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Cyclopropylstannanes, highly attractive versatile synthons, are Table 2. Pd-Catalyzed Hydrostannation of Cyclopropenes
extensively used nowadays as stable precursors for a number of 1 ) Al SR,
cyclopropylmetal reagents with defined configuratiérigurther- ;?«R + Hoopsy Lot 05 10mom >%7<H ®
more, they are employed in Pd-catalyzed oxidative homocoupling, ™ &7, TR EC.sm R TR

Stille cross-coupling reactiofsas well as in various destannylative

transformations and rearrangements into other useful organotin ey~ cyclopopenel - tinhydride2  cyclopropane3, yield (%)
derivatives? Although more than a few methods for the preparation R R_R K R

of cyclopropylstannanes have been develdpegually these 1 Me Ph H  H@  Me M; P™ME b, otP
methods lack generality and, in most cases, are limited to the P

preparation of mono- to trisubstituted cyclopropanes. A direct M nBus
hydrostannatiohof the cyclopropene double bond potentially can 2 M ™ ® H@ & P}Vi 3e, 92
be seen as a very attractive, straightforward, and atom-economic Me SnPhy
alternative route to highly substituted cyclopropylstannanes. The 3 Me Ph H  H() Ph PP)\‘?'/ 3ac, 92
54 kcal/mol of strain energy in cyclopropene versus cyclopropane

. : . . . ™ pries
is a reason fqr the high affinity of |_ts double bond toward various 4 Me come H  HEB)  Me Meozévf abb, 83
addition reaction§.However, transition metal-catalyzed hydrostan-
nation of cyclopropenes has never been reported, probably because M FnBue
of a general belief that, except for some scattered reports, 5 Me COMe H  H@E)  Bu Mw2; ~ 3ba, 85
palladium, as well as some other transition metal complexes, is Me nBus
well known to cause ring-openiri§,oligomerizationt! or poly- 6 M COM H  H@ B zvf 3ca, 87
merization? of cyclopropene$? Herein we wish to report the first EM  SPhy
h_|ghly stereo- and reglo_selectlve_ transition metal-cata}lyzed hydro-, ;e coat H W  Ph }Vf 3¢c,78
sila-, and stannastannation reactions of cyclopropémésch allow AllO,
for the synthesis of up to pentasubstituted cyclopropane derivatives EtO,Q prBus
in very good yields. 8 COE TMS  H  H@  Bu ms; ~— 3da, 82
MeO. SrBus
Table 1. Catalyst Optimization for Hydrostannation of 1a 9 CHOMe Me H H(e) Bu ><7/ 3ea, 67°
M
M snB
,;7’“ + Honpy, SO MM o P/Q %78% m AlIO Freve
Pi rt, THF P M H 10 CHOAIl Me H H () Bu 3fa, 80¢
" 4a 2a H  3aa H  daa M
i a a Ja Me SnBuz
# catalyst time 3, % 4, % 34 1 Me Me CH,OTBS H(g) Bu 3qa, 68°
1 Ru(PPB)sCl, 20h 67 3 96:4 T';"SO
2 Pt(PPh)4 20h 66 4 94:6 -
3 Rh(PPk)sCl 20h 75 4 95:5 Me ‘e
4 Ni(dppp)Ch 20 h 32 1 97:3 2 Me Ph  Me H() Bu P')Y/ 3ha, 83!
5 Ni(dppe} 5h 2 M
6 pd(|:>o.|?b)20|2 5min 36 16 69:31 Me, FrBus
7 TCP 5 min 15 14 52:48 _
8  Pd(OAcYTDMPP 5min 19 15 56:44 13 Me P A HO B pi?/ %ia, 63
9 Pddbay/o-TolsP 5 min >1 J
10  [#-allyl-PdCI/MOP 5min 29 6 83:17 Me SrBu,
11 -allyl-PdCIL/MOP° 5 min 32 8 80:20
12 [Pd(P)IékM g 5mn 79  >1 982 o Meo Mo TMS COMel B M%YQOZW a. 02
13 Pd(PPh),°¢ 5min 8¢ >1 >99:1
14 none 5 min 20 24 46:54

_2lIsolated yield.b Formation of 5% of4ab was detected: Combined

@ GC data? TCPC= [1,2,3 4-tetrakis(methoxycarbonyl)-1,3-butadiene- yield of 4:1 mixture of3eadea ¢ Combined NMR yield of 4:1 mixture of
1,4-diyl]palladium.c Reaction was performed at78 °C. ¢Isolated yield. fa:4fa. *NMR yield. " Formation of 5% of4ha was observed.
1, Table 1). The ruthenium, platinum, rhodium, and nickel

Initially, we tested hydrostannation of disubstituted cyclopropene complexes tested initiated rather slow reactions which produced

1a1% in the presence of a number of transition metal catalysts (eq Moderate to good yields of products albeit with high facial
selectivity (Table 1, entries-14). Most of the Pd-catalysts showed

* To whom correspondence should be addressed. E-mail: viad@uic.edu. high reaction rates, but yields and selectivity were disappointingly
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entry cyclopropene 1 tin species 5 Isolated yield of 6 (%)
Rl R’l
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1:1 mixture of3aaand4aain moderate yield accompanied with a Chem. Re. 2000 100, 3221,

notable amount of oligomeric products (entry 14). The best (g) Baird, M. S. Cyclopropenes: Transformations: Addition Reactions. In

conditions (Table 1, entry 13) were applied to the hydrostannation © ?gugen-Vxeyggiemeli Stélttgliirlt_it, 1937:. EUd/Z,f p 27|94- et

: ; : a) For the Pd-catalyzed allylic substitution of cyclopropenylmethy
reaction of dlﬁere_mly substituted CyCIOprOpen_es (eq 2, Tabké 2)' acetates with carbon nucleophiles, see: Nuske, H.; Brase, S.; de Meijere,
The hydrostannation of most of the 3,3-disubstituted cyclopropenes A. Synlett200Q 1467. (b) For Pd-catalyzed cross-coupling of cyclopro-

was governed by steric effects regardless of the tin hydride source; gg”,\%'eziij”eﬁearféﬂ:;”%”;slggg‘ f;)?ll-lgﬁ vinylhalides, see: Untiedt, S.;

addition across the cyclopropene double bond proceeded from the (10) (a) Mushak, P.; Battiste, M. Al. Organomet. Cheni969 17, P46. (b)

least hindered face (Table 2, entries-8).1617 Surprisingly Fiato, R. A.; Mushak, P.; Battiste, M. A. Chem. Soc., Chem. Commun.
’ . ; ’ 1975 869. (c) Battiste, M. A.; Friedrich, L. E.; Fiato, R. Aetrahedron
cyclopropenedef revealed a notable directing effect. Apparently, Lett, 1975 16, 45. (d) Lukin, K. A.; Zefirov, N. SZh. Org. Khim.199Q
a coordination of oxygen to palladium affected the facial selectivity 26, 289. (e) Donovan, B. T; Hughes, R. P.; Spara, P. P.; Rheingold, A.
of hydrostannation favoring the addition from the more stericall L. Organometallics1998 14, 489.
rny : g _ ! Y 1) (a) Weigert, F. J.; Baird, R. L.; Shapley, J. RAm. Chem. S0d97Q
hindered face (entries 9,18).Trisubstituted cyclopropendg 92, 6630. (b) Binger, P.; Schroth, G.; McMeeking Ahgew. Chem., Int.

: ; Ed. Engl.1974 13, 465. (c) Binger, P.; McMeeking, J.; Schuchardt, U.
reacted smoothly_ t_o provide cyclopropylstann&ua as a smgle Chem. Ber198Q 113 2372. (d) Binger, P.: Schuchardt, Ghem. Ber.
stereo- and regioisomer (entry 11). Hydrostannation 16fi, 1981, 114, 1649. (e) Binger, P.; Buch, H. M.; Benn, R.; Mynott, Agew.
however, required the use of arf@llyl)PdCIL/MOP® catalyst Chem., Int. Ed. Engl1982 21, 62.

tem to get cvclobropvistannan@sa and 3ia with high facial (12) Rush, S.; Reinmuth, A.; Risse, Wacromoleculesl997, 30, 7375.
Sys o g Y p. py ‘ ‘ g . 13) For ring-opening in the Pd-catalyzed hydrostannation of methylenecy-
selectivity and good yields (entries 12,13). Finally, tetrasubstituted clopropanes, see: Lautens, M.; Meyer, C.; Lorenz)AAm. Chem. Soc.
cyclopropendj underwent smooth hydrostannation to produce the 1996 118 10676. . 4 .
. . o o (14) For hydrostannation of cyclopropenone acetals via free radical mechanism,
correspondingpentasubstituted cyclopropylstanna8g in 82% see: (a) Nakamura, E.; Machii, D.; Imubushi,JTAm. Chem. S04989
isolated yield as a single reaction produ@ntry 14)20 111, 6849. (b) Yamago, S.; Ejiri, S.; Nakamura, Ehem. Lett.1994

. . 1889.
To further test the scope of this methodology, we examined the (15) For experimental procedures, see Supporting Information.

Pd-catalyzed silastannation and distannation reactions (eq 3, Table (16) Syn-stereoselectivity of addition was unambiguously proved by hydrostan-
3)_15 Among the systems tested, Pd(OA® combination with nation of 1a with BuzSnD. See Supporting Information for details.

e i ' . 17) Good labilit d trated b i f 11 Baaf
Walbqrskys !lgané' gave the pest results.. The reactions proceeded @n (88&) yﬁgﬁj;"_ 'S'e{; Vgﬁ;poﬁﬁ"g”fn;gr‘fnaﬁgnp{(‘;‘,"gg?;ﬁ’; of 1+ mmead
with high facial selectivity which was entirely controlled by steric ~ (18) For examples on directing effect in hydrostannation, see: (a) Betzer, J.-

i i F.; Delaloge, F.; Muller, B.; Pancrazi, A.; PrunetJJOrg. Chem1997,
factors. All te_trasubstltuted_ cycloproparm—_db were obtained 63.7768. (b) Rice, M. B.: Whitehead. S. L.: Horvath, C. M.: Muchnij, J.
as sole reaction products in good to very high yields (Table 3). A.; Maleczka, R. E., JrSynthesi®001, 1495.

In conclusion, the first transition metal-catalyzed hydro-, sila-, (19) MOP= (RS-2-(diphenylphosphino)-anethoxy-1,1-binaphthyl.

; (20) Initial experiments using chiraR}-(+)-MOP ligand with cyclopropene
and stannastannation of cyclopropenes have been demonstrated. 1b revealed poor asymmetric induction (12% ee). Further investigation

This method allows for the efficient and straightforward synthesis of the chiral version of this reaction is currently under way in our
of stereodefined multisubstituted building blocks not easily available laboratories.
by other methods. JA027095K
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