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ADDITION OF CHLOROI~ROMOMALONIC 

TO METHYL ACRYLATE 

Z. A. Abdulkina, R. A. Anariev, 
and F. K. Velichko 
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Chlorobronaonaalonic e s t e r  (CBM) [ 1] pe rmi t s  comparing the reac t iv i ty  of genainal chlorine and bromine  
atoms under  radical  addition conditions. Its c loses t  analogs, the dichloro-(DCM) and dibronaonaalonic (DBM) 
es t e r s ,  when initiated by the coordinat ion initiating sys tem (CI) Fe (CO)~ + DMF, r eac t  with methyl  acry la te  
(MA) to give the adducts (C2HsOOC)2CXCH2CHXCOOCH3, X = CI(I) ,  Br(I I )  [2, 3]. Here  DBM is a more  active 
addendum than DCM. It seemed  expedient  to study CBM in the reac t ion  with MA using the same initiation 
method. 

It proved that CBM, when initiated using this sys tem,  reac ts  with MA with cleavage of the C - B r  bond 
and gives adduct (III). Toge ther  with this, both of the halogen atoms a re  c leaved f rom CBM to give 1 ,1-dicarbe-  
thoxy-2-carbonaethoxycyclopropane (IV) and te t rae thyl  ethylene t e t raca rboxyla te  {V). The CBM is also reduced 
slightly to monochloronaalonic e s t e r  (MCM). 

CH3QOC CHsOOC 
\ I C(COOC~Hsh 

(CaHsOOC)2CCIBr + CH2=CHCOOCHa lve(cO)'+DMF ~ (C2HsOOC)2CCICH2CHBr-{- CH--C(COOC2H~)~ + II 
l&0--150 ~ ~ / C(COOC~Hs)~ 

(III) CH2 

(C~HaOOC)2CHCI (IV) (g) 

The fornaation of (IV) and (V) indicates the possible  carbenoid cleavage of the halogen atonas f rom (C2H5OOC)2- 
CX2(X = C1, Br)  by the Fe (CO)~. 

(C2HsOOC)2CC1Br 
~ Fe(CO)5 - -  

(C~H~OOC)~C: -- 

(c~mooo..c~ (C=H~00C)2C=C(CO0 C~Hs)~ 
(V) 

I~A 
"CH300C 

I 
CH--C(COOC2Hs)2 
\/ 
CH2 (IV) 

The in termedia te  format ion of carbenoid par t i c les  in the react ions  of gena-dihalides with Fe  (CO)5 was postu- 
lated in [4].  It is known [5] that C6HsCOCHBr 2 r eac t s  with Fe (CO) 5 to give t rans-1 ,2 ,3- t r ibenzoylcyc lopropane .  
The generat ion of the carbene  (C2H5OOC) 2C: f rom diazonaalonic e s t e r  gives (V) [6, 71. However,  by analogy 
with [8],  another  possibi l i ty  exists  for  the format ion  of (IV). 

�9 CH--COOCH3 CH~COOCH3 
inltlalor (c~H~ ~: ! "~ -~ (c~HsoochCcl ~ \ / \ (C2HsOOC)2C--CII, --* (C~HsOOC)2C---CH2 + CI" 

(A) "~C1 (iV) 
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TABLE I. Addition of Chlorobromomalonic Ester (CBM) and 
Dichloromalonie Ester (DCM) to Methyl Acrylate (MA), Initiated 
by Fo (CO)5 + DMF System 

Reagent, a o l e s  Initiator, 
tIllT~ole~ 

addendum ~iA 

t8 (CBM) t~ 
160 (DCM) 
160 (DCM) 80 

t~e (CO)~ IDM.F 
f 

t2 36 

2 h, 145 • 3~ Ar  a tmosphere)  
! 

Conversion, % ] Yield, % of theory , , 

I adduct adduct MA 

9i 38(111) 
72 ~ 39(1) 
~7 iO0 . 14(I) 

(iv) (v) MCI~ 
i 

t3 27 ] 9 

-5 

Here the formation of (V) can also be depicted by the dimerizat ion of the (A) radicals  and the subsequent de-  
chlorination of (C2H5OOC)2CC12 (VI) by Fe(CO)5 , but in our  case we were unable to find (VI) in the react ion 
mass .  The formation of (V) was observed in the react ions of DCM and DBM with MA [2, 3]. In the presen t  
paper  the react ion of DCM with MA was studied in more  detail; together  with (V) we also found (IV) among the 
react ion products (Table 1). We also studied the behavior  of CBM in the absence of MA when exposed to the CI. 
Diethyl chlorobromomalonate  when heated in the p resence  of the Fe (CO)5 + DMF sys tem undergoes three types 
of t ransformat ions :  dehalodimerizat ion to give (V), reduction to MCM, and disproportionation* with a r ed i s t r i -  
bution of the halogen atoms (the yield in % of theory is indicated in pa ren theses ) .  

Fe(Co)~ O0 O0 (CglaOOChCClBr---+ (C,H, C)2C=C(C C~Hs)e + (CglsOOChCHCl + (C,H,OOC)~CCl, + (C~HaOOC)~CBr~ 
(v) (37) 0~) (io) (6) 

The absence of adducts (I) and (H) (from DCM and DBM) in the react ion mass  when CBM adds to MA, initiated 
by the Fe (CO)5 + DMF system,  indicates that the disproport ionat ion of CBM is slight under the addition condi- 
tions selected by us. 

All of the mentioned react ion products were isolated in the pure state by prepara t ive  GLC, and their  
s t ruc ture  was conf i rmed by the PMR and 13C NMR spectra ,  and also by the fact  that the found and calculated 
molecular  re f rac t ions  coincided. 

EXPERIMENTAL 

GLC analysis: LKhM-8MD-M5 chromatograph (katharometer); stainless steel columns: I) 1000 x 3 ram, 
packed with 5% SE-30 deposited on Chromaton N-AW-HMDS (0.16-0.20 ram), and 2) 2000 • 3 ram, packed with 
SKTP-50X deposited on Chromaton N-AW-HMDS (0.16-0.20 ram); carrier gas = helium (1.5-2 liter/h). The 
internal standard method was used for the quantitative analysis (CH3COCCI2COOC2H ~ for the starting products, 
and CH~COCHCI(COOC2Hs)CH2CHCICOOCH 3 for the reaction products). Preparative GLC: Tswett-1 chroma- 
tograph equipped with a preparative attachment, and 500 • 5 mm stainless steel column packed with b~/o XE-60 
deposited on Chromaton N-AW-DMCS (0.20-0.25 ram). The PMR spectra were taken on a Perkin-Elmer II-I2 
instrument (60 MHz) using 50% CCI 4 solutions of the con~pounds. The I~C NMII spectra were obtained on a 
Bruker I-IX-90 instrument using CHCI 3 as the internal standard (77.17 ppm from TMS). The chemical shifts 
are given from TMS. 

Chlorobromomalonic ester (CBM) was obtained by the bromination [I] of CICH(COOC2Hs) 2, n~ 1,4630, 
d~ ~ 1.4964. PMR spectrum: 1.35 (6H, CH3), 4.40 (4H, CII2). 13C NMR spectrum: 13.3 (CH2) , 63.5 (CII2) , 64.2 
(CCIBr), 162.4 (CO). Found: C 30.71; H 3.5; IIal 42.40~c. CTHIoBrCIO 4. Calculated: C 30.74; H 3.69; IIal 42.18%. 

The disproportionation of CBM was run in a 2-ml glass ampul in an argon atmosphere (2 h, 140~ The 
weight of CMB was 0.3856 g. Analysis of the reaction mixture by GLC gave 0.1415 g of CBM, 0.0451 g of 

CICH(COOC.~Hs)2, 0.0513 g of CC12(COOC2H5)2, 0.0285 g of CBr2 (COOC2H5) 2, 0.0827 g of (V), and 0.0365 g of 
unidentified products. 

The addition of CBM to methyl acrylate (MA) was run in I5-ml sealed glass ampuls in an argon atmos- 
phere (2 h, 145 ~ 3~ The reaction mass from three identical experiments was diluted in half with CHCI3, 
washed in succession with 1(~ IICI solution and water, dried over MgSO l, and fractionally distilled at 1 ram. 
The preparative GLC of the 113-120 ~ fraction gave cyclopropane (IV), n~ 1.4465, d~ ~ 1.1580. Found: C 53.29; 
H 6.84~c. Ci~H~O 6. Calculated: C 54.09; H 6.60%. PMR spectrum: 1.28 t and 1.31 t (6H, CH3CH20), 1.67 m 
(211, CH 2 ring), 2.39 and 2.57 d.d (III, CH), 3.62 s (3H, COOCH3), 4.09 and 4.14q (4If, CH20 ). 13C NMR spec- 
trum (in CC14, 5 95,99 from TMS): 13.8 (13CH3CH~O), 19.1 (CH 2 ring), 27.1 (CH ring), 36.4 {C ring), 51.5 (CH30), 

* This react ion under hemolytic conditions was observed previously  for o ther  types of CC1Br groupings [ 9]. 
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60.7 and 61.4 (OCH2), 164.3 ~COOCH 3) ,167.9 and 168.6 (13COOC2H~. The assignments were based on the multipleticity 
of the C - H in the s p e c t r u m ,  taken without supp r e s  sing the C - H couplings,  and a lso  taMng into account  the data 
on the e s t e r s  of 1 ,2-cyc lopropanedicarboxyl ic  acid [ 10]. The p r e p a r a t i v e  GLC of the 134-137 ~ f rac t ion  gave 
adduct (III) ,  1 - c h l o r o - 3 - b r o m o - l , l - d i c a r b e t h o x y - 3 - c a r b o m e t h o x y p r o p a n e  in 38% yield, n~  1.4690, d 2~ 1.4066. 
Found: C 36.98; H 4.56; Hal 31.55%. CllH]6BrC1Os .~ Calculated: C 36.74; H 4.48; Hal 32.08%. PMR spec t rum:  
1.31 t (6H, CH3CH20), 3.01 m (2H, CH2), 3.73 s (COOCH3), 4.24 q (4H, CH20), 4.49 (1H, CHBr) .  13C NMR 
spec t rum:  13.3 (13CH~-CH20) ,  38.4 (CH2) , 41.7 (CHBr) ,  52.5 (CH30), 62.9 (CH20), 68.0 (CC1), 165.0 and 
165.2 ( i3cooc2H5) ,  168.8 (13COOCH3). F r o m  the f rac t ion  with bp 137-140 ~ we isola ted  (V) in 27% yield, nap 
54-55 ~ ( f rom alcohol),  cf. [6, 11-14].  Found: C 53.02; H 6.11%. C14H2008. Calculated: C 53.16; H 6.37%. 
Rarnan s p e c t r u m  (Ramanor  HG 5145 A, Ar  + l a s e r )  : ~C = C 1659 cm -1, pC = O 1737 cm -i. PMR spec t rum:  
1.34t (CH3),4.26 q (CH20). i3c NMR s p e c t r u m  (in CC14): 13.63 (CH3) 61.6 (OCH2), 135.1 ( C = C , )  161.3 (CO). 
The obtained (V) was ident ical  with the te t rae thy l  ethylene t e t r aca rboxy la t e  that  was synthes ized  f r o m  CBM by 

h e a t i n g  in the p r e s e n c e  of Fe(CO)5 + DMF [2 h, 140 ~ sea led  ampul.  Amounts:  Fe(CO)5 2.5 mrnoles ,  CBM 5 
rnmoles ,  DMF 7.5 mrnoles .  Yield of (V) 48%]. Without the eoin i t ia tor  we were  unable to obtain (V) f rom CBM 
due to m a r k e d  ta r r ing .  

Addition of Dichlorornalonic Es t e r  (DCM) to MA. With s t i r r ing ,  to 36.65 g (0.16 mole)  of DCM, heated 
to 150 ~ was added dropwise  a mix tu re  of 13.77 g (0.16 mole} of MA, 3.13 g (16 mmole s )  of Fe(CO)5,  and 3.51 
g (48 m m o l e s )  of DMF, and the mix tu re  was heated for  another  30 rnin. The reac t ion  m a s s  of two identical  ex-  
p e r i m e n t s  was combined and dis t i l led  to give 20.5 g of r e c o v e r e d  DCM with bp 115-116 ~ (14 turn). Based on the 
GLC data,  the res idue  contained 3.37 g of (IV), 29.0 g of (I),  and 15.8 g of (V). The p r e p a r a t i v e  GLC of the 
113-120 ~ (1 rnrn) f rac t ion  gave  1 ,1 -d ica rbe thoxy-2 -ca rbomethoxycyc lopropane  (IV) in 6% yield, n~ 1.4465, 
d 2~ 1.1580, which, based  on the analys is  and spec t r a l  c h a r a c t e r i s t i c s ,  is identical  with the (IV) obtained f r o m  
the reac t ion  of CBM with MA. F r o m  the 145-155 ~ (2 rnrn) f rac t ion  we isola ted  adduct (I),  1 , 3 -d i ch lo ro - l , 1 -  
d i ca rbe thoxy -3 -ca rbom e t hoxyp ropane  in 40~r yield,  n~  1.4587, d 2~ 1.2692. Found: C 42.01; H 5.12; C1 21.84%. 
CltH18C1206. Calculated:  C 41.92; H 5.12; C1 22.50%. PMR spec t rum:  1.35 t (6H, CH3CH20), 3.00 oct (2H, CH2), 
3.85 s (3H, COOCH3) , 4.1-4.7 rn (OCtI 2 + CHC1). The sti l l  r es idue  was analyzed by GLC and found to contain 
(V) in 23% yield,  which was identif ied via  an authentic sample .  

C O N C L U S I O N S  

1. The addition of ch lo robromomalon ic  e s t e r  to methyl  ac ry la te ,  ini t iated by the Fe  (COt 5 + DMF sys tem,  
p roceeds  with the c leavage  of the C - B r  bond in the addendum and the format ion  of (C2H~OOC)2CC1CH2CHBr- 
COOCH~. 

2. The chlorobrorno- and dichlorornalonie esters when treated with Fe (CO)5 are capable of cleaving both 
halogen atoms and, in the absence of an unsaturated compound, form tetraethyl ethylene tetraearboxylate, while 
with methyl acrylate they form I, 1-dicarbethoxy-2-carbornethoxycyclopropane. 
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