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Abstract

A MOLECULAR ORBITAL STUDY OF DlASTEREOFACIAL 

SELECTIVITY IN THE DIELS ALDER REACTION

AND

GLYCOSIDATION VIA GLYCALS AND 

ARYL(BISARYLTHIO)SULFONIUM SALTS: EFFECT OF 

NUCLEOPHILE AND ARYL SUBSTITUTION ON FACE SELECTIVITY

by

Neelu Kalla 

Advisor: Professor Richard W. Franck

Part 1: The AM1 molecular orbital method is used  to predict the face selectivity

for six different Diels-Alder reactions of d ienes  bearing s te reogen ic  aitylic
*

subs tituen ts . The predictions a re  b a se d  upon fully optimized and  fully 

characterized transition s ta tes  for each  possible conformation of the 12 different 

transition sta tes. The AM1 RHF method with complete geometrical optimization, 

is found to be  adequate  for predicting the face selectivities of reactions studied. 

Agreem ent with the available experimental literature is quite satisfactory. No 

single effect se em s  to dominate the predicted selectivities. They appear to result 

from a combination of electronic and steric interactions.

Part 2: Aryl{bisarylthio)sulfonium salts are  found to be exceptionally useful 

reagents for glycosyl transfer of glucal to a  variety of hydroxyl transfer donors. 

T h ese  a re  p selective  reag en ts  giving 2-arylthio substitu ted  2-deoxy-p-



glucopyranosides. The method works for both phenols and acyloins (models for 

aureolic acid synthesis) a s  well a s  the more common primary and secondary 

s u g a r  a lc o h o ls .  T he  s u b s t i t u e n t s  on the  p h en y l  ring of th e  

aryl{bisarylthio)sulfonium salts are  varied. The face selectivity d ep en d s  on the 

n a tu re  of th e  nuc leoph ile  a n d  th e  th iosu lfon ium  re a g e n t .  The p- 

methylphenyl{bis(p-methylphenyl)thio}sulfonium salt is the most p -se lec tive  

reagent. The sulfonium salt glycosidation procedure is used for the synthesis of 

th e  2-deoxy-1 -0 - (3 '- (2 '-d e o x y -1 ’*0-m ethy l)-p -D -rham no pyranosy l}* P -D - 

rhamnopyranoside, the C ’-D' ring analog of aureolic acid.
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PART 1

A MOLECULAR ORBITAL STUDY OF DIASTEREOFACIAL 

SELECTIVITY IN THE DIELS ALDER REACTION 

Introduction

The Diels-Alder reaction takes place betw een a  diene and dienophile to  form 

six m em bered rings with remarkably high stereo- and  regioselectivity (Figure 1). 

This reaction h a s  distinctive charac teris tics  such  a s  the  formation of 3,4 

disubstituted cyclohexene rather than 3,5 disubstituted cyclohexene products 

and  in the majority of the c a s e s  formation of the  more crowded endo adduct 

instead of the less  encum bered  exo product. The preeminent position held by 

the  Diels-Alder reaction in organic syn thesis  can  be unders tood  from the 

num erous  p a p e rs  and  reviews in recen t y e a rs  abou t the  synthetic  and 

mechanistic a sp ec ts  of this reaction.1

or/and |

X X X

Endo Exo

3,4 disubstituted products

X
3,5 disubstituted product

F igure  1. Diels-Alder reaction
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The most com m on approach  for obtaining facial selectivity in intermolecular 

c a s e s  is to link the  diene or dienophile to a  chiral auxiliary. Ideally, the  auxiliary 

blocks one  face of the diene or dienophile, a  face selective cycloaddition takes 

place, the  auxiliary is removed and one obtains an adduct enriched in one 

enantiomer (Figure 2A). An alternate approach is to u se  a  chiral Lewis acid.2

F igure  2A. Face selective cycloaddition using a  chiral auxiliary

A third approach to face selectivity is to incorporate a  stereogenic center within 

the d iene  or d ienophile, usually at an  allylic position. The product of 

cycloaddition are d iastereom ers and remain so  b ecause  the stereogenic center 

is built into the product (Figure 2B). Usually heteroatom substitution at the  allylic 

position exerts a  pronounced effect on diastereoselectivity.3

O I T

COOH |

COOH
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O O o

HO * v^na 
H

HO I  CH3 
H 3

HO I CHi 
H

n '
O

0

73% 27%

Figure 2B. Face  selective cycloaddition using a  chiral cen ter within the  diene

The recent interest4 in face selectivity of the Diels-Alder reaction has  focussed 

on th ree  s e t s  of experim ental results for acyclic 1 ,5 semicyclic 2 6 and  

cyc lo p en tad ien es  3 .7 In addition, there  have been  extensive studies in the 

isodicyclopentadiene series 4.8

To be consistent, we define the configuration of the allylic center by 

always assigning the sp 2 carbon of the double bond a higher priority than the 

sp3  carbon attached to the allylic center (shown in 5). Also, in defining the facial 

configuration of the  double bond, we always assign  the priority of the allylic 

carbon a s  1 and the vinylic carbon a s  2 (shown in 6 ). Thus the top face in 6 

w here  g roups a re  oriented clockwise is the  re  face  and  the a lternative 

a rran gem en t in the bottom face of 6 com prises  the s i face. We use  the 

Seebach-P relog  convention9 to describe the relative topicities of the approach

HC - 
H
1

OH
2

(n=2; n=3) 3 4
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or addition to the face of an  enantiomer, e.g. addition to the s i face of the double 

bond with an adjacent 'R' allylic center is unlike (ul).

unlike

5 6

T hree  distinct m ethods have  b een  u se d  to interpret the  o b se rved  face 

selectivities. Recently H ehre and  Kahn have p roposed  a theory b a s e d  on 

electrostatic attraction and repulsion of the reac tan ts  to rationalize the face 

selectivity in Diels-Alder reactions bearing allylic d ien e s  and  d ienoph iles .10 

Their theory s ta te s  that, cycloadditions involving electron rich d ie n e s  and 

electron poor dienophiles should occur preferentially onto the  diene face which 

is m ore nucleophilic a n d  the  d ienophile  face  which exhib its g re a te r  

electrophilicity. In their model, the alkyl and  the hydrogen substituents of the 

allylic group remain som ew hat in the plane of the double bond of diene or 

dienophile w h ereas  the heteroatom substituted group rem ains perpendicular to 

the plane (7).

7
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Thus, two faces  of the diene or dienophile a re  electronically unequivalent and 

any attack from the top or bottom of the diene or dienophile plane (parallel to 

the hetero substituted group) will be controlled by the electrostatic attraction or 

repulsion with the hetero substituted group. For example, if the hetero atom is 

electron rich (O, N) then the dienophile, being electrophilic will attack the allylic 

d iene  from a  face syn (like) to hetero  atom du e  to an  electrostatic attraction 

betw een the hetero atom and the dienophile. They have further suggested  that 

if the hetero atom beco m es electropositive then  the dienophile will approach  

from the face anti (unlike) to the hetero atom due to electrostatic repulsion 

betw een the electropositive hetero atom and  the dienophile. Similarly, the 

attack of the diene on a  dienophile bearing the allylic center is also controlled 

by the electrostatic factor and  the diene being nucleophilic in nature should 

show  opposite  facial preference. For e.g. maleic anhydride a d d s  to a  1- 

hydroxycyclopenta-2,4-diene, 8 , syn to the hydroxyl group.

A second  rationale is based  on the idea that the stereogenic center has  different 

conform ations best suited to interact with the  HOMO or the  LUMO of the 

substituted reactant.11-12 Franck's group had explained the diastereoselectivity 

observed  in the reaction of sugar  derived chiral allylic dienophile 9 with diene 

10 by assum ing  an attack of the diene on a  tace  opposite to allylic alkoxy

8
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function of the chiral dienophile.13 Thus, the allylic carbon bearing an *R’ chiral 

center directed diene approach from the si face of the dienophile.

MeO OTBDMS

a

9 1 0

S u b se q u e n t  work on in term olecular Diels-Alder re a c t io n s14 and dipolar 

cycloaddition re a c t io n s15 ex tended  this trend for the dienophile viz. an R 

derived group favored si face attack (unlike ) w h ereas  an  S derived group 

favored re face attack {unlike). Experimental results from Franck's laboratory11 

and from other workers16 showed that the sam e  chiral center favored opposite 

face selectivities in the diene and  dienophile. Considering the reactivity of the 

diene being HOMO controlled and that of the dienophile being LUMO controlled 

a  selection rule w as proposed  to rationalize the diastereoselectiv ity .11 Two 

different rotam ers of the bond connecting the allylic chiral carbon to the sp 2 

carbon  w ere  considered  to be responsib le  for the d iene  an d  dienophile 

selectivity. For the c a se  of dienophile rotamer 11, the hetero group (x) remains 

perpendicular to the double bond, and therefore stabilizes the LUMO of the 

dienophile, and increases its reactivity. The bulk of X requires that the opposite 

face is attacked. The HOMO of the diene w as suggested  to be more reactive via 

rotamer 12 , where the hetero atom remains orthogonal to the k system because  

a rotam er of type 11 would increase  the stability of HOMO which would

re

si
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increase the energy gap  between the HOMO of the diene and  the LUMO of the 

dienophile resulting in d e c rea se  in reactivity of the system . Thus b a sed  on a  

limited num ber of results an  empirical rule had been su g ges ted  which can be 

stated a s :  the allylic cen ter next to a  diene and a  dienophile will direct opposite 

d ia s te reo c h em ica l  o u tc o m e s  in a  Diels-Alder reaction . M cDougal and  

coworkers have done experiments using d ienes with substituents at 2 -position 

to support the idea that rotam er 12 is the reactive o n e .17 Recent work by 

Franck's group h as  shown that a  simple theoretical a rgum ent limited to the 

diene conformation alone cannot explain the observed diastereoselectivity.53

R

1 1  1 2

Overman and Hehre have studied the face selectivity in Diels-Alder reactions of 

semicyclic d ienes 13 and 14 (type 2, n=2) with N-phenylmaleimide(NPM} and 

te tracy an o e th y len e . In all c a s e s  but o n e ,  cycloaddition w a s  o b se rv ed  

preferentially from the  diene face opposite to the allylic substituent. The workers 

su g g es ted  that in c a s e  of diene 13 (X«Me) the endo syn transition sta te  (15, 

X -C , R '«C H 3 ) w as  d isfavored  b e c a u s e  of simple destabiliz ing steric  

interactions betw een the dienophile and  the allylic methyl group. For d ienes 

with vinyl sulfinyl or allylic e ther substitution they attributed the face selectivity to 

non bonded electrostatic interactions betw een the  allylic hetero atom and the 

dienophile in the syn transition s ta te s .63
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R
Ph

s
ioX

1 3  X -  Me, OH, OMe, 
OtBDMS

1 4  R Y
H C 
H O 
CH3 O 1 5

Franck's group has rationalized their results for d ienes  of type 2 

(n»3) solely on steric a rgum ents.66 They have studied the Diels-Alder reaction 

of allylically su b s ti tu ted  vinyl c y c lo h e x e n e s  1 6  with NPM, dimethyl 

acety lened icarboxy la te  and  N-phenyltriazolinedione. In all the exam p les  

studied the results suggested  that the size of the R and OR' groups controlled 

the face selectivity of the Diels-Alder reaction.

Recently Cieplak, Tait and  Johnson  have used  the concept of transition sta te  

stabilization by a  electron donation into the vacant a* orbital associated  with the 

incipient bond  to accoun t for axial a ttack  of c y c lo h e x a n o n e s18 and syn  

ap p ro ach  of bu tad iene  to 5 -f luo ro -adm an tane-2 -th ione .19 In his work on 

cyclopentadienes, Fallis has  used  this version of Cieplak’s theory, that is, the

R *» H, Me 
R’ * H, Me, TMS

1 6
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cycloaddition occurs preferentially from the opposite  side of the substituent 

which is the  best electron donor so  that the developing o* orbital can  be 

stabilized by hyperconjugation.7 In the isodicyclopentadiene series, the concept 

of orbital tilting or pyramidalization of the diene in the ground sta te  led naturally 

into stabilizing one of two possible transition s ta te s  b ecau se  of better HOMO- 

LUMO overlap.0 The idea of orbital tilting is that the o / jc interactions c a u se  the 

rotation of the p7t lobes at the active centers thus controlling selectivity. A third 

approach is to directly calculate the transition s ta tes  (TS) for the cycloaddition to 

both possible faces  of the k sys tem  perturbed by the ad jacent s te reogenic  

center. This approach is the subject of this thesis.

T here  have  b e e n  m any calculations of the  Diels-Alder transition s ta te  

(discussed below); however the effect of a  noncyclic stereogenic center on face 

selectivity has not been  studied in the past. Som e closely related calculations 

have been  done  by Houk and Liotta.20*22 Houk studied the transition s ta tes  for 

the 1,3 dipolar cycloaddition of fulminic acid to an acyclic ethylene and  an 

adjacent chiral center using a  blend of ab initio and MM2 calculations. He noted 

that the preferred conformation of the stereogenic center in the transition state 

had the hetero atom directed toward the group attached to the distal sp 2 carbon 

(17). F ace  selectivity w as controlled by minimization of steric h inderance to 

approach  of fulminic acid by the remaining groups of the  chiral carbon .20 Houk 

h as  also applied this approach  to the isodicyclopentadiene problem .21 Liotta 

applied MINDO/3 calculations of transition s ta te s  to Diels-Alder reactions 

involving dienophiles with s te reogen ic  cen te rs  within cyclic sys tem s. The 

en erg ies  of single transition s ta te s  of two d iastereom eric  d ienophiles were 

com pared to predict their relative reactivities.22



1 0

X H

1 7

Dannenberg and Oliva's group23 have used  the AM1 and MNDO semiempirical 

molecular orbital methods to model the transition state of reaction between 13- 

angelica  lactone and  cyclopentadiene. Both the m ethods predict the sam e  

selectivity a s  observed experimentally where the  lactone reacts preferentially at 

the face opposite the methyl group (Figure 3). This reaction has been studied 

experimentally by Ortuno et. al. 24 who has studied other similar Diels-Alder 

reactions. The sa m e  group has  studied  the transition s ta te  of Diels-Alder 

reaction betw een  protoanemonin and  bu tad iene  also using the MNDO and 

AM1 m ethods.25

Figure 3

Transition state of Diels-Alder reaction between {3-angelica 

lactone and  cyclopentadiene.



Modelling of the transition state for the Diels-Alder reaction has been  one of the 

more controversial subjects in the field of theoretical organic chemistry. There 

have been  many reported calculations on the archetypical reaction betw een 

ethylene and  bu tad iene .26 Several have predicted a symmetrical, while others 

an  unsymmetrical, transition state. The method that we have used  for this study, 

AM1, has  been  reported to predict a symmetrical transition sta te  when RHF 

calculations a re  performed, but an  extremely unsymmetrical transition s ta te  

(and even  a  possible biradical intermediate) when the sa m e  methodology is 

u se d  in a  specific 3 x 3  configuration interaction (Cl) procedure . In this 

procedure, the SCF calculation is done on the open shell biradical state, the 

two other s ta te s  are  constructed by either demoting an electron from the higher 

singly occupied orbital or promoting one form the lower singly occupied orbital, 

D annenberg 's  group h as  found that 3 x 3 Cl of this type works well for bond 

dissociation reactions27 since the transition s ta tes  for such reactions are usually 

fairly similar to the radical pairs. This procedure converges to the sum of the 

energ ies  of the two independent radicals (as calculated using half electron 

m e th o d )28 at large separation of the radicals. On the other hand, it has  been 

found that 2 x 2 Cl (using the RHF, doubly occupied ground sta te  to perform the 

SCF calculation) is a  better procedure for molecular rearrangem ents  (such a s  

the C ope rearrangem ent)29 where there is considerable bond formation at both 

the bond making an d  bond breaking positions. In the report30 of the 3 x 3 Cl 

AM1 calculation of the Diels-Alder transition sta te  (the higher or first transition 

sta te  in this report), one can se e  that the biradical state  has  the least weight of 

the three  s ta te s  considered in the Cl, yet it is the sta te  for which the SCF 

calculation w as performed. The other two sta tes, the completely paired ground 

state  and the paired doubly excited state, which have weighting coefficients of -



0.933 and 0.356, respectively, after Cl, are  likely to be inadequately described 

by simply demoting or promoting an electron using imperfect SCF orbitals (for 

com parison, the  weighting coefficients for the biradical s ta te  is 0.055). We 

therefore believe that this calculation could lead to a  misleading model of the 

transition state.

Bemardi has  recently reported that a  fully optimized MCSCF ab  initio treatment 

of the  reaction betw een butadiene and  ethylene h a s  two competing reaction 

channels: one synchronous and another asynchronous.31 This is in accord with 

a  suggestion by Dewar that both reaction paths might (in general) exist.

We, therefore, considered the RHF transition state to be a  reasonable model for 

the calculation of the transition sta tes for the reactions of the chiral molecules 

that we have  considered . W e have done calculations for the Diels-Alder 

cycloadditions of ethylene, acrolein and methyl propiolate with substitu ted  

pentadienes so  that C-5 is stereogenic, CH(O Ri)(R2 ) (reactions I - IV, VIII and 

IX, Table 1).32
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Table 1. Diels Alder Reactions Studied

h * §  x  H ^ r  x

like unlike

18 (Ri-CHa; Ra-OH) + 25 (X-H)

19 (R ^C H g; R2-O C H 3)+ 2 5  -

20 (R1-C H 3; R2=OC2H5>- 2 5  -

21 (R^CaHg; R2=OCH3^ 2 5  -

22 (R ^C H g; R2=H) + 2 5  "

23 (R ,-H ; Ra-OH) + 2 5  “

2 4 ( R 1*H; R2-O C H 3) + 2 5  "

1 g + 26 (X-CHO)-

28

3 0

3 2

3 4

3 6

3 7

3 8

3 9

+

+

29 reaction I 

3 1  reaction II 

3 3  reaction III 

3 5 reaction IV 

reaction V 

reaction VI 

reaction VII 

4 0  reaction VIII

unlike

1 9 + 27 (X»C02CH3) 41 42 reaction IX
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M ethods

Most ab initio calculations a re  of the restricted Hartee-Fock (RHF) type.33 T hese  

calculations employ a  one-electron effective Hamiltonian. That is to say, the 

energy of each  electron is calculated in the approximated field of all the others 

(plus the nuclei). The major obstacle to ab  initio calculations for the modelling of 

organic system s is the difficulty of the calculations, especially with respect to the 

time required. The feasibility of performing such  calculations d e c re a se s  quickly 

with increasing size of the system. Semiempirical calculations34 are therefore 

used  to calculate the properties of large molecules. The rationale behind these  

calculations is to develop a  physical model that can mimic an accura te  MO 

calculation without the difficulty of performing the full calculation. In visualizing a 

physical model of the molecule it is immediately apparen t that the inner shell 

e lectrons a re  not likely to play a  large role in the molecular model. For this 

reason , the  inner shell electrons a re  included in the "core" in semiempirical 

methods. Rather than calculating the energy of the electrons on the field of the 

nuclei, their energy  in the field of the core , m ade up of effective nuclei 

containing both the nucleus and the inner shell electrons, is calculated. Among 

the semiempirical m ethods the AM1 method has  been  developed by Dewar et. 

al.35

All calculations were performed using the AMI approximation to molecular 

orbital theory at the  RHF level. In each  of the c a s e s  considered, all six possible 

transition s ta te s36 {3 rotamers, each, for both the like, attack from the si face for 

'S ' chiral group (illustrated in 43), and  unlike, attack from the re face for 'S ’ 

chiral group (illustrated in 44)} were individually optimized with respec t to all 

internal d eg rees  of freedom. All possible rotamers about the relevant bonds in
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the substituent groups on the chiral center were also considered. The transition 

s ta te s  were fully characterized by calculating the force constan ts , only one of 

which w as negative in each  c a se  studied. This required a  significant number of 

calculations a s  convergence  to points with more than one  negative force 

constan t w as  quite comm on. In general the second  negative force constant 

would be  for a  torsional m ode about a  bond either to or within one  of the 

substituen ts  on the chiral center, calculations were a lso  perform ed for the 

re a c ta n ts  an d  products . A total of 47 individual transition s ta te s  were 

charac ter ized , each  involving up to 84 in depen den t internal d e g re e s  of 

freedom.

Si -face
Si -face

/ .  i

(S)-chiral cen ter (S)-chiral center

like -transition state unlike -transition state 

444 3



R esults and D iscussion

The results of the calculations are p resen ted  in Tables 2 - 4, The activation 

energ ies  are close to what is expected for Diels-Alder reactions of this class. 

The activation enthalpy of the reaction of ethylene with butadiene h as  been  

estimated to be 27-34 kcal/mol at 298°C  in the g a s  phase. Activation enthalpies 

for the reactions of our model dienes and ethylene (see Table 2) range between 

25.5  and  26.3 kcal/mol.37 The higher activation enthalpy for reaction with 

acrolein parallels the observation of Dewar that RHF calculations do not 

properly account for the effect of substituting CN groups for H on the dienophile. 

The g a s -p h a se  Diels-Alder reaction of butadiene and acrolein is reported to 

have an activation energy of 19.7 kcal/mol (A=1.46 x 109 ) in the tem perature 

range of 155-332°C.38 We have not found appropriate quantitative g as  phase  

activation energy d a ta  for reactions similar to reaction IX with an  acetylenic 

dienophile. However, qualitative reports su g g es t  that acetylenic dienophiles 

react more slowly than their ethylenic counterparts in solution.5a-39
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T able  2. Geometric and  Energetic P aram ete rs  for the Best { like and  unlike)

Transition S tates for Reactions l-IXa

bond length

reaction product ♦ AH act** AHf long short

1 2 8 167.4 25.50 -14.11 2.166 2.072

1 2 9 -38.1 25.91 -14.11 2.161 2.078

II 3 0 168.1 25.69 -7.69 2.154 2.071

II 31 28.0 26.30 -7.69 2.174 2.067

III 3 2 170.7 26.02 -13.23 2.163 2.072

III 3 3 175.7 26.22 -13.23 2.169 2.061

IV 3 4 168.7 25.66 -13.62 2.166 2.067

IV 3 5 22.4 26.15 -13.62 2.184 2.042

VIII 3 9 177.5 25.57 -40.69 2.287 1.995

VIII 4 0 0.8 25.98 -40.69 2.326 1.975

IX 41 182.6 33.44 -50.70 2.174 2.056

.. »2L 4 2 -9.5 32.30 -50.70 2.295 1.992

a Long bond is always the bond to the substituted carbon ot the diene. 

b Activation Energy-Transit ion slate energy-heat of formation of the reagents (AHf).

AHact arK* AHf in kcal/mol. distances in A0 , angles in deg. See Figure 4D for the definition of 

dihedral angle 4>.
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It is apparent that AM1 successfully predicts the face selectivities for the c a se s  

studied (Table 3, assum ing that the minor structural differences betw een the 

theoretical and  experimental exam ples are insignificant). O ne should note that 

the  selectivity is inverted upon changing from ethylenic to an acetylenic 

d ienophile  in both the  theoretical and  experim ental determ inations. The 

calculations correctly predict the  p redom inance  of ondo  product for the 

reactions with acrolein. The structure of the favored endo transition state has  the 

carbonyl group anti to the double bond though the syn a rrang em en t would 

allow for greater overlap.40

T ab le  3. Comparison of Calculated and  Experimental Selectivities for Diels- 

Alder Reactions3

reaction

AAHact(calculated), 

kcal/mol

AAHact(experi m ental), 

kcal/mol

1 0.4

II 0.6

III 0.2

IV 0.5

VIII 0.4 0 .9b

IX - t .1 -0 .6°
a AAHact is defined as unlike 
15 reference 5a, entry 8, 
c reference 5a, entry 18.

- like
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In the c a s e s  for reactions of substituted d ienes with dienophiles ethylene and 

acrolein the  like  transition s ta te  is favored for eac h  reaction  studied. 

Furthermore, the best like transition state  always has the OR group in the plane 

of the  d iene  an d  ex tend ed  aw ay from the  d ien e  (we shall refer to this 

conformation a s  anticoplanar; s e e  Figure 4A for definition). In this conformation, 

the alkyl group can  point away from the dienophile, leaving the sterically less 

dem anding hydrogen directed toward the incoming dienophile (see  Figure 5A, 

6A, 7A, 8A and  9A).

Figure 4. Conformations of the diene. In A, B and C, X is in the anticoplanar, 
syncoplanar and away positions respectively. The dihedral angle, 4, is defined as 
in O, where the positive direction is indicated by the arrow head. $ is positive on the 
si face and negative on the re face regardless of the direction of the approaching 
dienophile.

A B C D

If the dienophile were to approach from the other face (unlike), the alkyl group 

would hinder its approach (for example, s e e  Figure 7B) unless the chiral group 

ch an g e s  its conformational position. In fact, the preferred transition state  for
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most of the unlike reactions has the alkoxyl group rotated by close to 180° into 

the syncoplanar position (see  Figure 4B). This m oves the alkyl group to the 

opposite face of the diene, thereby allowing the dienophile to approach from the 

less hindered side (see figures 5B, 6 B, 8 B and 9B). Reaction III is an exception 

becau se  the ethoxy is larger than the methyl group. It, therefore, prefers the less 

h indered, anticop lanar position while the  alkyl g roup b e c o m e s  positioned 

toward the  approaching dienophile (se e  Figure 7B). The energy differences 

between the syncoplanar and anticoplanar conformations is less for unlike than 

like transition s ta te s  since both conformations are sterically dem anding only in 

the unlike (see  discussion below). Significantly, the alkoxyl group prefers to be 

(approximately) in the plane of the diene in the favored transition s ta tes  for both 

like  and  unlike  reactions of all the dienes. The dienophile a p p ro ach es  from 

what is the  less  hindered side after this first criterion is met. Thus, the face 

selectivity ap pears  to be due  to a  combination of steric and electronic effects.



Figure 5A. Wee transition state lor reaction I.

to



Figure SB. untike transition state for reaction I.
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Figure 6A. like transition state for reaction II.
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Figure 6B. unlike transition state for reaction II.
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Figure 7A. tike transition state for reaction III.
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Figure 7B. unlike transition state for reaction 111.
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Figure 8A. like transition state for reaction IV.

to
-o



ft

Figure 8B. unlike transition state for reaction IV.
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Figure 9A. Hke transition state for reaction VIII.



Figure 9B. unlike transition state for reaction VIII.
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We sought in several different w ays to determ ine the  nature of w hatever 

electronic effects might be  important. First we exam ined  the  HOMO'S and  

LUMO's in the transition s ta te s  (see  Table 4). As an exam ple, variation of 

activation en erg ies  with HOMO and  LUMO en erg ies  for reaction of 5-(S)- 

methoxy-1 ,3-hexadiene, 19, with ethylene a re  shown in Figure 10. There is no 

apparen t correlation of either MO with that of the best confirmation of the 

transition for each  reaction (see  Table 4 and Figure 10). Both the HOMO and 

LUMO of the best transition sta te  are  more average  than extreme. Second we 

examined the charge densities at the oxygen and at the n positions in the diene 

and dienophile Again, no correlation is evident. In fact neither the charge nor it 

density on oxygen changes by any significant amount (see Table 4).



Table 4. Comparison of the Different Transition State Structures Characterized

for Reactions I, II, III, IV, VIII and IXa .

reactn prod. * AHact

bond

long

length

short HOMO

charge 

LUMO (on

rcdensity

oxygen)

1 2 8 167.4 25.5 2.166 2.072 -8.626 0.422 -0.325 0.079

1 2 8 38.0 26.1 2.189 2.061 -8.672 0.307 -0.324 0.081

1 2 8 234.0 26.4 2.176 2.047 -8.655 0 .336  -0.329 0.081

1 2 9 -38.- 25.9 2.161 2.078 -8.673 0.408 -0.324 0.083

1 2 9 24.0 26.0 2.174 2.060 -8.663 0.347 -0.324 0.083

1 2 9 182.3 26.1 2.181 2.054 -8.659 0.324 -0.326 0.079

II 3 0 168.1 25.7 2.154 2.071 -8.574 0.516 -0.278 0.166

II 3 0 227.0 26.3 2.169 2.066 -8.669 0.377 -0.280 0.163

II 3 0 56.4 27.1 2.180 2.058 -8.434 0.543  -0.276 0.160

II 3 1 28.0 26.3 2.174 2.067 -8.648 0.378 -0.275 0.168

II 3 1 174.6 26.5 2.175 2.058 -8.519 0.465 -0.279 0.156

II 31 76.8 26.8 2.198 2.037 -8.612 0.295 -0.275 0.167

II 31 -33.4 26.9 2.165 2.071 -8.507 0.562 -0.276 0.155

II 31 199.0 27.0 2.166 2.069 -8.467 0.571 -0.281 0.154



Table 4.(ccmtinued) Comparison of the Different Transition State structures

Characterized for Reactions I, II, III, IV, VIII and IXa .________________________

bond length charge rcdensity

reactn prod. * AH act long short HOMO LUMO (on oxygen)

III 3 2 170.7 25.9 2.163 2.072 -8.570 0.481 -0.280 0.172

111 3 2 211.9 26.2 2.167 2.059 -8.600 0.428 -0.284 0.161

III 3 2 57.6 26.8 2.180 2.059 -8.417 0.557 -0.277 0.164

III 3 3 175.7 26.2 2.169 2.061 -8.518 0.484 -0.281 0.162

III 3 3 -32.4 26.6 2.166 2.074 -8.499 0.574 -0.277 0.158

III 3 3 38.5 26.7 2.171 2.069 -8.675 0.367 0.279 0.173

III 3 3 203.2 27.1 2.173 2.068 -8.441 0.577 -0.285 0.153

IV 3 4 168.7 25.6 2.166 2.067 -8.548 0.481 -0.277 0.168

IV 3 4 250.5 26.3 2.169 2.060 -8.702 0.344 -0.277 0.166

IV 3 4 52.4 27.2 2.177 2.060 -8.453 0.538 -0.278 0.163

IV 3 5 22.4 26.1 2.184 2.042 -8.547 0.387 -0.276 0.166

IV 3 5 184.6 26.2 2.170 2.065 -8.515 0.494 -0.279 0.156

IV 3 5 -25.0 26.9 2.170 2.065 -8.527 0.510 -0.277 0.159

IV 3 5 96.5 27.2 2.196 2.041 -8.601 0.314 -0.278 0.157
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Table 4.(continued) Comparison of the Different Transition State structures

Characterized for reaction I, II, III, IV, VIII and IXa.__________________________

reactn prod. ♦ AHact

bond

long

length

short HOMO LUMO

charge

(on

ndensity

oxygen)

VIII 3 9 177.5 25.6 2.287 1.995 -8.747 -0.547 -0.286 0.151

VIII 3 9 211.6 26.4 2.289 1.995 -8.773 -0.564 -0.285 0.152

VIII 3 9 32.1 28.8 2.296 1.986 -8.624 -0.426 -0.277 0.156

VIII 4 0 0.8 25.98 2.326 1.975 -8.667 -0.610 -0.282 0.151

VIII 4 0 59.7 27.0 2.300 1.986 -8.855 -0.681 -0.269 0.167

VIII 4 0 193 29.3 2.287 1.982 -8.682 -0.547 -0.280 0.169

IX 41 102.6 33.4 2.174 2.056 -9.127 -0.180 -0.275 0.166

IX 41 256 33.8 2.171 2.061 -9.306 -0.304 -0.274 0.165

IX 41 80.0 37.3 2.171 2.059 -9.207 -0.207 -0.274 0.170

IX 4 2 -9.5 32.3 2.295 1.992 -8.920 -0.470 -0.280 0.157

a  Long bond is always the bond to the substituted carbon ol the diene. AHac t in Kcal/mol; HOMO 

and LUMO in eV; Bond length in A°; Charges and densities in atomic units. See Figure 4D lor the 

definition of dihedral angle $
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We examined the selectivities for d ienes 18-21, which have alkyl and  alkoxyl 

groups of varying bulk attached to the chiral center, in the hope of distinguishing 

the electronic effects (which would remain constant) from the steric effects. The 

selectivities of th ese  reactions, a s  well as , their transition state  structures, are 

quite similar (Figures 5-8). It should be  noted that reaction II show s slightly 

more selectivity than III or IV (see below for discussion). In order to investigate 

whether the methyl, hydroxy or methoxy group has a  natural preference for one 

conformational position on the  chiral center, we next studied the transition 

s ta te s  involving achiral d ienes  that contained only one of th ese  groups and 

hydrogens on the sa turated  carbon. Thus, we calculated  the transition sta te  

energ ies  for the reactions of 1,3-hexadiene (22), 5 -hydroxy-1 ,3-pentadiene  

(23) and  5-methoxy-1,3-pentadiene (24). For 1 ,3-hexadiene, the methyl group 

show ed  little p reference  betw een the  anticoplanar or a w a y  (away from the 

incoming dienophile, s e e  Figure 4C) positions, but the conformation with the 

methyl oriented toward the dienophile w as disfavored by 0.78 kcal/mol. On the 

other hand, for both the hydroxy and methoxy dienes, 23 and 24, the OR group 

exhibited a  clear preference for the anticoplanar position. The syncoplanar 

position is the next best (0.34 and 1.04 kcal/mol higher with OH and OCH3 

respectively) followed by the away position (see  Table 5).
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T able  5. Activation Energies for Reactions V, VI and VII a s  a  Function of the

Dihedral Angle (<)>) in Degrees (See Figure 4D for definition)

reaction product AHact(kcal/mol)

V 3 6 -97.6 25.9

V 3 6 -171.4 25.9

V 3 6 28.0 26.7

VI 3 7 179.4 25.1

VI 3 7 25.6 25.4

VI 3 7 -110.1 26.1

VI 3 7 -53.5 26.5

VII 3 8 180.5 26.1

VII 3 8 37.5 27.2

VII 3 8 -43.2 27.9

In order to minimize s tehc  interference to the incoming alkene dienophite, the 

transition sta te  should have the allylic hydrogen a s  the group c loses t to the 

trajectory of bond information. Thus, the alkoxyl and alkyl groups should be in 

either the coplanar or away positions, leaving the hydrogen oriented toward the 

dienophile. The calculations on the reaction of 1,3-hexadiene with ethylene 

have indicated that the alkyl group has  no preference for either of the two 

acceptable positions. The determination of the transition s ta te s  for the reactions
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of 23 and 24 with ethylene show that OR group favors the anticoplanar position 

and strongly disfavors the away position, preferring the syncoplanar position to 

the  latter. Only the  tike transition s ta te  can  accom m odate  the preferences of 

both the alkyl and  alkoxyl groups. In the untike transition state, the alkoxyl group 

is forced to take the  less favored syncoplanar position to avoid forcing the 

methyl group toward the dienophile. The preference  of the OR group to be 

(nearly) cop lanar  with the d iene  s e e m s  to clearly be  of electronic origin. 

Nevertheless, we a re  unable to find a  simple correlation with orbital energy or 

electronic density that is symptomatic of the effect. The interaction is likely of too 

complex a  nature to be effectively simplified. The preference for anti rather than 

syn coplanar s e e m s  to be, at least partially, of steric origin. This can be seen 

from the bond angles in the optimized anticoplanar and syncoplanar transition 

s ta te s  for 5-hydroxy-1,3-pentadiene (23). The OCC and  adjacent CCC angles 

inc rease  by about 2°  upon going from the anticoplanar to the syncoplanar 

transition sta te  (see  Figure 11). The OR groups tend to be twisted slightly more 

out of the  plane for the unlike than the like transition s ta te s ,  presum ably to 

reduce the steric interaction within the reactants.

For the  reaction  of 5 -(S )-m e th o x y - l ,3 -h ex a d ie n e ,  1 9 , with ace ty len ic  

dienophile, 27 (reaction IX), unlike selectivity is observed. The like transition 

state , with the alkoxy anticoplanar, is less favored than the unlike due to the 

unfavorable steric interaction betw een the methoxy groups on both the diene 

and the dienophile. This interaction does  not occur in the unlike transition state 

a s  the methoxy on the diene is syncoplanar and out of the way of the dienophile 

methoxy (see  Figure 12). Kozikowski in ref. 12 predicted a  similar transition 

state. Clearly, subtle interactions in the transition s ta tes  can  play an important 

role.
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Figure 11. Transition s ta te s  for reaction VI (A anticoplanar, B syncoplanar)



Figure 12A. like transition state lor reaction IX.



Figure 12B unlike transition state for reaction IX.



Of particular interest is the prediction that reaction of 5*(S)-methoxy-1,3* 

hexadiene with ethylene (reaction II) be  considerably more selective than  III 

(reaction of 5-(S)-ethoxy-1,3-hexadiene, 20, with ethylene) and slightly more 

selective than IV (reaction of 5-(S)-methoxy-1,3-heptadiene, 21, with ethylene). 

This ap p ea rs  to be  due  to the interaction betw een the  hydrogens on the alkyl 

and alkoxyl groups with those on both the diene and  dienophile. In reaction II, 

the diene has methyl and  methoxy groups at its chiral center. In reaction IH and 

IV th e  co rrespon d in g  g ro ups  a re  methyl, e thoxy a n d  ethyl, methoxy 

respectively. So, in term s of the total chain length from the end  of the alkyl to 

end of the alkoxy groups each of the reaction Ml and  IV has an extra carbon. 

Therefore  in the  transition s ta te  for reactions III and  IV, the  repulsive 

interactions between the hydrogens on the end s  of th e se  chains forces the 

transition s ta te  to a s su m e  a  le ss  favorable conformation than  for II. The 

d ifferences betw een the rotational conform ations of the  alkoxy group are  

particularly evident (See  Figures 13 and 14). In reaction III repulsion between 

the hydrogens on the methyl and  terminal carbon of ethoxy group is g rea ter  

than that between the methyl and the methoxy group in reaction II. This added 

repulsion c a u se s  the ethoxy group to rotate by about 60°C  in reaction III. Thus 

one of the hydrogens on the ethoxy group approaches the incoming dienophile 

more closely, leading to g rea te r  repu ls ions be tw een  the  d ien e  and  the 

dienophile in reaction III (3.07A° vs 3.27 A° for reaction II, s e e  Figure 13). 

B ecau se  of this, the  bond lengths of the  forming b on ds  a re  longer in the 

transition s ta te s  for III than for II (Table 2). In addition, the hydrogens on the 

alkyl and  allkoxyl groups a s  well a s  the hydrogens on the alkyl group and the 

diene, are  closer in the transition state for reaction III than for II. Comparison of



the transition states for reactions IV and II leads to similar observations, except

that the differences are much less (see Figure 14).

The n eed  to completely optimize the transition s ta te s  can be se e n  from the 

ranges of energies and  bond lengths for the bonds being formed in the various 

rotam ers about the C-C bond linking the chiral cen ter to the diene (shown in 

Tables 2 and  4) for all of the individual transition s ta tes  that have been  studied. 

The longer bond is always that to the substituted end  of the diene, a s  would be 

expec ted  to stabilize the small amount of biradical charac ter  of the  transition 

state. It is seen  that the energy differences between the rotamers of the sam e  

transition state  are  of the sam e  order of magnitude a s  the differences between 

the like and  unlike transition states. Furthermore, the variation in the optimized 

bond lengths (2.326*2.154 A0 and 1.975-2.078 A0 for the long and short bonds, 

respectively) for all the different transition sta tes  and rotamers confirms the need  

for complete optimization of the transition states.



Figure 13. Superposition of the transition states for 
reactions II (soHd line) and III (broken line). 
Distances are In A° u
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Figure 14. Superposition of the transition states for 
reactions II (solid line) and IV (broken line).
Distances are in A° ^
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AM1 calculations on the reagent d ienes (see  Table 6 ) indicate that the OR 

group prefers to be nearly in the an ticop lanar position ( 0 -1 8 0 ° )  with the 

exception  of 5 -(S )-hydroxy-l,3 -hexad iene , 18, for which the  OR group is 

syncoplanar (0-0°). In the preferred transition state of the reaction of diene 18 

with ethylene (reaction I) the OR group is anticoplanar. Also for IX (reaction of 

d iene 19 with acetylenic dienophile, 27) the  preferred transition s ta te  has  the 

OR group syncoplanar. Thus in reactions I and IX, the conformation of the 

ally lie groups in the starting reagents and the products do not correlate. T hese  

observations su g g e s t  that the conformation of the rea g en ts  do not always 

provide good indications of the eventual transition s ta te  geom etries . For 

reactions II, III, IV and VIII the preferred transition s ta tes  and d ienes  have the 

sam e  conformations. Thus calculations on the preferred products of the specific 

reactions studied here sugg es t  that four of the six c a s e s  have conformations 

that correlate with the reagents.



Table 6. Rotational Confirmations for Starting D ienes (in their respective s-

trans Conformations)3

d iene 0 Hf

1 8 -14.6 -30.6

1 8 172.3 -30.3

1 8 144.7 -29.2

1 8 7.6 -28.9

1 9 151.3 -24.2

1 9 26.6 -23.4

1 9 -0.9 -22.6

1 9 83.4 -20.9

1 9 -77.6 -20.2

2 0 151.4 -29.7

2 0 -34.4 -29.6

2 0 -73.7 -29.6

2 0 -9.3 -29.3
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Table 6.(continued) Rotational Confirmations for Starting d ien es  (in their

respective s-trans Conformations)8

diene Hf

21 178.5 -30.0

21 26.9 -29.4

21 -7.5 -28.9

2 1 125.9 -28.7

2 1 -39.8 -27.7

a The dihedral angle (4) is defined analogously to the corresponding angle in the transition states 

(see Figure 4D). Hf in kcal/mol; angles in deg

T hese  observations might be due to one or more of several possibilities. First, if 

the transition sta te  were early along the reaction path, it would be expected to 

resem ble the reagents. In this c ase  the conformation of the reagent diene would 

be expected  to be the sam e a s  in the transition state. Second, the product might 

have a  conformation that is related to that of the starting material in that the 

rotational isom er of the product can  be ach ieved  from the reagent without 

traversing  a  rotational barrier. W e shall define such  a  situation a s  a  

conformational correlation between reagent and  product. In such a case , it is 

likely that the transition state have a  similar conformation to that of the reagent. If 

the preceding were untrue, the conformation would have to change  along with 

the reaction path from reagent to transition state, and  again from transition state 

to product. While this is not impossible, it is unlikely. Third, there may be an
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energetic  preference for a  specific conformation in the transition s ta te  that is 

qualitatively different from those in the reagents and, perhaps, the products.

Therefore, in those  c a s e s  where a  conformational correlation between reagents 

and  products exists, it is reasonable to su ppose  that the transition sta te  has a 

conformation corresponding to the reagent and  the product. In such c a se s ,  it 

may be reasonable  to predict face selectivity on the basis of the conformation of 

the reagent dienes. The four such c a s e s  (reactions II, III, IV and VIII) studied 

here are in accord with this suggestion.

To the extent that is verifiable by current experiments, AM1 RHF method, with 

com plete  geom etrical optimization, is a d e q u a te  for predicting the  face 

selectivities for the reactions studied. This is true despite the inability of RHF 

calculations to correctly predict substituent effects of the dienophile upon the 

activation energ ies .  No single effect s e e m s  to dom inate  th e  predicted 

selectivities. Rather, they appea r  to result from a  combination of electronic and 

steric interactions. The electronic effects are  not clearly manifest in any simple 

parameter, such a s  HOMO/LUMO properties, charges or ji densities. They seem  

to involve more subtle interactions that require specific calculations on each 

transition state. In conclusion the above da ta  show s that predictions m ade by 

assum ing  that the  conformations of the  ground s ta te s  of the reac tan ts  are 

reflected in the transition s ta tes  are  not uniformly correct. The sensitivity of the 

calculated activation energies to relatively small ch an g es  in molecular structure 

u n d e rsc o re s  the  im portance of com plete  geom etrical optimization when 

performing calculations such a s  reported above.
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Introduction

The aureolic acid group of antibiotics which include mithramycin {aureolic acid), 

the chrom om ycins, the olivomycins and  related com pounds have  b een  a 

subject of study since their isolation in 1953. Grundy and coworkers1 at Abbott 

laboratories were the first to report the isolation of aureolic acid 1 . The sam e  

com pound w as rediscovered later at Lepetit and  then at Pfizer laboratories1. 

The compound has been  found to show antitumor activity but it is not commonly 

used  due to its high toxicity. It is marketed by Pfizer laboratories a s  Mithracin for 

u se  in cancer chemotherapy.

OH
OMe OHMeMe

HO OH

Me
Me

HO HO 

MeMe Me
° vHO Q h oHO

Me

HO

1 AUREOLIC ACID

Similar biological activity is o b se rv e d  in the  c a s e  of ch rom om ycins  

{e.g. chrom om ycin A3 , 2 ) which were d iscovered  in J a p a n 1. Olivomycins

(e.g. olivomycin A, 3) which differ from chromomycins only in the aglycone, 

w here  the methyl at C*7 in chrom om ycinone 4 has  been  rep laced  by an 

hydrogen in olivin 5, were d iscovered  in Soviet Union and  a lso  show



anticancer activities1. Structures of the aureolic acid group are thus based  upon 

two ag lycones chrom om ycinone 4 and  olivin 5. The aglycones a re  linked at 

there 2- and 6- positions to chains of one, two or three sugars. Variations in the 

number and nature of the sugars are  responsible for the differences among the 

individual antitumor antibiotics.

MeO
Me
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Me Me
H O * T - ^ - —* Q  HO

iPrC 02
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4 R -  Me Chromomycinone
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The mode of action of these  glycosylated an thracenones has been  extensively 

studied. It is known that the drugs inhibit the action of DNA - dependen t RNA 

polymerase. Gao and Patel2 have done NMR(proton) studies on the nature of 

Chromomycin-DNA binding. The results suggest that in the minor groove a  non- 

covalent dimer of the antibiotic binds to G.C rich sites. Therefore the synthesis of 

unnatural saccharide  derivatives of the  aglycone to te s t  the  hypothesis and 

perhaps make better drugs, would be useful. For this reason a total synthesis of 

the  aureolic ac ids  has  been  a  topic of interest am ongst severa l resea rch  

groups. This task can be divided into three parts

A. Synthesis of the aglycone portion.

B. Synthesis of the A'-B' disaccharide and C’-D'-E’ trisaccharide.

C. The final link between the saccharides and the aglycon.

There  a re  three  total sy n th e se s  of the  aglycone 5 (Part A) and  several 

sy n th e se s  of the  di- and  tri- sacch a r id es  (Part B).1-3 The third and  most 

important part, which will lead to the synthesis of semi-synthetic drugs, has  not 

yet been accomplished. A practical 2-deoxy-p-glycosidation method n eed s  to 

be developed so a s  to attach the sugars to the aglycone.

p-Glycosldatlon background

A review of the literature show ed that stereoselectivity in the synthesis of (3- 

glycosidic linkages betw een pyranoid ring sy s tem s  is most easily achieved 

w hen a  properly positioned C-2 substituen t d irec ts  g lycoside formation4 

(Schem e 1).
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Schem e 1:

ROH ,  \ ^ 3 ^ - O R
-H+ O

In the c a s e  of 2-deoxy glycosides w here  there  is no functional 

group a ttached  to C-2 or if the C-2 substituent do es  not participate in the 

reaction, |J-glycoside formation still can be realised through other m eans. One 

of th ese  is by participation of a  group attached to another carbon atom (Schem e

W iesn e r  a n d  c o w o rk e rs5 have experienced  s u c c e s s  in the  c a s e  of 

s te re o se le c t iv e  2-deoxy-p-glycosylation of digitoxose. They have utilized 

mercuric-ion catalysed c leavage of thioglycosides and a 1,3 -participation of a 

p-methoxybenzoyl group in a  neutral medium (Schem e 3). Stereocontrol by 

1,3-participation of a  N-methylurethane4 group and acetyl group6 has also been 

achieved. In the former c a se  an intermediate charged  species, 6 , is believed to 

account for stereoselection.

2)

S c h e m e  2 :
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Scheme 3:
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Binkley's group observed  low stereoselectivity during the  syn thesis  of 2,6- 

dideoxy d isaccharides7 using benzyloxy or p-methoxybenzyloxy group at the C- 

3 position. This group has also reported a  procedure for obtaining 2 ,6-dideoxy- 

D-ribo-hexopyranosyl derivatives from digitoxin. T hese  derivatives represent a 

convenient source of starting materials with C-3 participating g roups.8



A second  method is through use  of a  temporary participating group at C-2 which 

is removed after glycoside formation (Scheme 4).

Scheme 4:

V ^ O  ROH . _E-

■ '  E
E+ c

The recently introduced 2-phenylthio group a s  a  neighboring 

group, generating an episulfonium ion intermediate during glycoside bond 

formation s e e m s  to be  advantageous, b ecau se  it is also readily removable by 

hydrogenation leaving behind the 2-deoxysugar. In the m ethod introduced by 

Nicolaou et. al.9 the required 2-deoxy-2-phenylthioglucopyranosyl fluoride was 

ob ta ined  from the  corresponding  m annopyranosyl-phenylsu lfide  via 1 ,2 - 

migration with diethylaminosulfur trifluoride (DAST). This thioglycosyl fluoride in 

the p resence  of a  tin-complexing solvent or reagent reacts with nucleophiles to 

give p-disaccharides a s  the major product (Schem e 5). The method has also 

been used  for stereoselective gfycosylation of sialic acid.10

Scheme 5:

R iO — v OH R iO — ^ ROH, R .,0— y
Rj O— OAST RjO— SnCI 2 RzO— t - V - Q  ^
M e O -A ^ -A  MeO- A— EtjQp M e O - A - '\^ - 'OR

S P h  S P h  S P h

Schm idt's  group syn thesized  0-(2-deoxy-2-phenylth io-a-D -glucopyranosyl)- 

trichloroacetimidate in two steps  from D-glucal; the former with several alcohols 

g a v e  mainly the  co rrespond ing  2-phenylthio su b s ti tu ted  2 -deoxy-p -D - 

glucopyranosides (Schem e 6 ).11



Schem e 6:

BnO 
BnO— 

BnO-

1. PhSCI
2 . Na2COyH20

B r ^
BnO

Bn<

' OH 

CO^CN, NaH

PhS

BnO
BnO—

BnO-^ 5 ^o— OR

Brrt
1.ROH BnO
2. Et2O.BF3 Bn'

PhS

NH

A variation of this them e is the direct glycosyl transfer of glycals with sulfenate 

e s te rs  of the aglycone in a  one-step transfer. This work w as done  by Ogawa's 

group.12 Franck and coworkers have done the sam e  reaction using the napthyl 

sulfenate e s te r  of 2-hydroxy tetralone to synthesize the first 2 -thio-p-glycoside of 

acyloin(Scheme 7).13

Scheme 7:

+

TM SU 11

NapthylS



One of the common conversion se q u en c es  consists of Koenigs-Knorr reaction 

of 2-brom o-2-deoxy-a-D -glucopyrannosyl brom ides with an  alcohol in the 

p resence  of silver salts followed by replacement of the bromine a ttached to the 

C-2 with a  hydrogen. Lemieux and Fraser Reid14 in 1965 had reported such a 

reaction in p resen ce  of silver aceta te . Binkley's group repea ted  this reaction 

and removed the bromine group at C-2 position photochemically.15 Thiem has 

used  the p-directing power of 2-a-bromo sugars  in glycosidation and completed 

the preparation of the A'-B* and C’-D'-E' all p -saccharides of the aureolic acid 

s e r ie s  (S ch em e  8 ) .16 They have also  u sed  this m ethod for syn thesis  of 

bamflalactone ace ta te .17 Silver triflate w as found to be the best promoter.

Several o ther g rou ps18 have u sed  this methodology and experim ented with 

promoters like silver silicate, silver oxide and mercury (I l)iodide.

Scheme 8:

Me
BzO*

OHCO

MeMe
O BzOBzO OBnHO

Ag triflate

MeMe
O BzOO BzOBzO'

OHCO
OBn

The N-iodosuccinimide method which is a  slight variation of the 

them e, involves direct glycosylation of glycals via iodonium ion intermediates. It 

h a s  been  u sed  successfully for synthesis  of 2 -d e o x y -a -g ly c o s id e s . 19 The 

procedure, however, works with only moderate su ccess  for p -anom ers .20
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Various derivatives of N-formyl g lucosam ine  (p -a c e ta te ,  a -ch lo ride , a -  

trichloroacetamidate) have been  used  a s  glycosyl donors (Schem e 9).21 The N- 

formylamino group at C-2 c an  easily be rem oved  through in term ediate  

isonitriles by radical reduction.

Scheme 9:

AcO
AcO 
AcO

HCOHN

ROH,
TMSOTf

HCOHN

X -  H Cl O ^ C C f e

Y = OAc H

O

H

POCI3>
NEt3

AcO 
AcO 
AcO OR

nBu3SnH

The phenylseleno group can  also be used  a s  a  temporary participating group.

1,2-Trans diequatorial ace toxy-selenides, selectively p repa red  from glycals, 

react with sugar alcohols in the p resence  of a  catalytic quantity of trimethylsilyl 

trifluoromethanesulfonate to give 2 -deoxy-2 -phenylseleno-p-pyranosides a s  the 

m a jo r  p r o d u c t s .22 T he  se le n id e  g roup  h a s  a lso  b e e n  u s e d  a s  a 

stereocontrolling auxilary for selective glycosylation of sialic acid 23 

Easily available orthoesters such a s  1,2-t-butyl orthoacetyl-a-glucopyranose24 

or its 1 ,2-trans-di-0-acetyl25>21b derivative can  be used  a s  glycosyl donors. The 

latter give better yields and  selectivities (Schem e 10). A variation in the strategy 

involves direct epoxidation of glycals using dimethyldioxirane, the products are
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1,2-anhydro sugars. The latter on glycosylation form (3-glycosidic linkages.26 In 

all the above  c a s e s  the ace ta te  group at C-2 position can  be rem oved by 

hydrolysis and  radical deoxygenation . In a  similar ap p ro ach , th e  D-C 

d isa c c h a r id e  of Chrom om ycin A3 h as  b e en  sy n th e s ize d  by selec tive  

deoxygenation  at C-2 of a  natural p - linked  d i s a c c h a r id e .27 Kiss and 

cow orkers26 have used  a  p-tofylsulphonyl group at C-2 which is later removed 

using UAIH4.

Scheme 10:

BnO— 1 
BnO—  

B n O - ^ - ' - ' r - A

BnO 
BnO 

BnO

BnO
CH3COOH BnO 

-----------------^  BnO

1. MeOH, NaOMe
2. NaH, CS2. ICH3

OR
3. nBu3SnH, AIBN B n0

OAc

OAc

ROH, TMSOTf, 
4 A° MS

OAc

There have been  reports of addition of oxymercuration of glycals. The product is 

a  a ,p  mixture of 2-m ercuri-2-deoxyglycosides. Reduction of the  mercury 

com pounds give the corresponding 2-deoxyglucopyranosides.29

A third m ethod for (3-glycoside syn thesis  which d o e s  not d ep en d  on group 

participation but rather on a  combination of a  2 -deoxy-a-g lycosyl halide 

reacting with a  partially protected su g a r  under conditions which prom ote 

reaction on the p-face of the halide (Schem e 11). In this approach selection of 

the reaction catalyst (an insoluble silver-ion containing salt) is critical. Silver
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carbonate , silver silicate, silver triflate and  silver zeolite have been  used  a s  

p rom oters .30 A mixture of mercury cyanide and mercury bromide w as used  for 

synthesis of trisaccharides containing N-acetylneuraminic acid30d

Scheme 11:

V = y - »

f  Br

\  Ag+ AgBr

Solid Support Solid Support

A novel approach  involving a  regio- and  s te reose lec tive  addition of 0 , 0 -  

dimethylphosphorodithioic acid to glycals giving a -th io p h o sp h a te  has  been  

reported. The latter on reaction with sodium a lcoho la tes  give 2-deoxy-p- 

glycosides of simple alcohols in grea ter than 05% yield31 (Schem e 12). Resin 

bound 2- and 4- nitrophenoxides have also been used  a s  nucleophiles.32

Scheme 12:

RO Na* y C ^ ^ ^ O F

SP(S)(OMe)2

Stereoselec tive  free*radical reactions have been  u se d  by two groups. This 

m ethod relies on generating an alkoxy substitu ted  radical at the anom eric
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carbon of a  sugar. Kahne's group33 have photolytically reduced  the  hemithio 

ortho es te r  of 2-deoxy glucose (Scheme 13).

Scheme 13:

BnO— y e c u  BnO— v B n O ~ ^

OCH3 MeO
p . a - 6:1

In the c a s e  of Crich's work34, decarboxylation of heptulosonic acid-O-glycoside 

by m eans of the  derived O-acyl thiohydroxamates leads stereoselectively to 2 - 

deoxy-p-glycosides (Schem e 14).

S c h e m e 1 4 :

BnO— v BnO— \
. BnO- — n R  BnO—
^  BnO- A- — + BnO-A—■

RO
p:a  = 10:1

S tereoselec tive  cyclization of acyclic p recursors  h a s  been  u se d  to give p 

anom ers  predominantly. T reatm ent of (z)-(2R,3R,4R)-6-cyclohexyloxy-l ,3 ,4- 

tribenzyloxy-5-hexen-2-ol with several kinds of organo selenium reagents, and 

the  reduction of resulting se leno  adduct with nBuaSnH g av e  2 -deoxy-p- 

glycoside a s  the major product.35 Recently several 2-deoxy steroidal glycosides 

were prepared via thionoester intermediates.36
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Results and Discussion

To be useful for an aureolic acid synthesis a  2-deoxy-J}-glycosidation m ethod 

must fulfill two important requirements.

(A) that the m ethod work under the conditions where the acid- and  b ase-  

sensitive aglycones can  survive. To test this we chose  phenol (7) a s  a  model for 

ring A and acyloin (8 ) for rings B,C of the aglycone (figure 4 and 5}.

(B) Since the ultimate saccharides to be m erged with aglycone must also be 

synthesized, the method used  should not require a  specialized sugar derivative 

a s  a  glycosyl transfer agent.

We favored schem es  where simple glycals 9 were stereoselectively activated 

by below-plane electrophilic attack to form onium spec ies  10A followed by 

nucleophilic ring opening to form 11A (Schem e 15). In our laboratory we first 

exam ined  the O gaw a a p p ro a c h 12 where an aryl sulfenate e s te r  12 of the 

aglycon is preform ed and then activated to a  thiooxonium sp ec ie s  13 by 

trimethylsilylation. Using the  above method we tried to synthesize  2-deoxy-p- 

g lycosides of the model compounds. The model acyloin sulfenate e s te r  was 

successfully synthesized and used  a s  a  glycosyl transfer agent (see  page 8).13 

However, this m ethod failed in c a se  of phenolic aglycones since a  sulfenate 

es te r  of phenol could not be prepared.
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Schem e 15:
RO— v pQ_____

^  Nuc RQ— —- O remove E
I below plane ' ^ —- * ^ 7  R O -A - - ' - ' \A * « 'N u c --------------1
'a ttack  \ /  ne  I

RO— v 1 0 A  E 1 1 A RO— y

, & 3 r >

® 2-deoxy-p-glycoside
RO V RO  V C

o o — \  , q E + Nuc Ro—^ f o
above  plane RO-^A , v   ► R O A —
attack |

Nuc
1 0 B  11 B a-glycoside

a TMS
n  + TMSOTf ------------ ► I II I

S '  R

1 2  1 3

We believe that the mechanism of the O gaw a method involves an intermediate 

thiaoxonium salt 13, which is formed when TMS triflate reacts with the oxygen 

of the sulfenate e s te r  12. The thiooxonium salt 13 is then attacked by the glucal 

to form the  episulfonium salt a s  in S c h e m e  15, which is then  open ed  by 

sulfenate e s te r  to form product and  a  regenera ted  thiooxonium species. Thus, 

we reasoned  that other reactive thioonium salts might serve to activate glucals 

for glycosylation.

Two typ es  of th iasubstitu ted  sulfenium ions, 14 and 15  are known in the 

literature.37 Their synthesis and properties have been  studied. In our laboratory, 

the commercially available methylthiosulfonium salt, 16 (type 14) w as used  

first. The results are  shown in Table 1 38
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R— S+- S — R 
I
R

1 4

R— S — S + - S - R  
I
R

1 5

M e— S+- S — Me 
I

Me b f 4'

1 6

M e— S + -S — Ph 
I

Me BF4‘ 

1 9

Table 1*: Glycosyl Transfers Using Reagent 16

BnO—v „ o  r  BnO— v BnO— v SMe
Bn O— B n O - t A - - 0  B nO -r-^V .1  O

Reagent ^  S n O ^ T ^  + ROH(SnBu3)  ► B n O - S ^ A ^ OR + B n O - \ ^ A
CH2CI2 SM a I

RO1 7  p 1 B a  1 8

Entry ROH(SnBu3) ratio p /a Yield %

1 MeOH 1.3/1 75

2
O ^ X osnB U j

0 h Models for 
aureolic acid

2.9/1 40

3

__________________________ i

1/1 60

a: This work was done by S. Ramesh in our lab.

Though the salt w as found to be a  useful reagent for glycosyl transfer of glucal 

17 to ag lycones , prob lem s a ro s e  in the  desulfurization step . The final 

conversion  of th e  2-m ethylthio-2-deoxy-(3-D-glucopyranosides (3-18 to 2 * 

deoxy-(3-glycoside w as not facile. Several reag en ts39 were tried for reductive 

removal of the methylthio group but none of them  g ave  satisfactory results 

Since the  phenylthio group is relatively easy  to remove we thought of using salt 

19  (type 14). T he syn thesis  of th iasubstitu ted sulfonium sa lts  14  can be 

achieved  by two different disconnections (Schem e 16) and  both have been  

widely explored.



Schem e 16

R i—  S * - S — R2 i — >  R ,— S — S — R2 + [RsT [A ]

R3
1 4

R l_ S +- S — R2 r  —  > R ,— S + [R2S]+ [B ]

r 3 R3
1 4

The disconnection of equation A co rresponds to the alkylation of one sulfur 

atom of a  disulfide, this approach has been tried only in a  few c a se s  a s  it suffers 

from severe  limitations378. We used  the more general route reported in equation 

B i.e. the alkylthiolation of a  sulfide. Phenylsulfenyl chloride 2040 w as used  as  a 

sulfenylium  ion ‘R S + ‘ source . R eaction  of dimethyl sulfide 21 with 

phenylsulfenyl chloride in the p resen ce  of silver tetrafluoroborate gave  the 

dimethyl(phenylthio)sulfonium salt 19. The reaction of methanol 22 with glucal 

17 using reagent 19 afforded p and a  glycosides 23 in the ratio 2/141 which is 

better than the ratio obtained when reagent 16 w as used.

AgBF4
M e— S - M e  + PhSCI --------- -- M e— S +- S — Ph

I
Me BF4

2 1  2 0  1 9  

S c h e m e  17:

BnO— y  BnO— y SPh
O MeOH B n O ^ v A - ^ O  BnO— °v

+ 1 ® Bn O- ^ ^ —— OMe  + BnO—

S P h MeO
1 7  P -2 3  a - 2 3

At this time we w ere  a lso  looking at sulfonium sa lts  of type 1 5 ,
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Aryl(bisarylthio)sulfonium sa lts  24 (type 15) have b een  p repared  using two 

general m ethods (A and  B) S chem e 18, starting from arylsulfenyl chlorides, 

diaryldisulfides and  antim ony pen tach lo r id e4243 o r  diaryldisulfides and  

an tim ony  p e n ta c h lo r id e .43 U se  of o ther  Lewis ac ids  b e s id e s  antimony 

pentachloride h as  been  reported.37*

Scheme 18:

Ar SbCI6'

The aryl(bisarylthio)sulfonium hexachloroantim onates have been  

show n to activate  simple a lk e n es  toward nucleophilic addition (S ch em e  

19).43*44 The intermediate 1-arylthiiranium ions (also known a s  the episulfonium 

ions) can  be  isolated at room tem p era tu re  in som e  c a s e s  43 This u se  of 

dithiasubstituted sulfonium ions, 15 is d ep enden t on the good leaving group 

properties and  the  w eak nucleophilicity of disulfides. The th iasubstitu ted  

sulfonium ions 14, exhibit similar reactivity. The side product in c a se  of 14 is a  

sulfide molecule which is more nucleophilic than  disulfides. Sulfonium ions 15 

should therefore be more useful reagents for our purpose.

Scheme 19:

Ar— S — S — Ar + ArSCI + SbCI,

3 Ar— S — S — Ar + 3 SbCI5

Ar— S — S+~ S — Ar +

* Ar SbCI6 
2 4 Ar SbClg
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In our laboratory the aryl(bisarylthio)sulfonium salts 24 have in fact proven to be 

exceptionally useful reagen ts  for glycosyl transfer of glycals to a variety of 

hydroxyl donors  (ag lycones)30 S chem e 20. The results a re  docum ented  in 

Tables 2 to 6 . The reagen ts  24  have  been  found to be  more (3-selective 

com pared to sulfonium salts 16 and  19. In som e c a s e s  the nucleophilicity of the 

aglycon hydroxyl g roup (ROH) m ust be e n h a n c e d  by prior stannyl e the r  

formation (ROSnBua).45

S c h e m e  20:
BnO

Ar— S —S+- S — Ar + \  + ROH(SnBu3)
I
Ar SbCI6

Q

2 4  1 7

I -60°C, CH2CI2

BnO — y  SAr 
B n O - T - ^ - !  O.
B n O - \ - ^ A

OR
a - 2 5

The sulfonium salts 24 were prepared using two m ethods (S chem es 18A and 

18B).43 In m ethod 18A, a  mixture of diaryldisulfide (1 equiv.) and  arylsulfenyl 

chloride (1 equiv.) in dichloromethane is added dropwise with vigorous stirring 

to antimony pentachloride in dichlorom ethane (1 equiv., 1 molar soln.), at 

-60°C. The reaction mixture is stirred at -60°C for thirty minutes and used. In the 

s e c o n d  m e th od , 18B, a  so lu tion  of d iaryldisulfide (1.5 equ iv .)  in 

dichloromethane is added  dropwise with stirring to antimony pentachloride in 

dichlorom ethane (1.5 equiv., 1 molar solution) at -60°C , it is stirred for thirty



7 4

minutes at -60°C  and  used. The reagen t p repared  above can  be stored at 

*70°C for three to four hours.

The glycosidation procedure is very simple, the reagent 24  {1.1 equiv.) at 

- 6 0 ° C  (p repared  using p rocedure  18A or 18B) is a d d ed  to a  mixture of 

tribenzylglucal (17, 1 equiv.) and  alcohol (2 equiv.) in dichlorom ethane at 

-60°C . The reaction is over within ten minutes and  quenched  with saturated  

sodium bicarbonate. During our search  for the optimal glycosidation conditions 

we observed  that the  procedure also  works well if gtucal 17 is added  to a  

mixture of alcohol and thiosulfonium salt 24 at -60°C. But, the third alternative 

that is addition of alcohol to a  mixture of glucal 17 and  reagent 24 at -60°C 

results  in uncharac terizab le  products. In the latter c a se  the  glucal and  

thiosulfonium reagent react to give products, which do not subsequently  react 

with the alcohol to form glycosides.

The two glycosides formed in this reaction a re  the 3,4,6-tri-O-benzyl-l-O- 

substituted-2-deoxy-2-phenylthio-f5-D-glucopyranosides, (5-25 (referred to a s  

the (5-glycoside), a n d  the  3 ,4 ,6 - tr i-O -b e n zy M -0 -su b s t i tu te d -2 -d eo x y -2 -  

phenylth io-a-D -m annopyranosides a -2 5  (referred to a s  the a-glycosides). In 

som e of the reactions we could isolate small am ounts of the 3,4,6-tri-O-benzyi- 

1-0-substituted-2-deoxy-2-phenylthio-a-D-glucopyranosides 26 (referred to a s  

the a '-glycosides). The 2-deoxy-p-glycosides are the major products observed 

in all the c a se s .  In som e of the reactions we have observed the a  and [5 anom er 

of 3 14 16-tr i-0 -benzy l-2 -deoxy-2-pheny lth io -D -g lucose  (27 and 28) as  the 

byproducts.



7 5

BnO~—v BnO— y
Bn O— Bn O" ' \ - \ - —O 

Bn O— Bn O—
Ar S ' S *

OR — / O H

y ) ~ R'

BnO
B n O -

BnO OH
,S

R
26  2 7  28

Formation of p and a '  glycosides can  be envisioned a s  a  result of below plane 

electrophilic attack on glycal 9 to give intermediate onium species  of type 10A 

Schem e 15 (repeated below).

Scheme 15:

o  R 0Uv Nuc RO

, « A + S P h10  A p-glycoside

RO — v
RO—r - \ ^ - 0

P h S j ,
Nuc

a '-glycoside

SPh Nuc

1 0B

RO — v SPh

Nuc
a*glycoside
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Nucleophilic ring opening of 10A from the top face will give the f3 glycosides (p- 

25). W here a s  attack of nucleophile from the bottom face of 10A results in a ' 

glycoside 26. The latter is sterically unfavorable but favored by the anomeric 

effect.46 Glycoside 26 can  also be derived from axial attack of nucleophile on 

the  oxonium spec ies  29. A third possibility is the epimerization of p glycoside 

(p-25) at the anomeric center, by endocyclic or exocyclic c leavage to give 26.

The top face electrophilic attack on glycal will give intermediate of type 10B. 

Below plane ring opening of 10B by a nucleophile results in a  glycoside (a-

The formation of byproducts 27 and 28 can  result from either competition of 

traces of water with the desired nucleophile or by hydrolysis of final products (P- 

25 and/or 26). S tereochem ical outcom e of the byproducts in the c a se  where 

water is competing with the nucleophile can  be explained in the sa m e  fashion 

a s  p (p-25) and  a '  (26) glycosides (discussed above). In c a s e  of final product 

hydrolysis, com pound  28  can  be formed if the  thiophenyl group show s 

neighboring group participation during hydrolysis and  directs attack of water 

from the top face. Byproduct 27 can result from axial attack of water i.e. when 

the  anomeric effect dominates. Another route to obtain 27 is by anomerization 

of 28. It is possible  that the product hydrolysis occurs during workup of the 

reaction where the antimony Lewis acid (e.g. SbClg*, SbCl3 ) in the presence  of 

water are  hydrolyzing glycosides faster than they are being neutralized by base

25).

ArS

2 9 3 0
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(sodium bicarbonate). To tes t  this we tried to u se  an anhydrous secondary  

amine47 a s  a  quencher but could not improve the yields. W e have not been  able 

to discover an  appropriate  non-aqueous b a se  to neutralize th e se  reactions. 

Since our target molecules a re  2-deoxy-p-glycosides, 30 , we have used  WII 

Raney nickel in THF to desulfurize glycosides p-25 in reasonable yields.11

Structure Assignment

W e have used  proton NMR d a ta  to assign the relative stereochem istry of the 

isom eric glycosides. The chem ical shift va lues of the  protons of different 

glycosides do not vary much but coupling constant values give conclusive 

information and have been  used for structure proof.

The glycosides p -2 5  have been  assigned  on the basis  of the  proton Hb signal. 

This proton a p p ea rs  at high field com pared to the  other ring protons since it is 

a ttached to the thiophenyl substituted carbon C-2 and has an  axial orientation. It 

show s a  doublet of doublets with two large diaxial couplings (J = 8-12 Hz), to 

Ha and He- The peak for the Ha proton is m erged with the ring protons (due to 

its axial orientation it com es at high field compared to Ha  proton in a  glycosides, 

se e  below).

P -2 5 a - 2 5 2 6



The glycosides a -25  were characterized by the proton Ha . This proton is at low 

field com pared  to the other ring protons b e c a u se  it is anom eric  and  has 

equatorial orientation. It ap p ea rs  a s  a  doublet with small diequatorial coupling 

(J «  0-4 Hz) to Hb- Only in som e of the c a s e s  does  proton Hb appear  at high 

field enough to be  resolved from the ring protons. It shows a  doublet of doublet 

due to two small couplings with Ha  (diequatorial) and He (equatorial-axial, J  = 

0-4 Hz). For compounds where the Hb proton (because  of its equatorial position 

it co m es  low field com pared  to the Hb proton for p glycosides) is overlapped 

with o ther pro tons the glycoside structure is a s s ig n e d  by a  p ro ce ss  of 

elimination or by proton NMR comparison with a  glycosides of similar structure. 

T hese  assignm ents were further comfirmed by 2D hom onuclear COSY of one 

representative exam ple from the  p and a  series where each  ring proton was 

identified (See  appendix page ).

The a* glycosides, 26 , show a  low field doublet for Ha . This proton ap p ea rs  

sep a ra te  from the ring protons and shows small equatorial-axial coupling with 

Hb. Most of the times the Hb proton signal is at high field and  ap p ea rs  as  a 

doublet of a  doublet showing one large diaxial (with Hc ) and  one  small 

equatorial-axial (with Ha ) coupling.

The side products 27  and  28 are  assigned  on the sa m e  basis  a s  a '  and  p 

glycosides respectively, except that no protons for the nucleophile can  be seen. 

The signal for hydroxy proton at the anomeric cen ter  is confirmed by 0 2 O 

exchange. Homonuclear 2D NMR of one  representative c a se  in each  series 

w as taken.
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BnO
BnO

BnC

Hb 
- Q

OR

3 0

The structure assignm ent of 2-deoxy-p-glycosides, 30, w as done  by high field 

C-2 protons Hp and Hb'. Due to its axial orientation Hb ap p ea rs  at higher field 

com pared to Hp\ In addition proton Hb show s two large diaxial couplings (with 

Ha and Hc ) and geminal coupling with Hb'. W hereas  proton Hp1 show s two 

small axial-equatorial couplings (with Ha and Hc ) and  geminal coupling with

In the proton decoupled 13C NMR of the glycosides the sulfur substituted C-2 

carbon can  be  identified at higher field (chemical shift 55-60 ppm) from the 

other oxygen substituted ring carbons. The anom eric C-1 carbon show s a  low 

field signal, chemical shift between 100-105 ppm.

A. Role of Nucleophile

W e have used  a  range of nucleophiles to generalize our glycosidation method. 

T he results of the reaction of glycal 17 with severa l nucleophiles in the 

p resence  of reagent 31 are docum ented in Table 2. The 3,4,6-tri-O-benzyl-D- 

glucal (17) used  w as prepared in two steps  from the commercially available

3,4,6-tri-O-acetyl-D-glucal. The first step  is deacetylation using basic (OH) resin. 

The trihydroxy glucal obtained is then benzylated.48

Hb .
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Table 2: Glycosyl Transfers Using Reagent 31

Ph BnO—v BnO—y  BnO—y  SPh

P hS  '  S '  S P h  ROH(SnBuj)
S P h  '

31* 17  0 a  BO

Entry ROH(SnBua) ratio p/a Yield %

1 MeOH (22) 3.7/1 (23) 83 (92b)
2 isopropanol (32) 2.7/1 (33) 59

3 V j V 0"'
O & A  (34)

3 °

5.3/1 (35) 70

4
0 -\

Y ° \ \  ,3., ROAA 11.5/1 (37) 75

5

* 0  so - ^

Q Q * oh<"> no a isolated (38) 45

6 y / ~  OSnBu 3 (39) 4.3/1 (40) 64

7 OSnBu 3 <4 1 ) 5.3/1 (42) 43

8 OSnBu 3 (4 3 ) 
Me

3.7/1 (44) 30

9 Cl— OSnBu 3 (45) 4.9/1 (48) 53

1 0 -^-CHaOH (49) 5.7/1 (50) 60
a: Reagent 31 was prepared using pocedure 18A tor entries 1-6.10 and procadura 16B for enlries 7-9. 
b: Raagant 31 was praparad using pracedure 18B.

Reaction with methanol (22) resulted in p and a  glycosides p-23 and  oc-23 in 

3.7/1 ratio. The mixture of p-23 and a -2 3  could not be separa ted  after rep eated



trials on HPLC. The p /a  ratio w as determined by the ratio of the heights of the 

signals for methoxy groups in the proton NMR. In few representative c a s e s  the 

validity of this m ethod for determining the ratios w as confirmed by running the 

proton NMR spectra  with three different delay times (1 second, 3 second and 6 

second). The p /a  ratio did not change. Contrary to our expectations the reaction 

with isopropanol (32) a  secondary alcohol show ed lower selectivity p /a  ratio is 

2.7/1. The overall yield of the glycosides (p-33 and  a -3 3 )  w as only 59%. We 

could iso la te  byproducts  2 7  and 2 8  (R = R i= H ) in 17% a n d  10% yield 

respectively.

Our m ethod show s high yield and diastereoselectivity with sugars  a s  hydroxy 

donors. Di-isopropylidenegalactose derivative 34 (R’=SnB u3 ) with glycosyl 

donor 17 afforded anom er p-35 a s  the major product (p/a=5.3/1). A small 

am o u n t  (4%) of th e  a '  g lycoside  2 6  (A r= C 6 H s ;  R = 6 ’- { r , 2 \ 3 ' , 4 ’- 

diisopropylidenejgalactosyl) w as isolated. The tin e ther  34 (R’=SnB u3 ) was 

p rep a red  by refluxing the ga lac topyrano  derivative 3 4  (R'=H), bis(tri-n- 

butyltinjoxide and molecular sieves in toluene for twelve hours45. The toluene 

w as distilled off and  the reaction mixture used  a s  such for the glycosidation 

step. Compound 34 (R’=H) gave disaccharides 35 in lower yield.

Reaction of glucal 17 with the diacetonide of glucose derivative 36 (R'=SnBu3 ) 

afforded d isaccharides 37 with extraordinary high selectivity (p /a= l 1.5/1) and 

yield (75% ). T he  a '  g ly co s id e  2 6  (Ar=C6 H 5 ; R»3'-{1 \ 2 \ 5 \ 6 ' -

diisopropylidene}glucosyl) could be isolated in 6% yield. The mixture of a  and 

a '  g lycosides could not be separa ted . Their ratio w as determ ined by proton 

NMR. The tin ether 36(R*-SnBu3) w as prepared using the sam e  procedure as  

for the ga lac tose  derivative(34, R '«SnBu3 ). Reaction of 36 (R'=H) with glucal 

17  gave d issacharides  37 in lower yields a s  com pared  to the stannyl ether
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nucleophile. Also the 5,6-acetonide w as partially cleaved. In both the reactions 

with sugar nucleophiles byproduct 28 (R=R-|=H) was formed in 10-15%yield. 

Next we used  acyloin 8, a  model for the BC ring system of aureolic acid, a s  the 

nucleophile. The product w as exclusively the an o m er  p-38  in 45% yield. 

Byproduct 28 (R«R-|«H) w as formed in 20% yield. No other ch a rad e rizab le  

products were isolated, also, the acyloin w as not recovered. We think that the 

reason for low yields is that our acyloin is som ehow destroyed by read ion  with 

the reagent. The only other synthesis of a  2-deoxy-p-glycoside of acyloin has 

been  done in our laboratory with high yields using O gaw a's m ethod13. Thiem’s 

g roup has  tried to u se  the  NIS m ethod with diacetyl-L-rhamnal a s  the 

glycosylating agen t for the synthesis  of 2-deoxy-p-glycosides of a -hy d rox y  

tetralone. This route gives only the unnatural a-g lycosides.49 In an unpublished 

thes is50 from Prof. Thiem's lab. there is described the attempted Koenigs-Knorr 

coupling of a-glycosyl bromide with olivin derivative to give 21% yield of the 2- 

bromo-2-deoxy-p-glycoside (Schem e 21).
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Schem e 21

MEMO

AcO HO

MEMO,

OMe OAc 
H ?

OAc
BzO 

+ OHCO

OMe OAc 
H f

»\OAc

AcO HO O /
Me /

BzO— O f  21 %
O H CO -A^^-V  

Br

In our acyloin synthesis using the thiosulfonium reagent 31 a  series of reaction 

conditions have been tried. We have varied reaction times and  quantities of 

nucleophile u se d  but no improvement in yields could be achieved. Use of the 

tin derivative of acyloin 8 did not give any better results. Since the acyloin used  

is racem ic  two d ias te reom eric  g lycosides p -3 8  a re  possible. The two (3 

d iastereom ers were formed in the ratio 10/1. We observe stereoselection of one 

enantiom er of the alcohol. That is the reaction path for one enantiom er of the 

alcohol to form glycoside is of significantly lower energy than  the path for the 

other enantiomer. We do not know which enantiom er is preferred. A second  

possibility is that both p d iastereom ers a re  formed but equilibrate to the more 

stable p glycoside in the reaction conditions.

Enantiom eric  discrimination in acyloin g lycosides h as  a lso  b e en  se en  by 

Thiem 's group,51 S chem e  22. They have observed  the deacety la ted  product
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arising from only one  enantiom er of ace ta te  though only in 5% yield. During 

enzymic glycosylation of racemic alcohols enantiomeric stereoselectivity has 

been  observed by T anaka 's  group52 and to a m oderate  extend by Satoh and 

c o w o rk e rs .33 We have tried to u se  other racem ic alcohols (e.g. tetralol, a- 

methylbenzyl alcohol) to s e e  if this phenom enon can  be  generalized  and to 

determ ine  what structural p a ram ete rs  of the  racem ic alcohols permit one 

enan tiom er to be  se lec ted  above  the  other. Our a ttem pts  have not been  

successful so  far.

Scheme 22:
OH

Me
HO,BzO—

OHCO +

AgOTf

Me Me

OH
OHCO

The tin e ther derivatives of phenol and several substituted phenols 

(models for ring A of the aureolic acid antibiotics) have also been  u sed  a s  

aglycones. W e could not isolate any products when phenol 7  w as u sed  a s  the 

nucleophile. The phenyl tin e thers can be  p repared  by stirring a  mixture of 

phenyl ace ta te  an d  tri-n-butyltin methoxide at room tem pera tu re  overnight. 

Phenyl tributyltin ether, 3 9 ,  on reaction with glycosyl donor 17 afforded 

g lycosides 40  in 4.3/t ((3/a) ratio, overall yield 64%. In the proton NMR of 

glycoside a -4 0  the Hb proton is mixed with the ring protons. We oxidized the C-
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with the ring protons. We oxidized the C-2 thiophenyl group to a  sulfone (a- 

40A) using m-CPBA to se e  if this would separa te  the Hb proton from the other 

protons. Unfortunately the NMR of the sulfone w as of no help. Therefore we 

c h a r a c te r i z e d  c o m p o u n d  a - 4 0  by ana logy  to o ther  su b s ti tu ted  a -  

phenylglycosides Byproducts 27 and  28 (R =R i«H ) were isolated in 16% and 

8% yields respectively. W e have tried this glycosylation severa l tim es in 

completely dry conditions to ensure  that there is no water present in the reaction 

but the formation of 27  and 28 (R=R-|=H) could not be  avoided. T reatm ent of 

glycoside p-40 with the glycosidation reaction conditions gave a  mixture of (3- 

40  and byproduct 27 (R *R i=H ). This would indicate that a t least part of 27 

(R -R -j-H ) com es from product hydrolysis. On the other hand, when a -4 0  was 

subjected to the glycosidation reaction conditions, it w as recovered unchanged. 

As mentioned above we have not been  able to find a  solution to this problem. 

Triethylamine an d  trimethylsilyldiethylamine have  been  tried a s  the  non- 

a q u eo u s  q u en ch e rs  to avoid product hydrolysis. The best selectivity in this 

se ries  w as obtained with the para-methylphenyl tin ether, 41 (P/a=5.3/f). The 

ortho-methylphenyl tin e ther 43 gives lower selectivity (p/a=3.7/1) and  yield of 

glycosides 44. The p-chloro substituted phenyl tin e ther 45 afforded glycosides 

46  (p /a*4 .9 /1) in 53% yield. In all the reactions with substituted phenyl tin 

e thers byproducts 27 and 28 (R=Ri=H) were obtained in 25-30% and 10-20% 

yields respectively. O ne of the side reactions observed is the electrophilic attack 

by P hS + on para  position of phenol nucleophiles giving products like 47. But in 

c a se  of pa ra  substituted phenols the oxygen attacks the para  position of P h S + 

to give com pounds of type 48.



8 6

BnO
BnO

Bn<

SOnPh R

SH

OPh

a*4 0A 4 7 4 8

T here  h ave  b e e n  o th er  repo rts  of th e  sy n th e s is  of phenyl 

g lycosides. Kiss and  cow orkers28 have  u se d  rather d rastic  conditions to 

deoxygenate  the 2-position for the synthesis of 2-deoxy-p-phenylglycoside. The 

m e th o d  by M ic h a l a s k a 's  g r o u p 3 1 3 2  a f fo rd s  th e  2 - d e o x y - p -  

(nitrosubstitutedphenyl)glycosides. Binkley301 and Crich's34 group synthesized 

o rthom ethyl su b s ti tu ted  phenyl g ly co s id e s  a s  m o d e ls  for ring A of 

chromomycins (2).

Thus, we have dem onstra ted  that our glycosidation m ethod can  be used  for 

stereoselective  sy n th eses  of 2-deoxy-p-glycosides. It works for both phenols 

and  acyloins a s  well a s  the m ore common primary and  seco ndary  sug a r  

alcohols. The face selectivity depends on the nature of the nucleophile.

B. Optimal thiosulfonium reagent

In our search  for the BEST reagent, that is a  reagen t which gives high p 

selectiv ity , w e va ried  th e  s u b s t i tu e n ts  on th e  pheny l ring of the  

aryl(bisarylthio)sulfonium reagent 24. Tables 3 and  4 show the results. In these  

reactions we wanted to u se  a  nucleophile which gave a  high field signal in the 

proton NMR away from all the other protons of the glycoside so  that the ratio of (3 

and  a  g lycosides form ed could be  de te rm ined  from the  mixture of the 

glycosides without any need  for ted ious separations. Neo-pentyl alcohol 49  

which shows a  signal around 50.93 for nine protons se em e d  an ideal choice. 

Reaction of glucal 17  with 49  in the p re se n c e  of reag en t  31 afforded
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glycosides 50 in p /a  ratio of 5.7/1 and 60% overall yield (Table 1). The high 

field signal of -C(CH3 ) protons for a  and p glycosides 50  overlapped with each  

other and  therefore alcohol 49  could not be used. We decided to use  methanol 

22 a s  the hydroxyl donor where the methoxyl signal for the a  and  p glycosides 

ap p ea r  separately. All the sulfonium reagen ts  u sed  in tab les  3 and  4 were 

prepared using procedure 18B. The required aryldisulfides were synthesized by 

heating the  corresponding aryl thiols in DMSO at 80°C  for eight hours.54

T a b le  3: Glycosyl Transfers to Methanol Using Different R eagents

BnO
-60° c  BnO-
CH^o T "  0nO

MeOH

reagent

Entry Ar----- ratio p/a* Yield %

1 (51) 2.5/1 (52) 91.4

2 Me—^  (53) 4.4/1 (54) 91.7

3 Me°~C=̂- (55)
2.4/1 (56) 82

4 Me—̂  ^ —  (57) 

Me

4.1/1 (58) 90

5 Ĉ“ <«>
Me

2.2/1 (61) 86.8

6 OCX- 2.6/1 (62) 71.2

a: Reagents were prepared using procedure 18B.
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I. Methanol as the nucleophile: At first we used  the p-chlorophenyl{bis(p- 

chlorophenyl)thio}sulfonium reagen t 51 for glycosyl transfer of gkjcal 17 to 

methanol. The glycosides 52 were formed in P :a  ratio of 2.6:1 in 71% overall 

yield. The selectivity is lower com pared to the unsubstituted phenylsulfonium 

reagen t 31 (table 1). Since the chloro group, an  electron withdrawing group, 

d e c re a se d  the  (3 selectivity of the reaction we tried the logical alternative of 

using an  e lectron  donating group. On using the  p-methylphenyl{bis{p- 

methylphenyl)thio}sulfonium salt 53 the p /a  ratio increased to 4.4/1. Glycosides 

54 were formed in 92% yield. This increase in face selectivity could be due to 

"Less reactive reagent is more selective and vice versa". The positive charge on 

the p-methylphenylsulfonium salt is probably stabilized by the methyl group, 

which m akes the reagent less reactive hence more selective. The opposite is 

true for an  electron withdrawing group like chloro. This prom pted us to try a  

s t r o n g e r  e le c t ro n  d o n a tin g  g ro u p , th e  m ethoxyl g rou p . T he  p- 

m ethoxy lpheny l{b is(p -m ethoxy lpheny l) th io}su lfon ium  sa lt  55  afforded 

g lycos ides  5 6  in 82%  total yield. But contrary to our expecta tions the  p 

selectivity d ec reased  to 2.4/1. The para methyl group is electron donating due 

to its inductive effect w h e rea s  the p-methoxyl group is donating through 

re so n an ce  effect. This difference in electron donating m echanism  probably 

p lays  an im portan t role in the  reac tion . Next we tried  th e  3,4- 

dimethylphenyl{bis(3,4-dimethylphenyl)thio}sulfonium reag en t 57 to check if 

the inductive effect of the methyl group w as additive. The p /a  ratio (4.1/1) of the 

resulting glycosides 58 w as almost the sam e a s  for reagent 53.

Steric crowding around the  sulfur in the sulfonium rea g en ts  lowers the p 

selectivity. For example the o-methylphenyl{bis(o-methyphenyl)thio}su!fonium 

salt 59 and  the napthyl{bisnapthylthio)sulfonium salt 60 give glycosides 61 

and 62  in p /a  ratio of 2.2/1 and 2.6/1 respectively. In all the above c a s e s  the
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ratios were determined by proton NMR. Thus the substituents on the phenyl ring 

of the reagent have an substantial effect on the stereochemical outcom e of the 

glycosidation reaction. The p-methylphenylsulfonium reagent 53 has proven to 

be the most p selective reagent.

II. Phenyl tin ether 39 as the nucleophiIe:To test if the sa m e  trend in face 

selectivity exists in the  c a s e  of other nucleophiles we studied the reaction of 

phenyl tributyttin e ther 39 with glucal 17 in the presence  of reagen ts  51 ,53 ,55  

and 59. The results a re  documented in table 4. Reaction with reagent 53 gave 

the  highest p selectivity 5.7/1. W h ereas  the  rea g en t  with the  electron 

withdrawing group, 51 , resulted in glycosides 64 in 1.7/1 p /a  ratio, showing 

poor selectivity. The p-m ethoxylphenylsulfonium  rea g en t  55  show ed  a 

d e c rea se  in ratio (p /a-2 .4 /1) a s  in the c a se  of methanol nucleophile. Reagent 

59 afforded g lycosides 66 in p / a  ratio of 2.6/1. In the  above  reactions 

corresponding byproducts 27 and 28 (R,R-|*Me,H; CI,H; OMe.H; H,Me) were 

formed in 20-25% and 10-15% yield respectively. Para-substituted phenols of 

the type 67 are obtained a s  side products. T hese result from electrophilic attack 

of ArS+ on 39. Thus the effect of different reagents on stereoselectivity when 39 

is the  nucleophile is in the  sam e  direction but more pronounced com pared  to 

the c a se  of methanol a s  nucleophile. The p /a  ratio depends on the nature of the 

reagent used.

R

6 7
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Table 4: Glycosyl Transfers to Phenol Using Different Reagents

Ar BnO—v BnO— v BnO— v SAr
SbCle I B n O -T -X — O „  -60°c  B n O - ^ J ^ O  B n O - ^ \ J  O
AfS^ ^SAr+Bn° ^ - I ^  * c f ^ B n o X i ^ V ' OPh+ B n O ^ ^

SAr
reagent* 17  3 9  p a  PhO

Entry Ar----- ratio p/a Yi#W%

t
c i - 0 ~  ,5 ,)

1.7/1 (64) 54

2
(53) 5.7/1 (63) 46

. 3 2.4/1 (65) 61.7

4 <">

Me

2.6/1 (66) 47

a: Reagent* war* prepared using procedure 180.

III. Role  of g lycal

To study the  effect on stereochemistry of the glycal substra te , different glycals 

w ere  exam ined  using th e  phenyl(bisphenylthio)sulfonium reag en t 31. The 

results a re  given in tab les  5 and  6. This work w as d o n e  by G. Grewal of our 

lab38.
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Table 5: Glycosyl Transfers to Methanol Using Different Glucais

SPh

SPh
MeO

Entry Glycal Substrate ratio p /a Yield %

1 BB n O g ^ ^

1

3.7/1 94

2

3

BnO-X_

Ph' ^ 0° ^ , o i
BrtO-A__tfS>

2.7/1

2/1

86

76

4
BnOv

2/1 62

5
BnOv

2/1 80

6

7

BnO—v

BnO 
BnO OBn

BnO O k"
MOMO^

1 O

1/10

12/1

60

92

B
P

BnO
2/1 90
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Table 6: Glycosyl Transfers to Diisopropylidene galactose Using Different Reagents

OSnBu SPh
Ph 

SbO. ' 
PhSX N 

reagent 31

Nuc X-

SPh SPh
NUC

Entry Glycal Substrate ratio p/a Yield %

1
5.3/1 70

2
ftn n -A  ^s> 5.7/1 79

3 5.2/1 73

4
BnO— y

3.1/1 74

W e have tried to u se  silver triflate a s  the Lewis acid to prepare reagen ts  of the 

type 68 using procedure 18A. Glycosyl transfer of glucal 17 to methanol 22  

using 68 resulted in only 25% yield of the glycosides 23. The starting m ater ia l  

was recovered, indicating that reagent preparation w as not effective.

P h — S — S +- S — Ph 
I
Ph OTf 

68

The d a ta  docum ented  above show s that product distribution in our 

glycosidation procedure is a  function of the nature of:

(a) Nucleophile

(b) Reagent
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(c) Glycal

In the mechanism proposed earlier, schem e 15 {shown below), if the trapping of 

onium spec ies  (10A or 10B) is fast, com pared to their formation or reversal to 

glucal, then changing the alcohol nucleophilicity should have no effect on the 

product ratio. The use  of an alcohol that is a  poor nucleophile might change the 

rate determining step. If alcohol trapping is slow com pared  to equilibiration 

be tw een  10A and 10B , then product ratios should be a  function of alcohol 

nucleophilicity.

S c h e m e  15:

1 1 A (3-glycoside

9

Nuc
1 0B 11 B a-glycoside

The other factor which will affect product distribution is the e a s e  of reversibility 

of the initial electrophillic attack. An example of reversibility is shown in schem e 

2 3 ^ «



9 4

Schem e 23:

o ROH
good thiophile good nucleophile

MeS OR
I

Me

When the olefin is part of a  sugar  ring (glycal) reversibility of the electrophilic 

attack h as  been  observed  in c a se  of selenium electrophiles by O gaw a and 

lto?3b. But when they replaced selenium with sulfur no products arising from the 

reversibility were observed (Schem e 24)

S c h e m e  24:

BnO

BnOi'"*
AcHN

COzMo

OAc

i

ROH
r

BnO JDBn C 0 2Me

BnOi....^ t ^ o - OR
AcHN — *-—Y

Y A% B%

S e P h 18 69

S P h 58 0

BnO

BnOii"
AcHN

COzMe

OAc
B

Another possibility is that alcohols react with the sulfonium reagent to form 

sulfonate e s te rs  and the latter then attack the glycal a s  in the c a se  of O gaw a’s 

m e th o d ,12 To check this possibility we have com pared  our results with that of
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O gaw a (Table 7). The stereochemical outcom es in entries 1 and 2 are not the 

sam e. The major difference is in the c a s e  of acyloin (entry 3). There is no 

enanttoselectivity for one enantiom er of the acyloin via the O gaw a sulfenate 

method. In our c a s e  we observe  enantiomeric discrimination of the order of 

10/1. This comparison clearly indicates that the  m echanism  of our m ethod of 

glycosidation d o e s  not involve sulfenate ester.

T able  7: Comparison of Our Results with O gaw a's Method

-60° C, CH2Cl2, ROH _ ROSR\ TMSOTf
OUR ^ _________ _ B n 0 — t ' i ^ O  ______________ _  OGAWA'S
METHOD (R'S)2S +Rt SbCI6‘ -100 C ,C C I4 METH0 °

Ratio p /a
Entry R' R OUR METHOD OGAWA'S METHOD

1 ccr Me 2.6/1 3.5/1

2 O' i Pr 2.7/1 3.8/1

3 S am e  a s  entry 1 CCl Oniy p product 
(1/1)

4 Sam e a s  entry 2
0

S am e  a s  entry 3 Only p product 
(10/1)
(enantiomeric
discrimination)

A further proof w as obtained by carrying out a  13C NMR experiment which was 

done  at -60°C  to mimic the reaction conditions (Table 8). The signal for the 

methyl carbon in methanol ap p ea rs  at 549.0, in sulfenate ester, M eOSPh, at

565.2. This signal in the mixture of reagent and  methanol a p p ea rs  at 559.4 ,
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indicating that methanol is not in a  free state, has  not formed a  sulfenate ester  

but is "attached" to the reagent in som e way. The reagent itself show s three 

p e ak s  in the NMR indicating that it exists in a cyclic form 6 9 B .43 On 

addition of m ethanol to the  reagent we observed  ten p e ak s  for the reagent 

indicating that the cyclic structure has  been  perturbed making the three phenyl 

rings nonequivalent. Due to the problem s with our NMR instrument a t  low 

tem perature we could not repeat or do any further experiments.

Table  8: Low tem perature 13C NMR da ta

6
65.2 
49.0 
59.4
124.3, 132.7, 136.7 
124.8, 125.4, 125.7, 127.5, 129.0,
129.2, 132.7, 134.4. 135.0, 135.6

6 9 A  6 9 B

In the addition of arenesu lphenyl halides to a lkenes  to form p -h a loa lky l 

sulfides,55 one  possible m echanism is the nucleophilic attack by olefin on the 

sulfur to form a  episulfonium ion 70 which is ring opened  by nucleophilic attack 

on carbon by the chloride ion (path a) similar to our schem e  15. An alternative 

m echanism  has been  proposed which involves nucleophilic attack at sulfur to 

form a  chlorosulfurane 71 which may rearrange directly to product or ionize to

H ^O SPh
H-jCOH
Reagent 31 + £ H 3OH 
Reagent 31 
Reagent 31 + £ H 3OH
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form the episulfonium ion 70 (S chem e 25). Interm ediate 71 a  less polar 

species than 70 is especially favorable in less polar solvents. Chlorosulfurane 

72, an exam ple of intermediate 71 along path b, w as observed  in the reaction 

b e tw een  the  correspond ing  methylepisulfonium ion and  a stoichiometric 

am ount of chloride ion at -5°C  by proton NMR.56 The lesse r  strain in a  three 

m em bered  ring spanning  apical-equatorial or equatorial-equatorial s ites in 

trigonal bypyramidal sulfurane 71 com pared  to a  tetrahedral episulfonium ion 

70 also indicates preference for path b.

Scheme 25:

CH

7 2

SCH

Our results can  also be rationalized by considering su lfu ranes a s  reaction 

in te rm e d ia te s  (73 and 74). The bicyclic sp e c ie s ,  73 and  74, with the 

nucleophile a ttached at a  congested  site, would explain the d ep endence  of face 

selectivity on nucleophile in a  more satisfying way than the postulate  that
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isomeric onium spec ies  10A and 10B are  differently sensitive to the several 

nucleophiles attacking C-1. Thus the Dreiding models su g g es t  that the boat 

form of sulfurane 73 is the stable form and benefits from an anom eric effect. 

O ne boat form of 74 h as  an  anom eric  effect but suffers from sev ere  steric 

repulsions; w hereas the  less congested  boat of 74  has no anomeric effect.

anomeric 
effect RO

_ -/R O  e  
RO nucO* "^Ph

73
RO

nucCk s * Ph

/R O

repulsion

no anomeric 
effect

74

anomeric

Further with racemic alcohols there  would be two d ias te reom ers  

poss ib le  for e ac h  of the  two su lfu ranes 7 3  and  7 4 .  In eac h  c a s e  one 

d ias tereom er might form (or rearrange to) product more easily than the other. 

This explanation , again , is more satisfying than  arguing for different 

nucleophilicities of the enantiomeric alcohols towards C-1 of onium species  10. 

Though the existence of sulfurane in our system is purely speculative (we have 

no experimental proof) they explain our observations in a  convincing manner. 

Thus the glycosyl transfer method is a  straight forward o n e  s tep  process  which 

does  not require any specialized sugar derivatives. The reaction conditions are 

mild a n d  th e  activating thionium rea g en ts  c an  be  easily  p repa red  from 

commercially available compounds. In conclusion we believe that the c lass  of 

arylthiosulfonium salts , will be  useful rea g en ts  in the field of 2-deoxy-p- 

glycosidation.
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Synthesis of C'D* ring analog of aureolic acid

Next we have used  our sulfonium salt glycosidation procedure for the synthesis 

of the C'-D' subunit of th e  tr isaccharide  chain  of aureolic  acid 1. The 

retrosynthetic approach is shown in schem e 26.

Scheme 26:

The first step  is glycosidation of D-rhamnal using methanol a s  the 

nucleophile. The requirement for the rhamnal u sed  is that the hydroxyl groups 

in position 3 and  4 should have different blocking groups. It is possible to 

protect the 3 - OH in p resen ce  of 4 since the former is allylic. The choice of 

blocking groups should be  such that the 3 position can  be deblocked without 

effecting the protection at 4. We decided to u se  substituted a  silyl group at 

position 3 and  a  benzyl ether for hydroxyl group at 4. The product from the first 

glycosidation step, the 2-thiophenyl-2-deoxy-p-methylglycoside, on treatm ent 

with fluoride will render the 3-hydroxyl group free (leaving the 4 benzyl 

protection on) to be used  a s  a  nucleophile for step  II glycosidation.

II
> H O

+ MeOH
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For the syn thesis  of protected glycal we s tarted  with commercially available

3,4,6-tri-O-acetyl-D-glucal and  following s tandard  p rocedure57 converted it to 

tosylate 75  (Schem e 27). Com pound 75  with t-butyldimethylsilyl chloride (1 

equiv.) in the p resence  of imidazole gave the 3-protected glycal 76 .58 The tosyl 

group reduction using lithium aluminium hydride (LAH) did not give satisfactory 

resu lts . The starting material had  d is a p p e a re d  a fte r  36 hours  but no 

cham cterizable products were isolated.

Scheme 27:

Basic
resin

TsCI
Pyridine

(70 - 80%) 7 5

t-BOMSCI
imidazole

LAH
t-BDMSO

(85%) 7 6

We decided  to first reduce the tosyl group using LAH57 and then protect the 3 

position using  t-butyldiphenylsilylchloride.59 Glycal 78  thu s  obtained on 

benzylation gave  the required product 79 in only 31% yield. Byproduct 80 was 

isolated in 10% yield. Presumably the silyl protecting group is c leaved during 

the reaction (Schem e 28).
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Schem e 28:

HH °6 ^ r>  >'BDPS> HOr ^ S
imidazole t-BDPSO— >----- -----

7 5 (50%) 7 7  (88%) 7 8

NaH I 
BnBrl

BnO—
+ t-B D P S O -^  ^

(10%) 8 0 (31%) 7 9

7 9
MeOH

p - M e C ^ S  O M e

R eag en t 53 BnQ 

t-BDPS( OMe

(60%) cannot separa te  (83% p ;a ,;a  6:3; 8
the d iastereom ers r

Next we decided to u se  the p-(trimethylsilyi)ethoxymethyl (SEM)60 protection at 

the 3 position. The SEM group can be removed under the sam e conditions a s  

any silyl protection (treatment with fluoride) but since a  silicon-carbon bond 

exists in the group instead of silicon-oxygen bond, it should be less labile to 

benzylation conditions (used for blocking position 4). Glycal 77 on reaction with 

SEM chloride gave  the 3-protected glycal 81. Benzylation of 81 afforded the 

required glycal 82  in 72%  yield. Glycosidation using the sulfonium reagent 31 

and  m ethanol resulted  in g lycosides 8 3  in P :a :a*  ratio of 11.5:2:1(82%  

yield,Schem e 29) The reagent 31 had to be prepared  using procedure 18A. 

W hen the reagent 53  prepared  by procedure 18B w as u se d  during glycosyl 

transfer of 79 to methanol poor p selectivity was observed and glycoside a '-84  

w as isolated a s  one  of the major products (Schem e 28). We think that since the
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6 position in th ese  glycals is deoxygenated  the electron density on the ring 

oxygen increases which facilitates the formation of a '  glycosides. In procedure 

18B SbCl3 (a Lewis acid ) is present and  it can  catalyze the formation of a '  

glycosides via anomerization of product in already susceptible 6-deoxyglycals.

S c h e m e  29:

SEMCI h o — Na H BnO—
SEMO- ^ - —.̂  ^  SEMO- ^ — ^am ine BnBr

7 7 (72%) 8 1 *72% > 8 2

MeOH, 
R eagent 31

P h S  "

(82%; p :a :a ' 11.5:2:1) 8 3

T he SEM group in (3-83 w as c leav ed  using cesium  fluoride in DMSO. 

Tetrabutylammonium fluoride gave poor yields of 85. Using the homonuclear 

2D NMR we could assign all the protons in glycosides 84 and 85 (the signal of 

3-OH group w as confirmed by D2O exchange). The tri-n-butyl tin e ther of 85  

w as  u se d  a s  the  aglycone for the  syn thesis  of the  d isaccharide  8 6 . The 

glycosidation w as done  using the optimal sulfonium reagent 53 prepared  by 

procedure 18A. Dissacharide fJ-86 w as obtained in 47.5%  yield (Schem e 30). 

There a re  minor products, but we have not conclusively proven them to be a -  

86 . Desulfurization of p-86 using WII, Raney nickel g ave  the 2,2'-dideoxy- 

d issacharide 87 in 64%yield.
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Schem e 30:

Bn O— O OMe
s e m o - ^ ^ A /

P h S

p . 8 3

CsF

DMSO

(80%) 8 5

1. (n-Bu3Sn)20  
4A°MS,Toluene

2. Reagent 53 ,

BnO—^ \ ^ - 0

8 0

BnO—v - « \ ^ - 0  BnO
BnO—̂ - ' - " ' v \ —  ° '

p -M e C e ^ S  P h S

(47.5%) p - 8 6

OMe

(3*86
WII.Ra/Ni OMe

(64%) 8 7
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EXPERIMENTAL:

General Experimental: N M R  s p e c t r a  w e r e  r e c o r d e d  o n  G E  Q E  3 0 0 ,  J E O l  

F X  4 0 0  in s tr u m e n ts  w ith  C D C I3  a s  s o lv e n t .  E le m e n ta l a n a l y s e s  w e r e  p e r fo r m e d  

b y  S p a n g  M ic r o a n a ly t ic a l L a b o ra to r y , E a g le  H a rb o r , M l. M e lt in g  p o in t s  w e r e  

d e t e r m in e d  o n  a  F is h e r - J o h n s  m e lt in g  p o in t a p p a r a t u s  a n d  a r e  u n c o r r e c te d .  

O p tic a l r o ta t io n s  w e r e  d e t e r m in e d  u s in g  a  R u d o lp h  R e s e a r c h  A U T O P O L  III 

a u to m a t ic  p o la r im e te r . T h in -la y e r  c h r o m a to g r a m s  w e r e  d o n e  o n  p r e c o a t e d  TLC  

s h e e t s  o f  s i l ic a  g e l  6 0  F 2 5 4  (E . M erck ) a n d  sh o r t-  lo n g -w a v e  u ltra v io le t light w a s  

u s e d  to  v is u a l iz e  t h e  s p o t s .  P L C  p la t e s  w e r e  p r e p a r e d  b y  u s in g  K ie s e lg e l  6 0  

P F 2 5 4  (E . M e r c k ), a n d  c h r o m a to tr o n  (ra d ia l c h r o m a to g r a p h y )  p l a t e s  w e r e  

p r e p a r e d  b y  u s in g  K i e s e l g e l  6 0  P F 2 5 4  g ip s h a l t ig  (E . M e r c k ) .  F la s h  

c h r o m a to g r a p h y  w a s  p e r fo r m e d  w ith  s i l ic a  g e l  ( 2 3 0 - 4 0 0  m e s h )  p u r c h a s e d  from  

A ldrich  C h e m ic a l  C o . M e th a n o l w a s  d is ti lle d  from  M g a n d  s t o r e d  o v e r  3  A ° M S . 

D ry  T H F  w a s  o b t a i n e d  b y  d i s t i l la t io n ,  u n d e r  n i t r o g e n ,  fro m  s o d iu m -  

b e n z o p h e n o n  k e ty l. D ic h lo r o m e th a n e  w a s  d is t i l le d  from  P 2 O 5 . O th e r  s o lv e n t s  

w e r e  p u rified  a n d  d r ie d  b y  u s in g  s ta n d a r d  p r o c e d u r e s .

Preparation of dlmethyl(phenylthio)sulfonlum salt (19): T o  a  s o lu t io n  

o f  s i lv e r  te tr a f lu o r o b o r a te  ( 1 1 0  m g , 1 m m o le )  in 4  m l o f  a c e to n itr i le  a t 0  ° C  

d im e th y l s u l f id e  ( 1 4 7  p i, 2  m m o le )  w a s  a d d e d .  T o  th is  s t ir r e d  m ix tu re  p h e n y l  

s u l f e n y l  c h lo r id e  ( 1 4 4 .5  m g , 1 m m o le ) 61 w a s  a d d e d  d r o p w is e .  A w h ite  

p r e c ip ita te  o f  s i lv e r  c h lo r id e  w a s  fo r m e d . T h e  s u p e r n a ta n t  liq u id  w a s  s y r in g e d  

o u t  a n d  u s e d  w ith o u t fu rth er  p u rifica tion . 1H N M R  ( 3 0 0  M H z, CDCI3 ) 6  2 .7 0  ( s ,  

6 H , 2 x C Hsl 7 .2 0 - 7 .8 0  (m , 5 H , A r-H ).

3,4,6-Trl-O-benzyl-D-glucal (17) + Methanol (22) Using Reagent 19:

T o  a  so lu t io n  o f  th e  g lu c a l (1 0 6  m g , 0 .2 5 5  m m o l) a n d  th e  m e th a n o l (5 0  p i) in dry
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methylene chloride at 0 °C (under argon), 1.2 ml of the reagent solution (0.30 

mmol) w as added  by syringe technique. After the reaction w as complete (about 

10 min) saturated aqueous sodium bicarbonate solution (15 ml) w as added  and 

the mixture w as stirred for 30 min at room tem perature . The reaction mixture 

w as extracted with dichloromethane (3X25 ml). The combined organic extracts 

were dried over anhydrous Na2S 0 4 . Evaporation of the solvent gave  the crude 

product mixture of 3 ,4 ,6-tri-0-benzyl-2-deoxy-1-0-m ethyl--2-phenylthio-a-D- 

m a n n o p y ra n o s id e  (a -2 3 )  a n d  3 ,4 ,6 - tr i-0 -b en zy l-2 -d eo x y -1 -0 -m eth y l-2 -  

phenylthio-p-D-glucopyranoside (J3-23); p /a  2.0/1; 1H NMR (300 MHz, CDCI3), 

characteristic signals 5 3.18 (dd, J » 10.5, 8.8 Hz, C2-H of p), 3.33 (s, OCH3 of 

a), 3.53 (s, OCHh of p), 4.27 (d, J « 8.8 Hz, C r H of P).

G e n e ra l  P ro c e d u re  for p re p a ra t io n  of Aryl t r l -n -b u ty lt in  e th e r :

A mixture of aryl ace ta te  (10 mmole) and tri-n-butyl tin methoxide (10 mmole) is 

stirred for 12 hours at room tem perature . The byproduct methyl ace ta te  is 

removed in vacuo and  the product used without further purification.

P h y s ic a l  d a ta :  P h e n y l  tr l-n -bu ty ltin  e th e r  (39): o i l ; 1H NMR (300 MHz, 

CDCI3) 5 0.95 (t, J  * 7.0 Hz, 9H, 3xCH2CW3), 1.30 (t, J  = 7.4 Hz, 6H, 3xSnCH2), 

1.34-1.45 (m, 6H, butyl group protons), 1.60-1.72 (m, 6H, butyl group protons), 

6.72 (d, Jm 8.4 Hz, 2H, Ar-W), 6.80 (t, J  -  8.4 Hz, 1H, Ar-H), 7.18 (t, J  * 8.4 Hz, 

2H, Ar-H).

para-Tolyl tr l-n -bu ty ltln  e th e r  (41): oil; 1H NMR (300 MHz, CDCI3) 5 0.95 

(t, J -  7,4 Hz, 9H, 3xCH2C ^ ) ,  1.28 (t, J  « 7.9 Hz, 6H. 3xSnCH2), 1.32-1.45 (m, 

6H, butyl group protons), 1.59-1.71 (m, 6H, butyl group protons), 2.29 (s, 3H, 

CHs), 6.62 (d, J  *  8.4 Hz, 2H. Ar-H), 6.98 (d, J  » 8.4 Hz, 2H, Ar-H).
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ortho-Methylphenyl trl-n-butyltln ether (43): oil; 1H NMR (300 MHz, 

CDCI3) 5 0.95 (t, J  -  7.2 Hz, 9H, 3xCH2CH3), 1.28 (t, J  = 7.9 Hz, 6H, 3xSnCH2),

1.32-1.45 (m, 6H, butyl group protons), 1.60-1.71 (m, 6H, butyl group protons), 

2.20 (s, 3H, CHh), 6.57 (d, J  -  8.4 Hz, 1H, Ar-H), 6.72 (t. J ~  8.4 Hz, 1H. Ar-H),

7.02 (t, J »  8.4 Hz, 1H, Ar-H), 7.11 (d, J - 8 . 4  Hz, 1H, Ar-H).

pare-Chlorophenyl trl-n-butyltln ether (45): oil; ’ H NMR (300 MHz, 

CDCb) 5 0.95 (t, J -  7.3 Hz, 9H, 3xCH2C ^ ) ,  1.30 (t, J *  7.6 Hz, 6H, 3xSnCH2),

1.32-1.45 (m, 6H, butyl group protons), 1.59-1.62 (m, 6H, butyl group protons), 

6.63 (d, J -  8.7 Hz, 2H, Ar-H), 7.12 (d, J -  8.7 Hz, 2H, Ar-H).

Synthesis of t-Butyldimethylsllyl Ether of 2-Hydroxy-a-tetralone: To

a  solution of a-te tra lone (1.47 g, 10.1 mmol) and  triethylamine (2.1 ml, 15.2 

mmol) in 25 ml of dry methylene chloride w as a d d ed  t-butyldimethylsilyltriflate 

(3.6 ml, 15.2 mmol). The reaction mixture w as stirred at room temperature for 15 

min (tic, ethyl ace ta te -hexane  1:3, show ed completion of the reaction). The 

reaction w as quenched  with the addition of a  sa tu ra ted  solution of sodium 

bicarbonate and  diluted with 100 ml of methylene chloride. The organic layer 

w as w ash ed  with water (100 ml) and  dried over anhydrous sodium sulfate. 

Evaporation of the solvent gave  the t-butykJimethylsilyl enol e ther of a-tetralone 

a s  the crude product which (with out purification) w as dissolved in 30 ml of dry 

methylene chloride, cooled to -15 °C under nitrogen a tm osphere  and  m-CPBA 

(2.18 g, 80%, 10.2 mmol) was added. The reaction mixture w as stirred for 1 h at 

room te m p e ra tu re ,  w h e reu p o n  tic (ethyl a c e ta te - h e x a n e  1 :9) sh ow ed  

incom plete reaction. A secon d  portion of m-CPBA (1.0 g) and  20 mi of 

methylene chloride were added  to the reaction mixture and it w as stirred for one 

additional hour (tic show ed completion of the reaction). The reaction mixture
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w as diluted with 50 ml of m ethylene chloride and  w ash ed  with sa tu ra ted  

solution of sodium  bicarbonate (2X100 ml) followed by 10% solution of sodium  

bisulfite (2X100 ml). T he organic layer w as dried  over anhydrous sodium  

sulfate, and  concen tra ted  in vacuo. Radial chrom atography (ethyl a c e ta te  - 

hexane 1 :9) of the  residue gave 2.05 g of t-butyldimethylsilyl e ther of 2-hydroxy- 

a-te tra lone (73% overall).

Physical data: t-butyldlmethylsllyl enol ether of a-tetra lone: Oil; 1H 

NMR (300 MHz, CDCI3) 5 0.25 (s, 6H, Si(CRb)2}. 1 7 0  {s, 9H, SiC(CH3)3}, 2.31-

2.40 (m, 2H, C3-H), 2.81 (t. J = 7.4 Hz, 2H, C4-H), 5.20-5.24 (m, 1H, C2-H),

7.13-7.29 (m, 3H, Ar-H), 7.52 (d, 8.0 Hz. 1H, C8-H).

t-Butyldlmethylsllyl ether of 2-hydroxy-a-tetralone: Oil; ’H NMR (300 

MHz, CDCI3) 5 0.18 {s, 3H, 1/2XSi(CH3)2}, 0.25 {s, 3H, 1/2XSi(CH3)2), 0.98 {s, 

9H, S iC (C tt3)3}, 2.17-2.41 (m, 2 H, C 3-W), 3.06-3.14 (m, 2H, C4-H), 4.42 (dd, J 

* 11.2, 4.9 Hz, 1H, C2-H), 7.28 (d, J -  8.4 Hz, 1H, Cs-H), 7 .35 (d, J * 8.4 Hz, 

1H, Ar-H), 7.52 (dt. J =  8.4, 1.0 Hz, 1H, Ar-H), 8.07 (dd, 8.4, 1.0 Hz, 1H, C8- 

H ) .

Synthesis of 2 -H yd ro xy-a-te tra lo ne (8 ): To a  solution of th e  t- 

butyldim ethylsilyl e th e r of 2 -h y d ro x y -a -te tra lo n e  (0.5 g, 1.8 mmol) in dry 

m ethanol (10 ml), under a  nitrogen a tm osphere, Dowex-H+ resin (0.2 g) w as 

added. The resulting slurry w as stirred for 14h at room tem perature, w hereupon 

tic (ethyl ace ta te -hexane  1 :2) show ed completion of the  reaction. The resin was 

filtered off and w ashed  with m ethanol (15 ml). The filtrate w as concen tra ted  in 

vacuo an d  the residue w as subjected  to radial chrom atography (ethyl ace ta te- 

hexane 1:4) to give 200 mg of 8 (68.5%); Oil; 1H NMR (300 MHz, CDCI3) 5 2.10 

(ddd, J  -  27.9. 14.0, 5.6 Hz, 1H, C3-H), 2.53-2.62 (m, 1H), 3 .04-3.28 (m. 2H),
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3.95 (d, J *  0.9 Hz, 1H, OH), 4.45 (ddd, J -  13.5, 5.6, 0.9 Hz, 1H, C2 -H), 7.32 (d, 

*7* 8.4 Hz, 1H, Cs-H), 7.40 (t, J - 8 . 4  Hz. 1H, Ar-H), 7.57 (dt, J  -  8.4, 0.9 Hz, 1H, 

Ar-H), 8.09 (d, J  -  8.4 Hz, 1H. C0-H).

General Procedure for Preparation of Aryl(bisarylthlo)sulfonium  

Salt Reagent (24):

Method A ( S c h e m e  21 A): A solution of diaryldisulfide (1 mmol) and  

arylsulfenyl chloride (1.1 mmol) in 3.0 ml of dry m ethylene chloride is added  

dropwise to antimony pentachloride (1.0 ml of 1M solution in CH2CI2) at -60 °C 

(under argon). The mixture is stirred for 30 min a t -60 °C to give a  0 .25 M 

solution of 24.

Method B (S chem e 21B): A solution of diaryldisulfide (1.5 mmol) in 2.5 ml of 

dry m ethylene chloride is added  dropwise to antimony pentachloride (1.5 ml of 

1M solution in CH2CI2, bought from Aldrich) at -60 °C (under argon). The 

mixture is stirred for 30 min at -60 °C to give a  0.25 M solution of 24.

G e n e ra l P ro c e d u re  fo r G ly c o s id a tio n : To a  solution of the glucal (0.255 

mmol) and the nucleophile alcohol (0.51 mmol) in dry m ethylene chloride at -60 

°C (under argon), 1.2 ml of the reagent solution (0.30 mmol) is added  by syringe 

technique. After the reaction is com plete (about 10 min) sa tu ra ted  aq u eo u s 

sodium  bicarbonate solution (15 ml) is added  and th e  mixture is stirred for 30 

min a t room  te m p e ra tu re . T he reac tio n  m ixture is e x tra c te d  with 

dichlorom ethane (3X25 ml). The com bined organic ex tracts w ere dried over 

anhydrous Na2S 0 4 . Evaporation of the  solvent gave the crude product mixture 

which w as subjected to radial chrom atography.
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3,4,6~Trl-0-benzyl-D-glucal (17) + Isopropanol (32) Using Reagent

31: Glycosidation w as carried  out using phenyl(bisphenylthio)sulfonium  salt 

(31) prepared  by m ethod A. Radial chrom atography (ethyl ace ta te -hexane  1:20 

to 2:1) gave  23 mg of 3,4,6-tri-0-benzyl-2-deoxy-1-0-isopropyl-2-phenylthio-a- 

D -m annopyranoside  (a-33) an d  64 mg of 3 ,4 ,6-tri-0 -benzy l-2 -deoxy-1-0- 

isopropyl-2-phenylthio-p-D -glucopyranoside (p-33); total yield 59%; p /a  2.7/1. 

In addition 13.2 mg (10%) of 3 ,4 ,6-tri-0-benzyl-2-deoxy-2-phenylthio-p-D - 

g lucose  (28, R »R i»H ) and  22.5 mg (17 %) of 3,4,6-tri-0-benzyl-2-deoxy-2- 

phenylthio-a-D -glucose (27, R=R-|«H) w ere also isolated.

Physical data: First fraction: a -3 3 : mp 90-92 °C; ’H NMR (300 MHz, CDCI3) 5

1.02 (d, J  -  6.1 Hz, 3H, CH3), 1.22 (d, J  « 6.2 Hz, 3H, CH3), 3.70-3.93 (m, 6 H, 

OCH(CH3)2, pyran ring protons), 4.27-4.33 (m, 1H, pyran ring proton), 4.61 (AB 

q, A v -  19.9 Hz, JAB~ 11.3 Hz, 2H, PhCHfe),4.66 (AB q, Av -  36.2 Hz, JAB = 12.1 

Hz, 2H, PhC Hz), 4.72 (AB q, Av -  100.2 Hz, JAB « 10.8 Hz, 2H, PhCM>), 5.13 (d. 

J *  1.2 Hz, 1 H ,C r H), 7.17-7,61 (m, 20H, Ar-H).

S econd  fraction: p*33: Thick oil; (a]25D~17.9° (c 0.3, CHCI3); 1H NMR (300 MHz, 

CDCI3) 5  1.10 (d, J » 6 . 1  Hz, 3H, CH3), 1.19 (d, J = 6.1 Hz, 3 H ,C H j) ,3 .2 l (dd, J

-  8.9, 10.5 Hz, 1H, C2-H), 3.44-3.74 (m, 5H, pyran ring protons), 3.96 (heptet, J

-  6.1 Hz, 1H, OCH{CH3)2), 4.41 (d, J -  8.9 Hz, 1H, C r H), 4.51-4.62 (m, 3 H, 

1.5xPhC Hz),  4.81 (d, J  -  10.9 Hz, 1H, 1/2xPhCf^), 4.92 (AB q. Av * 57.3 Hz. JAB

-  10.3 Hz, 2H, PhCH2), 7.16-7.55 (m, 20H, Ar-H); NMR (75 MHz, CDCI3) 5 

21.65, 23.26, 56.73 (C*), 69.12, 72.31, 73.37, 74.72, 74.78, 75.90, 79.31, 83.37, 

102.40 (Cr). 126.35, 127.40, 127.55, 127.64, 127.78, 127.95, 120.18, 128.29, 

128.39, 131.40, 136.02, 138.03, 138.23.
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Third fraction: 28 (R -F h -H ) :  1H NMR (300 MHz, CDCI3) 8 3.25 (dd, J  = 10.7,

8.8 Hz, 1H, C 2-H), 3.39-3.44 (m, 1H, pyran ring proton), 3.49 (dd, J -  10.7, 8.6 

Hz, 1H, C3-H), 3.60-3.73 (m, 3H, pyran ring protons), 4.42 (d, J  = 8.8 Hz. 1H, Ci- 

H), 4.49-4.56 (m, 2H, OH, l^xPhCHfe), 4.72 (AB q, Av -  78.9 Hz, JAB *  12.0 Hz, 

2H, PhCHfe), 4.78 (d, J -  10.8 Hz, 1H, 1/2xPhCHfe), 4.89 (AB q, Av = 58.1 Hz, JAB 

- 1 0 .3  Hz, 2H, PhCHfe), 7.00-7.47 (m, 20H, Ar-H).

Fourth fraction: 27 (R -R 1-H ): mp 89-90 °C (lit.10 mp 85.5-86 °C); 1H NMR (300 

MHz, CDCI3) 8 3.25-3.33 (m, 2H, C2-H, OH), 3.50-3.63 (m, 3H, C4-H, 2xC6-H), 

3.92 (d, J  -  11.0, 9.0 Hz, 1H, C3-H), 4.02-4.08 (m, 1H, Cs-H), 4.37-4.53 (m, 3H.

1.5xPhCH 2), 4.72-4.78 (m, 2H, PhCH2), 4.92 (d, J =  10.2 Hz, 1H, 1/2xPhCH2), 

5.28 (t, ,7=3.0  Hz, 1H. C r H), 7.03-7.43 (m, 20H, Ar-H).

3,4,6-Trl-O -benzyl-D-glucal (17) + Neopentyl alcohol (49) U s in g  

R e a g e n t  3 1 : G ly c o s id a t io n  w a s  c a r r i e d  o u t  u s in g

pheny l(b ispheny lth io )su lfon ium  sa lt (31) p rep a red  by m ethod A. Radial 

chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave 13.8 mg of of 3,4,6-tri-

0 -benzy f-2 -deoxy-1 -0 -neopen ty l-2 -pheny lth io -a-D -m annopyranoside  (a-50) 

and  79 mg of 3 ,4 ,6 -tri-0 -benzy l-2 -deoxy -l-0 -neopen ty l-2 -pheny lth io -p -D - 

glucopyranoside ((3-50); total yield 60% ; p /a  5.7/1.

P h y s ica l d a ta :  First fraction: a -5 0 : oil; iH NMR (300 MHz, CDCI3) 8 0.84 (s, 

9H, 3 x C ^ ) ,  3.12 (AB q, Av -  116.8 Hz, JAB -  9.0 Hz, 2 H, OCH2C(CH3)3), 3.66-

3.85 (m, 5H, pyran ring protons), 4.22 (dd, J -  4.7. 8.4 Hz, 1H, pyran ring 

proton), 4.50-4.70 (m, 4H, 2xPhCH2), 4.67 (AB q, Av « 110 Hz, JAB = 10.8 Hz, 

2H, PhC Hz), 4.90 (s, 1H, C r H), 7.13-7.45 (m, 20H, Ar-H).
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S eco n d  fraction: p-50: oil; [ce]25d -21 .5 °  (c 0.5, CHCI3);1H NMR (300 MHz, 

CDCI3) 5 0.82 (s, 9H, 3xCHb), 3.28 (dd, J  -  8.9, 10.4 Hz, 1H, CZ-H),  3.32 (AB q, 

Av -  150.0 Hz, JAB -  8.9 Hz, 2H, OCH2C(CH3)3), 3.40-3.73 (m, 5H, pyran ring 

protons), 4.31 (d, J  -  8.9 Hz, 1H, C 1 -H). 4.51-4.61 (m, 3H, 1.5xPhCH2), 4.78 (d, J 

-  10.9 Hz, 1H, 1/2xPhCH 2), 4.91 (AB q, Av « 60.9 Hz, JA 8  -  10.3 Hz, 2H, 

PhC H 2), 7.09-7.51 (m, 20H, Ar-H). 13C NMR (75 MHz, CDCI3) 8 26.56, 31.88,

56.30 (C2). 68.92, 73.41, 74.82, 76.01, 79.34, 80.42, 83.30, 104.19 (C ,). 126.21, 

127.48, 127.55, 127.62, 127.67, 127.82, 127.93, 128.05, 128.20, 128.26, 

128.33, 128.51, 130.79, 136.16, 138.01, 138.24, 138.28. Anal. C alcd for 

C m H ^O sS : C, 74.48; H. 7.24; S. 5.23. Found: C, 74.39; H, 7.31; S, 5.22.

3.4.6-Tri-O-benzyl-D-glucal (17) + Phenyl tri-n-butyltin ether (39) 

U sing R eagen t 31; G ly c o s id a tio n  w a s  c a r r ie d  o u t u s in g  

pheny l(b ispheny lth io )su lfon ium  sa lt (31) p rep a red  by m ethod  B. Radial 

chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave 19 mg of of 3,4,6-tri-O- 

benzy l-2 -deoxy-1 -O -pheny l-2 -pheny lth io -a-D -m annopyranoside  (a-40) and 

82 mg of 3 ,4 ,6 - tr i-0 -b e n z y l-2 -d e o x y -1 -0 -p h e n y l-2 -p h e n y lth io - ( J -D - 

glucopyranoside (P-40); total yield 64%; p /a  4.3/1. In addition 10 mg (7.3%) of

3.4.6-tri-O benzyl-2-deoxy-2-phenylthio-p-D -glucose (28, R=R-j=H) and  22 mg 

(16 %) of 3,4,6-tri-0-benzyl-2-deoxy-2-phenylthio-a-D -glucose (27, R =R i=H ) 

w ere  also  iso lated . A sm all am ount of 4-th iophenylphenol (47, R«H) w as 

obtained.

P h y sica l d a ta : First fraction: a -4 0 : mp 88-89 °C; ’H NMR (300 MHz, CDCI3) 5

3.64 (dd, J  -  11.0, 1.7 Hz, 1H, C6-H), 3.78 (dd, J  -  11.0, 4.2 Hz, 1H, C6-H), 3.89-

3.91 (m, 2H, Cs-H, C2-H), 4.00 (dd, J *  9.0, 9.6 Hz, 1H. C4-H ), 4.42-4.47 (m, 2H, 

C 3-H, 1/2xPhCH2). 4.61-4.71 (m, 3H, 1.5xPhCH2), 4.70 (AB q. Av = 115.0 Hz,
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Jab .  10.7 Hz, 2H, PhCHfc), 5.71 (d, J -  1.5 Hz, 1H, Ci-H), 6.94-7.50 (m, 25H, Ar- 

H).

S econd  fraction: £-40: mp 92-93 °C; [a]2SD -19.6° (CHCI3); 'H  NMR (300 MHz, 

CDCI3) 5 3.51 (dd, J -  10.7, 8.6 Hz, 1H, CZ-H), 3 .60-3.82 (m, 5H, pyran ring 

protons), 4 .55 (AB q. Av -  21.78 Hz, JAB~ 12.0 Hz, 2H, PhCH2)„ 4.85 (AB q, Av 

-  10.0 Hz, Jab  -  10.0 Hz, 2H, PhCHfe), 4.86 (AB q, Av -  145.0 Hz, J a b *  10.6 Hz, 

2H, PhCHfe), 4.98 (d, J  -  8.4 Hz, 1H, C t-H), 6.90 (d, 7.64 Hz, 2H, Ar-H). 6.99-

7.24 (m, 23H, Ar-W); 13C NMR (75 MHz, CDCI3) 5 56.48 (C2), 68.74, 73.44, 

74.98, 76.29, 79.07, 82.82, 101.83 (C 1), 116.66, 122.42, 126.23, 127.14, 

127.52, 127.64, 127.78, 127.84, 128.07, 128.27, 128.35, 128.43, 128.73, 

129.31, 132.49, 134.88, 137.86, 138.01, 138.07, 157.24. Anal. C alcd for 

CagHsaOsS: C, 75.70; H, 6.19; S, 5.18. Found: C, 75.61; H, 6.26; S, 5.14.

Third fraction: 47 (R -H ): 1H NMR (300 MHz, CDCI3) 5 5.18 (br s , 1H, OH), 6.88 

(d, J  -  8.6 Hz, 2H, Ar-W), 7.18-7.31 (m, 5H, Ar-H), 7.41 (d, J  -  8.6 Hz, 2H, Ar-H); 

13C NMR (75 MHz, CDCI3) 5 116.50, 125.86, 128.31, 129.00, 135.55, 138.45, 

155.89 (C r).

Fourth fraction. 28 (R=Ri«H).

Fifth fraction: 27 (R*R-|«H).

3,4,6-Trl-O -benzyl-D-glucal (17) para-Tolyl trl-n -butyltin  e th e r  

(41) Using Reagent (31): G lycosid a tion  w a s  c a r r ie d  out u sin g  

phenyl(b isphenylth io)su lfon ium  sa lt (31) p rep a red  by m ethod  B. Radial 

chromatography (ethyl aceta te-hexane 1:20 to 2:1) gave  11 mg of of 3,4,6-tri-O- 

benzyl-2-deoxy-1-0-(4 '-m ethylphenyl)-2-phenyithio-a-D-mannopyranoside fa- 

4 2 ) a n d  58 mg of 3 ,4 ,6 -tri-0 -benzy l-2 -deoxy -1  -0 -(4 '-m eth y lp h en y l)-2 -
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phenylthio-p-D -glucopyranoside ((5-42); total yield 43% ; p /a  5.3/1. In addition 

25 mg (18%) of 3 ,4 ,6 -tri-0 -benzyl-2-deoxy-2-phenylth io-p-D -g lucose (28, 

R .R t .H )  and 39 mg (29%) of 3 ,4 ,6-tri-0-benzyl-2-deoxy-2-phenylthio-a-D - 

g lucose  (27, R -R i-H )  w ere also isolated. A small am ount of 4-0-(p-tolyl)- 

thiophenol (48, R -C H 3) w as obtained.

P h y s ica l d a ta :  First fraction: a -4 2 : o i l ; 1H NMR (300 MHz, COCb) 5 2.27 (s, 

3H, Ar-C/*»), 3.67 (dd, 11.1, 1.5 Hz, 1H, C6-H), 3.80 (dd, J  -  11.1, 4.1 Hz, 1H, 

C6-H), 3.91-3.95 (m, 2H, C5-H, Cr H), 4.00 (dd, J  -  9.3, 9.0 Hz, 1H, C 4-H ), 4.44- 

4.48 (m, 2H, C3-H, 1/2xPhCH2), 4.62-4.72 (m, 3H, 1.5xPhCH2), 4.73 (AB q, Av =

111.3 Hz, Jab «  10.8 Hz. 2H, PhCH2), 6.90 (d, J -  8.6 Hz, 2H, Ar-H), 7.04 (d, J =

8.3 Hz, 2H, Ar-H),7.18-7.52 (m, 20H, Ar-H).

Second fraction: p-42: mp 61-63 °C; [a]25D '11 .0° (c 0.5, CHO3); ’H NMR (300 

MHz, CDCI3) 6 2.27 (s, 3H, Ar-CHh), 3.46 (dd, J *  10.7, 8.7 Hz, 1H, C2-H), 3.55-

3.79 (m, 5H, pyran ring protons), 4.53 (AB q, Av -  22.1 Hz, JAb -  12.0 Hz, 2H, 

PhCH 2)„ 4.74 (AB q, Av .  85.5 Hz, JAB -  10.9 Hz, 2H, PhCH2), 4.91 (d, J = 8.7 

Hz, 1H, C r H), 4.91 (AB q, Av = 67.9 Hz, JAB= 10.5 Hz, 2H. PhCH2), 6.80 (d, J  =

8.5 Hz, 2H, Ar-H), 7.02 (d, J = 8.2 Hz, 2H, Ar-H), 7.19-7.57 (m, 20H, Ar-H); 12C 

NMR (75 MHz. CDCI3) 5 20.51, 56.51 (C2), 68 .8 6 , 73.45, 74.91, 75.02, 76.16,

79.14, 82.94, 102.23 (C*), 116.75, 127.04, 127.45, 127.60, 127.67, 127.78,

128.00, 128.22, 128.27, 128.37, 128.67, 129.71, 131.77, 132.41, 135.02, 

137.96, 138.12, 138.15, 155.25. Anal. Calcd for C40H40O5S: C, 75.92; H, 6.37; 

S, 5.07. Found: C, 76.08; H, 6.21; S, 4.99.

Third fraction: 48 (R -C H 3 ): (contam inated with 28 , R -R t.H )  1H NMR (300 

MHz, CDCI3), characteristic signals 5 2.13 (s, 3H, CH3), 6.63 (d, J = 8.2 Hz, 2H, 

Ar-H), 7.02 (d, 8.2 Hz, 2H, Ar-H).
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Fourth fraction: 28 (FURi*H).

Fifth fraction: 27 (R«Ri«H ).

3,4,6-Tri-O-benzyt-D-glucal (17) + ortho-Tolyt trl-n-butyltln  ether 

(43) Using Reagent 31: G ly c o sid a tio n  w a s  c a r r ie d  ou t u s in g  

pheny l(b ispheny lth io )su lfon ium  sa lt (31) p rep a red  by m ethod B. Radial 

chrom atography (ethyl ace ta te-hexane 1 :20 to 2:1) gave  10 mg of of 3.4,6-tri-O- 

benzyl-2-deoxy-1-0-(2*-m ethylphenyl)--2-phenylthio-a'D -m annopyranoside (a- 

44) an d  38 mg of 3 ,4 ,6 -tri-0 -b en zy l-2 -d eo x y -1 -0 -(2 '-m eth y lp h en y l)-2 - 

phenylthio-fJ-D-glucopyranoside (p-44); total yield 30%; p /a  3.7/1. In addition 

28 mg (20.3% ) of 3 ,4 ,6-tri-0-benzyl-2-deoxy-2-phenylthio-p-D -glucose (28, 

R » R 1=H) and 36 mg (26%) of 3 ,4 ,6-tri-0-benzyl-2-deoxy-2-phenylthio-a-D - 

g lu co se  (27, R « R i-H ) w ere a lso  isolated. A sm all am ount of 2-m ethyl-4- 

thiophenylphenol (47, R -C H 3 ) w as obtained.

Physical data: First fraction: a-44 : thick oil; 1H NMR (300 MHz, CDC^) 8 2.10 

(s, 3H, Ar-CH3),3.67 (dd, J=  11.0, 1.6 Hz, 1H, C 6-H), 3.79-3.92 (m, 3H, CZ-H, C5- 

H, C 6-H), 4 .02 (dd, J -  9.1, 9.5 Hz, 1H, C 4-H ), 4 .42-4.50 (m, 2H, C 3-H, 

1 /2xPhC H 2), 4 .68-4.75 (m, 3H, 1.5xPhCH2), 4.74 (AB q, Av = 111.8 Hz, JAB «

10.8 Hz. 2H, PhCH2), 5.66 (d, J  -  1.5 Hz. 1H, Ci-H). 6.89-7.51 (m. 24H, Ar-H). 

Anal. Calcd for C40H40O5S: C, 75.92; H, 6.37; S, 5.07. Found: C, 75.65; H, 6.31; 

S, 5.13.

S econd  fraction: p 4 4 :  thick oil; [a.]2S0 -38.7° (c 0.4, CHCI3); ^  NMR (300 MHz, 

CDCI3) 8 2.08 (s, 3H, Ar-CH3), 3.57 (dd, J  -  10.5, 8 .7  Hz, 1H, C2-H), 3.61-3.85 

(m, 5H, pyran ring protons), 4.51-4.65 (m, 3H, 1.5xPhCH2), 4.86-4.93 (m, 2H, 

PhC H 2), 5.01 (d, J  -  8.7 Hz, 1H, C r H), 5.12 (d, J -  10.4 Hz, 1H, 1/2xPhCH2),
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6.92-7.57 (m, 24H, Ar-H); NMR (75 MHz, CDCI3) 8 16.17, 56.10 (Cz), 68.83,

73.44, 74.86, 74.97, 76.06, 79.12, 83.29, 101.15 (C ,), 114.52, 122.10, 126.62,

126.80, 127.45, 127.59, 127.77, 127.91, 128.22, 128.35, 128.73, 129.02,

130.69, 131.57, 132.30, 137.93, 138.05, 138.16, 155.44.

Third fraction: 47 (R -C H 3 ); (contam inated  with p-OH) 1H NMR (300 MHz, 

CDCI3), characteristic signals 8 2.18 (s, 3H, C ^ j) , 6.69 (d, 3 .7  Hz, 1H, C5-H),

NMR (75 MHz, COCI3) characteristic signals 8 15.53 (CH3). 138.00, 138.30,

154.32 (Cj).

Fourth fraction: 28 (R=Ri*H).

Fifth fraction: 27 (R=Ri=H).

3,4,6-Trl-O-benzyl-D-glucal (17) + para-Chlorophenyl trl-n-butyltin  

ether (45) Using reagent 31: G lycosidation  w as c a rr ie d  out using  

phenyl(b ispheny lth io )su lfon ium  sa lt (31) p rep a red  by m ethod  B. Radial 

chrom atography (ethyl ace ta te-hexane 1:20 to 2:1) gave 15 mg of of 3,4,6-tri-O- 

benzyl-2-deoxy-1-0-(4 '-chlorophenyl)--2-phenylthio-a-D *m annopyranoside (a- 

4 6 ) a n d  73 mg of 3 ,4 ,6 -tri-0 -b en zy l-2 -d eo x y -1  -0 - ( 4 ‘-ch lo ropheny l)-2 - 

phenylthio-p-D -glucopyranoside (p-46); total yield 53%; p /a  4.9/1. In addition 

14 mg (10% ) of 3 ,4 ,6-tri-0-benzyt-2-deoxy-2-phenylth io*p-D -glucose (28, 

R -R t«H) and  41.5 mg (30%) of 3,4,6-tri-0-benzyl-2-deoxy-2-phenylthio-a-D - 

g lu co se  (27, R»R-|«H ) w ere  a lso  iso la ted . A sm all am ount of 4 -0 -(4 '-  

chlorophenyl)-thiophenol (48, R=CI) w as obtained.

Physical data: First fraction: a -4 6 : oil ; 1H NMR (300 MHz, CDCI3) 8 3.64 (dd, 

J  -  11.0, 1.4 Hz, 1H, Ce-H), 3.78 (dd, J *  11.0, 4.4 Hz, 1H, C6-H), 3.85-3.91 (m, 

2H, C s-H, C 2-H), 3.98 (dd, J  * 8.9, 9.4 Hz, 1H, C4-H ), 4.39-4.48 (m, 2H, C3-H,
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1/2xPhCH 2), 4.62-4.72 (m, 3H, 1,5xPhCH2), 4.71 (AB q, Av -  111.7 Hz. JAB *

10.8 Hz. 2H, PhCHfe), 5.65 (d, J  -  1.4 Hz. 1H. C VH), 6.92 (d, J  -  8.0 Hz, 2H, Ar- 

H),7.17-7.52 (m. 22H, Ar-H).

S econd  fraction: p-46: mp 88-90 °C; [a}25o +11 2° (c 0 .2 , CHCI3); 1H NMR (300 

MHz, CDCI3) 5 3.49 (dd, J  * 10,6, 8.0 Hz. 1H, C 2-H), 3.58-3.80 (m, 5H. pyran 

ring protons), 4.43-4.62 (m, 3H, 1.5xPhCH2), 4.85-4.93 (m, 3H, C 1 -H, PhC H 2),

5.08 (d, J  -  10.2 Hz, 1H, 1/2xPhC^»), 6,80 (d. J  -  8.8 Hz, 2H, Ar-H), 7.15-7.55 

(m, 22H, Ar-H): 13C NMR (75 MHz, CDCI3) 5 56.21 (C2), 68.70, 73.42, 74.94,

75.00, 76 .20 , 78.99, 82.69, 101.99 (C f), 118.02, 127.19, 127.57, 127.72, 

127.78, 127.99, 128.14, 128.24, 128.28, 128.37, 128.71, 129.17, 129.28,

132.43, 134.64, 137.79, 137.91, 137.99, 155.72. Anal. Calcd for C3gH3705SCi: 

C, 71.71; H, 5.71; S, 4.91; Ct, 5.43. Found: C, 71.66; H, 5.58; S, 5.00; Cl, 5.37.

Third fraction: 48 (R—Cl): (contam inated with p-OH) 'H  NMR (300 MHz, CDCb), 

characteristic signals S 5.45 (s. 1H), 6.77 (d, 7.9 Hz, 2H, Ar-H), 7.23-7.50 (m,

6H, Ar-H).

Fourth fraction: 28 (R=Ri=H).

Fifth fraction: 27 (R«Ri«H ).

3.4.6-Trl-O-benzyl-D-glucal (17) + Phenyl tri-n-butyltln ether (39) 

Using R eagent 5 1 : Q ly c o s id a tio n  w a s  c a r r ie d  ou t u s in g  p- 

chlorophenyl{bis(p-chlorophenyl)thio}sulfonium  salt (51) p repared  by m ethod 

B. Radial chrom atography (ethyl ace ta te-hexane 1:20 to 2:1) gave 33.3 mg of of

3.4.6-tri-0-benzyl-2-deoxy-1-0-phenyl-2-(4 '-chlorophenyl)thio-a-D - 

m annopyranoside (a-64) and  56 mg of 3,4,6-tri-0-benzyl-2-deoxy-1-0-phenyl- 

2-(4 '-chlorophenyl)thio-p-D -glucopyranoside (p-64); total yield 54%; p /a  1.7/1.
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In addition 16 mg (11%) of 3 ,4 ,6 -tri-O-b0nzyl-2-deoxy-2-(4'-chlorophenyl)thio-0 - 

D-glucose (28, R-CI; R i«H ) and 25 mg (17 %) of 3,4,6-tri-0-bonzyl-2-deoxy-2- 

(4’-chlorophenyl)thio-a-D-glucose (27, R-CI; R i-H )  w ere a lso  isolated. A small 

am ount of 4-(4’-chlorothiophenyl)phenol (67, R-CI, R i-H ) w as obtained.

Physical data: First fraction: a-64: mp 77-78 °C; 1H NMR (300 MHz, CDCI3) 

5 3.62 (dd, J -  11.1, 1.3 Hz, 1H, C 6-H), 3.76 (dd, J  -  11.1, 4.0 Hz, 1H. C 8-H), 

3.81 (dd, J  -  4.5, 1.5 Hz, 1H, C 2-H), 3.85-3.90 (m, 1H. C5-H ), 3.98 (dd, J  -  8.9 

Hz, 1H, C 4-H ), 4 .40-4.44 (m, 2H, C3-H , 1 /2xPhC H 2), 4 .54-4 .66  (m, 3H, 

1 .SxPhCZ-fe). 4.68 (AB q, Av = 109.8 Hz, ^ - 1 0 . 8  Hz, 2H, PhCH2), 5.66 (d, J  =

1.5 Hz, 1H, C r H), 6.96-7.39 (m, 24H, Ar-H).

S econd  fraction: 0-64: mp 77-79 °C; [a]25D° (c , CHCI3); 1H NMR (300 MHz, 

CDCI3) 8 3 .43 (dd, J -  10.9, 8.8 Hz, 1H, C2 -H). 3.56-3.81 (m, 5H, pyran ring 

protons), 4.49-4.65 ( m, 3H, 1.5xPhCH2), 4.85 (d, J  -  11 Hz, 1H, 1/2xPhCHz),

4.92 (AB q, Av -  40.8 Hz, Jab «  10.4 Hz, 2H, PhCHj), 4.96 (d, J  = 8.8 Hz, 1H, C 1 - 

H), 6.90 (d, J  * 7.9 Hz, 2H, Ar-H), 7.00-7.52 (m, 22H, Ar-H); NMR (75 MHz, 

CDCI3) 5 56.79 (C2), 6 8 .6 8 , 73.42, 74.91, 75.03, 76.20, 79.06, 82.82, 101.75 

(C ,), 116.63, 122.51, 127.46, 127.57, 127.75, 127.90, 128.21, 128.29, 128.35, 

128.77, 129.31, 133.06, 133.19, 133.24, 133.53, 137.80, 137.96, 157.12. Anal. 

Calcd for C39H370 5SCI: C, 71.71; H, 5.71; S, 4.91; Cl, 5.43. Found: C, 71.59; H, 

5.67; S, 5.00; Cl, 5.60.

Third fraction: 67 (R-CI; R t- H ) :  mp 67-68 °C ; ’ H NMR (300 MHz, CDCl3) 5

4.95 ( s , 1H, OH), 6.88 (d, J -  9.3 Hz, 2H, Ar-H), 7.11 (d, J  -  9 .3  Hz, 2H, Ar-H),

7.24 (d, J  -  9 .3  Hz, 2H, Ar-H), 7.49 (d, J -  9.3 Hz, 2H, Ar-H).

Fourth fraction: 28 (R-CI; R i= H ): ’H NMR (300 MHz, CDCI3) 8 3.30 (dd, J =

10.2, 8.8 Hz, 1H, C2-H), 3.52-3.86 (m, 5H, pyran ring protons), 4.53 (d, J ® 8.8
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Hz, 1H, Ci-H), 4.58-4.70 (m, 3H, OH, PhCH2), 4.85-4.98 (m, 3H, 1.5xPhCH2), 

5.04 (d, J -  10.2 Hz, 1H, 1/2xPhCH2), 6.90-7.43 (m, 19H, Ar-H).

Fifth fraction: 27 (R-CI; R i-H ): 1H NMR (300 MHz, CDCI3) 8 3.22-3.30 (m, 2H, 

C2-H, OH), 3.53-3.68 (m, 3H, C4-H, 2xC6-H), 3.95 (dd, J  -  10.8, 8 .8 . Hz, 1H, C3- 

H), 4.03-4.10 (m, 1H, Cs-H), 4.40-4.60 (m, 3H, 1.5xPhCH2), 4.75-4.82 (m, 2H, 

PhC H 2), 4.90 (d, J  -  10.2 Hz, 1H, 1/2xPhCH2), 5.42 (t, J  *  3.0 Hz, 1H, C r H), 

6.90-7.43 (m, 19H, Ar-H).

3.4.6-Trl-O-benzyl-D-glucal (17) + Phenyl trl-n-butyltln ether (39) 

U sing R eagent 5 3 : G ly c o s id a tio n  w a s  c a r r ie d  ou t u s in g  p- 

methylphenyl{bis(p-methylphenyl)thio}sulfonium sa lt (53) p repared  by m ethod 

B. Radial chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave 11 mg of of

3.4.6-tri-0-benzyl-2-deoxy-1-0-phenyl--2-(4’-methylphenyl)thio-a-D- 

m annopyranoside (a-63) and 63 mg of 3 ,4 ,6-tri-0-benzyl-2-deoxy-l-0-phenyl- 

2-(4'-m ethylphenyl)thio-p-D-glucopyranoside (p-63); total yield 46%; p /a  5.7/1. 

In addition 17 mg (12%) of 3,4,6-tri-0-benzyl-2-deoxy-2-(4,-methylphenyl)thio- 

p-D -glucose (28, R -C H 3 ; R i*H ) and 32 mg (22.7 %) of 3,4,6-tri-0-benzyl-2- 

d eo x y -2 -(4 ’-m ethy lpheny l)th io -a-D -g lucose  (27, R=CH3 ; R i=H ) w ere also 

isolated. A small am ount of 4-(4'-methylthiophenyl)phenol (67, R -C H 3 , R i=H ) 

w as obtained.

Physical data: First fraction: a -6 3 : mp 87-88 °C; ’H NMR (300 MHz, CDCI3) 5

2.32 (s. 3H, Ar-CH5), 3.67 (dd, J - 11.1, 1.9 Hz, 1H .C 6-H), 3.80 (dd, J  -  11.1, 4.3 

Hz, 1H, Ce-H), 3.85 (dd, J  -  4.7, 1.5 Hz, 1H, C2-H), 3.88-3.93 (m, 1H, C5-H ),

4.01 (dd, Jm 9.6, 8.9 Hz, 1H, C 4-H ), 4.43-4.48 <m, 2H, C3-H, 1/2xPhCH2), 4.62-

4.74 (m, 3 H, 1.5xPhCHj), 4.73 (AB q, Av = 113.8 Hz, JA8= 10.8 Hz. 2H, PhCH2),
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5.7 (d, J  -  1.5 Hz, 1H, C i-H ), 6 .99-7 .43  (m, 24H, Ar-H). Anal. C alcd for 

C40H40O5S: C, 75.92; H, 6.37; S, 5.07. Found: C, 75.70; H, 6.48; S, 5.22.

S econd  fraction: p-63: mp 7B-60 °C; [a]2SD -9.3° (c 0.4, CHCI3); 1H NMR (300 

MHz, CDCI3) 5 2.35 (s, 3H, Ar-CH$), 3.37 (dd, Jm 10.6 , 8.7 Hz, 1H, C2-H), 3.60-

3.83 (m, 5H, pyran ring protons), 4.65 (AB q, Av ■ 20.5 Hz, JAb ■ 12.0 Hz, 2H, 

P h C ^ ,)„  4.76 (AB q, Av -  75.6 Hz, JAB -  10.9 Hz, 2H, PhCH2), 4.98 (d, J  = 8.7 

Hz, 1H, Ct-H), 5.03 (AB q, Av .  62.4 Hz, JM  -  10.4 Hz, 2H, PhCH2), 6.96-7.48 

(m, 24H, Ar-H); NMR (75 MHz, CDCI3) 5 20.98, 56.66 (C2), 68.85, 73.42,

74.89, 75.00, 76.04, 79.14, 82.82, 101.65 (C,), 116.75, 122.35, 127.43, 127.57, 

127.64, 127.74, 127.78, 127.98, 128.21, 128.27, 128.35, 129.25, 129.35, 

129.47, 130.87, 133.17, 137.35, 137.94, 138.08, 138.21, 157.32.

Third fraction: 67 (R -C H 3 ; R i-H ): oil; 1H NMR (300 MHz, CDCI3) 5 2.35 (s, 3H, 

CHfe), 4.82 (s, 1H, OH), 6.84 (d, Jm 9.3 Hz, 2H, Ar-H), 7.12 (d, Jm 8.4 Hz, 2H, Ar- 

H), 7.18 (d, Jm 8.4 Hz, 2H. Ar-H), 7.36 (d, J  -  9.3 Hz, 2H, Ar-H).

Fourth Iraction: 28 (R=CH3 ; R i-H ): 1H NMR (300 MHz, CDCI3) 5 2.34 (s, 3H, 

C H3 ), 3.24 (dd, Jm 10.7, 8.9 Hz, 1H, C2-H), 3.43-3.51 (m, 1H, pyran ring proton), 

3.56 (dd, Jm 10.7, 8.8 Hz, 1H, C3-H), 3.64-3.82 (m, 3H, pyran ring protons). 4.48 

(d, J  -  8.9 Hz, 1H, C rH ), 4 .57 (m, 3H, OH. PhCH2), 4.84 (d, J =  10.7 Hz, 1H, 

1/2xPhCHfe), 4.95 (d, J  -  11.6 Hz, 1H, 1/2xPhCH2), 4.98 (AB q, Av -  58.1 Hz, JAB 

m 10.2 Hz, 2H, PhC Hz), 7.00-7.49 (m, 19H, Ar-H).

Fifth fraction: 27 (R -C H 3 ; R i*H ): mp 93-95 °C; TH NMR (300 MHz, CDCI3) 5

2.27 (s, 3H, C th),  3.05 (d, Jm 3.0 Hz, 1H, D20  exchangable, OH), 3.28 (dd, J =

11.0, 3.0 Hz, 1H, C2-H), 3.57-3.68 (m,'3H, C4-H, 2xC6-H), 3.93 (dd, J =  11.0, 8.9 

Hz, 1H ,C 3-H), 4.05-4.11 (m, 1H, C5-H), 4.50 (AB q, Av = 29.4 Hz, JAB ~ 12.2 Hz, 

2H, PhCHz), 4.60 (AB q, Av * 101.3 Hz, JAB * 11.2 Hz, 2H, PhCH2), 4.87 (AB q,
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Av « 50.0 Hz, JAB -  10.3 Hz, 2H, PhCH2), 5.29 (t, J = 3.0 Hz, 1H, C r H), 7.00-

7.41 (m, 19H, Ar-H).

3,4,6-Trl-O-benzyl-D-glucal (17) + Phenyl trl-n-butyltln ether (39) 

Using R e a g e n t  55: G ly c o sid a tio n  w a s  c a r r ie d  ou t u s in g  p- 

m ethoxylphenyl{bis(p-m ethoxylphenyl)thio}sulfonium  sa lt (55) p repared  by 

m ethod B. Radial chrom atography (ethyl ace ta te -h ex an e  1:20 to 2:1) gave  30 

mg of of 3,4,6-tri-0-benzyl-2-deoxy-1-0-phenyl--2-(4'-m ethoxylphenyl)thio-a-D - 

m annopyranoside (a-65) and 72 mg of 3 ,4 ,6-tri-0-benzyl-2-deoxy-1-0-phenyl- 

2-(4 '-m ethoxylphenyl)th io-p-D -glucopyranoside (p-65); total yield 61.7% ; p /a  

2 .4 /1 . In add ition  20 mg (14% ) of 3 ,4 ,6 -tr i-0 -b e n zy l-2 -d eo x y -2 -(4 '-  

m ethoxylphenyl)thio-p-D -glucose (28, R=OCH3 ; R i=H ) and  35.5 mg (24.3 %) 

of 3 ,4 ,6 -tr i-0 -b en zy l-2 -d eo x y -2 -(4 '-m eth o x y lp h en y l)th io -a -D -g lu co se  (27, 

R - O C H 3 ; R i - H )  w ere  a lso  iso la ted . A sm all am o u n t of 4-(4  - 

methoxytthiophenyl)phenol (67, R -O C H 3 , R i*H ) w as obtained.

Physical d a ta : First fraction: a -6 5 : mp 72-73 °C; ’H NMR (300 MHz, CDCI3) 5 

3.63 (dd, J *  11.1, 1.7 Hz, 1H, C6-H), 3.71-3.77 (m, 2H, C2-H, C 6-H), 3.74 (s, 3H, 

Ar-OCH3), 3.84-3.90 (m, 1H. C 5 -H),  3.98 (dd, 9.0, 9.6 Hz, 1H, CA-H ), 4.4-

4.45 (m, 2H, C3-H, 1/2xPhCH2)t 4.58-4.69 (m, 3H, 1.5xPhCH2), 4.70 (AB q, Av =

115.1 Hz, Jab -  10.8 Hz, 2H, P h C ^ ) ,  5.65 (d, J -  1.6 Hz, 1H ,C r H), 6.76 (d,

8.8 Hz, 2H, Ar-H),6.94-7.36 (m. 20H, Ar-H), 7.45 (d, J  -  8.8 Hz, 2H, Ar-H).

S econd  fraction: p-65: mp 74-75 °C; [a l25D-9.0° (c 0.4, CHCI3); 1H NMR (300 

MHz, CDCI3) S 3.26 (dd, J  -  10.6, 8.8 Hz, 1H, C2-H), 3.53-3.76 (m, 5H, pyran 

ring protons). 3 .75 (s, 3H, OCH3), 4.45-4.59 ( m, 3H, 1.5xPhCH2), 4.82 (d, J =

10.8 Hz, 1H, 1/2xPhCH2), 4.91 (d. Jm 8.4 Hz, 1H, C r H), 4.99 (AB q, Av = 60.3 

Hz, JAB -  10.4 Hz, 2 H, PhC H 2), 6.75 (d, J = 8 .8  Hz, 2H, Ar-H), 6 .92-7.47 (m,
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22H, Ar-H); 13C NMR (75 MHz, COCI3) 5 55.25, 57.01, 68.80, 73.40, 74.89,

74.95, 75.94, 79.14, 82.62, 101.30 (C /), 114.32, 116.65, 122.30, 124.53,

127.43, 127.57, 127.67, 127.76, 127.80, 126.94, 128.20, 128.31, 128.36, 

129.28, 135.75, 137.90, 138.05, 138.25, 157.21, 159.58. Anal. C alcd for 

C40H40O6S: C, 74.05; H, 6.21; S, 4.94. Found: C, 73.87; H, 6.19; S. 4.84.

Third fraction: 67 (R -O C H 3 ; R -|-H ): mp 65-66 °C; 1H NMR (300 MHz, C 0C I3) 8

3.83 ( s, 3H, OCHb), 4.90 ( s, 1H, OH), 6.80 (d, Jm 9 .3 Hz. 2H, Ar-H), 6 .88 (d, J =

9.3 Hz, 2H, Ar-H), 7.22-7.49 (m, 4H, Ar-H).

Fourth fraction: 28 (R -O C H 3 ; R i-H ): ^H NMR (300 MHz, CDCI3) 8 3.12 (dd, J  =

10.2, 8.8 Hz, 1H, C2-H), 3.41-3.50 (m, 1H, pyran ring proton), 3.55 (dd, J ~  10.2,

8.9 Hz, 1H, C 3-H), 3.67-3.88 (m, 3H, pyran ring protons), 3.80 (s, 3H, OCH3)

4.45 (d, J  -  8.8 Hz. 1H, C 1 -H), 4.54-4.71 (m, 3H, OH, P h C ^ ) ,  4.89-5.00 (m, 2H, 

PhC H 2), 5.01 (AB q, Av » 74.4 Hz, JAB -  10.2 Hz, 2H, PhCH 2), 6.73 (d, J =  9.3 

Hz, 2H, Ar-H), 7.20-7.53 (m, 17H, Ar-H).

Fifth fraction: 27 (R -O C H 3 ; R i-H ): mp 84-85 °C; ’H NMR (300 MHz, CDCI3) 5

3.27 (dd, J  -  11.2, 3.3 Hz, 2H, Cr H), 3.48 (d, J  - 3.3 Hz, 1H, OH), 3.52-3.68 (m, 

3H, C4-H, 2xCe-H), 3.81 (s, 3H, OCH3), 4.02 (d, J -  11.2, 9.3 Hz, 1H, C 3-H),

4.13-4.21 (m, 1H, Cs-H), 4.50-4.68 (m, 3H, 1.5xPhCHfe), 4.92 (d, J *  9.3 Hz, 1H, 

1/2xPhCH 2), 4.98 (AB q, Av -  55.8 Hz, JAB -  10.2 Hz, 2H, PhCH2), 5.47 (t, J  =

3.3 Hz, 1H, C rH ), 6.72 (d, Jm 9.3 Hz, 2H, Ar-H), 7.17-7.42 (m, 15H, Ar-H).

3.4.6-Trl-O-banzyl-D-glucal (17) + Phenyl trl-n-butyltln e th e r  (39) 

Using R eagent 5 9 : G ly c o s id a tio n  w a s  c a rr ie d  ou t u s in g  0 - 

methylphenyl{bis(o-methylphenyl)thio}sulfonium salt (59) p repared  by m ethod 

B. Radial chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave  21 mg of of

3.4.6-tri-0-benzyl-2-deoxy-1-0-phenyl-2-(2 '-m ethylphenyl)thio-a-D -
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m annopyranoside (a*6 6 ) and 55 mg of 3,4,6-tri-0-benzyl-2-deoxy-1-0-phenyl- 

2-(2'-m ethylphenyl)thio-p-D -glucopyranoside ((3-66); total yield 47%; p /a  2,6/1. 

In addition 18.3 mg (13%) of 3,4,6-tri-0-benzyl-2-deoxy-2-(2'-methylphenyl)thio- 

p -D -g lu c o s e  ( 2 8 ,  R*H; R 1 - C H 3 ) a n d  a  sm all am o u n t of 4 ( 2 -  

m ethylthiophanyl)phenol (67, R*H, R i»C H 3 ) w as obtained.

Physical data: First fraction: a - 6 6 : mp 88-89 °C; ’H NMR (300 MHz, CDCI3) 5 

2.50 (s, 3H, Ar-CHj), 3.68 (dd, J ■ 11.1, 1.7 Hz, 1H ,C 6-H)f 3.83 (dd, J  -  11.1, 4.4 

Hz. 1H, C6-H), 3.88-3.96 (m, 2H, Cs-H, C2-H), 4.13 (dd, J *  9.2, 9.5 Hz. 1H, C4-H 

). 4.46-4.50 (m, 2H, C3-H, 1/2xPhCHz), 4.63-4.72 (m, 3H, 1.5xPhCH2), 4.75 (AB 

q, Av -  107.1 Hz, JAB -  10.7 Hz, 2H, PhCH 2), 5.66 (d, J = 1.4 Hz, 1H, Ci-H), 

6.97-7.49 (m, 24H, Ar-H).

S econd  fraction: (J-6 6 : mp 87-89 °C; [a]25o -30.3° (c 1.0, CHCI3); 1H NMR (300 

MHz, CDCI3) 6 2.35 (s. 3H, CH3), 3.52 (dd, J  -  10.8, 8 .4  Hz. 1H, C 2-H), 3.60-

3.79 (m, 5H, pyran ring protons), 4.46-4.61 (m, 3H, 1.5 PhCH2), 4 .85 (d, J -  10.9 

Hz, 1H, 1/2xPhCH2), 4.96 (AB q, Av -  57.3 Hz, JAB= 10.3 Hz, 2H, PhCH2), 5.04 

(d, J -  8.4 Hz, 1H, C r H), 6.76 (d. J =  8.4 Hz, 1H, Ar-H), 6.93-7.65 (m, 22H, Ar- 

H); 13C NMR (75 MHz, CDCI3) 5 20.93, 55.92 (C2), 68.81, 73.43, 74.96, 75.05, 

76.35, 79.11, 83.01, 102.04 (C ,), 116.35, 122.20, 126.23, 127.01, 127.46, 

127.60, 127.65, 127.78, 127.96, 128.16, 128.23, 128.25, 128.37, 128.49, 

129.18, 130.01, 133.01, 134.45, 137.92, 138.04, 138.07, 139.49, 157.02. Anal. 

Calcd for C4oH4oOs S: C, 75.92; H, 6.37; S, 5.07. Found: C, 75.71; H, 6.17; S. 

5.16.

Third fraction: 67 (R -H ; R i*C H 3 ): oil, 1H NMR (300 MHz, CDCI3) 5 2.46 (s, 3H, 

C/*j), 5.49 (s, 1H, OH), 6.84 (d, J  -  8.2 Hz, 2H, Ar-H), 7..02-7.42 (m, 6H, Ar-H).
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Fourth traction: 28 (R-H ; R 1-C H 3 ): 1H NMR (300 MHz, CDCI3) 5 2.24 (s. 3H, 

CH 3 ), 3.49 (dd, J  -  10.0, 8.5 Hz, 1H, C2-H), 3.58-3.90 (m, 5H, pyran ring proton), 

4.58-4.71 (m, 5H, C r H, OH, 1,5xPhCH2), 4.88-4.94 (m, 2H, PhCW2), 5.1 (d, J  = 

10.2 Hz, 1H, 1/2xPhCHfe), 7.02-7.48 (m, 19H, Ar-H).

General Procedure for G lycosfdatlon Using Methanol as th e  

Nucleophile: To a  solution of the glucal (0.255 mmol) and 50 pL of m ethanol 

in dry m ethylene chloride at -60 °C (under argon), 1.2 ml of the  reagen t solution 

(0.30 mmol) Is added  by syringe technique. After the reaction is com plete (about 

10 min) sa tu ra ted  aq u eo u s sodium bicarbonate solution (15 ml) is added  and 

the  mixture is stirred for 30 min at room tem perature. The reaction mixture is 

extracted with dichlorom ethane (3X25 ml). The com bined organic extracts were 

dried over anhydrous Na2SC>4. Evaporation of the  solvent gave the crude  

product mixture which w as subjected to radial chrom atography.

3,4,6-Tri-O-benzyl-D-glucal (17) + Methanol (22) Using Reagent 31:

Glycosidation w as carried out using phenyl(bisphenylthio)sulfonium  salt (31) 

p repared  by m ethod B. Radial chrom atography (ethyl ace ta te -h ex an e  1:20 to 

2:1) g av e  130 mg of mixture of 3 ,4 ,6 -tri-0 -benzyl-2-deoxy-1-0-m ethyl--2- 

phenylth io-a-D -m annopyranoside (a-23) and  3,4,6-tri-0-benzyl-2-deoxy-1-O - 

m ethyl-2-phenylthio-p-D-glucopyranoside (p-23); yield 92% : p /a  3.7/1 (p /a  ratio 

w as determ ined by the ratio of the  heights of the  signals for methoxy groups in 

the *H NMR). W hen the reagent 24 w as prepared  using m ethod A the yield was 

83%; p /a  3.7/1.

Physical data: p*23 + a -2 3 : oil; 1H NMR (300 MHz, CDCI3), charac teristic  

signals 5 3.18 (dd, J  -  10.5, 8.8 Hz, CZ-H of p), 3.33 (s, OCH3 of a ), 3.53 (s, 

O C H 3  of P), 4 .27 (d, J  -  8.8 Hz, C ,-H  of p); 13C NMR (75 MHz, C D C I3 )
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characteristic signals of p-23 5 56.21, 57.25, 68.87, 73.86, 76.25, 79.55, 83.22, 

104.19 (C*); characteristic signals of a -2 3  5 53.00, 55.07, 69.25, 71.70, 71.73,

73.80, 78.92, 101.09 (Cr). Anal. Calcd for C ^H seO sS: C, 73.35; H, 6.52; S, 5.76. 

Found: C, 73.36; H, 6.57; S, 5.88.

3.4.6-Trl-O-benzyl-D-glucal (17) + Methanol (22 ) Using Reagent 51:

G ly c o s id a t io n  w a s  c a r r ie d  o u t u s in g  p -c h lo ro p h e n y l{ b is (p -  

ch lo rop h en y l)lth io )su lfo n iu m  sa lt (51) p re p a re d  by m ethod  B. Radial 

chrom atography (ethyl ace ta te-hexane 1:20 to 2:1) gave 137.6 mg of mixture of

3.4.6-tri-0-benzyl-2-deoxy-1-0-m ethyl--2-(4'-chlorophenyl)thio-a-D - 

m annopy ranoside  (a -52 ) and  3 ,4 ,6 -tri-0 -benzy l-2 -deoxy-1 -0 -m ethy l-2 -(4 '- 

chlorophenyl)thio-p-D -glucopyranoside (p-52); yield 91.4% ; p /a  2.5/1 (p/a ratio 

w as determ ined by the ratio of the heights of the signals for methoxy groups in 

the 1H NMR).

Physical data: p-52 + a -5 2 : oil; 1H NMR (300 MHz, CDCI3), charac teristic  

signals 5 3.06 (dd, J -  10.6, 8.8 Hz, C2-H ol p), 3 .27 (s, OCH3 of a ), 3.46 (s, 

O C H 3 of P), 4.20 (d, J  = 8.8 Hz, C o f  P); 13C NMR (75 MHz, CDCI3) 

characteristic signals of p-52 5 56.56, 57.00, 104.20 (Cr); characteristic signals 

Of a -5 2  6 53.34, 54.60, 100.80 (C r).

3.4.6-Trl-O-benzyl-D-glucal (17) + Methanol (22) Using Reagent 53:

G ly c o s id a t io n  w a s  c a r r ie d  o u t u s in g  p -m e th y lp h e n y l{ b is (p -  

m ethy lpheny l)lth io )su lfon ium  sa lt  (53) p rep a red  by m ethod  B. Radial 

chrom atography (ethyl ace ta te-hexane 1.20 to 2 :1) gave 133.3 mg of mixture of

3.4.6-tri-0-benzyl-2-deoxy-1-0-m ethyl--2-(4'-m ethylphenyl)thio-a-D- 

m annopy ranoside  (a -54 ) and  3 ,4 l6-tri-0 -benzy l-2 -deoxy-1-0-m ethy l-2 -(4 '- 

m ethylphenyl)thio-p-D-glucopyranoside (p-54); yield 91.7% ; p /a  4 .4/1 (p/a ratio
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w as determ ined by the  ratio of the heights of the signals for methoxy groups in 

the 1H NMR).

Physical data: P-54 + a -5 4 : oil; 1H NMR (300 MHz, CDCI3), characteristic  

signals 8 3.06 (dd, J  -  10.5, 8.8 Hz, C2-H o f P), 3.29 (s, OCH3 of a ) , 3.50 (s, 

O C H 3 of p), 4 .20 (d, J -  8.8 Hz, C r H of p); 13C NMR (75 MHz, CDCI3) 

characteristic signals of p-54 5 56.15, 56.85, 104.00 (C/); characteristic  signals 

of a -5 4  8 53.30, 54.76, 100.96 (C r).

3.4.6-Trl-O-benzyl-D-glucal (17) + Methanol (22) Using Reagent 55:

G ly c o s id a tio n  w a s  c a r r ie d  o u t u s in g  p -m e th o x y lp h e n y l{ b is (p -  

m ethoxyphenyl)lth io)su lfon ium  sa lt (55) p rep a red  by m ethod B. Radial 

chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave  123 mg of mixture of

3.4.6-tri-0-benzyl-2-deoxy-1-0-m ethyl--2-(4*-m ethoxylphenyl)thig-a-D- 

m annopy ranoside  (a -5 6 ) and  3 ,4 ,6 -tri-0 -benzy l-2 -deoxy-1 -0 -m ethy l-2 -(4 '- 

m ethoxylphenyl)th io-p-D -g lucopyranoside (p-56); yield 82% ; p /a  2.4/1 (p /a  

ratio w as determ ined by the  ratio of the heights of the  signals for m ethoxy 

groups in the 1H NMR).

Physical data: p-56 + a -5 6 : oil; ’H NMR (300 MHz, CDCI3), characteristic  

signals 8 2.96 (dd, J  «  10.2, 9.0 Hz, C2-H  of p), 3.30 (s, O C tf3 of a ) , 3.52 (s. 

OCW 3 of P), 4 .17 (d. J  -  9.0 Hz, C i-H  of p); 13C NMR (75 MHz, CDCI3) 

characteristic  signals of p-56 8 55.23, 56.46, 56.72, 68.89, 73.44, 79.36, 82.76, 

103.84 (C/); characteristic signals of a -5 6  8 54.02, 54.75, 69.30, 71.30, 71.73,

73.34, 78.96, 100.97 (C/). Anal. Calcd fo rC 3sHM0 6S: C, 71.65; H, 6.53; S, 5.46. 

Found: C, 71.35; H, 6.36; S , 5.48.

3.4.6-Trl-O-benzyl-O-glucal (17) + Methanol (22) Using Reagent 5 7 :

G ly c o s id a tio n  w a s  c a rr ie d  ou t u s in g  3 ,4 -d im e th y lp h e n y l{ b is (3 ,4 -
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dim ethylphenyl)lth io)su lfon ium  sa lt (57) p rep a red  by m ethod  B. Radial 

chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave  134 mg of mixture of

3 .4 .6-tri-0-benzyl-2-deoxy-l-0-m ethyl-2-(3 \4’-dimethylphenyl)thio-a-D- 

m annopyranoside (a-58) and 3 ,4 ,6-tri-0-benzyl-2-deoxy-1-0-m ethyl-2-(3 ',4 '- 

dim ethylphenyl)thio-p-D-glucopyranoside (p-58); yield 90% ; p /a  4.1/1 (p /a  ratio 

w as determ ined by the ratio of the  heights of the signals for methoxy groups in 

the 1H NMR).

Physical data: p-58 + a -5 8 : oil; 1H NMR (300 MHz, CDCI3), charac teristic  

signals 5 2.17 (s, Ar-CH3 of p), 2.20 (s, Ar-CH3 of p), 2.20 (s, Ar-CH3 of a), 3.05 

(dd, J  -  10 .2 ,8 .9  Hz, C2-H of P), 3.30 (s. OChh Of a), 3.51 (s, OCH3 of P), 4.20 (d, 

J  -  8.9 Hz, C i*H of p); 13C NMR (75 MHz, COCI3) characteristic signals of p-58 

5 56.15, 56.86. 68.91, 79.35, 83.11, 103.92 (C,); characteristic signals of a-58  5

53.34 , 54 .74 , 69 .28 , 71 .35 , 71 .69 , 78.84, 101.02 ( C f). Anal. C alcd for 

C38H40O5S: C, 73.94; H, 6.89; S, 5.48. Found: C, 73.82; H, 6.67; S, 5.36.

3.4.6-Trl-O-benzyl-D-glucal (17) + Methanol (22) Using Reagent 59:

G ly c o s id a t io n  w a s  c a r r ie d  o u t u s in g  o -m e th y lp h e n y l{ b is{ o -  

m ethy lpheny l)lth io )su lfon ium  sa lt (59 ) p rep a red  by m ethod B. Radial 

chrom atography (ethyl ace ta te-hexane 1:20 to 2 :1) gave 126.2 mg of mixture of

3.4.6-tri-0-benzyl-2-deoxy-1-0-m ethyl--2-(2'-m ethylphenyl)thio-a-D - 

m annopy ranoside  (a -6 1 ) and  3 ,4 l6 -tri-0 -benzy^-2-deoxy-1-0-m ethy l-2 -(2 ,- 

m ethylphenyl)thio-p-D-glucopyranoside (p-61); yield 86 .8%; p /a  2 .2/1 (p/a ratio 

w as determ ined by the ratio of the  heights of the signals for methoxy groups in 

the 1H NMR).

Physical data: p-61 + a -6 1 : oil; 1H NMR (300 MHz, CDCI3), characteristic  

signals S 2.41 (s, Ar-CH3 of P), 2.46 (s, Ar-CH3 of a), 3.20 (dd, J  * 10.5, 8.8 Hz,
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cz-H  of p), 3.28 (s, OChh of a ), 3.42 (s, OCH3 of p), 4.30 (d, J  = 8.8 Hz, C VH of 

p); 13C NMR (75 MHz, CDCI3) characteristic  signals of P-61 8 55.83, 56.90,

68.90, 76.05, 79.26, 83.46, 104.88 (Cf); characteristic signals of a-61 5 51.90, 

54.79, 71.47, 71.77, 78.55, 78.85, 100.65 (C,).

3,4,6-Tri-O-benzyl-D-glucal (17) + Methanol (22) Using Reagent 60:

Glycosidation w as carried out using napthyl(bisnapthylthio)sulfonium salt (60) 

p repared  by m ethod B. Radial chrom atography (ethyl ace ta te -h ex an e  1 :20 to 

2:1) gav e  110 mg of mixture of 3 ,4 ,6-tri-0-benzyl-2-deoxy-1-0-m ethy l--2- 

napthylthio-a-D -m annopyranoside (a-62) and 3,4 ,6-tri-0-benzyl-2-deoxy-1-0- 

m ethyl-2-napthylthio-p-D -glucopyranoside (p-62); yield 71.2% ; p /a  2 .6/1 (p/a 

ratio w as determ ined by the  ratio of the heights of the  signals for methoxy 

groups in the 1H NMR).

Physical data: p-62 + a -6 2 : oil; 1H NMR (300 MHz, CDCIs), characteristic  

signals 8 3.30 (dd. J  -  10.5, 8.9 Hz, C2-W of p), 3.32 (s. OCH3 of a ), 3.53 (s, 

OCH3 Of p). 4.31 (d, J  -  8.9 Hz, C , -H  Of p); 13C NMR (75 MHz, CDCI3) 

characteristic signals of p-62 6 56.16, 57.04, 68.87, 76.02, 79.32, 83.37, 104.22 

(Cj ); characteristic signals of a -5 6  5 52.91, 54.83, 69.21, 69.24, 71.76, 78.84, 

100.97 (Cr). Anal. Calcd for C38H3a0 5S: C, 75.22; H, 6.31; S, 5.28. Found: C, 

74.86; H, 6.27; S, 5.28.

General Procedure for Glycosidation Using a Sugar Alcohol a s  th e  

Nucleophile: To the su g a r alcohol (0.51 mmol) d isso lved  in 14 ml of dry 

toluene under an  argon atm osphere  is added  3.0 g of activated pow dered 4A° 

MS and  bis(tri-n-butyl)tin oxide (0.255 mmole). The reaction mixture is refluxed 

for 12 h and thereafter toluene is distilled off. To the  residue a  solution of the 

glucal (0.255 mmol) in dry m ethylene chloride (3 ml) is added  and  the reaction
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mixture is cooled to -60 °C. The reagen t solution (1.2 ml, 0.30 mmol) is then 

added  by syringe technique. After the  reaction is com plete (about 10 min) it is 

quenched  with saturated  aqueous sodium bicarbonate solution (15 ml) and the 

mixture stirred for 30 min at room tem perature. The reaction mixture is filtered 

through celite (the cellte is w ashed  with 50 ml of m ethylene chloride) and  the 

organic layer of the  filtrate is dried over anhydrous Na2S0 4 . Evaporation of the 

so lven t g iv es th e  c ru d e  p roduct m ixture which is su b je c ted  to  radial 

chrom atography.

3 ,4 ,6 -T rl-O -b e n z y l-D -g lu c a l (17) + 1 ,2 ,3 ,4 -D I-O -tso p ro p y lld e n e -a -D -  

g a la c to p y ra n o s ld e  (34) U sin g  R e a g e n t 31: G lycosidation  w as carried  

out using  phenyl(bisphenylthio)sulfonium  salt (31) p repared  by m ethod A. 

Radial chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave 4 mg of 3,4,6- 

tri-0-benzyl-2-deoxy-1-0-{6 '-(1 'I2’l3 ',4 '-diisopropylidene)-galactopyranosyl}-2- 

phenylth io-a-D -glucopyranoside (a '-35), 22 mg of 3,4,6-tri-0-benzyl-2-deoxy-

1-0-{6,-(1 ',2 ',3 ',4 ,-diisopropylidene)-galactopyranosyl)-2-phenylthio-a-D - 

m annopyranoside (a-35) and 117.8 mg of 3 ,4 ,6-tri-0-benzyl-2-deoxy-l-0-{6 '- 

(1\2\3 ',4 '-diisopropylidene)-galactopyranosyl}-2-phenylthio-p-D - 

g lu co p y ran o sid e  (P-35), total yield (p -3 5 + a-3 5 ) 70%; p /a  5.3/1. a '- 3 5  w as 

form ed in 8% yield. In addition 28 mg (14%) of 3,4,6-tri-0-benzyl-2-deoxy-2- 

phenylthio-p-D-glucose (28, R»R-|*H) w as also  isolated.

P h y s ica l d a ta :  First fraction: 28 (R -R -j-H ).

Second fraction: a*-35: oil; 1H NMR (300 MHz, CDCI3) 5 1.39 (s, 3H, CH3), 1.49 

(s, 3H, C H3 ), 1.61 (s, 6H, 2xCH3), 3.41 (d, J -  11.1, 3.1 Hz, 1H, C2 -H), 3.68-4.07 

(m, 8H, pyran ring protons), 4.33-4.87 (m, 8 H. pyran ring protons, 2.5xPhC/72),
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5.04 (d, J  *  10.4 Hz 1H, 1/2xPhCHz), 5.08 (d, J - 3 . 1  Hz, 1H. C r H), 5.57 (d. J =

5.0 Hz, 1H, C i-H ), 7.16-7.54 (m, 20H, Ar-H).

Third fraction: a -3 5 : oil; ’H NMR (300 MHz, CDCI3) 5 1.35 (s, 6 H, 2xCH3), 1.45 

(s, 3H, CH3 ), 1.50 (s, 3H, CHb). 3.64-4.02 (m, 8 H, pyran ring protons), 4.18-4.40 

(m, 3 H, pyran ring protons), 4.50-4.68 (m, 5H, pyran ring protons, 2xPhC H 2), 

4.78 (d, Jm 12.6 Hz, 1H, 1/2xPhCHfe), 4.92 (d, Jm 10.7 Hz, 1H, 1/2xPhCHfe), 5.17 

(s, 1H, C1-H), 5.55 (d, Jm 4.7 Hz, 1H, C t-H ), 7.18-7.60 (m. 20H,Ar-H).

Fourth fraction: p-35 : oil; [a]25D-58.4° (CHCI3); *H NMR (300 MHz, CDCI3) 5

1.33 (s, 3H, CHs), 1.34 (s, 3H, CHs), 1.49 (S, 3H, CH3). 1.63 (s. 3H, CH3), 3.27 

(dd, Jm 10.8, 8.7 Hz, 1H, C2-H), 3.50-3.54 (m, 1H, pyran ring proton), 3.60 (dd, 

Jm  10.8, 10.6 Hz. 1H, C3-H), 3.72-3.80 (m, 4H, pyran ring protons), 3.98-4.17 

(m, 3H, pyran ring protons), 4.35 (dd, Jm 5.0, 2.3 Hz, 1H, C2-H), 4,52 (d, Jm 8.7 

Hz, 1H, C fH ) , 4.56-4.71 (m, 4H, pyran ring proton, 1.5xPhCH2), 4.92 (d, J  =

10.0 Hz, 1H, 1/2xPhCH2), 5.00 (AB q, Av -  72.3 Hz, JAB -  10.3 Hz, 2H. PhCH2), 

5.60 (d, J m 5.0 Hz, 1H, C t-H ), 7.24-7.67 (m, 20H, Ar-H); NMR (75 MHz, 

CDCI3) 5 24.23, 24.98, 25.91, 26.18, 56.61 (C2), 66.64, 68.55, 68 .5 9 , 70.45,

70.55, 70.69, 73.47, 74.74, 74.88, 76.17, 79.09, 83.14, 96.27, 104.19 (C l) ,

108.95, 126.64, 127.55, 127.67, 127.75, 127.83, 128.03, 128.30, 128.39. 

128 .66 ,132 .15 , 135.90, 138.02, 138.08, 138.24. Anal. Calcd for C4SH52OioS: C, 

68 .8 6 ; H, 6 .6 8 ; S, 4.08. Found: C, 68.44; H, 6.87; S, 3.98.

3,4,6-Trl-O -btnzyl-D -glucal (17) + 1,2,5,6-D I-O -lsopropylldene-a-D- 

glucoluranoslde (36) Using Reagent 31: G lycosidation w as carried  out 

using phenyl(bisphenylthio)sulfonium  salt (31) p repared  by m ethod A. Radial 

chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) gave  138 mg of 3,4,6-tri-O 

benzyl-2-deoxy-1-0-{3'-(1 ',2\5\6 '-diisopropylidene)-glucopyranosyl}-2-
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phenylthio-p-D -glucopyranoside (p-37) and  24 mg of 1 :1 mixture (determ  ned 

by NMR) of 3 ,4 ,6 -tri-0 -benzy l-2 -deoxy-1 -0 -{3 '-(1 '.2 \5 \6 '-d iisop ropy lidene)- 

g lucopyranosy l)-2 -pheny lth io -a -D -g lucopy ranoside  (a '-3 7 )  and 3,4.6-tri-O- 

b e n z y l^ -d e o x y - l-O -fS '- tr^ ’.S '.e’-diisopropylideneJ-glucopyranosyl}^- 

p h en y lth io -a -D -m an n o p y ran o sid e  (a -3 7 ), total yield (P -3 7 + a-3 7 ) 75%; p /a

11.5/1. a '-3 7  w as form ed in 6% yield. In addition 12 mg (9%) of 3,4,6-tri-O- 

benzyl-2-deoxy-2-phenylthio-p-D-glucose (28, R=R-|*H) w as also isolated.

Physical data: First fraction: 28 (R «R i»H ).

S econd  fraction: a '-3 7  + a -3 7 : PLC of this mixture gave: F aste r moving spot: 

Oil; 1H NMR (300 MHz, CDCI3) 6 1.28 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.35 (s, 

3H, C ^ j) , 1.47 (s, 3H, CWj), 3.63-3.92 (m, 7H, pyran ring protons), 4.03-4.12 (m, 

1H, pyran ring proton), 4.18-4.34 (m, 3H, pyran ring protons), 4.50-4.68 (m, 4H, 

pyran ring proto n,1.5xPhC Hz). 4.50-4.68 (m, 4H, pyran ring proton, 1.5xPhCH2),

4.76 (AB q, Av -  12 Hz, JAB -  12 Hz, 2H, PhCH 2), 4 .93 (d, J  -  10.2 Hz, 1 H, 

1/2xPhCH 2), 5.08 (s, 1H, C r H), 6.02 (d, J  « 3.7 Hz, 1H. C r -H), 7.18-7.55 (m, 

20H, Ar-H); Slower moving spot (contam inated with faster moving spot): oil. 1H 

NMR (300 MHz, CDCI3), characteristic signals 6 1.24 (s, 3H, C H3), 1.28 (s, 3 H, 

CHs). 1.41 (s, 3H, C fy),  1.50 (s, 3H, CHh), 5.32 (s, 1H, C r H), 5.85 (d. J =  3.7 Hz, 

1H, Cr-H).

Third fraction: p-37: oil; [a)25D-34.0° (CHCfe); 1H NMR (300 MHz, CDCI3) 8 1.31 

(s, 3H, CHs), 1.35 (s, 3H, C ^ ) ,  1.43 (s, 3H, CHa). 1-53 (s, 3H, CH.), 3.24 (dd, J 

-  10.8, 8.8 Hz, 1H, C2-H), 3.48-3.52 (m, 1H, pyran ring proton), 3 56 (dd, J = 

10.8, 8 .7  Hz, 1H, Cs-H), 3.73-3.89 (m, 5H, pyran ring protons), 4.31-4.40 (m, 3H, 

pyran ring protons), 4.54 (d, J=« 8.8 Hz, 1H, C r H), 4.53-4.68 (m, 4H. pyran ring 

proton, 1.5xPhCH2), 4.89 (AB q, Av -  9.7 Hz, JAB~ 9 .7 Hz. 2H, PhCH 2), 5.06 (d,



13 1

J  -  10.4 Hz, 1H, 1/2xPhCH2), 5.65 (d, J  -  3.7 Hz, 1H, C r -H), 7.25-7.53 (m, 20H, 

Ar-H); NMR (75 MHz, CDCI3) 5 25.31. 26.34, 26.46, 26.85, 56.59 (C2).

65.55. 68.53, 73.55, 73.60, 75.01, 76.38, 79.02, 80.26, 80.94, 82.56, 82.80,

102.69, 105.19, 108.26, 111.80, 126.94, 127.69, 127.74, 127.80, 127.92,

127.99, 128.03. 128.39. 128.42, 128.51, 128.91, 131.01, 135.65, 137.91,

138.10.

3.4.6-Trl-O -benzyl-D -glucal (17) + 2-Hydroxytetralone (8 ) U s in g  

Reagent 31: To a  m ixture of th e  g lucal (106 mg, 0 .2 5 5  mmol), 2 - 

hydroxytetralone 8 (83 mg, 0.51 mmol) and 3.0 g of activated pow dered 4A° MS 

in dry m ethylene chloride at -60 °C (under argon), 1.2 ml of the  solution of 

phenyl(bisphenylthio)sulfonium  salt, 31 (0.30 mmol) p repared  using m ethod A 

w as ad d ed  by syringe technique. After the  reaction w as com plete (about 10 

min) it is quenched  with sa tu rated  aqueous sodium bicarbonate solution (15 ml) 

and  the  mixture stirred for 30 min at room tem perature. The reaction mixture

w as filtered through celite (the celite w as w ash ed  with 50 ml of m ethylene

chloride) and  the  organic layer of the filtrate w as dried over anhydrous Na2SC>4. 

Evaporation of the  solvent gave the crude product mixture which w as subjected 

to radial chrom atography (ethyl ace ta te -hexane  1:20 to 2:1) to give 79 mg of

3.4.6-tri-0-benzyl-2-deoxy-1-0-{2'-(1M etralone)}-2-phenylthio-p-D- 

g lucopyranosides (p-38); total yield 45%. The two diastereom eric P glycosides 

w ere formed in the  ratio 10:1, determ ined by NMR of the mixture. In addition 40 

mg (30% ) of 3 ,4 ,6 -tr i-0 -b en zy l-2 -d eo x y -2 -p h en y lth io -p -D -g lu co se  (28 , 

R *R l»H ) w as also  isolated.

Physical data: First fraction: 28 (R -R i-H ) .
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S eco n d  fraction: Minor d ia s te reo m er of (3-38 (co n tam in a ted  with m ajor 

diastereom er): 1H NMR (300 MHz, CDCI3), characteristic signals 5 3.29 (dd, J =

10.3, 8.9 Hz, 1H, C2-H), 7.94 (d, J  -  7.8 Hz. 1H, Ca-H).

Third fraction: Major d iastereom er of p-38: colorless oil; [a]25o -17.6° (CHCI3); 

1H NMR (300 MHz, CDCI3) 5 2.17-2.32 (m, 2H, C3-H), 2.81-2.88 (m, 1H, C4~H), 

3.08-3.18 (m, 1H, C4-H ), 3.38 (dd, J -  10.6, 8 .9  Hz, 1H, C 2-H), 3 .49-3.78 (m, 

5H, pyran ring protons), 4.38-4.41 (m, 1H, C2 - H ), 4.51 (AB q, Av * 24.9 Hz, JAb 

-  12.2 Hz, 2H, PhCffe), 4.69 (d, 8.9 Hz, 1H, C r H), 4.74 (AB q, Av = 53.3 Hz,

JAB -  10.8 Hz, 2H, PhC H 2), 4.98 (AB q, Av -  48.8 Hz, JAB * 10.4 Hz, 2H, 

PhCHfe), 7.19-7.62 (m, 23H, Ar-H), 8.04 (d. J  -  7.8 Hz, 1H, C 8-H ); 13C NMR (75 

MHz, CDCI3) 5 25.82, 29.01, 56.18 (C2), 68.70, 73.56, 74.96, 75.09, 76.09,

78.95, 79.66, 83 .11 , 102.69 (C ,), 126.57, 126.65, 127.47, 127.59, 127.69,

127.80, 127.823, 127.99, 128.05. 128.18, 128.30, 128.33, 128.46, 128.60, 

128.66, 131.35, 131.93, 133.35, 138.04, 138.25, 138.32, 143.46, 195.03., 

138.20. Anal. Calcd for C43H420 6S: C, 75.19; H, 6.16; S, 4.67. Found: C, 75.11; 

H, 6.06.

Preparation of Sulfone of a -4 0  : To a  solution of of a -4 0  (31 mg, 0.05 

mmol) in 5 ml of dry m ethylene chloride w as ad d ed  m-CPBA (12.1 mg, 1.1 

equiv.). The reaction mixture w as stirred at room tem peratu re  for 30 min (tic 

show ed com pletion of the  reaction), diluted with 10 ml of m ethylene chloride 

and  w as w ashed  with w ater (20 ml), sa tu ra ted  sodium  bicarbonate (2X20 ml) 

an d  finally with w ater (20 ml) again . T he organ ic  layer w as dried  over 

anhydrous sodium  sulfate. Evaporation of the solvent gave 26 mg of 3,4,6-tri-O- 

benzyl-2-deoxy-1 -O -phenyl-2-phenylsulfonyl-a-D -m annopyranoside (a -4 0 A ); 

yield 80%; 1H NMR (300 MHz, CDCI3) 5 3.56-3.60 (m, 2H, 2xC6-H), 3.80-3.90
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(m, 3H, C 2 -H, C 4-H, C 5-H), 4.27 (d, J  -  11.2 Hz, 1H, 1/2xPhCH2), 4.39 (d, J =

11.9 Hz, 1H, 1/2xPhCH2). 4.48-4.66 (m, 5H, C3-H, 2xPhCH 2), 6.25 (d, 4.2

Hz, 1H, C rH ). 6.85-8.15 (m, 25H, Ar-H).

General Procedure for Desulfurizatlon of 2-Deoxy-2-Phenylthlo-p- 

Glycosides: A solution of th e  p-glycoside (0.1 mmol) in dry THF (3.0 ml) is 

added  to a  stirred suspension  of Raney-Nickel (WII, -  800 mg) in 3.0 ml of THF 

at room tem perature. The reaction is com plete (monitored by tic) in 30 min. The 

reaction mixture is then filtered through celite. Removal of the  solvent gives a 

colorless residue.

D e s u lfu riza tlo n  of 3 ,4 ,6 -tr l-0 -b e n z y l-2 -d e o x y -1 -0 -p h e n y l-2 -  

p h en y lth io -p -D -g lu co p yran o s ld e  (p-40): Purification of th e  c rude  

d e su lfu riz ed  p roduct by flash  ch ro m a to g rap h y  on silica  gel (ethyl 

ace ta te :petro leum  e th e r 1:9) g av e  36 mg of 3 ,4 ,6 -tri-0 -benzy l-2 -deoxy -10 - 

phenyl-p-D -glucopyranoside, 30 (R«C6 H5 ); yield 70%; mp 51-53 °C; (a]25D- 

9.0" (C 0.2, CHCI3); ’H NMR (300 MHz, CDCI3) 5 1.96 (dt, J  = 12.0, 9.8 Hz, 1H, 

C2-W «), 2.47 (ddd, J * 12.0, 4.9, 1.9 Hz, 1H, C2-H0q), 3.57-3.84 (m, 5H, pyran 

ring pro tons), 4 .51-4 .75  (m, 5H, 2 .5xP hC H 2), 4 .93 (d, J * 10.9 Hz, 1H, 

1/2xPhCH2), 5.08 (dd, J  -  9.8, 1.9 Hz, 1H, C r H), 6.98-7.45 (m, 15H, Ar-H); 13C 

NMR (75 MHz. CDCI3) 5 36.47(C 2), 69.24, 71.50, 73.36, 74.84, 75.41, 76.45,

79.14, 97 .62(C f), 116.54, 122.18, 127.35, 127.56, 127.61, 127.84, 128.16, 

128.24, 128.33, 129.27, 138.25, 157.08. Anal. Calcd for C33H340 5: C, 77.62; H, 

6.71. Found: C, 77.28; H, 6.84.

D esulfurizatlon  of S ^ .G -M -O -b e n z y l^ -d e o x y -l-O - iG '^ l'^ '.d '.A -  

dllsopropylidene)-galactopyranosyl}-2-phenylth lo-p-D - 

glucopyranoslde ((3-35): Purification of the  crude  desulfurized product by
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flash chrom atography on silica gel (ethyl acetate:petro leum  ether 2:3) gave  47 

mg of 3 ,4 ,6 -tr i-0 -b e n z y l-2 -d e o x y -1  -0-{6 '-(1  ',2 ',3 \4 '-d iis o p ro p y lid e n e )-  

g a l a c t o p y  ra n o s y l} - f 3 -D - g lu c o p y r a n o s id e ,  3 0  [ R - { 6 '- { 1 \ 2 \ 3 \ 4 '-

diisopropylidene)-galactopyranosyl}]; yield 70%; ’H NMR (300 MHz, COCI3) 5 

1.37 (s, 3H, C Hj), 1.38 (s, 3H, C ^ ) ( 1.49 (s, 3H, Cth),  1.59 (s, 3H, CH3), 1.65-

1.76 (m, 1H, C2-H „), 2.51 (ddd, J  -  12.5, 4.8, 1.3 Hz, 1H. C2-H#q), 3.43-3.46 (m, 

1H, pyran ring proton), 3.58 (dd, J m 9.4, 8.6 Hz, 1H, pyran ring proton), 3.66-

3.85 (m, 3H, pyran ring protons), 4.04-4.16 (m, 2H, pyran ring protons), 4.27 (dd,

8 .0 ,1 .5  Hz, 1H, pyran ring proton), 4.36 (dd, 4.9, 2.3 Hz, 1H, C2-H), 4.54-

4 .74  (m, 8 H, pyran ring protons, 2 .5 xPhC H 2), 4.95 (d, J  = 10.8 Hz, 1H, 

1 /2 x P h C ^ ), 5.60 (d, J  -  5.0 Hz, 1H, C ,~H), 7.22-7.44 (m, 15H, Ar-H).

P r e p a r a t io n  o f 3 -O - te r t - B u ty ld lp h e n y ls l ly l -D - r h a m n a l  (7 8 ): To a 

solution of D-rhamnal (77; 235 mg, 1.8 m m ole)57 and imidazole (306m g, 4.5 

m m o le ) in N ,N -d im e th y lfo rm a m id e  (1 ml) w a s  a d d e d  te r t-  

butylchlorodiphenylsilane (547 mg, 2 mmol). The solution w as stirred overnight 

and  then poured into w ater and  extracted with ethyl ace ta te  (10 ml x 3). The 

organic extract w as w ashed with water, dried (sodium sulfate) and evaporated. 

T he oily residue w as purified by flash chrom atography with ethyl ace ta te - 

hexane 4:1 to give 604.5 mg of 78 (88.9%); Oil; 1H NMR (300 MHz, CDCI3) 5

1.08 (s, 9H, SiC(CH3)3), 1 3 6  (d, J * 6 . 4  Hz, 3H, CH3), 1.83 (d, J -  4.1 Hz, 1H, 

OH), 3.60 (ddd, J  «  10.6, 6.5, 4.1 Hz, 1H, C4-H), 3.78-3.82 (m, 1H, C5-H),.4.23- 

4.26 (m, 1H ,C 3-H ),4 .5 6 (d d , J -  6 .1, 2.4 Hz, 1H, C2-H), 6.24 (dd, J -  6.1, 1.1 Hz, 

1H, Ct-H), 7.32-7.48 (m, 6H, Ar-H), 7.68-7.73 (m, 4H, Ar-H).

Preparation of 4 -0 -B enzy l-3 *0 -te rt-b u ty td ip heny ls lly l-D -rh am n al

(79): An 80%  sodium  hydride oil su sp en s io n  (53 mg, 1.76 m m ole) w as 

w ashed  with dry hexane and suspended  in dry DMF/THF (3 ml 1:1 mixture). To
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this suspension  a  solution of the  glycal 78 (604 mg, 1.6 mmole) in DMF/THF (3 

ml 1:1 mixture) w as added  dropwise with stirring at room tem perature. After the 

addition w as com plete the reaction mixture w as stirred for 1 hour and then tetra- 

n-butylammonium iodide (10 mg ) and  benzyl brom ide (300 mg, 1.76 mmole) 

w as added  to it. After stirring for 6 h the  reaction mixture w as poured into w ater 

and  extracted th ree  tim es with ethyl ace ta te  (10 ml). Com bined organic extracts 

w ere dried over anhydrous sodium sulfate. Evaporation of the solvent gave the 

crude product which when sub jected  to radial chrom atography (ethyl ace ta te - 

H exane 1:9) yielded 235 mg (31%) of 79 and 47 mg (10%) of 80.

Physical data: First fraction: 79: oil; 1H NMR (300 MHz, CDCI3) 6 1.07 (s, 9H, 

SiC(CH3)3), 1-41 (d, J = 6.9 Hz, 3H, CH3), 3.50 (t, J =  6.5 Hz, 1H, ring proton),

4.01 (t, J » 6 .8 Hz, 1H, ring proton),.4.40-4.45 (m, 2H), 4.65 (AB q, Av = 62.8 Hz, 

JAB~ 11.6 Hz, 2H, PhC Hz), 6.17 (d, J -  9.3 Hz, 1 H ,C r H), 7.25-7.74 (m. 15H, Ar- 

H).

S econd  fraction: 80: oil; 1H NMR (300 MHz, CDCI3) 5 1.43 (d, J = 6 .4  Hz, 3H, 

CWj), 3.54 (dd, J  -  8.9, 6.5 Hz, 1H, ring proton), 3.95-4.06 (m, 1H, C5-H), 4.24-

4.30 (m, 1H), 4.67 (AB q, Av -  28.1 Hz, JAB= 11.6 Hz. 2H, PhCH2), 4.85 (AB q, 

Av -  55.2 Hz, JAB-  11.3 Hz, 2H, PhCH2), 6.41 (dd, J  -  6.1, 0 .8  Hz, 1H, C r H), 

7 .30-7.48 (m, 10H, Ar-H). 13C NMR (75 MHz, CDCI3) 8 17.46, 70.46, 73.94,

76.45, 79.55, 100.11, 127.55, 127.67, 127.88, 128.34, 138.32, 138.45, 144.75.

Glycal (79) + Methanol Using Reagent 53: To a  solution of the glycal 79  

(234 mg, 0.51 mmol) and  m ethanol (100 pi) in 6 ml of dry m ethylene chloride at 

-60 °C (under argon), 2.2 ml of the  reagent solution (0.55 mmol, prepared  by 

m ethod B) w as added  by syringe technique. After the  reaction w as com plete 

(about 10 min) sa tu ra ted  aq u eo u s sodium  bicarbonate solution (30 ml) w as



1 3 6

added  and the mixture w as stirred for 30 min at room tem perature. The reaction 

mixture w as extracted with dichlorom ethane (3X50 ml). The com bined organic 

extracts were dried over anhydrous Na2S 0 4 . Evaporation of the  solvent gave a  

crude product mixture which w hen sub jected  to radial chrom atography (ethyl 

ace ta te -H ex an e  1:9) gave  187.5 mg (60%, 0.31 mmole) of d iastereom eric  

mixture of the  methyl glycosides which (with out purification) w as d issolved in

1.6 ml of dry THF and added  to a  solution of 243 mg (0.77 mmole) of n-Bu4NF in 

1 ml of THF. The reaction mixture w as stirred at room tem perature  for 30 min 

and then poured into w ater and extracted th ree  tim es with ethyl ace ta te  (20 ml). 

C om bined  organ ic  e x trac ts  w ere  d ried  over an h y d ro u s sodium  sulfa te . 

Evaporation of the  solvent gave  the crude product which w hen sub jected  to 

radial chrom atography (ethyl aceta te-H exane 1:3) yielded 28.4 mg 4-O-benzyl-

2-deoxy-1 -0-m ethyl-2-(4 '-m ethylphenyl)thio-oc-D -rham nopyranoside of a*-84,

5 6 .9  mg of 4 -0 -b en zy l-2 -d eo x y -1 -0 -m e th y l-2 -(4 ’-m ethy lpheny l)th io -p -D - 

rham nopyranoside p-84 and 9.5 mg 4-0-benzyl-2,6-dideoxy-1-0-m ethyl-2-(4’- 

m ethylphenyl)thio-a-D -m annopyranoside of a-84 .; total yield 83%; p /a '/a  6/3/1.

P h y sica l d a ta :  First fraction: a ’-84: oil; ’H NMR (300 MHz, CDCI3) 5 1.26 (d, 

J = 6.0 Hz, 3H, C ^ ) ,  2.30 (s, 3H, Ar-C/^), 2.63 (d, J  = 1.5 Hz, 1H, C3- 0 H), 3.05 

(dd, J m  10.7, 3.4 Hz, 1H, C2-H), 3.10 (dd, J  »  10.7, 9.4 Hz, 1H, C 4-H), 3.34 (s, 

3H, OCH3), 3.76 (dq, J  -  9.4, 6.3 Hz, 1H, CS-H), 3.97 (dt. J •  10.7, 2.2 Hz, 1H, 

C3-H), 4.73 (d, J  -  3.2 Hz, 1H, C r H). 4.79 (AB q, Av -  70.8 Hz, JAB = 11.2 Hz, 

2H, PhCA^), 7.08 (d, 8.0 Hz, 2H, Ar-H), 7.23-7.33 (m, 5H, Ar-H), 7.38 (d, J  =

8.1 Hz, 2H, Ar-H).

Second  fraction: p-84 : oil; 1H NMR (300 MHz, CDCI3) 5 1.25 (d, J = 6.0 Hz, 3 H, 

CHj). 2.29 (s, 3H, Ar-Chh), 2.73 (dd, J  -  10.8, 8.7 Hz. 1H, C2-H), 3.00 (d. 1.5

Hz, 1H, C3-OH, D20  exchangeable), 3.10 (t, J *  8.8 Hz, 1H, C4-H), 3.19-3.22 (m,
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1H, Cs-H), 3.46 (ddd, J  -  10.8, 8.3, 1.5 Hz, 1H, C3-H), 3.48 (s, 3H, OCH3), 4.02 

(d, J -  8.3 Hz, 1H, CrW ), 4.78 (AB q, Av » 82.9 Hz, JAB= 11.1 Hz. 2H, PhCH2),

7.07 (d, J -  8.0 Hz, 2H, Ar-H), 7.21-7.34 (m, 5H. Ar-H), 7.39 (d, J  -  8.0 Hz, 2H, 

Ar-H).

Third fraction: a -84  : oil; 1H NMR (300 MHz, CDCI3) 8 1.32 (d, J -  6.2 Hz, 3H, 

CHb), 2.31 (s, 3H, Ar-CHi), 2.60 (d, J  -  9.0 Hz, 1H. C3-OH, D20  exchangeable). 

3.12 (t, J  -  9.0 Hz, 1H, C4-H), 3.28 {s, 3H, OCHi). 3.53 (dd, J *  4.9, 1.3 Hz, 1H, 

C 2-H), 3.70 (dq, J  -  9.2, 6.2 Hz, 1H, C5-H), 4.26 (ddd, J  = 9.2, 9.0, 4.9 Hz, 1H, 

C3*H), 4.80 (AB q, Av * 69.6 Hz, JUa - 1 1 . 1  Hz, 2H, P h C ^ ) ,  4.90 (s, 1H, C r H),

7.10 (d, J *  7.9 Hz, 2H, Ar-H), 7.24-7.39 (m, 7H, Ar-H).

Preparation of 3>0>p-(trimethylsilyl)ethoxymethyl>D-rhamnal (81): A 

solution of D-rhamnal 77  (250 mg, 1.92 mmole) in 2 ml of d ichlorom ethane 

u n d e r  argon w a s  s tir re d  o v e rn ig h t a t room  te m p e ra tu re  with 

diisopropyletylam ine (676 pi, 3.84 mmole) and  f)-(trim ethylsilyl)ethoxym ethyl 

chloride (394 pi, 2.11 mmole). The mixture w as then  poured  into w ater and 

extracted with ethyl ace ta te  (10 ml x 3). The organic extract w as w ashed  with 

water, dried (sodium sulfate) and evaporated. The oily residue w as purified by 

flash chrom atography with ethyl ace ta te -h ex a n e  1:1 to give 360 mg of 81 

(72%); Oil; 1H NMR (300 MHz, CDCI3) S 0.02 {s, 9H, Si(CH3)3}t 0 .95-1.60 (m, 

2H, SiCH2), 1.35 (d, J  -  7.0 Hz, 1H, C4-OH), 1.41 (d, J *  6 .3  Hz, 3H, CH3). 3.40 

(ddd, J  -  9.9. 7.0, 1.5 Hz, 1H, C4-H), 3.52-3.61 (m, 1H), 3.81-3.97 (m, 3H), 4.63-

4.65 (m, 1H), 4.79 (AB q, Av -  29.1 Hz. JAB-  7.4 Hz, 2H), 6.34 (dd, 6 .1 , 1.5 

Hz, 1H, C 1-H).

Preparation of 4 -O -B en zy l-3 -O -p -{trlm eth y Is ily l)0 th o xym eth y l-D - 

rhamnal (82): An 80% sodium  hydride oil su spension  (41 mg, 1.37 mmole)
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w as w ashed  with dry hexane  and  su sp en d e d  in dry DMF/THF (2 ml 1:1 

mixture). To this suspension  a  solution of the glycal 81 (300 mg, 1.14 mmole) in 

DMF/THF (2 ml 1:1 mixture) w as ad d ed  dropw ise with stirring a t room 

tem perature. After the addition w as com plete the reaction mixture w as stirred for 

1 hour and then  tetra-n-butylam m onium  iodide (10 mg ) and  benzyl brom ide 

(163 pi, 1.37 mmole) w as added  to it. After stirring for 6 h the  reaction mixture 

w as poured into w ater and  ex tracted  th ree  tim es with ethyl a c e ta te  (10 ml). 

C om bined  organ ic  e x trac ts  w ere  dried  over an h y d ro u s sodium  sulfa te . 

Evaporation of the  solvent gave  the crude product which w hen sub jected  to 

radial chrom atography (ethyl ace ta te-H exane 1 :9) yielded 289 mg (72%) of 82 

(72%); Oil; 8 2 :1H NMR (300 MHz, CDCI3) 8 0.01 {s, 9H, Si(CH3)3}, 0.93 (t, J =

8.5 Hz, 2H, SiCH2), 1.35 (d, J - 6 . 5  Hz, 3H, CH3), 3.43 (dd, J =  8.7, 6.5 Hz, 1H, 

C 4 -hf), 3.58-3.71 (m, 2H, OCH2CH2Si), 3.94-4.00 (m, 1H, ring proton), 4.27-4.30 

(m, 1H, ring proton), 4.73-4.82 (m, 3H, C2-H, OCH20),4 .76  (AB q, Av -  45.8 Hz, 

Jab*  1 1 5  Hz, 2H. PhCHfe), 6.33 (d, J -  6.1 Hz, 1H, C r H), 7.27-7.35 (m, 5H, Ar- 

H)\ 13C NMR (75 MHz, CDCI3) 5 -1.57, 17.24, 17.98, 65.24, 73.88, 74.50, 79.92, 

93.97, 100.91, 127.60, 127.70, 128.27, 138.19, 144.34.

Gtycal (82) + Methanol Using Reagent 31: To a solution of the  glycal 8 2  

(175 mg, 0.5 mmol) and  m ethanol (100 pi) in 6 ml of dry m ethylene chloride at - 

60 °C (under argon), 2.2 ml of the  reagen t solution (0.55 mmol, p repared  by 

m ethod A) w as added  by syringe technique. After the  reaction w as com plete 

(about 10 min) sa tu ra ted  aq u eo u s sodium  b icarbonate  solution (30 ml) w as 

added  and the mixture w as stirred for 30 min a t room tem perature. The reaction 

mixture w as extracted with dichlorom ethane (3X50 ml). The com bined organic 

extracts w ere dried over anhydrous Na2S 0 4. Evaporation of the solvent gave  a 

crude product mixture which when subjected  to radial chrom atography (ethyl
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ace ta te -H exane  1:9) gave  13.8 mg of 4 -0-benzyl-2-deoxy-1-0-m ethyl-3-0-p- 

(trim ethylsilyl)ethoxym ethyl-2-phenylthio-a-D-rham nopyranoside of a '-83 , 27.6 

mg 4-0-benzyl-2 ,6-d ideoxy-1-0-m ethyl-3-0-p-(trim ethylsily l)ethoxym ethyl-2- 

ph en y lth io -a -D -m an n o p y ran o sid e  of a -8 3  a n d  158.6 mg of 4 -0 -benzy l-2 - 

deoxy-1-0-methyl-3-0-p-(trimethylsilyl)ethoxym ethyl-2-phenylthio-p-D- 

rham nopyranoside p-83; total yield 82%; p /a /a ' 11.5/2/1.

Physical data: First fraction: a*-83: oil; 1H NMR (300 MHz, CDCI3) 5 -0.13 {s, 

9H, S i (C ^ )3}, 0.83-0.90 (m, 2H, SiCH2), 1.26 (d, J -  6.3 Hz, 3H, CH3), 3.17 (t, J 

= 9.0 Hz, 1H, C4-H), 3.26 (dd, J = 11.0, 3.7 Hz, 1H. C2-H), 3.36 (s, 3H, OCH3), 

3.52-3.61 (m, 1H, OCH2CH2Si), 3.50-3.82 (m, 2H, C5-H, OCH2CH2Si), 3.95 (dd, 

J = 11.0, 9.0 Hz, 1H, C3-H), 4.68 (d, J  = 3.7 Hz. 1H, C r  H), 4.77 (AB q, Av = 73.1 

Hz, JAB = 11.1 Hz, 2H, PhCH2), 4.96 (s. 2H, OCH^O), 7.16-7.51 (m, 10H, Ar-H).

S econd  fraction: a -83 : oil; 1H NMR (300 MHz, CDCI3) 6 0.08 (s, 9H, Si(CH3)3}, 

0.82 (m, 2H, StCfy), 1.30 (d, J  -  6.2 Hz, 3H, CHb), 3.28 (s, 3H. OCH3), 3.38 (t, J 

-  9.0 Hz, 1H, C4-H), 3.53-3.62 (m, 1H, OCHfeCHaSi), 3.65-3.78 (m, 3H, C 2-H, C5- 

H, OCHzCHaSi), 4.33 (dd, J .  9.1, 4.8 H2 , 1H, C3-H), 4.70 (s, 1H. C r H), 4.75 (s, 

2H, OCH2 O), 4.75 (AB q, Av = 81.2 Hz, JAB» 11.1 Hz, 2H, PhCH2), 7.18-7.49 (m, 

10H, Ar-H).

Third fraction: p-83: oil; 'H  NMR (300 MHz. COCI3) 8 0.01 {s, 9H, Si(C/-/3)3}, 

0.93-1.04 (m, 2H, SiCH2), 1.36 (d, J  -  6.0 Hz, 3H, CH3 ). 3 .07 (dd, J *  10.7, 8.7 

Hz. 1H, C 2-H). 3.26 (t. J  *  8.6 Hz, 1H, C4-H), 3.35-3.48 (m, 1H), 3.51 (s, 3H, 

OCHs), 3.61-3.73 (m, 2H), 4.03-4.10 (m, 1H), 4.18 (d. J -  8.7 Hz, 1H, C r H), 4.81 

(AB q, Av -  57.4 Hz, 10.9 Hz, 2H), 5.09 (AB q, Av -  33.0 Hz, JAB = 6.4 Hz. 

2H), 7.27-7.68 (m, 10H, Ar-H).
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Preparation of 4-0-benzyl-2-deoxy-1-0-m ethyl-2-phenylth lo -J5-D - 

rhamnopyranoside (8-85): 382 mg of |J-83 (0.78 mmole) w as dissolved in 5 

ml of DMSO and  added  to a  solution of 3.5 g of C sF  (23 mmole) and 20 mg of 

18-crown-6 in 6 ml of DMSO. The reaction mixture w as stirred an d  h ea ted  to 

105 °C  for 12 hours and then poured into w ater and  extracted three tim es with 

ethyl a c e ta te  (30 ml). Com bined organic extracts w ere dried over anhydrous 

sodium  sulfate. Evaporation of the solvent gave  the  crude product which when 

sub jected  to radial chrom atography (ethyl ace ta te-H exane 1:3) gave  225 mg of 

85 (80%); Oil; [a]25D +58.9° (c 0.5, CHCI3); ’H NMR (300 MHz, CDCI3) 5 1 .22 (d, 

6.1 Hz, 3H, CW3), 2.79 (dd, J  » 10.8, 8.8 Hz, 1H, C2-H), 2.96 (br s, 1H, C3- 

OH, D20  exchangeable), 3.07 (t, J -  8.8 Hz, 1H, C4-H), 3.19-3.24 (m, 1H, C5-H), 

3.43 (s, 3H, OCH3), 3.42-3.48 (m, 1H, C3-H), 4.02 (d, J = 8 .7  Hz, 1H, C r H), 4.72 

(AB q, Av .  80.7 Hz, JAB -  11.1 Hz, 2H, PhCH2), 7.16-7.49 (m, 10H, Ar-H); 13C 

NMR (75 MHz, CDCI3) 5 1 7.83, 56.79, 57.18, 70.76, 74.12, 74.82, 83.81, 

102.72, 127.71, 127.96, 128.02, 128.32, 128.84, 128.95, 133.81, 138.23.

Glycal (80) + Nucleophile 85 U sing  Reagent 53: To the su g a r alcohol 

85 (130.5 mg, 0.36 mmol) d issolved in 10 ml of dry toluene under an argon 

a tm osphere  w as ad d ed  2.3 g of activated  pow dered  4A° MS and  bis(tri-n- 

butyl)tin oxide (139 pi, 0.27 mmole). The reaction mixture w as refluxed for 12 h 

and thereafter to luene w as distilled off. To the residue a  solution of the  glycal 

80 (0.18 mmol) in dry m ethylene chloride (2.2 ml) w as added  and the reaction 

mixture w as cooled to -60 °C. 800 pi of th e  reag en t solution (0.20 mmol, 

prepared  by m ethod A) w as then added  by syringe technique. After the reaction 

w as com plete (about 10 min) it w as quenched  with sa tu ra ted  aqueous sodium 

b ica rbonate  solution (15 ml) and  th e  mixture stirred  for 30 min at room 

tem perature . The reaction mixture w as filtered through celite (the celite w as
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w ashed  with 50 ml of m ethylene chloride) an d  the organic layer of the  filtrate 

w as dried over anhydrous Na2S 0 4. Evaporation of the  solvent gave the  crude 

product mixture which when subjected to radial chrom atography (ethyl ace ta te- 

H exane 1:4) gave  68.5 mg of 3,4-di-0-benzyl-2-deoxy-1-0-(3 '-(4’-0 -benzyl-2‘- 

deoxy-1 '-0-m ethyl-2 ,-phenylthio)-fH >rham nopyranosyl}-2-(4"- 

m ethylphenyl)thio-f5-D-rham nopyranoside (p-8 6 ) (47.5%); oil ; [a]25o -24 .0° (c 

0.2, CHCI3); 1H NMR (300 MHz, CDCI3) 5 1.18 (d, J  -  5.8 Hz, 3H, CWj), 1.28 (d, 

J  -  5.9 Hz. 3H, CHh), 2.29 (s, 3H, Ar-CHb), 2.85 (t, J - 8.6 Hz, 1H, C4-W or C4-H), 

3.00-3.31 (m, 2H, C2-H, C ^H ), 3.19-3.35 (m, 2H, pyran ring proton), 3.40 (s, 3H, 

OChh), 3.40-3.56 (m, 2H, pyran ring proton), 4.05 (dd. J -  10.8, 8.6 Hz, 1H, C3-H 

or C3-H), 4.08 (d. J -  8.4 Hz, 1H, C VH  or C 1-H), 4.52 (AB q, Av = 121.0 Hz. JAB 

« 10.6 Hz, 2H, PhCH2), 4.76 (AB q, Av -  69.0 Hz, JAB - 1 1 .0  Hz, 2H, PhC H 2), 

4.91 (AB q, Av - 6 1 .0  Hz, Jab -  10.2 Hz, 2H, PhCHfe), 6.99 (d. J -  7.9 Hz. 2H, Ar- 

H), 7.21-7.33 (m, 20H, Ar-H), 7.61 (d, J  -  7.7 Hz, 2H, Ar-H); 13C NMR (75 MHz, 

CDCI3) 5 18.07, 18.15, 21.08, 55.76, 56.88, 58.38, 70.64, 71.03, 75.00, 75.23, 

76.32, 77.28, 82.77, 83.16, 85.34, 102.25, 103.93, 127.44, 127.63, 127.70, 

127.83, 127.90, 128.17, 128.34, 120.45, 128.47, 128.71, 129.37, 132.36. 

133.00. 133.11, 134.22, 136.57, 138.26, 138.40, 138.49. Anal. C alcd fo r 

C47Hs20 7 S 2 . C, 71.18; H, 6.61; S, 8.09. Found: C, 71.19; H, 6.71; S, 8.14.

Preparation of 3 l4 -d l-0 -b e n zy l*2 -d e o x y -1 -0 -(3 '-(4 ,-0 -b e n zy l-2 '-  

deoxy-1’-0-m ethyl)-(J-D-rham nopyranosyl}-p-D-rham nopyranoslde  

(87 ): A solution of the (J-86 (15.8 mg, 0 .02 mmol) in dry THF (1.0 ml) w as 

added  to a  stirred suspension  of Raney-Nickel (WII, -  160 mg) in 1.0 ml of THF 

at room tem perature. The reaction w as com plete (m onitored by tic) in 60 min. 

T he reaction mixture w as then filtered through celite. Removal of the  solvent 

gave a  colorless residue. Purification by radial chrom atography (ethyl ace ta te-
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hexane 1:4) gave 11.2 mg of 87  (64%); oil; [ cc] 2 5 d - 2 0 . 0 °  (c  0.06, CHCI3); 1H 

NMR (300 MHz, CDCI3) 6 1.31 (d, J  * 4.4 Hz, 3H, CH3), 1.33 (d, J =  4.5 Hz, 3H. 

CH 3), 1.49-1.69 (m, 2H, C2-H „ , C2-H „ ) ,  2.21-2.34 (m, 2H, C2-W ^, C2-H 9q), 

3.04 (t, J  *  8.9 Hz, 1H, C4-H o r  C4-H ), 3.13 (t, J -  8 .9  Hz, 1H. C4-H o r  C4-H ), 

3.28-3.36 (m, 2H. Cs-H, Cs-H), 3.47 (s, 3H, OCH3), 3.58-3.68 (m, 1H, C 3-H o r  

C3-H ). 3.92-4.04 (m, 1H, C 3- H o r C 3-H), 4.32 (dd, J *  9.7, 1.3 Hz, 1H, C r H o r  

C ,-H ), 4.54-4.69 ((m, 4H, C ^ H o rC ^ H ,  1.5XPhCH2), 4.80 (AB q, Av -  86.3 Hz, 

J a b -  10.9 Hz, 2H, PhCH2), 5.02 (d, J  -  10.5 Hz, 1H, 1/2XPhCM>), 7.25-7.41 (m, 

15H, Ar-H); 13C NMR (75 MHz, CDCI3) 5 18.14, 18.19, 36.31, 37.39, 56.45, 

71.16, 71.31, 74.73, 75.20, 75.79, 79.18, 82.25, 83.71, 95.73, 100.24, 127.51, 

127.57, 127.64, 127.76, 128.01, 128.11, 128.32, 138.23, 138.33, 138.59.



APPENDIX



H
N

M
R

oi
p.

ti^
.2

3

1 4 4

rfy
♦

i

f
\-i

I ^



c 
NM

R 
o

'0
43

 
*

0
.2

3

1 4 5

m

c .



1 46

c,
CN#

\T
Oj

.

LT
-O



1
4

7

.13  ̂t3 — ---



2D NMR of p-35

D

O 0

&  o

0



1 4 9

i '

i*
1

£
IS

z



1 5 0

I- ''

OU"

i



*H 
NM

R 
of 

0-
98

1 5 1

r>

lt

iT

OC



C
N

M
R

of
P-

W

1 5 2



' h NMR ota-40

r
r

r

k C-iH

i  |  >— t— t— I— j— r — I— i— i  |  i  i

6 0 *» *i
I

■i 0
r r T“,‘

4 *>

t— |— i— i— i— i— |— i— i— r

4 0 r.

153



1 5 4



1 5 5

n°

r

15
0 

uo
 

i i
n 

i:>
o 

no
 

m
o



BnO—i
’H NMR 04 p-30 (R -Ph) B o O -V ^ ° v

— X -O R

a___A_
1 1 l 1

? PPM

1
5

6



o j i  S P h  

B n O - ^ \J o

'h NMR ot o-42 1

X X ^

UUL
T 1 1 i | i i i i | t - i ’ t  ~ t— J—r— r



’h NMR 04 (M2 000

CH,

r

An—r

PPM 1
5

8



finO
'C NMR erf M *  BnO

PhS

L l . 1 ****F4w



r

i
0 PPM 09

 
I



BnO
BnOBnO

<1C NMR 0(0-64 ♦ o-54

CH,

2 ^ ° ch, / L

I  . V
BnO

BnO
BnO

CHj
OCH,

___________ m 1
" nd« Ifv "“T ' f«v

1 
6 

1



*H NMR of a-63

BnO-^ |  
B nO -rA - p

OPh

r “1 < I —rn —i- |  ,_F ' T 1--1--1 I T--1



1 6 3

£a
o f

!
*

i

c c 4 ?

a

* J f

e»o

6o*



H NMR ol ^ 3

I 
6

4



1 6 5

M
uf

ti,
>1

,(̂
4



1 6 6



H 
N

M
Ro

fp
-6

4

1 6 7



C NMRot (t-M

168



1 6 9



BnO
BnO-
BoO OPh

CH.

r

t— i— i— r . . . J l
T ~ ‘ ' 1 1 [
3 ? PPM

1
7

0



lC NMR ol M*



1 7 2



. BnO— —-p.H NMRof M>

I
t  I ' '— |— 1— I— I— 1— j— I— i— i— r

7 6

J l
t—r

I PPM

1
7

3



'HNMRoftt

f

(___
i [" T i ' |-------r------1-------1-------1-

6 4 2

k .

r

i

r

L
1  r _
0 PPM

1
7

4



BnO—r-A—O 
HO A —

*H NMR of a*-S4 s lOCH3

k x J J L* I » H—1—1—1—I—I—1—1 ■■

r ~

J L JI--T I V | --1



1 7 6

f4Jk
0- e

r
1 T

U b - r
i  £  w r  
~i \  _  :

I '
- 1 ^<
5
j

a 3
rtit  *i

£ £ 
t .  X 
«• j_■

S L :P»
I

L * #  
* ♦

© A  0  

%

#
o

t>
o 1

»



CH,

H N M R ofa-84

B n O - A J o
ho^ - J L a

OCH3

. r  1

* *
J I  A a L J I 1 a ___

f 1  * 1 ■* '  7  1 '  ^  1 " ^  t - 1'  T >  i ~ »  » - i' " < ' * • 3 5 J • *5 *f>

1
7

7



1 7 8

j I L L -
2 l
CL

5
I tN

? •

i

"t

r
■r*'*
r

-* r*̂
i f
M

■? 1 *" -3 *
5*.i  ;  i

'•r
rr
r
r  ~
r
r
r

T *

o  a

- | ----- .-----   r-

2

&

I

6

0

?
■s
i
6eg



H 
NM

R 
ot

p-
M

179



1  k II I
|  1 t ------- T s - T '

*

f  B  S # 

S ‘ s

# ♦



H NMRofK ^  HO OMe
PhS

1 
8 

1



1 8 2



2D-NMRoftS
BnO

HO OMe
PhS

I  tL II
1  I 1 r—T—
5

• •

A jlI, Ui i ■" r ‘ ■ i —|- —

2

a

I s a

♦

r
±

o  -J
.n1

t
f h V

h'W|
i s

)• .0



'H 
N

M
R

ot
p-

M

1 8 4



U



2D
-NM

R 
ol 

0-M

1 8 6

f
r

■A

d
= 5

5* »
> I

■* r*
r ^ f  s <a

4

‘a

0 5

t t

'I t  M



’HNMRoffr

T—I—I | I I I T

BnO—
BnO-

-O BnO*

~| i i- r ~ i ~ p T  i r—i— |— i— i— i— i— p

f
/

i—I—(—r ~i—i—r
PPM

1
8

7



188



1 8 9

-H

«l *» L
■ t  ■'----   r

V

cs-n - V * fvT*Uti 
^ i r Aii-U H \

*  ^  . • * * * ■ "  V

^  H  «vl . — >^W

Z . - H
^ f -uV

~r
4

-i 1 r T

0
#

# '  3 >

«

# *

S a SD



1 9 0

REFERENCES

1. (a) R em ers, W. The Chemistry o f Antitumor Antibiotics, Wiley, New York 

1 979 , 1, Ch. 3. (b) Franck, R. W. and  W einreb, S. M. Studies in Natural 

Product Chem., ed. A. Rahm an, Elsvier, Am sterdam , 1989, 173.

2. G ao, X.; Patel, D. J. Biochemistry 1989, 28, 751.

3. (a) Dodd, J. H.; S tarred, J. E., Jr.; W einreb, S. M. J. Am. Chem. Soc. 1984,

106,1811. (b) Franck. R. W. ; Bhat, V.; Subram aniam , C. S. J. Am. Chem. 

Soc. 1986, 108, 2455. (c) Roush, W. R.; M ichaelides, M. R.; Tai, D. F.;

C hong, W. K. M. J. Am. Chem. Soc. 1 9 87 , 109, 7575. (d) Thiem, J.;

Schodm er, B. Angew Chem. Int. Ed. Engl. 1987 , 26, 555. (e) Thiem, J. 

Topics in Current Chemistry, C arbohydrate Chem istry, Springer Verlag. 

1 9 8 8 .

4. Paulsen , H. Angew Chem. Int. Ed. Engl. 1982, 21, 155.

5. (a) W eisner, K.; Tsai, T. Y. R.; Jin, H. Helv. Chim. Acta. 1985, 6 8 , 300. (b)

Jin, H.; Tsai, T. Y. R.; W eisner, K. Can. J. Chem. 1983, 61. 2442. (c) Jin, H.;

Tsai, T. Y. R.; W eisner, K. Can. J. Chem. 1984, 62. 1403.

6. Boivin, J.; Monneret, C.; Pais, M. Tetrahedron Lett. 1979 ,1111 .

7. Binkley, R. W.; Koholic, 0 . J. J. Carbohydr. Chem. 1988, 7, 487.

8. Binkley, R. W.; Schneider, J. S. J. Carbohydr. Chem. 1988, 7, 157.

9. Nicolaou, K. C.; Ladduwahetty, T.; Randall, J. L.; Chuholowoski, A. J. Am. 

Chem. Soc. 1986, 108, 2466.



191

10. Ito, Y.; Ogawa, T. Tetrahedron 1990, 46, 89.

11. P reuss, R.; Schmidt, R. R. Synthesis 1988, 694.

12. Ito, Y.; Ogawa, T. Tetrahedron Lett. 1987, 28, 2723.

13. Ram esh, S.; Franck, R. W. Chem. Common. 1989, 960.

14. Lemieux, R. U.; Fraser-Reid, B. Can. J. Chem. 1984, 42, 532.

15. Binkley, R. W.; Bankaitis, D. J. Carbohydr. Chem. 1982, 1 ,1.

16. (a) Thiem, J.; G erken, M,; Bock, K. Liebigs Ann. Chem. 1 9 83 , 462. (b)

Thiem, J.; G erken, M.; Schottm er, B.; W eigand, Carbohydr. Res. 1987, 

164, 327. (c) Thiem, J .; Schottm er, B. Angew. Chem. Int. Ed. Engi. 1987, 

26, 555. (d) Thiem, J.; Gerken, M. J. Carbohydr. Chem. 1982, 1, 229.

17. Lundt, I.; Thiem, J.; Prahst, A. J. Org. Chem. 1984, 49, 3063.

18. Bock, K.; Lundt, I.; P edersen , C. Carbohydr. Res. 1984, 130, 125.

19. Thiem, J.; Karl, H.; Schwentner, J. Synthesis, 1978, 696.

20. (a) Thiem, J.; O s so wo ski, P. J. Carbohydr. Chem., 1984, 3. 287. (b) Thiem, 

J .; G erken, M. J. Org. Chem.1985, 50, 954. (c) Thiem, J.; O ssow oski, P.;

Ellerm ann, U. Liebigs Ann. Chem. 1981, 2228. (d) Thiem, J . ;  P rahst, A.;

Lundt, I. Liebigs Ann. Chem. 1986, 1044.

21. (a) Tavecchia, P.; Trumtel, M.; Veyrieres, A.; Sinay, P. Tetrahedron Lett. 

1989, 30, 2533. (b) Tavecchia, P.; Trumtel, M.; V eyrieres, A.; Sinay, P. 

Carbohydr. Res. 1989, 191, 29.



1 9 2

22. Perez, M.; Beau, J. M. Tetrahedron Lett 1989, 30, 75.

23. (a) Ito, Y.; Ogawa, T. Tetrahedron Lett. 1987, 28, 6221. (b) Ito, Y.; Ogawa, 

T. Tetrahedron, 1990, 46, 89.

24. Gurjar, M. K.; G hosh, P. K. Indian J. Chem., 1988, 27B, 1063.

25. Trumtel, M.; Veyrieres, A.; Sinay, P. Tetrahedron Lett. 1989, 30, 2529.

26. Halcomb, R. L.; Danishefsky, S. J. J. Am. Chem. Soc., 1989, 111, 6661.

27. Thiem, J.; Karl, H. Chem. Ber. 1980, 113, 3039.

28. Kiss, L. Acta Chimica Acad. Sd. Hung. 1978, 97, 345.

29. (a) Inglis, G. R.; Schwarz, J. C. P.; Mclaren, L. J. Chem. Soc. 1962, 1014. 

(b) M anolopoulos, P. T.; Mednick, M.; Uchtin, N. N. J. Am. Chem. Soc. 

1962, 84, 2203. (c) Honda, S.; Kaheki, K.; Takai, H.; Takura, K. Carbohydr. 

Res. 1973, 29, 477.

30. (a) G aregg, G.; Kopper, S.; O ssow oski.P.; Theim, J. J. Carbohydr. Chem. 

1 9 86 , 5, 59. (b) Binkley, R. W.; Koholic, D. J. J. Org. Chem. 1989 , 54,  

3577. (c) Pau lsen , H.; D eesan , U. V. Carbohydr. Res. 1986, 146, 147. (d) 

Pau lsen , H.; Tietz, H. Carbohydr. Res. 1984 , 125, 47. (e) Okam oto, K.; 

Kondo, T.; Goto, T. Tetrahedron Lett. 1986, 27, 5229, 5233. (f) Binkley, R. 

W. J. Carbohydr. Chem. 1990, 9, 507.

31. Michalska, M.; Borowiecka, J. J. Carbohydr. Chem., 1983, 2, 99.

32. Bielawska, H.; Michalaska.M. J. Carbohydr. Chem., 1986, 5, 445.



193

33. Kahne, D.; Yang, D.; Lim, J. J.; Miller, R.; P aguaga,E . J. Am. Chem. Soc. 

1988, 110, 8716.

34. (a) Crich, D.; Ritchie, T. J. Chem. Commun. 1988 , 1461. (b) Crich, D.; 

Ritchie, T. J. Carbohydr. Res. 1989, 190, C3.

35. Suzuki, K.; Mukaiyama, T. Chem. Lett. 1982, 636.

36. Barrett, A. G. M.; Be2uidenhoudt, B. C. B.; Howell, A. R.; Lee, A. C.; Russell. 

M. A. J. Org. Chem. 1989, 54, 2275.

37. (a) For a  reveiw of reactive sulfonium salts, s e e  Capozzi, G.; M odena, G.; 

Organic Sulfur Chemistry: Theoretical and Experimental Advances 

Bernandi, F.; Csizm adia, I. G.; Mangini, A. eds., Elsevier, Am sterdam  1985. 

(b) O'Malley, G. J.; C ava, M. P. Tetrahedron Lett. 1 985 , 26, 6159. (c) 

Capozzi, G,; Lucchini, V.; Marcuzzi, V.; M odena, G. J. Chem. Soc. Perkin 1 , 

1981 , 3106.

38. R am esh, S.; Kaila, N.; Grewal, G.; Franck, R. W. J. Org. Chem. 1990, 55, 5.

39. Som e of the m ethods tried by S. R am esh of our laboratory a re  (a) W - 2  

Raney/Nickel; (b) Bu3SnH, AIBN.

40. F ieser & F ieser Reagents for Organic Synthesis 1975, 5, 523.

41. Ratio determ ined from crude NMR. The reaction w as not very clean.

42. Capozzi, G.; Lucchini, V.; M odena, G. Rev. Chem. Intermediates. 1979, 2 , 

347.



I 94

43. Gybin, A. S .; Smit, W. A.; Bogdanov, V. S.; Krimer, M. Z.\ Kalyan, J. B. 

Tetrahedron Lett. 1980, 21, 383.

44. Bolster, J. M.; Hogeveen, H.; Kellogg, R. M.; Zwart, L. J. Amer. Chem. Soc. 

1981, 103, 3955.

45. Thiem, J.; Klaffke, W. J. Org. Chem. 1989, 54, 2006. W e are  indebted to 

Prof. Thiem for the  access  to his results prior to publication.

46. D eslongcham ps, P. Stereoelectronic Effects in Organic Chemistry Baldwin, 

J. E. Ed. 1983, 1, chap. 2.

47. S econdary  am ines are  known to coordinate with antimony b a sed  Lewis 

acids. Smith, I. D. Comprehensive Inorganic Chemistry. Vol. 2, Chap.21.

48. Blackburne, I. D.; Fredericks, P. M.; Guthrie, R. D. Aust. J. Chem. 1976, 29, 

381.

49. Thiem, J.; Gerfcen, M.; Snatzke, G. Leibigs Ann. Chem. 1983, 448.

50. Schneider, G. Untersuchung uber den Aufbau Modifizierter Aureoisauren, 

dissertation der Universitat Hamburg, 1985.

51. W e a re  indebted to Prof. Thiem for a cc ess  to his results prior to publication.

52. Itano, K.; Y am asaki, K.; Kihara, C.; T anaka, O. Carbohydr. Res. 1980, 87,

27.

53. Ooi, Y.; Mitsuo, N.; Satoh, T. Chem Pharm. Bull. 1985, 33, 5547.

54. This work w as done  by M ehboob, S. of our lab. using the  reference: 

Yiannios, C. N.; Karabinos, J. V. J. Org. Chem. 1963, 28. 3246.



1 9 5

55. For review s on this topic, se e : (a) Schm id, G. H.; G arratt, D. G. The

chemistry o f double bonded functional groups Supplem ent A, Part 2, Patai,

S. Ed., Wiley. London 1977. (b) Smit, W. A.; Zefirov, S.; Bodrikov, I. V. 

Krimer, M. Z. Acc. Chem. Res. 1979 ,12 , 282.

56. Owsley, D. C.; Helmkamp, G. K.; Rettig, M. F. J. Am. Chem. Soc. 1969, 91, 

5239.

57. Fraser-R eid, B.; Kelly, D.; Tulshian, D.; Rave, P. S. J. Carbohydr. Chem. 

1983, 2, 105.

58. Crich, D.; Ritchie, T. J. Carbohydr. Res. 1990, 197, 324.

59. Varela, O.; Horton, D.; Priebe, W. Carbohydr. Res. 1985, 144, 325.

60. Lipshutz, B. H.; Pegram , J. J. Tetrahedron Lett. 1980, 21, 3343.

61. F ieser and  Fieser Reagents for Organic Synthesis Vol. 5, 523.


