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a determination for percentage hydroxyl indicated two 
hydroxyl groups in the molecule. 

1,ZCyclohexanedione Phenylosazone (1x1.-Compound 
1'111 (1.0 g.) was suspended in a solution of 3 g .  of glacial 
acetic acid in 20 ml. of water and  5.0 g. of phenylhydrazine 
was added slowly with stirring. An exothermic reaction 
took place with the formation of a yellow solid. The  reac- 
tion mixture was then heated gently on a steam-bath for 
10 minutes, cooled and filtered. The  product was recrys- 
tallized from ethanol; yield 2.2 g. (92%), m . p .  151-152' dec. 

Anal. Calcd.for C18Hz0K4: C,  73.94; H,6.91;  N, 19.16. 
Found: C, 73.61; H,6 .91;  N, 19.24. 

Treatment of 1,2-cyclohexanedione (X)$ with phenylhy- 
drazine in acetic acid in the same manner as VI11 was treated 
also gave the phenylosazone IX'3 (m.p.  152-153" dec.). 
The infrared spectra of the two samples of the phenylosazone 
IX,  which were prepared from VI11 and the diketone X,  
were identical when run as  Sujol mulls. The strong barids in 
these spectra appeared at 6.27, 6.42, 6.67, 8.05 and 13.33 p .  

6-Oxocyclohexen-I-yl Benzoate (XI).-Compound VI  1 I 
(2.0 g . )  was suspended in 12 ml. of dry  pyridine and 3.0 m!. 
of benzoyl chloride was added dropwise with stirring. Ai1 
exothermic reaction occurred with the formation of a white 
precipitate. The  mixture was then heated on a steam-bath 
for 5 minutes, cooled to  room temperature, and poured 
into 25 ml. of ice-water with stirring. A yellow oily mass 
precipitated. The supernatant liquid mas decanted, and 
the yellow mass was treated twice with 20 ml. of 5% sodium 
carbonate solution. The  residue was then dissolved in 10 
ml. of pyridine and poured on ice. The precipitate was 
filtered and recrystallized from isopropyl alcohol; yield 2.5 
g. (70%) ,  m.p. 89-90". 

-4naZ. Calcd. for C13H1203: C ,  72.21; H ,  5.59; mol. wt., 
216. Found: C, 71.87; H ,  5.76; mol wt., 221 (in acetone 
by the Menzies ebullioscopic method). 

\Then the diketone X9 was caused to react with benzoyl 
chloride in pyridine in the same manner as compound VI11 
was treated, theresulting productmeltedatthesametempera- 
ture as the benzoate X I  which was prepared from VI11 (89- 
90'). A mixed melting point of the two substances gave 

(133 hTo relerence could be found of t he  preparation of IX directly 
from the  diketone X ;  however, H. Sen and S. K. Ghosh, Quart .  J 
I n d i a n  Chem. Sac., 4, 477 (1927), reported the  melting point of IX 
to  be 153-154O when prepared f rom 1 ,?-cyclohexanedione monophen- 
ylhydrazone. Other references to  IX give melting points which range 
from 150 t o  1 5 4 O .  

no depression. Also, the infrared spectra of the two mate- 
rials (CHClB solution) were identical and fully agreed with 
the postulated structure. The monoconjugated ketone 
functional band appeared a t  5.93 p. A band at 5.78 p in- 
dicated an  aryl ester. Bands at 6.26 and 6.68 p indicated 
the phenyl ring. 

1,O-Cyclohexanedione (Xj from VII1.-Compound VI11 
(1.0 9.)  was stirred and heated a t  60' in 15 ml. of 10% hy- 
drochloric acid for 3 hours. The  resulting yellow-green 
solution was cooled, saturated with sodium chloride, and 
extracted with ether. After drying the ether extract over so- 
dium sulfate and evaporating the ether, there remained 0.6 
g. of a yellow-green oil which contained about 8OY0 of the 
diketone X based on infrared analysis (2y0 CHCI, solution) 
as compared with the spectrum of a pure sample of the di- 
ketone X.9 This represents a yield of about 53%. 

The infrared spectrum of X in chloroform solution shows 
tha t  the compound exists to a considerable extent in its 
monoenolic form. Strong sharp monoconjugated ketone 
and hydroxyl bands appear a t  5.99 and 2.89 p ,  respectively. 

Nitric Acid Oxidation of VII1.-Fifteen ml. of 35% nitric 
acid was heated to  80" with stirring. A small quantity of 
VI11 was added, whereupon the reaction mixture turned 
yellow-green and then dark red-brown. The  exothermic 
reaction, which liberated SO2 fumes, caused the tempera- 
ture to  rise to  100'. This temperature was maintained 
while a total of 2.0 g. of compound VI11 was slowly added. 
After all of VI11 was introduced, the reaction solution was 
heated a t  100' for 15 minutes. T h e  solution was then sub- 
mitted for chromatographic analysis3 in order to  determine 
the acidic components which were formed. The  analysis 
revealed tha t  0.81 g. of'succinic acid, 0.25 g. of glutaric acid 
and 0.08 g. of adipic acid were formed. 
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dZ-t7ans-2-Aminocyclohexanethiol was obtained from either dl-trans- or  dZ-cis-2-benzoylaminocyclohexyl tosy-late with, 
respectively, retention or  inversion of configuation by  treatment with thiourea in absolute ethanol, and alkaline hydrolysis 
of the  resulting dl-trans-2-benzoylaminocyclohexylisothiuronium tosylate. The  mechanisms and assignment of configura- 
tions are  discussed. The  mechanism is supported by the fact tha t  meso-cis-cyclohexenimine upon treatment with thiobenzoic 
acid gives the  N-benzoyl derivative of the  same dl-2-aminocyclohexanethiol. dl-cis-2-Aminocyclohexanethiol was obtained 
by fusion of dl-trans-2-thiobenzoylaminocyclohexanol with phosphorus pentoxide, followed by hydrolysis. Fusion of dl-cis- 
2-phenyl-4,5-cyclohexanooxazoline with phosphorus pentasulfide gave a racemic 2-phenyl-4,5-cyclohexanothiazoline which 
was converted t o  dl-trans-2-aminocyclohexyl thiobenzoate hydrochloride by  treatment with hydrochloric acid and thus desig- 
nated as trans. Fusion of dl-trans- or dl-cis-2-benzoylarninocyclohexanol with phosphorus pentasulfide resulted in mixtures 
of dl-trans- and dZ-cis-2-phenyl-4,5-cyclohexanothiazolines. The cis-thiazoline was much more stable t o  mineral acid than 
the trans isomer. 

It seemed valuable to seek information on the 
stereochemistry of aminothiols, particularly in 
comparison with diastereoisomeric aminoalcohols. 
For this reason an investigation of the 2-amino- 
cyclonexanethiols was undertaken. 

Treatment of either the trans-I, or &-I1 form of 
dl-2-benzoylaminocyclohexyl tosylate with thio- 
urea in absolute ethanol gave a dl-2-benzoylamino- 

(1) Studies in Stereochemistry, VII.  

cyclohexylisothiuronium tosylate, which ppon alka- 
line hydrolysis yielded a dl-2-benzoylaminocyclo- 
hexanethiol of m.p. 161-162' (V). This suggests 
that the reaction proceeds by different mechanisms 
for the cis and the trans starting material. 

It is well known that  substitution reactions of the 
trans isomer I proceed with a neighboring group 
effect of the acyl group through the intermediate dl- 
cis-2-phenyl-4,5-cyclohexanooxazoline (IIIa), while 
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there is no such effect with the cis isomer II.2+’ 
Thus, i t  may be considered that  the trans com- 
pound I gives rise by the anichimeric property 
of the benzoyl group to the dl-cis-oxazoline 111, 
which is then attacked by thiourea from the back 
side a t  Cs giving dl-trans-2-benzoylaminocyclo- 
hexylisothiuronium tosylate (IV) with over-all 
retention of configuration (I - 111 + IV). On 
the other hand, the cis compound I1 gives IV by 
simple S N ~  reaction with inversion. On this basis 
the racemic isothiuronium tosylate formed in the 
above-mentioned reactions was designated as 
trans.  Formation of the dl-cis-osazoline I11 as 
the intermediate is further supported by the fact 
that  heating this compound with thiourea and 
ethanol also gives the dl-trans compound IV. Addi- 
tional evidence for the tram- configuration of IV is 
provided by the fact that  meso-cis-cyclohexenimine 
gives the same epimer IV on treatment with thio- 
benzoic acid; i t  has been generally recognized 
that the cis-imine opens in the trans manner.4 
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(2) S. Winstein and R. Boschan, TFUS JOURNAL, 72, 4669 (1950). 
(3) T. Taguchi and M. Kojima, Pharm. Bull. (Japan), 3,  351 (1955). 
(4) Olden E. Paris and Paul E. Fanta, Tars JOURNAL, 74, 3007 

(1952). 

The dl-N-benzoyl thiol V is also designated as 
trans, because the formation reaction from the dl- 
trans-isothiuronium salt (IV) involves no breaking 
of bonds to  ring atoms. This compound V was 
also obtained by fusion of the dl-cis-oxazoline I I Ia  
with phosphorus pentasufide to give a dl-2-phenyl- 
4,5-~yclohexanothiazoline (VII), followed by treat- 
ment with hydrochloric acid to give dl-truns-2- 
aminocyclohexyl thiobenzoate hydrochloride (VIII) , 
and treatment of VI11 with sodium hydroxide. 
Since in the reaction sequence I11 + VI1 + VI11 -+ 

V there seems to be no possibility of inversion ex- 
cept in I11 + VII, the thiazoline VI1 is designated 
as trans.  dl-tran~-2-Aminocyclohexanethiol hydro- 
chloride (IX) was obtained by boiling the S-ben- 
zoyl hydrochloride VI11 in lOyo aqueous hydro- 
chloric acid; IX is also considered to be trans be- 
cause the reaction involves no breaking of bonds to 
ring atoms. dl-cis-2-Phenyl-4,5-cyclohexanothia- 
zoline (XII) was obtained by treatment of dl-trans- 
2-aminocyclohexanol (X) with benzaldehyde and 
sulfur or with methyl dithiobenzoate, and fusion 
of the resulting dl-trans-2-thiobenzoy1aminocyc10- 
hexanol (XI) with phosphorus pentoxide. This 
result is analogous to the formation of the dl-cis- 
oxazoline 111 from the 0-analog of XI by similar 
treatment and suggests that  the cis-thiazoline XI1 
might be derived from replacement of the OH group 
by the S of the thiobenzoyl group try S N ~  reaction a t  
C1. The cis-thiazoline XI1 was, in contrast to  the 
trans-isomer, so stable that  boiling in concentrated 
acid did not affect it. The thiazoline ring was 
opened to give dl-cis-aminocyclohexanethiol hydro- 
chloride and benzoic acid only by heating with hy- 
drochloric acid a t  180’ in a sealed tube. 

S 

SH 
XI11 XI1  I 

Ph 

Fusion of dl-trans-2-benzoylaminocyclohexan0~ 
(XIV) with phosphorus pentasullide gave a mix- 
ture of the dl-trans- and cis-thiazolines VI1 and 
XI1 which could be separated by conversion to  pic- 
rates and recrystallization from methanol. A more 
convenient method of separation utilizes the differ- 
ence in stability of the two isomers to 5% aqueous 
hydrochloric acid; the trans isomer VI1 is con- 
verted to the hydrochloride VI11 by heating, while 
the cis isomer is unchanged, These are easily sep- 
arated by difference of solubility in water. Yields 
calculated on the basis of this separation method 
were 9% of the trans isomer and 52% of the cis 
isomer. Similar treatment of dl-cis-2-benzoyla- 



minocyclohexanol (XI.) gave 10% trans- and 4.570 
cis-thiazolines. The lower yields in this case were 
caused by contamin'ition by a reddish gutiiiiiy rna- 
terinl which coiiltl not he clinr,~ctcri7etl 
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Experimental5 
dl-trans-2-Aminocyclohexano 

iiiethotl, h . p .  ll)5" (10 ii:iii. 8 ,  i n  
1n.p. 17:j3. 

dl-fraiis-2-Benzoylaminocyc 
er:il iiicthod of Ixffler nntl A t l ,  
170*. 

J~-iin~~.~-2-Benzoylaminoc~clohexyl Tosylate (I ': prepared 
by the :iutl:or's iinprovecl procedure reported previously,' 
!li.I,. 1-33". 

til-ci~-2-Benzoylaminocpclohexanol (XV 
tletocylntioni of til-irans-S-benzo!.I-O-tos! 
184-l%o, 

dl-cis-2-Benzoylaminocyclohexyl Tosylate-(H!: prepared 
!)y the  author's improved procetlure,~ ni.11. 174--175' (lihted 
:is lr;3-165' l i y  ?.IcCnslnnrlj .ind 162-163' by II-itistein' 1. 

cE~-ci.s-2-Phenyl-4,5-cyclohexanooxazolie ( I I Ia)  was pre- 
pared by tlie :idaptation of \I.instein's procedure,? m . p .  46- 
47', its tosyl'tte 111, m.p. 159-16~1'. 

iiitrso-cis-Cyclohexenimine (VI ) :  The procedure of Park 

-2-Benzoylaminocyclohexylisothiuronium Tosylate 
mixture of 2 .4  g. of dl-tvniis-2-bcrlzoyl~iinino- 

e ( I !  :tnd 4 g .  of  tliioure:x in 16 nil .  of ab- 
1 refluxed on a ~vater-b,tth for ten hours. 
precipitated tliioure,i wets filtered :itid the 

et1i:iiiolic trtother liquor e\-Liporcttctl t 
.;o:vjng t h e  re4tlue i!i 5 i n ] .  of \ v a t u ,  cr. 
,\ftcr filtrntioii t h e  criitle product weighed 2..j g . ,  melted :it 
1,'34-1X' tlec. ant1 rccr!.it.illizctl from ineth:ti:ol to  give color- 

( b  I .--I mixture of 1 g .  of dl-cis-~-benzo~lnminoc)-clol iex~l  
toc>.l,Lte (11) arid 1 g .  of thiourea in 20 ml. of absolute etli- 
: ~ n o l  IWS refluxed on .i ~v 23 hours. The reac- 
tion ini\tiire IKLS tri..tte(l ~ i ~ i t l e r  (a, eseept t1r:it 
the resitliie frniii the et!i~r liqii or wn5 cry s t a l l  izetl 

n l .  of ether. The re- 
:nclted a t  135" dec. 

di-i r 7  11 <-isothiuroniurn 
tosyl-ite (11-j. 

( c .-To 1 g .  of cii-cis-2-plieri~-l-i,.i-cyclohexanoosazoli1ie 
tosylate (111'1 and 1 .2  g. of thiourea w:is added 14 ml. of ab-  
solute e t h n o l  and the mixture refluxed on a water-bath for 

. 11.orkiiig up exzictly as in (a) resulted in color- 
of m.p .  lr3SC dec. which were identical with the dl -  

t~~?~s- i~ot l i iu ro t i iun :  tosj-late (11') h y  a mixed m.p. deter- 
minat ion;  \?eight 0.66 g. T o  the aqueous filtrate from re- 
niovnl of IV was added 8 nil. of water and 5 ml. of 10% 
:iqueoux sodium hydroxide. The  resulting precipitate, 
.tfter filtratioii :tiid reerystallizcition, melted a t  182-183" - __ ~ ~~~ 

( 5 )  All melting pr,ints are uncorrected. 
( 6 )  S I .  T. 1,eRler nnd Roger Adnrns,  Trirs J O U R X A ~ . ,  69 ,  2 2 5 6  

( I  937). 
(7) T. Tagiichi and hf Naknyarna. i b i d . ,  73, 5079 (1951). 
f 8 i  C. I:. ~ l c C , t ~ I : 1 n ~ l ,  I1 K Cl.trk, J r . ,  nnil  >I IC. Carter ,  tbid, 7 1 ,  

637 (1919) 

til-tr~~zs-2-AminocyclohexyI Thiobenzoate Hydrochloride 
(VIII).-To 1 g. of the ti.n7iC-tl:ilizoliiie VI1 \V:LS adtled 5 nil. 

rjueous li~-drocltli>ric ncitl :inti he,itetl on a boiling 
\v;iter- jcitli for :in hour. 011  cooliiig. colorless needles pre- 
cipitiited, 1n.p. 2213 dec. ,  \i-ci;zl:t 0.9 g. Recr!-.t:tlliz:itioii 

: tqi ieou~ l:>-tlrochloric x i d Y  g i v e  c i , l o r l c ~ ~  needles, 
dec. .Iiii-r!. C, i lc~ l .  for CI3I I , ,SS0CI:  C ,  57.42; 

H, 6.6;; S, 3.l.i .  F , 37.39; 13, 6.45; S, 5.25. 
The picrate \\;is rec d from 70% rnet1i:iriol :i i  
j-ello\v needles, ni , l ) .  1 , . l i i u / .  Cnlctl. for Clg€I:,m- 
l-;S03: N ,  12.07. Foiiiid: S,  12.34. 

d!-ti~ans-2-Aminocyclohexanethiol Hydrochloride (1x1.- 
To 1 g.  of the ril-trc~~rs-S-l~eiuo~-l~rii:iiiotliioi li~-tlrocliloride 
(1711) \viis added 10 I d .  of 10 
Litid the misture hoiletl for tlir iours. After cooling, the 
precipit.ited benzo ic  acid ~ n . ;  iiltered m d  tile i i  
was evnporxted to  tlr)-i:e~.i untlcr retlriced pr( 
re,idue IVZ?  recr!-;t:illizeti from nietiinnol to  g 
pl~i tes ,  iii ,p. 223", iceiglit O.. i  g., \\liicli g:L\-e :i po+itivc sn- 
tliurn nitroprusside tezt for the  rnercapto gr-oup. . 1 7 1 0 1 .  
C:ilcd. for C6FI14SCI: C ,  42.94; 11 ,  S.41; S,  ,S..'Lj.  ouri id: 
C, 13.13; H,S.O@; S , 8 . 3 6 .  

dl-c~s-Z-Phenyl4,5-cyclohexanothiazoline (XII).-One 
gram of phosphorus pentasulfide and 0.55 g.  of dl-trans-2- 
thiobeiizoylaminoc~clohes3iiol were ground ivell and mixed, 
avoiding moisture. The m i s t w e  I V ~ C  fuied :it 130' in an 
oil-bath. After cooling, 7 nil. of 10% nqueous sodium Iiy- 
droxide  is atitled and tlie mix tu re  1re:itetl on :i boiling 
water-batlt . The  sep:ir:ited oily IaL-er x i s  extracted with 
ether, ivaslied nith w.tter, dried over f u d  sotliurri sulfate 
and evaporated t o  dr\.ness. The  residue iveighed O.(X g .  

t 1S5-lLj7O ( 3  mm.l.  Picrate: yellow plates 
nol), m.p .  131-132". A n a l .  Calcd. for C ~ P -  

Hi8S4S07: C, 51.10; H, 4.06; S, 12.55. Found: C, 51.09; 
H, 3.05; h', 12.38. 

q u e o u i  Ii~~tlrochloric :icid 

(9) Kecr>-stalliz.ition from water n ~ ?  partially nccumpanied b y  
h>-drulysii t o  gir e d!Llrai is-2 benzo> lou,inocycl~,liexanethiol ( V ) .  



line S I 1  picrate by  niisetl n1.p. clcter~ii i i i , i t ir~ii~.  1'0 tile 
reinniii(1er of tlic ycllonish oil 1v:is atlt!cd 100 I i i l .  of 5% 
nqurous li>-tlriicliloric :icitl : i i ir l  t i l e  illistiire \v:iriiicil m i  : L  
I)oiliiig \v: i tvr- l i , t t l i ,  After conliiig, tlie ~ ) r c ~ ~ ~ i ~ i i t , t t c i l  i.rv.t,tly 
ivere collcctctl : t i i t 1  tlic tiltratc, oti roiit i ~ i i ~ ~ i t i i i g  t i i  i i i l . ,  
yieliletl a fiirtlier ci'oli. After filtr,itir)ii 1111. iiititlicr liqiior, 
011 : tdd i i i :  : ti~ctoiir, g t v e  :i fiirtlier croii. t i i t , t l  \\eiglit I . !  g .  
licery-t.il!i~.itioii frnrii :> :icitiei)u. l~y~lr~~~lil~iric :ii.iil g.i\ c 
colorlcs> iic.ctlles of i i i . l ) .  3' tlcc. \v l i iL - l i  \vLre i ( l e i i t i c ~ , i k \ j i t l i  
the di-triltts-L'-~iniiiioc~-clolies~~l t1iiolxiizn:ite li!-(lroclilnritlv 
(1.111) by n iiiisrtl 1n.p. deteriiiiii:!tiiiii; picrate: rwr!.qt.tlli- 

i 1 i . p .  lfj7-lfi,q' :iloiie : t i i ~ I  ori : t( l i i i i \ turc i v i t i i  t l i c  (/!- 
:tiiiiiioc!.cl[)licsyl tliiolxnzo.ite (\.I1 I picri i tc.  

Tlic :iqiieiiiis nntl  ncetoiiic iiiotlier  liquor^ Ivcrc criiitliiiicd 
: i i i d  ev:ipur,itetl to  tlryiic... u i i t l i .  retliiccrl preG-tiri.. Tlie 
reGi(ltiLil guiiiiiiy I)rotluct \ v , i ~  t l i  olvetl in \v:!ler : i i i t I  011 
iiidiiiig :ilk tlirie ivith 1 i l ~ ~  :iqucou m l i u i i i  liytlro\itle :(I>. oil 
sq).trbitetl.  Tlic oil \viis cxtr,icteil ivitli etlier, nLi~l :c t i  \\ i t l i  
lviitcr, tlrietl o\-er frisetl sotliuiii sulf;ite n i i t l  ev:tiicir~it(~tI to  
tlr>.iiers. Tlie reiii.iiniiig oil ivciglietl 1 X . 3  g .  atiil Ijnilctl :it 
l.iri-l.59° ( 3  i i i i i i . ) ;  picrate, yello\v plirtcq (from iiiet1i:tiinI I ,  
ii1.p. 132-13,'3', ivliich \ \ e re  it1eiitic:tl \vitli tlie d/-cix-tlii:izo- 
line S I 1  picrate by :L niisetl ii i .1).  tlcteriiiiii,itioii. 

The Formation of di-lrarzs- and ti~-c;s-2-Phenyl4,5-cyclo- 
hexanothiazolines (VI1 and XII) by Fusion of til-ris-2- 
Benzoylaminocyclohexanol (XI'; with Phosphorus Penta- 
sulfide.-.\ \rell-grouiitl mixture of 5 g. of di-cis-2-beiizoyl- 
~iiiiiiiocyclo1iesniit)l ant1 5 g.  of phosphorus peiitasulfitlc \vas 
liecited a t  150' in :in oil-bath till h~-drogei i  sulfide ce:iieti to  
evolve. After cooliiig the fused ni:iqi was rliicnl\-et! i i i  .ill 
nil. of nwmi iiqueous sodium liytlro\-itle an t1  n rctlrlicli oily 
product separatc.tl. The oily layer \v:ts e\tractetl Ivith ether 
and the ethcr solutioii was shxkeii witli 90 i i i l .  of :tqueoii.; 
liydrocliloric acid three time.;. On ev.ipor:itioii to  tlryneis 
the ethereal solution yicldetl 0.73 g. of a rcdtli>h g u m m y  
product. The  h>-drochloric acid solution \vas iieutr:ilizetl 
with sodium bic:irbon:ite yielding an  oraiige-yelloiviih oil. 
The  estrnction of the  oil ivith ethcr follo\vcd by  tlic trcat- 
iiieiits with Iiydrociiloric w i d  and tlieii sotlium 1iic:irlmiiate 
\viis repeated. Tlie oil w:is estrxtec! Ivi t l :  ctlicr, tlrictl over 
f u w l  sodium sulfnte, evnpor:itctl tn t lryiicis 2nd h i l e d  nt 
l.Y-14flo (7  in in . ) ,  weight n.s5 g. IIeiiceforth, on treat- 
ment :is nliove n little of tlic dii.tiilei1 oil \v:is converted to  
Ilkrates of di4rari .r-  and ti i-cis-t l i i~~zolii i( .>.  Tlie renixinder 
\\-,is .epnr:ited into d l - i r c } :  r-9-:iniinoc!-clolic~~~l tliiolicnzoate 
niid the tii-cis-tI;i:tzoline i s I I  J n.!iicIi Iv i re  i(!ciitilictI ns 111.- 
tirociiloride \.I11 , i i i t l  picr,ite, re,pectivcly, \ \  eiglit 0 . 5 Y  :Lilt! 
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