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The title acids were synthesised by condensation of 2,4-diacetamido-2,4,6-trideoxy-L-gulose with oxalacetic acid and characterised
by 'H and 13C NMR spectroscopy.

N-Acyl andO-acetyl derivatives of 5,7-diamino-3,5,7,9-tetrade- OH
oxynonulosonic acids are the components of lipopolysaccharide e o i Me o OBn i
of Gram-negative bacteria, in which they play a role in sero-Bz0 % R?’OW 5%
logical specificity and endow the bacterial surface with peculiar BzO (O R20 OR!
physico-chemical properties. Pseudaminic and legionaminic acid
were discovered in the mid-1980s, and tthglyceraL-manno 1 2R'=H,RP=R*=Bz
andD-glyceroL-galactoconfigurations, respectively, were ascribed 3R'=R®=Bz,R?=H
to them! More recently, the configuration of legionaminic acid 4R'=R?=Bz,R®=H
was revised td -glyceroD-galactg?3 and its C4-epimer was
isolated from a lipopolysaccharide frdragionella pneumophita Me7~07=0Bn iy v vi Me7~070Bn i
Reliable identification of these sugars, including the determina: HOW 1% AcO e
tion of absolute configurations, requires authentic samples. Hert HO oy RO (oac
we report on the first synthesis of compounds of this class.

By analogy with the preparation Nfacetylneuraminic aciél, 5 6 R=H :] ¥
the condensation of 2,4-diacetamido-2,4,6-trideoygulosel4, 7R=Tf

in which the functionalisation and configuration of C2—C6 cor-
respond to those of C5-C9 in the target nonulosonic acids, wit| Me73 07 ~0Bn i Me 7307 ~0Bn i
oxalacetic acid was used at the key step of the synthesi U o7 m?’ e

L-Rhamnose, a readily available 6-deoxyhexose, served as tt OR
progenitor ofl4. Since the introduction of an azido group (as a
precursor of the acetamido function) is accompanied by inver g gf% i 10

sion of configuration, azidation at the 2- and 4-positions in
L-rhamnose would lead directly to the desirable configurations

of C2 and C4. Hence, an additional inversion at C3 has to b OR? OH OH
performed to achieve the targegulo configuration. Me~77~07 ~0Bn X Me~77~0

The prerequisite for successful nucleophilic substitution of R 94% NHAcC
axial O2 sulfonates is that the substituent at C1 is equatorial. R! NHAC
Therefore, benzy-L-rhamnopyranosid® was thought to be the 11 R = Na R2= H 14
precursor of choice. It was prepared from 1,2-tliby Bu,SnO- X, Xi 12 Rl = Nj,, R?2 = Ac :] v

mediated benzylatiohAs expected,the reaction occurred ina 8%
regio- and stereoselective manner, though it was accompanie
by migration of benzoyl protecting groups (Scheme 1). As a

13 Rt =NHAc, R?=H

result, a mixture of benzyp-L-rhamnopyranoside dibenzoates ;\OHZ OH
2-4 was obtained in a total yield of 90-95% with th&4 ratio Me7 R
approximately equal to 4:3:1. Debenzoylation of the mixture of i ACHN™™/ O 7= COH
2-4 with NaOMe in methanol gave AcHN

The treatment db with trimethyl orthoacetate in the presence R*
of TsOH followed by acetylation of OH4 and hydrolytic opening 15 R'=OH, R=H
of the orthoester ring in the resultant 2,3-orthoester yieldec 16 R'=H, R2= OH

2,4-diacetatés. The reaction ob with triflic anhydride in the

presence of pyridine led to triflafé which readily gave 3,4- Scheme 1Reagents and conditions Bu,SnO, PhH, reflux; ii, BnB

anhydro-6-deoxyaltrosidg on treatment with NaOMe in meth- \E;UANB(; Ph'r'i'aifﬁélluci; ii;, “Si?u“éaégﬂf%biﬁ-“@ﬁC(I?M?”)rESS‘cMHeﬁN

anol. Co?_npou?d! Waflsctge key :(nterrg?_'dzlate having (i) %?ec?ﬁ-o OC‘;‘zV”LF,’\}/aNS, DMF,_Zg C: ix, Na, NH,Cl, Etozﬂ—fﬁé?, reflux . 11

sary configuration or .5, (i a ree group required tor ePd(OHyC, MeOH; xi, AcO, MeOH; xii, oxalacetic acid, NB,O;, pH

subsequent introduction of an azido group and (i) a 3,4-epoxygs.

function suitable for the introduction of the second azido group

at the 4-position. torial. The opening of the epoxide ring 10 with NaN; in the
As anticipated, the conversion 8fto triflate 9 and subse- presence of NECI in boiling aqueous etharfafforded diazide

guent reaction with NajNn DMF resulted in azid&0in a high 11 LargeJ, , and smalll, 5, J; , andJ, 5 coupling constants in

yield. A largeJ, , coupling constant of 7.6 Hz in thel NMR theH NMR spectrum of derived acetat&* proved unambigu-

spectrum ofl0 showed that the azido group waseudeequa-  ously thatll had theB3-gulo configuration. The chemical shifts

T Compounds: [a]p +87° € 2.6, CHC)). 'H NMR (CDCL) 6: 1.47 (d,  * Compound12 'H NMR (CDCL) 6: 1.38 (d, 3H, H6Jy5 6.5 Hz),
3H, H6,J5 5 7.0 Hz), 3.04 (d, H4J; , 3.9 H2), 3.44 (dd, H3],31.7 Hz),  2.05 (s, 3H, AcO), 3.48 (dd, H&, 5 1.7 Hz), 3.69 (dd, H2J, ; 3.4 Hz),
4.02 (t, H2,J, , 1.6 Hz), 4.07 (q, H5), 4.54 (d, H1), 4.58, 4.89 (2d, 2H, 4.03 (dg, H5), 4.69, 4.96 (2d, 2HHGPh, J,., 11.8 Hz), 4.79 (d, H1,
CH,Ph,Jye 11.9 Hz), 7.27-7.42 (m, 5H, Ph). J1,8.1 Hz), 5.33 (t, H3J5, 3.5 Hz), 7.30~7.42 (m, 5H, Ph).
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of H2—-H4 in thelH NMR spectrum ofl2 demonstrated the of 150 was too small for the reliable assignment of the NMR
location of the azido groups at C2 and C4. The consecutivepectra. Thel;, , J, 5 andJs s coupling constant values in the
reduction of the azido groups ihl by hydrogenation over H NMR spectra ofl5 and16 clearly indicated that the substi-
Pd(OH), N-acetylation, and removal of the protective benzyltuents at C4, C5, and C6 Ib and at C5 and C6 ifh6 were
group from13led to target sugdr4s in a high yield. equatorial, whereas the hydroxy group at C4énwas axial.
The condensation df4 with oxalacetic acid in the presence The 13C NMR spectrum showed upfield shifts by 1.6—4.5 ppm
of Na,B,O, at pH 10.5 resulted in a mixture of nonulosonic for the C3—C6 signals ih6p, as compared to the corresponding
acids15 and16. This mixture was isolated by anion-exchangesignals in153 (cf. similar data foN-acetylneuraminic acid and
chromatography (Dowex 1x8, OMBformic acid) and separated its C4-epimeld). The most marked difference betweg6o
by reversed-phase HPLC (0.05% TFA) to affordl5, [«]3? and16p was observed for the chemical shifts of 6&2.7 and
+15.4° € 1.6, HO), and16, [«¢]& -19.2° € 1.7, HO), in 18  68.6, respectively). This provides a basis for the determination
and 20% vyields, respectively. of the anomeric configuration of nonulosonic acids from this
According to thelH and!3C NMR spectral dat&poth of the  class. A comparison of the synthetic and natural 5,7-diacetamido-
compounds were isolated as mixtures of anomef3 £ 1:19  3,5,7,9-tetradeoxynonulosonic acids will be published elsewhere.
and 1:8 forl5 and16, respectively). However, the concentration
This work was supported by the Russian Foundation for Basic
§ CompoundL4: mp 144-146 °C (MeOH—diethyl ethery]f, +6.3— +76° Research (grant no. 99-03-32955) and the Deutsche Forschungs-
(c 1.6, MeOH).™H NMR (D,O) é: 14a, 1.16 (d, 3H, H6J55 6.6 Hz),  gemeinschaft (grant no. 436 RUS 113/314/0).
2.06, 2.07 (2s, 6H, 2MeCON), 3.91 (t, 1H, H3, 3.8 Hz), 3.95 (dd,
1H, H4,J,5 1.7 Hz), 4.11 (t, 1H, H2),5 3.5 Hz), 4.62 (dg, 1H, H5), Raferences
5.15 (d, 1H, H1J,, 4.0 Hz);14B, 1.18 (d, 3H, H6J5 ¢ 6.5 Hz), 2.04,
2.08 (2s, 6H, 2MeCON), 3.85 (dd, 1H, HB,; 3.2 Hz), 3.87 (dd, 1H, 1 Yu. A. Knirel and N. K. KochetkoviFEMS Microbiol. Rey 1987,46,

H4,J,51.6 Hz), 3.94 (t, 1H, H3]; , 3.4 Hz), 4.29 (dq, 1H, H5), 4.94 (d, 381.

1H, H1,J; ,8.9 Hz). The ratid4a:143 = 1.5. 2 P. Edebrink, P.-E.Jansson, J.Bogwald and J. HoffnGarpohydr.

1 Spectral data (D, 303 K, pD 1.7, acetone as an internal standgyd: Res, 1996,287, 225.

2.225,0¢ 31.45). 3 Yu. A.Knirel, J. H. Helbig and U. Zahringe€arbohydr. Res 1996,
153: IH NMR, ¢: 1.16 (d, 3H, H9J5 4 6.2 Hz), 1.85 (dd, H3al,, , 283 129. _ o

12.2 Hz,J3, 5,13.1 Hz), 1.96, 2.00 (2s, 6H, 2MeCON), 2.30 (dd, H3e, 4 Yu.A.Knirel, H. Moll, J. H. Helbig and U. ZahringeGarbohydr. Res

Jse 4 4.8 Hz), 3.70 (t, H5), 5 10.2 Hz), 3.89 (quintet, H&), 5 6.4 Hz), 1997,304, 77.

3.92 (ddd, H4), 3.93 (dd, HDs , 2.0 Hz), 4.14 (dd, HaJsa 10.3 Hz). 5 M. J.How, M. D. A. Halford and M. Stacey;arbohydr. Res 1969,

13C NMR, 6: 20.0 (C9), 23.3, 23.6 (2eCON), 40.6 (C3), 54.3 (C5), 11,313. o

54.7 (C7), 68.5 (C4), 69.5 (C8), 73.1 (C6), 96.7 (C2), 174.3 (C1), 175. 46 W. Karpiesiuk, A. Banaszek and A. Zamojskiarbohydr. Res 1989,

175.5 (2M&€ON). 186 156.

16@: H NMR, o: 1.21 (d, 3H, H9,); 4 5.7 Hz), 1.97, 2.01 (2s, 6H, 7 N. K. Kochetkov, N. E. Byramova, Yu. E. Tsvetkov and L. V. Backinowsky,
2MeCON), 2.13 (dd, H3aly, 4 3.3 Hz, J, 3, 14.9 Hz), 2.18 (dd, H3e, Tetrahedron1986,41, 3363.
J30.42.9 Hz), 3.89 (dd, H5l, 5 2.8 Hz,Js 10.6 Hz), 3.95 (m, H7), 3.96 8 V. K._Snvastava a_nd C. Schuerdretrahedron Letf 1979,35, 3269.
(m. H8), 4.11 (m, H4), 4.48 (dd, H687 1.3 Hz). 13C NMR, &: 19.9 9 Y.Aliand A. C. RichardsorCarbohydr. Res 19675, 441.
(C9), 23.0, 23.1 (®IeCON), 37.6 (C3), 49.9 (C5), 54.8 (C7), 66.9 (C4), 10 F. Baumberger and A. Vaselldelv. Chim. Acta1986,69, 1205.
68.6 (C6), 69.3 (C8), 96.2 (C2), 174.4 (C1), 174.6, 175.2 CIN¢).
16a: 1H NMR, 6: 1.28 (d, 3H, H9Jg4 6.3 Hz), 1.94 (dd, H3al,, ,
2.7 Hz,J3, 3, 14.4 Hz), 1.96, 2.04 (2s, 6H, 2MeCON), 2.65 (dd, H3e,
J30.43.6 Hz) 3.84 (dd, H5],52.7 Hz,J; 4 10.5 Hz), 3.89 (H7), 4.08 (m,
2H, H4, H8), 4.47 (dd, H6)13C NMR, d: 19.9 (C9), 40.0 (C3), 50.1

(C5), 54.8 (C7), 66.6 (C4), 69.8 (C8), 72.7 (C6). Received: 24th February 2000; Com. 00/1613
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