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flask was heated under nitrogen for 2 h at  160-170 "C (oil bath 
temperature), allowed to cool, and refrigerated overnight. The 
product was collected by filtration, washed succeasively with DMF, 
ethanol, and ether, and dried in vacuo to give 0.14 g (47%) of a 
yellow powder, mp > 300 "C. The analytical sample was prepared 
by recrystallization from DMF: IR (KBr) 3440,3385,3340,2220, 
1700 (br), 1665,1635,1600 cm-'. The compound was too insoluble 
in MezSO or TFA for determination of its NMR spectrum. 

Anal. Calcd for C14H4N503: C, 56.95; H, 3.17; N, 23.72. Found 
C, 56.76; H, 3.38; N, 23.42. 
2,4-Diamino-6,8-dihydro-7-[ 4-(carbomethoxy)phenyl]-8- 

oxopyrrolo[3,4-g]pteridine (3a). A slurry of 0.31 g (1 mmol) 
of 13a and 0.48 g (4 mmol) of guanidine acetate in 20 mL of dry 
DMF was heated under nitrogen a t  140-145 "C (oil bath tem- 
perature) for 2 h. The solution was then allowed to cool, and the 
precipitate was collected by filtration, washed thoroughly with 
DMF, and dried in vacuo to give 0.32 g (91%) of a light orange 
solid, mp > 330 "C, which analyzed correctly without further 
purification: NMR (TFA, external Me4Si) 6 4.15 (s, 3 H), 5.38 
(s, 2 H), 7.58 (br s, 2 H), 8.05, 8.35 (AzBz q, J = 9 Hz, 4 H), 8.58 
(br s, 2 H); 13C NMR (TFA-d) S 171.7, 166.0, 164.8,158.0, 155.0, 
150.9, 149.1, 143.2, 133.4, 130.5, 127.0, 123.2,55.0, 53.1; IR (KBr) 
3430, 3300, 3130, 1715, 1695, 1660, 1620, 1600 cm-'. 

Anal. Calcd for C1&&03: C, 54.73; H, 3.73; N, 27.91. Found 
C, 54.45; H, 3.77; N, 28.18. 
2,4-Diamino-6,8-dihydro-7-(4-carboxyphenyl)-8-0~0- 

pyrrolo[3,4-g]pteridine (3b). Method A. A solution of 0.61 
g (1.8 mmol) of 12b in 30 mL of dry DMF contained in a 100-mL 
round-bottom flask was slowly heated under nitrogen to 150 "C 
(oil bath temperature) for 1.5 h. The resulting mixture was allowed 
to cool to room temperature and 1.07 g (9.0 mmol) of guanidine 
acetate was added along with 30 mL of DMF. The mixture was 
then heated slowly to 155 "C, kept at  155-165 "C for 2 h, and 

allowed to cool, and the product was collected by fitration, washed 
successively with DMF, ethanol, and ether, and dried in vacuo 
to give 0.58 g (77%) of the guanidinium salt of 3b mp > 330 "C; 

143.1, 134.1, 129.5, 127.0, 123.2, 53.0. A slurry of 0.29 g of this 
material in 5 mL of TFA was warmed to a gentle boil, allowed 
to cool, and then placed in the freezer overnight. The product 
was collected by filtration, washed with a small amount of TFA, 
rinsed with ether, and dried in vacuo to give 0.24 g (58%, based 
on 12b) of 3b as its trifluoroacetate monohydrate: mp > 330 "C; 
NMR (TFA, external Me&) 6 5.38 (s, 2 H), 7.60 (br, 2 H), 8.09, 
8.40 (AzBz q, J = 9 Hz, 4 H), 8.55 (br, 2 H); IR (KBr) 3340 (br), 
3100 (br), 1635 with shoulders at  1650,1675,1690,1710, and 1720, 
1605, 1510 cm-'. 

Anal. Calcd for C17H12N70$'3~H20 C, 43.50; H, 3.01; N, 20.89; 
F, 12.14. Found: C, 43.68; H, 2.80; N, 20.82; F, 12.01. 

Method B. A slurry of 0.12 g (0.4 mmol) of 13b, 0.24 g (2.0 
mmol) of guanidine acetate, and 12 mL of dry DMF was heated 
at reflux under nitrogen for 2 h. The mixture was cooled to room 
temperature, and the product was collected by filtration, washed 
successively with DMF, ethanol, and ether, and dried in vacuo 
to yield 0.11 g (66%) of a yellow powder, mp > 330 "C, which 
was converted to its trifluoroacetate monohydrate as described 
in method A. 

13C NMR (TFA-d) 6 173.7, 166.0,164.9, 158.0, 155.0, 151.0,149.1, 

Registry No. 3a, 79722-41-1; 3b quanidinium salt, 79722-43-3; 3b 
trifluoroacetate salt, 79722-44-4; 6, 73198-30-8; 7, 73198-25-1; 8, 
79722-45-5; 9, 79722-46-6; 10, 79722-47-7; 11, 79722-48-8; 12a, 
79722-49-9; 12b, 79722-50-2; 13a, 79722-51-3; 13b, 79722-52-4; 14, 
50382-11-1; 15,638-07-3; 16,79722-53-5; ethyl p-aminobenzoate, 94- 
09-7; aminomalononitrile tosylate, 5098-14-6; methyl p-amino- 
benzoate, 619-45-4; p-aminobenzoic acid, 150-13-0; quanidine acetate, 
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Lewis acid mediated reactions of organocopper reagents with various kinds of cr,@-unsaturated carbonyl derivatives 
are described. RCu.BF3, as well as RCu-other Lewis acid systems, is useful for the conjugate addition to the 
+unsaturated ketones and esters, whose double bonds are sterically crowded. Certain a,@-unsaturated carboxylic 
acids also undergo a 1,Caddition through this reagent. Methyl sorbate undergoes a 1,4-addition via BuCu.BF3, 
while undergoing a 1,6-a,6-addition via BuzCuLi. BuCu.BF3 reacts more readily with an aldehyde than with 
a ketone; the degree of chemoselectivity is greater than that of BuzCuLi, BuLi, or BuMgBr. The R2CuLi-BF3 
system is useful for the double alkylation of a,B-unsaturated esters at  the 8-position and the carbonyl center. 
Stereochemical aspects of these new copper reagents are also reported. 

T h e  conjugate addition of organometallic reagents (R- 
M) to a,P-unsaturated carbonyl compounds is a highly 
useful reaction as a basic strategy for organic synthesis. 
Although Organometallic compounds such as M = Li,2 B,3 
A1,4 Al-Ni,5 Si-Ti,6 Z P N ~ , ~  or Zns have provided conven- 

ient methods t o  the  conjugate addition, organocopper 
derivatives are  definitely the  most widely used reagents 
and  possess the most universal a p p l i ~ a b i l i t y . ~  Unfortu- 
nately, however, the  introduction of alkyl substituents at 

(1) For a preliminary report on some aspects of the present study, see: 
Yamamoto, Y.; Maruyama, K. J. Am. Chem. SOC. 1978, 100, 3240. 

(2) Binns, M. R.; Haynes, R. K.; Houton, T. L.; Jackson, W. R. Tet- 
rahedron Lett. 1980,573. E-Bouz, M.; Wartaki, L. Zbid. 1980,2877 and 
references cited therein. 

(3) Brown, H. C. "Organic Syntheses via Boranes"; Wiley: New York, 
1975; p 146. 

(4) Hooz, A. J.; Layton, R. B. J. Am. Chem. SOC. 1971,93, 7320. 

(5) (a) Ashby, E. C.; Heisohn, G. J. J. Org. Chem. 1974,39, 3297. (b) 
Jeffery, E. A.; Meisters, A.; Mole, T. Aust. J. Chem. 1975, 28, 801. 

(6) Hosomi, A.; Sakurai, H. J. Am. Chem. SOC. 1977, 99, 1673. 
(7) Schwartz, J.; Loots, M. J.; Kosugi, H. J. Am. Chem. SOC. 1980,102, 

1333. 
(8) Daviand, G.; Massy, M.; Miginiac, P. Tetrahedron Lett. 1970,5169. 

For other organometallic compounds, see also ref 9b. 
(9) (a) Posner, G. H. 'An Introduction to Synthesis Using Organo- 

copper Reagents"; Wiley New York, 1980. (b) Posner, G. H. Org. React. 
1972, 19, 1. (c) House, H. 0. Acc. Chem. Res. 1976, 9, 59. 
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the double bond of enones, enoate esters, or related com- 
pounds prevents or frequently halts the conjugate addition. 
Furthermore, the conjugate addition to a,@-unsaturated 
carboxylic acids has scarcely been achieved by using the 
previously known organometallic reagents. In 1978, we 
communicated that some of these problems were solved 
by using the RCwBF, system.' It was rather curious that 
no such approach was available a t  the outset of our work, 
since the activation of a carbonyl group with Lewis acids 
was a widely used method in organic synthesis. Recently, 
it was reported that RCU-AIC~~ '~  and Me2CuLi.BF311 are 
very useful for the conjugate addition to certain a,@-un- 
saturated ketones. We now report a fully detailed report 
of the previous work together with the 18-addition reaction 
of RCu-Lewis acids, the stereochemical aspect, and the 
reaction via the Bu2CuLi-BF3 system. 

cy,&Unsaturated Carbonyl Derivatives. The reac- 
tions of a,@-unsaturated ketones, esters, carboxylic acids, 
and nitriles with organocopper reagents are summarized 
in the Table I. Acyclic @-mono-, and a,P-disubstituted 
unsaturated ketones undergo a facile 1,4-addition via 
RCwBF, (entries 1-4 and 10-12). On the other hand, the 
reaction of the @,@-disubstituted ketone is accompanied 
with almost equal amounts of the 1,2-addition (entries 5 
and 6). Quite interestingly, BuCu.BF3 adds to the @,@,a- 
trisubstituted ketone selectively in a 1,4 manner, while 
Bu2CuLi adds in a 1,2 manner. These results suggest that 
the @-substituent retards the 1P-addition and forward the 
1,2-addition, while the a-substituent prevents the 1,2-ad- 
dition. Consequently, the regioselectivity must depend 
upon the size of substituents a t  the p, a, and a' positions 
and upon the nature of reagents. The usefulness of 
RCwBF, is clearly demonstrated by the conjugate addition 
to this type of trisubstituted ketone (entries 7-9). Such 
an "entrainment" also works with an alkylcopper substi- 
tuted with a functional group, as recently reported by 
Schostarez and Paquette,12a and with MeCwBF, as re- 
ported by Karpf and Dreiding.lZb 

The stereochemical aspect of BuCwBF3 is investigated 
with the cyclic a,@-unsaturated ketone (entries 13 and 14). 
As is expected from the earlier work with MeCu deriva- 
t ive~, '~  the trans isomer is obtained predominantly through 
both BuCu.BF, and Bu&uLi. The conformation of a 
six-membered enone and the stereochemistry of the ad- 
dition of nucleophiles such as thiophenoxides or alkoxides 
to the double bond are studied in detail.I4 Both enan- 
tiomers of 5-methyl-2-cyclohexen-l-one exist in two con- 
formations (la,b and 2a,b). It is well recognized that the 
incoming nucleophile attacks from the antiparallel direc- 
tion to the axial hydrogen on the C-4. Since such an an- 
tiparallel attack is shielded by the axial methyl group of 
lb  and 2b, the nucleophile reacts with la and 2a; the 
antiparallel attack is indicated by arrows. Consequently, 
the trans isomer is predominantly produced. The conju- 
gate addition to the transoid enone is more effective with 
BuzCuLi than with BuCu.BF3 (entries 13) and 14), while 
that to the cisoid enone proceeds more smoothly with 
BuCusBF, than with Bu2CuLi (entries 10 and 11). This 
marked contrast is presumably due to the cyclic transition 
state of RCwBF,, as previously proposed.' Such a high 
reactivity toward cisoid enones is also observed for orga- 
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(10) (a) Ibuka, T.; Minakata, H. Synth. Commun. 1980,10,119. (b) 
Ibuka, T.; Minakata, H.; Mitaui, Y.; Kinoshita, K.; Kawai, Y.; Kimura, 
N. Tetrahedron Lett .  1980,4073. (c) Chem. Commun. 1980, 1193. 

(11) Smith, A. B., III; Jerris, P. J. J. Am. Chem. SOC. 1981,103, 194. 
(12) (a) Schostarez, H.; Paquette, L. A. J. Am. Chem. SOC. 1981,103, 

722. (b) Karpf, M.; Dreiding, A. S. Helu. Chim. Acta 1981, 64, 1123. 
(13) House, H. 0.; Fischer, W. F., Jr. J.  Org. Chem. 1968, 33, 949. 
(14) Hiemstra, H.; Wynberg, H. J. Am. Chem. Soc. 1981, 103, 417. 
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noboron15 and aluminum compounds.'6 
@-Mono, a,P-di-, and @,@-disubstituted unsaturated es- 

ters undergo a 1,Caddition with the aid of RCu-BF3 (en- 
tries 15-18,21-23, and 25-27). The corresponding cuprate 
reagent cannot effectively add to most of these esters in 
a 1,4 manner and instead gives the dialkylation product 
(entries 19, 28, and 29). The reaction proceeds through 
a 1,2-addition-conjugate addition sequence (eq l).I7 In- 
terestingly, the cuprateBF, system selectively affords the 
dialkylation product (entries 20 and 24). 

a,P-Unsaturated carboxylic acids also undergo a 1,4- 
addition (entries 30,31,33, and 34) though the yield is not 
so good in the disubstituted acids. P,@-Disubstitution 
almost completely prevents the conjugate addition (entry 
32). The reaction of a,@-unsaturated nitriles with 
BuCwBF3 is not satisfactory; the conjugate addition 
product is obtained in low yield (entries 35-37) together 
with the dialkylated ketone as a major byproduct. The 
a,P-disubstituted nitrile does not give an appreciable 
amount of the desired l,4-adduct (entries 38-42). Conju- 
gate addition to a,@-unsaturated amides is not realized so 
far even by using a RCu-Lewis acid system. 

a,&y,G-Unsaturated Carbonyl Compounds. Methyl 
sorbate underwent a 1,4-addition with BuCwBF,, while 
undergoing a 1,6-a,&addition with BuzCuLi (eq 2).'* 
Sorbic acid reacted with 3 equiv of BuCwBF3 to give a 
l,&a,&adduct as a major product along with the 1,4-adduct 
(eq 3). It is clear that the regiochemistry via BuCwBF, 
is a marked contrast to that via BuzCuLi and BuCw 
MgX2I9 and rather similar to that of BuMgX.I9 This 
regiochemical characteristic is explained by the cyclic 
transition state as previously proposed.' However, the 
reason for the predominant lS-addition to the acid is not 
clear. 

(15) Bruhn, M.; Brown, C. H.; Collins, P. W.; Palmer, J. R.; Dajani, 
E. 2.; Pappo, R. Tetrahedron Lett. 1976,235. Sinclair, J. A.; Molander, 
G. A.; Brown, H. C. J .  Am. Chem. SOC. 1977, 99,954. 

(16) Pappo, R.; Collins, P. W. Tetrahedron Lett. 1972, 2627. Collins, 
P. W.; Dajani, E. 2.; Bruhn, M. S.; Brown, C. H.; Palmer, J. R.; Pappo, 
R. Tetrahedron Lett .  1975, 4217. See also ref 4. 

(17) Kindt-Larsen, T.; Bitsch, V.; Andersen, I. G. K.; Jart, A.; 
Munch-Petersen, J. Acta Chem. Scand. 1963, 17, 1426. 

(18) See also: Bretting, C.; Munch-Petersen, J.; Jorgensen, P. M.; 
Refn, S. Acta Chem. Scand. 1960, 14, 151. 

(19) Munch-Petersen, J.; Bretting, C.; Jorgensen, P. M.; Refn, S.; 
Andersen, V. K. Acta Chem. Scand. 1961, 15, 277. 
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chart I 

I 
2 equiv  of C,H,Cu.BF,, C4H9 

44% total yield 93% 
1 equiv of (C,H,),CuLi, 

82% total yield 
~ o o ' o ~ C 0 2 C H i  (2) 

I 3 equiv of C,H,Cu.BF,, C ~ H ~  
72% to ta l  yield 

86% 

I 
C4H9 

14% 

Simple Ketones and Aldehydes. Although the reac- 
tion of RCu with aldehydes or ketones such as propanal, 
benzaldehyde, cyclohexanone, and acetophenone was 
sluggish, the alkylation product was obtained in high yield 
via RCwBF,; normally, use of 2 equiv of BuCwBF3 was 
required to obtain the desired product in >90% yield. 
Chemoselectively of typical butyl-organometallic com- 
pounds is summarized in the Table 11. It is noteworthy 
that BuCwBF, exhibits a high chemoselectivity, and the 
selectivity disappears with butyllithium. The reaction of 
a-bromoacetophenone with MeCwBF3 gave acetophenone, 
and the alkylation product was not obtained. 

Stereochemical Aspects. The stereochemistry of a 
1,2-addition via MeCwBF3 was investigated for tert-bu- 
tylcyclohexanone (eq 4)." The ratio of the axial/equatrial 

,. 

CH,Cu.BF, ( 3  equiv) 6 8% 32% 
CH,Li ( 1  equiv) 84% ( 79%),' 16% ( 21%),l 
CH,Li.Al(C,H,), ( 1  equiv) 87% 13% 

alcohol was 68/32; small amounts of the dehydrated olefins 
were detected as a byproduct. The stereoselectivity was 
not so high in comparison with MeLizl or MeLimEhAl. A 
detailed investigation of the stereochemistry of the con- 
jugate addition was carried out on 1-acetylcyclohexene 
(Table 111, eq 5). In all cases, the cis product 4 is obtained oo - o C O C H 3  + a C O C H 3  t 

"" C H 3 c H3 
I iCH3 

3 4 

5 6 

predominantly (4/3 ratio of 1.8-6) along with small 
amounts of the dehydrated olefins 5 and 6 derived from 
the 1,Badduct. When the reaction mixture was stirred at 
room temperature for a prolonged period after being 
quenched, 4 underwent epimerization to 3. The isomer 
ratio also depends upon the temperature of quenching 
(entries 1 and 2): 4/3 ratio of 6 a t  -75 "C and 3 at  0 "C. 
The cis preference is easily understood by the stereo- 
chemical behavior of the enolate intermediate. The an- 
tiparallel attack to the ketone leads to the enolate 7.2z 

(20) For the detailed investigation on this system, see: Ashbey, E. C.; 

(21) Macdonald, T. L.; Still, W. C. J. Am. Chem. SOC. 1975,97,5280. 
Noding, S. A. J. Org. Chem. 1979, 44, 4371. 
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While the equatrial attack on 7b is more favorable than 
the axial attack,23 the axial attack on 7a occurs more 

OM 

- 4  
- 3  

a x i a l  a t t a c k  

Me e q u a t o r i a l  a t tack  

Me 

l a  

3 
4 

e q u a t o r i a l  a ' tack 

a x i a l  a t t a c k  1 
H 
l b  

readily than the equatorial attack owing to the steric 
bulkiness of methyl group. As mentioned later, 7b may 
be less stable than 7a owing to the steric repulsion between 
the methyl group and the substituent of the double bond. 
Consequently, the cis isomer is formed predominantly 
regardless of the reagent systems. 

It is an interesting observation that the cis preference 
is greater with MeCu-BF, than with the cuprate or the 
phosphine complexz4 (entries 6 and 8). This may be a 
reflection of the change of the equilibrium between 7a and 
7b or of the change of the intermediate, that is, the enolate 
vs. cy-matalla ketone.z5 Unfortunately, it is not possible 
at the present time to provide a clear explanation. Finally, 
it should be mentioned briefly that a new organocopper 
species, MeCwBF,.P(Bu),, is soluble in ether though 
MeCwBF, is insoluble in ether or THF. The ether solution 
is colorless and stable at 0 OC. The detailed chemistry of 
this species will be published in due course. 

Competition between Conjugate Addition and 
Substitution. The conjugate addition and the substitu- 
tion reactionsz6 are the two major types of organocopper 
reactions. It is theoretically interesting to know the re- 
giochemical behavior of organocopper reagents toward a 

(22) Although two geometrically isomeric enolates are possible in such 
an intermediate, it does not exert a significant influence upon the con- 
clusion. 

(23) Zimmerman, H. E.; Mariano, P. S. J. Am. Chem. SOC. 1968,90, 
609. 

(24) Suzuki, M.; Suzuki, T.; Kawagishi, T.; Noyori, R. Tetrahedron 
Lett. 1980 1247. 

(25) Such a possibility is also conceivable for the stereoselective ad- 
dition of RCwBR3' to certain triple bonds: Yamamoto, Y.; Yatagai, H.; 
Maruyama, K. J. Org. Chem. 1979,44, 1744. 

(26) For the substitution reaction via RCu.BF3 and the related Lewis 
acid system, see: Yamamoto, Y.; Yamamoto, S.; Yatagai, H.; Maruyama, 
K. J. Am. Chem. SOC. 1980,102, 2318. 
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Table 11. Chemoselectivity 

butyl-organo- C,H,CH(OHJC,H,, 
metal (mmol) mmol mmol 

C,H,Cu.BF, (1) 0.69 0.01 

(C4H9)2CuLi  ( l )  0.70 0.22 

C,H,MgBr (1) 0.80 0.11 

C,H,Cu.BF, (2 )  0.90 0.05 

C4H9Cu (1) 0.17 

C,H,Li (1) 0.40 0.48 
A premixed ether solution of propanal (1 mmol) and 

cyclohexanone (1 mmol) was added to an ether solution 
of butyl-organometal at  -70 "C. By GLC (CW 20M). 

Table 111. Reaction of Methyl Organometallic 
Compounds with 1-Acetylcyclohexenea 

starting 
ketone 

recovd, % product methy 1-organometal 
entry (equiv) 3 4  5 6 % 

1 CH,Cu*BF, (1) 9 54 5 trace 33 
2 CH,Cu*BF, (1)' 17  51 2 trace 25 

4 CH,Cu.BF%( 3) 19 54 1 5 trace 
5 CH,Cu( l )  1 trace 90 

7 CH,Cu.TiCl, (1) 1 8 4  4 50 
8 CH,Cu.P(C,H,), 20 35 trace 1 36 

9 CH,Cu.BF,.P(C4H,), 7 32 5 trace 35 

a All reactions were carried out on a 1-mmol scale. The 
reaction was quenched at  -75 OC, except where otherwise 
indicated. By GLC. ' Quenched at 0 "C. Quenched 
at -30 to -40 "C. 

3 CH,Cu.BF, (2 )  15 61 trace 8 8 

6 (CH,),CuLi(l)d 29 64 trace 1 3 

( U d  
(1) 

molecule which possesses two or more potential attacking 
positions. Especially, to our knowledge, there is no in- 
formation so far on the competition between the two major 
reaction types in a single molecule. From this point of 
view, 8 is a well-designed compound. Furthermore, the 
conversion shown in eq 6 is an important key step for the TiR' C q H g C u - L e w i s  a c i d  

0 

OR 

8a, R = SiMe,(t-Bu); R' = OC,H, 
b, R = H; R' = OC,H, 
c, R = SiMe,(t-Bu); R' = Me 

OR 

synthesis of certain alkaloids, studied by Ibuka's 
The reaction of 8a with 3 equiv of BuCwBF, gave small 
amounts of the alkylation products at the carbonyl center 
(9 and 10, Chart I); the major product was recovered 8a. 
Although the reaction with Bu,CuLi in the presence of 
A1Cl3, EtA1Cl2, and EtzAIC1 was examined, 8a was re- 
covered again as a major product. The reaction of 8b with 
4 equiv of BuCwBF, afforded the substitution products 

(27) Ibuka, T.; Minakata, H.; Mitaui, Y.; Taga, T.; Inubushi, Y. Ab- 
stracta of 23rd symposium on the Chemistry of Natural Products, J. 
Sakakibara: Nagoya City University, Nagoya, Japan, 1980, p 351. 
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squalene. GC/MS was measured on a Hitachi-MR-1 instrument 
(22 eV). Elemental analyses were performed by the Kyoto 
University Microanalytical Laboratories, and the results were 
within the accepted limits (f0.3%). All temperatures are un- 
corrected. 

Materials. Reagent grade solvents were purified by standard 
techniques and kept over a drying agent. Organometallic com- 
pounds were prepared or purchased as previously described.26 
3,4-Dimethylpent-3-en-2-one was prepared by the method of 
House:30 bp 150 "C; IR (CC,) 1684, 1615 cm-'; NMR (CC14) 6 
1.74 (s, 3 H), 1.83 (e, 6 H), 2.13 (s, 3 H); mass spectrum, m/e 112 
(M'). 1-Cyclohexenenitrile was prepared by the known methd31 
bp 70 "C (15 mmHg); IR (CC,) 2220, 1635 cm-'; NMR (CCl,) 
6 1.68-1.80 (m, 4 H), 2.22 (br s, 4 H), 6.50-6.60 (m, 1 H); mass 
spectrum, m / e  107 (M'). 1-Cyclohexenecarboxylic acid was 
prepared by the hydrolysis of the corresponding nitrile with 
KOH-ethylene glycol:32 bp 105-107 "C (4 mmHg); IR (CCl,) 
3400-2800,2800-2400,1690,1640 cm-'; NMR (CCl,) 6 1.56-1.72 
(m, 4 H), 2.22 (br s, 4 H), 7.04-7.14 (m, 1 H), 11.20 (br s, 1 H); 
mass spectrum, m/e  126 (M'). Methyl 1-cyclohexenecarboxylate 
was prepared from the corresponding acid with MeOH-HC1: bp 
60 "C (1 mmHg); IR (CC,) 1710, 1640 cm-'; NMR (CC,) 6 1.68 
(br s, 4 H), 2.24 (br s,4 H), 3.74 (s,3 H), 6.96-7.06 (m, 1 H); masa 
spectrum, m/e  140 (M'). 1-( 1-Cyclohexeny1)pentan-1-one was 
prepared from the reaction of 1-cyclohexenecarboxylic acid (1.26 
g, 10 mmol) with butyllithium (20 mmol) in ether as reported in 
the literature? bp 90 OC (1 mmHg); IR (CCl,) 1670,1640 cm-'; 
NMR (CClJ 6 1.0 (t, J = 6 Hz, 3 H), 1.20-1.56 (m, 4 H), 1.56-1.80 
(m, 4 H), 2.00-2.40 (m, 4 H), 2.60 (t, J = 7 Hz, 2 H), 6.70-6.90 
(m, 1 H); mass spectrum m/e 166 (M'). 1-Acetylcyclohexene was 
prepared by a similar method with MeLi:% bp 60 "C (20 mmHg); 
IR (CCl,) 1660, 1640 cm-'; NMR (CDC13) 6 1.45-1.75 (m 4 H), 
2.10-2.50 (m, containing s at 2.24, 7 H), 6.85 (m, 1 H); mass 
sped", m / e  124 (M'). 5-Methyl-2-cyclohexenone was prepared 
as described previously.26 Ethyl cyclohexylideneacetate was 
prepared by the method of Wolinsky and Eri~kson:~, bp 76-77 
"C (4 mmHg); IR (CC,) 1730, 1645 cm-'; NMR (CC,) 6 1.22 (t, 
J = 7 Hz, 3 H), 1.6 (br s, 6 H), 2.16 (br s, 2 H), 2.78 (br s, 2 H), 
4.00 (9, J = 7 Hz, 2 H), 5.44 (br s, 1 H); mass spectrum, m/e 168 
(M'). 8a-c were given to LIS by Professor Ibuka. Other chemicals 
were purchased and used as such. 

General Procedure for the Lewis Acid Mediated Conju- 
gate Addition. In a 200-mL flask, equipped with a magnetic 
stirrer and maintained under N2, were placed 1.9 g (10 mmol) of 
CUI and 20 mL of dry ether. BuLi in hexane (1.3 M, 10 mmol) 
was added at  -30 "C, and the resulting mixture was stirred at  this 
temperature for 20 min. The mixture was then cooled to -70 to 
-75 "C and Lewis acids such as BF3-OEt, (47%, 1.3 mL, 10 mmol), 
A1C13-ether solution (10 mmol), or Et2A1C1-ether solution (10 
mmol) were added. After the mixture was stirred for a while, 
a,@-unsaturated carbonyl compounds (10 "01) were added. The 
mixture was allowed to slowly warm to room temperature with 
stirring and then cooled to 0 "C with an ice bath. The reaction 
was quenched with saturated aqueous NH4Cl solution. The 
reaction mixture was directly analyzed by GLC with an appro- 
priate internal standard. For isolation, the reaction mixture was 
extracted twice with ether, and the combined organic layer was 
dried over anhydrous Na2S04. When the reaction proceeded 
smoothly and the desired product was obtained in high yield, 
simple distillation via a Kugelrohr apparatus gave the corre- 
sponding 1,Cadduct in a substantially pure form. An analytically 
pure sample was obtained by further purification of this distillate 
through preparative GLC. When a mixture of 1,4-adduct, 1,2- 
adduct, and the substitution products was obtained, the separation 
was performed by preparative GLC or with column chromatog- 
raphy on silica gel. Slightly different conditions were used in the 
reaction of MeCu.BF3; MeCu was prepared at  0 "C and then 
cooled to -70 to -75 "C. When BF3.0Et, was added to this yellow 
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at the y- and a-positions (12,20%; 13, 55%) along with 
the small amounts of the reduced product 11, while that 
with 2 equiv of BF3-4 equiv of Bu2CuLi gave 11 as a major 
product along with trace amounts of 12 and 13. Here also, 
other Lewis acid systems such as AlCl,, Et,AlCl, and 
Tic&-Bu2CuLi were examined. Again, 11 was obtained 
as a major product. Such a tendency of a cuprate reagent 
has been reported in other systems.28 

Finally, conjugate addition was realized with 8c by using 
2 equiv of BuCwBF,; 14 was obtained in 75% yield. The 
other isomer (15) was not detected by  'H NMR analysis 
of the reaction mixture. The stereochemistry of 14 seems 
to be inconsistent with the observation in the case of 1- 
acetylcyclohexene, since the incoming butyl group and the 
carbonyl group exhibit the trans relation. This can be 
understood as follows. The butyl group attacks from the 
antiparallel direction of 8c-1, leading to 1622 (Scheme I). 
Although 16b possesses two equatorial substituents, the 
butyl group and the substituent of the double bond must 
occupy nearly the same plane,29 and hence the steric re- 
pulsion forces the enolate to take  the conformation 16a. 
Since the attack from the axial side is completely halted 
by the large tert-butyldimethylsilyl group, the protonation 
occurs from the equatorial side to produce 14. I n  any 
event, the conjugate addition occurs in ketone 8c, while 
the substitution reactions at the a, y, and C=O positions 
take  place in the esters 8a,b. 

In conclusion, RCwBF,, as well as other Lewis acid-RCu 
systems, is useful for the conjugate addition to the steri- 
cally crowded a,@-unsaturated ketones and esters and to 
certain unsaturated carboxylic acids. R2CuLi-BF3 is also 
useful for the double alkylation of a,@-unsaturated esters 
at the @-position and the carbonyl center. 

Experimental Section 
NMR spectra were recorded on JEOL PS-100 spectrometers; 

chemical shifts are expressed in parts per million relative to Me4Si. 
IR spectra were recorded on a Hitachi 215 spectrophotometer, 
and GLC analyses were performed on a JEOL JGC-BOK instru- 
ment using a 2-m column packed with SE-30, silicon DC-550, or 
CW-6000 on Celite 545 AW and a Golay column coated with 

(28) Claesson, A.; Sahlberg, C. J. Organomet. Chem. 1979, 170, 355. 
Logusch, E. W. Tetrahedron Lett .  1979, 3365. 

(29) It has been suggested that the enolates of 2-alkyl-substituted 
cyclohexanones undergo distortion due to the steric repulsion between 
the alkyl group and the OM group: Caine, D. "Carbon-Carbon Bond 
Formation"; Augustine, R. L., Ed.; Marcel Dekker: New York, 1979; Vol. 
1, p 223. See also: Narula, A. S. Tetrahedron Lett .  1981, 2017. 

(30) House, H. 0.; Chu, C.; Wilkins, J. M.; Umen, M. J. J.  Org. Chem. 

(31) Abramovitch, R. A.; Struble, D. L. Tetrahedron 1968, 24, 357. 
(32) House, H. 0.; Umen, M. J. J. Org. Chem. 1973,38,3893. See also: 

"Organic Syntheses"; Wiley: New York, 1963; Collect. Vol. IV, p 93. 
(33) Jorgenson, M. J. Org. React. 1970 18, 1. 
(34) Wolinsky, J.; Erickson, K. L. J.  Org. Chem. 1965, 30, 2208. 

1975,40, 1460. 
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suspension, the color did not change. Lithium dibutylcuprate 
in ether was prepared by the addition of 2 equiv of butyllithium 
in hexane to an ether suspension of CUI at -30 "C, and then the 
substrate was added at this temperature. Lewis acid mediated 
reaction of BuzCuLi was carried out by the addition of an ether 
solution of the substrate-Lewis acid mixture to the cuprate so- 
lution at  -30 "C. 

4-Phenyl-2-0ctanone:~ bp 100 "C (0.1 mmHg); IR (CCb) 1720 
cm-'; NMR (CC14) 6 0.83 (t, J = 6 Hz, 3 H), 1.00-1.70 (m, 6 H), 
1.90 (a, 3 H), 2.57 (d, J = 6 Hz, 2 H), 2.88-3.20 (m, 1 H), 7.07 (br 
s, 5 H); mass spectrum, m / e  204 (M'). 

4-Phenyl-2-pentan0ne:~ bp 70 "C (0.1 mmHg); IR (CCl,) 
1725 cm-'; NMR (CC,) 6 1.21 (d, J = 7 Hz, 3 H), 1.92 (8, 3 H), 
2.48-2.64 (m, 2 H), 3.04-3.32 (m, 1 H), 7.08 (br s, 5 H); mass 
spectrum, m / e  162 (M'). 
4,4-Dimethyl-2-0ctanone:~' bp 83-85 "C (20 mmHg); IR 

(CClJ 1725 cm-'; NMR (CC14) 6 0.96 (br s , 9  H), 1.24 (br s ,6  H), 
2.04 (8, 3 H), 2.23 (s, 2 H); mass spectrum, m / e  156 (M'). 
2,4-Dimethyl-2-octen-4-01 bp 83-85 "C (20 " H g ) ;  IR (CCW 

3600,1640 cm-'; NMR (CCl,) 6 0.89 (br t, Jvalue was not obvious, 
3 H), 0.96 (br s, 3 H), 1.20 (br s, 6 H), 1.66 (8, 3 H), 1.80 (s, 3 H), 
5.06-5.12 (m, 1 H); mass spectrum, m / e  156 (M'). Anal. (Cl0- 
HmO) C, H. An authentic sample was prepared by the reaction 
of 4-methyl-2-pentanone with BuLi in ether a t  -78 "C. 
3,4,4-Trimethyl-2-octanone: bp 100 "C (10 " H g ) ;  IR (CCL) 

1710 cm-'; NMR (CC,) 6 0.88 (t, J = 6 Hz, 3 H), 0.90 (8, 6 H), 
0.98 (d, J = 7 Hz, 3 H), 1.23 (br s, 6 H), 2.06 (8, 3 H), 2.40 (4, J 
= 7 Hz, 1 H); mass spectrum, m / e  170 (M'). Anal. (C11H220) 
C, H. 
2,3,4-Trimethyl-2-0cten-4-01 bp 100 "C (10 " H g ) ;  IR (CCh) 

3610, 1680 cm-'; NMR (CCl,) 6 0.89 (t, J = 6 Hz, 3 H), 1.25 (br 
s, 9 H), 1.55 (s, 3 H), 1.63 (8,  3 H), 1.88 (8, 3 H); mass spectrum, 
m / e  170 (M'). Anal. (CllHzzO) C, H. An authentic sample was 
prepared from the reaction of the trisubstituted enone with BuLi 
at -78 "C. 

l-(2-Butylcyclohexyl)pentan-l-one: bp 100 OC (1 mmHg); 
IR (CCl,) 1700 cm-'; NMR (CCl,) 6 0.8-1.0 (m, 6 H), 1.0-1.4 (m, 
10 H), 1.4-1.7 (m, 6 H), 1.7-2.0 (m, 3 H), 2.36 (t, J = 6 Hz, 2 H), 
2.45-2.64 (m, 1 H); mass spectrum, m / e  224 (M'). Anal. (C16- 
HmO) C, H. The stereochemistry between the butyl and pentanoyl 
group on the six-membered ring was not determined. 
3-Butyl-5-methylcyclohexanone: bp 100 "C (20 mmHg); IR 

(CClJ 1703 cm-'; NMR (CCl,) 6 1.0 (br t, J = 6 Hz, 6 H), 1.40-1.55 
(m, 6 H), 1.55-2.04 (m, 4 H), 2.04-2.56 (m, 4 H); mass spectrum, 
m / e  168 (M'). This ketone was converted to l-butyl-3- 
methylcyclohexane through the Wolff-Kishner reduction: 
NH2NH2.H20 (0.2 mL), KOH (0.2 g), HOCHzCHzOCHzCHzOH 
(2 mL), ketone (0.17 g, 1 mmol), 100-180 "C, 5 h. The resulting 
hydrocarbon was analyzed by GLC using a capillary column 
(squalene, 0.25 mm i.d. X 45 m), as reported previously.2s 

Methyl 3-methylheptan0ate:~~ bp 100 "C (18 mmHg); IR 
(NaC1) 1745 cm-'; NMR (CC14) 6 0.90 (br t including d, J = 6 Hz, 
6 H), 1.28 (br s, 6 H), 1.80-2.00 (m, 1 H), 2.W2.40 (m, 2 H), 3.58 
(s, 3 H); mass spectrum, m / e  158 (M'). 

Ethyl 2,3-dimethylheptanoate: bp 95 "C (25 mmHg); IR 
(NaC1) 1740 cm-'; NMR (CC,) 6 0.80-1.30 (m, 18 H), 1.60-1.80 
(m, 1 H), 2.10-2.40 (quintet, J = 7 Hz, 1 H). The ratio of dia- 
stereomers was not obvious; although the GLC analyses (DC-550 
and SE-30) showed a sharp single peak, it was highly probable 
that the diastereomers could not be separated under these con- 
ditions. Authentic material was prepared from the corresponding 
acid obtained below. 
6,7-Dimethy1-5-undecanone:" bp 65 "C (1 mmHg); IR (NaC1) 

1710 cm-'; NMR (CC,) 6 0.80-1.00 (m, 12 H), 1.10-1.60 (m, 11 
H), 2.10-2.40 (m, 3 H); mass spectrum, m / e  198 (M'). The ratio 
of diastereomers was not determined. 

Ethyl (1-butylcyclohexy1)acetate: bp 80 "C (4 mmHg); IR 
(NaCl) 1720 cm-l; NMR (CC14) 6 0.92 (t, J = 6 Hz, 3 H), 1.20-1.50 
(m, 16 H), 2.18 (s, 2 H), 4.04 (9, J = 7 Hz, 2 H); mass spectrum 
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m / e  226 (M'). Anal. (C14H2602) C, H. 
Ethyl 3,3-dimethylheptanoate: bp 90-93 "C (25 mmHg); IR 

(NaCl) 1740 cm-'; NMR (CC14) 6 0.96 (br s, 9 H), 1.16-1.32 (m, 
9 H), 2.10 (s, 2 H), 4.05 (q, J = 7 Hz, 2 H); mass spectrum, m / e  
186 (M'). Anal. (C11H2202) C, H. See also ref 39. The ester was 
converted into the corresponding acid as mentioned below. 
7,7-Dimethyl-5-undecanone: bp 65 "C (1 mmHg); IR (CC14) 

1710 cm-'; NMR (CCL) 6 0.88 (br t, J = 6 Hz, 6 H), 0.90 (s,6 H), 
1.25 (br s, 10 H), 2.06-2.35 (m, 4 H); mass spectrum, m/e 198 (M'). 
Anal. (C13HzsO) C, H. See also ref 39. 

bp 60 OC (1 
mmHg); IR (CCl,) 1725 cm-'; NMR (CCl,) 6 0.90 (t, J = 6 Hz, 
3 H), 1.04-1.36 (m, 6 H), 1.36-1.67 (m, 6 H), 1.67-2.40 (m, 3 H), 
2.46-2.68 (m, 1 H), 3.66 (8,  3 H). The stereochemistry between 
the butyl and methoxycarbonyl group was not determined. An 
authentic material was prepared from the corresponding acid 

Methyl 2-butylcyclohexanecarboxylate: 

obtained below. 
3-Methylheptanoic acid:= bp 75 "C (1 mmHg); IR (NaCl) 

3500-2800,2800-2400,1715 cm-l; NMR (CC,) 6 0.89 (t, J = 6 
Hz, 3 H), 0.97 (d, J = 6 Hz, 3 H), 1.28 (br s, 6 H), 1.80-2.00 (m, 
1 H), 2.08-2.35 (m, 2 H), 10.30 (br, 1 H); mass spectrum, m/e 144 

2,3-Dimethylheptanoic acid:" bp 105-108 "C (8 mmHg); 
IR (NaC1) 3500-2800,2800-2400,1710 cm-'; NMR (CC1,) 6 0.94 
(br t including d, J = 6 Hz, 6 H), 1.14 (d, J = 6, 6 Hz, 3 H), 1.30 
(br s, 6 H), 1.70-1.90 (m, 1 H), 2.20-2.50 (m, 2 H), 10.80 (br, 1 
H); mass spectrum, m / e  158 (M'). 

3,3-Dimethylheptanoic Acid. Although this acid was not 
isolated from the BuCwBF3 reaction, its retention time on GLC 
(DC-550 and CW 20 M) was easily found by analysis of the 
hydrolysis solution of ethyl 3,3-dimethylheptanoate obtained 
above. Thus, it was revealed that only trace amounts of the acid 
were produced from the BuCwBF3 reaction. 

2-Butylcyclohexanecarboxylic acid: bp 115 "C (4 mmHg); 
IR (CCl,) 3500-2800,2800-2400,1700 cm-'; NMR (CCl,) 6 0.90 
(br t, J = 6 Hz, 3 H), 1.28 (br s, 6 H), 1.68 (br s, 9 H), 2.40-2.60 
(m, 1 H), 10.80 (br, 1 H); mass spectrum, m / e  184 (M'). Anal. 
(CllHmOz) C, H. The stereochemistry was not obvious, though 
a sharp single peak was observed on GLC (DC-550). 

Heptanenitrile:@ bp 85 OC (20 mmHg); IR (CCl,) 2270 cm-'; 
NMR (CCk) 6 0.93 (t, J = 6 Hz, 3 H), 1.20-1.80 (br m, 8 H), 2.30 
(t, J = 6 Hz, 2 H). 

Undecan-5-0ne:~l bp 80 "C (2 mmHg); IR (CC14) 1710 cm-'; 
NMR (CCl,) 6 0.90 (br, t, J = 6 Hz, 6 H), 1.10-1.70 (m, 12 H), 
2.32 (t, J = 6 Hz, 4 H); mass spectrum, m / e  170 (M'). 

Methyl 3-(l-propenyl)heptanoate: bp 70 "C (1 mmHg); IR 
(NaCl) 1740,965 cm-l; NMR (CCl,) 6 0.90 (t, J = 6 Hz, 3 H), 2.27 
(br s, 6 H), 1.66 (d, J = 6 Hz, 3 H), 2.18 (d, J = 6 Hz, 2 H), 
2.20-2.30 (m, 1 H),3.60 (s, 3 H),5.20-5.50 (m, 2 H);mass spectrum, 
m / e  184 (M'). Anal. (CllHm02) C, H. The irradiation at the 
olefinic protons converted the doublet at 6 1.66 (CH3C=) into 
a sharp singlet. The strong absorption at 965 cm-' and a sharp 
single peak on GLC (DC-550 and CW 6000) indicated the trans 
configuration. 

Methyl 5-methyl-3-nonenoate: bp 70 "C (1 mmHg); IR 
(NaCl) 1740,965 cm-'; NMR (CCl,) 6 0.88-1.02 (m, 6 H), 2.24 (br 
s, 6 H), 1.98-2.20 (m, 0.5 H), 2.20-2.42 (m, 0.5 H), 2.94 (t, J = 
6 Hz, 2 H), 3.58 (s,3 H), 5.10-5.50 (m, 2 H); mass spectrum, m/e 
184 (M'). This 1,6-cu,b-adduct was isolated from the cuprate 
reaction. The irradiation at the olefinic protons converted the 
triplet at 6 2.94 (=CCH2CO) into a doublet (the ratio of peak 
height 1:l). This experiment, together with the characteristic 
peaks between 6 1.98 and 2.42 suggested that the 1,6-a,6-adduct 
consisted of a mixture of the cis and trans isomers (1:l). Actually, 
the GLC examination (DC 550) showed two near peaks in the 
region of 1,6-adduct, whose cis/trans ratio was 1:l. If one of these 
peaks was the 1,6-y,b-adduct as observed in the reaction of sec- 
butyl sorbate with BuCwMgX2,19 each chemical shift of two 
olefmic protons should be separated significantly, and the carbonyl 

(M'). 

(35) Ansell, M. F.; Mahmud, S. A. J .  Chem. SOC., Perkin Trans. 1 1973, 

(36) House, H. 0.; Traficante, D. D.; Evans, R. A. J .  Org. Chem. 1963, 

(37) Mandeville, W. H.; Whitesides, G. M. J. Org. Chem. 1974,39,400. 
(38) Munch-Petersen, J. J .  Org. Chem. 1957, 22, 170. 

2789. 

28, 348. 

(39) Posner, G. H.; Brunelle, D. J. J .  Chem. SOC., Chem. Commun. 
1973. 907. 
- - - - I  

(40) Vogel, A. I. 'A Textbook of Practical Organic Chemistry", 3rd ed.; 

(41) Yamamoto, Y.; Kondo, K.; Moritani, I. Bull. Chem. SOC. Jpn. 
Long": London, 1956; p 406. 

1975,48, 3682. 
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absorption should appear a t  1730-1710 cm-'. Further, the irra- 
diation between 6 1.98 and 2.42 changed the peak in the olefinic 
region. Therefore, we excluded the possibility of the 1,6-y,6- 
adduct. Interestingly, the GLC examination of the minor com- 
ponent obtained from the BuCwBF, reaction showed a single peak 
in the region of the 1,6-adduct. 

5-Methyl-3-nonenoic acid:19 85 "C (0.5 mmHg); IR (NaC1) 
3500-2800,2800-2400,1720,965 cm-'; NMR (CCl,) 6 0.90 (t, J 
= 6 Hz, 3 H), 0.98 (d, J = 7 Hz, 3 H), 2.26 (br s, 6 H), 2.0-2.24 
(m, 1 H), 3.0 (d, J = 6 Hz, 2 H), 5.32-5.44 (m, 2 H), 10.80 (br s, 
1 H); mass spectrum, m/e 170 (M+). Irradiation at the olefinic 
protons converted the doublet at 6 3.0 (=CCH2CO) into a sharp 
singlet. A sharp single peak on GLC(CW 6000), strong IR ab- 
sorption a t  965 cm-', and the irradiation experiment indicated 
the trans 1,6-a,6 structure. Finally, the acid was converted into 
the methyl ester with MeOH-HCl, which showed the same re- 
tention time as one of the two peaks of an authentic sample 
obtained above. 

3-( l-Propeny1)heptanoic Acid. This 1,4-adduct was not 
isolated in pure form but was contaminated with significant 
amounts of the l,&a,d-addud (the l,&adduct was isolated in pure 
form by chromatography through a short column of silica gel with 
benzene as the eluant followed by distillation): mass spectrum, 
m/e 170 (M+); NMR (CCl,; deduced from the mixture) 6 0.90 (t, 
J = 6 Hz, 3 H), 2.26 (br s, 6 H), 1.65 (d, J = 6 Hz, 3 H), 2.00-2.24 
(m, 1 H), 2.25 (d, J= 6 Hz, 2 H), 5.32-5.44 (m, 2 H). The irra- 
diation of the olefinic protons converted the doublet (CH3C=) 
a t  6 1.65 into a sharp singlet. Further, the methyl ester derived 
from the acid exhibited the same retention time on GLC (CW 
6000) as the 1,li-adduct obtained above. 

Stereochemical Aspects. An ether solution of tert-butyl- 
cyclohexanone (1 mmol) was added to an ether solution of or- 
ganometallic compounds at -70 OC, and the mixture was allowed 
to warm to 0 "C. The reaction was quenched by saturated aqueous 
NH,Cl solution, and the organic layer was analyzed by GLC (CW 
6000, IO%, 2 m). MeLi.Et3Al was prepared by the addition of 
an equivalent amount of Et3Al in hexane to an ether solution of 
MeLi a t  -70 "C. The reaction of l-acetylcyclohexene with me- 
thylcopper derivatives was carried out as described in the general 
procedure; the reaction temperature and quenching temperature 
are indicated in the Table 111. The reaction mixture was analyzed 
by GLC with SE-30 (lo%, 2 m) and with n-tridecane as an internal 
standard. trans-l-Acetyl-2-methylcyclohexane (3):5b IR (CCl,) 
1710 cm-l; NMR (CCl,) 6 0.81 (d, J = 7 Hz, 3 H), 1.0-2.1 (br m, 
maxima at 1.28 and 1.75, 10 H), 2.04 (8 ,  3 H). cis-l-Acetyl-2- 
methylcyclohexane (4):6b IR (CCl,) 1710 cm-'; NMR (CCl,) 6 0.82 
(d, J = 7 Hz, 3 H), 1.0-1.9 (br m, 9 H), 2.02 (8 ,  3 H), 2.0-2.6 (br 
m, 1 H). The chemical shifts of 3 and 4 were identical with the 
reported data.5b Furthermore, epimerization from 4 to 3 was 
observed upon treatment with NaOEt. 1-Isopropenylcyclohexene 
(5) was isolated by preparative GLC (SE-30): IR (CCl,) 880 cm-'; 
NMR (CCl,) 6 1.40-1.75 (br m, maximum a t  1.63,4 H), 1.84 (s, 
3 H), 1.95-2.35 (br m, maximum at 2.15, 4 H), 4.74 (br s, 1 H), 
4.85 (br s, 1 H), 5.80 (br t, 1 H); mass spectrum, m/e 122 (M'). 
The chemical shifts were identical with the reported data.42 
Isopropylidenecyclohexene (6) was also isolated similarly: NMR 
(CCl,) 6 1.67 (s, 6 H), 2.35-1.76 (m, 6 H), 5.54 (m, 1 H), 6.27 (d, 
J = 10 Hz, 1 H); mass spectrum, m/e 122 (M'). The chemical 
shifts were identical with the reported data.43 

Reaction of 8. A procedure similar to that used above was 
employed. The analysis of the reaction mixture by GLC (DC 550, 
5%,  2 m) revealed that large amounts of 8a were recovered. 

Yamamoto e t  al. 

Because of this disappointing result, we did not determine the 
exact yields of 9 and 10 but had an interest in their structures. 
9 and 10 were isolated by column chromatography through silica 
gel with ethel-hexane (1:9) as the eluant. 9 IR (CCW 3600,1670 
cm-'; NMR (CCl,) 6 0.94 (t, J = 7 Hz, 3 H), 1.18-2.00 (m, 8 H), 
2.20 (br s, 2 H), 2.44 (br s, 1 H), 2.62 (t, J = 7 Hz, 2 H), 4.30 (br 
s, 1 H), 6.70 (br s, 1 H); mass spectrum, m/e 182 (M'). Anal. 
(CllH1802) C, H. 10 was identified by comparison with authentic 
material (Table I). In the reaction of 8b, the products 11-13 were 
identified by the comparison of their GC/MS with those of the 
products obtained via B u C U - A ~ C ~ ~ . ~ ~ ~  The reaction of 8c with 
2 equiv of BuCwBF3 was carried out similarly. 14 was isolated 
by chromatography through a short column of silica gel with 
ether-hexane (1:9), followed by Kugelrohr distillation: bp 100 
"C (1 mmHg) [lit.lob bp 110 "C (3 mmHg)]; IR (CC,) 1700 cm-'; 
NMR (CDC13) 6 0.04 (s, 6 H), 0.88 (br s, 12 H), 1.20-1.80 (m, 
maximum at 1.27, 13 H), 2.14 (s, 3 H), 2.30 (m, 1 H), 3.41 (m, 1 
H). The NMR spectra (CDC13) of the reaction mixture did not 
exhibit a signal at 6 2.08 which corresponded to the COCH, 
protons of l5.'Ob 
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