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Abstract-The complete structure and stereochemistry of (+)-phenylcamphoric acid has been deter- 
mined. The acid obtained from the Friedel-Crafts reaction of benzene with isolauronolic acid is 
identified as (+)-phenylcamphoric acid. a-Campholytic acid is shown to be a likely precursor of 
phenylcamphoric acid in these reactions. The Friedel-Crafts reaction of 3-cyano-l,2,2-trimethylcyclo- 
pentanecarbonyl chloride or 3-cyano-2,2-dimethyl-I-methylenecyclopentane with benzene provides a 
mixture of phenylcamphornitrile and an isomer. Isofenchocamphoric anhydride similarly provides a 
mixture of the epimeric 4-phenyl-2,2,4-trimethylcyclopentanecarboxylic acids. 

The Friedel-Crafts reaction of (-)-camphoric 
anhydride with benzene provides a compound m.p. 
142” named phenylcamphoric acid to which struc- 
ture 1 was originally assigned.’ A similar reaction 
with isolauronolic acid 2 provided an isomeric acid 
m.p. 119” assumed to be 3.* The ready formation’ of 
isolauronolic acid and lactones of 4-hydroxy-2,4- 
dimethylcyclohexanecarboxylic acid from cam- 
phoric anhydride on treatment with aluminium 
chloride in chloroform introduces further potential 
structural ambiguities. Subsequently it was re- 
ported4 that the nitrile 4 provided a phenylcamphor- 
nitrile, which gave phenylcamphoric acid on hy- 
drolysis. Despite earlier indications’ that phenyl- 
camphoric acid was optically active recent publica- 
tion? have denied this. The latest paper: which 
appeared while our own studies were in progress, 
assigned the gross structure 5 to phenylcamphoric 
acid and concluded that the acid m.p. 119” was its 
epimer. This paper records our own findings which 
correct some of these conclusions and provide ad- 
ditional information on these reactions. 

In our hands phenylcamphoric acid as prepared 
from (-)-camphoric anhydride has a rotation of + 
5.5“ and all of the derived compounds encountered 
in the sequel were also optically active. Its 60 MHz 
NMR spectrum showed inter ah the presence of 
two Me groups attached to quaternary C atoms (6 
0.85 and 1.2 1) and a Me group attached to a C atom 
bearing an H atom (8 0.76, J = 12 Hz), which ex- 
cludes structure 1 from further consideration. Cur- 
tius degradation of phenylcamphoric acid to the 
primary amine (a), exhaustive methylation, quater- 
nisation and Hofmann elimination of the quater- 
nary ammonium hydroxide provided two olefins (7 
and 8) which were separated by preparative GLC. 
The structures of these two olefins are established 
by their 100 MHz NMR spectra whose complete 

analyses were aided by appropriate decoupling ex- 
periments. Thus 8 has singlets at 092 and 1.09 6 
ascribable to the gem-dimethyl group and a doublet 
centred at 6 0.93 (J = 6.5 Hz) due to the remaining 
Me group. The quartet due to the olefinic protons 
(H, 6 5.6, Hb 6 5,77, Jab = 5.5 Hz) showed addi- 
tional splitting due to coupling with H, (Jbc = 
2.5 Hz, .Ia,, - 1 Hz). Decoupling of Hb revealed H, 6 
3.39 as a quartet (Jcd = 9.5 Hz), and decoupling of 
H, converted the complex signal due to H,, to a 
quartet centred at S 1.69. In olefin 8 the geminal Me 
groups resonate at 6 1.07 and 1.09 and the remain- 
ing one at S 0.97 (J = 7 Hz). The olefinic proton H, 
is observed as an ill-defined triplet at 8 5.% (.I,, = 
2.8 Hz) which on irradiation enables the H,Hb quar- 
tet to be clearly discerned with chemical shifts of 8 
2.15 for H, and 8 2.39 for Hb (Jab = 16 Hz). Homoal- 
lylic coupling of Hb with H is just discernible 
(Jbd = 2 Hz). Proton Hd is observed as a broadened 
quadruplet at S 2.67. The complexity of the NMR 
spectrum in the 8 7.1-7.5 region indicates the con- 
jugated nature of the phenyl group, which is con- 
firmed by the UV spectrum, A,,, 255 nm, E 9, 740. 
The size of the coupling constant Jcd in 7 indicates a 
cis relationship of H, and H.+ It was subsequently 
found that decarbonylation of phenylcamphoryl 
chloride by heating with tris(triphenyl- 
phosphine)rhodium chloride provided only the 
olefin 7, which was isomerised to 8 by treatment 
with potassium t-butoxide in dimethylsulphoxide. 

The point of attachment of the carboxyl group of 
phenylcamphoric acid to the cyclopentane ring was 
established as follows. The acid was converted to 
the N,N-dimethylamide, reduced with LAH to the 
tertiary amine 9, quaternised and subjected to Hof- 
mann elimination. The resulting olefin 10 showed 
the anticipated absorptions at 6 0.75(5 = IO Hz), 
0.92 and I.1 I for the protons of the three Me groups 
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and 8 7.2 for those of the phenyl group, in the 
60MHz NMR spectrum. The vinyl protons were 
observed as a poorly resolved triplet at S 4.8, the 
allylic and benzylic protons gave a complex absorp- 
tion at 6 2.3-3 and the remaining tertiary proton a 
complex absorption centred at 6 l-7. Ozonolysis of 
X provided the ketone 11 whose absorptions at 6 
7.25, 6 l-1, 6 O-95 and S 0.87 (J = 6 Hz) are readily 
assigned to the phenyl group and three Me groups. 
The remainder of the spectrum was analysed by 
computer fitting the data from both 100 MHz and 
220 MHz spectra leading to VHh S I .98, VHF S 290 
(J = 1 l-2 Hz), VHll S 2.38 (Jfd 11.6 Hz) and VHe 6 
2.77 (Jcc 8.0 Hz, .J,,e - 19.0 Hz). 

Thus the correct structure of phenylcamphoric 
acid is 5. The formation of both olefins 7 and 8 by 
Hofmann elimination of 6 has precedent’ in the for- 
mation of I-phenylpropene from 3-phenylpropyltri- 
methylammonium hydroxide, due to base-catalysed 
rearrangement of the first formed 3-phenylpropene. 
The stereochemical disposition of the carboxyl 
group was established by the ruthenium catalysed 
hypochlorite oxidation of (&)-phenylcamphoric 
acid to the dicarboxylic acid 12. (The reaction was 
carried out on the (+acid, uide infra, to permit 
comparison with the known’ racemic cis-isomers 
of 12). The failure of the dicarboxylic acid to form 
an internal anhydride on treatment with acetyl 
chloride, under conditions which convert cam- 
phoric and isofenchocamphoric acids to their 
anhydrides, indicates that the carboxyl groups in 12 
have a tram relationship. Thus the complete rela- 
tive stereochemistry of phenylcamphoric acid is as 
depicted in 13. That this is also the absolute con- 
figuration follows from correlation with that estab- 
lished’ for ( + )-camphor. 

A careful spectroscopic comparison of the com- 
pound derived from isolauronolic acid with (+)- 
phenylcamphoric acid indicated that they were 
structurally identical and that the acid, m.p. I lY, is 
in fact (+)-phenylcamphoric acid. This was con- 
firmed by showing that the same acid was obtained 
from the Friedel-Crafts reaction of (+-camphoric 
anhydride with benzene. In order to establish the 
origin of the disparity between our own conclusions 
and those reported6 the original Barbier-Wieland 
degradation of both acids was repeated. The series 
of compounds 14,lS and 16 from both acids had the 
reported physical properties except that those de- 
rived from (+)-phenylcamphoric acid had rotations 
of +63+“, - 123” and - 156” respectively. In par- 
ticular the olefins 14 derived from (+)- and (+)- 
phenylcamphoric acids had m.ps of 145“ and 141”, 
which were not depressed on admixture. It was this 
misleading criterion that led to the conclusion6 that 
the two acids, m.p. 142” and llY, were epimers. 

Reexamination of the Friedel-Crafts reaction of 
the acid chloride 4 with benzene showed that two 
isomeric nitriles were formed, not just one as 
hitherto supposed.4 The major component was 

identical with phenyl-camphomitrile prepared by 
dehydration of (-)-phenylcamphoramide with 
thionyl chloride. The 6OMHz NMR spectrum of 
the other isomer, subsequently referred to as 
isophenylcamphomitrile, showed the presence of 
three Me singlets at 6 O-71, l-2 1 and I a4 in addition 
to a phenyl group at S 7-45 and a broad absorption 
at S 2-3 due to the remaining 5 hydrogens, which 
suggests that the compound has the gross structure 
17. The nitrile was hydrolysed to the acid, which 
failed to crystallise even after purification through 
its S-benzylisothiouronium salt, and the acid in turn 
converted to the methyl ester. Examination by 
GLC of the esterified products of the camphoric 
anhydride-benzene reaction failed to provide any 
evidence for the formation of methyl isophenyl- 
camphorate in that case. The stability of methyl 
isophenylcamphorate towards attempted epimer- 
isation with methanolic sodium methoxide suggests 
a tram relationship between the phenyl and car- 
bomethoxy groups, and hence the indicated 
stereochemistry of 17. 

The most likely precursor of phenylcamphoric 
acid is (Y -campholytic acid 18, which by tram elec- 
trophilic addition to the double bond would 
give phenylcamphoric acid with the observed 
stereochemistry. One face of the intermediary cy- 
clopentyl carbonium ion would be shielded from 
approach by benzene due to the bulk of the car- 
boxy1 group, which will probably be coordinated to 
the aluminium chloride. The requisite rearrange- 
ment of isolauronolic acid 2 to a-campholytic acid 
18 necessary for formation of (a)-phenylcamphoric 
acid has been encountered in the reaction of 2 with 
hydrogen bromide.” Although the converse acid 
catalysed rearrangement of a-campholytic acid to 
isolauronolic acid is known” it seemed likely that 
the former acid might react faster than it rear- 
ranged. It is noteworthy that the formation of 
phenylcamphoric acid is very much faster from 
camphoric anhydride, 72% in 2 h, than from 
isolauronolic acid, 38% after 10 days. In practice 
(-)-a-campholytic acid gave a 67% yield of (+)- 
phenylcamphoric acid under the same conditions as 
used for camphoric anhydride. The foregoing 
a-campholytic acid had been prepared by nitrous 
acid treatment of aminodihydrocampholytic acid.‘* 
When obtained by electrolysis of sodium ortho- 
ethyl camphorateto.” the resulting ‘campholytic 
acid’ had a very different optical rotation, +7”, to 
that of the foregoing material, -61.5”. This point 
had been the subject of earlier literature comment 
but the discrepancy was not resolved. The NMR 
spectrum of this second preparation revealed that it 
was approximately a 2 : 1 mixture of u -campholytic 
acid 18 and infra-campholenic acid 19, although we 
were unable to resolve the ethyl esters by GLC. 
The most characteristic spectroscopic features 
were the broad absorption at 6 5.2 characteristic of 
the olefinic proton of 18 and a poorly resolved 
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doublet at 6 4.8 (J = 2 Hz) attributable to 19. This 
mixture of acids also gave an excellent yield, 82%, 
of (+)-phenylcamphoric acid showing that 19 must 
undergo double bond migration to 18 under the 
reaction conditions. Not surprisingly infracampho- 
lenonitrile 20 gave a similar mixture of phenyl- 
camphomitrile and isophenylcamphomitrile to that 
obtained from 4. 

In view of the unexpected course of the 
Friedel-Crafts reaction between camphoric anhyd- 
ride and benzene, the behaviour of the isomeric iso- 
fenchocamphoric anhydride 21 was examined. A 
mixture of two acids was obtained. Small samples 
of the derived methyl esters were obtained by pre- 
parative GLC. The 220 MHz NMR spectra indicate 
that they are the epimeric esters 22 and 23 which 
are formed in the ratio 2 : 3. Thus compound 22 has 
singlets due to Me groups at 6 O-98, S 1.01 and 6 
I.38 and doublets assignable to the isolated 
methylene group centred at S 1.74 and S 2.24 (J = 
3 Hz). The Me singlets for the other compound 23 
are observed at S O-84, S 1.29 and S 1.3 1 with the 
methylene doublets at S 1.9 and 6 2.07 (.7 = 3 Hz). 
The assigned stereochemistries are indicated by the 
epimerisation of 22 to the less sterically hindered 23 
on treatment with sodium methoxide in methanol. 

EXPERIMENTAL 

NMR spectra at 220 and IOOMHz together with the 
computer simulation were recorded by the P.C.M.U., 
Harwell and those at 6OMHz on a Perkin-Elmer R12B 
spectrometer for CDCI, solns with internal TMS. Analyti- 
cal GLC was performed on a Pye 104 instrument using a 5 
foot column packed with celite coated with 5% of SE30. 
The GLClMS measurements were carried out on an MS30 
by the U. of L. Mass Spectrometry Service. Optical rota- 
tions were measured for CHCI, solns (c I-0) on a 141 
Perkin-Elmer Polarimeter. 

(+)-Phenylcamphoric acid and derivatives. (+)- 
Phenylcamphoric acid prepared from (-)-camphoric 
anhydride by the method of Rothstein and Saville’” had 
m.p: 139” [oe + 55” (lit” m.p. 139”). The methyl ester had 
m.p. 94” [a]: + 10.6” (lit’ m.p. 93-949. The amide was 
prepared from the acid chloride” and ammonia, m.p. 134” 
from aqueousmethanol [a]g - 24.6” (Found: C, 78.1; H, 
8.9; N, 6.2. CIsHZ,NO requires: C, 78.0; H, 9.0; N, 6.0%). 
Similarly was prepared the N,N-dimethylamide, m.p. 136” 
from MeOH [cY]~ + 16.7” (Found: C, 78.9; H, 9.4; N, 5.5. 
C,,H,,NO reauired: C, 78.7: H. 9.6: N. 5.4%). 

(+)-Phenyliamphoric acid. This compound was pre- 
pared from (&)-camphoric anhydride following the 
method used for the (+)-acid and had m.p. 117”. It was 
identical with a sample prepared’ from isohmronolic acid. 
(Lit’ m.p. 117-l 19”). The methvl ester had b.n.,., 101”. m.o. 
74” (Lit” m.p. 74”): 

_ 

(-)-2,2,3-Trimethylphenylcyclopentylamine 6. (-)- 
Phenylcamphoryl chloride (20 g) was boiled with sodium 
azide (30 g) in xylene (40 ml) with stirring for 3 hr. The 
cooled mixture was filtered, and the combined benzene 
washings and filtrate evaporated in vacua. The crude 
isocyanate was added dropwise to cone HCI (100 ml) and 
the mixture heated under reflux for 2 h. After the soln had 
been cooled and made alkaline with NaOH the amine was 

extracted with ether. Distillation gave the amine (8*7g, 
54%) b.p.o., 120”, ng 1.5275, [aI’d - 13.7” (Found: C, 82.7; 
H, 10.5; N, 6.7. CI,H2,N requires: C, 82.8; H, 10.3; N, 
6.9%). 

(+)-N,N,2,2,3-Pentamethyl4-phenylcyclopentylamine. 
The amine 7 (8 g) was added slowly to a mixture of 99% 
formic acid (tOmI) and 40% aqueous formaldehyde 
(I 5 ml) cooled in ice. The mixture was heated on a steam- 
bath for 7 h, cooled, acidified to pH 2 and extracted sev- 
eral times with ether. The aqueous layer was then made 
alkaline with NaOH and the dimethylamine extracted 
with ether. The dimethylamino compound (7.6g, 84%) 
had b.p.“., 116’ n: 1.5203, [o]: + 5.9” (Found: C, 83.4; H, 
10.6; N, 5.9. ClaHZsN requires: C, 83.3; H, 10.7; N, 6.0%). 

1,1,2-Trimethyl-3-phenylcyclopent-3 and 4-enes. The 
dimethylamine (6.5 g) was added to a soln of Me1 (18 g) in 
dry ether (20 ml). After 24 h the methiodide had crystal- 
lised in almost quantitative yield, with m.p. 205”. This salt 
(9g) was stirred with freshly prepared A&O (12 g) in 50% 
aqueous MeOH (5Oml) overnight. The filtrate was then 
evaporated at 40’ in vacua to a syrup, which was decom- 
posed at 40 mm and a bath temp of 140’. The two olefins 
were collected by ether extraction and distilled b.p.,., 
120-122”. Samples of the two olefins 7 and 8 were isolated 
by preparative GLC using an Autoprep 705 instrument 
fitted with a 20 ft column packed with 80-100 mesh Celite 
which was coated with 10% SE30. The olefins were identi- 
cal with samples obtained more conveniently in the fol- 
lowing experiments. 

Decarbonylation of (-)-phenylcamphoryl chloride. The 
acid chloride (l8g) was heated with tris(tri- 
phenylphosphinehhodium chloride at 220” for 15 h. The 
cold mixture was poured into water and extracted with 
cyclohexane. The cyclohexane extract was washed sev- 
eral times with dil NaOH aq, dried and evaporated. Distil- 
lation of the residue gave (+)-7 (9.9 g, 7%)b.p.,., l20”, ng 
1.5148, [a]: + 128.5 (Found: C, 89.9; H, 10.0. C,,H,. re- 
quires: C, 90.3; H, 9.7%). 

Zsomerisation of 7. The olefin 7 (5 g) was heated with a 
soln of t-BuOK (3 a) in drv DMSO (30 ml) on a water-bath _. 
for IO h. The mixture was cooled and extracted with cyc- 
lohexane. Evaporation in vacua of the cyclohexane ex- 
tract gave 8 (4.8 g, 96%) b.p., 1 121”, ng 15372, [cu]~ -55” 
(Found: C, 90.1; H, 9.5. C,4H,8 requires: C, 90.3; H, 
9.7%). 

(+) - N, N - Dimethyl - N - (2, 2, 3 - trimethyl - 4 - 
phenylcyclopentylmethyl)amine. A soln of (+) - N, N - 
dimethylphenylcamphoramide (12 g) in dry ether (50 ml) 
was added slowly to a stirred slurrv of LAH (102) in 
ether. The mixture was heated under reflux for 72 hand 
then EtOAc added cautiously to destroy excess LAH. A 
soln of 3N NaOH (200 ml) was added subsequently and 
the product extracted with ether. Pure 9 (9.2 g, 82%) was 
obtained by distillation b.p.,., 125”, n: 1.5089, [a]:: + 
34.8” (Found: C, 83.4; H, 10.7; N, 5.5. C,,H,,N requires: 
C, 83.2; H, 11.0; N, 5.7%). 

(+)-l-Methylene-2,2,3-tn’methyI4phenylcyclopentane. 
The amine 9 was converted to the methiodide m.p. 295” by 
reaction with Me1 in ether. The methiodide (12.2 g) was 
stirred with freshly prepared A&O (20 g) in 50% aqueous 
MeOH (100 ml) for 24 h. The filtered soln was evaporated 
in vacua below 40” to a syrup which was then decom- 
posed at 150” under reduced pressure of 50 mm. The olefin 
was subsequently distilled (3.1 g, 50%) b.p.,, 160”, ng 
1.5188, [(Y]: +26”. (Found: C, 90.1; H, 10.2. r&H,,, re- 
quires: C, 90.0; H, 10.0%). 

(+)-2,2,3-TtimethylAphenylcyclopentanone. Ozonised 
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O2 was passed for 2 h through a soln of 10 (2.5 g) in 
chloroform (20ml) cooled in an ice-salt bath. The 
chloroform was removed in uacuo < 35” and the residue 
then boiled with water for f h. The product was extracted 
with ether and chromatographed on silica gel. Elution 
with benzene gave successively unreacted olefin (1+8g) 
and 11 (0.4g), m.p. 94” [a]g +77-j”. v,., 1740cm- (Lit” 
m.p. 91 .S’). 

Oxidation of (+)-phenylcamphoric acid. (k)- 
Phenylcamphoric acid (5 g) was dissolved in 0.1 N KOH 
(I5 mi) and-then 12% Na&l soln (370 ml), 2% ruthenium 
trichloride soln (2 ml) and CHCI, (40 ml) were added. The 
mixture was stirred it room ter& and’small aliquots re- 
moved periodically for estimation of remaining hypochlo- 
rite. After 36 h when all hypochlorite had been consumed, 
the mixture was acidified with cone HCI and continuously 
extracted with ether. Evaporation of the extract and crys- 
tallisation of the residue from benzene gave (*)-2,2,3 - 
trimethylcyclopentane - I,3 - dicarboxylic acid (2.5 g, 
58%) m.p. 185” (Found: C, 59.9; H, 8.1. C,,H,,O, requires: 
C, 60.0: H, 8.0%). Y,.. 1700, 2400-33OOcm-‘. 

(-)-$henylcambhomitrile. (-)-Phenylcamphoramide 
(l6g) and SOCI, (20 ml) in dry benzene (40 ml) were 
heated under reflux for 5 h. The cooled mixture was 
poured onto ice and the product extracted with benzene. 
Distillation gave (-)-phenylcamphornitrile (9.5 g 68%) 
b.p.,., 118”. n’d 1.5181, ra12d - 21.7" (Found: C, 83.2: H, _ _~ 
9nj;~N, 6.;. C<,H,9N requires: C, 83-j; H, 9.4; $I, 6.9%); 
Y,, 2240 cm-‘. 

Friedel-Crafts reaction of (+)-3-cyano-I, 2, 2-tri- 
methylcyclopentanecarbonyl chloride with benzene. 
Aluminium chloride (8g) was added slowly to a stirred 
benzene soln (30 ml) of the acid chloride,’ obtained from 
SOCI, treatment of the corresponding acid” (6.3 g). After 
additional stirring for 2 h the mixture was poured onto ice 
and dil H,SO,. The nroducts (4.6 g. 66%) were isolated bv . -. 
ether extraction and distilled, b.p+, 118-121”. Examina- 
tion by GLC MS showed the presence of two isomeric nit- 
riles in an approximate I : 1 ratio, which were separated by 
distillation using a spinning band column (Micro column 
8100). The separation was monitored by GLC. Early frac- 
tions were of pure (-)-phenylcamphornitrile identical 
with authentic material, wide supra. Later fractions com- 
prised (+)-isophenylcamphornitrile b.p.,., 12l”, n’,’ 1.5272, 
[a],, + 36.7 (Found: C, 83.6; H, 9.2; N, 6.8. C,,H,,N re- 
quires: C, 83.5; H, 9.4; N, 6.%), Y,,,.~ 2240cm-‘. 

(+)-Zsophenylcamphoric acid. (+)-Isophenylcamphor- 
nitrile (I *5 a) was heated in a sealed tube at 130” for 15 h 
with AcOg< ml) and cone HCI (6 ml). The mixture was 
diluted with water and chloroform extracted. After sev- 
eral washes with water the chloroform soln was extracted 
with dil NaOH aq. Acidification of this extract provided 
isophenylcamphoric acid (0.9 g, 52%) as an oil which was 
characterised as its S-benzylisothiouronium salt m.p. 
104-j”, [aI’d + 22.5” (MeOH). (Found: C, 69.3; H, 7.8; N, 
7-2; S, 8.4. C,,H,,N,O,S requires: C, 69.4; H, 7.5; N, 7.0; 
S, 8.0%). The regenerated acid (0.5g) was dissolved in 
MeOH and the soln saturated with HCI. After several h 
the soln was diluted with water and the ester extracted 
into ether. Evaporation and “distillation” gave methyl 
(+)-isophenylcamphorate (0.4 g, 77%) b.p.,., ca loo”. [a]: 
+ l22”, n’d I.5189 (Found: C, 77.8; H, 8.6. C,eH2202 re- 
quires: C, 78.0; H, 8.9%). It was readily distinguished 
from methyl (+)-phenylcamphorate by a GLC. 

The epimerisation of methyl isophenylcamphorate was 
attempted by heating it under reflux for 36 h in MeOH in 
which a small piece of Na had been previously dissolved. 

The ester was recovered unchanged as indicated by GLC 
and IR spectrum. 

Reaction of (-)-a-campholytic acid with benzene. (-)- 
a-Campholytic acid’* (1.2~) was reacted with benzene 
(20 ml) in the presence of AICI, (I -8 g) under precisely the 
same conditions as employed for (-)-camphoric anhyd- 
ride. The product was (+)-phenylcamphoric acid (1.2g, 
67%). 

Under the same conditions the ‘low rotating’ campholy- 
tic acid,‘“.” a I :2 mixture of I - methylene - 2, 2 - 
dimethylcyclopentane - 3 - carboxylic acid and 2,2,3 - 
trimethylcyclopent - 3 - enecarboxylic acid, gave an 82% 
yield of (+)-phenylcamphoric acid. 

Reaction of (?)-3-cyano-I-methylene-2,2-dimethyl- 
cyclopentane with benzene. Under the same conditions 
used for the Friedel-Crafts reaction of 3 - cyano - I, 2, 2 - 
trimethylcyclopentanecarbonyl chloride with benzene, 
2016 gave a 61% yield of phenylcamphornitrile and iso- 
phenylcamphornitrile which were identified by GLC/MS. 

Friedel-Crafts reaction with isofenchocamphoric 
anhydride. The reaction was carried out in the same way 
as for camphoric anhydride using isofenchocamphoric 
anhydride obtained from oxidation” of (+)-isofenchone.‘” 
The acid fraction was esterified by saturating its MeOH 
soln with dry HCI. Examination of the resulting methyl 
esters by GLC/MS showed the presence of two isomeric 
esters (M’ 246. Calc for C,,H,,O, M’ 246). Small samples 
for NMR examination were obtained by preparative GLC 
(uide supru). 

Both esters were separately heated under reflux for 24 h 
in MeOH to which a small piece of Na had been added 
previously. Ester 23 was recovered unchanged, while sub- 
sequent GLC examination showed that 22 had been 
epimerised to 23. 
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