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Diethylaluminum 2,2,6,6-tetramethylpiperidide (DA- 
TMP) can be prepared in situ8 from diethyl- 
aluminum chloride and lithium 2,2,6,6-tetramethyl- 
piperidide (LiTMP)g (molar ratio 1 : 1) in benzene at 0" 
for 30 min. Reaction of DATMP (4 equiv) with (E)-  
cyclododecene oxide (1) in benzene was completed at  
0" (external cooling) for 3 hr. The addition of 1 N 
hydrochloric acid, washing with water, and concentra- 
tion in uucuo afforded (E)-2-cyclododecen- 1-01 (2) in 
90 yield after purification by plc (silica gel, Rr = 0.23 
with 3 : 1 hexane-ether). lo The examples cited in Table 
I illustrate the synthesis of allylic alcohols using the in- 
dicated reactants and reaction conditions. 

M(CO)a(diene) species should, however, lead to intra- 
molecular CO scrambling. lo The observed stereo- 
specificity of CO exchange in addition to  the fact that 
under no  conditions was the monoolefin pentacarbonyl 
species ever observed strongly suggests this alternative 
mechanism to be unlikely. 

As indicated earlier this study has also afforded an 
assignment of the v(C0) vibrations in (NBD)M(CO)4 
complexes. Table I contains the calculated CO force 
constants obtained with the aid of 13C0 frequency data. 
The observation of the B1 band occurring at higher 
frequency than the Bz band in these complexes is in 
agreement with the assignment proposed in a recent 
Raman study by Butler and Barna. l 1  
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Organoaluminum Reagents of Type R lRzNAlEt2 
Which Allow Regiospecific Isomerization 
of Epoxides to Allylic Alcohols 

Sir, 
The reaction of epoxides with strong base constitutes 

a well known synthetic method for the preparation of 
allylic alcohols. The best current method for this trans- 
formation discovered by Cope, and thoroughly de- 
veloped by Crandal13 and Rickborn, involves isomer- 
ization with lithium diethylamide. Because of our 
needs to  carry out such transformation under very mild 
 condition^,^ we developed a new method based upon 
diethylaluminum dialkylamide.6 The method takes ad- 
vantage of the affinity of aluminum metal for oxygen.' 
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DATMP has proved to be most satisfactory for the 
isomerization, while some variation in the reagent was 
studied in detail. The yield of alcohol 2 with DATMP 
(4 equiv) used as the base in its production from the 
oxido 1 at 0" for 1 hr" is compared with the same data 
for several other R'R 2NA1Etz species : diethylamide, 
<5% ; dicyclohexylamide, 36% ; diisopropylamide, 
45 %; TMP, 80 %. It should be noted that LiTMP it- 
self was an unsatisfactory reagent for this transforma- 
tion under the same reaction conditions (<5 of 2 and 
>70 of the starting oxido 1 was recovered). 

Regioselectivity was reported in the reaction of un- 
symmetrical epoxides with lithium diethylamide, lead- 
ing to allylic  alcohol^.^ The preference for elimination 
is primary > secondary > tertiary in these systems and 
this has been attributed to a combination of steric effects 
and preferred geometry.*~'~ It seemed logical to  expect 
that the bulk of the extremely large TMP group might 
play an even more significant role in determining the 
course of reaction and a useful regiospecific route to 
allylic alcohols might thereby become available. Thus, 
the reaction of DATMP in benzene at 0" with Z epoxide 
35 for 2 hr produced the disubstituted allylic alcohol 4 
in 90% yield after work-up in the usual way. A 
dramatic alteration in the product distribution occurs 
when the same reaction with DATMP is conducted with 
E epoxide 55 (0" for 2 hr); although alcohol 4 was 
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Table Ia 

Reaction 
time, hr, 

ReagentC and temp, Yielde 
Epoxideb Productb (eauiv) OCd 7 

~ 

Cyclopentene oxide 2-Cyclopenten-1-01 DATMP (4) 2 ,o  Of 
Cyclohexene oxide 2-C yclohexen- 1 - 01 DATMP (4) 3 ,o  Of 

DADIPo (4) 12,25 O h  
Cycloheptene oxide 2-Cyclohepten-1-01 DATMP (4) 3 ,o  Of 
(E)-Cyclododecene oxide (E)-2-Cyclododecen-l-ol DATMP (4) 3 ,o  90 

190 80 
(2)-Cyclododecene oxide (E)-2-Cyclododecen-1-01 DATMP (4) 3,o 20 

0 &H 

+ r O H  
E and Z' 

no /$&OH 

HO e' 
DATMP (4) 2,o 85 

DATMP (4) 0.5,O 88 

DATMP ( 5 )  0.5,O 90 

Most of these reactions were carried out on a 1 mmol scale. b All compounds have been adequately characterized by analytical and spec- 
2,2,6,6-Tetramethylpiperidine was obtained from Aldrich Chemical Co., Inc., and converted to LiTMP using n-butyllithium 

f Starting epoxide was recovered. 
i This compound 

tral data. 
(hexane solution) at 0" for 10 min. 
* Diethylaluminum diisopropylamide. 
was converted to C1?-Cecropia juvenile hormone; S. Tanaka, H. Yamamoto, and H. Nozaki, unpublished results. 

d Cooling bath temperature. e Yields are for isolated pure products. 
h Several by-products were noted in this reaction. E / Z  = 3 :I by nmr assay. 

Figure 1. Possible intermediary complex of the DATMP-epoxide 
reaction. 

formed in small amounts (12 z), the predominant 
product was the trisubstituted E allylic alcohol 6 (78 z). 
The stereochemistry of 6 is clearly indicated by the anal- 
ysis of the nmr spectrum (in CCl,) and further con- 
firmed by an independent synthesis of the same alcohol 
by the /3-oxido ylide.13 

A considerable number of experimental findings are 
in accord with predictions based on the above results. 
One interesting example is the reaction of diepoxide 7, 
a useful synthetic intermediate for C18-Cecropia juvenile 
hormone,jIl4 furnishing the triol in 41 %' yield.16 
Thus, taken together with the results of Table I, 
DATMP reacts much more rapidly with E epoxide than 
with the Z isomer to yield E allylic alcohol (see (E)-cyclo- 
dodecene oxide and 2 isomer in Table I). 

The high regiospecificity could be in keeping with a 
cyclic syn-elimination mechanism where the ring open- 
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7 

OH OH 
8 

ing has substantial stereoelectronic requirements. 
The favored direction of elimination is accounted for 
by the preferred abstraction of the hydrogen which 
enables a greater orbital overlap in the cyclic transition 
~ t a t e . ~ ~ * ~ ~ ~ ~ ~  Figure 1 shows a view of the DATMP- 
epoxide complex (from the epoxide 5) in what appears 
to be the energetically favorable molecular conforma- 
tion. This is introduced with rigid stereochemical con- 
trol by the indicated nonbonding interactions. l7 

Me 

Bu 

Work is currently in progress on the extension of this 
reaction to other systems and application to the syn- 
thesis of several natural products. 

(1 7) Alternative chair-like conformation of the transitory six-mem- 
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bered ring turned out infeasible upon model inspections. 
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