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Abstract

Synthetic approaches to structural analogues of tagetitoxin (1) are described. The successful route to
analogue 3 (X=0) has, as a key step, protection of the cis-vicinal amino alcohol moiety of compound 7 as
an N-benzylated cyclic carbamate (9). X-Ray crystallographic analyses of the hydrochloride of compound
7 and of the hydroxyacid 56 are reported. © 1999 Elscvier Science Ltd. All rights reserved.
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Introduction

duces
RNA polymerase [2]. The structure of tagetitoxin has yet to be proved unequivocally, but the
bicyclic structure 1 is currently favoured [3] over the alternatives 2a,b from analysis of nmr data,

although the position of the amide group is still uncertain. The production of tagetitoxin from a
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tagetitoxin is available commercially.! To our knowledge only preliminary synthetic studies have
been reported [5,6].

The biological activity of tagetitoxin has led us to prepare substructures for evaluation as
herbicides and plant growth regulators. Assuming the validity of structure 1, we hypothesised that

~

the acetate, amine and phosphate groups are important for activity, whiist the C-S-C bridge

* E-Mail address: r.furneaux@irl.cri.nz
! Available as Tagetin™ Inhibitor from Epicentre Technologies, Madison, WI, USA
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ing. No information is available on the
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not just because these are more readily available, but because many 1,6-anhydro-D-hexose
derivatives, which are structurally related to the illustrated enantiomer (1), show herbicidal activity
[7]. This paper describes several approaches to analogues based on structures 3 and 4. The work
was designed to provide insight into stucture-activity relationships of tagetitoxin, and incidentally into
the construction of carbohydrate-based vicinal cis-amino phosphates in general. While compounds
of type 3 were made satisfactorily, unexpected problems were encountered with those of the [3.3.1]

bicyclic type related to 4 (X=0,S).
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1 2a RI1=OH, RZ=NH: 3 4
2b RI=NH2, R2=0H

Results and Discussion

1,6-Anhydro-3-deoxy-3-nitro-D-gulose (6) is available (13.5%) by cyclisation with nitromethane of

the dialdehyde S readily obtainable by periodate oxidation of levoglucosan (or any other 1,6-anhydro-
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Hydrogenolytic reduction of the nitro compound leads to the amine 7 [8], the D-gu/o-configuration of
which is supported by its large 'H,'H nmr coupling constant /3.y e (9.9 Hz)

Figl. Thermal ellipsoid plot (530% probability level) of compound 7.HCI drawn using ORTEP [32,33].
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and confirmed byX-ray analysis of its hydrochloride (Fig. 1). In an approach to compounds of type 3
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permit esterification of the C-2 and C-4-hydroxyl groups selectively, and treatment of the N-Boc
derivative 8 with bis(tributyltin) oxide (1.3 equiv), followed by tetrabutylammonium bromide [9] and
benzyl bromide in refluxing toluene, led directly to the N-benzyl-protected cyclic carbamate 9 (96%).
The position of the benzyl group was evident from the "*C nmr chemical shift of the benzylic carbon

atom k() 40 O }, d.LlU UICIC was 1no CVIUCHLC IOI' me IOHIIdl]O[l OI 4-(,/—Denzyia£eﬂ Dy-pl’O{lllCtS
Conversion of compound 9 to the 4-O-tetrahydropyranyl derivative 10 and alkaline cleavage of the
carbamate group led to the mono-ol 11, which was specifically N-benzylated with dibutyltin oxide,

followed by tetrabutylammonium bromide and benzyl bromide to give the tertiary amine 12.
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hosphoramidite an tetrazole, followed by peracid
oxidation [10] were efficient processes, and removal of the 4-O-THP protecting group from the
derived phosphate 13 gave alcohol 14, which was acetylated to afford 15. Hydrogenolysis of

compounds 14 and 15 gave the salts 16 and 3 (X=0), respectively, in quantitative yield.
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3 RiAc 11 R!=THP, R%=H, R3=B
16 Rl: 1: [ HP 2= 3: ’ = —Bn
J :}f El_n 713.2_51_22 RN RI=THP, R?%=R*=Bn
v/‘u.q FaSind v ]I —pi
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Scheme 1: 2) MeNOz, NaOMe, MeOH: b) Hz, P&/C, 2M HCI, 50 p.s.i.;c) (Boc)20, Na2CO3, H20, THF; d) (BusSn)20,
Bu 4NBr, BnBr, toluene; e) dihydropyran, TsOH; f) NaOH, EtOH; g) Bu2SnO, BusNBr, BnBr, toluene;

A% g TT Y

i) o-xylylene-N, N-diethylphosphoramidite, i//-tetrazole; i) MCPBA; j) 2M HCl: k) Ac20, pyr;
) H2, Pd/C, 50 p.s.i., EtOH, AcOH.
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The nmr spectra of products 16 and 3 (X=0) were fully consistent with the structures shown. In the

3lp spectrum of the laﬁmf the sole resonance was at 8 Q relative to A Tha ~hacrbhame
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atom was coupled with H-2 (/e = 8.3 + 0.1 Hz) and H-3 (Yp=1.3 £ 0.1 Hz), and the retention of
the gulo-configuration was indicated by the proton coupling constants J; 3, J23, J34 of 2.4, 4.6 and
10.3 Hz, respectively. The elemental analyses ruled out the possible cyclic (dehydrated)

nhnqnhnmmldate variant 17.

These experiments have provided the tagetitoxin analogue 3 (X=0). Neither it nor its analogue
(16) was active (applied at 1000 g/ha) against the following pre- or post-emergent agriculturally
important weeds: Avena fatua (wild oat), Setaria viridis (green foxtail), Amaranthus retroflexus
(redroot pigweed) or Chenopodium album (fat hen).
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1 (hexose numbering), as found in tagetitoxin, since 2,7-anhydrosedoheptulose 18, on periodate
oxidation, gives a dialdehyde from which the required 4-deoxy-4-nitro-D-gulo-anhydride 19 is
obtainable [11,12]. The above pathway to analogue 3 (X=O) illustrates a way of making

aming alcohols

al amine nhncnhatpe hv temnorary nrotection of correspondine
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In a second approach to compounds based on structure 3 it was necessary to functionahise O-2
and O-4 of 1,6-anhydro-D-galactose 20 [13] differentially, and develop a good leaving group at C-3
for introduction of the amino function with configurational inversion. Treatment with acetic

anlbvr‘nrip (113 equt 1\ m n‘mt‘]lnp of the 7-nhaenhate 27 nrenarad hv the ronite 205322324397 as

1ydride (1.3 equiv) in pyndine of the 2-phosphate 27, prepared by the route 202252427
indicated in Scheme 2 and used as a model compound, gave diacetate 30 (18%) and an inseparable
muxture of the monoacetates 31 and 32 (64%). The mixture contained over 90% of the 4-ester 31
which, as expected, was derived by selective reaction of the more accessible equatonial hydroxyl
group. That the acetate in the major product was located at C-4 was revealed by the 'H,'H COSY

e oo hes tha Tass, £S04 T domenlad £ T LI\ im this JTT cndimio:  ammciotont sxradh LT
nimr spec trum and Oy ui€ 10W-1icia H-4 Tipi€i \J =45 Hz ) 1 e H Speciruiii, COnSISIEt will H4

being mvolved in two roughly equivalent axial-equatorial couplings. For the minor monoacetate 32,
the low field H-3 doublet of doublets (/>3 =1.2,J3;, = 5.4 Hz) indicates one axial-equatorial and one

smaller diequatorial coupling. With appropriate selective acetylation established for compound 27
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B. R. Dent et al. / Tetrahedron 55 (1999) 6977-6996 6981

this approach was considered applicable to the closely related anhydrides 28 (Scheme 2,

22->25—-28) and 29 (Scheme 2. 21523—326—29). Atftempts o work with the latter were however
ot ™ et T AP | 7\ WTERARIN ke LA g o B R FHT R VYULD VWiIUL WIS IaGUUE WL C HIUWO VYU

frustraied by the sensitivity of compound 26 to acid and its consequent failure to yieid the required
diol 29. Presumably this sensitivity is due to the participation of the sulfur atom in reactions of
carbocations generated under the conditions used.
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20 X=0 . \\fh n ))E:S P 27 X=0, R!=Ph
21 X=§ A _ ~ 28 X=0, Rl=Bn
24 X=0, R=PO(OPhy d 29 X=S RlBa

25 X=0, R=PO(OBny /

26 X=S, R=PO(OBn¢*" pd

~
R4 fl\'nf\tf\b...\..\ Fat="a%a -3 AW
EVAUDIZ \ VAU J2
h wrn 1 w1 3203
\ 30 K'=Pn, RE=K7=AC
38 R4=H 31 R!=pPh R?=H:R3=Ac

36 R4=Br N\ 32R!=Ph R:=Ac, R*-H
33 Rl=Bn, R=H R¥=Ac

34 R1=Bn, RZ=Ac, R3*=H
37 R!=Bn, R?=COCH2Br, R*=H

38 RiI=Bn, R*=H, R3*=COCH2Br

Scheme 2: 2) Me2C(OMe)2, MezCQ, TsOH; b) CIPO(OPhY, pyr; ¢) BuLi, [(BnOXPO20; d) NaH, {(BnOpPO120;
e) 2M HCI; f) AczO and (pyr or BizSnO or (BuzSn)20); g) for 35: MeC(OEt), TsOH,;
for 36. BrCHzC(QEt)3, TsOH; h) AcOH, H20.

Acetylation of diol 28 with acetic anhydride and pyridine, or following reaction with dibutyltin

oxide or bis(tributvitin) oxide. gave inseparable 1:1 mixtures of monoacetates 33 and 34. in contrast
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with the selectivity observed for the model compound 27. Reaction with dibutyitin oxide and the
bulkzer pivaloyl chloride also led to an unsuitable mixture of monoesters. It is not clear whether these
reactions were inherently unselective, or victims of subsequent ester migration which can reduce
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orthoacetates 35, and subjected to mild hydroiysis. While this gave exclusively, and as expected
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[14], the acetate 34 with the new ester group at the axial O-3 position, an attempt to turn this result to

advantage was not successful: the brominated orthoesters 36, which were exp mm:&". to give an O-3

ester which could be removed in the presence of an acetate at C-4, did not hydrolyse selectively, but
instead gave an inseparable mixture of bromoacetates 37 and 38. Conceivably configurational
inconsistences at the orthoester chiral centre could have led to this irregularity.

An altemative way of selectively functionalising anhydrides 20 and 21 was developed from a
literature report [15] of the regloselective reductive cleavage of the O-benzyl and O-allyl derivatives
of the endo-isomer of methoxybenzylidene acetal 39. In like manner, reduction of the 2-O-silyl
derivatives 40 and 42 (endo-isomers), derived from 39 and 41, respectively, with LiAlH,-AICl; gave
specifically the 3-O-p-methoxybenzyl ethers 43 and 46 (Scheme 3). Acetylation to give esters 44

; anotoban AL saed AQ eons
and 47, and cleavage of the p-methoxybenzyl ethers to give hydroxy acetates 45 and 48 was

straightforward, but the derived 3-triflates, mesylates or tosylates all failed to afford the expected
azides 49 and 50 on reaction with sodium azide in DMF, HMPA or DMSO. Presumably the path of
the incoming nucleophile was impeded by the bulky substituent on O-2 and either no reaction or
decomposition resulted.

X X X
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2
02 o, 0 — k j
l
0 X OR OSiMe,But N;  OSiMe,But
4
b 39 X=0O, R=H d 43 X=0,Ri=H, R?=PMB 49 X=0
40 X=0, R=SiMe,But 44 X=0, Rl=Ac, R2=PMB 50 X=§
b ( 41 X=S, R=H e
\ 42 X=§, R=SiMe,But \45 X=0, Rl=Ac, R2=H //

46 X=S, RI=H, R2=PMB / fg
A 47 X=S, Ri=Ac, R?=PMB
€ (A48 X=S, Rl=Ac, R2=H

PMB = CH,C¢H,OMe

Qohamia 2: 2y Mo LT OLONA
STLCHIC o0 &) MITUL gL i Uivi

J2
¢) DDQ, CH,Cly, H,0; ) THO, MsCl or TsCl,

o attonts +1a A+ 1 1
With a route opened to tagetitoxin analogue 3 (X=0), attention was turned to more closely

related anhydroheptitol compounds 4 (X=0,S), and it was envisaged that analogue 4 (X=S) couid be
made from D-galactopyranose by chain extension by one carbon atom at C-1, followed by a ring
closure involving linking the new atom and C-7 through sulfur. Regiospecific nhosnhorvlahon and
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configured target.
D-Galactose pentaacetate 51 was therefore converted to the a-glycosyl bromide then treated

1 €L - . 2 L L) R YR e aeina

with mercury(ll) cyanide in nitromethane to give the B-nitrile 52 [16] (Scheme 4). Reductive

hydrolysis with Raney mnickel and trapping of the resuitant, unstable aldehyde with 12-

dianihinoethane gave the imidazolidine 53 [17,18]. This reduction step, however, gave variable yields

and the ehmmatxon by—product S7 was sometimes observed. The aldehyde was regenerated by
1

. < 1r armid caltr endnim harahudmAdas radiintian
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and acetylation gave t‘ne known pentaacetate 54 [19]. In an alternative procedure for the preparation
of this acetate, nitrile 52 was deacetylated with sodium methoxide in methanol and then treated with
refluxing aqueous sodium hydroxide (6 M). Acetylation of the crude hydrolysis product after

neutralisation gave a syrupy lactone, rather than the carboxylic acid as expected r‘>m However a
gave a syrupy lactone, ral yiC acia as expected er a
PRSI, PR St I DRI e i e PRI | RO men e A ¥ S UR T B, SR ~\

sample of the lactone deposited a crystalline fraction on standing, X-ray structural analysis (Fig. 2)
and nmr spectroscopy showing this to be the 5,1-hydroxy acid 56.

¢ OAc OAc
51 52 53
| |
l gh.f d-fl
CH,OAc (lezoAc 0O CH.OAC
2
HO o §oH k gy m— O | oA
OAc —_—_— OAc
E—— i ok
)
| _
OAc éAc OI A
c
56 55 54
Scheme 4: a) HBr, HOAc; h) Hg(CN)7, Mel .Ov, ¢) Raney Ni, NaH7PO7, PhHN(CH) ), NHPh; d) TsOH, MexCO,
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MeONa, MeOH; h) 25% w/v NaOH; i) LiAlHy; j) HyO; k) Ac,0,

) by acetyl migration. The likelihood of this having happened is, however, diminished
by the ﬁndin that h droxy acid 56, on heatmg 1n acetic anhydnde in the presence of sodium acetate,
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Unusually for a 6-membered ring compound, compound 55

xr VL. PN IS I ~ "
for all the ring protons which are more readily accoxruuudatcu by the {2.2.2

the twist boat conformation 55a than by the [3.3.1] bicyclic 59.
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Fig. 2 Thermal ellipsoid plot (50% probability level) of compound 56 drawn using ORTEP {29,30].

Deacetylation of anhydride 54 gave pentaol 60 and selective tosylation at the primary centres

afforded ditosylate 61, the best yield (33%) being obtaimed by use of four equivalents of tosyl
chloride, under which conditions the tritosylate 62 was also isolated (25%). Ditosylate 61 was
converted to the acetonide 63 and attempts were made to bond C-1 and C-7 by way of a sulfur atom,

but nna closure could not be achieved bu treatment in DMF with eith her lithium sulfide or sodium

sulfide (Scheme 5). The only product isolated was the thiol 64; no evidence could be found for the
formation of the cyclic sulfide 65 even under severe conditions.

C’H-;OAC CH,OH / \ 0

fo /|
He  —OAC\ AcO AcO AcO
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553 57 58 59
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O OH
(54 RI=RZ=R3=Ac 65
60 RI=R2=R3=H dore q63 RI1=R2=0Ts
61 RI=Ts, R?=R3=H 64 R1=0Ts, RZ=SH

L 62 Rl=R3=T,&, Rz:H

Scheme 5: a) MeONa, MeOH, b) TsCl, pyr; ¢) MeaC(OMe);, TsOH; d) NapS, DMF; e) LinS, DMF.

In order to remove any steric constraints placed on the ring closure by the isopropylidene
protecting group in the ditosylate 63, a modified substrate was chosen for attempts to form anhydride
precursors for target compound 4 (X=0). Thus, deacetylation of 53 and tritylation of the primary
alcohol gave 66 (Scheme 6). After perbenzylation to give 67, unmasking of the aldehyde,

ot at +m lata 70
borohydride reduction and detritylation gave the diol 68. Treatment of the derived monotosylate 70

(obtained together with its isomer 69 and ditosylate 71) with sodium hydride gave a complex mixture,
from which none of the desired cyclic ether 72 could be isolated. Neither an acid-catalysed
cyclodehydration of compound 68 in refluxing toluene, nor reaction with triphenylphosphine and
dlethyl azodicarboxylate [21] in 1,2-dichloroethane was successful, starting material being recovered

in each case.

LR1

CH,OR1 §h C
TR e . T
OR? B et Bn <

\L_/

g

uun uun
C.53 Rl=R2Z=Ac 68 R=R2=CH 72
. T 6% R!=0Ts. RZ=0H
66 Ri= 1r R&=H ggu LS, R=un
€%, §7 RI=Tr, R%=Bn RI=0H, R2?=QTs

1 Ri=R2=0Ts

Scheme 6: a) MeONa, MeOH; b) TrCl, EGN; ¢) NaH, BnBr; d) TsOH, Me2CO, CH)Clp; e) NaBHy;

) TsGH, MeOH, g) TsCl, pyr.

The ments of introducing the o-nitrogen-bonded substituent at C4 prior to ring closure, thus
removing any steric hindrance associated with a B-substituent at that position were also assessed. A

Y +n] L1« trantad itk
ubstrate would have a g"Gd ‘eavmg group at C-4 and therefore peiitad: vv was acaica wiui

benzaidehyde dimethyl acetal to give the diacetal 73 which was converted to the known acetate 74
[22] (Scheme 7). Several sulfonate esters were prepared from 73: the triflate 75, mesylate 76,
tosylate 77 and p-fluorobenzenesulfonate 78, and a number of nucleophilic displacement reactions
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were attempted with sodium azide or tetrabutylammonium nitrite in DMF or DMSQO. At
temperatures between rt. and 180 °C either there was no reaction or the substrate decomposed

mn SN WSS AR LA WWLI.I.‘.NM.
Reaction of the tosylate 77 with sodium azide in refluxing DMSO did give a small amount of the
desired azide 79 (10%), but the efficiency of the reaction did not recommend its application.

Ph—< O] —o Ph—-<g—] Y
Lo ] R ZanN
60 2 N ) | \
g [

[§) N3 O
h 73 R=H 76 R=Ms 7%
&7e Reac S: 77 R=Ts
“N7s R=TY 78 R=p-FC4H,SO>

Scheme 7: a) PhCH(OMe)y, TsOH; b) AcyO, pyt; ) THO, pyr; d) MsCl, pyr; e) TsCl, DMAP,
pyrf) p-FCsH,SO,Cl, DMAP, pyr; g) for 77: NaN3, DMSO, 1800.

In conclusion, the tagetitoxin analogue 3 was made as indicated in Scheme 1, but other approaches

to thig hw of r\nmwnnr‘ Fnlln\mno the routes outlined in Schemes 2 and 3. were not successful.

iy VVWL

Likewise, the paths indicated in Schemes 4-6 did not provide access to compounds of the type
represented by 4 which is a closer analogue of the natural product.

Nmr spectra were recorded on a Bruker AC-300 F instrument at 300 MHz (‘H) or 75 MHz (*C), in CDCl; (or on occasion DMSO-ds) with
internal tetramethylsilane as reference, or in D;O with acetone as reference, (A CH; 2.15, CH; 32.8). Where the data refer to 500 MHz
spectra, the instrument used was a Varian Unity 500. Where multiplicities are quoted for '*C resonances, they refer to the results of DEPT
experiments, The assignment of resonances relied on COSY experiments. Accurate mass determinations were performed by Dr Lawrence
Porter at ESR Ltd on a V(G70-250S mass spectrometer under EI or CI conditions. Elemental analyses were performed by the Campbell
Microanalytical Laboratory, Dunedin, NZ. Meliting points were determined on a Reichert hot stage microscope and are uncorrected.

"Hexanes" refers to the fraction of light petroleum, b.p. 66-68 °C. Reactions were monitored by thin layer chromatography (tic) on Merck
T(lpcplopl 60 F..,, gheets 0.2 mm thick Flash rhmmntnmnhv wag performed with Merck T(mcp]m:l 60 m 040 - 0.063 mm\ The term

PeaaUineAs il IVaCiGas

"extractive workup" refers to partitioning of a reaction mixture between an organic solvent and water, washing the organic phase with acid,
alkali, brine or water as appropriate, drying over magnesium sulfate, filtration, and concentration under vacuum.

1,6-Anhydro-3-deoxy-3-nitro-f3-D-gulopyranose (6). The title compound 6 was prepared by the method of Richardson and Fischer [8] in
15% yield (lit. [8] 14%), m.p. ca. 150 °C (UL[8] 163-164 °C, turned waxy at 150 °C). 'H nmr (500 MHz) 5 (D,0) 3.77 (1H, dd, J=4.8,
8.5 Hz, H-6), 4.12 (1H, d, /=8.5 Hz, H-¢'), 4.44 (1H, dd, /=2.4, 4.9 Hz, H-2), 4.70 (1H, {, J~4.6 Hz, H-5), 4.73 (1H, dd, J=4.3, 9.8 Hz, H4),
4.86 (1H, dd, J=4.9, 9.8 Hz, H-3), 5.53, (1H, d, /=2.1 Hz, H-1). °C nmr 8 (D,0) 66.3, t, C-6; 66.7, d, C-4; 71.6, d, C-2; 76.7, d, C-5; 88.9,
d, C-3; 103.5,d, C-1.



pure hydrochloride salt (7.HC1) was obtained on evaporation of the filtered reaction mixture, and crystals suitable for X-ray structural
analysis were obtained from methanol-acetone. For 7.HC1 "H nmr (500 MHz) 3 (D;0) 3.42 (1H, dd, /=44, 10.2 Hz, H-3), 3.75 (1H, dd,
J=5.1,84Hz, H-6) 4.01-4.04 (1H, m, H-2), 4.08 (1H, dd, J=4.1, 10.2 Hz, H4), 4.13 (1H, d, /=8.4 Hz, H6"), 4.62 (1H, t, /=4.5 Hz, H-5),
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5.48 (1H, s, H-1). 3¢ nmr 8 (D:0) 34.0, d, C-3;65.7, t, C-6; 68.2, d, C-4; 69.3, d, C-2,77.1,d, C-5,103.0, d, C-1.
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21.4 mmol) was stirred with di-tert-butyl dicarbonate (7.0 g, 32 mmol) in a mixture of THF (50 mL), saturated aqueous sodium carbonate
(30 mL) and waier (30 mL) overnight. Extractive workup and crystallisation (dichloromethane-hexanes) gave the title compound 8 as a
white powder (3.88 g, 70%), m.p. 185 °C (dec.), [a] 5 -34 (¢, 0.3, CHCly. Found: C, 50.5; H, 7.2; N, 5.4. Cy;HyNO, requires C, 50.6; H,
7.3;N, 5.4%]. 'H nmr 8 (CDC1, with DO exchange) 1.47 (9H, 5), 3.6-3.8 (3 H, m, H-2.3,6), 3.83 (1H, dd, /=42, 88 Hz H4) 422 (1H, d

J=79 Hz, H-"), 443 (1H, t, /~4.6 Hz, H-5), 539 (1H, d, /=2.0 Hz, H-1). *C nmr 5 (DMSO-de) 29.5, q, CH;; 53.0, d, C-3; 63.9, t, C-6;
680,699,758, alld, C4, 2, 5;79.0, s, CCHy; 102.7, d, C-1; 156.5, 5, C=0.

1,6-Anhydro-3-N-benzylamine-2-0,3-N-carbonyl-3-deoxy-f-D-gulopyranose (9). A suspension of N-Boc amino sugar 8 (1.24 g
4.76 mmol) was heated with bis(tributyltin) oxide (3.68 g, 6.17 mmol) in refluxing toluene (25 mL) under argon and with azeotropic
removal of water. The mixture quickly became homogeneous, and after 90 min, tic showed the starting material 10 have been converted to a
more poiar materiai. The sofution was cooled and treated with tetrabutyiammonium bromide (i.30 g, 4.03 mmoi) and benzyi bromnide
{1.5 mL, 13 mnol). Reflux was continued for 2.5 b, after which time the intermediate had been converted o a much less polar product.

Cooling, evaporation, partitioning of the residue between wet acetonitrile and hexanes, and concentration of the acetonitrile phase gave a
gum. Flash chromatography (2:3 hexanes:ethyl acetate) gave the title compound 9 as a white solid (1.27 g, 96%), m.p. (ethanol-hexanes)

= e

145-146 °C; rnlz-".m(pns CHCL). [Found: C, 60.8; H, 5.4; N, 4.9. C;H;sNO; requires C, 60.6; H, 5.5; N, 5.0%]. 'H nmr §3.57 (1H
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0,80 3), 3.63, 7.8 Hz, H-6), 3.914.04, 3 H, m, H4,6', OH), 420 (14, 4, 1z, H-2),432,477(2x ]
2d, both J=15.0 Hz, CH, Ph), 4.43 (1H, t, J=5.3 Hz, H-5), 5.55 (1H, s, H-1), 7.33 (3H, s, Ph). 5C nmr 8 46.6, t, OCH;Ph; 56.8,d, C
62.6,1, C-6; 70.8, d, C4; 73.1, 73.2, both d, C-2,5; 97.4, d, C-1; 128.1, 128.4, 128.9, all d; 135.8, 157.5, both s.

‘n

1,6-Anhydro-3-N-benzylamino-2-0,3-N-carbonyl-3-deoxy-4-O-(2-tetrahydropyranyl)-$-D-gulopyranose (10). A solution of alcohol (%)
(1.23 g, 4.42 mmol) was stirred with dihydropyran (0.8 mL, 9 mmol) and p-toluenesulfonic acid (5 mg) in dichloromethane (25 mL) for
60 min. Extractive workup and flash chromatography (2:1 hexanes:ethyl acetate) gave the syrupy title compound 10 as a mixture of
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diastereomers (1.41 g, 88%). [Found: m/z (CI) 362.1602. C;sH, 4N() (MH)™ requires m/z 362.1604]. “°C nmr 3 20.3, 21.3, 24.9, 25.1,
L e B I A m - AL O 1M1 . =an F-¥ -k BRSPS Vaus S T B B 1 £A N e Py Aﬂl\r\ b b Wl i e s v B ] R Lo B 7 A W o B S ¢ BRI Y+ Y 1Nt = 1A 7 O
31.3,31.5,45.7, 46.8, all t; 54.3,55.3, both d; 62.7, 63.1, 63.9, 65.6, all t; 70.0, 72.6, 72.7, 73.1, 73.6, 79.6, 97.6, 97.8, 98.4, 101.5, 127.8,
1720 17248 1704 1929 all A 1261 12K 5 1847 186 R all e
AJ-U.\I’ ALU.J, 1 LO \J’ 14O D, auu, AIU A, LAdVdy RV Ty LJND.O, 4L O

1,6-Anhydro-3-(N,N-dibenzylamine)-3-deoxy-4-O-(2-tetrahydropyranyl)-B-p-gulopyranese (12). A solution of cyclic carbamate 10
(1.38 g, 3.81 mmol) was heated with sodium hydroxide (1.4 g) in refluxing 85% ethanol (35 mL) for 20 min. Cooling, evaporation of
solvent and extractive workup gave syrupy 3-amino-1,6-anhydro-3-N-benzyl-3-deoxy-4-O(2-tetrahydropyranyl)-p-D-gnlopyranose (11), as a
mixture of diastereomers; (on],f)5 -14 (¢, 0.5, CHCls). [Found: m/z (CI) 336.1796. C,sHasNOs (MH)" requires m/z 336.1811]. In a separate

experiment, the diastereomers were separated by flash chromatography (2:3 hexancs:ethyl acetate) to give the major diastercomer: 'H nmr 8
1.4-1.9 (6 H, m), 2.90 (1H, dd, J=4.6, 9.5 Hz, H-3), 3.4-3.5 (1H, m), 3.6-3.8 (6H, m), 3.97 (14, d, /=8 Hz), 4.6-4.7 @ H, m), 549 (1H, d,
J=22Hz, H-1), 7.2-7.4 (5H, m). '°C nmr § 20.3, 25.1, 31.0, 51.1, all t; 56.7, d; 63.6, 64.0, both t; 67.0, 74.3, 77.2, 101.1, 102.0, 127.3,
128.0, 128.6, all d; 139.7, s; minor diastereomer: 'H nmr & 1.4-1.9, (6 H, m), 2.84 (1H, dd, /=4.7, 9.3 Hz, H-3), 3.4-3.5 (1H, m), 3.6-3.9
(6 H, m), 3.99 (1H, d, J=7.6 Hz), 4.44.5 2 H, m), 5.52 (1H, d, /=22 Hz, H-1), 7.2-7.4 (5H, m). "°C nmr 3 212, 25.1, 31.4, SLL, all t;
56.7,d; 63.8, 6.0, both t: 66.4, 73.0, 74.8, 100.1, 101.1, 127.1, 128.0, 128.5, all d; 139.6, s.

Isomers 11 were heated with dibutyltin oxide (1.34 g, 5.38 mmol) in refluxing toluene (25 mL), under argon and removal of water
with a Dean-Stark apparatus. After 20 min, the mixture was cooled and treated with tetrabutylammonium bromide (1.22 g, 3.78 mumol) and

benzyl bromide (1.8 mL. 15 mmoD). Reflux was continued for 15 min, whereupon reaction was complete {f‘f‘\ Conling concentratinn
OCIiZY: OICIUGE (1.5 T, A2 OHNG: ). Or 12 iU, wWaCroupon rgacton was Comp:e LOCaNE, COnCCIiaTanon,

partitioning of the residue between wet acetonitrile and hexanes, and evaporation of the acetonitrile phase gave a gum, which was flash
chromatographed (2:1 hexanes:ethyl acetate) to give a colourless foamy mixture of diastereomers identified as the title compound 12 (1.29 g,
80%). [Found: mv/z (CI) 426.2290. C,sH:NOs (MH)" requires m/z 426.2280]. Major diastereomer: 'H nmr § 1.5-2.0 (6 H, m), 2.30 (1H,
br. s), 3.03 (1H, dd, /=4 .2, 10.4 Hz, H-3), 3.44-3.52 (1H, m), 3.61 (1H, dd, J=5.2, 7.5 Hz), 3.71-3.81 (1H, m), 3.80 2 H, 4, /=13.9 Hz), 3.94

(1H, d, J=7.5 Hz), 4.06 (2 H, d, J=13.9 Hz), 4.21 (1H, dd, J=4.2, 10.4 Hz), 4.74-4.78 (2 H, m), 5.24 (15, J/=2.3 Hz, H-1), 7.1-7.4 (10 H, m).
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C nmr $20.1,25.2,31.5, all t: 56.2, d; 562, 63.2, 64.0, all t; 72.9, 74.4, 75.8, 101.5, 101.7, 126.9, 128 3, 1285, all d; 140.1, 5. Minor
isomer: °C nmr 820.3,25.3,31.6, all t; 5.8, d; 56.1, 63.4, 64.1, all ; 70.1, 71.7, 73.4, 96.7, 101.9, 126.8, 128.3, 128.6, all d; 140.6, 5.

1,6-Anhydro-3-(¥,N-dibenzylamino)-3-deoxy-4-0-(2-tetrahydropyranyf)-f-D-gulopyranose 2-(o-xylylene phosphate) (13). A mixure

of mmpoum 12 (515 mg, 2.15 minol), Li{-eirazole (453 mg, 6.47 mmol) and o-xylylene ¥, -manyxpmspmmm (815 mg, 3.41 mool)

ctirvad 10 Aishlaenmsathanae (] mI Y PA— /!ﬂ min whawrae " Aanvarciae ta o lace malar matamal coae Ao nl...\ U ¥ AR
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added, followed after 5 min hv £5% m-chlmmenmur acid (530 mg 6 mmol). After 5 min a mare nnlar material had firmed: avtractive
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workup and flash chromatography (3:2 hexanes:ethyl acetate) gave the title compound 13 as a foamy mixture of diastereomers (1.184 g,
91%). [Found: m/z (CI) 608.2405. CyHiNOP (MH)™ requires m/z 608.2413). Major diastercomer; 'H nmr & 1.5-2.0, (6 H, m), 3.15-
3.21 (1H, m), 3.44-3.51 (1H; m), 3.60 (1H, dd, J=5.0, 7.5 Hz), 3.73-3.80 (1H, m), 3.80 (2 H, d, /=13.8 Hz), 3.89 (1H, d, J=7.7 Hz), 4.05
(2H, d, J=14.4 Hz), 4.28 (IH, dd, J=4.1, 10.5 Hz), 4.60-4.64 (1H, m), 4.78-4.80 2 H, m), 5.07 2 H, d, J=16.0 Hz), 5.13-5.32 (2 H, m),
547 (1H, d, J=2.1 Hz), 7.1-7.5 (14 H, m). *C numr 8 20.0, 25.2, 31.5, all t; 54.0, dd, J»=7.7 Hz; 36.2, 63.2, 64.3, 68.4, 68.4, 69.5, all t;
74.7,75.7, both d; 79.0, dd, Jep = 7.7 Hz; 56.0, 63.8, 64.1, 63.3, 68.4, 68.5, all t; 70.2, 72.0, both d; 79.9, dd; 96.6, 99.9, both d; aromatics.
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2.06 mmob) in THF (10 mL) was stirred with 2 M hvdrochlori
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ylylene phosphate) (14). A solution of tetraliydsopyranyl ether 13
ic acid (2 mL) for 2 d, after which time reaction was mostly commiete
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(tic). Extractive workup and flash chromatography (1:1 hexanes:ethyl acetate) gave the title compound 14 (622 mg 58%), m.p.
(chloroform:hexanes) 165-166 °C. [Found: m/z (CT) 524.1829. CxHyNO,P (MH)" requires mvz 524.1838]. 'H nmr 8 2.64, (1H, s, OH),
2.91 (1H, dt, /=3.7, 10.5 Hz, H-3), 3.55 (1H, dd, /~4.8, 7.9 Hz, H-6), 3.65 (1H, d, /=7.9 Hz, H"), 3.79, 4.09 (4 H, 2d, /=13 .8 Hz, CH.Ph),
4.26 (1H, dd, /=4.1, 10.5 Hz, H-4), 4.53 (1H, t, /=4.3 Hz, H-3), 4.90-4.94 (1H, m, H-2), 5.19-5.39 (4 H, m, CH,CHCH>), 5.55 (1H, d,
J=2.2 Hz, H-1),7.2-7.4 (14 H, m). °C nmr 8 54.3, t; 56.2, dd, *J»=6.8 Hz, C-3; 63.8, 1, C6; 64.6, d, C4; 68.6, 68.7, 68.7, 68.8, all d; 74.3,
dd, Up=6.4 Hz, C-2; 74.7, d, C-5, 100.4, d, C-1; 127.4, 128 6, 128.8, 128.9, 129.0, 129.2, 129.4, all d; 134.9, 135.3, 1394, all 5.
4-0-Acetyi-1,6-anhydro-3-(V,N-dibenzyiamino)-3-deoxy-f-D-guiopyranose 2{O-xyiyiene phosphate) (i5). A solution of aicoboi 14
(397 mg, 0.758 mmol), pyridine (1 mL) and acetic anhydride (0.5 mL) in dichloromethane (2 mL) was kept for 2d. Concentration and
flash chromatography (3:2 hexanes:ethyl acetate) gave the title compound 15 as a colourless foam (402 me, 94%). [Found: m/z 566.1939.
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CaoH33sNOP (MH)" requires mvz 566.1944]. 'Hnmr §2.18 (3 H, ), 3.30 (1H, dt, /=3.9, 11.0 Hz, H-3), 3.59 (1H, dd, J=4.9, 7.9 Hz, H-6),
3.76 (1H, d, /=7.9 Hz, H-6"), 3.79, 3.95 (4 H, 2d, J=13.9 Hz); 4.56 (1H, , J=4.4 Hz, H-5), 4.76-4.80 (1H, m, H-2), 5.1-5.6 (4 H, m), 5.52
(1H, dd, /=4.1, 11.1 Hz, H4), 5.55 (1H, d, /=1.9 Hz, H-1), 7.1-7.4 (14 H, m). °C nmr 3 21.2, q; 53.0, dd, 2J=7.3 Hz, C-3; 55.4, ; 64.3, t,
C-6; 67.8, d, C4; 68.6, 68.7, both t; 72.6, d, C-3; 77.4, dd, C-2; 100.0, d, C-1; 127.1, 128.3, 128.5, 128.8, 129.0, 129.1, 129.3, all &; 134.8,
135.2, 139.5, 169.9, all s.

3-Amino-1,6-anhydro-3-deoxy--D-guiopyranose Z-phosphate (16). A solution of the protected amino phosphate id¢ (0.135 g, 0.258
mmol) in ethanol (2 mL) and acetic acid (0.5 mil.) was added to 10% palladium on charcoal (50-100 mg), and hydrogenated at 50 p.s.i. ina
hrh- nmuder (69

Parr annaramic with chaliine overnicht  Filtration gver (‘ﬂlltr\ and tnturation with sthanal aave the title cnmnonnd 16 ac
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CsH12NO5P requires C, 29.9; H, 5.0; N, 5.8%]. 'H nmr (500 MHz) & (D,0) 3.41 (1H, ddd, V=14, *Jiar=4 6, 10.2 Hz, H-3), 3.64 (1H, dd,
J=49, 8.2 Hz, H-6), 3.99-4.03 (2 m,H—4_.6',426(lI-ded,3JHp=85HL, JHH——25 4.5 Hz, H-2), 4.51 (14, t, J=4.4 Hz, H-9), 5.53 (1H,
d/24Hz Hol) BCamrSMOV353.4 dd 2 =6 0Hz C2:650 1 C6: 680 d 0 127 8d 2T =8 11y 02772 4 C-5:1015. 4
iy W/ s T ARk A K s RLELZX U\Uz\l,-l-'."’,\..ﬁ (] U.\ILLIﬂMJ,UJ-I,L’\a-\I’\Iu\I’u’\/_' FL. i \‘J, 7k ll“’\./l-, ”“,u,\;_)’ AV i,y iy
C-1. *'P nmr 8 (D,0) 0.1, d, Jur=7.3 Hz.
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4-0-Acetyl-3-amino-1,6-anhydro-3-deoxy-B-D-gulopyranose 2-phosphute (3, X=0). The O-acetylated amino phosphate 15 (0.28 g, 0.50
mmol) was treated as for aloohol 14 to give the title compound 3 (X=0) as a white powder (0.132 g, 94%) which decomposed without
melting at about 280 °C; [ae] & +40 (¢, 1.1, H;0). Attempted recrystallisation from boiling water also caused some decomposition., [Found:
C,33.6,H, 5.1, N, 49. CgH, NOsP requires C, 33.9; H, 5.0; N, 5.0%]. 'H nmr (500 MHz) § (D,0) 1.98 3 H, 5), 3.60 (1H, dd, J=4.8, 8.4
Hz, H-6), 3.70 (1H, ddd, “/ip=1.2 Hz, *Jiz=4.6, 10.4 Hz, H-3), 4.00 (1H, d, J=8.7 Hz, H<"), .28 (1H, ddd, Yip=2.4, 4.7 Hz, H-2), 4.64
(1H, t, J=4.4 Hz, H-5), 5.03 (11, dd, /=3.9, 10.4 Hz, H-4), 5.54 (1H, d, J=2.4 Hz, H-1). '>C nmr 3 (D-0) 21.3, q; 49.5, dd, *Jz=6.6 Hz, C-
3,65.1, 1, C-6; 68.9,d, C4; 71.3, dd, 2Jp=4.6 Hz, C-2: 72.6, d, C-5; 100.1, d, C-1; 173.5, 5. *'P nmr 5 (D-0) 0.0 (relative to H;PO,).
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1,6-Anhydro-34-O-isopropylidene-6-thio-B-D-galactopyranose (23). A solution of 1,6-anhydro-6-thio-f-D-galactopyranose (21) [23]
(457 mg, 2.56 mmol), which was made by adoption of a route developed for 1,6-anhydro-6-thio-f-D-mannopyranose [24], in dry acetone
(5 ml.) and 2,2-dimethoxypropane (2 ml) was stirred with p-toluenesulfonic acid monohydrate (5 mg) for 30 min. Filtration over silica gel
akylm&}mwmmmmmchmmogmphy(llhemahﬂmate) gave the title compound 23 as a white semi-solid
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(471 mg, 84%). [Found: mvz (CI) 219.0692. Cot;50,S (MH)' requires m/z 219.0691]. ‘H nmr 8 1.34, 1.35 (2 x 3H, 25), 2.39 (iH br s,
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On), 2.85 (1 .0, 1U.1 Nz, n-0), 3.50 (in, @, /~1U.1 H-0'), 3.98 (14, §, O-2), 4.19 (in, aa, /=U.9, /.5 nz, n-3), 4.41 {in, {,

E7 10y LT AN A QG (1LY ¢ F—£ 711> LIKAY £ A7 /11T o 1T 1Y BAnmeR941 782 hath 704 ¢t CA AQN A OC4- 730 A 788 4

SR TR, XX ), OU (143, Lo/ T 7 FhEy K5 ), 2.4 (111, Dy 1171 ). il U 47,1, 4J.0, UL Y, 47.5, L, W50, UZ.W, U, UST, 71UV, Uy WTE, TV.O, W,

C-3;775,d,C-5;82.8,d, C-1; 1087, 5, C-Me;

1,6-Anhydro-3 4-O-isopropylidene-p-D-gatactopyrancse 2-(diphenyl phosphate) (24). A stirred solution of 1,6-anhydro-3,4-O-

isopropylidene-B-D-galactopyranose (22) (186 mg, 0.92 mmotl) in dichloromethane (20 mL) and pyridine (2 mlL) was treated with diphenyl
chlorophosphoridate (0.3 mL, 1.4 mmol). After 2d, extractive workup and flash chromatography (2:1 hexanes:ethyl acetate) gave the title
compound 24 as a colourless syrup (356 mg, 89%).; [a] & -27 (¢, 0.7, CHCL). The reaction was also performed with 11 g of compound 22
and a similar yield was obtained. [Found: mvz 435.1228. CyHy,OsP requires m/z 435.1209)). 'H nmr 8 1.25, 1.51 (2 x 3H, 2s), 3.57 (1H,
dd, /=5.4, 7.5 Hz, H-6), 4.10 (1H,d, /=7.6 Hz, H-6"), 4.19 (1H, d, J=7.3 Hz, H-3), 4.39 (1H, t, J=6.7 Hz, H4), 4.51 (1H, t, J=5.6 Hz, H-5),
462 (1H, d, 3/7=10.0 Hz, H-2), 5.43 (1K, s, H-1), 7.2-7.4 (10 H, m). 3C nmr & 24.2, 25.7, both q; 633,1, C6; 68.8,d, C4; 72.1, d, C-5;
743, dd, *J=5.7 Hz, C-3; 75.7, dd, =67 Hz, C-2; 99.2, dd, *Jx=6.1 Hz, C-1; 109.0, 5; 120.1, dd, *Jz=4.8 Hz; 125.6, 129.9, both d,
150.3, dd, V=26 Hz; 150.4, dd, V=24 Hz.

15-Anhydro-34-C-soprupylidene-p-D-galactopyranose 2-{dibenzyl phosphate) (25). To a stirred solution of the anhydrogalaciose 22
(1.013 g, 5.01 mmol) in dry THF (40 mL), maintained at —40 °C under argon, was added 1.6 M butyllithium (1.3 equiv) in hexanes over
2 min. After 5 min the temperatiure was lowered to —60 °C and a solution nft_t_’i_ra__]'_xgn__i'vl mph(_\spmg: [251 (3.52 e 6.54 mmol) in THF (20
mL) was added. The sohution was allowed to reach r.t. gradually, and it was stirred for 2 d, during which time a thick precipitate formed.
Extractive workup and flash chromatography (3:2 hexanes:ethyl acetate) gave the title compound 25 as a pale yellow syrup (1.67 g, 72%).;
[on];‘;s -13 (¢, 1.3, CHCL;). 'H amr 8 1.25, 1.49 (2 x 3 H, 2s), 3.54 (1H, dd, J=5.4, 7.5 Hz, H-6), 4.07 (1H, d, J=7.6 Hz, H-6'), 4.19 (1H, d,
J=1.2 Hz, H-3), 4.35 (1H, t, J=6.3 Hz, H4), 4.38 (1H, d, */z=9.0 Hz, H-2), 4.47 (1H, t, /=5.6 Hz, H-5), 5.0-5.1 (4H, m, CH, Ph), 5.33 (1H,
s, H-1) 7.34 (10H, s). "C nmr 5 24.3, 25.7, both q; 63.3, t, C-6; 68.8, d, C4; 69.6, 69.7, both td, 2J+=3.6 Hz, 72.0, d, C-5; 74.4, dd,
3J=5.6 Hz, C-3; 74.6, dd, “/x=6.0 Hz, C-2; 99.3 dd, *Jx=5.7 Hz, C-1; 108.9, s.

1,6-Anhydro-3,4-O-isopropylidene-6-thio-B-b-galactopyranosc 2-(dibenzyl phosphate) (26). To a stirred solution of alcohol 23 (149 mg,
0.68 mmol) in dry DMF (5 mL), maintained under argon, was added 80 wt.% sodium hydride in mineral oil (25 mg, 0.83 mmol). After
2 min, tetrabenzyl diphosphate {235] (480 mg, 0.89 mmol) was added, and the resultant yellow solution was stirred for 3 h. Quenching with

W'dlcl’ exiraciive Wonsup and radial CAIomawograpiy \l ;3 hexanes; €ulyl Mlﬂl&) BAve ulﬁ- uuc. COMPOUI1 L0 {440 g, IJ/O} as an wisaoic

yellow gum. 'H nmr & 1.25, 1.51 (2 x 3H, 2s), 2.82 (1H, dd, J=6.6, 10.1 Hz, H-6), 3.31 (1H, d, J=10.1 Hz, H"), 4.13 (1H, dd, /=13,
7.6Hz H-3), 431 (1H,t /=73 Hz H4) 449 (1H 4, 3]un—R8H7 H-2), 483 (1H, t, /=6.7 Hz, H-5), 4.99-5.16 (4 H, m), 5.36 (1H, s, H-1),

S35 iy 3 VAR, VAfL, & JEp Ii=£) OJREL L I, Ii=J I8, 223 .29 2

7.35 (10H, s). °C nmr 8 24.2, 25.9, both q; 29.5, t, C-6; 68.8, d, C4; 69.6, 69.7, both td, 2/=3.4 Hz; 73.8, dd, *J5=6.6 Hz, C-3; 77.4, d,
C-5; 77.6, dd, 2p=6.3 Hz, C-2; 812, dd, YJz=4.3 Hz, C-1; 108.9, 5; 128.1, 128.7, 128.7, all d; 135.5s.

1,6-Anhydro-f-D-galactopyranose 2-(dibenzyl phosphate) (28) and 1,6-anhydro-fi-D-galactopyranose 2-(dipheny! phosphate) (27).
Acetonide 25 (1.55 g, 3.35 mmol) was heated with 2 M hydrochloric acid (5 mL) in refluxing THF (40 mL) until reaction was complete (tic,
60 min). Evaporation of most of the solvent, exiractive workup and flash chromatography (1:5 ethyl acetate:hexanes) gave white needles,
m.p. 98.5-99.5 °C (ethyl acetate-hexanes) of phosphate 28 (702 mg, 50%); [o] ,2;' -13 (¢, 2, CHCL). [Found: C, 56.9, H, 5.5, P, 7.3.
CooHO4P requires C, 56.9; H, 5.5, P, 7.3%}. 'H nmr 8 (CDCl; with D;O exchange) 3.59 (1H, dd, /=5.5, 7.0 Hz, H-6), 3.91 (1H, t,

J=4.8 Hz, H4), 3.99 (1H, dd, /=10, 5.0 Hz, H-3), 4.23 (1H, d, J=7.5 Hz, H'), 4.32 (1H, d, */x=8.9 Hz, H-2), 4.39 (1H, t, J=4.6 Hz, H-5),
4.96-5.08 (4H, m), 5.25 (1H, s, H-1), 7.30-7.35 (10 H, m). *C nmr 63.7, t, C6; 64.0, d, C4; 68.8, dd, >J» = 4.3 Hz, C-3; 69.9, 70.0, both
i, 74.5, d, C-5; 76.2, dd, YJp= 6.1 Hz, C-2; 99.4, dd, Jp=6.2 Hz, C-1; 128.0, 128.1, 128.7, 128.7, 128.8, 128.8, all d; 135.3, dd,
3Jcp = 6.0 Hz. Diphenyl phosphate 27 was obtained from 24 in a similar way, m.p. 93-94 °C. [Found: C, 54.7; H, 5.0, P, 7.6. Clgl'{wOsP
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3J5=7.0 Hz, C-2; 99.3, dd, 2J=7.0 Hz, C-1; 120.0, dd, Jp=1.7 Hz; 120.1, dd, Jx=2.0 Hz; 125.9, 130.0, both d; 150.2, dd, */cp=7.4 Hz.

4-0-Acetyl-1,6~-anhydro-B-D-galactopyranose 2-(diphenyl phosphate) (31) and 34-di-O-acetyl-1,6-anhydro-f-D-galactopyranose 2-
{diphenyl phosphate) (30). A solution of phosphate 27 (1.60 g, 4.06 mmol), acetic anhydride (555 mg, 5.44 mmol) and pyridine (2 mL) in

F T

dichloromethane (20 mi.) was stirred for 2 d. Evaporation of ihe solvent and excess of the reagenis, foliowed by flash chromatography (2:3

| PRI, W R, rovwharte oo redestrdace cunne e el e ceno A adads 2T ST 128 o LAQS Anedniaing 1ML Af ¢ha

hexanes:ethiyl acetaic), gave two products as colourless syrups. The more polar product was 4-acetate 31 (1.135 g, 64% condaining 10% of the

3-acetate); [0} 2 +6 (¢, 2.0, CHCLy). [Found: mvz (CI) 437.0997. CaHOoP (MH)" requires mvz 437.1001). 'H nmr 62,07, 3 H, 5), 3.5 (IH

brs), 3.63-3.67 (1H, m, H-6), 4.24.3 (1H, m, H-3), 4.40 (1H, d, /=7.4 Hz, H-6"), 4.49 (1H, t, /=4 3 Hz, H-5), 4.57 (1H, d, *J%=9.1 Hz, H-2),

4.9 (1H, t, /=4.5 Hz, H-4), 5.41 (iH, 5, H-1), 7.15-7.40 (0 H, m). 3¢ nmr 8 20.8 8, q; 64.7, 1, C6; 66.9, d, C4; 68.1, ad, V=54 Hz, C3;

T A N 00 Ad 3T L AT M1.1901 1901 1IN 1987 1900 12NN ol A 1802 Ad 2 ] =TAllr 1604 ¢ Tha
IAL,u,L'J, 7.3, 08, U &, 77.0, 0, JOp™0.4 1L, U-L, 12U, 12U.§, §LV.&, 1231, 1£3.3, 13U, au &, 15V.3, B, JCp=/.% 1A, 1U5.0, 5. 11k

less polar product was identified as diacetate 30 (352 mg 18%). [Found: m/z (CI) 479.1092. CxHo/On0P (MH)" requires mv/z 479.1107]. H
nmr § 2,02, 2.10 2x 3 H, 25), 3.70-3.74 (1H, m, H-6), 4.31 (1H, d, J=7.5 Hz, H-6'), 4.484.51 2 H, m, H-2.5), 5.25 (1H, t, /=4.6 Hz, H-4),

g2, Sl 9 L31L, ML I 21 (1, 4, Iis,

5.38 (1H, d, /=5.2 Hz, H-3); 545, (1H, s, H-1), 7.2-7.4 (10H, m). "C nmr 8 20.5, 20.6, both q; 64.5, d, C-4; 64.6, t, C-6; 67.8, dd,
J=6.8 Hz, C-3; 72.2, d, C-5; 75.2, dd, %Jg=6.4 Hz, C-2; 99.4, dd, *J=4.6 Hz, C-1; 120.1, 120.1, 120.2, 125.7, 129.9, 130.0, all d; 150.3,
dd, YJ=7.6 Hz; 169.1, 169.3 both s.

3-0-Acetyl-1,6-anhydro-f-pD-galactopyranose 2-(dibenzyl phosphate) (34). A solution of phosphate 28 (51 mg, 0.12 mmol) and p-
toluenesulfonic acid monohydrate (1 mg) was heated in refluxing triethyl orthoacetate (2 mL) under argon, until tic indicated compicte
conversion to a less polar material. Extractive workup gave a gum, presumed to be the cyclic orthoester 35, which was heated with 50%

Arnamie naatin asid )Y mal L dn mefhaving TITE () I ) fae 2 h Fytrants

idantifiod
GRIRARLY GMAIL GV \V.4 A1) I3 IVAIGARIE LITD (4 L) 101 J 11 LAU workup gave a colourless gum ac aratata 34 (AL mo

uv'ﬁ WUIAUY EAVE @ VULIVULIVID BUILE, BRAHEEAL O3 AALORL, % | TS 3K,
1

Lo
f39%) I'med m/z (CD 4651316, C.H. QP (MDY requires m/z 465, 314} Homr 8210 (3H. ) 364 (1H dd =54 69Hz HE)

L) 8 MWL iy SV 22i0, NI ATONTYE \AVALA] AVAJURANAS AR naomroZ v AR 5j, 206 (338, e, & iy T2,

4.13 (IH, t, J=4.9 Hz, H-3), 4.224.26 2 H, m, H-2,6"), 4.39 (1H, t, J=4.4 Hz, H-5), 5.0-5.1 (4 H, m), 5.17 (1H, dd, /=14, 5.4 Hz, H-3),

5.35 (1H, s, H-1), 7.34 (10 H, s). °C nmr 520.9, g; 63.9, d, C-4; 63.9, 1, C-6; 69.8, 69.9, 69.9, all t; 70.4, dd, >Jz=6.5 Hz, C-3; 74.2, 4, C-
2,5;99.1, dd, *Jy=4.5 Hz, C-1; 128.1, 128.6, 128.7, all d; 135.4, dd, *Jz=6.4 Hz; 170.8, 5.

1,6-Anhydro-endo-3 4-O-p-wethoxybenzylidene-6-thio-p-D-galactopyranose (41). A solution of triol 21 (2.02 g, 11.3 mmol) and p-
methoxybenzaldehyde dlmethyl acetal (2.48 g, 136mmol) in dl} DMF (30mL) was stirred wuhp-toluenmlfomc amd monohyd:

1278, s, 128.0, d; 160.6, S.

1,6-Anhydro-2-O-fert-butyldimethyisilyl-endo- and exo-3,4-O-p-methoxybenzylidene-B-D-galactopyranose (40) and 1,6-anhydro-2-0-
tert-butyldimethylsilyl-endo-3,4-O-p-methoxybenzylidene-6-thio-B-D-galactepyranose (42). The requisite alcohol 39 [15] or 41 (endo-
1somer) (9-21 mmol) was stirred with zer-butyldimethylsilyl chloride (1.4 equiv) and imidazole (2 cquiv) in dry DMF (15-25 mL) for 2-3 b

Extractive workup and flash chromatography (8:1 hexanes:ethyl acetate) gave the respective title compound 40 or 42 (99-100%). For 40
A e N, NI 3. _ L Y ANE 100N ATt 1. anE 1a0n lyy QN VE LYY N N DA nTT =N 1YY 33

{endo-isomer). [Found: m/z (CIy395.1890 . Tyl G6Si (MH)™ requires m/z 395.1890]. "'H nmr 8 0.15 (6H, s), 0.93 (9H, s), 3.50 (1H, dd,

J=5.9, 7.3 Hz, H-6), 3.82 (3H, s), 4.00 (1H, s, H-2), 4.07 (1H, d, /=6.6 Hz, H-3), 4.11 (1H, d, J/=7.5 Hz, H-6), 4.50-4.58 2 H, m, H4,5),
5.28 (1H, 5, H-1), 5.75 (1H, s, benzylidene [26]), 6.92, 7.45 (2x2H, 2d, /~8.7Hz). PCnmr3 4.9 48 2xgq; 182, 5,258, 553 2x q; 633

ey Sy hdedid ]

t, C-6; 69.5,71.2, 72.1, 79.2, all d; 101.8, d, C-1; 102.7, 113.9, 127.7, all d; 127.9, 160.5, both s, Lna;lﬁjg!@@gl.mem,,gngaﬂgmggf
endo- and exo-isomers of the starting material, the exo-isomer of 40 was isolated, m.p. 106-108 °C, [l =35 (c, 0.8, CHCl,). [Found: C,
60.7; H, 7.7. CyyHsOsSi requires C, 60.9; H, 7.9%; m/z (CT) 395.1890. CaoH305Si (MH)" requires m/z 395.1890]. 'H nmr 3 0.06, 0.10
(2x3H, 2s), 0.87 (9H, 5), 3.65-3.69, (1H, m, H-6), 3.81 (3H, 5), 3.81-3.86 (1H, m), 3.95 (1K, s), 4.08 (1H, d, /=7.7Hz, H=6"), 4.554.57
(2H, m), 5.27 (1H, s, H-1), 6.26 (1H, s, benzylidenc [24]), 6.89, 7.33 (2x2H, 2 d, J=8.7 Hz). *C nmr 6 4.9, 4.9, 2x q; 18.2, 5; 25.8, 55.3,
2xq; 63.7,1, C-6; 70.1, 71.2, 72.3, 76.0, all d; 101.7, d, C-1; 103.3, 113.8, 126.8, all d; 131.6, 160.0, 2x s. For the thio-compound 42 (endo
isomer), m.p. 85 °C: {Found: C, 58.7; H, 7.6. CxHs005SSi requires C, 58.5; H, 7.4%; m/z (CI), 411.1657. CxH30;S8i (MH)" requires
m/z 411.1661]. 'H nmr 8 0.14, 0.15 (2x3H, 2s), 0.93 (9H, ), 2.80 (1H, dd, J=6.8, 10.1 Hz, H-6), 3.26 (1H, d, J=10.1 Hz, H¢), 3.81 (3H,
s), 4.03 (iH, br. d, /=7.6 Hz, H-3), 4.12 (1H, s, H-2), 4.48 (IH, t, /=7.1 Hz, H-4), 4.86 (iH, 1, J=6.7 Hz, H-5) 5.35, (1H, s, H-1), 3.71 (1H, s,
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benzvlidene) 692 7.49 (2,; 2H,2d, 8 7Hz). "Comrd 4.8 4.7, 2xq; 181
77.1,d C-5,78.5,d, C-3; 83.8,d, C-1; 102.9, 113.9, 127.9, all d; 160.6, s.

4-0-Acetyl-1,6-anhydro-2-O-tert-butyldimethylsily}-3-O-p-methoxybenzyl-B-D-galactopyranose (44) and 4-O-acetyl-1,6-anhydre-2-O-
tert-butyldimethylsilyl-3-O-p-methoxybenzyl-6-thio-f-D-galactopyranose (47). The p-methoxybenzylidene acetal 40 (8.44 g, 21.4 mmol)
in dry THF (30 mL) was added over S min to a stirred suspension of lithiom aluminium hydride (2.60 g, 68.5 manol) in THF (30 mL),
maimtained under argon. After 20 min, aluminium chloride (6.1 g, 46 mmol) was added portionwise with cooling. The mixture was kept at
gentle reflux for 2 h, whereupon reaction was compilete (tic). Cooling, careful quenching with water, filtration over Celite, extractive worlup
and flash chromatography (4:1 bexaneseethyl acetate) gave 1.6-anhydro-2-O-tert-butyldimethyisityl-3-O-p-methoxybenzyl-f-p-

salastnerranaes A1 (4 7L RLOLN ne a naardy Anlanrlace onim Thie moem-ml wne hantad anth aratin anhudmda (T ml ) in naﬂ“v.na vrriAdina
Eem ALY . - INGHRY WUTUULICS0 BULiL X AUD iAol Wwas nCaiCh Wil alCuC anayQnae (> ML j I IKGEXGRE pynains

up and flash chromatography (4:1 hexanes:ethyl acetate) gave the title compound 44 as a pale

""““’O“T" 4 LCAGRINS.CULYL a8lS)

yellow gum (4.87 g, 92%); [o} 2 -30 (¢, 0.4, CHCLy). [Found: m/z (CT) 456.2417. CHzNO,Si (MNH,)" requires m/z 456.2417]. 'H nmor &

2

OCH. 257

(NAAIINAL 45 4 ML YEIIRY

guam in 37% yleld ﬁom 42, [Foumi m/z (CT) 455.1929. CH3s06SSi (MH)" .equires m/z 455.1924]. 'H nmr § 0.03, 0.07, (2x3H, 2s),
0.89 (9H, s), 2.06 (3H, s), 2.98 (1H, dd, /=7.3, 9.5 Hz, H-6), 3.50 (1H, d, /=9.6 Hz, H-6"), 3.78-3.80 (1H, m, H-3), 3.80 (3H, 5), 3.92 (1H, br.
s, H-2), 4.40, 4.57 (ZH, AB, J=11.4 Hz), 4.71, (1H, dd, J=4.6, 7.0 Hz, H-5), 5.04, (1H, t, J=4.7 Hz, H4), 5.26 (1H, s, H-1), 6.87, 7.27 (2x
2H, 2d, J=8.1 Hz). "C nmr 8 4.8, 4.7, both q; 18.0, 5; 21.0, q, OCOCH;; 25.7, ¢; 31.3, 1, C-6; 553, ; 68.7, d, C4; 72.8, 73.2,d, C-2;
76.0,d, C-5; 77.3, d, C-3; 84.3, d, C-1; 113.8, 128.9, both d; 130.5, 159.2, 170.0, all 5.

4-0-Acetyi-1,6-anhydro-2-O-ieri-butyidimeihyisiiyi-p-D-galaciopyranose 4s) and 4-G-acetyi-1,6-anhydro-2-O-teri-
hhavted At adtevrlotled £ dhin R_noslamtnnuwannca (AQ A canlitrnn Af n_mathavohanagl athor A4 78NN M 1 14 mmal} in Aichlasamathana
RS Y IALLRIC AR Y L3S Y FUSUNU- USSR AaR LU Y | a1UDS \WJ 3 NLUUVAL Vs p-ulhulu‘\]myx VUiV v (Juvy LLLE, A1 Ui Al UWINGIIVIVIESULQULS

(6 mL) was stirred with 2 3-dichloro-5 6-dicyano-1 4-benzoquinone (388 mg, 1.50 mmv\ and water (2 ml)) overnight Filtration gver

L, I I OIC 0y &0 L, Melt (200 IS, & HiL OVCINIpIR.

Celite, washing of the organic phase with satd. sodium carbonate and water, drying, concentration and flash chromatography (3:2
hexanes:ethylacetate) gave the title compound 45 (362 mg, 99%) as a colourless gum which solidified on standing. {Found: m/z (CD)
319.1572. Cy4sH506Si (MH)" requires m/z 319.1577). 'H nmr § (CDCl; with DO exchange) 0.10 (6H, s), 0.90 (9H, s), 2.13 (3H, 5), 3.64
(1H, dd, J=5.0, 7.3 Hz, H-6), 3.81 (1H, t, /=1.7 Hz, H-2), 3.96-3.98 (1H, m, H-3), 4.30 (1H, d, /=7.5 Hz, H"), 4.48 (1H t, /~4.1 Hz, H-5),
507 (1K, t, J=4.4 Hz, H~4), 5.29 (1H, br. s, H-1). *Cnmr 5 4.9, ¢; 18.1, 5, 20.9, q, OCOCH;; 25.7, q; 64.3, t, C-6; 67.9, d, C4; 70.7, 4, C-
3;72.1,4, C-5;73.0,d, C-2; 102.2, d, C-1; 159.8, s. In similar manner, tiﬂeoompound48wasohtaimdasapaleyellow semisolid in 78%
yield from 47. [Found: m/z (CI) 335.1336. Cy4Hx0s5Si (MH)" requires mv/z 335.1348]. "Hnmr 5 0.11, 0.12 (2x 3H, 25), 0.91 (9H, ), 2.14

(3H, s), 3.02 (IH, dd, /=6.8, 10.2 Hz, H=6), 3.42 (1H, d, /~10.3 Hz, H%"), 3.47 (IH d, /~10.0 Hz, OH), 3.92 (iH, br. s, H-2), 3.92-3.95 (iH,
zex LT I\ 407 FILY ¢ F-Z T LI LY &Y &N e A 7 1T TT AN &4 /ll’Yo I_I LT, X1y B3 40 A0 lnih ~ 19N o MNQ A
I, -3, 4.03 {40, J=3./ 1Z, r1~Jj), J.uL Un J=4.7 02, =), J.o9 (1L, Lo— L/ 114, 11=1). O i O =+,7, —+.7, UUUL {{, 10.U, 5, 2U.7, (],

OCOCH;y; 25.6, q; 31.0, t, C-6; 68.0,d, C4; 70.6, 75.3,both d; 76.4, d, C-5; 83.8, d, C-1; 169.7, s.

2-2,3,4,6-Tetra-O-acetyl-B-p-galactopyranesyl)-1,3-diphenyl-imidazolidine (53) and 2-(3,4,6-tri-O-acetyl-1,5-anhydro-2-deoxy-D-
lxo-hex-1-enitol-1-yl)-1,3-diphenyl-imidazolidine (57). The title compound 53 was prepared from the nitrile 52 according to the method
of Dettinger, Kurz and Lehmann [18}, m.p. 155 °C; [a] 5 +13 (¢, 1.7, CHCL), lit. [18] 153 °C; [o] 2, +12 (¢, 1, CHCL;). 'H nmr 5 1.88,
2.02,2.02,2.10 (4 x 3H, 4s), 3.44-3.72 (4H, m, H-4,5), 3.81 (111 t, J=7.1 Hz, H-5"), 3.85 (1H, d, J=10.5 Hz, H-1"), 4.18 (2H, ABX, J=5.7,
7.1, 11.3 Hz, H6',6"), 4.89 (H-1, dd, J=3.2, 9.7 Hz, H-3"), 5.22 (1H, t, /=9.8 Hz, H-2), 5.30 (H-1, d, /=3.1 Hz, H-¥"), 5.40 (1H, 5, H-2), 6.7-
7.3 (10H, m). ">C nmr 8 20.4, 20.4, 20.5, 20.7, all q; 45.5, 47.0, both t, C4,5; 68.0, t, C-6'; 66.9, d, C-2'; 67.5, d, C4'; 73.1, d, C-3'; 74.0,
d, C-5';76.4, d, C-2; 78.9,d, C-1"; 112.9, 113.5, 117.8, 118.0, 128.9, 129.2, all d; 144.9, 146.5, 168.3, 169.9, 170.0, 170.2, all 5. A product
slightly less polar than 53 was also isolated by flash chromatography (1:1 hexane:ethyl acetate) of the crude product mixture. Crystallisation
from water gave alkene 57, m.p. 125 °C; [o] 5 -37 (¢, 1.1, CHCLy). [Found: C, 65.6; H, 6.3; N, 5.6. C/HyN,O; requires C, 65.6; H, 6.1; N,
5.7%; mw/z (CI) 4952114, CxHy N0, (MH)” requires m/z 495.2131]; [a, - 40.3° (c=1.05, CHCL3). 'H nmr 5 1.80, 1.96, 2.01 (3 x 3H,
3s), 3.61-3.71 (4H, m, H4,5), 3.92 (1H, dd, J=7.4, 11.5 Hz, H-6'), 4.04 (1H, dd, J=5.1, 11.5 Hz, H-6"), 4.10~4.14 (1H, m, H-5"), 5.00 (1H,
dd, J=0.6, 1.8 Hz, H-2"), 5.21-5.23 (1H, m, H4"), 5.44, 1H, td, J=0.6, 3.1 Hz, H-3"), 547 (1H, s, H-2), 6.72-6.91 (6H, m), 7.20-7.28 (4H,
m). °C nmr 320.1, 20.5, 20.5, all g; 45.6, 45.7, both t, C4,5; 61.5, , C6':63.4, d, C4"; 64.5, d, C-3": 72.7, d, C-5"; 74.5, d, C-2; 93.6, d,
C-2;113.0,113.8, 117.7, 117.9, 128.6, 128.9, all d; 144.8, 145.2, both 5; 153.1, 5, C-1'; 169.9, 170.1, both s.
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1,34,5,7-Penta-O-acety}-2,6-anhydro-L-glycero-L-galacto-heptitol (34). A. From imidazolidine (53) - A stirred solution of (53) (1.19 g,
2.15 mmol) in dichloromethane (25 mL) and acctone (10 mL) was treated with p-toluenesulfonic acid monohydrate (0.90 g, 4.7 mmoi). A
precipitate formed rapidly and after 20 min the mixture was filtered. The filtrate was evaporated and the residue dissolved in methanol
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u,umu To ihe stirred soluiion was added sodgium OOTOMydrT (JGIx L.JHmwl)aﬂudxwrwuumcmm‘anlpmlmm

e ctierad coith smmidine (8 ml ) and acetic anhudode (5§ ml) gyernicht  Cancentration and radial chenmataoeande: 2.9 b i3
Wes SUTTCG Wian Pyisais, (7 i) alas geasne asiiyullul (J i) Uvliiligiien,  LARALHGUULL died leseal WUuUIRgpiagRty (I .2 m.lel

acetate) gave the chromatographically homogeneous title compound 54 (287 mg, 34%) as a syrup (lit. [20] m mp. 55-57°C). 'Y pmr 5198
2.04,2.05,2,09,2.16 (5x3H, 55), 3.70 (1H, ddd, /=2.5, 5.5, 9.8 Hz, H-6), 3.95 (1H, t, J=6.6 Hz, H-2), 4.12 (2H, 4, /=7.2 Hz, H-1,1), 4.12
(1H, m, H-7), 4.25 (1Hz, dd, /=5.5, 123 Hz, H-7), 5.07 (1H, dd, /=34, 10.0 Hz, H4), 5.23 (1H, 1, /=10.0 Hz, H-5), 542 (1H, d, /=3.3 Hz,
H-3). °C nmr 20.4, 20.5, 20.5, 20.5, 20.6, all g, 61.5, 62.6, both t; 66.0, 67.5, 71.9, 74.2, 76.3, all 4; 169 5, 169.9, 170.1, 170.2, 170.5,
all s.

B. From nitrile 52 - A stirred suspension of nitrile 52 (57.1 g, 160 mmol) in methanol (150 mL) was treated with sodium hydride
(0.2 g), and after 18 h the resultant solution was evaporated to dryness. The residue was dissolved in aqueous sodivm hydraxide (100 mL,
25% wiv) and heated under reflux. Afier 6 h ammonia evolution had ceased. The dark brown soiution was then cooled and carefuily

PR LY - e BF'e oy et bnain anl By T ondiabiaes cirne Ammanmtentad ta Ademmenon need tha macidiin cone sdewnan] vtk smeddienn ST sl ) o ccwado
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mhwlnrh nm mi, \ mn_-_v_mnal'n Agidification and extractive wm-lnm gave an oil which wag flach r-hmnm\an-ﬂmd {’7 3 hecane:

hexane ethnl
acetate) to give a further oil presumed (see discussion) to be the tri-O-acetyl-2,6-anhydroheptono-1,5-lactone 55 (20.8 g, 41%). [Found: nvz
(CT) 334.1135. C;3HoNOs (MNH,)" requires m/z 334.1137]. "H nmr 5 2.09, 2.15, 2.16 (3 x 3H, 3 5), 4.09 (1H, dd, /=63, 10.8 Hz, H-7),
422 (1H, dd, J=5.5, 6.2 Hz, H-6), 4.29 (1H, dd, J=5.4, 10.8 Hz, H-T"), 4.50 (1H, d, /=2.1 Hz, coupled to the signal at 5 5.02), 4.87 (1H, br.
s), 491 (1H, br. s), 5.02 (1H, br. 5). 3¢ amr 5 20.6, q;61.7,1,C-7,70.1,d, C-6; 71.0,d, C4; 72.3,d, C-2; 73.4, d, C-3; 74.4, d, C-5; 166.3,
169.3, 169.7, 1703, all 5. IR (film) 1791, 1748 cm™. All of the lactone was dissolved in dry THF (300 mL) and $o the cooled solution
lithium aluminium hydride (7.5 g, 197 mmol) was cautiously added. The suspension was heated at gentle reftux for 2 h, and then acetic acid
was added dropwise to the cooled mixture until the excess of reagent had been destroyed. Evaporation of the solvents gave a grey solid,
wnmnwasoroxcmg)umrpynmneuwmx.)amaoeuc anhydride (100 mL). mcmmamsuspensonwassunwovamguamaﬁiﬁrﬁw
workup and flash chromatography gave the title compound 54 (21.2 g, 80%, nmr data identical to those of the sample obtained by method
A)

=7

34,7-Tri-O-acetyl-2,6-anhydro-D-glycero-L-manno-heptonic acid (56). On standing, lactone 85 deposited crystals which on
recrystallisation from propan-2-ol (x2) gave pure hydroxyacid 56, mp 153-154°C; [a] & +32 (¢, 0.4,CHCL,). [Found: C, 46.6; H5.6.
C13H;0n0 requires C, 46,7, H, 5.4%]. 'H nmr 5 (19:1 CDCly:ds-Me,S0) 2.03, 2.07, 2.10 (3 x 3H, 3 5), 3.79 (1H, t, J=6.0 Hz, H-6), 3.94
(1H, d, /=10.0 Hz, H-2), 4.09 (1H, d,/=2.7 Hz, H-5), 4.30 2H, d, J/=6.1 Hz, H-7,7"), 4.95 (1H, dd, J=3.1, 10.1 Hz, H), 5.51 (1H, t, /=10.1
Hz, H-3). *C nmr 8 21.0, 21.2,21.25, all q; 63.4, t, C-7; 66.9, d, C-3; 67.5, d, C-5; 74.4, d, C4; 76.4,d, C-6; 77.1, d, C-2; 169.5, 170.1,
170.7, 171.1, all s. X-Ray diffraction analysis see Fig. 2.

2,6-Anhydro-1,7-di-O-(p-toluenesulfonyl}-L-glycero-L-galacto-heptitol (61) and 2,6-anhydro-1,4,7-tri-O-(p~toluenesulfonyl)-1-glycero-
L-galacto-heptitol (62). A stirred solution of pentaacetate 54 (430 mg, 1.09 mmol) in methanol (20 mL) was treated with 2% wiv
methanolic sodium methoxide (1.0 mL). Afier 20 h, the solvent was evaporaied and the residue was dissolved in waier and filtered over a
mixed bed resin, then freeze dried to give 2,6-anhydro-L-glycero-L-galacto-heptitol [19] 60 as an oil (180 mg, 85%). 'H nmr & (D-0) 3.41-
3.47 (1H, m), 3.63 (2H, t, J=9.5 Hz), 3.69-3.85, (4H, m), 3.974.03 @H, m). °C nmr § (D,0) 64.2, 64.3, both ; 70.1, 71.9, 76 8, 81.2, 87 .8,
all d. Compound 61 (163 mg 0.84 mmeol) and p-toluenesulfonyl chloride (640 mg, 3.36 mmol) were stirred in dry pyridine (5 mL) under
argon for 6 h. Extractive workup and radial chromatography (1:1-1:4 hexanes: ethyl acetate) gave two products. The more polar was a
syrup identified as di-p-toluenesulfonate 61 (141 mg, 33%). [Found: m/z (CI) 331.0863. C,.His0-S M + H - TsOH)" requires m/z
331.0852]. 'H nmr 5 2.38, (2 x 3H, 2s), 3.32 (1H, m, H-6); 3.56-3.72 (3H, m, H-2,4,5), 3.95 (1H, br. s, H-3), 404 (1H, dd, /6.8, 104 Hz,
H-7), 4.104.19 (2H, m, H-1), 426 (1H, dd, J = 4.7, 11.0 Hz, H-7"), 727, 7.29 (2 x 2H, 2d, /=8.1 Hz), 7.74 (4H, d, /=8.1 Hz). "°C nmr &
21.6, 21.6, both q; 66.9, d; 68.5, t, 68.8, d;, 69.3, t, 74.4, 75.5, 77.3, 127.9, 128.0, 130.0, 130.0, all &; 132.4, 132.5, 145.1, 145.1, all s. The
less polar product was the syrupy 1,4,7-tri-p-toluenesulfonate 62 (140 mg, 25%). 1Hnmr624-0 242,242 (3 x3H, 38),2.92,3.05(2H, 2

br. s, 2 OH), 3.35 (1H, dt, J=3 3,9.7 Hz, H-6), 3.64 (1H, LJ—() 2 Hz, H-2), 3.88-4.10 ('-i—l'i7 m, H-1,1,3 5), 420 (2H, d, /=33 Hz, H-7 ), 435
(1H, dd, /=3.1, 9.4 Hz, H), 7.29, 7.32, 7.33, 7.73, 7.74, 7.82, (6 x 2H, 6d, J=8.3 Hz). °C runr 8 21.5, q; 64.2,d,C-5,67.4,4,C3;67.7, ¢,
N1 EAQR + M-I A CN)TTY AL QU AT A
AL, U0T, L ) 1A, Uy 1.4, 0, U, 63,0, G L

2,6-Anhydro-3.4-di-O-isopropylidene-7-thio-1-O-p-toluenesulfonyl-1.glycero-L-galacto-heptitol  (64). Di-p-toluenesulfonate 61

bt i <*Atetesh el St At - . - Tt chaa

(314 mg, 0.62 mmol) was converted to the acetonide 63 with 2,2-dimethoxypropane and p-toluenesulfonic acid by standard procedures.
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Crude product 63 was stirred with lithinm sulfide (35 mg, 0.76 mmol) in dry N, V-dimethylformamide (2 mL) under argon, for 18 h at 20 °C
and then 5 h at 80 °C. Extractive workup and radial chromatography (3:7 hexanes:ethyl acetate) gave a solid, identified as thiol 64 (160 mg,
64%) [Found: mvz (CT) 422.1325. C;;HaNO,S; (MNH,)' requires m/z 422.1307]. 'H nmr 8 1.28, 145, 2.45, (3H, 3 s), 2.90 (2H, ABX,
J=3.0,7.0, 144]-1:,1—!—77’) 331 (1H, ddd, /~2.9,6

(2 x 2H, 2d, /~8.2 Hz). BC nar 3 21,6, 26.3, 28.

7 Hz, H6 ),362(111,LJ‘82HZ,H—3),396—429(5H,m,H-1 1,2,3,4), 7.35, 7.80
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13-Diphenyl-2-(6-O-triphenylmethyl-8-p-galactopyranosyl)}-imidazolidine (66). A stirred solution of tetraacetate 53 (2.28 g, 4.11
mmol) in methanol (40 mL) was treated with 2% w/v methanolic sodium methoxide (3 mL). After 3 h the solvent was evaporated and the
residue was dissolved in dichloromethane (30 mL). Triphenylmethyl chloride (1.20 g, 4.3 mmol) and triethylamine (0.60 mL, 4.3 mmol)
were added, and the resultant solution was stirred overnight. Extractive workup and radial chromatography (1:1 bexanes:ethyl acetate) gave
the title compound 66 (1.93 g, 74%). [Found: m/z (CI) 629.3026. CiHgN,Os (MH)" requires 629.3015]. "Hnmr § 3.23-3.31 (2H, m),
3.35-3.38 (1H, m), 3.42-3.47 (1H, m), 3.52-3.66 (5H, m), 3.70-3.79 (2H, m), 5.63, (1H, s, H-2), 6.7-7.5, (25H, m). BC nmr § 464, 47.1,
64.1, all t, 68.6, 70.2, 75.6, 75.6, 77.1, 80.2, ali d; 87.0, s; 113.1, 113.4, 117.5, 117.8, 127.2, 127.9, 128.6, 129.3, all d; 143.7, 146.4, 146.5

Aall >,

1,3-Dinhenyl-2-(2 3 A-tri-O-henzyl-6-O-trinhenylmethyl-8-p-galactopyranosyl-imidazolidine (67). A stirred solution of triol 66
(1.93 g, 3.06 mmol) in dry DMF (20 mL), kept at 0 °C under argon, was treated with sodium hydride (60 wt % in oil, 1.0 g, 25 mmeol) and
benzyl bromide (3.0 mL, 25 mmol). The suspension was allowed to reach r.t during 1h, then was stirred overnight Quenching with
water, extractive workup and flash chromatography (9:1 hexanes:ethyl acetate) gave the chromatographically pure title compound 67
(2.533 g, 92%). 'Y nmr § 3.14 (1H, dd, /=48, 9.5 Hz, H-6", 3.34-3.72 (9 H, m, H<4,5,1' 3'-5',6"), 3.86 (1H, t, /=9.3 Hz, H-2"), 4.334.65
(4H, m), 4.77 (1Hz, d, /= 11.8 Hz), 5.03 (1H, d, /= 12.0 Hz), 5.46 (1H, s, H-2), 6.7-7.5 (40H, m). 3¢ nmr 5 45.6, 47.2, both t, C4.,5;
64.1,t, C6", 72.1, 74.0, 74.0, all ; 74.4, d, C4", 75.1,d, C-2’; 77.5,d, C-5, 77.5, d, C-2; 804, d, C-1'; 86.0, d, C-3; 87.0, 5; 112.9, 113.8,

117.2, 117.3, 126.6, 127.1, 127.2, 127.3, 127.8, 127.9, 128.0, 128.1, 1283, 128.5, 128.9, 129.5, ali d; 138.1, 139.1, 135.7, 144.2, 1453,
147.3, all s.

2,6-Anhydro-34,5-tri-O-benzyl-1-glycero-L-galacto-heptitol (68). A stirred solution of imidazolidine 67 (2.92 g, 3.23 mmol) in
dichloromethane (100 mL) and acetone (30 mL) was treated with p~toluenesulfonic acid monohydrate (1.25 g, 6.57 mmol). After 3min a
precipitate which had formed was filtered off. The filtrate was concentrated and the residue was suspended in methanol (40 mL). To the
stirred suspension was added sodium borohydride (0.5 g). After 1 h the suspension had cleared; quenching with water and extractive
workup gave a syrap, which was stirred in methanol (50 mL) with p-toluenesulfonic acid monohydrate (0.25 g) for 2 h. Extractive workup
and radial chromatography (ethyl acetate) gave the syrupy title compound 68 (895 mg, 60%). [Found: m/z (CI) 465.2288. CasHsOg(MH)"
requires m/z 465.2244). 'H nmr & 2.78 (ZH, br. s, OH), 3.32-3.45 G H, m, H-2,6,7), 3.58-3.91 (6 H, m, H-1,1",3,4,5,7), 4.71 (ZH, AB,
J=113Hz), 4.77 (2H, AB, J=10.1Hz), 474 (2 H, 5), 7.26 - 7.38 (15 H, m). BC nmr 8 62.4, t, C-1; 62.7, t, C-7; 72.7, t; 74.3; d, C-3;
753, both 753, 4 C-5,78.7, 4, C-2:800, 4 C6,87 d C4; 1276, 1278 1280 1281, 128 4 1285 128 5, all d; 1382, 1382,

> Wy T 148V, 140.2, Sy 1£0.0, 218

p-Toluenesuifonylation of Diol 68. A solution of diol 68 (300 mg, 0.65 mmol) in dichloromethane (10 mL) was stirred with pyridine
(0.5 mL) and p-toluenesulfonyl chloride (140 mg, 0.73 mmol) for 4 d Extractive workup and radial chromatography (7:3 hexanes:ethyl
acetale) gave starting material 68 (97 mg, 32%) and three products. The least polar product was identified as the syrupy di-p-
toluenesulfonate 71, (85 mg, 17%). [Found: m/z (CT) 790.2741. C,oHygNO)0S,, (MNH,)™ requires m/z 790.2719]. 'Homr§2.37,247 2 x

3H, 2s), 3.32-3.37 (1H, m, H-6), 3.48-3.55 2 H, m, H-2.4), 3.75 (1H, t, /=9.5 Hz, H-5), 3.88 (1H, s, H-3), 3.89 (2H, d, /=6.8 Hz, H L,1'),
4.14 (2H, ABX, J=1.5, 5.6, 10.7 Hz, H-7,7), 4.47, 491 (2H, AB, J=11.2 Hz), 4.50, 4.85 (2H, AB, J=10.8 HMz), 4.70 (2H, AB, /=11.6 Hz),
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[ A7-740 (19, m), 771 (4, L, ~/o8nz) Lamro 21.0,q,0/./, L L-L, 0590, L-7, /25,1 /3.0,Q, L3, /4.0, Q, U-3; /4.5, /3.2, 00U
751 dCHT72 4 CE 82 4 Cd 1270 127612771279 1280, 1280 1281 1283, 1284 1285 1207 1300 all d: 1326
L (5.0, U, WS4, 114y Uy AT, OT.4, Uy, W™, 147V, L&iT.Uy L&iiiy, Léi.7, LAO.V, &0V, K401, 140.J, LLU,T, 1&L0.J, A&7,y 2000, Gaa sy A_ryv
133.0, 137.7, 137.8, 1382, 1446, 1451, all s. The product of intermediate polarity was identified as syrupy mono-p-tolnenesulfonate 69

(49 mg, 12%). [Found: mvz (CI) 636.2612. C3sHNOgS (MNH,)" requires m/z 636.2630]. '"Hnmr §2.42, 3 H, s), 3.23-3.30 (1H, m, H-
6), 3.58-3.65 3 H, m, H-2,4,7), 3.76 (1H, ABX, J=2.7, 11.8 Hz, H-7"), 3.89 (1H, t, J = 9.5 Hz, H-3), 3.89 (1H, s, H-3), 3.95, 4.08 (2H,
ABX, J=6.0, 6.5, 10.1 Hz, H-1, 1'), 4.51,4.94 (2H, AB, J=11.3 Hz), 4.63, 4.89 (2H, AB, J=10.9 Hz), 4.72, 4.77 (2H, AB, J=11.7 Hz), 7.22-
741 (17H, m), 7.74 2H, d, /8.3 Hz). "C amr821.7, q; 62.3,t, C-7; 68.6, t, C-1; 72.8, t; 73.4, d, C-3;, 74.6, 1, 74.9, d, C-5; 75.4, 1, 75.6,
d, C-2;79.8, d, C6, 84.4, d, C4, 127.7, 127.9, 128.1, 128.2, 128.4, 128.5, 128.6, 130.0, all 4, 132.8, 138.1, 138.2, 145.1, all 5. The most



polar product was identified as syrapy mono-p-tolucnesulfonate 70 (115 mg, 29%). [Found: m/z (CT) 636.2641. C3sHoNOsS (MNHY)'
requires mvz 636.2630]. 'H nmr 8 2.37 3 H, s), 3.31-3.46 3 H, m, H-1,2,6), 3.57 (1H, dd, /=2.7, 9.3 Hz, H4), 3.64 (1H, dd, /=6.8;
10.9 Hz, H-1), 3.80 (1H, t, J=9.5Hz, H-5), 3.84 (1H, s, H-3), 4.16, 4.27 (2H, ABX, J=17, 5.8, 10.7 Hz, H-7), 454, 489 (2H, AB,

J=10.9 Hz), 4.59, 4.92 (2H, AB, /=117 Hz), 4.67, 4.74, (2H, AB, J=11.7Hz), 7.19-7.33, 17TH, m), 7.73 2H, d, =83 Hz). "C nmr &
215, q; 62.0, 1, C-1; 69.3, t, C-7, 724, 1, 73.3,d, C-3; 74.2, 1, 743, d, C-5; 75.1, 1, 77.2, d, C-2; 78,6, d, C-6; 84.6, d, C4; 1275, 1277,
1 . -4
1

2,6-Anhydro-1.3:5,7-di-O-benzylidene-4-O-p-toluenesulfonyl-L-glycero-1-galacto-heptitol (77). A stirred solution of alcohol (73) [22]
(16.3 g, 44.0 mmol), p-toluenesulfonyl chloride (12.5 g, 65.5 mmol) and 4-(dimethylamino)pyridine (1.0 g) in pyridine (100 mL) was kept
at 70 °C for 3 h. Extractive workup and flash chromatograph (1:1 hexanes:ethyl acetate) gave the title compound 77 (16.8 g, 73%). [Found:
mv/z (CI) 525.1587. CuHadOsS (MH)" requires m/z 525.1583]. 'H nmr 5 2.28, (3H, s), 3.43 (1H, dt, /=5.0, 9.8 Hz, H-6), 3.49 (1H, d,
J=0.6 Hz, H-2), 3.82 (1H, t, J=10.3 Hz, H-7), 3.98 (1H, dd, J=1.5, 12.6 Hz, H-1), 4.154.27 (3H, m, H-1',5,7"), 4.52 (1H, 4, /=3.3 Hz, H-3),
4.70 (1H, dd, J=3.6, 10.0 Hz, H-4), 5.42, 549 2H, 2s), 7.02 (2H, d, /=8.1 Hz), 7.2 - 7.5 (10H, m), 7.73 (2H, d, J=8.3 Hz). B3C nmr 3 217,
q; 684, 1, C-7,69.1,1,C-1; 70.5, d, C-2; 71.5, d, C-6; 75.0, d, C-5; 75.4, d, C-3; 78.9, d, C4; 100.9, d; 101.5, d; 126.2, 126.2, 1280, 128.1,
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128.2,125.0,129.1, 125.5,al1 4; 133.5, 136.9, 1374, 144.6, all 5.

2.6-Anhvdro-d-azido-13:5,7-di-O-henrylidene-4-deoxy-1glycero-1 gluco-hentitol (79). A solution of p-toluenesulfonate 77 (208 g,
3.96 mmol) and sodium azide (1.5 g, 23 mmol) was heated in refluxing dimethylsulfoxide (10 mi) under argon for 1 b Cooling, extractive
workup and flash chromatography gave starting material (0.53 g, 25%) and two products. The more polar product was identified as alcohol
73 (0.73 g, 50%), and the less polar product was a crude pale yellow syrup identified as the azide 79 (0.16 g); [0.]'2‘54'56 (¢ 1.0, CHCL).

[Found: m/z (CI) 396.1541, CyHyN:Os (MH)' requires m/z 396.1559). 'H nmr & 3.66 (1H, d, J=1.3 Hz, H-2), 3.86 (1H, t, /<102 Hz H-
7, 3.994.08 (3H, m, H-3,5,6), 4.19 (1H, 1, J=3.2 Hz, H4), 4.22-4.25 (1H, m, H-1), 427 (1H, dd, /~1.3, 11.4 Hz, H-1"), 4.33 (1H, dd,
J=4.9, 10.3 Hz, H-7"), 5.55, 5.60 (2x1H, 25), 7.31-7.56 (10H, m). '>C nmr 8 59.6, d, C4; 66.6, d; 67.0, d, C-2; 69.1, 1, C-7; 69.6, t, C-1;

75.8,76.6, 101.3, 102.2, 126.1, 128.3, 128.3, 129.1, 129.2, all d, 137.2, 137.4, both 5. IR (film) 2110 cm.”

X-ray Single Crystal Analysis”  The intensity data were collected on a Nicolet R3m diffractometer using graphite-monochromatised
Mo-Ka radiation (A = 0.71073 A°®) at low temperature by the o scanning method Preliminary refinement of the cell parameters was carried
out using 24 reflections centred automatically in the 6.5 < 26 < 33° range. Crystal and experimental details are summarized in Table 1.
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relative intensities of the standard reflections varied less than (.5%. Fx_}x_l_' ivalent reflections were averaned and corrected for Lorentz and
polarisation factors [27]. No absorption corrections were applied.

The structures were solved by direct methods using programmes SHELXS [28] and subsequent difference Fourier syntheses for the
hydrogen atoms. Conventional full matrix least refinements using all data were performed using programme SHELXL-96 [29]. All non-
hydrogen and hydrogen atoms were refined with anisotropic and isotropic thermal parameters respectively. For compound 7.HCI the
normal parameters for H-2 and H-4 were constrained to 1.2 times the equivalent parameters of the carbon atoms to which they were bonded.
All hydrogen atoms for compound 56 were also refined in this way. The weighting scheme on F,” for each reflection was [o*(Fo)” + (M)
+P,M] , where Py, P, are given in Table 1 and M is [Maximum (F.>.0) + 2F.2)/3.
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In the unit cell the indenendent molecules of the anhvdro-comnound 7.HCl (Fig each nf their ammonium hvdrogen atoms bonded to
meoPenca I

In the unit cell the molecules of the anhydro-compound 7.HCl (Fig. 1) have f their ammonium hydrogen atoms bonded

a chloride counter ion [N-3—H—Cl-1, 2.22 (6), 2.24 (4) and 2.28 (6) Al; the hydroxyl group hydrogen atoms arc also bonded to an adjacent
chloride anion [O-2—H-Cl-1, 2.38 (5) A] and O-6 of an adjacent molecule [O-4—H—0-6, 2.03 (4) A]. The 5-membered ring is in the °E
conformation [ 351.4 (6)°] [30] with mean plane deviations for C-5, C-6, O-6 and C-1 +0.03 A from the plane and O-5 0.629 (5) A out of
the plane. The pyranoid ring adopts a slightly flattened 'C, chair [0 160.9 (4)°,Q 0.636 (4) A] [30] with C-3 and O-5 0.547 (5) A and -0.827
(5) A respectively, out of the plane through C-1, C-2, C-4 and C-5 [mean deviation +0.007 (2) A)].

! Structural factors, atom parameters and thermal parameters are available on request from the Director of the Cambridge
Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, Canbridge CB2 IEW. Any request should be
accompanied by the full literature citation for this paper.
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For the hydroxy acid 56 (Fig. 2) the hydroxyl group hydrogen atoms are hydrogen bonded intermoleculary (o the ring oxygen atom
and 10 an ester carbonyl group: O-5—H—0-6, 2.05(5) A and O-1—H—O-3a, 1.86 (4) A. The pyranoid ring is close to a perfect *C; chair
[0 3.6 (4F, Q 0.602 (4) A] [30] with C-3, C-6 0.684 (6) and -0.719 (5) A from the plane through C+4, C-5, C-2 and O-6 [mean deviation
0.006 (2) Al.

The more constrained pyranoid geometry of the ammonium compound 7 HCI is reflecied in its ring dibedral angics: C-1—C-2
C3—C4, C-1—O-5C-5—C-4 are 42.6 (4¥ and -75.7 (3)° compared with 55,1(4)° and 64. 7(5)°ﬁxﬂmcxnesnmghmanzlmmthe

LIt Uk, A ALY SIEIL

hydrm&yacdeé.Alldmwns:msmtheMonnleuﬂmam normal [31].
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