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Synthesis of Substituted Cyclopropanes via Organo-
zinc Reagents
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In previous papers' ~°, we have reported thata,f-unsaturated
organozinc reagents undergo single or twofold addition to
acetylenic compounds to form open-chain or cyclopropane
derivatives, the ratio of the three types of products (A, B,
C) depending on nature and structure of the reaction com-
ponents.
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In the present paper, we show that the reaction of 1-alkynes
and t-alkynylmagnesium halides with organozinc halides
can be conveniently applied to the synthesis of substituted
cyclopropanes.

The reaction of 3,3-diethoxypropyne (1) with allylzinc bro-
mide (2a) leads to the formation of 1,1-diallyl-2-ethoxycyclo-
propane (3; 37 %) and a small amount of 1,1,2-triallylcyclo-
propane (4, R=H), as shown by '*C-N.M.R. spectrometry.
However, when the magnesium reagent § is used instead
of 1 the reaction leads exclusively to the formation of 4
(R=H)in 37 % yield. The reaction of 3,3-diethoxypropynyl-
magnesium bromide with 2-methyl-2-propenylzinc bromide
(2b) affords only 1,1,3-tris[2-methyl-2-propenyl]-cyclo-
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tion with 3-methoxy-1-propyne instead of the Grignard rea-
gent has been reported to lead to products of monoaddition
and only traces of 7d°. Further cyclopropanes obtained
from the reaction of 1-alkynylmagnesium bromides of the
type 6 with alkenyl- and alkynylzinc bromides (2) are listed
below. It has to be noted that even in the case of a Grignard
reagent 6 with a sterically hindered triple bond the reaction
with allylzinc bromide affords a cyclopropane derivative
(7e), albeit in low yield.
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* In this case, 2-phenoxymethyl-1-hepten-4-yne (8) is obtained
as a side product in 10 % yield.
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1,1-Bis[ Z-pentynyl]-cyclopropane (7f) is more conveniently
obtained in 65% yield by reaction of 3-bromo-1-propyne
(9) with 2-pentynylzinc bromide. The analogous reaction of
9 with 2-methyl-2-propenylzinc bromide affords 1,1-bis[2-
methyl-2-propenyl]-cyclopropane (10) in 68 % yield.
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In a similar way, 3-methoxy-1-propynylmagnesium bromide
(6, R2Z=R*=H, R*=~CH3) reacts with 2-butenylzinc bro-
mide (2d, R' =—CH;~CH=CH--CH3) to give 1,1-bis[2-
butenyl]cyclopropane(7d; 54 %) whereas the analogous reac-
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"H-N.M.R. spectroscopy and by microanalyses.

Preparation of Organozinc Reagents:

The preparations arc carried out as described in Ref. 7.

Allylzinc Bromide (2a): Zinc (19.6 g, 0.30 g-atom) and allyl bromide
(36.3g, 0.30mol) in dry tetrahydrofuran (150ml) at 20° for 1h.
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Table. Preparation of Substituted Cyclopropanes

Organozine Sub- Product Molar Reaction  Yield® b.p./torr
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Molecular 'H-N.M.R. (60 MHz, CCl,/TMS)* § [ppm]

reagent strate ratio® conditions [ %] formula®
2a 1 3 3.75 1h,35° 37 103-105°/60  C;;H{3O 4.75 52 (m, 4H, 2CH,=); 5.35-6.25 (m, 2H,
(166.2)  2-CH=); 1.75-2.3 (m, 4H, 2-CH,—); 0.3-0.6 (m,
2H,—CH,—, 3-membered ring); 2.85-3.1 (m, 1 H,
CH—O-—, 3-membered ring); 342 (q, 2H.
“'CHz“‘O_“) 1.15 (t, 3H CH;)
2a 5 4¢ 25 3h,65° 37 103-105°/60 C,,H;s 4.7 52 (m, 6H, 3CHy=); 535 6.2 (m, 3H, 3-
R=H) (162.3) CH==); 1.8-2.3 (m, 6H, 3-CH,—); —0.1-1.25 (m.
3H, —CH,—CH, 3-membered ring)
2b 5 4 4.8 90 min, 65° 55 105-107°/12  CysHay 475 (m, 6H, 3CH,=); 1.73 (m, 9H, 3CH3); 1.85-
(R=CH,) (204.3) 245 (m, 6H, 3-CH;—): 01 (m, 3H, —CH - CH.
3-membered ring)
2d 6d 7d 375  24h,65° 54 107-109°/71  C;H;g 160 (m, 6H, 2CH;); 548 (m, 4H, 2-CH=CH—):
(150.2) 191 (m, 4H, 2-CH,—); 0.22 (s, 4H, ~-CH,—
CH,—, 3-membered ring)*
2a 6c Te 375 24h,65° 62 77-79°/68  CioHis 4.7-5.2 (m, 4H, 2CH==); 5.35-6.15 (m. 2H, 2-
(136.2) CH==); 1.8-2.2 (m, 4H, 2-CH,—); —0.2-1.0 (m,
3H, —CH,—CH, 3-membered ring); 1.09 (d, 3H,
CHs, J=5H2)
2b 6¢ 7b 3.75  24h,65° 75 107-109°/68 C,.Hzo 472 (s, 4H, 2CHy=); 1.69 (s, 6H, 2CH3): 1.8 2.3
(1643)  (m,4H,2-CH,—); —0.1-1.0(m, 3H, —CH,—CH,
3-membered ring); 1.07 (d, 3H, CH;, J=5H2z)
2f 6¢ 7H 375 24h,65° 55 113-115°/12 Cy4Hye  04-1.5 (m, I1H, 3CH; + —CH,. 3-membered
(188.3) ring); 1.9-2.6 (m, 8H, 4-CH,—): —0.09 (m. I H,
CH-, 3-membered ring)
2g 6¢ 7¢" 4.0 24h,65° 42 83-85°/0.05 Cy¢Ha2s 045-2.5[m, t6H, —CH,—, 3-membered ring +
(216.3) 2CH—(CH,)3—, 6-membered ring]: 5.67 (m, 2H,
—CH==CH~); 0.13 (m, 1H, CH—, 3-membered
ring); —1.13(d, 3H, CH;, J=4Hz)
2a be Te 375  24h,65° 20 88-90°/70  Cy;H;g  4.75-5.2 (m, 4H, 2CH,=); 5462 (m, 2H. 2-
(150.2) CH=); 2.11(d. 4H, 2-CH,—): 1.15 (s, 6H. 2CH3):
0.18 (s, 2H, CH>, 3-membered ring)
2f of 7f 2.5 20h,65° 46 108 110°/12 Cyi3Hyg 111 (t, 6H, 2CH;); 2.20 (m, 4H, 2-CH,—): 2.26
2f 9 7f 375  24h,40° 65 (174.3) (t, 4H, 2-CH,—, J=2Hz); 042 (s, 4H, 2-CH,—.
3-membered ring)
2b 9 10 3.75 2h, 40 68 88-90°/S7  Cy3Hyg 475 (s, 4H, 2CH=): 171 (s, 6H, 2CH,): 1.93

Molar ratio RBr/acetylenic derivative.
® Yield of isolated product calculated from acetylenic derivative.

a

¢ All products gave satisfactory microanalyses: C, +0.2: H, +0.3.

(150.2) (s, 4H, 2-CH,—); 0.35 (m, 4H, 2-CH,—, 3-mem-
bered ring)

¢ Recorded with a Perkin Elmer R-12 spectrometer (TMS as external reference for 3-membered ring).
¢ 13C-N.M.R. (25.2 MHz/CDCl;/TMS) (Varian XL-100 spectrometer):
3 0=116.4, 11585 2CH,=); 13675, 135.3 (2-CH=); 39.3, 33.8 (2-CH.,—); 24.7 (C cycle); 172 (—CH.— cycle); 62.2 (O—CH

cycle); 66.15 (-——CH,—O—); 15.2 ppm (CH;).

4: 3=116.0, 1159, 1142 BCH,=); 138.1, 136.65, 13595 (3-CH==): 41.8, 35.6, 33.55 (3-CH,—): 22.85 (C cycle): 17.0 (—-CH,~—

cycle): 22.45 ppm (CH-- cycle).
f Z/E isomer mixture.
¥ Ref. ©.
b Mixture of diastereoisomers.

' We also isolated compound 10 (yield: 10 % b.p. 88-90°/0.05 torr).

'H-N.MR.: 6=1.11 (t, 3H, CH3); 2.65 (m, 2H, —CH,—); 2.96 (m, 2H, =C-—CH,—C); 520 (m, 2H, CH,=); 445 (s. 2H,

~~CH;—0-); 6.7-7.4 ppm (m, 5H,om).

2-Methyl-2-propenylzinc Bromide (2b): Zinc (19.6 g, 0.30 g-atom)
and 3-bromo-2-methylpropene (40.5 g, 0.30 mol) in dry tetrahydro-
furan (250 ml) at 0° for 3 h.

2-Butenylzinc Bromide (24): Zinc (19.6g, 0.30 g-atom) and 1-
bromo-2-butene (40.5 g, 0.30mol) in dry tetrahydrofuran (300 ml)
at 0° for 4 h.

2-Pentynylzinc Bromide (2f): Zinc (19.6g, 0.30g-atom) and 1-
bromo-2-pentyne (44 g, 0.30 mol) in dry tetrahydrofuran (280 ml)
at —15° for 4h.

2-Cyclohexenylzine Bromide (2g): This reagent is prepared from
zinc (14.4 g 0.22 g-atom) and 3-bromocyclohexene (32.2 g, 0.2 mol)
m dry tetrahydrofuran (200ml) at —15° during 8 h, as indicated
in Ref. 4.

Reaction of Organozinc Reagents with 1-Alkynes: General Proce-
dure:

To the organozinc reagent, prepared as described above, the 1-
alkyne (1, 9) is added rapidly under the reaction conditions given
in the Table. Then, the mixture is poured into dilute hydrochloric
acid/crushed ice. After extraction with ether (3 x100ml), the
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organic layer is neutralised with potassium carbonate, washed
with water, dried with magnesium sulfate, and distilled.

Reaction of Organozinc Reagents with 1-Alkynylmagnesium
Halides; General Procedure:

The Grignard reagents are prepared in tetrahydrofuran following
a classical procedure: the 1-alkyne is added to ethylmagnesium
bromide at 20° and then the reaction mixture is heated at 60°
for 3h. The product thus prepared is added rapidly to the organo-
zinc reagent, prepared as described above, under the reaction
conditions given in the Table. Hydrolysis and extraction are carried
out as described above.
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