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__ O oEt (1)CpsZrCly /2 EtMgBr , H H
R— P\OEt K “P(O)(OEt),
(2) 2 AICl5,-30 to -40°C
(3) H,0 3,57-81%

The reagent system gZrCl,/2EtMgBr/2AICk; converts 1-alkynylphosphonates into cyclopropylmeth-
ylphosphonate8 in good isolated yields. Ethers, chlorides, and other cyclopropyl groups are compatible
with the reaction conditions. Deuterium labeling is consistent with the formation of stable cyclopropyl-
methylbimetallic phosphonates by ring contraction of the corresponding aluminacyclopentenylphosphonate.
Temperature is crucial; apparently, the cyclopropylmethylbimetallic phosphonates are in equilibrium with
the aluminacyclopentenylphosphonates. Low temperature favors the former. We surmise that the negative
charges of the intermediate are stabilized by the phosphonate group. Thus, diphenylacetylene and 3-hexyne
failed to give cyclopropyl products under the same reaction conditions.

Introduction to afford aluminacyclopentenes that converted to 1,1-disubsti-
tuted cyclopropanes after workup with alkylsulfonatéSzy-
moniak has used homoallylic ethers and.Z€1,/2 n-BulLi to
produce substituted cyclopropariésand Taguchi has shown
thaty,y-dialkoxyallylic zirconium species react with aldehydes
under neutral workup conditions to affoggmdialkoxycyclo-
propyl alcoholst* Negishi reacted aluminacyclopentenes, ob-
tained from the corresponding alkynes and excess ofsAtEt
the presence of 10 mol % GfrCl,, with BrCH,OCH; to give

The proximity of cyclopropyl and phosphonate groups on the
same molecule may endow it with pharmacological properties.
For instance, cyclopropylphosphonates can ad{-asethylo-
aspartate (NMDA) receptor antagonistme selective anti-HBV
agents are insecticidesand cytostatic agentspossess anti-
proliferation propertie8, are virostatic$, antidiabetics, and
antitumor agent8 and display antiviral activity.The methods

for synthesizing cyclopropylphosphonates depend on the relativevinyI cyclopropaned® Negishi also reported that cyclopropa-

placement of the cyclopropyl and phosphonates gré¥ips. nation of enynes could be effected with the reagent system Et

Zirconium reagents have been used to prepare _CyCIOprOpane%nIO.lXTiG-PrO);/O.ZEtMgBr/BrCI—leCI-b to give fused vi-
from alkynest! Dzhemilev reported that symmetrical alkynes nylcyclopropanes® however, simple alkynes did not undergo

reacted with excess AlEin the catalytic presence of rCl, cyclopropanation. Kulinkovich-tygé conversions of esters or
— — - acyl chlorides to cyclopropanols using zirconocene reagents have
(1) Dappen, M. S.; Pellicciari, J. R.; Natalini, B.; Monahan, J. B.; Chiorri,

C.; Cordis, A. A.J. Med. Chem1991, 34, 161-168. beep reported® .
(2) Choi, J.-R.; Cho, D.-G.: Roh, K. Y.; Hwang, J.-T.; Ahn, S.; Jang, H. Vinylphosphonates are highly valued products and reagénts.

S.; Cho, W.-Y.; Kim, K. W.; Cho, Y.-G.; Kim, J.; Kim, Y. ZJ. Med. Over the past few years we have been investigating the

Chem.2004 47, 2864-2869. - - i i i-
(3) Reid, J. R.; Marmor, R. Sl. Org. Chem1978 43, 999-1001. Coln\;werSI%n Oftl alk.}[/r?ylphoswonate%wlgr?ly Suﬁsuwttid tVI
(4) Zidek, Z.; Potmesil, P.; Holy, AToxicol. Appl. Pharmacol2003 nyp_ osp On_a es with group IV reagenisve _a_\/e shown tha .

192, 246-253. the intermediate metallocycles are very sensitive to the reaction
(5) Hatse, S.; Naesens, L.; De Clercq, E.; Balzarini,Blochem. conditions. Various substituted vinylphosphonates can be ob-

Pharmacol 1999 58, 311-323. tained from the same electrophile by changing both the quantities
(6) Zidek, Z.; Potmesil, P.; Kmoniekova, E.; Holy, Bur. J. Pharmacoal . P y g ,g q .

2003 475, 149-59. of reagents required to generate the reactive group IV species
(7) Van Poelje, P. D.; Erion, M. D.; Fujiwara, PCT Int. Appl., 2002. and the metal additive®.In this paper we report our results on

(8) Naesens, L.; Hatse, S.; Segers, C.; Verbeken, E.; De Clercq, E.; Waer, i _ ;
M.; Balzarini, J.Oncol. Res1999 11, 195-203. the reaction of 1-alkynylphosphonates with,Zfl/2EtMgBr
(9) Hockova, D.; Holy, A.; Masojidkova, M.; Andrei, G.; Snoeck, R. N the presence of 2AIGI Although our initial aim was to obtain

T.; De Clercg, EJ. Med. Chem2003 46, 5064-5073. substituted vinylphosphonates, cyclopropylmethylphosphonates
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were formed instead. While GprCl/2EtMgBr is a known
reageng? CpZrCly/2EtMgBI/2AICI; has been recently re-
ported?3

JOC Article

Results and Discussion

The zirconacyclopentenylphosphonak was obtained in
>97% (based on GCMS and NMR analysis) from2qcl,/
2EtMgBr. Intermediate® are thermally stable at room tem-

(10) Cyclopropanation of unsaturated phosphonates by copper-catalyzedPerature and smoothly insert various electroptifeSurpris-

decomposition of ethyl diazoacetate: (a) Seyferth, D.; Marmor, R.; Hilbert,
P.J. Org. Chem1971, 36, 1379-1386. (b) Tsuji, T.; Nishida, S. IThe
Chemistry of the Cyclopropyl GroufRappoport, Z., Ed.; John Wiley and
Sons Ltd.: Chi-Chester, 1987; Chapter 7, pp-3383. (c) Paul-Roth, C;
De Montigny, F.; Rethore, G.; Simonneaux, G.; Gulea, M.; Massod, S
Mol. Catal. A: Chem2003 201, 79-91. (d) Simonneaux, G.; De Montigny,
F.; Paul-Roth, C.; Gulea, M.; Masson, Retrahedron Lett2002 43, 3685~
3687. (e) Lewis, R. T.; Motherwell, W. BTetrahedron Lett1988 29,
5033-5036. (f) Lewis, R. T.; Motherwell, W. B.; Shipman, M.; Slawin,
A. M. Z.; Williams, D. J. Tetrahedron1995 51, 3289-3302. Arbuzov
reaction of 1-methyl-2,2-dichlorocyclopropylcarbonyl chlorides with
P(OR}): Mitrasov, Yu. N.; Simakova, E. A.; Antonova, I. |.; Krasnova, A.
A.; Alekseeva, O. O.; Skvortsov, V. ®Russ. J. Gen. Cher2004 74, 637

638 (CAN 141:243627 AN 2004:48503Rearrangement of epoxyphos-
phonates: Kuznetsova, N. G.; Amori, L.; Pelicciari, Rfim. Russ
Bashkirskii Khim. Zh2002 9, 40—41 (CAN 139:149676 AN 2003:120994)
Amination/phosphonation of alkylcyclopropanone acetals to give the
corresponding aminophosphonates: Tesson, N.; Dorigneux, B.; Fadel.
Tetrahedron: Asymmetr§002 13, 2267-2276. Reaction of cobalt(0) or
magnesium ono-(halomethyl)phosphonates anttPrCOOR to give
c-PrCOCHP(O)(OEt): Orsini, F.; Di Teodoro, E.; Ferrari, MSynthesis
2002 1683-1688. Michael induced ring closure (MIRC) of trialkyl
phosphites with the correspondinngbromoalkylidene cyanoacetates and
malonates: Stevens, C. V.; Van Heecke, G.; Barbero, C.; Patora, K.; De
Kimpe, N.; Verhe, RSynlett2002 1089-1092. 1,3-Dipolar cycloaddition

of diazomethane to 1,1-difluoroallylphosphonates followed by photolysis:
Yokomatsu, T.; Suemune, K.; Murano, T.; ShibuyaH8terocycle002

56, 273-282. 1,3-Dipolar addition of diazomethane to 1-acetoxyphospho-
nates followed by thermolysis: Chen, R.; Liu, Z.; Chen@aodeng Xuexiao
Huaxue Xuebad 988 9, 295-2977 (CAN 110:75647 AN 1989:75647)
Reaction of phosphorane or arsorane with diisoproByA(8,3,3-trifluoro-
prop-1-en-1-yl)phosphonate to give trifluoromethylated cyclopropylphos-
phonates: Shen, Y.; Qi, Ml. Chem. Res. Synap096 328-329. Reaction

of cyclopropanes with EPCI followed by BS and Arbuzov reaction with
(PrO): Kormachev, V. V.; Bolesov, I. G.; Ishmuratov, A. 8h. Obshch.
Khim. 1987, 57, 704-7055 (CAN 108:21972 AN 1988:2197.3)ithiation

of CICH,P(O)(OEt) and reaction with RRCO to give epoxyalkylphos-
phonates: Coutrot, P.; Savignac,3ynthesid978 34—36. Intramolecular
cyclization of 2-allylbenzoylphosphonates with trimethyl phosphite via
carbine intermediates: Griffiths, D. V.; Harris, J. E.; Karim, K.; Whitehead,
B. J.ARKIVOC200qQ 1, http://www.arkat.org/arkat/journal/lssue3/onweb17/
gj17.htm. Double olefination of 1,1-bis phosphonates to give 4-alkyl-1,3-
butadienylphosphonates: Shen, Y.; Li, P.; Ni, J.; Sud, @rg. Chem1998

63, 9396-9398. Peterson olefination of the reaction of aldehydes and
ketones ta-lithiated-a-fluoro-a-trimethylsilymethylphosphonate: Wasch-
busch, R.; Carran, J.; Savignac, Fetrahedron1996 52, 14199-14216.
Reaction of RRC:CH, with (MeO)P(O)H to give RRCHCH,P(O)(OMe):
Kormachev, V. V.; Mitrasov, Y. N.; Anisimova, E. A.; Kolyamshin, O. A.
Zh. Obshch. Khim1992 62, 1428-29 (CAN 118:102083 AN 1993:
102083) Bis-alkylation of a-functional methylphosphonates with dibro-

moalkanes in the presence of base: Nasser, J.; About-Jaudet, E.; Collignon,

N. Phosphorus, Sulfur Silicon Relat. Ele@®9Q 54, 171-179. Addition

of organolithium reagents to di-Et 1-(trimethylsilyl)vinylphosphonate fol-
lowed by quenching with acid chlorides and alkyl isocyanates: Hong, S.;
Chang, K.; Ku, B.; Oh, D. YTetrahedron Lett1989 30, 3307-3308.
Various transformations of existing cyclopropylphosphonates: (g) from
1-hydroxyiminophosphonates and their reduction with NaBH4 in the

presence of transition metal compounds to give 1l-aminophosphonates:

Demir, A. S.; Tanyeli, C.; Sesenoglu, O.; Demic, S.; Evin, OT€trahedron
Lett. 1996 37, 407—10. (h) by formylation of 1,1-dialkylphoasphonates:
Teulade, M. P.; Savignac, Bynth. Commurl987 17, 125-136. (i) by
reductive amination gf-ketophosphonates: Varlet, J. M.; Collingnon, N.;
Savignac, PTetrahedronl981, 37, 3713-3721. (j) E)-Vinylphosphonates

by indium-promoted borohydride reduction of alkynylphosphonates: Wang,
C.; Pan, Y.; Yang, DChina J. Organomet. Cherg005 690, 1705-1709
(CAN 142:482099 AN 2005:280585)k) Phosphaisocoumarins by Cu(l)-
catalyzed intramolecular cyclization afethynylphenylphosphonic acid
monoethyl esters: Peng, A.-Y.; Ding, Y.-4. Am. Chem. So2003 125
15006-15007. (I) Cyclopropane nucleotide analogues by reduction of

cyclopropylalkanones possessing a difluoromethylenephosphonate group at

the ring: Yokomatsu, T.; Yamagishi, T.; Suemune, K.; Abe, H.; Kihara,
T.; Soeda, S.; Shimeno, H.; Shibuya,T®&trahedror?200Q 56, 7099-7108.
(m) Addition of cyclopropylphosphonates to aldehydes: Hirao, T.; Naka-
mura, T.; Hagihara, M.; Agawa, T. Org. Chem1985 50, 5860-5862.

ingly, during our present effort to insert other functional groups
to 2b, we found that addition of 2 equiv of AlMeor AlEt; led

to the exclusive formation of cyclopropylmethyl phosphaie

in 65% yield (based ofP NMR). Optimization of the reaction
conditions by using AlGIrather than AIR improved the yield

of 3bto 95% (eq 1).

R—— C\;,/OEt Cp,ZrCl,/2 EtMgBr
I N\
, OFt
o)
d H
n-Bu bzgg (2ALn, g, "
— — é P(O)(OEt), (1)
ZrCp, (2) H30
3b
2b
Ln=Me, Et 65%
Ln=Cl 95%

The temperature is crucial for the course of the reaction. We
found that AICk must be added t@b at —30 to —40 °C, after
which the reaction is maintained at the same temperature for 1
h and is quenched with dilute HCI. Adding AlCat a higher
temperature or allowing the temperature to rise abe@e °C
resulted in the formation of predominantly ethylated vinylphos-
phonates (eq 2). Also, 2 equiv of Algk essential for optimum

Et

o)
\ _OEt
Ph PZ £t

—/ “OEt

Z ZrCp,

yield; using less than 2 equiv of Algkubstantially decreased
the yield of 3b. The products3 were extracted, separated on

Qo
(1)2ACl;  Ph__ \DQO @

(2) Hy0*

(11) For a review of cyclopropylmethylmetal reagents, se®uben-
Weyl, Methods of Organic Chemistrge Meijere, A., Ed.; Thieme:
Stuttgart, 1997; Vol. E17, p 2686 and references therein.

(12) (a) Dzhemilev, U. M.; lbragimov, A. G.; Khafizova, L. O;
Ramazanov, I. R.; Yalalova, D. F.; Tolstikov, G. A.Organomet. Chem
2001, 636, 76—81. (b) A Review: Dzhemilev, U. M.; Ibragimov, A. G.
Russ. Chem. Bulll998 47, 786-794.

(13) Gandon, V.; Laroche, C.; Szymoniak, Tetrahedron Lett2003
44, 4827-4829.

(14) (a) Ito, H.; Kuroi, H.; Ding, H.; Taguchi, TJ. Am. Chem. Soc.
1998 120, 6623-6624. (b) Ito, H.; Sato, A.; Kusanagi, T.; Taguchi, T.
Tetrahedron Lett1999 40, 3397-3398.

(15) Negishi, E.; Montehamp, J. L.; Anastasia, L.; Elizarov, A.; Choueiry,
D.-le. Tetrahedron Lett1998 39, 2503-2506.

(16) Montchamp, J.-L.; Negishi, H. Am. Chem. So&998 120, 5345~
5346.

(17) Kulinkovich, O. G.; de Meijere, AChem. Re. 200Q 100, 2789~
2834.

(18) (a) Fujita, K.; Yorimitsu, H.; Shinokubo, H.; Oshima, B. Am.
Chem. Soc2004 126, 6776-6783. (b) Gandon, V.; Bertus, P.; Szymoniak,
J. Eur. J. Org. Chem200Q 3713-3719.

(19) Dembitsky, V. M.; Aziz Quntar, A. A.; Haj-Yehia, A.; Srebnik, M.
Mini Rev. Org. Chem 2005 2, 343-357.

(20) Aziz Quntar, A. A.; Srebnik, MJ. Organomet. Chen2005 690,
2504-2514.

(21) Aziz Quntar, A. A.; Srebnik, MChem. Commur2003 58—59.
(22) (a) Negishi, E.; Takahashi, Bull. Chem. Soc. Jpri998 71, 755.
(b) Negishi, E.; Takahashi, TAcc. Chem. Red994 27, 124-130.

(23) Xi, Li, Z. Top. Organomet. Chen2004 10, 27—56.

(24) Ben-Valid, S.; Aziz Quntar, A. A.; Srebnik, M. Org. Chem2005
70, 3554-3559.
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TABLE 1. Formation of Cyclopropylmethylphosphonates, 3

Entry 3 Conversion’/Yield”
3a n_p,KF,? 95/75
oePE
3b n-Bu P”O 95/81
Ja SupEt
3¢ n-Pent //0 95/72
P
K6E(i)Et
3d PhCH,0 9 95/72
Rt
3e /\/XDf o 95/73
P
/s
3f n-Pent /(/) 95/68
P—opPnh
X\OPh
3g CICH,CH,CH, ﬁ‘? 80/57
Kéﬂoa
3h 95/71

9
P—0Et

OEt
3i 2 95/68
TR om
OEt

aDetermined by?P NMR. P Isolated yield after chromatography.

Aziz Quntar and Srebnik

SCHEME 1
. %o
_ 9 Ot CPZiC2 EtMgBr  \—¢ “OEt 5 Al
R——F( —>30
OEt ZrCpy  -30to -40°C
2
AlCI
oMo
R P(OEt), LM _ML,
2 { P(O)(OEt
M ICl (O)(OEt),
-30 to -40°C
Hy0%, 25°C D,0 J HO*
H
R ('F)"OEt R Dl><D R
__P(OEt), P(O)(OEH), P(O)(OEt),
Z \ 3

that of Negishi, 3AIE#CpZrCl, 10 mol %, reported that
workup with dialkylsulfonates of aluminacyclopentenes derived
from simple alkynes gavgemadialkylcyclopropane#? In the
absence of this workup procedure, cyclopropanation did not
occur. Workup with tosylates afforded diethylated alkenes.

silica gel chromatography, and analyzed by NMR spectroscopy, Clearly, the system, 3AIBICp,ZrCl, 10 mol % is capable of

GCMS, and elemental analysis. For instance, in‘tHeNMR
spectrum of3b, the two multiplets in the region 0:3.5 ppm,
and the*C peaks in'3C NMR spectrum in the region-12
ppm are indicative of a cyclopropyl structure. The doublet in
the region 1.43-1.77 ppm #Jpy = 14.7-18.0 Hz) corresponds
to the methylene hydrogemsto phosphorus. FurthermorépP
NMR of 3b in the region 25.9-31.9 ppm is consistent with
phosphorus attached to3sparbon rather than to a $pr sp

reacting differently by slight modification of the reaction
conditions. Using the Negishi/Dzhemilev protocol with 1-al-
kynylphosphonates, no cyclopropanation products were observed
and only the starting material was recovered. Apparently, the
phosphonate oxygens coordinate with the Al&td CpZrCl,.
Indeed when hex-1-ynylphosphonate was stirred with 1 equiv
of AICI3in CDCls, an upfield shift in thé’P NMR was observed
from ca.0 —4 to ca.0 —8 ppm, which is indicative of Lewis

carbon. The reaction is sensitive to the R group of the g.ig complexation with the phosphonate oxygens. Thus, it is
1-alkynylphosphonate. When R was phenyl, no cyclopropane pecessary to form the much more reactive zirconacyclopentene,
product was observed, but rather the respective ethylated vinyl\ynich subsequently can be transmetalated with At€kafford

phosphonate was obtained (eq 2).

the aluminacyclopentenes. Even with preformed zirconacyclo-

The ester moiety affects the rate of the reaction. The diphenyl penteneg, 2 equiv of AICk are required. One equivalent reacts
phosphonate required overnight stirring to achieve an 85% yield with 2 to form the aluminacyclopentenylphosphonate, and we

of the zirconacyclopentenediphenyl phosphonateéntermedi-

conjecture that the other equivalent remains coordinated to the

ate), apparently due to stiric effect. In addition, the present phosphonate oxygens. The aluminacyclopentenylphosphonate
cyclopropanation procedure seems to be restricted to aluminumgpparently is in equilibrium with the ring-contracted cyclopro-

reagents. Other metals (Ni, Cu, Zn, Pt, Ce, Pd etc) were pylmethylbimetallic phosphonate. Low temperature favors the
unsuccessful. Various substituents are tolerated by the reactionatter. Deuteriolysis of the reaction mixture-a80 °C gave a 2

conditions, such as ethers (Table3t) or chlorides (Table 1,

[2H] species, which is consistent with formation of a cyclopro-

3g). Another cyclopropyl group may also be incorporated (Table pylmethylbimetallic phosphonate prior to workup (Scheme 1).
1,3h). The conversion, based on starting 1-alkynylphosphonate Hydrolysis of the same reaction mixture at 25 led to the

is essentially complete’}P NMR). Isolated yields after silica

ethylated product. That low temperature favors the cyclopro-

gel chromatography are good. These novel cyclopropylmeth- pyimethylbimetallic species must be due to the phosphonate
ylphosphonates are thermally and air stable compounds and argyroup’s ability to stabilize the adjacent negative charges. To
soluble in most solvents. Results are summarized in Table 1.verify this observation, diphenyl acetylene and 3-hexyne were

Mechanistic Insights. Both Negisht® and Dzhemilel? have reacted under the same conditions as for the 1-alkynylphos-
reported cyclopropanation reactions of alkynes with group IV phonates (eq 3). No cyclopropanation occurred under our
metals. Negishi has investigated the mechanism of formation

and subsequent reactions of aluminacyclopentenes derived from . R R

. _ Cp,ZrCl,/2 equiv EtMgBr —
simple alkynes and 3AIBICp,ZrCl, 10 mol %25 XCH,OCH; R—R 2p: iuv2AICIq/-3O°C S > ®
is required to convert aluminacyclopentenes to vinylcyclopro- . 3

panes. Dzhemilev, using an almost identical reagent system as R=Et, Ph

(25) Negishi, E.; Kondakov, D. Y.; Choueiry, D.; Kasai, K.; Takahishi,
T.J. Am. Chem. S0d.996 118 9577-9588.
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standard conditions. Only the ethylated products could be
detected.
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These results support the notion that the phosphonate group—78 °C was added 1.05 mLf@ M EtMgBr (2.1 mmol) dropwise
must stabilize the negative charge of the intermediate cyclo- in a 25 mL round-bottom flask. After 5 min of stirring at78 °C,
propylmethylbimetallic phosphonates, whereas alkyl and phenyl 1 mmol (0.22 g) of diethyl hex-1-ynylphosphonate was added. The
groups do not. Our method is unique in that it gives cyclopro- reaction was gradually warmed to 26 and stirred for 2 h. The

pylmethyl compounds directly without requiring additional eaction was cooled t630°C and maintained at30—40°C while
alkylating reagents. 2 equiv of AICkL was added. The reaction was stirred foh at

—30 °C and was worked up with dilute HCI. The product was
extracted with diethyl ether (2 15 mL), separated on silica gel
column (80% petroleum ether/20% ethyl acetate), and analyzed by
We have described a new utility for the reagent system Cp GCMS, elemental analysis, and NMR spectroscopy.
ZrCl,/2EtMgBr/2AICl; that can transform 1-alkynylphospho- Diethyl (1-Butylcyclopropyl)methylphosphonate (3b).*H NMR
nates to cyclopropylmethylphosphonates in good isolated yields.(300 MHz): 6 0.35 (m, 2H), 0.42 (m, 2H), 0.86 (t, 3Hyn = 6.6
Temperature is crucial to the success of the reaction. We haveHz), 1.30 (dt, 6HJun = 6.9,%Jpy = 0.3 Hz), 1.36-1.45 (overlap,
found that—30 to— 40 °C is optimal for generating. Working 6H), 1.75 (d, 2H2Jpy = 18.0 Hz), 4.06-4.18 (M, 4H).3'P NMR
up the same reaction mixture at 2& results only in the  (121.4 MHz): 6 31.89.°C NMR (75.5 MHz): 6 12.7, 12.8, 14.1,
formation of ethylated vinylphosphonates. Apparently there is 15-? (d,2Jpc = 4.3 Hz), 16.4 (d’Jpc = 6.0 Hz), 22.8, 28.7, 32.3
equilibrium between the aluminacyclopentenylphosphonates and(d: ‘Jec = 140.1 Hz), 36.7, 61.3 (diec = 6.6 Hz). MSm/z: 248
the cyclopropylbimetallic phosphonates. Low temperature favors (2%4)’0233 (13%7)’ 219 (26'2' 2305 (25'5)6392(29'5)’ 123 (32.8),
the latter. This must be due to the presence of the phosphonat 49 (50.0), 138 (44.1), 125 (35.3), 111 (100), 97 (43.1), 81 (82.4),

. ’ ; . 7 (47.1), 57 (43.1), 41 (71.6), 29 (48.0). Anal. Calcd for
group, which can stabilize the adjacent negative charges of theC12H2503P: C 5805 H 1015 P. 12.47. Found: C. 58.24: H
cyclopropylbimetallic phosphonates. Though diphenylacetylene ;551" p 105, Lo
and 3-hexyne failed to give cyclopropylmethyl derivatives under T
the same reaction conditions, it was successful for 1-al-
kynylphosphonates. The reaction is compatible with ethers,
chlorides, and other cyclopropyl groups. We conjecture that
other EWGs (electron-withdrawing groups) stable under the
conditions of the reaction should also provide the corresponding

cyclopropylmethyl derivatives.

Conclusion
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procedurestH, 13C, and®!P spectra; GCMS spectra; and elemental
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General Procedure for the Synthesis of 3bTo 0.306 g (1.05
mmol) of zirconocene dichloride dissolved in 7 mL of dry THF at JO052157L
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