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which had a maximum of 0.8 kcal/mol (a = 4.18 in Table 
I). A comparison of this figure with the E-Z energy dif- 
ference of 2-3 kcal/mol (obtained from the MM calcula- 
t i o n ~ ) * ~  indicate that the stabilization of high-energy 
conformations may be significant. 

The results here reported should be of use in the design 
of synthetic polymers possessing antibody- or enzyme-like 
properties. 
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Summary: The acetylenic tricarbonyl2 serves as a poly- 
electrophile in addition reactions of primary amines sub- 
stituted with nucleophilic groups. 

Sir: We have previously reported studies on the use of 
vicinal tricarbonyl derivatives as potent electrophiles. 
When substituted on @-lactam rings, they have served as 
acceptor centers for the construction of the fused 4,5-bi- 
cyclic systems of carbapenams and penems.' In combi- 
nation with neighboring ester or vinyl groups, they have 
taken part in cyclization reactions leading to vincamine,2 
e r ~ t h r i n a , ~  and phthalideisoquinoline  alkaloid^.^ Other 
applications have been reported in the synthesis of hy- 
droxypyrroles6 including the bacterial pigment, prodi- 
giosina8 

A particularly useful intermediate prepared in this series 
of investigations has been the vinyl tricarbonyl ester 1, 
which has served as a versatile dielectrophile for the tan- 
dem addition of primary amines to the a,@-unsaturated 
ketone as well as to the central carbonyl group.' We now 
report that the related acetylenic derivatives 2a-e may be 
used to extend this methodology, providing new poly- 
electrophiles of unusual potential in organic synthesis. 
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The acetylenic tricarbonyl compounds 2a-c were pre- 
pared most efficiently by using the procedure shown in 
Scheme I. Thus, in forming 2a, Claisen condensation of 
lithio-tert-butyl acetate with ethyl (tert-butyldimethyl- 
sily1)propiolate (3a)8 gave the @-keto ester 4 (R = TBDMS, 
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R' = tert-butyl), which was then allowed to react with 
N,N-dimethylformamide dimethyl acetal to give the en- 
amine 5 (R = TBDMS, R' = tert-butyl). Selective ozo- 
nolysis of this product using the indicator dye Sudan IIIg 

(8) Compound 3a was prepared by the reaction of ethyl propiolate 
with tert-butyldimethylsilyl chloride in the presence of sodium hydride. 

0 1989 American Chemical Society 



Communications 

Table I 
nucleophile tricarbonyl product yield (% P 
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afforded the tricarbonyl2a, mp 77-79 "C (71% from 3). 
With use of the same two-step process, the lithio deriva- 
tives of ethyl and methyl acetate yielded the tricarbonyls 
2b and 2c, respectively (55% and 40% overall).1° 

The trimethylsilyl-protected acetylenic tricarbonyl de- 
rivative 2d was prepared starting with ethyl (trimethyl- 
sily1)propiolate (3b).11 The labile trimethylsilyl group was 
removed to form 2e by exposure to silica gel. Although 
desilylation is not always necessary for subsequent reac- 
tion,12 the more stable silyl group in 2b may also be re- 
moved by treatment with tetrabutylammonium fluoride 
in the presence of 2,5-dimethoxyanilinium p-toluene- 
sufonate (Scheme II).13 

The acetylenic tricarbonyl compounds 2 react with 
primary amines to generate hydroxypyrrolinone carbox- 
ylates by a reaction that is analogous to that observed with 
the vinyl counterpart.' Thus, reaction of benzylamine with 
2e produced the derivative 7, mp 119-120 "C (65%) by a 

(9) Veysoglu, T.; Mitacher, L. A.; Swayze, J. K. Synthesis 1980,807. 
(IO) Efforts to synthesize these compounds by alternative methods 

involving phosphorus ylides or p-aminonitrosobenzene (cf. ref 7) have 
proven to be less efficient than the enamine route. 

(11) Kraihanzel, L. S.; Losee, M. L. J. Org. Chem. 1968, 33, 1983. 
(12) Under carefully defined conditions, the reaction of primary 

amines wth 2 may be carried out without prior removal of the silyl group. 
Thus, the p-tolueneeulfonic acid salt of benzylamine reacts with 2a, in 
the presence of tetrabutylammonium fluoride, to generate 7 (62%) pre- 
sumably by in situ desilylation followed by the normal 2-fold nucleophilic 
attack. 

(13) The aniline salt appears to function both as a proton source and 
protecting group for the central carbonyl. Polycarbonyl functions are 
particularly prone to rearrangements and polymerization reactions in 
basic media. See, for example: (a) Rubin, M. B. Chem. Reu. 1975, 75, 
177. (b) Askin, D.; Reamer, R. A.; Jones, T. K.; Volante, R. P.; Shinkai, 
I. Tetrahedron Lett. 1989, 30, 671. 
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2-fold nucleophilic attack involving conjugate addition to 
the a,@-pone function and addition to the central carbonyl 
group (Scheme 111). Table I lists examples of hydroxy- 
pyrrolinone carboxylates formed from the reactions of 2 
with primary amines or their corresponding salts. 

The structure of 7 was confirmed by an independent 
synthesis from the hydroxypyrrolecarboxylate 8.' Dye- 
sensitized photooxygenation of 8 in the presence of di- 
phenyl sulfide yielded the pyrrolinone 7 (50%). The 
formation of 7 in the reaction with singlet oxygen most 
probably takes place by 2,3-addition to the pyrrole with 
the formation of a dioxetane, followed by diphenyl sulfide 
deo~ygenati0n.l~ 

As observed with the vinyl tricarbonyl compound 1,' a 
primary amine substituted with an additional nucleophilic 
component may undergo a "third stage" reaction with 2. 
The indole ring of tryptamine is well suited for such a 
transformation. The intermediate pyrrolinone 9, formed 
by the 2-fold addition of tryptamine to 2b, could undergo 
further reaction by two different routes: (a) formation of 
the imminium ion 10 followed by cyclization to 12 as ob- 
served in the reaction with the vinyl analogue 1; (b) con- 
jugate addition to the a,@-unsaturated ketone group of 9 
(Scheme IV). 

I t  was found that, in the presence of BF,.OEh, the 
pyrrolinone 9 underwent cyclization exclusively by path- 
way b. Under these conditions, the product of conjugate 
addition 11 readily aromatized to the hydroxypyrrole 13 
(93%). The alternative pathway (a) observed with the 
vinyl counterpart 1 would require the formation of the 
disfavored iminium ion 10, an antiaromatic type of in- 
termediate, resembling cyclopentadienone. An analogous 
result was observed in the reaction of 2b with 3,4-di- 
methoxyphenethylamine to form 14, which then leads to 
the corresponding tricyclic product 15 (60%). 
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\ I  
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In summary, we have shown that the cluster of func- 
tional groups incorporated in the acetylenic tricarbonyl 
derivatives 2 represents a readily available, reactive poly- 
electrophilic system. Applications of these findings to the 

(14) Wasserman, H. H.; Saito, I. J. Am. Chem. SOC. 1975, 97, 905. 
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synthesis of alkaloids is under investigation. 
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Summary: The reaction of 1-vinyl-1-cycloalkenes with 1 
equiv of (RCH2CHJ2ZrCp2, where R is H or alkyl, followed 
by treatment with electrophiles, e.g., proton donors, I,, and 
ketones, can provide the corresponding exocyclic alkenes 
in good yields, the stereoselectivity being 195%. 

Sir: We have recently reported the reactions of "ZrCp,", 
such as n - B ~ ~ Z r C p , , ~ s ~  with nonconjugated enynes,3p4 di- 
ynes,2$s6 and dienes.' With n-Bu2ZrCp2 the actual "ZrCp," 
reagent has been shown to be (a2-l-butene)ZrCp2 (la), in 
which 1-butene serves as a ZrCp,-protecting but 
"nonparticipating" On the other hand, the re- 
action of alkene-ZrCpz complexes (1) with monoalkenes 
incorporates the alkene moiety in the products.' 

( RCH2CH2 ) 2 Z r C p 2  d 

a: R = E t .  b: R = ti. 

We now report that the reaction of 1 with conjugated 
dienes (2) gives zirconacycles represented by 3, which can 
be converted to a variety of organic products, such as 4-6 
shown in Scheme I. Particularly noteworthy is that 1- 
vinyl-1-cycloalkenes can be readily converted to stereo- 
defined exocyclic  alkene^.^^^ Although zirconacycles rep- 
resented by 3 have been previously prepared by the re- 

(1) Metal-Promoted Cyclization. 31. Part 30. Rousset, C. J.; Swan- 
son, D. R.; Lamaty, F.; Negishi, E. Tetrahedron Lett. 1989, 30, 5105. 

(2) Negishi, E.; Cederbaum, F. E.; Takahashi, T. Tetrahedron Lett. 
1986,27,2829. 

(3) Negishi, E.; Holmes, S. J.; Tour, J. M.; Miller, J. A.; Cederbaum, 
F. E.; Swanson, D. R.; Takahashi, T. J. Am. Chem. SOC. 1989,111,3336. 

(4) (a) Negishi, E.; Holmes, S. J.; Tour, J. M.; Miller, J. A. J. Am. 
Chem. Soc. 1985.107.2568. (b) Nwishi. E.: Swanson. D. R.: Cederbaum. 
F. E.; Takahashi; T. htrahedron L&. 1987,28,917. '(c) S& also: Rajk 
Babu, T. V.; Nugent, W. A.; Taber, D. F.; Fagan, P. J. J. Am. Chem. SOC. 
1988,110, 7128. 

(5) For a related study by other workers, see Nugent, W. A.; Thorn, 
D. L.; Harlow, R. L. J. Am. Chem. SOC. 1987,109, 2788. 

(6) 1-Butene is not incorporated in the product and recovered as such. 
(7) Swanson, D. R.; Rousset, C. J.; Negishi, E.; Takahashi, T.; Seki, 

T.; Saburi, M.; Uchida, Y. J.  Org. Chem. 1989,54, 3521. 
(8) For a review, see Negishi, E. In Adoances in Metal-Organic 

Chemistry; Liebeskind, L. S., Ed.; JAI Press: Greenwich, CT, 1988; Vol. 
1, p 177. 
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than refs 2-4, see: (a) Luo, F. T.; Negishi, E. J. Org. Chem. 1983,423,5144. 
(b) Miller, J. A.; Negishi, E. Isr. J. Chem. 1984, 24, 76. (c) Negishi, E.; 
Zhang, Y.; Cederbaum, F. E.; Webb, M. B. J. Org. Chem. 1986,51,4080. 
(d) Negishi, E.; Zhang, Y.; Bagheri, V. Tetrahedron Lett. 1987,28,5793. 
(e) OConnor, B.; *g, Y.; Negishi, E. Tetrahedron Lett. 1988,29,3903. 
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Table I. Synthesis of Exocyclic Alkenes by the Reaction of 
Conjugated Dienes w i t h  Dialkylzirconocenes 

conjugated R of exocyclic yield, '70 
diene RzZrCpz alkene GLC isolated 
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action of alkenes with conjugated diene-ZrCp, complexes 
obtained by either the enediylmagnesium-Cl,ZrCp, reac- 
tionloa or the diene-Ar,ZrCp, reaction,lob the conversion 
of 2 to 3 as shown in Scheme I represents a novel route. 
Furthermore, the conversion of 1-vinyl-1-cycloalkenes to 
stereodefined exocyclic alkenes has not been previously 
reported. 

Typically, ethyllithium in EtzO (1.0 M, 6.0 mL, 6.0 
mmol) was added to a solution of Cp2ZrC12 (0.88 g, 3.0 
mmol) in 10 mL of THF a t  -78 "C. After having been 
stirred for 1 h at  -78 OC, the mixture was treated with 
1-ethenyl-1-cyclohexene (0.325 g, 3.0 mmol), and warmed 
to 25 OC over a few hours. Examination of the reaction 
mixture by lH NMR spectroscopy using benzene as an 
internal standard indicated the formation of a ZrCp, de- 
rivative exhibiting two singlets for the Cp groups at  6 5.50 
and 5.65 in >90% yield. The compound has been tenta- 
tively identified as 3a on the basis of the following. The 
reaction mixture obtained above was quenched with a 
mixture of 2 N HCl and EhO, extracted with EhO, wsshed 
with aqueous NaHCO, &d brine, and dried over MgSO,. 
Distillative workup gave 0.23 g (56%) of butylidene- 
cyclohexane: IR (neat) 3030 (w), 1675 (w), 1450 (s), 1370 
(m) cm-'; lH NMR (CDCl,, Me,Si) 6 0.88 (t, J = 7 Hz, 3 
H), 1.25-1.4 (m, 2 H), 1.4-1.7 (m, 6 H), 1.9-2.0 (m, 2 H), 
2.0-2.2 (m, 4 H), 5.07 (t, J = 7 Hz, 1 H); I3C NMR (CDCl,, 
Me,Si) 6 13.75, 27.89, 28.11, 28.17, 28.77, 29.18, 37.24, 
121.27,139.56. Treatment of 3a with D20 (1 mL/3 mmol 
of diene, 25 "C, 2 H) followed by workup with 2 N HCl 
produced a >95% pure monodeuterio derivative of 4a, i.e., 
7, in 55% isolated yield. The use of 2 N DCl in place of 
HC1 cleanly produced the dideuterio derivative 8 in 66% 
yield, the extents of deuterium incorporation on the ring 

(10) (a) Yasuda, H.; Kajihara, Y.; Nagasuna, K.; Mashima, K.; Naka- 
mura, A. Chem. Lett. 1981, 719. (b) Erker, G.; Engel, K.; Dorf, U.; 
Atwood, J. L.; Hunter, W. Angew. Chem., Int. Ed. Engl. 1982,21, 914. 
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