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Abstract: A concige gvnthesis of the title trisaccharide ig descnibed in which the kev B.mannosvlation
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reaction is achieved directly, with high yield and selectivity, by triflic anhydride mediated coupling of S-
ethyl 2-O-allyl-3-O-benzyl4,6-O-benzylidene-1-deoxy-1-thia-a-D-mannopyranoside  S-(R)-oxide with
methyl 2,3 G-Ei-O-benzylva-D-glucopyranoside After deallylation of the so-formed disaccharide, B-
xylopyranosylation is brought about by reaction with o-tri-O-benzoyl xylopyranosyl bromide activated
with silver triflaie. Auempted xylosylahon of cyclohexanol with S-phenyl 2,3 ,4-tri-O-benzoyl-1-deoxy-1-
thio-B D-xylopyranoside S-oxide, activatcd by triflic anhydride, and with the corresponding thioglycosi(h in
ihe presence of benzenesuifenyl iriflaie boih led to ihe formation of an orthoesier rather than the aniicipaied
B-xyloside. Treatment of this orthoester with tin tetrachloride promoted its rearrangement to the B-
xyloside. The conformation and configurational assignment of tri-O-benzoyl-B-xylopyranosides is

discussed. © 1999 Elsevier Science Ltd. All rights reserved.
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The stereoselective chemical synthesis of B-mannopyranosides, a long standing problem in carbohydrate
chemistry, has attracted the attention of numerous groups worldwide leading to the development of several
diverse and innovative strategies.! With the exception of the insoluble silver salt method,2-5 Schuerch’s use of
2-O-sulfonyl mannosyl sulfonates,%.7 and the B-selective alkylation of anomeric metal alkoxides,8-11 these
methods may be classified as indirect requiring either manipulation at C-2 (reduction or inversion) subsequent
to glycosylation,12-19 or tethering of the aglycone to the glycosy! donor prior to coupling.120-25 We have
recently developed a new and highly diastereoselective direct entry into B-mannopyranosides which hinges on
the in situ formation of a-mannosyl tiflates?6 from glycosyl sulfoxides, or thioglycosides, and their

subsequent participation in 5,2-like displacement reactions with primary, secondary,

and tertiary alcohols.27-30

Hara wea daseribe in Full3l gur sunthecic of the title tricaccharide (1) which wa havae canducted with 2 view i
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establishing the apnlicability of the method to the synthesis of complex biomolecules
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The target trisaccharide (1) is a component of the
Q
HS 0 Hyriopsis  schlegelii  glycosphingolipid isolated by
OH | OH Japanese workers in 1981.32 It has been previously
HSCLQ_JQ 0 g synthesized by Lichtenthaler33 and, in a protected form,
w g 3 it 1
HO H by Takeda34 who has gone on to incorporate it into a more
~ ; .
1 HO OMe complete octasaccharide from the same glycosphingo-

lipid.35  Trisaccharide 1 therefore provides a convenient
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target for comparison of our new chemistry with previous methods. Lichtenthaler and coworkers generated the
key B-mannoside linkage in 1 using their ulosyl bromide strategy. They reported that bromide 2 was coupled
with the acceptor 3 in dichloromethane using four equivalents of a silver aluminosilicate “catalyst” to give
exciusiveiy the B—uiosidc 4 in 87% yield. Reduction with sodium borohydride then gave the B-mannoside § in

s 1N

ps (Scheme 1). It is noteworthy that closely related reductions of B-2-ulosides
ectivity.3¢ The Takeda group condensed the bromide & with accepior 7 using

aco nsxderablc excess of a silver zeolite promoter and reported a ylcld of 71% for the - mannosxdc 8 based on

alt method and require multiple equivalents of the
promotcr Ina funher rclatcd synthesis Ogawa and co- workers coupled 2,3-di-O-allyl-4,6-di-O-benzyl-a-D-
mannopyranosyl bromide with benzyl 2,3,6-tri-O-benzyl-B-D-glucopyranoside using silver silicate in
dichloromethane to give a 77% yield of the corresponding B- and o-mannosides in the ratio 1.1:1.37 This last

example nicely demonstrates the fickle nature of the insoluble silver salt method.
Scheme 1
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We began our synthesis with the previousiy described thiogiycoside 9, which is readily available in two
simple steps from S-ethyl thiomannopyranoside.38 Allylation with sodium hydride and allyl bromide provided

" athnamnal +ha affardadl sln pRupLgs. Y

10 in 68% yield. Treatment with oxone in aqueous methanol then afforded the sulfoxide 11 in almos
quantitative yield (Scheme 3)
Scheme 3
PY O\ 05X  oxone prvo—\ QIF
— oo
BnO BRO—" Et
SEt + gt
=S4,
9: X =H | NaH, allyl Br 11, >90%
10: X = ally 68% ’
Interestingly, the sulfoxide 11 was formed as a single diastereomer. We have previously observed a similar
phenomenon with a range of other S-phenyl and S-ethyl a-thioglycosides.2%38 This is to be contrasted with
the sulfoxidation of a broad range of B-thioglycosides, all of which are reported to give mixtures of
diastereoisomers.39 Recently, we have succeeded i ing the cenf“ guration at sulfur as (R) in three «-
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This selectivity is, we believe, a function of the exo-anomeric effect which serves to expose one face of the
thioglycsoyl S to bulk solvent while the other is shielded beneath the pyranose ring; in the P-series,
notwithstanding the exo-anomeric effect, both faces are exposed to oxidation.40.41

s

The key mannosylation reaction was acheived by activation of suifoxide i1 with trflic anhydride in

Al b e TO O S b cemcnmne A8 L oeee baicaccl A oLl oMt 1t TYTRRAATN £ 11 _1 Lo ol AZas
dichloromethane at -78 °C in the presence of 2,6-di-rerr-butyl-4-methylpyridine (DTBMP) followed by addition
of 1.9 molar equivalents of the known acceptor 12.42 In this manner the B-mannoside 13 was :.oimed in 87%

yield and the corresponding a-anomer (14) in 7% yield (Scheme 4). The coupling reaction was therefore
highly selective (12:1) and proceeded in excellent yield. The anomeric stereochemistry of 13 was readily
assigned from the unusual, somewhat upfield chemical shift of the mannose H-5 (8 ~3.1) which we have
previously noted to be a characteristic of 4,6-benzylidene protected B-mannosides.2? This assignment was
confirmed by the 'J, coupling for the mannosyl anomeric carbon, which was found to be 159.5 Hz.43
Subsequently, the O-allyl protecting group was removed by treatment with potassium zert-butoxide followed by
catalytic OsO, and an excess of N-methylmorpholine N-oxide (NMNO) as overall oxidant leading to the
formation of 15 in 60% yield (Scheme 4).44 The key stereoselective mannosylation step and selective
revealing of the mannose O-2 for the final xylosylation was therefore achieved without difficulty. Our simple
two step coupling/deprotection protocol is directly comparable with the two step Lichtenthaler approach to a

%n

closely analogous disaccharide (Scheme 1, 5) and proceeds with comparable overail yxcm and selectivity. Both
routes are to be contrasted with the Takeda approach which provides 8 directly but in which the mannose O-2
and O-3 groups are not differentiated (Scheme 2).
Scheme 4
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We next turned our attention to the xylosylation reaction. We had anticipated that this step would be
essentially trivial and that the use of a xylosyl donor protected with carboxylate esters would proceed with
excellent selectivity, through anchimeric assistance, to provide the B-xyloside. Indeed, Lichtenthaler reported
the coupling of § with o-tri-O-benzoylxylosyl bromide (16),45 in the presence of silver triflate, to give
exclusively the B-xyloside 17 in 71% yield. Thus, we proceeded to couple 15 with 16 in dichloromethane at
-40 °C with activation by silver triflate. A single product 18 was isolated in 68% yield (90% when based
5) and uuunatexy assigned the B- conngurauon indicated. However, we were

a 7in 18 (Table 1, entry 1)

o , entry 2), despite the apparently

minor change in protecting grou e mannose segment. This, and the frequent lack of detailed assignment
protocols which we encountered while searching the literature for xylosylation protocols, promoted a closer

AL 41 teliAl atldiiil AQIRND PRV YA a

look and the investigation of alternative methods to the one employed in Schem 5.
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The spcctral data for the tnbenzoyl B-xyloside 22 were i g agreement with those recorded in the htcmturc
by Schraml and coworkers, and by the Paulsen group. Schraml assigned this substance as a 62:38 mixture of
the *C, and 'C, conformers (23 and 24, respectively) on the basis of a detailed analysis of the coupling
patterns,*8 whereas Paulsen and co-workers determined the ratio of 23:24 in d,-acetone to be 74:26 on the
basis of earlier NMR data provided by Horton.4749 In the crystal 22 adopts a twist-boat conformation
(25)49:50 which Schraml was unable to exclude on the basis of his soludon NMR work. Paulsen, however,
suggests that the NMR data are incompatible with such a conformation in solution. We also prepared the
cyclohexyl xylopyranoside 26 by coupling of bromide 16 with cyclohexanol, mediated by silver triflate; its
spectral data are presenied in Table 1. If the coupling constants, with the obvious exception of *J,, in the
methyl a-xyloside (20) define the pure “C, chair conformer for the xylopyranomde series, then it is evident that
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z) of 20. Tt i h de 18, the xylo 1
conformation, most likely Lhc 'C conformcr Thus the J 1.2 couplmg is mconsxstem w1th either an o- or -
xyloside in the *C, conformation. The very narrow, poorly resolved multiplets for H1 - H4 are incompatible
with this conformation and suggest the inverted chair, or 'C,, conformation. This is corroborated by the 'J,y,
coupling constant of 174.6 Hz which is indicative of an axial glycoside. Thus, the spectral data strongly
suggest that the xylose moiety in 18 is a f-xyloside in the inverted chair conformation, as concluded by
Lichtenthaler for the corresponding xylose ring in 17.33 The discrepancies between the 'H-NMR data found
here for 18, and reported by Lichtenthaler for 17, particularly the conspicuously unusual chemical shift
reported for the anomeric xyiose proton in the latter, remain unexpiained.
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Table 1. Chemical Shifts and Coupling Constants® for Xylosides

Solv. BHI §H2 SH3 &H4 BHSo SHSB J, Jow S Jusw e sy OC1 g
18 | CDCl, 490 540" 549* 506° ¢ c <2 ¢ ¢ ¢ ¢ ¢ 976 1746
17 CDCl, 541 549 554 516 3.66° 48% 21 34 38 ¢ ¢ ¢ e e
20 | cpcl, 520 528 620 542 387 410 35 95 94 65 94 971 1733
22 | CDCl, 475 540 580 535 445 374 55 80 80 46 86 121 1012 163

26 [ CDCl, 495 547 578 532 445 370 67 75 B85 47 a 103 983 1599

6 CDCI; 589 468 575 529 411 365 48 25 25 75 80 120 967 1800

37 |CDCL, ¢ c c c c c c c c c c c 103.6 161.7
19 | DO 4.55° 3200 338 334" 325° 346" ¢ c c c c I 1018 1722
21 { DO 423 316 334 353 323 387 78 78 78 80 53 113 1063 1624
1 D,0 437 ¢ 313 ¢ c c 7.5 106 106 ¢ c c 1064 164.6

1 | DO 457 344 352 365 333 403 76 94 91 106 54 115 1069 e
a: in Hertz; b: could be exchanged; c: unresolved; d: taken from ref 33, see foomote 61; e: not reported; {: 'H-NMR unresolved

in D,0, 'H NMR data in DMSO & taken from ref 46.

The most intriguing aspect of the above study is the difference in conformations between 22 and 26, on
the one hand, and 17 and 18 on the other. Similar shifts in conformation provoked by seemingly even more
minor structural changes have been noted by others. In particular, we draw attention to the work of Ogawa in
which a series of two mono-xylo and one di-xylosylated tri- and tetramers were prepared (27 - 29). In this
study,37 27 and 28 were both assigned as ‘C, B-xylosides based on the 'H and *C NMR spectral data, in

particular the %/, , coupling of 6.9 Hz visibie on the (xylose) anomeric proton (& 4.34) in 27, and .
coupling constant of 153-161 Hz for 28. On the other hand, in 29 one of the two B-xylosides was found to be

4 1 TN, ‘Agad hu tha mrecence of o cingle snmamere rarban w
in the Cl, and the other the C‘ conformation as judged by the presence of a single anomeric carbon with
1 : R
Ju ey Of 173 Hz, i.e. exactly as found for 18. A closely related observation was made by Vliegenthardt and
co-workers who found the xylose moiety in 30 to be a *C; chair whereas that in the slightly more complex 31

was a 'C, conformer.36 Clearly, very minor changes in the aglycone can have significant consequences on the
conformation of B-xylopyranoside peresters. The origin of these changes is not readily apparent at the present
time.
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We have also briefly investigated alternative methods of xylosylation, using cyclohexanol as a model
glycosyl acceptor. As stated above, coupling of bromide 16 with cyclohexanol mediated by silver triflate in
dichloromethane at -40 °C provided the pure B-xyloside 26 in 90% yield. Coupling of the xylopyranose 32

with cycxonexano: foliowing activation in the form of the trichloroacetimidate 33 with promotion by BF,0Et,
[N P e TELN  L.inld | P P !no Ihee slim QAalicantde etmlelmc el 20 —ooalen? L) L.
piuviuca ‘U um 1270 lelU Aylwyldﬂu&yld Uy uic ollliuut gieinoioaCcunnld, HICU nau i

ravrinnel rarmstad fAr tha rneean~e F 1Y 36 -7-‘ 1 ivan Ane currace writh Vnknn’o o -“m:/‘g
Pﬂbvluubl] P AR IUL Uiw WAW’I VUIIBD[IUI Vi oJdea ’ x NJivell uUul LU WIllD Iva VARG

method in mannosylation, we were especially keen to investigate the possibility of its application to
xylosylation39.52 Toward this end, bromide 16 was treated in dichloromethane with thiophenol in the
presence of tricthylamine leading to the formation of the phenyl B-thioglycoside 34 in 60% vield. This was
then converted to the mixture of diastereomeric sulfoxides 35 in 83% yield by treatment with mCPBA from -78
to -30 °C. In line with the precedent the oxidation of the B-thioglycoside 34 resulted in the formation of 35 as a
mixture (~ 3/1) of two diastereomers at S, which were separable by silica gel chromatography but whose
configurations were not assigned. Activation of the major diastereomeric sulfoxide in dichloromethane at -78
°C, in the presence of DTBMP, with Tf,0 followed by addition of cyclohexanol and subsequent quenching at
-78 °C led, unexpectedly, not to the formation of the B-xyloside 26 but to a new, unstable cyclohexanol
containing product that was assigned as the orthoester 36. Similarly, activation of the thioglycoside 34 with

S, Lol a1, .. 20U . mooMv e Ay 1L R T, —

DCﬂZCﬂCbUlICIlyl Tiriac« ~ at ~ /o « IOHUWC(I Dy Loupung io Ly lOﬂCXdIlOi proa'uced 36 as the aj()l' p!'O(lll(,[
The Y AIMAD oot f 2L Makla Ahomantamicad e tha cmall 37 aninline Annctnnte am~iind tha volaca
LS 1n-INIVIR DPCLU Ulll Ui JU {1aac l[ lb CnaracCicrizea Uy UiC »iliall J LU ylung CULIDLAlL UUliu UK AlebU

- or R.lenude In the PC-NMR spectrum the anomeric carbon (§ 96.7) is found to h ave a /.. .. counline of

(e ANAVIAN Re A RRVY & SOl YR MR

180 Hz whlch is strongly m@canve of an axial glycosidic bond. Other noteworthy features of the *C-NMR
spectrum are the presence of only two carbonyl C’s, whereas three were readily discernible in all the other
xylosides described above, and that of a new quaternary C resonating at § 121.3 which we assign to the
orthoester carbon. The combined spectral data are best explained by the orthoester 36 which exists
predominantly in the °H, conformation indicated in order to retain the axial glycosidic bond, yet minimize steric
interactions between the endo-orthoester substituent and ring protons. Half-chair conformers have previously
been discussed as viable alternatives to 'C, chairs for xylopyranosides by Lichtenthaler.50 The stereochemistry
at the orthoester C is assigned arbitrarily on the grounds that the intermediate cation will be more rapidly

c oL

trappea on the exo-face by the bulky alcohol.53 Numerous examples of the employment of ester protected

lvcosvl sulfoxides as glvcosyl donors have been described by the Kahne group 10 82 nd ~sthonceane Lo
glybuayl SUHoXi1acs as Elybm 1 QUIIVIED [1avCe CI1 UCHLIIDEAL VY UIC Rhallllic givup,=-» Gl UIHUCOHICIS [1dVe
cAMatimac lm:nn nhecoarvad ne hunradncte avan with nivalata actare ac nrntarting aranne hit nat ag maine
OUFLLR ULV D VUL VYVl Ao U PIUUUDKQ, “YWil YYiug PIV‘JJ“‘\/ wIlWiD QAo Pl\)‘\l\vlllls I\IUPD, ML WL ad Liiajpsa

products.34-36 We also note that a methyl orthoester has been previously isolated as a minor product from such
ato!

a reaction in this laboratory.26 Presumably, the non-standard conformation adopted by 36 is reflected to some

extent in the transition tatc for displacement of the anomeric leaving group by the 2-O-benzoate and this is
facilitated in the more conformationally labile xylose series. Of course, orthoesters are readily rearranged to -
glycosides>7 and such a reaction might be envisaged for the conversion of 36 to 26. However, previous work
by Kochetkov and co-workers with xylosyl orthoesters38 suggested that, while feasible, such reactions would
not be clean. In the event, exposure of 36 to SnCl, in dichloromethane®? provided 26 in approximately 50%
yield together with several unidentified byproducts. We also note that the coupling of sulfoxide 35 with
cyclohexanol at -78 °C followed by warming to 0 °C before quenching provided an approximately 1/1 mixture
of orthoester 36 and the B-xyloside 26, which indicates slow rearrangement of 36 to 26 above -78 °C,

presumably catalyzed by DTBMPH® TfO'.

Bzoﬁ BZO) /N
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32: X = m,@-OH L)§£OC$H-H
33: X = -OC(=NH)CCla il

34: X = B-SPh

35: X = B-S(O)Ph 36
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Finally, we returned to the completion of our synthesis. Saponification of 18 under Zemplen conditions
provided 37 in 90% yield (Scheme 6). This step also occasioned inversion of the xylose to the *C, chair
conformer indicated. This change in conformation is not at all apparent from the complex 'H-NMR spectrum,

P . £ | LR N Y o T o nvn awn . - s . . . . - -
but is reaquy aeauceq mrom the ! C-NMK Spﬁcmlm in CDCI,, wherein there 18 a Slgnﬁlcant Chaﬂgc in the

32
Ahacmat~nl LIl 8 Vo mermsmanenton meeadece . w2 L 10 /S OV LN i ™ N 1
chemical shift of the XYi0S€ anomcric Caroomn On g mlg Imom 10 {0 ¥/.0) 10 3/ (0 103 ) (Tabie 1) The jcu-n
coupling for the xylose anomeric carbon was now 167 7 which is in reasonable agreement with that determined

for methyl B-xylopyranoside (21) (Table 1) and so nicely confirms the original assignment of the xylose

configuration in 18. The final deprotection was aohmved uneventfullv hv stirring 37 in methanol gver PA/C

11 211 A< s WA RSAT L3 a4t AL s 2aaleasy Swililip AvuilaRsL VYwa A W

for three days at room temperature under one atmosphere of hydrogen Wthh cleanly removed all remaining
protecting groups and furnished the target molecule (1) in 95% isolated yield (Scheme 6). In our hands, 1 was
a crystalline, analytically pure monhydrate whose '*C-NMR spectrum and specific rotation corresponded with

those reported by Lichtenthaler33 for the same substance (Table 1).
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Experimental60
S-Ethyl 2-0-Allyl-3-O-benzyl-4,6-O-benzylidene-1-deoxy-1-thia-a-D-mannopyranoside

(10) To a solution of 938 (2.42g, 6.0 mmol) in THF (50 mL) was added NaH (0.72 g, 18.0 mmol) at 0 °C.
After stirring for 1.3 h at this temperature, allyl bromide (1.26 mL, 14.4 mmol) was added dropwise. The

reactuon mixture was stirred overnight at refiux temperature, then quenched by addition of saturated NH,CI

| L . } - el A - TL . -~ -

= reo ~ 1. —eon
wxuuuu, then [/ 311{N followed Uy extraction inio EtOAc. The orga lic 1ayers were combined, dried, and,
concentrated. Chromatogrphy on silica gel (eluent: hexane/EtOAc = 1 2:1) then afforded 16 (1.80 g, 68%).

Based on recovered starting material (822 mg) the yield is 93%. [a],2°=+131.0 (c = 2.6, CHCL,). 'H NMR
(CDCL,;, 400 MHz) 5: 1.28 (1, J = 6.9 Hz, 3H), 2.61 (m, 2H), 3.92 (m, 3H), 422 (m, 3H), 472 d, J =

AVAR L) A83; QLR )S S22

12.0 Hz, 1H), 4.80 (d, J = 12.0 Hz, 1H), 5.22 (d, J = 10.9 Hz, 1H), 5.29 (br. s, 1H), 5.30 (d, J = 17.8 Hz,
1H), 5.63 (s, 1H), 5.95 (m, 1H), 7.37 (m, 8H), 7.50 (m, 2H); *C NMR (CDCl,, 75 MHz) & 14.9, 25.3,
64.4, 68.5, 72.5, 73.0, 76.2, 78.0, 79.2, 83.7, 101.4, 117.9, 125.9, 127.6, 128.1, 128.8, 134.6, 137.5,
138.3. Anal. Calcd for C,sH,0,8: C, 67.85; H, 6.83. Found: C, 67.74; H, 6.79.

S-Ethyl 2-0-Allyl-3-O-benzyl-4,6-O-benzylidene-1-deoxy-1-thia-o-D-mannopyranoside S-
(R)-Oxide (11). To a stirred solution of 10 (10.6 g, 24 mmol) in MeOH/H,0 (1:1, 260 mL) in an ice bath
was added dropwise oxone (8.8 g, 14 mmol) in water (10 mL). After 0.5 h TLC indicated completion and the

reaction mixture was quenched with ice and saturated aqueous Na,SO, (150 mL), extracted with EtOAc (150

mL x 3). The combined organic layers were dried, and CVdpGl’dICﬂ down to give a reasonably pure solid

e nn PR P arhisurad e
pxuduCt \lu.g 5, IUU%}. Fuuhcx PUIILILGUUII LUUIU UC acnicvea Uy xcuybmmmuuu IIUIH l:l\)ﬂ(., or

chromatogaphy on silica gel (eluent: hexane/EtOAc = 4:1). Mp 85 °C; [a]p” = +39.3 (¢ = 2.6, CDCl,); 'H
NMR (CDC1,, 300 MHz) §: 141 (r, J=7.5Hz ’XH) 272 (m, 1H), 298 (m, 1H),3.72(dt, J =42, 96 Hz

FAVAIN R 2 gy VRS RVRIZLS .2 234, 21 L. . ARE y LT \Rdxy, 2aigy Joid\Guny,v = 54, S0V LG,

1H), 3.79 (t, 7 = 9.6, 1H), 4.10 (dd, J = 3.1, 9.9 Hz, 1H), 4.30 (m, 4H), 4.44 (d, 7 = 0.5 Hz, 1H), 4.62

111 13X *il)s T A F T W R4 2%

(br. s, 1H), 4.75 (d, J = 12.1 Hz. 1H), 4.87 (d, J’-121Hz 1H), 523 (d, / =9.3 Hz, 1H), 534 d, /=

a4

16.7 Hz, 1H), 5.62 (s, 1H), 5.96 (m, 1H), 7.30 (m, 8H), 7.48 (m, 2H), 13C NMR (CDC1,, 75 MHz) &
5.82, 439, 68.1, 70.0, 72.8, 73.1, 73.2, 75.9, 77.8, 92.7, 101.5, 118.2, 125.9, 127.6, 127.7, 128.2,
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Methyl 2,3,6-Tri-O-benzyl-4-0-(2-0-allyl-3-0-benzyl-4,6-0-benzylidene-B-D-mannopyran-
osyl)-(1-54)-a-D-glucopyranoside (13) and the a-Anomer (14). To a stirred solution of 11 (428
mg, 0.93 mmol) and DTBMP (377 mg, 1.83 mmol) in CH,Cl, (25 mL) at -78 °C under an Ar atmosphere was
added Tf,0 (173 L, 1.02 mmol). After 5 min, a solution of 12 (818 mg, 1.76 mmol) in CH,Cl, (10 mL) was
added dropwise. The reaction mixture was stirred at -78 °C for 1h then allowed to warm up to 0 °C, followed
by quenching with saturated aqueous NaHSO,, washing with brine, and drying (Na,S0O,). Concentration and
chromatography on silica gel (eluent hexane/EtOAc = 20: 1) gave the B-isomer 13 (731 mg, 87%) and the
a-isomer i4 (60 mg, 7%). 13 (B-anomer): [a],”® = -12.1 (c = 1.5, CHCL); 'H NMR (CDCl,, 300 MHz),

8: 3.05 (m, 1H), 3.32 (dd, J = 3.5, 9.7 Hz, 1H) 3.40 (s, 3H), 3.51-3.80 (m, SH), 3.88-3.96 (m, 2H), 4.00-
4.10 (m, 2H), 4.29 (m, 2H), 4.35 (d, J = 11.8 Hz, 2H), 4.60-4.70 (m, 4H), 4.76-4.86 (m, 3H), 5.106 (d, J
= 10.5 Hz, 2H), 5.13 (d, J = 11.4 Hz, 1H), 5.28 (d, / = 18.4 Hz, 1H), 5.52 (s, 1H), 5.90-6.04 (m, 1H),
7.20-7.50 (m, 25H); *C (CDC1,, 75 MHz) & 55.3, 67.1, 68.2, 68.5, 69.5, 72.4, 73.5 (2C), 744, 7

5
77.0, 77.4, 778, 78.6, 78.9, 80.1, 98.3, 101.2 (2C), 116.8, 125.9, 127.3, 127.5, 127.7, 128.0, 128.
128.5, 128.8, 135.4,136.5, 137 5, 138.0, 139.3. Anal. Caled for C,H,O,,.1H,0: C, 70.97, H, 6.77.
Found: C, 70.93; H, 6.64 %). 14 (a-anomer): [a),®= +21° (c = 3, CHCIE), 'H NMR (CDC1,, 400 MHz),
5: 3.39 (s, 3H), 3.55 (dd, J = 3.5, 9.5 Hz, 1H), 3.65-3.75 (m, 5H), 3.75-4.00 (m, 7H), 4.10 (m, 1H), 4.18
(m, 1H), 4.50-4.75 (m, 7H), 4.80 (d, / = 12.0 Hz, 1H), 5.00 (d, J = 10.3 Hz, 1H), 5.06 (d, J = 17.3 Hz,
1H), 5.11 (d, J = 11.7 Hz, 1H), 5.59 (s, 1H), 5.66 (m, 1H), 7.20-7.55 (m, 25H); '°C (CDCl,, 75 MHz) &:
55.3, 65.0, 68.6, 68.8, 695 72.7, 72.9, 73.1, 73.5, 75.8, 76.0, 77.0, 77.4, 78.9, 79.9, 81.4, 97.7, 101.3,

101.6, 116.8, 126.0, 126.7, 127.4, 127.6, 127.9, 128.0, 128.2, 128.3, 128.4, 128.7, 1347, 137.7, 137.9,
138.5.

Methyl 2,3,6-Tri-O-benzyl-4-0-(3-0-benzyl-4,6-0-benzylidene-B-D-mannopyranosyl)-a-D-
lucopyranoside (15) To a stirred of solution of 13 (220 mg, 0.26 mmel) in DMSQ (4 mL) was added

1§

t-BuOK" (175 mg, 1.56 mmol) followed by heating to 85-90 °C for 1h. After cooling the reaction mixture was
qucnchcd with water, and extracted with EtOAc. The extracts were washed with brine, dried over Na,SO, and
concentrated when '"H NMR indicated that the reaction was complete. NMNO (152 mg, 1.3mmol) and a
catalytic amount of OsQ, were added. Then 80% aqueous acetone (6 mL) was added to the mixture, followed
by stirring overnight. After filtration on Celite, the acetone was removed at water aspirator pressure and the
remaining solution was washed by brine, and extracted by EtOAc. The combined organic layers, were dried
over Na,SO,., conccnn‘awd and chromatographed on silica gel (eluem hexane/EtOAc = 2/1, then 1/2) to g:ivc

( 1, S'n), 4."9 (d,.l' = 12.3 Hz, 1H), 4.51(br. s, 1H), 4.60-4.82 (m, tsn), 485 (d, /=120 Hz iHJ, 492
(d, J = 12.0 Hz, 1H), 5.35 (s, 1H), 7.20-7.60 (m, 25H); *C NMR (CDCl,, 75 MHz) &: 55.2, 66.7, 68.2,
68.5, 69.3, 69.6, 72.2, 73.5 (2C), 75.4, 76.9, 77.0, 78.1, 79.2, 80.3, 98.2, 100.5, 101.4, 125.9, 127.4,
127.6, 127.7, 127.8, 127.9, 128.2, 128.4, 128.5, 128.9, 1374, 137.5, 138.0, 138.1, 138.9. Anal. Calcd
for C,H,,0..: C, 71.62; H, 6.51. Found: C, 71.56; H, 6.52.

Methyl 2-0-(2,3,4-Tri-O-benzoyl-B-D-xylopyranosyl)-4-0-(3-O-benzyl-4,6-0O-benzylidene-
B-D-mannopyranosyl)-2,3,6-tri-O-benzyl-a-D-glucopyranoside (18). A stirred solution of 15
(100 mg, 0.12 mmol) in CH,Cl, (94 mL), powdered molecular sieves (100 mg), and DTBMP (81 mg, 0.39
mmol) was cooled under Ar to -40 °C. After stirring for 0.5 h, a solution of 16 (78 mg, 0.14 mmol) in
CH,Cl, (2 mL) was added followed by dropwise addition of AgOTf (62 mg, 0.25 mmol) in toluene (1 mL).
The reaction mixture was stirred a further 0.5 h at -40 °C then allowed to warm to 0 °C, before it was filtered
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on Celite, and washed with 10% aqueous Na,SO, solution, and brine. After drying (Na,SO,) and
concentration to dryness under vacuum, chromatography on silica gel (eluent: hcxme/EtOAc = 3:1) gave 18

(105 mg, 90%, based on 29 mg recovered substrate). Mp 83 °C; [a],* = -62° (¢ = 1.5, CHCl,); 'H NMR
(CDCl,, 400 MHz) 8: 2.95 (dt, J = 4.2, 9.0 Hz, 1H), 3.02 (t, J = 10.1 Hz, 1H), 3.30 (s. 3H), 3.30 (m, 1H),
QA AL (AR '='-1£ OQAH>, 1IN LT forx MM QAL AA T —-—0Q D"NTI» 1IN 2TA L+ T _0O01 11, D11V 2 01
J.590 G4, v 2.0, 7.V I1Z, kL), J.J1 \ill, &11), 3.00\OG, J = 7.7, £4.U 112, 111}, J.714 \{, 4 = 7.1 1iZ, &0}, 3.01
(¢ J=07Hz IH. 388 (dd. J=43 100Hz 1H) 401 (¢t J=03 Hy 1H) 425 (d J= 121 Hz 1H)
\&y & Foi AdZy AZRJy Z.00 \UGGy v [Ty AW Zad,y 1Xa), FUL (3, v Fed ARy AR}y Told \Gy v Aot Rd&ey LEL],
4.34 (br. s, 1H), 4.55 (d, / = 3.6 Hz, 1H), 4.63 (dd, J = 7.2, 12.1 Hz, 2H), 4.72 (d, J = 10.8 Hz, 1H), 4.77
(dd, J = 8.1, 12.4 Hz, 2H), 4.87 (d, J = 12.4 Hz, 1H), 4.94 (s, 1H), 5.01 (br. s, 1H), 5.04 (br. d, J = 7.5

Hz, 1H), 5.06 (br. s, 1H), 5.40 (br. s, 1H), 5.45 (s, 1H), 5.49 (br. s, 1H), 7.15-7.55 (m, 33H), 7.59 (t, J =
7.5 Hz, 1H), 7.97 (d, J = 7.2 Hz, 2H), 8.10 (d, /= 7.2 He, 2H), 8.17 (d, J = 7.1 Hz, 2H); ’C NMR
(CDC1,, 75 MHz) &: 55.2, 58.3, 66.5, 66.8, 66.9, 67.6, 68.3, 69.4, 72.7, 73.6, 74.1, 75.2, 76.6, 8.2,
78.5, 789, 79.5, 97.5, 98.8, 101.0, 101.6, 126.0, 126.8, 127.4, 127.5, 127.7, 127.8, 127.9, 128.1,
128.2, 128.2, 128.4, 128.5, 129.0, 129.4, 12 9.9, 130.0, 130.1, 130.3, 133.0, 133.3, 137.5, 138.3, 138.4,
138.9, 164.4, 164.5, 165.7. Anal. Calcd for C,;H,,0,,: C, 71.14; H, 5.81. Found: C, 70.96; H, 5.81.

U

xylopy noside (26) A solution of cyclohexanol (20 mg,

D ) and Ananlad o dac Ao s AN
iy dalld LOLICU UlidcL AL WO 94U
T

Cyclohexyl 2,3,4-Tri-0O- benzoyl B

'1.“....-. - LT Y (D T

oM Afror ctirrineg £ S h acalution Af 16 o D1 mmnl) i (2 mI ) wag added fallauad
e AT SUmang 100 u.o 5, a SGauuln O 19 (Ju IE, v.or MO 1 wii,viy (O Ty Was aGaea ioaldwed,
dropwise, by a solution of AgOTf (50 mg, 0.2 mmol) in toluene (1 mL). After stirring for a further 05 h at

-40 °C the reaction mixture was allowed to warm to 0 °C before it was filtered on Celite, then washed with
aqueous Na,SO, and brine. After drying on Na,SO, and concentration, chromatography on silica gel (eluent:
hexane/EtOAc 8/1) gave 26 as a white solid (46.5 mg, 90%). Mp 61 °C; [a], = -37.5 (c = 0.3, CHCL); 'H
NMR (CDCl,, 300 MHz) &: 1.10-2.00 (m, 10H), 3.70 (m. 2H), 4.45 (dd, / = 4.7, 10.3 Hz, 1H), 495 (d, J
= 6.7 Hz, 1H), 5.32 (m, 1H), 5.47 (dd, J = 6.6, 7.5 Hz, 1H), 5.78 (t, / = 8.5 Hz, 1H), 7.30-7.40 (m, 6H),
7.45-7.60 (m, 3H), 7.90-8.05 (m, 6H); *C NMR (CDC1,, 75 MHz) &: 23.4, 23.7, 25.4, 31.3, 33.2, 61.2,
69.2, 70.4, 70.6, 98.3, 128.3, 129.1, 1294, 129.7, 133.1, 133.2, 133.2, 165.0, 1654, 1655 HRMS:

Calcd for C,;H,,0,: 300.1362, found: 300.1358 (M" - 2xPhCO,H). Anal. Caled for C,,H,,0,: C, 70.58; H,
5.92. Found: C, 70.29; H, 5.93.

C_Phanvl 2 T A_Tri.N_honravi_1_donvv. 1 _thin.R.D.vvlanvranncide (34) DhQ NS ml ) wac
o F A EELIR Y dvgufgFT R B AT U“lva ATATUNUA ATsHav lJ Ar I\J IVPJ A ARV IINEN \/T ) A 1ol \U.J 12iLs] VWAaAO
added dropwise at room temperature to a stirred solution of 16 (1.00 g, 1.9 mmol) and Et N (2 mL)in CH (‘1

{4 - e & LRy 2L L
(15 mL). After stirring overnight the reaction was diluted with aqueous NaOH (3 M). The organic phase was
decanted and washed with agueous NaHCO,, then brine, and dried over Na,SO, before concentration to
driness. Chromatography on silica gel (eluent: hexane/EtOAc 10/1) gave 34 as a white solid (635 mg, 60%).
Mp 63 °C; [a],® = -26.5° (¢ = 2.1, CHC1,); '"H NMR (CDCL,, 300 MHz) &: 3.85 (dd, J = 11.2, 6.5 Hz, 1H),
4.75 (dd, J = 11.2, 4.7 Hz, 1H), 5.30 (m, 2H), 5.50 (t, J = 7.5 Hz, 1H), 5.80 (t, J = 7.5 Hz, 1H), 7.25-7.50
(m, 9H), 7.50-7.65 (m, 3H), 7.90-8.10 (m, 8H); ’C NMR (CDC1,, 75 MHz) &: 63.4, 68.6, 70.0, 70.4,
86.3, 128.1, 128.4, 128.9, 129.1, 129.9, 130.0, 132.5, 133.1, 133.4, 133.5, 165.1, 165.2, 165.5. Anal.
Calcd for C,,H,,0,S: C, 69.30; H, 4.73. Found: C, 68.80; H, 4.77.

A SANN . NN I\ AT M 1N T e 1o 3 A 70 O 3 PRt SRR Bt DGR

solution of 34 (400 mg, 0.72 mmol) in U, (1U mu.) was Co oled to -78 °C under Ar and treated dropwise
3sls n cnliitioes AF DDA F17TA ;v 1 svaemmal) 5o OLT 1 £ ennY ) A fene «x . P PPN SRV |
WIUIL d dOIULIUEH Ol 111V DA \l I lls, 1 VL) \"112\"‘2 < 11y). Fptyied wa.luuus lU 1 111 \ClLii AALUL §le}
avanmaratinn tn Arinace nhramatagranhu Aan cilinra gal falnants havana/RtNVA A~ R/1N gaus ng an ~ 21 mivhira f
\fvawlauull WU ULV OD vil viiialvgia ll] Vil DdiiivQa s\ll \\/Iu\'lltn HIVAQININAg A ANIITAC Y ll sﬂv\d I A3 <l L1 MUBALUILV UL
two isomers (340 mg, 83%). Anal. Calcd for C 2H%OSS' C, 67.36; H, 4.59. Found: C, 67.08; H, 4.67
Careful (‘hrnmammnhv enabled cenamnnn intoa major isomer (260 mg) and a minor isomer (80 mg) whose

configurations were not estabhshed 35, Major isomer. Mp 140 °C; 'H NMR (CDCl,, 300 MHz) &: 3.90 (dd,
J =11.3,7.5Hz, 1H), 4.55 (dd, J = 11.3, 3.8 Hz, 1H), 4.82 (d, J = 7.5 Hz, 1H), 5 25 (m, 1H), 5.85 (m,
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2H), 7.20-7.60 (m, 12H), 7.75 (d, J = 9.4 Hz, 2H), 7.90 (d, J = 9.0 Hz, 2H), 7.95 (d, J = 9.0 Hz, 2H),
8.05 (d, J = 9.0 Hz, 2H); *C NMR (CDC1,, 75 MHz) &: 65.8, 65.9, 67.8, 70.1, 94.0, 125.1, 128.2, 128.3,

128.4, 128.6, 128.8, 129.0, 129.8, 129.9, 131.5, 133.5, 139.9, 165.1, 165.2, 165.5. Minor isomer 'H
NMR(CDCI,,300MH2)5 385(dd,1=113 7.5 Hz, 1H), 4.60 (d, J = 7.5 Hz, 1H), 4.65 (dd,J=113
¥ 7
J =

5 Hz. 1H) 7 L T LE 2 £
J 1L, iM1)y 1.£0-1.02 uu, an) 71.92-

~

Orthoester 36. A. From sulfoxide 35. A solution of 35 (50 mg, 0.09 mmol) and DTBMP (36 mg, 0.18
mmol) in CH,Cl, (6 mL) was cooled to -78 °C with stirring under Ar and treated with Tf,0 (17 uL, 0.1 mmol)
and after 5 min at -78 °C., with cyclohexanol (20 pL., 0.18 mmol). Stirring was continued for 1 h at -78 °C
before the reaction mixture was quenched by addition of aqueous NaHCO,. After warming to room
temperature the reaction mixture was filtered on Celite and washed with brine, Examination of the crude
extracts by '"H NMR spectroscopy revealed formation of one very major product (>90%), identified as 36.
Preparative TLC on silica gel (eluent: hexane/EtOAc 8/1) provided a pure sample of the unstable, oily
orthoester for characterization purposes. When the reaction mixture was allowed to warm to § *C before
quenching 'H-NMR spectroscopy of the crude extracts indicated an ~ 1/1 mixture of 36 and 26. B. From
thioglycoside 34. To a stirred solution of AgOTf (67.5 mg, 0.27 mmol) in CH,Cl, at -78 °C was added under

Ar a cnlntan nf th (Af me n '1‘ mmallin CH O (2 I ) fallawad aftar 10 rmiin hy dronuries addinan of
AT, a 5Ciualn Of risS Ui GO g, v MmO 1N Ur 1\ 1) W& L) 10L0WLD alicr 1vu TN oy GIropwist aGaid Ui

a solution of 34 (50 m nd DTBMP (55.4 mg, 0.27 mmn]\1n(‘H ("l After a further S mi

lution of 34 ng, 0.09 mmol DTBM mg, 0.27 ter a further 5 mi

d in
78 °C, cyclohexanol (18 mg, 0.18 mmol) in CH,Cl, (2 mL) was added. Aftcr StLr_rmg for 1 h at-78 °C
reaction mixture was allowed to come to room temperature before quenching with aqueous NaHCO, (2 drops).
Drying on Na,SO,, and concentration provided a crude preparation which, on examination by 'H NMR
spectroscopy was revealed to contain a 4-5:1 mixture of 36 and 26. 36: 'H NMR (CDCl,, 400 MHz) 5: 1.05-
1.85 (m, 10H), 3.38 (m, 1H), 3.65 (dd, J = 8.1, 12.0 Hz, 1H), 4.11 (m, w,, = 25 Hz, 1H), 4.68 (m, w,, =
12 Hz, 1H), 5.29 (dd, J = 7.4, 2.5 Hz, 1H), 5.75 (t, J = 2.5 Hz, 1H), 5.89 (d, J = 4.8 Hz, 1H), 7.30-7.55
(m, 7H), 7.55-7.65 (m, 2H), 7.73 (d, / = 6.7 He, 2H), 7.97 (d, J = 77 Hz, 2H), 8.08 (d, J = 8.3 Hz, 2H);

:
2 |
3
3_
;:::

s»

.

1378 RTRAD 7ASTSees 2 — -

“C N (CDC1,, 75 MHz) &: 242(2(,),135 33.1, 33.4, 59.3, 68.0, 68.8, 72.8, 96.7, 121.3, 126.4,
128.0, 128.3, 128.3, 128.5, 128.9, 129.2, 129.8, 129.9, 133.3, 133.6, 136.4, 164.7, 165.3. No attempi
was made to characterize further this unstable oil

. l-a 1 (37). A NaOMe solution was p |
(23 mg, 1 mmol) MeOH (10 mL) and added to a mixture of 18 (289 mg, 0.23 mmol) in dry MeOH (5 mL)
under Ar. After stirring ovemight, evaporation, and chromatography on 31hca gel (eluent: EtOAc/hexane 3/2)
gave 37 (217 mg, 97%). Mp 76-80 °C; [a],* = -50° (¢ = 0.1, CDC1,); 'H NMR (CDCl,, 400 MHz) & 1.25
(br. s, 1H), 1.74 (br. s, 2H), 3.04 (m, 2H), 3.31 (m, 2H), 3.37 (s, 3H), 3.48-3.75 (m, 10H), 3.80-3.98 (m,
4H), 4.05 (dd, J = 4.8, 10.5 Hz, 1H), 4.19 (dd, J = 2.3, 11.8 Hz, 1H), 4.32 (d, J = 12.0 Hz, 1H), 4.40 (br.
s, 1H), 4.60 (m, 2H) 4.63 (d,J = 5.6 Hz, 1H),47O (d, J/ = 12.1 He, 1H), 4.76 (d, J = 12.0 Hz, lH), 4.78

thvl ‘).-n-{R-D.lennvranncvl\-d_-n-(R-n-manngnvran
thyl 2.0.(H viopyrangsyl O-(p-D-m pyra
sti

added Pd/ > (30m mg) and the reaction

white solid (50 mg, 94%); Mp 212 "C, [0 =+20.0 (c = 0.1, H,0); 'H NMR (D,0, 400 MHz)%! 5: 3.14 (1, J
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= 10.5 Hz, 1H), 3.23 (s, 3H), 3.23-3.36 (i, 5H), 3.41-3.56 (m, 4H), 3.61-3.86 (m, 6H), 4.11 (d, J = 3.5
Hz, 1H), 4.38 (d, J = 7.5 Hz, 1H), 4.80 (br. s, 1H), glucose H-1 is obscured by the HOD signal at § 4.70;
'H NMR (DMSO-4; + 5% D,0, 400 MHz) anomeric resonances &: 4. 35 d,/=7.0Hz, I1H),451(d, J=4.2

20 A7y, 13/ wva v T o Mo mETE N ' N Bl N

Hz, 1H), 4.58 (br. s, 1H); °C NMRK (D,0, 75 MHz) &: 57.4, 62.5, 62.8, 67.4, 69.2, 71.6, 72.5, 73.3, 74.0,
A1 TICE L 1M1y 100 ON 1 Q1 1 1Mt 2 TNy & 1NL A Awmnl 01,0 Lo M 1T N. ™ AN £ 1T
4.1, i3.0, Ii1.7, /0.0, OU.1, Ol.1, 1UL.D, 1ULD, 1UD.4., AnNdl LaiCa 101 \"lsn32U15 1I1U. L, 4207, I1,
ATAE TFrnund:- £ A AR 1 £ AR
. 7 U, LUUIIU. Wy TTL.UO, 11, Vv
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