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REGIOSELECTIVE REACTION OF ALKYL DIAZOACETATES 

WITH TRIMETHYLSILYLISOPROPENYLACETYLENE AND 

CHEMICAL CONVERSIONS OF THE RESULTING ESTERS OF 

TRIME THY LSILYLE THYNYLME THYLCYC LOPROPANE- 

CARBOXYLIC ACID 

E. A. Shapiro, G. V. Lun'kova, UDC 542.91:547.467.2:547.1'128:547.512 
I. E. Dolgii, and O. M. Nefedov 

The reac t ion  of alkyl d iazoace ta tes  (ADA) with conjugated enynes with an internal  t r ip le  bond p roceeds  
r eg iose l ec t ive ly  both with r e s pec t  to the t r ip le  and the double bond [1]. The reac t ion  of ADA with enynes with 
a t e r mina l  t r ip le  bond such as i sopropenylace ty lene  (I) affords only p y r a z o l e s ,  the products  of 1 , 3 - d i p o l a r  
addition to the C =- C bond [2]. It  was t he re fo re  of obvious in te res t  to develop a method of synthes is  f r o m  t e r -  
minal  enynes of e thynylcyc lopropanecarboxyla te  e s t e r s ,  which could be of value as insect ic ides  and drugs  [3]. 

Since the introduction of the t r i a lky l s i ly l  subst i tuent  subs tant ia l ly  reduces  the r eac t iv i ty  of the t r ip le  
bond in reac t ions  with ADA [4], it would be expected that s i m i l a r  deact iva t ion  of the t r ip le  bond in conjugated 
enynes would d i r e c t  the a t tack  of ADA on the double bond to f o r m  the cyc lopropane  adduct, f r o m  which the 
MeaSi group could be r emoved  by alkaline hydrolys  is of the S t - C  bond [5]. 

It has been found that r eac t ion  of ADA in the p r e sence  of CuSO 4 at 100-110~ with an excess  of t r i m e t h y l -  
s i ly l i sopropenylace ty lene  (II), obtained in 68% yield by the s i ly la t ion of (I), affords the alkyl  e s t e r s  of the i so-  
m e r i c  2 -me thy l -2 - t r ime thy l s i l y l e thyny lcyc lop ropaneca rboxy l i c  acid d id  in yields up to 80%. Products  of the 
addition of a lkoxycarbonylcarbenes  to the t r ip le  bond, or  dtadducts of the ca rbenes  to the double and t r ip le  
bonds,  were  not found, enabling a threefold  excess  of the enyne (II) to be employed.  

II2C:C(Me)C--~GH 
(i) 

1. EtMgBr 
2. M%SiC1 COOPt b ~OOR 

H2C_~_C(Me)C=__CSiMea NeCHCOOR/CuSO4~, - H - ~  Ie H~C~---CSiM% 
(II)  - ~  " + 

H H C~-~-CSiMea tt H Me 

trans- (III) cis- (III) 
t/ = Me(a), Et(b), 

Thus, the introduction of the MeaSi group reduces the reactivity of the triple bond in the enyne to such 
an extent as to enable the ADA to react selectively under the usual conditions with enynes exclusively at the 
double bond. 

N. D. Zel inski i  Inst i tute  of Organic C h e m i s t r y ,  Academy of Sciences of the USSR, Moscow. T r a n s -  
lated f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 6, pp. 1316-1319, June ,  1981. Or i -  
ginal a r t i c l e  submit ted  August 20, 1980. 
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Hydrolysis  of the es te rs  (III) with aqueous-alcoholic KOH is highly temperature-dependent .  A t - 5  ~ and 
below, only the MeaSi group is removed to give an overall  yield of 72% of a mixture of the methyl es ters  of 
t r a n s -  and c i s -2-methy i -2-e thynylcyc lopropanecarboxyl ic  acids (IV), which were separated by TLC and identi- 
fied by their  IR, PMR, and mass spect ra .  At 70-80 ~ f ission of the MeaSi group is accompanied by hydrolysis  
of the e s t e r  group, affording a mixture of i somer ic  acids (V) in an overal l  yield of 62%. 

(iIIa) 

C00Me COOMe KOH, b C00t{ C001{ 

I ~ C H  l-1 H Me ~ C H  H H Me 

trans-(IV) cis- (IV) trans _ (V) cis- (-~) 

Thus, this method enables the acids (V) to be obtained f rom the enyne (I) in an overal l  yield of 35-40%, 
and can obviously be regarded as a general  method for the synthesis of e thynylcyclopropanecarboxylic  acids 
f rom enynes possess ing a terminal  t r iple bond. 

We have also examined the react ion of ADA with the es te rs  (III). It is known that despite the reduced 
react iv i ty  of the tr iple bond consequent upon substitution with Me3Si, silylated acetylenes react  with ADA to 
form es te r s  of s i ly lcyc lopropene-3-carboxyl ic  acids,  which are  readi ly desilylated with alkalis [4]. We have 
also succeeded in alkoxycarbonylmethylenating the tr iple bond in (III) by react ion with a threefold excess of 
ADA in the presence  of CuSO a at 110-120 ~ to give the d ies te rs  (VI) in yields of up to 30% and 70-80% conver -  
sion of the es te r s  (III). 

. H ~ M b  CO0R //~NOR *H~l~b CO0R COO/ 
N2CHCOOR/Cu804 ) K01L MeOH 

(III) _N a e ' I~ Id I e t~ d SiMe3 ~176 H e ----~ 

(vi) (vii) 

<2% %2 
(VIII) (IX) 

R = Me(a), Et(b). 

Trea tment  of the silylated d ies te rs  (VI) with aqueous-alcoholic KOH at 0 ~ resul ted,  as would be expected 
[4], in removal  of the Me3Si group to fo rm the unstable d ies te rs  (VII), which polymerize  under the react ion 
conditions. Reliable spectra l  proof of the formation of the d ies te rs  (VII) is the presence  of a signal in the 
PMR spect ra  of chloroform extracts  of the react ion mixture with 5 6.3 ppm which disappears  on keeping the 
sample,  due to the H e atom on the multiple bond of the cyclopropene ring. 

Separation of the labile d ies te rs  (VII) was effected as the adducts with cyclopentadiene (CPD). T rea t -  
ment with an excess of CPD of a toluene solution of (VIIa), obtained by extract ion of the hydrolysis  products 
of (Via), gave the methyl e s t e r  of 2 - (1-methyl -2-methoxycarbonylcyc lopropyl ) - t r icyc lo[3 .  2.1.  02, 4] octL6-ene- 
3-carboxyl ic  acid (VIIIa) in a yield of 70% calculated on e s t e r  (Via). The d ies te r  (VIIIb) was s imi la r ly  ob- 
tained in 60% yield. Hydrolysis  of the d ies te r  (VIIIa) with aqueous-alcoholic KOH gave the acid (IX) in 52% 
yield. 

The silylated d ies te r  (vib) did not reac t  with CPD even on prolonged boiling in xylene, in agreement  
with the previously  observed behavior  of s imi la r  e s t e r s  in this react ion [6]. 

E X P E R I M E N T A L  

GLC analyses were carried out on an LKhM-SMD instrument with a katharometer, on 2 m x 2 mm 

columns with 15% Reoplex on Chromaton N-AW-DMCS, carrier gas helium, 30 ml/min. The PMR spectra 

of solutions in CHCI 3 and CCI 4 were obtained on a Tesla BS-497 instrument (i00 MHz, internal standard TMS). 

The IR spectra were obtained on a UR-10 instrument, and mass spectra on a Varian MAT CH-6 instrument. 

Separation of pure compounds was achieved by preparative TLC (PTLC) on silica gel, eluenthexane-benzene- 

ether in a volume ratio of 4:2:1. 

The alkyl diazoacetates (ADA) were obtained as described in [7]. Isopropenylacetylene was prepared 

by the dehydration of dimethylethynylcarbinol according to [8]. 
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Trimethylsilylisopropenylacetylene (II). To a solution of EtMgBr (from 1 g-atom of Mg and 1 mole of 
EtBr) in 0.7 liter of absolute ether was added 0.6 mole of (1); the mixture boiled for 3 h, i mole of ]VIe3SiCI 
added over 1 h, and boiling continued for 6 h. The mixture was decomposed with a saturated solution of NH4CI, 

and extracted with ether. The extracts were washed with water, 5% NaHCO3, and a saturated solution of NaCl, 

dried over anhydrous Na2SO4, and evaporated to give 56.6 g (68%) of (If), bp 61 ~ (58 ram), n~ 1.4440. IR spec- 
trum (u, cm-i): 2150 (C =-C). PMR spectrum (in CHCI3, 5, ppm): 0.39 s (9H), 2.08 s (3H), 5.5 dd (2H). 

Methyl and Ethyl Esters of 2-Methyl-2-trimethylsilylethynylcyclopropanecarboxylie Acid (Ilia and b). 

To a suspension of 0.01 g of anhydrous CuSO 4 in 40 g of (II) heated to 105 ~ was added over 7 h a mixture of Ii 
g (0.ii mole) of methyl diazoacetate (MDA) and 9 g of (If) [total amount of (II) 49 g (0.36 rnole)]. Heating was 
continued for 0.5 h, until evolution of N 2 had ceased, unreacted (If) was distilled off, and the residue distilled 
to give 18.3 g (80%) of a mixture of isomeric (Ilia), bp 91 ~ (7 ram), n~ 1.4615, d~ ~ 0.9344. IR spectrum (u, 
era-l): 1735 (C ~O)~ 2170 (C-~ C). PMR spectrum (in CHCI3, 5, ppm): 3.64 s (OCH3), 1.97 dd (H a cf the trans 
isomer), 1.5-i .7 (H a and H b of the cis isomer), 1.3 s (CI-I3), 1.07-i .3 (H b and H c of the trans isomer), 0.95 m 

(H c of the cis isomer), 0.05 s [Si(CH3)~]. Mol. wt. 210 (mass spectrometric). The trans-cis isomer ratio was 
1.15:1 (GLC, 160~ 

There was obtained similarly a mixture of the trans and cis isomers of (IIIb) in a ratio of 1.15:1 (GLC, 
160~ yield75%, bp 97-100 ~ (6ram), n~1.4600. IR spectrum (v, cm -i) : 1735 (C =O), 2170 (C - C). PMR spectrum (in 
CHCI3, 5, ppm): 4.1 q (OCH2) , 1.95 dd (H a of the trans isomer), 1.5-1.7 (Ha and H b of the cis isomer), 1.3 s 
(CH3) , 1.20 (CH3CH20), 1.07-1.3 (H b and H c of the trans isomer), 0.95 m (H c of the cis isomer), 0.05 s [Si- 

(cga)3]. 

Methyl Ester of 2-Methyl-2-ethynylcyclopropanecarboxylic Acid (IV). To a cooled solution (-40 ~ of i g 
(0.018 mole) of KOH in 24 ml of MeOH was added over i0 rain 4.2 g (0.02 mole) of (Ilia). The mixture was 
warmed to -5 ~ and kept at this temperature for 5 h until the reaction was complete, the progress of the re- 
action being followed by GLC at 160 ~ The mixture was neutralized with 5% sulfuric acid, diluted with 50 ml 
of water, and extracted with ether following saturation of the aqueous layer with NaCI. Yield 2 g (72%) of a 
mixture of the trans and cis isomers of (IV), bp 70-75 ~ (33 mm), from which the pure isomers were isolated 
by PTLC. 

tPans-(IV) .  IR s p e c t r u m  (v, cm-1): 1730 ( C = O ) ,  2125 ( C -  C), 3315 ( = C - H ) .  PMR s p e c t r u m  (in CHCI3, 
5, ppm): 3.64 s (CH30), 2.05 dd (Ha), 1.93 s (C ECH),  1.39 s (CH3), 1.1-1.3 (H b + HC). Mol. wt. 138 (mass  
s p e c t r o m e t r i c ) .  

c is-(IV).  IR s p e c t r u m  (v, cm-1): 1730 ( C = O ) ,  2125 ( C - C ) ,  3315 ( = C - H ) .  PM1R s p e c t r u m  (in CHCI3, 
5, ppm): 3.65 s (CH30), 1.96 s (C---CH), 1.70 dd (Ha), 1.53 dd (Hb), 1.33 s (CH3), 1.01 dd (HC). Mol. wt. 138 
(mass  s p e c t r o m e t r i c ) .  

2 -Methy l -2 -e thyny lcyc lopropaneca rboxy l i c  Acid (V). To a solution of 8 g (0.14 mole) of KOI-I in 40 ml  
of methanol  was added 1.21 g (0.058 mole) of (IV), boiled f o r  8 h, and evapora ted  to d rynes s .  The res idue  was 
dissolved in wa te r ,  washed with e ther ,  acidified with 5% sulfur ic  acid,  and ext rac ted  with e ther  a f t e r  s a t u r a -  
tion of the aqueous l aye r  with NaCI. Yield 4,45 g (62%) of (V), bp 100-105 ~ (7 ram),  mp 47-48 ~ IR s p e c t r u m  
(KBr, v, cm- i ) :  1700 ( C = O ) ,  2125 ( C ~ C ) ,  3000 b r  (OH), 3290 ( - C - H ) .  PMR s p e c t r u m  (in CHC13, 5, ppm): 
11.0 s (OH), 2.00 and 1.92 s ( C - C H  of the t rans  and cis i s o m e r s ) ,  1.43 and 1.37 s (CH3 of both i s o m e r s ) .  Mol. 
wt. 124 (mass  spec t rom e t r i c ) .  

Methyl and Ethyl E s t e r s  of 1 - (1 -Me thy l -2 - a lkoxyca rbony lcyc lop ropy l ) -2 - t r ime thy l s i l y l cyc lop ropene -3 -  
carboxylie Acids (Via and b). To a suspension of 0.02 g (0.2 mmole) of anhyd. CuSO 4 in 25.4 g (0.12 mole) of 
(IIIa) heated to 115 ~ was added over 18 h a solution of 25 g (0.25 mole) of MDA in 20 ml of toluene, and the 
mixture kept for 30 rain until evolution of N 2 had ceased. The toluene was removed and the residue distilled 
to give 10.4 g (31%) of isomeric (Via), bp i01-i04 ~ (2 mm), n~ 1.4772. IR spectrum (u, cm-i): 1730 (C =O), 
1825 (C =C). PMII spectrum (in CHCI3, 5, ppm): 3.48-3.66 group of singlets (OCH3) , 1.9 s (Hd), 1.42 and 
1.36 s (CH3, two isomers), 1.0-2.1 m (H a, H b, and HC), 0.I s [Si(CH3)3]. Mol. wt. 292 (mass spectrometric). 

Similarly was obtained (VIb), yield 30%, bp ii0-i13 ~ (3 ram). IR spectrum (u, era-i): 1725 (C=O), 1825 
(C = C). PMR spectrum (in CHCI3, 5, ppm): 3.95 m (CH20 on the trans and cis isomers), 1.9 s (Hd), 1.40 and 
1.32 s (CH 3 of the trans and cis isomers). Mol. wt. 310 (mass spectrometric). 

_Methyl Ester of l-(l-Methyl-2-methoxYcarbonylcyelopropyl_~j)cyelopr_0opene:3-carboxylic Acid .(VKa)__:. To 
a cooled solution (0 ~ of 0.04mole of KOH in 4 ml of methanol was added over 5 rain 0.04 mole of (Via). The 
mixture was kept for 2 h at 0 ~ neutralized at 0 ~ with 5% sulfuric acid, and extracted with chloroform (2 • 5 ml). 
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The extracts  were dried over MgSO 4 and their  PMR spect ra  obtained (6, ppm): 6.3 t (He), 2.06 t (Hd), 1.40 
and 1.36 s (CH 3, t rans  and cis i somers) ;  Jab ~ 2.5 Hz. 

Methyl and Ethyl Es t e r s  of 2 - (1 -Methyl-2 -alkoxycarbonylcyclopropyl)  t r icyc lo  [3,2,1,02,  4 ] oct-6 - erie -3 - 
carboxylic Acids (VIIIa and b). 0.004 mole of (Via) was hydrolyzed as descr ibed above, and extracted with 
toluene (2 x 5 ml). The extracts  were combined, dried over  MgSO4, t reated with 0.4 g (0.06 mole) of f reshly  
distilled CPD, and kept at 20 ~ for a further i0 h, the course of the reaction being followed by TLC. Follow- 
ing disappearance of the spot with Rf 0.17 corresponding to th e cyclopropene (Via), the mixture was evaporated 
in vacuo, and the residue (1.02 g) subjected to PTLC to give 0.75 g [70% calculated on (Vla)] of (Villa) as a 
colorless, viscous oil. IR spectrum (u, cm-1): 1660 (C =C), 1730 (C =O). PMR spectrum (in CHCI3, 5, ppm): 
5.88 m (HC =CH), 3.4-3.7 (group of singlets, OCH3). The mass spectrum of (VIIIa) showed the ion (M-CH3OH), 
which is characteristic of the breakdown of the methyl esters of cyclopropanecarboxylic acids [9]. 

Similarly was obtained (VIIIb) in a yield of 60%, calculated on (VIb). IR spectrum (v, cm-1): 1620 (C =C), 
1725 (C=O). PMR spectrum (in CC14, 5, ppm): 5.88 m (HC=CH), 4.05 m (OCH2), 1.24 m (OCH2CH3). 

2-(l-Methyl-2-carboxycyclopropyl)tricyclo[3.2. i. 02'4]oct-6-enecarboxylic Acid (IX). To a solution of 
0.45 g (8 mmole) of KOH in 0.5 ml of water and 3 ml of methanol was added a solution of 0.95 g (3.4 mmole) of 
(Villa) in 1 ml of methanol. The mixture was heated for 5.5 h at 70 ~ evaporated to dryness, and the residue 
dissolved in 5 ml of water and washed with ether. The aqueous layer was acidified under a layer of ether with 
5% sulfuric acid and extracted with ether following saturation of the aqueous layer with NaC1 to give 0.44 g 
(52%) of (IX), mp 55-58 ~ . 1R spec t rum (v, cm-t) :  1680 (C=C) ,  1700 and 1730 (C=O).  PMR spec t rum (in CC14, 
5, ppm): 11.93 s (OH), 5.88 m (HC =CH).  The mass spec t rum of (VIIIc) showed the presence  of the ( M - H 2 0 )  
ion. 

C ONC L U S I O N S  

1. Thermocata lyt ic  react ion of alkyl diazoacetates  with an excess of t r imethyls i ly l isopropenylacetylene 
in the presence  of CuSO 4 at 100-110 ~ proceeds regioselect ively  at the double bond only, with the formation of 
es te r s  of 2- t r imethyls i ly le thynyl -2-methylcyc lopropanecarboxyl ic  acid, hydrolys is  of which with aqueous-a l -  
coholic KOH affords,  according to the t empera tu re ,  2-methyl -2-e thynylcyclopropanecarboxyl ic  acid (above 70~ 
or  its es te r s  (below - 5 ~ in an overal l  yield of up to 40%, calculated on isopropenylacetylene.  This use of a 
silyl protect ing group may be regarded as a general  method for  the synthesis  of e thynylcyclopropanecarboxylic  
acids f rom enynes with terminal  t r iple bonds. 

2. Es te r s  of 2- t r imethyls i ly le thynyl -2-methylcyc lopropanecarboxyl ic  acid reac t  in the presence  of Cu- 
SO4 at 110-115 ~ with an excess of alkyl diazoacetates  at the tr iple bond with the format ion of alkyl es te rs  of 1-  
(1 -methyl -2-a lkoxycarbonylcyc lopropyl )cyc lopropene-3-carboxyl ic  acids in yields of up to 30%. These are  
hydrolyzed by alkali to the unstable es te r s  of 1 - (1 -methy l -2 -a lkoxycarbonylcyc lopropyl )cyc lopropene-3-carbox-  
ylic acids ,  isolated as their  adducts with cyclopentadiene. 
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