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Abstract: The title reaction is found synthetically useful and the stereochemical study has 
revealed that carbocationic intermediates are involved in the reaction of endo-2-acetoxy- 
norcarane, its epimer, and acetates of cis- and &on.5-carveol with trimethylaluminum. 

Alkylation' of alcoholic substrates R'OH v& the esters R'OCOR with organomztallic 

reagents R2Mtl to produce R'-R2 encounters the problem that the reagents preferentially attack 

the ester carbony12, often transforming the substrates to relatively unstable halides prior to 

alkylation. In contrast, trialkylaluminum compounds3 react with certain allylic acetates to 

give the corresponding alkylated products as has been reported briefly.4 This C-C bond 

formation5 is now extended not only to ally1 but benzyl and cyclopropylmethyl acetates and is 

found to be characterized by ctiboctinic ti~editi being phoduced 6hom e~Xe.h~ in nonpoti 

oh &A po&vt AO.b~ntd buch a6 hexme Oh dickeohom&ane. 

When the acetates Ia-IIIa were treated in dichloromethane with three mol of trialkyl- 

aluminum for several hours at room temperature , alkyl substituted products Ib6b (90%), 1~~~ 

(8$%), I Ib (94% by GLC) , 11~~~ (70%)) and IIIbGa (91%) were obtained. The reaction proceeded 

similarly under various conditions as indicated in the IIIa-+IIIb transformation (solvent, 

temperature, yield): dichloromethane, -78 "C, 93%; hexane, r.t., 93%; benzene, r.t., 98%. 

The benzoate 111~ was converted to IIIb in 68% isolated yield. Treatment of IIIa with 

Et2AlCX-n_-C4Hg gave IIId 6b (56%) without any trace of IIIb. It is worth noting that this 

alkylation takes place under extremely mild conditions as compared with the reaction of free 

alcohols5a and hence is useful synthetically. Acetates of saturated primary and secondary 

alcohols were recovered unchanged. A tertiary acetate, 1-methylcyclododecyl acetate, 

underwent elimination to afford a mixture of 1-methylcyclododecene and methylenecyclo- 

dodecane (92:8, 87% yield). 
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Ph2CH-R PhCH-R 

k oT-c”H’3 
Ia: R = OAc IIa: R = OAc 

Ib: R = Me IIb: R = Me 

Ic: R = Et 11~: R = i-Bu 

IIIa: R = OAc 

IIIb: R = Et 

111~: R = OCOPh 

IIId: R = CsC-n-C4H9 

The stereochemical aspect of the reaction was studied in the transformation of endo-2- 

acetoxynorcarane (IVa) and its epimer Va. Treatment of IVa with trimethylaluminum (3 mol) in 

dichloromethane for 2 h at room temperature gave IVb6by7y8 

its epimer Vb7y8) 

(contaminated with less than 7% of 

in 80% (GLC) yield. Starting with Va, the exclusive product was again IVb 

in 50% (GLC) yield. As the deuterated acetates' (IVc and Vc, a 22:78 mixture) gave IVd 

(>93%), a mechanism involving rearrangement with ring opening can be rejected. The above data 

are all consistent with a common cationic intermediate VI, to which methyl anion is delivered 

from the less hindered ti direction as indicated below. 

R1 R* 

IVa: R’ = OAc, R2 = H Va: R’ = H, R2 = OAc 

IVb: R'=Me R2=H , Vb: R' = H, R2 = Me 

IVc: R' = OAc, R2 = D Vc: R' = D, R2 = OAc 

IVd: R' = Me R2 = D , Vd: R' =. D, R2 = Me 

Similar stereochemistry was observed in the allylic acetate system. Acetates of tin- 

and tittLauL6-carve01 (VIIa and VIIIa, each optical purity >98%) were allowed to react.with 

trimethylaluminum (3 mol) in hexane at 0 “C for 20 min. The results (in order of starting 

acetate, % yield of the products, and VIIb 6a,10:VIIIb6a,10 ratio”) are: VIIa, 85%, 18:82; 

VIIIa, 78%, 4:96; clearly indicating that the alkylation occurs predominantly from the side 

opposite the isopropenyl group. l2 The deuterated acetates VIIc14 and VIIIc14 gave mainly 

.&a.n&methylated products with VIIId and its regioisomer IX being produced in a ratio of 

45:55 ([oJ2: +lO") and 40:60 ([o$ +17") respectively. The product distribution of the 

alkylation also was independent of the solvent (hexane, dichloromethane, ether, tetrahydro- 

furan) and the leaving group (OAc, OP(0)(OEt)2). 



??o . 4P 

The reaction of allylic 

substitution reaction of ally1 

SN2 type introduction of the X 

4'53 

acetates with trialkylaluminum is in sharp contrast to the 

phosphates with Me2AlX (.X = OPh, SPh, NHPh) reagent,14 where 

group predominates with inversion of the configuration. 

The most compatible mechanism of the present alkylation should involve a symmetric cationic 

intermediate of type X, the cyclohexenyl ring of which is attacked by the methyl group from 

the side opposite the isopropenyl group. 
15,16 

VIIa- R’ = OAc R2 = H 

VIII:: R' = H 'R2 = OAc 

VIIb: R’ = Me: R2 = H 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

x VIIIb: R’ = H, R2 = Me 

VIIc: R’ = OAc, R2 = D 
\ VIIIc: R’ = D, R2 = OAc x \ 

VIIId: R’ = D, R2 =k 
IX 
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GLC (PEG ZOM, 40% on Celite 545, 2 m, 70 "C). _ __ Isomeric composition was determined by 

Authentic samples of VIIb and VIIIb were obtained as toliows: 

HO+ AHOq LHO$.-e- c_ Q-** 

[iJ: + 125" (c 0.84, MeOH) 

'O---Q a,b,c+ p H' ;~-5~~!;M~;:"'"')2 

[,I: t 28" (c 0.78, MeOH) 
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