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THE REDUCTION PRODUCT OF vy CARBOXY GLUTAMIC ACID
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SUMMARY : The synthesis of DL-5,5'-dihydroxyleucine, by diborane
reduction of N-phaloyl-DL- ¥ -carboxyglutamic acid- X-methylester,
and the chromatographic and spectral characteristics of this ami~-
no acid are reported.

W-carboxyglutamic acid, I, an essential component of the

g@f OH
HN-CH-CH-CH
~COH

N terminal part of prothrombin, is involved in the binding of cal-
cium ions (1). This unusual amino acid has been identified in try-
ptic peptides derived from prothrombin by Stenflo (2) Nelsestuen
(3) and Magnusson (4). Since its discovery and identification, se-
veral syntheses have been reported in the literature (5-10).

The research on'T-carboxyglutamic acid and its identifi-
cation in enzymes and other proteins has been very extensive during
the last four years and in addition to coagulation factors that are
vitamin K dependent, factors VII, IX and X (1) (3), carboxyglutamic
acid has been shown to occur in number of proteins : protein C (11-
13) protein S (14) proteins from bones (15) proteins associated
with tissue calcification (16-19) in fossil bones (20) and riboso-
mal proteins (21,22).

Carboxyglutamic acid is unstable and easily decarboxyla-
ted during extraction. This explains why only two methods have been

used to identify this acid in proteins and tissues. The first con-
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sists of alkaline hydrolysis followed by the chromatogra=-
phic detection of f-carboxyglutamic acid (23-24). In the second
method, Nelsestuen et al avoided the decarboxylation problems by
reducing the free acid groups of the protein with borane in tetra-
hydrofuran. 1‘—carboxyg1utamic acid, if present, is reduced to 5,5'
-dihydroxyleucine which can then be detected by amino acid analysis
after acidic hydrolysis (25,26). Nelsestuen et al identified 5,5'-
dihydroxyleucine, I, obtained after reduction of prothrombin pepti-

des by derivatization followed by mass spectra analysis (25,26).

COH CH,OH
H,N-CH-CH-CH
II

However no source of IT has been described until now beyond the hy-
drolysis of reduced carboxyglutamic containing proteins.

Larger amounts of unequivocally identified samples of
IT would be useful to ascertain the chromatographic characteris-
tics of this amino acid and to be used as reference material in
the research and identification of new ‘Fcarboxyglutamic contai-
ning proteins.

We report here the synthesis and the spectral charac-

teristics of DL-5,5"'-dihydroxyleucine, IT,

MATERTAL AND METHODS

All chemicalswere of the highest purity available.
Borane-tetrahydrofuran (1M) and n-butyllithium in hexane were pur-
chased from Aldrich. lH NMR spectra were recorded either at 60 MHz
on a R 24 Perkin spectrometer or at 100 MHz on a HA 100 Varian
spectrometer.

13C NMR spectra were recorded at 20 MHz on a CFT 20
Varian spectrometer. In both cases, the chemical shifts are expres-
sed in ppm with respect to tetramethylsilane as internal reference.
Mass spectra were recorded on an AEI MS 30 mass spectrometer.

N-phthaloyl-L-serine,VIIL

Na2C03 (10g) dissolved in H20 (15ml) is added to L-se-
rine (10g,95mmoles) in H20 (75ml). After addition of N-carbetho-
xyphthalimide(23g,105mmoles) (27-28) the mixture is stirred at
room temperature for 30 minutes. After filtration and extraction
with methylene chloride, crystallization of the crude product in
ether yields VII (10g, 45%Z, F = 152°C 1it: 152°Cc (28) ).
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N-phthaloyl-L-Serine methylester, VIII

VII is esterified with diazomethane in ether F=115°C
IH NMR (cDC1l3) : 8§ =7.9 (s,4H, aromatic protons), 5.02-5.3 (t,!H,
-?H-), 4.25-4.35 (d4,2H,~CH2-0), 3.85 (s,3H,CO0CH3)

N-phthaloyl-L-serine methyl ester mesylate, IX

Mesyl chloride (0.5ml, 6.4mmoles) is added dropwise
under argon to a cold solution (-20°C) of VIII(l.5g,5.8mmole) and
triethylamine (0.9ml) in methylene chloride (20ml). After comple-
tion of the addition, the temperature is kept at -20°C for 90 mi-
nutes and then allowed to rise to 25°C in 90 minutes. After evapo-
ration of the solvent under vacuum the crude product (1.97g) is pu-
rified by silicagel chromatography (80g, 70-230mesh, eluent : hexa-
ne/ethylacetate 1/1) and yields IX (!.32g, 78%, F=95-100°C). !H NMR
(cpCcl3) : & = 7.85 (s,4H, aromatic protoms), 5.1-5.4 (t,1H,-CH-),
4.8-4.95 (d,2H,-CH2-0-), 3.85 (s,3H,COOCH3), 2.0 (s,3H,CH3-S)'

N-phthaloyl-dehydroalanine-methyl ester, X

IX (1.2g, 3.56mmole) and anhydrous triethylamine (0.9ml)
are boiled in methylene chloride (20ml) for 20 minutes. Elimination
of the solvent under vacuum and purification by silicagel column
chromatography (40g, 70~230 mesh, eluent : hexane/ethylacetate 1/1)
yields X (0.68g, 84%Z,F 108°). IH NMR (cDCl3) : § = 7.8 (d,4H,aroma-
tic protomns), 6.6 (s,lH, c=c:§), 5.82 (s,1H, c=cl®), 3.72(s,3H,C00CH3)

N-phthaloyl-DL- ¥ ~carboxyglutamic acid-¥,Y - di-t-
butyl-&-methyl ester, XTI

1,55 N butyllithium in hexane (15.2ml) is added dropwise
under argon to a cooled solution (-40°C) of di-t-butyl-malonate (6g,
28mmole) and tetra methylethylenediamine (3.9ml, 1.2eq) in anhydrous
dimethoxyethane (70ml). After staying 40 minutes at -40°C, X (6.45g,
28mmoles) in dimethoxyethane (15ml) is added dropwise. After 4 hours
at -40°C, the temperature is kept at -20°C overnight and then at 4°C
for six days. After acidification with HCl and extraction with methy-
lenechloride, the crude product is purified by silicagel column chro-
matography (330g,70-230 mesh, eluent : hexane/ethylacetate 8/2) and
yields XI (10,41g, 837, F=110°C crystallized from hexane/ethylaceta-
te). lH NMR (CDClj3): & =7.8 (m,4H, aromatic protons), 4.97 (m,1H,-CH-
N), 3.74 (s,3H, COOCH3), 3.19 (m,IH,-CH-), 2.85-2.68 (m,2H,-CHo-)1.47
(s,9H, t-Butyl), 1.37 (s,9H, t—Butyl)!

N-phthaloyl-DL- T—carboxyglutamic acid- X-methyl ester, XII

XI (1.22g, 2.7mmole) is treated at room temperature with
a mixture of trifluoroacetic acid/H20 (9/1, 6ml) for 140 minutes. The
solvents are evapored under vacuum and the traces of trifluoroacetic
acid and water are eliminated by distillation of heptane and benzene.
XII (F=140°C) is obtained in almost quantitative yield.

N-phthaloyl-DL-5,5"'-dihydroxyleucine-methylester, XIII

XII (2.7mmole) in anhydrous ethylacetate(52ml) is shared
between 4 flasks cooled in an ice bath. Borane-tetrahydrofuran (IM,
55ml, 10eq/CO3H) is added under argon. After 18 hours at room tempe-
rature, the excess of borame and the tetrahydrofuran are eliminated
under vacuum. Methanol is evapored 3 times and the crude product is
purified by preparative silica gel thin layer chromatography (elu-
ent : chloroform/methanol 9/1) and yiels XIIT (0.44g, 53%).
TH NMR (cpcliy) :8=7.79 (m,4H, aromatic protons), 4.99 (m,1H,-CH-N)
3.79 (s,3H, COOCH3), 3.79 (m,4H,CH,0H), 2.28 (m,2H,-CHo-) 1.66(m,
1H,CH (CH20H), ). I3CNMR (CDC1l3) : § = 170.0 (-COOCH3), 167.8 (N-

87



Vol. 87, No. 1, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

CO0-), 134.4 ; 131.8 ; 123,7 (aromatic ring), 65.0 ; 63.13 (CH,0H),

52.9 (COOCH3), 50.3 (CH-N) 39.2 (CH (CH0H)2 ), 27.2 (CH-CH2-CH).

M.S. (70ev) 307 (M*), 275, 259, 255, 248, 228, 219, 218, 200, 199,
190, 173, 160, 148, 105, 104.

DL-5,5'- dihydroxyleucine, IT

XITII (340mg, 1.!lmmole) is saponified with potassium hy-
droxide (4N, 5.5wml) at 110°C under argon for 24 hours. After care-
ful neutralization with perchloric acid (6N) the potassium perchlo-
rate is eliminated by filtration and the crude product is purified
on an AGlx2 column (hydroxide form). After washing with distilled
water, the columnis eluted with acetic acid (0.3N) and yields II (ace-
tate form, 0.170g, 67%). !3CNMR (D50, sodium salt) : § = 181.7
(-COONa), 69.4 ; 69.15 (CHZOH), 60,05 (CH-NHp), 45.14 (Eﬂ (CH20H)?2 ),
37.25 (-CHy-).

The 13CNMR spectra is recorded as sodium salt and not as acid to
avoid any lactonization during the recording time.

RESULTS AND DISCUSSION

The strategy of this synthesis relies on the reductive
properties of diborane which has been shown to reduce acid groups much
faster than ester groups (29, 30).

Among the intermediates involved in the synthetic scheme
of Schwyzer et al (8) leading to ’r-carboxyglutamic acid, the tries-
ter III with two different sets of esters can be easily converted to

the diacid ester IV by treatment with trifluoroacetic acid.

(O coypbu COLHy  con
Z-NH-CH-CH5 CH — ZNH-CH-CH—C|
Z "Scoyteu ZNH M H‘COZH
hrig v

We assumed that reduction with diborane should occur se-
lectively at the malonyl moiety and lead, after deprotection, to the
desired dihydroxyleucine, II.

However no study of the reduction of malonic acid by di-
borane has yet been reported. We have observed, using model compounds
that the reaction is slower and requires a large excess of diborane
(31). The achievement of the synthesis of II (vide infra) shows that
in spite of these rather drastic conditions, the selectivity remains
and the carboxyl groups of a malonyl moiety can be reduced in the
presence of an ester.

However reduction of III with borane-tetrahydrofuran
under these conditions leads to mixtures of products among which

we have isolated and identified (!H NMR and mass spectra) a cyclized
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product VI arising presumably according to the mechanism outlined in

+
scheme 1.

Z—N*E:chHa Z.N_CIH CQAC’B Z-N —C{i—CqCHB Z— N—C{‘-COzCHs
| 2 —_ CHe — ‘ z He — l /CH2
&V S HE—Cy
VAN fod
nag jeq [0 o L e L o

Scheme t

We replaced the benzyloxycarbonyl protecting group by
a phthalimido group which offers the advantage of blocking complete-
ly the nitrogen atom, thus preventing cyclization involving that po-

sition and we carried out the synthesis according to scheme 2

o QLH,
HzN—CH . —CH i
¢
HOH w chH CHpH

0: ggm COCH, $°PH3
— - —CH
< Y l CHZCH(COZrBu) % ﬁHz X EHpMs

Ak GOLH T
-CH — —CH — = CH—NH,
xi B cneHeor), CH,CH(CHOH), éHcr—(CH;)H)l

Scheme 2

We have carried out the last deblocking step by alka-
line hydrolysis instead of hydrazinolysis which has always lead to
complex mixtures of products arising presumably through the reac-
tion on the ester group along with the opening of the phthalimido
group.

The chromatographic behaviour of our synthetic sam-
Ple is very similar to that described by Nelsestuen for the sample
obtained from prothrombin (26) : paper chromatography by descending
technique (Rg=0.1 eluent : Ethanol/ammonium hydroxide/water,90/5/5),
Fig. 1| shows that DL-5,5'-dihydroxyleucine appears as a single peak

located between aspartic acid and threonine on amino acid analyzer.

+This kind of cyclization has already been observed by Dolby during
the reduction of an acid in the presence of an indolic moiety (32).
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< aspartic acid
-+——threonine

«——serine

Figure 1 : Amino acid analysis of 5,5'-dihydroxyleucine recorded
on an amino acid auto analyzer Technicon TSMI

CHy{CH,OH),
CHNH

181.7 69.15 6005 4514 3725
69.4

4

Figure 2 : 13C NMR ('H decoupled) spectra of DL-5,5'-dihydroxy-
leucine sodium salt recorded in a H90/D20 mixture on
a CFT 20 VARIAN spectrometer. Chemical shifts are ex-
pressed with tetramethylsilane as reference. The at-
tributions have been made on the basis of the lH cou-
pled spectrum.

The !3¢ NMR spectra of DL-5,5'~dihydroxyleucine re-
corded as sodium salt in D,0 (Fig. 2) shows the magnetic non-equi-
valence of the two diastereotopic hydroxymethyl groups.

These results confirm the structure determination of Nelsestuen
(12). The availability of synthetic DL-5,5'-dihydroxyleucine will
help in the identification of this compound by automated amino
acid analysis.

We acknowledge the skilful assistance of G. Desvages
who recorded the amino acid analysis. We would like to thank L.
Lacombe for recording the HA 100 g NMR spectra and Dr G. Chassaing
for recording and interpreting 13CNMR spectra.
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