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The hydrozirconation of alkenes and alkynes is one of the mos
versatile and direct pathways for the formation of organometallic
intermediates for organic synthesi®ue to the steric shielding
of the C-Zr bond by the cyclopentadienyl ligands, however, many

applications of organozirconocenes have been limited to oxidative

cleavage with halogens. In addition to chloride abstractions with

silver(l) salts and subsequent cascade processes initiated b

formally cationic zirconocenésyansmetalation of the €Zr bond
to other metal salts is an effective way to utilize the potential o
the organozirconocene intermediate for carboarbon bond
formation! We have previously developed a protocol for-2r

f

Zn transmetalation that allows in situ addition to aldehydes and,
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tand at shorter reaction times confirmed that 1,2-addition preceded
the cyclopropanation and that no cyclopropyl zinc spétisere
formed prior to imine additioA! In analogy to recent results by
Charette and co-worket$we therefore propose the mechanism
shown in Figure 1. Hydrozirconation of the alkyne followed by
transmetalation to dimethyl zinc leads to an alkenyl zinc species
hat readily adds to the phosphinoylimine to give allylic amide

. While the facile formation of the zinc carbenoid sped&dsm
5 and dichloromethane is unprecedentéthe intrinsically high
reactivity of (chloromethyl)zinc derivatives is well-knowhand
an amide nitrogen has been shown to be a powerful directing
group® for Wittig—Furukawa reagents.

To improve on the yield and the rate of the transformation of

in the presence of a chiral ligand, the enantioselective preparation . i !
of allylic alcohols? We now report an extension of this trans- 1 {0 3, we added 5 equiv of Ci# to the reaction mixture and

metalation strategy toward the three-component condensation ofWere able to obtain the desired amino cyclopropane in 74% yield
organozirconocenes, aldimines, and dihalomethanes and theaftér 2 hinrefluxing CHCl,. Under these optimized conditions,

stereoselective formation of amino cyclopropanes.
Hydrozirconation of 1-hexynel] in CH,CI, with Schwartz
reagent followed by in situ transmetalation to e and addition
of N-diphenylphosphinoylimine2* provided thetransamino
cyclopropane in 58% yield and the allylic amidé in 11% yield
after heating the reaction mixture at reflux for 16 h (Scheme 1).
In contrast, when the reaction was performed in THF, a 65% vyield
of 4 was obtained as the sole prodéitile rationalized this novel
solvent-dependent reaction dichotomy by the formation of a
transient zinc-carbenoid species from £, which subjected
the intermediate allylic amine derivative to an efficient Simmens
Smith typé cyclopropanationN-Metalation of the phosphinoyl-
amine moiety from the 1,2-addition step was clearly crucial for
the ensuing SimmonrsSmith process, since control experiments
showed that only a protocol involving deprotonationdofvith
BuLi followed by treatment with Mgn and addition to vinylzir-
conocene in CkCl, led to further conversion t8. In the absence
of BuLi, neutral4 remained unchanged.

functionalized terminal and internal alkynes were converted to
amino cyclopropanes in moderate to high yields and with excellent
diastereoselectivity (Table 1).

Traces of unreacted allylic amine intermediates were the only
identifiable side products, but no stereocisomeric cyclopropanes
could be identified in'"H NMR analyses of crude reaction
mixtures. The transformation enjoys a significant functional group
tolerance, since silyl ethers (entries 3 and 7), silyl esters (entry
4), and carbamate or sulfonamide functions (entry 5) in the alkyne
segment do not interfere. Significantly, internal alkynerovided
trisubstituted cyclopropan@ (entry 2). Both electron-donating
(entry 9) and electron-withdrawing substitutents (entries 6, 7, and
8) in the benzaldimine portion are tolerated. The yields based on
imine range from 45% for the highly functionalized alkyh#to
84% in the addition to ester-substitut®6€, which is remarkable
considering that three C,C-bonds and one C,H-bond are formed
stereoselectively during the three-component condensation pro-
cess. The alkynyl imin23led to cyclopropane addu2d in 44%

|nteresting|y, the presence of d|methy| zinc alone in the absenceyield, thus i”UStrating that the presence of an aromatic substituent

of zirconocene is also not sufficient for effecting cyclopropanation,
since the hexenyl zinc derivative obtained frdivia hydro-
boration-transmetalatiohin CH,Cl, did not convert2 to 3.°

Control experiments in different solvents, at lower temperatures,
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Table 1. Three-Component Condensation
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of Alkynes, Benzaldimines, and,CH

entry alkyne imine amino cyclopropane yield*
1 CH—= NP(C)Phy CaHg Ph 74%
1 P H 2 3 NHP(O)Ph,
2 C,Hg—=—C,H; 2 CoHs 46%
8 CoHs Ph
9 NHP(O)Ph,
3 BDPSO(CH2p—= 2 BDPSO(CH, ) Ph 68%
10 11 NHPO)Ph,
4 TIPSO,C(CHp )3—= 2 TIPSO2C(CHz)s Ph 73%
12 1 NHP(O)Ph,
5 EtO2CN(Ts)(CHz o ——=— 2 EtO2CN(Ts)(CHz)2 Ph 45%
14 15 NHP(O)Ph,
6 1 NP(O)Ph, COxMe 69%
(p-MeO,C)Ph” “H 16 C4Hg
17 NHP(O)Ph,
7 10 16 OBDPS COzMe 84%
18 NHP(O)Ph,
3 1 NP(O)Phs Cl 65%
(p-CHPh" H 19 CaHo \<]\/©/
20 NHP(O)Ph,
9 1 NP(O)Ph, 51%
(m-MeO)Ph)J\H 21 CaHg g OMe
22 NHP(O)Ph,
10 1 NP(O)Phg Ph 44%
\4\/
CyHg
= H 23
Ph 24 NHP(O)Ph,

aYields of isolated products are based on imines.
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Figure 1. Proposed mechanism.
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noylimines derived fromo,5-unsaturated aldehydes such as
cinnamaldehyde ang-methylcinnamaldehyde, however, provided
complex mixtures of mono- and biscyclopropanated products.
Attempts to preparBl-phosphinoylimines derived from enolizable
aldehydes, such as hydrocinnamaldehyde, fdfled.

The N-phosphinoylamino cyclopropane products are readily

deprotected to give free amino cyclopropanes by acid hydrolysis

(Scheme 2¥8 Prior alternative protocols for the preparation of

effective agent for cyclopropanation in the Simmeigsnith
reaction. While CHCI, currently needs to be used as a solvent
and does not quite match the reactivity of £Hlit is nonetheless
intriguing that in a reaction medium containing Me, a
metalated allyl phosphinoylamine, and zirconocene complex, a
reactive zinc carbenoid species is readily obtained by zinc
insertion into the C,Cl-bond of Ci&l,. The present work also
reveals the strong directing and possibly activating effects of
N-diphenylphosphinoylamines in the cyclopropanation reaéfion.
Finally, a novel application of in situ prepared alkenyl zir-
conocenes was demonstrated that provides new methodology and
significant functional group tolerance for the synthesis of amino
cyclopropanes. A simple switch in reaction solvents fromyCH
Cl, to THF allows the isolation of intermediate allylic amines,
which are by themselves important organic building bloék3?
Studies toward enantioselective variants of zirconocene-mediated
allylic amine and amino cyclopropane syntheses are currently
underway in our laboratories and will be reported in due course.
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In conclusion, the three-component condensation of in situ
prepared alkenyl zirconocenes, aldimines, an@>XGHhighlights

many fundamentally new aspects of organo-zirconocene and zinc

chemistry. For the first time, Ci&l, has been proven to be an
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