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Table I. Solvent Effects on the Hydrolysis of 
2,2,2-Trifluoro-iV-(3-methyl-2-cyclohexenylidene)ethylamine 
in Dioxane-Water Solutions at 25.0 ± 0.1Ofl 

using PtCh and 40 psi of hydrogen yielded verruculotoxin 
(1) and its C(IO) epimer in 98% yield. Thin layer chroma
tography (silica gel-PF254, CHCb-acetone 1:1) and visual
ization with ninhydrin showed two light yellow spots of 
which the major (~80%, Rf = 0.64) was identical with nat
ural verruculotoxin (1). Recrystallization of the crude reac
tion mixture from benzene gave pure 1 which possessed 
physical and biological properties identical with natural 1. 
In contrast the C(IO) epimer had no observable biological 
effect at 25 mg/kg (oral, 1-day-old cockerel) dose levels. 

The absolute configuration was established by observing 
that both natural and synthetic verruculotoxin (1) had a 
positive Cotton effect for the 220-nm band (8 = +3300). 
Since L-phenylalanine was used as a starting material and 
since epimerization was considered unlikely in the synthesis, 
the absolute configuration of verruculotoxin is as shown in 
Figure 1. This is reasonable as verruculotoxin is most prob
ably derived biogenetically from the two L-amino acids, 
phenylalanine and pipecolinic acid. 

Supplementary Material Available: fractional coordinates (Table 
I), important bond distances (Table II), important bond angles 
(Table III), temperature factors (Table IV), observed and calcu
lated structure factors (Table V) (9 pages). Ordering information 
is given on any current masthead page. 
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Synergism of the Effect of Solvent and of General 
Base Catalysis in the Hydrolysis of a Schiff Base 

Sir: 

The kinetics and mechanism of the formation and hydrol
ysis of Schiff bases have been the subject of intensive study 
for quite some time.1 A major impetus for these investiga
tions has been the intermediacy of these compounds in the 
catalytic mechanism of several enzymes, including acetoac-
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etate decarboxylase,2 dehydroquinase,3 2-keto-3-deoxy-L-
arabonate dehydratase,4 5-aminolevulinic acid dehydra
tase,5 D-4-deoxy-5-oxoglucarate hydrolyase,6 and various 
aldolases.7-9 Although the rates of formation and hydrolysis 
of many Schiff bases are very rapid,10"12 their interconver--
sion with the corresponding aldehydes or ketones is often 
several orders of magnitude too slow to account for ob
served enzymatic rates.13 

Previous investigations have shown that these reactions 
are subject to general acid-base catalysis,1617 but it does 
not appear that general catalysis alone can account for this 
discrepancy. We now wish to report that lowering the sol
vent polarity also accelerates Schiff base hydrolysis. Fur
thermore, a combination of general base catalysis and a re
duced solvent polarity is much more effective than would be 
predicted from the magnitude of these effects acting indi
vidually, i.e., a synergism exists between the two effects. 
Since both of these methods of facilitating Schiff base hy
drolysis are potentially available to enzymes, our results 
may provide a basis for understanding the corresponding 
enzymatic reactions. 

In the pH range 0-6, 2,2,2-trifluoro-/V-(3-methyl-2-cy-
clohexenylidene)ethylamine (1) hydrolyzes by general base 
assisted rate-determining attack of water on the conjugate 
acid ( I H + ) to produce a carbinolamine which decomposes 
to products (eq I) .1 8 Addition of increasing amounts of di-

NCH2CF3 

+ CF3CH2NH1, (1) 

oxane to aqueous HCl solutions produces a marked increase 
in the rate of hydrolysis (Table I). For example, the rate 
constant for the hydrolysis of 1 in 90% dioxane (0.01 TV 
HCl) is 18-fold larger than in pure water (0.01 N HCl) 
even though the concentration of water is ten times lower in 
90% dioxane. Since the p7sTa of I H + is 6.7719 virtually all of 
1 is present as I H + in this pH range so the observed rate 
constant refers to water attack on I H + . Consequently, it 
appears that the actual rate constant for attack of water on 
the protonated Schiff base ( IH + ) is 180-fold greater in 90% 
dioxane than in water. 

The effect of changing the polarity of the solvent on the 
rate of hydrolysis is even more dramatic for the general 
base catalyzed reaction in chloroacetate buffers (Table 
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Table II. Catalytic Constants for the Chloroacetate Catalyzed 
Hydrolysis of 2,2,2-Trifluoro-JV-(3-methyl-2-
cyclohexenylidene)ethylamine at 25.0 ± 0.1° 

Solvent 

H2O^ 

50% dioxane <* 

70% dioxane1? 

ArB(M - ' sec - ' )* 

4.17 ± 0.42 X 10"" 
5.78 ± 1.16 X 10 - 4 

5.90 ± 0.25 X IO"4 

2.19 ±0.96 X 10 - 2 

2.20 ± 0.15 X 1O-2 

2.11 ± 0.05 X 1 0 - 2 

1.34 + 0.02 X I O - ' 
1.26 ± 0.13 X 1 0 " ' / 
1.26 + 0.13 X I O - 1 / 

Buffer ratio& 

2:1 
1:1 
1:4 
2:1 
1:1 
1:4 
2:1 
1:1 
1:4 

a Rate constant for general base catalyzed attack of water on IH+. 
bAcid/base, cM = 1.0(NaCl)-^M = 0.5 (NaCl). ev-= 0.3 (NaCl). 
/Calculated by dividing the observed rate constant for chloroacetate 
catalyzed hydrolysis by the percent of protonated 1. [lH+]/([l] + 
[IH+])= 0.88(1:1 buffer) and 0.51 (1:4 buffer). 

II).2 0 Although chloroacetate is only feebly catalytic in 
water (kb - 5.28 X 1O-4 M~] sec - 1) , it is a powerful cata
lyst in 70% dioxane (kb = 1.29 X 10 - 1 M - 1 sec - 1)- The ef
fect of changing the solvent from pure water to 70% diox
ane is to increase the rate constant for the chloroacetate 
catalyzed attack of water on I H + by almost 250-fold 
whereas the corresponding rate increase produced by this 
solvent change for direct water attack is only 11-fold. 

Although both chloroacetate and added dioxane acceler
ate the hydrolysis reaction individually, a combination of a 
lowered solvent polarity and addition of the general base 
has an effect much greater than expected on the basis of the 
accelerations observed for each effect separately. A com
parison of the first-order rate constant extrapolated to 1 M 
chloroacetate in 70% dioxane (1.29 X 10 - 1 sec - 1) with the 
rate constant in pure water-HCl (3.55 X IO - 4 sec - 1) re
veals a rate enhancement of 350-fold. If both the solvent ef
fect (11-fold) and the effect of general base catalysis (2.5-
fold) were acting independently, one would predict a rate 
increase of 28-fold. Clearly, the total observed rate en
hancement is substantially greater than the sum of the two 
individual effects. 

A look at the probable transition states for these two pro
cesses suggests an explanation for this synergism. Attack by 
water on the protonated Schiff base causes a derealization 
of the positive charge in the transition state, resulting in the 
observed rate increase as the solvent polarity is lowered (eq 
2).22 General base catalysis by the negatively charged car-

H2O + Y=NHR+ V + S+ 

O—C=NHR 

H ' 

(2) 

boxyl group, on the other hand, involves charge destruction 
rather than simply charge dispersal (eq 3). This process is 

RCOO- + H2O + Y = N H R + — 
/ 

RCOO-- -„-r t 
H 

=NHR" (3) 

expected to show a much greater solvent dependence than 
that of eq 2.22 It is tempting to speculate that many en
zymes which function via Schiff base intermediates use a 
combination of general base catalysis and an apolar active 
site to facilitate the formation and hydrolysis of these im-
ines. It is also possible that some of the large rate enhance

ments of enzymatic reactions may be due in part to syner
gistic effects. 

Acknowledgment. We wish to thank Professor V. P. Vit-
ullo for helpful discussions concerning this work. Financial 
support from the National Insitute of Health (GM 20188) 
is gratefully acknowledged. 

References and Notes 

(1) W. P. Jencks, "Catalysis in Chemistry and Enzymology", McGraw-Hill, 
New York, N.Y., 1969, pp 490-496. 

(2) S. Warren, B. Zerner, and F. H. Westheimer, Biochemistry, 5, 817 
(1966). 

(3) J. R. Butler, W. L. Alworth, and M. J. Nugent, J. Am. Chem. Soc, 96, 
1617(1974). 

(4) D. Portsmouth, A. C. Stoolmiller, and R. H. Abeles, J. Biol. Chem., 242, 
2751 (1967). 

(5) D. L. Nandi and D. Shemin, J. Biol. Chem., 243, 1236 (1968). 
(6) R. Jeffcoat, H. Hassall, and S. Dagley, Biochem. J., 115, 977 (1969). 
(7) C. Y. Lai, O. Tchola, T. Cheng, and B. L. Horecker, J. Biol. Chem., 240, 

1347(1965). 
(8) R. G. Rosso and E. Adams, J. Biol. Chem., 242, 5524 (1967). 
(9) O. M. Rosen, P. Hoffee, and B. L. Horecker, J. Biol. Chem., 240, 1517 

(1965). 
(10) A. Williams and M. L. Bender, J. Am. Chem. Soc, 88, 2508 (1966). 
(11) J. Hine, J. C. Craig, Jr., J. G. Underwood, II, and F. A. Via, J. Am. Chem. 

Soc., 92, 5164(1970). 
(12) R. M. Pollack and J. D. Cooper, J. Org. Chem., 38, 2689 (1973). 
(13) For example, the rate of formation of the Schiff base from acetoacetic 

acid and the active site lysine of acetoacetate decarboxylase is ca. 
103-fold faster than the corresponding reaction of acetoacetic acid with 
the model compound aminoacetonitrile.14'15 

(14) J. P. Guthrie and F. H. Westheimer, Fed. Proc, Fed. Am. Soc. Exp. 
Biol., 26, 562(1967). 

(15) J. P. Guthrie and F. Jordan, J. Am. Chem. Soc, 94, 9132 (1972). 
(16) E. H. Cordes and W. P. Jencks, J. Am. Chem. Soc, 85, 2843 (1963). 
(17) K. Koehler, W. Sandstrom, and E. H. Cordes, J. Am. Chem. Soc, 86, 

2413(1964). 
(18) M. Brault and R. M. Pollack, J. Org. Chem., in press. 
(19) (a) R. H. Kayser and R. M. Pollack, J. Am. Chem. Soc, 97, 952 (1975); 

(b) R. M. Pollack and R. H. Kayser, submitted for publication. 
(20) The ionic strength of these solutions was kept constant with sodium 

chloride. Similar results were obtained using potassium chloride and so
dium perchlorate to control the ionic strength. Although specific salt ef
fects have been shown to be significant for dioxane-water mixtures,21 

these specific salt effects are much smaller than the effects we ob
serve here. 

(21) P. Salomaa, A. Kankaapera, and M. Lahti, J. Am. Chem. Soc, 93, 2084 
(1971). 

(22) E. M. Kosower, "An Introduction to Physical Organic Chemistry", Wiley, 
New York, N.Y., 1968, p 307. 

Ralph M. Pollack,* Margaret Brault 
Laboratory for Chemical Dynamics, Department of Chemistry 

University of Mary land Baltimore County 
Baltimore, Maryland 21228 

Received August 14, 1975 

New Synthetic Methods. A Stereocontrolled Approach 
to Cyclopentane Annelation 

Sir: 

The occurrence of five-membered rings in an increasing 
number of natural products of biological importance has 
stimulated the development of a variety of new methods for 
the synthesis of cyclopentane rings.1'2 We recently devel
oped a method for preparing masked cyclopentanone sys
tems utilizing the base opening of oxaspiropentanes to form 
siloxyvinylcyclopropanes followed by thermolysis.13 The 
limitations of this method appeared to be the inability to 
use a,/3-unsaturated ketones as precursors and the poor 
yields of siloxyvinylcyclopropanes obtained from conforma-
tionally rigid six-membered rings. We wish to report (1) a 
method using the recently developed reagent 1-lithiocyclo-
propyl phenyl sulfide3 for cyclopentanone formation which 
overcomes the limitations of the earlier method, (2) the 
stereochemistry of the migration of the vinylcyclopropane 
rearrangement, and (3) an interesting dichotomy in the re
action in the gas phase vs. the condensed phase. 
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