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Lengthening the Chain of a Dicarboxylic Acid by One Carbon Atom 

By Ernest W. Della, School of Physical Sciences, The Flinders University of South Australia, Bedford Park, 

Michael  Kendall," Chemistry Department, James Cook University of North Queensland, Townsville, 
South Australia 5042 

Queensland 481 1 , Australia 

The normal five-step procedure for the process indicated in the title has been shortened to three steps by using the 
reaction between diazomethane and a cyclic anhydride to prepare the intermediate diazo-ketone ester. This is 
illustrated by the synthesis of methyl 2-(1 -benzyl-5-methoxycarbonylpyrrolidin-2-yl)acetate from 1 -benzylpyrrolid- 
ine-2,5-dicarboxylic anhydride. 

Ix order to lengthen the chain of a dicarboxylic acid by 
one carbon atom it is necessary to protect one of the 
carboxy-groups before proceeding with the usual 
Arndt-Eistert synthesis.ly2 The normal procedure 
for doing this is shown in the Scheme (steps i-iv). 

1 

dicarboxylic acid ___t cyclic anhydride 

iii 1 * iv 
acyl chloride ester __t diazo-ketone ester 

SCHEME Reagents: i, Ac,O; ii, alcohol; iii, SOCI, or 
(COCl),; iv, CH,N,; v, CH,N, 

IVhen the diazo-ketone ester has been produced it can 
then undergo the Wolff rearrangement to yield which- 
ever carboxylic acid derivative is required.1, This 
reaction sequence is aptly illustrated by the synthesis 
of diethyl tetrahydrohomophthalate (2) from tetra- 
liydrophthalic acid (1) (see also ref. 4). 

This process can be shortened to three steps by pre- 
paring the diazo-ketone ester directly from the cyclic 
anhydride (step v). This reaction does not appear to 
have been used previously as part of a synthesis pre- 
sumably because it is reported to require several days 
and to produce a mixture of corn pound^.^*^ However, 
we have found that if a large excess of diazomethane is 
used the diazo-ketone ester is readily produced and is 
suitable for further reactions. In fact the diazo-ketone 
ester (8) prepared directly from tetrahydrothiophen- 
2,5-dicarboxylic anhydride (3) 7 and diazomethane 
was of comparable purity to  the product obtained via 
the acyl chloride ester (7) (i.r.8 and t.1.c.). 

This shortened procedure has proved successful in a 
situation where the usual approach failed. Thus, 
1 -benzylpyrrolidine-2,5-dicarboxylic anhydride (4) was 
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K. M. Baker and B. R. Davis, Tetrahedron. 1968, 24, 1955. 
A. Bhati, J .  Org. Chem., 1962, 27, 1183. 

1967, 36, 260. 

38. 

29, 3154. 

converted into the half ester (10) by a similar procedure 
to  that used for the sulphur analogue. Only intractable 
tars were isolated when we attempted to convert this 

(1) El = R2 = C0,H (3) x = s 
(2) R' = CO,Et, R2 = CH2C02Et (4) X = N.CH,Ph 

(5) R1 = R 2  = CO,Me 
(6) R1 = CO,Me, R2 = CO,H 
(7) R1 = CO,Me, R2 = COCl 
(8) R1 = CO,Me, R2 = COCHN, 

R ' O R 3  R2 

(9) R1 = R3 = CO,Me, R2 = CH,Ph 
(10) R1 = CO,Me, R2 = CH,Ph, R3 = CO,H 
(11) R1 = CO,Me, R2 = CH,Ph, R3 = COCl 
(12) R1 = CO,Me, R2 = CH,Ph, R3 = CO-CHN, 
(13) RZ = CO,Me, R2 = CH,Ph, R3 = CH,CO,Me 

material into the acyl chloride ester (11) by using either 
thionyl chloride or oxalyl chloride. However treatment 
of the cyclic anhydride (4) with an excess of dried 
ethereal diazomethane yielded the diazo-ket one ester 
(12), which was converted into the acetate derivative (13) 
by boiling in methanol in the presence of silver oxide. 
The 1H n.m.r. spectrum of the diester (13) suggested 
that this product was a mixture of geometrical isomers. 
Since the Wolff rearrangement is reported to proceed 
with retention of configuration? the major component 
(85%) was identified as the cis-isomer. 

This shortened procedure may prove advantageous 
in other situations, especially as it eliminates the need 
to use thionyl chloride, which sometimes has adverse 
effects. 
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1.r. spectra were measured with a Perkin-Elmer 237 
spectropliotometer, and l1-I n.1n.r. spectra with a Varian 
A-60A instrument (Me,Si as internal standard). G.1.c. 
was effected on an Aerograph Autoprep A-705 instrument 
[lo ft x 1/8 in stainless steel column packed with SE-30 
(20%) on Chromosorb PI. T.1.c. was carried out on Fluka 
alumina type D5 (chloroform as solvent); spots were 
developed with iodine vapour. Microanalyses were per- 
formed by the Australian Microanalytic Service, Melbourne. 

5-MetJ~oxycarbonyZtetrahydrot~~2iophen-2-carboxylic Acid 
(6) .-A solution of tetrahydrothiophen-2,5-dicarboxylic 
anhydride (3) (7.9 g) in dry methanol (150 ml) was stirred 
a t  room temperature (2.3 11) then evaporated under re- 
duced pressure. Distillation of the residual oil (b.p. 
114-118" at 0-05 mm Hg) yielded the half ester (6) (7.8 g, 
83%). which soon solidified and crystallised from light 
petroleum (b.p. 60-80°) as white plates, m.p. 50-53O 
(Found: C, 44.3; H, 5.2. C7Hl,0,S requires C, 44.2; 
H, 5.3%), v,, (Nujol) 1730s and 1700sh cm-l, 6 (CDC1,) 
3-75 (3H, s, C0,Me) and 9.68 (lH, s, CO,H, exchangeable). 

Dirnethyl Tetrahydrothiophen-2,5-dicarboxylate (5 )  .- 
Methylation of the half ester (6) with diazomethane 
yielded the dimethyl ester as a liquid, b.p. 70" at 0.1 mmHg 
(Found: C, 46.7; H, 5.8. C8Hl,0,S requires C, 47.1; 
H, 5.9%), Vms (neat) 1740s cm-l, 6 (CCl,) 3.68 (6H, s, 
C0,Me). 

Methyl 5-ChlorofornzyltetrahydrotJaiop~~en-2-carboxyZate 
(7).-The half ester (6) (0.5 g) was stirred with an excess 
of thionyl chloride (15 ml) at room temperature for 1 h. 
The excess of reagent was removed at room temperature 
leaving the acyl chloride ester (7) as a liquid tha t  was not 
purified [vmx (neat) 1780s and 1730s cm-l]. This liquid 
was boiled in dry methanol; removal of the solvent under 
reduced pressure left an oil identical with the foregoing 
diester ( 5 )  (i.r., g.l.c., and t.1.c.). 

Methyl 5-DiazoacetyZtetrahydrothiophen-2-carboxylate (8) .- 
(i) A solution of the acyl chloride ester (7) (0.5 g) in dry 
ether (50 ml) was slowly added (0.5 h) to  a dried ethereal 
solution of diazomethane [from nitrosomethylurea (6 g)]  a t  
0". The mixture was allowed to warm to room temperature 
overnight and the ether was removed under reduced pressure 
leaving the diazo-ketone ester as a yellow liquid, vmz 
(neat) 2100s, 1735s, and 1640 cm-l. 

(ii) A solution of tetrahydrothiophen-2,5-dicarboxylic 
anhydride (3) (3 g) in dry benzene (300 ml) was added to a 
dried ethereal solution of ciiazomethane [€rom nitroso- 
methylurea (60 g)] a t  O", and the mixture was allowed 
to  warm to room temperature overnight. Evaporation 
left a yellow liquid, identical with that obtained in (i) 
(i.r. and t.1.c.). 

l-Benzyl-5-~zethoxycavbo~zyl~yrrolidine-2-carboxyZic Acid  
(10) .-A solution of l-benzylpyrrolidine-2,5-dicarboxylic 

10 S. W. Blackman and R. Baltzly, J .  Org. Chem., 1961, 26. 
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anhydride (4) (6-93 g) in dry methanol (150 ml) was 
stirred a t  room temperature (4 h), then evaporated 
under reduced pressure. The residual solid was re- 
crystallised from benzene-light petroleum (b.p. 50-603) 
yielding the half ester (10) (7.32 g, 93%) as white needles, 
m.p. 67-68" (Found: C, 64.2; H, 6-5; N, 5.1. 
C,,Hl,N04 requires C, 63.9; H, 6.5; N, 5.3%), v,, (CCI,) 
1750s cm-l, 6 (CDCl,) 3-63 (3H, s, CO,Me), 3.90 (2H, s, 
NCH,), 7.30 (5H, s, aromatic), and 11.20 (lH, s, C0,H). 
The picrate crystallised from methanol as yellow prisms, 
m.p. 160-163" (Found: C, 48.5; H, 4.4; N, 11.2. C20- 
H,,N,Oll requires C, 48.8; H, 4-1; N, 11.4%). The 
hydrochloride of (10) crystallised from ethanol-acetone 
as white needles, 1n.p. 149-150' (Found: C, 55.8; €3, 
6.2; Cl, 12.1; N, 4.5. Cl,Hl,NO,Cl requires C, 56.1; 
H, 6-0; C1, 11-9; N, 4.7%). 

Dirnethyl l-Benzyl~yrroZidine-2,5-dicarboxyZate (9) .- 
Methylation of the half ester (10) with diazomethane 
yielded dimethyl l-benzylpyrrolidine-2,5-dicarboxylate (9), 
b.p. 115" at 0.02 mmHg (Iit.,lo 129-130" a t  0.05 mmHg; 
1it.,l1 148-152" a t  0.02 mmHg), vmg. (neat) 1745s cm-l, 
(CCl,) 3.50 (6H, s, CO,Me), 3.83 (2H, s, NCH,), and 7.23 
(5H, s, aromatic). The picrate crystallised from methanol- 
light petroleum (b.p. 50-60") as yellow needles, m.p. 
122" (Found: C, 49.7; H, 4.5; N, 11-0. C,1H2,N,O,1 
requires C, 49.8; H, 4.4, N, 1101%). 

Methyl l-BenzyZ-5-diazoacetyZpy~oZidine-2-carboxyZate 
(1 2) .-To a solution of l-benzylpyrrolidine-2,5-dicarboxylic 
anhydride (4) (4.8 g) in dry benzene (250 ml) was added a 
dried ethereal solution of diazomethane [from nitroso- 
methylurea (60 g)] at 0". The mixture was allowed to 
warm to room temperature overnight and then evaporated 
under reduced pressure leaving the diazo-ketone ester (12) 
as a yellow liquid that was not purified, v,, (neat) 210Os, 
1735s, and 1640s cm-l. 

Methyl 2- (l-Benzy1-5-~~zethoxycarbonyZpyrroZidin-2-y1) - 
acetate (13).-Freshly prepared silver oxide (2 g)  was added 
to  a solution of the foregoing diazoketone (12) in dry 
methanol (300 ml), and the mixture was boiled under re- 
flux (2 h). Decolourising charcoal was added to the mix- 
ture, which was then filtered hot, and the filtrate was 
concentrated under reduced pressure. Distillation of the 
residue afforded the diester (13) (3.3 g, 53%) as a pale yellow 
liquid, b.p. 117" a t  0.05 mmHg (Found: C, 66.3; H, 7.1; 
N, 4.7. Cl,H,1N04 requires C, 66.0; H, 7.3; N, 4-8%), 
v,, (neat) 1735s cm-l, 6 (CCI,) 2.35 (2H, m, CH,*CO,), 
3.47, 3-53 and 3-58 (total 6H, s, CO,Me), 3.80 and 3-90 
(total 2H, s, NCH,), and 7.23 (5H, s, aromatic). G.1.c. 
analysis (185') showed a single peak. The fiicrate crystall- 
ised from methanol as clusters of yellow needles, m.p. 
108-109" (Found: C, 50-9; H, 4.8; X, 10.9. C,,H&40,, 
requires C, 50.8; H, 4.7; N, 10*8~o). 
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