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Ababactz Gas-please eliminalion reocfions ofdeurerium Iobeled I-o/lyl-l-mcrl~~~.6-di~f~~y~-2-cycloke 
(I). I-metho~4,4~imetlt.vl-l-vinyl-2-c~~c~~texe~ (2, and 3-metlwq-3-methyl-I-butene (3) have been investigated. 
1,2-Elimination is the favored pathway when I reacts with h.vdroxide (3.5:1 I and m&oxide (2.6:1), but I.4-elimin- 
ation is preferred with fluoride by 2:i. Abstraction of a vinyl proton in the elimination reaction? of 2 and 3 is 
dominant when amide atuUor dimethylanCde are used. whereas the loss of an albl proron is heavily favored with 
kydmxide. 

We have recently reported that the competition between 1,2- and 1.4-elimination in 3-methoxycyclohexene 

is dependent upon base strength.t 1,4-Elimination is heavily favored when strong bases such as hydroxide 

and amide are used, whereas the 1,2-pathway becomes more competitive when weaker bases such as 

methoxide am employed. A shift in mechanism from ElcB to E2 was proposed to account for this change in 

selectivity. The preference for the I ,4channel may be a reflection of the enhanced acidity at the allylic position 

relative to the alkyl site. In solution, relatively few reports have focused on the competition between 1,2- and 

I &eliminations, but the available data indicates that the selectivity is dependent upon the nature of the substrate 

and the reaction conditions.2 Our gas-phase studiis have now been extended to include l-allyl- 1-methoxy-6.6 

dimethyl-2-cyclohexene (1) because in this substrate the two elimination channels am effectively “equal” since 

they both involve the removal of an allylic proton. Furthermore, we have discovered high mgioselectivity in 

the elimination reactions of I-methoxy-4AdimethyLI-vinyl-Zcyclohexene (2) and 3-methoxy-3-methyl-l- 

butene (3). Both substrates show a strong preference for reaction at the vinyl C-H bond with amide and/or 

dimethylamide, whereas attack at the alkyl site dominates when hydroxide is used. 

In our flowing afterglow apparatus? 1 reacts with a variety of bases (B-) to afford a cyclohexatrienide (4) 

and MeO-* BH (5. Scheme I). Both of these ions can arise from a 1,2- or a 1,4- elimination, but the two 

pathways can be distinguished with an appropriately labeled substrate. 2,4,4-d3- 1-Allyl- 1 -methoxy-6.6- 

dimethyl-2-cyclohexene (la) was used in this regard and was readily prepared from 6.6-dimethyl-2-cyclo- 

hexen- l-one. Deuterium was introduced into theenone via H/D exchange (ODVD20) to afford 2,4,4-d3-6,6- 

dimethyl-2-cyclohexen- 1 -one. Addition of ally1 Grignard and subsequent methylation (NaH/MeI) of the 

resulting alcohol afforded the desired deuterium labeled derivative (la). 

The Esults of the reaction of la with several bases are shown in Scheme II. The deuterium content of the 

MeO-. BH@) cluster is indicative of the regioselectivity. Unfortunately, the cyclohexatrienide is of no value in 
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Scheme I: The reaction products of I-allyl- I-methoxy-6.6dimethyl-2cyclohexene with a series of bases 

1 4 5 

NH2- 95% 5% 

OH- 58% 42% 

MeO- 45% 55% 

t-BuO- 37% 63% 

F-a 11% 76% 

a. Adduct = 13% 

Scheme II: Begioselectivity in the base-induced eliminations of 2,4,4-d3- I-allyl- I-methoxy-6.6dimethyl-2- 
cyclohexet@ 

CH30-n BH + CH30- q BD 

(1,2) (1*4) 

a. MS: 99% d3 

OH- 78% 22% 

Me@ 72% 28% 

t-BuO- 42% 58% 

F 34% 66% 

this case since 1,2- and 1,4-eliminations both lead to d2-ions. Nonetheless, the data nveals that the selectivity 

is sensitive to the base stmngth. Hydroxide and methoxide react predominately via the I .2-pathway, 3.51 and 

2.6: 1 respectively, whereas l&elimination is favored with the weakest bases used in this study (t-BuO- and 

F-). This is in sharp contrast to our results with 3-methoxycyclohexene, the 1,4-pathway is essentially the 

exclusive reaction channel with hydroxide.1 indicating that allylic activation is important in governing the 

selectivity in these systems. It is worth adding that our rate measurements on 3-methoxycyclohexene indicate 

that the primary kinetic isotope effect is small (kBikB 5 1.5). consequently, we expect that it will have only a 

slight effect on the product ratios of la. An obvious trend in Scheme II is the gradual shift toward 1,4- 

elimination as the base strength decreases. Our results on 3-methoxycyclohexene as well as some recent 

calculations4 indicatt that strong bases (NH2- and OH-) react via an ElcB-like mechanism whereas weaker 

bases (F-) proceed by an EZ-type process. Therefore, our results with la, a substrate in which both elimin- 
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ation channels have activated (allylic) hydrogens, suggest that an ElcB process favors 1.2climination and an 

E2 reaction proceeds preferentially via l&elimination. 

Compound 2 teacts with several bases to afford 5 and an ion with m/z 133 (eq I). The latter species could 

be a cyclohexadienide or an allenic ion (6u and 6b, respectively) depending upon whether a vinyl or an alkyl 

proton is abstracted in the elimination reaction. ss6 These two mechanistic possibilities can be distinguished 

with the trideutetio labeled substrate 2a. In particular, a dl-cluster and a d2cyclohexadienide will be formed 

when the elimination involves the alkyl deuteton whereas a do-cluster and a dpallenic ion will arise fmm attack 

at the vinyl site. Our results are given in Scheme III and reveal that both amide and diiethylamide have a 

strong pmference for the more acidic (vinyl) hydrogen. Dimethylamide appears to be more selective than amide - WH3 

M I 2 CH.pP-m BH + m/z133 (1) 

5 6 

2 

Scheme III: The reaction products of 2,6.6-d3- I -methoxy-4,4-dimethyl- I-vinyl-f-cyclohexene with several 
bases.8 

CH30-m BH + CYO-• BD + 

5-h 5-dl 

Pa 6a 6b 

Pmducts Bases Reactive Site 

NH2- MezN- OH- 

S-do 3.6% Vinyl 

5-dt 80.7% ABYl 

5-d2 15.7% ABYl 

6-dt 18.3% Ancyl 

6-dz 18.4% 8.1% 80.4% ABYl 

6-d3 81.6% 91.9% 1.3% Vinyl 

a. MS: 98% d3 

(11.3: 1 vs 4.4:1), but this is misleading because the deuteron at the vinyl carbon in 2a undergoes H/D 

exchange with amide.7 The 4.4: 1 ratio. consequently, is a lower limit and the two bases probably are not very 

different. We do observe, however, a nmatkable change in selectivity with hydroxide. Boththe cluster ion 

(5) and the cyclohexadienide (6a) indicate that the Eaction PIW&S predominately (> 96%). if not exclusively, 

at the alkyl center.* 
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The dramatic change in the regioselectivity of 20 was unanticipated. Therefore, we decided to examine an 

acyclic analog in order to probe the generality of this competition. 3-Metboxy-3-methyl-I-butene (3) was 

found to be a suitable substrate and an appropriately labeled derivative (3a) was nadily prepared from de- 

acetone. The reaction of 3a with hydroxide mirrors the selectivity observed for 2a with a 97:3 preference for 

attack at the alkyl center (Scheme IV). The results with amide and dimethylamide, however, are not as 

conclusive. Both bases were generated by electron ionization of their corresponding amines and the excess 

neutral reagent was found to wash out the isotopic label in the product ion i.e. 3a reacts with amide to afford 

MeO-- NH3 whereas ND2- (generated from ND3) leads exclusively to the formation of MeO-. ND3. Unfortun- 

ately, this problem could not be circumvented with amide, but by decreasing the amount of dimethylamine 

which was used the dddl product ratio became independent of the amine concentration. In accord with 2a, the 

reaction was found to proceed predominately Q 2: 1) by abstraction of the vinyl proton. It is apparent that 2 

and 3 react similarly and that the observed selectivity may be quite general in gas-phase elimination reactions. 

We are currently extending this work to investigate the stereoselectivity of 1,2-eliminations in the 

appropriately deuterium labeled methoxycyclohexenes. These efforts will be reported in due course. 

Scheme IV: Selectivity in the base-induced eliminations of 4-d3-3-methoxy-3-d3-methyl-l-butenea 

3a 

CH,O-¤ BH + CHfl-m BD 

a. MS: 99% de 

MezN- -65% 35% 

OH- 3% 97% 
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The vinyl deuteron in 2a undergoes some exchange with hydroxide and this accounts for the formation of 
5-d2 and 6-dt. Given the small amount of 5-do and 6d3, however, H/D exchange will have little, if any, 
effect on the stereoselectivity. 
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