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d 4.0 (s, OCH3, 3 H), 6.75 ((d, 3-pyr-H, J3,4 = 9.0 Hz, 1 H), 8.13 

56,4 = 2.5 Hz, 1 H); IR (KBr) 1717 (COzCD3), 1600,1495,1290 
(vs), 1140,1085,1020 cm-'; KW spectrum, m / e  (relative intensity) 

Anal. Calcd for CJ&D3N03: C, 33-46;, H, 5.32; N, 8.23. Found 
C, 56.17; H, 5.58; N, 7.99. 

A second component was eluted with chloroform-methanol (91) 
to give l-methyl-5-(carbomethoxy-d3)-2(lH)-pyridinone as col- 
orless crystals: 20 mg (7.3'W); mp 138-139 "C; NMR (CDC13) d 

(dd, 4-pyr-H, 54.3 = 9.0 Hz, J4,6 = 2.5 Hz, 1 H), 8.81 (d, 6-pyr-H, 

170 (M+, 73), 169 (M' - l., 100), 140 (42), 136 (50). 

3.60 (8,  NCH3, 3 H), 6.51 (d, 3 - p ~ H ,  53.4 = 9.5 Hz, 1 H), 7.83 
(dd, 4-pyr-H, 54.3 = 9.5 Hz, 54,6 = 2.5 Hz, 1 H), 8.18 (d, 6-pyr-H, 
J6,4 = 2.5 Hz, 1 H); IR (KElr) 1705 (CO2CD3), 1660 (CONCH3), 
1604,1440,1220,1210,1130,1120,1080 cm-'; mass spectrum, m / e  
(relative intensity) 170 (M', 80), 136 (loo), 108 (69), 95 (12). 

Anal. Calcd for CJ&D3N03: C, 56.46; H, 5.32; N, 8.23. Found: 
C, 56.31; H, 5.28; N, 8.13. 

General Pyrolysis Procedure. A weighed amount of pure 
sample (50-100 mg) was sealed in a glass tube either at atmos- 
pheric pressure or under vacuum (ca. lo-' mmHg) and heated in 
a sand bath for 20-48 h at 200-300 "C, as stipulated in Table 1. 
Analysis of the reaction mixture was conducted by TLC [silica 
gel, eluting with ethyl acetate or a mixture of ethyl acetate-cy- 
clohexane (1:1)] and spectrally by NMR. Purification and sep- 
aration of the pure components was conducted by either (1) 
preparative ThLC (silica gel), (2) column chromatography, or (3) 
recrystallization. 

1-Methyl-$( lH)-pyrid. in~ne: '~  bp 63 "C (0.5 mm); NMR 

Hz, J5,3 = 2.0 Hz, 1 H), 6.65 (dd, 3-pyr-H, J3,4 = 9.5 Hz, J3,5 = 
2.0 Hz, 1 H), 7.4 (m, 4,6-pyr-H, 2 H); mass spectrum, m / e  (relative 
intensity) 109 (M', loo), 81 (78), 80 (75), 39 (10). 

1-Ethyl-%( lH) -pyr id in~ne : '~  bp 140 "C (0.5 mm); NMR 

J = 7.0 Hz, 2 H), 6.18 (dt, 5-pyr-H, J5,4 = 55,6 = 6.5 Hz, J5,3 = 
1.5 Hz, 1 H), 6.57 (dd, 3-pyr-H, J3,4 = 9.5 Hz, J3,5 = 1.5 Hz, 1 H), 
7.3 (m, 4,6-pyr-H, 2 H); mass spectrum, m / e  (relative intensity) 
123 (M', 86), 95 (69), 80 ('70), 67 (100). 
l-Methyl-3-(carbomethoxy)-2( 123)-pyridinone: mp 71 O C  

(lit.14 mp 70-71 OC; NMR (CDC13) 6 3.62 (s, NCH3, 3 H), 3.92 (8 ,  

(CDCl3) 6 3.58 ( 8 ,  NCH3, 3 H), 6.24 (t, 5-pp-H, J5 ,4  = J5,6 = 7.0 

(CDClA d 1.35 (t, NCHZCH:,, J = 7.0 Hz, 3 H), 4.02 (4, NCHzCH3, 

C02CH3,3 H), 6.25 (t, B-pyr-H, J = 7.0 Hz, 1 H), 7.63 (dd, 4-pp-H, 
J48 = 7.0 Hz, J4,6 = 2.5 Hz, 1 H), 8.18 (dd, 6 - p ~ H ,  J6,5 = 7.0 Hz, 
J6,4 = 2.5 Hz, 1 H); mass spectrum, (relative intensity) 167 (M', 
100), 136 (95), 108 (43). 

1-Ethyl-3-carbethoxy-2 (1 H)-pyridinone: oil; NMR (CDC13) 
6 1.30 (t, NCHzCH3, J = 7.13 Hz, 3 H), 1.41 (t, COZCHzCH3, J 
7.5 Hz, 3 H), 4.06 (4, NCHZCH3, J = 7.0 Hz, 2 H), 4.36 (q, 
COZCHzCH3, J = 7.5 Hz, 2 H), 6.22 (t, B-pyr-H, J = 7.0 Hz, 1 H), 

6-pyr-H, J6,5 = 7.0 HZ, J6,4 = 2.0 HZ, 1 H). 
7.58 (dd, 4-pyr-H, J4,5 = 7.0 Hz, 54,6 = 2.0 Hz, 1 H), 8.05 (dd, 

l-Methyl-5-(carbomethoxy)-2( lm-pyridinone: mp 139-140 
"C (lit.15 mp 139 "C); NMFl (CDCl,) 6 3.62 (s, NCH3, 3 H), 3.88 

4-pyr-H, J3,4 = 9.5 Hz, J4,6 = 2.5 Hz, 1 HI, 8.23 (d, 6-pyr-H, Jer  
= 2.5 Hz, 1 H); mass spectrum, m / e  (relative intensity) 167 (M4, 
76), 136 (loo), 108 (57), 95 (12). 
l-Methyl-5-(carbethox:y)-2( 123)-pyridinone: mp 72-73 OC 

(lit.16 mp 72-73 "C); NMR (CDCl,) d 1.35 (t, CO2CHZCH3, J = 

Hz, 2 H), 6.53 (d, 3-pyr-H, J = 9.5 Hz, 1 H), 7.85 (dd, 4-pyr-H, 

1 H); mass spectrum, m / e  i(re1ative intensity) 181 (M+, 42), 153 
(25), 136 (loo), 108 (43). 
l-Ethyl-5-(carbomethox:y)-2( lH)-pyridinone: mp 93-94 "C; 

(9, COZCH3, 3 H), 6.54 (d, 3-pyr-H, J = 9.5 Hz, 1 H), 7.87 (dd, 

7.0 Hz, 3 H), 3.64 (5, NCH:, 3 H), 4.33 (4, COZCH,CH3, J = 7.0 

J4,3 = 9.5 Hz, J4,6 = 2.5 Hz, 1 H), 8.27 (d, 6-pyr-H, J6.4 = 2.5 Hz, 

NMR (CDC13) 6 1.40 (t, NCHZCH3, J = 7.0 Hz, 3 H), 3.87 (5, 
COZCH3,3 H), 4.03 (4, NCHZCHB, J = 7 Hz, 2 H), 6.52 (d, 3-pyr-H, 
J = 9.5 Hz, 1 H), 7.84 (dd, 4-pyr-H, J4,3 = 9.5 Hz, 54,6 = 2.0 Hz, 
1 H), 8.18 (d, 6-pyr-H, J6,4 = 2.0 Hz, 1 €3); mass spectrum, m / e  
(relative intensity) 181 (M', 73), 153 (47), 150 (22), 122 (100). 

(12) Elvidge, J. A.; Jackmun, L. M. J. Chem. SOC. 1961, 859. 
(13) Kornblum, N.; Coffey, G. P. J. Org. Chem. 1966, 31, 3447. 
(14) Harddegger, E.; Nickels, E. H e l a  Chim. Acta 1956, 39, 505. 
(15) Mukherjee, R.; Chatterjee, A. Tetrahedron 1966,22, 1461. 
(16) Rath, C.; Schiffmann, IF. Justus Liebigs Ann. Chem. 1931, 487, 

127. 

Anal. Calcd for C9HllN03: C, 59.65; H, 6.13; N, 7.73. Found 
C, 59.81; H, 6.09; N, 7.70. 

l-Ethyl-5-(carbethoxy)-2( lH) -pyr id in~ne :~  bp 130 "C (0.7 
mm); NMR (CDC13) 6 1.35 (t, NCHzCH3, J = 7.0 Hz, 3 H), 1.40 
(t, COZCH2CH3, J = 7.0 Hz, 3 H), 4.05 (q, NCHZCH3, J = 7.0 Hz, 
2 H), 4.34 (q, COZCHZCHS, J = 7.0 Hz, 2 H), 6.52 (d, 3-pyr-H, 
J = 9.5 Hz, 1 H), 7.85 (dd, 4-pyr-H, J4,3 = 9.5 Hz, J4,6 = 2.5 Hz, 
1 H), 8.2 (d, 6-pyr-H, Js,, = 2.5 Hz, 1 H); mass spectrum, m / e  
(relative intensity) 195 (M+, 83), 150 (35), 139 (85), 122 (100). 
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The ene reaction which interconverts 1,7-octadiene and 
cyclooctene is reversible and at  temperatures above 300 
"C the two components are in mobile equilibrium.2 
However, the reaction is limited to 1,7-dienes lacking 
terminal alkyl  substituent^.^ There exists in this equi- 
librium the potential for a very interesting six-carbon ring 
expansion (eq l),  but so far as we can ascertain, no attempt 

Y ==a= a(1) 

Y Y 

1 2 3 

to realize this possibility has been made. Before consid- 
ering any experimental studies, we need to take note of 
some important thermodynamic considerations. From the 
group values of B e n ~ o n , ~  one can get some rough approx- 
imations for AH" and AS" for the various equilibria of eq 
1 (Y = H).6 For 1 + 2 AH" N -16 kcal/mol and AS" N 

-20 eu; for 2 + for 3 AH" N +14 kcal/mol and AS" rr, +25 
eu; for 1 + 3 AH" N -2 kcal/mol and AS" N +5 eu. 
Taken at face value, these values indicate that a t  600 K 

(1) Taken in part from the M.S. thesis of Jack Cheng, Oregon State 
University, 1976. 

(2) Roth, W. R. Chimia 1966,20,229. Crandall, J. D.; Watkins, R. J. 
J. Org. Chem. 1971, 36, 913. 

(3) Huntsman, W. D.; Lang, P. C.; Madison, N. L.; Uhrick, D. A. J. 
Org. Chem. 1962,27,1973. Schulte-Elte, K. H.; Ohloff, G. Hela Chim. 
Acta 1967,50,153. Hoffmann, H. M. R. Angew. Chem., Int. Ed. Engl. 
1969, 8, 556. 

(4) Benson, S. W. "Thermochemical Kinetics"; John Wiley and Sons: 
New York, 1968. 

(5) The calculations must be considered approximate since correction 
values for cis-cyclooctene (So& and cyclododecadiene (AH", and So& 
were not available. The Som value for cyclooctane was used and the 
corrections for cyclododecadiene were assumed to be equal to those for 
cyclohexane. 
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2 and 3 would be the major constituents a t  equilibrium. 
I t  would clearly be beneficial to bias this equilibrium 
further toward 3; one route to achieve this would be to use 
Y = OR, since enol ethers are more stable than simple 
double bonds by as much as 5 kcal/mol.6 For convenience 
we chose (trimethylsily1)oxy groups for an initial study. 

Compound 1 (Y = OH) was prepared from 1,2-cyclo- 
hexanedione in two steps, each requiring 2 mol of allyl- 
magnesium bromide. The diol was a liquid mixture of 
stereoisomers not readily separable by chromatography. 
When the mixture was allowed to stand at 0 "C, a small 
portion separated in crystalline form. However, the entire 
mixture was normally silylated and the resultant disilyl 
derivative was separated by GLC into major (62%) and 
minor (38% ) fractions. It should be noted that under the 
conditions normally recommended for tertiary alcohols 1 
(Y = OH) gave poor yields, but a t  25 "C silylation was 
quantitative. When the crystalline diol was silylated it 
gave 1 (Y = OSiMe3) equivalent with the minor product 
obtained from the GLC separation. Evidence permitting 
assignment of the minor product as t r a w l  and the major 
product as cis-1 was obtained from two sources. At -40 
"C the NMR spectrum of the major isomer (Y = OSiMe3) 
shows two singlets, indicating two nonequivalent SiMe3 
groups, while the minor isomer shows one singlet. Hy- 
drolysis of each 1 (Y = OSiMe3) followed by hydrogenation 
gave two isomeric 1,2-dipropylcyclohexane-1,2-diols. In 
dilute solution in carbon tetrachloride, the dipropyl diol 
from the major product shows two OH stretching bands 
(A? = 48 cm--') in its infrared spectrum, while that from 
the minor product. shows a single non-hydrogen-bonded 
stretch at  3613 cm-*. 

The stereoisomeric mixture 1 (Y = OSiMe3) was heated 
in solution at  300 "C or in the vapor phase at 390 "C and 
one major product and two minor products were obtained. 
The vapor-phase process was not studied thoroughly and 
probably could be improved. Solution reaction was slow, 
but good yields (8045%) of the major product were ob- 
tained. This product was identified spectrally as 1,Bbis- 
[ (trimethylsily1)oxyl bicyclo[6.4.0]dodec-2-ene, since it has 
one double bond (i.e., bicyclic) with its olefinic protons 
appearing in the NMR as the AB part of an ABXz pattern 
with JAB = 11, JAx 0, and J B X  N 6.5 HZ (CCH=CHC- 
H2). The (trimethylsily1)oxy groups survive and give rise 
to two unequal singlets, suggesting a mixture of isomers, 
though separation was not achieved on GLC or TLC. One 
minor product (ca. 10%) was identified as spiro[5,6]do- 
dec-7-en-1-one (see below), but the method of its genera- 
tion thermally was not delineated. The second minor 
product (5--7%) was not identified. 

The main thermal product 2 (Y = OSiMe3) was hydro- 
lyzed to 2 (Y = OH) since models indicated that 2 (Y = 
OH) could attain the proper geometry for a 0-hydroxy 
olefin cleavage (eq 2). However, when 2 (Y = OH) was 

Notes 

HCI OLW t MeOH 

I 

4 

(6) Cox, J. D.; Pilcher, G. "Thermochemistry of Organic and Organo- 
metallic Compounds"; Academic Press: New York, 1970; p 146. 

heated the sole produce was a nonconjugated unsaturated 
ketone. Its NMR spectrum shows the olefinic protons as 
the AB portion of an ABX2 spectrum (JAB = 11, JAx N 

6.0, J B X  - 0 Hz). Reduction of the double bond gave a 
saturated ketone, whose 2,4-DNP derivative melts a t  the 
same temperature as the derivatives of both l-spiro-[5.6]- 
and 6-spiro[4.7]dodecanones.' The ketone was assigned 
the spiro[5.6]dodecanone structure because the carbonyl 
stretching frequencies for such compounds are 1708-1710 
cm-' and for the 14.71 type are near 1698 cm-1.8 Ours has 
vW = 1705 cm-' and it appears that migration converting 
a cyclooctene to a cycloheptene would be more favorable 
than conversion of a cyclohexane to a cyclopentane. 
Compound 4 was also obtained from 2 (Y = OH) by 
treatment with methanolic hydrochloric acid. 

It is interesting that in the thermolysis of 1 (Y = 
OSiMe3) the cis isomer reacts more rapidly than the trans. 
When 80% of the original sample (62% cis, 39% trans) 
had reacted, no cis isomer remained but 20% of the trans 
isomer was recovered. If it is assumed that the ene reaction 
is concerted and proceeds via the usual geometry for ita 
transition state: models do indeed show that the requisite 
geometry is more readily attained by the cis isomer. 
Though no actual kinetic studies were performed, it ap- 
pears that the cis isomer reacts about three times faster 
than the trans in the solution reactions. We presume 
therefore that the reaction proceeds via a concerted 
mechanism. 

This partial success, i.e., getting the cyclooctene ring 
closed in good yield, combined with the failure of the /3- 
hydroxy olefin cleavage process prompted us to examine 
a monosubstituted example. Synthesis of 1,2-diallyl-l- 
[ (trimethylsilyl)oxy]cyclohexane was readily achieved in 
good yield, though the probable mixture of stereoisomers 
was not separated. The ene reaction for compound 5 poses 
an interesting problem since the two allyl groups, differ- 
entiated by their positions relative to the (trimethyl- 
sily1)oxy group and in some cases by virtue of occupancy 
of equatorial or axial positions, can react either as enoid 
or enophilic units. Two different products (eq 3) can arise, 

OSiMe3 OSiMe3 OSIM~ 

/+VAA * 
6 I 5 

and since both cis and trans isomers of 5,6, and 7 may be 
involved, a t  least six transition states need to be consid- 
ered. With the assumption that the reaction will be con- 
certed and must lead to a cis-cycloodene, a study of models 
indicated that trans-5 should give preferentially 6, cis-5 
(OSiMe3-eq) favors 7, and cis-5 (OSiMe3-ax) favors 6. 

In the event the mixture of stereoisomers of 5 in an 
unknown proportion gave a mixture of two isomeric 
products in the ratio of 91.  The major isomer was iden- 
tified spectroscopically as 6 since the olefinic protons 
constituted the AB portion of an ABXYz system with JAB 
= 11, JM = 0, JAY = 7.3, JBy = 0, and J B X  = 8.0 Hz. 
Separation (GLC) of this major isomer and hydrolysis gave 
the alcohol corresponding to 6. These results suggest that 
6 was predominantly a trans isomer which is in accord with 
expectations of the preferred mode of Grignard addition 
to a 2-alkylcyclohexanone.10 While models suggest that 

(7) Sands, R. S. Tetrahedron 1965, 21, 887. 
(8) Krapcho, A. P.; McCullough, J. E. J. Org. Chem. 1967, 32, 2453. 
(9) Stephenson, L. M.; Mattern, D. L. J.  Org. Chem. 1976,41, 3614. 

(10) Kamernitaky, A. V.; Akhrene, A. A. Tetrahedron 1962, 18,705. 
Hill, R. K.; Rabinovitz, M. J. Am. Chem. SOC. 1964,86, 966. 
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in 30 mL of methylcyclohexane was degassed and sealed in a 
carefully cleaned and dried bottle. This was placed in a 500-mL 
steel hydrogenation bomb, 30 mL of methylcyclohexane was added 
to equalize the pressure, and the bomb was sealed. The bomb 
was heated a t  300 f 10 "C for 90 h. After the solvent had been 
distilled, 2.63 g of crude material was recovered and GLC analysis 
(2% SE-30 column a t  180 "C) showed that this contained one 
product (80%) and 20% of the trans isomer of the reactant. A 
pure sample of product was obtained by preparative GLC; NMR 
(CC,) 6 0.08, 0.12 (2 s, 18 H), 1.09-2.25 (br m, 16 H), 5.47 and 

Calcd for C18HM02Si2: C, 63.44; H, 10.66. Found: C, 63.25; H, 
10.50. 

A sample run under the same conditions as above except that 
the temperature was 325 "C gave 64% of the above product along 
with two additional products, 12% and 7%. The 12% fraction 
was identified spectrally and by GLC comparison with an au- 
thentic sample (below) as spiro[5.6]dodec-7-en-l-one. The lesser 
byproduct was not identified. 

A 2-g sample of 1,2-diallyl-1,2-bis[(trimethylsilyl)oxy]cyclo- 
hexane was pyrolyzed in the vapor phase at  390 "C and a 50-s 
contact time, using nitrogen as a carrier gas. GLC analysis of the 
pyrolysate showed that it contained 30% 1,8-bis[(trimethyl- 
silyl)oxy]bicyclo[6.4.0]dodec-2-ene, 38% of the cis isomer and 21% 
of the trans isomer of the reactant, and several minor unidentified 
components. About 0.6 g of dark polymer was washed from the 
pyrolysis column. 
2-Bicyclo[6.4.0]dodecene-1,8-diol (2, Y = OH). A solution 

containing 1.0 g (2.3 mmol) of 1,8-bis[(trimethylsilyl)oxy]bicy- 
clo[6.4.0]dodec-2-ene, 0.65 g of pyridine, and 0.5 mL of hydro- 
chloric acid in 75 mL of methanol was allowed to stand for 24 
h at room temperature. The acid was neutralized and the 
methanol was removed in vacuo. The product was taken up in 
ether and the ether solution was washed with water and dried 
(MgSO,). The diol was isolated by preparative GLC (2% SE-30 
column at 145 "C); NMR (CCl,) 6 1.2-2.1 (br m, 16 H), 3.15 (br, 
2 H, OH), 5.73 (m, 2 H). Anal. Calcd for Cl2HZ0O2: C, 73.43; 
H, 10.27. Found: C, 73.67; H, 10.13. 

The diol was also obtained in 80% yield by refluxing 0.6 g of 
the silyloxy derivative for 5 h in 0.1 M sodium methoxide in 
methanol. 
Spiro[5.6]dodec-7-en-lnone (4). A solution containing 150 

mg (0.69 mmol) of 2-bicyclo[6.4.0]dodecene-1,8-diol and 0.3 mL 
of hydrochloric acid in 75 mL of methanol was refluxed for 6 h. 
The acid was neutralized and the methanol was removed by 
distillation. The product was taken up in ether and the ether 
solution was dried (MgSOJ. The ketone was isolated by prep- 
arative GLC (2% SE-30 at  135 "C); NMR (CC,) 6 1.25-1.85 (br 
m, 12 H), 2.00 (X, of ABX,), 2.36 (m, 2 H), 5.58 and 5.80 (AB 
part of ABX2, JAB = 11, JAx 

A 2,4-dinitrophenylhydrazone prepared by the procedure of 
Curtin, Shriner, and Fuson" melted at  103-105 "C. 

l-Spiro[5.6]dodecanone. A sample of the above enone (33 
mg, 0.12 mmol) was reduced at  atmospheric pressure in ethanol 
over 5% Pt/C catalyst. The product was isolated by GLC (2% 
SE-30 at 130 "C); NMR (CC14) 6 1.2-2.1 (br m, 18 H), 2.30 (br 
t,  J = 6 Hz). A 2,4-dinitrophenylhydrazone prepared as above 
melted at  128-129 "C (lit.' mp 127 "C). 

If-Diallylcyclohexanol(5, Y = OH). A solution containing 
0.027 mol of allylmagnesium bromide in 25 mL of ether was added 
slowly to 4.0 g (0.022 mol) of 2-allylcyclohexanone in 30 mL of 
ether. The reaction was worked up as described for 2-allyl-2- 
hydroxycyclohexanone. GLC analysis of the crude product, 5.15 
g (93%), showed it to contain a single product. An analytical 
sample was purified by preparative GLC (2% SE-30 at  130 "C; 
NMR (CC,) 6 1.0-1.90 (br m, 9 H), 2.18-2.50 (br m, 4 H), 5.18 
(m, 4 H), 5.58 (m, 2 H). Anal. Calcd for C12H200: C, 79.94; H, 
11.18. Found: C, 79.88; H, 11.20. 
1,2-Diallyl-l-[(trimethylsilyl)oxy]cyclohexane (5 ,  Y = 

OSiMe3). A mixture of 1.88 g (0.010 mol) of 1,2-diallylcyclo- 
hexanol, 1.0 g (0.008 mol) of trimethylchlorosilane, 3.91 g (0.024 
mol) of hexamethyldisilazane, and 1 2  mL of anhydrous MezSO 

5.75 (AB part of ABX2, JAB = 11, J U  0, JBX 6.5 Hz). Anal. 

6, JBX N 0 Hz). 

a thermal &hydroxy olefin cleavage would involve a hin- 
dered transition state, too little pure material was obtained 
to permit a test of this reaction. 

Experimental Section 
2-Allyl-2-hydroxycyclohexanone. An ether solution of al- 

lylmagnesium bromide (from 0.82 mol of allyl bromide and 0.82 
mol of magnesium in 250 mL of ether) was added under nitrogen 
slowly (9 h) to a cold solution containing 3.18 g (0.28 mol) of 
1,Zcyclohexanedione in 250 mL of ether. The solution was stirred 
for 3 h longer and then the mixture was worked up with saturated 
ammonium chloride solution. The product was taken up in ether, 
the solution was dried (MgSO,), and the ether was removed. 
Distillation, bp 46-47 "C (0.3 torr), gave 36.8 g (78%) of a clear 
liquid; NMR (CC1) 6 1.70 (m, 6 H), 2.10 (m, 2 H), 2.42 (m, 2 H), 
5.04 and 5.70 (m, 3 H). The product was used without further 
purification directly in the next reaction. 

1,2-Diallyl-1,2-cyclohexanediol (1, Y = OH). The above 
ketone (0.18 mol) was treated with allylmagnesium bromide (from 
0.46 mol of magnesium) as described for 2-allyl-2-hydroxycyclo- 
hexanone. After workup 97% of a liquid product was obtained 
and an analytical sample was obtained by GLC (2% SE-30 on 
Chromosorb M at 135 "C); NMR (CC14) 6 1.45 (m, 8 H), 2.22 (m, 
cis isomer), 2.42 (d, J = 7 Hz, trans isomer), 5.12 (m, 4 H), 5.85 
(m, 2 H). Anal. Calcd for Cl2HZoO2: C, 73.43; H; 10.27. Found: 
C, 73.42; H, 10.30. 
Trans Isomer. The crude product above was cooled to 0 "C 

and deposited a s m d  amount of solid mp 89-91 "C; NMR (CClJ 
6 1.5 (m, 8 H), 2.40 (d, J := 7 Hz, 4 H), 5.10 (m, 4 H), 5.85 (m, 
2 H); IR (CC,) 3616, 3576 cm-'. This solid was treated with 
hexamethyldisilazane and trimethylsilyl chloride as described 
below for the preparation of silyl ethers, and the product was 
identical (by GLC test) with that described for the trans silyl 
derivative. 
Cis Isomer. A sample (150 mg) of cis-1,2-bis[(trimethyl- 

silyl)oxy]-1,2-diallylcyclohexane was dissolved in 20 mL of a 
methanol solution containing 0.20 g of pyridine and 0.15 mL of 
concentrated hydrochloric acid. After standing for 24 h at  room 
temperature, the solution was neutralized and the methanol was 
removed in vacuo. The residue was triturated with ether; the ether 
solution was washed with water and then dried (MgSO,). The 
ether was removed and the diol was purified by GLC (2% SE-30 
on Chromosorb M, 135 "C!: NMR (CC14) 6 1.2-1.9 (br m, 8 H), 
2.17 and 2.39 (AB part of ABX, JAB = 14, J U  = 6.5, JBX = 7.5 
Hz), 5.06 (m, 4 H), 5.88 (m, 2 H); IR (CClJ 3605 (sh), 3560 cm-'. 

l,~-Diallyl-1,Z-bis[(trimethylsilyl)oxy]cyclohexane (1, Y 
= OSiMe3). A solution containing 4.0 g (0.019 mol) of 1,2-di- 
allyl-1,2-cyclohexanediol in 32 mL of anhydrous M e a 0  was mixed 
with 13.7 g (0.086 mol) of hexamethyldisilazane and 3.5 g (0.029 
mol) of trimethylsilyl chloride in a bottle sealed with a septum 
and flushed with nitrogen. The mixture was stirred at  room 
temperature for 48 h and the two layers were separated. The lower 
(Me2SO) layer was extracted with pentane, and the extract was 
combined with the top layer. This solution was washed with 
sodium bicarbonate solution and then with water. The solution 
was dried (MgSO,), the solvent was removed, and the product 
was distilled in a semimicro Hickman still at 150 "C (5 X lod mm). 
A clear liquid, 6.0 g (go%), was isolated and GLC analysis (2% 
SE-30 on Chromosorb M ai; 135 "C) showed that two compounds, 
62% and 38%, were present. These were separated by preparative 
GLC on an SE-30 column. 
Trans Isomer. The 38% component was isolated as a clear 

liquid: NMR (CC1,) 6 0.16 (s, 18 H), 1.57 (br m, 8 H), 2.35 (m, 
4 H), 4.99 (m, 4 H), 5.83 (m, 2 H); an NMR spectrum (CHC13) 
at  -40 "C showed one singlet at 6 0.10 (18 H, SiMe3). Anal. Calcd 
for C18H3602Si2: C, 63.44; H, 10.66. Found: C, 63.70; H, 10.81. 
Cis Isomer. The 62% component was isolated as a clear liquid 

NMR (CC14) 6 0.16 (s, 18 H), 1.26-1.90 (m, 8 H), 2.36 and 2.54 
(AB part of ABX, JAB = 14, JAx = JBx = 7 Hz), 4.97 (m, 4 H), 
5.85 (m, 2 HI; NMR (CHC'l,, -40 "C) 0.08 ( 8 ,  9 H), 0.15 (s, 9 H). 
Anal. Calcd for C1&13s02Si2: C, 63.44, H, 10.66. Found C, 63.67; 
H, 10.80. 

1,8-Bis[ (trimethylsilyl)oxy]bicyclo[6.4.0]dodec-2-ene (2, 
Y = OSiMe3). A solutioin containing 3.0 g (8.7 mmol) of 1,2- 
diallyl-1,2-bis[ (trimethyLsilyl)oxy]cyclohexane (mixture of isomers) 

(11) Shriner, R. L.; Fuson, R. C.; Curtin, D. Y. "Systematic Identifi- 
cation of Organic Compounds"; John Wiley and Sons: New York, 1964; 
p 253. 
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was stirred under nitrogen for 48 h. The layers were separated, 
and the bottom layer was extracted with pentane. The extracts 
were combined with the top layer and this solution was washed 
with sodium bicarbonate solution and then with water. The 
solution was dried (MgSO,) and the product was distilled in a 
semimicro Hickman still (bath 150 "C, 5 X 10" torr) to give 2.44 
g (93%). An analytical sample was collected by GLC; NMR (CCh) 
6 0.14 (9, 9 HI, 1.20-2.02 (br m, 9 H), 2.20 (m, 2 H), 2.54 (m, 2 
H), 4.99 (m, 4 H), 5.76 (m, 2 H). Anal. Calcd for C15Hz80Si: C, 
71.34; H, 11.18. Found: C, 71.19; H, 11.03. 

1-[ (Trimethylsilyl)oxy]bicyclo[6.4.0]dodec-2- (and -6-) enes 
(6 and  7). A sample, 0.90 g (3.6 m mol), of 1,2-diallyl-l-[(tri- 
methylsilyl)oxy]cyclohexane in 30 mL of methylcyclohexane was 
pyrolyzed as described for l,&bis[ (trimethylsilyl)oxy] bicyclo- 
[6.4.0]dodec-2-ene at 290 "C for 76 h. After removal of the solvent, 
0.76 g (84%) of product was recovered. GLC analysis (2% SE-30 
a t  115 "C) found two products in a 9:l ratio, and pure samples 
of each were obtained by preparative GLC. The major product 
has NMR (CCl,) 6 0.06 (9, 9 H), 1.2-1.96 (br m, 14 H), 2.15 (m, 

= JBy = 0,  JBx = 8 Hz); minor product, NMR (CC14) 6 0.30 (s, 
9 H), 1.35-1.95 (br m, 14 H), 2.29 (m, 2 H), 2.87 (m, 1 H), 5.85 
(m, 2 H). 
6-Bicyclo[6.4.0]dodecen-l-ol. The major product above, 0.10 

g, was heated for 12 h under reflux in 35 mL of 0.1 N sodium 
methoxide in methanol. The solution was neutralized and the 
methanol was removed in vacuo. The organic product was taken 
up on ether, and the ether solution was washed with water and 
then dried (MgSO,). The product was isolated by GLC (2% SE-30 
at 120 "C; NMR (CCJ 6 1.2-1.9 (br m, 14 H), 2.20 (m, 3 H), 5.34 
and 5.62 (AB part of YzABX, JAB = 11, JAY = 7.8, J m  = Jey = 
0, JBX = 8.2 Hz). Anal. Calcd for C12HzoO: C, 79.94; H, 11.18. 
Found: C, 80.00; H, 11.22. 
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Evans3 has recently reported that organoboranes are 
efficiently oxidized to alcohols with the molybdenum 
peroxide reagent MoOgpyHMPA (MoOPH). The MOO- 
PH reagent is reported to be an anhydrous reagent capable 
of oxidizing organoboranes under mild (ambient temper- 

(1) Alfred P. Sloan Foundation Fellow, 1978-1982. 
(2) University of California Reagents Fellow, 1979-1981. 
(3) Evans, D. A.; Vogel, E.; Nelson, J. V. J. Am. Chem. SOC. 1979,101, 

6120. 

ature) conditions. We recently required such a reagent for 
the oxidation of optically active allylborane derivatives 
which are prone to undergo protonation and allylic rear- 
ra~~gement .~  We have noted that the stereochemistry of 
oxidation of organoboranes with MoOPH has not been 
reported. Free-radical intermediates have been suggested 
in the oxidation of Grignard reagents by molybdenum 
peroxide  reagent^.^ If radicals are also involved in orga- 
noborane oxidations, then the MoOPH oxidations could 
lead to a serious loss of stereochemistry.6 We herein report 
that oxidation of organoboranes with MoOPH proceeds 
with complete retention of configuration. 

The hydroboration-oxidation of 1-methylcyclohexene 
was chosen for the study (eq 1). Conventional oxidation 

with basic hydrogen peroxide produces >99% isomerically 
pure trans-2-methylcyclohexanol.' Oxidation with MOO- 
PH likewise gave >99% of the trans isomer. None of the 
cis isomer (prepared by K-Selectride reduction of 2- 
methylcyclohexanone8) could be detected by VPC or 
NMR. The MoOPH oxidation of organoboranes thus 
presumably does not occur by a free-radical process since 
such a process should lead to an epimeric mixture of al- 
cohols. The reagent is thus a mild alternative to tri- 
alkylamine N-oxides which often require elevated tem- 
perature or prolonged reaction times for oxidation of or- 
ganoboranes under anhydrous  condition^.^ Unfortunately, 
with the oxidation conditions employed for alkylboranes, 
the MoOPH reagent failed to oxidize allylboranes to allylic 
alcohols in high yield. 

Experimental Section 
All reactions were run in dry glassware under nitrogen by using 

syringe and double-ended-needle techniques.1° 1-Methylcyclo- 
hexene (Aldrich) was distilled from a small quantity of lithium 
aluminum hydride. The MoOPH was prepared by the method 
of Vedejs." The NMR spectra were recorded on a Varian EM390 
instrument. 

Hydroboration-Oxidation of 1-Methylcyclohexene. A 
50-mL flask equipped with a septum-capped inlet, magnetic 
stirring bar, and a reflux condenser attached to a nitrogen bubbler 
was charged with 6 mL of tetrahydrofuran and 6 mmol of 1- 
methylcyclohexene. Then 3 mmol of borane-methyl sulfide was 
added and the solution stirred a t  0 "C for 1 h followed by warming 
to room temperature for 2 h. Methanol (3 mmol) was added and 
the solution stirred for 30 min to produce the methoxyborane. 
The solution was then cooled to 0 "C. A separate round-bottomed 
flask was charged with 4.4 g of MoOPH (10 mmol) and flushed 
with nitrogen. The side arm of the flask was attached via a Qgon 
tube to the side arm of the flask containing the organoborane. 
The MoOPH was then added to the organoborane over a 5-min 
period. The mixture was stirred at 0 "C for 30 min and then 
warmed to room temperature. After 1 h, 5 mL of 3 M sodium 
hydroxide was added. Hexadecane was added as an internal 
standard and the mixture analyzed by VPC (10% DC710). There 
was found 5.65 mmol(94%) of trans-2-methylcyclohexanol. The 
mixture was extracted with ether, washed with water and then 
1 N hydrochloric acid, and dried (potassium carbonate). The ether 

(4) Midland, M. M.; Preston, S. B. J .  Org. Chem. 1980, 45, 747. 
(5) Schmitt, G.; Olbertz, B. J. Organomet. Chem. 1978, 152, 271. 
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