
Stereochemistry of the Cycloheptane Ring. 11.' 
cis- and trans-2-Phenylcycloheptanol 

tra~ls-2-Phen~lcycloheptai1ol (I) M 3s prepared froni pheiiyllit~hiurii ant1 cyclohepteiit: ol i t !c . .  'rhe cis isomer (VII) was pre- 
pared from the p-toluenesulfonate of I (IV), by reactioii with basic alumina. VI1 \vas also prepared, by the lithium aluminum 
hydride reduction of 2-phen~-lcyclohe~~t:~iiorie (111). TI1 \\'as coiiverted t o  I via cis-"pheriyl(,3.cloheptyl p-tolueneeulfonatcs 
(VI) .  Both I arid VI1 were dehydrated with phosphoric uc.id aritl with phosphorus oxyehloridc-Iiyridine t o  give mixtures of 
olefins, and other conipounds. These niixtiires were analyzed n.nd the results discussed i n  tcriiis of the conformations of the 
epimeric alcohols. 

The steric course of several resctioiis iii the cy:lo- 
heptaiie smies has been studied's" and 1,arious roii- 

clusions have bc.eii dranii from these reactioiis. 
:is well as from various theoretical consideratioiis. 
However, there are apparently no examples of 
elimination reactions in the cyclohcptaiie series. 
The classical work relatiiig t'o the stereochemistry 
of a relativtly simple organic reaction in a flrsible 
ring system is the dehydratioii of cis- aiid trans-2- 
phenylcy~lohexanol.~ Although it has been shown by 
later workers that  the dehydration of t~czns-2-pheii- 
ylcyclohexnnol does not procrcld iii the manlier 
proposed by the CCJllCl~lS~~liS drawii by the 
carlier n-orkers retain their iniportaiire, because the 
work is one of thr. first c~saniples which proves the 
general trans course of niaiiy elimiriation reactions. 
It was felt that the syiithesis and dehydration of 
cis- and ~mns-~-phciiyl(:yc~loheptniiol would givc 
insight into tht. cffcct of ring size on the course of 
elimination reartioils. 

The syiithrsis of t~u~~a-2-phenylcyclohept~11~~l 
(I) followed thc \\,ell k i io~vn route used for the 
preparation of Irn,is-2-ptu,iiylcyclohex:tnol.6 Cyclo- 
hepteiie oxidcj ( rii t IW t mcnt, with phenylli t h i l i  ni 
gave 1. altlioiigti i i i  ] ( I \ \ .  (?.?cj&) yicltl. I \IWS v l i : i i x ( , -  
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trrixed as the  solid p-iiitlot,c.iixoate (11) n1.p. 84-85'. 
With thc .qtcreochemistry of one of the isomeric: 
:ilcohols kiiowii with cert:iiiity, the requirements for 

of the cis :~l(:ohol \vew less rigid. The 
ohvious syiithctic route for t Iic preparation of cis- 
"-plienvl(.yc,loheptaiiol \vas ivductioii by appropri- 
ate me:w of t'hc rcadily a i d a b l e  2-pheiiylcyclo- 
heptanonc (111) .7 Catalytic hydrogenation of thc: 
ketone, under the proper coiidit ions, should procwtl 
by addition of hydrogen from the catalyst surfwc 
to tmhc least hiiidercd side of the rarbonyl group to  
afford the c i s  alcohol 2 ~ s  the major producat .g 111 oiw 
huids, however, ~-plit~iiylcyclotiept~iioii(~ f:i i lcd t 0 

yield any isolahlr alcohol. .I iiiuiihrr of iwIu r t  io1i.q 

\vert cnrricd out a t  loom temperat UIY,  : i i i t l  a t  inos- 
pheric pressurc using \.:irious solvotits a i d  rat d y s t  >, 
:ind i n  i i o  cast', whcrt the absoi.ptioii of hytIrogc~1i 
p r o c ~ t ~ l c d  at  a rwson:ible ratc. \v:is c~srl usii,(t rcdiir-  

t i o i i  of 1 hc> o:irt)oiiyl group obtaiiicd. 

'\ 
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111 ordor to liavc a saniple available for a reference 
caompound for vapor phase chromatography, phen- 
ylcycloheptane \vas prepared by the reduction of a 
inisturtl of czs- and frans-2-pheiiylc~cloheptyl-p- 
iolue~~eiulfonate~.  1-I'heu~lcyclohcpteiie was pre- 
piired for the sume purpose by the dehydration of 
1 -pheiiylcycloheptanol, prepurcd by the reaction of 
phenylmagnesium bromide and cycloheptanone. 

The classical dehydration reactions iii the cyclo- 
hexaiic series4 were carried out by treating the al- 
cohols with hot 85% phosphoric acid. Although 
Price contended that the dehydration of trans-2- 
pheiiylcyclohesanol gave largely 3-phenylcyclo- 
hesenc, i t  has been shown" that this reaction gives :I 
misturc of the three possible phcnylcyclohexenes, 
l)c.uzvlcycloheptene, and benzalcyclopciitaiie, with 
:7-pheiiylcyclohexeiie comprising only 9% of thr 
total material. The results obtained by Price in thr  
L Z S  cncc were s h o r n  to be qualitatively correct. 

Dehydration of the cis-2-phe1iylcyc1oheptalloI 
\I ith phohphoric acid gave 50% of conjugated olefiii 
: i ~  determined by ultraviolet spectrotcopy. Vapor 
phase chromatography of the reaction mixture 
5hoTved that %5% of 1-phcnvlcyclohepteiie wab 
formed. in addition of 25% of X-phenylcyclohep- 
tene. The b:ilance of the reactioii mixture was com- 
posed of raryiiig amounts of five other products. 
.kid treatment of the trans alcohol uiider the samc 

TABLE I 
.i~ar,us;rs OF L)EHYDRATION ~I IXTCRES OF cis- A N D  trans-2- 

PHES>~LCYCLOHEPTASOL 
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conditions gave the same seven compouiids, but in 
varying amounts. Ultraviolet measurements showed 
that about 25% of conjugated olefins were formed. 
These results were also confirmed by vapor phase 
chromatography, the results of which arc summa- 
rized in Table I. 

The usefulness of the results of the dehydratioiis 
with phosphoric acid are suspect, however, iii view 
of the fact that  a sample of a dehydration mixture 
containing no conjugated olefin is rapidly coii- 
verted to a mixture containing 25% of conjugated 
material, which is presumed to be l-phenylcyclo- 
heptane. Schaeffer and Colliiis have also obtained 
evidence of the instability of 3-phenylcyclohcxene 
under the conditioiis of the dehydrations. 

I n  view of the ambiguities involved in the acid 
catalyzed dehydrations we turned our attention to 
dehydration conditions where rearrangement of the 
olefins produced is precluded. hlild, stcrcospecific, 
dehydrating agents which have found use in the 
steroid and related fields are phosphorus oxychlo- 
ride and thionyl chloride, Although the detailed 
mechanism of these reactions is not k n o ~ v n ' ~  there 
appear to be a sufficient number of precedents in 
the steroid field to indicate that the dehydrations 
with inorganic acid chlorides and pyridine proceed 
to give nearly exclusive trans elimination of 1 ~ a t e r . I ~  

Attempted dehydration of the phenylcyclohep- 
tanols with thioiiyl chloride-pyridinf gave dark 
colored liquids which showed no absorption in the 
ultraviolet. Treatment of the alcohols with phos- 
phorus oxychloride-pyridine afforded nearly color- 
less oils which were aiialyxed by a combination of 
infrared and ultraviolet spectroscopy, and vapor 
phase chromatography. The details of three analy- 
ces are diswbsed jn the experimentd sect ion a i d  the 
imultt. are listed in Table I. 

In  a completely qualitative manner it is apparent 
from tht> production of only 2yp l-phenylcyclo- 
liepterie from the dehydrutioii of tinns-2-phenyl- 
cbycloheptanol that  the geometry of the cyclo- 
heptane ring is siirh t hat dehydr:itioiiy in the cycalo- 

(14) It would seein that  the first step in these dehydra- 
tions is the same as tha t  in the reaction whereby an alcohol 
treated with thionyl chloride in pyridme forms the chloride 
of opposite configuration, ie., initial formation of a chloro- 
sulfite (or phosphite) ester which then reacts with pJri- 
cline to give the appropriate pvridinium salt. This inay 
then undergo either nucleophilic (SX2) displacement by 
chloride, or a concerted (prohahly E1)'S eliniination t o  give 

0 0 I C  " t 3 I 1  /I 

I I  
-('--C-fj-S-CI +-C- -O-S-N, 1 --+1llOdllctS 

H H 
i he olefin, sulfur dioxide, and p j  ridine hydrochloride. A 
similar mechanisni inust prevail with phosphorus OLJ chlo- 
ride in pyridine. For a discussion of the displacement reac- 
tions of chlorosul6te esters bee J. Hine, Physzcal Organzc 
Chemzstry, ;\.IcGraw-Hill, X e x  York, 1956, 114-115. 

(15) L. F. Fieser and 11. Fieser, Slerozds, Reinhold, New 
\-ark, 1959, give a number of evampies of dehydrations in 
the steroid field. 

heptane series occur ria a normal trans elimiiiatioii 
as in the case of cyclohexane derivatives. The re- 
sults in the dehydration of the cis alcohol also bear 
out this conclusion, in that one obtains a mixture 
of both 1- and 3-pheiiylcycloheptaiie, If oiie as- 
sumes, as seems likely, that  substituents on a cyclo- 
heptane ring occupy, a quasi-equatorial conforma- 
tion then the preferred comformation of the trans 
alcohol will be YIIL hile one m i  consider that  the 
cis alcohol will be a mixture of TX and X. 

H 
VI11 

HO 
XI ".F 

H 
1 1 

HO H 
IX X 

Since the elimination of water from an alcohol by 
means of phosphorus oxychloride pyridine proceeds 
by a normal anti-parallel mechanism, l4  then the 
conformational isomers respoiisible for the produc- 
tion of olefins will be IX and XI, for the cis and 
t r a m  alcohols respwtively. In the case of the trans 
alcohol the di-quasi-axial form, XI would be as- 
sumed to be of iiegligihle importance, a t  least in the 
stnrtiiig alcohol, however, from the an:ily.sis of the 
dehydrutioii mixture, it  is evident that at least, 32c:A 
of the alcohol reacts in this form. The hulk of the 
material appears to rcnct in the more stable form, 
YIII.  as is evidenced by t.he productioii of 02C,& cis- 
2-chloropheiiylc~vcl~~hcptane.'~ In  the case of t,he 
cis  coinpound, virtiially half of the alcohol r c x t s  
in cach form (IX aiid X) as is shoivn by the forin:t- 
tion of 495;) uf olcfins and 427; of trans-2--c*hlorci- 
cycloheptaiie.l6 This is the expected result if i t  is 
observed that in both IX and X one group is q"a- 
si-asial, and the other quasi-equat,orial. 

While the formation of a large perc:eiitage of 
cxhloro compoiuiid under the conditioiis of those dc- 
hydrations is somewhat unusual in  the cyclohesnnc 
series, occurring in oiily certain sterically Iiiiidcred 
alcohols, sudi  as 'iB-liydrosycholc.;t:lnvl aretat r,I7 
i i i  view of the greatly enhanced reactivity of cyclo- 
lieptane derivatives l o  nucleophilic substitution r ~ -  

(16) Although we have no experimental cvidencc that 
the conversion of the alcohols to  the correspondiiig clilorides 
proceeds with inversion, a consideration of the moclianisin 
of these reactions (see Ref. 14) indicates that  inversion ccr- 
tainly occurs. The identity of the small quantity of iso- 
meric chloro compound is based 011 a coinparison of the 
retention times from the vapor phmc chromatogrspliic 
annlgsis. 

(17 )  I\'. Buser, Helu. ChzjtL. ilclu., 30, 13i9 (l!J-l;). 
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actions, as compared to  cyclohexanes'* the produc- 
tion of large percentages of chloro compounds from 
cis- and trans-2-phenylcycloheptanol does not ap- 
pear particularly unusual. 

EXPERIMENTAL" 

trans-2-Phenylcycloheptanol. (a) trans-2-Phenylcyclohep- 
tnnol was prepared according to  the method whereby Cook, 
Hewett, and Lawrence prepared trans-2-phenylcyclohnxanol. 
Phenyllithiuni was prepared by the addition of small pieces 
of freshly cut lithium to a solution of bromobenzene in ether 
maintained a t  ice bath temperature. The reaction mixture 
\vas stirred for 1 hr.; approximately two thirds of the lithium 
had dissolved. T o  the cold solution of phenyllithium, an 
ether solution of cycloheptene oxide (a quantity equivalent 
to the theoretical amount of phenyllithium) was added drop- 
wise with stirring. The reaction mixture was maintained at 
ice bath temperature for about thirty minutes and then 
boiled under reflux for 2 hr.; excess aqueous ammonium chlo- 
ride was added, and the organic material isolated by extrac- 
tion with ether. The ether extract was washed with sodium 
hicarbonate, dried and concentrated on the steam bath at 
reduced pressure. The resulting oil was distilled at 113-114' 
(0.5 mm.) to yield 25y0 of trans-2-phenylcycloheptanol. 

The p-nitrobenzoate ester was prepared by reaction of the 
alcohol in dry pyridine with p-nitrobenzoyl chloride. Crystal- 
lization from 95% ethanol afforded pale yellow crystals, 
m.p. 84.0-85.0'. 

Anal. Cnlcd. for C ~ ~ H Z ~ N O ~ :  C, 70.78 H, 6.24; N, 4.13. 
Found: C, 70.62; H, 6.01; K, 4.24. 

(b) Sodium hydroxide (2.6 g., 0.065 mole) was added to a 
mixture of 3.87 g. of (0.01 14 mole) trans-2-phenylcycloheptyl 
p-nitrobenzoate, 45 ml. of dioxane, and 19 ml. of water. The 
p-nitrobenzonte ester was derived from the crude product o i  
:In extended reduction (vide infra) of 2-phenylcycloheptanone 
with lithium aluminum hydride. 

The mixture was heated under reflux for 9 hr. The dioxane 
was removed a t  reduced pressure as the dioxane-water azeo- 
trope, 100 ml. of water added, and the mixture extracted with 
three portions of chloroform. The extracts were washed twice 
with water, dried, and the chloroform removed in uucuo 
yielding 2.04 g., 945% of colorless oil. Short path distillation 
n.fforded 1.448 g., 67% of trans-2-phenylcycloheptan01, n'," 
1.5415. 

Vapor phase chromatography of the d id l l cd  trans alcohol 
rliowed it, to be honiogcweou,q. 

( c )  A solut,ion of 805 mg. (2.34 minoles) of cis-2-phenyl- 
vycloheptyl p-tolrienesdfonate in 4 ml. of dry benzene was 
npplied to a column ( 2  X 20 cm.) of 67.5 g. of basic alumina 
prepared in dry benzene. After standing at room temperature 
for 59 hr. elution with 300 ml. of dry benzene afforded 256 
mg., 64% of olefinic material. Further elution with 300 ml. of 
.55% methanol in ether yielded 104 mg., 23% of tran,s-2- 
phenylcycloheptanol. 

The p-nit,robenzoate ester \vas prepared, n1.p. 83.0-84.4', 
niisetl melting point with authentic trans-2-plicnylcyclo- 
hcptyl p-nitrohenzoate, 83.3-84.6'. 

trans-2-Phenylcycloheptyl ptoluenesulfonate. trans-2- 
Phenylcycloheptanol (1.107 g., 0.006 mole) was dissolved in 
20 ml. of dry pyridine, cooled in ice, and 1.52 g. (0.008 mole) 
of p-toluenesulfonyl chloride was added in one portion. The 
mixture was allowed to stand in a melting ice bath and then 

( 18) J. Hine, Physical Organic Chenzistry, LIcGraw-Hill, 
Xew York, 1956, p. 160. 

(19) Analyses were performed by Galbraith Labora- 
tories, Knoxville, Tenn. Infrared spectra were carried out in 
chloroform solution or as liquid films on a Perkin-Elmer 
model 137 spectrophotometer. Ultraviolet spectra were 
carried out in 9570 ethanol on a Beckman model DK-1 
spcctrophotomctcr. Melting points were determined on a 
Fisher-Johns block and are uncorrected. 

a t  room temperature for 3 days. Excess saturated sodium bi- 
carbonate solution and water were added. The precipitated 
trans-2-phenylcycloheptyl p-toluenesulfonate W:M collected, 
washed well with water, arid air dried yielding 1.23 g., m.p. 
96.0-96.4'. The melt was heterogeneous at the melting 
point. The aqueous portion of the reaction mixtiire was ex- 
tracted several times with chloroform which was washed with 
hydrochloric acid, dried, and concentrated a t  reduced pres- 
sure yielding solid material. Crystallization from cyclohexane 
gave 0.15 g. of white crystals. This portion was combined 
with that  obtained directly giving a total yield of 1.38 g., 
697& Crystallization from cyclohexane afforded 1.00 g., 50% 
of trans-2-phenylcycloheptyl p-toluenesulfonate, m.p. 82- 
83°20 (heterogeneous a t  the melting point). 

Anal. Calcd. for C20HU03S.2H10: C, 63.13; H, 7.42. Found: 
C, 63.92; H, 6.82. 

I n  the case of both the cis- and trans-p-toluenesulfonates it 
was not found possible to obtain good analytical results. 

Drying of a portion at 80" for 14 hr. a t  oil pump pressure 
caused extensive decomposition to occur resulting in a brown 
gum with only a 2.5% loss in weight. The gum, extracted 
exhaustively with cyclohexane, yielded a glass. 

Reduction of 2-phenylcycloheptanone: (a) Short reaction 
time A slurry of 12.2 g. (0.32 mole) of lithium aluminum hy- 
dride in 375 ml. of dry ether was prepared and stirred for ca. 
5 min. The flask was cooled in an ice bath, and a solution of 
30 g. (0.16 mole) of 2-phenylcycloheptanone in 200 ml. of dry 
ether was added dropwise over a period of 15 min. The reac- 
tion was maintained at im  bath temperature and stirred for 
70 min. One hundred milliliters of ethyl acetate was added 
dropwise, followed by 60 ml. of water and 250 ml. of 6 N  
hydrochloric acid, the layers were separated, and the aqueous 
phase extracted t,wice with ether; the ether portions were 
combined, washed with dilute sodium bicarbonate, dried, and 
the ether removed at the water pump. The remaining ethyl 
acetate was removed with a stream of dry air yielding ca. 30 
g. of oil. Analysis of the reaction mixture by a combination of 
vapor phase chromatography, and infrared spectroscopy 
showed the oil contained 64% cis alcohol, 13T0 trans, and 
19% unreduced ketone. 

A 6.6-g. portion of the crude product was dissolved in 25 
ml. of dry pyridine, cooled in ice, and 12.0 g. (0.061 mole) of 
p-toluenesulfonyl chloride was added in one portion. The 
mixture was swirled for a few minutes, allowed to stand in a 
melting ice bath, and then at, room temperature for 3 days. 
Excess saturated sodium bicarbonate solution was added with 
cooling, and the mixture extracted with several portions of 
chloroform. The chloroform was washed well with dilute 
hydrochloric acid, and removed (below 50') at reduced pres- 
Sure to yield 8.9 g. of oil which did not solidify upon refrigera- 
tion overnight,. The oil was dissolved in 150 ml. of petroleum 
ether (b.p. 30-60°), and the crystals which formed after 
several hours of refrigeration were collected and washed with 
petroleum ether, yield 1.40 g., m.p. 81.5-106". The melt be- 
('nine heterogeneous suddenly at 117'. Recrystallization four 
times from cyclohexane, not exceeding 60", yielded 132.3 
mg., 1.170 (if all starting material were alcohol) of trans-2- 
phenylcycloheptyl p-toluenesulfonate, m.p. 83.5-84". 

Anot>her 5.0-g. portion of the crude product was dissolved 
in 20 ml. of dry pyridine and treated with 9.25 g. (0.05 mole) 
of p-nitrobenzoyl chloride at room temperatiire. The mixture 
was allowed to stand without cooling for 1 hr. Water was 
added, and the mixture extracted with chloroform. Washing 
of the chloroform extract with sodium bicarbonate and dilute 
hydrochloric scid, drying, and removal of the solvent gave an 
oil. The oil was taken up in 200 ml. of 95% ethanol, filtered, 
and concentrated to 50 ml. on a steam bath. After refrigera- 
tion the solid was collected and air dried yielding 2.57 g., 
m.p. 81-88". Eight crystallizations from hot 95% ethanol 

(20) S. J. Cristol and F. R. Stermitz, J. Am. Chem. SOC., 
82, 4692 (1960) have reported similar melting point b e  
havior on recryctallization of 2-phenylcyclohexyl tosylates. 



: iffordd 0.0% g. ,  1 1 ' ,, o f  c.is-%-~~h~~t~~~l~~!c.lc,ht.l't?.l p-riit ro- 
benzoate, ni.1). 92.0-93.8'. 

Bnal. Calcd. for C20H21KO4: C, 70.78: H, 6.24; N, 4.13. 
Found: C, 71.00; H. 0.08; N, 4.16. 

01). Extended reaction t ime.  A solution of 25.0 g. (1.33 
moles) of 2-phrnylcycloheptaiione iii 100 ml. of dry ether 
was added, during 1 hr., with stirring to 9.9 g. (0.26 mole) of 
lithium aluminum hydride in 100 ml. of dry ether. The reac- 
tion mixture was kept cold for 1.5 hr., boiled under reflux for 
9 hr., and stirred at room temperature overnight. Seventy 
milliliters of ethyl acetate was added followed by 100 nil. of 
mater and 200 nil. of O.Y hydrochloric acid. The layers were 
separated, and the aqueous phase extracted with two por- 
tions of ether. The combined ether extracts were n-ashed with 
aodiuni hicarkxmite solution, dried, and concentrated on a 
*team hath at rrtlucrd pressure, yield 24.3 g., 96%. 

Preparation of the p-nitrobenzoate ester with p-nitrobeii- 
zoyl chloride in pj-ridine afforded an oil which was crystal- 
lized from 95Y0 ethanol giving a 67y0 yield, m.p. 78-87'. 
Several recrystal1iz:ttioris gave 3.76 g., of trans-2-phenyl- 
cycloheptyl p-nitrolwnzoate; m.p. and mixed m.p. 82-84", 

Reduction 0.f 2-phetr glcjpdoheptanone with l i thium aluminum 
hyd,.ide-alitniinuir! ch[oride. To 400 ml. of dry ether cooled in 
a n  ice bath was : ~ l d e d  slowly, with stirring, 53.4 g. (0,400 
mole) of aluminrim chloride followcd by 3.79 g. (0.100 mole) 
of lithium aluminuni hydride. This mixture was allowed to 
stir at ice hath trmperature for 1 hr., a t  which time 38.25 g. 
(0.203 mole) of Y-pheri?.lcycloheptanone dissolved in 100 ml. 
of dry ether w s  added during the 25 niin. The ice bath was 
removed ~ . n d  the mixtiire was boiled under reflux with con- 
tinued stirring for 12 hr.  Forty-five milliliters of water was 
added, f o l l o n d  iiy 300 ml. of 10% sulfuric acid; the layers 
were separated, and the aqueous phuse was extracted ivith 
two portions of ethtsr. Thr  ethereal layer was washed with 
one portion of *5% sodium bicarbonate, dried, and concen- 
trated on the strani bath a t  reduced pressure yielding 38.1 g. 
of crude  product. Although no solid derivative could br  oh- 
tained in  this run ,  vapor phase chromatography showed the 
inixtiirr to roririst of 13% cis alcohol, 32% trans itlcohol, 22y0 
Iicton~~. and 1 :3r4 of five unidentified products. 

cis-8-Phen,ylc!/cloheptr/nol ( a )  trans-'7-Phenylcycloheptyl p-  
toluniesiilfonate (1.500 g., 4.32 mmoles) dissolved in 8.0 nil. 
of dry bcnzciie was applied to :L column of basic alumina, 
(127 y. ,  4.5 X 18 crn.) prepared iii dry benzene, and washed 
O I ~ C P  ivith eight 1-ml. port,ioiis of dry benzene. The column 
was alloned to stand tit room temperature for 6 hr. Elution 
with 300 nil. of heiizene gave 373 my., of colorless oil. 
The iit)st 400 nil. of henzene eluate \vas discarded as was the 
initial 100 nil. of mr~thanol-ether eluatc. Further elution with 
200 nil. of 5 5 ;  inc~tlianol in ether gave 332 mg.. 4Oc;'; of cis- 
?-plir~ri?.lcyclohel,txiiol :is u colorless oil. 

Th-  p-nitrohenzoatt, was prclpared in the usual way, 1n.p. 
!j1.5-93.5O, mixed int,lting point, with authentic cis-2-phenyl- 
cyclohpptyl p-nitrohriizoate, vide supra 91.8-93.2'. 

( h )  The saponificsation of cis-2-phenylcyclohept).l p-nitro- 
henzoatr derived froin short reduction of 2-phenylcyclo- 
heptanone with lithirim aluminum hydride was carried out' 
in the same wa). :is for traris-2-phenylcycloheptvl p-nitro- 
benzoate. ci,s-2-Phenylcycloheptanol was obtained after 
vaponifiration as a colorless oil: divt'illation afforded a frac- 
tion hailing a t  !)8.5-~10'L.5°/0.25 mi?., yield 72Ci;, n q  1.5436. 

i.is-2-Phen,yir,i/cioiirpi!/l p-fol,ieties,i[fo,iUtp. To a cold solu- 
tion of 1.M g. (8.73 ininol(~s) of c.is-2-pheiiylcycloheptanol in 
8 ml. of dry pyriditi(, was added 2.49 g. (13.10 mnioles) of p -  
toluenesulfonyl chloride. Thr, mixture was allowed to stand 
in a melting ice hath and then a t  room temperature for 3 
days. The flask was chilled in ice and excess sodium bicar- 
honate solution was added. The mixture was extracted with 
chloroform and the extracts washed with dilute hydrochloric 
acid, dried, and concentrated below 50", under reduced pres- 
sure, to yield 2.40 g., 80%; of ~~i.s-2-phenylcycloheptyl p-  
toluenesulfonate as an oil which crystallized fdLy on stand- 
ing a t  room temperature. Thc white solid was crystallized 
threr times from cyclohewne, ni;tint:iinPd hrlo\r  60". t o  yitslrl 

830 I I I ~ . ,  28'1; of si~iall \\hit(% ( tala, in.1). 01.i-W.O0. Thcx 
melt became heterogeneous a t  104'. 

A d .  Calcd. for C Z ~ H Z ~ O ~ S . ~ H Z O :  C, 6:3.1:3; H, i . 42 .  
Found: C, 63.64; H! 6.91. 

Phei~ylc2/cloheptu7~e. A mixture of cis- and fmris-2-pheiiyl- 
cyclohept3.l p-tolucnesulfonates (3.49 g., 0.0101 inole) in  thc. 
minimum aniouiit of dry ether to effect solution (cu. 200 nil.) 
was added to a slurry of 0.38 g. (0.01 mole) of Iithiuni 
aluminum hydride in 30 ml. of dry ether at room temper:(- 
ture. After boiling under reflux for 20 hr., an additional 0.3 g. 
(0.008 mmole) of lithium aluminum hydride was added, and 
boiling continued for anot,her 21 hr. One hundred millilitere 
of mater was added slowly with ice bath cooling followed by  
100 ml. of 6.V hydrochloric acid. The layers were separated: 
the aqueous phase was extracted with one portion of ether, 
and the combined ethereal extracts were washed with onc 
portion of sodium bicarbonate, dried, and concentrated on a 
steam bath, yielding 1.73 g., 98y0, of crude phenylcyclo- 
heptane. 

The crude product was chromatographed on 150 g. (3.2 X 
17.0 cm.) of acid washed alumina prepared in, and eluted 
with petroleuin ether. The first 150 inl. of eluate containing 
80.9 nig. of oil was discarded. The next 100 ml. of eluatc \vas 
collected and evaporated to yield 1.330 g., 76%, of colorless 
oil. Further elution with 150 ml. of petrolruin ether produced 
135 mg. of residue. The middle fraction was distilled through 
a short path to  apparatus yield 0.728 g., 41$,, of phenyl- 
cycloheptane, ny 1.5254.21 

I -Phen  yIcycloheptene. Phenylmagnesium bromide, prepared 
from 14.9 g. (0.095 mole) of bromohenzene in 75 ml. of dry 
ether was treated with 10.0 g. (0.089 mole) of cycloheptanone 
according to Baddeley, Chadnick, and Taylor,13 in thc usual 
Grignard fashion. Completion of the reaction yielded crude 
1-phenylcycloheptanol. Dehydration and fractional distilla- 
tion afforded 7.04 g., 46Oj,, of 1-phenylcgclohe~)tciie, b.p. 
74.5-76.5/0.3 nim., ny 1.5575, A,,, 247 mfi, C, 14,000. The 
reported boiling point is 113-115'/8 mm. and n'," 1.5624.22 
The A,,, reported is 247 nip ( E  11,500).13 Vapor phase chro- 
mat'ography showed the product t o  be homogeneous. 

2-Phenylcycloheplarione. (a )  Kiliani's reagent., prepared 
according to Sat0 and Ikekawa,23 was added dropwise to 244 
mg. (1.29 mnioles) of trans-2-phenylcycloheptanol in 2 ml. of 
redistilled acetone until a greenish-orange color was per- 
manent. During the addition a very dark oil separated and 
settled. Water was added, and then 5% sodium hydroxide 
until the mixture was alkaline. Extraction with chloroform 
and removal of the solvent gave a yellon- oil which was takeu 
up in 95% ethanol and treated with 2,4-dinitropheny1- 
hydrazine reagent.. The yellow precipitate was collected, 
wished with 9570 ethanol, and dissolved in ca. 6 ml. of ethyl 
acetate which was filtered and evaporated to 0.5 ml. Ethanol 
was added, whereupon crystallizatiou occurred immediately. 
The flask was cooled, and the 2-pheriylcycloheptanone 2,4- 
dinitrophenylhydrazone collected, m.p. 168.5-171.5'. 
mixed nielt,ing point with the same derivative of aiit,hent,ir 
2-phenylcycloheptanone sho\ved no depression. 

(b )  cis-2-Phenylcycloheptanol (268 mg., 1.14 inmoles 1 was 
dissolved in 2 ml. of redistilled acetone. Kiliani's reagent was 
added dropwise until a greenish-orange color was permanent. 
Water ( 2 5  ml.) and sodium hydroxide (25 ml.) were a d d d  
and the mixture ext,racted with four 10-id. portions of 
chloroform. The extract \vas dried and the solvent removed 
under reduced pressure yielding 21 1 my., 7Rt7, of 2 - p h ~ y l -  
cycloheptanone. 

The 2,4-dinitrophenylhydrazone  as prepared. 111.1). 
170.8-171.3", mixed melting point with authentic 2-phenyl- 
cycloheptanone 2,4-dinitrophenylhydrazone, 171 .O- 172.5". 
- .____ 

(21) .4. C. Cope, and A.  A. P'Addreco, J .  .In?,. Chriir. Sor . ,  

(22) H.  Pines, A. Edeleanu. and V. S.  Ipatiefl, J .  +!m. 

(23) Y. Sato and S .  Ikekn\vv:~: . J .  O T ~ ,  Chetii., 24, 1807 

73,3419(1951) given? 1.5287. 
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Uehydratioii oj' cia-d-pheiiylcyclohe~L~~rLol with phosphorus 
oxychloride pyr id ine .  cis-2-Phenylcycloheptanol (122 mg., 
0.64 nimole) was dissolved in 2.0 ml. of dry pyridine. Phos- 
phorus oxychloride (0.15 ml.) was added slowly, and the 
solution, protected with a calcium chloride tube, was 
warmed 011 n steaiii bath for 1 hr. The ctlear, colorless solution 
was cooled, diluted Kith :$ nil. of water, and extract,ed with 
four 1-ml. portioiis of ether. The cstract vias aashed with 
threc 1-ml. portions of G S  hydrochloric acid, dried, and the, 
cBther was rtmowtl iiiidrr :L strrum of drj. nitrogen, yielding 
103 nig., 93',%, of cle:ir, virtually colorless oil. -1 combination 
of vapor pliasr chromatography, and infrared and iiltraviolet 
spectroscopy showxl thr  product to  corisist of 
cyclohepteiir., 41 (;C t-pheiiylcyclohepteJi~, 42 
rhloroptienylcyclohcrnrlc., : i n t i  8C;. of two unidentified 
products. 

1)ehydmtioii OJ' l iuiis-2-phrn ~ i ic ,~ jc lo lrep lo~~oi  with pho,sphorii.s 
m-ychloride i n  pyridirt  cj. The wine procedurcs was followed as 
for cis-2-phcnylcycloheI,tanol yielding 8UC/;, of a clear, color- 

' of the product, :IS iii the case of the c i s  itlcohol 
e protluct to be coinpose 

heptenr., 2(, l-phenylc.ycloh~.pteric., 
c*yclohrptanc, and 45b of ' thrw unit 

I khyr lmt ion  of c2's-P-pheti~~lcyclohrpta~iol with phosphoric 
acid. .I niisturc. of 12 I nig. (0.640 inniole) of cis-2-phenyl- 
cycloh(~ptnno1 and 206 nig. of 85'1; phosphoric acid was 
niaintaiiied u t  150-200" for 3 hr. The mixture \vas cooled, 
dilutrd with '2 nil. of water, and estracted with four 2-1111. 
portioiis of ether. Thca ctlier estract, was washed with two 
2-nil. portions of 5% sodiuin hydroside, dried, and concen- 
trated under a stream of dry air to yield 101 mg., 92c0 of 
yellow oil. The analysis of this material showed it to contain 
:355$ I-phenylcycloheptene, 25c0 3-phenylcyclohepte11e and 
vnrying percentages of five other products. 

Dehydration of franr-~-~~heri~lcycloheptariol  w i th  phosphoric 
mid. The same procedure was followed as for cis-Zphenyl- 
cycloheptanol, yielding 845,; of yellow oil. Analysis of this oil 
showed i t  t o  contain 10%;: 1-phenylcycloheptene, 2% 3- 
pheiiylcyclohepterie, arid varying percentages of five other 
compounds. 

Treatment  oJ' 3-phriiyicycloheptene with phosphoric acid. 
The crude product, :38.:3 ing., olltained from the dehydration 
of l,ans-2-pheriylcycloheptanol with phosphorus oxychloride 
u.as heated in 76.7 mg. of 857% phosphoric acid in a manner 
similar to the phosphoric acid dehydration. Isolation of the 
ether-soluhlr fraction provided 30.2 mg. of brown oil. 
Ultraviolet spectroscopic measurement using the estinction 
:tt 247 nip shon-ed that the product, rontained cu.  25Vc 1- 
pheri ylrycloheptene. 

:Inalysis of' miztcoes. The dehydratioii mixtures in solution 
with drj. hrnseuc. n-pw filtered throiiph :I short, column of 

acid-u.aahed aluiifina. 'I'ht~ gas chromatographic analyses 
were conducted on a 6 it. x 4 mm. glass column packed with 
General Electric silicone gum (8E30) coated on 80-100 mesh 
Chromosorb K (ca. 370 silicone by wt.) .  The column was 
maintained at 153' with an inlet pressure of 16.5 p s i .  of 
argon. The flow rate of gas under these conditions was cu. 
30 ml./min. 

The percentage of 1-phe~iylcycloheptene was determined 
tJy coinparing peaks and retention time v i th  that of syn- 
thetic 1-phenylcycloheptene and by nie:tns of the ultraviolet 
ni:isimurn at 24i  nip which agreed well with the percentages 
determined hy vapor phase chromatography. 3-Phenylcyclo- 
hepteiie was determined by hydrogenation of the dehydra- 
tion product of trans-2-phenylcycloheptanol wit'h phosphorus 
osyehloride-pyridine and this figure agreed well with the 
nxixinium assigned in thc vapor phase chromatographic 
ari:iIysis. The chloroph~iiylcyclohepta~ies m r e  detected from 
:ti1 csnrnination of the infrarcd spectrum of the dehydration 
inistures, (no hydroxyl, carbonyl, or phosphate ester bands) 
niit l  comparison of these spectra with those of an authentic 
simple. 

cis-8-Chiorophen yicyclohepluue. This material was prepared 
from cis-2-phenylcycloheptanol by the general method 
of Fruzer'i et al .  T o  a chilled solution of 1.0 g. (5.25 mmoles) 
of ci.v2-phenylcycloheptanol in 50 ml. of dry ether was added 
0.715 g. (6.00 mmoles) of thionyl chloride and 0.475 g. (6.00 
ininoles) of dry pyridine. The reaction )vas allowed to  warm to 
room temperature and then to stand 15 niin. The pale yellow 
solution \vas filtered, and the solvent' removed a t  reduced 
pressure. To the yellon- residual oil was added 0.25 g. (3.12 
ninioles) of thionyl chloridr and the reaction heated 3 hr. on 
the steaiii bath, cooled, and diluted with ether. The ethereal 
solut~ion was  vats shed well with n-ater, dilute sodium hy- 
droside, dried, and the solvent removed in z'acuo to give 0.49 
g. of broFn oil. This oil was distilled a t  0.7 mm. pressure to 
give a small quantit,y of colorless liquid, b.p. 90-105" (bath 
temperature). 

Found: c'. 75.07; H,  8.30: C1, 16.60. 
. 1 n ~ l .  Calcd. for CnHliC1: C, 74.80; H, 8.21; C1, 17.03. 
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