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W o r k - u p  f o r  M e a s u r i n g  the A b s o l u t e  Y i e l d  of P r o d u c t s  from 
1. T h e  react ion m i x t u r e  was f i l tered a n d  t o  the  f i l t r a te  was added 
0.124 m m o l  o f  bibenzylZ4 as a n  nmr standard.  T h e  solvent was com- 
careful ly removed o n  a ro ta ry  e v a p o r a t ~ r . ~ ~  T h e  residue was com-  
p le te ly  dissolved in CDC13 a n d  analyzed by nmr. 

W o r k - u p  f o r  U n c o m p l e x e d  M a t e r i a l s .  A f te r  f i l t ra t ion,  a rou- 
t i ne  ether ex t rac t i on  was carr ied o u t  a n d  the  residue was ana-  
lyzed b y  mass spectroscopy a n d  nmr. 
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S u p p l e m e n t a r y  M a t e r i a l  A v a i l a b l e .  T h e  1 0 0 - M H z  pmr spec- 
t r a  in CDC13 o f  1, 3, a n d  the  t r i ca rbony lch romium complexed 
products  f r o m  the  deuterat ion o f  1 ( m a i n l y  3-dz  w i t h  t h e  deuter i -  
u m s  o n  the  ethano br idge a n t i  t o  t h e  t r i ca rbony lch romium group) 
w i l l  appear fo l lowing these pages in the  m i c r o f i l m  ed i t i on  of this 
volume o f  t he  journal .  Photocopies of t he  supplementary ma te r ia l  
f r o m  this paper  on l y  or microf iche (105 x 148 mm, 2 4 ~  reduction, 
negatives) conta in ing a l l  o f  t he  supplementary m a t e r i a l  for  t he  
papers in th i s  issue m a y  be  obta ined f r o m  the  Journals  Depar t -  
ment ,  Amer i can  Chemica l  Society, 1155 16th St., N.W.. Wash-  
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Phase-transfer cata lyzed synthesis of dimethy lv iny l idenecyc lopropane derivatives in aqueous m e d i u m  f r o m  
3-chloro-3-methyl-1-butyne (1) a n d  various olef ins are described. S low add i t i on  o f  1 t o  a s t i r red m i x t u r e  o f  51% 
aqueous potass ium hydrox ide,  benzene, a n d  a n  appropr ia te substrate o le f in  (3-molar  excess t o  1) in the  pres- 
ence o f  benzy l t r i e thy lammon ium chlor ide as a cata lyst  afforded the  corresponding dimethylvinylidenecyclopro- 
pane in moderate yields. 

Since Hartzler's report on the generation of dimethyl- 
vinylidenecarbene (2) from 3-chloro-3-methyl-1-butyne (1) 
or l-chloro-3-methyl-l,2-butadiene uia base-catalyzed y- 
or a-eliminations of hydrogen chloride, and on its reaction 
with some simple olefins (eq 1),2-4 his procedure has been 

1 

used widely for preparation of alkenylidenecyclopropane 
de r i~a t ives .~  However, cyclopropanation of olefins with 
this carbene generally proceeds in low yield owing to the 
relatively low electrophilic reactivity of the carbene.2,6 
Furthermore, Hartzler's procedure requires rigorously an- 
hydrous conditions for generation of the carbene 2. This 
paper describes a convenient method for the generation of 
2 in aqueous medium by the phase-transfer technique, 
and its wide applicability to the synthesis of various di- 
methylvinylidenecyclopropane derivatives .? ,s 

Results and  Discussion 
Reaction with Styrene under Various Conditions. In 

order to find the optimum conditions for the cyclopropa- 
nation of olefins with 2, 1 was added to a stirred mixture 
of 51% aqueous potassium hydroxideg and styrene under 
several conditions (eq 2 ) .  The results are given in Table I. 
The best yield of the adduct 1-dimethylvinylidene [or 
-(2-methylpropenylidene)] -2-phenylcyclopropane (4)2a was 
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Table I 
Yield Data of 4 under Various Conditionsa 

Sasaki, Eguchi, and Ogawa 

Reaction Time,b Stirring 
Run no. Base Catalyst Solvent temp, 'C hr method Yield, %' 

1 51% aq KOH Me(CH2) ,6NMe3Br - n-Hexane 20-25 15 Magnetic 27 .3  

2 51% aq KOH C6H&H$lEt3C1- n-Hexane 20-25 15 Magnetic 30.0 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 

51% aq KOH 

51% aq KOH 

51% aq KOH 

51% aq KOH 

51% aq KOH 

51% aq KOH 

51% aq KOH 

51% aq KOH 

51% aq KOH 

34% aq KOH 

34% aq KOH 

34% aq KOH 

17% aq KOH 
t-BuOK 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 
t-BuOH 

20-25 

20-25 

7-1 0 

15-18 

15-18 

15-18 

45 

45 

45 

15-18 

15-18 

15-18 

15-18 
- 10 

t o  0 

15 

15 

15 

3 

8 

23 

3 

15 

20 

7 

23 

32 

23 
3 

Magnetic 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 

Mechanical 
Magnetic 

38.6 

60 .1  

60.7 

50.0 

61.0 

60.0 

38.0 

8 . 3  

8 . 5  

12 .0  

18.0 

12 .0  

0 
35.0 

a A 3.8-molar excess amount of styrene was used (see Experimental Section). * Addition time (ca. 2.5 hr) was involved. 
Isolated yield. A 48% yield was reported by Hartzler (ref 2a). 

Table I1 
Dimethylvinylidenecyclopropane Derivatives from Various Olefinsa 

Reaction 
Olefin Registry no. temp, OC Product Yield, 7Cb BP, "C (mm) nn (temp, "C) 

62-65 (0.20) 1.5236 (25) 
55-57 (0.20) 1.5247 (24) 

20.0 58-60 (0.20) 1.5151 (23) 
6 . 0  60-65 (0.27) 1.5227 (24) 

62-65 (0.26) 1.5424 (27) 
37-39 (0.20) 1.5096 (24) 

109-111 (0.23) 1.5805 (24) 

40-44 (0.20) 1.5069 (22) 
68-72 (29) 1.5074 (24) 

a-Pinene 8 0 - 5 6 - 8 20-25 3a 20.0 
@-Pinene 127-91- 3 20-25 3b 31.1  
AWarene 13466-78-9 20-25 3c 
Camphene 79-92-5 20-25 3d 
1,5-Cyclooctadiene 111-78-4 20-25 3e 18.9  
Methallyl alcohol 513-42-8 20-25 3f 13.7  
Prenol acetate 1191-16-8 20-25 3g 14 .5  54-56 (0.25) 
Cinnamyl alcohol 104-54-1 20-25 3h 21.0 
2,5-Dimethyl-2,4- 

hexadiene 764-13-6 20-25 3i 28.5 
Isoprene 78-79-5 8-10 3.i (+ 26.0 

2,5-Dimethylhexa-1,5- 
55-57 (0.25) 1.5285 (23) 

or-Methylstyrene 98-83-9 20-25 31 51 .5  61-65 (0.27) 1.5568 (30) 
@-Methylstyrene 637-50-3 20-25 3m 35.7 60-64 (0.25) 1.5609 (24) 

3j ') d 

dien-3-yne 3725-01-5 8-10 3k 38.1  

20-25 3n 15.9  75-77 ( 0 .  22),e mp 72-74" 

Isolated yield. c Lit.&* bp 40" (0.02 mm). 9: 1 ratio. 
Indene 95-13-6 

Q The reaction was carried out under the conditions in run 4 in Table I. 
e Solidified distillate was recrystallized from ethanol. 

H 

I 
H 

4 
obtained by slow addition of 1 (10 mmol) to  a vigorously 
stirred mixture of 51% aqueous potassium hydroxide (50 
ml), benzene (10 ml), and styrene (38.4 mmol) in the 
presence of a catalytic amount (150 mg) of benzyltriethyl- 
ammonium chloride (BTA). The data in Table I shows 
that, as a phase-transfer catalyst, BTA was more effective 
than cetyltrimethylammonium bromide, and, as an organ- 
ic solvent, benzene gave somewhat better results than n- 

hexane. Mechanical stirring was more effective than mag- 
netic stirring. The reactions a t  8-10 and a t  20-25" gave 
similarly good results, but that a t  45" gave a very low 
yield of 4. This is due to some decompositions of the prod- 
uct 4 and to occurrence of some side reactions because 
several unidentified products were detectable on glc anal- 
ysis. The decomposition of 4 was not serious a t  below 25" 
under the reaction conditions. Higher concentration of the 
base gave better results than lower ones. 

Reaction of 2 with Various Olefins. Reactions of 2 
with various olefinic substrates, including mono- and bi- 
cyclic olefins, olefins having alcoholic or ester functions, 
and conjugated olefins, were carried out under the condi- 
tions given a t  run 4 or 5 in Table I. These results are sum- 
marized in Table I1 and Chart I. 
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3a 3b 3c 3d 

3e 3f 3g 3h 3 3i 

3k 31 3m 3n 

Table I11 
Spectral  Data  for Dimethylvinylidenecyclopropane Derivatives 

Ir, cm-1 Ir, cm-1 
Compd (neat) Nmr chemical shift, 6 (CClr) Compd (neat) Nmr chemical shift, 6 (CCla) 

3a 2010, 1450, 1.75 (s, 6H, vMeP*), 1.30 (s, 6 H, C7Me2), 3i 2003, 1658, 4.85 (bd,e 1 H, J = 8.0 Hz, C=CH), 

7 Hz, CsH syn to C=C=C), 2.5-1.4 12 H, vMe2), C=CMe2), 1.26 and 1.15 
(m, 6 H, other H) (each s, 6 H, CJMe2) 

3b 2010, 1445, 1.66 .(s, 6 H, vMe2), 1.30 (s, 2 H, C3Hz), 3j’ 2020, 1635, 3.9-4.8 (AB pattern, m, 3 H, CH=CHz), 
1.8-1.4 (m, 2 H, C1#H, C8hdoH), 1.17 1.70 (s, 6 H, vMe2), 1.45 (s, 2 H, C3H2), 
(s, 3 H, Cv-endoMe), 0.97 (s, 3 H, 895 1.31 (s, 3 H, C2Me) 
CGt.enaMe), 2.4-1.7 (m, 6 H, other H) 3k 3090, 2200, 5.07 (bs, 2 H, C=CH,), 1.85-1.72 (m, 

1.65 (s, 6 H, vMe2), 1.12 (s, 3 H, CB-endo- 9 H, vMe2, C=CMe), 1.66-1.37 (m, 2 H, 
Me), 0.97 (s, 3 H, Cs-exoMe), 0.77 (8,  3 C8H2), 1.40 (s, 3 H, CSMe) 

4.6 Hz, CaH), 2.5-1.2 (m, 6 H, other H)  7.12 (s, 5 H, CGHS), 1.79 (s, 6 H, vMe2), 
1.72 (9, 6 H, vMe,), 0.87 (s, 6 H, C8Me), 1.65 (s, 3 H, C2Me), 1.60 (s, 2 H, C2H2) 

1370, 1030 1.10 (s, 3 H, C2Me), 1.07 (d, 1 H, J = 1448, 1376, 2.05 (d, 1 H, J = 8.0 Hz, C2H),1.64 (s, 
1145, 1065 

1365, 1017 1450, 995, 

3c 2000, 1442, 
1372, 1020 

2010, 1790, 
1610, 1020, 
890 
3060, 3040, 
2010, 1600, 

1362, 1295, 2.3-1.2 (m, 10 H, other H) 1500, 1445, 
1020 1060, 1025, 

3 m  3060, 3030, 

H, C3Me), 0.40 (d, d, 1 H, J = 9.2 and 
31 

3d 2012, 1445, 

3e 2005, 1445 5.63-5.38 (m, 2 H, CH=CH), 1.68 (s, 6 760, 690 
7.25-6.8 (m, 5 H, CsHj), 2.39 (d, 1 H, 

3f 3400, 2030, 3.45 (9, 2 H, CH,OH), 2.09 (bS,‘ 1 H, 2005, 1600, J = 4.5 Hz, G H ) ,  1.75 (5, 6 H, vMez), 
1445, 1380, OH),d 1.71 (s, 6 H, vMe2), 2.30 (s, 3 H, 1495, 1445, 1.7-1.4 (m, 1 H, C3H), 1.34 (d, 3 H, 
1030 C2Me), 1.5-1.12 (m, 2 H, C3H2) 1012, 750, J = 6.0 Hz, C3Me) 

3030, 2010, (each d, 2 H, J = 4.8 and 6.7 Hz, 3n  3060,3010, 7.3-6.8 (m, 4 H, phenyl), 3.3-3.0 (m, 
1600, 1500, 3 H, CIH, CaH?), 2.7-2.4 (m, 1 H, C3H), 
1450, 1100, 1.68 and 1.55 (each s, 6 H, vMe2) 
1035, 970, C3H), 1.79 (s, 6 H, vh‘le2)g 775, 712 
750, 690 

H, vMe2), 2.5-1.7 (m, 10 H, other H)  

3h 3320, 3060, 7.6-6.9 (m, 5 H, C6H,), 4.29 and 3.75 692 

CHzOH), 2.73 (d, 1 H, J = 4.5 Hz, C2H) 
2.4 (bs, 1 H, OH),d 2.35-1.9 (m, 1 H, 

2001, 1600, 
1440, 1100, 

a For 3g, see ref 5a. vMe2 = C=C=CMe3. bs = broad s. Disappeared on shaking with DzO. e bd = broad d. The 
signals due to isomeric 3j’ overlapped a t  6 4.47 and 1.7-1.4. Glc analysis showed a 9:l ratio of 3j:3j’. p In CDC13. 
h Satisfactory elemental analytical data were reported for all compounds in the table. 

Bicyclic monoterpene olefins such as a-pinene, p-pi- 
nene, and A3-carene afforded the corresponding adducts 
3a, 3b, and 3c, respectively, in modest yields, but cam- 
phene gave only a very low yield of the adduct 3d.I0 The 
structures of these adducts were characterized by analyti- 
cal and spectral data (Table III).11 

1,5-Cyclooctadiene afforded the adduct 3e but norbor- 
nene as a strained olefin did not afford any isolable 
amount of the corresponding adduct.12 

Olefinic alcohols such as methallyl alcohol and cinnamyl 
alcohol, and esters like prenol acetate, afforded the ad- 
ducts 3f, 3h, and 3g,5a respectively; the acetate group of 
prenol acetate was hydrolyzed simultaneously to afford 

3g, which is known to be obtained from 1 and prenol with 
ter t -b~toxide.~a 

The reactions with conjugated olefins, especially those 
having phenyl substituents, afforded better yields of the 
adducts. Symmetrically substituted 2,6-dimethyl-2,4-hex- 
adiene afforded the adduct 3i. In the reaction with un- 
symmetrically substituted isoprene, a 9:l mixture of iso- 
meric adducts 3j and 3j’ was obtained as demonstrated by 
glc and nmr analyses. Such a higher reactivity of the 
methyl-substituted double bond of isoprene is well known 
for dihalocarbenes and acyl- and ~arbeth0xycarbenes.l~ 
2,5-Dimethylhexa-1,5-dien-3-yne as an olefinic substrate 

conjugated with a triple bond afforded an adduct 3k to 
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the end methylene group e x c l ~ s i v e l y . ~ ~  Diphenylacetylene 
as an acetylenic substrate did not afford any adduct, indi- 
cating considerably lower reactivity of 2 to the triple 
bond. 

Styrene derivatives such as a-methyl- and p-methyl- 
styrenes afforded the adducts 31 and 3m in moderate 
yields but indene as a cyclic substrate gave only a low 
yield of 3n.I5 

Reactions with some other conjugated olefins such as 
cycloheptatriene and 4-vinylpyridine were also examined; 
however, no isolable amounts of the corresponding ad- 
ducts were obtained. 

Experimental Section16 
Materials. 3-Chloro-3-methyl-1-butyne ( 1 )  was prepared by the  

repor ted method. l7  P reno l  acetate (3-methy lbut -2-eny l  acetate) 
was prepared by t h e  m e t h o d  o f  H a l s a l l  a n d  Hands,18 bp 55-56" 
(40 m m ) .  Al l  o ther  o le f in ic  substrates were commerc ia l ly  avai l -  
able a n d  used af ter  d is t i l la t ion.  

General Procedure for Phase-Transfer Catalyzed Synthesis 
of Dimethylvinylidenecyclopropane Derivatives. In a lOO-ml, 
three-necked f lask f i t t e d  wi th a d ropp ing  funne l  a n d  a mechani -  
ca l  st irrer, a m i x t u r e  o f  51% (w/w)  aqueous potass ium hydrox ide9 
(50 ml). benzene (4 m l ) ,  BTA (150 mg, 0.66 mmol ) ,  and a n  ap -  
propr ia te o le f i n  (30 m m o l )  was vigorously s t i r red for  0.5 hr a t  ca. 
25" under  nitrogen. W h i l e  s t i r r ing was continued, 3-chloro-3- 
me thy l -1 -bu tyne  (1, 1.03 g, 10.0 m m o l )  in benzene (6  m l )  was 
added slowly t o  t h e  m i x t u r e  over 2.5 hr. A f te r  t he  add i t i on  was 
completed, t he  m i x t u r e  was s t i r red for  a fu r the r  10-13 hr a t  20- 
25". T h e  m i x t u r e  was d i l u t e d  w i t h  water  (200 m l )  a n d  ext racted 
w i t h  n-hexane or ether (4 X 30 m l ) .  T h e  combined extracts were 
d r ied  (NaZS04)  a n d  evaporated t o  af ford crude adduct ,  w h i c h  
was pu r i f i ed  by d is t i l l a t i on  under  reduced pressure. T h e  yields, 
bo i l i ng  points ,  a n d  TZD o f  t h e  products  3a-n are summar ized in 
Tab le  11. Spectra l  a n d  ana ly t i ca l  d a t a  are g iven in T a b l e  111. 
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