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A method of syn the sis of trisodium (R)-homocitrate start ing from cit ric acid is re ported.
The pro ce dure af fords the fi nal prod uct of high op ti cal pu rity with sat is fac tory yield.
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(R)-Homocitric acid (2-hydroxy-1,2,4-butanetricarboxylic acid) 1, is a nat u ral
prod uct, known as an in ter me di ate in the L-a-aminoadipate path way of the L-lysine
biosynthesis in some yeast, fungi and archea [1,2]. The com pound is formed upon the
con den sa tion of a-oxoglutarate and AcetylSCoA. The con den sa tion in the first step
of the a-aminoadipate path way is cat a lyzed by homocitrate synthase (EC 4.1.3.21).
Since lysine in an es sen tial amino acid for an i mals and the a-aminoadipate path way
is ab sent in these or gan isms, the en zymes cat a lyz ing the unique steps of the fun gal
lysine biosynthesis path way are con sid ered po ten tial tar gets for antifungal che mo -
ther apy [1,2]. In hib i tors of these en zymes, in clud ing some struc tural an a logues of
(R)-homocitric acid may thus be come ef fec tive antifungals. (R)-Homocitric acid is
also an im por tant com po nent of the iron-mo lyb de num co fac tor of bac te rial nitro -
genase [3]. The com pound is there fore a sub ject of in ter est as a tool for bio chem i cal
stud ies. The acid is not avail able com mer cially and the known meth ods of its syn the -
sis af ford ei ther a racemic prod uct or af ter multi-step pro ce dures the op ti cally ac tive
homocitric acid g-lactone 2.

Most of the meth ods de scribed in the lit er a ture have been de vel oped to syn the size 
the homocitric acid g-lactone 2, known to be more sta ble than homocitric acid 1.
Some of these meth ods af forded a racemic prod uct by hy dro ly sis of cyanohydrin
of di ethyl b-oxoadipate [4–7] or by in dium metal-me di ated allylation/ox i da tive
cleav age pro ce dure of a-oxoglutarate [8]. The en an tio mers of the homocitric acid
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g-lactone were ob tained by ei ther an enantioselective syn the sis start ing from var i ous
op ti cally ac tive nat u ral com pounds or by homologation of an asym met ric cit ric acid
de riv a tive [9]. Most of the re ported asym met ric syn the ses use Seebach’s self-re gen -
er a tion of the ste reo cen ters meth od ol ogy [10] with L-serine or L-lac tic acid [11],
D- or L-malic acid [12,13], and L-phenylalanine [14] as start ing ma te ri als. In al ter na -
tive ap proaches, D-quinic acid [15,16], ephed rine-de rived morpholinedione [17] or
spiro-g-dilactone [18] was used to give the op ti cally ac tive 2 upon ox i da tive ring
cleav age.

In this pa per we pro pose a method lead ing to the for ma tion of chiral trisodium
(R)-homocitrate from cit ric acid, in which the chiral res o lu tion was ap plied in the
prep a ra tion of one of the early in ter me di ates.

RE SULTS AND DIS CUS SION

Our ap proach to (R)-homocitric acid shown in Scheme 1 is based on the ini tial
for ma tion of an op ti cally ac tive de riv a tive of cit ric acid, ob tained in a way sim i lar
to that de scribed by Ancliff et al. [9]. Al though the cit ric acid it self is not a chiral
com pound, some of its de riv a tives are chiral. In our case, the stereogenic cen ter was
gen er ated upon the con ver sion of cit ric acid into an asym met ric monoester of
methylenecitric acid. The com pound, rac-3, was pre pared in three steps, ac cord ing
to the pre vi ously de scribed pro ce dure of Nau et al. [19], with some mod i fi ca tions
as pro posed in one of our pre vi ous pub li ca tions [20]. The chiral res o lu tion was
achieved upon the for ma tion of diastereoisomeric salts with (S)-a-methyl benzyl -
amine, pre vi ously ap plied for the sep a ra tion of methylenecitric acid [9] and homo -
citric acid g-lactone [21]. It is worth men tion ing that the (S)-en an tio mer of methyl
methylenecitrate can be iso lated only if (R)-a-methylbenzylamine is used for the
pur pose of the chiral res o lu tion (de tails are not shown). Un like the pre vi ously
pub lished pro ce dures, we used meth a nol as sol vent pre vent ing the pos si bil ity of
transesterification and giv ing rise to the high op ti cal pu rity of the (R)-3 (ee ³ 95%)
prod uct. Ex ten sion of the –CH2COOH unit was achieved by the Arndt-Eistert
method. The diazoketone 4, which was formed from the acyl chlo ride pre vi ously ob -
tained in a stan dard way [22], was sub jected to the Wolff re ar range ment in the pres -
ence of Ag2O in meth a nol. Such con di tions en sured the for ma tion of dimethyl
methylenehomocitrate 5 in one step, thus fa cil i tat ing the prod uct iso la tion.

More over, a pos si ble side prod uct, the cor re spond ing a-chloroketone, was not
formed. The cleav age of the 4-oxo-1,3-dioxolane ring is usu ally acid [9,12,14,20]
or base catalyzed [9]. How ever, un der acid cat a lyzed con di tions one could ex pect
rapid cyclization of homocitric acid to its g-lactone. In fact, when HCl/MeOH was
used, a mix ture of the dimethyl g-lactone and trimethyl homocitrate 6 was ob tained.
There fore, we found more con ve nient and ef fec tive to ob tain trimethyl homocitrate
6 in good yield by ap ply ing triethylamine in meth a nol. Fi nally, the op ti cally ac -
tive trisodium homocitrate 1 was ob tained af ter base catalyzed hy dro ly sis of 6.
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Since no lit er a ture data on op ti cal ac tiv ity of 1 are avail able, we con verted a sam ple
of it into the well char ac ter ized homocitric acid g-lactone 2. Phys i cal and spec tral
prop er ties of this prod uct matched those pre vi ously re ported [15,17], thus in di rectly
con firm ing an op ti cal pu rity of 1.

The de scribed pro ce dure is ad van ta geous in some as pects, as com pared to the
pre vi ously pro posed meth ods. Sim i larly as Ancliff et al. [9] we used cit ric acid, as an
eas ily ac ces si ble and in ex pen sive sub strate but in our case, the fi nal prod uct was al -
most op ti cally pure, sta ble trisodium (R)-homocitrate in stead of the re spec tive
lactone. More over, most of the in ter me di ates 3–6 may be used for the for ma tion of
many dif fer ent homocitric acid de riv a tives, po ten tial in hib i tors of homocitrate
synthase and homoaconitase. Trimethyl homocitrate 6 is a lipophilic de riv a tive of
homocitric acid, which is able to pass through the bi o log i cal mem branes by free dif -
fu sion. It can subsquently be hy dro lyzed by the intracellular es ter as es to give
homocitric acid. Our method may be there fore used for the ef fi cient for ma tion of the
op ti cally pure homocitric acid and its de riv a tives.
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EX PER I MEN TAL

1H and 13C NMR spec tra were ob tained with a Varian Unity Plus spec trom e ter op er at ing at 500
and 125 MHz, re spec tively. The deuteriated sol vents were used as an in ter nal lock for 1H and 13C NMR.
Op ti cal ro ta tions were mea sured on Autopol II (Rudolph Re search Flan ders) polarimeter. Mass spec tra
were re corded on Ap plied Biosystems MD; Sciex 4000 Q Trap LC/MS sys tem. Melt ing points (m.p.)
were un cor rected. Flash col umn chro ma tog ra phy was car ried out on sil ica gel (300–400 mesh).

4-Oxo-1,3-dioxolan-5,5-diacetic acid [20]. Cit ric acid 1 (63 g, 0.33 mol), paraformaldehyde
(12 g, 0.39 mol) and p-toluenosulphonic acid (0.3 g) were refluxed in chlo ro form (300 ml) with azeotropic 
trap ping of H2O for 10 h. The sol vent was evap o rated and the res i due was crys tal lized from hot wa ter.
The methylenecitric acid 51.5 g (75% yield) was ob tained as white crys tals, m.p. 202–204°C {lit. [23]
m.p. 205°C, 46% yield}.

Methylenecitric acid an hy dride 3a. This com pound was syn the sized by pro ce dure of Nau et al.
[19]. The an hy dride 3a was recrystallized from ethyl ac e tate; yield: 87%; m.p. 154–155°C {lit. [19]
m.p. 153°C}.

Monomethyl methylenecitrate rac-3. The methylenecitric acid an hy dride (10 g, 0.053 mol) was
refluxed in an hy drous meth a nol (300 ml) for 30 min utes. The ex cess of meth a nol was evap o rated, wa ter
(150 ml) was added, and the mix ture was ex tracted with di ethyl ether (4×80ml). The or ganic phase was
dried (MgSO4) and the sol vent was evap o rated to dry ness. The prod uct 3 was recrystallized from H2O;
yield: 90% (10.5 g); m.p. 126–127°C {lit. [9] m.p. 126–127°C}.

Monomethyl (R)-methylenecitrate (R)-3. The rac-3 (8.1 g, 37 mmol) was dis solved in hot an hy -
drous meth a nol (32 ml) and (S)-(–)-benzyl methylamine (4.78 ml, 4.49 g, 37 mmol) was added dropwise.
The so lu tion was then cooled to room tem per a ture, and an hy drous di ethyl ether (55 ml) was added.
The white crys tals of the salt {3.6 g; m.p. 136–138°C; [ ]a D

20 7+  (c 1, CHCl3)} were dis solved in 0.5M HCl,
and the so lu tion was ex tracted with di ethyl ether (5×35 ml). The or ganic phase was washed with brine
(1×15 ml) and dried over MgSO4. The sol vent was evap o rated to give (R)-3 2.2 g (27% yield) as col or -
less oil  [ ] .a D

20 8 9+  (c 4.48, MeOH) {lit. [24] ee 90–92%, [ ] .a D
20 8 4+  (c 2.46, MeOH)}. 1H NMR (CDCl3)

d [ppm]: 2.91 (s, 2H, CH2); 2.96 (s, 2H, CH2); 3.72 (s, 3H, OCH3); 5.56 (s, 2H, OCH2O). 13C NMR
(CDCl3) d [ppm]: 41.24; 41.43; 52.77; 75.75; 95.53; 169.34; 173.18; 173.74.

(–)-Diazoketone 4. Methyl methylenecitrate (R)-3 (3.6 g, 0.016 mol) was refluxed in SOCl2 (10 ml)
for 1 h. Ex cess of SOCl2 was evap o rated, CCl4 (10 ml) was added, and the mix ture was evap o rated to
dry ness. The last step was re peated twice to re move traces of SOCl2. The prod uct, 3.8 g (100% yield) was
ob tained as col or less oil. The oil in ether (10 ml) was treated portionwise with dia zo me thane in ether un til
de vel op ment of the firm yel low color of the re ac tion mix ture. The mix ture was then stirred at room
tem per a ture for 15 h un der ar gon. The re sult ing mix ture was evap o rated and the yel low solid res i due was
dis solved in ethyl ac e tate (30 ml). The so lu tion was washed with 10% aque ous so dium car bon ate.
The wa ter lay ers were back-ex tracted with ethyl ac e tate (3×30 ml). The com bined or ganic lay ers were
washed with wa ter, 0.5M HCl, brine and the so lu tion was dried over an hy drous mag ne sium sul fate. Af ter
be ing con cen trated un der vac uum, the res i due was crys tal lized from hex anes to give the diazoketone
(–)-4 as yel low crys tals (3.67 g, 95% yield); m.p. 53–6°C, [ ] .a D

20 3 66-  (c 4.1, MeOH).
 rac-Diazaketone 4. This com pound was also ob tained and af ter flash chro ma tog ra phy (eluent: ethyl

ac e tate) was iso lated as pale yel low oil.
Dimethyl (R)-methylenehomocitrate 5. Ag2O (8.75 g, 0.038 mol) was added to the so lu tion of

diazoketone 4 (3.37 g, 0.015 mol) in an hy drous meth a nol (190 ml) of and the mix ture was stirred for
72 h at room tem per a ture in dark. The re sult ing mix ture was fil tered to re move sil ver com pounds and
the sol vent was evap o rated to give the crude prod uct, which was pu ri fied by ethyl ac e tate. The prod uct 5
was ob tained as pale yel low oil (2.5 g, 70%); [ ] .a D

20 40 7-  (c 2.67, MeOH); m/z (CI): found 246.2184;
[C10H14O7+H] re quires 247.2201; 1H NMR (CDCl3) d [ppm]: 2.15 (t, 2H, CH2CH2CO); 2.35–2.49 (m,
2H, CH2CH2CO); 2.90 (AB, J =17.1 Hz, 2H, CH2CO); 3.70 (s, 3H, OCH3); 3.72 (s, 3H, OCH3); 5.50 (s,
1H) and 5.55 (s, 1H) (both from OCH2O); 13C NMR (CDCl3) d [ppm]: 28.48; 32.23; 40.78; 52.19; 52.48;
77.61; 94.83; 169.82; 172.74; 173.51.

1320 M. Prokop and M.J. Milewska

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Trimethyl (R)-homocitrate 6. To the so lu tion of dimethyl (R)-methylenehomocitrate (5)
(285.3 mg, 1.16 mmol) in an hy drous meth a nol (20 ml), triethylamine (0.16 ml, 1.16 mmol) was added
and the mix ture was refluxed for 10 h. The re ac tion prog ress was fol lowed by TLC. Af ter com ple tion of
the re ac tion, the sol vent was evap o rated, the res i due was dis solved in chlo ro form (10 ml) and so lu tion
was washed with: wa ter, 5% KHSO4, and wa ter (2 ml). The or ganic phase was dried (MgSO4), and the
sol vent was evap o rated, to give (R)-6 as yel low oil (200 mg, 70%) [ ] .a D

20 10 26-  (c 0.78, flash chro ma -
tog ra phy (eluent: CHCl3); [ ] .a D

20 6 5-  (c 1.23, MeOH) {lit. [16]  [ ] .a D
20 10 2-  (c 1.46, CHCl3)}; m/z (CI):

found 248.2343; [C10H16O7+H] re quires 249.2340; 1H NMR (CDCl3) d [ppm]: 2.01–2.09 (m, 2H,
CH2CH2CO2CH3); 2.27–2.31 (m, 1H, CH2CH2CO2CH3); 2.43–2.63 (m, 1H, CH2CH2CO2CH3); 2.74,
2.92 (AB, J = 16.4 Hz, 2H, CH2CO2CH3); 3.67 (s, 3H, OCH3); 3.68 (s, 3H, OCH3); 3.81 (s, 3H, OCH3);
13C NMR (CDCl3) d [ppm]: 28.58; 34.32; 43.74; 52.23; 52.38; 53.54; 74.77; 171.47; 173.74; 175.48.

Trisodium (R)-homocitrate 1. To a so lu tion of trimethyl (R)-homocitrate (6) (160.8 mg,
0.65 mmol) in meth a nol (1.95 ml) 1M aque ous NaOH (1.95 ml) was added and the re ac tion mix ture
was stirred for 2 h at room tem per a ture. The sol vent was evap o rated and the res i due was pre cip i tated
with di ethyl ether to ob tain (R)-1×3Na+ as white solid (170 mg, 96%) [ ] .a D

20 4 79-  (c 1.7, H2O); m/z (CI):
found 272.0994 [C7H7O7Na3+H] re quires 273.0525.

(R)-Homocitric acid g-lactone 2. A so lu tion of trisodium (R)-homocitrate 1 (90 mg, 0.33 mmol)
in TFA (2 ml) was refluxed for 8 h. The sol vent was evap o rated and the res i due was pu ri fied on Dowex
50X8-100[H+] to give af ter sol vent evap o ra tion the fi nal prod uct as white solid (52 mg, 84%) [ ] .a D

20 52 88-
(c 1.04, H2O) {lit. [17]  [ ]a D

20 57-  (c 1, H2O), [15]  [ ]a D
20 50-  (c 1, H2O)}; 1H NMR (d6-ac e tone) d [ppm]:

2.0–2.7 (m, 4H); 3.0 (d, J = 16 Hz, 1H); 3.16 (d, J = 16 Hz, 1H); 13C NMR (CDCl3) d [ppm]: 28.32; 31.92;
41.74; 83.51; 170.47; 172.5; 176.48.
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