
1997 

5.0 

4.0 

3.0 

2.0 

•\A 1 
i 

i i ' 

\ N \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 
\ V " \ \ 

"200 300 400 nm 

Figure 1. Electronic spectrum of 1 in CH3CN (—) and CH2Cl2 (- - -). 

However, the electronic spectrum of 1 (Figure 1) exhibited 
a broad long wavelength absorption at 300-450 nm (log e 
>3.0),15 not found in the spectra of either tropylium tetra-
fluoroborate16 or 1,2-dimethyltropylium tetrafluoroborate,17 

clearly indicating a charge-transfer interaction between the 
tropylium ion and remote benzene rings in 1. The substantial 
blue shift accompanying the change from methylene chloride 
to acetonitrile as solvent (Figure 1) is in accord with the solvent 
sensitivity of the charge-transfer band.18 

An important aspect of the significance of the charge 
transfer interaction in 1 is the fact that donor and acceptor are 
not in parallel planes. In view of the fact that most charge-
transfer interactions both intra- and intermolecular usually 
place the donor and acceptor in near parallel geometric ori­
entation, we think it worthy to note that in this molecule the 
interaction is strong despite the minimized overlap of the or­
bital systems of both donor and acceptor. This of course raises 
the question of how much through bond interaction is re­
sponsible for charge-transfer in this system.19 Experimental 
and theoretical study on 1 with molecules containing much 
stronger donor moieties, e.g., naphthalene and methyl sub­
stituted benzene frameworks, which will offer further evidence 
on the charge-transfer interaction, is in progress. 
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The Mechanism of Action of Coenzyme Bn . The Role of 
Thioester in a Nonenzyme Model Reaction for Coenzyme 
B a Dependent Isomerization of Methylmalonyl 
Coenzyme A to Succinyl Coenzyme A 

Sir: 

Although much interest has been focused on the search for 
a mechanistic rationale for the biological reactions of ade-
nosylcobalamin,1 little parallel exists in organic chemistry for 
many of the processes involved. The evolution of working, 
nonenzymic models to uncover the requisite analogies has al­
ready led to some suggestive experiments.2 In the case of the 
methylmalonyl CoA <=* succinyl CoA (I <=* II) conversion, such 
a model in its most sophisticated form would be required to 
simulate the following salient features of the enzyme catalyzed 

CH, 
COSCoA 

COOH 

COSCoA 

COOH 
i n 

process. (1) The thioester (COSCoA) group migrates3 in an 
intramolecular 1,2 shift.4 (2) Intermolecular hydrogen atom 
transfer from the CH3 group via the 5'-methylene of deoxy-
adenosine and return to substrate is observed.5 (3) Configu­
ration at both termini of the rearranging species is retained,6 

a process which does not necessarily involve a o--bonded or-
ganocobalt derivative of the substrate. 

Recent nonenzymic studies of this reaction have uncovered 
(a) the conversion of the metastable alkyl cobalamin dimethyl 
ester III to succinic acid7 and (b) the rearrangement of the 
capped cobaloxime complex of dimethylmalonic acid (IV) to 
methyl succinic acid in an intramolecular process.8 It has also 

COOMe 

COOMe 

cobalamin 

OOC 

(CHj)4 

IV, 

COO ^ 
(CH2), 

[Co]-
[Co] = cobaloxine 

been suggested8 that the low yield in reaction a is due to loss 
of contact of the radical (or ionic) substrate species with the 
central cobalt of reduced coenzyme or cobaloxime. As far as 
we are aware, the role of the thioester has not yet been evalu­
ated in terms of stabilization of radical (or ionic) intermediates, 
reaction yield, or migratory aptitude. To this end we have 
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COSEt. 
COSEt 

.Me 

Br CC COOEt 

prepared the dimethylmalonate complex VI9 '10 in which both 
thio and oxygen ester functions are present. Decomposi­
tion1 ''12'13 of this unstable species in aqueous solution (pH 8-9) 
in the dark (24 h) affords as the sole isolable rearranged 
product, the thioester of methyl succinic acid VII14 in 50-70% 
yield, together with unused starting bromomethylmalonate 
V,15 and the dimethylmalonate VIII.16 The thioester isomer 

COSEt 
COSEt Me 

COOEt H;0 

dark + CH. 

COSEt 
Me 

COOEt 
VII 

^ 
COOEt 

VHI 

C O S E t , 
COSEt 

r< 
COOEt Me 

IX 

COSEt Me 
COOEt » 

COOEt 
VII 

IX17 from migration via path b is not observed, the use of 
methyl as an intact marker of carbon-2 serving well to differ­
entiate between the two possible paths. Thus, not only is the 
yield consistently enhanced by use of thioester, but the first 
condition of the coenzyme model has been met, viz., exclusive 
thioester migration.18 Further studies on the development of 
catalytic models to satisfy conditions 2 and 3 above, as well as 
the question concerning the role2 '8 '19,20 of the cobalt atom of 
Bi2 are in progress. 
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Construction of a Chiral Center by Use of the 
Stereospecificity of Prenyltransferase 

Sir: 

The substrate specificity of prenyltransferase (farnesyl PP1 

synthetase EC 2.5.1.1) is not very stringent with respect to the 
structure of the allylic PP, and about 30 homologues of farnesyl 
PP have been synthesized by the action of farnesyl PP syn­
thetase.2 However, the specificity for the non-allylic PP is 
relatively high and only 3-ethylbut-3-enyl PP (lb) and 4-
methylpent-4-enyl PP (Ic) have been shown to be reactive as 
substrates in place of the natural substrate, isopentenyl PP 
(la).3 The stereochemistry of prenyltransferase is well es­
tablished as shown in Scheme I by elegant works of Cornforth, 

Scheme I 
,OPP I OPP I jvrr I Ul OPP 

Popjak, and their collaborators.4 Therefore, the examination 
of E- (2a) and Z-3-methylpent-3-enyl PP (2b) seems attractive 

AcH^ .OPP 
R, 

OPP 

1a: n=2, R=CH1 

b:n=2,R=C2H5 

c:n=3,R=CH, 

R: 
28!R1=CH1, R2=H 

b: R,= H1 R1=CH3 

and worth doing, because they are expected, if accepted as 
substrates in place of la, to give chiral molecules which are 
enantiomeric with each other, and because such an anticipa­
tion, however, is dangerous since some modifications of a 
substrate may cause an abnormal reaction as exemplified by 
the case of lb and Ic in the reaction catalyzed by isopentenyl 
PP isomerase5 and prenyltransferase,6 respectively. In this 
paper we now report that both 2a and 2b react stereospecifi-
cally to give new farnesyl PP homologues having chiral centers 
at which the new C-C bond is constructed during the enzy­
matic condensation. 

Compounds 2a and 2b were prepared from the corre­
sponding alcohols5 by the phosphorylation as usual. The in­
cubation mixture for the enzymatic reaction contained, in a 
final volume of 5 mL, 100 ^mol of Tris-HCl buffer, pH 7.7, 
25 /umol of MgCb, 500 nmol of dimethylallyl PP or geranyl 
PP (4d), 500 nmol of 2a or 2b, and 0.5 mg of farnesyl PP syn­
thetase (specific activity: 68.0 nmol of la incorporated min-1 

mg"1) purified from pig liver.2a The mixture was incubated 

at 37 0C for 60 min and was then treated with alkaline phos­
phatase for more than 10 h. The hydrolysates were extracted 
with light petroleum and subjected to GLC-mass spectro­
metry analysis.7 The products derived from dimethylallyl PP 
with 2a showed two peaks. The major one emerged at 18.4 min 
(retention volume relative to that for £,£-farnesol (3a), 1.04; 
yield based on 2a, 12.6%) and the mass spectrum for this ma­
terial exhibited a parent ion at m/e 250 (C17H30O) with an 
intensity of 0.9% relative to the base peak at 69 (C5H9). Peaks 
were also observed at 232 (M - 18), 219 (M - 31), 189 (M 
- 18 - 43), 181 (M - 69), 163 (M - 18 - 69), which were 
reasonable for 4,8-dimethylfamesol (3d or 3e). The other 
minor component had a retention time of 7.3 min (1.05 relative 
to that for geraniol (4a), 3.9% yield) and the mass spectrum 
showed peaks at m/e 168 (M, C H H 2 0 O ) , 150 (M- 18), 137 
( M - 3 1 ) , 125 ( M - 4 3 ) , 81 ( M - 18 - 69), and 69 (C5H9), 
indicating that the product was 4-methylgeraniol (4b or 4c). 
The material derived from 4d and 2a showed a single peak at 
a retention volume of 1.02 relative to that for 3a (19.2% yield) 
and the mass spectrum exhibited peaks at m/e 236 (M, 
C16H28O), 218 (M - 18), 205 (M - 31), 175 (M - 18 - 43), 
and 69 (C5H9) which was the base peak. These results indicate 
that the product was 4-methylfarnesol (3b or 3c). The geom­
etry of the newly formed double bond was proved to have E 
configuration by the NMR spectrum as shown later.8 The 
Z-isomer 2b was also enzymatically reactive and the products 
of condensation with dimethylallyl PP or 4d were not distin­
guishable in GLC-mass spectrometric analysis from those 
obtained by the condensation of 2a with dimethylallyl PP or 
4d.9 The rates of condensation with 4d of 2a and 2b relative to 
that of la were 0.39 and 0.15, respectively. 

Ri 'R= R. 

3a: R1 = R2=R3=R1=H 
b : R1 = R2=R3=H1R1=CH1 

c-.R1 = R1=R1=H1R1=CH, 
d : R1= R1=H1R2=R4=CH3 

e : R= R3=CH11R2=R1=H 

4a:R,=R2=H,X=0H 
b: R1 = H1R2=CH31X=OH 
^R1=CH31R1=H1X=OH 
d : R1=R2=H, X=OPP 
e : R1=H1R2=CH3, X=OPP 
f : R1=CH11R2=H1X=OPP 

COOH 
H O O C ^ ^ ^ " 

H CH1 

Then, incubations of preparative scale (ca. 80-fold of the 
usual) were made to determine the configuration of the prod­
ucts and the free alcohols liberated by the treatment with al­
kaline phosphatase were purified by TLC.]0 The 4-methyl­
farnesol11 formed by the condensation of 4d and 2a gave a 
negative ORD curve ( [« ]D -10.7 ± 2.10),12 and conversely, 
the alcohol derived from 4d and 2b was found to be dextrota-
tory as expected ([a]D +10.0 ± 8.3°). When these alcohols 
were converted to the corresponding aldehydes with active 
MnO2, the signs of the ORD curves were both reversed. These 
results indicate that they were enantiomeric with each other. 
The 4,8-dimethylfarnesQl13 derived from dimethylallyl PP and 
2a also showed a negative ORD curve ([a]D -11.4 ± 5.1°). 
The 4-methylfarnesal and the 4,8-dimethylfarnesol both of 
which were derived from 2a were degraded by ozonolysis fol­
lowed by hypoiodite oxidation to methylsuccinic acid.4 Both 
samples of methylsuccinic acid were found to be levorotatory, 
indicating that the methylsuccinic acid was the S isomer (5).14 

Consequently the 4-methylfarnesyl PP from 2a and 4d and 
4,8-dimethylfarnesyl PP from 2a and dimethylallyl PP were 
both assigned to have 5 configuration, 3b-PP and 3d-PP, re­
spectively. It is apparent that the products obtained by the 
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