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SUMMARY: The bicyclization reaction of enynes of the XC:CCH2YCH2CH=CH2 type pro- 

moted by 2 n-BuLi-C12ZrCp2 proceeds in high yields in cases where X is alkyl, aryl, 

alkenyl, Me3Si, or Me3Sn and Y is CH2 or NCH2Ph. 

We have recently reported a Zr-promoted bicyclization reaction of trimethylsilyl- 

alkynes containing an ti-alkenyl group3 (eq 1). 
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Unfortunately, all our attempts to induce the corresponding reaction of terminal enynes 

have resulted in mixtures of unidentified products, none of which was dominant. Similarly 

frustrating were our attempts to replace the Me3Si group of the bicyclization-carbon- 

ylation product 1 with various electrophiles. Thus, for example, treatment of 2 with (a) 

n-Bu4NF in THF, (b) HI in refluxing benzene, 

45, and 20% yields, respectively,5 

and (c) NaOH-MeOH in Et204 gave 3 only in 45, 

and all attempts to replace Me3Si with I or a carbon 

group have thus far failed to produce 4 or 5 in significant yields. 

It was evident that, if this reaction 

be able to accommodate various carbon and 

4 5 (R = C group) * 

were to be of some synthetic value, it should 

hetero atom groups either as substituents or 

the Zr-promoted bicyclization re- 

6, that are readily convertible to 

as part of the ring moieties. We now report (i) that 

action of test substrates XC:C(CH2)3CH=CH2 to produce 
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l on protonolysis, proceeds in high yields in cases where X is Me,6 (CH2)2CH=CH2, Ph, 

CH=CHC6H13-n, CH=CHCH(OSiMe28u-t)C5Hll-n, or SnMe3, (ii) that, unlike 2, the carbon- 

ylation product of 6f, i.e., 8, can be readily convertible into 3 and 4 in high yields 

(eq Z), and (iii) that treatment of Me3SiCiCCH2N(CH2Ph)CH2CR'=CHR2 (9) with 2 n-BuLi- 

C12ZrCp2 produces the corresponding pyrrolidine derivatives 10, readily hydrolyzable to 

11, in high yields (eq 3). Unlike the Pauson-Khand reaction of enynes7 which, under normal 

conditions, leads directly to the formation of cyclopentenones, the Zr-promoted enyne bi- 

cyclization reaction can be used to produce either cyclopentenones or monocycles containing 

an exocyclic alkene. Some other transition metal-promoted reactions of diynes 3by8 and 

enynes' to produce stereodefined exocyclic dienes have recently been developed. However, 

there has been only one other isolated example of stereoselective conversion of an enyne 

into an exocyclic monoene promoted by a Ti reagent. 8 
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The following procedure for the preparation of lla (R'=R2=H) iS representative. To a _a- 
solution of C12ZrCp2 (321 mg, 1.1 mmol) in 5 mL of THF at -78°C under nitrogen was added 

1.6 M n-BuLi in hexane (1.45 mL, 2.32 mmol). After 1 h at -78"C, 257 mg (1.0 mmol) of 9: 

(R'=R2=H) in 2 mL of THF was added. The reaction mixture was warmed to 22"C, stirred for 

3 h, and quenched with 3 N HCl (O'C). The resultant mixture was treated with NaHC03 and 

extracted with ether. The organic layers were washed with brine, dried over MgS04, 

concentrated, and Kugelrohr distilled to give 179 mg (69%) of j_l_a: lo 'H NMR (COC13, 

Me4Si) 6 0.08 (s, 9 H), 1.08 (d, J = 7 Hz, 3 H), 1.95-2.15 (m, 1 H), 2.4-3.5 (m, 4 H), 

3.67 (s, 2 H), 5.2-5.4 (m, 1 H), 7.38 (s, 5 H); 13C NMR (COC13, Me4Si) 6 0.48, 17.44, 

40.38, 59.38, 60.75, 61.31, 116.75, 126.92, 128.22, 128.79, 138.92, 162.84. 

All protonolysis products of 6, i.e., z, and lQ except zb are isomerically 298% pure, 

as judged by 'H and 13C NMR as well as GLC. 

H NMR, its l3 

Although zb appears homogeneous by GLC and 
1 

C NMR spectrum reveals the presence of an unidentified compound 
11 

to the 

extent of ca. 10%. The 'H NMR Cp signals for $a, $5, $4, 63, 10a and 1Oc appear as ___' ___ 
partially resolved two singlets at 6 6.00-6.10 ppm. On the other hand, those for 6~ 

(5.95 and 6.19), 6: (5.65 and 6.05), l(ll (6.03 and 6.18), and jlld (5.70 and 5.82) are 

well resolved, and their chemical shifts are indicated above in parentheses. 

The bicyclization reaction of 9 reveals an unexpected but favorable effect of the amino 

group. Our earlier attempts to effect the Zr-promoted bicyclization of methylsubstituted 

enynes 123 and 12b12 were unsuccessful. _-- For example,treatment of '!?a_ with "ZrCp2" 

generated from 1 equiv of C12ZrCp2 and 2 equiv of n-BuLi followed by protonolysis only 

produced 0.32 equiv (64%) of 13 most probably via 'Il. On the other hand, the presence of 

a Me group either as R' or R2 in 9 does not prevent the formation of lob-10d in high _I_ 111 

yields. Furthermore, the Zr-promoted bicyclization promises to be highly stereospecific, 

judging from the high stereospecificity (>98% by 'H and 
13 

C NMR) in the formation of 

&3 and 10d l4 _.._* The striking difference between the reaction of 9 and that of 12 must 

be attributable to the amino group of 9, but its precise role remains unexplained. Un- 

fortunately, addition of NEt3, PMe3, or PMePh2 to "ZrCp2" inhibited the formation of 13 

without inducing the desired bicyclization of 12a. _I_ It is nonetheless important to note that 

disubstituted alkene groups are sufficiently reactive so that they can readily participate 

in the Zr-promoted bicyclization so long as this process is faster than the Zr-promoted 

alkyne dimerization. 
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1oc: 1 H NMR (benzene-d6, benzene) 6 0.19 (s, 9 H), 1.37 (d, J = 7 Hz, 3 H), 1.54 II_ 

(dq, J = 11 and 7 Hz, 1 H), 1.77 (dd, J = 10 and 8 Hz, 1 H), 2.10 (dddd, J = 11, 10, 

6 and 3 Hz, 1 H), 2.78 (dd, J = 14 and 3 Hz, 1 H), 3.5-3.75 (m, 3 H), 3.93 (d, 

J = 14 Hz, 1 H), 5.81 (s, 5 H), 5.85 (s, 5 H), 7.1-7.6 (m, 5 H); 13C NMR (benZeWd6) 

6 1.44, 23.10, 40.86, 51.08, 60.60, 63.95, 65.28, 109.57, 110.45, 127.12, 128.49, 

128.94, 140.32, 148.10. 

lad: 'H NMR (benzene-d6, benzene) 6 0.25 (s, 9 H), 1.53 (d, J = 7 HZ, 3 H), 1.79 (9, 

J = 7 Hz, 1 H), 2.35-2.45 (m, 1 H), 2.73 (d, J = 14 Hz, 1 H), 3.23 (s, 1 H), 3.4-3-8 

(m, 3 H), 3.92 (d, J = 14 Hz, 1 H), 5.73 (s, 5 H), 5.85 (s, 5 H), 7.1-7.6 (m, 5 H); 

13C NMR (benzene-d6) 6 1.47, 22.95, 31.28, 38.46, 60.72, 64.86, 109.17, 110.54, 

111.00, 128.30, 128.49, 128.97, 140.35, 143.48. 
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