]

A C om parison o f  R ates o f  P recip ita tion  o f  S u b stitu ted  Iiip p u ric  A n ilid es  
Form ed by P ap ain-C atalyzed  R eaction s b etw een  H ippurie Acid and S u b stitu ted

A n ilin es a t  Approxim a tely p H  4.6

JOHN LEO ABERNETHY, JOHN NAKAMURA, and BRO. MYRON COLLINS

Received September 18, 1957

The rates of precipitation of twelve substituted hippurie anilides have been studied, in papain-catalyzed reactions 
between hippurie acid and substituted anilines at pH =  4.6. Six of these are new compounds. A comparison of these rates 
permits a reasonable interpretation of results in terms of steric hindrance, electrostatic effects and resonance. In the 
absence of steric effects, the reaction of substituted anilines appears to increase with increasing basicity.

Preliminary to a series of enzymatic resolutions 
being instigated in this laboratory, it was impor­
tant to study the relative rates of precipitation of a 
few well-chosen substituted hippurie anilides, 
formed by papain-catalyzed reactions between

hippurie acid and appropriately substituted ani­
lines. The general procedure given by Bergmann 
and Fraenkel-Conrat,1 as subsequently adapted by

(1) M. Bergmann and H. Fraenkel-Conrat, J. Biol. Chem., 
119,707 (1937).
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Bennett and Niemann2 and others, was followed. 
L-Cysteine was used as a promotor.

papain, L-cysteine
C 6115 C 0  NT! GII j  C O 0  H +  NH2C6H4X ------------------- >

p H  m  4 . 6 ;  40°

C6H,,CONHCH2CONHC6H4X +  h 2o

Reactions between acylated amino acids and 
aniline,1 or phenylhydrazine1 or even substituted 
anilines3 have been reported without regard to 
effects of the position of substituents on the ben­
zene nucleus of the base reactant. A few studies 
have been made with respect to dependence of 
yield1’4 on pH, which have revealed that amide 
formation usually proceeds fastest in the pH range 
of about 4.5 to 5.0. All of the reactions in the pres­
ent investigation were carried out at pH =  4.6, 
with convenient usage of an acetic acid-sodium 
acetate buffer.

Since the substituted anilines were not all of 
equal molar solubility, five were selected for graphic 
comparison from the entire group studied. All five 
had an initial concentration of 0.05 mole in 250 ml. 
of buffered solution. These were the o-, to- and p- 
aminophenols (Fig. 1) and the to- and p-amino-

Fig. 1. Comparative rates of precipitation of hippuric 
0 -, m- and p-hydroxyanilides formed from hippuric acid and 
aminophenols. 0.050 mole hippuric acid; 0.050 mole amino- 
phenol; 1.00 g. L-cysteine hydrochloride monohydrate; 
0.50 g. Schwarz Papain; buffered at pH ~  4.0, HOAc- 
NaOAc; total volume of solution, 250 ml.

acetophenones (Fig. 2). Although the rates are 
qualitative, there is sufficient consistency to draw 
certain conclusions. Hydroxyl ortho to the amino 
group provides steric hindrance and decreases the 
rate of reaction, compared with the same substit-

(2) (a) E. L. Bennett and C. Niemann, J. Am. Chem. Soc., 
70, 2610 (1948); (b) J. Am. Chem. Soc., 72, 1798 (1950); (c) 
J. Am. Chem. Soc., 72, 1800 (1950).

(3) E. Waldschmidt-Leitz and K. Kuhn, Z. physiol. Chem., 
285, 23 (1950).

(4) Unpublished results from this laboratory.

TIME,  HOURS

Fig. 2. Comparative rates of precipitation of hippuric 
m- and p-ace^ylanilides formed from hippuric acid and 
aminoacetophenones. 0.050 mole hippuric acid; 0.050 mole 
aminoacetophenone; 1.00 g. L-cysteine hydrochloride mono­
hydrate; 0.50 g. Schwarz papain; buffered at pH =  4.0, 
HOAc-NaOAc; total volume of solution, 250 ml.

uent iii a meta or para position (Fig. 1). If the 
hydroxyl is para the reaction is faster than if it is 
meta, since with the hydroxyl in the para position 
resonance tends to keep the electron pair available 
on nitrogen for amide formation. ra-Aminoaceto- 
phenone reacts faster than p-aminoacetophenone 
because the acetyl group is an electron-attracting 
group and electrons are withdrawn from the amino 
group by a resonance effect when the acetyl is para, 
but not when it is meta.

6: + * “
:NH2- ^ V c - C H 3 NH2=<^^y>=C—CH3

A comparison between p-aminophcnol and m- 
aminoacetophenone shows that the latter reacts at a 
somewhat faster rate in these experiments. The 
implication made by these qualitative rate com­
parisons is that the reactivity of the substituted 
anilines is proportional to their basicities in the 
absence of steric effects in similarly substituted 
compounds.

Although methyl p-aminobenzoate wTas reported 
elsewhere3 not to undergo a reaction with hippuric 
acid, it did under the conditions of our experiment. 
The low yield can be attributed to the low solu­
bility of methyl p-aminobenzoate. Methyl anthra- 
nilate and p-nitroaniline were very low in solubility, 
anthranilic acid was of moderate solubility and 
both m'etanilic acid and sulfanilic acid were of sub­
stantial solubility. None reacted with hippuric 
acid. Six new substituted hippuric anilides are re­
ported here. Two substituted anilines not pre­
viously investigated gave no product under con­
ditions of this study.
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TABLE I
S u b s t i t u t e d  H i p p u r i c  A n i l i d e s  f r o m  H i p p u r i c  A c i d  a n d  S u b s t i t u t e d  A n i l i n e s

Yield of Product in Grams for Consecutive Periods of Incuba-
Substituted Aniline 

Reactant
Reaction
Product

cf Product, 
°C.

0-18
hr.

18-42
hr.

42-66
hr.

66-90
hr.

90-114
hr.

114-138
hr.

m-Phenylenediamine Hippuric o-Ami- 
noanilide

260-26204 1.4904 1.8545 0.5185 0.2259 0.2238 0.1350

p-Phenylenediamine Hippuric p-Ami- 
noanilide

326 04 2.305 2.103 0.667 0.372 0.205 0.140

o-Aminophenol Hippuric o-hy- 
droxyanilide

202-203° 0.462 1.105 0.563 0.327 0.238 0.209

m-Aminophenol Hippuric m-hy- 
droxyanilide“

223-225° 3.2715 2.3599 0.8683 0.3086 0.1006 0.0729

p-Aminophenol Hippuric p-hy- 
droxyanilide

243-244° 5.264 1.320 0.820 0.605 0.379 0.251

Anthranilic acid No Precipitate Similarly methyl anthranilate, metanilic acid,0 sulfanilic
m-Aminobenzoic acid m-Hippuramido- 

benzoic acid1
283-284° 3.2731 0.8647 0.4106 0.2412 0.1384 0.1004

p-Aminobenzoic acid p-Hippuramido- 
benzoic acid

278-279° 0.704 0.925 0.085 0.027 0.0140 0.0130

m-Aminoaceto-
phenone

Hippuric m-ace- 
tylanilide“

229-230° 6.558 2.460 0.777 0.395 0.145 0.128

p-Aminoaceto-
phenone

Hippuric p-ace- 
tylanilide®

198-199° 0.5552 0.5140 0.4174 0.3648 0.3458 0.2558

o-Anisidine Hippuric o-meth- 
oxyanilide

120-121° 0.0000 1.6551 0.8012 0.6235 0.4330 0.3342

p-Anisidine Hippuric p-meth- 
oxyanilide“

217-218° 4.8200 2.3905 1.2587 0.6905 0.4684 0.3196

Methyl p-aminoben- 
zoate

Methyl p-hippur- 
amidobenzoate0

194-195° 0.2959 0.2856 0.2286 0.2115 0.1403 0.1201

“ Prepared or studied for the first time.

E X P E R IM E N T A L

Activation of papain. The papain used in this investiga­
tion was supplied by the Schwarz Laboratories, Mount 
Vernon, N. Y. A modification of the method of Grass- 
mann* and Bennett and Niemann2b for activation of the 
enzyme was employed. Fifty grams of papain was ground 
rapidly to a paste in a mortar with a few milliliters of cold 
water and was then stirred mechanically with 200 ml. of 
water in an ice bath for 4 hr. The solution was removed by 
suction filtration. Hydrogen sulfide was passed into the 
filtrate, surrounded by an ice bath, for 18 hr. Suspended 
matter was removed by centrifugation a t 2000 r.p.m. for 20 
min. The papain was precipitated once by addition of 
enough methanol to give a 70 volume % of solution, followed 
by centrifuging for 20 min. at 2000 r.p.m. The precipitate 
was dried over phosphorus pentoxide in a vacuum desiccator 
and then crushed lightly to a powder. The coarse powder 
was stored in stoppered vials, kept in a large, air-tight, 
brown bottle, fitted with a screw cap, and refrigerated at 
about 5°.

Procedure for rate studies. A sodium acetate (0.25M)- 
acetic acid (0.25M) buffer was used. For each reaction, 
0.050 mole of hippuric acid, 0.050 mole of the substituted 
aniline, 1.00 g. of L-cysteine hydrochloride monohydrate, 
and 0.50 g. of papain were employed, with enough buffer to 
make 250 ml. of solution. The pH was adjusted to and 
maintained at 4.6. Usually the hippuric acid and substi­
tuted aniline were dissolved in hot buffer solution, which 
was cooled to 40°. Then L-cysteine and papain were added, 
after first being dissolved in about 5 ml. of buffer, with fur­
ther addition of enough buffer to give a total volume of 250 
ml. The solution was filtered, followed by incubation a t 40°.

Filtration was then carried out at the end of 18 hr., subse­
quently at the end of each 24 hr. for 6 days, and finally 7 
days later. The precipitate for each period was dried and 
weighed, and then the total amount of precipitate was col­
lected and recrystallized from a suitable solvent. In general, 
two or more recrystallizations, with the use of decolorizing 
carbon, were necessary to bring the sample to sufficient 
purity for nitrogen analysis. Melting points were corrected 
in the usual way for those determined in a potassium sul­
fate-sulfuric acid bath. Other melting points were determined 
by means of a Fisher-Johns melting point apparatus. Nitro­
gen analyses were determined a t the Oakwold Laboratories, 
Alexandria, Va., and The Microchemical Specialties Com­
pany, Berkeley, Calif. Results are summarized in Table I.
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(5) W. Grassmann, Biochem. Z., 279, 131 (1935). F uesno, C alif.
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TABLE I 0Coat’d)
S u b s t i t u t e d  H i p p u r i c  A n i l i d e s  f r o m  H i p p u r i c  A c i d  a n d  S u b s t i t u t e d  A n i l i n e s

tion in Hours 
138-162 162-380 
. hr. hr.

Solvent for 
Recrystallization

Nitrogen Analyses 
% Caled. % Found

Total
Yield,
Grams

Percentage
Yield

Color of 
Product

0.0982 0.4076 Ethanol 15.51 See Ref. 4 4.9539 36.75 White

0.0850 0.5430 Ethanol 15.51 15.56 6.1500 45.62 White

0.161 0.725 Ethanol 10.37 10.45 3.7900 28.00 White

0.0026 0.0000 Ethanol or Methanol 10.37 10.26 6.9844 51.69 Cream

0.177 0.653 Ethanol 10.37 10.38 9.4690 70.09 White

acid, and 
0.0791

p-nitroanilinea gave no precipitate 
0.3305 Glacial HOAc; then addition 9.39 9.29 5.4380 36.47 Cream

0.0120 0.153
of water

Glacial HOAC; then addition 9.39 9.32 1.9330 14.34 White

0.091 0.3162
of water

Ethanol or acetophenone 9.46 9.40 10.8702 73.35 Cream

0.2111 1.1169 Ethanol 9.46 9.34 3.7810 25.51 White

0.2266 1.1611 Ethanol 9.86 9.87 5.2347 36.81 Cream

0.2437 1.0495 Ethanol 9.86 9.99 11.2409 79.05 White

0.0941 0.3942 Ethanol 8.97 8.96 1.7703 11.71 White

[ 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 , O r e g o n  S t a t e  C o l l e g e ]

P soralen e I : C ertain  R eaction s o f  X an th otox in *

MERVIN E. BROKKE a n d  BERT E. CHRISTENSEN

Received May 6, 1957

A number of the chemical reactions of 9-methoxypsoralene and its derivatives are described. These include nitration, 
halogénation, reduction, thionation, déméthylation, ozonation, and other degradation procedures. Degradation studies 
and unequivocal synthesis show that bromination occurs at the four position. The structures of the 2,3-dihydropsoralene de­
rivatives were established by a comparison of the ultraviolet absorption spectra of psoralene and coumarin derivatives. 
Thionation of the 9-methoxypsoralenes proceeds in a manner analogous to that reported for coumarins.

Iii 1911, Priess* 1 discovered a now piscicidc in an 
alcoholic extract of fa g a ra  zan th o xy lo id es L a m . to 
which he gave the name zanthotoxin. Later Thoms2 
after determining the structure of this compound 
renamed it xanthotoxin and in 1936 Spath repro­
duced it synthetically.3

In addition to its toxic action on fish4 xanthotoxin 
(9-methoxypsoralene or 9-methoxyfuro[3,2-gr]cou- 
marin I) has since been shown to possess a mollusci-

* This work was supported in part by grants from the 
Division of Research Grants and Fellowships, National In­
stitutes of Health, Public Health Service. Published with 
the approval of the Monographs Publications Committee, 
Oregon State College as Research Paper No. 327, School of 
Science, Department of Chemistry.

(1) H. Priess, Ber. Pharm. Ges., 21, 227 (1911).
(2) H. Thoms, Ber., 44, 3325 (1911).
(3) E. Spath and M. Pailer, Ber., 69, 767 (1936).
(4) E. Spath and F. Kuffner, Monatsh., 69, 75 (1936).

cidal activity.6 When administered in large doses to 
mammals it was found to produce fatty degenera­
tion of the liver and adrenal hemorrhage,6 while 
in humans the compound has found medical ac­
ceptance for the treatment of leukodermia.7 The 
most recent applications have made use of the fact 
that I alters the erythermal response to ultraviolet 
light,Sa,b,c a property which has been used clinically 
to prevent sunburn.8a There is some evidence that

(5) A. Schonberg and N. Latif, J. Am. Chem. Soc., 76, 
0208(1954).

(6) A. Elwi, J. Roy. Egypt. Med. Assoc., 33, 773 (1950).
(7) I. Fahmy and H. Abu-Shady, Quart. J . Pharm. and 

Pharmacol., 21,499 (1948).
(8) (a) A. Lerner, J. Invest. Dermatol., 20, 299 (1953). 

(b) A. Griffin, M. O’Neal, and T. Fitzpatrick, Congress of 
intern, biochem., Brussels 1955, 121. (c) L. Musajo, G. Roti- 
ghiero and G. Caporale, Chemica e industria, 35, 13 (1953).
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under certain conditions xanthotoxin may be car­
cinogenic.815

Because of the wide-spread and increasing in­
terest in xanthotoxin for its pharmacological action, 
this study was undertaken to investigate some of 
the chemical properties of the compound and to pre­
pare new derivatives for biological testing.

Both Priess1 and Thoms2 prepared mononitro 
derivatives of I. Thoms and Baetcke9 established 
that this nitro substituent was at the 4-position by 
reducing it to the corresponding amino compound, 
followed by oxidation to the quinone. This quinone 
was shown to be identical to that obtained from 
bergaptene (4-methoxypsoralene).

In the current study both the nitro and amino 
derivatives (see II and III, Fig. 1) were prepared 
in excellent yields. 4-Amino-9-methoxypsoralene 
III  exhibited the normal behavior of an aromatic 
amine, for example, in the formation of an acetyl 
derivative and a Schiff’s base.

Since III  appeared to be a potential key com­
pound for the preparation of other derivatives, it 
was subjected to a number of diazotization reac­
tions. This type of reaction finds precedent in the 
work of Dey and K utti10 who diazotized and cou­
pled a group of substituted coumarins; and in that 
of Noguchi and Kawanami11 who prepared 9-hy- 
droxy-4-methoxypsoralene from aminobergaptene. 
Analogous Sandmeyer reactions with III  yielded 
the corresponding bromo and chloro derivatives 
while hydrolysis of the diazotized product yielded 
the phenol, 4-hydroxy-9-methoxypsoralene IV.

Spath has reported a phenol12 which was shown 
to be either 4-hydroxy-9-methoxypsoralene or its 
isomer 9-hydroxy-4-methoxypsoralene. 9-Hydroxy-

4-methoxypsoralene was shown to have a melting 
point of 198°,11 while IV prepared in this laboratory 
melted at 220-226°. Since Spath found the melting 
pohit of his phenol to be 224-226° his compound 
was probably IV.

Schonberg and Sina13 demethylated 9-methoxy- 
psoralene to form the corresponding phenol, by the 
use of magnesium iodide and sulfuric acid. Later, 
Schonberg and Ayiz14 reported that anilhie hydro­
chloride was a superior cleaving agent. The latter 
work however, could not be confirmed in this lab­
oratory. Cleavage with aniline hydrochloride was 
attempted both with the refluxing technique of 
Schonberg and by fusion in sealed tubes at various 
temperatures and heating times. In no case could 
any reaction be observed. Cleavage with the mag­
nesium iodide procedure, on the other hand, was 
accomplished in small yield. Although other work­
ers have reported cleavage of a butylfurocoumarin 
ether by mild treatment with mineral acid,16 this 
reagent as expected was ineffectual with 9-methoxy- 
psoralene.

In the original synthesis of I, Spath3 prepared
2,3-dihydro-9-methoxypsoralene VIII which was 
subsequently dehydrogenated. In this laboratory 
it was found that the reverse reaction readily oc­
curred; VIII was formed in good yield in palladium- 
catalyzed hydrogenation reactions.

That the hydrogenation product of 9-methoxy- 
psoralene and the 2,3-dihydro-9-methoxypsoralene 
reported by Spath were identical structures was 
deduced from a consideration of the fact that their 
melting points were identical and from a study of 
the ultraviolet data given in Table I.

(9) H. Thoms and E. Baetcke, Ber., 45, 3705 (1912).
(10) B. Dey and V. Kutti, Proc. Nat. Inst. Sci. India, 6, 

041 (1940).
(11) T. Noguchi and M. Kawanami, Ber., 71, 1428 

(1938).
(12) E. Spath, Monatsh, 72, 179 (1938).

(13) A. Schonberg and A. Sina, J. Am. Chem. Soc., 
72,4826-8(1950).

(14) A. Schonberg and G. Aviz, J. Am. Chem. Soc., 75, 
3265-6(1953).

(15) G. Pigulevskii and G. Kuznetrova, Zhur. obshchei 
Khim., 23, 1937(1953).
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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  D a t a  o f  C e r t a i n  C o u m a r i n  a n d  P s o r a l e n e  D e r i v a t i v e s

Compound ^max. Log « ^max. Log e Am ax. Log e Amax. Log e
A <220 >4.04 275 4.04 315 3.76
B <220 >4.04 270 3.30 275 3.30
C 225 4.11 255 3.70 295 3.76 350 4.07
D <220 >4.08 250 3.48 290 3.60
E 245 4.08 275 3.45 282 3.48
F <220 > 3 .6 282 3.52 289 3.48
G 243® 4.13 265 3.96 289 3.90 300 4.04
II 252* 3.28 262 3.44 284 3.40 335 4.08
I 240 4.30 246 4.29 290 3.98 >320 >3.90
J 225 4.24 258 3.67 295 3.88 >320 >4.21

A Coumarin16 F 2,3-Dihydrobenzofuran17
B 3,4-Dihydrocoumarin16 G 9-Methoxypsoralene
C 6,7-Dihydroxycoumarin:16 H 2,3-Dihydro-9-methoxypsoralene
D 3,4-Dihydro-6,7-dihydroxycoumarin16 I 4,5-Dimethylpsoralenec
E Benzofuran17 J 2,3-Dihydro-4,5-dimethyl-

psoralene®

“ This compound has a split peak a t 243 and 248 each with same extinction coefficient. I t  also has a peak below 220. 6This 
compound has a peak below 220. c These two compounds were synthesized in this laboratory and will be published elsewhere.

I t  is evident from the data presented in Table I 
that reduction of coumarin and 6,7-dihydroxycou- 
marin resulted in a lower extension of the conjuga­
tion with elimination of peaks above 300 mp.; 
this same observation has been made in numerous 
other instances.16 17 Furthermore since neither benzo- 
furan, nor 2-3-dihydrobenzofuran shows an ab­
sorption spectrum above 300 mp, it is reasonable 
to assume the benzofuran portion of the furocou- 
marin molecules would not be responsible for ab­
sorption in this region.

Therefore the peaks observed above 300 mp, 
in the cases of G, H, I, and J  must arise from the 
conjugation of the lactone carbonyl with the aro­
matic nucleus. For this reason the hydrogenation of
9-methoxypsoralene must have occurred in the
2,3-positions rather than the 5,6. I t  is to be noted 
that hydrogenation of the furan ring results in for­
mation of a saturated ether which causes a batho- 
chromic effect, offsetting the effect of the loss of 
conjugation due to reduction of the furan ring.

Nitration of 2,3-dihydro-9-methoxypsoralene 
VIII proceeded similarly to that of 9-methoxy­
psoralene yielding a mononitro derivative. This 
nitro derivative resisted dehydrogenation. Although 
this compound was hydrogenated further by both 
catalytic and chemical reduction no pure products 
were isolated from the reaction mixture.

On the other hand, 9-methoxy-4-nitropsoralene 
II was readily reduced by catalytic procedures to 
the corresponding 4-amino-2,3-dihydro-9-methoxy- 
psoralene (IX). The position of the additional hy­
drogen atoms (2,3) was ascertained by converting 
the 4-amino substituent to the 4-bromo analog X 
and then comparing ultraviolet spectra of X  with 
that of the known 4-bromo-9-methoxypsoralene. 
See Table II.

(16) R. Goodwin and B. Pollock, Arch. Biochem., 49, 1
(1954).

(17) J. Jones and A. Lindsey, J. Chem. Soc., 1836 (1950).

The presence of the peak at 330 mp in the spec­
trum of 4-bromo-2,3-dihydro-9-methoxypsoralene 
is indicative of unsaturation in the 5,6 position thus 
extending conjugation of the carbonyl moiety to the 
aromatic nucleus. Despite the loss of conjugation 
due to reduction of the furan ring, the effect of the 
formation of the aliphatic ether causes a slight 
bathochromic shift in this instance.

Priess18 reported that direct bromination of 9- 
methoxypsoralene in chloroform yielded a dibromo 
addition product which melted at 164°. He postu­
lated that the addition took place either in the 2,3- 
or 5,6-positions. In this laboratory, the bromination 
in chloroform yielded a monobromo derivative VII, 
m.p. 185-186°, and a tribromo derivative XVII, 
m.p. 165°. Bromination with iV-brornosucciniinide 
yielded the same monobromo substitution product 
VII as before. Under the various conditions of 
brominations which were tried, these were the 
only products ever isolated from the reaction. The 
tribromo derivative XVII, was readily converted 
to the monobromo derivative by the conventional 
method (treating it with an acetone solution of 
sodium iodide).

Horning and Risner19 have reported the bromi­
nation of 5-methyl-2,3-dihydrofuro [3,2-0 [coumarin 
with V-bromosuccinimide. Since their product 
could not be dehydrohalogenated and did not react 
with silver nitrate, these workers concluded that 
the bromine must be either on the lactone ring or 
the benzene nucleus.

The moncbromo derivative of 9-methoxypsora­
lene VII was inert to aqueous base, silver nitrate, and 
Grignard formation under all conditions tested. I t 
was however very labile to catalytic hydrogenation

(18) H. Priess, Chem. Zentralblatt II , 94 (1911).
(19) E. Horning, and D. Risner, J. Am. Chem. Soc., 72, 

1514(1950).
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e r  H H
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OCH3 OCH3

Figure 2

yielding VIII in 15 minutes at 40 lbs. hydrogen 
pressure in presence of palladized charcoal.

In order to establish the position of the bromo 
substituent, the monobromo derivative was oxi­
dized with hydrogen peroxide20 yielding furan-2,3- 
dicarboxylie acid, thus eliminating from considera­
tion the 2- and 3-positions. Comparative ozoniza- 
tions were carried out using 9-methoxypsoralene 
and bromo-9-methoxypsoralene, the former yield­
ing the known 6-formyl-7-hydroxy-8-methoxy- 
coumarin.21 Final confirmation of this product 
was made by the preparation of the dinitrophenyl 
hydrazone derivative.

Bromo-9-methoxypsoralene on the other hand 
was cleaved in bouh hetero-rings yielding a substi­
tuted isophthalaldehyde (XI). The presence of two 
formyl substituents in XI; was established by the 
preparation and analysis of the bisphenylhydrazone 
derivative.

Although only one hetero ring in 9-niethoxypsora- 
lene was cleaved by direct ozonolysis, the corre­
sponding isophthalaldehyde was obtained by open­
ing the lactone ring with dimethyl sulfate.2'22 Upon 
ozonolysis of the resultant product the same re­
actions were observed as in the instance of the 
bromo-9-methoxypsoralene. These reactions all 
pointed to the fact that the monobromo sub­
stituent must be in the 4- position. This observation 
was confirmed when the 4-bromo-derivative was 
synthesized unequivocally by the Sandmeyer pro­
cedure from 4-amino-9-methoxypsoralene. These 
series of reactions are given in Fig. 2.

(20) E. Spath and L. Ivahovec, Ber., 66, 1146 (1933).
(21) G. Rodighiero and C. Antonello, Ann. Chini. {Rome), 

46, 960 (1956); Chem. Abstr., 56, 6616 (1957).
(22) N. Shah and R. Shah, J. Unir. Bombay, 7, Pt. 3, 213

(1938); Chem. Abstr. 33, 3779 (1939).

The position of the remaining two bromo sub­
stituents in the tribromo-9-methoxypsoralene was 
established by the ultraviolet spectral data shown 
in Table II.

TABLE II
ÜLTRAVIOLET ABSORPTION DATA OF BrOMINATED P sORA-

l e n e  D e r i v a t i v e s

Amax.
Log

e Amax.
Log

€ Amax.
Log

6 Amax.
Log

e

A 2 2 2 4.41 246“ 4.01 268 4.28 308 4.14
B < 2 2 0 >4.62 254 4.42 266 4.43 330 4.52
C < 2 2 0 >4.27 246 3.98 268 4.27 310 4.14

A 4-Bromo-9-methoxypsoralene
B 4-Bromo-2,3-dihydro-9-methoxypsoralene
C 2,3-dihydro-9-methoxi.'-2,3,4-tribromopsoralene

“ This compound has a split peak at 346 and 256 my

The fact that the two additional bromo sub­
stituents did not eliminate the adsorption above 
300 myu is indicative of addition in the 2,3-positions, 
for reasons mentioned previously.

2,3-Dihydro-9-methoxypsoralene was likewise 
observed to form a monobrominated product with 
bromine in chloroform solutions. V-bromosuccini- 
mide however, gave a mixture which has not as yet 
been resolved. Although this bromo derivative 
resists dehydrohalogenation it was found to be 
labile in aqueous base yielding a hydroxy compound. 
A mixed melting point determination indicated that 
this monobrominated product was not identical 
with 4-bromo-2,3-dihydro-9-methoxypsoralene X.

Coumarin and its derivatives are known to react 
with phosphorus pentasulfide to produce thio- 
coumarins.23 This reaction has been carried out

(23) A. Clayton and W. Godden, J. Chem. Soc. 210 (1912).
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successfully with I, II, VII, and VIII to produce 
the corresponding furothiocoumarins (see Fig. 3).

r E J
-|H2
Jh 2

y ' O ' Y U '
o c h 3

VIII
OCH3

XXI
Figure 3

Under normal conditions coumarins are reduced 
by lithium aluminum hydride to give o-(3-hydroxy-
l-propenyl)phenols.24 This reaction proceeded in the 
same manner with I yielding 6-hydroxy-7-methoxy-
5-(3-hydroxy-l-propenyl)benzofuran XX II. Fur­
thermore, the lactone ring of I was also opened 
with hydrazine25 to yield the corresponding hydra- 
zide XXII.

Both of these reactions occurred simultaneously 
with I and VII to produce 6-(l,2-diphenylethyl)-7,8- 
dihydroxycoumarin and 5-bromo-6(l,2-dipbenyl- 
ethyl)-7,8-dihydroxycoumarin respectively (see Fig. 
4).

E X P E R IM E N T A L

9-Methoxy-4-nitropsoralene (II). Ten g. of 9-methoxy- 
psoralene was dissolved in 100 ml. of glacial acetic acid; 
while maintaining the temperature at 20°, 80 ml. of coned, 
nitric acid was added slowly with stirring. In a few seconds 
the mixture turned a deep red and then began to solidify. 
The mass was then poured onto 200 g. of ice. After the ice 
had melted the solution was filtered to yield 12.0 g. of a prod­
uct which melted at 235-238° after recrystalhzation from 
ethanol.

4-Amino-9-methoxypsoralene (III). 9-Methoxy-4-nitro- 
psoralene (10 g.) stannous chloride (20 g.) and tin granules 
(20 g.) were stirred a t room temperature in 40 ml. of alcohol 
and 120 ml. of coned. HC1 for 24 hr. (cooling was necessary 
at first). The material was then filtered, washed with so­
dium bicarbonate solution, and recrystallized from 95% 
ethanol to yield 5.6 g. of 4-amino-9-methoxypsoralene, 
m.p. 234-235°. Evaporation of the mother liquid yielded 2.3 
g. of the product, raising the over-all yield to 89.3%. The 
identity of the product was confirmed by preparation of the 
acetyl derivative m.p. 244-2450.9

9-Benzalamino-9-methoxypsoralene V. 4-Amino-9-meth- 
oxypsoralene (0.10 g.) was warmed in 5 ml. of benzaldehyde 
and the mixture was poured into 25 cc. of 95% ethanol. 
After standing overnight in the refrigerator, pale yellow 
crystals, 0.079 g., m.p. 189-200° dec., were obtained.

C H -C H 2 c 6h 5

,co

H H
r^ T ,C  =  C-COOH 

OCH3

XXVIII
OCH3

c 6h 6
I
C H -C H jC JT

O O ' 'Y '''O C H 3
o c h 3

XXVII

C6H5

o  II 

XXIII

~  II 
^ViC—C —c n n h 2

„c h - c h 2c 6h 5 ^ c h - c h c 6h 5

^ /O H  H
\ ^  II

c r 'c r OH o ^ o ^ Y ^O C O C H a
o c h 3

XXIV
OH

Figure 4
XXV

OCOCHa

Angelicin and psoralene have been shown to add 
two moles of benzene in the presence of aluminum 
chloride to yield 1,2-diphenylethylhydroxycouma- 
rins.26 Aluminum chloride has also been found to act 
as an ether-cleaving agent in aromatic solvents.27

(24) P. Karrer and P. Banerjea, Hell>. Chim. Acta, 32, 1692
(1949).

(25) A. Darapsky, H. Berger and A. Neuhaus, J . Prakt. 
Chem. 147,145(1936).

(26) B. Krishnaswamy and T. Seshadri, Proc. Indian 
Acad. Sci. 16A, 151 (1942).

(27) B. Krishnaswamy and T. Seshadri, Proc. Indian 
Acad. 15A, 437-40 (1942).

Anal. Calcd. for CtsdhsOiN: C, 71.5; H, 4.07. Found: C, 
71.5; H, 3.96.

4-Hydroxy-9-methoxypsoralene IV. One gram of 4-amino-
9-methoxypsoralene, 0.3 g. sodium nitrite, and 10 ml. of 
coned, hydrochloric acid were mixed in 65 ml. 95% methanol 
a t zero degrees and allowed to stand for 10 min. The mix­
ture was then warmed to room temperature and 0.10 g. dark 
green material was removed at this point. This substance was 
found to melt a t 220-226° after crystallization from 95% 
ethanol (reported m.p. 224-226°12).

Anal. Calcd. for C12H80 6: C, 62.2; H, 3.45. Found: C, 61.8; 
H, 3.50.

4-Chloro-9-methoxypsoralene VI. 4-Amino-9-methoxypsora- 
lene (1.3 g.) was suspended in 30 ml. of coned, hydrochloric 
acid solution maintained in an ice-salt bath. An aqueous
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solution containing 0.38 g. of sodium nitrite was then added 
slowly to the cooled solution. The mixture was per­
mitted to stand in the cooling bath for 5 min. and then the 
reaction mixture was transferred to 50 ml. of boiling 61V 
hydrochloric acid which contained 1.5 g. of cuprous chloride. 
The product was collected, treated with Norite and re­
crystallized from ethanol, m.p. 187-188°, yield 0.35 g.

Anal. Calcd. for C19H 7O4CI: C, 57.5; H, 2.79. Found C, 
57.5; H, 2.80.

Attempted demethylation of 9-melhoxypsoralene. Three 
grams of 9-methoxypsoralene were mixed intimately with 
twice the molar quantity of aniline hydrochloride and 
heated with stirring in a carbon dioxide atmosphere. The 
bath temperature was started a t 180° and raised to 205° in 
40 min. After cooling the mixture was extracted with water 
and the insoluble residue was recrystallized from dilute acetic 
acid . 14 After one crystallization, 2.36 grams of material re­
mained m.p. 143-145°; mixed m.p. with 9-methoxypsoralene 
showed no depression.

4-Bromo-9-methoxypsoralene (VII). A. Five grams of 9- 
methoxypsoralene were mixed with a one molar excess of bro­
mine in chloroform solution. The solvent was then stripped 
off on the steam bath and the residue was crystallized from 
95% ethanol to yield 5.76 g., m.p. 185-186°.

Anal. Calcd. for CuEf/CbBr: C, 48.8; H, 2.38. Found: C, 
48.8; H, 2.46.

B. 9-Methoxypsoralene (1.47 g.) and IV-bromosuccinimide 
( 1 . 2 1  g.) were suspended in 1 0 0  ml. of carbon tetrachloride. 
After refluxing for 2 hr., the solvent was evaporated and the 
residue was washed with hot water and crj^stallized from 
95% ethanol; yield 1.15 g., m.p. 183-184.5°. Mixed melting 
point with A showed no depression.

C. 2,3-Dihydro-9-methoxy-2,3,4-tribromopsoralene (100 
mg.) was dissolved in 25 ml. acetone and potassium iodide 
(0.5 gram) was added with stirring. After 2.5 hr. the solu­
tion was filtered, diluted with water, and cooled. The in­
soluble product was collected and crystallized from ethanol 
to yield 40 mg., m.p. 185-186°. A mixed melting point with 
4-bromo-9-methoxypsoralene showed no depression.

D. 4-Amino-9-methoxypsoralene (1.3 g.) was suspended 
in 25 ml. 48% hydrobromic acid and then cooled in an ice- 
salt mixture. Sodium nitrite (0.388 g.) dissolved in a little 
water was added with stirring and the mixture was allowed 
to stand for 5 min. The mixture was then poured slowly into 
a boiling solution composed of 1.61 g. of cuprous bromide and 
50 ml. 24% hydrobromic acid. The product was collected, 
dried, and then sublimed a t 170° and 15 mm. pressure. This 
in turn was crystallized from methanol to yield 0 . 6  g., m.p. 
185-186°. A mixed melting point with 4-bromo-9-methoxy- 
psoralene obtained by direct bromination showed no de­
pression.

4-Bromo-2,S-dihydro-9-methoxypsoralene (X). 4-Amino-2 ,3- 
dihydro-9-methoxypsoralene (150 mg.) was suspended in 
25 ml. 48% hydrobromic acid and cooled in an ice-salt mix­
ture. Sodium nitrite (45 mg.) dissolved in a little water was 
added and the solution was allowed to stand 5 min.; it was 
then poured into 50 ml. boiling 6 N  hydrobromic acid which 
contained cuprous bromide (160 mg.). This mixture was 
diluted with 100 ml. of water and cooled. The product was 
collected, treated with Norite, and crystallized from etha­
nol; yield 90 mg., m.p. 201-203°.

Anal. Calcd. for CisHsOjBr: C, 48.6; H, 3.03. Found: C, 
48.6; H, 3.16.

Furan-2,3-dicarboxylic acid. 4-Bromo-9-methoxypsoralene 
(2.0 g.) was dissolved in 200 ml. 4% methanolic potassium 
hydroxide and allowed to stand a t room temperature over­
night. One hundred ml. of water was added ar_d the volume 
was reduced in  vacuo to 100 ml. Then 100 ml. of 8 %  hydro­
gen peroxide was added and the solution was allowed to 
stand for 2  days at room temperature, whereupon the 
temperature was raised to 60-70° and the mixture heated 
for an additional 6  hr. The oxalic acid formed was removed 
with ammoniacal calcium chloride. The solution was acidi­
fied and extracted with ether. The yield was 0.1 g. of ma­

terial, m.p. 217-220° dec. A mixed melting point with furan-
2,3-dicarboxylic acid prepared by a similar oxidation of
9-methoxypsoralene showed no depression.

Anal. Calcd. for O JI.A : C, 46.2; H, 2.56; Found: C, 
46.5; H 2.86.

2.8- Dihydro-9-methoxypsoralene (VIII). A. One gram of
9-methoxypsoralene was dissolved in 100 ml. of ethanol and 
0.5 g. 10% palladium on charcoal was added. This mixture 
was then shaken for 2 hr. a t room temperature under 40 
pounds hydrogen pressure. The catalyst was then removed 
and the solvent was evaporated. The residue after crystal­
lization from ethanol yielded 0.31 g. white needles melting 
at 160-161°. 2,3-Dihydro-9-methoxypsoralene synthesized 
by another procedure has been reported by Spath to melt a t 
163°.

Anal. Calcd. for C^hhoCh: C, 66.1; H, 4.59. Found: C, 
66.2; H, 4.85.

B. One gram of 4-bromo-9-methoxypsoralene was sus­
pended with 0.5 g. 10% palladium on charcoal in 75 cc. of 
95% ethanol. This mixture was shaken for 15 min. under 
30 pounds hydrogen pressure, the catalyst was removed, and 
the solution was reduced in volume, chilled, and filtered to 
yield 0.65 g. of crystals, m.p. 130-140°. This material was 
recrystallized three times from ethanol raising the melting 
point to 158-160°. A mixed melting point with 2,3-dihydro-
9-methoxypsoralene showed no depression.

2.8- Dihydro-9-methoxy-x-nitropso<ralene. One gram of 2,3- 
dihydro-9-methoxypsoralene was stirred into 25 ml. of a 50% 
solution of concentrated nitric acid in glacial acetic acid. 
The solution became cloudy after standing about one min­
ute at room temperature and was immediately poured into 
200 ml. of ice water. The product was filtered, washed with 
water, and recrystallized from ethanol to yield 1 . 2  g. of ma­
terial, m.p. 192-198° dec.

Anal. Calcd. for CisHgOeN: C, 54.7; H, 3.54. Found: C, 
54.6; H, 3.53.

4-Amino-2,3-dihydro-9-methoxypsoralene (IX). One gram 
of 9-methoxy-4-nitropsoralene was suspended with 0.5 g. 
10% palladium on charcoal in 150 ml. of 95% ethanol and 
shaken 2 hr. under 40 pounds hydrogen pressure at room 
temperature. The mixture was then heated to boiling and 
the catalyst removed. Upon cooling to 5° the product crys­
tallized and was collected; yield 0.55 g., m.p. 214—216°.

Anal. Calcd. for C12H „0 4N: C, 61.7; H, 4.72. Found: C, 
61.6; H, 4.63.

2-Bromo-4,6-dihydroxy-5-methoxy-m-phthalaldehyde (XI). 
One gram 4-bromo-9-methoxypsoralene was dissolved in 50 
ml. methylene chloride. This solution was cooled in an ice 
bath whereupon a stream of approximately 3% ozone in 
oxygen was bubbled through it a t the rate of about 50 ml. 
per minute, for 2 hr. The solution was then poured into 75 
ml. of 30% acetic acid containing 0.5 g. zinc dust. The 
methylene chloride was evaporated on the steam bath and 
the remaining liquid decanted from the zinc. Upon cooling 
0.25 gram product separated. The product was recrystallized 
from dilute acetic acid, m.p. 169-171°.

Anal. Calcd. for CglROsBr: C, 39.3; H, 2.54. Found C, 
39.3; H, 2.61. Bisphenylhydrazone; m.p. 263° dec.

Anal. Calcd. for CiiH^OsNiBr: C, 55.4; H, 4.18. Found: 
C, 55.4; H, 4.34.

6-Formyl-7-hydroxy-8-methoxycoumarin (XII). One gram 
of 9-methoxypsoralene was dissolved in 50 ml. methylene 
chloride. The solution was cooled to zero degrees with an ice 
bath and approximately 3% ozonized oxygen was bubbled 
through for 3 hr. a t the rate of about 50 ml. per minute. 
The solution was then added slowly to a suspension of 0.1 
g. zinc dust in 75 ml. 30% acetic acid. After standing 1 hr. 
a t room temperature, the methylene chloride was removed 
on the steam bath, the remaining solution was decanted and 
cooled. The product was collected and recrystallized from 
water to yield 0.41 g., m.p. 194-195.5°. Phenylhydrazone 
dec. 275°. Reported : 21 195-196°, Phenylhydrazone de­
rivative, 278-279° dec.
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Anal. Calcd. for CnIJs0 5: C, 60.1; H, 3.63. Found: C,
59.7, H, 3.76.

8-[5-{6,7-Dimethoxybenzofuryl)]propenoic acid (X III). One 
gram of 9-methoxypsoralene was dissolved in 50 ml. of ace­
tone and dimethyl sulfate ( 1 0  ml.) was added, followed by 
50 ml. 20% potassium hydroxide. After refluxing for 15 min. 
another 1 0  ml. of dimethyl sulfate was added followed by 
25 ml. of 20% potassium hydroxide. Reflux was continued 
for 2 hr. The solution was then cooled and acidified. The 
acetone was removed in vacuo and the product was collected. 
Recrystallization was effected from dilute acetic acid; yield 
0.90 g.,m.p. 112-114°.

Anal. Calcd. for C13H 12O5 : C, 63.0; H, 4.84. Found: C, 
63.4; H, 4.87.

4,5-Dimethoxy-6-hydroxy-m-phthalaldehyde (XIV). One 
gram of the foregoing unsaturated acid was dissolved in 50 
ml. of methylene chloride. The solution was cooled in an ice 
bath and a stream of approximately 3% ozone in oxygen was 
bubbled through at the rate of about 50 ml. per minute for 
2 hr. The solution was then poured slowly into 75 ml. of 30% 
acetic acid containing 0.5 g. of zinc dust. The methylene 
chloride was removed using a steam bath and the remaining 
liquid was decanted from the zinc. Upon cooling 0.25 g. 
product separated. This was crystallized from dilute acetic 
acid, treated with Norite and recrystallized from water, 
m.p. 133-134°.

Anal. Calcd. for CioHioOr,: C, 57.2; H, 4.77. Found: C, 
57.3; H, 4.76.

3-[B-(4-Bromo-6,7-dimelhoxybenzofuryl) jpropenoic acid 
(XV). One gram of 4-bromo-9-methoxypsoralene was dis­
solved in 50 ml. acetone. Dimethyl sulfate (7 ml.) was 
added, followed by 50 ml. of 20% potassium hydroxide. 
The solution was refluxed for 2 hr., then acidified and 
the acetone removed in  vacuo. The product was collected 
and ervstallized from dilute methanol; yield 0.75 g., m.p. 
143-145°.

Anal. Calcd. for C^IfnOsBr: C, 47.7; H, 3.37. Found: C, 
48.0; H, 3.55.

2-Bromo-5,6-dimethoxy-4-bydroxy-m-phthalaldehyde (XVI). 
Two grams of the foregoing unsaturated acid was dissolved 
in 1 0 0  ml. of chloroform and the solution was cooled in an 
ice bath. A stream of approximately 3% ozonized oxygen 
was bubbled through this solution for 3 hr. a t the rate of 
about 50 ml. per minute. The solvent was then removed in 
vacuo and 50 ml. water was added. This mixture was kept 
at room temperature overnight and then placed on the 
steam bath for 15 min. The water was decanted and the 
residue recrystallized from dilute methanol to yield 0.40 
g., m.p. 89-91°.

Anal. Calcd. for Ci0H 9O6Br: C, 41.7; H, 3.10. Found C, 
42.0; H, 3.15.

2,3-Dihydro-9-methoxy-2,3,4-tribromopsoralene (X V II). 
One gram 9-methoxypsoralene (1 mole) was dissolved in 100 
ml. chloroform and bromine (7.5 grams, 10 moles in 50 ml. 
of chloroform) was added. This solution was evaporated on 
the steam bath until 20-25 ml. of chloroform remained. 
The residue was then poured into 200 ml. of petroleum ether 
and cooled. The insoluble product was collected and crys­
tallized from methanol. The yield was 1.5 g., m.p. 165- 
166°.

Anal. Calcd. for C^IRChBra: C, 31.7; H, 1.54. Found C, 
31.5; H, 1.63.

x-Bromo-2,S-dihydro-9-methoxypsoralene. Two grams of
2,3-dihydro-9-methoxypsoralene was dissolved in a small 
volume of chloroform to which had been added a one molar 
excess of bromine. This solution was placed on the steam 
bath and allowed to evaporate to dryness. The residue was 
recrystallized from 95% ethanol; yield 2.60 g., m.p. 202- 
203°.

Anal. Calcd. for Ci2H 90 4Br: C, 48.5; H, 3.02. Found: C, 
48.3; H, 2.96.

2 ,8 -D ih y d ro -x -h y d ro x y -9 -m e th o x y p s o ra le n e . One-half gram 
of x-bromo-2,3-dihydro-9-methoxypsoralene was refluxed 
for 30 min. in 25 ml. of 6 N  sodium hydroxide. This solution

was then acidified with 6 N  sulfuric acid, and the product 
was filtered to yield 0.39 g. of material which melted at 
264-268° after recrystallization from ethanol.

Anal. Calcd. for Ci2H 10O6: C, 61.6; H, 4.27. Found: C, 
61.3; H, 4.21.

9-Methoxyfuro[3,2-g]thiocoiimarin (XVIII). 9-Methoxy- 
psoralene (1.75 g.) was mixed intimately with 3.5 g. phos­
phorus pentasulfide. This mixture was heated for 2 hr. in 
75 ml. of xylene a t the refluxing temperature. The mixture 
was then filtered and cooled. The product was collected and 
then recrystallized from glacial acetic acid; yield 1.85 g., 
m.p. 197-198°.

Anal. Calcd. for C^HsChS: C, 62.2; H, 3.44. Found: C, 
62.2; H, 3.61.

4-Bromo-9-meihoxyfuro[3,2-g]tkiocoumarin (XIX). One 
gram of 4-bromo-9-methoxypsoralene and 2.5 g. of phos­
phorus pentasulfide were mixed intimately. The mixture 
was refluxed in 75 ml. xylene for 2 hr. The xylene solution 
was then filtered and cooled and the product was collected 
and recrystallized from ethanol; yield 0.80 g., m.p. 235-238°.

Anal. Calcd. for CiJFOj.BrS: C, 46.3; H, 2.25. Found: 
C, 46.2; H, 2.35.

9-Methoxy-4-nitrofuro[3,2-g]thiocoumarin (XX). One gram
9-methoxy-4-nitropsoralene and phosphorus pentasulfide 
(2.5 grams) were mixed intimately and then heated 3 hr. in 
75 ml. of refluxing xylene. The xylene was decanted and 
cooled. The product was collected and crystallized from 
ethanol to yield 0.45 g., m.p. 205-206° (dec.).

Anal. Calcd. for Ci2H ,0 6NS: C, 52.0; H, 2.53. Found C, 
51.9; H, 2.52.

2 ,3 -D ih y d ro -9 -m e th o x y fu ro [ 3 ,2 -g ] th io c o u m a r in  (XXI). 2,3- 
Dihydro-9-methoxypsoralene (0.7 gram) was mixed inti­
mately with phosphorus pentasulfide (1.75 gram) and heated 
3 hr. in 75 nil. of refluxing xylene. The xylene was decanted 
and taken to dryness and the residue was crystallized from 
ethanol; yield 0.25 gram, m.p. 165-167°.

Anal. Calcd. for C12HI0O3S: C, 61.6; H, 4.27. Found C,
61.3 ;H , 4.47.

. 5 -{ 3 -H y d r o x y - l-p r o p e n y l) -6 -h y d r o x y -7 -m e th o x y b e n z o fu r a n
(X X II) . One gram of 9-methoxypsoralene and one gram of 
lithium aluminum hydride were refluxed in 300 ml. of dry 
ether for 8  hr. At the end of this time, water was added to 
destroy the excess reagent and the mixture was acidified 
with dilute sulfuric acid. Upon evaporation, the ether layer 
was found to contain 0.91 gram of a mixture which was 
shown to contain some inorganic material. This mixture 
was recrystallized from benzene yielding 300 mg. of a pure 
compound, m.p. 124-126°.

Anal. Calcd. for C12H 12O4 : C, 65.6; H, 5.46. Found: C, 
65.6; H, 5.49.

3 - [5 - (6 -H y d r o x y -7 -m e th o x y b e n z o fu r y l) ] p ro p e n o ic  h y d r a z id e
(X X III) . Two grams 9 -methoxypsoralene (1 mole) and 
hydrazine hydrate (1.4 grams, 3 moles) were refluxed 24 hr. 
in 100 ml. of 95% ethanol. The solution was then diluted with 
water and cooled. The product was collected and recrystal­
lized from ethanol, yield 1.7 grams, m.p. 183-185°.

Anal. Calcd. for Ci2H 120 4N2: C, 58.2; H, 4.84. Found: C, 
58.3; H, 5.02.

6 - ( l ,2 - D ip h m y le th y l ) -7 ,8 - d ih y d r o x y c o u m a r in  (XXIV). One 
gram of 9 -methoxypsoralene was refluxed with 2  g. of alumi­
num chloride ir. 100 ml. benzene for 30 min. The benzene 
was decanted and evaporated to dryness. The residue was 
acidified and crystallized from dilute ethanol; yield 0 . 8  g. 
m.p. 240-244°.

Anal. Calcd. for C23Hi80 4: C, 75.2; H, 4.90. Found: C, 
74.7; H, 5.17.

The diacetyl derivative (XXV) was prepared by refluxing 
200 mg. in acetic anhydride and pyridine for 2 hr. The solu­
tion was poured into water and the product was collected 
and recrystallized from dilute ethanol; yield 2 0 0  mg., m.p. 
138-140°.

Anal. Calcd. for O^HaO«: C, 73.5; H, 4.98. Found: C, 
73.5; H, 4.95.
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4.-Bromo-6-{l,2-diphemglethyl',-7,8-dihydroxycoumarin
(XXVI) . One gram of 4-bromo-9-methoxypsoralene and 
2 . 0  g. aluminum chloride were mixed intimately and then 
covered with 75 ml. benzene. This mixture was refluxed 20 
min.; the benzene was then decanted and evaporated. The 
resulting residue was acidified with dilute hydrochloric 
acid, washed with water, and recrystallized twice from dilute 
ethanol and finally from dilute isopropyl alcohol; yield 0.4(5 
g., m.p. 230-233°.

Anal. Calcd. for Co.fHnOiBr: C, 03.3; H, 3.90. Found: 
C, 63.0; H, 4.07.

4-Bromo-7,8-dimethoxy-6-(l,2-diphenylethyl)coumarin
(XXVII) . 4-Bromo-7,8-dihydroxy-6-(l,2-diphenylethyl)cou- 
marin (250 mg.) was dissolved in 20 ml. acetone. Two ml. 
dimethyl sulfate and one gram potassium carbonaro were 
added and ihe solution was refluxed 17 hr. I t  was then 
poured into 100 ml. of water and cooled. The insoluble prod­
uct was collected and recrystallized from dilute ethanol to 
yield 140 mg., m.p. 127-130°.

Anal. Calcd. for C-iLLiOiBr: C, 61.5; II, 4.53. Found C, 
64.3; H, 4.65.

3- [5-{2,S-Dihydro-6,7-dimethoxybenzofuryl) ]propenoic acid
(XXVIII). 2,3-Dihydro-9-methoxypsoralene (0.5 gram) 
was dissolved in 25 ml. acetone and 5.0 ml. of dimethyl 
sulfate was added. The solution was heated to reflux and 
25 ml. of 20% potassium hydroxide was added slowly. Re­
flux was continued for 2  hr. after addition of the alkali. 
The solution was then cooled, acidified with dilute hydro­
chloric acid, and the acetone removed in vacuo. The insoluble 
product was collected and crystallized from dilute methanol 
to yield 0.3 g., m.p. 100-102°.

Anal. Calcd. for C13FR4O5 : C, 62.5; H, 5.61. Found: C, 
62.4; H, 5.72.
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In conjunction with evidence derived from infrared spectra and including intensity measurements in the carbonyl-stretch­
ing region, the chemical properties of nomilin and obacunone indicate that these compounds are ketonic dilactones with a 
furan ring and but one carbocyclic system. One lactone ring of nomilin carries a 0 -acetoxyl group whereas obacunone has the 
corresponding a,/S-unsaturated lactone ring; this ring is readily opened by hydrolysis. The second lactone ring is opened by 
hydrogenolysis generating a carboxyl group which is remarkably acidic, properties that permit tentative conclusions to oe 
drawn as to the relative positions of some of the functional groups.

Of the three optically active, lactonic, bitter 
principles of citrus fruits, limonin3 has been more 
thoroughly studied than nomilin and obacunone, 
knowledge of which is chiefly due to Emerson, 4 

who showed that both nomilin, C2SH34O9 , and obacu­
none, C26H30O7 , gave obacunoie acid, C26H320 8, on 
hydrolysis, the former yielding acetic acid at the 
same time. Further evidence indicated the presence 
of two lactone rings, one carrying a /3-acetoxyl 
group, and one of a somewhat unreactive carbonyl 
group. The present investigation has confirmed and 
extended these results.

The absence of hydroxyl groups from obacunone 
was clear from the inertness of this compound to 
acetylation and from its transparency near in 
the infrared. Because the intense and ill-resolved 
absorption (Fig. 1 ) in the region 1700-1734 cm. - 1  

due to the lactonic system and carbonyl group made 
it difficult to detect individual functions, attention

(1) This work formed part of a Technical Cooperation 
Project (1955) sponsored by the Foreign Operations Ad­
ministration (U.S. Government).

(2) Department of Organic Chemistry, Liverpool Uni­
versity, Liverpool, England.

(3) O. H. Emerson, J. Am. Chem. Soc., 74 , 6 8 8  (1952); 
B. V. Chandler and J. F. Kefford, Australian J. Sci., 16, 
28 (1953); A. Fujita and Y. Hirose, J. Pharm. Soc. Japan, 
76, 129 (1956).

(4) O. H. Emerson, J. Am. Chcm. Soc., 70, 545 (1948);
73, 2621 (1951).

TABLE I
U l t r a v i o l e t  E n d - A b s o r p t i o n s

6 X 10- 
209 my

- 3

218 iri/z

Nomilin 5.70 4.27
Obacunone 16.7 16.0
Methyl obacunoate 13.6 11.3
Obacunone oxime 15.4 13.1
o-Obacunol 18.3 14.4
Dihvdroobacunone 10.0 6.4
Obacunone hydrochloride 
Double bonds10

5.5 4.0

(i) Disubstituted ~ 1
(ii) Trisubstituted 3-4 ~ 1 .5
(iii) Tetrasubstituted 4.5-10 4-6

Furan X208 5 .6  X216 5.0
Marrubin29 X2 1 0 5.7 —

was directed to the spectrum of obacunone oxime, 
which, in paraffin mulls, had two bands of more or 
less equal intensity at 1749 and 1677 cm. - 1  Whilst 
the latter hand was correctly placed for the C = N  
stretching frequency of an oxime, its intensity was 
unexpectedly high compared with the data given 
by Cross and Rolfe, 5 * 354 who quote oximes having 
extinction coefficients approximately one tenth 
those of ketones. In an attempt to minimize inter-

(5) L. H. Cross and A. C. Rolfe, Trans. Faraday Soc., 47,
354 (1951).
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Fig. 1. A. Ozonolysis product of obacunone (in Nujol). B. Obacunone (film from CHC13). C. Nomilin (film from
CHC13). D. Methyl hexahydronomilinate (film from CHC13)

ference from shifts of lactone bands induced by 
hydrogen-bonding, measurements were also made 
in chloroform, but in this solvent the oxime ex­
hibited a complex band at 1694-1727 cm. -1  and no 
marked absorption near 1670 cm. -1 This type of 
behavior does not appear to have been reported 
for simple oximes, and we have confirmed that the 
spectrum of cyclohexanone oxime is essentially the 
same in mulls and in solution. Pyruvic acid oxime 
had bands a t 1700 cm. -1 and 1660 cm. -1  of the 
expected positions and relative intensities, but in 
parallel work complex changes were encountered 
when the spectra of s y n -  and anfi-monoximes of 
benzil and camphorquinone were examined in mulls 
and in solution. On the other hand, the spectra of 
obacunone oxime were not in accord with the re­

sults obtained by Mathis6 for hydroxamic acids 
and indeed the substance gave no ferric reaction; 
but the possibility that hydroxylamine might have 
reacted with a lactone ring necessitated the acqui­
sition of independent evidence for the presence of 
a carbonyl group.

The slow reaction between 2,4-dinitrophenyl- 
hydrazine sulphate and obacunone gave only 
amorphous material, but the rapid reaction with 
sodium borohydride gave a mixture consisting of 
a a-obacunol, C27H32O7, with some of the isomeride 
/3-obacunol. The presence of a third product was 
indicated by the intense color reaction given with 
hydrobromic acid, but the substance responsible

(6) F. Mathis, Compt. rend., 232, 505 (1951).
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could not be isolated. Because borohydrides do not 
readily attack esters or lactones, a-obacunol was 
regarded as an alcohol derived from a ketone 
rather than a glycol from a lactone, a view con­
firmed by the formation of a monoacetate trans­
parent at 3/u in the infrared. Attempts to re­
oxidize a-obacunol to obacunone failed: Op- 
penauer’s method did not appreciably affect the 
substance (a result which may have been due to 
steric hindrance, as the ketone is not very reactive 
or to complex formation) ,7 and chromic acid in­
duced only ill-defined oxidation similar to that suf­
fered by obacunone. Subsequently, the existence 
of a carbonyl group was clearly indicated by the 
spectra (discussed in the sequel) of related com­
pounds having no ethylenic unsaturation but hav­
ing well-resolved ester and lactone bands and also 
a band at 1711 cm. -1  typical of acyclic ketones or 
of cyclic ketones with more than five members. 
Although obacunone gave a positive iodoform re­
action, an acetyl group is probably not present 
because the Zimmerman reaction8 was negative 
and because appropriate bands9 were absent from 
the infrared spectra. d-Obacunol has not been 
closely studied, but it may be diastereoisomeric 
with a-obacunol: both compounds had selective 
absorption at 3500 cm. “ 1 (OH), and at 1730 and 
1690 cm. -1  (lactonic absorption).

The elimination of acetic acid from nomilin by 
means of boiling pyridine and acetic anhydride as 
described by Emerson4 gave erratic results not im­
proved by omission of the acetic anhydride or by the 
addition of pyridine hydrochloride, but in a- 
picoline the reaction occurred regularly. Whilst 
this loss of acetoxyl could not be followed from 
frequencies in the carbonyl-stretching region, 
bands typical of acetates9 and shown by nomilin at 
1432, 1377, and 1225 cm. -1 were absent from, or 
much weakened in, the spectrum of obacunone. 
In agreement with previous work, removal of 
acetoxyl resulted only in an increase in the ultra­
violet end-absorption (Table I), which, taken with 
the fact that nomilin cannot contain a ketonic ring 
of less than six members, proved that obacunone 
was not an a,/3-unsaturated ketone. This deduction 
was confirmed by the absence of marked bands 
near 1680 and 1640 cm. - 1 or near 1720 and 1600 
cm. -1  from the infrared spectrum. On the other 
hand, highly substituted double bonds10 have 
absorption characteristics near 210 m̂ u closely simi­

(7) M. Ehrenstein, A. R. Johnson, P. C. Olmstead, V. I. 
Vivian, and M. A. Wagner, J. Org. Chem., 15, 264 (1950).

(8) W. Zimmerman, Z. physiol. Chem., 233, 257 (1935); 
I. E. Broadbent and W. Kiyne, Biochem. ./,, 56, XXX 
(1954).

(9) A. R. H. Cole and D. W. Thornton, J. Chem. Soc., 
1007 (1956); R. N. Jones and A. R. H. Cole, J. Am. Chem. 
Soc., 74, 5648 (1952).

(10) P. Bladon, H. B. Henbest, and G. W. Wood, J.
Chem. Soc., 2737 (1952)

lar to those of a,(3-unsaturated esters11 and lac­
tones12 so that the increase in this region could not 
be justifiably used to differentiate these systems, 
but a base-catalyzed as opposed to a thermal na­
ture for the elimination was made probable not only 
by the stability of nomilin in xylene as opposed to
7 -picoline but also by the ready loss of acetic 
acid accompanying the hydrolysis to obacunoic 
acid, and favored the formulation of obacunone as 
«j/J-unsaturated lactone. Further, unconjugated 
double-bonds absorb near 1645 cm. -1 whereas (in 
this region) obacunone but not nomilin had a weak 
band at 1620 cm. “ 1 (Fig. 1), the position of which 
suggested conjugation: the corresponding batho- 
chromic shift of a lactonic absorption was dif­
ficult to isolate from the complex band near 5.8/n 

As noted by Emerson, the ready hydrolysis of 
nomilin or of obacunone gave obacunoic acid, 
converted into the methyl ester by diazomethane. 
Acetylation of obacunoic acid gave Emerson only 
an amorphous solid of which the analysis seemed to 
differ little from that of the original substance; 
we have not been able to obtain an acetate of 
methyl obacunoate because in mild conditions no 
reaction took place, and in more vigorous conditions 
amorphous material resulted. In preliminary exper­
iments, we were unable to confirm Emerson’s 
comment (without experimental details) that 
methyl obacunoate possessed hydroxyl absorption 
near 3n, so that when this ester was found not to 
react smoothly with hydroxylamine (in conditions 
under which obacunone formed an oxime com­
paratively readily) it became necessary to consider 
the possibility that the hydrolysis involved the 
fission of a (modified) /3-ketoester system, as in (I) 
giving (II), rather than the fission of a lactone ring.

CO—C—C = 0

1 1 A
I

COOH HC—C = 0

1 1 A-
I IT

During attempts to obtain further information on 
this point, obacunoic acid and its methyl ester 
were subjected to sodium borohydride reduction, 
and a-obacunol was subjected to hydrolysis. In 
each case a rapid reaction ensued but the products 
were amorphous. In spite of its ill-defined nature, 
this evidence suggested that the carbonyl group 
was not involved in the hydrolysis and prompted a 
renewed search for hydroxyl absorption in the 
infrared spectrum of methyl obacunoate. When 
examined in paraffin mulls, in chloroform, or in 
carbon disulphide, this ester showed no absorption 
near 3/i sufficiently well-defined to be differentiated 
from overtones of the strong absorption near 6ju, 
but, surprisingly, solid films deposited from chloro-

(11) H. E. Ungnade and I. Ortega, J. Am. Chem. Soc., 
73, 1564(1951).

(12) L. Dorfmann, Chem. Revs., 53, 47 (1953).
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Fig. 2. Methyl obacunoate: A, in CHC13. B. Solid film.
C, Nujol mull

form or acetone showed a marked hydroxyl band 
(Fig. 2) which persisted when care was taken to 
exclude moisture and alcohol and is, therefore, 
positive evidence for the existence of an unreactive 
hydroxyl group. No other compound examined in 
this work behaved thus, but a somewhat similar 
phenomenon has been observed with tetronic13 
acids in which the degree of enolization and con­
sequently the existence of hydroxyl or carbonyl 
groups depended upon the physical state of the 
sample. This explanation was apparently not ap­
plicable because methyl obacunoate did not have 
the requisite properties in the ultraviolet region, 
was not acidic, could not be oximated readily, and 
gave no ferric reaction. Further, had nomilin con­
tained a lactonic system of type (III), hydrolysis 
would have yielded a keto-acid rather than a hy­
droxy-acid, but the parent compound must have 
exhibited absorption at 1770-1790 cm. “ 1 which was 
not apparent. Finally, lactones of type (III) react 
readily with aniline14 whereas obacunone was re­
covered from treatment with this reagent.

Hydrogenation of nomilin was erratic unless 
large amounts of catalyst were employed, but in the 
best runs exactly four equivalents of hydrogen were 
absorbed. The product, hexahydronomilinic acid,

(13) L. A. Duncanson, J. Chem. Soc., 1207 (1953).
(14) F. A. Kuehl, Jr., R. P. Linstead, and B. A. Orkin, 

J. Chem. Soc., 2213 (1950).

C28H42O9, was a monobasic acid of pKa value 2.7, 
which appeared to have resulted from hydrogenoly- 
sis of a lactone ring not involved in hydrolysis 
since obacunoic acid had a pKa value of 4.0. 
With diazomethane, the new acid gave a methyl 
ester spectroscopically devoid of hydroxyl groups 
but possessing a carbonyl group responsible for a 
shoulder at 1700 cm. -1  on the ester band (Fig. 1). 
I t  was concluded that the four moles of hydrogen 
were used to open one lactone ring and saturate 
three double bonds since hexahydronomilinic acid 
could not be hydrogenated further and, unlike 
nomilin, gave no yellow color with tetranitrometh- 
ane and had very little end-absorption at 210 npt. 
I t  followed that nomilin contained but one carbo- 
cyclic system.

The absence of double bonds from hexahydro­
nomilinic acid made it necessary to suppose that 
the high acidity was due to the inductive effect of 
substituents a t the «-position. Pyruvic acid hav­
ing15 a pKa value of 2.5, nomilin and its derivatives 
were first examined for «-ketoacid functions, but 
obacunone would not react with o-phenylenedia- 
mine under conditions in which pyruvates furnish 
quinoxalones. I t  has been reported16 that pyruvates 
have only unresolved ester absorption at 1745 
cm.“ 1, whereas the carbonyl frequency is resolved 
in some compounds of the present series, and 
nomilinic acid was recovered from treatment of its 
salts with aqueous hydrogen peroxide.

The dissociation data given by Paul17 for a -  
acetoxypropionic acid (pKa 3.0) and by Walden18 
for the acid (IV) (pKa 2.18) suggested that the 
acidity of hexahydronomilinic acid could have re­
sulted from the groupings (V), found for example, 
in scilliroside, 19 or (VI) as in monocrotalic acid.20

H 02C
IV

— CCOOH 
I
OAc
V

RCOCH2 OCOR'

VII

MeCHCOOEt
I
OCOMe

VIII

O -C O
MeCH CHMe

\  /  
CO-O

IX

-COCCOOH

X
(15) J. Boeseken, L. W. Hanson, and S. H. Bertram, Rec. 

trav. chim., 35, 309 (1915).
(16) References and a discussion of the spectra of cou- 

marandiones are given by J. F. Grove, J . Chem. Soc., 883 
(1951).

(17) T. Paul, X. Elektrochem., 28, 435 (1922).
(18) P. Walden, Zeit. phys. Chem., 10, 563, 638 (1892).
(19) A. Stoll and J. Renz, Helv. Chim. Acta, 25,377 (1942).
(20) R. Adams and T. R. Govindachari, J. Am. Chem. 

Soc., 72, 158 (1950).
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The complex hydrogenation of obacunone was 
accomplished by methanolysis and gave an acid 
now called methyl hydrogen octahydroobacunoni- 
nate since it was more easily obtainable by the 
comparatively smooth hydrogenation of methyl 
obacunoate in which nearly five moles of hy­
drogen were absorbed. The new acid had pK„
2.9 for which neither system (V) nor system (VI) 
could be responsible. Systems (V) and (VI) are 
similar to a-acyloxyketones (VII) in which con­
siderable shifts to shorter wave lengths of both 
carbonyl and ester frequencies occur,21 but we 
found that the corresponding shift in ethyl a -  
acetoxypropionate (VIII) was relatively slight and 
similar to that in mesodilactide22 (IX). This shift 
resulted in peaks a t 1736 cm.-1 in chloroform and 
1767 cm.-1 in carbon tetrachloride, but the ap­
propriate derivatives of nomilin were hardly solu­
ble in the latter solvent and so this shift could not 
be used as a criterion in the present example.

The possibility that the acidity of hexahydro- 
nomilinic acid was partly caused by a carbonyl 
group in the /3-position was considered improbable 
because properties in keeping with /3-ketoester 
and (3-ketoacid systems were not apparent. 
For example, hexahydronomilinic acid did not 
readily lose carbon dioxide until decomposition set 
in at temperature greater than 220°. The presence 
of a malonic acid grouping was also discounted be­
cause this would have required the carboxyl 
groups of both hexahydronomilinic acid and 
obacunoic acid to have closely similar properties. 
Further, prominent shifts to shorter wavelengths 
are often shown by dilactones and related com­
pounds with both carboxyl groups attached to the 
same carbon atom.23 The composite system (X), 
in which combined inductive effects of carbonyl 
and of ether oxygen could have accounted satis­
factorily for the acidity of the carboxyl group, was 
eliminated from further consideration because of 
the argument presented above and because these 
compounds had only very feeble reducing powers. 
Because methoxyacetic acid24 has a pKa value of 
3.53 compared with 4.74 for acetic acid; two ether 
oxygen atoms would have an effect of the ob­
scured magnitude, and it was confirmed that ethyl 
diethoxyacetate has a normal ester frequency at 
1749 cm.-1 Published data on the glycidic acid 
grouping are limited but it seemed unlikely that 
this system would survive prolonged hydrogena­
tion, and consideration of data supplied by Kil-

(21) R. N. Jones, P. Humphries, and K. Dobriner, J. 
Am. Chem. Soc., 72, 956 (1950); R. N. Jones, P. Humphries, 
F. Herling, and K. Dobriner, J. Am. Chem. Soc., 74, 2820 
(1952); J. F. Grove and H. A. Willis, J. Chem. Soc., 877 
(1951).

(22) H. H. Wasserman and H. E. Zimmerman, J. Am. 
Chem. Soc., 72, 5787 (1950).

(23) References and examples are quoted by D. H. R. 
Barton and P. de Mayo, J. Chem. Soc., 142 (1956).

(24) M. H. Palomaa, Ann. Acad. Sci. Fennicae, A, 1, 
(1911); Chem. Zeni., II, 596 (1912).

Patrick and Morse,25 26 by Wode,26 and by Apichan- 
dari and Jatkar27 suggested that incorporation of 
the a-oxygen atom in a three-membered ring would 
not have any marked effect on the acidity.27a 
Therefore the lactone rings of nomilin were pro­
visionally written as in the diagram, which makes 
it clear that the lactone ring (called lactone 1) vdiich 
becomes unsaturated in obacunone must also be 
that involved in the hydrolysis to obacunoic acid. 
The double bond attached to lactone 2 was re­
quired to account for the hydrogenolysis of this 
system.

OAc
Lactone 1 Lactone 2

Lactone Rings of Nomilin

A study of the intensities of carbonyl absorp­
tion in the 6¡x region substantiated the conclusions 
reached above. As we were not aware of any pub­
lished study of the intensities of lactonic absorption, 
we first made measurements on a few lactones 
typical of various types and collected the results 
into Table II; whereas Table III  was adapted 
chiefly from values given by Jones, Ramsay, Kier, 
and Dobriner28 for ketones and simple esters, ex­
cept that the provisional nature of the present work 
made it unnecessary to include the minor variations 
detailed by these authors. Comparison of Tables 
II and III  showed that those environmental changes 
which affect ketonic carbonyl affect ester carbonyl 
similarly. Thus the inclusion of either type of 
carbonyl group in a ring-system increased the in­
tensity (the size of the ring being comparatively 
unimportant), and conjugation also increased the

TABLE II
INTENSITIES0 OP LACTONE C a EBONYL ABSORPTIONS

1 X 10-4 Mean

•y-Valerolactone 
Dihydrocoumarin 
A2-Angelicalactone 
Santonin (at 1775 cm.-1)
A '-Angelicalactone 
Coumarin 
Ethyl cinnamate

0 Determined in chloroform by method III, Ref. 28.

(25) M. Kilpatrick and J. G. Morse, J . Am. Chem. Soc., 
75,1846,1854 (1953).

(26) G. Wode, Svensk. kem. Tidsk., 40, 221 (1928).
(27) C. T. Apichandari and S. K. K. Jatkar, J. Indian 

Inst. Sci., 21a, 373 (1938).
(27a) Since glycidic acids (e.g. phenylglycidic acid) have 

now been found to have pKa values near 3.6 in water and 
near 4.4 in aqueous acetone, these acids are less affected by 
solvent changes than benzoic acid. Consequently a glycidic 
acid system is still possible in the present series.

(28) R. N. Jones, D. A. Ramsay, D. S. Kier, and K. 
Dobriner, J .  Am. Chem. Soc., 74, 80 (1952).

4.12
3.84
3.88
3.82 
5.28' 
5.42
3.83

3.92

5.35
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intensity to some extent. Much the greatest increase 
resulted, however, when the carbonyl groups were 
simultaneously part of a ring system and conju­
gated with a double bond, thus permitting the 
easy differentiation of these structural types from 
others with similar ultraviolet spectra.

TABLE III
I n t e n s i t i e s “  o f  C a r b o n y l  A b s o r p t i o n  o f  K e t o n e s  a n d  

E s t e r s

1 X 10-4

Acyclic ketones 1.8
Cyclic ketones

(i) 7-, 11- or 12-ketosteroids 2.2
(ii) 3-, 16- or 17-ketosteroids 2.7

Cyclic A“'®-ketones 3.7
Cyclic A^r-ketones 2.9
Alkyl acetates 3.2
Arvl acetates 2.8
Methyl esters 3.1
l-Acetyleyclohexene6 2.04

“ Adapted from values given in Ref. 28. 6 Determined in 
present work.

had opened. Finally, the result for a-obacunol was 
compatible with the reduction of a carbonyl group 
but not with the reduction of a lactone group.

As mentioned earlier, the results of hydrogenation 
showed that nomilin contained three relatively 
unreactive double bonds but both ultraviolet and 
infrared spectra were incompatible with the pres­
ence of a benzene ring. The fourth double bond of 
obacunone was more reactive and limited hydro­
genation produced dihydroobacunone which had • 
no significant absorption at 1620 cm.-1, had a 
much reduced absorption below 220 m/i (Table I), 
and a carbonyl intensity which agreed with satura­
tion of the lactone ring. When conducted in 
methanol, a similar hydrogenation gave a product 
which retained the solvent strongly in addition to 
two extra hydrogen atoms and had hydroxylic 
absorption near 3 p; this compound may be the 
corresponding methyl dihydroobacunoate. Satu­
ration of the lactone ring of obacunone resulted in 
the expected hypsochromic shift of the correspond­
ing band so that the two lactone rings of dihydro-

TABLE IV
I n t e n s i t i e s  o f  C a r b o n y l  A b s o r p t i o n  o f  C o m p o u n d s  R e l a t e d  t o  N o m i l i n

A“’*3- Methyl
Lactone Lactone Ester Acetate Ketone Calc. Found

Nomilin 2 X 3.9 3.2 2.2 13.2 13.1
Obacunone 3.9 5.4 2.2 11.5 11.3
Methyl obacunoate 
Methyl hexahydrono-

3.9 3.8“ 2.2 9.9 9.8

milinate 3.9 3.1 3.2 2.2 12.4 11.8
a-Obacunol 3.9 5.4 9.3 9.0
Dihydroobacunone 2 X 3 .9 2.2 10.0 9.6

“ «.iMJnsaturated ester: intensity estimated from data in Ref. 5.

The values in Tables II and III  were then used 
to calculate intensities for the compounds discussed 
above, it being assumed that no serious interactions 
were affecting the contributions of the various 
groups. In the absence of information as to the 
environment of the carbonyl group, the inter­
mediate value 2.2 was employed. The intensities 
calculated in this way agreed sufficiently well with 
the experimental values (Table III) to indicate 
that there were no further carbonyl groups to be 
detected, that is, that the two uncharacterized 
oxygen atoms of nomilin or obacunone formed 
ether links only. Again, had elimination of acetic 
acid from nomilin no t introduced conjugated un­
saturation, the calculated intensity for obacunone 
would have been 9.8, a much less satisfactory figure 
than that tabulated. The agreement between the 
calculated and observed figures for methyl obacu- 
noate clearly opposed formulation of the hydroly­
sis as either the change of (I) into (II) (which re­
quires the product to have an intensity greater than
11.3) or the opening of a lactone ring type (III) 
(which requires the product to have an intensity of 
at least 11.0 ): the observed intensity also indicated 
that an unsaturated rather than a saturated ring

obacunone now had (unresolved) absorption at 
1735 cm.-1, whereas a weaker, but sharp and dis­
tinctive, band at 1710 cm. -1  could confidently be 
ascribed to the carbonyl group. The spectrum of 
dimethyl octahydroobacunoninate, a glassy ester 
obtained from methyl hydrogen octahydroobacu­
noninate by means of diazomethane, confirmed this 
and other conclusions, since it showed a carbonyl 
band at 1711 cm.-1, two resolved ester bands at 
1754 and 1733 cm.-1, and a marked band near 3/r 
which can be attributed to the hydroxyl group 
difficult to detect in methyl obacunoate.

Obacunone added hydrogen chloride in con­
ditions under which nomilin was inert; again the 
absence of a band at 1620 cm. -1  and the reduced 
ultraviolet end-absorption showed that the lac- 
tonic double bond had been affected. With pyridine, 
obacunone hydrochloride readily regenerated oba­
cunone. The results of perbenzoic acid titrations 
were curious, because nomilin could not be re­
covered in spite of the fact that no active oxygen 
had been destroyed. Obacunone did absorb one 
atom of active oxygen but failed to yield a crystal­
line product.

Comparisons between the infrared spectra of
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nomilin, methyl hexahydronomilinate, obacunone, 
and dimethyl octahydroobacunoninate showed 
that peaks a t 3100, 1600, 1500 (all weak), 1050, 
875, and 805 cm. -1  (all strong) were absent from 
the spectra of the saturated compounds. This 
behaviour is similar to that of the terpenoid furans, 
marrubin29 and columbin30 and is therefore attrib­
uted to a furan ring, which also accounts for the 
red and violet colors developed by nomilin and its 
derivatives (except, of course, hexahydronomilinic 
acid and methyl hydrogen octahydroobacunoni­
nate) with mineral acids, especially hydrobromic 
acid (compare cafestol31) and for the reaction with 
perbenzoic acid because with peracids furans often 
give products which are themselves peroxidic.32 
Although cyclopropanes33 possess several of the 
infrared bands listed for furans, and, when suit­
ably placed, can be hydrogenolvzed34 * without 
difficulty, they are not attacked by ozone whereas 
obacunone is.

Ozonolysis of obacunone was slow, and no vola­
tile carbonyl compounds were formed, although 
some carbon dioxide resulted. The product, 
C26H32O8, contained one methoxyl group derived 
from solvent methanol and had therefore been 
formed by loss of but one carbon atom from obacu­
none. Destruction of the furan ring was clear from 
the ultraviolet spectrum which lacked the end- 
absorption of nomilin, from the infrared spectrum 
which lacked all the characteristic peaks noted 
above, and from the negative color reaction with 
hydrobromic acid. The infrared spectrum of this 
ozonolysis product included peaks at 1725 and 
1698 cm. -1 and also new peaks a t 1678 and 1646 
cm. _1 suggesting the presence of an a,d-unsaturated 
ketone: the corresponding ultraviolet absorption 
occurred at 244 m^, and the compound gave a 
positive Zimmerman reaction. Although the new 
substance was neutral and gave no ferric reaction, 
it neutralized three equivalents of base upon hy­
drolysis indicating that a new (potential) acidic 
center had been generated. No crystalline material 
has been obtained from ozonolysis of nomilin.

For the inclusion in the characteristic groups of 
nomilin of a furan ring and a carbonyl group in 
addition to the two proposed lactone rings, ten 
oxygen atoms were needed whereas nomilin con­
tained but nine. Re-examination of the analytical 
data detailed by Emerson and obtained during the

(29) W. Cocker, B. E. Cross, S. R. Duff, J. T. Edward, 
and T. F. Holley, J. Chem. Soc., 2540 (1953).

(30) D. H. R. Barton and D. Elad, J. Chem. Soc., 2085, 
2090 (1956).

(31) A. Wettstein and K. Miescher, Helv. Chim. Acta, 
26, 788 (1943); C. Djerassi, E. Wilfred, L. Visco, and A. J. 
Lemin, J. Org. Chem., 18, 1449 (1953).

(32) E. G. E. Hawkins, Quart. Reviews, 4, 251 (1950).
(33) L. J. Bellamy, The Infrared Spectra of Complex 

Molecules, John Wiley and Sons, Inc., New York, 1954; E. R. 
Lippincott, Am,. Chem. Soc., 73, 2001 (1951).

(34) R. W. Kierstead, R. P. Linstead, and B. C. L.
Weedon, J. Chem. Soc., 3610 (1952).

present study confirmed the formula proposed 
originally and ruled out molecules in the ^ O io  
and C31O10 ranges. The one way in which the 
functional groups of nomilin could be rewritten 
with economy of one oxygen atom gave a system 
type (XII).

From the partial structure (XII) are derived 
(X III; R =  H) for obacunoic acid, and (XIV) for 
hexahydronomilinic acid. The double bond of (XII) 
may, of course, be part of the furan ring. The con­
siderable similarity between limonin and nomilin 
suggests that the lactonic systems of the two com­
pounds are closely related.

These lactol-type structures also seemed to offer 
grounds on which the curious behavior of the hy­
droxyl group of methyl obacunoate (XIV; R =  Me) 
might be explained, because the surrounding 
oxygen atoms could interfere with the normal 
oxygen-hydrogen vibrations by bonding with the 
hydrogen atom. A few lactonic acids type (XV) 
are known:36 the stability of the lactone ring and 
ease with which the hydroxyl group reacted, 
e.g., hi acetylation, depended closely upon the 
number and nature of the other substituents pres­
ent. The ether oyxgen atom of (XIII) is presum­
ably present in a five- or six-membered ring for 
reasons of stability.

The lactone rings are written as 5-lactones partly 
because obacunoic acid did not relactonize and 
partly because in this series lactonic absorption 
always occurred below 1750 cm. -1  This last evi­
dence was not conclusive because lactone frequen­
cies vary considerably with the phase and solvent 
(an excellent example is given by Djerassi, Farkas, 
Lemin, Collins, and Walls36) and the solubility 
characteristics of these compounds prevented 
accurate measurements in carbon disulphide or 
carbon tetrachloride; however, the poorly defined 
peaks obtained in these solvents were also situated

(35) E. Rothstein and C. W. Shoppee, J. Org. Chem., 
531 (1927); R. B. Woodward and R. H. Eastman, J. Am. 
Chem. Soc., 72, 399 (1950).

(36) C. Djerassi, E. Farkas, A. J. Lemin, J. C. Collins, 
and F. W. Walls, J. Am. Chem. Soc., 76, 2969 (1954).
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below 1750 cm. 1 and so we have retained the
5-lactonic formulation.

E X P E R IM E N T A L

Separation of nomilin and obacunone. The mixture of lac­
tones obtained from citrus seed oil by means of aqueous 
methanol was fractionated from methylene chloride es­
sentially as described by Emerson4 to remove limonin, but 
the procedure advocated by this author for the separation of 
nomilin and obacunone was less effective. These lactones 
were adsorbed too strongly on alumina to permit use of this 
material for chromatographic analysis, but silica gel ap­
peared satisfactory. The crude mixture (5.00 g.) of nomilin 
and obacunone was chromatographed on a silica gel37 

column (1.6 X 54 cm.) from benzene saturated with water. 
A yellow band travelled rapidly down the column and was 
removed: thereafter, obacunone was present in the eluate, 
the next 650 ml. of which contained the whole of this lactone 
(2.9 g.). After a second similar purification followed by one 
crystallization from methanol obacunone formed prisms, 
m.p. 229-230°, indicating a purity otherwise attainable 
only by many recrystallizations.

Anal. Calcd. for C26H 30O7: C, 6 8 .6 8 ; H, 6 .6 6 . Found: C, 
6 8 .8 6 ; H, 6.71.

Nomilin (0.9 g., m.p. 254°) was eluted from the column 
by the use of 10% ethyl acetate in benzene (400 ml.), 
and after several recrystallizations from the same solvent 
the best specimens had m.p. 270° (decomp.). For analysis a 
specimen was dried at 100° at 0.001 mm. for 4 hr.

Anal. Calcd. for C2SH34O9 : C, 65.33; H, 6.67; equiv. wt. 
(3 acid functions) 171.3. Found: C, 65.39; H, 6.76; equiv. 
wt. (back titration) 173.

Gummy material (0.9 g.) remaining on the column could 
be eluted with acetone or alcohol but was not examined 
further.

Obacunone with Brady’s reagent gave an amorphous 
yellow precipitate after several hours at room temperature. 
When heated to boiling, a solution of obacunone in acetic 
acid containing a few drops of constant-boiling hydrogen 
bromide soon developed a mauve color. No color appeared 
when anhydrous hydrogen bromide in acetic acid or hy- 
driodic acid were used; hydrochloric acid gave unreliable 
results. Negative reactions resulted with Tollen’s, Fehling’s, 
and Ligal’s reagents.

Nomilin gave a purple color in the hydrogen bromide reac­
tion, and did not react with Tollen’s, Fehling’s, or Ligal’s 
reagent.

Conversion of nomilin into obacunone. Nomilin (0.4 g.) in 
boiling pyridine (15 ml.) was unchanged after 6  hr. Addition 
of a drop of water, pyridine hydrochloride (0 . 1  g.), or acetic 
anhydride (0.5 m.) had no effect, but when the smallest 
possible volume of pyridine was employed the reaction oc­
curred occasionally.

Nomilin (0.4 g.) in boiling 7 -picoline (20 ml.) was con­
verted ¡liter 1 hr. into obacunone (0.29 g.) which remained 
after removal of the solvent in vacuo and when purified 
from methanol formed prisms, m.p. 226-228°, not depressed 
by authentic material.

Nomilin (0.4 g.) was recovered intact from 6  hr. heating in 
boiling xylene (60 ml.) and then had m.p. and mixed m.p. 
265° (decomp.).

Attempted condensation of obacunone with amines. Obacu­
none (150 mg.) was kept at 145-155° in aniline (1 ml.) for 30 
min. The yellowish product was added to dilute hydro­
chloric acid and the precipitate, when purified from metha­
nol, gave obacunone in prisms ( 1 0 0  mg.) m.p. and mixed 
m.p. 226°.

A similar experiment in which o-phenylenediamine hydro­

(37) 200-300 Mesh; supplied by L. Light and Company, 
Ltd., Colnbrook, England.

chloride ( 1 0 0  mg.) in pyridine ( 2  ml.) replaced aniline, and 
the time of reaction was 2  hr., gave a similar result.

Obacunoic acid. This acid was readily prepared by the 
method of Emerson4 and crystallized from aqueous acetone 
in needles (0.34 g.), m.p. 213° with but little decomposition. 
The acid had no ferric reaction in alcohol and did not react 
with diazotized p-nitraniline. For analysis, the substance 
was dried to constant weight at 1 1 0 ° / 0 . 0 0 1  mm.

Anal. Calcd. for C+HreOt,: C, 63.93; H, 7.23. Found: C, 
63.77; H, 7.01.

Potentiometric titration at 23° in 50% acetone showed 
obacunoic acid to be monobasic with pKa 5.26. In the same 
conditions, the pKa value of benzoic acid was 1.29 units 
greater than in water, therefore pKa (water) for obacunoic 
acid was taken as 3.97.

The methyl ester was prepared according to Emerson4 

and formed prisms, m.p. 172-173°, from methanol; a™ 
— 95.9° (1 dm., 0.4663 g. per 10 ml. in acetone).

Anal. Calcd. for C27H 34O9 : C, 66.67; H, 7.05. Found: C, 
66.38; H, 7.08.

Attempted acetylation of methyl obacunoate. Methyl obacu- 
noate (80 mg.), acetic anhydride (0 . 6  ml.), and pyridine ( 1  

drop) were kept on the steam bath for 15 min. Addition of 
water (3 ml.) to the cold solution caused almost quantitative 
separation of methyl obacunoate m.p. and mixed m.p. 171°.

Methyl obacunoate (80 mg.) was kept in boiling acetic 
anhydride ( 1  ml.) containing sodium acetate ( 2 0 0  mg.) for 1  

hr. Vacuum evaporation of acetic anhydride and dissolution 
of sodium acetate in water left a gum which did not yield to 
attempted crystallization or chromatographic separation on 
alumina.

Obacunone hydrochloride. Hydrogen chloride was slowly 
bubbled through a solution of obacunone (0.50 g.) in chloro­
form (5 ml.); after about 4 hr. the mixture solidified. The 
solvent was pumped off and replaced by fresh chloroform 
(5 ml.) which was then also pumped off. Crystallized from a 
mixture of Skellysolve B and ethyl acetate, the residue sup­
plied obacunone hydrochloride in colorless leaflets (0.29 g.) 
which decomposed near 230°. This substance in 50% aqueous 
acetone containing dilute nitric acid gave no precipitate 
with silver nitrate: for analysis, it was dried at 1 0 0 ° a t 0 . 0 1  

mm. for 3 hr.
Anal. Calcd. for C26H 31C107: C, 63.61; H, 6.37; Cl, 7.23. 

Found: C, 63.90; H, 6.45; Cl, 7.47, 7.20.
In paraffin mulls, obacunone hydrochloride absorbed at 

3100 (CH of olefin), 1725 (shoulder at 1740) (lactones), 
1500 and 875 cm . “ 1 (furan ring). There was no peak a t 1620 
cm . “ 1

A solution of obacunone hydrochloride (0.20 g.) in pyri­
dine ( 1 . 0  ml.) was kept at boiling point for 1  hr., after which 
the solvent was removed in vacuo. The residue was washed 
with a little cold methanol and then crystallized from the 
same solvent giving obacunone in prisms (0 . 1 2  g.) m.p. and 
mixed m.p. 229°. The methanol washings gave a positive 
reaction for chloride ions.

Nomilin (0.5 g.) in chloroform (10 ml.) was unaffected by 
hydrogen chloride during 3 hr. The recovered material had 
m.p. and mixed m.p. 275° (decomposition) and its infrared 
spectrum (mull) was identical with that of an authentic 
specimen.

a- and 0-Obacunols. To obacunone (0.50 g.) in methanol 
(30 ml.) was added potassium borohydride (50 mg.) in a few 
drops of water. The crystalline precipitate which readily 
appeared (2-5 min.) was collected as soon as possible (since 
it began to redissolve when kept) and fractionally crystallized 
from ethyl acerate containing a little light petroleum (b.p.
60-80°). The earlier crops were purified from ethyl acetate 
giving a-obacunol in granules (0.18 g.) melting at 248° when 
slowly heated. This substance appeared to have a transition 
point at about 180°, a t which temperature it melted when 
heated rapidly. The specimens for analysis were dried at 
150°/0.01 mm. for 4 hr. The substance had [a] 2D° +84° (c, 
0.3002 in acetone; 1 dm.).
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Anal. Calcd. for C26II 320 7: C, 08.42; H, 7.08. Found: C, 
68.25; H, 7.22.

The infrared spectrum of a solid film included peaks at 
3500 (OH), 3100 (CH of olefin), 173C and 1685 (lactonic ab­
sorption), 1625 (C =C ), 1500 and 875 cm . - 1  (furan).

a-Obacunol (0.20 g.) dissolved in hot acetic anhydride 
(10 ml.) containing sodium acetate (0.50 g.) was kept on the 
steam bath for an hour. Removal of volatile material and 
addition of water to the residual glass gave an opaque semi­
solid mass which was purified from aqueous methanol giving 
a-obacunvl acetate in prisms m.p. 216-217°. For analysis, 
a specimen was dried at 120°/10 mm. for 3 hr.

Anal. Calcd. for C2 8H34 0 8: C, 67.46; H, 6 .8 8 . Found: 
C, 67.00; H, 7.02; MeO, negative.

In acid hydrolysis this acetate frothed excessively. After 
preliminary alkaline hydrolysis, this compound appeared to 
contain 13.79% acetyl, but a-obacunol under the same 
conditions gave an apparent acetyl value of 4.79; therefore 
the true value for the acetate was near 9.00 (calcd. for a 
nomoacetate, 8.62).

A solid film of this acetate possessed absorption maxima 
a t 3100 (CH of olefin), 1738, 1704 +  1698 (double maxima), 
1631 (C =C ), 1510 and 875 cm . - 1  (furan), but no hydroxyl 
absorption.

From the mother liquors of a-obacunol, thin prisms (0.05 
g.) of /S-obacunol separated and when repeatedly purified 
from the same solvent and then from methanol had m.p. 
242-244°, depressed to 218° by a-obacunol, and [a]2D° +72° 
(c, 0.2211 in acetone; 1 dm.). For analysis, the substance 
was dried at 130°/0.01 mm. for 3 hr.

Anal. Calcd. for C28H 34 0 8: C, 68.42; H, 7.08. Found: C, 
68.36; H, 7.25; MeO, negative.

In Nujol, /3-obacunol had peaks at 3500 (OH), 3100 (CH 
of olefin), 1730 and 1692 (lactone rings), 1634 (C =C ), 1515 
and 877 cm . - 1  (furan). a- and /3-Obacunols Can most easily 
be differentiated in Nujol by the strong, single bands shown 
by a-obacunol at 1124, 1081, 827, and 812 cm.-1; at these 
points /3-obacunol has weaker bands at 1144 and 1116, 1068 
and 1059, an d 818and 799 cm . - 1

Whereas a- and /3-obacunols give only brownish colors 
in the hydrobromic acid test, the mother liquors gave an 
intense violet; reaction developing rapidly even in the cold 
and therefore contained a third substance which has not yet 
been isolated. Acetylation of /3-obacunol by the method suc­
cessful with a-obacunol failed to give a characteristic 
product.

a-Obacunol (0 . 1 0  g.) in methanol (2 . 0  ml.) and pyridine 
( 1 . 0  ml.) containing hydroxylamine hydrochloride (0 . 1 0  g.) 
was heated to boiling for 4 hr. Removal of volatile matter 
and crystallization of the product from methanol containing 
a drop of dilute hydrochloric acid supplied long thin prisms, 
which, when dried to constant weight at 1 1 0 ° / 0 . 0 1  mm., 
melted over a range of about 210-240°.

Anal. Calcd. for C2 ;H 33N 08: N, 2.97. Found: N, 1.28.
To a-obacunol (0.20 g.) in acetone (2 ml.), 0.5N sodium 

hydroxide (20 ml.) was added. When warmed, the precipitate 
rapidly dissolved and did not separate in the cold. Addition 
of dilute hydrochloric acid liberated a curdy solid which at 
first was soluble in aqueous sodium bicarbonate but gradually 
lost this property when kept. I t  could not be crystallized, and 
gave no crystalline fraction when attempts were made to 
purify it from ethyl acetate on a silicic acid column.

a-Obacunol (0.27 g.), in a mixture of toluene (25 mi.) and 
cyclohexanone (3.0 ml.) from which 10 ml. cf distillate had 
been collected, was treated under reflux with aluminium 
¿erf-butoxide (0.30 g.) for 25 hr. after which the solvents 
were removed under vacuum and the yellowish residue was 
■washed in chloroform with Rochelle salt in water. This 
treatment did not remove all the aluminum, therefore the 
chloroform was pumped off and the residue was precipitated 
from its solution in methanol by dilute hydrochloric acid. 
Traces of cyclohexanone were removed by precipitating the 
product from its solution in ethyl acetate with light petro­
leum. The product then crystallized from methanol giving

long prisms (0.18 g.) m.p. 248° not depressed by authentic 
a-obacunol.

Borohydride reduction of methyl obacunoate. This ester 
(0.70 g.) in methanol (15 ml.) was treated with potassium 
borohydride (50 mg.) in water (1.0 ml.) for 3 min. No pre­
cipitate appeared; the mixture was diluted with water and 
the product was extracted with chloroform, dried (Na2S04) 
and on evaporation of the solvent formed a faintly yellow 
gum which gave the prompt, intense violet hydrobromic 
acid color test characteristic of the crude reduction product 
of obacunone. This gum resisted crystallization and at­
tempts to purify it on silica from chloroform (which eluted 
nothing) or chloroform containing up to 1 0 % ethyl acetate 
(which eluted all the material as one band). For analysis, 
which showed at least that the methyl ester group was in­
tact, the gum was dried at 150°/10 mm. for 1 hr.

Anal. Calcd. for C27H 360 8: C, 66.39; H, 7.44; MeO, 6.35. 
Found: C, 65.67; II, 7.58; MeO, 6.82.

A similar reduction was carried out with obacunoic acid. 
The product, an amorphous solid, also gave an intense pur­
ple color with hydrobromic acid in acetic acid, but could not 
be purified.

Dihydro-obacunone. Obacunone (484 mg.) dissolved in 
acetic acid ( 2 0  ml.), was shaken in an atmosphere of hydro­
gen (at 23°; 754 mm.) with 10% palladium-on-carbon (0.5 
g.). Reaction was slow and a plot of uptake against time 
showed no clear break. Hydrogenation was interrupted 
when the absorption reached the theoretical value for one 
double bond (ca. 26 ml.): removal of the catalyst and solvent 
left a gum which solidified in contact with methanol and 
after several recrystallizations from this solvent gave dihy- 
droobacunone in small granular prisms (40 mg.), m.p. 183°, 
with a brownish-purple color reaction in the hydrobromic 
acid test. For analysis a specimen was dried at 100°/0.001 
mm. for 2  hr.

Anal. Calcd. for C26H 320 ,: C, 68.40; H, 7.06. Found: C, 
6 8 .6 8 ; H, 7.21.

In Nujol, this compound absorbed a t 3100 (CH of olefin); 
1735 with shoulder at 1750 (lactone rings), 1710 (C = 0 ), 
1500 and 875 cm . - 1  (furan).

Methyl dihydroobacunoaie. Absorption of hydrogen by 
obacunone (484 mg.) in methanol (70 ml.) containing 10% 
palladium-on-charcoal (0.5 g.) was stopped at 30 ml. and 
the catalyst and solvent were removed leaving a gum which 
was dissolved in benzene and placed on a column of alumina 
(1 cm. X 15 cm.). Elution with 10% ethyl acetate in benzene 
removed no significant material, but ethyl acetate eluted a 
gum which crystallized from methanol in prisms (30 mg.), 
m.p. 145°. This substance, methyl dihydroobacunoate, was 
also obtained from the crude hydrogenation product by re­
peated extraction with Skellysolve B containing a little 
benzene followed by concentration of the extracts and 
crystallization of the residue from methanol. I t  gave a bluish- 
purple color in the hydrobromic acid test and had an ultra­
violet spectrum almost identical with that of dihydrooba- 
cunono. The analytical specimen was dried to constant 
weight at 1 0 0 ° at 0 . 0 0 1  mm.

Anal. Calcd. for C27H 360 8: C, 66.38; H, 7.43; MeO, 6.35. 
Found: C, 6 6 .6 8 ; II, 7.62; MeO, 6.12.

In Nujol, this ester had absorption bands at 3500 (OH), 
1730 and 1712 (lactones and C = 0 ) , 1500 and 875 cm . - 1  

(furan).
Methyl hydrogen octahydroobacunoninate. (a) Obacunone 

(0.5 g.) in acetic acid (15 ml.) containing 1% palladium-on- 
alumina (0.5 g.) was shaken under hydrogen until the 
maximum absorption (113 ml.) was observed (about 6  hrs.). 
The residue from the filtered and evaporated solution was 
partly soluble in aqueous sodium hydrogen carbonate. 
Regained by acidification of the solution with 2N  sulphuric 
acid, methyl hydrogen octahydroobacunoninate crystallized 
from methanol in sheaves of needles (130 mg.) which melted 
at 175-177° with evolution of gas but no charring. For 
analysis, a specimen was dried at 120°/15 mm. for 3 hr.

Anal. Calcd. for C27H 440 8: C, 65.30; H, 8.93; MeO, 6.25;
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equiv. wt. (1 carboxyl), 496. Found: C, 65.15; H, 8.62; 
MeO, 6.23; equiv. wt. (titration with O.OliV NaOH), 464.

(6 ) In the presence of 1% palladium-on-alumina (1 g.), 
methyl obacunoate (0.50 g.) in acetic acid (15 ml.) absorbed 
116 ml. of hydrogen (calcd. for 5 double bonds, 125 ml.) in 2 
hr. The gum left after filtration and evaporation of the sol­
vent was almost entirely soluble in sodium bicarbonate solu­
tions and when purified from methanol had m.p. 175-177° 
(with gas evolution). Losses during recrystallization were 
considerable; the yield of pure material was approximately 
290 mg. at best. The substance was identified as methyl 
hydrogen octahydroobaeunoninate by infrared spectral 
comparison of dried material. I t  did not react easily with
2,4-dinitrophenylhydrazine sulfate and gave a weak red 
color in the hydrobromic acid test.

Potentiometric titration in 50% aqueous acetone showed 
one inflection only and gave pKa 4.13. In the same circum­
stances, benzoic acid suffered a solvent shift of 1.24 units. 
Methyl hydrogen octahydroobacunoninic acid in water 
therefore has pKa 2.89.

Dimethyl octahydroobaeunoninate was obtained as a 
clear glass by interaction of the foregoing acid in ether with 
diazomethane. When a solution in ether was allowed to 
evaporate slowly, prisms losing solvent and melting near 80° 
resulted, and as no conventional crystallization procedure 
was successful, this operation was repeated several times to 
purify the substance. Further purification was effected from 
benzene on a silica column, when a little gum was removed. 
The main fraction, which appeared when 10% ethyl acetate 
in benzene was the eluent, was still uncrystallizable, and was 
therefore dried at 150°/15 mm. for 2 hr. for analysis. In ace­
tone it had [a] rf ' 5  +128 (c, 0.07336; ‘A dm. tube).

Anal. Calcd. for C^H mOs: C, 65.86; H, 9.08: MeO, 12.16. 
Found: C, 66.21; H, 9.30; MeO, 12.57.

The infrared spectrum of this ester had absorption maxima 
at 3500 (OH), 1754 and 1733 (lactones), and 1711 cm . - 1  

(C = 0 ). There were no peaks at 3100, 1500, or 875 cm.-1.
Hexahydronomilinic acid. Shaken under hydrogen with 

5% palladium-on-charcoal (1.0 g.), nomilin (0.50 g.) in 
acetic acid (15 ml.) absorbed 103 ml. in 3 hr. (theory for 4 
double bonds, 105 ml.). Isolated in the usual way, hexahy­
dronomilinic acid separated from methanol in thin rectangu­
lar plates (0.36 g.) melting at 223° with evolution of gas 
(carbon dioxide was indicated by a positive test with baryta) 
but without charring. This acid was readily soluble in aque­
ous sodium hydrogen carbonate, gave no color in the hydro­
bromic acid test, and no color with tetranitromethane. 
I t retained methanol of crystallization strongly. For analy­
sis a sample was dried at 110°/0.001 mm. for 3 hr.

Anal. Calcd. for C2 8H420 9 -Me0H: C, 62.80; H, 8.36; 
MeO, 5.60: equiv. wt. (one carboxyl) 554. Found: C, 63.00; 
H, 8.67; MeO, 5.69; equiv. wt. 546 (titration with O.OliV 
NaOH).

After being dried at 150°/0.01 mm. for 10 hr. this acid 
gave a negative result in the Zeisel determination but still 
had m.p. 223° and when recrystallized from methanol took 
up this solvent once more giving material indistinguishable 
from the analytical specimen.

In potentiometric titration in 50% acetone, hexahydro­
nomilinic acid behaved as a monobasic acid pKa 3.92. In 
the same conditions, the solvent correction for benzoic acid 
from 50% acetone to pure water was —1.30, therefore hexa­
hydronomilinic acid had pKa (water) 2.62.

A solution of hexahydronomilinic acid (327 mg.) in aque­

ous sodium hydrogen carbonate ( 1 0  ml.) was kept at 0 °. 
Ten minutes after the addition of 2.8% hydrogen peroxide 
(1.5 ml.) the solution was acidified with 2N  sulfuric acid 
and the precipitate, when crystallized from methanol, 
gave prisms (280 mg.) m.p. 205° (decomposition). A second 
crystallization gave pure hexahydronomilinic acid identified 
by its infrared spectrum and melting characteristics.

Methyl hexahyironomilinate. The rapid reaction between 
hexahydronomilinic acid in acetone and diazomethane in 
ether gave methyl hexahydronomilinate; isolated by evapo­
ration of the solvents and purified from methanol, this 
ester formed plates melting at 2 2 2 ° without decomposition 
and having in acetone [«Id3  +74° (c, 1.1868, + 2 dm. tube). 
For analysis, a sample was dried at 110°/0.01 mm. for 3 
hr.

Anal. Calcd. for C2 9H 44O9 : C, 64.92; H, 8.29. Found: C, 
65.14; H, 8.11.

As a solid film, this compound had peaks at 1725 with 
shoulder a t 1740 (lactone rings and acetate), and 1700 cm . - 1  

(ill-resolved) (C = 0 ). There were no bands at 3500, 3100, 
1500, or 875 cm . - 1

Ozonolysis of cbacunone. Ozonized oxygen was passed into 
a solution of obacunone (2 . 0  g.) in ethyl acetate ( 1 0 0  ml.) 
a t 20°. After 45 min. obacunone could no longer be detected 
in the solution and the solvent was removed in vacuo leaving 
a yellowish glass which was powdered under water and left 
for 1 2  hr. The mixture gave no reaction with the starch- 
iodide reagent. A current of air passed through the solution 
did not affect aqueous 2 ,+dinitrophenylhydrazine sulphate 
but with baryta gave a precipitate which effervesced with 
dilute acids. The solid ozonolysis product was warmed with 
methanol but still failed to crystallize: it gave a red ferric 
reaction, reduced Fehling’s solution slowly, and gave an 
orange (amorphous) precipitate with 2 ,+dinitrophenylhy­
drazine sulphate in aqueous alcohol but no color with hy­
drogen bromide.

Purification of the crude product dissolved in chloroform 
was effected with a silica column (1 X 20 cm.). Fourteen 
fractions (each 2 0 0  ml.) were collected, but only the third, 
fourth, and fifth gave partially crystalline material. This 
formed colorless prisms m.p. 274° (decomp.) when crystal­
lized from a mixture of methanol and acetone and then 
methanol. The pure material did not affect Fehling’s solution 
or ferric chloride and was insoluble in cold 2 .V sodium hy­
droxide.

Anal. Calcd. for C26H320 8: C, 66.09; H, 6.83; MeO, 6.57; 
equiv. wt. (3 carboxyls) 157.2. Found: C, 66.18, 66.19; 
H, 6.75, 6 .8 8 ; MeO, 6.87, 6.79; equiv. wt. (back titration), 
157.

In ethanol, this compound has Xmax 244 mm (i, 16.1 X 
103) with a shoulder at 220 m/i (e, 10.4 X 103).

Spectra. The majority of the infrared spectra were deter­
mined by means of a Perkin-Elmer Spectrophotometer 
21B. Intensity measurements were carried out in chloroform 
solution as in Method III  of ref. 28 and with the approxima­
tions for polycarbonyl compounds used there. Ultraviolet 
spectra were determined in ethanol using a Cary recording 
spectrophotometer.

Analyses. Analyses were determined by Heather King of 
the University of California, Los Angeles, and by Adam 
Inglis of the University of Liverpool.

Los A n g e l e s , C a l i f .
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I so la tio n  o f  M eth y l M on oh yd rop eroxid o-9-  
o cta d ecy n o a te  from  th e  A u tox id ized  M eth y l 

9- O ctad eeyn oa  t e 1

N . A . K h a n  

R ece ived  M a r c h  2 3 , 195 6

Apart from the synthetic preparation of hydro­
peroxides of acetylenic hydrocarbons,2 there has 
not been any record describing the isolation of 
hydroperoxides from the autoxidized acetylenic 
compounds. However, it is known that autoxida- 
tion of acetylenic compounds does form peroxides3 
whose structures have never been established.

We wish now to report the isolation of methyl 
hydroperoxide-9-octadecynoate as the sole prod­
uct from autoxidized methyl stearolate (9-octa- 
decynoate). The peroxide concentrate representing 
all autoxidized substances were proved to be 
methyl hydroperoxide-9-octadecynoate through per­
oxide values, formation of proper hydroxyl de­
rivatives of methyl stearolate and stearate, and 
finally through polarographic and infrared analyses. 
The polarographic studies indicated that the per­
oxide concentrate consists of over 98% hydroper­
oxide. Fig. 1 shows the results from infrared 
analyses on the original methyl stearolate, the iso­
lated peroxide concentrate, and the product from

Fig. 1. Infrared absorption spectra: 1. methyl stearolate, 
2. peroxide concentrate, 3. reduced peroxide concentrate

( 1 ) Some of the special experiments have been performed 
in the United States through the courtesy of different 
laboratories.

(2) N. A. Miles and O. L. Mageli, J .  A m .  Chem.. S o c ., 
74, 1471 (1952).

(3) J. A. Nieuwland and R. P. Vogt, T h e  C h e m is try  o f  
A c e ty le n e , Reinhold Publishing Corporation, New York, 
1945, pp. I l l ,  164-5.

SnCl2 reduction, for a range of more lengths: 2.0-
6.0 p. The hydroperoxide bond appeared at 2.95 p, 
the hydroxyl band at 2.89 p, and the band for triple 
bond at 4.42 p. The increment in the absorption by 
the triple bond in the new products may be attrib­
uted to the dissymmetry4 5 introduced by the hydro­
peroxide or by the hydroxyl group. Hence, the per­
oxide concentrate and its reduced product consist 
of a pure hydroperoxide and a hydroxy compound 
respectively.

The physical and chemical properties of the re­
duced peroxide concentrate left no doubt as to its 
identity as methyl monohydroxy-9-octadecynoate.

From these evidences, it may be concluded that 
methyl stearolate reacts with oxygen and yields 
monohydroperoxide with the triple bond intact 
during the initial stages of autoxidation.

EXPERIMENTAL

A u to x id a t io n  o f  m e th y l 9 -oc tadecynoa te . Methyl stearolate 
(hydrogen absorption value, 1.98 moles/mole) prepared by 
the method of Khan, et a l .s was autoxidized to 10% peroxide 
content by bubbling oxygen through a 30% n-heptane 
solution while irradiated by visible light from a lOCLwatt 
bulb. The reaction vessel (a three-necked flask fitted with 
a gas dispersion tube, stirrer, and an outlet connecting a 
guard tube of anhydrous calcium chloride), was maintained 
at a constant temperature of 16-17°. n-Heptane was freed 
from the unsaturated substances by the method of Cooper 
and Melville.6

I s o la t io n  o f  m e th y l  m o n o h y d ro p ero x id o -9 -o c la d ecyn o a te . The 
peroxides were quantitatively concentrated by counter- 
current extraction,7 using two immiscible solvents, 87% 
alcohol and n-heptane (each saturated by the other). The 
peroxide concentrate gave the peroxide value of 6030 
m.e./kg. (theoretical value for methyl monohydroperoxido-
9-octadecynoate, 6125 milliequivalents/kilogram) and added 
2.94 moles H2 to yield on saponification and subsequent 
hydrolysis, monohydroxystearic acids (m.p. 75-77.5° ;8 9 
hydroxyl, 1.06 moles/mole). The polarographic studies were 
conducted by the method of Lewis, et a l .s The infrared 
spectra were determined in carbon tetrachloride (10% solu­
tion), using a Perkin Elmer Model 21 instrument.

P r e p a r a t io n  o f  m e th y l  m o n o h yd ro xy -9 -o c la d ec yn o a te . The 
peroxide concentrate was then reduced in alcohol solution 
(1.0 gm./lOO ml.) by agitation with stannous chloride (5 
moles SnCl2/mole of peroxide) for 3 hr. with oxygen-free 
nitrogen. The resulting mixture was diluted with distilled 
water and then extracted with the peroxide-free ether; the

(4) N. A. Khan, J .  A m .  O il C h e m is ts ’ S o c ., 30, 355 (1953).
(5) N. A. Khan, F. E. Deatherage, and J. B. Brown, J. 

A m .  O il C h e m is ts ’ S o c ., 28, 27 (1951).
(6) H. R. Cooper and H. W. Melville, J .  C h em . S o r .,  

1988 (1951).
(7) N. A. Khan, P a k is ta n  J .  S c i .  l n d .  R esea rch , 1, 12

(1957).
(8) S. Bergstrom, N a tu r e , 156, 717 (1945).
(9) W. R. Lewis, F. W. Quackenbush, and T. De Vries, 

A n a l .  C h e m ., 21, 762 (1949).
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ether extract was -washed twice with 3% HC1 solution, then 
with distilled water until free of acid, and finally dried over 
anhydrous sodium sulfate. Evaporation of the solvent 
yielded the reduced peroxide concentrate consisting of 
methyl monohydroxy-9-octadecynoate: hydrogen absorp­
tion value, 1.96 moles/mole; hydroxyl, 1.02 moles/mole.

Anal. Calcd. for Ci9H340 3: C, 73.51; H, 10.97. Found: 
C, 73.42; H, 10.88.

D i v i s i o n  o f  F o o d s  a n d  N u t r i t i o n  

E a s t  R e g i o n a l  L a b o r a t o r ie s  

P a k i s t a n  C o u n c i l  o f  S c i e n t i f i c  &

I n d u s t r i a l  R e s e a r c h  

T e j g a o n , D a c c a  

E a s t  P a k i s t a n

R eaction o f 1 ,5-D initropentane w ith  M ethyl 
V inyl K etone

H e n r y  F e u e r  a n d  C l a y t o n  N. A g u i l a r 1 2 3 4 

Received June 10, 1957

Michael-type condensations of aliphatic mono- 
nitro and grem-dinitro compounds with compounds 
having an activated double bond have been studied 
by many investigators.2-4 However, the literature 
is void of this reaction with a,co-dinitro compounds.

This communication deals with the reaction of
1,5-dinitropentane and methyl vinyl ketone, in the 
presence of a sodium hydroxide catalyst. The reac­
tion was carried out in different solvents and under 
a variety of conditions. In all runs, besides in­
tractable oils, a solid was obtained which analyzed 
correctly for a di-addition product. The maximum 
refined yield of 25% resulted when the reaction was 
carried out in 90% ethanol at 50° for 20 hr.

Two di-addition products might arise from this 
reaction, the symmetrical adduct I and the un- 
symmetrical one (la).

h 2c = c h c o c h , 
0 2NCH2(CH2)3CH2N 0 2 ---------------------*-

O H -
H3CC0(CH2)2CH (N 02)(CH2)3CH(N02)(CH2)2C0CH3

I
or

[H3CCO( CH2)2 ]2CN 02(CH2)3CH2N 02 
la

Proof that 5,9-dinitro-2,12-tridecanedione (I) had 
formed was obtained by (1) the Nef5 reaction, (2) 
the red-white-and-blue test,6 (3) infrared spectra, 
and (4) the bromination product.

(1) From the M.S. Dissertation of Clayton N. Aguilar, 
Purdue University, May 1956.

(2) L. Herzog, M. H. Gold, and R. D. Geckler, J. Am. 
Chem. Soc., 73, 749 (1951).

(3) H. Shechter and L. Zeldin, J  Am. Chem. Soc., 73, 
1276 (1951). Previous pertinent publications are cited in 
this paper.

(4) E. D. Bergman and R. Corett, J. Org. Chem., 21, 
107 (1956).

(5) J. U. Nef, Ann., 280, 263 (1894).
(6) H. B. Hass and E. F. Riley, Chem. Revs., 32, 399,

(1948).

The Nef reaction of the disodium salt of I gave 
in 28% yield a white nitrogen-free solid II, which 
was unstable to light and air at room temperature. 
The infrared spectrum of II showed a strong ab­
sorption peak at 5.93 p, characteristic of the car­
bonyl group and no maxima for nitro groups. Since 
tertiary nitro groups are not affected in the Nef 
reaction, structure la  is eliminated.

1. N aOH
I  ^  CH3CO(CH2)2CO(CH2)3CO(CH2)2COCH3

2. HiSOi
II

When II was reacted with semicarbazide a new 
compound was obtained, the nitrogen analysis of 
which gave a low value for the expected tetrasemi- 
carbazone and a high value for a disemicarbazone. 
I t is possible that not all of the carbonyl groups in 
II had reacted, and it is believed that the product 
obtained constituted a mixture of semicarbazones. 
Attempts to form an oxime of II  yielded only 
gummy materials. Treatment of II  with 2,4- 
dinitrophenylhydrazine in sulfuric acid yielded the
2,4-dinitrophenylhydrazone of acetone (III) and 
some unreacted II. I t  is believed that III  arose 
from the oxidation of II  to acetoacetic acid, fol­
lowed by decarboxylation.

The presence of secondary nitro groups in the 
addition product I was further confirmed by the 
blue color which resulted from the red-white-and- 
blue reaction. The presence of a primary nitro 
group would have been indicated by a red color, 
and a tertiary nitro group is not affected by this 
test.

The infrared spectrum of the di-addition product 
exhibited absorption maxima for the carbonyl 
group at 5.88 p  and the nitro group at 6.50 p  (asym. 
stretching) and 7.39 p  (sym stretching). These find­
ings are also in agreement with structure I, because 
according to the studies of Brown,7 a structure 
such as la  should show splitting of the nitro bond 
in the asymmetric stretching vibration.

Additional evidence for I resulted from its bro­
mination in the presence of two or less-than-two 
equivalents of base. A dibromo compound was ob­
tained in 61% yield, the analysis and infrared 
spectrum of which agreed with the expected 5,9- 
dibromo-5,9-dinitro-2,12-tridecanedione (IV). As 
expected, IV was insoluble in base and gave 
a negative red-white-and-blue test.8 Its infrared 
spectrum showed a maximum at 5.84 p for the car-

(7) J. F. Brown, J. Am. Chem. Soc., 77, 6341 (1955).
(8) A referee has suggested that besides structures I and 

la, the compounds CH3C0(CH2)3C0(CH2)2CH (N 02)(CH2)3- 
CH2N 02 (V) and CH3COCH(CH2CH2COCH3)CH2CH- 
(N 0 2XCH2)3CH2N 02 (VI), derived from an abnormal 
Michael addition, should be considered. Although in addi­
tion reactions of nitro paraffins to methyl vinyl ketone such 
self-condensations of the ketone have never been reported 
in the literature, this possibility cannot be ruled out a priori. 
However, the insolubility of the dibromo derivative IV in 
base, together with the negative color test, is evidence 
that IV is not a derivative of V or VI.
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bonyl group, and at 6.46 p  (asym. stretching) and 
7.32 p  (sym. stretching) for the nitro group.

E X P E R IM E N T A L

5.9- Dinitro-2,12-tridecanedione. To 0.05 mole (8.10 g.) 
of 1,5-dinitropentane, 9  50 ml. of 90% aqueous ethanol, 
eight drops of 13% methanolic sodium hydroxide, and 0.12 
mole (9.90 g.) of 85% methyl vinyl ketone were added with 
stirring. The reaction mixture was gradually heated and 
kept at 50 ±  2°, with continuous stirring, for 20 hr., after 
which it was cooled and acidified to a pH of four with N  
hydrochloric acid. The acidified reaction mixture was chilled 
and the solid that separated out was collected by filtration. 
The crude product, m.p. 61-72°, weighed 5.15 g. Crude yield, 
34%. Careful recrystallization from ethyl acetate gave pure
5,9-dinitro-2,12-tridecanedione, m.p. 77.5-78.5°, represent­
ing 73% by weight of the crude taken for purification. 
Refined yield, 25%.

Anal. Calcd. for C13H22N 20 6: C, 51.64; H, 7.34; N, 9.21. 
Found: C, 51.80, 51.88; H, 7.35, 7.50; N, 9.57, 9.63.

The disemicarbazone of the refined product was prepared. 
The derivative melted at 180.0-180.5° (dec.), after one 
recrystallization from aqueous tetrahydrofuran.

Anal. Calcd. for C15H28Ns0 6: C, 43.26; H, 6.78; N, 26.91. 
Found: C, 43.48, 43.30; H, 6.84, 7.03; N, 26.70, 26.79.

2,5,9,12-Tridecanetetrone (II). A solution of 2.7 g. (ap­
proximately 27 mmoles) of sulfuric acid in ten ml. of water 
was cooled down to 0-5° with an ice bath. The solution 
of the disodium salt, previously prepared by allowing a 
mixture of 0.9 g. (3 mmoles) of 5,9-dinitro-2,12-tridecane- 
dione, 20 ml. of methanol, 10 ml. of water, and 9.0 ml. of 
2N  methanolic sodium hydroxide (approximately 18 mmoles 
of sodium hydroxide) to stand 1.5 hr., was added to the acid 
solution, with stirring, over a 15-min. period. The mixture 
was chilled and filtered to give the first crop of solid, which 
was 0.6 g. of sodium sulfate. The liquor was evaporated, 
rechilled, and filtered to yield a second crop of solid, which 
was the crude product weighing 0.2 g. (28%). Recrystal­
lization from aqueous ethanol gave 2,6,9,12-tridecanetetrone, 
m.p. 106-107° (dec.). The compound was unstable to light 
and air a t room temperature.

Anal. Calcd. for C13H2oO,i: C, 64.98; H, 8.39. Found: 
C, 64.95, 65.02; H, 8.43, 8.46.

Reaction of II with semicarbazide. By following the pro­
cedure of Shriner, Fuson, and Curtin10 1 2 3 and employing 0.5 g. 
of II, 0.1 g. of a solid was obtained which after several 
recrystallizations from aq. ethanol melted a t 211-214° 
(dec.).

Anal. Calcd. for C17H 32N 12O4 (tetrasemicarbazone): N, 
35.88; for Cis^sNeOj (disemicarbazone): N, 23.71. Found: 
N, 26.50, 26.71.

Reaction of II with 2,4-dinitrophenylhydrazine. The pro­
cedure of Shriner, Fuson, and Curtin 10 was followed. The 
reaction mixture was filtered and the solid, after several 
recrystallizations from aq. ethanol melted at 125.5-126.5°. 
I t  was identified as the semicarbazone of acetone. A mixed 
melting point determination with an authentic sample 
gave no depression.

The above filtrate deposited on cooling a solid which was 
unreacted II.

5.9- Dibromo-5,9-dinitro-2,12-tridecanedione. A solution 
consisting of 1.8 g. ( 6  mmoles) of 5,9-dinitro-2,12-tridecane- 
dione, 60 ml. of methanol, 1 0  ml. of water, and 6 . 0  ml. of 
2  N methanolic sodium hydroxide (approximately 12 
mmoles of sodium hydroxide) was cooled to 3° with an ice 
bath. Then 9.0 g. of bromine was added with stirring, and

(9) H. Feuer and G. Leston, Org. Syntheses, 34, 39 
(1954).

(10) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The 
Systematic Identification of Organic Compounds, John Wiley 
and Sons, Inc., New York, New York, 1956, p. 218.

the mixture was removed from the ice bath and allowed to 
stand for 5 min. The excess bromine and some solvent were 
stripped off and the mixture was chilled and filtered to give
l .  7 g. (61%) of 5,9-dibromo-5,9-dinitro-2,12~tridecanedione,
m. p. 65.5-66.5°. Recrystallization from carbon tetrachloride 
gave a refined product, m.p. 65.5-66.0°.

Anal. Calcd. for Ci3H 2oBr2N20 6 : C, 33.93; H, 4.38; N, 
6.09; Br, 34.74. Found: C, 33.81, 33.72; H, 4.18, 4.25; N, 
6.00, 6.26; Br, 34.51, 34.69.

R. B. W e t h e r i l l  L a b o r a t o r y  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  

W e s t  L a f a y e t t e , I n d .

A lkali-R esistant H em icellulose  
in  Luffa C ellulose1

C h e n - C h u a n  T u j 

Received June 12, 1957

This work was undertaken to investigate the 
relationship of the alkali-resistant hemicellulose and 
cellulose in the skeletal substance of the dishcloth 
gourd (L u ffa  c y lin d r ica ). In 1927s its constituents 
were reported to be cellulose, lignin, hemicellulose, 
and small amounts of mannan and galactan. An 
analysis of its constituents is shown in Table I.

TABLE I

A n a l y s i s  o f  L u f f a  C o n s t i t u e n t s

alpha-Cellulose 62.8%
Pentosan 19.5%
Lignin 1 2 . 1 %
Uronic anhydride 6.7%

Table II indicates that alcohol extraction, deligni- 
fication with chlorine dioxide (sodium chlorite in 
acid solution), and alkali extraction were found to 
be a proper sequence of procedures for cellulose 
evaluation. The skeletal structure of the gourd was 
completely disintegrated by using the above se­
quence. The completion of disintegration was ob­
served by the changes in the physical state of 
the gourd upon chemical treatment. When the other 
sequences in Table II were used, disintegration was 
incomplete. If the disintegration is incomplete, some 
hemicellulose originally trapped in the cellulose 
would not be separated. There appears to be some 
alcohol-soluble compound serving as a cementing 
agent to bind cellulose and hemicellulose together 
to a certain extent. It is possible that the alcohol- 
soluble constituent might be affected by the chemical 
treatments, particularly chlorine dioxide or alkali, 
so as to become less soluble in alcohol, rendering

(1) Presented before the Division of Carbohydrate 
Chemistry at the 129th Meeting of the American Chemical 
Society, Dallas, Tex., April 8  to 13, 1956.

(2 ) Present address: Experiment Station, Hawaiian 
Sugar Planters’ Association, Honolulu 14, T. H., U.S.A.

(3) S. Masuda, Cellulose Industry, 3, 321 (1927).



the disintegration incomplete. Likewise, if deligni- 
fication is incomplete, disintegration would also be 
incomplete.

TABLE II

M e t h o d s  o f  C e l l u l o s e  P r e p a r a t i o n  

Sequence of Treatment

1. Alcohol, C102, KOH

2. Alcohol, KOH, C102
3. KOH, alcohol, CIO2

4. KOH, CIO,, alcohol
5. C102, alcohol, KOH
6. CIO2 , KOH, alcohol

APRIL 1 9 5 8

The cellulose, prepared as described above, still 
contained a small amount of alkali-resistant hemi- 
cellulose. The alkali-soluble hemicellulose was iden­
tified as xylan by paper chromatography after it 
was hydrolyzed with acid in the usual manner.

A small amount of alkali-resistant xylan in cellu­
lose may be explained as a result of similar solubil­
ity in alkali of some higher degree of polymeriza­
tion (D.P.) alkali-resistant xylan and of the lower
D.P. fractions of cellulose. If this assumption is 
correct, it may be possible to remove the region of 
overlapping D.P. by a proper choice of solvent. 
Cupriethylenediamine was selected. Table I II  indi­
cates that when about 30% of the material had been 
dissolved in a proper concentration of cupriethylene­
diamine solution, no detectable amount of xylan re­
mained. Also, in Figure la 4 based on the summative 
and integral viscosity curves of Figure 1, the area

NOTES 6 0 9

Fig. 1. Summative (1) and integral (2) curves

weights and consequent similar solubilities in alkali. 
I t  is unlikely that the alkali-resistant hemicellulose 
is chemically bound. This finding may be useful, in 
general, to support the view that the alkali-resistant 
hemicellulose in wood and other plant celluloses can 
also be explained by the overlapping of its D.P. 
with that of cellulose in the lower D.P. region.

E X P E R IM E N T A L

Preparation of cellulose and hemicellulose. Twenty grams 
of the gourd was exhaustively extracted with 95% alcohol in 
a large Soxhlet extractor. After drying, the residue weighed
18.4 g. The alcohol-extracted gourd was delignified with 
sodium chlorite a t pH 4 and 75° in the usual manner. The 
delignified gourd was deformed but its structure still re-

(10%) Skeletal structure com­
pletely disintegrated

Skeletal structure col- 
1 lapsed or deformed,
I but not completely
I disintegrated

TABLE III 
F r a c t i o n a t i o n  D a t a

Efflux Cellulose
Cu(en)2 Time (sec.) Dissolved, Sugars Present after Hydrolysis

Soln. Solv. Soln. g./lOO ml. Residue Regenerated
No. M t. ti (0.1 g. used) Glucose Xylose Glucose Xylose [tj]

1 0.09 103.7 128.0 0.0220 99.50 0.50 -- - -- - 5 .7
2 0.15 111.0 136.2 0.0300 -- - — — -- - —
3 0.17 114.0 133.0 0.0275 Ca. 100.00 Undetect­

able
96.00 4.00 6.0

4 0.20 114.7 145.0 0.0397 Ca. 100.00 Undetect­
able

98.50 3.50 6.2

5 0.22 116.0 170.0 0.0594 Ca. 100.00 Undetect­
able

97.70 2.30 6.8

6 0.23 117.0 216.0 0.0900 — — — — 7.9
7 0.24 117.5 224.0 0.0930 — — — — 7.9
8 0.26 119.0 240.0 0.1052 —■ — — — 8.2
9 Cellulose not treated with cupriethylene­

diamine solution
98.50 1.50

under the curve to the right of the dotted line indi­
cates the region of xylan-free cellulose. In con­
sequence, this work provides evidence that the 
presence of xylan hemicellulose in cellulose can be 
defined as a result of an overlapping of molecular * 45

(4) Wm. A. Mueller and L. N. Rogers, Ind. Eng. Chem.,
45, 2522 (1953).

mained. The yield of holocellulose, i.e., the weight of the 
delignified gourd, was 16.2 g .  The holocellulose was extracted 
with 10% KOH under nitrogen overnight. At the beginning 
of the extraction, the gourd underwent disintegration. After 
the extraction was complete, the cellulose was separated 
and washed with 1 % dilute acetic acid and water. The yield 
was 10.0 g. The solution was neutralized with 50% acetic 
acid and precipitation occurred. Alcohol was slowly added 
to the suspension until the alcohol concentration reached
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20%. On standing, the precipitated hemicellulose flocculated 
and was separated by centrifuging. The separated hemi­
cellulose was treated with 95% alcohol, acetone, and ether 
in the usual manner. Two and five-tenths grams of dry, 
white hemicellulose, identified by hydrolysis and chro­
matography as 95% xylan, was obtained. The use of other 
sequences of reagents for the preparation of cellulose was 
not so successful as the one described above. The sequences 
of treatment and results are shown in Table II.

Fractionation and characterization. One-tenth gram of the 
cellulose obtained above was transferred into a 100-ml. 
centrifuge bottle to which 10 glass beads and a selected 
amount of water was added. The bottle was then stoppered 
with a serum-bottle rubber stopper.

The stopper was pierced with a syringe needle, to which, 
in addition to a cupriethylenediamine reservoir, nitrogen 
and vacuum lines with appropriate stopcocks were also con­
nected. The air in the bottle was first evacuated and then 
replaced with purified nitrogen. The bottle was again evacu­
ated and filled with cupriethylenediamine to make up 100 
ml. and finally filled with nitrogen. The bottle was then 
shaken for 2 hr. and centrifuged. Ten milliliters of the super­
natant solution was withdrawn with a syringe and trans­
ferred into an Ubbelohde viscometer in which the viscosity 
was determined. The transferring and the measurement of 
viscosity were conducted under nitrogen. The viscosities 
of the samples obtained with varied concentrations of cupri­
ethylenediamine solution are shown in Table III. The residue 
was separated and washed with 1% acetic acid and water. 
Fifty milliliters of the supernatant solution was neutralized 
with 50% acetic acid. Precipitation occurred. The precipi­
tate was centrifuged, separated, washed, and weighed. 
Thirty milligrams each of the residue and of the regener­
ated cellulose were hydrolyzed with sulfuric acid, chro­
matographed and analyzed for glucose and xylose.5 The 
results are shown in Table III.

A cknow ledgm en t. The author thanks Miss Florence 
Link for supplying the gourd obtained during a 
vacation in Mexico. The author is also indebted to 
Mr. Kei Matsuzaki for determination of sugars.

I n s t i t u t e  o f  P a p e r  C h e m i s t r y

A p p l e t o n , W i s .

(5) J. F. Saeman, W. E. Moore, R. L. Mitchell, and 
M. A. Millett, Tappi, 37, 336 (1956); J. Pridham, Anal. 
Chem., 28, 1967 (1956).

Structure o f 2,1,3-BenzoseIenadiazole and Its  
Derivatives. III .1 Preparation and Absorption  
Spectra o f 5-S tyryl-4-n itro-2 ,l,3 -benzoselena- 

diazoles2

E u g e n e  S a w i c k i 3 a n d  A l b e r t  C a r r 4 

Received June 25, 1957

The nitration of 2,1,3-benzothiadiazole6 and
2,1,3-benzoselenadiazole1 (I) has been shown to

(1) Paper II: E. Sawicki and A. Carr, J. Org. Chem., 22, 
507 (1957).

(2) This investigation was supported by research grants 
C-1066 from the National Cancer Institute, National Insti­
tutes of Health, U. S. Public Health Service and CH-14 
from the American Cancer Society.

(3) Present address: Robert A. Taft Sanitary Engineering
Center, 4676 Columbia Parkway, Cincinnati 26, Ohio.

take place in the 4-position. The attack at this posi­
tion is believed to be due to the greater electron 
density a t the 4- and 7-positions of the dicationic 
salt of I as compared to the 5- and 6-positions.1 
Because of the ortho-para directing effect of the 
methyl group, the nitration of 5-methyl-2,l,3- 
benzoselenadiazole (II) could be expected in the 4- 
position. The following facts bear this out. The 
nitration of II gave a nitro derivative (III) whose

TABLE I
U l t r a v i o l e t - V i s i b l e  A b s o r p t i o n  S p e c t r a  o f  S o m e  

2 ,1 ,3 - B e n z o s e l e n a d i a z o l e  D e r i v a t i v e s

Substituted
2,1,3-Benzo- Sol-
selenadiazole Xmax (log e) venta

5-Nitro- 230 (3.71) 274 (4.02) 342 (4.21) E
224(3.86) 274(4.03) 348 (4.22) 

400&(3.2)
A

4-Nitro- 271 (3.57) 339 (4.19) 
370(3.8)°

E

275 (3.73) 340 (4.16) 
380 (3.7)

A

4-Nitro-5- 338 (4.27) E
methyl-

279 (3.61)
370 (3.3)° 
351 (4.22) 
380 (3.7)

A

4-Nitro-5,7- 336(4.26) E
dimethyl-

21£ (3.56) 302 (3.81)
370 (3 .56)‘ 
352 (4.31) 
390 (3.67)

A

5-Amino- 236 (4.25) 
265 {3.65)

324 (3.94) 426 (3.80) E

236 (3.97) 333 (4.10) 459 (3.74) Ac
4-Amino- 242 (4.14) 322 (4.00) 

329 (4.08) 
336 (4.07)

462 (3.28) E

231 (3.70) 333 (4.23) 370 (3. l)c Ac
4-Amino-5- 238 (4.11) 323 (4.00) 466 (3.23) E

(and 7)- 329 (4.04)
methyl-

232 (3.75)
336 (4.05) 
330 (4.18) 370 (3. i)° Ac

5-Methyl- 232 (3.70) 333 (4.24) 370 (3.3)° E
4-Nitro-5- 292 (4.33) 388 (4.32) Ed

styryl-
4-Nitro-5-(4'- 300 (4.26) 400 (4.23) Ed

methyl-
styryl)-

4-Nitro-5-(4'- 295 (4.30) 382 (4.10) Ed
chloro-
styryl)-

4-Nitro-5- 240 (4.22) 335 (4.22) 408 (3.79) Ed
(3',4'-di-
methoxy-
styryl)-

4-Nitro-5-(4'- 340 (4.38) 489 (4.32) Ed
dimethyl-
amino-
styryl)-

0 E =  95% ethanol; A = 95% sulfuric acid; Ac. =  50% 
alcoholic 1.2V HC1; Ed = 95% ethanol containing 0.2% 
dioxane. t Underlined values are shoulders. ° Weak inflec­
tion. U

(4) Taken in part from the dissertation to be submitted 
by Albert Carr in partial fulfillment of the requirements 
for the Doctor of Philosophy Degree at the University of 
Florida.

(5) L. Efros and R. Levit, Zhur. Ohshchei Khim., 23, 1552 
(1953); Chem.. Abstr., 48, 12091 (1954).
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Fig. 1. Absorption spectra: 5-(4'-Dimethylaminostyryl)-
4-nitro-2,l,3-benzoselenadiazole in 95% ethanol (-------- );
4-Dimethylammo-2',4'-dinitrostilbene in benzene (------- )

spectra in alcoholic and sulfuric acid solutions more 
closely resembled the spectra of 4-nitro-2,l,3- 
benzoselenadiazole in these same solvents than the 
spectra of the 5-nitro isomer, Table I. For the same 
reasons the nitration of 4,6-dimethyl-2,l,3-benzo- 
selenadiazole is believed to take place in the 7- 
position, Table I. Reduction of I II  to the triamine 
followed by reaction with selenium dioxide gave a 
mixture of amino-5-methyl-2,l,3-benzoselenadia- 
zoles that was difficult to separate. The mixture 
of amino-5-methyl-2,l,3-benzoselenadiazoles was 
found to be closely similar spectrally in alcoholic 
and acidic solution to 4-amino-2,l,3-benzoselen- 
adiazole in the same solvents and entirely different 
spectrally from 5-amino-2,l,3-benzoselenadiazole, 
Table I. As I II  undergoes condensation with al­
dehydes (and II does not under identical condi­
tions), the nitro group must be ortho to the methyl. 
This means that nitration of II  takes place in the
4-position.

Examination of the absorption spectra of the 
stilbene derivatives (IV) in alcohol discloses that 
the long wave length band shifts toward the visible 
in the order Z = H = 4'-Cl <  4 '-Me < 3',4'- 
(OMe)2 -C 4'-NMe2, Table I. I t  would seem that 
in this series the long wave-length band is associated 
with a zwitterionic resonance structure which 
contributes mainly to the excited state and de­
creases in energy with the increasing electron donor 
strength of Z in IV. This would involve a closing up 
of the electronic levels of the ground and excited 
states with the increasing electron donor strength 
of Z.

4-Dimethylamino-2',4'-dinitrostilbene and IV, 
Z = 4'-N(CH3)2, have closely similar visible ab­
sorption spectra, Fig. 1. This is not surprising, for 
it has been shown that a nitro group and a N2Se 
group are both strong electron-attracting group­
ings. The compound IV, Z = 4'-N(CH3)2, absorbs 
in the following solvents at the indicated vrave

length maximum in millimicrons: acetone, 335, 
480; dimethylformamide, 340, 487; dimethylaniline, 
340, 498; dimethyl sulfoxide, 349, 501; chloroform, 
337, 501; pyridine, 347, 502; anisaldéhyde, 505; 
50% aqueous acetone, 349, 513; 50% aqueous di­
methylformamide, 347, 513; and 50% aqueous 
pyridine, 350, 520. In  the pure solvents the long 
wave-length band was slightly more intense than 
the shorter w'ave-length band; in the aqueous solu­
tions the long wave-length band was relatively less 
intense and shifted further into the visible. Ap-

parently the water molecules arrange themselves 
so as to stabilize dipolar structures, such as IVa, to 
a somewhat greater extent in the excited state. 
This “closing up” of the energy levels is reflected 
in the red shift.

Tv'o protons add to the heterocyclic nitrogens of 
I in sulfuric acid1 while only one proton adds to III 
in the same solvent. In  the styryl derivatives there 
must be an increase in the basicity for two protons 
can add to the molecule in sulfuric acid, Table II. 
The spectra of the bases, monocationic and di- 
cationic salts of the styryl derivative (IV) are given 
in Table II. In the dimethylamino derivative the 
first proton adds to the amino nitrogen to give the 
salt absorbing at X 374 nqq in trifluoroacetic a 
second proton adds to the ring 1-nitrogen to form a 
dicationic salt, X„.ai 441 m/x. Addition of the third 
proton (even in concentrated sulfuric acid) is not 
complete. A shoulder at 575 m̂ i is believed to be 
due to the tricationic salt.

E X P E R IM E N T A L 6

4-Nilro-5-methyl-2,l,3-benzoselenadiazole (III). A stirred 
solution of 2.0 g. (0.01 mole) of 5-methyl-2,l,3-benzo-

(6) Melting points are uncorrected. Analyses are by 
Peninsular ChemResearch, Inc., Gainesville, Fla.
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TABLE II
C o l o r  a n d  L o n g  W a v e - L e n g t h  M a x i m a  o f  4 - N it r o -

5-s t y h y l -2 ,1 ,3 -b e n z o s e l e n a d i a z o l e  D e r iv a t iv e s

Color (X maxj mm)

z Base®
Mono­
cation6

Di­
ca 'ion6

H Yellow (392) Orange-red
(505)

Blue (673)

4'-Cl Yellow (382) Red (515) Blue (685)
4'-CHs Yellow (400) Violet (548 ) Blue (723)
3',4/-(OCH3)2 Yellow (408) Blue (595) Blue —
3',4'- (O2 CH2) Yellow — Blue — Blue —
4'-N(CHb)2 Orange (489) Light 37ellow 

(374)
Yellow (441)

a In 95% ethanol. 6 In trifluoroaoetic acid except Z = 
4'-N(CH3)2 which is in 50% alcoholic 1.2Ar HC1. 0 In con­
centrated sulfuric acid except Z =  4'-N(CH3)2 which is in 
trifluoroaoetic acid. This latter compound is orange in con­
centrated sulfuric acid with Xmax 476 mm due to the dication 
and a shoulder at 575 mm due to the trication.

g. of 2-nitro-4,6-dimethylacetanilide7 in 200 ml. of hot 
Methyl Cellosolve was added 100 ml. of concentrated hydro­
chloric acid. Following 90-min. reflux, excess water was 
added. The crude 2-nitro-4,6-dimethylaniline (85 g.) was 
dissolved in 50 ml. of concentrated hydrochloric acid. A 
solution of 450 g. of stannous chloride in 400 ml. of hydro­
chloric was cautiously added. The mixture was boiled to 
one half volume, cooled and filtered. The residue was 
treated with cold aqueous sodium hydroxide solution until 
the mixture was definitely alkaline. The residue was ex­
tracted with alcohol, the extract treated with a concentrated 
aqueous solution containing 65 g. of selenium dioxide, cooled 
and filtered. Two crystallizations from heptane gave 44 g. 
of colorless crystals, m.p. 154-155°.

Anal. Calcd. for C8HgN2Se: N, 13.3. Found: N, 13.2.
4-Nitro-B,7-dimethylbenzoselenadiazole. To a stirred solu­

tion of 2.11 g. (0.01 mole) of 4,6-dimethyl-2,l,3-benzoselena- 
diazole in 4 ml. of concentrated sulfuric acid at 0-10° was 
added a mixture of 1 ml. nitric acid (dec. 1.4) and 2 ml. of 
sulfuric acid. The mixture was allowed to stand a t room 
temperature for 30 min., poured on ice, and filtered. Crystal­
lization from Methyl Cellosolve followed by heptane gave
1.8 g. (71%) of light yellow crystals, m.p. 164-165°.

Anal. Calcd. for C8H7N30 2Se: N, 16.4. Found: N, 16.0.
4-Nitro-B-styryl-2,l,3-benzoselenadiazole (IV, Z =  H). A 

mixture of 0.24 g. (0.001 mole) of 4-nitro-5-methyl-2,l,3- 
benzoselenadiazole and 0.9 ml. (0.009 mole) of benzaldehyde

TABLE III
5 - S u b s t i t u t e d  4 - N it r o - 2 ,1 ,3 - B e n z o s e l e n a d i a z o l e s

Analyses

Z
M.P.,

°C.
Yield,

%
Formula

Wt.
Theory

N
Found

N
H 232-234 61 C„H9N30 2Se 12.7 12.4
4'-Cl 240-241 61 CHH8ClN30 2Se 11.5 11.2
4'-Me 252-253 76 C15H„N30 2Se 12.2 12.0
4'-NMe2 246-247 47 C16H„N40 2Se 15.0 14.7
3',4'- (OMe)¡ 249-251 51 C16H13N30 4Se 10.8 10.8
3 ',4 '-(02CH2) 254-255 60 C;iH 9N30 4Se 11.2 11.0
2',3'-(CH)4 255-256 45 C18HnN30 2Se 11.0 10.8

selenadiazole1 in 4 ml. of concentrated sulfuric acid was 
treated with a mixture of 1 ml. of nitric acid (d. 1.4) and 
2 ml. of sulfuric acid at 0-10°. The mixture was allowed to 
stand 30 min. at room temperature, then was poured on ice 
and filtered. Two crystallizations from xylene gave 1.5 g. 
(62%) of light yellow crystals, m.p. 192-i94°.

Anal. Calcd. for C7H6N30 2Se: N, 17.4. Found: N, 17.2.
4-Amino-5-methyl-S,l,3-benzoselenadiazole and 4-amino-7- 

methyl-2,1,3-benzoselenadiazole. To a suspension of 2.42 g. 
of 4-nitro-5-methyl-2,l,3-benzoselenadiazole in 70 ml. of hot 
water and 20 ml. of concentrated hydrochloric acid was 
added 8 g. of zinc dust. The mixture was vigorously refluxed 
for 30 min. and filtered hot. To the cold fibrate was added 
an equal volume of concentrated hydrochloric acid. The 
mixture was cooled to 0° and filtered. The residue was 
washed with 20 ml. of cold 25% hydrochloric acid dissolved 
in a minimum amount of water and neutralized with potas­
sium acetate. A solution of 1 g . of selenium dioxide in 2 ml. 
of water was added at 0-5°. Quick filtration gave 1.4 g. of 
crude product, m.p. 135-139°. Several crystallizations from 
heptane gave yellow crystals, m.p. 138-142°.

Anal. Calcd. for C7H 7N3Se: N, 19.5. Found: N, 19.9.
4,6-Dimethyl-%,l,3-benzoselenadiazole. To a solution of 98

was heated in an oil bath at 150° until homogeneous. Two 
drops of piperidine were added and the mixture was heated 
a t 150° for 30 min. Two ml. of methanol was added to the 
cold mixture. The residue obtained from the mixture was 
washed well with methanol. Crystallization from Methyl 
Cellosolve (/3-methoxyethanol) gave glistening yellow 
crystals, m.p. 232-234°.

This general procedure was followed for all the styryl 
derivatives, Table III.

Anal. Calcd. for CuH 9N30 2Se: N, 12.7. Found: N, 12.4.
Ultraviolet-visible absorption spectra. A Beckman Model 

DU quartz spectrophotometer with 1-cm. silica cells ivas 
used by the procedure described in previous publications.

C a n c e r  R e s e a r c h  L a b o r a t o r y

U n i v e r s i t y  o f  F l o r id a

G a i n e s v i l l e , F l a .

(7) Eastman Kodak Co., White Label product.
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B asicity o f Som e N itrilated  Am ines

S a u l  S o l o w a y  a n d  A b r a h a m  L i p s c h i t z 1 

Received July 22, 1957

In the course of estimating the basicity of some 
amines with the Davidson Indicators2 it was found 
that /3-dimethylaminopropionitrile and /3,/3'-dicy- 
anodiethylamine were in the p K h range of 7 to 12. 
Since the common aliphatic amines have pKb 
values between 3 and 4, these semiquantitative 
observations indicated the presence of a large 
inductive effect in nitrilated amines. In order to as­
certain the magnitude of this effect a few com­
pounds were prepared, and the pKa values of their 
conjugate acids were measured.

The pKa values of cyanamide, diethylcyanamide, 
alpha and beta substituted nitrilated amines at 29° 
are given in Table I. The magnitude of the induc­
tive effect between the parent amine and a nitrilated 
derivative may be judged from the difference in their 
pKa values. On the average the substitution of a 
cyano group for an N-hydrogen increases the pKa 
value 9.0 units, for an alpha hydrogen 5.6 units, and 
for a /3-hydrogen 3.2 units.

By the application of thermodynamic theory 
alone Langmuir4 showed that the interaction of an 
electronegative group with a carboxyl group on a 
chain should fall off exponentially with distance. 
This follows from the standard free energy equa­
tion (1).

P = - R T  In Ka (l)

Applying this equation to the ionization of acids it 
follows that the difference (X) in the standard free 
energies of ionization of two acids is the difference 
in the work per mole of removing their ionizable 
protons. For the case of an unsubstituted acid and 
a derivative we obtain Equation 2.

X = AF° (parent) — AF° (derivative) =
RT In K (derivative) . .

K (parent)

Equation 2 may be tested by investigating the con­
stancy of the ratios of any two isomers which differ 
in having the constituent groups separated by a 
single carbon atom on a chain. In order to so utilize 
equation 2 for the direct calculation of X ratios 
from pK values, it has been modified as given in 
Equation 3.

TABLE I
D is s o c i a t i o n  C o n s t a n t s  ( p K a) o f  S o m e  N i t r i l a t e d  A m i n e s

Compound

Boiling 
Point,“ °C. 

(Found)

Boiling 
Point,“ °C. 
(Literature)

pKa 
29 °C. 

(Found)
pKa

(Literature)

Cyanamide 456 43 b'c 1.1
Diethyl cyanamide 186 186d 1.2
Aminoacetonitrile 60/21 mm. 58715 mm. 5.3
Dimethvlaminoacetonitrile 136 137-r 4.2
Diethvlaminoacetonitrile 84/30 mm. 71/24* mm. 4.5
a-Aminoisobutyronitrile
2-Amino-2-cyanopropane 58/18 mm. 52/15* mm. 5.3
0-Aminopropionitrile 89/23 mm. 89/23* mm. 7.7
/S-Isopropylaminopropionitrile 87/17 mm. 87/17’ ir_m. 8.0
(3-Dimethvlaminopropionitrile 172 172’ 7.0 6.86(30°)
/3-Diethylaminopropionitrile 108/30 mm. 87/20* mm. 7.6
ß,ö'-Dicvanodiethylamine 179/14 mm. 173/10’ mm. 5.2 5.3(25°)

0 Boiling points are a t atmospheric pressure unless otherwise indicated. b Melting point. c A. Franssen, Bull. soc. chim. 
France, (4), 43, 185 (1928). d Cyanamide New Product Bulletin, Coll. Vol. I, American Cyanamid Co., New York, N. Y., 
1949. e A. Klages, J. prakt. Chem. (2), 65, 189 (1902). ! J. Von Braun, Ber., 40, 3937 (1907). * A. Klages, J. prakt. Chem. 
(2), 65, 193 (1902). h A. P. Snessarew, ./. Prakt. Chem. (2), 89, 364 (1914). ' A. N. Kost, Vestnik Moskov Vniv., No. 2, 141 
(1947); Chem. Abstr. 42, 3722 (1948). ’ Cvanamide New Product Bulletin, Coll. Vol. II, American Cyanamid Co., New 
York, N. Y., 1950.

The various attempts to combine thermody­
namic and electrostatic theory toward a basic under­
standing of inductive effects is amply reviewed by 
Wheland.3 These treatments, however, require as­
sumptions of some predominant moleculai confor­
mation of the solute and its effect on the dielectric 
constant of the solvent.

(1) North American Aviation Corp., Los Angeles, Calif.
(2) D. Davidson, J. Chem. Educ., 19, 221 (1942).
(3) G. W. Wheland, Advanced Organic Chemistry, John

Wiley & Sons, Inc., New York, N. Y., 1949, Chapter XI.

7
X?

2.303RT log K (derivative 1) 
K (parent)

2 .3 0 3 R T lo g ^ derÌVatÌVe2)K (parent) 
pK (parent) — pK (derivative 1) 
pK (parent) — pK (derivative 2) (3)

The X ratios calculated from the data in Table I 
are given in Table II. In the later table the parent 
amines and their nitrilated derivatives are shown in 
horizontal apposition. Several assumptions were

(4) I. Langmuir, Chem. Revs., 6, 467 (1929).
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TABLE II
X V a l u e s  o f  S o m e  N i t r i l a t e d  A m i n e s "

a-Carbon /3-Carbon
X(«C—Ce=N)Parent .V-Nitrilated Nitrilated X(N—C = N ) Nitrilated

Amine Amine Amine X( aC—C = N  ) Amine X(/3C—C = N  )

Methylamine Methyl cyanamide*’ Aminoaceto- 1.8
10.7 1.2 nitrile

5.3
Dimethylamine Dimethyl cyanamide6

10.7
Trimethylamine

1.2
Dimethylamino- 1.7

9.9 acetonitrile
4.2

Ethylamine Ethyl cyanamide6
10.7 1 2

/3-Aminopropioni- 1.8
trile

7.7
Isopropylamine 2-Amino-2-cyano 1.8

10.7 propane
5.3

Diethylamine Diethylcyanamide
11.1

Triethylamine
1.2

/3-Diethylamino- 1.8
10.8 propionitrile

7.6
Methyldiethylamine Diethylamino- 1.7

10.4 acetonitrile
4.5

“ pKa values are given below the name of the compound. Values other than those given in Table I were obtained from 
the Handbook of Chemistry and Physics, 31st ed., Chemical Rubber Publishing Co., Cleveland, Ohio, 1952-53, p. 1450. 
6 These assumed values are discussed in the text.

made in calculating these ratios because of a lack 
of data. These were the following:

(1) The monoalkylcyanamides have the same 
pKa values as diethylcyanamide. Literature values 
are unavailable, and we found these derivatives to be 
difficult to prepare in a pure state because of rapid 
polymerization to the corresponding iV-alkylmel- 
amines. However, in view of the fact that cyan- 
amide and diethylcyanamide differ by only 0.1 pKa 
unit, this assumption is reasonable.

(2) Branched chain compounds have the same 
pKa values as straight chain ones if the number of 
carbon atoms is unequal by one or two. This as­
sumption is borne out by the fact that ethyl and 
isopropyl amines have about the same pKa values 
as do aminoacetronitrile and a-aminoisobutyro- 
nitrile.

(3) The pKa values of several parent amines 
were needed in making calculations on nitrilated 
tertiary amines. A secondary amine was necessary 
to obtain the pKa difference between it and the 
corresponding cyanamide derivative, whereas a ter­
tiary amine was required to calculate the pKa dif­
ference between it and the alpha and beta substi­
tuted derivatives.

Despite the handicap of insufficient data, the X 
ratios are constant at 1.8. It should be noted that 
the constancy of these ratios is independent of 
whether the nitrile group is on a nitrogen or carbon 
atom of the chain. Hence, one may conclude that

the transmission of electrostatic effects in these 
compounds is a property of single bonds. Using the 
ionization constants of chlorinated propionic and 
butyric acids, Langmuir showed the X ratios for any 
two isomers with chlorine on adjacent carbon atoms 
to be constant and equal to 2.7. Langmuir assumed 
this value to be independent of the nature of the 
interacting groups, but a property of the chain 
only. I t  may well be that he was considering the 
interaction of uncharged groups, i.e ., dipole-dipole 
effects, whereas in the nitrilated ammonium ions 
the interaction is charge-dipole. There should be a 
considerable difference in these interactions be­
cause the electrostatic field around a charge de­
creases a,s the first power of the distance whereas it 
falls off as the square of the distance around a di­
pole.

The difference in pKa between triethylamine and 
diethylaminopropionitrile is 3.2 units, whereas the 
difference between diethylamine and /3,/3'-dicyano- 
diethylamine is 5.9 units. This result indicates that 
independent inductive effects in these compounds 
are approximately additive.

E X P E R IM E N T A L

The compounds used in this study were either redistilled 
commercial samples or were prepared by the reaction of 
glyconitrile, acetone cyanohydrin, and acrylonitrile with 
amines. Two examples are given as typical of the rest of 
the preparations. All compounds were distilled a few days
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before the pKa measurements were made. The fractions 
collected for pKa measurements boiled over less than a 1° 
range.

Dimethylaminoacetonitrile. A commercial sample of glycolo- 
nitrile was cooled to 0° in a heavy walled flask and satu­
rated with dimethylamine. The latter was generated by 
dropping a concentrated aqueous solution of the hydro­
chloride onto pellets of sodium hydroxide. After the flask 
was tightly stoppered, it was removed from the ice bath 
and allowed to warm up to room temperature. On standing 
for 4 to 6 hr. the reaction mixture was fractionally distilled. 
The product boiled at 135-136° at atmospheric pressure.

0-Aminopropionitrile. Four hundred milliliters of an ice 
cold 28% aqueous solution of ammonia and 100 ml. of ice 
cold acrylonitrile were mixed in a heavy walled liter flask. 
After the flask was securely stoppered, it was allowed to 
warm up and remain at room temperature for several days. 
I t  was then fractionally distilled under reduced pressure. 
The product boiled at 89°/23 mm. Aminoacetonitrile poly­
merizes quite rapidly so that it was titrated immediately 
after preparation.

Measurements of pK& values. The amine solutions titrated 
were between 0.05 and 0.10 molar. Hydrochloric acid 
(0.183M) was used as the titrant. The equivalence point

was taken at the maximum , ̂  from the titration curves. d(ml)
Activity coefficients were taken a t unity so that the pKa = 
pH at half neutralization. The pH measurements were 
made with a Beckmann pH meter, industrial model, using 
glass and saturated calomel electrodes at 29 ±  1°. A con­
servative estimate of the total error involved in these 
measurements is 0.1 pKa unit in the cases of cyanamide 
and diethylcyanamide. For the other compounds it is closer 
to 0.05 pKa unit.

A cknow ledgm en t. We are indebted to the Ameri­
can Cyanamid Co., New York, N. Y., for gifts of 
the following chemicals: cyanamide, diethylcyan­
amide, ß-isopropylaminopropionitrile, /3-dimethyl- 
aminopropionitrile, and /3,(S'-dicyanodiethylamine.
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C hlorination o f 1,1-Difluoro-
2,2-dichloroethane

J. W. H e b e r l i n g , J r .
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Henne and Ladd1 reported that photochemical 
chlorination of l,l-dichloro-2,2-diflu oroethane (I) 
at room temperature yields, as the only mono­
chlorination product, l,l-difluoro-2,2,2-trichloro- 
ethane (II). Since the other possible monochlorina-

CHF2CHC12 +  Cl2 - X  CHF2CC13 
I II

tion product, 1,1-diflu oro-1,2,2-trichloroethane
(III), and II should have nearly identical boiling 
points, Henne and Ladd1 characterized their prod­

(1) A. L. Henne and E. C. Ladd, J. Am. Chem. Soc., 58,
402 (1936).

uct by dehalogenation with zinc, wherefrom only
l-fluoro-2,2-dichloroethylene (IV) (b.p. 35°) was 
isolated.

CHFoCCh +  Zn — >  CH F=€C12
II IV

The photochemical chlorination of spectro­
scopically pure I, prepared by the method of 
Swarts,* 402 2 3 was recently carried out in this laboratory 
using a procedure similar to that of Henne and 
Ladd.1 The chlorination apparatus described by 
Muskat and Northrup8 was used wherein the reac­
tion mixture was heated under reflux (60-70°) 
and the chlorine was introduced into the vapor be­
tween the reflux condenser and the reflux boiler. 
A General Electric Photoflood No. RFL2 was used 
as the light source.

The monochlorination product (b.p. 72°) was 
separated by distillation and subjected to mass 
spectrometric and infrared analyses. The mass 
spectrum of pure III, prepared after Henne and 
Ladd1 by fluorination of pentachloroethane with 
antimony trifluoride, was available. Henne and 
Ladd established the structure of I I I  by zinc de­
halogenation, which gave 2-chloro-l,l-difluoro- 
ethylene (V) (b.p. —17°). A quantitative com-

SbFa
CC1:,CHC1, — — > CF2C1CHC12 

III
CF2C1CHC12 +  Zn — > CF2=CHC1

III V

parison of the spectrum of pure I II  with that of the 
monochlorination product of I revealed that the 
latter contained 56 mole % I II .4 The remainder 
was assumed to be II, as there was no evidence 
for the presence of I or l,l-difluoro-l,2,2,2-tetra- 
chloroethane (VI). Thus, approximately equivalent 
amounts of the two isomers were produced and the 
reactivities of the two hydrogens of I were approxi­
mately equal at the reaction temperature (60-70°). 
These results will necessitate a slight modification 
of the theory advarced by Hauptschein and Bige­
low.6 *

The mass spectrometric analysis was carried out 
at a high potential so that considerable bond rup­
ture occurred. Table I gives a comparison of the 
major peaks in the mass spectra of pure I, III, and 
VI with the monochlorination product of-1. The 
strong peaks of the mixture at m /e = 83, 85, and 87 
are due to III, whereas those at m /e = 51, 117, 
119, 133, and 135 are due to II. The peaks at m /e

(2) F. Swarts, Chem. Zent., I, 13 (1903).
(3) I. E. Muskat and H. E. Northrup, J. Am. Chem. Soc., 

52, 4043 (1930).
(4) A discussion of the factors involved and the methods 

of quantitative analysis by mass spectrometer has been 
given by Barnard.5

(5) G. P. Barnard, Modern Mass Spectrometry, The 
Institute of Physics, London, 1953, chapter 7.

(6) M. Hauntschein and L. A. Bigelow, J . Am. Chem.
Soc., 73, 5591 (1951).
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TABLE I
C o m p a r i s o n  o f  M a s s  S p e c t r a

m/e
CF2HCHCV

I
CF,C10HCba

III
CF-ClCCl/

VI Mixture Ion

Expected
forc

CHF2CC13

51 16.3 C. 6 0.09 10.2 C H F,+ 1
82 1.6 2.0 27.6 6.0 CCb + s
83 100.0 10C.0 0.4 100.0 CHC1,+ —
84 1.7 2.4 17.7 4.9 CC12 + s
85 64.3 77.4 43.4 74.9 CHCl-U 

CFoCl +
—

87 10.5 14.4 13.8 13.7 CHCL + 
CF2C1 +

—

117 1.6 0.41 100.0 26.1 CCU+ 1
119 0.3 0.25 94.9 24.2 CC13 + 1
121 — 0.08 30.5 7.6 CCU + 1
132 0.1 0.6 14.6 1.1 C2F,C1 + S
133 2.7 19.2 0.36 46.7 C.FJICIU l
134 21.5 0.75 9.4 3.9 c -.h 2f 2ci>

c 2f ,c l +
s

135 2.1 12.1 0 19 29.6 c 2h f ,c i2+ i
136 13.6 0.3 1.5 2.0 C,F,HCL + 

C2F2C12 +
s

167 — 0.02 97.9 4.0 C2F2C1v g
169 — 0.06 93.6 4.0 c 2f 2c l + S
171 — 0.04 29.8 1.3 CVFoC1.,+ g

0 Peak strength relative to m /e at 33 = 100. ” Peak strength relative to m /e at 117 = 100. f “ I” indicates a major peak 
predicted, “s '’ a minor peak predicted.

= 133 and 135 particularly indicate the presence of
II.

The infrared spectrum of the mixture confirmed 
the presence of III and indicated the presence of 
another compound which was neither I nor VI. 
The weak peaks at m /e =  134, 136, 167, 169, and 
171 in the mass spectrum of the mixture could be 
due to small amounts of I and V I  in the mixture. 
However, as is indicated in Table I, all of the frag­
ments could be derived from II so there is no reason 
to assume, by necessity, that I or VI are present. 
Conversely, there is no reason to assume that I 
and VI are entirely absent either.

R e s e a r c h  D i v i s i o n  C o n t r i b u t i o n  N o . 2 4 2  
O r g a n i c  C h e m i c a l s  D e p a r t m e n t  
J a c k s o n  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  a n d  C o .
W i l m i n g t o n , D e l .

Synthesis and Configuration of 
cis-8-M ethylhydrindane

H a r o l d  C o n r o y 1 a n d  E l l i o t t  C o h e n 2

Received August 1, 1957

In connection with the determination of the 
skeletal structure of picrotoxinin we have described a

(1) Present address: Department of Chemistry, Brandeis 
University, Waltham 54, Mass.

(2) Present address: Lederle Laboratories, Pearl River,
X. Y. Abstracted from the Ph.D. Thesis of Elliott Cohen, 
Columbia University, 1956.

sy n th esis  of D L -m -5-isopropyl-8-m ethylhydrin-4 ,6- 
d iene (p icro toxadiene) ;3 we now  w ish to  d e ta il th e  
o bserva tions m ade  in  a  re p e titio n  of p a r t  of th is  
sy n th esis  w ith  op tica lly  ac tiv e  m ateria ls . A lthough  
a n  ex tension  of th is  w ork will m ake  possible th e  
assignm en t of ab so lu te  configuration  in  th e  picro- 
to x in  series th e  resu lts  here in  a re  sufficient to  allow  
such  assignm ent fo r a n  im p o rta n t reference 
com pound, « 's-8 -m ethy lhyd rindane , as well as 
som e of i ts  keton ic  deriva tives.

Cfs-2-methyl-2-carboxycyclopentane-l-acetic 
acid (I),4 prepared via  2-methyl-2-carbethoxy- 
cyclopentylidenecyanoacetic ester,3’5 was re­
solved with the aid of its brucine salt; after twenty- 
one recrystallizations of this salt from water the 
rotation ([a]o +37°) of the regenerated acid 
showed no further increase. Partially resolved 
( —) acid was obtained from the mother liquors. 
The remaining transformations (to IX) indicated 
in the diagram were carried out in a manner 
similar to that described previously for the cor­
responding racemic series; the compounds were 
characterized by their infrared spectra, in all 
cases identical with those of the racemic series. The 
optically active bicvclic hydrocarbon (X) was 
prepared from IX  by the Huang-Minlon modifica­
tion of the Wolff-Ivishner reduction.

The assignment of the cis configuration in this 
series has rested on the obtention by Errington and

(3) H. Conrov, J. Am. Chem. Soc., 73, 1889 (1951); 74, 
491 (1952); 74, 3046 (1952).

(4) K. D. Errington and R. P. Linstead, J. Chem. Soc., 
666 (1938).

(5) P. Bagchi and D. K. Banerjee, J. Ind. Chem. Soc., 24, 
12 (1947).
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HOOC\ 

HOOC

IC,#16 E tO O C j®  EtOOC-Y6

b -  b -  b- v f " 7 E tO O C ^ f " 7 H O O C v^.p7 

H I ( +37°) H II ( +  23°) H III

EtOOC
0
II

C1C• p

HOOC-

II ( +  23°)

MeEtOOC,|

MeC\ . 'JMeC-
H IV  ( +  21.8°) H V ( +  29.6°)

Fig. 1. Rotatory dispersion curves for coprostanone-3 
(in methanol; upper curve) and (+)czs-8-methylhydrindan- 
5-one (in dioxane; lower curve)

VIII (+29.4°) IX ( +  15.2°) X ( +  3°)
Figures in parentheses are [ a ] D .

Linstead4 of the diacid (I) from a bicyclo[3.3.0]- 
octanone derivative believed for good reason to 
contain the cis ring junction. Nevertheless the 
evidence may not be entirely convincing, and ap­
parently has been the subject of recent doubt.6 
The infrared spectrum of our hydrocarbon (X) was 
identical in all respects with that of the cis-8- 
methylhydrindane (3a-methyl-cfs-hexahydroindan) 
reported recently by Kronenthal and Becker7 and 
different from that of their tra ils modification. 
Their synthesis was based upon a Diels-Alder 
addition and is stereochemically unequivocal.

We owe the assignment of absolute configura­
tions depicted in the diagram for the dextrorotatory 
materials to the powerful method of rotatory dis­
persion as elaborated by Djerassi et al. (Cf. ref. 6, 
etc.). A comparison of the curves for (+ )  cis-8-  
methylhydrindan-5-one (IX) and coprostanone-3 
(A/B c is) leaves no doubt that the immediate 
steric environments of the respective carbonyl 
groupings are similar in the absolute sense.

E X P E R IM E N T A L

Resolution of cis-2-methyl-2-carboxycyclopentane-l-acetic 
acid (I). The racemic acid3 (m.p. 110-111°) (459.5 g.;
2.46 moles) was dissolved in a minimum amount of hot 
water and 1948 g. (2.46 moles) of brucine was added with 
enough hot water to dissolve it. The brucine salt separated 
when the solution was cooled; twenty-one such recrystal­
lizations of the salt were carried out before the diacid 
regenerated by treatment of the salt with 10% hydrochloric

(6) C. Djerassi, R. Riniker, and B. Riniker, J. Am. Chem. 
Soc., 78, 6362 (1956), footnote 15.

(7) R. L. Kronenthal and E. I. Becker, J. Am. Chem. 
Soc., 79, 1095 (1957).

acid and extraction with ether gave a constant rotation. 
The resolved diacid (70.5 g.j had the m.p. 114° and [a]2D ° 
+  37° (4% in chloroform). Racemic acid (186 g.) recovered 
from the mother liquor and put through a similar treatment 
with extensive recrystallization of the brucine salt gave an 
additional 18.5 g. of resolved acid, making a total of 89 g. 
Partially resolved ( —) acid (109 g.) [a]2D5° -6 .4 °  was also 
obtained from the mother liquor.

(+ )  Ethyl cis-2-methyl-2-carbethoxycyclopentane-l-acetaie 
(II). The diester (70 g.; 68% yield) was obtained from 89 g. 
of the diacid (I) with ethanol and sulfuric acid after a long 
reflux period. I t distilled at 87-89° (0.5 mm.) [a]2D5° +23° 
(7% in chloroform).

(+ ) cis-2-Methyl-2-carbethoxycyclopentane-l-acetyl chloride
(IV). The oily half-ester (III) obtained by partial hydrolysis 
of 70 g. of II with 11.5 g. of sodium hydroxide in aqueous 
ethanol was dried by distillation with 150 ml. of benzene 
and then refluxed together with 41.8 g. of thionyl chloride 
until the gas evolution ceased. After distillation, 59 g. 
(88.6%) of acid chloride, b.p. 75-78° (0.35mm.),n!D'°  1.4635 
and [«Id70 +21.8° (7% in chloroform) was obtained.

(+)cis-2-Mbthyl-2-carbeihoxycyclopentane-l-acetone (V).
The preparation was conducted as described previously.3 
From 58 g. of acid chloride (IV) and the sodium salt from 
101 g. of diethyl malonate and 15 g. of sodium hydride in 
benzene there was obtained after hydrolysis-decarboxylation 
30 g. of V, b.p. 77-85° (0.4-0.8 mm.), nP  1.4505, [<*]d7° 
+  29.6° (4% in chloroform). The 2,4-dinitrophenyHiydra- 
zone, recrystallized from ethanol, melted at 72°.

(+)cis-8-Methylhydrindan-6,7-dione (VI). The preparation 
was conducted as described previously. From 36.3 g. of the 
acetonyl derivative (V), 8.3 g. of sodium hydride in 30 ml. 
of benzene there was obtained 20.5 g. (70%) of VI, m.p.
151-152° with [a]k'° +28.5° (3% in chloroform).

(-\-)cis-S-Ethoxy-8-methylhydrind-5-ene-7-one (VII). A mix­
ture of the diketone (VI), 100 ml. of benzene, 40 ml. of 
absolute ethanol, and 0.5 g. of p-toluenesulfonic acid was 
distilled slowly through a column packed with helices. The 
vapor temperature rose to 67° at the completion of the 
reaction when water was no longer formed. The solvents 
were removed on the steam bath, finally in vacuo, and the 
product was distilled. The yield of material, b.p. 83-84° 
(0.2 mm.), was 20.2 g. (84%); re2D5° 1.5085, [«]2D6° +14.7° 
(chloroform).

(-{-)cis-8-Methylhydrind-6-ene-5-one (VIII). Lithium alu­
minum hydride reduction of VII (20.1 g.) followed by mild 
acid hydrolysis, as previously described, gave 13.1 g. 
(84.5%) of the unsaturated ketone with b.p. 57-59° (0.8 
mm.), 1.4995 and [a]k5° +29.4° (4% in chloroform).

(+)cis-8-Methylhydrindan-B-one (IX). Four grams of the 
unsaturated ketone (VIII) in 40 ml. of methanol with 200 
mg. of platinum oxide was hydrogenated at atmospheric
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pressure; gas absorption was complete in 2.5 hr. The 
catalyst was removed by filtration and the solvent evapo­
rated on the steam bath. The residue had r 1 2d5° 1.4790 and 
[ « ] 2d °  +15.2°. The dibenzylidene derivative had the m.p. 
124-125°.

(+)cis-8-Melhylhydrindane (X). The ketone (IX) (3.5 g.) 
was refluxed for two hr. a t 135° with 4.0 g. of potassium 
hydroxide, 80 ml. of diethyleneglycol, and 7.0 g. of 85% 
hydrazine hydrate. The water was distilled off and then 
the temperature was raised to 200° for 4 hr. The mixture 
was cooled, taken up in water, extracted with pentane, 
and the pentane layer washed with concentrated sulfuric 
acid until the acid no longer became colored. The pentane 
solution was washed with water, dried over magnesium 
sulfate, and the pentane removed, leaving two grams of an 
oil whose infrared spectrum showed no carbonyl band and 
was identical with that given in ref. 7. The oil crystallized 
on cooling, m.p. 5°, [a]“ 0 + 3 ° (6% in chloroform).

A cknow ledgm en t. We wish to thank Prof. Gilbert 
Stork for his help and interest in this work and as 
well, Prof. Carl Djerassi for the rotatory dispersion 
curves.
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cfs-l,2-Cyclohexanediol (I) has found consider­
able use as a model compound for synthetic and 
mechanistic studies. In discussing methods of pre­
paring I, Criegee and Stanger2 have recommended a 
four-step method starting with cyclohexene. As 
pointed out by Winstein, Hess, and Buckles,3 how­
ever, its success is dependent on the reaction con­
ditions of the replacement reaction.

We have developed a much simpler two-step 
synthesis of I from cyclohexene which requires 
about a day’s time and which is amenable to large 
scale work. The method employed is that developed4 
for ezs-hydroxylation in the synthetic steroid series. 
I t  involves the interaction of an olefin with iodine, 
silver acetate, and wet acetic acid to give, by way 
of a neighboring group replacement reaction,3 cis-  
hydroxy acetate in one operation. Subsequent 
hydrolysis yields the free diol.

Using this technique, we have obtained after one 
recrystallization quite pure I in 66% yield. Con­
siderable variation of the reaction conditions did 
not improve the yield. The use of iodine mono-

(1) Thanks are due the Du Pont Co. for a Summer 
Faculty Fellowship.

(2) R. Criegee and H. Stanger, Ber., 69B, 2753 (1936).
(3) S. Winstein, H. V. Hess, and R. E. Buckles, J. Am,. 

Chem. Soc., 64, 2796 (1942); S. Winstein and R. E. Buckles, 
J. Am. Chem. Soc., 64, 2787 (1942).

(4) R. B. Woodward and F. V. Brutcher, Jr., J. Am. 
Chem. Soc., 80, 209 (1958).

chloride in place of iodine decreased the yield of 
I to 32%.

E X P E R IM E N T A L 6

cis-1,2-Cyclohexanediol (I). To a slurry of 16 g. (0.096 
mole) of silver acetate in 150 ml. of glacial acetic acid in a 
three-neck flask equipped with a condenser, thermometer, 
and stirrer was added 3.42 g. (0.0416 mole) of freshly distilled 
cyclohexene, b.p. 83-85°. Accompanied by vigorous stirring,
11.7 g. (0.046 mole) of powdered iodine was added over a 
30-min. period at room temperature. Finally, 0.67 g. (0.042 
mole) of water was added and the reaction mixture was 
heated with vigorous stirring for 3 hr. at 90-95°. After the 
reaction mixture was cooled, filtered, and the silver iodide 
precipitate washed well with hot benzene and ethyl acetate, 
the combined filtrates were evaporated at the water pump 
to give a yellow viscous oil which was taken up in methanol 
and filtered. The filtrate was neutralized with a few ml. of 
alcoholic potassium hydroxide, treated with 3.5 g. of potas­
sium hydroxide in 20 ml. of methanol and hydrolyzed by 
refluxing for 1.5 hr. (darkening occurred). After evapora­
tion of the methanol at the w'ater pump, the residue was 
taken up in 500 ml. of warm diethyl ether and filtered. The 
filtrate was evaporated yielding 3.92 g. (81%) of crude 
glycol. Recrystallization from carbon tetrachloride yielded
3.2 g. (66%) of white cis-1,2-cyclohexanediol, m.p. 97-98°, 
lit.2 m.p. 96-98°.

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  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 .

(5) All melting points are uncorrected.

Som e 4 -S u b stitu ted  T hiourazoles1

C . K. B r a d s h e r , F r a n c e s  C . B r o w n , a n d  S i d n e y  T. 
W e b s t e r 2
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I t was shown that 3-substituted rhodanines (I) 
possess pronounced antimicrobial activity.3-"6 The 
present work deals with the synthesis of some re­
lated 4-substituted thiourazoles (II). The thioura-

O y
\  / Y\

C X
I

R—N- -c=s
I, X = S, Y = CH2 

II, X = Y = NH

S

RNH—<!-

O

-NHNH—C—NH, 
III

(1) This work was supported in part by a research grant 
[E-695(c)] from the National Microbiological Institute of 
the National Institutes of Health, Public Health Service. 
Abstracted from a thesis submitted by Sidney T. Webster 
in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at Duke University, 1957.

(2) Monsanto Chemical Co. Fellow 1956-1957.
(3) G. J. Van der Kerk, H. C. Van Os, G. deVries, and 

A. K. Sijpestein, Mededel. Landbouwhogeschool en Opzoek- 
ingsstas. Staat Gent, 18 , 402 (1953).

(4) F. C. Brown, C. K. Bradsher, S. M. Bond, and R. J. 
Grantham, Ind. Eng. Chem., 46, 1508 (1954).

(5) F. C. Brown, C. K. Bradsher, E. C. Morgan, M. 
Tetenbaum, and P. Wilder, Jr., J. Am. Chem. Soc., 78, 384
(1956).
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TABLE I
1 -S u b s t i t u t e d - 2 - T h i o b i u r e a s  a n d  4 - S u b s t i t u t e d  T h i o u r a z o l e s

R
Yield,“

%
M .P . , 4

°C. Formula
C

Calcd. Obsd.
H

Calcd. Obsd.
N

Calcd. Obsd.

Thiobiureas (III)
c h 3 97 2 1 0 - 2 1 1 (Lit.c 212°)
c 2h 5 94 200.5 C4H i0N4OS 29.62 29.65 6 . 2 1 6.30 34.55 34.46
c 3h 7 84 201-201.5 c 5h 12n 4o s 34.07 34.13 6 . 8 8 6.83 31.79 31.80
c 4h 9 92 204 c 6h 14n 4o s 37.87 37.66 7.42 7.36 29.45 29.32
CäH„ 96 206 C,Hi6N4OS 41.15 41.02 7.90 7.89 27.43 27.29
c 6h 13 87 205.5-206 CsH 18N4OS 44.01 43.88 8.31 8.49 25.67 25.74
c ,h 16 74 206 c ,h 20n 4o s 46.52 46.97 8 . 6 8 8 . 6 8 24.12 24.28
(CHsbCH 95 194.5-195 c 5h 12n 4o s 34.07 34.31 6 . 8 8 6.62 31.79 31.80
C6H 6 (CH« ) 2 6 8 215-215.5 C,oH 14N4OS 50.40 50.61 5.92 5.98 23.51 23.54
c 6h 5c h 2 1 0 0 193-194 c 9h 12n 4o s 48.19 48.12 5.40 5.47 24.98 25.15
c 6h 5 98 196.5-197.5 (Lit. 198°, Ref. 6 )

Thiourazoles (II)
c h 3 67 2 1 0 - 2 1 2 (Lit.** 212°)
c 2h 5 69 184-184.5e C4H 7N3OS 33.09 32.96 4.86 4.90 28.94 28.83
c 3h 7 75 (56) 175-176' c 5h 9n 3os 37.72 37.57 5.70 5.71 26.39 26.35
c 4h 9 74 154.5-155.55 c 6h „ n 3o s 41.60 41.75 6.40 6.35 24.26 24.30
CäH„ 77 151-151.5* c 7h 13n 3o s 44.90 45.02 7.00 7.03 22.44 22.46
c 6h 13 91 146.5-147.5’ CsH.sNaOS 47.73 47.83 7.51 7.50 2 0 . 8 8 2 0 . 8 8

C7H 15 8 8 145.5-146.5’’ C 9H„N3OS 50.20 50.23 7.96 7.64 19.52 19.83
(CH3)2CH 51 (36) 174-175' c 6h 9n 3os 37.72 37.89 5.70 5.43 26.39 26.63
C6H 5 (CH2 ) 2 93 171.5-172.5’ C10HnN3OS 54.28 54.42 5.01 5.02 18.99 18.97
C6HaCH, 83 216.5-217.5* c 9h 9n 3o s 52.16 52.30 4.38 4.24 20.29 20.36
c 6h 5 83 (35) 193.5-195.5 (Lit. 196°, Ref. 6 )

“ All yields are for products melting within 3° of the analytical sample. In a few cases yields have been based upon start­
ing material actually consumed. In such cases the smaller number in brackets is the per cent of the starting material con­
verted. 6  All melting points are for pure samples. c S. Janniah and P. Guha, J. Indian Inst. Sci., 16A, 25 (1933). d L. Loewe 
and M. Tiirgen, Rev. fac. sci. univ. Istanbul, 14A, 227 (1949). e Previous sintering a t 150-160°. J Sintering above 155°. 1 Sin­
tering at 147-151°. * Previous sintering at 139-146°. ’ Sintering above 139°. ’ Sintering above 162°. * Sintering above 195°.

zoles were obtained by cyclizing l-substituted-2- 
thiobiureas6 (III) which had been obtained by the 
action of isothiocyanates on semicarbazide. Eleven
4-substituted thiourazoles were prepared and 
tested for activity against A .  n iger, B . su b tilis , and
E . coli. The intermediate thiobiureas were likewise 
tested. I t  is interesting that although none of the 
compounds showed useful activity toward the 
microorganisms used, several of the 1-substituted 
thiobiureas significantly accelerated the rate of 
growth of A . n iger  at 250 p.p.m.

E X P E R IM E N T A L 7

Isothiocyanales. The alkyl and aralkyl isothiocyanates 
were prepared by the action of ethyl chlorocarbonate on the 
appropriate AT-alkyl dithiocarbamate essentially as de­
scribed earlier . 8

l-Substituled-2-thiobiureas (III). To a solution containing
11.2 g. of semicarbazide hydrochloride and 5.4 g. of anhy­

(6 ) F. Arndt, E. Milde, and F. Tschenscher, Ber., 55, 
341 (1922).

(7) All melting points were taken on the Fisher-Johns 
melting point block and are corrected. All analyses were 
by Galbraith Laboratories.

(8 ) M. L. Moore and F. S. Crossley, Org. Synthesis,
Coll. Vol. i n ,  599 (1955).

drous sodium carbonate in about 30 ml. of hot water, 0.1006 
mole of the alkyl (aryl) isothiocyanate was added in 50 ml. 
of ethanol. The solution was boiled gently on a hot plate 
for 2-4 min. and the solution was then cooled in an ice bath 
for about an hour. The product was collected and dried in 
a vacuum oven at 80°. The analytical sample was prepared 
by recrystallizarion from ethanol.

4-Substituted thiourazoles (II). Eight grams of the 1- 
substituted-2-thiobiurea was dissolved in 30-40 ml. of 2N  
sodium hydroxide by shaking, and the resulting mixture 
heated on the sueam bath for thirty to fifty minutes (evolu­
tion of ammonia). The alkaline solution was acidified -with 
hydrochloric add  and the resulting precipitate collected. 
The crude product was purified by shaking it in 20 ml. of 
1 0 % ammonium hydroxide solution which dissolved the
4-alkylthiourazole, but not the l-alkyl-2-thiobiurea present. 
The unchanged starting material was recovered by filtra­
tion, and the desired thiourazole (II) was obtained by 
acidification of the filtrate with hydrochloric acid. The 
product usually separated as colorless needles which were 
collected and dried in vacuo a t 100°. The analytical sample 
was prepared by recrystallization from hot water.

Antimicrobial testing. The testing methods were the same 
as those described earlier. 5 ’9

D e p a r t m e n t  o f  C h e m i s t r y  

D i j k e  U n i v e r s i t y  

D u r h a m , N. C .

(9) We are indebted to Mrs. Dorcas Clarke for carrying 
out these tests.
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Synthesis and Optical and Crystallographic 
Properties o f  M ethyl [M ethyl 4 -0 -(m eth y l  

a-D-galactopyranosyluronate)]-a-D-galact:o- 
pyranosiduronate

M i l d r e d  G e e , F. T. J o n e s , a n d  R. M. M c C r e a d y  

Received August 19. 1957

0-C H
I

0CH3

S tud ies of enzym e specificity  req u ired  cry sta lline  
com pounds of know n s tru c tu re  as su b stra te s . 
A m orphous m e th y l a -  an d  /3-D-dimethyl este rs  of 
d ig a lac tu ro n ic  acid  h av e  been re p o r te d 1 b u t  n o t 
crysta llized .

T h e  follow ing m e th o d  of sy n th esis  s ta r tin g  w ith
4 -0 -  a-D-galac to p y ra n o sy  luron ic acid- a -  r. -gal ac to - 
p y ran u ro n ic  acid  p e rm its  a  y ie ld  of c ry sta lline  
m a te ria l to  be  ob ta ined .

E X P E R IM E N T A L

Methyl [methyl lr O- (methyl a-D-galactopyranosyluronate) ]- 
a-n-galactopyranosiduronate. A sample of 0.090 g. (0.00023 
mole) of crystalline methyl 4-0-a-D-galactopyranosyluronic 
acid-a-D-galactopyranosiduronic acid1 was dissolved in 20 
ml. of methanol and cooled in an ice-water bath. An ethereal 
solution of diazome+ane prepared from 0.5 g. of A'-nitroso- 
methylurea was added at 0° with stirring until a yellow color 
persisted for 30 min. During the evaporation of excess 
diazomethane at room temperature, needle-like crystals 
appeared. The product was recrystallized from ethyl acetate, 
m.p. 120-121°, 0.071 g. (73%).

Methyl [methyl 4-0-{methyl a-D-gaiactopyranosyluronate)}- 
a-D-galactopyranosid.uronate. Four grams of brucine 4-0- 
(brucine a  - d  - galactopyranosyluronate) - a  - d - galactopyran- 
uronate monohydrate2 was refluxed with 150 ml. of 0.'2N 
dry hydrochloric acid in methanol for 3 hr. Crystals of 
brucine hydrochloride formed when the reaction mixture 
was allowed to stand at 5° overnight. The brucine salt was 
removed by filtration, washed -with dry methanol, and the 
filtrate diluted with an equal volume of water. Residual 
brucine was removed from the filtrate with a strongly 
acidic cation exchange resin (Dowex 50) and the chloride 
ion removed with a basic anion exchange resin (Permutit 
S). The solution ivas evaporated at room temperature to 
a sirup and then dissolved in methanol. Ethyl acetate was 
added until the solution was turbid. Seed crystals of methyl 
[methyl 4-0- (methyl a-D-galactopyranosyluronate) ]-a-D - 
galactopyranosiduronate w'ere introduced and, upon evapo­
ration, needle-like crystals were isolated by filtration. A 
yield of 0.485 (34.6%) of crystalline material, m.p. 118— 
120°, was obtained. The needle-like crystals were recrystal­
lized from a mixture of methanol and ethyl acetate, and 
had the following properties; melting point, 120- 122°, 
[a]2D5 +162.6 (C = 1, H20 ).3

Anal. Calcd. for CisH240 i3: C, 43.67; H, 5.87. Found: 
C, 43.5; H, 5.78.

Crystals dissolved in water and chromatographed on 
Whatman No. 1 filter paper with butanol-ethanol-water 
solvent (40:11:19)4 revealed no reducing sugar spot with

(1) R. M. McCready and C. G. Seegmiller, Arch. Bio- 
chem. Biophys., 50, 440 (1954).

(2) R. M. McCready, E. A. McComb, and D. R. Black, 
J. Am. Chem. Soc., 76, 3035 (1954).

(3) Rotations were made with a Rudolph Polarimeter 
with a 0.5 decimeter polarimeter tube.

(4) J. K. N. Jones and W. W. Reid, J. Chem. Soc., 1361
(1954).

Fig. 1. Structural formula of methyl [methyl 4-0- 
(methyl a - D - g a l a c t o p y r a n o s y l u r o n a t e )  ]-a-D-galactopyrano- 
siduronate

aniline-trichloroacetic acid indicator and only one ester 
spot appeared with the hydroxamic acid-ferric ion test.6 
The structural formula is presented in Fig. 1.

Evaporation of the mother liquor resulted in 0.455 g. of a 
glassy hygroscopic residue which upon similar chromato­
graphic examination revealed the presence of a moderate 
am ount of m ethyl [methyl + 0 - (methyl a-D-galactopyrano­
syluronate) ]-a-D-galactopyranosiduronate as well as four 
other esters. One of the esters had the same R ga as m ethyl 
(methyl a-D-galactopyranosid)uronate. The other esters 
were present in small amounts and were not ehromato- 
graphically identified.

Optical and crystallographic properties. The crystals ob­
tained from methanol-ethyl acetate grew in loose radiating 
clusters of obliquely terminated prismatic needles. The 
individual crystals were hollow, being open on the free end, 
with the cavity tapering toward the base. Crystals suitable 
for the measurement of silhouettes were grown from a drop 
of aqueous solution on a slide. The solution must be seeded; 
otherwise, it will evaporate to a viscous sirup. However, 
when crystal fragments are crushed in the saturated drop­
let which is then quickly covered with a cover glass, good

Fig. 2. Orthographic projection of the crystals of methyl 
[methyl + 0 -(methyl a-D-galactopyranosyluronate) J-a-D- 
galactopyranosiduronate

(5) M. Abdel-Akher and F. Smith, J. Am. Chem. Soc.. 73, 
5859 (1951).
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crystals will grow as the solvent evaporates. Fragments 
of cover glass or of seed crystals should be present under 
the cover glass in order to obtain crystals thick enough to 
give distinct interference figures. The immersion oils used 
for refractive index measurements were removed by flood­
ing repeatedly with petroleum ether or isooctane.

The angular measurements shown in Fig. 2 were made on 
crystals grown from aqueous solution. Refractive indices 
were measured on crystals from both sources. The fact that 
this compound is optically active requires that the crystals 
be hemimorphic although no forms (that wrould require 
this classification) were seen.

Crystal System: Monoclinic, Beta Angle = 107°.
Optical Properties: Refractive Indices (5893A; 27°) a = 

1.520, 0 = 1.530, ay = 1.534, 0 ' and 0" = 1.532 (Fig. 2).
Optic Axial Angle (5893A; 27°) 2E = 65°.
Dispersion: Not noticeable.
Optical Character: Negative.
Acute Bisectrix: a = b.
Extinction: Views having b vertical show oblique extinc­

tion with the vibration direction 0 making an angle of 34° 
with the length direction (Fig. 2). Such views are rare. 
They show a hazy acute bisectrix interference figure. The 
most common view is that of a crystal lying on one of its 
main faces (110). Such a view which exhibits sweeping ex­
tinction, does not show any principal optical direction but 
exhibits a refractive index for nearly lengthwise vibrations 
of 1.532. The interference figure for this view shows one 
optic axis near the edge of the aperture (N.A. = 0.95). 
Crystals that have the greatest retardation and sharp parallel 
or symmetrical extinction lie on either (100) or (001). Such 
views show a crosswise and 0" or 0', respectively. The inter­
ference figure is symmetrical but centered between the obtuse 
bisectrix and the optic normal.

Fusion Data: Crystals melt without noticeable decom­
position but no crystals grow in the viscous melt which 
cools to a glass.

A ckn o w led g m en t. The authors wish to thank L. 
M. White and Geraldine Secor for the carbon and 
hydrogen analyses and N. Floy Bracelin for the 
drawings.

W e s t 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 n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i c u l t u r e

A l b a n y  10, C a l i f .

Diinclazolo[2,3-a, 2',3'-c/]pyrazinc-7,14-dione

R i c h a r d  F. S m i t h  a n d  F r e d . K. Ix i r c h n e r  

Received, August 20, 1957

In the course of preparing some 3-indazole- 
carboxylic acid derivatives we attempted the prep­
aration of 3-indazolecarbonyl chloride by the action 
of thionyl chloride on 3-indazolecarboxylic acid. 
The acid chloride had been reported but not char­
acterized by previous workers.1 Isolation of the 
“acid chloride” gave an orange-red compound con­
taining no chlorine. Elemental analyses and saponi­
fication equivalent led to the consideration of I as 
the most likely structure.

(1) H. R. Snyder, C. B. Thompson, and R. L. Hin- 
man, J. Am. Chem. Soc., 74, 2009 (1952).

0

A search of the literature revealed that von 
Auwers and Cauer2 indicated the preparation of I 
but gave no physical constants or analytical data. 
However in a later paper von Auwers and Wolter3 
reported the preparation of the 1,2,3,4,8,9,10,11- 
octahydro derivative of I from the corresponding 
tetrahydroindazolecarboxylic acid and gave a struc­
ture analogous to I.

In common with other workers4 using diketo- 
piperazine derivatives derived from various 3- 
pyrazolecarboxylic acids, I was found to be an ac­
tive acylating agent. On treatment with aqueous 
dimethylamine, an 85% yield of W,./V-dimethyl-3- 
indazolecarboxylic acid amide1 was obtained.

The formation of a polycyclic compound in the 
benzimidazole group has been reported.5 The action 
of thionyl chloride on benzimidazole-2-acetic acid 
gave a compound whose structure is similar to I 
and which also readily acylates amines.

E X P E R IM E N T A L 6

Diindazolo[2,3-a, 2 ',3'-d]pyrazine-7,14-dione (I). A slurry 
of 53 g. of 3-iiidazolecarboxylic add1 and 100 oc. of thionyl 
chloride was heated under reflux for 2 hr. A large volume of 
benzene was added and the product filtered. The reddish- 
orange solid was suspended in Skelly E and heated on the 
steam bath to expel thionyl chloride. The product was 
filtered, washed with pentane, and dried. The yield was 
30.0 g. (64%), m.p. >350°. The product was found to be 
insoluble in common organic solvents and was purified by 
extraction with boiling acetone for 3 hr. The insoluble 
orange solid gave the following results.

Anal. Calcd. for CieEhsNiCh: C, 66.66; H, 2.80; N, 19.44; 
sapon. equiv. 144. Found: C, 66.49; H, 3.24; N, 19.45; 
sapon. equiv. 144.

N,N-Dimethyl-3-indazolecarboxylic Acid Amide. The di­
amide I (30 g.) wras treated with 200 cc. of 25% aqueous 
dimethylamine. A mild exothermic reaction resulted and the 
reaction mixture was allowed to stand overnight at room 
temperature. The product wras isolated by heating on the 
steam bath to drive off dimethylamine, followed by cooling 
and filtration. The dried white solid weighed 33.4 g. (85%), 
m.p. 191-193° (uncorr.). Recrystallization from nitro- 
methane did not alter the melting point. (The reported1 
m.p. is 187-189°).

Anal. Calcd. for Ci0HnN3O: N, 22.21. Found: N, 21.97.

S t e r l i n g - W i n t h r o p  R e s e a r c h  I n s t i t u t e

R e n s s e l a e r , N. Y.

(2) K. von Auwers and E. Cauer, Her., 61, 2402 (1928).
(3) K. von Auwers and E. Wolter, Bcr., 63, 479 (1930).
(4) C. Musante and P. Pino, Gazz. chim. Hal., 77, 199

(1947).
(5) R. A. B. Copeland and A. R. Day, J. Am. Chem. Soc., 

65, 1072 (1943).
(6) Analyses are by Messrs. M. E. Auerbach, K. D. 

Fleischer, and their staffs.
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Studies in  Steroid Total Synthesis. VI. 
Exploration o f an A lternate R oute to  an ti-  
trans - 2,3,4,4a,4b,5,8,8a - Octahydro - 8a- 
m ethyl-2-oxophenanthrene-l-propion ic Acid

Q u e n t i n  E. T h o m p s o n

Received, August 22, 1957

The tricyclic keto acid ( —) an£t-(rans-2,3,4,4a,- 
4b,5,8,8a - octahydro - 8a - methyl - 2 - oxophen- 
anthrene-l-propionic acid (Ilia), prepared in two 
steps from I and methyl 5-oxo-6-heptenoate (II), 
proved to be a key intermediate in a stereoselective 
ring A synthesis recently reported irom this labo­
ratory.1 Early preparations of the vinyl ketone II 
were characterized by low yields and poor quality 
which complicated the synthesis of I l ia  hi quan­
tity. These difficulties were eventually overcome, 
but the exploration of an alternative route to I l ia  
seemed advisable at the time. Some results of this 
investigation are reported herein. A good route to 
the unsubstituted tricyclic ketone I llb  was found, 
but the desired alternative synthesis of I l ia  was 
realized only in a formal sense.

Treatment of I with aqueous alkali and formal­
dehyde gave a good yield of a mixture of bicyclic 
methylene (IV) and methylol (V) ketones. Conden­
sation of IV with dihydroresorcinol using potas­
sium feri-butoxide as catalyst gave a 63% yield of 
the adduct Via. Hydrolytic cleavage of Via at one 
of the indicated points followed by cyclization of the 
resulting open chain keto acid would be expected 
to yield I lia  directly. Unfortunately, in agree­
ment with the observations of Wilds et. a l . ,2 2- 
monosubstituted 1,3-cyclohexanediones are quite 
enolic, and thus, are resistant to hydrolytic cleav­
age. In our case, only prolonged alkaline hydrolysis 
was sufficient to cleave Via. The maximum yield 
from Via to I l ia  was roughly 35%. Isolation of 
I l ia  was complicated by its poor crystallizing prop­
erties. A major side reaction to ring opening ap­
peared to be a reverse Michael reaction3 resulting 
in a large oily neutral fraction presumably derived 
from IV by a self-condensation. That the resistance 
of the 1,3-cyclohexanedione moiety of IVa to hy­
drolytic cleavage was due solely to its enol charac­
ter was shown by the fact that conversion to VIb 
gave a product cleaved readily by dilute alkali.

(1) L. B. Barkley, W. S. Knowles, H. Raffelson, and Q. E. 
Thompson, J . Am. Chem. Soc., 78, 4111 (1956).

(2) A. L. Wilds, J. Ralls, W. D. Wildman and K. E. 
McCaleb, J. Am. Chem. Soc., 72, 5794 (1950). See also 
Wilds, et al., U. S. Patent 2,674,627.

(3) For a discussion of the inverse Michael reaction see 
C. K. Ingold, Structure and Mechanism in Organic Chemistry, 
Cornell Univ. Press, Ithaca, N. Y., 1953; p. 695. Cf. also 
C. A. Grobe and W. Bauman, Helv. (’him. Acta, 38, 595
(1955); S. A. Julia, A. Eschenmoser, H. Heusser, and N. 
Tarkoy, Helv. Chim. Acta, 36, 1885 (1953); M. N. Tili- 
chenko, J. Gen. Chem. U.S.S.R., 25, 2503 (1955) for other 
recent examples.

The material resulting from this 1,3-diketone 
cleavage and subsequent cyclization was an impure, 
somewhat unstable noncrystallme keto acid whose 
gross structure appeared to be Vila. Conversion to 
the methyl ester and purification on alumina gave an 
oily ester (X^L 292 m ^e 17,000) in excellent agree­
ment with the ultraviolet spectrum (X^ax 292 mju, e 
19,800) for the thiophenyl substituted dienone 
chromophore VIII previously observed in connec­
tion with another study.4 Several attempts to de­
sulfurize V ila  to I l ia  were attended by consider­
able reduction of the dienone system, and even­
tually this approach was abandoned.

In contrast to the difficulties in the preparation 
of Ilia , the unsubstituted tricyclic ketone ( —) 
a n ti  -  tra n s  - 4,4a,4b,5,8,8a - hexahydro - 8a- 
methyl-2(3f/) phenanthrone (Illb) was obtained 
smoothly and in good yield by condensation of IV 
■with ethyl acetoacetate under the influence of a 
catalytic amount of potassium teri-butoxide. Ring 
closure and loss of water occurred immediately 
subsequent to addition of the keto ester to IV. The 
intermediate 3-carbethoxy ketone IIIc was hy­
drolyzed and decarboxylated to I llb  without iso­
lation. Presumably ketones similar to I llb  where 
R =  alkyl could also be prepared using /3-keto esters 
more complex than acetoacetic ester.

a. R = CH2CH2COOH, R ' = H
b. R =  H, R' =H
c. R =  H, R' = COOEt

a. R = H a. R = H
b. R = SPh b. R = CH3

VIII

E X P E R IM E N T A L

( — ) trans-4-a,5,8,8a-Tetrahydro-J,a-melhyl-l-methylene- 
2(1 H) naphlhalenone (IV) and ( —) trans-4a,5,8,8a-tetra- 
hijdro-4a-methyl-l-methylol-2(lH) naphthalenone (V). To 19

(4) W. S. Knowles and Q. E. Thompson, J . Am. Chem. 
Soc., 79, 3212 (1957).
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g. of the formyl ketone5 I in 110 ml. of water plus 40 ml. of 
36% aqueous formaldehyde at 5° was added over 2 hr. a 
solution of 4.5 g. of sodium hydroxide in 40 ml. of water. 
Vigorous agitation was maintained through the reaction 
period and for an additional 2 hr. Ether (150 ml.) was then 
added and the layers were separated. The aqueous layer 
was extracted once with 80 ml. of ether and discarded. The 
ether layers were combined, washed once with 50 ml. of 
water, and dried with “Drierite.” Removal of solvent gave
16.5 g. of a clear, pale yellow oil which was subjected to 
vacuum distillation. Two fractions of distillate were col­
lected 5.9 g., b.p. 119-123° (4 mm.) and 3.3 g., b.p. 124- 
145° (4 mm.). About 300 mg., the center portion of the first 
cut, was collected for analytical purposes. This material 
was good quality methylene compound IV, 238 my, 
e 8,500; [a]2D —287° (2% chloroform), as a clear mobile 
liquid when freshly distilled. Standing for several days, 
even at 0°, caused appreciable polymerization.

Anal. Calcd. for Ci2Hi40 : C, 82.73; H, 8.10. Found: 
C, 82.06; H, 7.83.

The pot residue crystallized on cooling. The crude brown 
material was dissolved in 200 ml. of ether and decolorized 
by filtering through a column of activated carbon (5 g.). 
The clear liquor resulting was concentrated to about 20 ml., 
cooled, and seeded. The first crop of crystalline methylol 
compound V amounted to 3.5 g., m.p. 76-77°. Recrystal­
lization once from ether-petroleum ether gave pure mate­
rial, m.p. 77-78°, [a] if -272° (2% chloroform).

Anal. Calcd. for Ci2Hi60 2: C, 74.98; H, 8.39. Found: C, 
74.71; H, 8.57.

(—) trans-1 (2,6-Dioxocyclohexylmethyl)-4a,5,8,8a-tetrahy- 
dro-4o.-methyl-2{lH)naphthalenone (Via). To a solution of 
5.93 g. of IV in 50 ml. of tert-butyl alcohol was added 4.0 g. 
of dihydroresorcinol6 and 3.5 ml. of 1 molar potassium tert- 
butoxide solution. The mixture was held at 55° for 16 hr. 
under nitrogen. The excess alcohol was removed in vacuo 
and the residue treated with 80 ml. of 0.5 molar sodium 
hydroxide solution. The alkaline solution was extracted 
once with 100 ml. of ether and the ether extract discarded. 
After acidifying with concentrated hydrochloric acid, the 
oil liberated was taken up in two 100-ml. portions of ether. 
The ether extracts were washed once with water, dried with 
“Drierite,” and the solvent removed. The residual oil (8.0 
g.) crystallized almost completely on cooling and trituration 
with ether. The first crop of crystals collected amounted to 
5.0 g., m.p. 113-115°, with a second crop of 1.12 g., m.p. 
100-108°, total yield of crystalline material, 63%. Re­
crystallization of first crop material twice from hexane gave 
pure Via, m.p. 115-116°; [aj2D5 —20.6°.

Anal. Calcd. for Ci8H2203: C, 75.50; H, 7.75. Found: C, 
75.90; H, 7.75.

This adduct was also prepared though in somewdiat lower 
yield (40-50%) using the purified methylol compound V or 
crude mixtures of IV and V. In these cases, the amount of 
potassium ferf-butoxide was increased to a slight excess 
over the molecular equivalents of methylol present.

( —) Anti-tram-2,3,4,4a,4b,5,8,8a-octahydro-8a-m.ethyl-2- 
oxophenanthrene-l-propionic acid (Ilia). Approximately 286 
mg. of adduct Via was refluxed under nitrogen for 24 hr. 
with 10 ml. of 0.5 molar sodium hydroxide solution. The 
reaction mixture was then cooled, 10 ml.- of water was 
added, and the solution extracted once with 30 ml. of ether. 
The ether extract was set aside and the aqueous phase 
acidified with concentrated hydrochloric acid. The oily 
keto acid liberated was taken up by extraction with two 30- 
ml. portions of ether which were combined, washed with 
water, and dried. Removal of solvent left 162 mg. of oily 
keto acid Ilia , as evidenced by its infrared spectrum. The 
crude oil showed an ultraviolet absorption maximum of

(5) L. B. Barkley, M. W. Farrar, W. S. Knowles, H. 
Raffelson, and Q. E. Thompson, J. Am. Chem. Soc., 76, 
5014 (1954).

(6) R. B. Thompson, Org. Syntheses, 27, 21 (1947).

289 m̂ i, e 17.000 as compared to the known maximum 
of Ami, 289 my, e 24,900 for pure Ilia . On the basis of this 
assay, the over-all yield of I lia  was 38%.

Isolation of pure crystalline I lia  from this crude product 
was accomplished by chromatography on alumina de­
activated with water (15%). About 75 mg. of crystalline 
acid, m.p. 98-101°, was obtained by elution of the column 
with wet benzene and ether. Infrared and ultraviolet ab­
sorption spectra of this material indicated its identity with 
I lia  prepared by our alternate route.1 In addition, a mixed 
melting point of 98-101° further established this fact.

trans-1 (l-Phenylthio-2,6-dioxocyclohexylmethyl)-4a,5,8,8a- 
tetrahydro-4a-methyl-2{lH) naphthaknone (VIb). A sus­
pension of 4.0 milliequivalents of potassium ¿eri-butoxide 
in anhydrous toluene was prepared by distilling out excess 
¿eri-butyl alcohol from a mixture of 4.3 ml. of 0.95 molar 
potassium feri-butoxide solution and about 100 ml. of boil­
ing anhydrous toluene. To this hot suspension was added 1.0 
g. of the adduct Via which was immediately converted to 
its insoluble potassium salt. Distillation was then continued 
until all of the alcohol had been removed. The yellow sus­
pension was cooled to 10° and treated with 580 mg. of 
benzenesulfenyl chloride.7 Reaction occurred almost im­
mediately, and the heavy precipitate was replaced by a fine 
precipitate of potassium chloride. After stirring at room 
temperature for an hour, dilute hydrochloric acid and a little 
benzene were added. The water layer was separated, ex­
tracted with benzene, and discarded. The organic layer 
was washed once with water and the solvent was removed. 
The residual light brown oil amounting to 1.64 g . crystal­
lized readily on trituration with ether. The first crop 
amounted to 520 mg., m.p. 161-164°, and chromatography 
of the residues on alumina gave another 100 mg. of product 
of similar quality. Several recrystallizations from benzene 
and ether gave pure material, m.p. 168-169°; A“1”, 231 my, 
e 19,300.

Anal. Calcd. for C24H260 3S: C, 73.06; H, 6.63; S, 8.13. 
Found: C, 72.80; H, 6.80; S, 8.50.

Alkaline cleavage of VIb. A mixture of 400 mg. of VIb and 
200 mg. of sodium acetate in 5 ml. of water and 10 ml. of 
methanol was treated at reflux with 2 ml. of 0.50 molar 
sodium hydroxide solution. The solid (VIb) began to dis­
solve slowly. After 4 hr., the yellow solution was cooled, 
water (50 ml.) and a little more base was added. The aqueous 
layer was extracted once with chloroform and the extract 
discarded. The acidic material in the aqueous phase was 
liberated by acidification with concentrated hydrochloric 
acid. A yellow oily acid separated. This was taken up in 
ether and washed. The solution was dried with “Drierite” 
and the solvent removed leaving 248 mg. of yellow glass. 
The acid was converted immediately to its methyl ester 
with diazomethane and the latter cleaned up by passing 
over a short column of alumina. The clear yellow oily ester 
showed absorption in the ultraviolet at A“1',  292 my, £ 
17,000. Although the infrared spectrum of the purified 
ester or the free acid derived from it by hydrolysis was 
that expected for Vllb and Vila, respectively; no crystal­
line material could be obtained.

(—) Anti-trans-4,4a,4b,5,8,8a-hexahydro-8a-methyl-2(8H)- 
phenanthrone (Illb). To a solution of 1.087 g. of freshly dis­
tilled methylene ketone IV in 20 ml. of ierf-butyl alcohol 
was added 1.04 g. of ethyl acetoacetate and 2 ml. of 1 molar 
potassium ¿erf-butoxide solution. The pale yellow solution 
was allowed to stand at room temperature under nitrogen 
for 48 hr. About 20 ml. of water was then added and most 
of the alcohol and water were slowly distilled out. Ethanol 
(20 ml.) and 20 ml. of 0.5 molar sodium hydroxide were 
added and alcohol and water again distilled out until the 
volume was reduced to about 15 ml. This residue was 
treated with 4 ml. of 6 molar hydrochloric acid and re­
fluxed for 30 min. The mixture was cooled and treated with 
20 ml. of water and 50 ml. ether. After separating the layers,

(7) H. Lecher and F. Holschneider, Ber., 57, 755 (1924).
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the water phase was extracted once with ether and dis­
carded. The ether layers were combined, washed with a 
little water, and dried with “Drierite.” The solvent was 
removed leaving 1.20 g. (90%) of a clear, yellow oil -which 
solidified completely when touched with a spatula, m.p. 97- 
98°. The crude material was recrystallized twice from 
hexane to obtain the analytical sample, m.p. 102.5-103.5°; 
A™„ 281 m,u, e 25,000; [a]1 2D5 —480° (2% chloroform). The 
infrared spectrum of this optically active ketone was iden­
tical with that of the racemic material first prepared by 
Woodward, et al.a

Anal. Calcd. for CisHigO: C, 84.06; H, 8.46. Found: C, 
84.24; H, 8.74.

O r g a n ic  C h e m ic a l  D iv is io n
S t . L o u is  R e s e a r c h  D e p a r t m e n t
M o n sa n to  C h e m ic a l  Co.
S t . L o u is , M o .

(8) See footnote number 25 of the paper by R. B. Wood­
ward, F. Sondheimer, D. Taub, K. Heusler, and W. M. 
McLamore, J. Am. Chem. Soc., 74, 4223 (1952).

O zonization o f C yclooctatetraene

N ic h o la s  A. M il a s , J o h n  T. N o l a n , J r.,1 a nd  P e t r u s  
Ph. H. L. O tto

Received August 27, 1957

Previous ozonizations of cyclooctatetraene in 
non-hydroxylic solvents led to the conclusion that 
it reacts with ozone through the fu'sed ring struc­
ture II.2 Although no physical evidence indicated the 
presence of this structure in equilibrium with 
cyclooctatetraene I, studies in bromination of I

I II

have demonstrated that certain cationic additions 
may proceed through this form.3 4''6 Furthermore, 
rearrangement reactions6 of cyclooctatetraene have 
been considered as typical homoallylic rearrange­
ments7 and for this reason ozonization reactions of 
this cycloolefin, under certain conditions, may be 
expected to proceed abnormally. I t  is therefore 
possible that the extremely low yields (1 to 2%) of 
the ozonization products reported by Wibaut and 
Sixma may have been due to abnormal rearrange­
ments and the conclusions drawn may not be en­
tirely valid.

Since we have already shown that abnormal
(1) From the Ph.D. Thesis of JohiiT. Nolan, Jr., Massa­

chusetts Institute of Technology, May, 1955.
(2) J. P. Wibaut and F. L. J. Sixma, Rec. trav. chim., 73, 

797 (1954).
(3) S. L. Friess and V. Boekelheidc, ■/. Am. ('hem. Hoc.., 

71, 4145 (1949).
(4) W. Reppe, O. Schlichting, K. Klager, and T. Toepel, 

Ann., 560, 1 (1948).
(5) K. Ziegler and H. Wilms, Ann., 567, 1 (1950).
(6) A. C. Cope, N. A. Nelson, and D. S. Smith, J. Am. 

Chem. Soc., 76, 1100 (1954).
(7) E. Vogel, Habilitationshrift, Karlsruhe, 1957.

ozonizations of allylic compounds proceed normally 
in hydroxylic solvents8 to give high yields of nor­
mal products, we felt that the ozonization of cyclo­
octatetraene in these solvents may give results in 
accordance with its normal structure.

Accordingly, therefore, freshly purified cyclooc­
tatetraene9 was ozonized in methanol under various 
conditions and the peroxide intermediate formed in 
each case reduced with sodium bisulfite and im­
mediately the 2,4-dinitrophenylhydrazone pre­
cipitated. The results of three independent experi­
ments are recorded in Table I.

TABLE I
O zo n iz a tio n  o f  C y c lo o c t a te tr a en e

Temp.,
°C.

C.O.T.,
Mmoles

O.,
Added,
Mmoles

0 2 Ab­
sorbed, 
Mmoles

Active 
(0), M 
Atoms

Glyoxal,
Mmoles

-16 .5 10.03 42.7 40.6 25.6 15.0
-2 0 10.00 80.0 — 49.0 22.0
-7 8 5.22 44.1 23.7 17.9 20.0

The rate with which cyclooctatetraene absorbed 
the first three moles of ozone was fairly constant, 
then the rate decreased and much of the ozone 
passed through unabsorbed during the addition of 
the last mole. Consequently the solution in the last 
two cases was overozonized purposely in order to 
insure complete reaction.

At the end of each experiment and after the dis­
solved ozone was removed by passing through 
the mixture dry nitrogen, the peroxide content of 
the solution was determined and the total active 
oxygen recorded in Table I, column five. At —20° 
the peroxide found was much more than the amount 
expected and the excess was attributed to methyl 
hydroperoxide and other peroxides10 which form 
from methanol after the olefin is completely con­
sumed. At —20° methanol absorbs ozone at the 
rate of 7.8 mmoles per hr. while at —78° the rate is 
negligible. However, the formation of peroxides 
from methanol does not affect our results since re­
duction of the pure ozonized methanol with 
aqueous sodium bisulfite gave no carbonyl com­
pounds.

Finally, the results shown in Table I indicate 
that, under the conditions of our experiments, 
cyclooctatetraene ozonizes in accordance with struc­
ture I rather than II as previously proposed.

E X P E R IM E N T A L

In 80 cc. of methanol was dissolved 1.042 g .  (0.01 mole) 
of freshly distilled cyclooctatetraene and the solution cooled 
to —20°. Ozone was then passed through the solution for 
two hr. at the rate of 0.04 mole per hr. Dry nitrogen was

(8) N. A. Milas and J. T. Nolan, Jr., Paper presented 
before the International Ozone Conference, Chicago, Novem­
ber 1956.

(9) We are indebted to Prof. A. C. Cope for the cyclo­
octatetraene used in this work.

(10) The structure of these peroxides is being investigated.
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then allowed to pass through the solution until the exit 
gases gave no test for ozone. The peroxide content of the 
solution was then determined and found to consist, of 40 
mmoles of active oxygen.

For the determination of glyoxal the following procedure 
was used. To 1 cc. of the ozonized cyclooctatetraene solu­
tion (measured at room temp.) was added 10 cc. of water 
containing 1 g. of sodium bisulfite and the mixture was 
treated with excess 2,4-dinitrophenylhydrazine reagent and 
heated on the water bath for 0.5 hr. From this was obtained
0.1142 g. of glyoxal bis-2,4-dinitrophenylhydrazone, m.p. 
316° (from pyridine) alone and when mixed with an authen­
tic sample. Jacobs and Witcher11 report m.p. 311-312° 
for this derivative. No other carbonyl products were 
isolated. Therefore the total yield of glyoxal from this 
experiment corresponds to 2.2 mmoles of glyoxal per mmole 
of cyclooctatetraene ozonized.

A ckn o w led g m en t. We are indebted to Lucidol 
Division of Wallace and Tiernan, Inc., for financial 
support of this investigation and to Miss Rachel H. 
Keto for the determination of the rate of ozone ab­
sorption by pure methanol at —20°.

C o n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  
o f  C h e m is t r y

M a ssa c h u se t t s  I n s t it u t e  o f  T e c h n o lo g y
C a m b r id g e  39, M a s s .

(11) T. L. Jacobs and W. J. Witcher, J. Am.. Chem. Soc.., 
64, 2635 (1942).

P olym eth y lo l1

C o r n e l iu s  C. U n r ijh  a nd  D o n a ld  A. S m ith  

Received September 6, 1957

The preparation of vinylene carbonate has been 
described as well as its polymerization product.2 
This same reference describes a hydrolysis product 
of the polymer as being water-soluble, and the 
statement is made that it is “undoubtedly —(CH- 
OH)„—”.3 4

This solubility behavior is inconsistent with the 
behavior of other polymeric materials having a 
regularly repeating sequence of hydroxyl functions 
along a long carbon chain. Pure poly(vinyl alcohol) 
of reasonably high molecular weight, for instance, 
is not soluble in cold water but is soluble in hot 
water. The solution on cooling is metastable, tend­
ing to gel on prolonged standing.

We have hydrolyzed poly(vinylene carbonate) 
under alkaline conditions to give a product whose 
solubility behavior is in line with that predicted for 
a polymer having the structure given.

—(CH—CH—)„

OH OH
(1) Communication No. 1916 from the Kodak Research 

Laboratories.
(2) M. S. Newman and R. W. Addor, J. Am. Chem. Soc., 

75, 1263 (1953).
(3) Since the manuscript was submitted, a paper on the 

hydrolysis of polyvinylene carbonate, by K. Hayashi and 
G. Smets, has appeared in J. Polymer Sci., 27, 281 (1958).

The carbonate was prepared by the method of 
Newman and Addor.2 The monomer was poly­
merized in a sealed tube at 75°, with 0.5% of 
benzoyl peroxide as catalyst. The hard, clear poly­
mer was dissolved in dimethylformamide and the 
solution poured into a large volume of distilled 
water. The white precipitate was washed with dis­
tilled water and dried at 50°. The inherent viscosity 
determined in dimethylformamide was 0.31. The 
poly(vinylene carbonate) was suspended in I N  
sodium hydroxide solution at room temperature, 
the polymer soon going into solution, and the hydro­
lyzed product precipitating out as a white powder 
about a minute later. This was filtered off, washed 
well with water, and dried.

A n a l. Calcd. for CH20:C, 40.0; H, 6.7. Found: 
C, 39.2; H, 7.2.

The filtrate obtained after hydrolysis on acidi­
fication generated carbon dioxide.

Polymethylol is insoluble in water up to 140° 
and in most organic solvents, swells in boiling di­
methylformamide, and is soluble in hot dimethyl 
sulfoxide, precipitating from this hot solution on 
cooling. A number of derivatives could be prepared 
by reaction in hot dimethyl sulfoxide, including the 
acetate, cinnamate, and phenyl urethane.

A possible explanation for the inconsistence re­
garding solubility may be found in the fact that 
partially esterified poly(vinyl alcohol) and cellulose 
are water-soluble (or at least more hydrophilic), 
whereas the parent alcohols are insoluble in cold 
water. By analogy, it could be argued that the 
hydrolysis product obtained by Newman and Ad­
dor might have been an incompletely hydrolyzed 
poly (vinylene carbonate).

E a stm a n  K od a k  C o .
R o c h e s t e r  4, N. Y.

A C onvenient Synthesis o f G lutaconic Ester

H o w ard  J. S c h a e f f e r  an d  B . R. B a k e r 1

Received September 11, 1957

Glutaconic ester has frequently been prepared2-4 
by procedures which employ acetonedicarboxylic 
ester, a compound which is cumbersome to prepare 
but which has recently become commercially 
available.5 In the most recent procedure,3 a good 
yield (67%) of glutaconic ester was reported. 
However, the yields were variable since the re­
quired high pressure catalytic hydrogenation of 
acetonedicarboxylic ester was difficult to repro­
duce; the hydrogenation was sensitive to the age of 
the catalyst and to its method of preparation.

(1) Present address: Stanford Research Institute,
Menlo Park, Calif.

(2) H. v. Peckmann and K. Jenisch, Per., 24, 3250 (1891).
(3) H. L. Lochte and P. L. Pickard, J. Am. Chem. Soc., 

68, 721 (1946).
(4) C. Grundmann and H. Paul, Chem. Ber., 86,186 (1953).
(5) Available from Chas. Pfizer Co., Brooklyn, N. Y.
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We have now developed a convenient three-step 
synthesis of glutaconie ester with an over-all yield 
of 63-75% by the following procedure. The com­
mercially available diethyl ethoxymethylenemalo- 
nate6 was condensed with malonic ester. The result­
ing tetraester was hydrolyzed and decarboxylated 
with dilute hydrochloric acid, and the crude gluta- 
conic acid which resulted was esterified by the 
usual procedure.

E X P E R IM E N T A L

Diethyl glutaconate. To a solution of 23.0 g. (1.00 mole) of 
sodium in 300 ml. of absolute ethanol was added 160 g. 
(1.00 mole) of diethyl malonate, followed by 216 g. (1.00 
mole) of diethyl ethoxy methylenemalonate.6 After the 
mildly exothermic reaction73 was complete, the reaction 
mixture was allowed to stand at room temperature for 24 
hr. during which time the red solution solidified. A mixture 
of acetic acid (150 ml.), concentrated hydrochloric acid (100 
ml.), and water (11 .) was added, and the solution was ex­
tracted with benzene. The benzene was removed from the 
extract in vacuo,7b and the liquid residue was refluxed with 
dilute (1:2) hydrochloric acid (300 ml.) for 24 hours. The 
water and other volatile materials were removed in vacuo;7b 
the residue was dissolved in absolute ethanol, dried with 
magnesium sulfate, filtered, and again concentrated in 
vacuo.7 b The residue was dissolved in absolute ethanol (300 
ml.); 6 ml. of concentrated sulfuric acid was added, and the 
solution was refluxed overnight. The reaction mixture was 
processed in the usual manner and gave 117 g. (63.0%) of 
diethyl glutaconate3; b.p., 84-87°/0.5 mm., ra2D° 1.4448, 
The diester was hydrolyzed to give glutaconie acid,8’9 m.p. 
136-137°; neut. equiv., 65.0 (ealed. 65.1).

From a second preparation a 75% yield of diethyl gluta­
conate was obtained.

K e t t e r in g - M e y e r  L a b o r a t o r y 10 1
S o u t h e r n  R e s e a r c h  I n s t it u t e
B ir m in g h a m , A l a .

(6) Available from Kay-Fries Chemicals, Inc., New York, 
N. Y.

(7) (a) L. Claisen, Ann., 297, 1 (1897). (b) The pressure 
was not measured but it was obtained with the aid of a 
water pump.

(8) E. Buchner, Ber., 27, 881 (1894).
(9) B. M. Iselin and Iv. Hoffmann, J. Am. Chem. Soc., 

76, 3220 (1954).
(10) This work was supported by funds from Mead John­

son and Co., Evansville, Ind.

Stereochem istry o f  the  
Cyclopen tad iene-Itaconic  

Anhydride Adduct

R ic h a r d  K . H il l  a n d  T h o m a s  Y . v an  A u k e n 1 

Received September 20, 1957

I t has recently been reported2 that the Diels- 
Alder addition of methacrylic acid to cyclopenta- 
diene yields a mixture of isomeric products, in

(1) Taken from a thesis presented by T.V.A. to the 
Department of Chemistry, Princeton University, 1957, in 
partial fulfillment of the requirements for the B.A. degree.

(2) J. S. Meek and W. B. Trapp, J. Am. Chem. Soc., 79, 
3909 (1957).

which the aduct with the e.ro-carboxyl predominates 
in violation of the rule3 of maximum overlap of 
unsaturation. We wish to report that an even more 
striking violation of this principle occurs in the 
addition of cyclopentadiene to itaconic anhydride. 
After this work was complete, we learned4 that 
Drs. B. E. Tate and A. Bavley, of Chas. Pfizer and 
Co., had carried out a thorough investigation of the 
cyclopentadiene-itaconic acid addition,5 6 7 8 so we are 
presenting here a brief summary of our findings.

The adduct (I) of cyclopentadiene and itaconic 
anhydride was one of the first prepared by Diels 
and Alder6 in their study of the diene addition. 
I t  was hydrolyzed to a diacid, but no evidence was 
presented to permit a decision between the alterna­
tive configurations Ha and lib .

I t  has now been found that treatment of the di­
acid with iodine-bicarbonate solution7 results in the 
formation of an iodo-lactone. A clear decision be­
tween the formulas I lia  and IU b can be made on 
the basis of the infrared spectrum, which shows two 
peaks in the carbonyl region, a t 5.80/1 and 5.92/1 
(Nujol). The latter is assigned to the carboxyl 
group, while the former can be due only to a six- 
membered lactone, since y-lactones of this series 
have been shown8'9 to absorb at 5.61-5.69^. The 
methyl ester (IV) of the iodo-lactone also shows two

IVa. R = CH3

CH2COOR

COOH 
lib. R = H 
Vb. R = CH3

lb.

CH2COOR

O —0 = 0
IUb. R = H 
IVb. R = CH3

(3) K. Alder and G. Stein, Ann., 514, 1, 197 (1934).
(4) Private communication from Dr. B. E. Tate.
(5) B. E. Tate and A. Bavley, Abstracts of Papers, 132nd 

Meeting of the American Chemical Society, New York, 
September, 1957, 40P; J. Am. Chem. Soc., 79, 6519 (1957).

(6) O. Diels and K. Alder, Ann., 460, 98 (1928).
(7) A method first used in the bicyclic series by C. S. 

Rondestvedt, Jr., and C. D. Ver Nooy, J. Am. Chem. Soc., 
77, 3583, 4878 (1955).

(8) J. A. Berson, J. Am. Chem. Soc., 76, 4975 (1954).
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peaks, a t 5.77p  and 5.82p  (CS2), neither of which 
is consistent with the 7 -lactone structure Illb . 
The iodolactone is thus I lia , and the aduct la, the 
result of e:ro-addition of the conjugated carboxyl.

Added support for this conclusion is the following: 
a monomethyl ester can be formed by methanolysis 
of the anhydride, which must have the structure 
Ya or Yb resulting from attack of methanol at the 
less hindered carbonyl. 10 This monoester does no t 
form an iodo-lactone under the conditions used for 
the diacid. This can mean only that the ester is 
Va, in which lactone formation is sterically pro­
hibited, and the adduct is consequently la.

E X P E R IM E N T A L

Iodolactone (Ilia). Diacid Ila6 (1.0 g.) was dissolved with 
warming in a solution of 1.3 g. of sodium bicarbonate 
in 30 ml. of water. After cooling to room temperature, a 
solution of 2.5 g. iodine and 5.0 g. potassium iodide in 15 
ml. of water was added, and the mixture kept in the dark 
for 24 hr. I t was then filtered, the filtrate acidified with 
dilute hydrochloric acid, and treated with stannous chlo­
ride until the iodine color disappeared. The solution, on 
standing, deposited 1.5 g. of the iodo-lactone which, after 
two recrvstallizations from ethanol, melted at 212.5-214°.

Anal. Calcd. for ClflH „04I: C, 37.29; H, 3.45; I, 39.39; 
Mol. wt. 322.1. Found: C, 37.23; H, 3.48; I, 39.23; Mol. wt.
318.7 (conductometric titration).

The iodo-lactone methyl ester (IVa) was formed with 
ethereal diazomethane, and reerystallized twice from ether, 
m.p. 97-99°.

Anal. Calcd. for CnHi30 4I: C, 39.30; H, 3.89. Found: 
C, 39.42; H, 4.00.

Monomethyl ester (Va). Five grams of the anhydride (la) 
was dissolved in 50 ml. of methanol and allowed to stand 
at room temperature for several days. Evaporation of the 
methanol left a clear sirup, which slowly crystallized on 
standing. After three recrystallizations from ether, it melted 
at 58-61°.

Anal. Calcd. for CnHi40 4: C, 62.85; H, 6.71. Found: 
C, 62.80; H, 6.76.

A ckno w led g m en t. We are grateful to Dr. B. E. 
Tate for forwarding his results to us before publi­
cation, and acknowledge also helpful discussions 
with Dr. Paul Schleyer.

F r ic k  C h e m ic a l  L a b o r a to r y
P r in c e t o n  U n iv e r s it y
P r in c e t o n , N. J .

(9) A. Winston and P. Wilder, Jr., J. Am. Chem. Soc., 
76, 3045 (1954).

(10) M. S. Newman, Steric Effects in Organic Chemistry, 
Wiley, New York, 1956, p. 228.

P latinum -C atalyzed  Addition o f  
T riethylsilane to  M ethyl M ethacrylate

J a m es  W. C u r r y  a nd  G e o r g e  W. H a r r is o n , J r .

Received. September 27, 19.57

The addition of an Si—H compound to a ter­
minally unsaturated organic compound generally

proceeds with attachment of the silicon atom to the 
end carbon.1-7 However, Goodman and his col­
laborators8'9 found that in the presence of a plati­
num-on-carbon catalyst methyldichlorosilane adds 
to methyl acrylate in the reverse sense to yield 
methyl a-(methyldichlorosilyl)propionate. Other 
reports of “reverse” Si—H addition have appeared 
in the recent chemical literature.10-16

Goodman’s initial communication8 prompted us 
to examine the effect of an a-methyl group in the 
a,/3-unsaturated ester. Accordingly, triethylsil­
ane and methyl methacrylate were caused to react 
in the presence of platinum-on-carbon. There was 
obtained in 30.6% yield a 1:1 adduct. By means of 
nuclear magnetic resonance spectral analysis the 
structure of the new compound was established as 
methyl a-methyl-d-(triethylsilyl)-propionate (I).

(CH3CH2)3SiCH2CHC02CH3

¿ h 3
I

In the NMR spectrum there was found a six-line 
pattern which was attributed to a single proton, 
spin-spin coupled to five particles of spin 1/ 2. The 
attached methyl group was deemed responsible for 
three of these particles, and the other two were con­
sidered to arise from the methylene group joined to 
silicon. Moreover, the absence of a resonance peak 
assignable to two equivalent methyl groups on a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(1) L. H. Sommer, E. W. Pietrusza, and F. C. Whit­
more, J. Am. Chem. Soc., 69, 188 (1947).

(2) E. W. Pietrusza, L. H. Sommer, and F. C. Whit­
more, J. Am. Chem. Soc., 70, 484 (1948).

(3) A. J. Barry, L. DePree, J. W. Gilkey, and D. E. 
Hook, J. Am. Chem. Soc., 69, 2916 (1947).

(4) A. J. Barry, L. DePree, and D. E. Hook (to Dow 
Chemical Co.), U. S. Patent 2,626,268, January 20, 1953.

(5) C. A. Burkhard and R. H. Krieble, J . Am. Chem. Soc., 
69, 2687 (1947).

(6) G. H. Wagner and C. O. Strother (to Union Carbide 
and Carbon Corp.), U. S. Patent 2,632,013, March 17, 
1953.

(7) G. H. Wagner (to Union Carbide and Carbon Corp.), 
U. S. Patent 2,637,738, May 5, 1953.

(8) L. Goodman, Stanford Research Institute, Menlo 
Park, Calif., private communication, June 21, 1956.

(9) L. Goodman, R. M. Silverstein, and J. N. Shoolery, 
J. Am. Chem. Soc., 78, 4493 (1956).

(10) L. Goodman, R. M. Silverstein, and A. Benitez, 
J. Am. Chem. Soc., 79, 3073 (1957).

(11) J. L. Spe:er, J. A. Webster, and G. H. Barnes, J. 
Am. Chem. Soc., 79, 974 (1957). These investigators reported 
that the platinum-catalyzed addition of methyldichloro­
silane to methyl acrylate gives both of the possible adducts. 
(However, in their more recent paper, Goodman et al. 
indicated that they might also have obtained some of the 
“normal” addition product. See reference 10.)

(12) L. H. Sommer, F. P. MacKay, O. W. Steward, 
and P. G. Campbell, J. Am. Chem. Soc., 79, 2764 (1957).

(13) S. Nozakura and S. Konotsune, Bull. Chem. Soc. 
Japan, 29, 326 (1956). These workers also found that by 
modifying their reaction conditions they could cause ter­
minal attachment of silicon. See reference 14.

(14) S. Nozakura and S. Konotsune, Bull. Chem. Soc. 
Japan, 29, 322 (1956).

(15) S. Nozakura, Bull. Chem., Soc. Japan, 29, 784
(1956).
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carbon joined at once to a silicon atom and a car­
bonyl group provided added support for I by pre­
cluding the isomeric structure, methyl a-methyl-a- 
(triethylsilyl)propionate.

The a-rnethyl group thus influences the reaction 
in the direction of “normal” addition. I t is inter­
esting to note that both Speier et a l . ,n  and Sommer 
et a l .12 obtained similar results with methyldichloro- 
silane and certain methacrylate esteis.

E X P E R IM E N T A L 16-15

Addition of triethylsilane to methyl methacrylate. A mixture 
of 20.0 g. (0.172 mole) of triethylsilane, 17.2 g. (0.172 mole) 
of methyl methacrylate, and 0.17 g. of a 0.06% platinum- 
on-carbon catalyst’ was heated under reflux for a period of
115.5 hr., during which time the temperature rose from 97 
to 150°. The reaction mixture was allowed to cool to room 
temperature, ether was added, and the catalyst was removed 
by filtration. (There remained in the reaction vessel 10.8 g. 
of a polymeric substance which was not further investi­
gated.) The combined filtrate and ether washings were 
dried over anhydrous sodium sulfate, and the solvent was 
removed by distillation. Repeated fractionation of the liquid 
residue gave, ultimately, methyl c--methyl-/3-(triethylsilyl)- 
propionate, b.p. 117-120° (23 mm.), n2D5 1.4413-1.4421, 
yield 11.4 g. (30.69))). An analytical sample exhibited the 
following properties: b.p. 119.5-120° (23 mm.), n2D5 1.4421, 
dlB 0.8905.

Anal. Calcd. for CnH210 2Si: C, 01.05; H, 11.18; mol. wt., 
216; MRd. 64.48. Found: C, 60.90; H, 11.14; mol. wt. 
(Rast), 192; MRu, 64.31.

The proton magnetic resonance spectrum was determined 
using the Varian Associates High Resolution Spectrometer 
(V-4300B), operated at 40 me. anc. 9394.7 Gauss.

A ckno w led g m en t. The authors are grateful to the 
Dow Corning Corporation for financial support of 
this work and to Mr. Robert, C. Jones of Varian 
Associates, Palo Alto, Calif., for running and in­
terpreting the NMR spectrum discussed in this 
paper.

D e p a r t m e n t  o f  P h y s i c a l  S c ie n c e s

U n i v e r s i t y  o f  C a l i f o r n i a

S a n t a  B a r b a r a  C o l l e g e

G o i .e t a , C a l i f .

(16) Boiling points are uncorrected.
(17) The microanalysis was performed by Dr. Adalbert 

Elek, Elck Microanalvtical Laboratories, Los Angeles, 
Calif.

(18) The calculated molar reflactivity was computed 
from bond refractivity values listed in the following refer­
ences: A. I. Vogel, W. T. Cresswell, G. H. Jeffery, and J. 
Leicester, Cheni. & Ind. {London), 1950, 358; A. I. Vogel, 
W. T. Cresswell, and J. Leicester, J . Phys. Cheni., 58, 174 
(1954).

Som e A'-Arjlated Ileterocycles as Liquid  
Scintillator Solutes

H e n r y  G i l m a n , E u g e n e  A. W e i p e r t , R a l p h  O .  R a n c h , 

a n d  F. N e w t o n  H a y e s

Received September 23, 1957

In order to gain some insight into the effect of 
the point of attachment of polyaryls on their effi­

ciency as liquid scintillator solutes, a number of N -  
aryl heterocycles and related amines have been 
screened for this purpose (Table I). Although some 
of the values are out of line with closely related 
compounds, a few structural relationships are begin­
ning to emerge.

TABLE I
P r i m a r y - S o l u t e  R e l a t i v e  P u l s e  H e i g h t s

No. Compound

Relative
Pulse

Heights

1. 4-Biphenylyldipheny lamine 0.39a
2. Bis-4-biphenylylamine 0.95a
3. Bis-4-biphenylylphcnylamine 0.61a
4. Tris-4-bipheny Riamine 0.58a
5. 9-Phen vicar bazole 0.24"
6. 9-(4-Bipheny ly 1 icari mole 0.35"
7. p-Bis(9-carbazoly 1 )1 lenzene 0.276
8. 4,4'-Bis(9-carbazolyl)biphenyl 0 .936
9. Phenoxazine < 0 . 10°

10. 10-Phenylphenoxazine < 0 . 10c
11. 10-Benzylphenoxazine 0 . 10c
12. 10-( 2-Bromophenyl (phenoxazine < 0 . 10c
13. 10-(4-Bromopheny 1 (phenoxazine < 0 . 10c
14. 10-(4-Biphenylyl)phenoxazine < 0 . 10í
15. ¡o-Bis-( 10-phenoxazy 1 )benzene < 0 . 10c
16. 4,4'-Bis(10-phenoxazyl)biphenyl <0  10c
17. 10-AUylphenot hiazine < 0 . 10d
18. 10-Phenvlphenothiazine < 0 . 10f
19. lO-Phenylphenothiazine-5-oxide COHO'*
20. 10-Phenylphenothiazine-5,5-dioxide < 0 . 10/
21. .10-(o-Tolyl (phenothiazine < 0 . 10"
22. 10-(4-Biphenyhd (phenothiazine < 0 . 10"
23. p-Bis-(10-phenothiazinyl)benzene COlO*
a J. Piccard, Helv. Chim. Acta, 7, 789 (1924). b H. Gilman 

and J. B. Honeycutt, J. Org. Chem., 22, 226 (1957). c H. 
Gilman and L. O. Moore, J. Am. Chem. Soc., 79, 3485
(1957). d H. Gilman and D. A. Shirlev, J. Am. Chem. Soc., 
66,888 (1944).e H. Gilman, P. R. Van Éss, and D. A. Shirley, 
J. Am. Chem. Soc., 66, 1214 (1944). ^C. Finzi, Gazz. chim. 
ital., 62, 175 (1932). 0 H. Gilman, R. D. Nelson, and J. F. 
Champaigne, Jr., J. Am. Chem. Soc., 74, 4205 (1952). 
h See Experimental.

The three heterocycles under consideration, 
carbazole (I), phenothiazine (II) and phenoxazine
(III), differ only in the manner of bridging two 
benzene rings bonded to the same nitrogen atom. 
Derivatives of the sulfur heterocycle, II, were ex­
pected to have poor values on the basis of a previous

investigation,1 and, in fact, gave no values at all; 
the corresponding oxidized derivatives (Com­
pounds 19 and 20) also fail to respond. The phen­
oxazine derivatives give no measurable pulse height, 
but this may be a side effect attributable to the per­
sistent color of these derivatives, which probably

(1) F. N. Hayes, D. G. Ott, V. N. Kerr, and B. S. Rogers, 
Nucleonics, 13, No. 12, 38 (1955).
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results in some self-quenching.1 2 It has been pre­
viously noted in the case of dibenzofuran and di- 
benzo-p-dioxin3 that the direct union of two ben­
zene rings in a heterocycle, provides a more efficient 
scintillator nucleus than the corresponding hetero­
cycle with an oxygen bridge. This is clearly con­
firmed in the comparison of derivatives of I and II. 
The 9-aryl carbazoles give values ranging from 0.24 
to 0.93 (Compounds 5 through 9) while exactly 
analogous phenoxazine derivatives (Compounds 10, 
14, 15, and 16) all fail to respond within the sensi­
tivity of the instrument. The amine related to Com­
pounds 5 and 9, triphenylamine, has been reported4 
to have a very low value (about 0.06 on our scale), 
markedly lower than that of 9-phenylcarbazole.
4-Biphenylyldiphenylamine (Compound 1) on the 
other hand has a slightly higher value than the 
corresponding carbazole derivative (Compound 6).

The synthetic methods employed in the prepara­
tion of these compounds are listed in the footnotes 
to Table I and appear to be completely general. 
An extension of these methods may prove reward­
ing in view of the fact that Compound 8 with six 
benzene rings is soluble to the extent of about 5 
g./l. in toluene. A number of promising scintillator 
solutes, notably l,4-di[2-(5-phenyloxazolyl)]ben- 
zene and 2,5-di(4-biphenylyl)oxazole,6 have been 
relegated to use as secondary solutes because of 
poor solubility in toluene.

The values reported in Table I were measured in 
the pulse height analyzer previously described,1 
and all were measured at a concentration of 3 g./l. 
in toluene except compound 16, which, due to 
limited solubility, was measured as a saturated 
solution. All values are relative to 2,5-diphenyl- 
oxazole which is assigned the arbitrary value of 1.00.

E X P E R IM E N T A L 6

10-{4-Biphenylyl)phenothiazine. Twenty grams (0.10 mole) 
of phenothiazine, 35 g. (0.15 mole) of 4-bromobiphenyl, 12 
g. (0.11 mole) of anhydrous sodium carbonate, and 1 g. of 
copper powder were stirred at 150-160° for 16 hr. After 
this period the temperature was raised to 200° where it was 
maintained for an additional 4 hr. Steam distillation of the 
mixture afforded 15 g. (43%) of unreacted 4-bromobiphenyl. 
The undistilled residue was extracted with benzene, and 
this solution was chromatographed on alumina and eluted 
with more benzene. Evaporation of the eluate left 29 g. of 
hard resinous solid, melting at 140-170°. Two crystalliza­
tions from an acetone-water pair afforded 20 g. (57.5%) 
of pale yellow powder, melting at 174-178°.

Anal. Calcd. for C24H17NS: S, 9.12. Found: S, 9.24, 9.37.

(2) For discussion of this phenomenon see (a) V. N. Kerr, 
F. X. Haves, and D. G. Ott, Intern. J . Appl. Radiation and 
Isotopes, i, 284 (1957); (b) D. G. Ott, F. N. Hayes, E. Hans- 
bury, and V. N. Kerr, J. Am. Chem. Soc., 79, 5448 (1957).

(3) H. Gilman, E. A. Weipert, J. J. Dietrich, and F. N. 
Hayes, J. Org. Chem., in press.

(4) H. Kallman and M. Fürst, Nucleonics, 8 , No. 3, 32 
(1951).

(5) F. N. Haves, D. G. Ott, and V. N. Kerr, Nucleonics, 
14, No. 1, 42 (1956).

(6) Melting points are uncorrected.

p-Bis(10-phenothiazinyl)henzene. Twenty-four grams (0.12 
mole) of phenothiazine, 16.5 g. (0.05 mole) of p-diiodo- 
benzene, 12 g. (0.11 mole) of anhydrous sodium carbonate, 
and 1 g. of copper powder were stirred at 200° for 12 hr. 
During this period it was necessary to scrape the sublimed 
p-diiodobenzene from the sides of the reaction vessel in 
order to return it to the reacting mass. After cooling to 
room temperature the solid was crushed and extracted with 
five 200-ml. portions of benzene. The benzene was removed 
and the residue was extracted with three 20-ml. portions 
of absolute ethanol to remove unreacted p-diiodobenzene 
and phenothiazine. The remaining material was chro­
matographed on alumina using benzene as solvent and 
eluant. Removal of the solvent from the eluate left 18 g. of 
material melting at 248-250°. Recrystallization from 
benzene gave 16 5 g. (70%), m.p. 253-255°.

Anal. Calcd. for C311H2UN2S2: S, 13.57. Found: S, 13.70, 
13.70.

A ckn o w led g m en t. This work was supported by 
the U. S. Atomic Energy Commission under Con­
tract No. A T (ll-l)-59 . The authors are indebted to 
Drs. Wright H. Langham and Donald G. Ott of the 
Los Alamos Scientific Laboratory for their interest 
and helpful suggestions, to Vernon N. Kerr and 
Elizabeth Hansbury, also of the Los Alamos Scienti­
fic Laboratory, for technical assistance and to Drs. 
Julian B. Honeycutt and Leonard O. Moore of 
Iowa State College for samples of many of the 
compounds tested.

Ames, I owa

Rearrangem ent in  the R eactions o f  
p-IIa loto luenes w ith  P otassium  A nilide1

F r a n c o  S c a r d i g l i a  a n d  J o h n  D. R o b e r t s

Received September 24, 1957

In recent years it has been shown that alkali 
amides in liquid ammonia2-4 and refluxing piperi­
dine5’6 and organolithium compounds7’8 react with 
non-activated aryl halides by the way of benzyne
(I) intermediates. Strong bases and nucleophiles 
in liquid ammonia react with aryl halides in liquid

(1) (a) Taken in part from the Ph.D. thesis of Franco 
Scardiglia, California Institute of Technology, 1957; (b) 
This research was supported in part by a grant from The 
Petroleum Research Fund administered by the American 
Chemical Society. Grateful acknowledgment is hereby made 
to the donors of said fund.

(2) J. D. Roberts, D. A. Semenow, H. E. Simmons, Jr., 
and L. A. Carlsmith, J. Am. Chem. Soc., 78, 601 (1956).

(3) J. D. Roberts, C. W. Vaughan, L. A. Carlsmith, and 
D. A. Semenow, J. Am. Chem. Soc., 78, 611 (1956).

(4) J. D. Roberts, H. E. Simmons, Jr., L. A. Carlsmith, 
and C. W. Vaughan, J. Am. Chem. Soc., 75, 3290 (1953).

(5) J. F. Bunnett and T. K. Brotherton, J. Am. Chem. 
Soc., 78, 155 (1956).

(6) J. F. Bunnett and T. K. Brotherton, J. Am. Chem. 
Soc., 78, 6265 (1956).

(7) E. Jenny and J. D. Roberts, Helv. Chim. Acta, 38, 
1248 (1956).

(8) R. Huisgen and H. Rist, Naturwiss., 41, 358 (1954); 
Ann., 594, 137 (1955).
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H

H
I

ammonia only in the presence of alkali amides.9 10 11 12“13 
Sodium and potassium hydroxides react with aryl 
halides only at very elevated temperatures14 15 16“ 17 
and when the reaction temperature and the base 
concentration are reduced, the reaction mechanism 
may change from elimination-addition to direct 
substitution.14

Sodium and potassium anilides do not react with 
halobenzenes in liquid ammonia, but potassium 
anilide and potassium diphenylamide are reported 
to react with bromobenzene at elevated tempera­
tures18 to give diphenylamine and triphenylamine, 
respectively. An improved procedure for this type 
of reaction has been developed and applied to the 
preparation of diphenylamine and tolylphenyl- 
amines. In order to gain some information regard­
ing the mechanism of such a reaction, p-chloro-, 
p-bromo- and p-iodotoluenes were treated with po-

TABLE I
P r o d u c t s  f r o m  t h e  R e a c t i o n  o f  ¡d- H a l c t o l u e n e s  w i t h  

P o t a s s i u m  A n i l i d e

c h 3 c h 3

X

Total
Yield,

%
Meta,

%
Para,

0//c
Cl 53 53 ±  3 47 ±  3
Br 50 53 ±  3 47 ±  3
I 43 52 ±  3 48 ±  3

(9) F. W. Bergstrom, R. E. Wright, C. Chandler, and 
W. A. Gilkey, J. Org. Chem., 1, 170 (1936).

(10) R. É. Wright and F. W. Bergstrom, J. Org. Chan.,
I, 179 (1936).

(11) R. A. Seibert and F. W. Bergstrom, J. Org. Chem., 
10, 544 (1945).

(12) F. W. Bergstrom and R. Agostinho. J. Am. Chem. 
Soc., 67, 2152 (1945).

(13) P. H. Dirstine and F. W. Bergstrom. J. Org. Chem.,
II, 55 (1946).

(14) A. T. Bottini and J. D. Roberts, J. Am. Chem. Soc., 
79, 1458 (1957).

(15) J. E. Meharg and I. Allen, J. Am. Chem. Soc., 54, 
2920 (1932).

(16) R. A. Shreve and C. J. Marsel, Ind. Eng. Chem., 38, 
254 (1946).

(17) A. Liittringhaus and D. Ambros, Ber., 89, 463 
(1956).

(18) V. Mertz and W. Weith, Ber., 6, 1511 (1873).
Similar reactions have been reported by E. C. Britton and
and H. R. Slagh [U. S. Patent 1,882,759, Chem. Absts., 
27, 731 (1933)] to yield 2-aminobiphenyl as well as di­
phenylamine. Products of the former type were not in­
vestigated in this research.

tassium anilide in refluxing aniline. Mixtures of 
p- and TO-tolylphenylamines resulted which were 
analyzed by means of infrared spectroscopy. The 
results are summarized in Table I.

If direct substitution were competing with elim­
ination-addition, the ratios of the two isomers 
should be different for the three p-halotoluenes.2 
The fact that all three p-halotoluenes give essen­
tially the same product mixtures is strong evidence 
that these substitutions proceed exclusively by the 
way of a benzyne-type intermediate. I t  cannot be 
excluded, however, that in the case of p-iodotoluene 
a small amount (about 2%) of direct displacement 
takes place; the analytical procedure, however, was 
not precise enough to verify this fact.

In order to determine whether alkoxides react 
with non-act,ivated aryl halides by the way of a 
benzyne intermediate, the reaction between sodium 
cyclohexoxide and bromobenzene in refluxing cv- 
clohexanol was investigated. I t was found, however, 
that after 3 days the reaction had proceeded to an 
extent of less than 10%.

E X P E R IM E N T A L

Potassium anilide with bromobenzene. Potassium anilide 
was prepared by adding 4.2 g. (0.107 mole) of potassium 
metal to 250 ml. of refluxing aniline. Bromobenzene (20 g., 
0.128 mole) was added and the solution heated under reflux 
for 2 hr. At the end of this time, the reaction mixture was 
allowed to cool and ethanol was cautiously added. Hexane 
and ether were added; the mixture was washed with water 
and the solvents evaporated. The residue was distilled 
through a semimicro column.19 Diphenylamine (11.0 g., 
60%), m.p. 49-52°, whose infrared spectrum was identical 
with the spectrum of an authentic sample of diphenyl­
amine, was obtained.

Reaction of potassium m- and p-toluidides with bromo­
benzene. The reaction conditions were the same as above. 
Five grams (0.128 mole) of potassium and 30 g. (0.198 
mole) of bromobenzene were used. The yield of crude m- 
tolylphenylamine was 14.5 g. (61.5%), the yield of p- 
tolylphenylamine was reduced by mechanical losses to 6.2 
g. (26%). The products were purified by precipitation with 
anhydrous hydrogen chloride in ether, followed by treat­
ment with water, extraction with ether, and recrystalliza­
tion from pentane. The purified m-tolylphenylamine had 
m.p. 28.5-29.5°, lit.,20 30°. p-Tolvlphenvlamine had m.p.
87.5-88.5°, lit.,20 89°.

Reaction of potassium diphenylanilide with bromobenzene. 
To 25 g. (0.148 mole) of diphenylamine in 250 ml. of reflux­
ing xylene was added 4.0 g. (0.10 mole) of potassium. The 
reaction was very slow, and even after 4 hr. of refluxing 
about 20% of the potassium was still unreacted. Bromo­
benzene (30 g., 0.198 mole) was added, and the reaction 
mixture was heated under reflux for 18 hr. Ethanol and a 
small amount of water were added; the organic layer was 
washed with water, dried over anhydrous magnesium sul­
fate, saturated with anhydrous hydrogen chloride, and 
filtered. The filtrate was evaporated and the residue re­
crystallized from ethyl acetate. Crude triphenylamine (1.0 
g., 2.7%) was obtained. After several rec.rystallizations 
from ethyl acetate—ethanol, 500 mg. of pure product, m.p.
126-127°, undepressed by admixture with an authentic 
sample of triphenylamine, was obtained.

(19) C. W. Gould, Jr., G. Holzman, and C. Niemann, 
Anal. Chem., 20, 361 (1948).

(20) F. Ullmann, Ann., 355, 312 (1907).
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Reaction of p-chloro-, p-bromo- and p-iodotoluenes with 
potassium anilide. Potassium (5.6 g., 0.144 mole) was added 
to 250 ml. of refluxing aniline. The appropriate p-halo- 
toluene (0.10 mole) was added, and the reaction mixture 
was heated under reflux for 15 min. Water was cautiously 
added to decompose the unreacted bases. Ether was added, 
the organic layer was washed several times with dilute hydro­
chloric acid, dried over anhydrous magnesium sulfate, and 
saturated with anhydrous hydrogen chloride. The precipi­
tate was washed with ether, treated with water, extracted 
with ether, and flash distilled to remove high-boiling tarry 
materials. The compositions of the distillates were deter­
mined by comparison of their infrared spectra in carbon 
disulfide solution at 11.75-14.00 n with those of synthetic 
mixtures of m- and p-tolylphenylamines.

C o n t r i b u t i o n  N o. 2257
G a t e s  a n d  C r e l l i n  L a b o r a t o r ie s  o f  C h e m i s t r y  

C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y  

P a s a d e n a , C a l i f .

Synthesis o f  1-Alkyltryptophans

E d w a r d  L e e t e  

Received September 26, 1967

Considerable effort has been expended on the 
synthesis of tryptophan analogs for use in the 
study of enzyme inhibition. This note describes a 
new general method for the synthesis of 1-alkyl- 
tryptophans, in particular the 1-methyl and 1- 
ethyl derivatives. The only 1-alkyltryptophan 
previously described is 1-methyltryptophan. This 
was obtained from l-methylindole-3-aldehyde via  
the azlactone1'2 and from 1-methylindole via  1- 
methylgramine.3 Our starting material was ethyl- 
a  - acetylamino - a  - carbethoxy - /? - (3 - indole)- 
propionate.4 This indole derivative was alkylated 
on refluxing in an inert solvent with alkyl p -  
toluenesulfonates in the presence of potassium 
carbonate. Subsequent steps in the synthesis were 
analogous to those used by Snyder and Smith4 for 
the synthesis of DL-tryptophan, namely basic 
hydrolysis to the malonic acid derivative, de­
carboxylation to the 1-alkyl-iV-acetyltryptophan 
and finally deacetylation by refluxing with dilute 
hydrochloric acid.

The alkylation of indole using our conditions has 
led to both 1- and 3-alkyl derivatives5'6 and since, 
in our reaction, there was also the possibility of 
alkylation of the actylamino group, the alkyltryp- 
tophans were decarboxylated in molten fluorene at

(1) H. Wieland, W. Konz, and H. Mittasch, Ann., 513, 
1 (1934).

(2) T. Matsuura, K. Matsui, and K. Ichihara, Med. J. 
Osaka Univ., 4, 449 (1954); Chem. Abstr., 49, 6222 (1955).

(3) H. R. Snyder and E. L. Eliel, J. Am. Chem. Soc., 70, 
3855 (1948).

(4) H. R. Snyder and C. W. Smith, J. Am. Chem. Soc., 
66, 350 (1944).

(5) D. A. Shirley and P. A. Roussel, J. Am. Chem. Soc., 
75, 375 (1953).

(6) H. Plieninger, Ber., 87, 127 (1954).

240-270°. The products were 1-alkyltrypt a mines, 
characterized as their phthalimides, hydrochlorides, 
and picrates. Furthermore, the infrared spectrum 
of our 1-methyltryptophan was quite different 
from the spectrum of the isomeric L-abrine [a- 
methylamino-/5-(3-indole)propionic acid]. Our 1- 
methyltryptophan had a melting point of 250°- 
251° (dec.). Melting points previously reported 
for this compound were 289°/ 285°,2 and 223- 
225°.3 This variation may be due to partial solva­
tion of the amino acid since a lower melting point 
was observed in the compound was not extensively 
dried i n  vacuo at 100°.

E X P E R IM E N T A L 7

Ethyl-a-acetylamino-a-carbethoxy-fl(3-N-methylindole)pro- 
pionate (I). Ethyl-a-acet3'lamino-a-carbethoxy-fl(3-indole)- 
propionate4 (17.3 g., 0.05 mole) was refluxed in 200 ml. of 
dry xylene with methyl p-toluenesulfonate (10.0 g., 0.06 
mole) and anhydrous potassium carbonate (15 g., 0.11 mole) 
for 5 hr. The mixture was filtered, the residue was washed 
with benzene, and the combined filtrates evaporated to dry­
ness in vacuo. The residue was titurated with ether yielding 
crystals of I (12.6 g., 70% yield), m.p. 124°. Crystalliza­
tion from ethanol afforded colorless rhombic crystals, m.p. 
125-126°.

Anal. Calcd. for CiqHLJSLOs: C, 63.32; H, 6.71; N, 7.77. 
Found: C, 63.19; H, 6.70; N, 7.57.

The methylation was also carried out successfully in 
refluxing o-dichlorobenzene resulting in a 62% yield.

Ethyl-a-acetylamino-a-carbethoxy-fl(3-N-ethylindole)pro- 
pionate (II). This 1-ethyl derivative was prepared by sub­
stituting ethyl p-toluenesulfonate (12.0 g., 0.06 mole) for 
the methyl ester in the previous synthesis. The crude prod­
uct (7.0 g., 54% yield), m.p. 107-108°, was crystallized 
from ethanol to yield short colorless prisms, m.p. 115-116°.

Anal. Calcd. for C20H26N2O5: C, 64.15; H, 7.00. Found: 
C, 64.10; H, 6.89.

a-Acetylamino-a-carboxy-f3(3-N-methylindole)propionic 
acid (III). The ester I (18 g., 0.05 mole) was refluxed with 
100 ml. of 10% sodium hydroxide solution for 4 hr. The 
cooled, filtered solution was acidified with concentrated 
hydrochloric acid. The malonic acid derivative (III) which 
separated was crystallized from 50% aqueous ethanol to 
yield colorless rhombic plates (14.1 g., 93% yield), m.p. 
147-148°. The crystals became pink on exposure to air.

Anal. Calcd. for CI5H16N20 5: C, 59.20; H, 5.30; N, 7.77. 
Found: C, 58.91: H, 5.56; N, 7.57.

a-Acetylamino-a-carboxy-[i(3-N-ethylindole)propionic acid
(IV). Hydrolysis of II as in the previous preparation }4elded 
IV as colorless prisms (from ethanol) in 85% yield, melting 
at 128-129°.

Anal. Calcd. for C]6Hi8N203: C, 60.37; H, 5.70. Found: 
C, 60.22; H, 5.94.

1-Meihyl-N-acetyltryptophan (V). The malonic acid 
derivative III (7.6 g.) was heated in a nitrogen atmosphere 
at 180-190° for 15 min. The pale yellow glass which re­
mained on cooling was crystallized from ethanol (charcoal) 
to yield large colorless prisms of V (5.6 g., 86% yield), m.p.
169.5-170.5° (lit.3 171-172°).

Anal. Calcd. for ChH16N20 3: C, 64.58; H, 6.20. Found: 
C, 64.59; H, 6.44.

1-Ethyl-N-aceiyltryptophan (VI). The decarboxylation of 
IV carried out as in the previous preparation yielded color­
less plates of VI (from ethanol) in 82% yield, m.p. 185- 
187°.

(7) Melting points are corrected. Microanalyses were 
performed by Miss Heather King of these laboratories.
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Anal. Calcd. for C15H1SN2O3: C, 65.67; H, 6.61. Found: 
C, 65.46; H, 6.56.

1-Melhyllnyptophan (VII). The acetyl derivative V (3.0 
g.) was refluxed with 20 ml. of 2.Y hydrochloric acid for 2 
hr. The solution was evaporated to dryness in vacuo and 
the residue redissolved in water. The 1-methyltryptophan 
crystallized (1.8 g., 72% yield) on addition of 1.5 g. of sodium 
acetate dissolved in a little water. Iteerystallization from 
aqueous ethanol (charcoal) yielded colorless plates of VII, 
rri.p. 250-251°.

Anal. Calcd. for Ci2HhN20 2: C, 66.03; H, 6.47; N, 12.84. 
Found: C, 65.87; H, 6.59; N, 12.82.

The infrared spectrum of VII, determined as a suspension 
in potassium bromide, had prominent maxima at 1623, and 
735 cm. ' 1

The picrate of the amino acid was obtained on admixture 
of methanolic solutions of VII and picric acid. Crystalliza­
tion from water gave fine orange-red needles of the hydrated 
picrate, m.p. 142-143° (with dec.).

Anal. Calcd. for C12HnN2O2.C6HaN3Oj.H2O: C, 46.45; II, 
4.11. Found: C, 46.31; H, 4.10.

The amino acid hydrochloride was obtained by addition 
of ethanolic hydrogen chloride to VII, refluxing, and allow­
ing to cool. Recrvstallization from ethanol gave colorless 
needles of 1-methyltryptophan hydrochloride, m.p. 235- 
236° idee.) (lit.3 239-242°).

Anal. Calcd. for CisHuNjCb.HCl: C, 56.59; H, 5.94. 
Found: C, 56.50; H, 6.01.

1-Ethyltnjptophan (VIII). The acetyl derivative VI was 
refluxed with 2.V hydrochloric acid for 2 hr. and then 
evaporated to dryness in vacuo. The resid.ie was dissolved 
in water and brought to a pH of 6 by the addition of sodium 
hydroxide. The 1-ethvltryptophan immediately crystallized 
in small prisms, m.p. 234-235° (dee.). Crystallization from 
aqueous ethanol yielded colorless plates, m.p. 225-226° 
(dec.).

Anal. Calcd. for C13H16N2O2: C, 67.22; H, 6.94; N, 12.06. 
Found: C, 67.07; H, 6.95; N, 11.89.

The picrate crystallized in short orange prisms from water 
as the monohvdrate, m.p. 127-129° (dec.).

Anal. Calcd. for C13Hl6N20 ,.CfH.1\V )7.H>0 : C, 47.60; H, 
4.42. Found: C, 47.61; H, 4.47.

Decarboxylation of the 1-alkylamino acids, (a) 1-Methyl- 
tryptamine. 1-Methyltryptophan (1.0 g.) was added to 
molten fluorene (10 g.) heated on a metal bath at 270°. 
After 2-3 min. all evolution of carbon dioxice ceased and the 
mixture was cooled, diluted with benzene, and extracted 
with dilute hydrochloric acid. The aqueous extract was 
clarified by shaking with ether and then made basic with 
sodium hydroxide and extracted with ether. The dried ether 
extract was evaporated and the residue distilled (180°/0.1 
mm.) to yield 1-methyltryptamine as a pale yellow oil 
(0.484 g., 64% yield). The picrate was obtained as yellow 
prismatic needles from ethanol, m.p. 183-184° (lit.8 ISO- 
1810). The hydrochloride was obtained as colorless plates 
from ether-ethanol, m.p. 205-206° (dec.) (lit.3 199-202°). 
The phthalimide was prepared by refluxing the amine with 
an equal weight of phthalic anhydride in acetic acid. 
Crystallization from the same solvent yielded pale yellow 
needles, m.p. 178-179° (lit.3 177-177.5°).

(6) l-Ethyllryptamine. The 1-ethyltryptophan was de- 
carboxylated in molten fluorene at 240-250°. The amine 
was isolated as described in the previous preparation and 
was obtained as a pale yellow oil in 53% yield. The picrate 
was obtained as orange prisms from ethanol, m.p. 182.5- 
183° (lit.9 180-181°). A large depression in melting point 
was observed on admixture with the picrate of N-u-ethyl- 
tryptamine,9 m.p. 186-187°. 1-Ethyltryptamine hydrochlo­
ride separated from a mixture of ethanol and ether in fine 
colorless needles, m.p. 193.5-194°.

(8) E. Späth and E. Lederer, Rer.. 63, 2102 (1930).
(9) K. Eiter and 0. Svierak, Mvnatsh., 83, 1453 (1952).

Anal. Calcd. for CijHieNo.HCl: C, 64.13; II, 7.63. Found: 
C, 04.20; H, 7.73.

1-Ethyltryptamine phthalimide was obtained as pale 
yellow prismatic needles from ethanol, m.p. 150-151°.

Anal. Calcd. for C2oH i8N -> 0 2: C ,  75.45; H, 5.70. Found: 
C , 75.66; H, 5.78.

Paper chromatography of the amino acids. Chromatog­
raphy was carried out on Whatman No. 1 paper using a 
mixture of 1-butanol (400 ml.), acetic acid (100 ml.), and 
water (250 ml.) as the developing solvent. The R / values 
of tryptophan, 1-methyltryptophan, and 1-ethyltryptophan 
in this solvent were 0.63, 0.71, and 0.79, respectively. The 
amino acids appeared as brown spots on spraying with 
Millon reagent.

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

Los A n g e l e s  24, C a l i f .

A nionic Exchange Resins as C atalysts in  the  
Preparation o f Fulvenes

G. H. M c C a in  

Received September 25, 1957

The preparation of fulvenes by the condensation 
of cyclopentadiene with aldehydes or ketones in the 
presence of bases, such as ammonia and the alco- 
holates or hydroxides of sodium and potassium,1 
has long been known.2 Work in this laboratory has 
now demonstrated that ion exchange resins of 
either the high or medium base strength type also 
are capable of catalyzing this reaction, giving in 
many cases yields comparable to those obtained 
with more conventional catalysts. This system pos­
sesses an advantage in that the reaction time can be 
quite easily controlled simply by regulating the 
contact time of the reactants with the ion exchange 
resin. Thus it is possible to achieve some success in 
the preparation of sensitive monosubstituted ful­
venes and of fulvene itself by simply stopping the 
condensation before the secondary, base-catalyzed 
reactions start. This also helps to avoid complica­
tions caused by the presence of a base during t he iso­
lation and purification of the product.

Several fulvenes were prepared using this method, 
including fulvene, methyl fulvene, ethyl fulvene, 
and dimethyl fulvene. Of these, only dimethyl 
fulvene was isolated. In spite of numerous attempts, 
the remainder of the fulvenes could not be purified 
due to their extreme instability. Attempts to react 
them with maleic anhydride in order to prepare 
their Diels-Alder adducts as derivatives were also 
unsuccessful because of both their thermal in­
stability and the reactivity of the residual cyclo­
pentadiene in this reaction. Thus it was necessary 
to depend on the intense color of the products and 
their characteristic ultraviolet absorption spectra 
for proof of their presence. This of course, makes it

(1) J. H. Day, Chem. Revs., 53, 167 (1953).
(2) J. Thiele and H. Balhorn, Ann., 348, 1 (1906).
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impossible to determine yields of these sensitive 
fulvenes so that only these qualitative results can 
be given at this time. I t  is hoped that future re­
finements in technique may make a more quantita­
tive treatment of this method possible.

E X P E R IM E N T A L

The ion exchange resins used in these reactions were pre­
pared by first generating their basic forms with 20% aqueous 
potassium hydroxide, followed by thorough washing with 
distilled water. They were then washed well with methanol 
and dried under reduced pressure at room temperature. 
The dried resins were stored under nitrogen.

Dimethyl fulvene. Forty-four grams (0.67 mole) of cyclo- 
pentadiene was cooled to 0° in a 250 ml. glass-stoppered 
flask and 23 g. of Jlowex 1-X10 (a strongly basic quaternary 
ammonium hydroxide type ion exchange resin) and 29 g. 
(0.5 mole) of acetone were added rapidly. The temperature 
of the mixture was permitted to rise slowly to room tem­
perature and after 1.5 hr. a vigorous exothermic reaction 
commenced. The flask wTas shaken until the temperature 
began to fall and the reaction subsided (about 10 min. were 
required). The dark mixture was then allowed to stand at 
room temperature overnight. The Dowex 1-X10 was removed 
by filtration and thoroughly washed with ether, and the 
washings were combined with the original filtrate. The ether 
and unreacted starting materials were removed at 80 mm. 
pressure and the residue was kept at 30°/10 mm. for 1.5 
hr. Fractionation of the residue through an 8 X 3A in. 
column packed with berl saddles gave 29.7 g. of the bright 
yellow dimethyl fulvene boiling from 41.5-45.5°/10 mm., 
yield 46.7%.

Methyl fulvene. A mixture of 22 g. (0.5 mole) of acetalde­
hyde and 44 g. (0.67 mole) of cyelopentadiene was intro­
duced into the top of a 10 X 270 mm. column of Permutit 
A (an anionic exchange resin of medium base strength, 
consisting primarily of tertiary amine exchange sites) 
surrounded by a jacket containing circulating methanol 
cooled to —22 to —24° by an external Dry Ice-acetone 
bath. The rate of addition was adjusted so that the reactants 
were in contact with the resin for 1.25 hr., about 7 hr. being 
required to complete the reaction. The unreacted starting 
materials were removed at room temperature by distil­
lation through a Dry Ice-cooled column at ca. 17 mm. The 
column was then permitted to warm to room temperature, 
the pressure was lowered to 0.75 mm. and the receiver was 
cooled in a Dry Ice-acetone bath. Under these conditions
16.3 g. of a bright yellow distillate (a solid at —70°) was 
collected without applying heat to the distilling flask. The 
ultraviolet absorption spectrum of this distillate in methanol 
showed a strong maximum at 255 m/x and a very weak 
one at 290 m/x. The absorption spectrum of dimethyl ful­
vene has a strong maximum at 265 m/i and a weak one a 
357,1 while that of fulvene is reported3 to have maxima at 
242 mfj (strong) and 362 m/x (weak). Thus the strong peak 
should be due to methyl fulvene.

Ethyl fulvene. In a 300-ml. three neck flask equipped 
with a stirrer, thermometer, reflux condenser, and addition 
funnel were placed 19.8 g. (0.30 mole) of cyelopentadiene 
and 10 g. of Dowex 1-X10. The mixture was cooled to 0° 
under nitrogen in an ice bath, and 14.5 g. (0.25 mole) of 
propionaldehyde was added over a 15-min. period while 
the temperature rose to 10-12°. After an additional 10 min. 
the mixture was warmed to 25° and the ion exchange resin 
was rapidly removed by filtration. The red-orange filtrate 
was transferred to a 50-ml. distilling flask, 3 g. of anhydrous 
magnesium sulfate wars added, and the low-boiling material 
was removed at 20 mm., using a water bath at 40-50°

(3) J. Thiec and J. Wieman, Bull. soc. chim. France, 177 
(1956).

for a heat source. After 3 hr. under these conditions no 
further boiling occurred and the orange oil was filtered to 
yield 14 g. of material. Its ultraviolet absorption spectrum 
showed a strong maximum at 256 m/x and a weak maximum 
at 360 m/x (see the previous section).

Fulvene. A mixture of 18.7 g. of 40%, aqueous formalde­
hyde (equivalent to 0.25 mole of formaldehyde), 70 ml. of 
methanol, and 19.8 g. (0.3 mole) of cyelopentadiene was intro­
duced into the top of a 20 X 150 mm. column of Amberlite 
IRA 400 (a strongly basic quaternary ammonium hydroxide 
type resin) at a rate such that the contact time with the cata­
lyst was about 30 sec., 1 hr. being required to complete the 
reaction. The temperature of the column was maintained 
at ca. 5° throughout the reaction by circulating tap water. 
The orange oil which separated was removed and the 
aqueous layer was extracted 5 times with 10-ml. portions of 
ether. The extracts were combined with the original oil 
layer, dried over magnesium sulfate, and the solvent and 
other low boilers removed under reduced pressure as de­
scribed in the previous sections. The yield of the orange 
product was 5.3 g. A single rather weak maximum occurred 
at 240 m/x in its ultraviolet absorption spectrum. This 
agrees quite well with the strong peak reported for fulvene3 
(see the preparation of methyl fulvene described previ­
ously) . The absence of the second, weaker absorption at 362 
m/x is probably due to the low concentration of the fulvene 
indicating a lack of purity in the product.

A ckn o w led g m en t. The author wishes to thank J. 
J. Mannion for the determination of the ultraviolet 
absorption spectra used in this work.

C e n t r a l  R e s e a r c h  D e p a r t m e n t

D i a m o n d  A l k a l i  C o m p a n y
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Succinoylation  o f the Chloro- and Brom o- 
naphthalenes

E r n s t  B e r l i n e r , Y u n - W e n  C h u , a n i j  N a n  S h i e h 1
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Although the four halobenzenes have been con­
verted to the corresponding /S-(p-halobenzoyl)- 
propionic acids with succinic anhydride and alumi­
num chloride,2 3 no successful succinoylation of the 
halonaphthalenes has been reported.3 It is shown 
below that the chloronaphthalenes and 2-bromo- 
naphthalene can be succinoylated, although the 
yields of pure products are low and the products 
are sometimes rearranged.

When 1-chloronaphthalene was treated with 
aluminum chloride and succinic anhydride in 
either tetrachloroethane or carbon disulfide solu­
tions, an 87% and a 10% yield, respectively, of a 
mixture of difficultly separatable crude acids was 
obtained. Separation could best be effected by con­
version of the acid mixture to the methyl esters and 
separation of the esters. From t he mixture of methyl

(1) From the Senior Honors thesis of Y. Chu (Mrs. Y. C. 
Meinwald), 1952, and the M.A. thesis of N. Shieh, 1955.

(2) E. Berliner in Org. Reactions, V, Chapter 5 (1949).
(3) The succinoylation of l-bromo-4-methyInaphthalene 

has been desor.bed as unpromising. R. D. Haworth and 
C. It. xMavin, J. Chem. Soc., 2720 (1932).
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esters pure /3-(l-chloro-4-naphthoyl)propionie acid 
and /3-(6-chloro-2-naphthoyl) propionic acid could 
be isolated. The ratio of pure acids was about 93:7 
and they were identified by conversion to the 
known chloronaphthoic acids. The rearrangement, 
which must have occurred in the formation of the
2,6-isomer, is analogous to the rearrangement ob­
served in the acylation of 1-chloronaphthalene, 
when a small amount of 2-chloro-6-acetylnaphtha- 
lene is obtained, in addition to the 1,4-product.4 
The succinoylation of 2-chloronaphthalene afforded 
chiefly 3-(6-chloro-2-naphthoyl)-propionic acid, 
identical with the acid obtained in small amount 
from 1-chloronaphthalene, as well as a very small 
amount of an unidentified acid.

With 1-bromonaphthalene no bromo acid could 
be isolated. Instead, a mixture of /S-(l-naphthoyl)- 
and /8-(2-naphthoyl)propionic acid was obtained, 
as well as higher brominated naphthalenes, most 
likely 2,6-di- and 1,2,6-tribromonaphthalene. The 
acid mixture is similar to that obtained on suc­
cinoylation of naphthalene, and the formation of 
the naphthoylpropionic acids probably constitutes 
a succinoylation of naphthalene, rather than a de- 
bromination of bromonaphthoylpropionic acids. 
That is, it is assumed that the removal of the 
bromine atom from the 1-position is faster than the 
possible succinoylation of 1-bromonaphthalene. 
The formation of naphthalene and of polybromo- 
naphthalenes from bromonaphthalene, as well as 
the isomerization of the chloro- and bromonaph- 
thalenes, on treatment with aluminum chloride has 
been known for many years.6 With 2-bromonaph- 
thalene, a very small amount of /3-(6-bromo-2- 
naphthoyl)propionic acid, identified by hypohalite 
oxidation to the known 6~bromo-2-naphthoic acid, 
was obtained.

E X P E R IM E N T A L

The succinoylations of 1-chloronaphthalene, as well as 
of the other halonaphthalenes, were conducted by the gen­
eral procedures described in the literature.2 In a typical 
run, 14 g. of aluminum chloride was added over 1 hr. to an 
ice-cold solution of 0.05 mole each of 1-chloronaphthalene 
and succinic anhydride in 100 ml. of tetrachloroethane. 
After 16 hr. at room temperature, the reaction mixture was 
worked up as usual. The acid mixture weighed 11.5 g. (87%). 
Numerous fractional crystallizations did not effect a separa­
tion into pure acids, although two main fractions were ob­
tained. The best separation was performed when the crude 
acid mixture was first recrystallized once from ethanol. 
From a run conducted on 0.2 mole of 1-chloronaphthalene 
there was obtained a first crop of 17 g. of crystals, while 
26 g. more was obtained by diluting the alcoholic filtrate 
with ice. The 17 g. w'as esterified with 150 ml. of methanol 
and 10 ml. of concentrated sulfuric acid. On cooling, 12.65 
g. of brownish crystals, melting at 52-54°, separated. The

(4) T. L. Jacobs, S. Winstein, J. W. Ralls, and J. H. 
Robson, J. Org. Chem., 11, 27 (1946).

(5) L. Roux, Bull. soc. chim., (2) 45, 510 (1886); Ann. 
chim., (6) 12, 341 (1887). For later references see: C. A. 
Thomas, Anhydrous Aluminum Chloride in Organic Chemis­
try, Reinhold Publishing Corporation, New York, N. Y., 
1941, pp. 692-696, and ref. 4.

filtrate of this ester was poured onto ice and the mixture 
was extracted with ether. After wrashing with a 10% sodium 
hydroxide solution and drying, the ether was boiled off and 
the remaining oil was crystallized from methanol, w'hen 0.5 
g. of yellow needles, melting at 110-115°, deposited. Two 
and one half g. of orange crystals (m.p. 48-50°) was ob­
tained from the mother liquor. The 26 g. was treated in the 
same way, but the yields of pure product were considerably 
less. After several more crystallizations and combining of 
appropriate fractions, the over-all yield was 36.5% of the 
lower melting pure methyl /S-(l-chloro-4-naphthoyl)pro- 
pionate and 2.5% of pure methyl /3-(6-chloro-2-naphthoyl)- 
propionate.

Methyl 0-(l-chloro-4-naphthoyl)propionate forms color­
less plates from petroleum ether and melts at 53.0-53.5°.6

Anal. Calcd. for C15H13O3CI: C, 65.11; H, 4.74. Found: 
C, 65.13; H, 4.81.

j3-(l-Chloro-4-naphthoyl)propionic acid, obtained from 
the above ester on basic hydrolysis, was crystallized alter­
nately from benzene and aqueous ethanol, and forms small, 
colorless needles melting at 161.8-163.3°.

Anal. Calcd. for C14H11O3CI: C, 64.00; H, 4.22. Found: 
C, 64.26; H, 4.45.

Oxidation of the above acid with hypochlorite solution7 
afforded 4-chloro-l-naphthoic acid of m.p. 220-222°, after 
one crystallization from aqueous ethanol (lit.4 223-224°). 
The p-bromophenacyl ester, recrystallized from aqueous 
ethanol, melted at 130.7-131.4° (lit.8 130-131°).

Methyl fl-(6-chloro-2-napht,hoyl)-propionate forms white 
needles from methanol which melt at 120.0-120.4°.

Anal. Calcd. for C15H13O3CI: C, 65.11; H, 4.74. Found: 
C, 65.19; H, 4.89.

/3-(6-Chloro-2-naphthoyl)propionic acid, obtained from 
the above ester, forms white flakes from ethanol, melting 
at 196.5-197.3°.

Anal. Calcd. for CuHuOjCl: C, 64.00; H, 4.22. Found: 
C, 64.09; H, 4.26.

Oxidation of this acid afforded 6-chloro-2-naphthoic acid 
melting at 280-281°, after two crystallizations from ethanol 
(lit.4 285-286°). The amide was recrystallized from ethanol 
and melted at 205-206° (lit.4 206.5-207°).

The succinoylation of 2-chloronaphthalene (2.5 g.) in 
tetrachloroethane afforded 3.5 g. (87%) of impure product, 
melting over a range of 95-133°. Fractional crystallization 
afforded /3-(6-chloro-2-naphthoyl)propionic acid, identical 
by melting point and mixed melting point with the acid 
obtained from 1-chloronaphthalene. The residue from the 
crystallizations contained another acid, but the 0.1 g. of 
material melting at 145.8-153.2° was not further investi­
gated.

The succinoylation of 1-bromonaphthalene (20.7 g.) in 
tetrachloroethane afforded in the steam-distillate 9 g. of 
unchanged starting material, identified by its picrate (m.p. 
134-135°), as well as 45 mg. of a solid, m.p. 157.3-158°, 
from ligroin, which is presumably 2,6-dibromonaphthalene 
(lit.9 160) and 80 mg. of presumably 1,2,6-tribromonaph­
thalene, m.p. 116.5-117° (lit.9 118°). From the acid frac­
tion, about 5-6 g. of yellow material crystallized gradually, 
from which /3-(2-naphthoyl)propionic acid was isolated. 
It melted at 170.0-172.2° and was identified by a mixed 
melting point and neutralization equivalent (229.3; calcd.
228.2). The filtrate contained material of neutralization 
equivalent 231.9, from which the 1-acid was recovered by

(6) Melting points are corrected.
(7) The solution was prepared from commercial “HTH” 

by the procedure of M. S. Newman and H. L. Holmes in 
Org. Syntheses, Coll. Vol. 2 , 428 (1948).

(8) D. H. S. Horn and F. L. Warren, J. Chem. Soc., 144
(1946).

(9) Elsevier’s Encyclopedia of Organic Chemistry, Edited 
by F. Radt, Fdsevier Publishing Company, New' York- 
Amsterdam, 1948, Series III, Vol. 12 B, pp. 301, 326.
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fractional acidification;10 it was identified by melting 
point and mixed melting point. Small amounts of unidentified 
acidic material remained behind. The results in runs in 
nitrobenzene were similar, except that no di- or tribromo- 
naphthalenes were obtained.

2-Bromonaphthalene (10 g.) was succinoylated in nitro­
benzene solution. The crude acid weighed 4.4 g. Repeated 
recrystallizations from methanol afforded eventually 0.35 
g. (2.4%) of yellow crystals of /S-(6-bromo-2-naphthoyl)- 
propionic. acid, which started to change color at 198° and 
decomposed at 207°.

Anal. Calcd. for Ci4Hii03Br: C, 54.74; H, 3.61. Found: 
C, 54.82; H, 3.70.

Small amounts of |3-(2-naphthoyl)propionic acid were 
obtained from the mother liquor. In tetrachloroethane the 
yields of pure acid were even smaller.

Hypohalite oxidation of the above acid afforded 6-bromo- 
2-naphthoic acid, which after two crystallizations from 
ethanol melted with decomposition at 279-286° (lit.11 280° 
dec.). The methyl and ethyl esters, after crystallizations 
from methanol and ethanol, respectively, melted at 122.0-  
123.5° and at 66.5-68.0° (lit.11 123-124'.5° and 67-68°).

D e p a r t m e n t  o f  C h e m is t r y

B r y n  M a w r  C o l l e g e

B r y n  M a w r , P a .

(10) M. S. Newman, R. B. Taylor, T. Hodgson, and 
A. B. Garrett, J. Am. Che?n. Soc., 69, 1784 (1947).

(11) L. C. Anderson and D. Johnston, J. Am. Chem. Soc., 
65, 239 (1943).

A Reactive Peptide In term ediate Derived from  
Ethoxyacetylene

J o h n  C. S h e e h a n  a n d  J o s e p h  J .  H l a v k a 1 

Received September SO, 1957

Our studies2’3 of peptide synthesis in aqueous 
solution prompted us to investigate the possible 
utility of ethoxyacetylene4 under these conditions. 
An aqueous solution of ethoxyacetylene, phthal- 
oylglycine, and glycine ethyl ester deposited a solid, 
which was composed of the expected phthaloyl- 
glycylglycine ethyl ester6 and a neutral product in 
an approximate ratio of 1:8.

The analytical data for the major product 
supported a structure arising from a 1/1 addition 
of acid and ethoxyacetylene.

The reaction of the adduct and ethyl glycinate 
at 60° and at room temperature in anhydrous 
solvents gave 80% and 75% respectively of phthal- 
oylglycylglycine ethyl ester. These results rule out 
the symmetrical anhydride of phthaloylglycine, a 
plausible structure since ethoxyacetylene is known 
to convert acids to anhydrides,6

(1) Present address: Lederle Laboratories Division of 
American Cyanamid, Pearl River, N. Y.

(2) J. C. Sheehan and G. P. Hess, J. Am. Chem. Soc., 77, 
1067 (1955).

(3) J. C. Sheehan and J. J. Hlavka, J. Org. ('hem., 21, 
439 (1956).

(4) J. F. Arens, Rec. trav. chim., 74, 769 (1955).
(5) R. A. Boissonnas, Helv. Chim. Acta, 34, 874 (1951).
(6) J. F. Arens and T. Doornbos, Rec. trav. chim., 74, 79

(1955).

An infrared spectrum of a chloroform distillate 
from the reaction of the adduct and ethyl glycinate 
wras identical to that of an ethyl acetate in chloro­
form solution. The isolation of ethyl acetate is 
convincing evidence for structure I. Similar results 
■were obtained with phthaloyl-L-phenylalanine.

.. CO O CHj
r Y  \  11 "L l| /N CH 2c o c o c 2h 5

In the examples of peptide synthesis using 
alkoxyacetylenes published by Arens and co­
workers4 no case was reported in which the possi­
bility of racemization by an azlactonization mecha­
nism existed. We have prepared carbobenzyloxy- 
glycyl-L-phenylalanylglycine ethyl ester7 from 
carbobenzyloxyglycyl-L-phenylalanine and gly­
cine ethyl ester with no sign of racemization.

E X P E R IM E N T A L 8

1-Ethoxyvinyl phthaloylglycinate (I). A solution of 0.6 g. 
(2.93 mmoles) of phthaloylglycine9 and 0.302 g. (2.93 
mmoles) of glycine ethyl ester in 6 ml. of water and 0.6 ml. 
of ethoxyacetylene10 was stirred at room temperature for 
2 hr. The solid, which separated slowly, amounted to 300 
mg.; m.p. 102-107°. Recrj’stallization from benzene and 
petroleum ether i)30-60°) gave as a first crop (yield, 36 mg.) 
a crystalline product which proved to be identical with 
phthaloylglycylglycine ethyl ester.5 The filtrate was evapo­
rated to dryness under reduced pressure and the residue was 
crystallized from ether, 200 mg., m.p. 108-110°.

'Anal. Calcd. for CI4HI3N 05: C, 61.09; H, 4.76; N, 5.09. 
Found: C, 61.36; H, 4.91; N, 5.15.

Phthaloylglycylglycine ethyl ester.5 A. A solution of 50 mg. 
(0.182 mmole) of the adduct I and 19 mg. (0.182 mmole) 
of glycine ethyl ester in 1 ml. of dioxane was heated at 50° 
for 30 min. The dioxane solution was freeze dried and the 
residue crystallized from ethanol; yield, 42 mg. (80%); m.p. 
191-193°. The melting point of a mixture with authentic 
phthaloylglycylglycine ethyl ester did not show a depres­
sion.

B. A solution of 19 mg. (0.182 mmole) of ethyl glycinate 
and 50 mg. (0.182 mmole) of I in 3 ml. of methylene chlo­
ride was stored at room temperature for 4 hr. Removal of 
the solvent and crystallization from ethanol afforded a 
product (40 mg.; 75%) which was identical to the product 
obtained in Run A.

Isolation of ethyl acetate from I. A solution of 400 mg. (1.5 
mmole) of I and 152 mg. (1.5 mmole) of glycine ethyl ester 
in 0.5 ml. of chloroform was heated at reflux for 30 min. 
The solvent was then distilled until 0.25 ml. was collected. 
An infrared spectrum of this distillate was identical to one 
of ethyl acetate in chloroform. The residue welded 480 mg. 
of phthaloylglycylglycine ethyl ester; m.p. 191-192°.

Carbobenzyloxyglyeyl-'L-phenylalanylglycine ethyl ester.’’ A . 
mixture of 0.15 g. (0.42 mmole) of carbobenzoxyglycvl-L- 
phenylalanine, 43 mg. (0.42 mmole) of glycine ethyl ester, 
and 0.5 ml. of ethoxyacetylene was heated under reflux for 
30 min. The excess ethoxyacetylene was distilled ynder 
reduced pressure. The oily residue was dissolved in 6 ml. of

(7) G. W. Anderson and R. W. Young, J. Am. Chem. 
Soc., 74, 5307 (1952).

(8) All melting points are corrected. We are indebted to 
Dr. S. M. Nagy and associates for the microanalytical data.

(9) E. Drechsel, J. Prakt. Chem., (II) 27, 418 (1883).
(10) E. A. Braude and O. H. Wheeler, J. Chem. Soc., 320 

(1955).
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ethyl acetate and the solution was washed with 1 A’ potas­
sium bicarbonate ( 2 X 6  ml.). The ethyl acetate layer was 
dried over magnesium sulfate and evaporated to dryness 
under reduced pressure. The residue after crystallization 
from ethyl acetate-petroleum (30-60°) amounted to 90 
mg. (49%); m.p. 114-116°; [a]* 2D6'° —12.4°. The reported 
values7 are 116-118° and [a]2D5 —12.0°.

Phthaloyt-L-phenytalanylglycine eihyl ester.2 To 0.3 ml. of 
ethoxy acetylene cooled in a Dry Ice-acetone mixture bath 
was added 0.1 g. (0.34 mmole) of phthaloyl-L-phenyl- 
alanine. The suspension was slowly allowed to warm to 0° 
and held at this temperature until solution was effected. 
Dioxane was added at —20° and the resulting solution 
lyophilized. The residual oil was dissolved in 0.5 ml. of 
chloroform and to it was added 35 mg. (0.34 mmole) of 
ethyl glycinate. The solution was heated at reflux for 30 
min. after which the solvent was distilled until 0.25 ml. was 
collected. An infrared curve of this distillate was identical 
with one of ethyl acetate in chloroform. The residue from 
the distillation was evaporated to dryness under reduced 
pressure and the resulting solid crystallized from ethanol, 
75 mg. (60%); m.p. 160-161°; [«]% 0 -146° (ethanol).

A cknow ledgm en t. We are indebted to the National 
Institutes of Health for a predoctoral fellowship for 
one of us (J. J. H.).

light
CH2=C(CH 3)CH2C1 +  CHaCOSH — ■>

CH3C0SCH2CH(CH3)CH2C1

r  c h 3
I

CH2 CH2 Cl

s~

OH

CHa
I

,CH

c h 2 c h 2
+  Cl

Over-all yields of 39% of thiacyclopropane 
(propylene sulfide) and 76% of thiacyclohexane 
were obtained by a similar route starting with 2- 
chloropropene and 5-chloro-l-pentene, respectively.

In the present paper this general method has been 
applied to the synthesis of simple 3-, 4-, and 6- 
membered ring cyclic sulfides. Its extension to 
other ring sulfides will be described later. The only 
previous use of this method that has come to our 
attention is the preparation of 3-hydroxyt.hiacyclo- 
butane by alkaline hydrolysis of mono- or diacety- 
lated 2-hydroxy-3-cbloropropanethiol.6

D e p a r t m e n t  o f  C h e m is t r y  
M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y  
C a m b r id g e  39 , M a s s .

Synthesis from T hiolesters. II. Synthesis o f  
Cyclic Sulfides1

F. G. B o r d w e i .l  a n d  W il l ia m  A. H e w e t t 2 

Received October 7, 1957

The high yields of thiolacetates obtained by the 
reaction of thiolacetic acid with most olefins makes 
these substances attractive as starting materials 
in the synthesis of a number of types of sulfur 
compounds including thiols3 and alkanesulfonyl 
chlorides.4 Applied to olefins containing a halogen 
or potential halogen grouping (e.g ., hydroxyl) the 
formation of thiolacetates by this route can serve 
as an approach to the synthesis of cyclic sulfides. 
For example, addition of thiolacetic acid to methal- 
lyl chloride gave an 88% yield of 2-methyl-3- 
chloropropyl thiolacetate. Hydrolysis of the latter 
by aqueous alkali together with concurrent steam 
distillation gave an 80% yield of redistilled 3- 
methylthiacyclobutane. The synthesis of this 
compound via  2-methyl-1,3-propanediol is much 
more tedious.

(IT Presented in part, at the 126th meeting of the Ameri­
can Chemical Society, New York, September 1954 (p. 6-0 
of Abstracts).

(2) American Petroleum Institute Project 48-B Fellow, 
1951-1953; Procter and Gamble Fellow, 1953-1954.

(3) F. G. Bordwell and W. A. Hewett, J. Am. Client. Soc., 
79, 3493 (1957).

(4) F. G. Bordwell and W. A. Hewett, J. Orcj. Chun., 22,
980 (1957) (paper I in this series).

E X P E R IM E N T A L 6

General procedure for the preparation of cyclic sulfides. The 
suspended haloalkyl thiolester was stirred and heated in an 
aqueous solution containing excess sodium hydroxide. The 
cyclic sulfide was isolated as it was formed by an internal 
steam distillation. It was separated mechanically and the 
aqueous portion of the steam distillate extracted three times 
with pentane. The sulfide and the pentane extracts were 
combined and dried over anhydrous magnesium sulfate. 
Distillation of the combined extracts yielded the product.

2-Methyl-3-chloropropyl thiolacetate. Starting with 45.3 g. 
(0.5 mole) of 2-methyl-3-chloro-l-propcne and 38.1 g. (0.5 
mole) of freshly distilled thiolacetic acid, 73 g. (87.8%) 
of 2-methyl-3-chloropropyl thiolacetate, b.p. 89° (16 mm.), 

1.4575 was obtained by the general procedure previ­
ously described.3,4

Anal. Calcd. for CeHnOSCl: C, 43.24; H, 6.65. Found: 
C, 43.60; H, 6.55.

S-Melhylthiacyclobulane. A 1-1. flask, fitted with a stirrer 
and condenser arranged for distillation was charged with 12 
g. (0.3 mole) of sodium hydroxide dissolved in 400 ml. of 
water and 25 g. (0.15 mole) of 2-mcthyl-3-chloropropyl 
thiolacetate. Carrying out the general procedure, 10.6 g. 
(80%) of 3-methylthiac.yclobutane, b.p. 108-109°, 
1.4840, was obtained.

Anal. Calcd. for C4H,S: C, 54.49; H, 9.15. Found: C, 
54.21; H, 9.29.

The monomercuric chloride addition product of 3-methyl- 
thiacvclobutane was prepared according to the method of 
Mann and Purdie.7 Immediately after formation, the com­
plex was recrystallized from ethanol and then acetone. In 
a sealed tube softening of the derivative began at about, 85° 
and at 153° decomposition to a purple substance was 
observed.

Anal. Calcd. for C4HsS-HgCl2: C, 13.36; H, 2.24. Found: 
C, 13.81; H, 2.25.

5-Chloro-l-pentyl thiolacetate. Starting with 29 g. (0.23 
mole) of 5-chloro-l-pentene (Peninsular Chem. Research, 
Inc., Gainesville, Fla.) and 17.4 g. (0.3 mole) of freshly dis­
tilled thiolacetic acid, 36 g . (87%,) of 5-chloro-l-pentyl thiol-

(5) B. Sjoberg, Ber., 74B, 64 (1941).
(6) Microanalyses were by Miss Hilda Bock.
(7) F. G. Mann and D. Purdie, J. Chem. Soc., 1546 

(1935).
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acetate, b.p. 135-138° (25 mm.) was obtained by the general 
procedure previously described.3

Anal. Calcd. for C7H130SC1: C, 46.52; H, 7.23. Found: 
C, 46.61, 46.54; H, 6.69, 6.87.

Thiacyclohexane. Starting with 34 g. (0.19 mole) of 5- 
chloropentyl thiolacetate, 16.52 g. (87%) of thiocyclo- 
hexane, b.p. 140-141° was obtained. Whitehead, Dean, 
and Fidler1 2 3 4 5 6 7 8 reported the b.p. to be 141.6°.

2-Chloropropyl thiolacetate. Starting with 153 g. (2 moles) 
of 2-chloropropcne (Shell Chemical Co.) and 114.2 g. (1.5 
moles) of freshly distilled thiolacetic acid, 216 g. (94.2%) 
of 2-chloropropyl thiolacetate, b.p. 71° (10 mm.), was 
obtained by the general method previously described.3’4 
It was necessary to employ an ice water bath to control the 
exothermic reaction on a run of this size. Culvenor, Davies, 
and Heater9 reported the b.p. to be 70-71° (9 mm.).

Thiacyclopropane (propylene sulfide). A. Starting with 68 
g. (0.45 mole) of 2-chloropropyl thiolacetate, the above pro­
cedure was carried out with the exception that sodium 
carbonate was substituted for sodium hydroxide, which 
caused polymerization. Distillation of the combined ex­
tracts through a three-plate Vigreux column yielded 8.5 g. 
(25%) of thiacyclopropane, b.p. 72-75°, and 11 g. (16% 
recovery) of the starting material. The reaction flask con­
tinued a considerable amount of polymeric material.

B. Forty-five grams (0.29 mole) of 2-chloropropyl thiol­
acetate was stirred overnight with 500 ml. of methanol con­
taining 5 ml. of concentrated hydrochloric acid. The reaction 
mixture was then neutralized to a pH of 7 (indicator paper) 
with a dilute sodium hydroxide solution. The reaction mix­
ture was stirred at room temperature for an additional hour, 
and then extracted 4 times with 50-ml. portions of pentane. 
Distillation through a 3-plate Vigreux column yielded 7 g. 
(30.5%) of thiacyclopropane, b.p. 72-75°. Considerable 
polymeric material remained in the distillation flask.

C h e m i s t r y  D e p a r t m e n t

N o r t h w e s t e r n  U n i v e r s i t y

E v a n s t o n , III.

(8) E. V. Whitehead, R. A. Dean, and F. A. Fidler, J. 
Am. Chem. Soc., 73, 3632 (1951).

(9) C. C. J. Culvenor, W. Davies, and N. S. Heater, 
■/. Chem. Soc., 283 (1949).

S ynthesis o f DL-NorIeucine-2-C14

J i r o  J .  I v a n e k o , 1 A r t h u r  L. B l a c k , a n d  M a x  K l e i b e r

Received October 8, 1057

Since DL-norleucine-2-C14 was desired for meta­
bolic studies but had not previously been synthe­
sized, the following synthesis was undertaken:2-7

(1) Post-doctoral Fellow of the National Institutes of 
Health (1956-1957). Present address: School of Veterinary 
Medicine, Univ. of Calif., Davis, Calif.

(2) L. F. Fieser, Experiments in Organic Chemistry, 2nd 
ed., D. C. Heath and Co., New York, 1951, pp. 68, 75, 
403-412.

(3) M. Calvin, Isotopic Carbon, John Wiley and Sons, 
Inc., New York, 1949, pp. 176-179, 193.

(4) J. H. Hunter and J. A. Hogg, J. Am. Chem. Soc., 71, 
1924 (1949).

(5) W. A. Noyes, J. Am. Chem. Soc., 23, 393 (1901).
(6) H. T. Clarke and E. R. Taylor, in Org. Syntheses, 

Coll. Vol. I, 115 (1951).
(7) C. S. Marvel and V. du Vigneaud, Org. Synthesis, 

Coll. Vol. 1,48(1951).

R = CH3CH2CH2CH2
M g" C '« 0 2 LiAlH<

RBr ------ ^  RMgBr —  > R—C14OOH ------ >
E th er H 2SO4 E ther

PBrs M g° CO2
RC14H2OH — ^  RCI4H2Br ------>- RC14H2MgBr ------ ^

E th e r  JI2SO4

Br2 coned. NH3
RC14H2COOH — R—C14HCOOH ------------ >-

PCis
Br

R—C14H—COOH 

n h 2

E X P E R IM E N T A L

Valeric acid-l-C1*. n-Butylmagncsium bromide (0.203 
mole) was prepared according to standard procedures and 
carbonated with CI40 2 in a vacuum manifold at 2-mm. 
pressure.3 The acid was recovered from the reaction flask 
by steam distillation over silver sulfate. The product was 
separated, washed with ether, dried several hours over 
anhydrous magnesium sulfate, and redistilled to vield 7.1- 
9.1 ml. (77-83%,), b.p. 170-190°.

n-Amyl alcohol-1 -C14. Valeric-acid-1-C14 was reduced to 
n-amyl alcohol-l-C14 with LiAlH4 using anhydrous ether as 
a solvent,.4 The product was recovered by separation of 
the ether phase, removal of the ether and distillation of the 
fraction boiling between 128-140°. The yield wras 76-78% 
(6.4-7.0 ml.).

Caproic-acid-2-Cu . ?i-Amyl bromide-l-C14 was prepared 
by the bromination of n-amyl-alcohol-l-C14 with PBr3.6 
The reaction mixture was allowed to stand for 2 hr. 
The product was recovered by distillation and washed 
successively with water, coned. H2S04 and 10% NajCOj. 
The product was dried over anhydrous Na2S04 and redis­
tilled, collecting the fraction boiling between 125-128°. The 
yield was 70-72% (5.5-5.1 ml.). n-Amylmagncsium bromide- 
l-C14 was then prepared and carbonated at —20° by 
passing inactive C02 gas through the solution. Caproic- 
acid-2-C14 was recovered by the method used for valeric 
acid-l-C14 and yielded 55-66% (5.5-7.3 ml.).

d l -norleucine-2-Cu. a-Bromocaproic aeid-2-C14 was pre­
pared by brominating caproic acid-2-C14 with Br2 and 
l ’Cl.8 The product was recovered by fractional distillation 
at 10-mm. Hg pressure collecting the product boiling at 
128-131°. Yield: 45-67% (5.14-5.91 g.). «-Bromocaproic 
acid-2-C14 was then added to a flask containing concentrated 
,NH3, tightly stoppered and heated in a 50-55° water bath 
for 24 hr. The flask was then cooled to and kept at 4° for 
24 hr. The shiny white flakes which crystallized were 
recovered by filtration, washed with cold methanol, and 
dried at 105°.7 The yield was 59-62% (2.16-2.24 g.). The 
over all yield was 8.2-8.3% based on BaCI4Os, and the over 
all isotopic yield based on the specific activity of BaC14G3, 
was 6.7-7.2% (3.67-3.97 me.). The specific activities of the 
final products were 1.64 yc./mg. and 1.85 #»c./mg. for 2 
¡successive syntheses. These specific activities were deter­
mined by the oxidation of the product to C140 2 with K2S2Os.8 
The Cl40 2 was then precipitated as BaC140 8 and counted 
a t  infinite thickness in a Tracerlab windowless Geiger flow 
gas counter and autoscaler. The total isotopic yield was 
increased by 0.2 me. by the addition of inactive norleucine 
to the filtrate and subsequent recrystallization. Paper chro­
matograms developed with butanol-acetic acid-H20  and 
phenol-HoO systems in one and/or two dimensions and 
sprayed with ninhydrin showed a single spot which coin­
cided with known samples of norleucine. Mixed chromato­
grams also showed a single spot. Autoradiograms of these 
papers showed only a single radioactive spot matching the 
ninhydrin spot showing the radioactive purity of the nor­
leucine.

(8) S. Katz, S. Abraham, and N. Baker, Anal. Chem., 26,
1503 (1954).
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Anal? Calcd. for C6H 130 2N; C, 54.94; H, 9.99; N, 10.68. 
Found: C, 55.00, 55.16; H, 9.81, 9.75; N, 10.56, 10.55.

A ckn o w led g m en t. The authors wish to express 
their appreciation for the financial assistance of the
U. S. Atomic Energy Commission and the U. S. 
Public Plealth Service.

D e p a r t m e n t  o f  A n i m a l  H u s b a n d r y  a n d  

S c h o o l  o f  V e t e r i n a r y  M e d i c i n e  

U n i v e r s i t y  o f  C a l i f o r n i a  

D a v i s , C a l i f .

(9) Analysis by the College of Chemistry, Univ. of Calif., 
Berkeley, Calif.

Crystallizable Polystyrene. II. Polym erization  
of Styrene w ith  T riphenylm ethyl P otassiu m  

and R elated C om pounds

J a c k  L .  It. W i l l i a m s , T h o m a s  M .  L a a k s o , a n d  W i l l i a m  J .

D u l m a g e
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In preceding publications1'2 the preparation of 
crystallizable polystyrene with Alfin-type catalysts 
was reported. The present work deals with the ex­
tension of the organometallic catalysts for the poly­
merization of styrene to include alkali metal deriv­
atives of triphenyunethane and related compounds. 
T riphenylrr.ethvlpot assium, diphenyl tyclohexyl-
methylpotassium, and diphenylmethylpotassium 
have been found to produce crystallizable polysty­
rene, having the same range of crystallizability as 
the polymers prepared using the Alfin catalyst. 
The highest degree of crystallizability comparable 
to that produced by the Alfin catalysts was obtained 
by use of triphenyl methylpotassium. 1,1 -Diphenyl- 
ethylpotassium, benzylpotassium, triphenylmeth- 
ylsodium, sodium hydride, potassium amide, 
and potassium gave nonervstallizable polystyrene. 
Table I contrasts the results obtained when styrene 
was polymerized using the above catalysts.

In accord with previous observations using the 
Alfin catalysts,1'2 polymerizations with tripheny 1- 
methylpotassium conducted in a benzene medium, 
produced high yields of noncrystallizable poly­
styrene. The heterogeneous isotactic polymeriza­
tion system was thus converted to a homogeneous 
nonisotactic polymerization since benzene acted as 
a solvent for triphenvlmethylpotassium. A hexane 
medium, however, provided the required hetero­
geneous system, facilitating isotactic polymeriza­
tion.

(1) J. L.-R. Williams, J. VanDcnBcrghe, W. J. Dulmage, 
and K. R. Dunham, J. Am. Chem. Soc., 78, 1260 (1956).

(2) J. L. R. Williams, J. VanDenBerge, K. R. Dunham, 
and W. J. Dulmage, J. Am. Chem. Soc., 79, 1716 (1957).

E X P E R IM E N T A L

Polymerizations. The polymerizations and crystallizations 
were carried out as previously described.1

Catalysts. The catalysts were bottled under dry nitrogen 
with self-sealing caps and were dispensed by means of 
hypodermic syringes and needles.

Triphenylmethylpotassium. Triphenylmethylpotassium 
was prepared according to the method of Levine, Baum- 
garten, and Hauser.3 The triphenylmethylpotassium was 
transferred to a hexane suspension by removal of ether by 
distillation. The hexane suspension was transferred from 
the reaction flask by nitrogen pressure and was stored in a 
bottle capped with a self-sealing cap.

Diphenylmethylpotassium. Diphenylmethylpotassium was 
prepared in ether solution according to the method of Yost 
and Hauser.4 The ether was subsequently replaced with 
hexane.

Benzylpotassium. Benzylpotassium was prepared from 
chlorobenzene and potassium in a toluene medium, accord­
ing to the procedure of Gilman, Pacivitz, and Baine.5

Potassium amide. Potassium amide was prepared in liquid 
ammonia.3 The liquid ammonia was replaced by hexane.

Diphenyleyclohexylmethylpotassium. Diphenylcj’dohexyl- 
methylpotassium was prepared according to the directions 
of Ziegler and Schnell,6 with some modifications. The po­
tassium compound was prepared using diphenylcyclohexyl- 
chloromethane (m.p. 83-84°) which was prepared from the 
carbinol via acetyl chloride. Diphenylcyclohexylchloro- 
methane was treated with potassium amide, according to 
the directions used for the preparation of diphenylmethyl­
potassium.'1 Diphenylcvclohexylacetic acid was obtained in 
92% crude yield by the carbonation of diphenylmethvl- 
cyclohexylpotassium and melted at 202-203° upon recrys­
tallization from acetic acid. This melting point is in agree­
ment with that obtained by Ziegler and Schnell6 by carbon­
ation of the diphenylcyclohexylmethylpotassium which they 
obtained by reaction of potassium on diphenylcyclohexyl- 
carbinol methyl ether. The catalyst was transferred to hex­
ane solution as already described.

1,1-Diphenylelhylpotassium. 1,1-Diphenylethylene7 was 
reduced to 1,1-diphenylethane with sodium ethylate, ac­
cording to the directions of Klages.3 4 5 6 7 8 1, l-Diphenylethylpo- 
tassium was prepared by essentially the same method as 
that used for diphenylmethylpotassium. However, in this 
case, hexane was used in place of ether since 1,1-diphenyl- 
othane was soluble in hexane. 1,1-Diphenylpropionic acid 
obtained by carbonation of the potassium salt was obtained 
in 94%, crude yield and melted at 171-172° on crystal­
lization from benzene. This melting point is in agreement 
with that obtained by Ziegler and Schnell6 on carbonation 
of 1,1-diphenylethylpotassium which they obtained by the 
action of potassium on 1,1-diphenylethylcarbinol methyl 
ether.

Potassium. A 0.1-g. piece of freshly cut potassium was 
used. The polymer grew outward from the surface of the 
potassium.

C o m m u n i c a t i o n  No. 1921
R e s e a r c h  L a b o r a t o r ie s

E a s t m a n  K o d a k  Co.
R o c h e s t e r  4, N. Y.

( 3 )  R. Levine, E. Baumgarten, and C. R. Hauser, J. Am. 
Chem. Soc., 6 6 ,  1 2 3 1  ( 1 9 4 4 ) .

(4) R. S. Yost and C. R. Hauser, J. Am. Chem. Soc., 69, 
2325(1947).

(5) H. Gilman, II. A. Pacivitz, and O. Baine, J. Am. 
Chem. Soc., 62, 1518(1940).

(6) K. Ziegler and B. Schnell, Ann., 437, 227 (1924).
(7) Org. Syntheses, Coll. Vol. I, 226 (1948).
(8) A. Klages, Ber., 35, 2647 (1902).
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TABLE I
P o l y m e r i z a t i o n  o f  S t y r e n e

Catalyst
Concen­
tration Polymerization Inher-

Catalyst Run
Moles/

liter Ml.
Catalyst
Medium

Medium 
Medium Ml.

Sty­
rene Time Temp.

Crystal­
linity“'0

Vis­
cosity“

Yield
G. %

Triphenyl- 1 0.19 30 Hexane Hexane 200 30 7 hr. Reflux High 1.3 1.5 5.5
methyl- 2 0.19 30 Hexane Hexane 200 30 18 hr. Reflux High 0.79 21.0 7.7
potassium 3 0.19 30 Hexane Hexane 200 30 2 wk. 40° Medium 2.76 15.0 55.5

4 0.19 5 Hexane 5 5 days 25° High 1.61 3.5 78.0
5 0.53 30 Hexane 30 5 days 25° Medium 0.93 24.0 89.0
6 0.53 60 Hexane 30 2 davs 25° High 0.96 9.5 35.2
7 0.19 30 Hexane Benzene 200 30 8 hr. Reflux Nil 0.19 14.0 51.7
8 0.19 30 Hexane Benzene 200 30 18 hr. Reflux Nil 0.2 26.3 97.5

Diphenylcyclo- 9 0.5 30 Hexane Hexane 200 30 8 davs 40° High 0.68 24.0 88.8
hexylmethyl-
potassium

Diphenylmeth- 10 0.8 15 Hexane Hexane 200 30 3 days 40° Medium 0.48 22.6 84.0
ylpotassium 11 0.8 30 Hexane 30 3 days 40° Low 0.32 27.0 100.0

1,1-Diphenyl- 12 0.1 30 Hexane Hexane 100 30 4 davs 25° Nil 1.41 7.0 25.9
ethyl-
potassium

Benzyl- 13 0.66 5 Toluene Hexane 200 30 1 day 28° Nil 19.0 70.0
potassium 14 0.66 10 Toluene Hexane 200 30 15 min. 25° Nil 1.0 27.0 100.0

Triphenylmeth- 15 0.96 20 Ether Hexane 200 30 14 days 25° Nil 0.24 23.0 88.8
ylsodium

Sodium hydride 16 10 g. Hexane 200 30 72 hr. 25° Nil 0.88 24.3 90.0
Potassium 17 0.2 Hexane Hexane 100 30 24 hr. 25° Nil 0.29 5.0 18.5

amide
Potassium 18 0.1 Hexane Hexane 200 30 60 days 25° Nil 2.45 5.0 18.0

“ Viscosity and crystallinity measurements were made as described previously.2 6 The samples of polymers were crystal­
lized by immersion in boiling heptane for 16 hr.

Pyridinaldazines

F r e d e r i c k  J. A l l a n 1 a n d  G .  G r a h a m  A l l a n 2 

Received October 10, 1957

Although 2-pyridinaldazine was described as 
long ago as 1915,3 and in spite of a widespread 
interest in the physiological properties of various 
pyridine aldehyde derivatives,4-11 we have been 
unable to locate any later reference to the azines 
of the pyridine aldehydes.1 2 3 4 5 6 7 8 9 10 11 12

(1) To whom enquiries should be addressed.
(2) Present address: Electrochemicals Department, E. I. 

du Pont de Nemours and Co., Wilmington, Del.
(3) C. Harries and G. H. Lenart, Ann., 410, 101 (1915).
(4) H. Kewitz, I. B. Wilson, and D. Nachmansohn, 

Arch. Biochem. Biophys., 64, 456 (1956) No. 2.
(5) J. Klosa, Arch. Pharm., 289, 196 (1956) No. 4.
(6) H. H. Fox (to Hoffman-La Roche Ltd.), Canadian 

Patent 533,124 (Nov. 13, 1956).
(7) S. Archer and M. E. Auerbach (to Sterling Drug 

Co.), U. S. Patent 2,775,598 (Dec. 25, 1956).
(8) F. E. Anderson (to Nepera Chemical Co.), U. S. 

Patent 2,782,201 (Feb. 19, 1957).
(9) H. B. König and H. A. Offe (to Fabriken Bayer 

A.G.), German Patent 1,008,294 (May 16, 1957).
(10) W. Wilde, British Patent 776,118 (June 5, 1957).
(11) F. J. Allan, G. G. Allan, and J. B. Thomson, J. Org. 

Chenu, 23, 112 (1958).

As part of a fungicidal study,13 we have pre­
pared 2-, 3- and 4-pyridinaldazine in alkaline media 
using the convenient method of O rganic S y n th e s is  
for benzalazine.14 15 In each case the yield was 
excellent (over 90%). Azine formation under these 
conditions is not conventional and to check the 
generality of this procedure we have prepared the 
known 1-naphthaldazine,16 2,2'-dichlorobenzala- 
zine,16 and 3,3'-dinitrobenzalazine17 in similar yield.

E X P E R IM E N T A L 18

2-Pyridinaldazine. 4.6 g. (0.43 mole) of pyridine-2- 
carboxaldehyde was added dropwise to a solution of 2.4 g. 
(0.185 mole) of hydrazine sulfate in 180 ml. of water and 25 
ml. of concentrated ammonium hydroxide with vigorous 
stirring at room temperature. Stirring was continued for 3 
hr. The yellow product which had separated was recrystal­
lized from aqueous methanol to give 4.1 g. of the azine

(12) After this note had been prepared, the Abstracts of 
Papers of the 132nd Meeting of the American Chemical 
Society, New York, Sept. 8-13 (1957), appeared which con­
tain an abstract (12N, paragraph 32) concerning complexes 
of 2-pyridinaldazine with iron (II) and nickel (II) by W. J. 
Stratton and D. H. Busch.

(13) Details of which we hope to publish later elsewhere.
(14) Org. Syntheses, Coll. Vol. II, page 395.
(15) M. L. Rousset, Bull. soc. chim. France [3], 17, 304 

(1897).
(16) Th. Curtins and H. Pauli, Ber., 34, 849 (1901).
(17) Th. Curtins and A. Lublin, Ber., 33, 2462 (1900).
(18) Melting points are uncorrected.
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(yield 91%) as long golden yellow blades, m.p. 151-152°. 
Lit.3 m.p. 149°.

Anal. Calcd. for C12H10N4: C, 68.55; H, 4.80; X, 26.05. 
Found: C, 68.63; H, 4.63; N, 26.40.

The following five azines were similarly prepared.
3- Pyridinaldazine, golden yellow prismatic needles (4.1 g., 

yield 91%) from aqueous methanol, m.p. 148-149°. A 
specimen on admixture with 2-pyridinaldazine melted at
126-128°.

Anal. Calcd. for C,2Hi0N4: C, 68.55; H, 4.80; N, 26.65. 
Found: C, 68.45; H, 4.09; X, 26.45.

4- Pyridinaldazine, golden yellow needles (4.15 g , yield 
92%) from aqueous methanol, m.p. 192-193°.

Anal. Calcd. for C,2H,oX4: C, 68.55: H, 4.80; X, 26.65. 
Found: C, 68.60; H, 4.91; X, 26.35.

1-N aphthaldazine, yellow needles (3 g., yield 90%) from 
acetone-methanol, m.p. 155-156°. Lit.16 m.p. 152°.

2,2'-Dichlorobenzaiazine, long yellow needles (2.6 g., 
yield 87%,) from methanol, m.p. 150-151°. Lit. 6 m.p. 
143-145°.

3,3'-Dinitrobenzalazine, yellow blades (2.9 g., yield 89%) 
from acetic acid, m.p. 196-197°. Lit.17 m.p. 194°.

D e p a r t m e n t  o f  C h e m i s t r y  

P a i s l e y  T e c h n i c a l  C o l l e g e  

P a i s l e y , S c o t l a n d

Preparation o f 2-C yanotetrahydropyran1

R o b e r t  Z e i . i n s k i 2 a n d  K e n n e t h  Y o r k a

Received July 29, 1957

Although substituted 2-cyanotetrahydropyrans 
have been reported in the literature, they have been 
prepared either by addition of hydrogen cyanide 
to substituted dihvdropyrans3 or by reaction of 
appropriate acroleins and vinyl cyanides4 in re­
actors at moderate pressure. There appeared to be 
no simple laboratory procedure for 2-cyanotetra- 
hydropyran which was needed for other research. 
Accordingly the metathesis of 2-bromotetrahydro- 
pyran with metal cyanides has been partly evalu­
ated as a method of synthesis.

2-Bromotetrahydropyran5 solutions were treated 
in toluene with cuprous, mercuric, potassium, and 
silver cyanides in the manner reported for open 
chain, a-chloro ethers.6 Maximum conversions were 
obtained in experiments at 20-30°. None of the de­
sired product was formed when potassium cyanide 
was used and the yield was only 12% from cuprous

(1) Abstracted from the senior thesis of Kenneth Yorka, 
De Paul University. 1955. Preliminary experiments were 
conducted by A. M. Laurinaitis.

(2) Present address: 1653 S. Elm Ave., Bartlesville, 
Okla.

(3) C. W. Smith, U. S. Patent 2,489,729 (Nov. 29, 1949).
(4) C. W. Smith, 1). G. Norton, and S. A. Ballard, 

J. Am. Chem. Soc., 73, 5270 (1951).
(5) R. Paul, Bull. voc. chim. France, 5, 1, 1397 (1937); 

Compt. rend., 198, 375, 1246 (1934).
(6) S. P. Lingo and H. R. Henze, ./. Am., (’hem. Soc., 

61, 1574 (1939). Also, H. R. Henze, G. \Y. Benz, and G. L. 
Sutherland, J. Am. Chcm. Soc., 71, 2122 (1949). The sub­
ject has been reviewed by D. T. Mowry, Chem. Reis., 42, 
199 (1948).

cyanide. However, silver and mercuric cyanides 
gave 27-30% yields of 2-cyanotetrahydropyran.

The compound was characterized by hydrolysis 
in 63% yield to tetrahydropyran-2-carboxylie 
acid7 and by reaction with benzylmagnesium chlo­
ride to form 2-(phenylacetyl)tetrahydropyran.

E X P E R IM E N T A L

2-Cyanoletrahydropyran. A solution of 85 g. (1.0 mole) 
of 2,3-dihydro-1 /f-pvran in 300 ml. of dry toluene was 
maintained at —10 to 0° while a stream of hydrogen 
bromide was added with stirring until 73 g. (0.90 mole) 
had been absorbed. The 2-bromotetrahydropyran so ob­
tained was used for the preparation of the 2-cyano com­
pound since attempts to isolate the halopyran by vacuum 
distillation resulted in decomposition.8

The toluene solution was added dropwise with Stirling 
to a suspension of 252 g . (1.0 mole) of mercuric cyanide in 
200 ml. of dry toluene in an exothermic reaction that was 
kept at 20-25°. After 2 hr. the mixture was filtered and the 
filtrate was washed with water, dried, and distilled to give 
21-30 g. (21-30%,) of 2-cyanotetrahydropyran, b.p. 90- 
92°/18 mm., 7%  1.4430.

In a similar way, 40 g. (0.30 mole) of silver cyanide added 
over 30 min. to 51 g. (0.31 mole) of the bromopyran in 200 
ml. of dry toluene at 25-30° gave 9.0 g. (27%) of 2-cyano­
tetrahydropyran, b.p. 77-83°/16 mm., n\, 1.4455.

Anal. Calcd. for C6H9OX: C, 64.85; H, 8.16; X, 12.60. 
Found: C, 65.15; H, 8.16; X, 12.63.

Reaction of equimolar amounts of 2-bromotetrahydro­
pyran and cuprous cyanide in a similar manner at 20-25° 
gave 12% of product, b.p. 75-79°/15 mm., n2D5 1.4422, 
provided the reaction mixture was washed with 10% 
ammonium hydroxide before distillation.

2-Tetrahydropyrancarboxylic acid. A mixture of 55.6 g. 
(0.50 mole) of 2-cyanotetrahydropyran was boiled for 7 
hr. with 40.0 g. (1.00 mole) of sodium hydroxide in 200 ml. 
of water. The alkaline solution was extracted with three 
50-ml. portions of ether and exactly neutralized with one 
equivalent of hydrochloric acid. Ether extraction in a liquid- 
liquid extractor and distillation of the ether extract gave 41 
g. (63%) of 2-tetrahydropyrancarboxylic acid, b.p. 142- 
145°/20 mm., n2D5 1.4620.

Anal. Calcd. for CeHioOs: C, 55.37; H, 7.75; neut. equiv., 
130. Found: C, 55.50; H, 7.82; neut. equiv. 129.

The acid was further characterized by conversion to 
phenacyl 2-tetrahydropyrancarboxylate, m.p. 74-76°.

Aval. Calcd. for Ci,H|f,04: C, 67.72; H, 6.50. Found: C, 
67.92; H, 6.65.

2-(Phenylacelyl)telrahydropyran. A solution of 16.8 g. 
(0.15 mole) of 2-cyanotetrahydropyran in 100 ml. of ether 
was added dropwise to the Grignard reagent prepared from
7.2 g. (0.30 mole) of magnesium and 38 g. (0.30 mole) of 
benzyl chloride in 400 ml. of anhydrous ether. One hour after 
addition was complete, hydrolysis with ice and dilute hydro­
chloric acid and distillation of the dried ether layer gave 13 
g. (42%,,) of 2-(phenylacetyl)tetrahydropyran, b.p. 155- 
165°/3-4 mm., n2„ 1.5241. An analytical sample was 
obtained as a fraction, b.p. 140-141 °/3 mm., n2Ds 1.5218.

-1 nal. Calcd. for Ci3Hie02: C, 76.44; H, 7.90. Found: C, 
76.54; H, 8.00.

This product was further characterized as the 2,4-di- 
nitrophenylhydrazone, m.p. 139-142°.

(7) R. Paul and S. TchelitchefT, Compt. rend., 232, 2230 
(1951).

(8) 2-Chlorotetrahvdropyran made the same wav can 
be distilled although occasionally rapid decomposition may 
occur.
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Anal. Calcd. for 0 19H>n0.iN.i: C, 59.36; H, 5.24; N, 14.59. 
Found: C, 59.23; H, 5.29; N, 14.60.

D e p a r t m e n t  o p  C h e m i s t r y  

D e  P a u l  U n i v e r s i t y  

C h ic a g o  14, III.

p-(/>-Benzoylbenzoyl)benzoic Acid

R o b e r t  Z e l i n s k i ’ a n d  G e o r g e  O ’ B r i e n

Received October 10, 11)57

Information concerning the synthesis of linear 
polybenzoylbenzoic acids of type I is sparse. 
Ivoelsch and Bryan1 2 prepared dibasic acids (la, n

la, R = COOH
lb, R = H

= 1,2, 3) by acylating toluene with acid chlorides 
such as those derived from terphthalic acid, p ,p '-  
benzophenonedicarboxylic acid, etc., and subse­
quently oxidizing the end methyl groups to carbox­
ylic acid groups. Acylation of benzene with p,p'- 
benzophenonedicarbonyl chloride gave p-(p-benzo- 
ylbenzoyl)benzoic acid as a by-product.3 Finally, 
the acid catalyzed condensation of benzyl alcohol 
yields polymers which oxidized to a mixture of 
polyketones containing both ortho and para link­
ages.4

A possible route to compounds of type lb is the 
Friedel-Crafts aroylation of p-benzylbenzoic acid 
by halides such as benzoyl chloride and p-benzoyl- 
benzoyl chloride. In this way the preparation of p -  
(p-benzoylbenzyl)benzoic acid and its oxidation 
product, p-(p-benzoylbenzoyl)henzoic acid, was 
readily achieved. However, the few attempts to ex­
tend the synthesis were unsuccessful.

E X P E R I M E N T A L

p-(p-Benzoylbenzyl)benzoic arid. A solution of 0.05 mole 
of benzoyl chloride in 30 ml. of carbon disulfide was added 
with stirring to 0.04 mole of p-benzylhenzoio acid5 and 0.16 
mole of aluminum chloride in 30 ml. of carbon disulfide. 
The mixture was stirred and heated under reflux for 3 hr. 
after which it was hydrolyzed with ice and hydrochloric

( 1) Present address: 1653 Elm Street, Bartlesville, Okla.
(2) C. F. Koelsch and C. E. Bryan, ./. Am. Chem. Soc., 

67, 2041 (1945).
(3) E. Connerade, Bull. Soc. Chim. Belg., 44, 411 (1935); 

Chem. Abstr., 30, 1373 (1936).
(4) R. L. Shriner and A. Berger, J. Org. Chem., 6, 305

(1941).
(5) Prepared in very good yield by the Wolfï-Kishner 

reduction of p-benzoylbenzoic acid using the general 
directions of Huang-Minlon, J. Am. Chem. Soc., 68 , 2487 
(1946).

acid. The carbon disulfide was removed by steam distillation 
and the residue was dissolved in aqueous alkali and filtered. 
Acidification precipitated the crude acid which was twice 
recrystallized with deeolorization from 150-ml. portions 
of methanol to give 6.6 g. (52%) of p-(p-benzoylbenzyl)- 
benzoic acid, m p. 181.5-182.5°.

Anal. Calcd. for C2iHl60 3: C, 79.73; H, 5.10; N.E. 316. 
Found: C, 79.50; H, 5.17; N.E. 316.

p-(p-Benzoylbenzoyl) benzoic acid. A solution of 3.5 g. of 
sodium dichromate in 5 cc. of water, 8 cc. of acetic acid, and
1.7 cc. of concentrated sulfuric acid was added dropwise 
over a 20-min. period to a boiling solution of 3.0 g. of p-(p- 
benzoylbenzyl (benzoic acid in 25 ml. of acetic acid. After 
45 min. it was poured into water and the precipitate was 
collected. This was difficultly soluble in dilute sodium 
hydroxide and methanol. Crystallization from 30 ml. of 
dioxane gave 2.9 g. (64%) of p-(p-benzoylbenzoyl)benzoic 
acid, m.p. 268.5-269.5° (lit., m.p. 268°).3 *

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 u l  U n i v e r s i t y  

C h i c a g o  14, III.

Estrogen E sters1

S e y m o u r  L. S h a p i r o , K u r t  W e i n b e r g , 

a n d  L o u is  F r e e d m a n

Received October 1J, 1957

In the steroid field the same acylating group can 
promote a desirable physiological response in more 
than one hormone category.2-3

This study extended our observations with the 
acylation of androgens4 to the synthetic estrogens 
diethylstilbestrol (I) and hexestrol (II). More partic­
ularly, we were interested in varying the character 
of the acylatir.g group so that the estrogenic activity 
inherent in I and II would be increased as well as 
decreased. This objective is an outgrowth of the 
provocative concept of Myers8 and coworkers who 
have stressed the importance of the steroid sex

(1) Presented at the Meeting-in-Miniature, North Jersey 
Section, American Chemical Society, January 1958.

(2) a R. Gaunt, J. H. Leathern, C. Howell, and N. 
Antonchek, Endocrinology, 50, 521 (1952); b Ciba Ltd., 
British Patent 694,462 (1953); Chem. Abstr., 48, 10792 
( 1954); c P. Desaulles and R. Meier, Schweiz, med. Wochschr., 
84, 741 (1954); Chem. Abstr., 48, 11641 (1954). (The pivalates 
of desoxvcorticosterone, the 20,21-ket.ols of the pregnane 
series and cortisone, respectively).

(3) a A. C. Ott, M. H. Kuizenga, S. C. Lyster, and R. A. 
Johnson, J. Clin. Endocrinol, and Metabolism, 12, 15 (1952); 
b W. W. Robinson, J. Clin. Endocrinol, and Metabolism, 13, 
1279 (1953). (The d-cvclopentylpropionates of testosterone 
and estradiol, respectively).

(4) a S. L. Shapiro, K. Weinberg, and L. Freedman, J . 
Org. Chem., 21, 1300 (1956); b S. L. Shapiro, L. Freedman, 
and S. Kobrin, Arch, intern, pharmacodynamie, 111, 30
(1957).

(5) a T. C. Myers, R. J. Pratt, R. L. Morgan, J. O’Don­
nell, and E. V. Jensen, J. Am. Chem. Soc., 77, 5655 (1955);
b R. L. Morgan, P. Tannhäuser, R. J. Pratt, T. C. Myers,
and E. V. Jensen, J. Am. Chem. Soc., 77, 5658 (1955); 
c R. J. Pratt and E. V. Jensen, J. Am. Chem. Soc., 78, 4430 
(1956).
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TABLE I
B i s  E s t e r s  o f  D i e t h y i .s t i l b e s t r o l  a n d  H e x e s t r o i .

Compound
No.

Acylating
Group

M.P.,“
°c.

Yield,®
%

Molecular
Formula

Carbon4
Calcd. Found

Hydrogen 
Calcd. Found

1. CICH2CH2CO 144-145 15 C24H2«C120 4 64.1 64.2 5.8 5.9
2. BrCH2CH2CO 137-139 19 C2jH26Br20ii 53. G 54.1 4.8 5.2
3. ICH2CH2CO 107-108®
4 . (CH3)3CCH.CO 123-124 52 C30H40O4 77.6 77~7 8.7 8.7
5 . (CÆLCHdîCHCO 170-172 43®“ C50H.I8O4 84.2 84.1 6.8 6.9

H e x e s t r o l

6. C1CH2CH2C0 132-134 15 C24H25C120 4 63.9 63.7 6.2 6.4
7. BrCH2CH2CO 129-130® 14®“ C24H2sBr20 / 53.4 55.1 5.2 5.5
8. ICH2CH2CO 108-109®
9. (CH3)3CCH2CO 173-175 83 c 3„h 42o4 77.2 77.3 9.1 9.3

10. (CoHí,CH2)2CHCO 187-189®4 52 C50H.Û0O4 84.0 83.8 7.0 7.1

“ All melting points are uncorrected. 4 Analyses by Drs. Weiler and Strauss, Oxford, England. ® Unless otherwise indi­
cated the recrystallizing solvent was ethanol; ®“ acetone-water; ®4 heptane, then ethanol. d Calcd.: Br, 29.7. Found: Br,
29.4. ® The compound could not be obtained analytically pure since it apparently suffered dehydrohalogenation on treat­
ment. 1 Calcd: Br, 29.6. Found: Br, 23.2.

hormones on chemical regulation of the endocrine 
balance.

In the estrogen field, in particular, a wide range 
of clinical utility is indicated if the primary hor­
monal effect on the target organs could be modi­
fied. Such applications include modification of hy­
percholesteremia,6 cupremia,7 mammary gland 
growth,8 calcemia,9 acne,10 clinical management of 
the climacteric,11 increased feed efficiency in 
lambs,12 adjunct to chloropromazine therapy,13 
and protective action against toxic effects of digoxin 
on the myocardium.14 15

Whereas Myers5 varied the nuclear character of
I and II, we investigated different acvlating groups 
on I and II which insured an inherently active estro­
genic function as part of the completed molecule 
with the potential that esters more active than I and
II could then be evaluated at sub-threshold doses, 
and those esters wffiich were less active could be 
assessed as to their influence on the non-target 
functions described above.

(G) M. F. Oliver and G. S. Bovd, Circulation, 13, 82
(1956).

(7) E. M. Russ and J. Raymunt, Proc. Soc. Exptl. Biol. 
Med., 92,465 (1956).

(8) a H. Yamamoto and C. W. Turner, Proc. Soc. Exptl. 
Biol. Med., 92, 130 (1956); b D. Jacobsohn, .4rfa Physiol. 
Scand., 32,304(1954).

(9) a R. E. Clagg, A. S. Rosenthal, and P. E. Sanford, 
Poultry Sci., 33, 1197 (1954); b M. D. Bogdonoff, N. W. 
Shock, and J. Parson, J. Gerontol., 9, 262 (1954).

(10) S. M. Peck, E. G. Klarmann, and H. J. Spoor, Arch. 
Dermatol, and Syphilol., 70, 452 (1954); C. Lapière, Compt. 
rend., 147, 1302(1953).

(11) R. C. Benson and J. W. Garetz, J. Clin. Endocrinol, 
and Metabolism, 13, 258(1953).

(12) F. N. Andrews, M. Stoh, T. W. Perry, and W. M. 
Beeson, J. Animal Sci., IS, 575 (1956).

(13) M. Hyvert, H. Fagard, and J. Huchon, Annales 
Médico-psychologiques (Paris), 113, 645 (1955).

(14) E. H. Grinell and P. W. Smith, Proc. Soc. Exptl. 
Biol. Med., 94, 524 ( 1957).

The selection of acylating groups was confined to 
bis-/3-halopropionates which were expected to en­
hance activity and the bis-ieri-butylacetate and 
bis-a,o-dibenzylacetates which were expected to 
afford steric resistance to i n  vivo saponification.4

TABLE II
E s t r o g e n i c  A c t i v it y “ o f  B i s - a c y l a t e d  D i e t h y l s t i l b e s -

TROL (I) AND HEXESTROL (II)

Compound
No.

Dosage
Molar

Equivalent4 to 
7 /kg. Standard Drug Activity

1. 1.7 1 1.75
2. 2.0 1 1.94

1.5 0.75 1.41
1.0 0.50 1.53

3. 2.4 1 1.98
1.8 0.75 1.52
1.2 0.50 0

4. 1.7 1 0.61
5. 2.7 1 0
6. 1.7 1 1.07
7. 2.0 1 1.11
8. 2.4 1 0 42
9. 1.7 1 0.51

10. 2.7 1 0

“ Estrogenic test was done by the Allen-Doisy method. 
(See ref. 15). Spayed female rats were given two subcu­
taneous doses of the compounds and estrus evaluated by 
two daily vaginal smear3 until disappearance of the reaction. 
Results are expressed as per cent animals showing signs of 
estrus, taking into account duration of the reaction. The 
results of the count of cornified epithelial cells were plotted 
on the ordinate, as a function of time, plotted on the ab­
scissa, and the entire area under the curve was weighted and 
compared to the standard compounds. Each test represents 
the average response of six rats. The reaction produced 
by 1 7 of diethylstilbestrol (I) per kg. of rat is arbitrarily 
taken as 1 (1 7 of hexestroi (II) so evaluated = 1.04). 
6 Compounds 1-5 based on I, Compounds 6-10 based on II.

(15) C. W. Emmons, Hormone Assay, Academic Press, 
Inc., New York, N. Y., 1950. n. 396.



APRIL 1 9 5 8 NOTES 6 4 3

The compounds prepared are described in Table
I, and the noted estrogenic activity as evaluated by 
the Allen-Doisy method15 is shown in Table II.

The estrogenic activity tests reflect the capacity 
of the /3-halopropionate linkage (Compounds 1-3, 
6, and 7) to enhance the estrogenic response inher­
ent in I and II. These compounds show a marked 
response when compared with previously assessed 
derivatives.16

The effect of the acylating group is much more 
pronounced in the derivatives of I than in those of
II, and peak activity is found in Compound 2, the 
bis-/3-bromopropionate of diethylstilbestrol. The 
use of these acylating groups in the androgen series 
also reflected a superiority of the /S-bromo-pro- 
pionate derivative.4 The bis-teri-butyl acetates 
(Compounds 4 and 9) yielded activity below that of 
the parent structures, while the bis-a,a-dibenzyl 
acetates (Compounds 5 and 10) were inactive. I t  is 
of interest that both of these acylating groups above 
failed to give a hormonal response in the androgen 
work.4

E X P E R IM E N T A L 17

The acid chlorides have been described.4
Bis(.IS-chloropropionate) of diethylstilbestrol (Compound 1). 

To a cooled ( — 10°) solution of 20 ml. of /3-chloropropionyl 
chloride in 150 ml. of toluene was added dropwise with con­
tinued cooling and stirring over a 1-hr. period, a solution 
of 5 g. (0.0186 mole) of diethylstilbestrol in 20 ml. of pyri­
dine and 150 ml. of toluene. After 20 hr. the reaction mix­
ture was successively treated with water, 3AT hydrochloric 
acid, water, saturated sodium bicarbonate, and water. The 
toluene layer was separated, dried over anhydrous mag­
nesium sulfate, filtered, the toluene removed, and the resi­
due recrystallized from ethanol yielded 1.37 g. (15%), m.p. 
144-145°.

Bis{a,a-dibenzylacetate) of hexestrol (Compound 10). To a 
cooled ( — 10°) solution of 10 ml. of a,<*-dibenzylacetyl chlo­
ride in 150 ml. of toluene was added dropwise with continued 
stirring and cooling, a solution of 5 g. (0.0185 mole) of hexes­
trol in 10 ml. of pyridine and 120 ml. of toluene. After 
standing 20 hr. the reaction mixture was processed as de­
scribed for Compound 1. There was obtained 6.93 g. (52%) 
of product after successive recrystallizations from heptane 
and ethanol, m.p. 187-189°.

A ckn o w led g m en t. We are grateful to Dr. G. 
Ungar of our Pharmacology Division for evaluation 
of the estrogen activities and to A. Lawrence for his 
technical assistance in the preparation of the com­
pounds.

Synthesis o f 1-A ryluracils1

N o r m a n  W. G a b e l  a n d  S. B .  B i n k l e y

Received October Id, 1957

Most of the biologically active synthetic pyrimi­
dines have been shown to effect nucleic acid metab­
olism.2'3 Since all naturally occurring pyrimidine 
nucleosides are pyrimidines substituted with a 
sugar moiety in the one position, 1-aryluracils 
might be expected to have significant biological 
activity. A careful survey of the literature and an 
examination of the review article by Kenner and 
Todd4 revealed that no synthetic preparations for
1-arylpyrimidines has been reported.

There were two general methods for synthesizing 
uracils substituted in the one position. Either a halo­
gen derivative of the group to be attached is 
treated with a metallic salt of the pyrimidine6 or a 
substituted ureidopropionic acid (I) is cvclized to a 
dihydrouracil (II), brominated in the five position
(III), and dekydrobrominated to the uracil (IV).6'7 
The former method is obviously inapplicable for 
substitution by an aromatic group and the latter 
was found to be unsuitable after many unsuccessful 
attempts to synthesize I having an aromatic group.

NH,COX(R)CH,CHoCOOCoHä
I

CH2—CHCONHCONHR 
V

CO
/ \Br. NH CHBr

^  ¿ 0  CH2
\ /

NR
III

CO
/ \

NH CH,
i I 

CO c h 2

NR
II

CO

NH CH
! II 

CO CH
\ /

NR
IV

To obtain the 1-aryluracils it was necessary to 
develop a new synthetic preparation which, it is 
hoped, can also be adapted to nucleoside synthesis 
since there is no satisfactory method for the intro­
duction of the carbohydrate group into the one 
position of the pyrimidine ring.

While this investigation was in progress, 1-phenyl-

O r g a n i c  R e s e a r c h  L a b o r a t o r i e s  

U. S. V i t a m i n  C o r p .

Y o n k e r s , N. Y.

(16) J. A. Hogg and J. Korman, Medicinal Chemistry, 
Vol. II, John Wiley and Sons, Inc., New York, N. Y., 1956, p. 
34.

(17) All of the compounds described in Table I were pre­
pared by the same general procedures and representative 
examples are described.

(1) Based upon a dissertation submitted by N. W. Gabel 
in partial fulfillment of the requirements for the M. S. degree 
in The Graduate College at the Chicago Professional Colleges 
of the University of Illinois.

(2) R. J. Winzler, Ann. Rev. Biochem., 18, 535 (1949).
(3) G. H. Hitchings, Am. J. Clin. Nutrition, 3, 321 (1955).
(4) G. W. Kenner and A. Todd, Heterocyclic Compounds, 

R. C. Elderfield, ed., John Wiley and Sons, Inc., New York, 
N. Y„ 1957, Vcl. 5, Chap. 7.

(5) R. Behrend, Ann., 253, 67 (1889).
(6) E. Fisher and G. Roeder, Ber., 34, 3751 (1901).
(7) J. E. Gearien and S. B. Binkley, presented at the 

131st ACS National Meeting, Miami, 1957,
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uracil was synthesized by Atkinson et al.* They 
treated propiolie anhydride with urethane to ob­
tain ;V - p r o p i o 1 y 1 u r e t h a no. The aniline addition 
product of this compound yielded 1-phenyluracil 
upon treatment with dilute alkali.

In 1951 Lieser and Kemmner8 9 10 reported the syn­
thesis of l-aerylyl-3-phenylurea from acrylyl iso­
cyanate and aniline. Several l-acrylyl-3-arylureas
(V) were prepared in this investigation in 50% 
yields from the arylamine and a solution of acrylyl 
isocyanate in anhydrous ethyl ether. These 
ureas were light-sensitive. The mixing of the 
reactants required caution because the reaction is 
sometimes violent and acrylyl isocyanate is a strong 
lachrymator.

The l-acrylyl-3-arylureas were cyclized to 1- 
aryldihydrouracils (II) by refluxing for 2-3 days 
in AhAt-dimethylformamide to which had been 
added a small amount of glacial acetic acid. The 
dihydrouracils were converted to l-aryl-5-bromodi- 
hydrouracils (III) by reaction with bromine in 
refluxing glacial acetic acid after the method of 
Gearien and Binkley.7 The 1-aryluracils (IV) were 
obtained by dehydrobromination with lithium 
chloride in VqV-dimethylformamide. The over-all 
yield of 1-phenyluracil based on aniline was 13%.

In this synthetic scheme the only reaction which 
has not been previously reported is the cyclization of
l-acrylyl-3-arylureas to 1-aryldihydrouraeils. This 
reaction apparently occurs through the nucleophilic 
attack of the nitrogen atom (originally from the 
arylamine) on the /3-carbon of the acrylyl portion of 
the urea. This is similar to the nucleophilic addition 
of alkylamines7 and arylamines111 to acrylic acid 
derivatives. The factors facilitating this cycliza­
tion are (a) the positive charge residing on the /3- 
carbon of one of the resonance forms of acrylic acid 
derivatives and (5) the formation of a stable six- 
membered ring.

Although no alkyl derivatives of uracil were 
attempted, there is no apparent reason why they 
could not be synthesized by this method. If this 
preparative scheme can be adapted to nucleoside 
synthesis, it would be possible to prepare pyrimidine 
nucleosides with either the alpha or beta configura­
tion at the anomeric carbon atom by starting with 
either an a -  or /3-1-amino sugar derivative.

E X P E R IM E N T A L 11 12

Acrylyl chloride and isocyanate. Acrylyl chloride was pre­
pared according to the procedure of Stempel, Cross, and

(8) M. R. Atkinson, M. H. Maguire, R. K. Ralph, G. 
Shaw, and R. N. Warrener, J. Chem. Soc., 2363 (1957).

(9) T. Lieser and K. Kemmner, Chem. Ber., 84, 4 (1951;.
(10) P. L. Southwick and R. T. Crouch, J. Am. Chem. 

Soc., 75,3413(1953).
( 11) Analyses were conducted by Spang Microanalytical 

Laboratory, Ann Arbor, Mich. All melting points are un­
corrected.

Mariella' 2 from acrylic acid and benzoyl chloride. The 
method of Lieser and Kemmner9 was followed for obtaining 
a solution of acrylyl isocyanate in anhydrous ethyl ether 
from acrylyl chloride and a suspension of silver eyanate in 
ethyl ether.

l-Acrylyl-8-arylureas. A procedure similar to the one 
described by lieser and Kemmner9 was followed. An Erlen- 
meyer flask containing the acrylyl isocyanate solution was 
placed in an ice bath. An equimolar amount of the arylamine 
was added slowly while the flask was being swirled. The pre­
cipitate was washed over a Büchner funnel with ethyl ether 
to remove unreacted materials and was reerystallized from 
95% ethanol. l-Acrylyl-3-phenyiurea: 27 g. (0.29 mole) of 
aniline yielded 27 g. (50%) of l-acrylyl-3-phenylurea; m.p. 
146°. Lieser and Kemmner9 reported 147°. l-Acrylyl-8-a- 
naphthyl urea: 42 g. (0.29 mole) of a-naphthylamine yielded 
34 g. (50%,) of l-acrylyl-3-a-naphthylurea; m.p. 172-174°. 
l-Acrylyl-3-p-chlorophenylurea: 16.6 g. (0.13 mole) of p- 
enloroaniline yielded 15 g. (52%) of l-acrylyl-3-p-chloro- 
phenylurea; m.p. 203°. l-Acrylyl-8-p-ethoxyphenylurea: 35 g. 
(0.25 mole) of p-phenetidine yielded 24 g. (41 %) of 1-acrylyl-
3-p-ethoxyphenylurea; m.p. 124°.

1-Arytdihydrouracils. Eight to sixteen grams of the 1- 
acrylyl-3-arylurea, 50 ml. of A',A'-dimethylformamide, and 
15-20 ml. of glacial acetic acid were added to a round- 
bottomed flask fitted with a reflux condenser. After reflux­
ing the mixture for 2-3 days, the solvent was removed by 
heating under reduced pressure (10-20 mm.). The residue 
was recrystallized from dioxane to yield the dihydrouracil 
as clumps of colorless needles. 1-Phenyldihydrouracil: 11 g. 
(0.058 mole) of l-acrylyl-3-phenylurea yielded 9 g. (82%) 
of 1-phenyldihydrouracil; m.p. 182-184°.

Anal. Calcd. for C,„H„,N20 2: C, 63.16; H, 5.26; N, 14.73. 
Found: C, 03.18; H, 5.31; N, 14.70.

1-ot-Naphlhyldihydroicracil: 8 g. (0.033 mole) of l-acrylyl- 
3-o-naphthylurea yielded 1.5 g. (19%) of l-a-naphthvldi- 
hydrouracil; m.p. 250-252° dec.

Anal. Calcd. for C11H12N2O2: N, 11.24. Found: N, 11.21.
1-p-Chlorophenyldihydrouracil: 14 g. (0.062 mole) of 1- 

acrylyl-3-p-chlorophenylurea yielded 5.4 g. (39%) of 1-p- 
chlorophenyldihydrouraeil; m.p. 224°.

Anal. Calcd. for C.oIRClNjCh: N, 12.47. Found: N, 12.54.
1-p-Ethoxyphenyldihydrourac.il: 16 g. (0.068 mole) of 1- 

acrylyl-3-p-ethoxyphenylurea yielded 13 g. (81%) of 1-p- 
ethoxvphenyldihydrouracil; m.p. 202-204°.

Anal. Caicd. for C12HuN20 3: C, 61.51; H, 0.02; N, 11.96. 
Found: C, 61.49; H, 5.96; N, 12.14.

1-Aryl-o-bromodihydrouracils. The procedure of Gearien 
and Binkley7 was followed. To a refluxing solution of the 
1-aryldihydrouracil in 20 ml. of glacial acetic acid was added 
slowly an equimolar amount of bromine dissolved in a few 
milliliters of glacial acetic acid. The reaction flask was cooled 
unde” running tap water and the pH of the contents was 
adjusted to ca. 5 with 10%, sodium hydroxide. Water was 
then added to induce precipitation. The heavy flocculent 
precipitate was washed three times with distilled water over 
a Büchner funnel and reerystallized from dioxane. 1-Phenyl-
5-bromodihydrouracil: 2.7 g. (0.014 mole) of 1-phenyldihy­
drouracil yielded 2.6 g. (71%) of l-phenyl-o-brornodilrv'- 
drourac.il; m.p. 192-193° dec.

Anal. Calcd. for Ci0H 9BrN2O2: C, 44.61; H, 3.34; N, 10.41; 
Br, 29.74. Found: C, 44.61; H, 3.34; N, 10.40; Br, 29.95.

1-a-NaphlhylS-bromodihydrouracil: 1.4 g. (0.006 mole) 
of 1-a-naphthyldihydrouracil yielded 1.8 g. (94%) of 1-a- 
naphthyl-5-bromodihydrouracil; m.p. 275°.

Anal. Calcd. for C14HnBrN20>: Br, 25.04. Found: Br, 
24.97.

l-p-Chlorophmyl-5-bromodihydrouracil: 3.9 g. (0.017 mole) 
of 1-p-chlorophenyldihydrouracil jdelded 2.7 g. (53%) of 
l-p-chlorophenyl-5-bromodihydrouracil; m.p. 211- 212° dec.

Anal. Calcd. for CioHsBrCl^Cb: N, 9.23. Found: N, 9.19.

(12) G. H. Stempel, R. P. Cross, and R. P. Mariella, J. 
Am. Chem. Soc., 72, 2299 (1950)
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1-Aryluracils. The dehydrobromination of l-aryl-5- 
bromodihydrouracils was accomplished by a procedure 
similar to the one described by Holysz.13 A solution of equi­
molar amounts of lithium chloride and l-aryl-5-bromodihy- 
drouracil in 50 ml. of N, M-dimethylformamide was heated 
on a steam cone for 3 hr. Water was now added to the con­
tents to bring about precipitation. The precipitate was 
washed with distilled water over a Büchner funnel, air- 
dried, and recrystallized from dioxane as fine colorless 
needles. The ultraviolet absorption spectrum in methanol 
(c = 20 Mg./ml.) was obtained on a Beckman Ratio Record­
ing Spectrophotometer. 1-Phenyluracil: 2.3 g. (0.009 mole) 
of l-phenyl-5-bromodihydrouracil yielded 0.7 g. (44%) 
of 1-phenyluracil; m.p. 247°; Em,* = 11,100 at 265 m^. 
Atkinson et al* reported m.p. 247°. 1-p-Chlorophenyluracil:
2.4 g. (0.011 mole) of l-p-chlorophenyl-5-bromodihydrour- 
acil yielded 1.1 g. (45%) of 1-p-chlorophenyluracil; m.p. 
258°; Emax = 15,670 at 264 mM.

Anal. Calcd. for C„,H7C1N20 2: C, 53.90; H, 3.16; N, 12.59. 
Found: C, 53.85; H, 3.27; N, 12.58.

A ckn o w led g m en t. This work was supported by 
grant number CY-3231 from the U.S. Public Health 
Service.

D e p a r t m e n t  o f  B i o l o g i c a l  C h e m i s t r y

U n i v e r s i t y  o f  I l l i n o i s  C o l l e g e  o f  M e d i c i n e

C h ic a g o  12, III.

(13) R. P. Holysz, J. Am. Chem. Soc., 75, 4432 (1953).

Action o f  Grignard R eagents on  ¡3-Sub stitu ted  
P rop iom esity lenes1

R e y n o l d  C .  F u s o n , E a r l  H .  H e s s , 2 a n d  H .  S c o t t  K i l l a m

With mesitylmagnesium bromide /3-methoxy­
propiomesitylene (I) yielded /3-mesitylpropiome- 
sitylene previously produced by condensing ¡3- 
chloropropionvl chloride with mesitylene by the 
method of Friedel and Crafts4 and by catalytic 
hydrogenation of mesitoylmesitylacetylene.5

An interesting variant was furnished by 3- 
methoxyisopropenyl mesityl ketone (V),6 a prod­
uct of the interaction of formaldehyde, aceto- 
mesitylene, and methanol. When this unsaturated 
ketone was allowed to condense with phenyl- 
magnesium bromide the product was dibenzylace- 
tomesitylene (VI).

O
¡1

MesC—CCH2OCH3

Dh ,
V

This change differs from the preceding examples 
in that the enolate that loses the methoxide ion is 
formed by 1,4-addition of the Grignard reagent to 
an a,/3-unsaturated ketone rather than by enoliza- 
tion of a saturated ketone. Presumably a-benzyl- 
vinyl mesityl ketone (VII) was formed as an inter­
mediate.

In addition to the major product, dibenzylaceto- 
mesitylene, small amounts of mesitoic acid and di­
benzyl ketone, were isolated also. These compounds 
could be produced by air oxidation of the enolic 
form (VIII) of dibenzylacetomesitylene.

MesCCH(CH,C6H5)2
VI

Received October 22, 1957 OH

a-Hydrogen elimination reactions produced by 
the action of Grignard reagents on /3-substituted 
mesityl ketones are followed by 1,4-addition of the 
Grignard reagent to the resulting a,/3-unsaturated 
ketone. Thus /3-methoxypropiomesitylene (I) re­
acts with two equivalents of phenylmagnesium 
bromide to give /3-phenylpropiomesitylene (II).

0 OilII

MesCCHüCHjOCH, MesCCH2CH2C6H5
I II

O
[I

Oil
MesCCH=CHCr,Hr,

III
MesCC—CHoC6H6

II
CHC6H4Cl-p

IV

The phenylated ketone proved to be identical with 
that prepared by catalytic hydrogenation of benzal- 
acetomesitylene (III) according to the method of
Barnes.3 The p-chlorobenzal derivative (IV) was 
made also.

(1) This investigation was supported by a grant from the 
Office of Ordnance Research, U. S. Army (Contract No. 
DA-11-022-ORD-874).

(2) Socony-Vacuum Oil Co. Fellow, 1954-1955.
(3) R. P. Barnes, J. Am. Chem. Soc., 57, 937 (1935).

M esi—C=CH 2 MesC=CCH,C6H5
I I

c h 2c 6h 5 c h 2c 6h 5
VII VIII

E X P E R IM E N T A L 7

Reaction of (¡-methoxypropiomesitylene (I) with phenyl­
magnesium bromide. To a refluxing solution of phenylmag­
nesium bromide, prepared from 62.8 g. (0.4 mole) of bromo- 
benzeno, 9.6 g. (0.4 g.-atom) of magnesium, and 200 ml. 
of dry ether, was added with stirring 20.6 g. (0.1 mole) of 
/3-methoxypropiomesitylene over a period of 10 min. The 
heating and stirring were continued for 5 hr. The reaction 
mixture was cooled in an ice bath and treated with a cold 
dilute solution of hydrochloric acid. The organic layer, after 
being washed with -water and dried over anhydrous sodium 
sulfate, was freed of solvent by distillation, and the residual 
yellow' oil was distilled through a 12-in. Vigreux column. 
The small amount of forerun solidified and had the odor 
characteristic of biphenyl. The main fraction was /3-phenyl- 
propiomesitylene, b.p. 149-153°/0.5 mm.; ra2D° 1.5570; yield
16.4 g. (65%).

(4) R. C. Fuson and C. H. McKeever, J. Am. Chem. Soc., 
62, 2088 (1940).

(5) R. C. Fuson and J. S. Meek, J . Org. Chem., 10, 551
(1945).

(6) R. C. Fuson and C. H. McKeever, J. Am. Chem. Soc., 
62, 999 (1940).

(7) All melting points are corrected; all boiling points are 
uncorrected.
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The infrared spectrum8 of this compound is identical with 
that of a sample of /3-phenylpropiomesityIene prepared 
according to the method of Barnes.3 I t shows bands assign­
able to a hindered unconjugated ketone (1697 cm.”1) and 
to a mesityl group (852 cm.-1).

The p-chlorobenzal derivative (IV) was made by allow­
ing a mixture of 1.0 g. (0.007 mole) of p-chlorobenzaldehyde, 
0.6 g. (0.002 mole) of 0-phenylpropiomesityIene (prepared 
by the method of Barnes or by the methoxyl elimination 
reaction), 50 ml. of ethanol, and 10 ml. of a 10% solution of 
sodium hydroxide to stand at room temperature for 22 hr. 
When the pale yellow reaction mixture was refrigerated 
white crystalline plates were deposited; m.p. 108-109.5°, 
after one recrystallization from ethanol.

Anal. Calcd.9 1 2 3 4 for C25H23OCI: C, 80.11; H, 6.18. Found: 
C, 80.09; H, 6.15.

The infrared spectrum of the compound, determined in 
carbon disulfide, shows absorption at 1655 cm.-1, assignable 
to the conjugated carbonyl function. Bands at 850, 820, and 
695 c m r1 suggest the presence of mesityl as well as p- 
disubstituted- and monosubstituted benzene groups.

Reaction of fi-methoxypropiomesitylene with mesitylmag- 
nesium bromide. A Grignard reagent was prepared from 4.2 
g. (0.18 g.-atom) of finely divided magnesium, 40 g. (0.2 
mole) of freshly distilled bromomesitylene, 175 ml. of 
anhydrous ether, and a small crystal of iodine. To the 
refluxing solution was added, dropwise and with stirring,
10.3 g. (0.05 mole) of /3-methoxypropiomesitylene in 150 
ml, of anhydrous benzene. The heating and stirring were 
continued for 10 hr. The work-up was conducted as described 
in the previous experiment. Hot ethanol was added to the 
oily yellow residue, and the solution was refrigerated. The 
solid which separated was recrystallized from ethanol. 
Seven grams (50%) of white powdery material was ob­
tained; m.p. 79.5-80.5°.

A mixed melting point determination with an authentic 
sample of 0-mesitylpropiomesitylene5 showed no depression. 
The infrared spectrum (chloroform) of the compound 
exhibits strong bands at 1693 cm. -1 and at 855 cm. -1 These 
can be assigned to the hindered carbonyl function and to 
the mesityl group, respectively.

Reaction of 3-methozyisopropenyl mesityl ketone (V) with 
phenylmagnesium bromide. The reaction was conducted in 
an atmosphere of nitrogen. A Grignard reagent was prepared 
from 11.3 g. (0.072 mole) of bromobenzene, 1.7 g. (0.07 g- 
atom) of magnesium, and 50 ml. of dry ether. To the Gri­
gnard solution was added, dropwise and with stirring, a solu­
tion containing 3.9 g. (0.018 mole) of the methoxy ketone, 
50 ml. of dry ether, and 75 ml. of dry benzene. One hour 
was required for the addition. The reaction mixture, grey- 
white because of suspended solid material, was heated under 
reflux for 10 hr., and then allowed to stand overnight at 
room temperature. The suspension -was cooled in an ice- 
bath and hydrolyzed with cold dilute hydrochloric acid. 
The work-up was conducted in the usual manner.

A portion of the oily residue was taken up in hot ethanol, 
and the solution cooled in the refrigerator. Pale yellow 
prisms separated; m.p. 81-83°. Recrystallization from an 
ethanol-water mixture gave white pellets, m.p. 83.5-85°.

Anal. Calcd. for C25H260 : C, 87.67; H, 7.65. Found: C, 
87.84; H, 7.75.

The carbonyl region of the infrared spectrum (carbon 
disulfide) of the compound contains a strong band at 1700 
cm. -1 A band at 854 cm.-1 is assignable to a mesityl group, 
and a mono-substituted benzene nucleus is indicated by 
strong absorption at 750 and 700 cm.-1

Addition of cyclohexane to the remainder of the oily

(8) The infrared spectra were determined and interpreted 
by Mr. James Brader, Mrs. Louise Griffing, Mr. Sy Portnow, 
and Mr. Brian Cloonan.

(9) The microanalyses were performed by Mr. J. Nemeth, 
Mrs. R. Maria Benassi, Mr. Rolo Nesset, Miss Claire 
Higham, Mrs. Ruby Ju, and Mrs. Stingl.

residue caused the separation of white, star-like crystals, 
m.p. 151-153°. A mixture melting point determination and 
the infrared spectrum showed the compound to be mesitoic 
acid. The cyclohexane solution from which the mesitoic 
acid had been removed, was subjected to chromatographic 
treatment. Three products, biphenyl, dibenzylacetomesit- 
ylene, and a yellow oil wrere obtained. The infrared spectrum 
(carbon disulfide) suggested that the liquid was dibenzyl 
ketone. The oxime formed silky white needles, m.p. 120- 
120.5°; no mixture melting point depression was observed 
with an authentic sample of the oxime of dibenzyl ketone. 
The total yield of dibenzvlacetomesitylene was 2.2 g. About 
0.1 g. of mesitoic acid and a similar amount of dibenzyl 
ketone were isolated.

N o y e s  C h e m i c a l  L a b o r a t o r y

U n i v e r s i t y  o f  I l l i n o i s

U r b a n a , I I I .

Isolation  o f  Carbonyl C om pounds under 
N eutral C onditions U sing the  

Girard R eagent

C. L. T e i t e l b a u m  

Received October 30, 1957

In the course of an investigation of the con­
stituents of an essential oil, an attempt was made 
to isolate the carbonyl compounds present by 
means of the Girard “T ” reagent.1 The literature 
indicated that this reagent was suitable for the iso­
lation of aldehydes as well as ketones.2’3 However, 
application of this procedure resulted in a much 
lower yield than was indicated by analysis of the 
oil for carbonyl compounds by the standard hy- 
droxylamine hydrochloride procedure.

Studies using citral as a model carbonyl com­
pound showed that the Girard complex formed 
smoothly but that the acid regeneration procedure 
failed to yield any detectable amount of citral. The 
product had an infrared spectrum indicative of the 
presence of a complex mixture containing p -cy- 
mene. This finding is not surprising in view of the 
known instability of citral in the presence of strong 
acids and the occurrence of p-cymene in the de­
composition products.4

I t  has been found that regeneration of a carbonyl 
compound from its Girard complex can be effected 
by merely adding a large excess of aqueous form­
aldehyde to the neutral solution of the complex. 
In the case of stable carbonyl compounds, the

(1) A. Girard and G. Sandulesco, Helv. Chim. Acta, 19, 
1095 (1936).

(2) E. Lederer and G. Nachmias, Bull. soc. chim. France, 
400 (1949). These authors’ results in recovering citral from 
its Girard derivative in 89 per cent yield by acid hydrol­
ysis could not be repeated. Using their procedure, a small 
yield of organic material containing no detectable (infrared 
spectrum) citral was recovered.

(3) A. Weissenberg and D. Ginsburg, Bull. Research 
Council Israel, Sect. A., 5A, 268 (1956).

(4) J. L. Simonsen and L. N. Owen, The Terpenes, 2nd 
ed., Cambridge Univ. Press, Vol. I, p. 91 (1947).
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yields are comparable to those obtained by the use 
of mineral acid. However, in the case of relatively 
unstable aldehydes, the yields from the new proce­
dure are distinctly superior. Typical results are 
given in Table I.

TABLE I

Carbonyl Compound

Regenera­
tion Pro­

cedure
Yield,

%
Cifrai CH20 81

HC1 10a
n-Octanaldehyde c h 2o 78

HC1 64
Acetophenone c h 2o 72

HC1 84
Benzaldehyde c h 2o 50

HC1 27&
2-Octanone c h 2o 96

HC1 85
° Product was a complex mixture exhibiting the major 

infrared spectral bands of p-cymene. b The product con­
sisted of a mixture of solid (apparently benzoic acid) and 
liquid (solution of benzoic acid in benzaldehyde).

An attempt was also made to eliminate the use 
of acetic acid as catalyst for formation of the 
Girard complex. I t  was found that a cation ex­
change resin5 6 * 78 is equally efficient as a catalyst and 
can be readily removed by decantation, leaving a 
neutral solution. This avoids the troublesome neces­
sity of neutralizing the acetic acid and eventually 
extracting traces of it from both the carbonyl and 
non-carbonyl products.

These modifications of the Girard procedure have 
proven to be of particular value in isolating car­
bonyl compounds from mixtures where it is desir­
able to avoid acidic conditions.

E X P E R IM E N T A L

Girard “T” reagent (50 g.),6 25 g. carbonyl compound, 
1 g. cation exchange resin,6 and 100 ml. ethanol were placed 
in a flask. The mixture was refluxed 1 hr., during which time 
the Girard reagent dissolved; the solution was then decanted 
from the exchange resin into 400 ml. of water. The resulting 
solution was divided into two equal aliquots. To one half 
was added 100 ml. 37% formalin solution, and to the other 
half 50 ml. concentrated hydrochloric acid. Both solutions 
were allowed to stand overnight at room temperature. Each 
solution was extracted with pentane and the extract was 
washed five times with water and dried over anhydrous 
sodium sulfate. The pentane was evaporated from each 
extract by heating on a water bath and briefly applying 
water aspirator vacuum to remove the last traces of solvent. 
A control experiment demonstrated that the evaporation 
procedure does not cause any significant loss of the carbonyl 
compounds used in this work. The recovered carbonyl 
compound was checked for purity by means of its infrared 
spectrum.

A cknow ledgm en t. The technical assistance of 
John Lenard is gratefully acknowledged.

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 io

(5) Amberlite IRC 50, Rohm & Haas Co.
(6) Arapahoe Chemicals, Inc.

Preparation o f 3-H ydroxym ethyI-5-pyrazolone  
from  3-Carbetboxy-5-pyrazolone'

T a k u c  O k u d a  a n d  C h a r l e s  C . P r i c e  

Received October 28, 1957

A compound believed to be 3-hydroxymethyl-5- 
pyrazolone has been previously synthesized by 
Gillespie and Price2 by condensation of ethyl 
tetronate with hydrazine hydrate. The preparation 
of the same compound from 3-carbethoxy-5-pyra- 
zolone3 through reduction with lithium aluminum 
hydride confirms the structure assigned earlier.

E X P E R IM E N T A L

Reduction of S-carbethoxy-5-pyrazolone to 3-hydroxymethyl-
5-pyrazolone. 3-Carbethoxy-5-pyrazolone3 (10 g., 0.0641 
mole) was placed in a Soxhlet extractor mounted on a flask 
containing a solution of 5 g. (0.132 mole) of lithium alumi­
num hydride in 400 ml. of dry ether. The ether was refluxed 
with stirring for 7 hr. After cooling, 14 ml. of ethyl acetate 
was added with stirring, and then 5 ml. of water. The solid 
precipitate was filtered after standing overnight. The filtrate 
gave only a negligible amount of oily residue when the sol­
vent was removed by distillation. The filtered precipitate 
was extracted wdth ethanol using a Soxhlet extractor for 6 
hr. The ethanol was distilled from the extract in vacuo 
leaving a viscous residue which was cooled to 0° for a week. 
The resulting crystalline precipitate was filtered with 
suction. The viscous filtrate gave no more crystalline pro­
duce on further concentration and cooling. Attempts to 
make picrate and benzoyl derivatives from the filtrate also 
failed.

The filtered product, which weighed 1.2 g., showed the 
presence of lithium by flame color test. The material was 
dissolved in 2 ml. of water and the solution was neutralized 
with acetic acid. On scratching the wall of the container, 
0.35 g. of crystals precipitated. Recrystallized from ca. 1 
ml. of ethanol, the material melted at 156-158° and showed 
no melting point depression when mixed with a sample of 
Gillespie’s material. The two samples also had the same 
infrared spectra with the following major characteristics 
(in potassium bromide, wave length and % absorption): 
2.93 (61), 3.45 (67), 3.6 (72), 6.15 (87), 6.49 (71), 6.61 (78), 
6.87 (74), 7.90 (39), 8.18 (35), 8.51 (50), 9.34 (38), 9.59 
(65), 9.92 (42), 10.20 (37), 12.2 (58), 12.9 (56), 14.0 (52).

J o h n  H a r r i s o n  L a b o r a t o r y  o p  C h e m i s t r y

U n i v e r s i t y  o f  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 e n n a .

(1) Supported in part by U. S. Public Health Service 
Grant CY 2714.

(2) J. F. Gillespie and C. C. Price, J. Org. Chetn., 22, 
780 (1957).

(3) R. v. Rothenburg, J. Prakt. Chem., [2] 51, 53 (1895).

Dim eric Pyrolysis Products o f  Polypropylene  
Oxide

A l l e n  N o s h a y  a n d  C h a r l e s  C . P r i c e  

Received September 19, 1957

Price and St. Pierre1 have reported that the py­
(1) C. C. Price and L. E. St. Pierre, J. Am. Chem. Soc.,

78, 3432 (1956).
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rolysis of polypropylene oxide in the presence of 
p-toluene.su I fonic acid produced propionaldehyde, 
propionic and acrylic acids, and dimethyldioxane. 
Dr. R,. K. Summerbell has suggested to us2 that the 
properties we reported for the latter substance in­
dicated it to be the isomeric 2-ethyl-4-methyldi- 
oxolane. We have therefore reinvestigated the iden­
tity of this pyrolysis fraction and find it does indeed 
contain considerable quantities of 2-ethyl-4-methyl- 
dioxolane (II), as well as an isomer, probably 
(rares-2,5-dimethyldioxane (I).

The presence of II was proven by the acid hy­
drolysis of the pyrolysis product in the presence of
2.4- dinitrophenylhydrazine to produce propional­
dehyde 2,4-dinitrophenylhydrazone, by infrared 
spectra, by vapor chromatography,3 and by nuclear 
magnetic resonance.4

The latter three measurements also indicated the 
presence of an isomer, probably irans-2,5-dimethyl- 
dioxane, in roughly equal amounts.

Since II is readily prepared by acid-catalyzed 
condensation of propylene glycol with propional­
dehyde, it is not clear whether this compound is a 
direct product of pyrolysis or is formed from the 
glycol and aldehyde as a secondary product.

E X P E R IM E N T A L

Pyrolyses. A 29-g. sample of polypropylene oxide and 0.3 
g. of p-toluene sulfonic acid were heated together in a sand 
bath at 270-330° to give 25.5 g. of yellow distillate and 2 g. 
of black residue. Redistillation through a 6-inch Yigreux 
column gave 8.5 g., b.p. 51-87°; 10 g., b.p. 87-113° and 3.0 
g., b.p. 113-165°. Two redistillations of the main fraction 
gave three fractions corresponding to dimer, 0.5 g., b.p. 
117-120°, re”  1.4073; 2.5 g., b.p. 121-123°, re”  1.4088;
I. 5 g., b.p. 123-128°, re”  1.4102.

A similar pyrolysis of 114 g. of polypropylene oxide (Ucon 
“2025,” Carbide Chemicals Corporation) gave the following 
dimer fractions, after three redistillations: 1.5 g., b.p. 117— 
119°, reh8 1.4090; 2.0 g., b.p. 119-120°, re’D9 1.4112; 2.0 g., 
b.p. 120-122, reh9 1.4130; 1.5 g., b.p. 122-125°, n 'D9 1.4141.

The infrared spectra of all seven dimer samples were 
almost identical, except for changes in relative intensity 
of bands, and all were very similar to the spectra reported 
earlier by St. Pierre.1

The infrared spectrum of 2-ethyl-4-methyldioxolane, b.p. 
117.5°, re”  1.4048, prepared by condensation of propion­
aldehyde and propylene glycol,3 was similar to the dimer 
fractions, except for the absence of bands at 7.86 ¡i and
II. 86 fi. These are the only two major bands for trans-
2.5- dimethyldioxane5 not present also in the dioxolane.

(2) Private communication.
(3) Courtesy of Dr. L. E. St. Pierre, Research Labora­

tories, General Electric Company, Schenectady, N. Y.
(4) Courtesy of Dr. J. D. Roberts, California Institute of 

Technology, Pasadena, Calif.
(5) Samples of frares-2,5-dimethyldioxane and the mixed

cis-trans isomers were kindly supplied by R. K. Summerbell
and D. Dalton, Northwestern University.

The strong band in m -2,5-dimethyldioxane at 8.23 a is 
almost entirely absent in the pyrolysis product. The hands 
at 7.1, 9.65, 10.75, and 11.03 m in the dioxolane are consider­
ably weaker in pyrolysis product fractions boiling at 122-  
125° than those boiling at 117-119°. A rough approxima­
tion from band intensities would suggest that the main 
components of the pyrolysis are 2-ethyl-4-methyl dioxolane 
and irares-2,5-dimethyldioxane in roughly equal amounts.

The fact that the dimer fractions are not pure dioxolane 
is further supported by the spread in boiling point and 
refractive index.6 * Assuming a two component mixture ar.d a 
linear relation between composition and refractive index, 
the material from the second pyrolysis would be about 40% 
dioxolane and 60% dioxane. From this same material, 
vapor chromatography3 gave a fraction identified as the 
dioxolane (55%) and another fraction, probably the dioxane 
(45%).

A comparison of the nuclear magnetic resonance spectrum4 
of the pyrolysis product with the markedly different spectra 
of 2-ethvl-4-methyldioxolane and irans-2,5-dimethyldioxane 
was entirely consistent with the conclusion that the pyrol­
ysis mixture contained roughly equal amounts of these 
isomers.

It was also noted that the synthetic dioxolane crystallized 
in a Dry Ice-acetone bath whereas none of the dimer 
fractions did so.

D e p a r t m e n t  o f  C h e m is t r y

U n i v e r s it y  o f  P e n n s y l v a n ia

P h i l a d e l p h i a  4 , P a .

(6) E. Augdahl, .4cia Chem. Scand., 9, 1237 (1955) has 
reported trans-2,5-dimethyldioxane, b.p. 121.5°, re”  1.4147.

N i trosodecarboxyla tion

R o n a l d  A. H e n r y  

Received September 16, 1957

The addition of sodium nitrite to an aqueous 
ethanolie solution of salicylic acid causes an im­
mediate and rapid evolution of carbon dioxide; 
some 2-nitrophenol can be distilled from the result­
ing solution. This decarboxylation could con­
ceivably occur by either of the following reaction 
paths;

The resulting orf/io-quinone monoxime or 2- 
nitrosophenol would then be oxidized by excess 
nitrite to the 2-nitrophenol. From the nature of the 
product recovered, it is not possible to differentiate 
between these two routes. Similarly, the formation 
of 2-nitro-4-methyliphenol from sodium nitrite and
5-methylsalicylic acid does not permit a differen­
tiation between the two mechanisms. However, a 
determination of the products formed in the reac­
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tions of sodium nitrite and the two other isomeric 
methylsalicylic acids leads to the conclusion that 
this decarboxylation occurs primarily through II. 
With 3-methylsalicylic acid the 2-nitro-6-methyl- 
phenol which is isolated can only result from an at­
tack of the nitrosonium ion on the carbon atom con­
taining the carboxyl group (or carboxylate ion). 
Furthermore, the product recovered from 4-methyl- 
salicylic acid was the 2-nitro-5-methylphenol ex­
pected by route II.

4-Hydroxybenzoic acid also undergoes some de­
carboxylation when treated with sodium nitrite; 
4-nitrophenol was ultimately recovered in about 
6% yield.

In most of these nitrosodecarboxylations, the 
nitrosophenol was not recovered p er se and the de­
rived nitrophenol was only recovered in small 
yields (5 to 15% conversions). That the nitroso 
compound is an intermediate and that it can be iso­
lated in good yield were demonstrated with a reac­
tion analogous to the well known decarboxylation 
of 3,5-dibromo-4-hydroxybenzoic acid by bromine 
to furnish 2,4,6-tribromophenol.1 When a solution 
of 3,5-dibromo-4-hydroxybenzoic acid was treated 
with sodium nitrite, carbon dioxide was evolved 
rapidly; acidification of the solution after the re­
action was complete gave a quantitative yield of 
the known 2,6-dibromo-4-nitrosophenol, which in 
turn was oxidized to the corresponding nitrophenol 
for purposes of further characterization. The 
bromodesulfonation of 3,5-dib rom o-4-hyd roxy- 
benzenesulfonic acid is another related reaction 
which has recently been shown2 by kinetic studies 
to involve an intermediate with a para-quinonoid 
structure.

The partial decarboxylation or desulfonation of 
certain hydroxybenzoic acids or phenolsulfonic 
acids, respectively, during nitration has been fre­
quently observed and reported.3 An examination 
of this literature leads to the conclusion that in 
many cases the' products which are formed can only 
result from a direct attack of an electrophilic re-

(1) For example, see E. Grovenstein, Jr. and U. V. Hen­
derson, Jr., J. Am. Chem. Soc., 78, 569 (1956).

(2) L. G. Canned, J. Am. Chem. Soc., 79, 2927 (1957). 
See this reference for a list of earlier references on bromo­
desulfonation.

(3) Typical examples can be found in the following 
references: (a) Marchand, J. prakt. Chem., [1], 26, 397 
(1842); (b) H. Hubner, Ann., 195, 1 (1879); (c) A. Deninger, 
J . prakt. Chem., [2], 42, 550 (1890); (d) W. Borsche and 
A. 1). Berkhout, Ann., 330, 98 (1904); (e) I. J. Rinkes, liée, 
trav. chim., 45, 848 (1926); (f ) F. V. Hemmelmayr, Monaish., 
25, 25 (1904); 26, 185 (1905); (g) E. Diepoldcr, Ber., 29, 
1756 (1896); (h) F. Reverdin, Bull. soc. chim., [4] 3, 591 
(1908); (i) J. Biehringer and W. Borsum, Ber., 48, 1314
(1915); (j) H. Salkowski, Ann., 367, 350 (1909); (k) H. E. 
Armstrong, ./. Chem. Soc., 869 (1872); (1) H. E. Armstrong 
and F. D. Brown,,/. Chem. Soc., 857 (1872); (ni) R. L. Datta 
and P. S. Varma, J. Am. Chem. Soc., 41, 2041 (1919); (n) 
G. Dahmer, Ann., 333, 363 (1904); (o) W. Robertson, 
.1. Chem. Soc., 1482(1902).

agent such as N 0 2+ or NO+ on the carbon atom 
with the carboxyl or sulfonate group.

Methyl salicylate and sodium nitrite in aqueous 
ethanol react very slowly to yield small quantities 
of dimethyl 5,5'-azosalicylate, identified by its 
hydrolysis to the known 5,5'-azosalicylic acid.

E X P E R IM E N T A L 4

Salicylic acid. From 27.6 g. (0.2 mole) of salicylic acid, 
14.0 g. of sodium nitrite, and 250 ml. of water, allowed to 
stand at room temperature for 5 hr., then steam distilled, 
there was recovered 0.53 g. of 2-nitrophenol, m.p. 46°.

A rerun, in which the solvent was 200 ml. of 25% aqueous 
ethanol (by volume) and the reaction time 6.5 hr., gave 0.8 
g. of 2-nitrophenol, m.p. 46-47° (undepressed in admixture 
with authentic 2-nitrophenol). The evolution of gas from 
this ethanolic system occurred almost immediately and very 
rapidly; carbon dioxide was qualitatively determined bjr 
passing the gas through a freshly filtered solution of barium 
hydroxide. The nitrophenol was recovered from the alco­
holic steam distillate by making the latter strongly basic 
with sodium carbonate, evaporating to remove the alcohol, 
acidifying, and cooling.

S-Methylsalicylic acid. 3-Methylsalicylio acid (30.4 g.; 
0.2 mole), 14.0 g. (0.2 mole) of sodium nitrite, and 200 ml. of 
water were mixed. The s.ystem was thoroughly flushed with 
nitrogen and maintained under a nitrogen blanket. After 
4 hr. at room temperature with occasional swirling, the solu­
tion was warmed during 45 min. to the boiling point and 
then steam distilled. The yield of nitrocresol was 1.1 g., 
m.p. 68-70°. By acidifying the aqueous mother liquors and 
cooling, there was recovered 20.2 g. of starting acid. The 
conversion to nitrocresol amounted to 10.7%. Recrystal­
lization from 70% aqueous ethanol yielded flat yellow 
needles, m.p. 71-72°; reported,5 70°.

Anal. Calcd. for C7H7NO3: N, 9.15. Found: X, 9.27, 
9.21.

4- Methylsalicylic acid. The same quantities and procedure 
were used as in the previous experiment, except that 4- 
methylsalicylic acid, m.p. 179-180°, was employed. One 
gram of yellow-brown solid, m.p. 54-55°, was obtained by 
steam-distilling the unacidified reaction mixture; an addi­
tional 0.3 g., m.p. 54°, was obtained, by acidification and 
further steam distillation. The mother liquors were chilled 
to 0°, the solid was removed by filtration, dried, and ex­
tracted with methylene chloride. Impure starting acid (19.4 
g.) remained. Oxidation of the dried methylene chloride 
extracts with pe oxytrifluoroacetic acid6 and work-up in 
the usual manner yielded 0.2 g. of nitrocresol, m.p. 54-55°. 
The total recoveiy corresponded to a conversion of 13.5%. 
Ilecrystallization from aqueous ethanol gave yellow needles, 
m.p. 55-56°; reported7 for 2-nitro-5-methylphenol, 56°.

5- Methylsalicylic acid. From 0.1 mole of 5-methylsalicylic 
acid there was obtained 0.4 g. of yellow, steam-distillable 
solid, melting at 32-33°C; reported8 for 2-nitro-4-methyl- 
phenol, 33-34°. Six grams of starting acid, m.p. 152-153°, 
was recovered.

4-Hydroxybenzoic acid. A solution consisting of 6.9 g. 
(0.05 mole) of 4-hydroxybenzoic acid, 3.5 g. of sodium 
nitrite, and 50 ml. of water was held at 48-52° for 10 min.; 
carbon dioxide was evolved. The solution was then cooled to

(4) The melting points are uncorrected.
(5) G. P. Gibson, J. Chem. Soc., 42 (1925).
(6) This is the procedure of W. D. Emmons, J. Am. 

Chem. Soc., 76, 3468, 3470 (1954). A trial experiment with
2-methyl-4-nitrosophenol indicated a quantitative con­
version to the nitro compound.

(7) G. P. Gibson, J. Chem. Soc., 1269 (1923).
(8) A. Deninger, J. prakt. ('hem., [2], 40, 299 (1889);

H. T. Upson, Am. Chem. J., 32, 13 (1904).



650 NOTES v o l . 23

15°, acidified with 4 ml. of concentrated hydrochloric acid, 
and immediately extracted with three 25-ml. portions of 
methylene chloride. The combined extracts were dried and 
then oxidized by the Emmons procedure.6 Evaporation of 
the washed and dried methylene chloride solution left 0.45 
g. (6.5%) of solid which melted at 112-113.5° after one 
recrystallization from water. A mixture with an authentic 
sample of 4-nitrophenol melted at 113.5-114.5°; admixture 
with 2,4-dinitrophenol depressed the mebing point to 75- 
80°.

2.4- Dihydroxy- and 3-nitro-4-hydroxybenzoic acids. Carbon 
dioxide was evolved when these acids were warmed with 
aqueous sodium nitrite on the steam bath; only tars and 
some starting acid were recovered.

3-Nitrosalicylic acid, 5-nitrosalicyclic acid, 3,5-dinitro- 
salicylic acid, and 8,5-dinitro-4-hydroxybenzoic add. Essen­
tially no carbon dioxide was evolved when these acids were 
heated with aqueous sodium nitrite solution; oxides of 
nitrogen were liberated, and the starting acids were re­
covered unchanged when the reaction solution was acidified.

3.5- Dibromo-4-hydroxybenzoic add. Sodium nitrite (0.7 g.) 
was added to a solution of 2.96 g. of the acid in 25 ml. of 
ethanol and 15 ml. of water. There was an immediate 
evolution of carbon dioxide and the solution became yellow- 
green. After the solution had stood overnight at room tem­
perature, it was heated on the steam bath for 10 min., 
cooled to 5°, and acidified with 1 ml. of concentrated hydro­
chloric acid. The tan platelets which separated were filtered 
and washed with cold water. A second crop was obtained 
by diluting the mother liquors with water. The total yield 
of compound, which turned dark about 160°, was 2.29 g. 
Recrvstallization from aqueous methanol gave tan needles, 
decomposing at 168-169°. Forster and Robertson9 reported 
that 2,6-dibromo-4-nitrosophenol darkened about 160° and 
detonated between 168 and 175°.

Anal. Calcd. for CsH3N 02Br2: N, 4.99; Br, 56.90. Found: 
N, 4.82, 4.76; Br, 56.16.

Some of this nitroso compound was oxidized in methylene 
chloride with peroxytrifluoroacetic acid. The impure prod­
uct melted at 139-140°; recrvstallization from ethanol 
raised the melting point to 142°; Forster and Robertson9 
reported 142°; Pope and Wood,10 144-145°.

3.5- Dibromosalicylic add was not decarboxylated by 
aqueous sodium nitrite.

Methyl salicylate and sodium nitrite. Methyl salicylate

(9) M. O. Forster and W. Robertson, J. Chem. Soc., 
686 (1901).

(10) F. G. Pope and A. S. Wood, J. Chem. Soc., 1823
(1912).

(30.4 g.; 0.2 mole), 14.0 g. of sodium nitrite, 500 ml. of 95% 
ethanol, and 400 ml. of water were mixed and allowed to 
stand at room temperature for 2.5 months. The solution 
became dark-orange in color, and orange needles slowly 
crystallized. The product was removed by filtration, washed 
w-ith 50% ethanol, and dried; 1.3 g., m.p. 200-205°. Two 
recrystallizations from large volumes of 95% ethanol gave 
flat orange needles and raised the melting point to 227- 
229°, without decomposition but with preliminary shrink­
ing at 222-226°. The compound is soluble in dilute, aqueous 
sodium hydroxide and can be reprecipitated by acidifica­
tion; it is very soluble in cold acetone and can also be re­
crystallized from glacial acetic acid. Both the analyses and 
the infrared spectrum indicate a dimethyl azosalicylate.

Anal. Calcd. for Ci6HI4N20 6: C, 58.18; H, 4.27; N, 8.48. 
Found: C, 57.97; H, 4.16; N, 8.58.

Some of the compound (0.3 g.) was heated on the steam 
bath for 1 hr. with 50 ml. of O.liV sodium hydroxide. Cool­
ing, followed by acidification with glacial acetic acid, fur­
nished a light yelloŵ  powder, which w'as filtered and washed 
well with cold water. The product was dissolved in aqueous 
sodium bicarbonate, filtered, heated to boiling, and repre­
cipitated by the addition of dilute acetic acid. The water- 
washed, dried compound did not melt up to 300° although 
some sublimation started between 290 and 295°. The infra­
red spectrum and the x-ray powder pattern were essentially 
identical with the respective patterns from an authentic 
sample of 5,5'-azosalicylic acid.11

Anal. Calcd. for C^Hu^O«: C, 55.63; H, 3.34. Found: 
C, 55.18; H, 3.70.

Reaction of the silver salt of authentic 5,5'-azosalicylic 
acid with methyl iodide also yielded an ester (Found: N, 
8.59) whose ultraviolet absorption spectrum in 95% ethanol 
was identical with that for the product obtained in the 
methyl salicylate-sodium nitrite reaction (Xmax. = 226, 248, 
337, and 352 m,u). The infrared spectra corresponded closely. 
However, this ester partially melted at 183-184°, resolidi­
fied, then melted in the range 205-220°C. The reason for 
this difference in behavior was not determined.

A ckn o w led g m en t. The author gratefully acknowl­
edges the assistance of William G. Finnegan.

O r g a n i c  C h e m i s t r y  B r a n c h

C h e m i s t r y  D i v i s i o n

U .  S . N a v a l  O r d n a n c e  T e s t  S t a t i o n

C h i n a  L a k e , C a l i f .

(11) See British Patent 408,676, April 16, 1934 [Chem. 
Abstr., 28, 56802 (1934)] for one method of preparing the 
sodium salt of this acid.
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Communications TO THE EDITOR

Preparation o f Oxaziranes by Irradiation o f  
N itrones

S ir :

In previous work,1 a-(p-dimethylaminophenyl)- 
iV-phenylnitrone (I) had been prepared and found 
to be very photosensitive in solution. When irradi­
ated in absolute ethanol, N-(p-dimethylamino- 
phenyl)formanilide was obtained in good yield 
(m.p. 74-75°; Xma* 268 m^, 21,800 in ethanol.
Found: C, 75.06; H, 6.58; N, 11.60; mol. wt. 232). 
When a - (p-dimethylaminophenyl)-A T- (m-nitro- 
phenyl)nitrone (II) is irradiated in benzene to com­
plete disappearance of the nitrone spectrum, it will 
reform nitrone to the extent of 60% after 24 hr. in 
the dark at room temperature. A hydrolytic reac­
tion leading to 4-dimethylaminobenzaldehyde ac­
counts for the remainder.

violet spectrum, 95% active oxygen;4’5 Va, ultra­
violet spectrum, almost quantitative isomerization 
to the nitrone V, 90% active oxygen.

o -  0
I h p /  \  C H iC O m

R C H =N +R ' — >- RCH—NR' -<----------- RCH=NR'

Although the oxazirane (la), as well as other 2,3- 
diaryloxaziranes, could not be synthesized by the 
oxidation of the imine, the properties and reactions 
of the products of the irradiation of several N ,a -  
diarylnitrones are consistent with the oxazirane 
structure. The irradiation product of a-(p-nitro- 
pheny 1 ) - V-pheny 1 nitrone rapidly rearranged to 4- 
nitrobenzanilide. This anilide also was formed in 
the oxidation of p-nitrobenzylideneaniline with 
peracetic acid, presumably the oxazirane being 
formed first. W,a-Diphenylnitrone on irradiation 
gave a product which rearranged, depending on

TABLE I
O x a z i r a n e s  f r o m  t h e  I r r a d i a t i o n  o f  N i t r o n e s

R R'
Nitrone,

Mg.
Solvent,

Ml.
Irrad.
Time

Oxazirane, 
% Yield

p-NO,C„H, Et Ill, 10 CHsCN, 70 1 hr.0 Ilia , 35°
p-NO2C0H4 /-Bu IV, 10 EtOH, 70 25 min.° IVa, 406
c 6h 5 /-Bu V, 10 CH3CN, 50 2 hr.c Va, 95°

0 Between two RSP2 photospots, 20 in. apart; solution thickness, 8 mm. b Isolated. c In quartz flask, 14 in. above a 
Hanovia mercury arc lamp, type 16200; solution thickness, 2 cm. d From active oxygen content and reconversion to nitrone.

Recently the oxazirane structure has been sug­
gested as the first product of the irradiation of ni­
trones.2-3 Since Emmons4 has reported that certain 
oxaziranes can, by peracetic acid oxidation, be pre­
pared from ¡mines, it is now possible to show that 
the products of the irradiation of some of the cor­
responding nitrones (Table I) are the same oxazi­
ranes.

To establish the oxazirane structure for Ilia , IVa, 
and Va, comparison was made in each case with the 
oxazirane obtained by oxidation of the correspond­
ing imine.4 The properties used for identification of 
each are as follows: I lia , ultraviolet and infrared 
(in CC14) spectra; IVa, m.p. 58-60°, mixture m.p.
59.5-61.5° with oxazirane of m.p. 61-62°, ultra­

(1) J. Splitter and M. Calvin, .1. Org. Chem., 20, 1086 
(1955).

(2) M. Kamlct and L. Kaplan, J. Org. Chem., 22, 576
(1957).

(3) F. Kröhnke, Ann., 604, 203 (1957).
(4) W. Emmons, J. Am. Chem. Soc., 79, 5739 (1957).

conditions, to give either benzanilide or N ,  N - d i-  
phenylformamide. These reactions together with 
the return of the irradiation product of nitrone II 
to the nitrone are analogous to the reactions of the 
oxaziranes described by Emmons.4

Thus, it seems evident that the initial product 
in the irradiation of nitrones is an oxazirane. 
Since, as is clear from the reversion, the oxazirane 
is, in general, at a higher energy level than the ni­
trone, this photochemical reaction constitutes a 
conversion and storage of electromagnetic energy 
as chemical energy. Further details and discussion 
will appear in a forthcoming publication.
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U n i v e r s i t y  o f  C a l i f o r n i a  J. S . S p l i t t e r

B e r k e l e y  4, C a l i f . M. C a l v i n
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(5) S. Siggia, Quantitative Organic Analysis via Functional 
Groups, John Wiley and Sons, Inc., New- York, N. Y., 1949,
p . 100.
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M echanism  o f th e  Darzens C ondensation. 
Isolation  o f Two Aldol Interm ediates

S ir:
It is generally believed1,2 that a Darzens con­

densation, i. e., the oxirane-yielding base-catalyzed 
reaction of a carbonyl compound and a halogeno- 
methylene substance, occurs via aldol addition inter­
mediates.

RiR.CHX +  0 = C R 3R4 ' baSC-T RJUCX—C(OH)R3R4

R, R. CX—(' (O H) R3R, R,R2C—CR3R4
\ /

o

Some features of certain Darzens condensations 
have been recently reasoned from this assumption.2 
However, no such intermediates have ever been 
isolated under the condensation conditions.

A mechanism involving bivalent radicals formed 
by 1,1-elimination of hydrogen chloride at the 
halogenomethylene component has been favored by 
some authors.3

base
IUUOIIX •— > R :R2C

R iR2C +  0 = C R 3R4 — ^  IRRiC—CR3R4
\ /

o

Furthermore, recent kinetic4a as well as structural411 1 2 3 4
(1) M. Ballester and P. D. Bartlett, J. Am. Chem. Soc.,

75, 2042 (1953); M. Ballester, Chem. Revs., 55, 283 (1955).
(2) N. H. Cromwell and R. A. Setterquist, J . Am. Chem. 

Soc., 76, 5752 (1954); H. Dahn and L. Loewe, Chimia, 11, 
98 (1957); H. Kwart and L. G. Kirk, J. Org. Chem., 22, 116
(1957). See also Kwart’s correction to his paper, 7. Org. 
Chem.., 22, 1755 (1957). This correction which concerns one 
of our previous papers contains an important error: “di- 
astereomerically related intermediates” should be substituted 
for “diastereomeriealh' related transition states.”

(3) S. Bodforss, her., 51, 192 (1918); E. Bergmann and J. 
Hervev, Ber., 62, 893 (1929).

(4) (a) J. Hine, J. Am. Chem. Soc., 72, 2438 (1950); (b) 
W. von Dorring and A. K. Hoffmann, ,7. Am. Chem. Soc.,
76, 6162 (1954). See also E. D. Hughes, Quart. Revs. (Lon­
don), 5, 245 (1951).

evidence for bivalent radical formation from certain 
halogenomethylene substances upon attack by base 
has given to this mechanism some circumstantial 
support.

In this connection the authors wish to report 
that the hydroxyl ion-catalyzed condensation of 
m-nitrobenzaldehyde and 2,4,6-trimethoxyphenacyl 
chloride at 0°, in aqueous dioxane, gives 98.8% 
yield of m-nitrophenyl-2,4,6-trimethoxybenzoyl- 
oxirane, I, m.p. 170-171°. A n a l. Calcd. for Ci8Hi7- 
N 07: C, 60.2; H, 4.8; N, 3.9. Found: C, 60.1; H, 
4.8; N, 4.1. When the reaction is run so that only a 
small fraction of the starting materials are con­
verted into condensation product it is possible to 
isolate two intermediate chlorohydrins, II, melting 
at 163.0-164.5° and 111-112°. A n a l. Calcd. for 
C18H18C1N07: C, 54.6; H, 4.6; Cl, 9.0; N, 3.5. 
Found (m.p. 163-164.5°); C, 54.9; H, 4.7; Cl, 9.0; 
N, 3.5. Found (m.p. 111-112°): C, 54.7; H, 4.5, Cl, 
9.2; N, 3.6. They give almost quantitative yields 
of I when treated with the base under the usual 
conditions. The trimethoxyphenacyl chloride is per­
fectly stable towards hydroxyl ion.

These results are therefore the first compelling 
evidence ruling out the “bivalent radical” mecha­
nism and showing that the D arzens condensation is  
essentially o f aldol-addition type.

(CH30 )3C6H2C0CH— CHC6H4X 02

(I)
(CH3O)3C6H,C0CHCl—CH(0H)C6H4N 02

(II)

The details and full discussion of the above- 
mentioned and other related experimental results 
will be reported in a forthcoming publication.
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