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The previously danoustrated pronotmced tendency for w neignboring benzamido group to participate in electrophilic
alefin addition makes sucli addition reactious of 3-benzainidocycluhexene interesting for stereospecific svuthesis of vicinally
trisubstituted cycluliexane derivatives.  Thus, from addition of bromiue to 3-benzatnidocyclohexene in methanol is obtained
amixture of browmo-ether, dibromide and cis-oxazolinium bromide. The latter substance is obtained more convenieuntly and
in excellent yvield from the reaction of 3-benzamidocveloliexene with N-bromosuccitimide in the less nucleophilic solvent,
acctic acid.  Hydrolysis of the cis-oxazolinium bromide gives rise to the 2-bromo-6-benzamidacyclohiexanol with the bromine
atom in a brans and the benzainido group in a ¢is relationship to the hydroxyl group.  Treatineut of the benzamido-broma-
hydrin with dilute alkali leads to cis-1.2-epoxy-3-benzamidocycloniexane.  Addition of broutine to 3-benzamidocyclohexene
i acctic acid in the presence of a high concentration of lithium bromide leads almaost exclusively to a mixture of two iso-
meric dibromides. These dibromides isamerize during acetolysis aind also lead to a bromo-oxazine. The wmost straightfor-
ward tentative assmiption regarding the dibromides is that they represent thie two possible trans-dibromides froni nurinal

trans-addition to 3-benzamidocycloliexene.
tion {1 wcetolysis of the dibromides.

The pronounced tendency of the acylamino
group to participate in the additions of bromine
and N-bromosuccinimide (NBS) to 3-benzamido-
and 3- p-methoxybenzamidopropenes was illustrated
in the previous article in this series.! Excellent
vields of bromomethyloxazolines could be isolated
fromt these reactions, and the oxazolines repre-
sented o source of the corresponding S-amino-
alcohols,
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As pointed out previously.*® such conversions with
cyclohexenyl derivatives yield polysubstituted ali-
evelic compounds whose substituents possess defi-
mite stereochenical relationships; the detailed re-
sults of the study of some pertinent addition reac-
tions involving bromine or NBS and 3-benzamido-
cvelohexene (I) are reported in the present article.

3-Benzamidocyclohexene and its Addition Reac-
tions in Methanol and Acetic Acid.~--A convenient
route  to  3-benzamidocyclohexeune (I} involved
ammonolysis  of - 3-bromocyclohexene  in  liquid
aummonia, followed by Schotten—-Baumann ben-
rovlation of the 3-aminocyclohexeite.

Just as in the case of 3-benzamidoproperte,? ad-
dition of bromine to 3-benzamidocyclohexene ii
methanol led to a mixture of oxazolinium bromide
II, dibrotnide III and bromoether (Table I).
While the dibromide fraction of the product ob-

1) Paper V., |.. Guodinan and S, Winstein, THIs Jourxar, 79, 1788
{157},

id) Some of the material of this paper was presented in summary
fourm: {a) 8. Winstein, L. Goodman and R. Boschan, ibid., 72, 2311
11850}, b)Y 8. Winstein, L. Goodman and R, Bosclian. p. {38 of

Ahslracls, X11th Internatiomal Congress of Pure and Applied Chemis-
oy, New York, N. Y., Sept., 1usl.

Couformational cousiderations rationalize oxazine rather than oxazoline formu-

tained in methanol us a solvent was uot charac-
terized fully, it was easily distinguished from the
oxazolinium bronide II by its failure to consunie
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dilute base or silver nitrate in titration. Toward

both of these reagents, the oxazolinium bromide
IT displayed satisfactory equivalent weights. The
oxazolinium bromide was converted easily to the
free oxazoline IV and the oxazolinium picrate, both
of which were obtained as analytically pure mate-
rials.

As sunmmarized i1 T'able I, 4 much superior routc
to the oxazolinium bromide II involved the use of
NBS as the positive bromiite donor and the less
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ProUUCTS 0F ADDITION REACTIONS OF 3
BENZAMIDOCYCLOURXENE (1

SUMMARY  OF

Yields, “n
Oxaziline
Or 0xXazo- - Rrome
Reagent Solvent line:HRr  bromitles ethers
Bry MeOH 41 32 R
NBS HOAe =5
Bry + LiBr (large
exeessi ITOAe [ 8T

uncleophilic acetic acid as solvent.’  Yields of
{4-8607 of oxazolinium bromide Il euasily were
achieved from trcatinent of 3-benzauidocyclo-
hexene with NBS in glacial acetic acid followed by
isolation of the oxazoline IV as the hydrobromide I1.
The reaction between 3-benzamidocyclohexene and
NBS also was carried out in aqueous dioxane, the
free oxazoline IV being isolated as a distillable liquid.

Structure, Configuration and Transformations of
the Oxazoline.—In a reaction analogous to the
regeneration of olefius from vicinal dihalides, halo-
ethers, etc., the oxazolinitum salt II readily wus
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reconverted in high yield to 3-benzamidocyclo-
hexene with zinc in acetic acid. The same reaction
proceeds less smoothly with the free oxazoline IV.
The presence of an oxazoline rather than an
oxazine ring in the heterocyclic product from
bromine addition to benzamidocyclohexene was
confirmed by hydrogenolysis over a palladium
catalyst. This gave rise to 2-phenyl-cis-cyclo-
hexoxazoline-8,9 (V), the picrate of which proved
to be identical with that of authentic material pre-
pared from {rans-2-benzainidocyclohexanol (VI)
and thionyl chloride.®* The ¢is configuration of the
oxazoline rather than #rans is, of course, the one pre-
dicted from the inechanisin of formation of the ox-
azolinium salt during halogen addition to benz-
amidocyclohexene (see IX).
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When an aqueous solution of the oxazolimu
bromide IT was heated at 100° and then neutralized,
the benzamido-broniohydrin VII was formed. A
frans relationship of the bromine atom and hy-
droxyl group of the bromohydrin VII can be antic-
ipated from the expected #rams nature of the addi-
tion to the double bond of benzamidocyclohexene
(I) as portrayed in formula IX and the known reten-
tion of configuration®* in the hydrolysis of a cis-
(3) S. Winstein and R. Boschan, Tars JOURNAL, T2, 4669 (1950).

{4) G. E. McCasland, H. E.Carter and R. K. Clark, Jr. ibid. T4, 637
1949),
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oxazoline to a cis-benzamido-alcohol. The antic-
ipated trams relationship of the bromine and
oxygen atoms in the bromohydrin VII, and there-
fore the bromo-oxazoline IV, was confirmed by
the rapid, quantitative conversion with dilute
aqueous base® to the epoxide VIII, identical with
material prepared from 3-benzamidocyclohexene
(I) with peracetic acid.® An equivalent weight
fairly close to theoretical could be obtained by de-
termination of base consumption by bromohydrin
VII, but a slow, continuing consumption of base,
probably resulting from amide hydrolysis, reduced
the accuracy of the determination.

Summarizing the stereochemical relationships
among the three adjacent groups in the benzamido-
bromohydrin VII, the benzamido group is cis to
hydroxyl, while the bromine atom is frams. It
may be instructive to regard formation of the
benzamido-bromohydrin VII as only one example
of possible stereospecific syntheses of trisubstituted
alicyclic derivatives which depend on participation
of complex neighboring groups in electrophilic ole-
fin addition reactions. Some of the general pos-
sibilities may be better appreciated from the geun-
eralized scheme
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the complex neighboring group® being represented
as —A—C(R)=B and the electrophilic reagent’
as EZ.

Two features of the preparation of epoxide VIII
from 3-benzamidocyclohexene (I) deserve coin-
ment. Itis interesting that the reaction of I with
peracetic acid, another example of an electrophilic
olefin addition, proceeds without neighboring
benzamido group participation. From such partic-
ipation, an hydroxyoxazoline would be expected.
However, donation of positive hydroxyl to the ole-
finic group apparently occurs without back-side
benzamido group intervention, followed by protou
loss from the epoxide conjugate acid X.
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The second feature of the preparation of epoxide
VIII from 3-benzamidocyclohexene (I) and perace-
(6) P. D. Bartlett, ibid., 67, 224 (1985).

(6) D. Swern, tbid., 69, 1692 (1947).
(7) S. Winstein and L. Goodman, ibid., T6, 4368 (1954).
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tic acid which deserves comment is that the cus-
epoxide VIII was the only one observed. Henbest
and Wilson® have reported recently that epoxida-
tion of cyclic allylic aleohols occurs on the side of
the ring cus to the hydroxyl group and it is apparent
that the benzamido group exerts a similar cis-
directing effect in the epoxidation leading to VIII.
The Dibromides and their Transformations.—
Developing bromide ion competes with neighboring
group intervention in addition of bromine to a sub-
stituted olefin.}” This is responsible for the for-
mation of dibromide III from treatment of 3-
benzamidocyclohexene (I) with bromine in meth-
anol. Dibromide formation was made dominant
by the addition of bromine to benzamidocyclo-
hexene in acetic acid containing a large quantity of
lithium bromide. Under these conditions, the
oxazolinium bromide II constituted only ca. 6%
of the product. The dibromide fraction contained
a high-melting isomer (A) and a low-melting one
(B) in approximate 30:70 proportions, and these
could be obtained by fractional crystallization as
analytically pure 1inaterials containing no ionic
halogen. Both dibromides A and B regenerated
3-benzamidocyclohexene (I) smoothly on treat-
ment with zinc in ethanol. The behavior of the
dibromides in solvolysis was of potential interest
because of the possibilities for anchimeric effects
due to neighboring bromine or benzamido. How-
cver, the solvolytic behavior of dibromides A and
B was examined only briefly, and the work was
interrupted before matters were fully clarified.
When either of the dibromides A or B was heated
in refluxing glacial acetic acid, there was formed a
mixture of A and B accompanied by a new basic
nitrogen compound XI isomeric with oxazoline
IV. When silver acetate was included in the re-
fluxing acetic acid, good yields of the new basic
uitrogen compound were obtained and none of the
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dibromides A or B was recovered. Under these
conditions, B appeared to react substantially
more rapidly than did A. Hydrogenolysis of the
new basic nitrogen compound XI over a palladium
catalyst to remove the bromine atom gave rise to
a Dbromine-free base, m.p. 102-103°, isomeric
with the cis-oxazoline V. Two attempts to hydro-
lyze the bromo-base X1 were unsuccessful; mild
conditions gave back the starting base, and the
use of 6 IV perchloric acid at 160-170° yielded only
tars accompanied by some of the starting inaterial.

(8) H. B. Henbest and R. A, Wilson, J. Chen. Soc., 1958 (1857).
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The hydrolytic stability of the bromo-base XI
rules out a frans-oxazoline structure.*' On treat-
ment with zinc in acetic acid, the hvdrochloride of
X1 gave an excellent yield of 3-benzamidocvclo-
hexene (I), and this rules out any deep-scated re-
arrangemertts in the formation of XI. Thus, the
facts point to a bromo-oxazine structure X1 for tlie
bromo-base from the dibromides A and 3. The
parent oxazine XII recently has been reported by
Burford, Hewgill and Jefferies'' as a crystalline
material, m.p. 102°, in agreement with that of the
product of hydrogenolysis of the bromo-base XI.

The most straightforward tentative assuniption
regarding the dibromides A and B is that they arc
the two frans-dibromides from normal frans addi-
tion of bromine to 3-benzamidocyclohexene (I).
With this assumption, and the additional one that
oxazine ring closure involves 0-612 participation
of the benzamido group in the rate-determining
step, one can interpret further the behavior of the
dibroinides A and B. Dibrowmide A would be dis-
posed toward oxazoline formation only as a very
unfavorable conformation (A2) witli ¢is-axial bro-
mine and benzamido groups. Dibromide B, 1 a
not so unfavorable conformation (132), leads to
oxazine XI. Considering model compounds, {rans-
3-benzamidocyclohexyl toluenesulfonate! gives ox-
azine in ethanol somewhat morce rapidly than
irans-2-benzamidocyclohexyl toluenesulfonate’
leads to oxazoline, Therefore, it is casy to under-
stand the formation of oxazine XI, rather tlan an
oxazoline, from the dibromides. Themost straight-
forward tentative inechanisit of isonterization of
the two dibromides A and B is the one empioyed
tor mwutarotation of cholestenie  dibromides. '
Other 1mechanisms and configurational  assign-
ments to the browine atoms in the dibroundes aimd
the bromo-oxazine XI are conceivable sp the re-
marks regarding configurations and mechanisms of
reaction of the dibromiides A and B arc admittedly
speculative.

Experimental!?

3-Aminocyclohexene. -To a wmixture wf 211w hn?
mole) of ammoniin chloride in about 300 wl. of liquid win-
mania was added, with stirring, 60.5 g. (1).38 mole) of
bromocyelohexene® over a period of 75 minntes.  The -
monia was allowed to evaporate, and the residne wis dis-
snlved in a solution nf 31.0 g. (0.77 mole) of sodim hiydrix-
ide in 150 ml. of water. Tle resulting solution was cou-
timonsly extracted with ether for 4 honrs, and the extract
was dried over potassiwn carbonate.  The cther wis diss
tilled using a 12-inch center-rod column and the residie
distilled through the sane coliun to give 244 ¢ {06.7¢,
of material, b.p. 73-75.4° (87 muil.1, #¥n 14816148210
A secoud preparation guve a 359 vield of material, hop.
130--140° (746 mm.), 2%p 14522 (reportedi® Iy 1371587,

Anal. Caled. for Celt,,N: C, 7<.17; 11, 11410 sl
C, 73.84; H, 11.55.
(9) W. 8, Johnson and 15, N. sSchubert, Tuts Jouknan, T2, J1s7

(1950).

(10) R. Bosclian and R. Click, anpublished work.

(11) R, R, Burford, F, R, Hewgilland . R, Jelferies, J. Cliene, Soi,
2637 (1957).

(12) F. L, Scott, R. K. Glick and $. Winstein, Lxperientia, 13, 183
(1937).

(13) C. A. Grob and 8. Winscein, Hele. Chine. Acta, 35, 782 (1952).

(14} Melting and boiling points are uncorrected.

115} K. Ziegler, A, Spith, B Schaaf, W. Schumani amd 12, Winkel.
mann, <taiz,, 851, 8D | 1442).

(16) P, Hofmanny aud . Danun, 35, schies. Kehfenpurach fuse
Karser-Wilhelm Ges., 2, 97 11025, . 4., 22, 1210 (1028).
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The picrate of the amine was prepared in dry ether and
recrystallized from water several times; m.p. 151-154.5°.

Anal. Caled. for CpHuNO;: C, 44.17; H, 4.32.
Found: C, 44.24; H, 4.57.

3-Benzamidocyclohexene (I).—A solution of 23.4 g.
(0.24 mole) of 3-aminocyclohexene, 36.6 g. (0.92 mole) of
sodium hydroxide and 200 ml. of water was chilled in ice
and to it was added, rapidly and with stirring, 35.2 g.
(0.25 mole) of benzoyl chloride. The resulting precipitate
was filtered and washed with dilute sodium hydroxide and
water. After being dried the material was recrystallized
from benzene—petroleum ether to give 31.0 g. (64%) of solid,
m.p. 98-100°. An analyvtical sample had m.p. 100-101.2°
(a m.p. of 101.8-102.8° has been achieved and an isomor~
phous form, m.p. 95-97°, has been isolated in this work).

Anal. Caled. for C;3H:NO: C, 77.58; H, 7.51. Found:
C, 77.48; H, 7.58.

Addition of Bromine to 3-Benzamidocyclohexene (I) in
Dry Methanol.—A solution of 5.03 g. (0.025 mole) of I in 75
ml. of dry methanol was cooled to —3°, and 4.80 g. (0.025
mole) of bromine was added, with stirring, over a period of
10 minutes. The solution was stirred for 1.5 hours more
while it warmed to 20°, and it was then filtered to remove
5.31 g. of material, m.p. 184-185° dec. Volhard titration
indicated the presence of 649 of 2-phenyl-7-trans-bromo-cis-
cvclohexoxazolinium-8,9-bromide (II) and titration with
standard base to the phenolphthalein end-point indicated
the presence of 339, of 11 (these titrations were run before
it was discovered that the removal of the free oxazoline IV
by the use of chloroform made it possible to obtain accurate,
rapid titrations by the Volhard method). A portion of the
precipitate was recrystallized from dry methanol to yield a
solid, mi.p. 192-192.5° dec.

Anal. Caled. for CiHisNOBr.: C, 43.24; H, 4.19.
Found: C, 43.17; H, 4.22; titration of the recrystallized
salt by the Volhard method gave equivalent weights of 377
and 370 (theory for II, 361.1).

A portion of the original precipitate was suspended in
dilute sodium hydroxide solution, and the resulting mixture
was extracted with ether. The ether extract was dried and
added to a solution of picric acid in dry ether. The picrate
which precipitated on long standing, m.p. 167-192° dec.,
still contained dibromide III. Two recrystallizations from
methanol gave the analytical sample, m.p. 167-169°.

Anal. Caled. for CpHp;N,OsBr: C, 44.81; H, 3.37;
N, 11.00. Fouund: C, 44.76; H, 3.45; N, 11.31.

The filtrate from the original precipitate yielded 0.13 g.
of material, mainly oxazolinium hromide II, m.p. 179-182°
dec., m.p. 189.5-190° dec., after solution in methanol and
reprecipitation with ether.

The filtrate and washings from the above solid were
evaporated, in wvacuo, to a volume of about 25 ml. Dry
ether, 250 ml., was added and 0.70 g. of a white solid,
mainly oxazolinium bromide II, precipitated; m.p. 189-
189.5° dec., equivalent weight 379 by Volhard titration.
A portion of the precipitate was heated, in a water suspen-
sion, on the steam-bath for 30 minutes. All but a trace of
oil went into solution. The solution was decanted from the
oil and neutralized with sodium bicarbonate solution. This
yielded a gummy solid which was recrystallized from meth-
anol and again from ethyl acetate to obtain an analytical
sample of frans-2-bromo-cis-6-benzamidocyclohexanol (VII),
m.p. 125-126°.

Anal. Caled. for C;sHieNO,Br:
Found: C, 52.23; H, 5.52.

Evaporation of the filtrates from the 0.70 g. of solid
(above) to a small volume gave 0.35 g. of white solid, m.p.
176-180° dec., which appeared to be dibromide III.

Evaporation of the final filtrate to dryvness left 1.78 g. of
an uncrystallizable oil considered to be bromo-ether.

Reaction with NBS in Glacial Acetic Acid.—A mixture
of 3.60 g. (0.0178 mole) of I, 3.15 g. (0.0178 mole) of NBS
and 16 ml. of glacial acetic acid was stirred at room tempera-~
ture for 3 hours. The acetic acid was evaporated with the
aid of the water aspirator, and the residue was taken up in
100 ml. of dry ether, the precipitated succinimide being re-
moved by filtration. The filtrate was added to 250 g. of
dry ether which had been saturated with hydrogen bromide
gas, and 5.42 g. (84%) of II precipitated, equivalent weight
by the Volhard titration (using chloroform) 363.6 (theory
361.1). Another identical preparation gave an 86.4%

C, 52.36; H, 5.41.
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yield of II. The oxazolinium chloride was also prepared by
addition of ethereal hydrogen chloride; m.p-169-170.5° dec.

2-Phenyl-7-trans-bromo-cis- cyclohexoxazolme (IV).—A
mixture of 1.20 g. (0.0059 mole) of I, 1.06 g. (0.0059 mole)
of NBS, 10 ml. of dioxane and 7 ml. of water was allowed to
stand at room temperature for two days. About 100 ml.
of water was added, and the solution was extracted with
three 35-ml. portious of ether. The ether and dioxane were
evaporated with air, and the residue was distilled from a
Hickman still at 0. 005 mm. to yield a colorless oil.

Anal. Caled. for CiHuNOBr: C, 55.73;
Found: C, 55.83; H, 5.10.

The oxazoline IV also was prepared by shaking the ox-
azolinium bromide II with aqueous sodium acetate solution
and extracting the resulting mixture with ether. The oil
remaining after removal of the ether, could be evaporatively
distilled at 0.1 mm. (bath temperature, 135~140°) to yield a
viscous liquid which analyzed satisfactorily for IV, but which
became discolored on standing.

Reaction of Oxazolinium Bromide II with Zinc.—To a hot
solution of 1.00 g. (0.0028 mole) of oxazoline salt II in 20
ml]. of dry acetic acid was added 1.00 g. of zinc dust. The
solution was allowed to stand for 1.5 hours, and then it was
heated to boiling and filtered. The acetic acid was removed
in vacuo from the filtrate, and the oily residue crystallized
when 30 ml. of water was added. The crystalline product,
0.49 g. (889%), had m.p. 91-93°, mixed m.p. with authentic
3-benzamidocyclohexene 99-100°. One recrystallization
gave material of melting point 97°, which appeared to be an
1somorphous form of 3-benzamidocyclohexene (I).

When the free oxazoline IV was treated with zinc in acetic
acid it was not possible to obtain crystalline I from the re-
action residue after filtration and evaporation. The residue,
however, was not basic and it was clear that elimination had
taken place. Treatment of this residue with NBS in acetic
acid gave rise to 56%, of oxazoline I'V isolated as the picrate,
m.p. 166-167°.

Hydrogenolysis of Oxazolinium Bromide II.—A mixture
of 1.08 g. (0.003 mole) of II, 2.0 g. of 29, palladium-on-cal~
cium carbonate catalyst, 0.60 g. (0.015 mole) of sodium hy-
droxide and 30 ml. of dry methanol was shaken with hydro-
gen at 23 Ib. for 7.5 hours, during which time the theoretical
quantity of hydrogen was absorbed (909 of it in the final 1.5
hour period). The solution was neutralized with Dry Ice
and filtered, Methanol was evaporated from the filtrate,
and the residual salts were extracted with boiling chloro-
form. The chloroform solution was evaporated, and the
residue was taken up in dry ether. Addition of a dry ether
solution of picric acid gave 0.48 g. of a picrate, m.p. 141-
190° dec. Recrystallization from methanol gave material
with m.p. 141-146° and further recrystallization from
chloroform—petroleum ether gave 0.19 g., m.p. 151-155.4°,
A final recrystallization gave material, m.p. 154-156°,
m.p. 155-157° when mixed with an authentic sample? of the
picrate of 2-phenyl-cis-cvclohexoxazoline-8,9 (V), m.p.
155-157°. The yield of hydrogenation product was esti-
mated to be 209%,.

trans-2-Bromo-cis-6-benzamidocyclohexanol (VII).—A
mixture of 2.0 g. of IT and 15 ml. of water was heated on the
steam-bath for 30 minutes, complete solution resulting. The
solution was neutralized by the addition of a solution of 0.50
g. of sodium bicarbonate in a small volume of water. A
gummy solid precipitated which was recrystallized from
ethyl acetate to yield fractions of 0.62 g., m.p. 123.5-126°,
and 0.34 g., m.p. 124.5-126°, for a 52.19, yield. Titration
with standard base gave equivalent weights 308.8 (immedi-
ate back-titration of excess base), 306.1 (with excess base 5
minutes) and 290.5 (with excess base 20 minutes). The
calculated equivalent weight for VII is 298.2, and the over-
consumption of base may be due to slow hydrolysis of the
amide linkage.

cis-3-Benzamido-1,2-epoxycyclohexane (VIII). (a) From
VII.—To a solution of 1.00 g. (0.0034 mole) of VII in 10 ml.
of 959, ethanol was added a solution of 0.30 g. (0.0045 mole)
of potassium hydroxide in 10 ml. of 95% ethanol. A white
precipitate appeared almost immediately. The solution was
shaken at room temperature for 15 minutes and filtered.
To the filtrate was added 30 ml. of water, and the solution
was extracted with three 15-ml. portions of chloroform.
The chloroform was evaporated in vacuo, leaving 0.66 g.
(919%) of solid, m.p. 103-112°, mixed m.p. with authentic
VIII, 110~114°. After one recrystallization from benzene—
petroleum ether, the material had m.p. 115-116°.

H, 5.04.
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(b) From I.—The amide I (0.93 g., 0.0048 mole) was dis-
solved in 30 ml. of chloroform and 1.10 g. (0.0052 mole) of a
commercial 409, peracetic acid solution in glacial acetic acid
was added. The solution was stored at 0° for 48 hours and
at room temperature for 24 hours, and then the excess acid
was neutralized with a solution of 1.5 g. of sodium bicar-
bonate in 30 ml. of water. Tlie chloroform laver was dried
over potassiuni carbonate, and the chlorofornmt was evapo-
rated @ wvacuo. Addition of petroleum ether (20-40°) to
the residue and chilling yielded 0.76 g. (769%) of white solid,

mLp. 112--115°.  Two reerystallizations gave the analytical
suple, np. 115-116°.

Anal. Caled. for CiHiNOs: C, TL.86; H, 1.06.
Found: C,71.95; H, 7.03.

The material did not give a precipitate witl pieric acid i
dry ether.

The epoxide VIII also was prepared in 819 vield by al-
lowing T ta react with a mixture of 309, livdrogen peroxide
and acetic anhydride.

Reaction of I with Bromine and Lithium Bromide.--A
solution of 48.0 g. (0.55 wole) of dry lithium bromide and
20.0 g. (0.0995 mole) of T i1 100 ml. of glacial acetic acid was
stirred in an ice-bath while 15.9 g. (0.0997 mole) of bromine
was added over a period of 10-15 minutes. The mixture
was stirred far 7 liours more and allowed to stand overnight
at raom temiperature.  Ethier, 500 ml., was added and 2.01
g. (5.69) of the oxazoline salt 11, m.p. 101-102° dec., pre-
cipitated.

Ether was evaporated from the filtrate over the steam-
bath and 700 ml. of water was added to the residue, causing
separation of an oil which rapidly crystallized. The crys-
talline precipitate was filtered and was extracted with three
350-1ml. portious of hoiling ether, each extract being filtered.
Evaporation of the ether extract left 22.0 g. (61.39;) of di-
bromide B, m.p. 118-123°, m.p. 125-127° after a single re-
crystallization from aqueous acetone.

Anal. Caled. for CyH;;NOBry:
l'ound: C, 43.28; H, 4.30.

The residue fromn the cther extraction was refluxed witls
250 ml. of acetone, the mixture was filtered and the filtrate
chilled, yielding 4.15 g. of the high melting dibromide A,
uLp. 188° dec. Recrystallization of the residue from the
acetone extraction plus material recovered from the mother
liquors of the acetone recrystallization gave rise to two more
crops of A, 4.08 g., ni.p. 188.5-189° dec., and 1.09 g.,
uLp. 188.5-190° dec., for a total yield of 9.32 g. (26.09%) of
A.  An analytical sample had m.p. 183-190° dec.

Anal. Found: C, 43.40; H, 4.19.

Both dibromides A and B, when suspended in water, gave
o pink color ta phenolphthalein on addition of one drop of
.08 N sodimin hydroxide. Also, they showed negligible
enusttmiption of 0.069 NV silver uitrate in Volhard titration
in water or methanal.

Debromination of Dibromides A and B.--\ suspeusion
of 0.60 g. (0.0016 mole) of A, 25 ml. of 95%. ethanal aud
0,49 g, (0.0082 mole) of zine (lu\t was heaterl under reflix
for 2 hours with frequent shiaking. After the mixture had
stood overnight the zine was filtered aud washed with eth-
anol,  The filtrate was diluted with 200 mil. of water and
11,27 g. (R19;) of a fluffy precipitate was collected. m.p.
101-102.1°, mixed melting point with authentic I, 101.8-
10:4.8°,

When 0.57 g. of B was simnilarly treated, there was ob-
tained 0.22 g. (6997%) of naterial, m.p. 94--100°, m.p. after
e recryvstallization 101.8-102.8°,

Acetolysis of Dibromides A and B.—A solution of 2.0 g.
1D.0035 mole) of the high-melting dibromide A in 20 ml. of
dry acetic acid was heated under reflux for 24 hours. The
acctic acid was removed in mecuo and the residue was ex-
iracted with hot ¢ther. The ether was evaporated to vield
0.17 g. of wmaterial, m.p. 116-122° after recrystallization
[ramn aquenits acetone, m.p. 118-121° after another recrys-
tallization, mixed m.p. with dibromnide B 122-124°. The
residue from the ether extraction was dissolved in chloro-
form, dcecolorized with Norite and filtered. The chloro-
froi was evaporated and the residue triturated with ether
and filtered. The crystalline material weighed 0.70 g.,
m.p. 155-160°. The solid was added to water and the re-
silting aqueous suspension was filtered, leaving 0.18 g..
nLp. 168-171° dec.. m.p. 18*-183° dec. after recrystalliza-
tionn fromm chloroform, mixed m.p. with authentic A 185-
185°.  The aqguicous filtrate from the recovery of A was

C, 43.24; H, 4.19.

Lroxn Goopmaxn, S, WiINsTEIN aND R, BoscHaN

made basie with 10-14 1l of 6 & potassivin hydroxide. A\
precipitate was formed, aud 0.20 g. of the precipitate was
dissolved in dry ether and the solution added to a salution
of picric acid in ether.  The picrate, 0.36 g., m.p. 197-201°,
wis recerystallized fromt acetane to give material witlh m.p.
202-203°, mixed m.p. with authentic axazine X1 picrate (sce
below), 203--205°.

A solution of 1.0 g. (0.0028 male) of the law-melting di-
bromide B in 11 ml. of dry acctic acid was refluxed for 45
mintes, then owled to mom temperature.  Addition of
100 ml. of dry ether cansed the formation of 4 guim which
crystallized readily.  Filtration yvielded 0.25 g. (U57,) of a
water-soluble solid, mp. 166 -168°,  The salid, m agueons
solution, was ixed witlh an aqueans solution of picric acid
and  the pilerate was produced i essentially gnantitaiive

vield, ey, JO1-2053°%, mp. 205° after reerystallization.
Aual. Caled. for C M N,0:Br: ¢, 4481 M, 3.37; X,
1100, Found: C, 44,77 “.5’ 357 N, 1111

Rvaporation af the ether from rhe original precipitation
and addition of water produced aun emulsion.  The wisture
was extracted with clilorofornt and the extract was dried
over sodimu sulfate.  The ehiloroforin was evaporated aud
the gununy residite was taken up in hot, anhydraus ether.
Ou standing at room tamperature the ether solution de-
posited 0.06 g. (671 of crystals of A, m.p. 182-184° dec.
Evaporation of the filtrate left 0.51 g. (417, of B. m.p.
117--119°, m.p. 128° after recryvstallization, mixed nu.p.
with authentic B 125-127°,

Acetolysis of Dibromides A and B in the Presence of
Silver Acetate.—.\ solution of 1.0 g. (0.0028 mole) of A in
15 ul. of dry acetic acid which eontained D46 g. (LIH28
mole) of dry silver acetate was heated nnder reflux for 4.3
honrs,  After filtering the silver salts, the filtrite was
evaporited i racue il the residne was taken up in ether,
only a trace of snlid remaining undissolv ul Addition of
ctliereal picric acid precipitated 1.75 g. (53¢, 1 of a solid,
nLp. 187175°. Three reerystallizations frum chiloroforin
raised the 1m.p. to 109-202° and a fourth crystallization to
203-204°, mixed nip. with amhemic oxazine NI picrare,
204-206°,

When 0.50 g. (00014 mole) of B in 200w, of dry aceatie
acld containing 0.23 g. (0.0014 mole) of dry silver acetate
was refluxed for 2.4 hours and worked up as deseribed above,
there was isolated 0.53 g. (75') of pierate, un.p. 195-202°,
up. 207° after recrystallization from ehiloroform. mixed
n.p. with anthentic oxazine XI picrate, 207°

Preparation of Bromootxazine XI. -\ quantity »f dibro-
mide B was solvolvzed in dry acetic acid as described above.
The ether-insolible residne after evaporation of the aeeric
acid was callected asnd added 10 water.  The aqueoits s11s-
pension was lltered, and 1he filtrate was made srrougly basice
with 6 A potassim ivdroxide, vielding au oil which erystal-
lized readily. The <olid, up. 115 116°, was parified by
sublitnatinn; w.p. 118 1107,

Anal. Culed. fnl G NOBr: O, oan. 0 1L
Fonud: C, H.04; 1. uu

In a more recent (‘X];('l‘il:lcut by Dr. 1. Gadient, 539 mg.
of dibromide B was treated with 248 mg. of silver acetatc
in 15 ml. of acetic acid.  Working up the reaction mixture
gave rise to 303 mg. (7)) of bromoéxazine XTI, m.p. 121
122° after crystallization from ether-pentane.

Hydrogenolysis of Bromoéxazine XI.—-\ solution of 1.0
g. (0.0028 mole’ of dibromide B in 15 ml, »f dry acetic acid
which contained 0.46 g. (0.0028 mole) of dry silver aceruae
was reflitxed for 2 liours.  The mixture was filtered and the
solvent was evaporated fn vacuo. Methanol (30 1wl was
added to the residue and the solution was filtered. Soditmmn
hydroxide (0.30 g.) and 1.} g. of palladitnn-on-charcoal
catalvst were added to 1he filtrate and the mixiure wius
shiaken with lhiydrogen at 30 Ib. pressure for 1wo honrs.
The catalyst was filtered and washed with 10 wml. of meth-
anal. A second 1.0 g. of catalyst was added and hydro-
genationn was continued at 30 b, pressure for oue honr.
The catalyst was filtered and the filtrate was evaporated
in vacuo. The residue was taken up in ether, and the soln-
tion was filtered and added to an ethereal picric acid soln-
ton. A precipitate, D.1 g., mi.p. 178-179°, slowly formed.
The melting poiut of the picrate was unchanged by reeryvs-
tallization from chiloroforn-petrolewn ether,

Anal. Caled. for CuH;sN;O:: €, 583.02; H,
Found: C, 52.94; H, 4.23.
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In a more recent experiment by Dr. F. Gadient, hydro-
genation of 243 mg. of bromooéxazine XI in 15 ml. of meth-
anol over palladium on charcoal at atmospheric pressure
gave rise to 117 mg. (60.5%) of oxazine XII, m.p. 102-103°,
m.p. of picrate 178-179°, and 65 mg. of N-cyclohexylbenz-
amide, m.p. 150-151°, mixed m.p. witll an authentic
specimen, 150-151°.

Reaction of Bromodxazine Hydrochloride with Zinc.—
The bromodxazine XI, 0.50 g., was dissolved in 10 ml. of
ether, and an excess of ethereal hydrogen chloride solution
was added dropwise. The ether was decanted from the
precipitate and 10 ml. of glacial acetic acid and 1.0 g. of
zinc dust were added. The mixture was shaken until the
white solid dissolved, and then it was allowed to stand at
raom temperature for 1.5 hours. The zinc was removed
by filtration and the filtrate was evaporated in wvacuo.
Water was added to the residue which readily crystallized,
vielding 0.25 g. (709,) of 3-benzamidocyclohexene (I), m.p.
91-92°, mixed m.p. with authentic I 99-101°, m.p. 94-95°
after one recrystallization.

Attempted Hydrolysis of Bromodxazine XI.—To 0.25 g.
of bromoéxazine was added 2 ml. of water and 4 ml. of 609
perchloric acid. The solution was boiled 15 minutes and
allowed to stand overnight. The solution was heated on
the steam-bath for 2 hours and neutralized with excess so-
dinnm bicarbonate solution, vielding 0.20 g. of a solid, m.p.

m- AND p-AMINOETHYLPHENYLACETIC ACIDS
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90-110°. This material was dissolved in 5 nil. of absolute
ethanol and to it was added a solution of 0.1 g. of potassium
hydroxide in 6 ml. of absolute ethanol. The alcohol was
removed <n vacuo and ether was added to the residue. The
ethereal solution was filtered, and the filtrate was divided
into two equal parts. To one part was added ethereal picric
acid solution, vielding 0.10 g. of bromoéxazine XI picrate,
m.p. and mixed m.p. 204-205°. The other portion of the
ether filtrate was evaporated to yield 0.09 g. of material,
m.p. 118-119°, m.p. 120-121° when mixed with the Startmg
material. The recovery of starting material was 369,

To 0.61 g. of bromodxazine XI was added 6 ml. of 60
perchloric acid and 3 ml. of water. The solution was sealed
in a bomb tube and was heated at 160-170° for 1.25 hours.
The tube was cooled, opened, and the contents filtered from
a small amount of tar. To the nearly colorless filtrate was
added excess sodium bicarbonate solution, 0.21 g. (34¢()
of a white solid precipitating, m.p. and mixed m.p. with
starting material, 118-120°.

Acknowledgment.—The authors are grateful to
Dr. Fulvio Gadient for very recent experiments
which clarified the nature of the solvolysis prod-
uct from dibromides A and B.
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Preparation of m- and p-Aminomethylphenylacetic
Acids

By HaroLp E. Zauce AND BrRuce W. HorRrOM
RECEIVED MARCH 24, 1958

The Amidomethylation Reaction.

Condensation of phenylacetic acid with N-hydroxymethylphthalimide in concentrated sulfuric acid gives a mixture of m-
(X) and p-(I)-phthalimidomethylphenylacetic acids, the latter in preponderant quantity. The p-isomer I can also be iso-
lated from the zinc chloride-catalyzed reaction of phenylacetic acid with N-bromomethylphthalimide. The reaction of
phenylacetic acid with N-hydroxymethylichloroacetamide in concentrated sulfuric acid likewise gives p-chloroacetylamino-
methylphenylacetlc acid (II) in 35-409, vields. p-Aminomethylphenylacetic acid hydrochloride (III) and the correspond-
ing m-isomer XI are obtained readily from these condensation products. Their structures have been established by conver-
sion to p-tolyl(V)- and m-tolyl(X1I)-acetic acids, respectively.

In connection with the study of basically substi-
tuted phenylacetic acids for use as penicillin pre-
cursors, the aminomethyl derivatives seemed to
offer appropriate possibilities. However, ¢-amino-
methylphenylacetic acid, prepared by a circuitous
route,! appeared to be the sole isomer of this series
described in the literature.

A direct aromatic substitution reaction by certain
N-hydroxymethylamides, originally reported by
Tscherniac? and later extended by Einhorn, seemed
to offer the most direct route to the desired com-
pounds. Thus Einhorn and co-workers? found
that both benzoic and cinnamic acids, with N-hy-
droxymethylchloroacetainide in concentrated sul-
furic acid, yielded the ring substituted chloroacetyl-
aminomethyl derivatives, the former giving only
the m-isomer, but the latter, both m- and p-sub-
stituted cinnamic acids. This paper reports the
extension of this amidomethylation reaction to the
direct substitution of phenylacetic acid.

Treatment of phenylacetic acid with N-hydroxy-
methylphthalimide in concentrated sulfuric acid
led to a mixture of the m-(X) and p-(I) phthali-

(1) J. v. Braun and H. Reich, Ann., 446, 243 (1925).

(2) J. Tscherniac, German Patent 134,979 (1902); P. Friedlaender,
Fortschr, Teerfarb., 6, 143 (1900-1902).

(3) (a) A. Einhorn and T. Mauermayer, Ann., 348,
(b) A. Einhorn and M. Géttler, Ber., 42, 4837 (1001)

205 (1905).

midomethylphenylacetic acids with the latter pre-
dominating. Removal of the phthaloyl groups by
means of hydrazine and hydrochloric acid gave,
respectively, the hydrochlorides of #z- aminomethyl-
phenylacetic acid (XI), m.p. 193-195°, and p-

@—CH;COOR‘

I, R = 0-CeH,(CO):NCH;—, R’ =
(phthalimidomethyl)

II, R = CICH,CONHCH,-, R' = H
III, R = -CH;NH:;-HC!|, R' = H
IV, R = —CHZN(CHa)z HCI R'=H
V,R=CH;,R'"=H
VI, R = CICH,CONHCH,—, R' = C:H,
VII, R = CICH,CONHCH,—, R’ = CH
VIII, R = (C;H;);NCH,CONHCH,—, R’ = C,H;
IX, R = -CH;NH;-HC], R' = CH;
@—CHQCOOH
S
X, R = 0-C¢H4(CO);NCH,-, (phthalimidomethyl)
XI, R = -CH;NH, HClI
XII, R = CH;,

aminomethylphenylacetic acid (IIT), m.p.232-233°.
The third isomer, o-aminomethylphenylacetic acid
hydrochloride, reportedly! melts at 154°. Orienta-
tions of the two isomers were established by cata-
lytic reductive methylation (CH,O + H, + Pd) to
the corresponding dimethvlamino derivatives



