
This article was downloaded by: [Carnegie Mellon University]
On: 05 November 2014, At: 21:51
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Site and Stereoselectivity
of the Cyclopropanation
of Unsymmetrically
Substituted 1,3-Dienes by the
Simmonssmith Reaction.
Mário César Guerreiro a & Ulf Schuchardt a
a Instituto de Química, Universidade Estadual de
Campinas , Cx. P. 6154, 13083-970, Campinas, SP,
Brazil
Published online: 21 Aug 2006.

To cite this article: Mário César Guerreiro & Ulf Schuchardt (1996) Site and
Stereoselectivity of the Cyclopropanation of Unsymmetrically Substituted 1,3-Dienes
by the Simmonssmith Reaction. , Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic Chemistry, 26:9, 1793-1800, DOI:
10.1080/00397919608002620

To link to this article:  http://dx.doi.org/10.1080/00397919608002620

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919608002620
http://dx.doi.org/10.1080/00397919608002620


expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

C
ar

ne
gi

e 
M

el
lo

n 
U

ni
ve

rs
ity

] 
at

 2
1:

51
 0

5 
N

ov
em

be
r 

20
14

 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 26(9), 1793-1800 (19%) 

SITE AND STEREOSELECTIVITY OF THE CYCLOPROPANATION OF 
UNSYMMETRICALLY SUBSTITUTED 1,3-DIENES BY THE SIMMONS- 

SMITH REACTION.+ 

t 

Mario Cesar Guerreiro and Ulf Schuchardt 

lnstituto de Quimica, Universidade Estadual de Campinas, Cx. P. 61 54. 
13083-970 - Campinas, SP, Brazil. 

Abstract: In the Simmons-Smith reaction, 1,3-dienes are preferentially 
cyclopropanated at the more electron-rich double bond to afford the trans- 
vinylcyclopropane; an allylic hydroxyl group increases the reactivity and 
directs the cyclopropanation to the adjacent double bond. 

The cyclopropanation of olefins, first described by Simmons and Smith,’ is 

a useful and well studied reaction. Several years ago we reported that the 

copper salt, used as an activator for the zinc in the Simmons-Smith 

reaction, acts as a catalyst for carbene transfer from the organozinc 

compound to the olefin.’ Not much is known, however, about the 

cyclopropanation of 1,3-dienes by the Simmons-Smith rea~t ion.~.~ Even 

less is known about the siteselectivity of the cyclopropanation of 

* To whom correspondence should be addressed. 

+ Part of the results was presented at the XVlth International Conference 
on Organometallic Chemistry, Brighton, July 1994, abstract P228. 
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1794 GUERREIRO AND SCHUCHARDT 

unsymmetrically substituted 1,3-diene~.~-'* We wish to report here our 

results on the cyclopropanation of symmetrically and unsymmetrically 

substituted 1,3-dienes. 

Results: The dienes la-d are much less reactive than substituted 

monoenes' needing higher temperatures and longer reaction times to be 

cyclopropanated. Also, the reaction mixtures were pressurized, and the 

yield of 3b improves from 9% to 11% (k0.5) when the pressure is 

increased from 1 to 150 bar.13 Even so, the yields of cyclopropanation 

products are low (Table 1). 

Vinylcyclopropane 3a is obtained in only 12% from l a .  The diene 

1 b is more reactive but readily suffers dicyclopropanation giving 

tetramethyldicyclopropane 5b in 9% yield, The carboxymethyl dienes Ic-d 

give similar high conversions but the cyclopropanation yields are even 

lower. Trans 3d is only formed with 4% yield. Trans-3c, cis-3c and frans- 
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UNSYMMETRICALLY SUBSTITUTED 1 -3-DIENES 1795 

Table 1 

Yields of products obtained in the on of la-e with 2 at 150 bar, 8OoC, for 96 h. 
Conv. Yield (%) 

( % l a  trans-3 cis-3 trans4 5 
a H H H  H 68 12 2 
b CH3 CH CH3 CH3 70 11 9 

c CH3 H H C02Me 70 5 1 1 
d C02Me H H C02Me 80 4 
e CH3 H H CH20H 8gb -- __  

1 R1 R2 R3 R4 o f 1  

3 
_ _  

_ _  _- _ _  
18 -- 

a) Conv. of I (YO): percentage of I consumed during the reaction (conversion). 

b) reaction performed under reflux in Et,O for 17 h. 

Table 2 

Chemical shifts for the 3c isomers and 4c 

Comp.\H Ha Hb H c  Hd H e  Hf HLl Hh 

trans-3c 5,75(d) 6,40(dd) I ,20(m) 0,95(m) 1,05(m) 0,75(m) 0,65(ddd) 3,65(s) 

cis-3c 5,85(d) 6,65(dd) 1,55(m) 1,20(m) 1,05(m) 1,05(m) 0,40(ddd) 3,65(s) 

4c 5,50(m) 4,95(m) 1,30(rn) 1,80(m) 1,55(dd) 1,70(m) 0,70(m) 3,65(s) 

trans-3c cis-3c 4c 

4c are obtained with an overall yield of 7%. The different isomers were 

identified by homonuclear correlation spectroscopy (’H-’H). The 

attribution of the proton signals is shown in Table 2. The preferential 

formation of frans-3c shows that the E configuration of I c  is mostly 

maintained and that the more electron-rich double bond is more easily 

cyclopropanated. 
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17% GUERREIRO AND SCHUCHARDT 

Diene l e  is much more reactive than la-d. When reacted with 2 

under the same conditions used before, the products are totally 

carbonized. We, therefore, used the same conditions found convenient for 

the cyclopropanation of allylic alcohol.’ Under these mild conditions 89% 

of l e  is converted giving one single product. This product was isolated by 

fractionated distillation and identified by ’H NMR spectroscopy to be 

frans-4e. As this compound was slightly contaminated with l e ,  the 

identification was confirmed by homonuclear correlation spectroscopy 

(’H-’H). Coupling of the olefinic protons with the methyl group in trans-4e 

clearly shows that the other double bond has been cyclopropanated. In a 

NOE experiment the HOCH,- protons were irradiated. No significative 

increase of the olefinic protons confirms the trans configuration of 4e. In 

order to explain the good reactivity of l e  compared to la-d and the high 

site- and stereoselectivity of the cyclopropanation, we propose an 

intermediate complex 6 in which the methylene and l e  are coordinated to 

copper(1). 

I 
4e I 6 

Experimental: Butadiene l a  (Petroquimica Uniao, 99.5%), 2,5-dimethyl- 

2,4-hexadiene 1 b (Aldrich, >95%), methyl €,€-2,4-hexadienoate I c  (Ega 
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UNSYMMETRICALLY SUBSTITUTED I .3-DIENES 1797 

Chemie, 99.5%), dimethyl €,€-muconate I d  (Aldrich, 98 %) €,€-2,4- 

hexadien-1-01 l e  ( Aldrich, > 98%), diiodomethane 2 (Aldrich, >99%), Zinc 

dust (H-Herzog, >99%), cuprous chloride (Merck, ~ 9 9 % )  were used as 

purchased. Diethyl ether (Et20) was dried with sodium-potassium alloy 

and distilled immediately before use. 

The reactions were performed in a 90 mL glass-lined stainless steel 

autoclave with magnetic stirring. The autoclave was charged with 6.37g 

(0.0975 mol) of zinc dust and 0.95g (0.0096 mot) of cuprous chloride, 

closed and evacuated at 4OoC for 3 h in order to dry the reagents. It was 

then purged with argon, opened to add 25 mL of dry Et20, closed and 

heated to 4OoC for another 30 min. After opening 0.0196 mol of la-d and 

6.989 (0.0261 mol) of 2 were added. It was then pressurized with argon to 

150 bar and reacted under magnetic stirring at 8OoC for 96 h. 

Cyclooctadiene (0.5 g, weighed with precision of 0.0001 g) was 

added as internal standard to the reaction mixture, which was then 

centrifuged at 2,500 rpm for 20 min. The liquid phase was removed and 

the solids washed with two portions of Et20 (10 mL each) using 

centrifugation. The combined liquid phases were washed with three 

portion of a saturated solution of ammonium chloride (20 mL each) and 

three portions of distilled water (20 mL each). The Et,O solution was dried 

with anhydrous magnesium sulphate, filtered and concentrated for gas 

chromatographic analysis. The reaction products were identified by 
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1798 GUERREIRO AND SCHUCHARDT 

GUMS analysis, using a HP5890 gas chromatograph equipped with a 

25mx0.2mmx0.33pm HP ultra 1 column and coupled to a HP 5970B mass 

detector. All compounds, with exception of 4e were quantified by gas 

chromatography using a Siemens Sinchromat 1 gas chromatograph 

equipped with a 12mx0.2mmx0.33pm HP ultra 1 column coupled to a FID. 

Calibrations curves were constructed for the compounds la-d and used to 

quantify the products. 

The reaction of l e  was performed under reflux in EtzO, using twice 

the quantities of reagents and the same preparation procedure of the 

couple described above. However, the diiodomethane was added 

dropwise to the reaction mixture during 2 h and the reaction was 

continued for another 15 h. After evaporation of Et20 at normal pressure, 

product 4e was isolated by distillation in a microdistillation apparatus 

through a 12 cm Vigreux column at reduced pressure (12 mmHg). Yield of 

4e: 0.79 g (18%), b.p. 91-92 OW12 mmHg, found: 74.8% C, 10.7% H 

(Calc: 75.0% C, 10.7 H), MS: m/Z 112(15%), 94(13%), 81(100%), 

79(89%), 68(75%), 67(90%), 53(65%), 'H NMR (300 MHz, CDCI,): 6 5.50 

(ddq, J = 15.22, 6.50, 0.67 Hz, 1 H, CH3CH=), 5.03 (ddq, J = 15.22, 8.29, 

1.59 Hz, I H ,  -CH-CH=), 1.25 (ddm, J = 8.29, 0.67 Hz, 1 H, C=CH-CH-), 

1.07 (b d, J = 8.20 Hz, 1 H, HOCHZCH-), 1.62 (dd, J = 6.50, 1.59 Hz, 3 H, 

C=CH-CH,), 0.54-0.62 (m, 2 H, -CH-CH,-CH) 3.50 (d, J = 8.20 Hz, 2 H, 

HOCHZ-) 1.85 (s, 1 H, -CHZOH). 
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