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eluting first with 30-60" petroleum ether, then petroleum ether 
progressively richer in diethyl ether (up to 60:40). Using this 
technique, cis-2-phenylcyclopentanol (VI) was first eluted and 
subsequently further purified by distillation, bp 113-115" (2 mm). 

Anal. Calcd for CIIHI~O: C, 81.42; H, 8.71. Found: C, 
81.45: H, 8.42. 
trans-2-Phenylcyclopentanol7 was also purified and both 

alcohols assayed for deuterium (when AlDa was used] by nmr 
spectroscopy6 (see discussion). 

B. Inverse Addition of Ethereal Alanes to I-Phenylcyclo- 
pentene Oxide (V).-To a solution of 0.212 g (1.59 mmoles) of 
aluminum chloride in 50 ml of anhydrous ether a t  0" was added 
0.2 g (4.76 mmoles) of LiA1D4. This solution was stirred a t  
room temperature for 0.5 hr, whereupon it was added dropwise 
to a solution of 3.06 g (19.1 mmoles) of 1-phenylcyclopentene 
oxide (V) in 50 ml of anhydrous ether. The reaction mixture 
was brought to reflux for 1 hr followed by hydrolysis with 5% 
aqueous hydrochloric acid solution. The ether layer was sepa- 
rated and washed with a saturated solution of aqueous bi- 
carbonate, then w:ttJer, followed by drying over magnesium 
sulfate. 

The ether was distilled and the residue was subjected to 
alumina chromatography and vpc analysis as above. 

C. Reaction of 1-Phenylcyclopentene Oxide (V) with A&/ 
THF Reagent.6-To 50 mi of anhydrous T H F  was added 1.14 g 
(30 mmoles) of LiAlHh a t  0'. To this solution was added 1.47 g 
(0.80 cc) of 100% HzS04 slowly via a syringe, while the solution 

was stirred vigorously. Hydrogen evolution was indicated by 
means of a gas bubbler. The solution was stirred a t  room tem- 
perature for 1 hr, followed by  standing overnight in an atmos- 
phere of nitrogen to permit the lithium sulfate precipitate to 
settle. 

The T H F  solution was removed carefully (cloudy, owing to  
some Lid304 that had not settled) by a syringe and injected 
into a dry, three-neck, 200-ml, round-bottom flask fitted with 
a syringe cap, reflux condenser to which a gas bubbler was 
connected, and an inlet tube. To  the AlHa/THF solution was 
added 0.5 g (3 mmoles) of 1-phenylcyclopentene oxide (V) in 10 
ml of T H F  in ca. 10 sec. This reaction mixture was stirred under 
a nitrogen atmosphere for 1 hr at room temperature whereupon 
it was hydrolyzed with methanol followed by work-up with 
Rochelle's salt (sodium potassium tartrate) solution to break up 
the trimethoxyaluminum complex. The THF solution was then 
separated and dried over magnesium sulfate. Solvent evapora- 
tion afforded 0.4 g of crude product; alumina chromatography 
and vpc analyses were then carried out as above. 

It should be noted that this method of preparing alane in 
THF gave results with styrene oxide identical with those ob- 
tained by Brown and Yoon? 74% a-phenylethanol and 26% 
8-phenylethanol. 

Registry No.-Mane, 7784-21-6; V, 10294-00-5; 
VI, 2362-73-4; IX, 1198-34-1 ; MDa, 10294-03-8. 
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A stereospecific method for introducing an angular methyl group, which uses the known stereospecificity of the 
Simmons-Smith cyclopropanation with subsequent opening of the cyclopropane to form a methyl group is dis- 
cussed. Base-catalyzed ring opening of tricyclo[4.4.1.0~~~]undec-~-en-&one (4) leads to self-condensation. 
Acid-catalyzed ring opening of ketone 4 gives both possible ring-opened ketones in a ratio depending upon the 
acid used. 

One of the major problems that one faces in the total 
synthesis of the terpenes and steroids is the stereo- 
specific introduction of angular methyl groups. The 
key to success in most work to date is the elaboration 
of a methylcy clohexanone via the Robinson annela- 
tion2 or various modificationsa of the basic theme. 
Although this general approach has enjoyed success 
as a route to fused cyclic systems possessing an angular 
methyl group, as pointed out by Marshall and Fanta, 
it  is also often plagued by low yields and impure prod- 
ucts.' Some versatility is also lost in that one must 
always engage in annelating a new ring, rather than 
being able to introduce a methyl group to a suitably 
fused, preformed array. 

It has been previously observed that cyclopropane 
rings could be opened smoothly to give angular 
methyl  group^.^ These observations plus the recently 
accumulated knowledge that in the Simmons-Smith 
reaction6 certain polar groups may direct formation 

(1) Support of this work by a grant (AM-10474-01) from the U. 8. Public 
Health Service is gratefully acknowledged. 

(2) E. C .  duFeu, F. J. NcQuillan, and R. Robinson, J .  Chem. Soc., 53 
(1937). 
(3) (a) L. Valluz, J. Valls, and G .  Nomine, Anpew. Chem., 77, 185 (1965); 

(b) G .  Stork, Pure App l .  Chem., 9, 131 (1964). 
(4) J. A. Marshall and W. 1. Fanta, J .  Ore. Chem., 39, 2501 (1964). 
(5) (a) J. J. Bonet, 11. Wehrli, and K. Schaffner, H e h .  Chim. Acta, 46, 

2615 (1962): (b) G. Stork, P. Rosen, N .  Goldman, R. V. Coombs, and 
J. Tsuji, J .  A m .  Chem. Soc., 87, 275 (1965); (e) A. J. Birch, J. M. Brown, and 
G. 9. R. Subba Rao, J. Chem. Soc., 3309 (1964); (d) 8. Rahkit and M.  Gut, 
J .  A m .  Chem. SOC., 86, 1432 (1964). 

(6) H. E. Simmons and R. D. Smith, ibid., 81, 4256 (1958). 

of the cyclopropyl ring cis to themselves7 suggests 
that a synthetic sequence could be designed involving 
a stereospecifically formed cyclopropane ring and its 
subsequent selective opening to produce an angular 
methyl group. We chose to investigate, as a model, 
the conversion of 1 to 5 .  While this investiga- 

3 2 o ~ * o m  1 wo 
4 5 6 

7 

tion was in progress, a similar scheme was shown to be 
of value in the conversion of estradiol to loa-tes- 
tosterone.8 

(7) (a) 8. Winstein and J. Sonnenberg, ibid., 88, 3235 (1961); (b) W. G. 
Dauben and G. H. Bererin, ibid., 86, 468 (1963); (c) J. J. Sims, ibid., 87, 3511 
(1965); (d) T. Hamfuss, L. Birladeanu, and 8. Winstein, ibid., 3610 (1965). 
(8) R. Ginsig and A. D. Cross, ibid., 4629 (1965). 
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Results and Discussion 
The Birch reduction of lj2,3,4-tetrahydro-2-naphthol 

(1) gave as expected in high yield 1,2,3,4,5,8-hexahydro- 
2-naphthol (2). At  this stage there was some concern 
about the Simmons-Smith reaction on 2, since the 
reagent could react a priori with either of the two double 
bonds. It was anticipated though on the basis of the 
reported increase in rate of reaction of homoallylic 
alcohols7a that the major proportion of the methylene 
transfer reagent would be directed to the central double 
bond of 2. After some preliminary experimentation, 
i t  was found that treatment of 2 with a 2 M ratio 
of the reagent accomplished almost exclusive addition 
to the central double bond giving a nearly quantita- 
tive yield of monoadduct, which was >!%yo pure by 
vapor phase chromatography (vpc) analysis. Struc- 
ture 3, cis-tricyclo [4.4.1 .01~6]undec-8-en-3-ol, was as- 
signed to the product on the basis of spectral proper- 
ties. I ts  nuclear magnetic resonance (nmr) spectrum 
contained an AB quartet (TA 9.68, T B  9.31, J = 4.5 
cps) for the cyclopropyl hydrogens and a multiplet of 
equal intensity for the olefinic hydrogens a t  r 4.52. 
We assign the cis configuration of the alcohol and 
cyclopropane ring by analogy with previous ~ o r k , ~ ~ , ~  
which has shown the directing power of the OH group. 
The compound was homogeneous to vpc and thin 
layer chromatography under all conditions tried.g 

Conversion of 3 to the desired tricyclo [4.4.1.0’+ 
undec-8-en-3-one (4) was accomplished smoothly 
in 89-91yo yield by the Jones reagent.” Ketone 4 
formed a yellow 2,4-dinitrophenylhydrazone. I ts  spec- 
tral properties were consistent with the structure pro- 
posed. In t,he nmr there still appeared an AB quartet 
for the cyclopropane hydrogens, shifted slightly from 
that found for 3, centered a t  r 9.48 ( J  = 5 cps) and a 
multiplet of equal area a t  r 4.60 could be assigned to 
the olefinic hydrogens. A new singlet appeared a t  
T 7.62 and could be assigned to the two hydrogens of 
the isolated methylene next to the carbonyl group. 
Confirmation of the structure of 4 came from satura- 
tion of the isolated double bond using prereduced plati- 
num oxide in ether and stopping the hydrogenation 
after the uptake of 1 mole of hydrogen/mole of com- 
pound. Other solvents (ethanol and ethyl acetate) 
and/or other catalysts gave mixtures of ring-opened 
products as evidenced by the loss of the characteristic 
AB pattern in the nmr spectrum. The saturated 
ketone 7 formed a 2,4-dinitrophenylhydrazone with 
the same melting point as that reported5b and gave an 
nmr spectrum identical with that found by Starr and 
Eastman.12 

Both acid- and base-catalyzed ring opening of cyclo- 
propanes had been r e p ~ r t e d . ~ , ~  Treatment of 4 
with various bases gave disappointing results. When 
the conditions were strong enough to yield other than 

(9) It is of interest to  interject a comment here about the preparation of 
the Zn-Cu couple used to  carry out the cyclopropanation. We have found 
the most reproducible, highly active couple is prepared by the method of 
LeGoff, using the 30 mesh zinc.10 This paper seems to  have been overlooked 
by  recent workers. 

(10) E. LeGoff, J .  Ore. Chem., 29, 2048 (1964). 
(11) K. Bowdan, I. M. Heilbron, E. R.  H. Jones, and B. C. L. Weedone, 

J .  Chem. Soc., 39 (1946). 
(12) J. E.  Starr and R.  H. Eastman, J .  Ore. Chem., 91, 1401 (1966). We 

are grateful to Professor Eastman for providing copies of his spectra for 
comparison. The value, 9 cps, for the coupling constant between oyolopropyl 
hydrogens reported is in error; it should be 5.6 cps. 

starting material, only dark, polymeric materials were 
obtained. These gave indication on the basis of their 
infrared spectra of having undergone not only ring 
opening but also self-condensation reactions. This 
type of opening was not pursued any further. 

On the other hand, acid-catalyzed opening of the 
cyclopropane ring in 4 led to more encouraging and 
interesting results. Treatment of 4 with hydrochloric 
acid in acetic acid yielded two isomeric ketones. They 
were separated by preparative vpc and assigned struc- 
tures 5 and 6 on the basis of the following evidence. 

The expected product of the ring opening (5 )  was a 
known compound with a reported maximum in the ul- 
traviolet of 281 mp.13 Our ketone had a maximum 
a t  283 mp and in addition formed a brick red 2,4- 
dinitrophenylhydrazone with the same melting point 
as that reported.13 

The second ketone (6) also had infrared absorption 
characteristic of an unsaturated ketone. However, 
it gave an ultravjolet absorption maximum a t  290 mp 
which agrees exactly with that reported for the chromo- 
phore found in A3~5-cholestadien-2-one.14 The nmr 
spectrum provided confirmation of structure 6, 6,- 
7,8,6a-tetrahydro-8a-methyl-2(lH)-naphthalenone. It 
included a three hydrogen singlet ( r  8.89) for the angu- 
lar methyl, a two hydrogen singlet (T  7.79) assigned to 
the isolated methylene a t  C-1, a one hydrogen triplet 
for the olefinic hydrogen a t  C-5 ( r  4.05, J = 4 cps) 
and two one hydrogen doublets of an AB pattern ( r  
4.30 and 3.20, J = 10 cps) ; the higher field resonance 
was assigned to the proton at  C-3 and the lower to the 
hydrogen at  C-4.15 

The two ketones accounted for at  least 98yo of the 
monomeric products formed by the acid-catalyzed 
isomerization. The ratio of 5:6 was interestingly de- 
pendent upon the acid used in the reaction. Hy- 
drochloric acid-acetic acid gave 3.4: 1 ratio of 6:5, 
perchloric acid-acetic acid gave 1.3 : 1 ratio and boron 
trifluoride etherate-acetic acid gave a 1 :  1 ratio. It 
may be possible to find conditions which will produce 
a predominance of either 5 or 6 at will. 

It was of interest that two isomerized ketones were 
obtained in unequal proportions. An explanation for 
this observation may lie in the fact that 4 probably 
is to a large extent protonated on oxygen in the acid 
solution. If this is the species that undergoes ring 
opening, then the more stable of the two positive in- 
termediates leading to 5 and 6 should be the one which 
gives 6. It has the greater separation of formal 
charges. 

The difference in the ratio of 5:6  obtained with dif- 
ferent acids may reflect the degree to which the ketone 
4 is protonated in each case. 

mOH + - W O H  + mOH + 

1 1 
.6 5 

(13) F. D. Gunstone and A. P. Tulloch, J .  Chem. Soc.,  1130 (1955). 
(14) L. Dorfman, Chem. Rev., 68, 47 (1953). 
(15) N. 9. Bhaoca, L. F. Johnson, and J.  N. Shoolery, “Varian NMR 

Spectral Catalogue,” Vol. 1, Varian Associates, Palo Alto, Calif., 1962, 
spectra 271 and 275. 
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A second cyclopropyl ketone, tricyclo [4.3.1.0116]- 
dec-3-en-8-one (9), was donated to us for this study 

9 10 

by Dr. Phillip Radlick.16 Similar acid treatment of 
9 gave, because of its symmetry, one product in 81% 
yield, 10, 4,5-dihydro-3a-methylinden-2(3H)-one. In- 
frared absorption was consistent with it being a con- 
jugated, five-ring ketone. A maximum at 272 mp 
was in agreement with that calculated for the chromo- 
phore present in 1O.l' The nmr spectrum of 10 
showed a three hydrogen singlet at  r 8.82 for the 
quaternary methyl group, a two hydrogen singlet a t  
T 7.84 for the isolated methylene, and a one hydrogen 
singlet a t  r 4.32 for the olefinic C-3 hydrogen; the 
remaining olefinic hydrogens at  C-4 and C-5 appeared 
as an AB pattern, which was further split by the methyl- 
ene at  C-6, giving rise to two pairs of triplets centered 
at  T 3.72 (C-5) and 3.40 (C-4), JAB = 10 CPS, Jvicinal = 
4 cps, and JallYlic = 2 cps. 

Experimental Section1* 
1,2,3,4-Tetrahydro-2-naphthol (1) .-The procedure-of Domin- 

guez for the reduction of @-naphthol to 5,6,7,8-tetrahydro-2- 
naphthol gave in our hands mainly l.'9 Omitting the addition 
of base to the reduction mixture gave 5,6,7,8-tetrahydro-2- 
naphthol. 

1,2,3,4,5,8-Hexahydro-2-naphthol (2) .-Ammonia (1 1.) was 
condensed in a flask fitted with a Dry Ice condenser and con- 
taining 34.46 g (0.233 mole) of 1 dissolved in a mixture of 125 
ml of ethanol and 100 ml of diethyl ether. Sodium (21.4 g, 
0.845 g-atom) was added in small pieces over about 45 min. At 
the end of the addition, the blue color of dissolved sodium per- 
sisted for 15 min. After the blue color disappeared the Dry Ice 
condenser was removed, allowing the ammonia to evaporate 
slowly a t  room temperature. To the residue was added 1.5 1. 
of water and the mixture was extracted several times with fresh 
portions of methylene chloride. The organic layers were com- 
bined, dried over magnesium sulfate, and evaporated on a rotary 
evaporator to yield 32.6 g of a light yellow oil, whose nmr 
showed no aromatic hydrogens. Distillation under nitrogen 
at 0.1 mm gave a small forerun, 83-85' (1.2 g), and a main 
fraction, 85-87' (31.2 E), which crystallized on standing in the 
refrigeretor, mp 45-476 ' 

- 

Anal. Calcd for CIOHIAO: C. 79.95: H. 9.39. Found: C. _ _  _. . I  

79.88; H, 9.32. 
p-Nitrobenzoate had mp (from ethanol) 107-109'. 
Anal. Calcd for C ~ S H ~ ~ N O ~ :  C, 68.21; H, 5.72; N, 4.67. 

Found: C, 68.08; €1, 5.58; N, 4.81. 
cis-Tricyclo [4.4.1.0136] undec-8-en-3-01 (3) .-The Simmons- 

Smith reaction was carried out by the method of LeGoff.'O To 
a stirred suspension of Zn-Cu couple (39 g, 0.60 g-atom) in 100 
ml of dry ether was added approximately 6 ml of methylene 
iodide. The mixture was intermittently heated with an infrared 
lamp until initiation of a reaction was evidenced by continued 

(16) P. Radlick and W. Rosen, J .  A n .  Chen. Soc., 88, 3461 (1966). 
(17)  8. I. Scott, "Interpretation of the Ultraviolet Spectra of Natural 

Products," Pergamon Press Ltd., London, 1964, pp 60-66. 
(18) Analyses were performed by Schwartzkopf Microanalytical Labora- 

tory, Roodside, N. Y. Vpc was carried out using 20% XE60 (60-80 
Chromosorb W) columns and a Wilkens AQOP instrument. Infrared spectra 
were determined on a Perkin-Elmer Model 137 Infracord. Ultraviolet spec- 
tra were determined on a Cary Model 14. Nmr spectra were recorded on a 
Varian A-60, with tetramethylsilane as an internal standard. 

(19) X. A. Domingues, 1. C. Lopez, and R. Franco, J .  Org. Chem., a$, 
1625 (1960). This paper describes the preparation of an extremely active 
Raney nickel catalyst with allows the above hydrogenation to be carried out 
in a low-pressure Parr ahaker; cf. G.  Stork, J .  Am. Chem. Soc., $9, 576 (1947). 

reflux of the ether after withdrawal of the heat. A mixture of 
2 (41 .O g, 0.272 mole) and the remainder of 142.2 g (0.53 mole) of 
methylene iodide was dropped into the reaction a t  a rate which 
maintained a gentle reflux. The reaction was refluxed an addi- 
tional 4 hr and allowed to cool to room temperature. To the 
gray mixture was added cautiously with stirring a saturated 
solution of ammonium chloride. (If this addition is- carried out 
carefully, a granular precipitate forms from which the ether 
solution containing the product can be decanted. The amount of 
ammonium chloride which needs to be added varies from reaction 
to reaction.) The ether solution was decanted and the precipitate 
was washed several times with fresh ether. The combined ether 
extracts were washed twice with saturated ammonium chloride, 
twice with saturated sodium bicarbonate, dried over magnesium 
sulfate, and evaporated on a rotary evaporator to give 44.8 g of 
a spicy smelling syrup which was >95% pure monoadduct by vpc 
analysis. 

Tricyclo[4.4.1 .01~61undec-8-en-3-one (4) .-The crude product 
from the cyclopropanation was oxidized directly without further 
purification by the Jones reagent." Compound 3 (44.8 g in 
400 ml of acetone) was cooled to 0' with an ice bath. Jones re- 
agent was added slowly from a buret while the mixture was stirred 
magnetically. The addition was discontinued when the color 
of the solution turned from green to orange; 75 ml of the reagent 
was required. The acetone was decanted from a green precipi- 
tate and removed on a rotary evaporator a t  room temperature. 
The residue from the evaporation was partitioned between water 
and ether and the water was extracted with several portions of 
fresh ether. The combined ether extracts were washed with satu- 
rated sodium bicarbonate, dried over magnesium sulfate, and 
evaporated under vacuum. Distillation of the product a t  0.5 mm 
gave, after a small forerun, 25.9 g of 4 bp 71-74'. This reaction 
was carried out several times on a IO-mmole scale with yields 
of 89-91%. Compound 4 showed infrared absorption a t  5.84 
and 6.05 p and formed a yellow 2,4-dinitrophenylhydrazone, mp 
154-156'. 

Hydrogenation of 4. Compound 7.-Platinum oxide (13 mg) 
was prereduced in 10 ml of ether. To the suspension was added 
164 mg of 4. Slightly more than the theoretical amount of 
hydrogen was taken up in 40 min when the uptake had ceased. 
The catalyst was filtered and the ether was evaporated to give a 
quantative yield of 7. I ts  nmr spectrum was identical with that 
of an authentic sample.la The product formed a yellow 2,4- 
dinitrophenylhydrazone, mp 154-155" (lit.sb 154-155'), confirm- 
ing the structure of 4. 

Attempted Base-Catalyzed Ring Opening of 4.-Heating 4 with 
potassium t-butoxide in dimethyl sulfoxide under a variety of 
conditions gave only starting material or dark polymeric material. 
Apparently self-condensation of the ketone takes place. 

Only starting material was recovered from treatment of 4 with 
an excess of dimsyl sodium in dimethyl sulfoxide. The ketone 
was also stable to neutral, activity I alumina, being chromato- 
graphed unchanged. 

Acid-Catalyzed Ring Opening of 4. Compounds 5 and 6.- 
To 25 ml of a 1 : 3 mixture of concentrated HC1-acetic acid was 
added 1.62 g of 4. The solution was refluxed under nitrogen for 
3 hr, cooled to room temperature, and poured into 150 ml of 
water. The water was extracted with three portions of ether. 
The combined ether extracts were washed with saturated sodium 
bicarbonate, dried over magnesium sulfate , and evaporated 
under vacuum to give 1.67 g of a dark yellow oil. Kugelrohr 
distillation [bp 80' (0.1 mm)] gave 686 mg of a clear, mobile 
liquid which consisted of a small amount ( <5y0 relative to other 
components) of 4 and two new ketones, 5 (23%) and 6 (777,!, 8s 
shown by vpc. Both showed infrared absorption characteristic 
of doubly unsaturated ketones: 5, 6.0, 6.18, 6.30 p; 6, 
5.98, 6.12, 6.32e0e Their ultraviolet spectra were significantly 
different: 5, X,, 283 mp ( e  21,000) ; 6, 290 m r  ( e  16,200). 
Each formed a 2,4-dinitrophenylhydrazone: 5, mp 188-190' 
(lit>a mp 187-190'); 6, mp 125-127'. 

Anal. Calcd for CI~HIBHIOI: C, 59.64; H, 5.30. Found: C, 
59.57; H, 5.40. 

Essentially the same conditions were used for the ring opening 
using other acids, i.e., equivalent acid concentrations. 

Acid-Catalyzed Ring Opening of 9 .  Compound 10.-Using 
the same conditions as above, 150 mg of 9 was subjected to 
acid-catalyzed ring opening. Work-up and Kugelrohr distilla- 
tion [bp 85' (0.1 mm)] gave 116 mg (78%) of a slightly yellow 
oil, which showed only one peak on the vpc; infrared absorption e 5.90, 6.15, 6.32 p ;  ultraviolet absorption At::" 272 
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( e  20,300). It formed a maroon 2,4-dinitrophenylhydrazone, mp 
162-163’. 

Found: C, 58.79; H, 4.91; N, 16.80. 

catalyst gave the same product in 81% isolated yield. 

Registry No.-2,10271-04-2; 3,10294-80-1 ; 4, 10271- 
05-3; 2,4-dinitrophenylhydrazone of 4, 10271-06-4; 5, 

Anal. Cdcd for Cls”N4O4: ci 58-53; Hi 4.91; Ni 17.06. 

A second experiment using boron trifluoride etherate as the acid 
10271-07-5; 6,  10271-08-6; 2,4-dinitrophenylhydra~0ne 
of 6,  10271-09-7; lo, 10271-10-0; 2,4-dinitrophenyl- 
hydrazone of 10, 10271-11-7. 

Rearrangement of a-Bromocamphoric Anhydride’”-’ 

WALTER L. MEYER, ANGELO P.  LOBO,^^ AND RICHARD N. MCCARTY 
Department of Chemistry, Indiana University, Bloomington, Indiana, and 
Department of Chemistry, University of Arkansas, Fayettevilk, Arkansasle 

Received September 89, 1966 

a-Bromocamphoric anhydride (1) is converted by aqueous sodium carbonate into camphanic acid (2) and the 
rearranged product laurolenic acid (3). Camphanic acid is not converted to laurolenic acid under the same 
conditions, and thus is not an intermediate in the rearrangement. D-( - >wBromocamphoric anhydride-9,9,9-d3 
was prepared from D-( + >isoketopinic acid (14) by lithium aluminum deuteride reduction of the corresponding 
methyl ester to 9-hydroxyisoborneol-2,9,9-d~, selective preparation of the 9-p-toluenesulfonete1 lithium aluminum 
deuteride reduction to D-( - >isoborneol-2,9,9,9-d~, Smett oxidation to I)-( + >camphor-9,9,9-dp (shown to be 
optically pure), oxidation with selenium dioxide and then alkaline hydrogen peroxide to D-( + )-camphoric acid- 
9,9,9-ds, and bromination. Rearrangement of this labeled bromo anhydride produced D-(+ >laurolenic acid in 
which the deuteriomethyl group is located exclusively a t  the 2 position. Consequently the rearrangement in- 
volves stereospecific migration of the methyl which is c h  to the carboxyls of a-bromocamphoric acid. These re- 
sults indicate that methyl migration is concerted with bromide loss, and that neither a-carboxylate participation 
in bromide loss (through an Plactone or its mechanistic equivalent) or carbene formation is involved. 

In  1885 Fittig and Woringer reported that a-bromo- 
camphoric anhydride (1) was converted by boiling 
water into a mixture of an unsaturated acid, laurolenic 
acid (called lauronolic acid in the older literature), and 
the lactonic acid, camphanic acid (2).2 Aschan3 found 
that the yield of laurolenic acid was improved somewhat 
a t  higher pH, and t,hat the a-chloro anhydride gave 
similar results. The correct structure for laurolenic 
acid (3) was first suggested by Lapworth14 and this 
assignment has been confirmed by subsequent physical 
and degradative evidences-8 and our recent synthe- 
sis. lo 

z 1 

Although laurolenic acid is the minor product of the 
bromo anhydride hydrolysis (15% yield), it is in many 

(1) (a) Abstracted in part  from the Ph.D. dissertation of A. P. L., Indiana 
University, 1966; (b) supported in part by National Science Foundation Re- 
search Grant GB-1606; (c) presented in part a t  the 2nd Midwest Regional 
Meeting of the A. C. S., Lawrence, Kan., Oct 27-28, 1966; (d) U. 9. Govern- 
ment Grantee, 1960-1962, administered by the Institute of International 
Education; Coulter Jones Scholar, University of Arkansas, 1965-1966; (e) 
correspondence regarding this work should be directed to W. L. M. a t  this 
add res 8. 

(2) R. Fittig and L. Woringer, Ann., 117, 1 (1885). 
(3) 0. Aschan, Ber.. 17, 2112, 3504 (1894); Ann., 290, 185 (1896). 
(4) A. Lapworth, Brit. Assoc. Advance. Sci. Rept., 299 (1900); A. Lap- 

worth, J. Chem. Soc., 77, 1053 (1900); A. Lapworth and W. H. Lenton, ibid., 
79, 1284 (1901). 

(5) J. F. Eykman, Rec. Trau. Chim., 12, 157 (1893); Chem. WeekbZad, 4, 41 
(1906). 

(6) J. Bredt, ,J. Houben, and P. Levy, Ber., 85, 1286 (1902). 
(7) W. A. Noyes and C. G. Derrick, J .  A n .  Chem. Soc., 81, 669 (1909); 
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