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SUMMARY: 3-Zircons-l-cyclopentenes and zirconacyclopentanes react with aidehydes at or below 25 OC to give 
the correspondmg carbonyl addition pmducts. i.e., ‘I-membered oxazirconacycles, which can be readily converted to the 
corresponding alcohols via protonolysis and S-iodoalcohols via iodinolysis; the latter product can be further converted to 
7-membeti lactones via Pd-catalyzed carbonylation. 

We recently reported that 3-zircona-1-cyclopentenes (1) react with akynes, nitriles. and aldehydes to undergo 

coupling of these added nzagents with the alkenylidene moiety of 1 with concomitant extrusion of ethylene.’ In each of 

the reactions of aldehydes. however, a minor amount of another pmduct was obtained at 50 OC. To our surprise. this 

became the major product, when the Ieaction was nm at lower temperatures (QS “C). In the reaction of la with FWHO. 

the pmduct obtained in 80% yield after pmtonolysis was identified as (m-l-phenyl-4(n-propyl)-4+zten-l-o1 @I)? and 

the spectral data for the Cp.$r-containing product we= consistent with 3a.’ Treaanent of the n?action mixture containing 

3a with 12 gave a 75% yield of 4a, which was isomerically Y2998% pure. The amount of Sa, the major product at 50 OC. 

was a%. The experimental results are summarized in Scheme 1 and Table 1. 
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The feasibility of convezting bicyclic zirconacyclopentene derivatives into alkenols was also demonstrated by the 

reaction of 64 with benzaldehyde to give 7 in 80% NMR yield. Protomlysis of this reaction mixture containing 7 with 

1 N HQ gave a 65% yield of 8 as an 85:15 mixture of the two possible epimers. Two minor byproducts, i.e.. 9 and 10, 

were also present to the extent of 3-54 each. Similarly, iodinolysis of 7 provided 11 in 65% yield as an 85:15 epimeric 
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mixture along with a couple of unidentified minor byproducts, presumably 12 and 13. 

Table 1. Reaction of 3-Zircona-l-cyclopentenes with Aldehydes 

zilconacyclopentene(1) R1 of EIectqMic Yield ab QPQdu~ 
R(a) R(B) R’C’HO reagent Product % (Yield, b %) 

n-Fr n-Fr Fh HCl 2a 6w-w qs 2%) 

n-Pr n-Pr Ph Da d 61(75) q5 2%) 
n-Pr tl-Pr Ph 12 4a 59(74) J8(S 2%) 
n-Pr n-Pr PhCH2 12 4b 14(30) Sb(S 2%) 
n-Pf n-R f’WH2)2 12 4c 45(62) Jc(S 2%) 
n-R n-R n-Bu HCl 4d 42(5 1) 5d(S 2%) 

ph Et Ph HCl 2e 42(6 1) f(S 2%) 
Pb Et Pll 12 4e 48(5 1) 5e(S 2%) 

n Isolated yield b The number in parentheses is an NMR yield. c 1 -Phenyl-2-(n-pmpyl)-2-hexen- 
l-01. ’ 5-D derivative of 2a. e 1-Phenyl-2-(n-propyl)-3-deuterio-2-hexen-l-ol.f(~-1,3-Diphenyl- 
I ethyl-2-propen- l-01. 
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Interestingly, even monocyclic and bicyclic zirconacyclopentanes undergo the same addition reaction with 

aldehydes. These faults an? summarized in Table II and Scheme 3. 

Table II. Reaction of Zirconacyclopentanes wilh Aldehydes Followed by Protonolysis 

Rl of Yieldrr 

arunlacyc10pentane RICH0 Pmduct % othernotes 
140 Ph Ida 46 

14b Ph 16b 52 b 

17c Fil 19 37 d 

2W Ph 22a 69 f 

20 Phh4cCH 22b 58 8 

20 n-Hex 22c 72 h 

a Isolated yield. In cases when the product is a mixture of diastereomers, the combined yield is 
shown. b A 5: 1 diastercomeric mixture. c 225% trans. d A 3:2 mixture of 2 diastereomers, e 
Z95% cis.fA 1: 1 diastereometic mixture. 8 A 4:2:1: I mixture of 4 diastercomcrs. h A 3:2 mixture 
of 2 diasterramers. 



697 

Scheme 3 R 

14 16 

Although allylzhwnocenes5 and related conjugated diene-zitconocene@ are known to react readily not only with 

aldehydes but also with ketones, nitriles, alkenes, and alkynes, the corresponding reactions of alkyl- and alkenylzhconocene 

derivatives appear to be unpreceden&L2 Indeed, our repeated attempts to observe the reaction of Me$rC& with PhCHO 

or heptaldehyde have been uniformly unsuccessful. Thus, the reaction hen9n reported is totally unexpected, and it Eemains 

as an interesting puzzle. It is conceivable that interaction between a Zr empty orbital and the CB-C,+ bond boosts the 

nucleophllicity of the Zr-C bonds of five-membered zirconacycles relative to Me-$X& and other diorganylzirconocenes 

that are without the benefit of such interactions. Irrespective of mechanistic details, however, the reaction promises to 

provide an efficient and convenient route to alkenols, some of which are not readily accessible via known methods. 

The following additional features of the reaction are worth noting. First, attempts to observe related addition 

reactions of zirconacyclopentenes and zirconacyclopentanes with nitriles. alkenes, and alkynes have so far failed. Second, 

the reaction does not proceed beyond single addition to aldehydes even when an excess of an aldehyde is used. Third, 

treatment of (Z)-5-iodo-4~alken-l-ols with CO in the presence of a catalytic amount of a Pd-phosphine complex. e.g., 

qPd(PPh&. gives the corresponding lactones’ (Scheme 4). Fourth, the lactonization. in turn, provides a convenient 

moans of determining the 1.3-diastereochemistry of the aldehyde addition reaction. Specifically, 11 or its epimer was 

converted to 24 or its epimer, respectively, via carbonylation (Scheme 4). An NOE signal enhancement (8 f 1%) observed 

between the bridgehead and benzylic protons of the major isomer indicates that these two protons axe cis to each other. 

This stereochemical preference is consistent with attack by PhCHO on the exo side of 6 with the Ph group pointing outside 

the bicyclic framework, as shown in 25. 

A typical procedu~ is as follows. A solution of CqZrCl, (0.88 g, 3.00 mmol) in THF (12 mL) was successively 

treated with EtMgBr (6.0 mL. 1 M. -78 “C, 1 h) in THF, 4-octyne (0.33 g. 0.44 mL. 3.00 mmol. -78 “C. 5 min and then 

0 “C, 1 h). and benzaldehyde (0.35 g, 0.33 mL. 3.30 mmol. 0 “C. 3 h). lodinolysis or hydrolysis of the reaction mixture 

followed by usual workup afforded 2a or 4a in 75 or 80% NMR yield, respectively. 
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Scheme 4 mPr 

n-Pr 

phtipr-n 

CO (100 psi), 5% C12Pd(PPh3h, 

OH I 
NEt, (2 equiv), benzene, 120 OC. 10 h. 

4a 

Hex-n 

CO (100 psi), 5% Cl#d(PPh&, 

NEg (2 equiv), benzene, 120 Y!. 12 h. 

Acknowledgments. ‘IBe work perfomxd at Purdue University was supported by the National Science Foundation 

(CHE-9023728) and the National Institutes of Health (GM 3679’2). CC is a Purdue Research Foundation Fellow (1993- 

1994). M. Kageyama performed some experiments related to tbis work. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

REFERENCES AND NOTES 

Takahashi. T.; Kageyama, M.: Denisov. V.: Hara. R.; Negishi. E. Tertnhedr~n Lert. 1993.34, 687. 

During this study. we noted the n%cEions of 7.7-bis(cyclopentadienyl)-7-zirconabicyclo[4.3.0]non-l(6)-ene with 

isovaleraldehyde, acetone, and butyronitrile to give the corresponding 7-membered ring products p-ted as 

unpublished results (Buchwald, S. L.; Nielsen, R. B. Chem. Rev. 1988.88. 1047). However, the zi~nacyclopentene 

intermediate involved in the reported work behaves differently with nitriles, pl’esumably due to the more difficult 

ethylene elimination. which would generate the more strained zirconocene-cyclobexyne complex. 

‘H NMR (qDe. Me$i) S 0.99 (t. J = 7 Hz, 3 H). 1.02 (t. J = 7 Hz, 3 H). 1.2-2.4 (m. 12 H), 5.07 (t, J = 5.5 Hz, 

1 H). 6.08 (s, 5 I-I). 6.14 (s, 5 H). 7.1-7.4 (m. 5 H). The following 13C NMR signals we= assignable to the 

compound: 13C NMR (C6D6, Me$i) S 14.70. 15.47, 22.69, 24.81, 39.02, 39.65, 40.33, 81.95, 110.68, 111.33. 

128.54. 128.69. 

For tbe Zr-prOmOted bicyclization reaction of enynes, see Negishi. E.; Holmes, S. J.; Tour, J. M.; Miller, J. A.; 

Cederbavm, F. E.; Swanson, D. R.; Takabashi, T. J. Am. Chem. Sot. 1989,111, 3336 and references therein. 

(a) Yamamoto. Y.; MaNyama, K. Tefruhedron Len. 1981, 22, 2895. (b) Mashima. K.; Yasuda, H.; Asami, K.; 

Nakamura, A. Chem. Lerr. 1983,219. 

(a) Yasuda, H.; Kajihara, Y.; Mashima. K.; Nagasuna, K.; Nakamura. A. Chem. Lerr. 1981, 671,719. (b) Akita, M.; 

YZWda, H.; Nak%nu% A. Chem. Let?. 1983, 217. (c) Erker, G.; Engel, K.; Dorf, U.: Atwood, J. L.; Hunter, W. 

E. Angew. Chem. bu. Ed. Engl. 1982. 21. 914. 

Shoenberg, A.; BaItolletti, I.; Heck, R. F. J. Org. Chum. 1974.39, 3318. For lactonization via carbonylation, see 

MO& M.; Chiba, K.; Ban, Y. Heterocycies 1979. 12, 921. 

(Received in USA 22 September 1993; revised 16 November 1993; accepted 23 November 1993) 


