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This investigation is continuing despite an elegant total 
synthesis of (-)-iV(8)-norphysostigmine just published by 
Japanese scientists.71 

Conclusion 
Analogues of colchicine (ethyl carbamate) and thio-

colchicine (3-demethylthiocolchicine) which show inter­
esting biological properties have to await further phar­
macological and toxicological evaluation to establish their 
potential clinical usefulness. 

The finding, that natural colchicinoids and derived alio 
congeners bind to tubulin as aS-configurated biaryls, will 
greatly help in further study of elucidating the mechanism 
by which they bind to the colchicine binding site on the 
protein. Systematic efforts to structurally modify com­
pounds of the alio series paid off, since it clearly showed 
that the methoxy groups at C(I), C(2), and C(9) are re­
quired for the binding to tubulin and shifting the acet-
amido group from C(7) to C(5) afforded an inactive com­
pound. 

With efficient synthesis of Calabar alkaloids leading to 
both optical isomers on hand, it now is up to medicinal 
chemists to make further molecular changes, which 

(71) Iwabuchi, Y.; Ogasawara, K. Chem. Lett. 1990, 109. 

Trifluoromethylacetylenic Alcohols as Affinity 
Labels: Inactivation of Estradiol Dehydrogenase 
by a Trifluoromethylacetylenic Secoestradiol 

Estradiol dehydrogenase (EC 1.1.1.62) is a pyridine-
nucleotide-dependent enzyme that interconverts estradiol 
and estrone.1 Because estradiol is more potent than es­
trone, this enzyme may serve to modulate estrogenic po­
tency in vivo. Also, the role of the enzyme in reproductive 
endocrinology and in estrogen-dependent neoplasms is of 
widespread interest.2"4 Consequently, we have been in­
volved in the development of inhibitors of estradiol de­
hydrogenase. 

We have shown previously that acetylenic secoestradiol 
1 is a mechanism-based inactivator of estradiol de­
hydrogenase.5 Enzymatic oxidation of 1 {Km = 79 /tM) 
leads to ketone 2, a Michael acceptor, which covalently 
modifies and inactivates the enzyme (Kfipp = 2.8 /uM, 
limiting tu2 = 12 min).5"7 Our interest in developing other 
irreversible inhibitors led us to prepare and evaluate tri­
fluoromethylacetylenic alcohol 3 as an inactivator of es­
tradiol dehydrogenase. We report here that, in contrast 
to acetylenic alcohol 1 which is a substrate for estradiol 
dehydrogenase, trifluoromethylacetylenic alcohol 3 is an 
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hopefully may lead to clinically useful analgesics and 
cholinergic agents. Further pharmacological evaluation 
of (+)-physostigmine and of (-)-iV(l)-norphysostigmine, 
which emerged as interesting compounds, is indicated. In 
both series of alkaloids discussed, the colchicines and the 
physostigmines, optical resolution of racemic mixtures and 
testing optically active isomers instead of racemic mixtures, 
was pivotal for obtaining useful information. 
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affinity label. This is the first report in which the (tri-
fluoromethyl)acetylene group has been utlized as an en­
zyme affinity labeling group. 

1: R = (17S)-CH(OH)C=CH 
2: R = C ( = O)C=CH 
3: R = CH(OH)C=CCF3 
4: R = CHO 

Trifluoromethylacetylenic alcohol 3 was synthesized 
from optically pure secoaldehyde 48 by reaction with 
lithium (trifluoromethyl)acetylide in 75% yield as a dia-
stereomeric mixture (19F NMR: <5 = -50.74, s (broad)).9 

For enzymology, a small sample of the mixture was sepa­
rated by HPLC, and diastereomers 3a and 3b were ob­
tained as noncrystalline solids.10 The absolute stereo­
chemistry at C-17 in 3a and 3b has not been determined. 

The diastereomers were evaluated separately as time-
dependent inactivators of estradiol dehydrogenase.11 The 

(8) Auchus, R. J.; Palmer, J. 0.; Carrell, H. L.; Covey, D. F. 
Steroids 1989, 53, 77. 

(9) Satisfactory electron-impact high-resolution mass spectro­
scopic data as well as NMR (1H, 19F) and IR spectroscopic data 
have been obtained. 19F NMR values (5) are reported relative 
to CFCl3 (S = 0) as internal standard. 

(10) Diastereomers were separated as foams by high-performance 
liquid chromatography (HPLC) using three tandem Alltech 
(#60085) 5-Mm silica cartridge columns (250 mm X 4.6 mm). 
Ethyl acetate (15%) in hexanes was used as eluent at a flow 
rate of 2 mL/min. Retention times for 3a and 3b were 25.5 
and 26.5 min, respectively. 
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Table I. Summary of Kinetic Parameters from Protection 
Experiments" 

Time (minutes) 

Figure 1. Time-dependent inactivation of estradiol de­
hydrogenase with different concentrations of trifluoromethyl-
acetylenic alcohol 3b in the absence of NAD+.11 Data points 
indicate a mean of three experiments (n = 2, for 80 MM) which 
agreed within 4% at each data point. Inset: Kitz-Wilson dou­
ble-reciprocal plot.11 All lines are least-square fits with r > 0.994. 

inactivation profiles for 3a (data not shown) and 3b (Figure 
1) were similar; both 3a and 3b caused a time-dependent 
inactivation of the enzyme that followed pseudo-first-order 
kinetics in the absence of NAD+ (i.e. without turnover). 
Also, no inactivation occurred if glutathione (1 mM) was 
included in the incubation. These results provided the first 
indication that, unlike acetylenic alcohol 1, the trifluoro-
methylacetylenic alcohols are affinity labels for the en­
zyme. Since the kinetic parameters are similar for 3a (K1 

= 59 fiM, limiting Tw2 = 7 min) and 3b (K1 = 65 nM, 
limiting tl/2 = 8 min), the stereochemistry of the C-17 
hydroxyl group appears to be irrelevant for binding and 
inactivation. 

In view of the electrophilic nature of the (trifluoro-
methyl)acetylene group12 it appeared that inactivation 
involved reaction of an enzyme nucleophile with the 
(trifluoromethyl)acetylene group in 3a and 3b. When 
inactivated enzyme and a control (no inhibitor) were 
dialyzed for 22 h against buffer (1000X volume), the in­
activated enzyme did not recover any activity whereas the 
control retained 85% of its initial activity. This result is 
consistent with irreversible inactivation that may be at­
tributed to covalent modification of the enzyme by the 
(trifluoromethyl)acetylene group. 

Protection experiments demonstrate that the inactiva­
tion is active-site-directed. Thus, when either 17/?-estra-
diol, NAD+,13,14 or 17a-estradiol (a competitive inhibitor)15 

( H ) 

(12) 
(13) 

(14) 

Time-dependent inactivations were carried out as described in 
ref 5 except that glycerol was excluded from all incubations 
since it caused decomposition of the inhibitor and 1 M carbo­
nate buffer (pH 9.2) was used. 
Raunio, E. K.; Frey, T. G. J. Org. Chem. 1971, 36, 345. 
Turnover experiments indicated no detectible turnover of 3a 
or 3b in the presence of NAD+ (200 ^M). Protection by NAD+ 

suggests that enzyme inactivation by either 3a or 3b cannot 
occur in evolutive ternary complexes. This result parallels our 
previous studies showing that acetylenic ketones do not inac­
tivate hydroxysteroid dehydrogenases in evolutive complexes 
with NADH and possible reasons for the protective effects of 
pyridine nucleotides have been discussed.614 

Covey, D. F.; McMullan, P. C; Weaver, A. J.; Chien, W. W. 
Biochemistry 1986, 25, 7288. 

substrate / cofactor 

nonec 

17/3-estradiol"' 
17a-estradiold 

NAD+^ 
NADH6 

estradiol and NADH*8 

/eapp,
i min"1 

0.027 
0.013 
0.010 
0.013 
0.025 
0.013 

"Concentration of inhibitor was 20 MM in all cases. 'Values 
shown are for the mixture of diastereomers of 3. All lines are 
least-square fits with r > 0.992. c ktp„ values (min"1) for 3a and 3b 
were 0.026 and 0.021, respectively. "Concentrations of 17(3-estia-
diol and 17a-estradiol were 32 MM (~5-fold Km and ~5-fold Kv 

respectively). eConcentration of cofactors was 150 MM. !khV9 val­
ues (min"1) for 3a and 3b were 0.014 and 0.011, respectively. 
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were included in the incubations, the rate of inactivation 
decreased (Table I). Protection by 17a-estradiol reaffirms 
the irrelevance of the C-17 stereochemistry to the binding 
process. NADH did not provide any protection, suggesting 
that inactivation can occur in abortive ternary complexes. 

To gain insight into the chemistry that could occur 
during affinity labeling by the trifluoromethylacetylenic 
alcohols, we investigated the nucleophilic addition of 
thioethoxide to the more readily prepared trifluoro­
methylacetylenic alcohol 5 under protic and aprotic con­
ditions. The formation of regioisomeric products 6 and 
7 in a 65:35 ratio was observed in both cases (Scheme I).9,16 

This indicates that covalent modification of estradiol de­
hydrogenase by steroidal trifluoromethylacetylenic alcohol 
3 could involve reaction of an enzyme nucleophile with 
either of the acetylenic carbons in 3. Since products that 
would be expected from an SN2' displacement of fluoride 
were not observed, our model study suggests, but does not 
prove, that enzyme inactivation may not occur by this 
mechanism. Also, the propargylic alcohol group is not 
likely to be involved in the reaction since (trifluoro-
methyl)acetylene itself can undergo nucleophilic addition.12 

A more detailed examination of the reaction using addi­
tional trifluoromethylacetylenic alcohols and nucleophiles 
under a variety of conditions is therefore in progress. 

In conclusion, we have shown that trifluoromethyl­
acetylenic alcohols 3a and 3b are irreversible, active-site-
directed inhibitors of estradiol dehydrogenase. We suggest 
that the (trifluoromethyl)acetylene functionality will be 
useful as a general affinity labeling group for enzymes and 
receptors. Since significant differences between the fluo­
rine chemical shifts of alcohol 5 and the regioisomeric 
covalent adducts 6 and 7 are observed, the use of 19F 
spectroscopy to study the structure of (trifluoromethyl)-
acetylene-labeled enzyme adducts is also an attractive 

(15) Blomquist, C. H.; Kotts, C. E.; Hakanson, E. Y. Arch. Bio-
chem. Biophys. 1978, 86, 35. 

(16) Regioisomers 6 and 7 were separated by HPLC using an All-
tech (#60085) silica cartridge column (250 mm X 4.6 mm). 
Ethyl acetate (4%) in hexanes was used as eluent at a flow rate 
of 4 mL/min. Retention times for 6 and 7 were 6.5 and 7.5 
min, respectively. 
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potential use for this affinity labeling group. 
Acknowledgment. We thank Seth Silbert for purifi­

cation of the estradiol dehydrogenase. The work was 
supported by NIH Grant HD 19746. Assistance was also 
provided by the Washington University High Resolution 
NMR Facility (supported in part by NIH 1 SlO RR00204 
and a gift from Monsanto Co.) and by the Washington 
University Mass Spectrometry Service Facility (supported 
by NIH RR00954). 

Saurabh S. Lawate, Douglas F. Covey* 
Department of Pharmacology 

Washington University School of Medicine 
St. Louis, Missouri 63110 

Received April 25, 1990 
Oxytocin 

CONH2 

N CONH2 

H 

cM¥r 
„U O OH 

1 N" *Y 

•••J 

,I C H 3 W - Y 

(1) R = OH; V-W = CH2-CH2, 
Y-Z .CH 2 -NH. 

(2) H = H; V-W - CH2-CH2 , 
Y-Z-CH 2 -NH. 

(3) R =H; V-W = CH2-CH2 , 
Y-Z . CH.N. 

(4) R . H; V-W = CH=CH, 
Y-Z-CH=N. 

(6) R =H; V-W = CH2-CH2 , 
Y-Z - CH2-NCH3, 

Receptor Ligands Which Bind the Oxytocin 
Receptor with Selectivity and High Affinity. 
Chemical Modification of a Streptomyces 
silvensis Derived Cyclic Hexapeptide 

Oxytocin (OT) is a neurohypophyseal hormone which 
has been ascribed a pivotal role in parturition.1 Evidence 
has accumulated to support the concept that the uterotonic 
action of OT and its stimulation of uterine prostaglandin 
release are events which combine to initiate labor.2,3 

Moreover, OT mediates the postpartum function of con­
tracting the mammary myoepithelium to elicit milk let­
down4 and has also recently been implicated as a key el­
ement in preterm labor.5'6 

Since the breakthrough synthesis of OT three decades 
ago, considerable research has been devoted to the design 
of antagonists of this peptide hormone.7,8 Interest in such 
compounds derives from the prospect of their use as novel 
therapeutic agents for the prevention of premature birth. 
While many promising in vivo antagonists of OT have been 
discovered over the years, the tactics for achieving this 
objective have generally been limited to modifications of 
the native OT and the closely related arginine vasopressin 
(AVP) structures.3,6,7-14 One notable example is the de-

P 
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velopment of the competitive OT antagonist 1-deamino-
2-D-Tyr-(OEt)-4-Thr-8-Orn-oxytocin.15,16 Initial clinical 
evidence suggests that this peptide is efficacious in the 
inhibition of uterine contractions in premature labor in 
humans.6,17 

We recently reported the discovery of an entirely new 
structural class of OT antagonist, derived from a microbial 
source, and represented by 3.18 Despite the attractive 
OT/AVP antagonist properties of this compound (Table 
I), more potent and selective analogues with improved 
aqueous solubility19 suitable for intravenous administration 
are required in order for compounds of this structural type 
to have practical utility. This communication represents 
our initial disclosure on chemoselective and regioselective 
transformations carried out on 3 with the aim of optimizing 
its physicochemical and pharmacological profile. 

A key to the improved potency of 3 compared to its 
parent fermentation product 1 is oxidation of the piperazic 
acid (Piz) residues at positions 4 and 5. One hypothesis 
for this improved OT receptor affinity holds that changes 
in the conformation of these residues, brought about by 
the introduction of unsaturation, in turn influence the 
bioactive conformation of the 18-membered cycle. Ex-

(14) Chan, W. Y.; Cao, L.; Hill, P. S.; Hruby, V. J. Endocrinology 
1990, 126 (4), 2095. 

(15) Melin, P.; Trojnar, J.; Johansson, B.; Vilhardt, H.; Akerlund, 
M. J. Endocrinol. 1986, 111, 125. 

(16) Hahn, D. W.; Demarest, K. T.; Ericson, R.; Homm, R. E.; 
Capetola, R. J.; McGuire, J. L. Am. J. Obstet. Gynaecol. 1987, 
157, 977. 

(17) Andersen, L. F.; Lyndrup, J.; Akerlund, M.; Melin, P. Am. J. 
Perinat. 1989, 6 (2), 196. 

(18) Pettibone, D. J.; Clineschmidt, B. V.; Anderson, P. S.; Freid-
inger, R. M.; Lundell, G. F.; Koupal, L. R.; Schwartz, C. D.; 
Williamson, J. M.; Goetz, M. A.; Hensens, O. D.; Liesch, J. M.; 
Springer, J. P. Endocrinology 1989, 225 (1), 217. 

(19) The solubility of 3 in water at pH 6-8 is 68 Mg/mL. 
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