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Ab@rwt-Scveral methylcyclopropanes have been prepared in 32-%x yield by the reaction of olefins 
with ethylidene iodide and diethylzinc. The reaction is ektrophilic, and prcceeds stereospecifically. 

\ / 

\ c=c’ + CHsCHI, + Et,Zn - 
/c\qT 

/ \ 
H’ \cH, 

In the case of the reaction with 1,2disubstituted olefins, cis and truns olefm affords cyclopropane deriva- 
tives whose configurations with respect to the substituents from original olefii are cb and frans, respec- 
tively. 

The reaction yields predominantly the unti isomer from olefins containing the hydroxyl group such as 
ally1 alcohol, 2-buten-l-o1 and cyclopenten4-01. On the other hand, the syn isomer is obtained predomin- 
antly from other types of olelins. Stereochemistry of the reaction is discussed. 

SYNTHESIS of methyl-substituted cyclopropanes from olefins have been reported 
by several authors. l4 Frey’ prepared cis- and trans-1,2- dimethylcyclopropane in 
low yield by the photolysis of diazoethane in the presence of propene. where the reac- 
tion showed syn selectivity.* 

CH,=C 
/H 

+ CHsCHN, - 
CH,CH,- 

‘CH, 
cHPCHs 

1 

(cis /runs = 1.4) 

Katz and GarratP prepared e&o-9-methylbicyclo[6.l.O]nonatriene in 3% yield 
by the reaction of dilithium or dipotassium cyclooctatetraenide with ethylidene 
chloride. 

0 
H 

/-‘, ,’ - 1 
\- : + CH3CHC12 - 
._*’ 

(cndo) 

(ii) 

l The terms, syn and anti selectivity and syn and anri configuration, are used in the sense defined by 
R. A. Moss, J. Org. Chem. 30.3261 (1965). 
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These methylcarbene and carbenoid exhibit syn selectivity. On the other hand, 
Simmons et aL3 prepared exe-7-methylnorcarane in 3.6% yield from cyclohexene 
by its reaction with ethylidene iodide and zinc-copper couple. 

H or C”3 

0 
+ CH3CH12 + Zn(Cu 1 - H 

(iii) 

ax0 

Wittig and Jautelat4 modified this method (iii) by using 1-iodoethyl benzoate 
instead of ethylidene iodide and prepared en&- and exe-7-methylnorcarane in 29% 
yield from cyclohexene. 

0 + C6”5e,gl + ZncC”) - (gH3S (iv) 

(exo/endo = 19) 

An improved method was proposed previously’ for preparing methylsubstituted 
cyclopropanes by the reaction of olefms with ethylidene iodide and diethylzinc. The 
details of the reaction are described in this paper. 

\ / 

\ 
C-C’ 

/ \ 
+ CH,CHI, + Et,Zn - 

‘$\ 

H’ ‘CH, 

(4 

The reaction (v) is exothermic and is controlled to complete within several hours. 
Results are summarized in Table 1. 

Similarly to the case of the reaction with methylene iodide (vi),6 electron-donating 
substituents in olefm increase both the yield and rate of the reaction (v). Consequently, 
the reaction is electrophilic. 

\ c=c’ + / \ CH& + Et,Zn - CH, (4 

The reaction (v) produces methylcyclopropanes in a stereospecitic way. Cis- 
propenyl isopropyl ether afforded a 9.2 : 1 mixture of cis-l,cis-241) and cis-l.aans-2- 
dimethyl-34sopropoxycyclopropane (11) but the mm-rrans isomer (111) was not 

CH3CHIz f Et2Zn - 
(vii) 
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detected. Trots-propenyl isopropyl ether gave a 3.1: 1 mixture of II and III but I 
was not detected in this case. 

H’Jc\c=c/H 
“3 

H’ 

•t CH-JCHI~ -I-EtpZn- 

‘o-i-Pr (viii) 

II III 

The NMR spectra of I, II and III showed the absorptions of the ring proton in the 
geminal position to the isopropoxyl group at 6.81, 7.10 and 744 r, respectively. 
These absorptions were assigned to the ring protons of cis-cis, cis-tram and rrans- 
aans isomer, respectively, on the basis that the methyl group linked to the cyclo- 
propane ring shields the cis proton more than the truns proton.* 

Cyclohexene gave a 1.5: 1 mixture of endo- and exe-7_methylnorcarane, whose 
structure was determined by comparison with authentic samples.3*4 Dihydropyran 

0 1 i- CH$HIz i- EtZZn - (ix) 

Ip Y 

gave a l-4:1 mixture of endo- (VI) and exo-7-methyl-2-oxa-bicyclo[4.l.O]heptane 

(VII). 

+ CHJCHIZ + Et2Zn - $1 (gH3 (x) 

H s2u 

The structures of VI and VII were determined by NMR spectroscopy. They 
showed the methyl protons at 8.96 and 9$)8 T, respectively. These absorptions were 
assigned to the methyl protons of endo and exo isomer, respectively, on the basis that 
the etheral oxygen deshields the protons of the cis methyl group more than those of 
the rrans methyl group.? 

Furan afforded a 3.2 : 1 mixture of two isomeric compounds A and B, for which there 
are five possible structures. 

The NMR spectrum of A contained a doublet (J - 6.0 c/s) at 8.79 r due to the 
methyl protons, while the NMR spectrum of B contained two doublets at 8.82 T 
(J - 6.0 c/s) and 9.12 r (J - 3-O c/s) due to the methyl group, This fact indicates 
that A has two endo methyls, while B has one endo and one exo methyl. Therefore A 

l Set Ref. 66. footnote p. 54. 
t For example, cis- and trmrci-1-methyl-24sobutoxycyclopropane showed the methyl proton iinked to 

cyclopropane ring at 8.87 and 905 5. respectively. 6b The shielding effect of the methylene group linked to 
the cyclopropaae ring on the methyl group will not be very .significant because methyl protons of endo- 
and exe-7-methylnorcarane appeared at 945 and 902 7, respectively. 
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the cis coloration with respect to the isopropoxyl group rather than to methyl 
group. In reaction (i), the cis/truns isomer ratio is 1.4.’ Reaction (ii) gives the syn 
isomer exclusively.2 Thus, reaction (v) shows the same steric preference as reactions 
(i) and (ii). On the other hand, the Simmons-Smith reaction (iii) and related reaction 
(iv) give the exe isomer exclusively from cyclohexene. The anti selectivity of the latter 
reactions might be due to the presence of zinc metal in the reaction systems, or to the 
difference of transition state for reactions (iii) and (Y).* 

The reaction of methylene iodide and diethylzinc with norbomene is quite similar 
to the Simmons-Smith reaction’ to give only exo-tricyclo[3.2.1.02*4]0ctane in nearly 
quantitative yield. But the reaction of ethylidene iodide and diethylzinc with nor- 

& / + CH212 + EtZZn - 
dY 

fciv) 

bornene gave a 2.2: 1 mixture of two isomeric compounds C (b.p. 153”. ni’ 1.4744) 
and D (b.p. 170”, P$” 14824), of which there are four possible structures : XVI, XVII, 

XVIII and XIX. Compound C was identikd as XVII by the comparison with authentic 
sample.? The chemical shifts of the methine protons of 1 and 5 positions were of 
particular interest because of their usefulness in assigning configurations of the other 
stereoisomer D. The NMR absorption due to the methine protons appeared at 7.76 
and 7.64 r, respectively, for (XVII) and D. Therefore, we excluded the structure XVI 

+ We reported previously6* that essential feature of the reaction (vi) is similar to that of the Simmons- 
Smith reaction (xiii). 

\ cd + 
\ / 

/ \ CH212 + zllfcd - /c& (xiii) 
2 

t Authentic anti-3-m~hyl-exo-tricycIoC3.2,1.02~*)octane (XVII) was synthesized by the lithium alu- 
minum hydride reduction of the ccystatline tosylate of ex~~~clo[3.2.1.02.‘]o~e-~ti-3~rbinol. 
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for D on the basis that the shielding effect of methyl group on the methine protons is 
larger in XVI than that in XVII.* 

+ CH3CHIZ + EtZZn - 

As we have mentioned before, the syn isomer predominates over the anti isomer in 
the cyclopropane formation reaction (v). However, the syn isomer of 3-methyl- 
exo-tricyclo[3.2.1.02*4]octane (XVI) was not formed in reaction (xv), probably due 
to strong steric interference between the methyl and bridge methylene groups. 

The reaction of diethylzinc and ethylidene iodide with olefm is applicable to un- 
saturated alcohol, although half of ethylzinc bond is consumed by the reaction with 
hydroxyl group of alcohol. The cyclopropane formation takes place after unsaturated 
alcohol is converted to ethylzinc alkoxide. 

Reaction of ally1 alcohol with diethylzinc and ethylidene iodide gave a 5.4: 1 
mixture of trans- (XX) and cis-2-methylcyclopropylmethanol (XXI). Structures were 
determined by comparison with authentic rrans isomer (XX).? Crotyl alcohol was 

CH*=CH-CH,OH + CH,CHI, + Et,Zn - 
CH?/q + HN (xvi) 

H CH,OH CH, CH,OH 

reacted with diethylxinc and ethylidene iodide to give a 1.7 : 1 mixture of truns-2,- 
nuns-3-@XII) and cis-2,auns-3-dimethylcyclopropylmethanol (XXIII). The NMR 

“3C\C&” 

H’ 

+ CH3CH12 + EtgZn- 

‘CHZOH H3+dHA :+$H*o, (xvii) 

H C”3 

spectrum of XXII showed the absorption of methyl groups at 8.96 r as a doublet 
(J - 50 c/s), while that of XXIII showed the absorption as two doublets at 8.88 t 

l The authors could not determine whether D was XVIII or XIX. However, the strong-non-bonding 
interaction in XIX between the methyl group and the hydrogens of 6 and 7 positions would enable the 
formation of XVIII rather than XIX. 

t Authentic rrms-2-methylcyclopropylmethanol (XX) was prepared by the reaction of crotyl alcohol 
with methylene iodide and diethylzinc. 
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(J N 1.6 c/s) and 8.98 T (J N 2.6 c/s). Therefore, XXII was assigned to the compound 
having two trans methyl groups, and XXIII that having one trans methyl and one 
cis methyl groups, on the basis that the hydroxyl group deshields the protons of the 
cis methyl group more than those of the rruns methyl group (see footnote on p. 2650). 

Cyclopenten4o1, diethylzinc and methylene iodide were reacted to give cis- 
bicyclo[3.l.O]hexan-3-01 (XXIV),* the 
parison with authentic samp1e.t 

0 / OH 

“H 

+ Cl-l212 

Reaction of cyclopenten4ol with ethylidene iodide and diethylzinc afforded 

structure of which was determined by com- 

H- 
+ EtgZn - 

b 

OH 
(xviii) 

“/ 
“H 

exo-6-methyl-cis-bicyclo[3.l.0]hexan-3-ol (XXV). Assignment of the configuration 

+ CH3CHI2 + Et2Zn -) (4 

of XXV was made as follows : We prepared ketone XXVI by oxidation of XXV with 
chromic anhydride in pyridine. Reduction of XXVI by sodium borohydride in ethanol 
gave a 28 : 1 mixture of XXV and an isomeric compound XXVII. The major product 

’ ’ ’ ’ ’ 5 L 3 2 1 
ppm(E) 

l The VPC analvsis showed the presence of another product as a shoulder after XXIV. However, the 
amount of the product was less than 08% as compared with XXIV, and the product would be negligible 
even if it is the tra isomer. 

t Authentic cis-bicyclo[3.l.O]hexan-34 (XXIV) was prepared from cyclopenten4ol by the reaction 
with methylene iodide and zinccopper couple.“, * 
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OH 
H 

I 

I.,,,,,.,, I 

5 4 3 
ppmd 

1 0 

0 

I. I , I , I .I I 
5 c 3 

ppmm2 
1 0 

FIQ. 1 NMR spectra of bicyclo(3.1.0)hexane derivatives. 

(a) cis-Bicyclo[3.1 .O]hexan-34 @XIV). 
(b) exod-Methyl-cis-bicyclo(3.1 .O]hexan-201 (XXV) 
(c) exo-6-Metbyl-trans-bicyclo[3.l.OJhexan-3-ol (XXVII). 
(d) exe-6-Mcthylbicyclo(3.1 .O]hexan-34~~ (XXVI). 
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XXV was assigned to the compound with the cis con~guration based upon the strong 
kinetic control mechanism for sodium borohydride reduction.’ The similarity of 
NMR spectrum of XXIV with that of XXV as is shown in Figure 1 also supports the 
above assignment. The NMR absorption of the cyclopropane ring proton in the 

(74 : 26) 

geminal position to the methyl group of XXV’appeared at 9.07 z, while that of XXVII 
appeared at 957 r. This fact indicates that the methyl group of XXV and XXVII has 
the anti ~n~guration, because the hydroxyl group deshields the endo proton more than 
the exe proton (see footnote on p. 2450). 

The stereospecitic formation of cis bicycle alcohols (XXIV and XXV) seems to 
indicate that reactions (xviii) and (xix) are intramolecular. 

In reaction (xix), the anti isomer was obtained exclusively. In reaction (xvi), the 
anti isomer predominates over the syn isomer. These results make a contrast to the 
case of the reaction (v) with other types of olefins, i.e. olefms without hydroxyl group. 
This fact may be ascribed to the intramolecular mechanism for the cyclopropane 
formation (v) in the case with unsaturated alcohols. In such a transition state as 
XXVIII’* for reaction (xix), the steric interference between the methyl group and the 
cyclopentene ring would lead the methyl group to the anti direction. Reaction (xvii) 

produced predominantly the ~TMS-C~LUIS isomer (XXII), indicating that the methyl 
group introduced from ethylidene iodide is located in the position favouring the 
trmts configuration with respect to the carbinol group. This result would also support 
the intr~ol~ular mechanism for reaction (v) with unsaturated alcohois. 
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EXPERIMENTAL 

Analyses were performed at the Elemental Analysis Center of Kyoto University. IR spectra were recorded 
on a Hitachi EPI-G spectrophotometer. NMR spectra were taken on a Varian Model A-60 or Japan 
Electron Optics Lab. Model C6OH spectrometer, in deutercchloroform using tetramethylsilane as internal 
standard. Vapour-phase chromatograms were obtained on a Shimadxu GC-2C gas chromatograph. All 
boiling points were uncorrected. 

Material 
cis- and trans-Propenyl ether were prepared according to the procedure of Farina er al.’ Other olefins 

were commercial products and were purihed by distillation befon use Ethylidene iodide was prepared 
according to the procedure of Neuman.’ Cyclopenten-tol was prepared according to the procedure of 
Allred et al.” Exo-tricyc10[3.2.1.02*4]c&ane~nti-3catbnol was prepared according to the procedure of 
Sauen et al. ” and was converted to its tosylate in pyridine. Commercial samples of methylene iodide. 
diethylxinc, solvents and nitrogen were purilied as in a previous paper.bb Other chemicals were com- 
mercially available and used without further purification. 
Methylcyclopropanesfm olefins by the reaction with ethylidene iodide and diethylzinc 

GeneraI procedure. A 3-necked, round-bottomed flask equipped with thermometer, dropping funnel, 
3-way cock and magnetic stirring bar was evacuated and filled with dry N,. Olefin, solvent and diethylxinc 
were added via hypodermic syringea Ethylidene iodide was added through dropping funnel over a period 
of a : hr while stirring at room temp. The exothermic reaction took place immediately. After the addition 
was completed, the reaction mixture was allowed to stand at room temperature for several hours, and the 
reaction mixture was successively poured into dilute hydrochloric acid and washed with water and dilute 
sodium bicarbonate After drying over sodium sulfate, solvent, ethyl iodide (b.p. 73”), and see-butyl 
iodide (b.p. 119”) were eliminated by distillation TM. residue was fractionally distilled through a packed 
column. In those cases where epimeric cyclopropanes were formed, the ratios of isomers were determined 
by WC on the crude material. Final purification of the analytical and spectral samples was accomplished 
by distillation though a spinning-band column or by WC. Yields were based upon the olefins. 

‘I-Methylnorcmane (IV and V). From cyclohexene (@20 mole, D3 ml), diethylxinc (@25 mole, 25 ml) 
and ethylidene iodide (040 mole, 376 ml) in light petroleum ether (100 ml) were obtained 145 g (66%) of 
‘I-methylnorcarnne. The eado/exo isomer ratio was l-5. Anal. Calcd. for CsH i4 : C, 8719 ; H, 1281. Found : 
C, 86.93; H. 12.62. The exo isomer has b.p. 132-133” and 4’ I.4508 (Ref. b.p. 130”,3 131°;4 n;’ 1.4528,’ 
14493’). The end0 isomer has b.p. 142-143” and n:’ 14636 (Ref. b.p. 144”;’ 6’ 14638’). 

I-Methyl-2-isobutoxycycyclopane (XIII and XIV) Isobutyl vinyl ether (W5 mole, 5 g), dietbylzinc 
(0075 mole, 7.5 ml) and ethylidene iodide (@IO mole, 9.4 ml) were allowed to react in ether (25 ml) producing 
6.1 g (%%) of the cyclopropyl ethers. The cis/traas isomer ratio was 2.3. Structures were determined by 
comparison with authentic samples6 

IJ-Dimethyl-3-isopropoxycyclopropane (I, II und III). Cis-propenyl isopropyl ether (0.17 mole, 17 g) was 
reacted with diethylxinc (016 mole, 16 ml) and etbylidene iodide (@30 mole, 28.2 ml) in 100 ml of ether to 
produce 19.6 g (WA) of 1,2dimethyl-3-isopropoxycyclopropane. The cis-cis/cis-truns isomer ratio was 92. 
Tbecis-&isomer(I) has b.p. 13&131” and nA5 1.4125. AnalCalcd. for C,H,,O: C7494; H, 12.58. Found: 
C, 7464; H, 1262 NMR (CDCl,, 1): 6.38 (lH, fi), 6.81 (lH, triplet, J - 7Q c/s), 8.82 (6H, doublet, J - 6a 
c/s), 9.03 (6H, doublet, J - 7.0 c/s), 89-9.5 (2H, pl). v, . . 1390. 1235, 1178, 1158, 1137, 1038 cm-‘. The 
cis-trans isomer (II) has b.p. 121” (microdetermination). NMR (CDCI,, I): 6.37 (lH, pl), 7.10 (IH, pl), 
8.78-908 (12H two triplets, J - 7.5 c/s, and one doublet, J - 6Q c/s), 9.53 (2H. ul). 

The same procedure was adopted for trans-propenyl isopropyl ether and 1,2dimethyl-3-isopropoxy- 
cyclopropane was obtained in 77’4 yield. The cis-transltrans-fran isomer. ratio was 3.1. The vans-tram 
NMR (CD&, T): 6.31 (IH, pl), 744 (IH, pl), 8.84 (6H, doublet, .7 - 6-O c/s), 903 (8H. pl). 

2-Oxa-bicyclo[4.1.0]heptane (VI and VII). The reaction of freshly distilled dihydropyran (@IO mole. 
8-4 g) with diethylxinc (@I3 mole., 13 ml) and ethylidene iodide (020 mole, 18.8 ml) in light petroleum ether 
(IO0 ml) gave the title compound (64 g, 57%). The endo/exo isomer ratio was 1.4. The exe isomer (VI) has 
b.p. 138” (microdetennination) and 4’ 14475. Anal. Calcd. for C,H,,O: C, 7495; H, 1078. Found: 
C, 74.39; H, 1060. NMR (CD&, 5): 640-700 (3H, pl), 790-8.30 (2H, pi), 840-8.83 (ZH, pl), 908 (3I-I. 
doublet, J - 3.0), 8.83- 960 (2H, pi). The endo isomer (VII) has b.p. 142” (microdetermination) and n;’ 
1.4550. Anal. Calcd. for C,H,,O: C, 7495; H, 1@78. Found: C, 7494; H, 1081. NMR (CDCl,, T): 6.55 
(3H, pl), 7W.80 (4H. pl), 895 (3H, doublet, J - 5.4 c/s), pO5-950 (2H. ~1). 



2658 JUN Nmnanrru, NAIUYOSHI KAWABATA and JUWI FURUKAWA 

4,7-Dimethyl-2-oxa-bicycloC4.1.0.03, ‘]heptme (VIII and IX). Freshly distilled furan (@30 mole, 21.9 ml) 
was reacted with diethylzinc (025 mole, 25 ml) and ethylidene iodide (040 mole, 37 ml) for 15 hr in 200 ml 
of refluxing ether. A 3.2: 1 mixture of endo-4,&7-(VIII) and endo-4,exct7-dimethyl-2dxo-nons-tricycl~ 
[4.1.0.03~s]heptane (IX) was obtained in 32% (11.9 g) yield, although an unknown substance was present 
in the crude product to the extent of 1% yield (WC analysis). VPC analysis of the reaction mixture showed 
that the major product (VII) had the longest and the unknown product had the shortest retention time. 
A 3.2: 1 mixture of VIII and IX was distillai at 104-105” (57 mm Hg). Anal. C&d. for C,H,20: C, 77.38; 
H, 9-74. Found: C, 7723; H, 9.71. The endo-en& isomer: NMR (CDCl,, T): 6.58 (2H, triplet, I - 5-4 c/s), 
8.79 (doublet, J - 6a c/s) and 8.50-890 (8H, fl), 9.20-9.70 (2H. pl). The en&exe isomer : NMR (CD& T) : 
6.57 (lH, triplet, J - 54 c/s), 6.85 (lH, pl), 8.10-860 (2H, pl), &82 (doublet, J - 60 c/s), 912 (doublet, 
J - 39 c/s) and 870-9+0 (9H, contained peaks of impurities. pl). 

Tricyclo[3.2.1.02**]octane (XV). The procedure reported previously6 was adopted for the reaction of 
norbomene (OQ5 mole, 4.7 g) with methylene iodide (015 mole, I2 ml) and diethylxinc @08 mole, 8 ml) in 
30 ml of benzene, and 5.2 g (96%) of ezu+tricyclo[3.2.1.0z~4]octane was obtained. B.p. 137” (Ref. 136137”)” 
and 4’ 1.4778 (Ref. 1.4778)” 

3-Methyltricyclo[3.2.1.02*4]octone (XVII, XVIII md XIX). From norbomene (O-20 mole, 188 g), diethyl- 
zinc (@35 mole, 35 ml) and ethylidene iodide (060 mole, S4 ml) in light petroleum ether (200 ml), the title 
compound (17-l g. 700/,) was obtained. The exolemfo isomer ratio was 22. The exe isomer has the shorter 
VPC retention time The YXO isomer (XVII) has b.p. 153. (micro determination) and 4’ 1.4744. Anal C&d. 
for C9H,, : C, 8845 ; H, 11.55. Found : C, 8&57 ; H, 11.57. NMR (CDCl,, 2): 7.76 (2H, broad singlet), 868 
(4H, pl), 890-9Q5 (lH, PI), 9.16 (3H, singlet), 9.10-950 (2H. pl), 961 (2H, pl). v_: 1389, 1033 cm-‘. The 
en& isomer (XVIII or XIX) has b.p. 170” (microdetermination) and n$’ 14824. Anal. Calcd. for CPHI.: 
C, 88.45; H, 11.55. Found: C. 8869; H, 11.76. NMR (CDCl,. z): 764 (2H, broad singlet), 8-68 (49 pl), 
8.85 (4H. doublet. J - 5-5 c/s). 9.34 (4H. ~1). v,,,: 1385. 1029. 1012 cm-‘. 

2-Methylcyclopropylmemerhonol (XX and XXI) Ally1 alcohol (0.20 mole, 136 ml) was added dropwise to 
diethyl zinc (0.30 mole, 30 ml) in 100 ml of diisopropyl ether at room temperature. After gas evolution 
ceased, ethylidene iodide (a40 mole, 376 ml) was added to the reaction mixture through a dropping funnel 
with refluxing. After 10 hr, the refluxing wax ceased. The reaction mixture was poured into 100 ml of dilute 
hydrochloric acid. The aqueous layer was extracted three times with ether. The combined organic solution 
was washed with water and aq. NaHCO,, and dried over MgSO,. Solvents were removed and the residue 
was distilled, and 4Q g (23%) of 2-methylcyclopropylmethanol was obtained. B.p. lS135”. The trans/cis 
isomer ratio was 5.4. The tram isomer has II;’ I.4291 (Ref. b.p. 133”. ni’ I.4283 for cis. tram mixture).” 
Anal Calcd. for CSH,,O: C. 69.72: H. 11.70. Found: C. 69.83; H. 11-67. NMR (CDCI,. ?): 654 (2H. 
doublet, J - 6.9 c/s), 8.43 (IH, singlet), 8.89 (3H, doublet, J - 4.8 c/s), 9W9 (4H, rl). v,,: 3333, 3068, 
1385, 1010, 1034 650 cm-‘. The cis isomer: NMR (CDCI,, 2): 6.36 (2H, pl), 8.58 (lH, singlet), 8-90 (3H, 
doublet, J - 3.1 c/s), 89-9.5 (4H, ~1). 

Authentic nuns-2-methylcyclopropylmethanol was obtained (5.5 g, 33yJ from crotyl alcohol (Q20 mole, 
169 ml), diethylxinc (@30 mole, 30 ml) and methylene iodide (040 mole, 32 ml) in 100 ml of diisopropyl 
ether according to the procedure above mentioned. 

23-Dimethylcyclopropylmethmtol (XXII und XXIII). Crotyl alcohol (020 mole, 169 ml), diethylzinc 
(@30 mole, 30 ml), ethylidene iodide (@40 mole, 376 ml) and 100 ml of diisopropyl ether was reacted to 
give I7 g (85%) of rrans-2,trans-3- and cis-2,tmns-3dimethylcyclopropyhnethanol in the ratio of 1.7: 1; 
b.p. 77-78”/58 mm Hg, 4’ 1.4359. Anal. C&d. for C6H,,0: C, 71.95; H, 12-W Found: C. 71.30; H, 12.13. 
The trams-tram isomer: NMR (CDCl,, 7): 6.55 (2H, doublet, J - 6.3 c/s), 8.43 (lH, singlet), 896 (6H, 
doublet, J - 5a c/s), 9Q-9.7 (3H, pl), v,. ~3335,1386,1015,65Ocm-‘.Thecis-rrunsisomer: NMR(CDCl,, 
T): 636 (2H, pl), 8.65 (IH, singlet), &88 (3H, doublet, J - 16 c/s), 898 (3H, doublet, J - P6 c/s), 9-U-99 
(3H. dI)- v, : 3335.1384, 1037.650 cm-‘. 

cis-Bicyclo[3.l.O]hexa&-ol (XXIV). Cyclopenten4ol(@12 mole, 10 g), diethylzinc (@25 mole, 25 ml), 
methylene iodide (O-20 mole, 16 ml) and 100 ml of diisopropyl ether was reacted in the same way to atTord 
6.8 g (W/.) of cis-bicyclo[3.l.OJhexan-3-ol; b.p. 60-62”/13 mm Hg, 4’ l-4782 (Ref. b.p. 68”/18 mm Hg, 
np 1.4781).“NMR (CDCI,, T): 5.62 (IH, triplet, J - 6.5 c/s), 8.32 (1 IS, singlet), 7&-8.5 (4H. pl), 86-89 and 
9*3+6 (3H. ~1). v,: 3345, 3081, 1047.650 cm-‘. 

exo-6-Methyl&-bicyclo[3.l.O]~exan-3-ol (XXVj ex&-Methyl-c&bicyclo[3.l.O]hexan-3-ol (XXV) was 
obtained (59 g 45%) in a similar way from cyclopenten4ol (Q12 mole, IO g), ethylidene iodide (020 mole, 
19 ml), diethylzinc (025 mole, 25 ml) and 100 ml of diisopropyl ether. B.p. 71-72”/36 mm Hg, 4’ l-471 1. 
Anal. Calcd. for C,H,,O: C. 7495; H, 1@78. Found: C. 74.82; H, 1076. NMR (CDCl,, r): 564 (lH, 
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triplet, J - 6.5 c/s), 7.67-848 (4H, id), 8.37 (HI, singlet), 9.07 (6H, broad singlet). v,: 3348. 3023, 2948, 
1388,1075.1056,1033,1023,959,868 cm- ‘. 

The compound KXV (1.8 g) was oxidized to exo-6-methyl-cis-bicyclo[3.l.O]hcxan-3-one (XKVI) (1 g, 
56%) by the reaction with 9 g of chromic anhydride in 65 ml of pyridinc. A sampk collected by VPC on 
PEG 6000 at 110” was analyzed: ni’ 14545. Anal. Calcd. for C,H,,O: C, 76.32: H. 915. Found: C. 7637: 
H, 9.35. NMR (CDCl,. 7): 7.1-8.1 (4H. ul), 8.75 (2H. ~1). 893 (3H. double& ./ - 60 c/s), 9.70 (IH. ~1). 
v,: 3030,2950,1742,1389.1142,1055,1026,988,952 cm-i. 

To 100 mg of XXVII dissolved in 5 ml of 95% ethanol, 05 g of sodium borohydride was added, and the 
mixture was heated on a steam bath for 1 hr. The cooled mixture was diluted with 50 ml of water and 
extracted with ether. The combined ether extracts were washed with water, dried, and the solvent was 
removed to give 90 mg of material, which was later shown to contain 74% of cis isomer (XXV) and 26% of 
trwu isomer (XXVII) of Cmethylbicyclo[3.1.0]hexan-3-ol. A NMR sample of exod-methyl-nans-bicycle 
[3.l.O]hexan-3-ol (KXVII) was collected from the above mixture by VPC (PEG 6000,150”). NMR (CD&, 
7): 6-02 (HI, pl), 7.7-8.4 (4H, pl), 8.48 (HI, singlet), 910 (doublet, .I - 5.5 c/s) and 89-9.1 (5H, irl), 9.57 

(1H id). 
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