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PREPARATION OF DEUTERIATED SUCCINIC ACIDS 
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SUMMARY 
Succinic [2,3-2H2]- and [2,2,3,3-2H4]-acids were prepared 

from maleic anhydride and dimethyl fumarate, and acetylene 
dicarboxylic acid and its dimethyl ester by treatment with Cu- 
A1 and Ni-A1 alloys in 10% NaOD-D20 in 95% to 100% isotopic 
purity. The succinic 2H4 acid having high isotopic purity was 
also obtained on the hydrolysis of 1.2-ethanedinitrile with 
alkaline deuterium oxide. Based on the 1H( *H) spectra analysis 
of N-(o-biphenyl)[2,3-2H2]succinimide, it was elucidated that 
the Raney alloy reduction with alkaline deuterium oxide pro- 
ceeds stepwise. 
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INTRODUCTION 
We have previously reported that halo-substituted aromatic 

compounds were reductively dehalogenated by employing Raney 
alloy in NaOD-D20 to give the corresponding deuteriated forms in  
high isotopic purity.1)-6) 

Catalytic deuteriation of maleic and fumaric acids and their 
esters with Pd/C provides an useful method for the incorporation 
of vicinal deuterium to succcinic acid and its esters.7)-12) 
This reductive method, however, requires deuterium gas not easy 
to handle as deuterium source. In addition, recently, we found 
that treatment of succinic [2,2,3,3-2H4] anhydride with Pd/C in 
ethyl acetate afforded products in which more than expected 
numbers of deuterium atoms were introduced.13) 
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We herein report that Raney alloy reduction with 10% NaOD- 
D 2 0  was applied for reducing of fumaric acid and its dimethyl 
ester, and maleic anhydride, and acetylene dicarboxylic acid and 
its dimethyl ester, affording succinic [2,3-2H2]- and [2,2,3.3-2H4] - 
acids in high isotopic purity. It should be noted that hydrogen- 
deuterium exchange of deuteriated succinic acids obtained was 
not observed under the conditions used in this study. We also 
describe that succinic [2,2,3,3-2H4]acid having high isotopic purity 
was prepared via the hydrolysis of 1,2-ethanedinitrile with alka- 
line deuterium oxide. 

RESULTS AND DISCUSSION 
PreDaration of Succ inic 12.3-2H,lacid 

The reductions of furnaric acid (1). dimethyl fumarate (2). and 
maleic anhydride (9) were carried out with Raney alloys such as 
Ni-A1 and Cu-A1 in 10% NaOD-D20. The results are summarized in 
Scheme 1 and Table 1. The isotopic purities of deuteriated succinic 
acids (A) prepared in this study were determined on the basis of 
the mass spectra of the corresponding deuteriated succinic anhy- 
drides (a. 

Fumaric acid (13 gave succinic [2,3-2H2] acid (h) only in 78% 
isotopic purity (Run 2). while dimethyl fumarate (2) and maleic 
anhydride (a), which have no proton source, were reduced with 
Cu-A1 alloy, affording the desired acid (W in 95% and 100% iso- 
topic purity (Runs 4 and 6). 

deuterium atoms due to hydrogen-deuterium exchange, so that 
h was obtained in a low isotopic purity (Runs 3, 5 ,  and 7). It 
should be noted that the use of 350 mg of Cu-A1 alloy in 10 ml of 
10% NaOD-D20 is necessary for giving &, because it was previ- 
ously found that 300 mg of the alloy in 10 mL of 10% NaOH 

However, the use of Ni-A1 alloy caused the over-introduction of 
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Table 1 Preparation of Succinic [2H,]Acid (&) and Succinic [2H2] 

Yield Composition of (yo)" 

Anhydride wa. 

Run Substrate Alloy 4a Do D, D2 D3 D4 

Id 1 CU-AI no reaction 
2 1 CU-A1 67 84 0 20 78 2 0 
3 - 1 Ni-AI 61 57 0 53 36 10 1 
4 2 CU-AI 87 80 0 5 9 5  0 0 
5 2 Ni-AI 85 67 0 14 52 17 17 
6 B CU-AI 90 80 0 0 100 0 0 
7 a Ni-AI 83 70 0 20 49 18 13 

~~ 

a) Conditions; substrate, 5 mmol; 10% NaOD-D20, 10 mL; alloy, 
350 mg. b) Isolated yields are shown. c) Determined by mass 
spectroscopic method. d) Amount of the alloy was 300 mg. 

reduce 580 mg (5  mmol) of the acid ( u . 1 4 )  

a mixture of 10% NaOH-H20 and 10% NaOD-D20 in order to 
investigate the relationship between deuterium content and 
volume ratios of D2O and H20. The result is shown in Figure 1. 

Figure 1 shows that, in a mixture of 10% NaOD-D20 and 10% NaOH- 
H 2 0 .  it is more difficult for deuterium atoms to be itroduced 

From the above results, the reductions of 1 were carried out in 

z I ID cu-AI 

Ni-AI 

0 2 0  4 0  6 0  80  100 

DzO/H20+D20 ( 9 4 )  

Figure 1 Variation of Deuterium Content of towards 
the Volume Ratios of 10% NaOD-D20 and 10% 
NaOH-H20. 
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in than hydrogen ones and the deuterium contents of 2 ate 
lower than the expected values, especially in the case of Ni-A1 
alloy.This means that deuterium isotope effect appears during the 
above reduction, but the reason is not yet clear. 

bromopentanoic acid using Cu-A1 alloy, 2,3-dipropylsuccinic acid, 
which corresponds to an Ulmann coupling dimer, was formed as a 
by-product in 16% yield.14) Based on this result, it is assumed 
that the reduction using Raney alloy proceeds stepwise. So. we 
investigated the reaction mechanism with Raney alloys in an 
alkaline deuterium oxide by using deuteriated acid (W. 

to the corresponding N-(o-biphenyl)[2,3-2H2]succinimides (m and 
(&),I51 and the aliphatic regions of their lH(2H) spectra are shown 
in Figures 2 and 3. 

When using 10% palladium-carbon as a catalyst, fumaric acid 
(L> and maleic acid (2) gave meso- and d,l-N-(o-biphenyl)[2,3- 
2H ~]succinimides by the concerted addition of vicinal deuterium, 
and the methylene signals of the imides were appeared at 2.63 
ppm and 2.85 pprn.15) The signals of and (hh) were observed 
at 2.48 ppm and 2.68 ppm as a set of a singlet and a doublet with 
coupling constants of 5=4.5 Hz indicating that the imides (b) and 

We previously reported that, in the reduction of 2- 

Succinic [2,3-2H2]acids prepared from 2 and 1 were converted 

2 

2.7 I F -  2.5 1-1- L4 PP'" 

Figure 2 1H ( 2H) of N-(o-biphenyl)[2,3-2H~Jsuccinimides (&I). 
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1 I I 1 PP m 
2.7 2.5 

Figure 3 1H ( 2H) of N-(o-biphenyl)[2,3-2H~]succinimides (bh). 

(fib.) are 1:l of meso-  and d,l-forms. 
Although it is well known that cis olefinic acid is isomerized to 

trans acid under the basic condition, the base-induced conversion 
from 1 to 1 did not occur; treating 2 in 10% NaOH at 50 OC for 1 h, 
maleic acid (13 was obtained in an almost quantitative yield 
(Scheme 2). 

I-\ 10% NaOD-D20 
O G O  HOOC COOH 

50 OC, 1 h i! 
9 

Scheme 2 
From the the aboves, it is suggested that the reduction of 2. and 2 
with Raney alloys in NaOD-D20 proceeds stepwise, different from 
the case using palladium-carbon catalyst. The reaction mechanism 
is shown in Scheme 3. 



410 M. Tashiro et al. 

+ D' \ COOCH, 

2 D D D -  H3COOC- - 
///////II/I 

Catalyst 

'OOC &coo- 
D : D  * 

Catalyst 

PreDaration of Succ inic 12.2.3.3-2aMciB 
The reductions of acetylene dicarboxylic acid (a, its dimethyl 

ester (a, and meso-?  3-dibromosuccinic acid (m with Ni-A1 and 
Cu-A1 alloys inlo% NaOD-D2O was carried out and the results are 
summarized (Scheme 4 and Table 2). 

The reductions of & and 9 afforded the desired succinic[2,2,3,3,- 
2H4]acid (m by using Ni-A1 alloy in 60% yield and in 97% isotopic 
purity (Runs 2 and 3). Interestingly, the dibromo acid (U) gave, 
mainly, & in 69% isotopic purity. When JQ was treated in 10% 
aqueous NaOH at 50 OC for 1 h, acetylenic acid (s) was formed in 
70% yield. This suggests that the hydrobromination of U preceeds 
the reductive debromination. 

The [2H4]acid (Q) having high deuterium content could be 
obtained via the hydrolysis of 1,2-ethanedinitrile (11) in alkaline 
deuterium oxide such as 10% NaOD-D20, 20% Na2C03-D20, 

HOOC+COOH 
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Table 2 Preparation of Succinic [2HdAcid (4) and Succinic 12H4] 
Anhydride m)". 

Yield pqb composition of (YO)" 

Run Substrate Alloy 4 a Do D, D2 D3 D4 

2 B Ni-AI 60 75 0 0 0 3 97 
3 9 Ni-AI 57 92 0 0 0 2 98 

5 u1 Ni-AI 61 57 0 0 0 31 69 

1 fi CU-AI 87 71 0 0 0 20 78 

4 J.Q CU-AI 67 84 0 0 13 42 45 

a) Conditions; substrate, 5 mmol; 10% NaOD-D20, 10 mL; alloy, 
350 mg. b) Isolated yields are shown. c) Determined by mass 
spectroscopic method. 

and 10% CaO-D20, as shown in Scheme 5.  
The deuterium contents of the acid (eb) were determined on 

the basis of 1H signal of methyl group of the corresponding deute- 
riated methyl hydrogen succinate (12) as an internal reference. It 
should be noted that cheap Na2C03 or CaO can be used as an alka- 
line media instead of expensive NaOD. 

The deuteriated positions of the acids (m and (m prepared in 
this study could be confirmed by their 13C(lH) shown in Figure 4. 
The signals of deuterium-bounded carbon atoms were, as 
expected,observed as a triplet and quintet with coupling contants 
of J=19.7 Hz and J=20.2 Hz in higher field due to isotope effect 

10% NaOD-D90 

NC-CN 
11 

L 

Y. 76% 

20% Na2C03-D20 
b - 

Y. 36% 

D4 

4b 

COOH 
HOOC v 
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I ,- ppm - , 1- I J l > l l l  
30 25 3 0  25 

Figure 4 l3C{ 'H) of Deutenated Succinic Acids (4a-b). 

than those of hydrogen-bounded ones, respectively. This demon- 
strates that deuterium atoms are introduced at the desired 
positions of 4. 

EXPERIMENTAL 

apparatus and are uncorrected. 13C ( 1H) were taken on a JEOL GSX- 
270 (67.94 MHz) n.m.r. spectrometer and 1H(2H] on a Hitachi R-90 
H FT n.m.r. spectrometer in CD30D or CDC13 with Me& as an inter- 
nal reference. Mass spectra were recorded on a Nippon Denshi 
JMS-OlSG-2 mass spectrometer at 75 eV using a direct inlet 
system. 

All melting points were determined on a Yanagimoto micro- 

Materi a1 s. 
Compounds 1, 2,1, &. and 2 were commercially available. 

Compound U was prepared following the reported method.16) 

Succinic 12.3-2H,lacid (4a). 
To a vigorously stirred mixture of 490 mg (5 mmol) of maleic 

anhydride (3 and 10 mL of 10% NaOD-D20 was added 350 mg of 
Cu-A1 alloy in small portions to maintain the temperature of the 
reaction mixture below 50 "C. After the reaction mixture had been 
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stirred at 50 "C for 1 h, it was cooled to room temperature. The 
above operation was carried out in a glove box under a nitrogen 
atmosphere. Then, the reaction apparatus was taken out from a 
box, and the formed Cu powder and unreacted alloy were filtered 
off using celite as a filter aid and washed with a amall amount of 

water. The combined filtrates were acidified with concentrated 
hydrochloric acid to pH.l under cooling and extracted with diethyl 
ether (50 mL X10 times). The extracts were dried over MgS04and 
evaporated in vacuo to afford 525 mg (88%) of succinic acid [2,3- 
2H2]acid (u, m.p. 183-184 "C (lit., 17) 185 "C). 

Succinic 12.2.3.3 - 2 h w d  (4b). 
Method A. ( via the reduct ion w ith Ranev allov). 

dicarboxylate (23, 30 mL of 10% NaOD-D20, and 1.2 g of Ni-A1 alloy 
was treated and worked up as above, giving 1.03 g (84%) of 
succinic [2,2,3,3-2H4]acid 0, m.p. 190-191 "C (lit., 17) 185 "C). 
Method B. (vi 'a the hvd rolBsis of 1.2 -ethanedinitrile (1 1). 

A mixture of 1.2 g (15 mmol) of 1.2-ethanedinitrile (11) in 20 
mL of 10% NaOD-D20 was heated under reflux for 1 h. After the 
reaction mixture was cooled to room temperature, it was acidified 
with concentrted hydrochloric acid to pH.1 under cooling and 
extracted with diethyl ether (60mL XI0  times). The extracts were 
dried over MgS04 and evaporated in vacuo to yield 1.39 g (76%) of 
succinic [2.2,3,3-2H4]acid (m, m.p. 189-191 "C (lit., 17) 185 "C). 

A mixture of 1.42 g (10 mmol) of dimethylacetylene 

Succinic r2.3 -2H2hhvdr ide (5&. 
After a stirred mixture of 446 mg (3.7 mmol) of succinic 12.3- 

2H2]acid (a and 0.5 rnL of acetic anhydride had been heated at 
140 "C (bath temperature) for 20 min, it was cooled to room 
temperature. The precipitates which formed were filtered, washed 
with 10 mL of ether, and dried under a reduced pressure to afford 
315 mg (83%) of succinic [2,3-2H2]anhydride (&I) as colourless 
needles, m.p. 115-119 OC (lit., 18) 120 "C). 

N-(o -b iDhenv l )m2&hcc in imide  (6a) and (6bL 

method, m.p. 134-136 OC (lit., 15) 134-135 "C). 
Compounds (m and (hh) were prepared following the reported 

Methvl hvdroeen succ inatel2. 2.3.3-2&1 (121. 
After a mixture of 300 mg (2.9 mmol) of succinic [2,2,3,3- 

2H4]anhydride (&) in 235 mg of anhydrous MeOH had been 
heated under reflux for 20 min, it was evaporated in vucuo and 
the residue was recrystallized from CS2 to afford 310 mg 
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(79%) of methyl hydrogen succinate[2,2,3,3-2H4] (12) as colourless 
plates, m.p. 49-52 OC (lit., 19) 58 "C). 
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