
CONCLUSIONS 

For the first time we have shown the feasibility of using pentafluoroperoxybenzoic acid for epoxidization 
of a, fi -unsaturated esters, linear and cyclic dienes, for obtaining sulfoxides, sulfones, and N-oxides, and 
also for Baeyer-Villiger oxidation. 
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FREE-RADICAL ADDITION OF ESTERS TO ESTERS OF 

CITRACONIC, ITACONIC, AND ACETYLENEDICARBOXYLIC 

ACIDS 

Yu. N. Ogibin, M. N, Elinson, UDC 541.515:542.955:547.462.2 

and G. I. Nikishin 

The goal of our investigation was to compare the diethyl esters of citraconic acid (ECA) and itaconic 
acid (EIA) and also the dimethyl ester of acetylenedicarboxylic acid (MAA) with the dialkyl esters of maleic 
acid (AMA) in the reaction of free-radical addition with participation of esters as the addition agent, in parti- 
cular the dimethyl esters of succinic acid (Ia), glutaric acid (Ib), and adipic acid (Ic).* Furthermore, using 
MAA for the investigation, we could clarify the capacity of the adduct-radicals (A) (n = 2 or 3) to convert to 
cyclic products as a result of their rearrangement with i, 5- and i, 6-migration of hydrogen to the radicals (B) 
and cyelization of the latter by means of intramolecular addition at the C -- C bond 

CQMe 
CQMel / ~  j x.,~CO~ 

MeQC\ / j ~  ~C02Me--~ Me02C / \(CH~)n_I/ ~'~/ " 
(CH2)n | C'02Me 

CQMe 
(A) (B) 

* The resul ts  of a study of reactions of es te r s  with AMA are  descr ibed previously [1-3]. 
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TABLE i. Free-Radical Addition of Esters (la-c) and Xylene to 
ECA, EIA, and MAA (initiator: tert-butyl peroxide)* 

Addition Ester of 
agent unsat. 

acid 

(Ia) ECA 
( I a )  EIA 
(I c) E IA 
(Ib) MAA 
(Ic) MAA 
o-Xylene MAA 
m-Xylene E CA 

Estercon. Reaction products and yields, ~l) Residue. 
veraon, based on converted ester g % 

18 
92 
94 

87 
t9 

(IIa), 66; (Ilia), 0,8 g 
(1Va), 13; (VII), 17; (Va), 2.2; (Via), 1 
(IVc) t8; (VII),25 
(IXb)', 33 
(Ixc), 45 
(XI), 33 
(XII) :~ ,78 

L9 
7,3 t 
7,7~ 
~ 6  
5,2 
4,8 
2A 

* Addition agent 0.7 mole, ester 0.07 mole, initiator 0.014 mole; 
temperature in the ester (Ia-c) experiments 180~ in the xylene ex- 
periments 140~ time 6 h. 

Average molecular weight of the residue in the reaction of (la) with 
EIA, 644; in reaction of (Ic) with EIA, 652. 
$ Diethyl  e s t e r  of 1 -In e thyl -2  - (p-In ethylbenzyl)  sue c inic  acid. 

Radica l  addi t ion of e s t e r s  (I) to ECA,  EL/k, and MAA was c a r r i e d  out at 180~ with a tenfold m o l a r  ex -  
ce s s  of the  e s t e r  addit ion agent .  As the in i t i a tor  we used t e r t - b u t y l  pe rox ide  (TBP).  Under  these  condi t ions ,  
ECA reac t ed  only to 18% comple t ion ,  while EIA and MAA, s i m i l a r l y  to AMA [1-3],  r e ac t ed  a l m o s t  comple t e ly  
(92-95%) (Table 1). These  r e su l t s  a r e  ev idence  fo r  the subs tan t ia l  s t e r i e  effect  of the CH3 group  in ECA on 
addit ion of  r ad i ca l s  to this  e s t e r ,  which is a l so  indicated by data  on the r e l a t ive  ra te  of  addit ion of alkyl r a d i -  
ca l s  to c i t r a c o n i c  and ma le i c  anhydr ide  [4]. 

In the p roduc t  of  r eac t ion  be tween d ime thy l suee ina t e  (Ia) and ECA,  we identified the d imethy ld ie thy l  
e s t e r  of p e n t a n e - l , 2 , 3 , 4 - t e t r a c a r b o x y l i c  acid (IIa) (adduct 1:1) and the t e t r a m e t h y l  e s t e r  of b u t a n e - 1 , 2 , 3 , 4 -  
t e t r a c a r b o x y l i e  acid ( I I I a ) -  the p roduc t  of r e c o m b i n a t i o n  of 1 , 2 - ( d i m e t h y o x y e a r b o n y l ) e t h y l  r ad i ca l s  (C) (see 
Table  1). 

MeO:,.C MeO2C 
X" 

\(CH_,)n/~C%Me --XH* "(CH~,)~/~CO~MB (C) 
CO2Me Et02C 1. Addition . Me02C\ /j .~/~H~ 

C+ ~. H-abstraction (CHz)n t C02Et (IIa-c) 
CHa C02Et 

C02Me 
2(C)--* MeQC | (CH~)n 

\ (CH~ e \CO,Me (IIIa-c) 
" CO.2M " 

n = i ( a ) ,  2 ( b ) ,  3 (c )o  

As a r e s u l t  of homoly t i c  addi t ion of (Ia) and d imethy l  adipate  (Ic) to EIA,  e s t e r s  of p e n t a n e - l , 2 , 4 ,  5- 
t e t r a c a r b o x y l i c  acid (IVa) and h e p t a n e - 1 , 2 , 4 , 7 - t e t r a c a r b o x y l i e  acid (IVe) a r e  fo rmed :  

CO2Me CO2Et 
MeO..C\ /J.x/j.x/CO2Et (IVa,c) 

(CH~)~ 

In the p roduc t  of r eac t i on  of (Ia) with EIA,  bes ides  the adduct  ( I ra )  we o b s e r v e  the d ime thy l  e s t e r  of  i taconic  
acid (Va), the t e t r a m e t h y l  (Via) and t e t r ae thy l  (VIii e s t e r s  of  p e n t a n e - 1 , 2 , 4 ,  5 - t e t r a e a r b o x y l i c  acid (see Table  
1). The fo rma t ion  of these  compounds  p robab ly  p r o c e e d s  a c c o r d i n g  to the s c h e m e  given below,  which is con -  
s ide red  in deta i l  in [5]. 

x 

X Y ! X X ~-decay Y 

. ( V a ,  b)  

x x 
+ x  ~ ' /  x 

l Kr, cronor 
x x 

(vn) 
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Y Y 
Y I /  

(C) + (Va, b) _, \ C H  / ~ / ~  CH / ( ,)n �9 ( ~). 
H-donor 

Y Y Y\H 2.)., / 
( 2)n (CH2)n 

(via, b) 

X=CO~Et, Y=C0~Me. 

The hemolytic react ion of dimethyl glutarate (Ib) and dimethyl adipate (Ic) with MAA leads respect ive ly  
to the te t ramethyl  e s t e r  of 2 -pen tene -1 ,2 ,3 ,  5- te t racarboxyl ic  acid (IXb) and 2 -hexene -1 ,2 ,3 ,6 - t e t r aca rboxy l i c  
acid (IXc) - the i someriza t ion product of the initially obtained adducts (VIIIb, c) 

COeMe COzMe 

(c~)~ " ~  -~ \(CH~)n t 
CO_~Me C02Me 

(VIIIb. c) (IXb, c) 

Similar isomerization was observed earlier in the reaction of free-radical addition of malonic ester to l- 

hexene and propargyl acetate [6]. Cyclic products derived from radical (B) are not observed. We also could 
not obtain cyclic products by reaction of MAA with o-xylene, although in this case the rearrangement of the 
initially formed adduct-radical (D) to radical (E) and homolytic cyclization of the latter were much more prob- 
able than for radicals (A) and (B) 

CH3 C02Me r C02Me C02Me 
~ I " /  ~ I / 

COeMo CO2Me CO2Mo 
(D) (E) 

The principal products of this react ion proved to be the Z and E i somers  of the o-methyldimethyl  es te r  of 
o-methylbenzyl idenesuccinic  acid (XI) 

o-CHsC6H4CH3 MAA o-CHsCeH, C O e M e  Isomerization- o-CH~C~H~%/.~ (XI) 
TBP ~,/)"~CO.,Me (X) + [ CO2Me C02Me 

The s t ruc ture  of (XI) is confirmed by PMR and mass spec t ra  (Table 2). In the PMR spect rum,  there were no 
signals f rom protons\ of the CH2 group adjacent to the aryl  and the C = C bond (5 ~3.4 ppm [7]) and the methine 
p ro tonof  the >C=CHCO2Me group (5 5.8-6.8 ppm [8]), which indicates complete i somer iza t ion  of the initially 
obtained dimethyl es te r  of o-methylbenzyle thylene-1 ,2-d icarboxyl ic  acid (X) to (XI). The conclusion concern-  
ing the formation of the es te r  (XI) in the Z and E forms is based on the presence  in the PMR spect rum of s ing-  
let signals 6 2.22 and 2.31 ppm, corresponding to the signals of protons of the CH 3 in the p-substi tuted c i s -  
and t r ans -o -me thy l s ty r enes  [9]. We must  assume by analogy that the es te rs  (IXb) and (IXc) a re  also formed 
as a mixture of Z and E i somers .  The s t ruc ture  of the remaining react ion products is confirmed analogously 
to compound (XI) (see Tables 2 and 3), 

An important  distinguishing charac te r i s t i c  of homolytic addition of es te r s  (Ia-c) to ECA, EIA, and MAA 
compared with the analogous react ions of (Ia-c) with AMA is the high regioselect ivi ty  - the formation of a new 
C - C  bond between es ters  (Ia-c) and ECA, EIA, and MAA occurs  pract ica l ly  exclusively between the ~ C 
atom of the e s t e r  of the alkanedicarboxylic acid and the least  substituted C atom of the C =C  bond of the es te r  
of the unsaturated acid. Products  of addition relat ive to the methoxyl group of es te r s  (Ia-c) a re  not observed.  
In react ions of the same es te r s  with AMA, the relat ive yield of such adducts reaches 15-25% [2]. On addition 
of (Ia-c) to ECA and EIA, this charac te r i s t i c  is probably due to the fact that the i r  t e r t i a r y  adduct - radica ls ,  in 
contras t  to the secondary  adduct- radica ls  formed in the react ion of {Ia-c) with AMA, are  not able to abs t rac t  
an H atom from the COOCH3 group. 
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TABLE 2. Mass and PMR Spectra of the Reaction Products 

Corn- Mass spectrum: m/z ,  proposed assignment PMR spectrum 
pound (rel. intensity) ( 6, ppm) 

(IIa) 3t7, (M--CHa) + (1,5); 30t, (M--CHaO) + (29); 287, 
(M--CoHsO) + (6t); 273 (M--COOCHa) + (t7); 259 (tt); 
227 (I(~0); 226 (59); 213 (d4); 199 (58); 167 
(5t); 148, (CHaOOCCH,CH=C(OH)OCHa) + (29); 
t41 (44); t27 (4t);t15 (63); 59 (58); 55 (44) 

(IVa) 30t, (M--.CH30) + (25); 287, (M--C~HsO) + (5t); 
273, (M--COOCH3) + (7); z 259, (M--COOCaHs) + (t3); 
255 (6~)i 254 (75); 241 (-~9); 227 (88); 213 (52); 199 
(63); 187 (28) 174, (C2H~OOCCH:CH=C(OH)OC:Hs) + 
(25); 167 (75); 146, (CHa0OCH2CH=C(OH)0CHa) + 
(27); 139(61); 128(88); 114(100); 55(51) 

(IVc) 329, (M--CHaO) + (8); 315, (M--Col-150) + (20), 301, 
! (M--COOCHa)+(7); 287, (M--COOd2Hs) + (4); 283 (8); 
24t (t4); 195 (t7); 187 (t9); 17.';, (C,I-IsOOCCH~CtI= 
l C(0H)OC2HD + (26); t49 (29); t41 (28); '128(45); 
114 (33); 59 (59); 55 (I00) 

(Via) 273, (M--CHaO) + (7); 245. (M--COOCH~)+(3); 24L 
(M--CHa0H- CIlaO~+ (I0); 2~0, (M--2CHaOH) (7); 
2t3 (tt); t99 (8); t85 (13); 18t(t2~; t~)7 ( t l) ;  t59 
(7); t53 (t7); 146, (CHaOOCCH.,--Ci21--CIOH)OCHa)+ 
(7); t39 (22) t27 (2t); t t4 (28-/; tr (14') 59 (1C0); 
55 (49) 

(vii) 315, (M--C2HsO) + (43); 287, (M--COOC~HD+ (8); 273, 
(M--CH2COOCeH~) + (21); 269, (M--C~Ha0-- 
--C~H50H) + (7); 268 (M--2C~HsOH)+ (57); 241 (51); 
227 (43); 213 (49); 195 (56); 187 (36); 174, 

I (C2H,OOCCH=CH--C(OH)OC~Hs) + !29); 167 (42); 
[ t4t  (56); t28(t00); t13 (35); 100(3.0; 55 (28) 

(IXe) 13t6, (M)+ (t); 285 (M--CHaO)+ (18)" 257 (M-- 
7COOCHa) (5); 243, (M~cCHeCOOCHa)" (6); 224, 
(M--COOCIt~--CHaOH) + (ta); 2t5 (M--(CH~)a- ! 
-COOCH~) + (2); t97(21); t65(28);' t5t (17)" i37 
(27); i14 (32); 59 (ir 55 (74) 

(Xl) 218, (M+) (!0); 217 (M--CHa0)+ (i3)" 2i6 (M-- 
CHaOH) (23); 188, (M-=C(0CHa)=0H)+ (28); 185, 
(M--CIIaO--CHaOH)+(8); 174, (M--CH~C(OCH~)= 
OH) + (t2); t56 (17); t~5 (2t); I42(t3); f28 (t00); 
114 (52); 104 (37); 91 (31); 77 (32); 59(33) 

(XiI) 292, (M+) (10); 217, (~!--CoH.O)+ (t5); 2t8 (M-- 
--C(OCzH~)=OH) + (3a); 20"t (45); t91 (98); t73 (52); 
1~5 (99); t05, (CHaC~[-I~CH.a) § (t00); 77 (2t); 74 (30); 
55 (9) 

t,2 t (6H, CHa), t,8 rn 
(2H, CH~), 2,6 rn (~H, 
CHACO0), 2,9 m(2H, 
CHCO0), 3,59 ; 3,{1% 
6H, CHaO), 4,01 ; 4,03 rn 
(4H, CH20) 
t,2t (6H, CIIa), 1,4 m(4H, 
CH,2), t,8 rn(2H, CH~), 
2,6m (4H, CH2C00), 
2,9 rn (2H, CHCO0), 
3,60 3,62s (6H, CHa0), 
4,Cl;;  4,02m(~H, CH~O). 
1,8 ~ (2H, CH=,), 2.5 rn 
(4H, CH2COO), 2,9rn 
(2H, CHCOO), 3,6t; 
3,638 (12H, CHa0) 

1,2t (12H, CH3) , J,St 
(2H, CH2), 2,6 rn (4H, 
CHACO0), 2,9rn (2H, 
CHC00), 4,0i;  4,f'3 rn 
(8H, CH20) 

2,Srn (4H, CH.,), 3,63; 
3,67s 02H, CHa0), 3,84; 

3,86s (2H, CHe) 

l~8rn(2H, CHa), 2,5 rn 
(4H, CH~), 3,56; 3,618 
(i2H, CHa0), 3,69 ; 3,71s 
(2H, CH~) 

2,22 ; 2,3!s (3H~CHzAr), 
3,59, 3,63; 3.~,9s 02H, 
CH30), 3,76 ; 3~858 (2H, 
CH2), 6,95rn(5H, C~H~; 
ARCH=) 
1,2 m (9H, CHa), 2,22s 
(3H, CHaAr), 2,5--2,9rn 
(4H, CH2Ar ; CHCOO), 
4,Ci; 4,O3rn(4H, CH20), 
6,9 m (4H ,C6H~) 

The capacity of esters (la-c) to form adducts with EIA and MAA is increased in proportion to ~he in- 

crease of the number of CH 2 groups in (la-c). An analogous dependence was observed in reactions of esters 

(la-c) with AMA [2]. It was proposed [2] that the latter is connected with the electrostatic repulsion by the 

ester groups of the electrophilie radicals when they abstract H atoms from esters (la-c), which decreases 

with an increase in the length of the hydrocarbon chain of the aeyl part of the esters. The shielding effect of 

the COOR groups during attack of esters of alkanedicarboxylic acids by radicals is noted in [10]. For similar 

reasons, the capability of esters (la-c) to form adducts with EIA and MAA probably increases in the order (la) 

< (Ib) < (Ic). 

As an acceptor of radicals generated from ester (Ia) and p-xylene,* EIA is substantially less effective 

than derivatives of maleic acid [2, 4]; this is apparently due primarily to the sharp retardation of the step of 

radical addition to ECA of the induced substitution of one of the H atoms with the C = C bond of AMA by the CH 3 

group. The low rate of addition of radicals to the trisubstituted C =C bond might be one of the reasons for the 

absence of cyclic products in the reaction of esters (Ib) and (Ic) with MAA. 

* We chose p-xylene as the addition agent in the ECA reaction m order to estimate the aeceptor ability of the 

trisubstituted C =C bond in ECA in addition of a benzyl-type radical, in which the radical center is less spa- 

tially shielded by the substituents than the secondary radicals (C). 
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TABLE 3. Properties of the Principal Products from Reaction of 

Esters (la-c) and Xylenes with ECA, EIA, and MAA 

Compound 

(IVa) 

(IVc) 

(Via) 

(vii) 

(IXb) 

(IXc) 

(xi) 

(xii) 

rap, ~ 
(p, mm Hg) 

t40-t42(0,2) 

t73-t78 (0,25) 

t57-t58(0,3) 

14s-t5o (0,2) 

t46-~148 (0,3) 

165-467 (0,4) 

1~2-t~5 (0,3) 

tt.8- leo (o,2) 

n ~  D 

t,4553 

t,4572 

1,4579 

1,4528 

t,46,63 

t,4666 

t,5268 

t,4899 

C~sH2~Os 

C~THzsOs 

Ci3H2oOa 

Ct7H2aO8 

C~HtsOs 

C~H2oOs ' 

C~H,~O~ 

C,7H2~O~ 

Found/calcu- 
lated, o70/o7o 

C I-I 

54,47 7,4~1 
54,22 7,23 

56,92 7,77 
56,67 7,78 

5,t,63 6,52 
5t,32 6,58 

56,67 7,6t 
56,67 7,78 

5i,96 6,i5 
5t,65 5,96 
53.11 6,28 
53,t6 6,33 

67,8,6 6,3r 
67,74 6,45 

69,50 7,92 
69,86 8,22 

EXPERIMENTAL 

GLC analysis was performed on the LKhM-8MD chromatograph with a flame-ionization detector in a 

flow of nitrogen (30 ml/min); columns: a) 2 m x 3 mm with 10% DS-550 on Chromosorb W (0.20-0.25 ram); 

b) 2 m x 3 mm with 15% PEGS on Chromosorb W (0.20-0.25 mm); c) 3 m x 3 mm with 12% PEGS on Chroma- 

ton N (P.20-0.25 ram); d) 1 m x 3 mm with 5% SE-30 on Chromaton N (0.16-0.20 ram). Mass spectra are ob- 

tained on a Varian MAT CH-6 instrument with direct injection of material into the ion source at 70 eV or us- 

ing the chromatographic injection in the Varian MAT CH-III. The PMR spectra were taken on a Tesla BS- 

497 instrument (i00 MHz), internal standard TMS. 

Dimethyl succinate (la), dimethyl glutarate (Ib), dimethyl adipate (Ic), and the diethyl ester of itaconic 

acid (EIA) - cp grade - were additionally purified before use by distillation. The diethyl ester of citraconic 

acid (ECA) and the dimethyl ester of acetylenedicarboxylie acid (MAA) are obtained from citraconic anhydride 

and the dicalcium salt of acetylenedicarboxylic acid [Ii]. 

Reaction of Dimethyl Succinate (Ia) with ECA. To 0.47 mole of ester (Ia) heated to 180~ after 4 h we 

added with effective mixing a solution of 0.014 mole of tert-butyl peroxide and 0.07 mole of ECA in 0.23 mole 

of ester (Ia). The mixture was heated for another 2 h, cooled, and the content of unconverted ECA and the 

reaction products in the mixture was determined by GLC. Then the excess of ester (Ia) was distilled, and 

from the residue by vacuum distillation we isolated a mixture of esters (IIa) and (IIIa), which were identified 

without separation from the mixture by chromatography-mass spectrometry and GLC using the relevant data. 

According to an analogous technique, we accomplished the reaction of p-xylene with ECA (see Table i). 

Additional introduction into the reaction mixture of a solution of 0.014 mole peroxide in 30 ml p-xylene at 140~ 

after 4 h allowed us to increase the conversion of ECA to 41%. The yield of ester (XII) relative to converted 

ECA in this case decreased to 62%. 

We carried out the reactions of esters (Ia) and (Ic) with ECA and esters (Ib), (Ic) and o-xylene with MAA 

in an analogous manner. The properties and spectra of the reaction products obtained are given in Tables 2 
and 3. The esters (Va) and (Via) are identified by GLC from the relevant data. The data corresponding to 

e s t e r  (Via) a r e  o b t a i n e d b y  horn o ly t i c  a d d i t i o n  of e s t e r  (Ia) to the  d i m e t h y l  e s t e r  of  i t a c o n i c  a c i d  a c c o r d i n g  to  t he  

t e c h n i q u e  d e s c r i b e d  a b o v e .  

C ONC LUSIONS 

i. A new C-C bond on homolytic addition of dimethyl esters of succinic, glutaric, and adipic acids to 
the dimethyl or diethyl ester of citraconic, itaconic, and acetylenedicarboxylic acids is formed between the 
a-C atom of the acyl part of the ester of the alkanedicarboxylic acid and the least substituted C atom of the 

C = C bond of the ester of the unsaturated acid. 
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2. As an acceptor of radicals generated from esters of alkanedicarboxylic acids, the ester of citraconic 

acid is substantially less effective than the esters of maleic, itaconic, and acetylenedicarboxylic acids. The 
latter are close to one another in capability of forming addition products with esters of succinic, glutaric, and 

adipic acids. 

3. The principal products of homolytic reaction of dimethyl esters of glutaric and adipic acid~ with the 
dimethyl ester of acetylenedicarboxylic acid are respectively the tetramethyl esters of 2-pentene-I, 2,3,5-tetra- 
carboxylic acid and 2-hexene-i, 2,3,6-tetracarboxylic acid. 
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RADICAL ARYLATION OF THIOSEMICARBAZIDE AND 

ACETONE THIOSEMICARBAZONE BY ARYLDIAZONIUM 

BOROFLUORIDES 

B. V. Kopylova, R. G. Gasanov, UDC 541.515:542.91:547.288:547.556.7 

and R. Kh. Freidlina 

We have reported [1-3] the first evidence that aryl radicals generated by thermal decomposition of phenyl- 
azotriphenylmethane or N-nitrosoacetanilides arylate thiourea and N, N ~-diphenylthiourea to form S-arylisothio- 
uronium bases 

N H R  NR 
/ J 

S = C  ~ 2Ar" ~ ArSC 
\ \ 

N H R  N H R  

R = H , C ~ H s .  

~- ArH (i) 

The yield of these compounds reached 56% from N, N-diphenylthiourea but did not exceed N 1% from thiourea. 

In the work reported here we have examined the radical arylation of analogs of thiourea - thiosemicarba- 
zide (TSC) and acetone thiosemicarbazone (ATSC) -using different free-radical sources, phenyldiazonium (PD) 
and p-nitrophenyldiazonium (NPD) borofluoride. These borofluorides arylate TSC and ATSC to form S-aryliso- 
thiosemicarbazides and their derivatives. However, PD borofluoride arylates TSC and ATSC only in the pres- 
ence of CuCI 2. 2H20, pointing to the radical character of this arylation. NPD borofluoride arylates TSC and 
ATSC in the absence of CuCI 2" 2H20. To clarify the nature of arylation in this case we have examined the inter- 
action of NPD borofluoride with TSC by ESR using a spin trap, 2-methyl-2-nitrosopropane (MNP). When equi- 
molar quantities of NPD borofluoride and TSC in benzene are mixed in the presence of MNP at 25~ the ESR 
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