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We have previously studied the addition of carboxylie acids and their methyl esters of a -olefim [7]: 

R - - C H = C O O H + C H ~ + C H - - R ' - - ~  R'~CH=CH=--.CH~COOH 
I 
R 

This reaction proceeds by a free-radlcal mechanism, the initiator being tert-butyl peroxide between 135 and 200*. 
Further detailed studies showed that the reaction may be regarded as a new preparative method for dialkylacetle 
acids. It has a number of advantages over the sodlomalonie and sodloacetoacetie ester syntheses usually employed. 
The chief advantage Is the simplicity of the experimental technique required and the fact that the process takes 
place in one stage. 

The aim of the present work was to extend the applicability of this reaction (free-radical addition of acids to 
multiple bonds) and to use it for the synthesis of cz-alkyldlearboxylle acid esters. It was established that malonfe, 
succtnie, adipie, azelaie, and sebaeie acid esters add on the c~-oleflm with the formation of the corresponding a -  
alkyldiearboxylic acid esters: 

ROOC-- (CH~)n--COOR+CH2=CH--R' ----* ROOC--CH-- (CH~)n__ICOOR, 
t 
CH2 

I 
R' 

where n = t ,  2,  4, 7, 8; R--CH3--; C~Hs--. 

The reactions were carried out at atmospheric pressure in the presence of tert-bntyl peroxide. The conditions 
employed In the various experiments, the proportions of the reagents and of the peroxide, and the yields of the 1 :1  
adduets are given in Table 1, and the properties of the 1 : 1 adduets In Table 2. All the experiments were carried 
out under comparatively similar condit ions-  duration 4-6 b.r, at 155-165 ~ and with ester: olefin: peroxide ratios 
of 7 .7 -10 :  1: 0.25-0.26.  The 7 :1  adducts with the exception of those of a -  olefins andmethyl adipate(experiments 
4 and 5), were obtained in high yields (52'75%). In the ease of methyl adfpate the yields were much lower. To 
confirm the structure postulated for the 1 :1  adduets (experiments 4-7), dimethyl c~ -octyladtpate (experiment 4) was 
hydrolyzed to the free acid (m. p. 74.5-75~ was then converted to the amtde (m. p, 186.2-186.8"). Published 
data [2]: a-oetyladlptc acid, m. p. 75*; a-oetyladipamide,  m. p. 186.7". 

The data obtained here and in previous work [7] may thus be regarded as proof that the addition of dibasic 
acid esters to a -oleflns takes place at the a-carbon atom of the former. We have already reported that only those 
acids or esters which have the CHz or CH group in the acid radical can(add on readily to a-oleflns.  Methyl acetate 
could not he added to 1-decene,  i .e. ,  It was impossible to convert the oleftn to an acid having two additional carbon 
atoms In the molecule. This was successfully accomplished in another way, By adding dtmethyl malonate to 1-deeene, 
dlethyl deeylmalonate was obtained. The latter, after hydrolysis and deearboxylatfon, yielded laurie acid: 
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The esters of et-alkyl dlcarboxylie acids can also be obtained 
by the addition of monobaslc acids or their esters to unsaturated acids 
or their esters: 

R--CHzCOOH-FCH2=CH (CH2),zCOOR'-~ 
~ HOOC--CH--CH,_,CH~-- 

I 
R 

(--CH.z)nCOOR' 

The reaction was carried out in three cases (experiments 8-11). En- 
anthlc acid and methyl caprate were added to methyl acrylate (n = 0), 
and valerlc acid was added to methyl undecenoate (n = 8). A high 
yield of the 1 : 1 adduet with methyl acrylate could not be obtained. 
This is obviously due to the ease of polymerization and telomerlza- 
tion under the reaction conditions, since, in addition to the small 
yield of the 1 : 1 adduct, a large quantity of macromolecular products 
is obtained (see column headed "residue" In Table 1). To Increase 
the yield of the 1 : 1 adduct of methyl acrylate and enanthic acid, 
a 20 : 1 : 0.5 acid: methyl acrylate : peroxide ratio was employed in 
experiment 9 instead of the usual 10: 1:0.25 (experiment 8). How- 
ever, the yield was not much improved. The yield of the addition 
product of valertc acid and methyl undecenoate is close to those of 
the 1 : 1 adducts of monobasic acids and ~-oleflns under analogous 
eondltions. The appropriate melting points, or more correctly the 
temperatures of the appearance of liquid phase, of c~-alkyldicarboxy- 
llc acid esters, which are liquid at room temper ature, were deter- 
mined. The determinations were made in a test tube 20 mm in 
diameter mounted in another vessel ("jacket"). Seven ml of ester 
was placed in the test tube and a thermometer was inserted. On 
cooling the esters turned Into a crystalline mass; the cooling was 
then terminated and the temperature at which liquid phase appeared 
in the test tube, inclined at 45*, was noted. The following results 
were obtained: dtmethyl ester of a-oetylsuccintc acid, - 9  to -10"; 
dimethyl ester of a-oetylazelaic acid, 1o5"; dimethyl ester of a -  
octylsebactc acid, 1 to 0"; dlmethyl ester of a-decyladtpic aeido 
7.5*; diethyl ester of decylmalonie acid, -10".  

For compounds of the type CH3OOCCH(CsHn)(CH2)mCOOCH3) 
(Experiments, 3, 4, 6, 7, and 10) exaltation of molecular refraction 
(AMRD) was observed, the average value of AMR D being -0 .6 .  

Kharasch and Gladstone [3] converted monobastc acids to the 
dibasic under the Influence of acetyl peroxide; they showed that de- 
composition of acetyl peroxide in acetic, isobutyrfe, and chloroace- 
tic acids leads to condensation of the a-carbon atom with the for- 
mation of sucelntc, tetramethylsucclnic, and dichlorosucctnlc acids, 
respectively, in 42-45% yields, based on the peroxide. The present 
investigation established that a condensation of this type takes place 
readily also under the influence of tert-butyl peroxide. The methyl 
ester of enanthic acid yielded the dimethyl ester of a , a ' -d tpen ty l -  
succinic acid In 36% yield, based on the peroxide: 
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CsHnCH2COOCHa-[- (CHa)aCOOC (CHa)a----* 
--,CftaOOC--CH--CH--COOCHa-]-2 (CHa)aCOH (u CHaCOCHa+CH4) 

I I 
CHll C5Hll 

EX PERIM ENTAL 

All the experiments described in Table 1 were carried out by the sam~ method. The ester or the acid itself 
(component A) was placed in a flask provided with a thermometer~ a dropping funnel, a reflux condenser~ and a 
stirrer, A solution of tert-butyl peroxide and of the unsaturated compound (component B) in approximately 1/4 to 
1/3 of the total quantity of component A calculated for the reaction was added dropwtse to the main bulk of the 
ester,which had been heated to 155-165"; ~he time of the addition ts given In the table, After the addition had been 
completed, the mixture was stirred for a further hour at the reaction temperature and then distilled. Broad fractions 
of 1 : 1 adduets were separated and further purified by fractional distillation. The residue In the distillation flask 
consisted of higher-boiling products (see column headed "residue ~ in Table 1), 

Experiment 1. Dtethyl deeylmalonate was converted to the decylmalonlc acid by being boiled with 50% KOH 
and subsequent treatment with concentrated hydrochloric acid. The free acid deearboxylated on heating, yielding 
laurie acid: m. p. 43,5-44 ~ 

Ex_xperiment 2. Similarly, diethyl 4-methyldecylmalonate was converted to 6-methyldodecanoie acid: m. p. 
156-158 ~ (1,5 ram); d~~ 4 0.8926, 1~~ 1o4442; MR found 63.81~ MR eale. 63.91. Found: C 72.86, 72,95~ H 12.08, 
12.20%; mole wto 215.2 (from the acid number). CtsH2602. Calculated: C 72.84; H 12.23%; mole wt. 214.35. The 
yields of the acids in experiments 1 and 2 were approximately 80%. 

Experiment 4. Hydrolysfs under the conditions of experiment 1 of 9 g of dimethyl a-octyladIpate  gave 5.6 g 
(yield 75%) of a-octyladtpic  acid melting at 74,5-75.0* (after 3 reerysta11Izations from acetone), A mixture of 1 g 
of the acid and 10 ml of thionyl chloride was heated to boiling for approximately 1 hr; the excess thionyl chlorlde 
was then distilled off~ and the residue was treated with aqueous ammonia. The diamide of a-octyladtplc  acid formed 
melted at 186o2-186o8 ~ after recrystalltzation from 70% alcohol  Published data [2]: m. p~ of acid 74,5-75~ m, p. 
of the amide 186o7% 

R e c o m p o s i t i o n  o f  l e f t - B u t y l  P e r o x i d e  in  M e t h y l  E n a n t h a t e  

A solntion of 20 g (0.137 mole) of the peroxide in 50 g of the ester was added, over 5 hr, to 80 g of the en-  
anthie acid ester heated to 145-155~ Yield 14 g (36%) of the dtmethyl ester of a ,a ' -d lpentylsueclnic  acid: b, p. 
108-110 ~ (!  ram); d~~ a 0.9527, r~~ 1,4420; found MR 79~ calc. MR 79.93, Found: C 66,76, 66.89; H 10,30, 10,31%. 
Cl~HsoO4. Calculated: C 67o10; H !0.56%. 

SUMMARY 

i .  Free-radical addition of dicarboxylic acid esters to a-olef lns  leads to the formation, in high yields, of 
a-alkyldiearboxylic acid esters. The reaction may be employed for the preparative synthesis of a-alkyldicarboxy= 
lie acids. 

2o Carboxylic acids (or their esters) add on to esters of unsaturated acids with the formation of'dlcarboxyllc 
acid esters, 

LITERATURE CITED 

1. A. Do Petrov, G. I. Nikishin, and Yuo No Ogibino Dokiady Akad. Nauk SSSR 13_~10 580 (1960)o 
2. A. Franke, A. Kroupa, and S, Hadzidimitzu, Monatsheft 62, 125 (1933). 
3o M.S .  Kharasch and M. T, Gladstone, L A m e r .  Chem. Soc. 65, 15 (1943). 

1235 


