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interpreted in terms of the path leading to /?-( — )-2 by 
internal rotation of the radical center with respect to 
the largest (ethyl) substituent (kT). This motion should 
be less sensitive to fluidity changes than the gross 
tumbling of the radical species.19 

The kt/kc slope estimated from the data reported for 
the fluorenyl-diazenyl pair2 (<1) is not readily recon
ciled with that found here (84) by purely rotational 
radius differences. We suggest that the difference is 
largely due to a lower fcc for the present system, which 
may be a result of the initial intervention of the CO2 

molecule between the radical pair. 
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Lithium Triethylborohydride as a Convenient Reagent 
for the Facile Reduction of Both Hindered 
and Bicyclic Epoxides Prone to Electrophilically 
Induced Rearrangement 

Sir: 

Bicyclic epoxides, such as norbornene oxide and 
benzonorbornadiene oxide, are highly resistant to the 
usual reducing agents, reacting sluggishly, incompletely, 
and often with rearrangement. These epoxides, as well 
as highly hindered labile epoxides, can be reduced by 
lithium triethylborohydride relatively rapidly with ex
ceptionally high regio- and stereospecificity, to the 
desired products. 

Difficulties are frequently encountered in the re
ductive opening of hindered and bicyclic epoxides with 
lithium aluminum hydride.l6f'g In addition to the 
sluggishness of the reaction, there is frequently ob
served rearrangement. For example, treatment of 
exo-2,3-epoxynorbornane with lithium aluminum hy
dride in ether is reported to give a mixture of 7-norbor-
nanol and exo-2-norbornanol.la 

Attempts to apply the reagent, lithium Xn-tert-
butoxyaluminohydride, plus triethylborane2 failed in 
the case of electrophilically labile epoxides. For ex
ample, both 1-methylcyclohexene oxide and styrene 
oxide gave significant amounts of the anti-Markovnikov 

products. Evidently the monomeric aluminum tert-
butoxide formed in the reaction is capable of inducing 
the electrophilic rearrangement of such epoxides3 

(eq 1). 

We recently reported that lithium triethylborohydride 
(LiEt3BH, "Super-Hydride") is the most powerful 
nucleophile known for SN2 displacement reactions with 
organic halides.45 It appeared possible that LiEt3BH 
might overcome these difficulties. Indeed, we observed 
that the reduction of tertiary epoxides, such as 2-
methyl-1-pentene oxide and 1-methylcyclohexene oxide, 
proceeds rapidly and cleanly at 25 ° (eq 2 and 3). 

0 OH 
/ \ LiEt3BH. THF | 

CH1CH2CH2C—CH2 CH2CH2CH2CCH1 (2) 
I 25°, 5 min | 

CH, CH, 

100% (100% tertiary) 

, 0 H 
LiEt1BH. THF 

(3) 

99% (100% tertiary) 

Yields are glpc values, except where the product was 
isolated, as indicated. 

Even very hindered epoxides, such as 2,3-epoxy-2,3-
dimethylbutane, react cleanly, considerably faster than 
with lithium aluminum hydride; under reflux the re
action is complete within 2 hr. Lithium borohydride 
was inert toward this epoxide (eq 4). 

LiBH4, THF 

O 
-OH 

25°, 48 hr 

LiAlH4, THF 

100% 

25°, 48 hr 

LiEt1BH, THF 

0% 

100% 0% 

100% 0% 

(4) 

Moreover, lithium triethylborohydride reduces exo-
2,3-epoxynorbornane reasonably rapidly, without re
arrangement6 (eq 5). 

The advantage of the new reagent is especially evident 
for the reduction of bicyclic epoxides which are rela
tively labile. Thus, all of our attempts to reduce ben
zonorbornadiene oxide without rearrangement failed 
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(eq 6). However, lithium triethylborohydride achieved 
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the clean reduction of this derivative to give 93 % of 
exo-benzonorbornenol in >99.9% isomeric purity. 
Similar results were realized with the epoxide derived 
from 6-trifluoromethylbenzonorbornadiene (eq 7). 

of the reaction, especially with the labile bicyclic epox
ides, enable us to use this reaction as a chemical tool to 
determine precisely the stereochemistry of epoxidation 
of such bicyclic olefins.8 The present results make it 
clear that not only is lithium triethylborohydride an 
exceptionally powerful nucleophile in reductions but it 
is likewise remarkably free of electrophilic characteris
tics that sometimes complicate reduction by lithium 
aluminum hydride or other reagents.9 We are con
tinuing our active exploration in this area.10 
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The following procedure for the reduction of 1-
methylcyclohexene oxide is representative. An oven-
dried 200-ml flask equipped with a side arm fitted with 
a Silicone rubber stopple, a magnetic stirring bar, and a 
reflux condenser connected to a mercury bubbler was 
cooled to room temperature under dry nitrogen. The 
flask was immersed in a water bath at 25°; then 25 ml 
of a 1.5 M solution in THF of LiEt3BH (37.5 mmol) 
was introduced into the reaction flask, followed by 
3.1 ml (2.8 g, 25 mmol) of 1-methylcyclohexene oxide. 
The reaction mixture was stirred vigorously. After 2 
min, glpc analysis of the reaction mixture indicated the 
completion of >99.5% reaction. The mixture was 
hydrolyzed and the organoborane oxidized. The 
aqueous phase was saturated with anhydrous potassium 
carbonate, the organic phase separated, and the aqueous 
phase extracted with two 20-ml portions of ether. The 
combined extracts were dried (K2CO3) and the solvents 
removed on a rotary evaporator. Upon distillation 
there was obtained 2.34 g(82%) of 1-methylcyclohex-
anol, bp 67° (21 mm), «20D 1.4604 [lit.7 bp 53-54° 
(7mm),«2»Dl.4610]. 

In conclusion it should be emphasized that LiEt3BH 
provides a range of applicability far broader than the 
reducing agents previously available for such synthetic 
transformations. First, the reaction is rapid, clean, 
and gives excellent yields for a wide variety of epoxides. 
Second, the high regiospecificity and stereospecificity 
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Photochemistry in the Electronic Ground State. II. 
Selective Decomposition of trans-2-Butene by Pulsed 
Carbon Dioxide Laser 

Sir: 

The possibility to disturb the Boltzmann energy dis
tribution by infrared (ir) lasers and thus control chem
ical reactions has already been discussed in the litera
ture.1-7 In all the cases which have been reported,7-10 

the interruption of chemical equilibrium by ir light 
was studied with compounds in which the energy of 
activation was equal to or smaller than the energy per 
einstein of the ir light beam. The most important 
problem in reactions induced by ir lasers is the competi
tion between excitation and energy relaxation. In the 
past it was speculated that total redistribution of energy 
is expected within ten collisions in molecules with a 
number of atoms larger than ten. This assumption was 
based on shock-wave experiments.11,12 Recently, it 
was shown in our laboratory by ir-ultraviolet (uv) 
double resonance experiments that thermal equilibrium 
was not reached within 1O-6 sec at pressures in the 
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