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Abstract: The rcgbsd~ctive Imad &wage of w’nylcyclvprv~ with rirconocmnebmtene cvmpkx gave ?$- 

au&r $-ailylic &mwceue derivatiws dqmding on tk substitutivnal pattern of the cyclopropyl ring. The 

r~dChw~~~l~conqdrru~cmricdont. 

viny1cyc1opropaW (homobutadiuic) conslihltcs conjugation between vinyl and cycloplDpy1 groups due to 
the intemal strain of the cyclopropyl group that imparts p-cbaracterics to the ring. owing to this hatufe of 
vinylcyclopropanes, nactions using various transition metals have been studied and applied to organic 
synth0sis.l 

Recently the suuctu~ s and reactivity of zirumocene-conjugated diene complexes have been studied by 
several groups.2 In spite of the characteristic feature of vinylcyclopropane mentioned above, to our 
knowledge, them is w report on the reactions of vinylcyclopropane derivatives with the zitconocctlbbutene 
complex (“C!p$F = the equivalent of zirconocene) which can be easily gcmzated in situ from zirconocene 
dichloride and 2 cquiv n-butyllithium. 3 Vinylcyclopropane derivatives should thus react with “Cp@” to 
form the zimonocene-homobutadiene complex. As m of our work in organic synthesis using low-valent 
early Iran&ion metals,4 we report hetein the regiaielective bond cleavage of vinylcyclop~panc derivatives 15 
with “Q$Y and consequent zifconane complex formations , 

The treatment of cis- or trans-la with a stoichiometric amount of “Cp@’ in THF (-78 OC - room 
temperature) and subsequent addition of acetone at 0 *C to the reactioh mixture gave zirconacycle 2a whose 
double bond was confmed ta bc @‘)-geometry (J = 15.1 11x).6 Acidic hydrolysis of 2a gave 3aT in 86 I 
yield from c&-la and 48 96 yield from rranr-h. Quenching of the reaction mixhne with dcuterium (10 8 
DCI-Q@), instead of acetone, indicated the cflicient inaoduction of dcuteriumo one by one into two methyl 
carbons of 4. thus demonstrating the selective cleavage of bond a of the cyclopfopyl ring of la (Scheme l)+’ 
In the teaetions of ci~- orrraru-lb and lc with “cpzzt” and subq~ent reaction with benzaldchyde, the 

selective cleavage of cyclopropyl bond b was coofirmed by isolation of compound 57 (80 % from &lb, 26 
96 &an Puns-lb) and 9 (41 % from lc) (S&emt 2). The oxygen functionality in la or lb which CM 



rzodhatc to zirconium netal has no effect on the cleavage of the cyclopqyl bond since Id TC(LCIS with 
*‘Cp#=” to give 38 withmt significant difkmce (84 % from cis-ld ti 45 46 from mm-ld). It should be 
pointed out thnt the cis- isma gives consistently higher yield of the carbonyl adduct than mw- isomer.* It is 
obvious that the loss su~titutcd bond of the hvo cyclopmpyl bonds concerned (bond a or b) is cleaved 
selectively. The pr~scnt I$&C&U dcmoastratc the requirement far the vinyl gmp by ccaov~y of the starting 
material in mctims of cykbopmpane de&atives which possess no vinyl substituent_g 
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The structures of the qrganozicconium intermediates (I$* allylic zirconium and/or q &J allylic kconium 

derivatives) were deduced from the incorporation of deuterium, the carbonyl addition producrs and NMR 
analyses (COSY, HETdOR and DEPT) of the intermediates. NMR spectral data of the reactive 

organozirconium interme ‘ktes derived from la and lc indicated the presence of [IQ $1 allylic zirconium 

complexes 6a and 10.10 
: 

p)-Stereochemistry of complexes 6a and 10 was supported by the coupling 
constant (6a; 16.1 Hz, 10 16.9 Hz) between two vinyl protons. 2 and 3. The intermediate 7 derived from 

fb was confirmed to had the (I?) qk allylic zirconium structure by NMR sl~~tra.~~ The intemwdiak 7 
was formed through fk-alkoxyl elimination in the primarily formed (E) 13-1~ allyric zirconium complex 8 
(Scheme 2). 

(E)-Stereochemistry f intermediates 6a and 10 suggests that the selective scissiou of the cyclopropyl 
bond (a or b) and cornpIe kmmation are bmught about by “Cp$5”-approach to vinyl and cyclopropyl bonds 

of 1 from the fess sterically hindered site (Figure l).lz In these mod&, 
A and B, the steric bulk o substituents (R or X) on the cyclopropyl ring exerts influence on the approach of 

“CpaW to vinylcyclop ne derivative. Therefore, a balance of steric bulkiness of substituents on the 
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cyclopropyi ring is important for the s&et& bond cleavage and complexntion of vinylcyclopropenc 
derivatives 1 with ‘%C!p$r”. Compounds la and ld thus stcrically prefer complexation B while lb and lc 
stesicaRypre&rA. 

A B 
Fipure 1 Conpkxatbn d Vinylcyckpopana Derivatives with %p$!f. 

In conclusion, the regioselective bond scission of vinylcyclopropane derivatives by “C&Zr” occurrs 
under the influence of the substituent which has critical steric effect on the direction of the approaching 
“Cp$r” to vinylcyclopropane. Application of the present results to organic synthesis is currently under way 
andtheresultswiUbereporudinduecourse. 
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Compounds la, c and d wem prqmred by the Simmons-Smith cyclopropanation (Bt2Zn/CH&/Et~O) 
of the corresponding ailylic alcohols. Swern oxidation of the alcohol and olefination (C!H&, Zn/MesAl 
or Wittig olefination). Compound lb was prepared by the following reactions: 1) 
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7. 
8. 

9. 
10. 

11. 

12. 

dimothylcyclopropanation of a>- or Q-benzyloxycrotonate with diphenylsulfoniurn isopropylide, 2) 

diction @IBALI1y@H2c12). 3) Swem oxidation and 4) olefmation (CH212,Zn/M~Al}. 

2a IH NMR (a6 benzene) 8; 0.59 (dd, lH, J=12-2. 2.&Hz, Hi), 0.98 (s, 3H, Me). 1.05 (s, 3H, Me), 
1.25 (t, lH, J=l2.2Hz, I+*). 1.71 (t, lH.J=ll.SHz, Hs), 2.09 (dd, lH, J=11.5, 3.8Hz, Hs+), 2.97 

(m, lH, H2), 3.48 (dd, lH, J=9.1, &.OHz), 3.57 (dd. 1H. J= 10.1, 5.4Hz). 4.62 (s, 2H, benzylic), 

4.86 (dd, iH, J=15.1, lO.lHz. H3). 5.21 (ddd, lH, J=lS.i, 11.5, 3.&Hz, h), 5.73 (s, 5H, Cp), 

5.76 (s, SH, Cp), 7-U-7.50 (rn. SH). 1% NMR {dtj benzene) ppm; 30.1,32.2,36.2 (Cl), 4.62 (Cz), 

47.7 (C5), 73.0, 79.$, 75.8 (Q), 109.7, 110.7, 122.8 (Q), 123.4, 127.8, 128.5, 140.1, 143.5 (C3). 

Structures of the new compom were confirmed by IR, NMd MS and elemental analysis. 

Although the precisd hewn is unclear, this observation may be related to the diastereometic nature of 

6% d and 8 or sterlc Ltfect of the trans substituent at the stage of complexation (Figure 1). 

Vinylcyclobutane dqivative was recovered under the same reaction conditions. 
NMR data of major diastemomeric isomer of 6a: tH NMR (a benzene) 8; -1.08, (dd, lH, J= 11.0, 

9.5Hz, Hs) -0.72 (dd. lH, J=9,5, 8.6Hz. H~v), 1.17 (dd, lH, J=15.2, 3.4Hz, Ht), 2.25 (dcl, lH, 

J=7.7, 3.4H2, HI*), 2.58 (m, lH, I-Q)* 2.73 (dd, lH, 3=16.1, lO.OHz, H3). 3.45 (dd, LH, J=9.1, 

8.OHz), 3.58 (dd, ll!I, J=9.1,4.6Hz), 4.42 (ddd, lH, J=16.1, 15.2, 7.7H2, Hz), 4.62 (a, ZH), 5.14 

(s, 5H, Cp). 5.29 (8, 5H, Cp). 13C NMR (dg benzene) ppm; -25.4 (Cs), 41.5 [Cq), 43.2 (Cl), 73.1, 

74.6 (C3). 79.9,104 (Cp). 104.6 (Cp). 1 LO.7 (Cd and aromatic carbons. 

Intermediate 10: t l! NMR (da benzene) S; -0.94 (d, lH, J=lO.OHz, Hs), -0.81 (d, IH. J=lO.OHz, 

Hs), 1.00 (s, 3H, Me), 1.28 (dd, lH, J=14.2, 4.5H2, HI), 1.37 (s, 3H, Me). 2.21 (dd, 1H. J=7.7, 
4.5Hz. HII), 3.03 (d, lH,J=16.9Hz, H3). 4.21 (ddd, 1H. 3=16.9, 14.2, 7.7H2, Hz), 5.19, (s, 5H, 

Cp>, 5.27 (s, 5H, Q). t3c NMR (G benzene) ppm; -14.8 (Cs). 26.1 (MC), 33.4 (Ct), 37.2 (Me), 

40.6 (Cl), 83.5 (C3), 104.0 (Cp), 104.2 (C2). 104.5 (Cp). See also the reported NMR data of related 

system; (a) Erker, (Ii.; Engel. K.; Dorf, LJ.; Atwood, J. L.; Hunter, W. E. Angew. Chem. Sup@. 

1981, 19761983. (b] Luker, T.; Whitby, R. J. Ttwahedron Left. 1994,35,7&5-7&S. 
Intermediate 7: tH mR (Q benzene) 8; 1.31 (s, 6H, 2Me), 1.96 (dd, 2H. Jz8.5, 1.2H2, Ht), 4.88 

(9, W>, 5.04 (cld, lB, J=lOS, 1.4Hz. H6). 5.17 (dd. lH, J=17.4, l.dHz. at). 5.21 (dd. lH, 

1=15.3, 1.2H2, H3). 5.78 (s. lOl-l, 2Cp), 5.91 (dt, lH, J=15.3, 8.5H~ Hz). 6.11 (dd, lH, 5=17.4, 

10.5Hz. Hs), 7.16-a.31 (m, SH). 13C NMR (h benzene) ppm; 28.4 (Me), 39.3 (a). 44.2 (Cl), 

75.7,10X3 (C6). 111.2 (Cp), 111.7. 134.9, 149.5 and aromaticcarbons. 

The conformation of vinylcyclopropane is known to exist as a mixture of two conformers at room 

temperate in a gasuous phase, -70 46 ati - and -30 % gauche-form. (a) De Meijere, A.; Ltittke, W. 

Tetrahedron 1969,25,2047-2058. (b) Traetteberg, M.; Bakken, P.; Almenningen, A.; Ltlttke, W. J. 

Muleculur Smcrwe~ 198&,189,357-37 1. atiXonformation of cis- 1-methyl-2-vinylcyclopropane is 

also plredicted to he the lowest energy conformer. See; Lonchatich, R. J.; Houk, K N. J. Am. Chem. 

Sot. 19SS,IIO, 2084-2092 and the references cited therein. 
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