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40 ml of a 3 M solution of diborane in THF.  After 1 additional 
hr a t  room temperature and oxidation with hydrogen peroxide 
the solution was extracted with ether and distilled yielding 5 g 
of a product, bp 80-82' (25 mm), Pmax (neat) 3330 cm-1. 

A n a l .  Calcd for C7H140: C,  73.7; H, 12.3. Found: C, 
73.7; H, 12.3. 

This mixture of isomers could not be separated by glpc on a 
series of columns. Finally, the analysis was performed by two 
determinations. A 17-ft column of 10% Diglycerol on acid- 
washed Chromosorb P separated a mixture of XXVI and XXVII 
from XXV and XXVIII (ratio 47: 53). These two latter alcohols 
were separated only partially. The mixture of alcohols was 
therefore oxidized and the mixture of ketones was analyzed 
on the same column. The percentages of all the alcohols were 
obtained by a combination of the two determinations. 

Oxidation of the Product of Hydroboration of XX1V.-A solu- 
tion of 1 g of chromic acid and 1.6 g of sulfuric acid in 4 ml of 
water was added dropwise during 10 min to a solution of 4 g of 
the mixture of alcohols in 40 ml of acetone cooled to - 5 " ;  the 
reaction mixture was left for 1 hr a t  0". Several drops of metha- 
nol were then added to decompose excess of chromic acid. The 
solution was filtered and the precipitate was washed with metha- 
nol. The filtrate was concentrated in uacuo, water (50 ml) was 
added, and the product was extracted five times with 30-ml 
portions of dichloromethane. Evaporation of the solvent left 
3.2 g of a residue, that was analyzed by glpc, showing that 60% 

of the alcohols were oxidized to ketones and that the ratio of 
peaks of the remaining alcohols changed only slightly relative 
to the starting material. The axial alcohols were oxidized some- 
what more rapidly and the ratio of (XXVI + XXVII)/(XXV + 
XXVIII) was now 42 : 58. 3-Methylcyclohexanone (Aldrich) , 
4-methylcyclohexanone (Fluka), and 4-methylcyclohexene (Ald- 
rich) of reference were commercial products. The alcohols of 
reference were obtained by reduction of the ketones with lithium 
aluminum hydride, which gave mixtures of known proportion 
of isomers.27 
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T'inylcyclopropane and spiro [2.5]oct-4-ene are hydroborated by diborane in dry tetrahydrofuran; the organo- 
boranes formed are oxidized by alkaline hydrogen peroxide. An analysis of the resulting carbinol mixtures has 
revealed that vinylcyclopropane produces cyclopropylmethylcarbinol and 2-cyclopropylethanol in the ratio 
3:97, while spiro[2.5]oct-4-ene gives a mixture of spiro[2,5]octan-401 and -5-01 in the ratio 22:78. Compared 
with the ratio of isomeric carbino1s:observed in ordinary terminal and internal olefins, these two olefins under con- 
sideration exhibit different product distributions, i.e., a marked increase in p alcohol is to be noted. From this 
it may be safely assumed that the cyclopropyl group is more electron releasing than other alkyl groups. 

A number of extensive studies in the directive effect 
of various substituents in hydroboration' have made it 
clear that the electronic effect of the substituent is one 
of the important factors controlling the direction of 
boron attack where diborane is utilized. With cyclo- 
propyl, however, no comparable work is available as 
yet, but its unique double-bond character2 -4  ought 
to  lead to  significant observations and fruitful discus- 
sions about the possible behavior of cyclopropyl group 
in hydroboration, e . g . ,  whether it works as an alkyl 
group or as an unsaturated group in its influence on 
the direction of boron attack. The present paper aims 
to  discuss the directive effect of cyclopropyl group from 
this point of view with reference to both terminal and 
internal olefins. 

Results 

Olefins investigated were vinylcyclopropane ( l),  
vinylcyclohexane (2), and spiro[2.5]oct-4-ene (3). 
Olefin 1 was obtained by the reductive debromina- 
tion5 of 2,2-dibromo-l-vinylcyclopropane, prepared by 
the addition of dibromocarbene to 1,3-b~tadiene;~ 

(1) H. C. Brown, "Hydroboration," W. .4. Benjamin, Inc., New York, 

(2) M. Y. Lukina, Russ. Chen. Rev., 31, 419 (1962). 
(3) M. Charton, J .  Chem. Soc., 1205 (1964), and references cited therein. 
(4) A. L. Goodman and R. H. Eastman, J. Am. Chem. Soc., 86, 908 

(5) W. E. yon Doering and A. K. Hoffmann, ibid., 76, 6162 (1954). 
(6) R. C. Woodworth and P. S. Skell, ibid., 79, 2542 (1957). 

N. Y., 1962. 

(1964), and references cited therein. 

olefin 2 was a commercial product; olefin 3 was ob- 
tained by the thermal decomposition of spiro [2.5]oct- 
4-yl xanthate, the purities of these olefins being 97- 
98.5% on vpc analysis. The external hydroboration 
technique' was employed. The organoboranes formed 
were oxidized by alkaline hydrogen peroxide,l and the 
resulting alcohol mixtures were subjected to vpc 
analysis. 

The major product in each case was isolated and 
characterized as indicated below. 2-Cyclopropyleth- 
anol was converted to crystalline phenylurethan, mp 
63.9-64.1 O, and p-naphthalenesulfonate, mp 26.0- 
27.0'. The analytical results and nmr and infrared 
spectra were in accordance with the 2-cyclopropyl- 
ethyl structure. 2-Cyclohexylethanol was derived to 
the known 3,5-dinitrobenzoate, mp 71.3-71.8' (lit.8 
mp 71-72'). The structure of spir0[2.5]octan-5-01 
was established by the comparison with authentic 
material, prepared from 3-methylenecyclohexanol via 
the Simmons-Smith reaction.9 A mixture melting 
point of the 3,5-dinitrobenzoate, mp 98.4-99.4', from 
both samples, showed no depression. The minor com- 
ponent was checked against authentic material by 
comparing its retention time on vpc. 

In runs 1, 2, and 3, 2-cyclopropylethanol was iso- 
lated in 71432% yield, while a mixture of spiro[2.5]- 

The results are shown in Table I. 

(7) G. Zweifel and H. C. Brown, Ore. Reactions, 13, 1 (1963). 
(8) H. C. Brown and G. Zweifel, J .  Am. Chem. SOC., 83, 1241 (1961) 
(9) I. Moritani and T. Tsuji, the manuscript in preparation. 
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TABLE I 
P R O D U C T  DISTRIBUTIONS IN T H E  HYDROBORATION-OXID.4TION O F  

VINYLCYCLOPROPA4NE ( I ) ,  V I N Y L C Y C L O H E X A N E  (z), AND 

S P I R 0 [ 2 . 5 ] O C T - & E N E  (3) 
Mole ratio --Carbinolb- 

Temp,a of olefin/ % a  % P  
Run Olefin OC BHa attack attack 

- 10 1: 1 
- 10 1 : 1/8 

- 30 1: 1 
- 30 1 : 1 / 3  

0 1: 1 
20 l:'/$ 
0 1:l 
0 1 : '/$ 

- 60 1 

3 c  9 7 d  
3" 9 7 d  

3 c  9 7 d  
49 96d 
6" 94J 
88 92J 

219 7 9 h  
240 76h 
22Q 78h 

a A temperature of the hydroborating flask. * In  runs 1-4, two 
other very minor peaks (<2%) were detected, which were neither 
cyclopentad nor cyclobutylcarbinol. In  runs 7-9, a broad, 
unidentified peak, corresponding to approximately 12% of total 
area, appeared after a far longer retention. The figures given are 
normalized. Cyclopropylmethylearbinol. d 2-Cyclopropyl- 
ethanol. e Cyclohexylmethylcarbinol. J 2-Cyclohexylethanol. 
a Spir0[2.5]octsn-4-01. Spiro[2.5]octan-5-01. 

octan-4-01 and -5-01 was isolated in 81.5% yield in 
run 7. 

Discussion 
The present experiment has clearly shown that 

reaction products virtually retain the cyclopropane 
structure, which may be taken to imply that the cyclo- 
propane ring conjugated with a double bond does 
not suffer any appreciable cleavage under hydro- 
boration-oxidation procedure. Recently Rickborn and 
Wood lo have reported a cleavage of cyclopropanes with 
diborane, indeed, but the cleavage in that case had 
resulted in the absence of an ethereal solvent at  a rela- 
tively high temperature (100"). That is certainly 
irrelevant here and it is to be concluded, therefore, 
that cyclopropane rings will generally survive the hy- 
droboration conditions.lv7 

As is shown in Table I, the directive effect of the 
cyclopropyl group in hydroboration deserves our at- 
tention. In the case of monosubstituted terminal 
olefins, previous investigations' have established that 
boron atom is placed predominantly at  the terminal 
position in 93-947, (4, 5, and 6 ) .  It is to be noted 
that vinylcyclohexane (2) exhibits the same product 
distribution. However, vinylcyclopropane (1) is seen 
to undergo hydroboration with a greater preference for 
terminal att,ack (97yo) than that observed in 2, 4, 5, 

[~-cH==cH, C)--CH=CH, R--CH=CH* 

t t  I t  t t  
3 97 7 93 6-7 93-94 

5, R=isopropyl 
6, R =t-butyl 

1 2 4, R =  ethyl 

and 6. This interesting effect is more manifest in the 
internal olefin. It is well known that, in the hydro- 
boration of disubstituted internal olefins, boron be- 
comes attached almost equally to each one of the two 
olefinic carbons.' As a typical example, 3,3-dimethyl- 
cyclohexene (7) gives a mixture of 50Yc a and 50Tc 
(10) B. Rickborn and S. E. Wood, Chem. Ind.  (London), 162 (1966). 

p alcohol.' However, in spiro [2.5]oct-+ene (3), more 
boron comes to the p position (78%). Apparently, a 
cyclopropyl group exerts an interesting effect on the 
direction of boron attack such that it places a greater 
amount of boron at  the position p to the cyclopropyl 
group. 

22 78 50 50 

3 7 

In view of the fact that the steric hindrance cannot 
be an important factor controlling the direction of 
boron attack when diborane is utilized,' the product 
distribution observed in the present study should be 
attributed to the electronic effect of the cyclopropyl 
group. According to its double-bond chara~ter,~-4 
the cyclopropyl group might exhibit an effect similar 
to that of an unsaturated group, such as vinyl or phenyl. 
Indeed, it is known that cyclopropanecarboxylic acid 
is weakly more acidic,11-13 as is benzoic acid,I1 than'other 
cycloalkanecarboxylic acids. However, this is not the 
case in hydroboration, and an interesting contrast 
comes out when the present result is compared with 
the direction taken in styrene derivatives.' trans-2- 
Methylstyrene (8) is known to be hydroborated prefer- 
entially at  the a! position, whereas olefin 3 reacts prefer- 
entially at  p. Compared to an alkyl group, the direc- 
tive effect of the cyclopropyl group is thus in the op- 
posite direction to that of phenyl. A similar directive 
influence of vinyl group is seen in the monohydrobora- 
tion of cyclohexa-l,3-diene (9) by diborane; boron 
makes its attack predominantly at the position a! to 
the other double bond.'* 

t t  
85 15 65 35 

8 9 

In  the hypothesis of the polarized transition state 
suggested by Brown,' one of the important factors 
controlling the anti-Markovnikov addition of boron 
to ordinary alkene is said to be an electron-releasing 
effect of the alkyl group.' In styrene derivatives, it is 
suggested that the phenyl group can not only stabilize 
the transition state 10 by supplying electron density; 
it can also stabilize transition state 11 by absorbing 
electron density.' Consequently, the attack of boron 
atom at the a position of olefin is more enhanced than 
that observed in alkenes. After these discussions, 
the present results would seem to be fairly significant. 
It is clear that the cyclopropyl group differs greatly 

(11) A. Albert and E. P. Serjeant, "Ioniaation Constants of Acids and 
Bases," Methuen and Co. Ltd., London, 1962, p 124. 
(12) J. D. Roberts and V. C. Chambers, J .  A m .  Chem. SOC., 78,  5030 

(1951). 
(13) M. Kilpatrick and J. G. Morse, ibid., 76, 1854 (1953). 
(14) G. Zweifel, K. Nagase. and H. C. Brown, ibid., 84, 183 (1962). 
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from unsaturated group, such as phenyl, and it stabi- 
lizes particularly transition state 12 by supplying elec- 
tron density. Moreover, the degree of electron supply 
here exceeds that of alkyl groups. A special feature of 
a cyclopropyl group consists in that it interacts elec- 
tronically with an adjacent olefinic group only in such 
a manner that it supplies an electron, and this is also 
observed in the ultraviolet study of para-substituted 
phenylcyclopropanes. l 5  

W ! !  W ! !  

10 11 

12 

An electron-donating character of cyclopropyl group 
to an adjacent electron-deficient center is most strik- 
ingly demonstrated in cyclopropylcarbinyl cation,ls-l9 
and recent investigations have shown that the maxi- 
mum inberaction can be achieved with the bisected 
c o n f ~ r m a t i o n . ~ ~ - ~ ~  Similarly, the bisected conforma- 
tion is also important for the interaction of cyclopro- 
pane with an adjacent olefinic g r o ~ p . ~ * * ~ ~  I n  the 
present case, olefin 3 is structurally faed in a bisected 
conformation so that the electronic interaction has 
overcome t,he electron-withdrawing inductive effect 
of the cyclopropyl group.12 Viaylcyclopropane (1) 
is also capable of taking a bisected conformation. 

Finally, it will be of interest to point outz6 that the 
relative effects of the three groups in directing hydro- 
boration, cyclopropyl > methyl > phenyl, are reflected 
in the relative values of up+, -0.484,23 -0.311,27 and 
-0.179,27 respectively. 

Experimental Section28 

Vinylcyclopropane ( 1) .-2,2-Dibromovinylcyclopropane, bp 
60-66' (20 mm), was obtained in 67% yield by the addition of 

(15) L. A. Strait, R. Xetcham, D. Jambotkar, and V. P. Shah, J. A m .  

(16) J. D. Roberts and R. H. Maaur, ibid., 75, 2509.3542 (1951). 
(17) C. G .  Bergstrom and S. Siegel, ibid., 74, 145 (1952). 
(18) (a) H. Hart and J. M. Sandri, ihid., 81, 320 (1959); (b) H. Hart and 

(19) N. C. Deno, H. G .  Richey, Jr., J. S. Liu, J. D. Hodge, J. J. Houser, 

(20) C. U. Pittman, Jr., and G. A. Olah, ibid., 87, 2998, 5123 (1965). 
(21) (a) N. C. Deno, J. S. Liu, J.  0. Turner, D.  N. Lincoln, and R. E. 

Fruit, Jr., ibid., 87, 3000 (1965); (b) N. C. Deno, H. G. Richep, Jr., J. S. 
Liu, D.  N.  Lincoln, and J. 0. Turner, ibid., 87, 4533 (1965). 

Chem. Soc., 86, 4628 (1964). 

P. A. Law, ibid., 84, 2462 (1962). 

and M. J. Wisotsky, ihid., 84, 2016 (1962). 

(22) T. Shsrpe and J. C. Martin, ihid., 88, 1815 (1966). 
(23) H. C. Brown and J. D.  Cleveland, ibid., 88, 2051 (1966). 
(24) G. L. Closs and H. B. Klinger, ibid., 87, 3265 (1965). 
(25) (a) W. Lilttke and A. de Meijere. Anuew. Chem., 78, 544 (1966); (b) 

W. Liittke, A. de Meijere, H. Wolff, H. Ludwig, and H. W. Schrctter, ibid., 
78, 141 (1966). 

(26) The authors are indebted to Professor H. C. Brown of Purdue Uni- 
versity, Lafayette, Ind., who has kindly suggested this point. 

(27) H. C. Brown and Y. Okamoto, J .  Am.  Chem. SOC., 80, 4979 (1958). 
(28) Melting points were determined by a liquid bath and are corrected; 

boiling points are uncorrected. Infrared spectra were recorded by a Hitachi 

dibromocarbene to 1,3-b~tadiene.~ The infrared spectrum was 
superimposable with that reported in the literature.@ Since this 
dibromo compound was rather sensitive to light and oxygen in 
the air, it  was debrominated6 without further purification, 

A 3-1. , four-necked flask was equipped with a mechanical stirrer, 
a pressure-equalized dropping funnel, and an air condenser, 
the top of which was led to a Dry Ice cooling trap through a 
long, spiral condenser. In  this flask, 129 g (0.571 mole) of 2,2- 
dibromovinylcyclopropane and 300 ml of dioxane were intro- 
duced. The fourth neck was stoppered and the solution was 
cooled with running water. While a mixture of 1500 ml of ethanol 
(95%) and 50 mi of distilled water was added dropwise from the 
dropping funnel, small pieces of metallic sodium, total of 212 g 
(9.22 g-atom), were added intermittently from the fourth neck. 
After the addition of metallic sodium was completed and the 
reaction ceased, 900 ml of water was added to the reaction mixture 
and the flask was heated on a water bath a t  60-70' for 1 additional 
hr. The reaction product collected in the Dry Ice trap was 
dried by metallic sodium and distilled through a 45-cm Widmer 
distilling column. A fraction boiled a t  37.0-40.0' (22.6 g, 
58% yield) was collected and it was rectified by means of a 
60-cm Helipack fractionating column. There was obtained vinyl- 
cyclopropane (95% pure on vpc): bp 40.0-40.2°, n% 1.4137 

bp 40.19', n% 1.4138). The infrared spectrum was super- 
imposable with reported 0ne.29 A further purification by prepara- 
tive vpc gave vinylcyclopropane of 96-9770 purity, which was 
used for the further investigation. 

Spiro[2.5] oct-4-yl Xanthate.-The sodium borohydride reduc- 
tion of 2-N,N-dimethylaminomethylcyclohexanone30 afforded the 
corresponding cyclohexanol in 48% yield. A thermal decomposi- 
tion of its N-oxides' gave 2-methylenecyclohexanola2 in 45% 
yield. An application of the Simmons-Smith reaction to 2- 
methylenecyclohexanol gave spiro[2.5] octan-4-01: bp 65-67' 
(7  mm), 12% 1.4781 [lit.33 bp 76-78' (20 mm), 72% 1.47721, 
72y0 yield. 3,5-Dinitrobenzoate melted at  113.2-114.2' and 
showed a satisfactory elemental analysis.9 

Spiro[2.5]oct-4-y1 xanthate was prepared by the reaction of 
sodium spiro [2 .5]  octan-4-oxide with carbon disulfide and methyl 
iodide in dry ether.a4 Solid precipitates were removed by a 
filtration and the solvent was removed under the reduced pres- 
sure. Recrystallizations of the solidified residue from low- 
boiling petroleum ether gave white, crystalline xanthate, mp 
30.5-31.5', in 58.4% yield. 

Anal. Calcd for ClOII16OS2: C, 55.51; H, 7.45. Found: C, 
55.61; H,  7.55. 

Spiro[2.5]oct-4-ene (3).-Spiro[2.5]oct-4-yl xanthate was 
decomposed a t  120-200' in 2 hr according to the procedure de- 
scribed by Alexander and M ~ d r a k . ~ ~  A fractional distillation of 
the reaction product collected in a Dry Ice cooling trap gave 
olefin boiling a t  129-130°, n% 1.4740, in 62% yield (98.5% pure 
on vpc) . 

Anal. Calcd for C8H12: C, 88.82; H, 11.18. Found: C, 
88.50; H, 11.20. 

This olefin exhibited characteristic infrared absorptions a t  
3000 and 1010 for a cyclopropane, and at 3065 and 1640 cm-1 
for a double bond. Signals observed in the nmr spectrum were 
a singlet a t  7 9.54 (four hydrogens), a multiplet a t  8.60-7.85 
(six hydrogens), a doublet a t  5.05 (one hydrogen, J = 10 cps), 
and a multiplet a t  4.30-4.55 (one hydrogen). These spectral 
results confirmed the structure of spiro[2.5] oct-4-ene. 

Hydroboration-Oxidation and the Analytical Procedure.-An 
external hydroboration technique' was employed: a desired 
quantity of diborane was generated and bubbled through a 
solution of olefin (75  mmoles) in 30 ml of dry tetrahydrofuran. 
The solution was cooled by a suitable cooling mixture during 

EPI-$2 infrared spectrophotometer; ultraviolet spectra were obtained by  a 
Hitachi EPS-2U spectrophotometer, Nmr spectra were recorded either by  
a Varian A-60 spectrometer or by a Japan Electron Optics JNM-4H-100 
spectrometer. Vpc analyses were made by a Yanagimoto GCG-3 gas chro- 
matograph. Microanalyses were done by the Microanalytical Laboratory, 
Faculty of Engineering and Faculty of Engineering Science, Osaka Univer- 
sity, Osaka, Japan. 

(29) V. A. Slabey, J .  Am. Chem. Soc., 74, 4930 (1952). 
(30) (a) C. Mannich, Arch. Pharm., 966, 251 (1927); (b) C. Mannich and 

R. Braun, Chem. Be?., 63, 1874 (1920). 
(31) A. C. Cope and E. Ciganek in "Organic Syntheses," Coll. Vol. IV, 

N. Rabjohn, Ed., John Wiley and Sons, Inc., New York, N. Y., 1963, p 612. 
(32) A. 5. Drieding and J. A.  Hartman, J. Am. Chem. SOC., 76,939 (1953). 
(33) W. G. Dauben and G .  H. Berezin, ibid., 86, 468 (1963). 
(34) E. R. Alexander and A. Mudrak, ibid., 72, 1810 (1950). 



942 COPE, GLEASON, MOON, AND PARK VOL. 32 

the reaction (see column 3 in Table I). Resulting organoboranes 
were oxidized by alkaline hydrogen peroxide,' and the carbinol 
mixture was extracted with three portions of ether. The com- 
bined ether solution was dried over anhydrous magnesium 
sulfate, and the concentrated ether solution was injected into 
vpc for quantitative analysis. The reaction conditions and the 
results of analyses are given in Table I. 

A major component in the product was isolated and its struc- 
ture was established as described later. A minor component 
was ascertained by comparing its retention time on vpc with 
that of authentic material. In  the case of vinylcyclopropane 
(I), analyses were made under the following vpc conditions: 
(i) glycerol a t  75", (ii) silicone DC-550 a t  go", and (iii) Carbo- 
wax 6000 a t  99'. Besides a major peak, 2-cyclopropylethanol, 
there appeared three very small peaks, one of which was found 
to be cyclopropylmethylcarbinol based on its retention time. 
Two remaining very minor peaks (<2% of total area) were 
neither cyclopentanol nor cyclobutylcarbinol and their structures 
could not be ascertained. The reaction product of vinylcyclo- 
hexane (2, commercial product, >99% pure) was analyzed on 
a Carbowax 6000 column a t  183'. In  the case of spiro[2.5]oct- 
4-ene (3),  the resulting carbinol mixture was successfully analyzed 
on a Glycerol column at  120". Besides two peaks, corresponding 
to spir0[2.5]octan-4-01 and -5-01, a broad peak appeared after 
a far longer retention in the column. This peak corresponded 
to approximately 12% of total area and could not be char- 
acterized. 

Isolation and Characterization of the Product.-In runs 1, 2, 
and 3 (Table I), distillation of the concentrated ether extract 
gave 2-cyclopropylethanol: bp 140-141", 12% 1.4328 (lit.a5 
TPD 1.4327), 71-82% yield. Its phenylurethan melted at  63.9- 
64.1 O (from low-boiling petroleum ether). 

Anal. Calcd for C12H16N02: C, 70.22; H, 7.37. Found: 
C, 70.02; H, 7.27. 

p-Naphthalenesulfonate, prepared by the method described 
by Streitwieser,a6 was successfully purified by a distillation and 
the fraction boiling at 175-177" (0.03 mm) solidified on standing, 
mp 26.0-27.0'. 

Anal. Calcd for C1~H1603S: C, 65.19; H, 5.84. Found: C, 
65.24; H, 5.89. 

2-Cyclopropylethanol exhibited characteristic infrared absorp- 
tions for cyclopropane a t  3080 and 1010 em-'. In  the nmr spec- 
trum, it showed a multiplet a t  T 9.33-10.14 (five hydrogens), 

(35) H. Hart and D. P. Wyman, J. Am.  Chem. Soc., 81, 4891 (1959). 
(36) A. Streitwieser, Jr., and W. D. Schaeffer, ibid., 79, 6233 (1957). 

a quartet a t  8.59 (two hydrogens, J = 7 cps), a triplet a t  
6.41 (two hydrogens, J = 7 cps), and a singlet a t  5.93 (one hydro- 
gen). These results confirmed the 2-cyclopropylethyl structure. 

In  the hydroboration of vinylcyclohexane (2) , the main 
product, 2-cyclohexylethanol, was isolated and derived to the 
known 3,5-dinitrobenzoate1 mp 71.3-71.8' (lit.* mp 71-72"). 

In  run 7 (Table I),  a mixture of spir0[2.5]octan-4-01 and -5-01 
was isolated in 81.5y0 yield. The mixture was subjected to a 
preparative vpc and spiro[2.5]octan-5-01 was collected. I ts  
3,5-dinitrobenzoate melted a t  98.4-99.4'. 

Anal. Calcd for Cl&N208: C, 56.24; H, 5.04; N, 8.75. 
Found: C, 56.27; H, 5.21; N, 8.89. 

Preparation of Authentic Materials.-Cyclopropylmethyl- 
carbinol was obtained in 42yc yield from methylvinylcarbinola~ 
via the Simmons-Smith reaction: bp 122.5-123.5", n% 1.4315 
(lit.88 bp 121-121.5', 72% 1.4310). Phenylurethan melted a t  

Anal. Calcd for C12H15N02: C, 70.22; H, 7.37; N, 6.82. 

Cyclobutylcarbinol was prepared by the hydroboration of 
methylenecyclobutane.8Q A fraction boiled a t  136-144' (ob- 
tained in 58% yield) was a mixture of three compounds, in which 
cyclobutylcarbinol was a main component (78%). Consequently, 
cyclobutylcarbinol was purified by the preparative vpc: n% 
1.4438 (lit. bp 140-141°,40 n% 1.4440,41 nZ6D 1.4430u). 
p-Naphthalenesulfonate melted at  44.0-44.5'. 

Anal. Calcd for C15H160aS: C, 65.19; H, 5.84. Found: 
C, 65.35; H, 5.88. 

Cyclohexylmethylcarbinol was obtained in 67% yield from 
cyclohexylmagnesium chloride and acetaldehyde: bp 94-97' 
(28 mm), n l Q ~  1.4667 [litS42 bp 82-83' (12 nim), nZ0D 1.46583. 

Registry No.-1, 693-86-7; 2, 695-12-5; 3, 7647-57-6; 
spiro [2.5]oct-4-y1 xanthate, 7647-58-7; 2-cyclopropyl- 
ethanol, 2566-44-1 ; 2-cyclopropylethanolphenylure- 
than, 7647-59-8; 2-cyclopropylethanol p-naphthalene- 
sulfonate, 7647-60-1 ; spiro [ 2.5 10 c t an-5-01, 7647-6 1-2 ; 
spiro [2 .5 Ioctan-5-01 3,5-dini trobenzoate, 7647-62-3. 

68.5-69.0'. 

Fouild: C, 70.30; HI 7.44; N, 6.91. 
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Arenesulfonates of six bicyclo [4.2.0] octanols have been solvolyzed in acetic acid and the products have been 
3-Cycloocten-1-01 and the bicyclo [4.2.0]octan-7-ols have been shown to be possible intermediates in identified. 

the formation of trans-2-vinylcyclohexanol from the solvolysis of various cyclooctane derivatives. 

The bicyclo [4.2.0]octane system has been of interest 
to us because some of the products obtained from reac- 
tions of medium-ring compounds have been derived 
from intermediates possessing that carbon skeleton. 
An example is trans-2-vinylcyclohexanol, which has 
been isolated from the solvolyses of cis,cis-l,5-cyclo- 
octadiene, cis-cyclooctene 0xide,5 and 3-cycloocten-1-yl 
brosylate.6 We here report a study of the solvolyses 
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National Science Foundation. 
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of the arenesulfonates of six bicyclo [4.2.0]octanols, 
Throughout the paper the ex0 and endo isomers of 
bicyclo [4.2.O]octan-7-01, bicyclo [4.2.0]octan-2-01, and 
bicyclo [4.2.0]octan-3-01 will be referred to as exo-1 and 
endo-1, exo-2 and endo-2, and ex03 and endo-3, respec- 
tively. 

The brosylate of exo-1 was unstable a t  room tem- 
perature and rearranged to trans-2-vinylcyclohexyl 
brosylate on standing for a few minutes. The tosylate 
of ezo-1 was solvolyzed at  room temperature in glacial 
acetic acid-sodium acetate and the solvolysis products 
after saponification and separation by gas chromatog- 
raphy were found to be trans-2-vinylcyclohexanol 
(48%), exo-7-norcaranemethanol' (2l%), and exo-1 

(7) A. C. Cope and J. A.  Meschino, to be published. 


