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Alkyl- and alkenylsuccinic acids and their derivatives are used in the preparation of 
many practically important products [i], which is one of the reasons for the increasing in- 
terest in the synthesis of these compounds [2-5]. Among the recently proposed methods for 
the synthesis of alkyl- and alkenylsuccinic acids and their derivatives, the method of the 
PdCla-catalyzed carbonylation of propargyl alcohols (100~ CO at i00 arm) [5] is very prom- 

is ing �9 co+too 
RR'C(OH)C~CH +,CO + H20 ~ [RR'C=C=CHCOOH] --+ 

(I) 
O 

/ 

Together with the convenient method for the preparation of acetylenlc carbinols devel- 
oped by us [6], this reaction (if carried out under milder conditions, eliminating the danger 
of strong resinification of higher acetylenic alcohols) Can considerably widen the possibili- 
ties of the synthesis of the above compounds. In the present work we searched for a more ef- 
fective catalyst, so that it would be possible to lower the temperature and pressure, and 
studied the carbonylation of propyn-2-ol (la), 2-methyl-3-butyn-2-ol (Ib), l-ethynylcyclopen- 
tanol (Ic), and 2-phenyl-3-butyn-2-ol (Id) in the presence of Pd-black and HI in solutions of 
benzene and MeOH [7]. 

During the carbonylation in a benzene solution, alcohol (la) actively adds CO, but the 
products formed cannot be isolated because of rapid polymerization. Alcohols (Ib-d) form ,~ 
substituted anhydrides of succinic acid (lllb-d). The reaction thus takes place under mild- 
er conditions than in the presence of PdCIa [5] (Table 11. 

When boiled with water, anhydrides (1111 convert into acids (I1). 

The carbonylation of (11 in MeOH leads to a mixture of products, which is due to the 
concurrent substitution of the OH group for MeO. Thus, during the carbonylatlon of alcohol 
(la), a mixture of dlmethyl itaconate (IV) and dimethyl aconitate (V) is formed in a ratio 
of 6:1 (overall yield 35%) : 

HC ~ C(~H,OH CO+XeOH [CH~=C=CHC02CH3] CO+M~m CH2=C(CO2CHs)CH,COsCH 
--H,O] 

(Xa) UV) 

I CO+HeOH �9 [CHsO2CCH= C(C0sCH3)CH20CHs] ~--H.O 
CHsCOzCH=C(CO~CH3)CH 2C0,CH3 

(V) 

From ( Ib ) ,  t o g e t h e r  wi th  the d i e s t e r  (VI),  the  m e t h o x y - s u b s t i t u t e d  compounds (VII) and 
(Vlll), as well as the lactone (IX) are formed. Further carbonylation of (Vll) and (VIII) 
is apparently hindered by the methyl substituents in the a position to the MeO group (see 
scheme on following page). All the products were isolated by chromatography on a Si02 column, 
and characterized (Tables 2 and 3). 
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TABLE i. Carbonylation of Propyn-2-ol (la), 2-Methyl-3-butyn- 
2-ol (Ib), l-Ethynylcyclopentanol (Ic), and 2-Phenyl-3-butyn- 
2-01 (Id) in the Presence of Pd-Black and HI in Benzene 

Temperature 
Alcohol ]of reaction, ~ 

(Ia) I 30 (to) 
(lc) 70 
(]d) 3O 

CO pre~mre, 
at ' In 

20 

50 
50 

Time, h 

3 
5 
2 

Product, yield, 
qo 

Redn 
(IIIb),, 
( lIIc) , ,  36 
(IIId),,  5i  

TABLE 2.  

Anhy- 
dride 

(1'II b| (IIb) 

(HI c) (I I  c~ 

(rod) (i id) 

Products of Saponification of Anhydrides (lllb-d) 

mp, "C 
solvent) 

UtrumV spec- IR speqtmm u. cm" PMR spec- 
u-urn, ppm 

i i 

,,,o~ 

i62--t~3 
(EtOH) 
220--22i 

(EtOH) 

i6i--i52 
(MeOH) 

235 i2400 

242 i2~0 

208 i5i00 

t620. i655 

1530, i ~ ,  

iVl0 

1530, l ~ ,  

i7i0 

t,80, 2A0, ~,76 
(CH,)~ 3,26 (CH,), 

9,23 (COOH) 
2,36 (CH,), 
3,t! (CHD, 

7,28 M (C~H,), 
9,O6 (COOH) 

C,H~04 

C~H,,o, 

Found/ qo 
Calculated ' 

C" H 

_ m 

58,76 6,58 
6,5---~ 

65,92. 5,52 5.---~ 

Me~C(OH)C _~ CH 

MetC=C(COtCH~)---CHtCO2CH3 
(VI) 

MezC(OCHs)--CH =CHCO2CHs 
(VII) 

CO..,CH 3 

I CH3 

(ix) 

l 
Me~C(OCH3)C(CO=CH 3)=CHCO2CH3" 

(VIII) 

Carbonylation of (Ic) leads to a mixture of methoxy-monoester (X) and diester (XI) 

(Ic) (X) 

+ I ~ = ~ C 0 2 C H 3  
CH=C02CH, 

(XI) 

In this case, the products of the cis-carbonylation of the C EC bond are not formed, prob- 
ably because of steric hindrances. All the reactions in MeOH are also carried out under mild 
conditions (20-50 arm, 40-70~ 2-4 h). 

Palladium black was thus found to be an active catalyst for the carbonylation of acety- 
lenic alcohols and the synthesis of succinic acid derivatives. However, only Pd-black which 
shows pyrophoric properties is effective, but this cannot always be prepared, and even under 
mild conditions, the reaction takes place with considerable resinification. 

In continuation of our search for carbonylation catalysts for acetylenic alcohols, we 
studied the catalytic activity of a homogeneous catalyst Coz(CO)8. This catalyst has not 
yet been used for carbonylation of acetylenic alcohols, but was used in the reaction of CO 
with acetylene, and one of the products of this reaction was succinic acid [8]. It is also 
known that nickel carbonyls catalyze the carbonylation of acetylenic alcohols to unsaturated 
acids only [9]. 

We studied the catalytic activity of Co=(CO)e, using different additives in the case of 
(Ib). The results are listed in Table 4. The principal reaction products are teraconic an- 
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TABLE 4. Carbonylation of (Ib) in Presence of Co2(CO), with 
Different Additives (150~ CO at i00 arm) 

Catalyst 

Co2 (CO) , + H  I +CH~OH ' 
Co= (CO) s+HI+Py+CHsOH 
Co2 (CO),+C4H6 :: 
80,7% CoNa(SiO2/A]20s 4,4) 

Overall yield 
of (IIbL (VID, 
and (xn), 

53,4 
49,2 
~5'3 
58,3 

Relative yield, % 

(II6) 

42,1 
25,6 

{Vlt} ] CY~I} 

50,4 7,5 
32,3 42,1 

- 100 
47,9 23,3 

hydride (lib) and dlester (VI). 5,5-Dimethyl-AS,~-dihydrofuran-2-one (XII) is also formed 
in a small amount 

(Ib) C0+H*0 Me~C(0H)CH =CH COOH "~i  "1/Hs 

0 j \  O / \ C H ~  
(XlI) 

EXPERIMENTAL 

The PMR spectra were run on the Varian DA-60-1L spectrophotometer (60 MBz). The chem- 
ical shifts are shown on a 6 scale, using HMDS as standard and CDCIs as solvent. The IR 
spectra were recorded on the UR-IO spectrometer, and the UV spectra on the Specord UV-VIS 
apparatus. The products were analyzed by TLC (on Silufol) and by GLC (2.5 m x3 mm column 
with 2.5% OV-I on Chromosorb G, 80-100 mesh). 

CarbonTlation in the Presence of Pd-Black. A 0.25-mole portion of the acetylenic alco- 
hol (I), i00 ml of solvent, 0.3 g of Pd-black, and 3 g of 40% HI were placed in a thermostat- 
ed stalnless-steel reactor with mechanical stirring, and then CO was introduced to a pressure 
of 20 attn. The mixture was heated until no more CO was absorbed. During the absorption, 
more CO was added. The catalyst was filtered, the reaction mixture was passed through a col- 
umn with SiOz to purify it from resins, and the solvent was distilled. The products were iso- 
lated by fractional distillation, and the mixtures were separated by column chromatography 
(SiO2, ether-hexane, I:i) (see Table 3). 

Garbonylation in the Presence of Coa(CO)a. In a rotating 0.25-1iter steel autoclave 
wereplaced42.2 g (0.5 mole) of (Ib), 32 ml of methanol, a solution of 1.2 g of Co2(C0), in 
25 ml of hexane, and 5 ml of 40% HI. The autoclave was heated, with rotation, to 150~ at 
a CO pressure Of i00 arm. The CO absorption was continued for 6 h. The reaction mixture was 
washed with 10% HCI, a saturated solution of NaCI, and water, and dried over Na2S04. The 
products were isolated by fractional distillation and column chromatography (Si02, ether-pe- 
troleum ether, i:i), toyield 17.7 g (25.3%) of (lib), 21 g (22.6%) of (VII), and 3.1 g (5.5%) 
of (Xll), bp 70-71~ (7 mm), nD =~ 1.4466. PMR spectrum (~, ppm): 1.42 (CHs), 5.80, 7.36 
(CH =CH, J =16 Hz). Pound: C 64.12; H 7.14%. C6H802. Calculated: C 64.27; H 7.19%. 

CONCLUSIONS 

Carbonylatlon of acetylenic alcohols in the presence of Pd-black and cobalt carbonyl 
leads to derivatives of alkylidenesuccinic acids in yield of ~50%. 

l. 

2. 

. 

4. 
5. 
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REACTION OF ETHYL DIAZOACETATE WITH 2-ALKENYLFURANS* 

O. M. Nefedov, V. M. Shostakovskii, A. E. Vasil'vitskii, 
and M. I. Kravchenko 

UDC 542.91:547.235.4:547.721 

In contrast to benzene, furan and its derivatives react with ethyl diazoacetate (EDA) 
under conditions of thermocatalytic decomposition of the latter with the formation of com- 
plexes of the ethoxycarbonylcarbene fragment at the double bond of the furan ring (FR) and 
products of their rearrangement [6, 7], which indicates the great activity of the FR com- 
pared to benzene in these reactions. The possibility of competition between the multiple 
bonds of FR and of the alkenyl group emerges in the case of alkenylfurans. In connection 
with this we studied the influence of a substituent in position 5 of the FR and at the exo- 
cyclic double bond of 2-alkenylfurans (I), and also the influence of the conditions of the 
process on the direction of the reaction and the relative activity of the exocyclic and en- 
docyclic double bonds of (I) in comparison to EDA. 

As was shown, the reaction of EDA with (I), having substituents on the vinyl group [2- 
propenylfuran (la), 2-isobutenyifuran (Ib), 2-(l,2-dimethylvinyl)furan (Ic)], leads mainly 
to acyclic esters of triene ketoacids (II), with yields in the case of the thermocatalytic 

\ 0 / 

(I) 

reaction in the presence of CuS04 reaching 47-58%: 

IRR ,C___CR'~ COOC~Hs ] 

\ 0  / "X J 

--* R R'C= ~CR~ 
(ID 

R=CH~, R ' = . R ' = X = H  (a): R=R'=CH,,  R = X = H  (b); 
R=R'=CH3, R'----X=H (c); R----R'=X=CHs, R'=H ~d); 

R = R ' = R " = X = H  (e'g R=R'=R~=H,  X=CHs (f). 

The formation of (II) can be explained by participation in the reaction of the double bond 
of FR, removed from the alkenyl substituent, with subsequent rearrangement of the complex 
[6, 7]. The absence of addition products of carbene at the substituted bouble bond of FR is 

*The preliminary results are presented in [i, 2]; see also [3-5]. 

TABLE i. Properties of Esters of Triene Ketoacids RCO(CH =CH)2COOC2Hs 
(If) 

~ l a $  o 

sifiea- 
tion 
n u m -  
b e r  

(Ha) 
(lib) 

(lie) 

CHsCH=CH 
(CHs) ~C=CH 

CIIsCII=C (CII,) 

mp, Found 
"C 

c, % H, % 

~8~ 67,94 7,18 
68,47 7,76 

92 68,81 8,15 

M+/e 

i94 
208 

208 

I Ernplrt- 
cal for- 
mula 

C.Ht~O3 
Ct~HI,O3 

CtzHt,Os 

Calculated 

c ,~  r~,~ mol. wt. 

68,02 7,26 t94,2 
68,82 8,25 208,2 

68,82 8,25 208,2 
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