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Synthesis of polycyclic cyelopropanecarboxylic acids and their esters 
based on catalytic cyclopropanation of 6,6-dimethylfuivene 

Yu. V. Tomilov,* N. M. Tsvetkova, and O. M. Nefedov* 

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 
47 Leninsky prosp., 117913 Moscow, Russian Federation. 

Fax: 007 (095) 135 5328. E-mail: tom@cacr.ioc.ac.na 

Reactions of 6,6-dimethylfutvene with methyl diazoacetate in the presence of Cu 
compounds is accompanied by methoxycarbonylmethylenation of the endocyclic double 
bonds to give the corresponding mono- and diadducts in total yields of up to  85% with 
marked predominance of anti-isomers. The subsequent cyclopropanation of monoadduets 
with diazomethane in the presence of Pd compounds also involves the endocyclic double 
bond and gives esters of tricyclo[4.1.0.02,alheptanecarboxytic acid in high yields. 

Key words: diazomethane, diazoesters, cyclopropanation, esters of bicyclo[3.1.0lhex- 
2-ene-6- and tricyclo[4.1.0.02,4lheptane-3-carboxylic acids 

(p,]3-Dimethylvinyl)cyclopropanecarboxylic acid de- 
rivatives are of  considerable interest, because this moiety 
is incorporated into some natural and synthetic pyre- 
throids. I,z In the present work, we studied successive 
catalytic cyclopropanat ion of 6,6-dimethylfulvene (1) 
with methyl diazoacetate  (MDA) and diazomethane to 
give derivatives of  bi- and tricycloalkanecarboxytic acids 
in which the cyclopropanecarboxylic  acid fragment is 
timed with a f ive-membered carbocyclic ring. 

Fulvene 1 is known 3 to be a good indicator of  the 
philicity of carbenes: electrophilic carbenes, for ex- 
ample, :CCI,,  add to its endocyelic double bonds, while 
nt,cleophilic carbenes, for example, :C(OMe) 2, add to 
the exocyclic double bonds. However, reactions of 1 
with diazoacetates in the presence of dediazotization 
catalysts have not been reported. The reaction of  the 
closest analog of 1, gem-dimethylbenzofulvene, with 
ethoxycarbonylcarbene generated by the decomposition 
of ethyl diazoacetate in the presence of Rh2(OAc) 4 
results in a mixture of regioisomers in which the product 
of cyclopropanation of  the endocyclic double bond pre- 
dominates (~4:1). 4 It should be noted that selective 
ethoxycarbonylmethylenat ion of the exocyclic double 
bond occurs when c o m p o u n d  1 reacts with ethyl 
(dimethylsulfuranylidene)acetate:  however, this reaction 
obeys second-order  kinetics and does not involve inter- 
mediate formation of a carbene. 5 

We found that the slow addition of  MDA to a boiling 
solution of 'a  2 - 3 - f o l d  molar  excess of 1 in CH2C12 in 
the p r e s e n c e o f - 0 . 2  tool.% Cu(acac) 2or(PhO)3P-CuCI 
results in intense decomposi t ion of MDA accompanied 
by the addi t ion of  methoxycarbonytcarbene to the 
endocyclic double bonds in 1. This yields methyl anti- 
4-( t -methy le thy l idene)b icyc to [  3 .1 .0]hex-2-ene-6-car-  

boxylate (anti-2) as the m a j o r  reaction product (up to 
68%). This product was i s o l a t e d  in a pure state by 
vacuum distillation and p repa ra t ive  TLC. In addition, 
syn-2 (yield -8%) and i s o m e r i c  dimethyl anti, anti- and 
anti,syn-5-( I -methy le thy l ide  ne)tr icyclo[  4.1.0.02,4]hep- 
tane-3,7-dicarboxylates (3) (overal l  yield ~7.5%) were 
obtained as minor products. 

Me Me 

+ N2CHCOOM e PhO 3P.CuC~ 
CH2a2, 45~0 

1 

~ 2 . 5  : 1 

M e  Me M e  M e  

e 

anti-2. 67% syn-2,  8% 

Me Me M e  M e  

O o c ~ C O  0 ~ O O M e  

e MeOOC 

anti, anti-3, 6% anti, syn-3, ~ 1.5% 

The proportions of d imethyl  maleate and dimethyl fu- 
marate in the reaction m i x t u  re did not exceed 3%, and 
the products of cyc lopropana t ion  of the exocyclic double 
bond of 1 were not detected in the distilled fractions at 
all. 
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The use of 0.1-0.5 tool.% Rh2(OAc) 4 at 20~ as the 
catalyst is tess effective than the use of copper com- 
pounds; ill addition, in this case, the selectivity of the 
process also markedly decreases, which is apparently 
due to side transformations of the dimethylfulvene itself 
under the action of the Rh catalyst. 

The structures of bicyclic esters 2 and tricyclic esters 
3 were determined from their IH and I~C NMR spec- 
tra; the configurations of the methoxycarbonyl groups 
were fotmd taking into account the multiplicities of the 
signals corresponding to the methine protons in the 
cyclopropane rings; vicinal spin-spin coupling constants 
were 6 -8  Hz for cis-protons and 2.4-3.2 Hz for trans- 
protons. 

The subsequent cyclopropanation of monoester 2 
was carried out by the procedure that we described 
previously. 6 This procedure involves simultaneous gen- 
eration and catalytic decomposition of diazomethane in 
the presence of Pd(acac):. For this purpose, N-nitroso- 
N-methylurea (NMU) was slowly added to a stirred 
mixture of 45% aqueous KOH, olefin 2, a catalyst, and 
an organic solvent at an NMU : 2 : Pd(acac)~ molar 
ratio of 2.5:t:0_003. Cyclopropanation of compound 2 
with diazomethane formed involves only the endocyclic 
double bond and gives methyl tricycloheptanecarboxylate 
4 in 89% yield (for the distilled product); compound 4 is 
mostly formed as the rrans,anti-isomer (no less than 
95%, according t o G L C  and 1H NMRspec tmm) .  

Me Me Me Me 

Pa(acac) 
COOMe ~ COOMe 

I0-~5"C 

2 4, 89% 

i 
50"C ! NaOH, NaOH, 

MeOH 50"C MeOH 

Me Me Me Me 

~ COOH COOH 

1 7b / ' t  2 

antt-5. 65% anti-6, 67% 

Hydrolysis of esters 2 and 4 with methanolic NaOH 
at 50 ~ gave acids 5 and 6 in 65-67% yields; according 
t o l H a n d  13C NMRspect ra ,  they were formed as single 
anti-isomers. This is indicated, first of all, by the small 
spin-spin coupling constants for the proton at the C(6) 
atom in acid 5 (Jt~,~,,~ = 2.4 Hz) and the proton at C(3) 
in acid 6 (Jrm,,s = 2.9 Hz). It should be noted that 
spectral characteristics of the acid 5 synthesized by t,s 
differ substantially from those reported 7 for the isopropyl- 
idenebicyclohexenecarboxytic acid prepared by the 

Favorsky rearrangement of bicyclic ea-chloroketone un-  
der the action of alkali; lhe initial  c~-chtoroketone was 
synthesized from the adduct of dichloroketene and 
fulvene 1 followed by reduction leading to the removal 
of one chlorine atom. Since in  the paper cited 7 the 
isomeric composition of the acid was not studied, it can 
be assumed that the distinctions between the tH and 
L3C NMR spectra of these two samples of acid 5 are due 
to their different isomeric compositions. 

In view of the tact that the m-phenoxybenzyl frag- 
ment can be a promising alcoholic component for some 
pyrethroids, it was of interest to study the possibility of 
preparing the corresponding esters from cyclopropane- 
carboxylic acids 5 and 6. Unfortunately,  we had to reject 
the most obvious and widely used method of the synthe-  
sis of esters, viz., tile reaction of acid chlorides with 
alcohols, because we did not succeed in preparing the 
corresponding acyl chlorides by treating these polycyclic 
acids with thionyl chloride. Nevertheless, we accom- 
plished the synthesis of m-phenoxybenzyl esters 7 a nd  8 
by treatment of the sodium salts o f  acids 5 and 6 with m- 
phenoxybenzyl chloride in tr iethylamine; the yields of 
the products were 65 and 78%, respectively. 

Me Me 

7 

Me Me 

B 

It should be noted that all the  obtained compounds  
containing an exo,endo-diene group are markedly less 
stable than their cyclopropanated analogs, viz., tri- 
cyclo[4.1.0.02A]heptanes 4, 6, and 8. For example, at 
20~ without a solvent, the diene ester 7 is converted 
over a period of 2 weeks into a paraffin-like compound  
that is poorly soluble in organic solvents and exhibits 
non-characteristic broad signals in the IH N M R  spec- 
trum. Conversely, ester 8 does not  undergo any substan- 
tial changes over the same period. 

E x p e r i m e n t a l  

GLC analysis was carried out on an LKhM-8MD chro- 
matograph with a flame ionization detector and an 1-02 inte- 
grator (a 300x0.3 cm column with 5% SP-2100, helium as the 
carrier gas, 30 mL rain-I). IH NNIR spectra were recorded 
using a Bruker WM-250 instrument (250 MHz) for 10-I3% 
solutions in CDCI~ with tetramethylsilane as the internal 
standard. GC/MS analysis was carried out on a Finnigan MAT 



S y n t h e s i s  o f  p o l y c y c l i c  c y c l o p r o p a n e c a r b o x y l i c  ac ids  Russ. Chem. Bull., Vol. 46, No. 3 ,  March ,  1997 509 

[NCOS-50 ins ta lment  (70 eV) with a 30-m-long OV-170t 
capillary column. 

Methyl 4-(  l -methylethyl idene)bieye lo[3 ,  i .O]hex-2 -ene -6 -  
ear l~xylate  (2). Methyl  diazoacetate (8.0 g, 0.08 tool) was 
added over a period o f  2 h with permanent  stirring to a boiling 
sokztion of  6 ,6-dimethylf idvene (1) (21.5 g, 0.2 tool) and 
(PhO)3P.CuC1 (0.065 g) in 20 mL of  CH~CI,. When the 
reaction was comple ted  (evolution of  N 2 ceased), the solvent 
and excess I were distilled off  in VtlCltO. A mixtt, re of  hexane 
(15 mL) and e the r (10  mL) was added to the residue, and the 
mixture was filtered through a smail layer of  silica gel. Vacuum 
distillation gave 10.8 g (76%) of  ester 2, b.p. 70-71 ~ 
(1.2 Torr), as a mixture o f  anti- and s.vn-isomers in a ratio of  
-8.5:1, according to G L C  and 11"1 NMR data, and 0.75 g 
(-7.5%) of  a co!orless liquid with a boiling point of  110- 
124 ~ (1.2 Torr) that conta ined diesters 3 (see below). The 
individual isomers o f  ester  2 were isolated from the ,qrst 
fraction by preparative TLC (silica gel L, 40-100 ram, h e y  
ane--e ther .  5 : I, Rj = 0.38 and 0.52 for the syn- and anti- 
tsomers, respectivelyL 

anti-2. ~H NMR, c:.: 6.09 (br.d, I H. I-t-3. J?,3 = 5.6 Hz), 
6.06 (br.d.d. I H, t-t-2, J2.3 = 5.6 Hz. gl.2 = 2.2 Hz), 3.65 
is, 3 H, OMe),  2.77 (br.d.d,  1 H, H-5, Jr.5 = 6.2 Hz. J5,~ = 
2.6 Hz), 2.63 tbr.d.t, 1 H, H - l ,  JJ,.5 = 6.2 Hz, JI.2 - JI,6 
2.5 Hz), 1.87 (s, 3 H, Me),  t.78 is, 3 H, Me), 1.21 (t, 1 H, 
H-6, Jr.6 = Js.~, = 2.6 Hz). 13C NMR,  6:172.5 (CO), 138.3 
and 127.9 (C=C) ,  133.1 and 128.5 (HC=CH) ,  50.9 COMe), 
33.7, 32.9, 28.5 IC-I ,  C-5 .  C-6),  21.4 (Mel, 20.4 (Me). MS, 
m/z  i l l % ) ) :  178 ( 1 9 ) M  ~, 163 (15), 147 (107, 1[9 (87), 103 
(15), 91 (100). Found (%): C, 74.02; H, 7.80. Cl lHI402.  
Calculated (%): C, 74.13; H, 7.92. 

syn-2. !H NMR,  ,5:6.27 (br.d, 1 H, 1-1-3. J.L.~ = 5.5 Hz), 
5.~5 (m, t H, H-2). 3.57 (s, 3 H, OMe),  2.65 (m, 2 H, H-I  
,::.d H-5), 1.99it ,  I 1'. H-t-, J =  8.0 Hz), I .gSis ,  3 H, Met, 
1.85 (s. 3 H. Me). ,",IS, m / z  (I  (%)): 178 (16) M +. 163 (13), 
147 (l!~, 119 t81). 103 (14), 91 (100). Found (%): C, 73.93' 
H. 7.84. CIIHI. ,O 2. Calculated i%): C, 74.13: H, 7.92. 

Dimethyl 5-(  ! -methylethylidene)lricyelo[4.1.0.02.4]heptane - 
3 ,7-dicarboxylate  ( 3 )  Preparative TLC (silica gel L. 4 0 -  
100 ram. hexane- -e ther .  3"1) of  the second fraction with a 
boiling point of  110 - ! 24  ~C (I .2 Torr) obtained in the previ- 
ous experiment ,  gave two isomeric diesters: anti, anti-3 and 
anti,syn-3 in a ratio of  ~4:1 (R r = 0.26 and 0.18, respectively). 

anti, anti-3. IH N M R ,  15:3.67 (s, 3 H, OMe),  2.23 (ddd, 2 
1-t, H-4 and H-6, J~.6 = J2.4 = 6.0 Hz, ,I3. 4 = J6,7 = 3.0 Hz, 
J = 1.0 Hz). 2.07 Ibr.d.d.  2 H, H-I and t t -2,  Jl.6 = J?.4 = 
6.0 Hz, Y_~.4 = Jr,:  = 3.0 Hz), t.74 (s, 6 H, 2 Me), 1.51 (t, 2 
H, 1t-3 and H-7. J_L4 = J~,7 = 3.0 Hz). MS, m/z  ( l  (%)): 
250 (10) M +, 235 (8). 2lS i l5) .  190 (31). 159 (42), 137 i30), 
13! (ll)0). Found (%): C, 67.34; H, 7.31. CI4Ht804'. Calcu- 
lated I%): C. 67.18: H, 7.25. 

anti,.~yn-3. IH N.MR, ~: 3.67 (s. 3 H. OMe),  3.64 (s, 3 
H. OMe).  2.28 and 2.22 (both br d.d, 2x l  H. H-6 and H - l ,  
Ji.e, = 6.2 t tz.  J l . ;  and -/6.7 ~ 3.2 Hzl. 2.14 and 2.04 (both 
br d.d. 2 r I H, lq-4 and H-2, -/2.4 = 5.6 Hz. "/2.3 and J3,a = 
v.S Hz). 1.89 it. I H, 1-t-3. J2.3 = J3.-~ = 7.8 Hz), 1.77 and 
1.72 (both s, 2• H. Me).  1.48 it. I H, 1-t-7. J:.7 = J6.7 = 
3.2 Hz). MS, m/:. ( l  (%)): 250 (8) M*. 235 (8), 218 (13), 190 
132). 159 (40). 137 (32), 13i (1007. 

Methyl  5- (  I-methylethyl idene)trieyclo[4.1 .0 .02"a]heptane - 
3-earboxylate  (4). A solut ion of  ester 2 i5 8, 0.028 tool) 
(anti : s.vn ~ 8.5 : l) in a mixture of hexane (10 mL) and 
CH,CI~ (15 mL) and Pd(acac)  2 (0.025 g) were added at 10~ 
ro 50 mL of 45% aqueous KOH. Then N-mtrosomethylurea 

(7.2 g, 0.07 tool) was added i n  small portions with permanent 
stirring. After 30 min, I0 m L  o f  hexane was added, and the 
organic layer was separated, washed with water, and dried with 
Na2SO 4. Removal of the solvents and dist i l lat ion in vacuo 
gave 4.8 g i89%) of a color less liquid, b.p. 103-108 ~ 
(2,5 Torr). whose major componen t  (no less than 95.,%) was 
identified as the anti-isomer o f  ester 41. IFI NMR,  6 :3 .66  (s, 
3 H, OMe), 2.17 (ddd, I H ,  H-4,  J2.4 = 6.3 Hz, -/3,4 = 
3.1 Hz, J = 1.0 Hz). 2.03 (br .d.d,  I H. H-2,-/2,4 = 6.3 Hz, 
J2,3 = 3.0 Hz), 1.71 and 1.72 (both s, 6 H, 2 Me),  1.64 and 
1.46 (both m. 2 x l  H, H-I  and  I-I-6), 1.48 (t. I H, H-3,  J = 
3.0 Hz), 0.80 (dr, I H, a n t i - H - 7 ,  Jc~ = 7.5. d~e m = 4.0 Hz), 
0.29 (q, 1 H, s)'n-H-7. Jrrans = Jgem = 4.0 Hzi. 1"~C N M R ,  8: 
172.8 (CO), 136.9 and 123.4 ( C = C ) .  52.1 (OMe),  33.3, 30.3, 
29.3 (C-2, C-3, C-4), 22.0 a n d  20.9 (2 Me), 18.4, 14.3 (C- I ,  
C-6), 14.8 (C-7). 

4- ( 1 - Methy ie thy i idene)b icye lo [3 .1 .0 ]hex-2 -ene-6 -carboxy-  
lie acid (5). A solution of  e s t e r  2 (anti : syn ~- 8.5 - l) (5 g, 
0.028 mot) in 8 mL of  to luene was slowly added with stirring 
at 50 ~ to a solution of N a O H  (2 g, 0.05 tool) in 5 mL of  
McOH, and the mixture was sti~Ted for 2h. The organic layer 
was separated, 15% HCI was a d d e d  to the reaction mixture to 
pH -3, and the products w e r e  extracted with toluene.  The 
toluene solution was dried with Na2SO4, and the solvents were 
removed using a rotary evapora tor .  The residue consis ted of  
3.0 g (65%) of  the ant i - isomer o f  acid 5, m.p. 135-136 ~C. 
IH NMR,  8:6_14 (br.d, I I ' t ,  H-3,  J2.3 = 5.6 Hz), 6.10 
(br.d.d, I H, H-2, -/2,3 = 5 . 6  Hz, JL2 = 2.0 Hz), 2.86 
ibr.cLd, I H, H-5, JI.5 = 6 .1  Hz, Js,0 = 2.4 Hz), 2.75 
(br.d.t, I H, H- I ,  Jr.5 = 6.1 H z ,  J~.2 - -/I,6 ~ 2.3 Hz), 1.91 
(s, 3 H, Me), 1.83 (s, 3 H, M e ) ,  1.22 (t, I H, H-6, JI.6 = 
Js,t, = 2.4 Hz), 10.6(br.s, I H ,  COOH) .  t3C NMR,  a: I79.9 
(COt,  138.3 and 129.8 ( C = C ) ,  133.4 and 129.2 ( H C = C H ) ,  
34.3, 34.2. 29.9 (C-I ,  C-5. C - 6 ) .  21.4 (Met,  20.4 iMe).  

5-(  I- Methy le thy l idene) tr i cyc lo  [4.  1 .0 .02 ,4]heptane-3-car  - 
boxylic acid (6) was obtained by thc hydrolysis o f  ester 4 
(3.85 g, 0.02 tool), similarly to t he  synthesis of  acid 5. Extrac- 
tion of  the acidified reaction m i x t u r e  with toluene /\~ltowed by 
drying of  the organic layer a n d  the removal of the solvents 
gave 2.39 g (67%) of acid 6 a s  small colorless crystals, m.p. 
138-140 "C. tH NMR, 6 : 2 . 2 8  (br.d.d, 1 H, H-4, ,/2,4, = 
6.0 Hz, J3.4 = 3.0 Hz), 2.13 ( b r . d d .  [ H, H-2, J2.4 = 6.0 Hz, 
J ,~  = 2.9 Hz), 1.76 (s, 6 H, 2 Me), [.69 and 1.54 (both m, 
2•  H, H-I  and H-6), 1.50 (t ,  1 H, H-3, J = 2.9 Hz), 0.83 
(dt, I H, anti-H-7, ,/,-/s = 7.6 Hz,  Jgern = 4.1 Hz), 0.31 (q, 
I H, syn-H-7,  Jrra,t~ = J,_em = 4.1 Hz), 10.2 (br.s, I H, 
COOH).  IJC NMR, 8:17~/.5 ( C O ) ,  136.5 and 124.1 (C=C) ,  
34.1, 30.4, 30.3 (C-2, C-3, C - 4 ) ,  22.1, 18.3 ( C - l ,  C-6),  21.1 
and 21.0 (2 Me), 14.9 (C-7). F o u n d  (%): C, 74.01; H. 7.98. 
Ct tHl , ,O 2 Calct,lated (%): C, 74 .13 ;  H, 7.92. 

m- Pher~oxyhenzyl 4-( l -methyle thyl idene)hicyr  
2-ene-6-earboxylate (7). A m i x t u r e  of  4 - ( l -methy le thy l ide-  
ne~bicyclo[3.1.01hex- 2 - e n e - 6 -  ca rboxy la t e  (5) (1.98 g, 
0.012 m o l l  powdered NaOH (0.50 g, 0.012 m o l l  and tri- 
ethylamine (I.5 ink) was h e a t e d  in an inert a tmosphere  to 
70 ~ then m-phenoxybenzyl chloride (2.64 g. 0.012 :nol) 
was added, and the mixture w a s  kept at this temperature for 
2.5 h. After extraction with b e n z e n e  (20 mL) followed by 
removal of the solvent, the t a r g e t  product was isolated by 
column chromatography (s i l ica  gel I., 4 0 - [ 0 0  ram). First, 
elt, t ion with hexane ,,,as t l s e d  to separa te  un reac t ed  
m-phenox.vbenzyl chloride, and then  elution with a benzene - -  
hexane mixture (1:I) gave 2 . 7 0  g (65%) of  ester 7 as a 
yellowish highly viscous ma te r i a l .  IH NMR,  8 :7 .36  and 7.08 
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(both m, 3 H, 6 H, C6HaOPh), 6.15 (brd ,  I H, J-L3 = 
5.6 Hz, H-3'~, 6.1I (m, [ H, H-2), 5.t4 (br.s, 2 H. OMc), 
288 and 2.74 (both m. 2• H, H-5 and H-I),  193 and 1.83 
(both s. 2x3 H, 2 Me), 1.35 (t, H-6, J:rnn~ = 3.0). Found 
(%): C, 79.48; H, 6.31. C23H220] Calculated (%): C, 7974: 
H, 6.40. 

m- Phenox3,benzyl 5-( l-methylethylidene)tricyelo[4.1.0.02'4] - 
heptaae-3-earl~x)'late (8). The experiment was tamed out 
similarly to the previous one. The reaction of 5-(1-methyl- 
idene)tricyclo[4.1.0.02,~]heptane-3-carboxylate (6) (1.78 g, 
0.1)1 mol l  NaOH 10.41 g), triethylamine (I.5 mL), and m- 
phenoxybenzyl chloride (2.20 g, 0.01 tool) gave 2.81 g (78%) of 
ester 8 as a slightly yellowish high-viscosity material. J H NMR, 
6:7.35 and 7.06 (both m, 3 H, 6 H, C6H4OPh), 5.t2 (br.s, 
2 H, OMe), 2.26 (br.d.d, 1 H, H-4. J~_,4 = 7.2 Hz, J3,a = 
31 Hz). 2.12 fro, 1 H, H-2), 1.78 and 1.76 (both s, 2• H, 
2 Me), 1.68 and 1.51 (both m, 2xl  H, H-L and H-6), 1.601t, 
I H. H-3, Jrre~ = 3.1 Hzi, 0.85 (d.t, I H, anti-H-7. JrLs = 
8.t Hz, ~em = 4.4 Hz), 0.33 (q, t H, syn-H-7, Jtrans = "[gem = 
4.4 HZ). Found (%): C, 79.80: H, 6.58 C24H2.tO 3. Caicu- 
la~cd {%): C, 79.97: H, 6.7t. 
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