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and y osvl derivat’iv_q) ethyl
denvanves) at the anomeric carbon have been prcparcd The synthetic route ¢ involves the e trimethylsilyl tnﬂa
promoted A_rbuzov-type coupling between thiazolylketol acetates and triethylphosphite to give thiazolylglycosyl

phosphonaies in good yields (78-93%). This glycosidation reaction was highly stereoselectlve glvmg rise to the
o-D- g‘_‘y’(.{)“’x puuoyuuuufﬂ as alﬂsu, product with the CXCEPultn O1 uif réealiudn with /c

afforded the - and B-D-anomer in almost equal amount. The phosphono glycosides were converted by the
thiazole-to-formyl deblockmg protocol (N—alkylauon reduction, hydrolysis) into aldehydes that in turn served as
common intermediates to ketosyl and ulosonyl dlethylph()Sphondtes via reduction or oxidation of the formyl

group, respecuvely The conngurauon at the anomeric carbon of all new compounas was a551gned by NMR

0
carrying a dlethvl phosphonate and a hydroxymethyl (k

rodnnt with tha aveantinn Af f}\a raantsam tha ~ Aaeierat wrhish

analysis through the hydrogen-phosphorus coupling constant values and HETNOE experiments. The feasibility
of access to the free ketosyl and ulosonyl nhospho ¢ acids is demonstrated taking as an example the
galactopyranosyl derivatives. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

The discovery of carbohydrate analogs and mimics that may interfere with carbohydrate
processing enzymes and consequently act as competitive inhibitors, constitutes the basis for

_______________________ ....3 DR N

velopment of potential drugs against numerous carbohydrate-based metabolic disorders
. Given the widespread role that glycosyl phosphates and their nucleoside diphosphate
derivatives, the biological glycosyl donors, play in glycosylation processes [2-4], much
attention is currently focused on their stable analogs that may act as competitive inhibitors of
glycosyltransferases. For these reasons, various stable glycosylphosphonate analogs of aldose

I-phosphates as shown by types A [5] and B [6] have been prepared (Figure 1). In the

! Dedicated to Professor Alan R. Katritzky on the occasion of his 70th birthday.
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In phosphonates B, the phosphonic acid group is directly linked to the anomeric carbon of
the sugar by a carbon-phosphorus bond. These compounds are non-isosteric but isopolar
analogs of glycosyl phosphates [7]. A special type C (X = NHAc or OH) of isopolar
phosphonic acid analogs of N-acetylneuraminic acid, Neu5Ac, and its deaminated derivative,
KDN, have been recently reported [8,9]. These compounds are potential sialidase inhibitors
since they may interfere with the enzymes that catalyze the hydrolysis of the terminal sialic
amdq a-D-linked to the lecnnmtemq glycolipids, and oligosaccharides. The biological
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1 efficient and general route to the less explored classes 3%
phosphonates 4 and § (Scheme 1), i. e. the P-glycoside derivatives of ketoses (ketosyl
phosphonates) and ulosonic acids (ulosonyl phosphonates), respectively. An earlier and
apparently single example of a compound of type 4 is the isopolar monophosphonate analog
of B-D-fructose 2,6-bisphosphate reported by Dessinges and Vasella some years ago [10].
Similarly, the synthesis of a sialyl phosphonate of type 5 has been reported very recently
[11,12]. The compound has been converted into the cytidine 5'-monophospho NeuSAc analog
for s!alvltraaneraqe mechanistic studies. OQur qvmhemq is based on two kev (mer;mnnq The

first involves a highly stereoselective Arbuzov -type glycosidation of the ketose acetates 1
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he second consists of the efficient conversion of the thiazole ring into the formyl group
(thiazole aldehyde synthesis) [13-15] by a simple and widely expenenced protocol. The
resulting crude aldehydes 3 were vehiculated to either the alcohols 4 or to the esters 5 by
reduction or oxidation of the formyl group, respectively.

Scheme 1
N— N Y Y0
O\ 1N 3 O\ ,(’ \ b Q cHo cord 'T R
§7 — 5”7 — —
“T/(OAC \_/(P O)(OEt), VP(O)(OEt)g P(O)(OE);
2 3 4 R =CH,0H

5 R=COyMe

Reagents: (a) P(OEt)3, TMSOTf. (b) i, MeOTT; ii, NaBHy; iii, CuCl-CuQ, HxO. (¢} NaBHy; (d) I, KOH, MeOH
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synihetic approach to the new glyco hosphonates 4 and 5. Moreover it was intended
test the role of the thiazolylketol acetates 1 as efficient ketosyl donors towards phosphorus
nucleophiles such as phosphites. A remarkable high reactivity of compounds 1 under Lewis
acid catalysis has been registered in our laboratory towards nitrogen [16], oxygen [17,18],
and carbon nucleophiles.2

Results and discussion

A model P-glycosidation reaction was generated by treatment of the readily available [19]
1-C-(2-thiazolyl)-a-D-galactopyranosyl acetate 1a (Table 1) with 2 equiv. of triethyl-
phosphite and 1 equiv. of trimethylsilyl trifluoromethanesulfonate (TMSOTY) in CH»Cl, at
room temperature. The fast reaction that occurred provided after suitable work-up and
chromatography of the reaction mixture, the a-linked diethylphosphonate 2a in good yield.

Under the same conditions, the 2-azido-galacto derivative 1b and the o.-D-mannopyranosyl
isomer 1c gave the corresponding ®-configurated phosphonates 2b and 2¢. Therefore it

al s W | PRl AP IR S R PR ~L
appears that for the gatacm and mannopyrano [DlaZOI)’l €101 acclatcs tic w-p-sciccuvily ot

the P-glycosidation reaction is highly favored. On the other hand B-D-selectivity was
observed when the same reaction was performed using tetra-O-benzyl-mannopyranosyl
acetate as glycosyl donor [7]. The above stereochemical outcome is fully consistent with the
expectations based on previous reactions of the same ketol acetates with other nucleophiles

16- 18] as well as their reduction with hydride releasing agents [19]. Accordingly, a similar
e transition state model [20] can be formulated. This transition state originates from

a stereoselective axial attack of the

12 353%2 -

phosphite to the less hinde
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d face of a pyranyl
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(
oxycarbenium ion intermediate existing in a half-chair conformation I (Figure 2). The same
type of reasoning can be applied to the reaction of the a-D-mannofuranosyl derivative 1d
which in fact afforded the o-linked phosphonate 2d in excelient isolated yield. On the logical
assumption that also in this case the substitution proceeds through an oxycarbenium ion
intermediate such as III (Figure 2), the observed stereochemical outcome is consistent with

the phosphite addition to the less hindered side opposite to the adjacent isopropylidene ring.

Nu H
Ry Rq
+
e NP T PANGA 3

=0—y =0 —Y = X—Th
RS O L OBn BnO \rh/ N oBn (;R
BnOA/ A A Bnoﬂ/ A
H h}u | H I:lu i i I:Ju
galacto R,;=0Bn,Rz=H gluco manno R = O-C(Me),-O

manno R;=H, R, =0Bn
Figure 2. Stereochemical models for the reaction of thiazolyl ketol acetates 1 with P(OEt)s.

2 Stereoselective C-glycosidation of 1 has been carried out with trimethylsilyl cyanide, allyltrimethylsilanc, and furan (Dondoni A,
Ferrari C, Marra A, to he published).
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Table 1. Reaction® of acetates 1 with P(OEt); and conversion? of phosphonates 2 into phosphonates 4 and 5.

Acetate, 1 Phosphonate, 2 Phosphonates, 4 and §
BnO (osg \ BnO ,088 \ Bn® _oBn
BnOS/ A 'j) Bnow N ) B og,o\ R
~BroY s Bro IS RS g
OAc P(O)(OEt)» P(O)(OEY)2
1a 2a (84%) 4a R =CH0H (61%)

5a R =CO,Me (62%)

8nO  _OBn BnO _oBn BnO _oBn
O N (o)
BHQ_&A/L P B“Og/ —X BnO- 4\ _R
Ns| S N3 N3
OAc P(O(OEt)g P(O)(OEY),
1ib 2b (78%) 4db R =CH,OH (57%)

5b R = CO,Me (59%)

OBn OBn OBn
{ OBn { OBn { OBn
BnO © N‘} BnO SO R BnO A\ R
BnO Q BnO o BnO
OAc P(O)(OE), P(O)(OEt),
1c 2¢ (88%) 4c X = CH,OH (50%)
5¢ X =CO,Me (51%)
> dk > d_n ><°7]
o— oY o /;\Y o— />°<\ R
0”0 <o 37‘
OAc P(O)(OE), P(O)(OEt),
1d 2d (93%) 4d R = CH,OH (56%)
5d R = COMe (54%)

a For the reagents and conditions. s
€ reagents and congtiions, s

isolated products.

With these results at hand, we were not surprised to observe that the P-glycosidation of the
gluco thiazolylketol acetate 1e (Scheme 2) was poorly selective since under the above
reaction conditions it afforded the phosphonate 2e as a mixture of a- and B-anomers in 3:2
ratio and 87% overall yield. Evidently in this case there are no significant steric differences
around the two diastereotopic faces of the oxycarbenium ion II (Figure 1) to induce a
selective attack of the phosphite to one of them. Attempts to increase the selectivity of this
reaction by decreasing the temperature down to -20 °C gave only modest results since the
observed o / B ratio was 3:1 (89%). Quite interestingly o-D-selectivity (oo / 3 = 4:1) and

10 averall viald (QA9%Y ware raagictarad hv carrvine onnt the raactinan at _’)n Or‘ in the
1“51‘ Y widiil JLUL\.I. \Iﬁ' IUI YV Wk l\d&lﬂb\.‘l WA UJ Wrddl L lllé \var a9 AR AN GANW LALIAR “n a1 il
mnsbinimntima onlerane nantamiteila D17
paluuxpauug SULVOLL ALCLLUINLLIC [ £1 .
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BnO | Sie BhOlI © BnO*
OAc P(O)(OEt),
1e o-2e 3:2
p-2e
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n ’\S';O n“n
PEON -\ R 'é‘;os/_g, P(O)OEY),

BnO I nO
P(0)(0Et)2
o-40 R = CH,OH (58%) Bf-4e R =CH,OH (56%)
o-5¢ R =COMe (62%) B-5e R=CO;Me (59%)

ii, NaBHg; iii, CuCi>-CuQ, Hs0. (c) NaBHj. (d)i>, KOH, MeOH

e = - s -~ s aax T.

Reagents: (a) P(OEt)3, TMSOT{, CHyCly. (b) i, MeO

All thiazolylketosyl a-phosphonates 2a-d (Table 1) as well as the individual anomers o-2e
and B-2e (Scheme 2) were subjected to our improved thiazole-to-formyl deblocking protocol
[22] consisting of a sequence of three reactions, i.e. N-alkylation with methyl triflate
(MeOTY), reduction with sodium borohydride (NaBH4), and CuCl;-Cu;0 promoted
hydrolysw The phosphonate group was unaffected under these mild conditions as shown by

ifl e presence
range of application of the mxazoie idehyde synthesis.
Crude compounds 3a-e were converted without epimerization into ketosyl phosphonates 4a-
e and ulosonyl phosphonates Sa-e. Guided by our previous work [16-18], the reduction of
the formyl group was carried out by the use of NaBH4 and the oxidation-esterification by
employing I in methanolic KOH [23]. Compounds 4 and 5 were obtained in satisfactory
isolated yields based on the corresponding thiazole derivative 2.

The configuration at the anomeric center of the thiazolyl P-glycosides 2 and the p

of their functional group transformation, the aldehydes 3, alcohols 4, and esters § was

proved for each set of glycoses by 1H and 31P-NMR spectmscepy. For all compounds of the
A and D Joxmtm coarime Vo h sncemanticrales 1. U TR M
Z tacto series Za- the O-D-phospnonate

t
—a21d0-ga
inkage was easily establi Jp -3 coupling constant
values3 of ~30 Hz. Thxs large value is typlcal [6,7,24] for a trans-diaxial relationship in

pyranosyl phosphonates adopting a 4C; conformation. On the other hand, in the

3 It is worth recalling that compounds 2 (hexose derivatives) and 3-5 (heptose derivatives) adopt a different numbering system (see
the Experimental Section).

(Ko}
o
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.8 and 6.8 Hz, respectively) did not allow to disting
o~ and B-D-phosphonate linkage [7]. The problem was solved by H-P HETNOE experiments.
Consistent with the a-D-configuration, irradiation of the phosphorus nucleus of pyranosyi
phosphonates 2¢-5¢ induced significant enhancement of the axial protons of the ring. The
same HETNOE experiments carried out with the furanosyl phosphonates 2d-5d showed an
enhancement of the H-2 (or H-3) and H-4 (or H-5) signals.3 Unexpectedly, also the
characterization of the o- and B-anomers in the gluco series of phosphonates turned out to
p esent some difficulties. The set of the ﬂ linked isomers B ZP—B Se thWPd 3’0 H.2 O 3] H-3

VAL OWVARIW WALllIiVwitAvid. A daw DV Ui uaaw ARZANNNNe AR AANAR D =% LIV b4

coupling constant values of ~10 Hz as expected for a cis equatorial-axial relationship [6,7,24].

Consistent with the assigned configuration, HETNOE experiments did not show any
enhancement of the H-3 (or H-4) and H-5 (or H-6) protons. Considering the set of a-linked

isomers, it was observed that only the ketosyl phosphonate o-4e showed the expected large
coupling constant value 3/p y.3 (31.2 Hz). On the other hand, 3J/p 3., for the thiazolylketosyl
phosphonate a-2e was 9.8 Hz and 3Jp 1.3 for the ulosonyl phosphonate -5e was 8.7 Hz.
This discrepancy can be simply explained by considering that o-4e exists in a 4C,
conformation whereas compounds a-2e and a-5e adopt a 95 conformation. According to
i nd Jy 4 (or J3 4 and Jy 5) coupling constant values (~4 Hz) were observed

5 110

for the latter two compounds instead of the expected values (~10 Hz) that are typical of a
P Ainwvinl As £ + 1 | 1 1 § 1
trans-diaxial disposition of protons in a pyranose ring existing in a 4C; conformation.

While the protected ketosyl and ulosonyl phosphonates 4 and 5 are per se interesting
products that may be used as precursors to more elaborated systems, we considered equaily
important to demonstrate a viable route to fully deprotected phosphonic acids.

Scheme 3

4a R =CH,0H
HO _OH 5a R=CO;Me HO _OH

Hog//vg,CHZOH kﬁ//‘\\,buzﬁ

Nir

P(O)(OH)2 ~ P(O)(OH)2
6a 7a

,O

Reagents: (a) BrSiMes. (b) Hy, Pd/C. (c) NaOH, HO

4 To the best of our knowledge, this particular application of the HETNOE technique has not becn previously reported. In our case
the heteronuclear NOE experiments could not be performed through irradiation of the diagnostic protons due to the partial overlap
of signals in their 1H NMR spectra. While more details will be reported elsewhere, informations are available on request to P. F.
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trlmethy]sﬂyl esters (Scheme 3). Debenzy]atlon of these crude intermediates by
uyuxugcuun_yma OvVer ru-Ldlkuybt and bdpumuoauon of the car ooxymetnyl group in one case,
P of o g

afforded, afier purification by 1on-exchange chromatography, the ketosyl phosphonic acid 6a
and the ulosonyl phosphonic acid 7a in 81 and 85% overalli yield, respectively.

Experimental

All moisture-sensitive reactions were performed under a nitrogen atmosphere using oven-
dried glassware. All solvents were dried over standard drying agents [25] and freshly
distilled prior to use. Commercially available powdered 4 A molecular sieves (50 pm
average particle size) were used without further activation. Flash column chromatography
[26] was performed on silica gel 60 (230-400 mesh). Reactions were monitored by TLC on
silica gel 60 F,s4 with detection by charring with sulfuric acid. Optical rotations were
measured at 20 £ 2 °C in the stated solvent. 'H (300 MHz), 13C (75 MHz), and 31P (121 MHz)
NMR were recorded at r. t. for CDCl; solutions, unless otherwise specified. Assignments
were aided by decoupling and/or homo- and heteronuclear two-dimensional experiments.

Diethyl (2,3.4,6-tetra-0O-benzyl-1-C-(2-thiazolyl)-o.-D-galactopyranosyl)nhos-
phonate (2a). A mixture of 1a (1 33 0, 2.0 mm@l), ctlvated 4-A powdered molecular

X0 A Tha miveiira ssirac o ad at ranrn armmnaratiiera fae 1 antad writh an
ywa awu . L1ivw 1111ALUL Yy aos ALAVU Al 11UV wvillp/viatul ey 1w L 111111, 1IN 11 ULl VYV ILLIL (il
nnnnnnn ~AF L+ N Ailizbnd wxrith LI M. filtawad thennah Malita and Annsantentnad Tha racidina
CALCLDOD UL .L4l31‘l, ULiuicu will i1, 111icicu it )usu OLILe U vl altcud. 11in 10DdIUUC
was eluted from a column of silica gel with 5:2 cyclohexane-AcOEt to give 2a (1.25 g, 84%)
nnnnnnnnnn a1 _ A1 & f~-N7"T MNLI1.)Y 1LY NIRAD SNOT A1 1L /M ¢+ £ 10 T —- 77 11> 9D
4as a Syrup, [ ID= ™10 (CVU./, L3}, “I1 IMVIR, O U7/ aiid 1.19 (<4 L\, UV 1, J = /.4 114, 2
CH)CH3), 3.61 (dd, 1 H, Jsea = 6.0, Jeaen = 9.6 Hz, H-6a), 3.70 {dd, 1 H, Jse= 6.3 Hz, H-
6b), 3.72-3.78 (m, 1 H, CH,CH3), 3.89-3.99 (m, 1 H, CH,CHa3), 4.02 (dd, 1 H, J34= 2.7, Ja 5
= 0.7 Hz, H-4), 4.05-4.15 (m, 2 H, CH>CH3), 445 (dd, 1 H, J3=9.6, Jop = 28.8 Hz, H-2),
4.49 and 4.55 (2d, 2 H, J= 12.0 Hz, PhCH,), 4.60 and 494 (2d,2H,J=1 1 9 Hz, PhCHy),
470 (dd, 1 H, J,3= 9.6 Hz, H-3), 475 (ddd, 1 H, H-5), 479 and 4.84 (d, 2 H, /= 11.8 Hz,

PhCH;), 4.88 and 5.07 (2 d, 2 H, /= 10.7 Hz, PhCH3), 7.20-7.46 (m, 21 H, 4Ph Th), 7.80
(d, 1 H, J= 3.2 Hz, Th). 13C NMR: 3 16.1 (d, J = 5.4 Hz, CH,CH3), 16.3 (d, J = 5.5 Hz,
CH,CHj3), 63.0 (d, J = 7.1 Hz, CH,CH3), 63.5 (d, J = 6.3 Hz, CH,CH3), 69.6 (C-6), 72.7,
73.2, 74.2, and 76.1 (4 PhCH3), 74.1 (C-4), 75.0 (C-5), 80.5 (C-2), 81.0 (C-3), 83.0 (d,J =
155.2 Hz, C-1), 119.9, 141.7, and 170.2 (Th), 127.2-128.5 and 138.1-138.8 (4 Ph). 31P
NMR: & 16.7. Anal. Calcd for C4jH4sNOgPS: C, 66.20; H, 6.23; N, 1.88; S, 4.31. Found: C,
66.38: H, 6.41; N, 2.03; S, 4.47.

Diethyl (2-azido-3.4,6-tri-O-benzyl-2-deoxy-1-C-(2-thiazolyl)-o-D-galacto-
pyranosyl)phosphonate (2b). Ketol acetate 1b (600 mg, 1.00 mmol) was glycosidated as

described for the preparation of 2a. Column chromatography (5:2 cyclohexane-acetone) of

WA WA AL WS AV A waaw aleaifil VI =
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the residue afforded 2b (529 mo. 78%) as a svrun: [ax]l~-= 1250 ( 07 CHCl1,) IH A

e RS WA irigy IV RS K Syiup, WD T WV \L V.7, 11 135). 11 LNAVIIN. U
119and 121 2t 6 H J=T7T0H7 2CH-CH.N 284(d4 1T H T.. —60 T — 100 U LI
A.20 (AdaNa 1.4 (L oy YRRy v F o RB&iy du NrR AN EL )y . ITF UL, L XA, "5,63 - U.u, “'63,6[') - 1V.V 114, 11
6a), 3.66 (dd, 1 H, Js ¢, = 6.5 Hz, H-6b), 3.95 (dd, 1 H, J534=2.5, J4 5 = 1.0 Hz, H-4), 4.04-
AMM (it AT VYDOCHAHNN AAR and A&V M A YT T - 17N, DLAITY A AQ 744 1 LT 7 _
TLV AR, ¥ AL, & LIRRRT ), TRD AU UL (LU, £ 01, J = 14V ML, TV ), .40 (A4, 1 1, J2’3 -
inNneg 1 _ 2N L s LINMN A AQ /7Ad 1T LT LT AN\ A EEL A A QL M A1 NYILY T 11 & XYY YL MITT N
IV.J,yp = JeJ11L, I1-4), .90 UG, 1 11, 1-D), 4.00 AU 4,002 04, £ 111, J = 11.0 0OZ, YOI, ),
ALY 71111 1 11T 7T 1 £ 1Y, YT £ A ™0 .1 A 00 /" 1 "NTIY 7Y 11 N TY T /AT N A~ AT
4.02(00aq, 1 1, Jsp=1.9 , M1=3), 4./0and 4.60(£Q, £ N,J=11VUNZ D)), /.24-1.4]
(m, 16 H, 3 Ph, Th), 7.80 (d, 1 H, J = 3.2 Hz, Th). 13C NMR: 8 16.2 (d, J = 4.5 Hz,

CH CH3), 163((1 J—D‘)Hz,L 1y ‘H3), 63.5 (d,]—74HZ Cl-lz(,l-h), 6"37((1 J 75Hz

75.3 (C- 5), 792 (C 3) 822 (d J—- 1563 Hz C- 1) 1203 141 9 and 1690 (Th), 127. S-
128.4, 138.0, 138.1, and 138.4 (3 Ph). 31P NMR: 8 15.1. Anal. Calcd for C34H3¢N4O+PS: C,
60.16; H, 5.79; N, 8.25; S, 4.72. Found: C, 60.34; H, 5.92; N, 8.14; S, 4.38. Prolonged
reaction times led to the formation of diethyl phosphoramidate derivatives [27].

Diethyl (2,3,4,6-tetra-O-benzyl-1-C-(2-thiazolyl)-a-D-mannopyranosyl)phos-
phonate (2¢). Ketol acetate 1¢ (665 mg, 1.00 mmol) was glycosidated as described for the
preparation of 2a. Column chromatography (3:1 cyclohexane-AcOEt) of the residue
afforded 2¢ (654 mg, 88%) as a syrup; [a]p = -16.5 (¢ 1.2, CHCl3). 'TH NMR (CDCl3): 8
1.17and 1.25 2 t, 6 H, J = 7.0 Hz, 2 CH,CH3), 3.84-3.88 (m, 2 H, 2 H-6), 4.02-4.18 (m, 5
H, 2 CH,CH3, H-4), 432 and 476 (2d, 2 H, / = 10.6 Hz, PhCH,), 4.54 (dd,  H, J;3 = 2.5,
J5.4=9.5Hz, H-3), 456 and 4.76 (2 d, 2 H, J = 11.5 Hz, PhCH,), 4.61 and 4.92 2 d, 2 H, J
= 11.4 Hz, PhCH,), 4.76-4.85 (m, 4 H, H-2, H-5, PhCH,), 6.85-7.42 (m, 21 H, 4 Ph, Th),

7.80 (d, 1 H, J= 3.2 Hz, Th). 1H NMR (C6D6) $097and 1.08 2t, 6 H, J =7.0Hz, 2
d,

:
N’
W
o0
P
B
o
1

—
-h
~
(:.

(%)
~

1 21 6 H, 2 CH, H-6), 4.40 1H,J34=93,/,5=100Hz H
. y ’ 2 Ml vewN L2 YI4 T V4,0

4),451 and 472 (24,2 H, J= 120 Hz, PhCH,), 457 and 497 (24,2 H, J =115 Hz,
PhCHN 4672 and §01 (2 d 79H T=108 Hy PhCH.N 477 (c 2 H PhCH.Y 500 (dd 1 H
) Ll\./llzj, TV Al J.VI (4L Uy L1y, — 1V.O L1144, 1IN 1T }, WA 4 \Dy 4w Ahy R IINLAL)Jy TS M, X 11,
Jo3 =26 Hz, H-3), 5.14 (dd, 1 H, J,p = 1.8 Hz, H-2), 5.39 (dddd, 1 H, J5¢, = 2.8, J5 5, = 4.6,
4 — N2 L, T &Y £T7N."T20Q (+v« M1 T ADL ThY 787 (A 1T T2 U= Th) 13 NND
Jsp = 4.0 NZ, 11-3), 0./U-7.57 \{ll, 21 01, 4 ri, 11}, 7.0/ (G, 1 03,4 = 3.2 NZ, i1). *7C INMR
S 1, 73 T I-3ka 2B 8 § ‘) & VA 6 Y 12 A 71 T A O TY__ ) 8 Vel f Y £ £ 3 T ~ N YT LYY MTT N\
6 16.2 (d, J = 5.2 Hz, CH,CH3), 16.4 (d, J = 4.8 Hz, CH,CH3), 63.6 (d, / = 7.9 Hz, CH,CHa),
63.9 (d, J = 7.1 Hz, CH,CH3), 70.3 (C-6), 72.2, 73.5, 74.6, 75.8 (4 PhCH3), 73.8 (C-4),77.9
(C-5), 78.3 (d, J =18.9 Hz, C-2), 80.3 (C-3), 84.3 (d, J = 149.3 Hz, C-1), 119.5, 142.1, and
170.4 (Th), 127.2-128.3 and 138.4-138.7 (4 Ph). 31P NMR: 5.5. Anal. Calcd for

o
C41H4NOgPS: C, 66.20; H, 6.23; N, 1.88; S, 4.31. Found: C, 66.53; H, 6.41; N, 1.83; S,
4.18.

Diethyl (2,3:5,6-di-O-isopropylidene-1-C-(2-thiazolyl)-o.-D-mannofura-
nosyl)phosphonate (2d). A mixture of 1d (385 mg, 1.00 mmol), activated 4-A powdered
molecular sieves (0.50 g), triethylphosphite (348 L, 2.0 mmol), and anhydrous CH;Cl; (5
mL) was stirred at room temperature for 10 min, then cooled to 0 °C and treated with
trimethylsilyl triflate (181 pL, 1.0 mmol). The mixture was stirred at O °C for 30 min, then
diluted with Et;N (0.20 mL) and CH,Cl; (20 mL), filtered through Celite, and concentrated.
The residue was eluted from a column of silica gel with 1:1 cyclohexane-AcOEt to give 2d
(430 mg, 93%) as a syrup; [a]p = -6.1 (¢ 1.0, CHCl3). TH NMR: 8 1.13, 1.29, 1.42, and 1.49
(4s,12H,4CH;),1.28 and 1.37 (2t, 6 H, J = 7.0 Hz, 2 CH,CH3), 4.09-4.30 (m, 6 H, 2

L 2125 ~~ L L 5/

CH;CHs, 2 H-6), 4.50 (ddd, 1 H, J45 = 6.8, Js 0 = Js 65 = 5.5 Hz, H-5), 4.73 (ddd, 1 H, J34 =

[
- = - ] T oJ,uuU
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4.1, ,p=10Hz, H-4),501 (dd, 1 H, J,» =59 Hz, H-3), 5.44 (dd. 1 o =60 Hz H.7
5 , 5 5 S Nty 22 ¥23 oS RAL, ATV, LT UK, 1 BR, V) P M. ARk ART L),
T332 and787(d TH I=1T727H7» ThY 13 NMDR. R 149 14 T — 8§ & 11, 7O 210
1 ddm azna o \\4, & 11, v .l RRE, ABi) N INIVAAN, U 1VLL U, v = J.U 114, £ LTI 113), LD.T,
24.9, 25.3, and 26.5 (4 CH3), 63.6 (d, J = 7.9 Hz, CH,CH3), 64.3 (d, J = 6.3 Hz, CH,CH3),
GRAC_ KLY TRACKY Q1 L2 Q1Q/M A Q1074 T 1277711 N\ QQ A /4 T _ t£c &
VU AU 1.7 00"J), 02U \L"T), O1L.7 ("9, 00.7\U,v = 14/ NZ, L-£), 00.4 (4, J = 101D
de 1Y 1TNO N f5-A 112 /AIMY MY 1107 1AM N o3 1L L £ 770N 210 RTRATD, © 12 0 " 1
4, v-1), 1V0.7 alll 113.0 (& ULU), 110./, 144.Y7, and 100.0 (10N). °'F¥ INIVIK: O 1J.5. Anal
M1.1 £... M IT. NI/ DC. Y ANNA, XYY £ 2, AT A NN, © 7 N — 1 AN A4 XYY - 14 mT
LaiCa 10T L19ri3piNUgED!. U, 47.44, I, 0.0Z; IN, 3.UZ; D, 0.Y1. Found: U, 4Y.54; H, 0./1, N,
3.18; S, 6.57

Diethyl (2,3,4,6-tetra-0O-benzyl-i-C-(2-thiazolyl)-a- and -B-D-glucoyra-
nosyl)phosphonate (a-2e and 3-2e). Ketol acetate 1e (1.33 g, 2.0 mmol) was
glycosidated as described for the preparation of 2a. Column chromatography (6:1 CH,Cl,-
Et;0) of the residue afforded first a-2e (0.79 g, 53%) as a syrup; [o]p = +32.1 (¢ 1.0,
CHCls). 'H NMR (600 MHz, CDCl3): 8 1.02 and 1.13 (2t, 6 H, J = 7.0 Hz, 2 CH,CH3), 3.63-
3.68 (m, 1 H, CH,CH3), 3.70 (dd, 1 H, J34 =38, J;5=97Hz, H-4), 377 (dd, 1 H, Js¢, =
4.8, Jeasp = 11.5 Hz, H-6a), 3.83 (dd, 1 H, J5¢, = 1.9 Hz, H-6b), 3.95-4.14 (m, 3 H,
CH>CH3), 4.03 (dd, 1 H, J,3 = 4.9 Hz, H-3), 422 and 434 (2d, 2 H, J = 11.4 Hz, PhCH,),
442 and 4.54 (2d, 2 H, J = 11.6 Hz, PhCH,), 4.58 (dddd, 1 H, Jsp =1.5 Hz, H-5), 4.62 and
471(2d,2H,J=12.1 Hz, PhCH,), 477 (dd, 1 H, J,p = 9.8 Hz, H-2), 4.78 and 5.04 (2 d, 2
H, J = 10.9 Hz, PhCH,), 7.02-7.47 (m, 21 H, 4 Ph, Th), 7.78 (d, 1 H, J = 3.2 Hz, Th). 13C
NMR: 6 16.2 (d, J = 6.2 Hz, CH,CH3), 16.3 (d, J = 6.2 Hz, CH,CH3), 63.3 (d,J] =7.2 Hz, 2
CH,CH3), 69.6 (C-6), 71.9, 72.2, 73.1, and 74.5 (4 PhCHy), 74.5 (C-5), 77.7 (C-4), 79.1 (C-
3), 80.2 (C-2), 83.1 (d, J = 164.7 Hz, C-1), 119.9, 142.2, and 171.0 (Th), 127.3-128.4 and
137.7-138.5 (4 Ph). 31P NMR: & 16.2. Anal. Calcd for C41H46NO3gPS: C, 66.20; H, 6.23; N,

1.88; S, 4.31. Found: C, 66.41; H, 6.44; N, 1.90; S, 4.24.

Eluted second was syrupy B-2e (O.SO g, 34%); laly = +112.6 (¢ 0.4, CHCl3). 'H NMR
(600 MHz, CDCl3): 6 1.05and 1.25 2t, 6 H, J =7.0 Hz, 2 CH,CH3), 3.76-3.97 (m, 7 H),
417-435 (m. 2 H CH,CH:). 440 (dd 1 . =0R J..=110Hz H.2) 458 and 4 65 (?
LI W 4 W et oS \lll, ey ll., UAJL\JIAJ}, T AN \“u, A ll, llz’j Inkl, nlz’ 1 i.\J .llLl’ AR Q}, .U RRANL 7. UL \b
AIT97H T— 110U Hs Dhi('HY AAN andART M A TH T—1INKS Uy DW(CITNY A77 and ART (D
U, & 11, J — 11.7 k14,4 1 11\1112}, T.UU alli\u *r.0o1 \L U, & 1k, v — 1V.J 114, 111\1‘[2}, ./ 7 Al T.O 7 (4L
A DT IT—-1NAQALW: DLOIOY S MM and S0 M A DL T INAKA - DRI Y 7187 AQ F+vv D1
Q, £2n,J = 1U.7 niZ, riuriyg), J.UU alll J5.242(£2 G, 2 1, v = 1V.V NZ, riivsip), /.19-7.40 \ill, Z1i
H, 4 Ph, Th), 7.87 (d, 1 H, J =3.2 Hz, Th). 3C NMR: 6 16.0 (d, J = 5.6 Hz, CH>CH3), 16.3
(d, J =5.6 Hz, CH;CH3), 63.5 (d, J = 7.2 Hz, CH,CH3), 64.8 (d, J = 7.2 Hz, CH,CHj3), 68.5
(C-6), 73.1, 75.1, 75.5, and 75.8 (4 PhCH,), 74.5 (d, J = 13.5 Hz, C-5), 77.7 (C-4), 80.5 (C-
2), 81.8 (d, J = 174.9 Hz, C-1), 83.2 (d, J = 13.5 Hz, C-3), 121.6, 141.7, and 162.2 (Th),
127.9-128.2 and 137.8-138.2 (4 Ph). 31P NMR: 8 16.0. Anal. Caled for C41H4NOgPS: C,

66.20; H, 6.23; N, 1.88; S, 4.31. Found: C, 66.49; H, 6.35; N, 2.00; S, 4.02.

Diethyl (2,3,4,6-tetra-O-benzyl-a-D-galacto-heptulopyranosyl)phosphonate
(4a). A mixture of 2a (372 mg, 0.50 mmol), activated 4-A powdered molecular sieves (0.50
g), and anhydrous CH3CN (5 mL) was stirred at room temperature for 10 min, then methyl
triflate (71 uL, 0.65 mmol) was added. The suspension was stirred at room temperature for
15 min and then concentrated to dryness. The crude N-methylthiazolium salt was suspended
in MeOH (5 mL), cooled to 0 °C, and treated with NaBH4 (38 mg, 1.00 mmol). The mixture
was stirred at room temperature for an additional 10 min, diluted with acetone (5 mL),
filtered through Celite, and concentrated. To a solution of the crude thiazolidine in 10:1
CH3;CN-H;0 (5 mL), was added under vigorous stirring CuO (159 mg, 2.00 mmol) and
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CuCh-2H»0 (85 me. 0.50 mmol}) The mixture was ctirred for 15 min filterad throuo
ya pa AW RAiEng Weerls AN S A XAV RARRLARUAR W VY QLG OUIRIWNE AU 1O RXMILly X11WIWAE WALAVWAEAX
Celite and concentrated (hath temnaratiire not eveeading 40 °CY ta give a hrawn curnmn Tha
SV, AU VULV AL (VEBWL WP AtUL L 1HTUVL VAVLLULLE TV Y 51 Yo a viuvvwi a]luy. 1 1IC
residue was triturated with EtO (4 x 5 mL) and the liquid phase was pipetted and filtered
throannaoh a nad Af Flariecil 10NN ranch) tn affard o ~AnalAaelaca omlizsés e Aftne n Fretliae
WBIIUULII G pPaud Vi 1 IVIIDH 1 UUTLY IIUOIL ) WV aAllviu a LUIULICDYS d>ULUUvViL. Al a 1 U,
nchina Af HlAaricil wwrith A NIt (€ sl )V tha ~ecnnin mhaoons 3100 rnAanrgmbentad 64 ~2c.a Ao 770N
Waoliliily Ul 'ivlisil will Aavuia (U 111 ), U Ulg HIC pliasec was cuncciuatcd w glVC Ja {LOVU
mrn) o = ogxreiies I ATRAD. € 1 N2 .3 1 NN /M + £IY T NS XTI N Yy NI\ N2 733 1 XY
mg) as a syrup. ‘nm NMIR: 0 1.Ud ana 1.20{(2t,6 1,7 =95 1z, 2 CHyCH3), 3.56 {(dd, 1 H,
Js7a = 6.7, J7a75 = 9.5 Hz, H-7a), 3.65 (dd, 1 H, Jg 3, = 6.1, H-7b), 3.70-3.84 (m, 1 H,
TIF MIT N DT0A ANA 7. N IY MAIF MIT A\ Y NO 741 1 1Y ' 4 ~ 1 1 4 1 1 TIT¥ L 8 V-4 A 1N
Lrpiny), 5.94-4.24 (m, 2 1, UplHg) 3.98 (ad, 1 N, Jy5 = 3.1, Js g = 1.1 Hz, H-J), 4.12
£ 131 1T XYY YY N A ™A 713 1 1Y r n ' 4 AN T YY TY M\ A A 1 4 o~ I e I B r
(ddd, 1 H, H-6), 424 (dd, 1 H, J34,=9.5, J3p = 29.7 Hz, H-3), 442 and 451 (2d, 2 H, /=
ry TY M~ TY ry 7. ~ - - w

12.0 Hz, PhCH,), 4.50-4.55 (m, 2 H, H-4 and H-5), 4.54 and 4.89 (2 d, 2 H, /= 11.5 Hz,
PhCH,), 4.72 and 4.94 (2 d, 2 H, J = 10.8 Hz, PhCH,), 7.20-7.40 (m, 20 H, 4 Ph), 9.50 (s, 1
H, H-1). To a solution of the crude aldehyde 3a in MeOH (4 mL) was added NaBH4 (30 mg,
0.80 mmol). Stirring was continued at room temperature for 10 min, then acetone (2 mL)
was added and the mixture was concentrated. The residue was eluted from a column of silica
gel with 5:2 cyclohexane-AcOEt to give 4a (211 mg, 61%) as a syrup; [ap = +51.5 (¢ 0.8,
CHCl3). 'THNMR: 3 1.02 and 1.19 (2t, 6 H, J = 7.0 Hz, 2 CH,CH3), 2.25 (d,  H, J; o= 9.7
Hz, OH), 3.50 (dd, 1 H, Jg7, = 6.5, J7, 7, = 9.7 Hz, H-7a), 3.57 (dd, 1 H, J¢ 7, = 5.8 Hz, H-
7b), 3.72-3.88 (m, 3 H, 2 H-1 and CH,CH3), 3.93-4.17 (m, 3 H, CH,CH3),3.98 (d, 1 H, J45=
2.6, Js¢ = 0.6 Hz, H-5), 4.38 (ddd, 1 H, H-6), 4.43 and 448 (2d, 2 H, J = 11.7 Hz, PhCH,),
445(dd, 1 H, J34=9.7,J3p = 29.9 Hz, H-3), 4.55and 498 (2d, 2 H, J=11.7 Hz, PhCH,),
4.57 (dd, 1 H, H-4), 471 and 497 (2 d, 2 H, J = 11.0 Hz, PhCH,), 7.20-7.40 (m, 20 H, Ph).
BCNMR: 8616.2(d, J=6.1 Hz, CI d, J=4.8 Hz, CH,CH3,), 62.2 (d, /= 7.3 Hz,
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P 2) 4. /4and485 (2 d, zﬂ J-— 11.0 Hz, Ph LHz),7LU—/43 (m, 15 H, 3 Ph), 9.50
(d, 1 H, J1p = 1.0 Hz, H-1). Crude aldehyde 3b was reduced as described for the preparation
of 4a. Column chromatography (5:2 cyclohexane-acetone) of the residue afforded 4b (178
mg, 57%) as a syrup; [a]p = +27.7 (¢ 0.5, CHCl3). 'TH NMR: 8§ 1.22 and 1.32 2,6 H, J =
7.0 Hz, 2 CH2CH3), 3.47 (dd, 1 H, Jg7, = 6.5, J7,70 = 9.5 Hz, H-7a), 3.54 (dd, 1 H, J5 7, = 6.0
Hz, H-7b), 3.76 (dd, 1 H, Jy, 1= 12.0, Jy,p = 3.5 Hz, H-1a), 3.84 (dd, 1 H, J;;,p =4.2 Hz, H-
1b), 3.95 (dd, 1 H, J4 5 = 2.5, J5 ¢ = 1.2 Hz, H-5), 4.02-4.24 (m, 5 H, 2 CH,CH3 and OH),
432 (dddd, 1 H, Jep = 1.8 Hz, H-6), 442 and 447 (2d, 2 H, J = 12.0 Hz, PhCH,), 4.44 (dd,
1 H, J34 = 10.5 Hz, H-4), 450 (dd, 1 H, J3p = 32.0 Hz, H-3), 449and 490 2d, 2 H, J =
11.5 Hz, PhCH,), 4.74 and 4.79 (2 d, 2 H, J = 11.5 Hz, PhCH)), 7.20-7.40 (m, 15 H, 3 Ph).
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13C NMR: 8 164 (d, J = 5.0 Hz, 2 CH;CH3), 583 (d, J = 3.9 Hz, C-3), 625, J = 7.3 Hz,
POCH;CH;), 628 (d,J=76 Hz ACH). 637(d J=77Hz C-1) 6072 (C.7) 771 733
Y Whe A T oN BRRag NAARLNCERYJy VoS e I My Fod LAy N A Jy F vk \No7 T Jyg T lacdy T Iy
and 74.5 (3 PhCH;), 72.8 (C-5), 74.8 (C-6), 79.4 (C-4), 81.0 (d, J = 153.8 Hz, C-2), 127.6-
17R A 1’17 7 and 128 4 (2 Ph) 31IP NMDBP: X972 Anal Calrd Far M-I N.N_D. M £1 A2,
LTy, LI T, QAU 10T \J KA. 4 ANIVREN. VU LV.J. Al vadltud UL U210 LG0INIURE L O, ULYD,
H £44- N A79 Faund- £ &1 &N 1T £ £A. N £ &A
11, V.59, 1%, U./ 4. TOULL. U, U1.JV, 11, U. U4, iy, U.J4.
TNiadl .1 fdo Bie B, B G Y TPV N 4 P "OUOENES BN U M S [ | NN IR T R
itinytl (4,J,%,0=ttiia~uv-penzyi-u-v-manno-ncpiuiopyranosyy)pnospnonaie
(4¢). Thiazolylketoside 2¢ (372 mg, 0.50 mmol) was treated as described for the
preparation of 3a to give 3¢ (220 mg) as a syrup. ITHNMR: 8 1.23and 1.29 2t,6 H,J=7.0
I¥. N 7AYY /MYy 2770 /71 NIYT X o BV ~3h & § A YY MIN N ON A ML s £ YY M /YT Yy ' o\
AZ, - UpL1r13), 3./6 (0, 2 A, J7,7p,= 3.0 HZ, 2 A-/), 3.67-4.20 (N, O H, 2 CH>CH3, H-)),
432(dd, 1 H, J54= 2 6, J45= 8.7 Hz, H-4), 4.50 (dd, 1 H, J3,p= 2.6 Hz, H-3), 4.52 and 4.65
(2d,2H,J=12.1 hCH,), 4.56 and 4.84 (2 d, 2 H, /= 11.2 Hz, PhCH,), 4.58 (m, H-6),

457and 492 (2d,2H, J=11.2 Hz, PhCH,), 4.75 and 4.80 (2 d, 2 H, /= 12.1 Hz, PhCH,),
7.20-7.40 (m, 20 H, 4 Ph), 9.30 (s, 1 H, H-1). Crude aldehyde 3¢ was reduced as described
for the preparation of 4a. Column chromatography (3:1 cyclohexane-AcOEt) of the residue
afforded 4¢ (173 mg, 50%) as a syrup; [at]p = +17.6 (c 0.9, CHCl3). IH NMR: & 1.24 and
1.28 (2t, 6 H, J = 7.0 Hz, 2 CH,CH3), 3.20 (dd, 1 H, J1, 04 = 10.3, J1p0n = 2.9 Hz, OH),
3.64 (dd, 1 H, J6,7a = 52, J7a,7b =113 HZ, H-7a), 3.70 (dd, 1 H, Jﬁ,';'b =272 HZ, H-7b), 387
(ddd, 1 H, J15 15 = J1ap = 11.5 Hz, H-1a), 3.91 (dd, 1 H, J45=Js¢ = 8.9 Hz, H-5), 3.94 (ddd,
1 H, Jip = 21.0 Hz, H-1b), 4.11-4.23 (m, 5 H, 2 CH,CH3 and H-6), 427 (dd, 1 H, J3p = J3 4
= 2.2 Hz, H-3), 441 (dd, 1 H, H-4), 448 and 4.58 (2 d, 2 H, J = 11.8 Hz, PhCH,), 4.55 and
486(2d,2H, J=11.1 Hz, PhCH,), 477 and 4.95 (2d, 2 H, /= 11.0 Hz, PhCH,), 477 (s, 2
H, PhCH,), 7.20-7.45 (m, 20 H, 4 Ph). 13C NMR: 8 16.4 (d, J = 5.3 Hz, 2 CH,CH3), 62.9 (d,

J = 6.7 Hz, CH,CH3), 63.3 (d, J = 6.7 Hz, CH,CH3), 63.8 (C-1), 70.1 (C-7), 72.6, 73.2, 74.5,
and 75.5 (4 PhCHy), 74.8 (C-5), 75.7 (d, J = 213 Hz, C-3), 77.0 (C-6), 80.8 (d, J = 1443
Hz, C-2), 80.9 (C-4), 127.3-128.4 and 138.5 (4 Ph). 3P NMR: & 23.9. Anal. Calcd for
C39H4709P1 C, 67.81; H, 6.86. Found: C, 67.56; H, 6.89.

Niathyl (P V.8 &. i N.igcanranvhidana. v Nomanps_ hantnnlafuranacgyllInhaenhano
UIDIIIJI \H,J J,U"I.ll‘ll 'IDUPI UPJIIUCIIC AT HIsIs nnv ucylunuxul anmuvy l}PllUDl]llU
nata (A Thicralullatacida 23 72 o D &SN mmal) wae troated ac decerihad far thae
IIdalT ({**u). 11iia Ulyl CLlUBIUC &aUu \Lo4 1115, V.JV 1HHIVUL) wad ucdaivu as uosuilivcu 1ul uiv
e sttt A Ve b rvivia A LTEN cno) na o avsrizea JIT NIMAD cnlantad Anine R A QL (A4 1 LT
preparaiion o1 S5a to give sa (10U mg) as a syrup. ‘i NIV s€iecied gata: 0 4.0 (aa, I n,
J34=59, Ja5 = 3.5 Hz, H-4), 540 (dd, 1 H, J5p = 7.6 Hz, H-3), 9.45 (s, 1 H, H-1). Crude

1 e e S ~ . — 1 — ~ el
e . .

~~ B

4
131 1 - 1 1
iacnyaec aa was reau cd a
1 El)

yclohexane-AcOEt) of the residue affor
(¢ 0.9, CHCI3). 1H NMR (500 MHz, CDCls):
1.38 (t, 6 H, J =7.0 Hz, 2 CH,CH3), 2.76 (dd, IH Jla,OH 3
4.02 and 4.18-4.28 (2 m, 6 H, 2 H-1 and 2 CH,CHj3), 4.33 (dd 1 H, J45—4U J5 = 7.3 He,
H-5), 438 (ddd, 1 H, H-6), 493 (dd, 1 H, J34 = 6.0 Hz, H-4), 5.13 (dd, 1 H, J3p = 6.0 Hz, H-
3). BC NMR: 6 16.4 (d, J = 4.9 Hz, CH,CH3), 16.5 (d, J = 4.8 Hz, CH,CH3), 23.8, 25.2,
25.4, and 26.8 (4 CH3), 62.6 (C-1 and CH,CH3), 63.5 (d, J = 7.3 Hz, CH,CH3), 66.8 (C-7),
73.3 (C-5), 81.5 (C-4), 81.7 (C-6), 83.0 (d, J = 15.8 Hz, C-3), 85.2 (d, J = 157.5 Hz, C-2),
109.2 and 113.2 (2 OCO). 31P NMR: 6 22.2. Anal. Calcd for C;7H3109P: C, 49.75; H, 7.61.
Found: C, 49.53; H, 7.80

Diethyl (2,3,4,6-tetra-O-benzyl-o-D-gluco-heptulopyranosyl)phosphonate (-

4e). Thiazolylketoside o-2e (372 mg, 0.50 mmol) was treated as described for the

[ @]
> =n B
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nrenaratinn nf a tn give (v-To (D7) mo) ag a2 cyrmmim IHNMR:- 8 1 18 and 198 D¢+ A J —
PL\/H‘M““UIJ UVl o8 VW 61'\/ WA TWI% & /W 2115 ) A0 G4 D]luy- AL LNAVAEN N 1.1 Q11 k.47 \L’ Ly U LRy v —
TOH7z 2 CH,CH. 3484 (44 1 I.. =30 J_ =107 H7 HARY RA6(Add 1T H I _. =K 4

NS B RLsy das \JllL\ll.‘J), - ent ¥ \\I\.l, ES l‘y ‘4,) _l-\l, o 3,6 AT o v -l.l.b, AR J}’ LI \uu, P s l., ,b’,a ot "Wy
I_. .. =11 8§ 7 H.7aY 2T7A (A4 T H T. . =207 H_7Th)Y ?KRRL (A4AA4 1 I. . —42 1. _ =
v7a,7b = 112 0Z, ix=id), 2.70 GG, 1 1, Vg 7p T 4V NZ, 11mi0), 3.00 GGG, 1 L, V34T 55, 04p T
3.4 Hz, H-4), 3.96-4.20 (m, 4 H, 2 2CHj3), 4.25and 4.41 (2d, 2 H, J = 11.4 Hz, PhCH,),
ANL nee A A AO DY 4 N IY F _ 17N LI, DLAIT Y A0 7712 1 10 4 e @ 0 LI~ LI 2\ A &L ol
4.2.6 ana 446 (£ 4, 2 N, s = 12U Nz, rolmy), 429 (aq, 1 0, J3p = 0.6 Nz, n-3), 4.56 ana
464(2d.2H. J=12.0Hz PhCH-). 471 and 4.82 (2 d. 2 H. J = 11.4 Hz. PhCH,). 7.10-7.45
40944, L N,J=12UnN7Z, i riy), 4./1 dild 4.02(£4 (4, £ ,J = 11.4 117, il LI1y), /.1U-/1.90

(m, 20 H, 4 Ph), 9.81 (s, 1 H, H-1). Crude aidehyde a-3e was reduced as described for the
preparation of 4a Column chromatography (5:2 cyclohexane-AcOEt) of the residue
afforded a-de (200 mg, 58%) as a syrup; [at]p = +50.2 (¢ 0.6, CHCI3). iH NMR: 9 1.10 and
129 (2 t, 6 H, J = 7.0 Hz, 2 CH,CH3), 2.47 (d, 1 H, J = 10.2 Hz, OH), 3.56 (dd, 1 H, J;5 =
j5,6 - 97 HZ, H"S), 369 (d, 2 H, jé,7 - 30 HZ, 2 H"7), 378 (dd, 1 H, jla,lb = 118, j]a,P = 38
Hz, H-1a), 3.90 (d, 1 H, J,p = 4.5 Hz, H-1b), 3.80-4.18 (m, 4 H, 2 CH,CH3), 4.03 (dd, 1 H,
J3p=312,J34=9.6 Hz, H-3),4.22 (ddt, 1 H, J¢p = 1.5 Hz, H-6),4.47 and 4.55 (2d, 2 H, J
= 12.0 Hz, PhCH,), 4.57 and 493 (2d, 2 H, J = 11.0 Hz, PhCH,), 4.59 (dd, 1 H, H-4), 4.73
and 4.85 (2d, 2 H, J = 10.8 Hz, PhCH,), 490 and 4.95 (2 d, 2 H, J = 11.4 Hz, PhCH,), 7.20-
7.40 (m, 20 H, 4 Ph). 13C NMR: 8 16.1 (d, J = 5.6 Hz, CH,CH3), 16.4 (d, J = 5.5 Hz,
CH,CHj), 62.1 (d, J = 6.4 Hz, CH»,CH3), 62.2 (d, J = 6.3 Hz, CH,CH3), 63.3 (d, J = 7.8 Hz,
C-1), 69.1 (C-7), 73.1, 74.4, 75.2, and 75.9 (4 PhCH;), 75.6 (C-6), 77.9 (C-5), 78.5 (C-3),
81.2 (d, J = 151.2 Hz, C-2), 83.1 (C-4), 127.3-128.2 and 137.9-138.6 (4 Ph). 31P NMR: &
21.8. Anal. Calcd for C3gH4709P: C, 67.81; H, 6.86. Found: C, 67.69; H, 6.82.

Diethyl f2.3.4-6-t.etra-0-be--Z.VL-B-Dmu -heptulopvranosvl)nhosphonate (B-
=55 J r o e rJ DS of | 3 r
4e¢). Thiazolylketoside [-2e (372 mg, 0.50 mmol) was treated as described for the
preparation of 3a to give 3-3e (270 mg) as a syrup. 'THNMR: 6 1.20 and 1.27 2t,6 H, J =
70Hz 2 CH-CH:). 358 (dd. 1H. Ji,=J,<=98Hz H-4) 371 (dd. 1 H. J. . =40 J, + =
0 Hz, 2 CH,CH3),3.58 (dd, 1 H, J34=J;5=9.8Hz, H-4),371 (dd, 1 H, J57,=4.0, J7, 7o,
108 Hz. H-72). 372 (dd. 1 H. J.. =99 Hz H-5). 375(dd. 1 H. J. . = 2.2 Hz. H-7h). 3.93
LV.O 14, 13774y, J. 14 \UU, 11X, V56 Z.7 RRLy ARSI )y T T U, 1R, VG TD v ARLy BRI WUy T i)
(Addd4 1.0 71 w DT H .Y AWM AN AT YCHCH?2Y A5(dd 1T T 7. =12 H~»
tuuug, 11, J6’P = L.t V1L, RATVU ), . ULTTF.IV \111, T ALy L \AI)NARD ), V.U \UU, 1 11, JS,P — 1.0 114,
H-3), 4.52 and 4.58 (2 d, 2 H, J = 11.7 Hz, PhCH,), 4.60 and 4.81 (2d, 2 H, J= 11.0 Hg,
DLW I AT /34 1 LI 1 = Q7T L0 ITAY A0 /v DL DLMAIFNY A 00 e A & 11 /M A DLY T
rouiry), 4.0/ 04, 1 1, J5¢ =7./ 0OZ, 11-3), 4.05 {8, £ 0, riovsip), 4.0 dld 5.11 (£ G, £ n, J =
1IN O IY-. DLATTF Y 7 1& 7 A1 (foon NN TT A DL 1N NO 7. 1T IY LY 1N M3 131 1.0 A .
1V.0 11z, riidI)), /.10=-7.41 U11l, Zu 1, 4 rn), 1V.Uo (s, 1 11, ri-1). Lruac aiaéiiyuac p=ot wad
reduced as described for the preparation of 4a. Column chromatography (1:1 cyclohexane-
AcOEt) of the residue afforded f-4e (194 mg, 56‘7) as a syrup; [alp = +39.0 (¢ 1.2,
CHCI3). iH NMR: 6 1.19 and 1.25 (2 ¢, 0 H, J=7.0Hz, 2 CH,CH3), 2.84 (dd, 1 H, J1,04 =
Jipon = 6.0 Hz, OH), 3.72 (dd, | H, J3 4 =J3p= 9.5 Hz, H-3), 3.73-3.83 (m, 3 H, 2 H-7 and

H-6), 3.89 (dd, 1 H, J45=9.5 Hz, H-4), 4.06-4.26 (m, 7 H, 2 CH,CH3, H-5, 2 H-1), 451 and
457(2d,2H,J=11.7 Hz, PhCH,), 4.64 and 4.89 (2d, 2 H, /= 11.0 Hz, PhCH,), 4.84 (s, 2
H, PhCH,), 7.40-7.65 (m, 20 H, 4 Ph). 13C NMR: § 16.3 (2 CH2CH3), 59.0 (C-1), 63.2 (d, J
= 7.1 Hz, CH,;CH3), 63.9 (d, J = 6.4 Hz, CH,CHj3), 68.7 (C-7), 73.0 (d, J/ = 13.5 Hz, C-6),
73.1, 74.9, and 75.7 (4 PhCH,), 77.8 (C-5), 79.1 (d, J = 170.3 Hz, C-2), 84.3 (d, J = 134
Hz, C-4), 126.8-128.3, 137.9, 138.0, 138.1, and 138.3 (4 Ph). 31P NMR: 8 22.2. Anal. Calcd
for C39H4704P: C, 67.81; H, 6.86. Found: C, 68.14; H, 6.97.

Diethyl (methyl 2,3,4,6-tetra-O-benzyl-a-D-galacto-heptulopyranosylonate)-
phosphonate (5a). Thiazolylketoside 2a (372 mg, 0.50 mmol) was converted into the
aldehyde 3a as described for the preparation of 4a. To a vigorously stirred solution of crude
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aldehyde 3a in 1:1 MeOH-Et;0 (5 mL) were added, dropwise and simultaneously, a 1 M
svll_t_'e of KOH in MeOH and a 0.5 M solution of I in MeO un.ﬂ the intermediate methyl

annannne 1007, T\In,.Q,J\- SN Avriad N nA Ad Tha wnns A A Fane
agquesdus 1v7o INazOI Uy Inzu, Grnica \ua;uu4/, and conceiitrated. The residie was eluted from
a ralimn Af cilisn oal weth 2. 1 mxralalhavanas AAMDTE 44 alsra Ea {72 cnoe L£V0I) o o asyezzens
d LUlul Ul silica gl wili 5. by\:lUllC)\allU‘ﬂbUDl (A9 glVC Od (440 1Y, UL /0) ads a dylup,
[o]p = +28.1 (c 0.8, CHCl3). TH NMR: & 1.05 and 1.20 (2t, 6 H, J = 7.5 Hz, 2 CH,CH;),
3.57 (dd, 1 H, Jg7a= 7.2, Joa 70 = 9.4 Hz, H-7a), 3.63 (dd, 1 H, Jg 7, = 5.8 Hz, H-Tb), 3.79 (s,
2IT MNMIT N 270N 200 7. 1T XY MYIT ATT N 2 00A A N7 LI G EFals Vel SN BN V-JFan i | rx

53 H, OCHjy), 3.80-3.89 (in, 1 H, CH,CH3), 3.94-4.23 (in, 3 H, CH,CH;3) 3.55{(dd, 1 H, J45=
NQ 1T N TIT_ YT &N A N1 731113 1 1¥ T 1n11 TY N\ AN /A 1 A YY T
£.0, /56 = 1.U NZ, 11-J), 4.51 (444q, 1 A1, Jgp = 1.0 1Z, 0)44431]0449(40,[11.’—
12.0 Hz, PhCH,), 4.46 (dd, 1 H, J3 4= 9.6, J3p = 26.5 Hz, H-3), 4.53 (dd, 1 H, H-4), 4.59-

492 (2d,2H,J=11.6 Hz, PhCH,), 4.76 (s, 2 H, PhCH,), 4.97 (s, 2 H, PhCH,), 7.20-7.41
(m, 20 H, 4 Ph). 13C NMR: & 16.2 (d, J = 7.3 Hz, CH,CH3), 16.5 (d, J = 6.1 Hz, CH,CH3),
52.9 (OCHa), 63.3 (d, J = 7.3 Hz, 2 CH,CH3), 68.7 (C-7), 72.6, 73.2, 74.9, 75.9 (4 PhCH,),
73.2 (C-5), 74.4 (C-6), 77.6 (C-3), 80.9 (C-4), 83.2 (d, /= 145.2 Hz, C-2), 127.2-128.3 and
138.0-138.7 (4 Ph), 168.4 (C-1). 31P NMR: 8 16.8. Anal. Calcd for C40H47010P: C, 66.84; H,
6.59. Found: C, 66.59 H, 6.57.

Diethyl (methyl 2-azido-3,4,6-tri-O-benzyl-2-deoxy-a-D-galacto-heptulopyra-
nosylonate)phosphonate (Sb). Thiazolylketoside 2b (339 mg, 0.50 mmol) was treated as
described for the preparation of 5a. Column chromatography (5:2 cyclohexane-AcOEt) of
the residue afforded 5b (193 mg, 59%) as a syrup; [a]p = +13.5 (¢ 0.9, CHCl3). TH NMR: 3
1.25and 1.31 (2t, 6 H, J =7.0 Hz, 2 CH,CH3), 3.52 (dd, 1 H, J57,=7.0, J3, 7% = 9.3 Hz, H-
7a), 3.59 (dd, 1 H, Jg 7, = 5.7 Hz, H-7b), 3.83 (s, 3 H, OCH3), 3.93 (dd, 1 H, J; 5= 2.8, Js¢ =

0.8 Hz, H-5), 4.09-4.28 (m, 5 H, 2 CH,CH3 and H-6), 4.28 (dd, 1 H, J; 4 = 10.3 Hz, H-4),
439 (dd, 1 H, J3p=29.2 Hz, H-3), 4.42 and 4.47 (2 d, 2 H, J = 12.0 Hz, PhCH,), 4.53 and
487 (2d,2H, J=11.4 Hz, PhCH,), 474 and 4.81 (2 d, 2 H, J = 11.3 Hz, PhCH,), 7.25-7.47
(m, 15 H, 3 Ph). 13C NMR: 8 16.2 (d, J = 6.2 Hz, CH,CH3), 16.4 (d, J = 5.6 Hz, CH,CH3),
53.3 (OCH3), 61.9 (C-3), 63.5 (d, J = 7.0 Hz, CH,CH3), 63.8 (d, J = 7.3 Hz, CH,CHs), 68.6
(C-7), 72.3 (C-5), 72.9, 73.3, and 74.6 (3 PhCHy), 75.1 (C-6), 78.8 (C-4), 82.2 (d, J = 145.0
Hz, C-2), 127.6-128.4, 137.8, and 138.0 (3 Ph), 167.9 (C-1). 3P NMR: & 15.4. Anal. Calcd
for C33HaoN300P: C, 60.64: H, 6.17; N, 6.43. Found: C, 60.45; H, 6.26; N, 6.54.

Diethyl (methyl 2,3,4,6-tetra-O-benzyi-o.-D-manno-heptulopyranosyionate)-
phosphonate (5c¢). Thiazolylketoside 2¢ (372 mg, 0.50 mmol) was treated as described for
the preparation of 5a. Column chromatography (3:1 cyclohexane-AcOEt) of the residue
afforded 5c (183 mg, 51%) as a syrup; [o]p = +5.4 (¢ 0.9, CHCI3). 1H NMR: 6 1.28 and
1.34 2t,6 H,J=7.0 Hz, 2 CHyCH3), 3.69 (s, 3 H, OCH3), 3.79 (dd, 1 H, Jg7, =24, Joa 7 =
11.6 Hz, H-7a), 3.85 (dd, 1 H, Jg 7, = 4.3 Hz, H-7b), 4.02-4.26 (m, 5 H, 2 CH,CH3 and H-5),
429 (dd, 1 H, J34=24, J; 5= 9.2 Hz, H-4), 4.57-4.63 (m, 2 H, H-3 and H-6), 4.59 and 4.79
(2d,2H, J=11.6 Hz, PhCH,), 4.59 and 5.06 (2 d, 2 H, J = 11.0 Hz, PhCH,), 4.63 and 4.89
(2d,2H,J=11.0 Hz, PhCH,), 4.83 (s, 2 H, PhCH,), 7.20-7.45 (m, 20 H, 4 Ph). TH NMR
(C¢Dg) selected data: & 3.86 (dd, 1 H, Jg 7, = 2.0, J7, 7 = 11.5 Hz, H-7a), 3.92 (dd, 1 H, Jg 7,
= 4.8 Hz, H-7b), 440 (dd, 1 H, J45=9.5, J5¢ = 10.0 Hz, H-5), 476 (dd, 1 H, J534 = 2.6 Hz,
H-4), 487 (dd, 1 H, J3p = 2.2 Hz, H-3), 5.23 (dddd, 1 H, Jsp = 2.7 Hz, H-6). 13C NMR:
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under vacuum and saturated with hydrogen (by a Hz—tllled balloon) three times. The
suspension was stirred at room temperature for 2 h under a slightly positive pressure of
hydrogen (balloon), then filtered through a plug of cotton and concentrated. Purification by
anion-exchange chromatography (Dowex 2 x 8, HCO;- form, 0-1 M HCO,H gradient)
followed by lyophilization gave 6a (44 mg, 81%) as an amorphous solid; [a]p = +56.6 (c
0.9, MeOH). TH NMR (MeOD): & 3.49 (dd, 1 H, Jg7, =4.5, J7, 7 = 11.0 Hz, H-7a), 3.59 (dd,
I H, J¢ 7, =7.0 Hz, H-7b), 3.67-3.76 (m, 3 H, 2 H-1 and H-5), 3.87 (dd, 1 H, J3p = 30.0, J3 4
= 9.8 Hz, H-3), 3.99 (ddd, 1 H, H-6), 4.06 (dd, 1 H, J4 5 = 2.5 Hz, H-4). 13C NMR (D,0): 8
64.1 (C-7), 66.3 (d, J = 7.0 Hz, C-1), 69.9 (C-3), 71.3 (C-5), 72.8 (C-4), 77.9 (C-6), 84.0 (d,
J =147.7 Hz, C-2).31P NMR (D70): 8 22.6. Anal. Calcd for C;H;504P-H,0: C, 28.77; H,
5.86. Found: C, 29.06; H, 6.02.
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soluuon of the methyl ester in 4:1 H20 MeOH 3 mL) was added 6 M aqueous NaOH (1.5
mL). After 6 h at room temperature the solution was eluted from a column of Dowex 50W x
2 (H* form) with 4:1 HO-MeOH and lyophilized. The residue was purified by anion-
exchange chromatography (Dowex 2 x 8, HCO;- form, 1-4 M HCO;H gradient) followed by
lyophilization to give 7a (73 mg, 85%) as an amorphous solid; [a]p = +48.2 (¢ 0.8, H,0). 1H
NMR (D70): 8 3.52 (dd, 1 H, Jg 7, = 4.4, J7, 7 = 12.0 Hz, H-7a), 3.62 (dd, 1 H, Jg7, = 7.5
Hz, H-7b), 3718 (dd, 1 H, J45=3.1, Js5=0.6 Hz, H-5), 3.93 (dd, 1 H, J5 4 =100, J3p = 25.6
Hz, H-3), 4.11 (dd, 1 H, H-4), 4.15 (dddd, 1 H, Jsp = 1.0 Hz, H-6). 31P NMR (D;0): 4 10.7.
Anal. Calcd for C7H3010P-2H,0: C, 25.93; H, 5.29. Found: C, 26.24; H, 5.38.
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