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The reaction of (alk-l-ynyl)chlorocarbenes 2 a - c , generated from dichlorides 1 a - c , with alkali metal alkoxides 3 gives 
2-(alk-1-ynyl)oxiranes 5 a - f in 30-70% yield. 

It has been found that (alk-l-ynyl)halocarbenes, generated by 
base solvolysis of the corresponding l , l -dihaloalk-2-ynes l or 
photolysis of 3,3-dimethyl-5-(bromoethynyl)-377-pyrazole, 2 

readily add to the double bond of olefins with formation of 
l-halo-l-(alk-l-ynyl)cyclopropanes. However, no experimental 
evidence for the ability of these species to undergo insertion 
reactions into σ bonds has so far been available. However, for 
other halocarbenes such reactions are well known, 3 and in 
particular chlorophenylcarbene, generated from phenyl-
dichloromethane by the action of Bu t OK, reacts with 
potassium alkoxides to give the corresponding 3-substituted 
2-phenyloxiranes as a result of carbene insertion into the 
α-C—H bond of alkoxides with subsequent cyclization of the 
intermediate l-substituted 2-chloro-2-phenylethoxides. 4 

We have found that , on the generation of (alk-l-
ynyl)chlorocarbenes 2 from l,l-dichloroalk-2-ynes 1 under 
the action of Bu t OK in T H F at 20 °C in the presence of a 
three-fold molar excess of alkali metal alkoxides 3 , 3 -
substituted 2-(alk-l-ynyl)oxiranes 5+ were formed in 30 -70% 
yield as a mixture of cis- and trans-isomers. The yield of 
oxiranes 5 depends on the alkali metal used for the 
preparation of alkoxides 3 and increases in the order: Li < 
Na < K (for 5a, 50%, 6 5 % and 70%, respectively), which 
may be associated with a build up of oxyanionic effect in the 
corresponding alkoxides which greatly facilitates the carbene 
insertion into the α-C—H bond of the latter. 5 

These results point to the fact that carbene 2 obtained in 
the reaction inserts into the α-C—H bond of alkoxides 3 to 
give l-substituted 2-chloro-2-(alk-l-ynyl)ethoxides 4 which 
eliminate alkali metal chloride forming oxiranes 5 (Scheme l ) . 

+All newcompounds 5a-f gave satisfactory analytical and spectral da­
ta. For 5a:(trans / cis = l.2) b.p. 93-96 °C/l mmHg; IR v m a x /crrT l 2250 
( t eC) , l605 and l497 (Ph); l H NMR (90 MHz, CDCl 3) δ cis-5a: l.l5 
(s, 9H, CMe 3); 3.23 (d, lH, =CCH, J = 2.2 Hz); 3.86 (d, lH, PhCH, 
J = 2.2 Hz); 7.l-7.4 (m, 5H, Ph); trans-5a: 0.98 (s, 9H, CMe 3); 3.6l (d, 
lH, =CCH, J = 3.5 Hz); 3.97 (d, lH, PhCH, J = 3.5 Hz); 7.l-7.4 (m, 
5H, Ph); l 3 C NMR (50 MHz, CDCl 3) δ cis-5a: 27.38 (lC, CMe3); 
30.69 (3Me, CMe 3); 49.68 and 60.0l (2CH in cyclo-C2H2O); 74.92 and 
93.05 (2C, C=C); l36.06 (C-l in Ph); trans-5a: 27.27 (lC, CMe3); 30.38 
(3Me, CMe 3); 48.28 and 58.70 (2CH in cyclo-C2H2O); 73.l9 and 95.03 
(2C, C=C); l34.53 (C-l in Ph); l25.48, l27.07, l27.49, l28.07, l28.44 
(CH in Ph, cis- and trans-5a); m/z: 200 [M] + . 

For 5b: (trans/cis — l.3), b.p. l7l- l75 °C/l mmHg; IR v m a x / cmr l 

2240 (tec), l600 and l492 (Ph); l H NMR (90 MHz, CDCl 3) δ cis-
5b: 3.60 (d, lH, =CCH, J = 2.0 Hz); 4.l7 (d, lH, PhCH, J = 2.0 
Hz); 7.l-7.7 (m, l0H, 2Ph); trans-5b: 3.99 (d, lH, =CCH, 7 = 4 . 0 
Hz); 4.24 (d, lH, PhCH, 7 = 4 . 0 Hz); 7.l-7.7 (m, l0H, 2Ph); l 3 C 
NMR (50 MHz, CDCl 3) δ cis-5b: 49.64 and 60.37 (2CH in cyclo-
C 2H 2O); 83.93 and 86.00 (2C, C=C); l2l.92 (CC= in Ph); l34.24 (C-l 
in Ph); trans-5b: 48.68 and 59.20 (2CH in cyclo-C2H2O); 83.72 and 
85.33 (2C, C=C); l2l.84 (CC= in Ph); l35.69 (C-l in Ph); l25.58, 
l26.98, l27.8l, l28.22, l28.36, l28.4l, l28.59, l28.72, l28.87, l3l.65, 
l3l.8l, l3l.89 (CH in Ph, cis- and trans-5b); m/z: 220 [M] + . 

For 5c:(trans/cis — l.2), b.p. 7l-73 °C/l4 mmHg; IR v m a x / c m - l 

2250 ( t eC) , l642 (C=C); l H NMR (250 MHz, CDCl 3) δ cis-5c: l.l7 
(s, 9H, CMe 3); 3.l7 (d, lH, =CCH, J = 2.2 Hz); 3.30-3.35 (m, lH, 
=CCH); 5.20-5.27 (m, lH, CH=); 5.44-5.49 (m, 2H, CH 2 =); trans-
5c: l.l8 (s, 9H, CMe 3); 3.33 (dd, lH, =CCH, J= 3.7 Hz, J= 7.7 
Hz); 3.49 (d, lH, =CCH, J= 3.7 Hz); 5.36 (dd, lH, E-H, CH 2 =, 
J — 9.7 Hz, J — l.6 Hz); 5.49 (dd, lH, Z-H, CH 2—, J= l6.9 Hz, 
J — l.6 Hz); 5.66 (ddd, lH, CH=, J — l6.9 Hz, J — 9.7 Hz, J — l.6 
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Scheme 1 Reagents and conditions:i,ButOK, THF, room temperature, 
30-45 min (30-70%). Pr c — cyclopropyl. 

Hz); l 3 C NMR (50 MHz, CDCl 3,) δ cis-5c: 27.37 (lC, CMe3); 30.79 
(3Me, CMe 3); 47.26 and 59.98 (2CH in cyclo-C2H2O); 74.72 and 
92.94 (2C, C=C); l20.07 (CH 2=); l34.32 (CH=); trans-5c: 27.44 (lC, 
CMe3); 30.79 (3Me, CMe 3); 46.3l and 57.83 (2CH in cyclo-C2H2O); 
73.32 and 94.60 (2C, C=c); l2l.55 (CH 2=); l33.l4 (CH=); m/z: l49 
[M-H] + . 

For 5d:(trans/cis — l.2) , b.p. l06-l07°C/l mmHg; IR v m a x / cmr l 

2240 (C=C), l600, l490 (Ph), l640 (C=C); l H NMR (250 MHz, 
CDCl 3) δ cis-5d: 3.49 (d, lH, =CCH, J= l.9 Hz); 3.59-3.64 (m, lH, 
=CCH); 5.3l-5.39 (m, lH, CH=); 5.55-5.59 (m, 2H, CH 2 =); 7.2-7.5 
(m, 5H, Ph); trans-5A: 3.56 (dd, lH, =CCH, J= 3.88 Hz, J= 7.7 Hz); 
3.8l (dd, lH, =CCH, J= 3.88 Hz, J — l.3 Hz); 5.49 (dd, lH, E-H, 
CH 2 =, J — l0.5 Hz, J — l.l Hz); 5.64 (dd, lH, Z-H, CH 2 =, J= l7.l 
Hz, J — l.l Hz); 5.9l (ddd, lH, CH=, J — l7.l Hz, J — 7.7 Hz, 
J — l0.5 Hz); 7.2-7.5 (m, 5H, Ph); l 3 C NMR (50 MHz, CDCl 3), δ cis-
5d: 47.44 and 60.30 (2CH in cyclo-C2H2O); 83.95 and 85.56 (2C, 
C=C); l20.6 (CH 2=); l33.79 (CH=); trans-5A: 46.70 and 58.39 (2CH in 
cyclo-C2H2O); 83.77 and 85.07 (2C, C=C); l22.08 (CH 2=); l32.77 
(CH=); l2l.82 and l2l.88 (C-l in Ph, cis- and trans-5d); l28.24, 
l28.52, l28.73, l3l.44 (CH in Ph, cis- and trans-5d); m/z: l70 [M] + . 

For 5e:(trans/cis — l.2); l H NMR (200 MHz, CDCl 3) δ cis-5e: 
0.44-l.05 (m, 5H, cyclo-C3H5); 3.32 (dd, lH, =CCH, J — l.95 Hz, 
J — l.7 Hz); 3.98 (d, lH, PhCH, J — l.95 Hz); 7.2-7.5 (m, 5H, Ph); 
trans-5e: 0.44-l.05 (m, 5H, cyclo-C3H5); 3.72 (dd, lH, =CCH, J — 
4.0 Hz, J — l.5 Hz); 4.06 (d, lH, PhCH, J — 4.0 Hz); 7.2-7.5 (m, 
5H, Ph); l 3 C NMR (50 MHz, CDCl 3,) δ cis-5e: -0.64 (CH in cyclo-
C 3 H 5 ); 8.0l (2CH 2 in cyclo-C3H5); 49.70 and 59.93 (2CH in cyclo-
C 2H 2O); 7l.8 and 88.l (2C, C=C); l35.89 (C-l in Ph); trans-5e: -0.64 
(CH in cyclo-C3H5); 8.20 (2CH 2 in cyclo-C3H5); 48.45 and 58.69 
(2CH in cyclo-C2H2O); 69.5 and 90.3 (2C, C=C); l34.42 (C-l in Ph); 
l25.40, l26.85, l27.54, l28.09, l28.4l (CH in Ph, cis- and trans-5e); 
m/z: l84 [M] + . 

For 5f:(trans/cis — l.00) l H NMR (300 MHz, CDCl 3) δ cis-5f: 
l.38 (d, 3H, Me, J — 4.3 Hz); 3.2-3.3 (m, 2H, 2CH in cyclo-C2H2O); 
7.2-7.5 (m, 5H, Ph); trans-5f: l.5l (d, 3H, Me, J — 5.7 Hz); 3.2-3.3 
(m, lH, MeCH); 3.62 (d, lH, =CCH, J — 3.9 Hz); 7.2-7.5 (m, 5H, 
Ph); l 3 C NMR (50 MHz, CDCl 3,) δ cis-5f: l7.35 (Me); 46.56 and 
56.86 (2CH in cyclo-C2H2O); 84.22 and 85.25 (2C, C=C); trans-5f: 
l4.77 (Me); 45.79 and 54.34 (2CH in cyclo-C2H2O); 83.45 and 85.88 
(2C, C^C); l22.l6 (C-l in Ph, cis- and trans-5f); l28.32, l28.72, 
l3l.87 (CH in Ph, cis- and trans-5f); m/z: l58 [M] + . 
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The formation of intermediates 4 was confirmed by 
reaction of 1a with an equimolar amount of BuLi in the 
presence of a three-fold molar excess of P h C H 2 O L i at —45 °C 
and isolation of 5,5-dimethyl-2-chloro-l-phenylhex-3-yn-l-oli 
4a' on treating the reaction mixture with water. After 
warming the reaction mixture up to room temperature and 
addition of B u t O K the oxirane 5a was obtained. 

The research described in this publication was made 
possible in part by grant no. NGR000 from the International 
Science Foundat ion . 

* Spectral data for 4a': l H NMR (300 MHz, CDCl 3) δ erythro-4a': 
l.l3 (s, 9H, CMe 3); 3.0 (bs, lH, OH); 4.74 (d, lH, CHCl, J — 4.4 
Hz); 4.9l (d, PhCH, J — 4.4 Hz); 7.2-7.5 (m, 5H, Ph); threo-4a': l.22 
(s, 9H, CMe 3); 3.0 (bs, lH, O H ) ; 4.64 (d, lH, CHCl, J — 7.9 Hz); 
4.79 (d, PhCH, J — 7.9 Hz); 7.2-7.5 (m, 5H, Ph); l 3 C NMR (50 
MHz, CDCl 3,) δ erythro-4a': 27.77 (lC, CMe3); 30.63 (3Me, CMe 3); 
56.4l and 78.03 (2CH); 74.20 and 98.04 (2C, C=C); l38.6l (C-l in 
Ph); threo-4a': 27.87 (lC, CMe3); 30.50 (3Me, CMe 3); 54.89 and 76.94 
(2CH); 73.29 and 98.4l (2C, C=C); l38.72 (C-l in Ph); l27.05, 
l27.34, l28.l3, l28.6l (CH in Ph, erythro- and threo-4a'); m/z: 200 
[M—HCl] + . 
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