TETRAHEDRON
LETTERS
n Tateahadean T attare 20 1100Q2) SNO_S19
rergamon Iullalivulull LAUUED 07 (1 Z270) JUIT—Jd1 4
..,yn.hesis 0!' P..wphenate ‘-..alegl.es of CMP-NeuSAc

Received 23 October 1997; accepted 6 November 1997

Abstract: Treatment of sialyl phosphites with TMSOTf as catalyst affords o~ and B-sialyl phosphonates. This
phospshite/phosphonate-exchange reaction was employed for the synthesis of sialylphosphonate dialkyl esters Saa-5Co
and 5af-5¢B. Monodemethylation of 8¢ and ScP, linkage to 5-O-unprotecied cytidine derivative 7, and then
deprotection furnished the phosphonate analogue 2B of CMP-NeuSAc and the corresponding o-isomer 2a, respectively.
Their structures could be assigned and inhibition of a(2-6)-sialyltransferase was determined.

© 1998 Elsevier Science Ltd. All rights reserved.

Sialylation at the nonreducing end of glycoconjugates is an important biological process which plays a
role in various biological events, such as cell adhesion and inflammation.2 Additionally, several reports indicate
that there is a correlation between cell surface sialic acid content or sialyltransferase activity and the growth3 or

...................... of sialyltransferases which use
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CMP-N u5Ac (Scheme 1, 1) a ycosyl donor.6 Therefore, the biological function of the various sialylated
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oligosaccharide epiiopes could best be investigaied with sialylirans
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Substrate analogous inhibitors may be readily accessible by generating the corresponding phosphonate
2B. The synthesis of this compound was recently claimed,!? based on a method which we have previously
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when low-reactive acceptors were employed.!! Thus, when sialic acid derivative 3'2 was transformed into
diethyl phosphite 4aB!!-13 or into dibenzyl phosphites 4ba.,B,!4 on treatment with TMSOTT alone (Method A) or
with TMSOTT in the presence of dialkyl-trimethylsilylphosphite (Method B) not only the B-phosphonates 5ap
and 5bp but (mainly as major products) also the o-phosphonates Saa and Sba, respectively, were obtained
(5ac:5ap = 1:1; Sbo:5bp = 3:2).11 The structural assignments could be based on 3!P/1H- and 13C/'H-
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correlations as shown in Table 1 and their comparison with NMR data obtained for structurally related
moieties.!3 Inspection of the NMR data of the compounds claimed to be 2810 and 5¢810 indicates, that instead
the a-isomers 20 and Sca were obtained (3Hax‘p = 11.8 and 11.7 Hz). (Table 1)

Tabie 1. Typical NMR Data of Compounds 5ac~5ca, 5a-5¢f

Compound BHeq.!;J [Hz] SHax‘p [Hz] SHax‘CJ [Hz] 3Heq-(;-1, [Hz) 3H33x,4 {Hz] 3H3eq=4 [Hz] 2Hax,3eq [Hz]
S5aq i i2.5 8.5 nd.2 11.8 4.7 13.1
5ap 5.0 355 0 n.d. n.d. 4.8 13.9
S5ba 1 13.0 8.5 3.0 13.0 3.5 13.0
5bp 5.0 355 4.0 0 13.0 5.0 13.0
ScaP 1 11,7 n.d. n.d. 11.7 36 13.0
5cB 6.5 33.9 n.d. nd 13.3 48 14.0
20° 0 11.8 n.d. n.d 1.8 4.7 12.8
2p 7.0 30.0 n.d. n.d. 109 7.0 12.9

& n.d. = not determined

b seeref. 10

Therefore, based on the above described methodology!! we prepared from 4b with dimethyl-
trimethylsilyl phosphite (3 equivalents) in the presents of TMSOTT as catalyst (0.5 equivalents) (Method B)
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phosphonates 5co.,8 (87%, a:p = 2:1), which could be separated by silica gel chromatography (toluene/acetone,
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was employed.1016 Monodemethylation of the phosphonate moiety was performed by treatment with

PhSH/NEt; in THF!7 leading to 6o and 6 in practicaily quantitative yields. Condensation with 2°,3'-di-O-
acetyl-N-acetyl-cytidine 71618 under Mitsunobu conditions!? (PPhs/diisopropyl azodicarboxylate) afforded
fully protected phosphonates 8a (70%) and 8B (55%), respectively, each as two diastereoisomers due to the
stereogenic phosphorous atom. Ensuing O-demethylation of the phosphonate group, again by treatment with
PhSH/NE;, afforded triethylammonium salts, expectedly as single isomers. Deacetylation could be readily
performed by treatment with NaOMe/MeOH (Zemplén conditions) and the methyl ester was cleaved by

treatment with aqueous NaOH (0.01 N for 28, 0.5

followed by ion exchange chromatography (Amucrh{c R 120, Nat-form) afforded target molecules 2a! and
021 :- Lol i1l TLo NIAAD .1 P s P S U P H L I RPN B 1R o S N4 V1 » QO (SO
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found for 2 (Tabie 1 and ref. 21) are in agreement with the configurationai assignment.

Sialyltransferase inhibition of 2« and 23 was investigated with «(2-6)-sialyltransferase obtained from rat
liver (EC 2.4.99.1) with the help of a recently introduced assay system.” Both compounds exhibited
competitive inhibition; K; = 250 uM (4 20) for 28; K; = 780 uM (+ 70) for 2a. As expected, 28 shows higher
enzyme affinity than 2« and its binding to «(2-6)-sialyltransferase is less than one order of magnitude lower
than the natural sialyl donor CMP-Neu5Ac (Ky = 45 pM).720 Competitive binding of both anomers is
supported by recent results22 which indicate some tolerance of the enzyme to structural modifications at the

anomeric site.
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'H NMR (600 MHz, D,O, MeOH = 3.35): $ 8.04 (d, 1 H, J¢ 5 = 7.6 Hz, H-6), 6.19 (d, 1 H, H-5), 6.04
d, 1 H, J;» = 4.4 Hz, H-1"), 436-4.34 (m, 3 H, J¢5» = 9.9 Hz, H-2', H-3', H-6"), 4.26 (m, 2 H, H-4, H-
5'a), 4.20-4.18 (m, 2 H, Jy3veq = 7 Hz, J4» 3045 = 10.9 Hz, J4 55 = 9.9 Hz, H-5'b, H-4"), 4.03 (m, 1 H,
Jg g =9 Hz, Jg g+, = 2 Hz, Jgu g, = 6.5 Hz, H-8"), 3.91 (dd, 1 H, Jg, g, = 11.1 Hz, H-9"2), 3.84 (dd, 1 H,
H-5"), 3.69 (dd, 1 H, H-9"b), 3.51 (d, 1 H, H-7"), 2.81 (ddd, 1 H, J3-eq3"ax = 12.9 Hz, J3:eqp = 7 Hz, H-

3"eq), 2.08 (s, 3 H, N-Ac), 1.85 (ddd, 1 H, J3-,, p = 30.0 Hz). 3P NMR (109.25 MHz, D,0) 5 17.5.
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