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Neighboring Groups in Addition. V1.l The Benzamido Group in 
3-Benzamidocyclohexene. Stereospecific Synthesis of Trisubstituted Cyclohexane 

Derivatives? 
BY LEOX Guou.\lAx, s. l \ - I K s  IS .ih*D I<. ~ ~ O S V H A K  

R l.:CEil%ij l;b:ijp.i,.%i<\ 27,  I 9 % Q  

'l'lii. pi-vvioudh ilciiiuiistrated proiiuuiicetl te;itlei ncigiibui-iiig beiizuuidu group t o  participate iii elcctropliilic 
1 ilvtiii ;tiiditioii inakes siicli additioii reactioiib of 3-b cyclohexene interesting for stereospecific synthesis of vicinally 
t ri,ubstituted c>-cloliesane derivatiL-e,. Thus, froin of broniine to 3-benzainidoc~-cloliexerie in inethanol is obtained 
A mixture of bromo-ether, dibromide aiid cis-oxazolinium bromide. The latter substance is obtained more conveniently aiid 
iii cxcelleiit j-ield from the reaction uf 3-benzamitiu with S-bromosucciiiiniide iii the less nucleophilic solvent, 
;icctic acid. Iiydrulysis of tlie cis-oxiizuliniuni brorn ti, the ~ - -b romn-B-benzamidoc~c lu l i e~~~~o l  with the brurnilie 
:itom in :i t iu izs  cind the benzamido group in a cis re1 the li>-droxyl group. Treatineiit uf the benzamido-brurno- 
liydrin ivith dilute alkali leads to c i s -1 ,L ' -epuxy- : l ( -b~i iza i i i idoc~~l~J~i~~,~l ic .  Additioii of hroniiiie to 3-betizamidocyclohexene 
ii i  acetic acid in the presence of a iiigli concentration of lithium brimiide leads alniust exclusively to a mixture of  two is<]- 
meric dibromides. The Inuit straightfor- 
ward tentative asstuiiptiuii regartliiig the dibroinirles is that  they represent tlie tWJ pussible frmx-dibroinides frutn normil 
fi.cins-:tdtiitiim to  3-henzatiiiLiocS-clohexciie. CoiiforIiiational consideration5 rationalize oxazine rather th:in os;izoline f m m  - 
r i o r i  iii :rvctolysis uf the ditxciiiiiiie*. 

These dibromides isomerize during acetolysis aiid also lead to a Ixoino-usaziiie. 

'The pronounced tendency ut the acylaiiirrio 
group to participate in the additions of bromine 
~ n d  N-broiiiosucciniinide (NBS) to 3-benzamido- 
.mi :3-/~-iIiethoxybenzaiiiidopropropenes was illustrated 
in the previous article in this series Excellent 
yields of bromomethyloxazolines could be isolated 
from these reactions, and the oxazolines reprc- 
w i i  tc t l  'I sourcc of the corresponding 3-amino- 
~lcohols 

c c- c 
H I  

,is pointed out pre\,iously,2a such conversions with 
c.vclohexeny1 derivatives yield polysubstituted ali- 

-1ic compounds whose substituents possess defi- 
e stereochemical relationships ; the detailed re- 

sults of the study of some pertinent addition reac- 
tions involving bromine or NBS and 3-benzamido- 
i.ycloliexene (I)  are reported in the present article. 

3-Benzamidocyclohexene and its Addition Reac- 
tions in Methanol and Acetic Acid. ---Ii convenient 
routc. to :~-lJerizamidocyclohexerle (I) iiivolvetl 
cininioriolysis of ::-l,roiiiocyclohexenc in liyuitl 
<I  intiionia, followed hy Schotten-Hauiiinriii ben- 
/ (  hylation o f  the :I-ariiiiioc.yclohexeiie. 

Just as in the case of  :~-benzamidol,ropeiie,' a l -  
tlition o f  bromine to :Lbenzamidocyclohexene in 
tiiethatiol leci to a mixture of oxazolinium bromide 
11, dibromide IIJ and bronioether (Table 1). 
R-hile the dibromide iractioii of the product ob- 

1 I )  Paper \-, I . G m i n i a n  anti 5 IYini te in ,    HIS J O U K N A L ,  79, 4788 
i i%17). 

c j f  t h e  material of t h i b  gaper was presented in bummary 
\Vinstein, I,. Goodman and R.  Roschan, i h i d . .  73, 2311 

' I ! i . i O ) .  1 t>) 5 .  Wins tp in .  I. Goodman and R. Boschnn 1) i3li d 
. ' l t , s t racl i .  SI l i i i  Internat innai  Congrc,s of Pure and hpplird Cliririis- 
( r ? ,  New Y o r k ,  S Y. .  S e p t . ,  1951 

tained 
terized 
oxazoli 

in niethatiol 21s a solvent was not charac- 
fully, it was easily distinguished from the 

nium bromide I1 by its failure to consunie 

<= Cnll,,COCI + . ~ _ _ -  

I 
dilute base or silver nitrate in titration. 'Toward 
both of these reagents, the oxazolinium bromide 
I1 displayed satisfactory equivalent weights. The 
ilxazolinium bromide was converted easily to the 
iree oxazoline IV and the oxazolinium picrate, both 
of which were obtained as analytically pure mate- 
rials. 

As suniniarized i i i  'l'able I ,  a iiiuch superior routc 
t o  the oxazoliniuni bromide I1 involved the use of 
N H S  as the psitii-e bromine donor atid the l t ~  

'I'.\H1.l.: I 

I ipyz  \ n i n i <  I C Y ~ Y , I > I I E ~ E X E  ( I  I 
SLlM11.4KI  O F ?  ~ ' R ( O i ) L ' C t ' 5  O F  .\DDl'll(-j> &AC7'1<1%5 OF :J 

Yield., r r  
( ) X A L O ~ ~ J I ?  
nr  oxazo- 1)i Rromit 

I2ra.riil hol\et i t  l i n ~ . H R r  t>romidr. rthpf- 

. I . >  _. , , 7 . ,  Hr2 lle01-T !I I .>- 
SHS f 1 0  I<, s r, 
13rz + LiHr (Iargc, 

r x r  c 55 li I i (  ) \,, ( i  s ,- 

7hilic :icetic i i c ~ i t l  as ~u l \ : en t .~  I'ielris t i ! '  

I of oxazoliniuni lxoinide I I easily wwc 
achieved from trcatnietlt of 3-benzaiilidocycli)- 
hexeiie with KBS in glacial acetic acid followed 11)- 
isolation of the oxazoline IV as the hydrobrornide 11. 
The reaction between 3-benzamidocyclohexene a~id 
NBS also was carried out in aqueous dioxane, the 
free oxazoline I V  being isolated as a distillable liquid. 

Structure, Configuration and Transformations of 
the 0xazoline.-In a reaction analogous to the 
regeneration of olefins frniii vicinal dihalides, halo- 
ethers, etc., the oxazolinium salt I1  readily was 
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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- 
hexoxazolinc-8,D (V),  the picrate of which proved 
to be identical with that  of authentic materia1 pre- 
i’ared from fmns-2-benzamidocyclohexa~iol (VI) 
and thionyl chloride.a The cis configuration of the 
oxazoline rather than trans is, of course, the one pre- 
dicted from the mechanism of formation of the ox- 
azolinium salt during halogen addition to benz- 
ainidocyclohexene (see IX) . 

CGH; 
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Wheii an aqueous solution of the oxazoliiiiuiii 
bromide I1 was heated a t  100’ and then neutralized, 
the benzamido-broniohydrin VI1 was formed. A 
!runs relationship of the bromine atom and hy- 
droxyl group of the bromohydrin VI1 can be antic- 
ipated from the expected trans nature of the addi- 
tion to the double bond of benzamidocyclohexene 
(I) as portrayed in formula IX and the known reten- 
tion of c o n f i g ~ r a t i o n ~ ~ ~  in the hydrolysis of a cis- 

1 3 )  S. Winstein and R. Boschan, THIS JUURNAL, 72, 4669 (1950). 
( 4 )  G. E. hIcCasland,H.IS.Carter  a n d  R .K  Clark, Jr . ,  i 6 i d  ,71, 637 

1949). 

oxazoline to a cis-benzamido-alcohol, The antic- 
ipated trans 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 base5 to the epoxide VIII, identical with 
material prepared from 3-benzamidocyclohexene 
(I) with peracetic acid.6 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 ITI ,  the benzamido group is cis to 
hydroxyl, while the bromine atom is trans. I t  
may be instructive to regard formation of the 
benzamido-bromohydrin VI1 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 gen- 
eralized scheme 
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the complex neighboring group3 being represented 
as -A-C(R)=B and the electrophilic reagent’ 
as EZ. 

Two features of the preparation of epoxide VI11 
from 3-benzamidocyclohexene (I) deserve coni- 
ment. It is interesting that the reaction of I with 
peracetic acid, another example of an electrophilic 
olefin addition, proceeds without neighboring 
benzainido group participation. From such partic- 
ipation, an hydrovyoxazoline would be expected. 
Howex-er, donation of positive hydroxyl to the olc- 
finic group apparently occurs without back-side 
benzamido group inter\-ention, followed by protoii 
loss froin the epoxide conjugate acid X. 

rI c 
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The second feature of the preparation of epoxide 
VIII  from 3-benzamidocyclohexene (I) and perace- 

( 3 )  P D Bartlett % b i d ,  67, 321 (1935) 
(6) D Swern, cbid , 69, 1692 (1947) 
(7) S Winstein and L Goodman, t b i d ,  76, Sd68 (1954) 
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tic acid which deserves comment is that the cis- 
epoxide VI11 was the only one observed. Henbest 
and Wilson* have reported recently that epoxida- 
tion of cyclic allylic alcohols occurs on the side of 
the ring cis to  the hydroxyl group and i t  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 ~ l e f i n . ~ . ~  This is responsible for the for- 
mation of dibromide 111 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 I1 constituted only ca. 67, 
of the product. The dibromide fraction contained 
a high-melting isomer (A) and a low-melting one 
(€3) in  approximate 30:iO proportions, and these 
could be obtained by fractional crystallization as 
analytically pure materials containing no ionic 
halogen. Both dibromides A and B regenerated 
3-benzamidocyclohexene (I) smoothly on treat- 
nicnt with zinc in ethanol. The behavior of the 
dibroinides in solvolysis was of potential interest 
because of the possibilities for anchimeric effects 
due to neighboring bromine or benzamido. HOW- 
ever, the solvolytic behavior of dibromides A and 
F3 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 il and B accompanied by a new basic 
nitrogen coinpound X I  isomeric with oxazoline 
117. 1Vhen silver acetate was included in the re- 
fluxiiig acetic acid, good yields of the new basic 
nitrogen compound were obtained and none of the 

A ,  A 2  XI1 

dibroiiiides A or U was recovered. Under these 
coiiditions, I3 appeared to react substantially 
more rapidly than did A. Hydrogeiiolysis of the 
new basic nitrogen compound XI over a palladium 
catalyst to remove the bromine atom gave rise to 
:t bromine-free base, m p .  102-103", isomeric 
with the cis-oxazoline V. Two attempts to  hydro- 
lyze the bromo-base XI were unsuccessful; mild 
conditions gave back the starting base, and the 
use of 6 N perchloric acid a t  160-170" yielded only 
tars accompanied by some of the starting material. 

( 8 )  I1 B Henbest and R. A. Wilson, J. Ckcm SOL , 1958 (18573. 

The hydrolytic stability of the broino-base XI  
rules out a trans-oxazoline structure. B.ln Chi treat- 
ment with zinc in acetic acid, the hydrochloride of 
XI gave an excellent yield of 3-beiiznriiidocl;clo- 
hexene (I), and this rules out any deep-seated re- 
arrangements in the formation of S I .  Thus, tho 
facts point to a bromo-oxazine structure XI for the 
bromo-base from the dibromides A and I?. ?'hc 
parent oxazine XI1 recently has been reported by 
Burford, Hewgill and Jefferies" as a. crystallinc 
material, m.p. lo?", in  agreemelit n i t11  that oi the 
product of hydrogenolysis of the bromo-base XI. 

The most straightforward tentative assuniption 
regarding the dibromides A antl I-: is that they xrc 
the two trans-dibromidcs from ilOr17lal trans addi- 
tion of bromine to 3-benzaniidocyclohexene (I) .  
With this assumption, and the additional one that 
oxazine ring closure iiix-ulves 0-(j i y  participation 
of the benzamido group in  the rate-cletcriniiiiri~ 
step, one can interpret furt.her the behavior of thi: 
dibromides X and 13. T>ibroinide A w-ciultl ix: (lis- 
posed toward oxazoline ioriiiatioil only 3s ;t \.el-\- 
unfavorable conformation (11.)) with cis-axial bro- 
mine and benzainitio groups. Dibroiriide B, in ; t  
not so unfavorable ccinforii~ation (I<.)), Icads t o  
oxazine XI.  Considering model i 
3-benzamidocycloliesyl toluenesul 
azine in  ethanol somewhat iiic)rc rapidly t l i a i i  
trans-2-benzamidocyclohexyl tolueiiesulfoi!~tte" 
leads to oxazoline. it is easj- to under- 
s t a id  the formation X I ,  ratlier tIian 31)  

oxazoline, from the di 'The most straiglit- 
forward tentative meclianisni of  isonierizati~ii (ti 
the two dibrotnides A m t l  1: is the oiic enipioyctl 
ior mutarotation ( i f  cliolesieiic. tlibroriiiclcs. " 
Other mechaiiisms a n i d  coiifigurational assigii- 
ruciits to the bromine atoms i l l  the dil~roiiiities a n c l  
the bromo-oxazine S I  are coiiceivablc so the re- 
marks regarding configurations and iiiecliaiiisins oi' 
reaction of the dibroinides A antl 13 itrt: atlmittedly 
speculative. 

Experimental * 
3-Aniinocyclohexene. --Til :t mistiirc o f  Li\ t . i l  ::. IO.::,- 

iiioie) of miimnriiuin chlor-idc in : ibnut  T,OO 1111. of liciui(l C I I I I -  

irionin was atltlerl, with stirriiig, fiO.+? g .  iO.:W runic) ( i f  

~ronloc?-cluliesene'j over :t period o f  73 iiiil~utei;. '1 '11~ U I I -  
iiioiiia \vas alicwed t o  cv;iporatc, antl the resicluc m x b  t i i i -  
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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. Calcd. for Cl?H14P\T40?: 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. 
10.23 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 analytical 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. Calcd. for C I ~ H I ~ N O :  C, 77.58; H ,  7.51. Found: 
C, 77.48; H, 7.58. 

Addition of Bromine to 3-Benzamidocyclohexene (I)  in 
Dry Methanol.--% solution of 5.08 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 64y0 of 2-phenyl-7-trans-bromo-cis- 
cyclohexoxazolinium-8,9-bromide (11) and titration with 
standard base to the phenolphthalein end-point indicated 
the presence of 53y0 of I1 (these titrations were run before 
it was discovered that the removal of the free oxazoline I\' 
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, n1.11. 192-192.5' dec. 

Anal. Calcd. for C13H1JGOBr2: 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 11, 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 111. Two recrystallizations from 
methanol gave the analytical sample, m.p. 167-169'. 

Anal. Calcd. for CISH1iK408Br: C, 44.81; H, 3.37; 
Tu-, 11.00. Found: C,41.76; H,3.45; K, 11.31. 

The filtrate from the original precipitate yielded 0.13 g. 
of material, mainly oxazolinium bromide 11, 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 vacuo, to a volume of about 25 ml. Dry 
ether, 250 ml., was added and 0.70 g. of a white solid, 
mainly oxazolinium bromide 11, precipitated; m.p. 189- 
189.5' dec., equivalent weight 379 by Volhard titration. 
-\ 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 trans-2-bromo-cis-6-benzamidocyclohexanol (VI1 ), 
m.p. 125-126". 

Anal. Calcd. for C13H1&02Br: C,  52.36; H, 5.41. 
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 111. 

Evaporation of the final filtrate to dryness left 1.78 g. of 
an uncrpstallizable 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 a t  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 I1 precipitated, equivalent weight 
by the Volhard titration (using chloroform) 363.6 (theory 
361.1). ilnother identical preparation gave an 86.4% 

yield of 11. The oxazolinium chloride was also prepared by 
addition of ethereal hydrogen chloride; m.p. 169-170.5'' dec. 

2-Phenyl-7-trans-bromo-cis-cyclohexoxazoline ( 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 a t  room temperature for two days. About 100 ml. 
of water was added, and the solution was extracted with 
three 35-ml. portions of ether. The ether and dioxane were 
evaporated with air, and the residue was distilled froiu a 
Hickman still a t  0.005 mm. t o  yield a colorless oil. 

Anal. Calcd. for ClaH14P\'OBr: C, 55.73; H, 5.01. 
Found: C,  55.83; H,  5.10. 

The oxazoline I V  also was prepared by shaking the ox- 
azolinium bromide I1 with aqueous sodium acetate solution 
and extracting the resulting mixture with ether. The oil 
remaining after removal of the ether, could be evaporatively 
distilled a t  0.1 mm. (bath temperature, 135-140') to yield a 
viscous liquid which analyzed satisfactorily for IS7, but which 
became discolored on standing. 

Reaction of Oxazolinium Bromide I1 with Zinc.-To a hot 
solution of 1.00 g. (0.0028 mole) of oxazoline salt I1 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 
zn vacuo from the filtrate, and the oily residue crystallized 
when 30 ml. of water was added. The crystalline product, 
0.49 g. (88y0), 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 
isomorphous form of 3-benzamidocyclohexene (I). 

When the free oxazoline ISr 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'I' isolated as the picrate, 
m.p. 166-167'. 

Hydrogenolysis of Oxazolimium Bromide 11.-A mixture 
of 1.08 g. (0.003 mole) of 11, 2.0 g. of 2% 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 a t  23 lb. for 7.5 hours, during which time the theoretical 
quantity of hydrogen was absorbed (goyo 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. -4ddition 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 fro: 
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 sampleS of the 
picrate of 2-phenyl-cis-cyclohexoxazoline-8,9 ( V ) ,  m.p. 
155-157'. The yield of hydrogenation product was esti- 
mated to be 20y0. 

trans-2-Bromo-cis-6-benzamidocyclohexanol (VI1 ) .-A 
mixture of 2.0 g. of I1 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 52.170 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 VI1 is 298.2, and the over- 
consumption of base may be due to slow hydrolysis of the 
amide linkage. 

czs-3-Benzamido-1 ,Z-epoxycyclohexane (VIII). (a) From 
VI1.-To a solution of 1.00 g. (0.0034 mole) of VI1 in 10 ml. 
of 95% ethanol was added a solution of 0.30 g. (0.0045 mole) 
of potassium hydroxide in 10 ml. of 9570 ethanol. A white 
precipitate appeared almost immediately. The solution was 
shaken a t  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. 
(91%) of solid, m.p. 103-112", mixed m.p. with authentic 
VIII, 11C-114°. After one recrystallization from benzene- 
petroleum ether, the material had m.p. 115-116'. 



(b )  From I.-The amide I (0.93 g., 0.0048 ~ni i le)  \vas tlis- 
colvetl In 30 mi. of chloroform and 1.10 g. (0.0052 mcile] of :t  
coinmercial 4070 peracetic acid solution in glacial acetic acid 
was added. The solution was stored at  0' for 48 hours arid 
;it 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 mater. The chloroform layer was dried 
over potassium carbonate, and the chloroform was evapn- 
rated in zvfcuo. Xddition of petroleum ether (20-40") tii 
t i i t ,  residue and chilling yielded 0.76 g. (7  
i i i .1 ) .  l 1 2 - - l l t j o .  T ~ v o  recr!-stallizations 
~ : i i i i ~ ) I e ,  1 i i . p .  1 I,? 11R". 

A l n c l l .  Calcd. fnr Cld315S02: C .  71.86; H, 1i.!)G. 
l'iimid: C, 71.95; H, 7.03. 

The inaterid tiid not give :L Iirccipitate with picric xcid i i i  
(!ry ether. 

The epoxide \'I11 :ilso !vas prepared iii 817, yield b y  al- 
liiwing I til react with a mixture of hydrogen periixide 
:md acetic anhydride. 

Reaction of I with Bromine and Lithium Bromide.--.\ 
solution of 48.0 g. (0.55 mole) of dry lithium bromide anti 
20.0 g. (0.0993 mnle) of I it1 100 ml. of glacial acetic acid was 
ctirred in an ice-bat!i while 15.9 g. (0.0997 mole) of bromine 
\vas d d e d  nver IL period of 10-15 minutes. The misturc 
\viis stirred fur 7 hours more :md allowed to stand overnight 
, i t  rrmm temperature. Ether, 500 ml. ,  was added and 2.01 
g. (,5.C1,5i 1 of the iixnznline s:tlt 11, I I I . ~ .  lR1-lRPo rlec., pre- 
cipitated. 

Ether was evapc~rated friiiii the filtrate o\'er the steam- 
I)ntli and 700 i d .  of water \vas added to the residue, causing 
separation of ari oil which rapidly crystallized. The  crys- 
tctlline precipitate was filtered and was extracted ~vitli three 
:3,5l)-ml. portions of boiling ether, each extract being filtered. 
I'vaporation of the ether extract left 22.0 g. (61.370) of di- 
Imimide B ,  m.p. 118-123', m.p. 12.5127' after a single re- 
cSr!.stallization from aqueous acetone. 

.11tnI. Calcd. for ClsIII,?;OUi~: C. 43.24; 11, 4.19. 
I'iiuntl: C, 43.28; I T ,  4.30. 

The residue from the ether extraction was refluxed wit11 
250 nil. of acetone, the mixture was filtered and the filtrate 
chilled, yielding 4.15 g. of the high melting dibromide A ,  
i i i  .p.  188" dec. Recrystallization of the residue from the 
:icetone extraction plus material recovered from the tnotlicr 
liquors of the acetone recrystallization gave rise to  two more 
crops of .I, 4.08 g. ,  m.p. 188.5-189" dec., and 1.09 g., 
I I I . ~ .  188.,510Oo dec., for a total yield of 9.32 g. (26 .07p)  of 
.\. .In analytical sample had in.1,. 18R--100° rlec. 

A 1 ~ ~ c ~ ~ .  Found: C, 43.40; €I,  4.10. 
Hoth dihroniides A and B, when suspended in water, gave 

:i pink color to phenolphthaleiii on addition of one drop of 
0.08 ?\T sodium hydroxide. .\lso, they showed negligible 
elmsumption of  0.069 S yilver nitrate in Yolhard titration 
i i i  water or niethancil. 

Debromination of Dibromides A and B.- -.\ sus1)ensiiiii 
( i f  0.fiO g. (0.0016 inole) of  .I, 25 rnl. of 957; ethanol rind 
(1,4!l g.  (0.0082 iiiole) ( i f  zinc dust  is heated under reflux 
for 2 hours with frequent shaking. .\fter the mixture hati 
5toiid overnight the zinc w:ts filtered and washed with etli- 
; i i i o l ,  The filtrate was diluted with 200 nil. of water anti 
11.27 g. (8>oj,) of a fluffy precipitate was collected, m . p .  
101-102.1 , mixed melting point with authentic I ,  101.8 - 
l 02 ,X0 .  

\Yhen 0.57 g. of U was similarly treated, there was ob- 
t:tined 0.2% g. (69ClC) of material. 11i.p. 91--100°, m.p.  after 
iiiie recr\-stallization 101 2-102.8". 

Acetolysis of Dibromides A and B. ---I solution of 2.0 g. 
{il.O05.5 mole) of the high-melting dibromide X in 20 ml. of 
ilry acetic acid \T:LS heated under reflux for 24 hours. The 
:icetic acid was removed in P w u o  and the residue was es- 
tr:tctetl \vitli lint vtlier. The ether was evaporated to yield 
0.17 g. o f  material, ni.p. 116--122O after recrystallization 
irorn aqucriiis acetone, 111.p. 118-121' after another recrys- 
tallization, inixed m.p. with tiihromide R 122-124". The 
residue from the  ether extraction was dissolved in chloro- 
Form, dccolorizecl with Korite and filtered. The chloro- 
irniri \GI.; e\~:ipnratctl ; i i id  the re.;idue triturated with ether 
and filtered. T h e  crystalline rnaterial weighed 0.70 g . ,  
1n.p. 155-160'. T h e  solid way added to water and the re- 
sulting aqtlc<ntIi suspension VI-RS filtered, leaving 0.18 g., 
m.p.  168. 171" dec. ,  ti1.p. 182-18:(' t l w .  after recrystalliza- 
tinn frnrn chlornforni, mixed m . p .  with authentic A 185- 
ISti'. The aqiieoils filtrate froin the recnverj- of .I was 

m~it le  1xi1.i~ nit11 10 1.i nil .  o f  6 .T potassium hydrtixidc. .\ 
]irecipit:itc iv:t> f(irrriet!, :ind 0.20 g. of the precilhate w t i  

tlissr,lved in clr). etliei- :ti id the solution added tu  :L si~lutiiiii 
of picric acid in ether. The picrate, 0.36 g., 1n.p. 197-2(IlG, 
\viis recr>-stnllizeti frutn acetone to give material with n i . ~ ) .  
202--203", inixetl i i i . p .  with authentic oxaziiie XI picrate ( see  
below ), 20:3--20.5°. 
.I si~lutioii of 1 .O g. (11.0028 IliIJlf) <if the loiv-tiieltiiig di- 

bromide B iii I O  inl. ( i f  ilrj- acetic acitl was refluxed for 45 
mitiutes, iheii ci~iilecl ti 1 rooin tcinperature. .idtiition ( i f  

1011  nil. i i f  (h-5- vtlic.1. i t w i  tlie formation of :I gum wliicli 

' . qu:tiitit,iii\ I' 

I<valxirati(in i j f  t lic ctlicr from t h e  origitxtl iirecipitatiiiii 
:itid :itiditinn of \v:iter jirocluceri : in  einul.;i[iri. T h e  inixturt. 
\viis extracted with chlorc~fnrrn :inti the vxtrrtct iva5 dried 
over sodium yulfate. The clilornfimn n x c  vvaiinr:itetl and 
the gummy residue \viis tiikeii up in hot, ;uihi-driius ether. 

standing at room temperature t h e  ether siilutinn tie- 

1 g .  ( . 7 1 ( 0  nf €4. 111.1). 
117--l19", I I I . ~ .  128' after al l iz ic t iot i ,  m i \ v t I  n1.1). 
with authentic B 12.5--12ic. 

Acetolysis of Dibromides A and B in the Presence of 
Silver Acetate;--.\ solution of 1 .0  g. (0.002X rnnle) of \ iii  

15 nil. of drl- acetic acid \vhicii cont:iineti 11.46 g .  ~0.1IO2S 
m(ile J o f  dry silver ;icet:itc w i t 5  11e:itetl u:irler riflus for 4.:i 
liiitirs. . \ i t i ~  filtering the  silver h a l t < ,  t h e  tiltrtite IY:I ,  
i.vapcir;ired i l l  i n c i ~ o  :ti111 the residue \vas t:iketi ul, ill ether, 
iiiily :t trace of snlid rei uiidissolvetl. .\ildit i l  in o f  
c.there:il picric :icitl prec (1.7: g .  ( , 5 3 ( ;  1 of a wlicl. 
I I I . ~ .  157 175'. Three liizations from chliir(if< i n 1 1  

raised the 1ii.p. tci 1%-2 a fourtli cryst:illiz:itii~ii t r t  
203-2i)4", Iiiixecl t i i . 1 ) .  \\-it11 :iutlieiitic 11x:i7iiie S I  I)icr:ite. 
2 0 4 2 I ) t i ~ .  

l\71ieii 0.50 g. t,0,!)1)!4 iniile) d I3 i i i  31 mi. r i i  tir! : 
.reid containing 0.23 g. \0.0014 iniilei of tlr? si1vc.r :I 
wab refluxed for 2.2 li(itirs :inti wirkctl u ~ i  ' 1 5  described a h i v c ,  
tliere \vas  isnlated 0.53 g. (:?if; I of picrxtc, 111.1). 1 W i  202" ,  
in.p. 207' .ifter rc.cr>--st;illiz~rtiiiii from c-liliiroforni, iliizvrl 
i n , p .  with authentic oxazine SI picr;itc. 207'.  

.\ qumtity o f  (Iilirii- 

iiiide B wts solvnlyzeti i r i  dry n 
The etli~r-insoliil)le rcsitluc :if 
acid K : L S  collectr~r! : i i i ( i  : i t l i l c d  
penkioii W:IS liltcreil,, xi111 t l i v  iiltrtitc' \ 

with r i  1; pot:i i \ i i i i ; i  l iy ( l r~ i \ idc . ,  yicltli 
lized rv:tdil!., ' llic ~ i l i i ! .  i i i .11 .  1I. i  
> i i l i i i i i i : i t i o i i :  i i i . l i .  1 I <  l l ' , ) " .  

iteti 0.00 g .  ( (<(;  ) of  crys 
tporation ( i f  the filtrate 1 

.\. 1n.p. I x " - l X I "  tlec. 

Preparation of Bromoaxazine 
cid ; I S  described ; i I i o v ~ ~  

. I V l I / .  C,lILYl. f 0 l  ! I  , S O H r :  C. .7.!.7;<: 1 1 .  ,? . ( I t  

I n  ;t ~ i i i ~ r i ~  reccui ~ ~ ~ ~ i v r i ~ x e i i t  hy  1)r. 17. (;:idient, 539 m g .  
( I f  dibromide R i v ~ h  trc,itc.d \vitli 248 mg. of silvcr :icetxtc 
in 1 5  nil. of acetic ,icitl. \\.irking up the renctioii misturc, 
gave rise to 30:3 mg. (7(1'() of I)romndsaziiie SI, 111.11. I21 
122 

Hydrogenolysis of BromoBxazine XI.--- .\ srilutiiin o f  I .O 
g. (0.0028 mole I ( i f  tlibr~iinitle R in 15 nil. o f  dry acetic :i( , i i l  

which contained R.4ii g.  (0.0028 mole) <if  d r y  silver :t 
\vas refluxed for 2 hour,. The mixture was filtered :!I 
solvcnt was evapnr:itcii i i i  uzruo. Methanol (30 1111. 1 \v:t- 
added to tlie residue :iiitl the solution wits filtered. Sotiiuiil 
hydroxide (0.30 g. )  nil 1.i) g. of palladiul~i-r)n-cl~~trc~~:il 
catalyst were addeti t i l  the  filtrate and tlie mixture \v 
shaken with hy-drogeii at  30 lb. pressure for t w i  I ~ I I U :  
The catalyst  vas filtcred :ind washed with 10 i n l .  o f  ineth- 
anol. d second 1.0 g. of catalyst was :iddrd arid 11~.dr11- 
genatioii was continued :it 30 Ib. presiurc fiir r m e  I l i n i i - .  

'The catalyst was filtered : ~ n d  the filtrate n x s  e\ xpiir:gte(l 
7it z+zciio. The residue \vas taken up in ether, a n t i  the S I I I ~ I -  
tion was filtered and :itlded to an ethereal picric acid sti1t1- 
tion. A precipitate. 0.1 g., 1ii.p. 1i8-17Do, ilowl? iliriiid. 
The melting point of the picrate \vas unchanged 11> recry>- 
I :illizcitiori from clil~~rnfnriii -petroleuiii ether. 

..fnnl. Calccl. for C I ~ ~ H ~ ~ X ~ O ~ :  C ,  53.02; €1, 4 .22 .  
I~ottnd: C. ;12..91; FT, 4.23.  

~ ' l J l I l l ( ~ :  c ,  .-lfi.ili: 1 1 ,  

after cr>-stallizatii~~i from ether -pentane. 
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In  a more recent experiment by Dr. F. Gadient, hydro- 
genation of 243 mg. of bromooxazine X I  in 15 ml. of meth- 
anol over palladium on charcoal a t  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. with an authentic 
specimen, i50-151'. 

Reaction of Bromooxazine Hvdrochloride with Zinc .- 
The bromooxazine XI, 0.50 g., kas  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 a t  
room temperature for 1.5 hours. The zinc rvai removed 
by filtration and the filtrate was evaporated zn vacuo. 
\\.ater was added to the residue which readily crystallized, 
yielding 0.25 g. (70%) of 3-benzamidocyclohexene (I) ,  m.p. 
91-92", mixed m.p. with authentic I99-101", m.p. 94-95" 
after one recrystallization. 

Attempted Hydrolysis of Bromoijxazine XI-To 0.25 g. 
of bromooxazine was added 2 ml. of water and 4 ml. of 607, 
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- 
tlium bicarbonate solution, yielding 0.20 g. of a solid, m.p. 

90-110". This material was dissolved in 5 nil. of absolute 
ethanol and to i t  was added a solution of 0.1 g. of potassium 
hydroxide in 6 ml. of absolute ethanol. The alcohol \vab 
removed in 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, yielding 0.10 g. of bromooxazine XI  picrate, 
m.p. and mixed m.p. 204-206'. 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 starting 
material. 

To 0.61 g. of bromooxazine 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 a t  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. (84'(' ) 
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 R .  
Los ANGELES 24, CALIF. 

The recovery of starting material was 56%. 

[ COSTRIRUTION FROM XBBOTT LABORATORIES] 

The Amidomethylation Reaction. Preparation of m- and p-Aminomethylphenylacetic 
Acids 

BY HAROLD E. ZAUGG AND BRUCE W. HORRO~U 
RECEIVED MARCH 24, 1958 

Condensation of phenylacetic acid with S-hydroxymethylphthalimide in concentrated sulfuric acid gives a mixture of m- 
(S) 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 S-bromomethylphthalimide. The reaction of 
phenylacetic acid with S-hydroxymethylchloroacetamide in concentrated sulfuric acid likewise give? p-chloroacets lamino- 
methylphenylacetic acid (11) in 35-40T0 yields. p-Aminomethylphenylacetic acid hydrochloride (111) 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(XI1)-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 
o i e r  appropriate possibilities. However, o-amino- 
inethylphenylacetic 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-hydroxymethylaniides, originally reported by 
Tscherniac2 and later extended by Einhorn, seemed 
to offer the most direct route to the desired com- 
pounds. Thus Einhorn and co-workers3 found 
that both benzoic and cinnamic acids, with S-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 psub-  
stituted cinnaniic acids. This paper reports the 
extension of this amidomethylation reaction to the 
direct substitution of phenylacetic acid. 

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

(1) J. v. Braun and H. Reich, A i r n . ,  446, 243 (1925). 
(2) J. Tscherniac, German Patent  134,979 (1902); P. Friedlaender, 

(3) (a) A. Einhorn and T.  Mauermayer, A n m . ,  345, 29.5 11905). 
Forlschr. Tecrjarb., 6, 143 (1900-1902). 

(b) A Einhorn and M.  GBttler. Rrv , 42, 483: (193'1) 

midomethylphenylacetic acids with the latter pre- 
dominating. Removal of the phthaloyl groups by 
means of hydrazine and hydrochloric acid gave, 
respectively, the hydrochlorides of m-aminomethyl- 
phenylacetic acid (XI), m.p. 193-19.5") and p -  

R - - ~ - C H ~ C O O R /  - 

1, 

11, 
111, 
IV, 
V, 

VI, 
VII. 

= O-CBH~,(CO)ZNCHZ-, R'  = 

= ClCH2COXHCHz-, R '  
= -CHtSHs.HCl, R' = H 
= -CHZN(CH~)Z.HC~,  R '  = 

(phthalimidomethyl) 

= CHI, R' = H 
ClCHZCOSHCHz-, R '  = 
CICHEONHCHV-. R '  = 

: H  

H 

H 

CzHj 
CH 

YIII; R = (C2HSjzKCH2CO%HCH2-, R '  = C2Hj 
IX, R -CH2NHZ,HCl, R '  CH3 P-CH~COOH 
X, R = O-C~H~(CO)~NCHQ-,  (phthalimidomethyl) 

XI, R = -CH2ATH2,HC1 
XII, R = CH3 

aminomethylphenylacetic acid (111)) m.p. 232-233". 
The third isomer, o-aminomethylphenylacetic acid 
hydrochloride, reportedly' melts at 1.34". Orienta- 
tions of the two isomers were established by cata- 
lytic reductive methylation (CH20 + Hz + Pd) to 
the corresponding dimethylamino derivatives 


