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Cyclopropanes show unique properties and reactivities
owing to ring strain and hybridization effects. Typical
methods for cyclopropanation involve carbenoid chemis-
try or 1,3-elimination. On the other hand, the prepara-
tion and synthetic applications of stannylated cyclopro-
pane derivatives have so far received little attention.?
Herein we report a convenient and highly diastereose-
lective synthesis of trisubstituted cyclopropylstannanes
by means of Ti(ll)-mediated coupling of tributyl(vinyl)-
tin with carboxylic esters or N,N-dialkylcarboxamides.34

When an excess (4.0—5.0 equiv) of commercially avail-
able cyclopentylmagnesium chloride was added slowly
(during 30 min) at room temperature to a THF solution
of tributyl(vinyl)tin (1.0 equiv), ester (1.0 equiv) [or amide
(1.0 equiv)], and CITi(O-i-Pr); (1.1 equiv), the correspond-
ing heteroatom-substituted cyclopropylstannanes were
obtained, in moderate to good yields, with excellent dia-
stereoselectivity (eq 1). The other stereoisomer was not
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observed within the limits of 'H NMR spectroscopy. As
summarized in Table 1, cyclopropanation of carboxamides
affords higher yields than that of esters, which can be
attributed to greater stability of amides toward com-
peting nucleophilic attack (by the Grignard or related
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reagents). Moreover, -stannylcyclopropanols, the initial
cyclopropanation products of esters, prove to be labile
toward ring-opening, affording g-tributylstannyl ketones
during silica gel chromatography. They are best stored
as the TMS or TBDMS ethers by protection under
standard conditions.

The depicted stereochemistry of the cyclopropanation
products is based on *H—'H COSY spectra and diagnostic
difference NOE measurements in representative cases.
When the methine proton H, (6 —0.15) in 2a was
irradiated, for example, the NOE enhancements were
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observed for not only the cis proton H, (6 0.82; 1.1%),
but also both methylene protons [0 2.71 (1.5%) and 1.33
(0.5%)] in the side chain.® In the case of 2b, irradiation
of Hq (6 0.21) resulted in enhancements at the cis proton
He (6 0.97; 3.0%) and the methylene protons [0 2.62
(1.1%)] of the N,N-diethyl substituent. This stereochem-
ical assignment was further corroborated by the observa-
tion of a reverse-Brook rearrangement: treatment of 2a
with excess MeLi (THF, —78 °C, 30 min) resulted in clean
O—C silyl migration affording the silylcyclopropane 15.°

MeLi (excess)
THF, -78 °C 7
30 min . ,OH
2a —_— (6] &
(49%)

15

The most striking feature of these cyclopropanations
with tributyl(vinyl)tin is that their sense of diastereose-
lectivity is unexpectedly opposite to that with terminal
(alkyl substituted) olefins for both esters and amides (eq
2).%32=d The origin for the observed stereochemical out-
come might be related to steric effects of the bulky
tributylstannyl moiety. To probe whether it exerts a
significant electronic influence in the initial formation
of the presumed titanaoxacyclopentane intermediates,
coupling with succinimides 16a,b was investigated; only
single regioisomers 17a,b were obtained in (unoptimized)
39% and 35% yields (eq 3). Both couplings of imides with
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Notes

tributyl(vinyl)tin and terminal olefins are shown to have
the identical regioselective insertion to the carbonyl
group by the less-substituted carbon and Ti bond of the
postulated dialkoxytitanacyclopropane intermediate.f
These results suggest that the observed divergent ster-
eochemistry is determined in the subsequent rearrange-
ment step of the titanaoxacyclopentane intermediates,
rather than in their formation. Nonetheless, elucidation
of the precise origin for the interesting stereochemical
outcome in these cyclopropanations must await further
studies.

Finally, extension was made to cyclopropanations of
vinyltrimethylsilane (eq 4), in view of the demonstrated
synthetic utility of silylated cyclopropanes.” Treatment
of ester la with vinyltrimethylsilane under standard
cyclopropanation conditions afforded S-(trimethylsilyl)-
1-cyclopropanols 19a and 19b, along with the ring-opened
ketone 20 (eq 4).8 Cyclopropanation of amide 1b gave
cyclopropylamine 21a,b with a 6.5:1 diastereomeric ratio
in 68% yield, whose stereochemical preference corre-
sponds to that of tributyl(vinyl)tin (vide supra).
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In summary, we have developed a new, convenient
method for the preparation of S-hydroxy (siloxy) or 5-N,N-
dialkylamino-substituted, 1-tributylstannylated, and 1-
trimethylsilylated cyclopropanes by Ti(ll)-mediated cou-
pling of esters or amides with tributyl(vinyl)tin or vinyl-
trimethylsilane. The stannyl- and silylcyclopropanations
of esters require improvement to be synthetically useful.
Further mechanistic and synthetic studies utilizing these
new compounds as functionalized metallic cyclopropane
derivatives will be reported in due course.
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Kinetic ratio.
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Experimental Section

Typical Procedure for Cyclopropanation of Tributyl-
(vinyl)tin with Esters or Amides. To a THF solution (7.1
mL) of methyl 3-(2'-furyl)propionate (110 mg, 0.71 mmol),
tributyl(vinyl)tin (0.2 mL, 0.71 mmol), and CITi(O-i-Pr); (0.8 mL
of a 1 M hexane solution) was added slowly (during 30 min)
cyclopentylmagnesium chloride (1.4 mL of a 2M Et,0 solution)
at room temperature. The reaction mixture was stirred for an
additional 1 h and poured into water. The organic layer was
separated, and the aqueous layer was extracted three times with
ether. The combined extracts were dried over MgSO, and
concentrated in vacuo to afford the crude cyclopropanol. The
crude cyclopropanol product was dissolved in 3 mL of anhydrous
methylene chloride and 0.17 mL of pyridine (2.1 mmol). The
resulting solution was then cooled to 0 °C, and tert-butyldi-
methylsilyl triflate (0.24 mL, 1.0 mmol) was added. After the
reaction mixture was stirred at room temperature for 12 h, it
was washed with water and dried over MgSO,. Concentration
under reduced pressure and purification by column chromatog-
raphy furnished 0.20 g (51% for two steps) of the silyl ether 2a
as a pale yellow oil: Rf0.64 (hexane); IR (neat) 2956, 2926, 1463
cm~1; H NMR (CDCls, 360 MHz) 6 7.29 (d, J = 1.4 Hz, 1 H),
6.27 (dd, J = 1.4, 3.4 Hz, 1 H), 5.95 (d, J = 3.4 Hz, 1 H), 2.96
(m, 1 H), 2.71 (m, 1 H), 2.47 (m, 1 H), 1.49 (m, 6 H), 1.33 (m, 1
H), 1.32 (sextet, J = 7.3 Hz, 6 H), 0.8—0.92 (m, 24 H), 0.77 (m,
2 H), 0.18 (s, 3 H), 0.06 (s, 3 H), —0.15 (dd, J = 8.5, 11.6 Hz, 1
H); 33C NMR (CDCls, 90 MHz) 6 —3.3, —2.8, 9.7, 10.1, 13.8, 18.0,
18.9, 24.9, 26.0, 27.5, 29.2 [29.2 (d, J = 18 Hz)], 39.5, 60.4, 104.5,
110.1, 140.7, 156.5; HRMS (M) calcd for C»7Hs5,0,SiSn 556.2759,
found 556.2765.

Cyclopropylamine 2b. R; 0.65 (7:1 hexanes—EtOAc); IR
(neat) 2958, 1464 cm~1; *H NMR (CDCl3, 360 MHz) ¢ 7.28 (d, J
= 2.0 Hz, 1 H), 6.27 (dd, 3 = 2.0, 3.0 Hz, 1 H), 5.93 (d, J = 3.0
Hz, 1 H), 2.77 (m, 2 H), 2.62 (m, 4 H), 2.05 (m, 1 H), 1.48 (m, 6
H), 1.37 (m, 1 H), 1.30 (sextet, J =7.2 Hz, 6 H), 1.05(t, J =7.2
Hz, 6 H), 0.97 (m, 1 H), 0.86 (m, 15 H), 0.43 (dd, J = 4.0, 8.1 Hz,
1H),0.22 (dd, J = 8.1, 10.7 Hz, 1 H); 13C NMR (CDCl3, 90 MHz)
0 9.6, 12.2, 13.7, 15.5, 18.2, 26.7, 27.4 [27.4 (d, J = 54.7 Hz)],
29.2[29.2 (d, J = 19.4 Hz)], 35.0, 46.0, 46.8, 104.1, 110.0, 140.5,
156.6; HRMS (M%) calcd for CzsHa7NOSn 497.2680, found
497.2683.

Cyclopropyl Silyl Ether 4a. Rf 0.80 (hexane); IR (neat)
2928, 2856, 1463 cm1; 'H NMR (CDCls, 360 MHz) 6 7.23 (m, 5
H), 2.63 (t, J = 5.8 Hz, 2 H), 2.21 (m, 1 H), 1.96 (m, 1 H), 1.75
(m, 1 H), 1.51 (m, 6 H), 1.30 (m, 6 H), 1.02 (m, 1 H), 0.89 (m, 24
H), 0.74 (m, 2 H), 0.10 (d, J = 5.1 Hz, 3 H), 0.04 (d, J = 5.1 Hz,
3 H), —0.16 (m, 1 H); *3C NMR (CDCl3, 90 MHz) 6 —3.3, —2.9,
9.6, 10.3, 13.7, 18.0, 18.6, 26.0, 27.5, 27.9, 29.2[29.2 (d, J = 19.5
Hz)], 36.0, 40.2, 60.6, 125.6, 128.2, 128.4, 142.7; HRMS (MH")
calcd for C3oHs7,0SiSn 581.3201, found 581.3202.

Cyclopropylamine 4b. R; 0.50 (7:1 hexanes—EtOAc); IR
(neat) 2957, 1455 cm~%; 'H NMR (CDCl3, 360 MHz) 6 7.23 (m, 5
H), 2.60 (m, 6 H), 1.78 (m, 3 H), 1.48 (m, 6 H), 1.31 (sextet, J =
5.9 Hz, 6 H), 1.06 (m, 1 H), 1.03 (t, J =7.2 Hz, 6 H), 091 (m, 1
H), 0.90 (t, J = 7.2 Hz, 9 H), 0.78 (t, 3 = 7.9 Hz, 6 H), 0.39 (dd,
J=3.9,8.1Hz 1H),0.18 (dd, J = 8.1, 10.6 Hz, 1 H); 13C NMR
(CDCls, 90 MHz) 6 9.5, 13.1, 13.7, 15.5, 18.4, 27.4, 29.2 [29.2 (d,
J = 18.7 Hz)], 30.1, 35.9, 36.8, 46.2, 47.1, 125.7, 128.3, 128.4,
142.5; HRMS (M* — butyl) calcd for C24H42NSn 464.2339, found
464.2356.

Cyclopropyl Silyl Ether 6a. Rf 0.60 (hexane); IR (neat)
2955, 2925, 1464 cm~%; *H NMR (CDCls, 360 MHz) ¢ 2.23 (dd,
J=4.3Hz,1H),1.96 (m, 1 H), 1.49 (m, 6 H), 1.31 (sextet, J =
7.3 Hz, 6 H), 0.80—1.00 (m, 21 H), 0.74 (m, 2 H), 0.61 (m, 1 H),
0.10 (s, 9 H), 0.03 (dd, J = 8.5, 10.9 Hz, 1 H); *3C NMR (CDCls,
90 MHz) ¢ 1.5, 9.5, 12.0, 13.7, 17.4, 22.6, 23.9, 25.9, 27.4, 29.2
[29.2 (d, 3 = 18.0 Hz)], 49.0; HRMS (M™) calcd for C2,H430SiSn
476.2496, found 476.2517.

Cyclopropylamine 6b. R; 0.50 (7:1 hexanes—EtOAc); IR
(neat) 2956, 2926, 1464 cm™~1; 'H NMR (CDCls, 360 MHz) 6 2.64
(m, 2 H), 2.57 (m, 2 H), 2.09 (d, J = 13.8 Hz, 1 H), 1.84 (m, 1 H),
1.47 (m, 6 H), 1.30 (sextet, J = 7.1 Hz, 6 H), 1.29 (m, 1 H), 1.01
(t, J=7.1Hz, 6 H),095(d, J=75Hz, 6 H),089 (t, J=7.2
Hz, 9 H), 0.81 (t, J = 8.2 Hz, 6 H), 0.56 (dd, J = 3.7, 4.1 Hz,
1H), 0.46 (dd, J = 4.1, 9.2 Hz, 1 H), 0.10 (dd, J = 3.7,9.2 Hz, 1
H); 13C NMR (CDCls, 90 MHz) 6 9.6, 11.7, 13.7, 15.6, 18.2, 22.8,
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24.6, 26.5, 27.4, 29.2, 46.0, 46.1; HRMS (M) calcd for CasHao-
NSn 459.2887, found 459.2858.

Ketone 7. R; 0.70 (15:1 hexanes—EtOAc); IR (neat) 2956,
1712, 1464 cm™%; 'H NMR (CDCls, 360 MHz) 6 2.55 (t, 3 =7.9
Hz, 2 H), 2.28 (d, J = 7.0 Hz, 2 H), 2.14 (m, 1 H), 1.47 (m, 6 H),
1.29 (m, 8 H), 0.70—1.00 (m, 21 H); 13C NMR (CDCl3, 90 MHz)
01.9,9.1,13.7,22.6, 24.7, 27.4 [27.4 (d, I = 53.0 Hz)], 29.2 [29.2
(d, 3 = 19.4 Hz)], 40.5, 51.1, 212.4; HRMS (M* — butyl) calcd
for C15H3,0Sn 347.1397, found 347.1401.

Cyclopropyl Silyl Ether 9. R; 0.90 (7:1 hexanes—EtOAc
7:1); IR (neat) 2956, 1463 cm~1; IH NMR (CDClI3, 360 MHz) 6
3.61 (m, 2 H), 2.30 (m, 1 H), 2.04 (m, 1 H), 1.92 (m, 1 H), 1.48
(m, 6 H), 1.31 (sextet, J = 7.3 Hz, 6 H), 1.15 (m, 1 H), 0.89 (t, J
=7.3Hz, 9H),0.81(t J=28.3Hz 6H),0.72 (m, 2 H), 0.12 (s,
9 H), —0.10 (dd, J = 8.0, 11.3 Hz, 1 H); 3C NMR (CDCls, 90
MHz) 6 1.4,9.6,10.7, 13.7, 18.6, 27.4, 27.8, 29.2, 29.5, 37.5, 45 .4;
HRMS (MH* — butyl) calcd for C;7H3;ClOSiSn 438.1318, found
438.1299.

Ketone 10. R; 0.68 (7:1 hexanes—EtOAc); IR (neat) 2956,
1714, 1463 cm~%; 'H NMR (CDCl3, 360 MHz) 6 3.57 (t, J = 4.3
Hz, 2 H), 2.60 (q, J = 7.3 Hz, 4 H), 2.04 (quintet, J = 6.6 Hz, 2
H), 1.45 (m, 6 H), 1.28 (sextet, J = 7.4 Hz, 6 H), 0.78—0.92 (m,
17 H); 13C NMR (CDCls, 90 MHz) 6 2.0, 9.0, 13.7, 26.5, 27.4 [27.4
(d, J = 46.4 Hz)], 29.2, 38.4, 40.2, 44.5, 211.2; HRMS (M*+ —
butyl) calcd for C14H23CIOSNn 367.1001, found 367.0999.

Cyclopropylamine 12. R 0.44 (4:1 hexanes—EtOAc); IR
(neat) 2958, 2926, 1455 cm™1; IH NMR (CDCl3, 360 MHz) 6 2.69
(m, 4 H), 1.78 (m, 1 H), 1.49 (m, 6 H), 1.30 (sextet, J = 7.1 Hz,
6 H), 1.07 (t, 3 = 7.2 Hz, 6 H), 0.88 (t, J = 7.3 Hz, 9 H), 0.81 (t,
J =8.0 Hz, 6 H), 0.75 (m, 1 H), 0.49 (m, 1 H), —0.06 (m, 1 H);
13C NMR (CDClg, 90 MHz) 6 2.2, 8.7, 11.3, 11.6, 13.7, 27.4 [27.4
(d, 3 =52.3 Hz)], 29.1 [29.1 (d, J = 19.9 HZ)], 39.9, 48.4; HRMS
(MH™) calcd for C19H42NSn 402.2333, found: 402.2360.

Cyclopropylamine 14. Rf 0.41 (hexane); IR (neat) 2927,
2925, 1464 cm™; *H NMR (CDCls, 360 MHz) 6 2.71 (m, 4 H),
2.01 (septet, J = 6.9 Hz, 1H), 1.50 (m, 6 H), 1.32 (sextet, J = 7.2
Hz, 6 H), 1.03 (dd, J = 2.3, 3.5 Hz, 1H), 0.98 (t, J = 7.2 Hz, 6
H), 0.89 (t, J = 6.7 Hz, 9 H), 0.82 (m, 12 H), 0.53 (dd, J = 3.5,
8.0 Hz, 1 H), —1.33 (dd, J = 2.3, 8.1 Hz, 1 H); 3C NMR (CDCls,
90 MHz) 6 9.1, 10.1, 13.7, 16.2, 17.8, 22.1, 22.2, 27.3, 27.5, 29.2
[29.21 (d, 3 = 18.4 Hz)], 47.4, 53.2; HRMS (M™) calcd for CoHar-
NSn 443.2725, found 443.2754.

Cyclopropanol 15. R;0.24 (15:1 hexanes—EtOAc); IR (neat)
3455, 2955, 2925, 1250 cm™1; H NMR (CDCls, 360 MHz) 6 7.31
(d,3J=14Hz,1H),6.28(dd, J=14,34Hz, 1H),6.01(d, J=
3.4 Hz, 1 H), 2.88 (m, 2 H), 1.93 (m, 2 H), 1.56 (br s, 1 H), 0.92
(s, 9 H), 0.70 (m, 2 H), 0.00 (s, 3 H), —0.04 (s, 3 H), —0.23 (dd,
J = 9.0 Hz, 1 H); 3C NMR (CDCl3, 90 MHz) 6 —5.7, —5.5, 10.2,
16.9, 17.5, 24.9, 26.7, 39.2, 59.8, 104.9, 110.2, 140.8, 155.9;
HRMS (M) calcd for CisH260,Si 266.1702, found 266.1685.

Compound 17a. R;0.37 (EtOAc); IR (neat) 3338, 2955, 2925,
1674, 1456 cm~1; 'H NMR (CDCls, 360 MHz) 6 3.20 (br s, 1 H),
2.74 (s, 3 H), 2.51 (m, 1 H), 2.30 (m, 2 H), 1.95 (m, 1 H), 1.83 (m,
2 H), 1.46 (m, 6 H), 1.29 (sextet, J = 7.1 Hz, 6 H), 0.87 (m, 15
H), 0.62 (m, 1 H), 0.46 (m, 1 H); 13C NMR (CDCls, 90 MHz) 6
1.2,8.8,13.7,23.9,27.3[27.3 (d, J =52.6 Hz)], 29.2 [29.21 (d, J
= 20.3 Hz)], 29.5, 31.1, 34.8, 93.6, 174.8; HRMS (M* — H,0)
calcd for C19H37NOSN 415.1897, found 415.1920.

Cyclopropanol 19a. R:0.69 (7:1 hexanes—EtOAc); IR (neat)
3445, 2953, 1245 cm™1; 'H NMR (CDCls;, 360 MHz) 6 7.31 (d, J
=1.3Hz, 1 H),6.28(dd, J=1.3,3.1Hz, 1 H),6.01(d,J=3.1
Hz, 1 H), 2.86 (m, 2 H), 2.00 (m, 1 H), 1.83 (m, 1 H), 1.64 (br s,
1 H), 0.69 (m, 2 H), 0.05 (s, 9 H), —0.28 (dd, J = 8.7, 11.0 Hz, 1
H); 13C NMR (CDCl3, 90 MHz) 6 —0.7, 13.4, 17.6, 25.0, 39.0, 60.2,
104.9, 110.2, 140.8, 156.0; HRMS (M) calcd for Ci2H200,Si
224.1233, found 224.1202.

Cyclopropanol 19b. R;0.42 (7:1 hexanes—EtOACc); IR (neat)
3355, 2954, 1255 cm~*; *H NMR (CDCl3, 360 MHz) 6 7.31 (d, J
= 1.6 Hz, 1 H), 6.29 (dd, 3 = 1.6, 3.3 Hz, 1 H), 6.02 (d, J = 3.3
Hz, 1 H), 2.91 (t, 3 = 8.0 Hz, 2 H), 2.05 (m, 1 H), 2.00 (br s, 1
H), 1.75 (m, 1 H), 0.95 (ddd, J = 1.4, 4.4, 12.0 Hz, 1 H), 0.34
(dd, 3 = 4.4, 8.6 Hz, 1 H), 0.07 (dd, J = 8.6, 12.0 Hz, 1 H), 0.03
(s, 9 H); 3C NMR (CDCls, 90 MHz) 6 —0.9, 14.6, 17.5, 25.1, 35.7,
59.6, 104.9, 110.2, 140.9, 155.9; HRMS (M™) calcd for C12H2002-
Si 224.1233, found 224.1204.

Ketone 20. R; 0.75 (7:1 hexanes—EtOAc); IR (neat) 2953,
1717, 1248 cm~1; *H NMR (CDCl3, 360 MHz) 6 7.29 (d, J = 1.4
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Hz, 1 H), 6.27 (dd, 3 = 1.4, 3.0 Hz, 1 H), 5.99 (d, J = 3.0 Hz, 1
H), 2.93 (t, 3 = 7.8 Hz, 2 H), 2.77 (t, 3 = 7.8 Hz, 2 H), 2.36 (m,
2 H), 0.76 (m, 2 H), —0.01 (s, 9 H); 3C NMR (CDCl3, 90 MHz) ¢
—1.9, 10.3, 22.4, 37.4, 40.0, 105.1, 110.2, 141.0, 154.7, 210.5;
HRMS (M™) calcd for C1,H200,Si 224.1233, found 224.1223.

Cyclopropylamine 21a. R 0.69 (7:1 hexanes—EtOAc); IR
(neat) 2964, 2797, 1249 cm~1; 'H NMR (CDCl3, 360 MHz) 6 7.29
(d,3=13Hz,1H),6.27 (dd,J=1.3,25Hz, 1 H),594 (d, I =
2.5Hz,1H),2.83(m,1H),2.72(m,1H),2.61(m,4H), 1.99 (m,
1H), 152 (m, 1 H), 1.04 (t, J =7.1 Hz, 6 H), 0.91 (m, 1 H), 0.38
(dd, 3 = 3.9, 8.3 Hz, 1 H), 0.04 (s, 9 H), —0.09 (m, 1 H); 3C
NMR (CDCl3, 90 MHz) 6 —0.5, 14.2, 15.5, 17.9, 26.9, 32.0, 46.8,
47.3, 104.2, 110.0, 140.6, 156.6; HRMS (M™) calcd for CigHoo-
NOSi 279.2018, found 279.2000.

Cyclopropylamine 21b. R;0.91 (7:1 hexanes—EtOAc); IR
(neat) 2958, 2927, 1595, 1246 cm~1; 'H NMR (CDCl3, 360 MHz)
07.28(d,J=21Hz,1H),6.26 (dd, J=2.1,2.9 Hz, 1 H), 5.94
(d, 3 =2.9 Hz, 1 H), 2.75 (m, 4 H), 2.60 (m, 2 H), 1.99 (m, 1 H),

Notes

1.78 (m, 1 H), 1.02 (t, J = 7.2 Hz, 6 H), 0.71 (dd, J = 3.5, 10.5
Hz, 1 H), 0.65 (dd, J = 3.5, 8.0 Hz, 1 H), 0.04 (s, 9 H), —0.38 (dd,
J =8.0, 10.5 Hz, 1 H); 3C NMR (CDCls, 90 MHz) 4 —0.2, 14.0,
17.8, 26.4, 29.7, 32.2, 47.7, 50.8, 104.2, 110.0, 140.6, 156.5;
HRMS (M*) calcd for Ci6H20NOSi 279.2018, found 279.2009.
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