Stereospecific Synthesis of Isotopically Labeled
Serine at Carbon 3 and Stereochemical Analysis of
D-Serine Dehydrase Reaction

Sir:

We report here a straightforward synthetic scheme pro-
ducing enantiomeric pairs of [3-2H]- or [3-3H]serine on a
gram scale and the determination of the absolute configura-
tions of the chiral preparations. We also illustrate one of its
utilities by probing the stereochemical course of the elimi-
nation reaction catalyzed by the pyridoxal phosphate-de-
pendent enzyme D-serine dehydrase from E. coli. While
synthesis of either [3-3H]serine!2 or [3-2H]serine!?< has re-
cently been reported in preliminary form, the tritiated
amino acid was obtained in a low yield on a microscale after
many enzyme-catalyzed steps and is not amenable to scale
up beyond a few micromoles. The synthesis of the [3-2H]-
compound reportedly involves hydrogenation of an olefinic
azlactone of presumed geometry, leading subsequently to
amino acid of which the configuration at carbon 3 has not
been unambiguously established.

The synthesis outlined in Scheme I was initiated by de-
carboxylation of 1 g of monopotassium acetylene dicarbox-
ylate in 2.5 ml of 3H,0 (200 mCi).? After removal of excess
3H,0, the residue, without purification, was reduced with
Cr!! sulfate.3 Carrier acrylic acid (1 g) was added and the
(E)-[3-3H]acrylic acid? isolated by continuous extraction
into ether, followed by distillation in quantitative yield
{59 000 cpm/umol). Conversion to the enantiomeric pair of
(2R,3S)- and (2S,3R)-[3-3H]serine was performed by a
modified literature procedure. Ag(OAc); (2.3 g) was sus-
pended in a solution of 1 g of I in 20 ml of absolute metha-
nol and cooled to —10 °C. With vigorous stirring 2.2 g of
Brs in 5 ml of methanol was added dropwise over the course
of 1 h. Subsequent procedures were as reported* and the in-
termediates were not isolated. A yield of 0.8 g (55%) of an
enantiomeric pair of [3-3H]serines was afforded after puri-
fication on a Dowex 50 H* column and recrystallization
from aqueous ethanol.

The absolute configurations at C2 and C3 were estab-
lished as (25,3R) (II) and (2R,3S) (I1I) by enzymatic oxi-
dations of known stereospecificity. Hog kidney D-amino
acid oxidase (18 U/mg)’ oxidized only those serine mole-
cules of 2R configuration and, after removal of unreacted
[3H]serine by Dowex 50 chromatography and decarboxyla-
tion of the 3-hydroxy[3-2H]pyruvate by H,O,, the [2-3H]-
glycolate was treated exhaustively with spinach glycolate
oxidase (0.25 U/mg),® known to remove only the pro-R hy-
drogen of glycolate.” Only 20% of the tritium was released
as 3H,0, establishing that 80% of the glycolate molecules
contained tritium in the pro-S position (IV), showing in
turn that the (2R,3S)-[3-3H]serine molecules were 80%
enantiotopically pure at carbon 3.

Proof that the expected enantiomer (2S5,3R)serine (II)
was present followed by sequence in Scheme I also. 1T was
resolved from III by specific hydrolysis of the N-acetyl de-
rivative with hog kidney acylase® followed by racemization
at carbon 2° to a mixture of II and V. The D-amino acid ox-
idase-H,O» protocol selectively oxidized V to a [2-3H]gly-
colate which was 80% VI since 80% of the tritium was re-
moved as 3H,O after glycolate oxidase treatment. Thus the
(25,3R)-[3-3H]serine enantiomer present is also 80% enan-
tiotopically pure at carbon 3. The lack of absolute chiral
purity may arise either during addition of the bromo and
methoxy groups or the amination step!® and is under inves-
tigation.

With the same methods an enantiomeric mixture of
(2R,3S5)- and (2S5,3R)-[3-?H]serine was prepared from
(E)-[3-?H]acrylic acid.?> Examination of its deuterium-
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decoupled NMR spectrum in alkaline 2H,0O allows us to as-
sign unambiguously the upfield doublet!c to the C3 pro-R
proton of L-serine and the C3 pro-S proton of D-serine.

The chiral serines can be used to probe the stereospecific-
ity of a variety of enzymatic reactions occurring at the C3
of serine: for instance Floss and his colleagues have shown
tryptophan is formed with retention of configuration.!2

One of the intriguing unresolved problems in pyridoxal
phosphate enzymology is whether during B-eliminations
reprotonation at the substrate (-carbon is enzyme-cata-
lyzed.!"! Recently, Yang et al.!? found that D-threonine was
converted predominantly to (35)-2-keto-[3-2H]butyrate by
D-serine dehydrase in 2H>O, a retention of configuration.
As an initial test for our chiral tritiated serines, we have
now used that E. coli D-serine dehydrase (>100 U/mg) in
2H,0 and show here the first proof that a pyridoxal phos-
phate enzyme catalyzes the formation of a chiral methyl
group during a 3-elimination reaction.

Thus, separate incubations of III or V as dehydrase sub-
strates produced chiral pyruvates VII and VIII, respective-
ly, analyzed as indicated in Scheme II by eventual conver-
sion to [3-*H]malate samples. To improve the accuracy of
the results authentic [2-14C]malate was added to the tritiat-
ed samples which were then purified as previously re-
ported!? before exhaustive treatment with fumarase.!4 Both
the 3H,O and the 3H/!%C ratios of malate (before and after
fumarase action) were measured, yielding the results of
Table I.

Given (2R)-serines of 80% enantiotopic purity at carbon
3 and the intramolecular deuterium isotope effect of 3.1 for
chick liver pyruvate carboxylase,!>®b the maximal chiral
enrichment at C3 of malate, for 100% reprotonation of
bound aminoacrylate at the active site of D-serine dehyd-
rase before release into solution, would produce a 64:36
split after fumarase action.'® The data of Table I approach

Communications to the Editor



3398

Table I. Fumarase-Treated [2-14C,3-*H]Malate?

% tritium released as

Derived from 3H,0 % tritium retained®
11 58 41
\" 37 66

V in 'H,0¢ 48 53

@ See ref 13. About 2 umol of [3-3H]}malate were prepared in
each incubation. A typical set of data: e.g., with the [2-14C,3-3H]-
malate from V (3H, 15 000 cpm; H/'4C ratio, 1.57) 5560 cpm of
3H20 was released and the *H/'4C ratio dropped to 1.02. ¢ Calcu-
lated from the 3H/!4C ratios of malate samples before and after
fumarase treatment. In addition to the paper chromatograph sys-
tem used in ref 13, malate samples were also purified on Whatman
No. 3 paper, developed in ethanol/ammonia/water (8:2:1), Ry =
0.24. ¢ Control experiment, in which a 50:50 partition should be
expected.
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such chiral enrichment and most importantly compounds
IIT and V yield the expected reciprocal patterns.

These results show that D-serine dehydrase reprotonates
the bound aminoacrylate, and with retention of configura-
tion with respect to the departed hydroxyl group. They also
validate the use of these chirally labeled serine preparations
as probes of stereochemistry. The apparent lack of absolute
stereospecificity may be due to the occasional release of the
aminoacrylate, which tautomerizes free in solution, and
thus incorporates a proton achirally.

After the submission of this manuscript, a complementa-
ry report has appeared, using chirally labeled [3-3H]serines
to determine the stereochemical path for elimination reac-
tionslgcatalyzed by tryptophanase and tryptophan synthe-
tase.

Acknowledgments. We wish to thank Professor E. E.
Snell for the generous gift of D-serine dehydrase, and Pro-
fessor M. Utter and Dr. D. Myer for the gift of chicken
liver pyruvate carboxylase (12.5 U/mg). This work was
supported by N.I.H. Grant No. GM 20011.

References and Notes

(1) (a) G. E. Skye, R. Potts, and H. G. Floss, J. Am. Chem. Soc., 98, 1593
(1974); (b) C. Fuganti, C. Ghiringhelli, D. Glanrasso, P. Grasselli, and A.
Santopietro Amisano, Chem. Abstr., 81, 116969 (1974); (c) M. Kai-
nosho and K. Ajisake, J. Am. Chem. Soc., 87, 5630 (1975).

(2) K. Alder and G. Stein, Justus Liebigs Ann. Chem., 525, 1831 (1936).

(3) (a) C. E. Castro and R. D. Stevens, J. Am. Chemn. Soc., 88, 4538 (1964);
(b) R. K. Hill and G. R. Newkome, J. Org. Chemn., 34, 740 (1969).

(4) H. D. West, G. S. Krummel, and H. E. Carter, J. Biol. Chem., 122, 605
(1938).

(5) P. E. Brumby and V. Massey, Biochem. Prep., 12, 29 (1968).

(6) I. Zelitch, Methods Enzymol., 1, 528 (1955).

(7) C. K. Johnson, E. J. Gabe, M. R. Taylor, and |. A. Rose, J. Am. Chem.
Soc., 87, 1802 (1965).

(8) J. P. Greenstein and M. Winitz, ""Chemistry of the Amino Acids”, Wiley,
New York, N.Y., 1961, p 2229.

(9) E. W. Miles and P. McPhie, J. Biol. Chem., 249, 2852 (1974).

(10) Both retention and inversion of configuration have been observed In the
amination of a-bromo acids; see K. Pfister, lll, E. E. Howe, C. A. Robin-
son, A. C. Shabica, E. W. Pierrusza, and M. Tishler, J. Am. Chem. Soc.,
71, 1096 (1949), and references therein.

(11) L. Davis and D. E. Metzler in "'The Enzymes”, Vol. VIl, 3d ed, P. D.
Boyer, Ed., Academic Press, New York, N.Y., 1972, p 33.

(12) 1. Y. Yang, Y. Z. Huang, and E. E. Snell, Fed. Proc., Fed. Am. Soc. Exp.
Biol., 34, 496 (1975).

(13) Y. F. Cheung, C. H. Fung, and C. Walsh, Biochemistry, 14, 2981 (1975).

(14) |. A. Rose, J. Biol. Chern., 245, 6052 (1970).

(15) (a) A tentative value of 3.3 was quoted by Rose in ref 14. (b) Y. F.
Cheung and C. Walsh, unpublished results.

(16) Based on the assumption that the pyruvate molecules are only 95%
geuterated. In our actual incubations, the solution contained about 3%

Hgo.

(17) M.L.T. Health Sciences Fund Fellow (1975-1976).

(18) Alfred P. Sloan Fellow (1975-1977).

(19) E. Schleicher, K. Mascaro, R. Potts, D. R. Mann, and H. G. Floss, J. Am.
Chem. Soc., 98, 1043 (1976).

Yak-Fa Cheung,!” Christopher Walsh *18

Departments of Chemistry and Biology
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Received February 25, 1976

Book Reviews

Concepts of Inorganic Photochemistry. By ARTHUR W. ADAMSON
(University of Southern California) and PAUL D. FLEISCHAUER
(The Aerospace Corp.). John Wiley & Sons, Inc., New York, N.Y.
1975. xiii + 430 pp. Price $22.50.

In the extremely rapidly moving area of inorganic photochemistry,
this is an important and useful book. It is stimulating and readable
and should find its way onto the shelves of most inorganic photo-
chemists and spectroscopists as well as newcomers to the area. It will
not replace **‘Photochemistry of Coordination Compounds™ as a ref-
erence book, but it seems to fill in most of the important references
through 1974 and the newly emerging concepts; its format is also
probably better for teaching a course in inorganic photochemistry for
a reasonably sophisticated audience.

It has chapters on energy levels and spectra, photokinetics,

charge-transfer photochemistry, substitutional photochemistry of
first-row transition elements, and photochemistry of the heavier ele-
ments, of carbonyl complexes, of 1,3-diketonates, of simple inorganic
ions, and of the solid state. It concludes with chapters on photo-
chromism and chemiluminescence. Each chapter is written by a dif-
ferent author with the last two by the editors. Unlike the usual
hodge-podge of many multiauthored books, an overall plan is carefully
followed, and overlap and inconsistent notation are minimal. Although
the writing and level of presentation are not always consistent, the
problems are acceptable. For alternate viewpoints and additional
references, the reviews by Wrighton on carbonyls (Chem. Rev., 74,
401 (1974)) and on sensitization by Balzani et al. (Coord. Chem. Rev.,
15, 321 (1975)) are recommended.
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