
Notes Bull. Korean Chem. Soc.f Vol. 13, No. 3, 1992 337

Notes
Sterically Hindered Cyclopropanemethanol De
rivative As the Mechanistic Probe in Alcohol 
Dehydrogenase

Oksoo Han

Department of Genetic Engineering, College of Agriculture, 

Chonnam National University, Kwangju 500-757

Received December 9, 1991

The Mechanism of hydrogen transfer of alcohol dehydro

genase has been controversial since Westheimer's model 

study of reduction reaction of 1,4-dihydropyridines for many 

years.1 Most of results on the model system indicated a sub

stantial negative charge on the hydrogen atom in the transi

tion state.2 Despite evidences against radical character on 

the mechanism of hydrogen transfer in the alcohol dehydro

genase reaction, there have been persistent reports that alco

hol dehydrogenase undergoes radical-like mechanism.3,4 For 

certain enzymatic or organic reaction system, cyclopropyl- 

methyl dervatives have been used successfully to distinguish 

redical mechnism from hydride mechanixm because the cy

clopropane ring could be rapidly opened if the radical center 

was adjacent to the cyclopropane ring. For example, Sucking 

et al., analyzed the reactionn product of exo-bicyclicE4.1.0] 

heptan-7-ylmethanol and bicyclo[4.1.0]heptan-2-ol with horse 

liver alcohol dehydrogenase and they found no evidence for 

radical intermediates in redox reactions catalyzed by horse 

liver alcohol dehydrogenase. However, this approach is valid 

only in the case where the rate of enzyme-catalyzed hydro

gen transfer is slow enough for the generated radical species 

to be rearranged. In addition, the enzyme could be inactiva

ted by the attack of an nucleophilic residue of the enzyme 

on the cyclopropane ring with producing a ring-opened pro

duct although the ring-opening process did not involve any 

generation of radical species. Apart from the bicyclic system, 

monocyclic system such as (1) was also used as the mecha

nistic probe in the reaction catalyzed by alcohol dehydroge

nase and the result was interpreted as the negaive evidence 

for a radical mechanism.

Since the ring-opening rate of cyclopropylmethyl radical 

might be radically different in the active-site of the enzyme 

and actually much slower than the enzymatic turnover rate 

of hydrogen transfer, especially because the adjacent oxygen 

atom of the cyclopropylmethanol may increase the stability 

of the nascent radical species, compound (2) and (3) were 

designed, which were expected to increase the ring-opening 

rate of the cyclopropylmethyl radical species and decrease 

the attack of enzymic nucleophile on the ring by imposing
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Scheme 1

steric hindrance on the cyclopropane ring. Methyl substitu

tion on the ring would put more ring strain and make the 

cyclopropylmethyl radical more favorable for ring-opening. 

In addition, we also wanted to investigate how such an im- 

posement of steric hindrance would affect the inactivation 

of the enzyme. Compound (2) was readily available from Al

drich Co. and (3) was prepared by the photolysis of 3-carbo- 

methoxy-3,5,-5-trimethyl-l-pyrazoline (5) and sub 옹 equent 

reduction of l-carbomethoxy-l,2t2-trimethylcyclopropane (4) 

(Scheme I).5,6 Each alcohol, (2) or (3), was incubated with 

horse liver alcohol dehydrogenase in excess of acetaldehyde 

under the NAD cofactor regeneration system developed by 

Jones.7 The control contained everything except NAD. After 

24 hrs' incubation, no alcohol was remained based on alcohol 

was remained based on TLC. The products of reaction were 

isolated by several extractions with methylene chloride. The 

extracted product from the incubation of (2) was analyzed 

by GC/MS. GC result 이early indicated that compound (2) 

was converted to a single product of which structure was 

determined to be (I) by comparison of its mass spectrum 

with the authentic sample prepared independently.8
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The same analytical procedure was tried for the incubation 

product of (3). However, compound (3) and its oxidation pro

duct was thermally unstable and decomposed under the 

employed GC analytical condition. Since it was clear that 

(3) was converted into a single product during the incubation 

based on TLC, the incubation product was purified by silica- 

gel column chromatography (hexane : ethylacetate = 10 :1). 

Examination of the NMR spectrum of the purified product 

revealed that the cyclopropane ring was still intact.9 There

fore, horse liver alcohol dehydrogenase did not open th cyc- 

lopro가ane ring during the enzymatic turnover when (2) or 

(3) was used as a substrate. Consistent with previous reports, 

we did not find any evidence for radical intermediates in 

redox reactions catalyzed by horse liver alcohol dehydro
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genase. It is strongly beliveved that the mechanism of alcohol 

dehydrogenase reaction is hydride-like rather than radical 

mechanism.

Since cyclopropylmethanol derivatives such as (1) were 

known as latent inhibitors of horse liver alcohol dehydro

genase,10 it seemed to be interesting to know whether or 

not such highly strained compounds as (2) and (3) inhibited 

the enzyme. Compound (2) or (3) was incubated with horse 

liver alcohol dehydrogenase and the activity was checked 

following the exactly same procedure as reported previously. 

10 Surprisingly, the enzyme was not inhibited by (2) or (3) 

at all although their Km and kcat values determined by Line- 

weaver-Burk plot were similar to (I).11 Therefore, the steric 

hindrance exerted by methyl substitutions on the cyclopro- 

poane ring effectively prevents the enzymic residue from 

attacking the ring in S点 fashion, Compound (2) and (3) are 

expected to be useful as the mechanistic probe avoiding co

mplications resulting from the nucleophilic ring-opening in 

alcohol dehydrogenase reactions as well as other enzymatic 

reactions.
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In the previous communications2, we reported a new me

thodology for direct transformation of both aliphatic and aro

matic primary carboxamides to the corresponding aldehydes 

by utilizing lithium tris(diethylamino)aluminum hydride 

(LTDEA) and lithium tripiperidinoaluminum hydride (LT- 

PDA). These results led us to think over the reaction path

way. Consequently, we found an alternative simple method 

for such transformation. Herein, we now report this reduc

tion of primary carboxamides to the corresponding aldehydes 

by using diisobutylaluminum hydride (DIBAH) and LTDEA.

One of the most important features to be considered in 

this reaction seems to be the reaction intermediates which 

are formed after the hydrogen evolution from the reaction 

of primary amide and reagent (Scheme 1). In cases where 

LTDEA is utilized, the intermediate would be 1 or 2 and 

where DIBAH is used, the intermediate would be 3 or 4.
When compared 1 with 3 (or, 2 with 4), we could expect 

that the intermediate without negative charge on aluminum 

would be more favorable to reduction through the more effi

cient electron-withdrawing effect.

Therfore, we added 1 equiv of DIBAH to the solution of 

carboxamides to form the intermediate 3 (or 4) at Ofc3, and 

treated it with excess LTDEA at room temperature consecu- 

tiv이y in the hope of resulting in the rate and yield enhance

ment (Eq 1).

9 THF

R-C-NHg+HA1(/-Bu)2--- * 3 (or 4)
Ot

excess LTDEA H3O+
-------------- > ——>RCHO 
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The system reduces aliphatic primary carboxamides rea

dily at room temperature to provide the corresponding alde

hydes in yields of 50-70%, as 안zwn in Table 1. The yields 

of aldehydes appear to be varying with the structure of

Scheme 1


