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\ A BSTRACT 

,.,. 

, . 

e synthesis of a1ka1i labile glycosides was .envisaged , 

frjlm two ifferent 'routes. Ç)ne of these 'involved 2,3,4 ,6-tetra-Q.-
" 1 • 

benzyl-lLO-triffuoromethanesulfonyl-a-Q-glucopyranose as an inter-

mediate/~o'be su~stitutéd at C-1 wi~h-nucleoPhiléS such as ~lts of 
l ' '. 

organi1 acids. However, the trif1uoromethanesulfonyloxy group proved itself 
1 ~ 

to be/a poorer l~aving group !it C-l than expècted, and gave low ylelds 

of substitution products. By contrast, when gluco- and ~-1,2-

oesters) were r~actad with acetic~ propanoic, pivalic, cycl)-

anecarbÇ>xy1 ic, ben;oic or pico1inic acid the corresponding 

cosyl est:r was formed readi1y ~n good yield. The scope and stereo .. 

orthoester reaction were studied: 
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RESUME 

Deux approches différentes ont lt6 envisagées pour la 8ynth~se 
o • , \' . 

de glycosides-este~ instables en milie~ alcalin. Une de ces approches 

impliqùe le 2,3;4,6~t~tra-o-benzyl-1-0-trifluorométhanesu1fonyl-B-D-- - -= 

gl~copyr~no8e, ~n ~t q~'intermé~iaire, p~ur être ensutte substitu~ l 
Q 

C-l avec des nucléophi1es comme' des sels d'acides org~niques. Le groupe 

trifluorométhanesulfonyloxy, qui d'~rdinaire est un bon groupe partant, 

se montra a C-l peu ~éactif envers la substitution. Cenpendant, lorsque 

les orthoesters gluco-vou ~- réagirent avec l'actd. acétique, 
. , 

~ropanoique, CYCIOheXaneCa~bOXYli~benZOiqUe ou Pl~~llnlqUe les' . 

glycosyls'ester corre8pon~ants furent formés facilement avec 4~.bons 

rendement's. L'étendue et la stédoch1mie de la r~action ort~oester furent 
r'" 

'6tudi6es. 
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C\ 
LI Wh/, synthesize l-Q.-ac/,l aldoses? 

This study originàted in attempts to synthesite l-Q.-acyl 

aldoses l pa1l"ticularly carbohydrate conjugates of bilirubin, although 

there a~e also a nuinber of other naturally oecurring carbohydrate esters 

of this tYpe (1). Most bilirubin conjugates are thought to be gly~osyl 

esters, p-robably having the !-R-glueo. config~ration: /" 

HO 

R=CARBOHYDRATE ie. 
1 

• 1 

Bilirubln conjugation 15 a detoxication mechani~ for the 

• body. Co~jugation means the sYnthetic.union of one co~pound with another. 

It is a detoxicat1on mechanism by which harmful ehemi~als are transformed 

by enzymes and thus rendered less toxie and more easily eliminated br tbe 

body. 

Bilirubin arises frQm the metabolic breakdown of haemoglobin 

.and other porphyrin compounds (2). Although it iS only sparingly sol.uble 
. 

in aqueous solutions at physiological pH~ it 1s transformed br enzymes 

into the water soluble carbohydrate derlvatives. The conjugates thus formed , , 

'CM be eliminated in bile or in urine. 

,Impaired or Inadequate conjugation of bilirubin can lead to its, 

> , 

l 

/ 
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accumulation. as in certain form~ of jaundice. Hydrolysis of the bilirubin 

conjugates in thé gall bladder may play an important role in the formation 

o(ga11 stones, (3): . Hence, a knowledge of the' structure of naturally 

oc~urring bilirubin derivatives is of considerable importance. 

"WorJc with bilirubin and its conjugates is notoriously difficult" 

says Dr. Heirwegh (4), a lead~ng au'thority in the bilirubin field. 

Bilirubin conjugation appears to be a complex process involving a variety 

of monosaccharides and disaccharides. Recent work shows a structural 

complexity, hitherto unsuspected (5, and references therein). The chemistry 

and structure of those conjugates is still npt fully understood. 

In the conjugates these.mono~ or disaccharides are likely linked 

to the, bilirubi~ through an aeyl type of glycosi~ic bond. As the worle 

with the naturally occurring 'Conjugates is "notoriously difficult", and 

because of the indirect and often spe,culative ev~dence used in the 

structure elucidation of bilirubin conjugates. direct comparison wi'th 

srnthesized compounds would be invaluable. t 

. 
Enzyme synthesis have been performed (6-9) but they have not 

provided sufficient quanti~ies to permi~ extensive identification and 

comparison with naturally occurring conjugates. Thus, the abs~nce of 

.. 

$Y?thetic model ,compounds appears to be a maj,or obstacle in the complete 

structure elucidation of the,conjugates. 

Since the by to the syntbesis of these conjugates is th.e , 

formation of a gly.cosyl ester linkage,. it was the goal of this study to ' 
.. 

devise suitable methods for the synthesis of gtycosides of this type. '. 

'. 
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1.2 Synthetic routes 

Four possible routes to the syrithesis of l-O-acyl aldoses were . -
considered, and two have 50 far,been examined. 

Route ~. A reaction between a .,glycosyl halid~ and 8 metal salt 

of '8 carboxylic adJ (which could be bilirubin) is a well ]cnown method (10,11). 

Of course. easily removable bloc~ing groups are required on the glycosyl 
,1 

halide. However. depending upon the nature of R varying degre~s of inversion 

and retention may take place so that the desired anomeric configuration 

cannot ne~essarily be assured. 

Route B. Another route' ~ould involve the ~eaction ·of a carbohydrate 

with an acyl halide Ciz). Two problems make this method> unattractive. ,Since 

free sugars can mutarotate~ this method aiso would presumably not be stereo-

selective and lead to the synthesis of ~ and !!. ester glycosides. Secpndly 

the nature ~f RI is important. For example it might 4be difficult to form 
<J ~ _ ~ 

the acyl halide of bilirubin. because of the lactam-lactim function which would 

obviously interfere in the formation of the aeyl hàlide. Also, the bilirubin 

,J\\olecule is s.a unstable that it would not likely t;esist the reaction conditions 

neede~ for the formation of the bilirubin aeyl halide. 

R~ute C. Another approach. which 1s a variant of route A 1s to 

plaée a good leaving group at C-l on a suitably pr~teGted carbohydrate; then 

displace this leaving group with a nucleophilic aglycone, thus forming the 

glyeosidie linkage. 

Route D. This eonsists of lonning a cycUe orthoester. and 

'subsequently opening it wit~ a carboxylic aei~ tQ form the glycosyl ester 
" 

linkage. 

222 ,.<fi 



. .-
~ '_''4''*'''''''''''''.'''';''''111111' 14 A44.~;H!JI\IIb6iJt ; 'u4a m_';'; "'';UilltJI a as ~ t ..... , •• ,. JdJUI_tr:fIIIIÛI.a •• tJijU_ 

. ' 

" S .. 1 

'ROUTE ,6 

R R 

X 
\ 

R ~ Suitable protectinl group. 
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R = Appropriate group, possibly bilirubin. 

M • Metal, possibly silvet • 

. X .. Halide. 
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R 
R Nu 

, . 

L : 'a g<?od leaving group. 

Nu : a nucleophile (e:g.,bÜirubin sodium salt)., 
, <1 ' , 

, 
R : a suitable protecting group'. 

ROÜTE Q. 

, 
RCOOH . 

) 

Rf ~ appropriate group. ,possi!Jlr bilirub1n 

Nu 

o .. 
O'C-R 

ROutes C and D fora the bas.is of the studles de'scrlbed below. - -, " ", 

f ' 
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2.1 The synthon 

In explori~g the possible synthesis of l-Q:acyl aldosesûvia 

route C (see section 1.2) an attractive chôice as a leaving gr6up 

appeared to be the trifluorom.ethanesulfonyloxy (triflyl) group: The use of 

trifluoromethanesulfonates (t"riflates) in facile SN reaction,s. is weIl 

documented (13-16), and Maradufu and Pe~lin (17) have shoWn that triflyl 

derivatives of carbohydrates are ~seful ~~ SN2 reactions at secondary 

positions. Thus. methyl' 2,3,6-tri-O-benzoyl-4-0-tri~~1-e-D-gluco-
, - - -= 

pyranoside (l) with aziae.anion easily gave the expected galacto azide C!). 

~ 
QMe OMe 

1 2 - -
, ' 

It was not known, however. if suçh a facile nucleophilic. substitution 'woul,d 

occur,at the an~meric carbon. The synthon would thus.have to be a I-tri:late~ 

Benzyl ethers, being &asily cleaved by catalyt+c hydrogenation (18), under 

mild pH conditions, were chosen ,as protecting groups for th~ rest of the 

Molecule. Accordingly, the synthon chosen was 2.3,4,6-tetra-O-benzyl-l~O-
; - -

triflyl-~-U-glucopyranose (2): 

, , 

, . 

R.:OCHa0 , 

. , 
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Through displacement with inversion this compound-shou1d afford a ~-R~ 

glucopyranosy1 ester. 
c 

2.2 Synthesis of the triflate 

The sequence used for the ~ynthes1s of the synthon 1s described in f 

Figure 1. 

, Methyl ~2-g1ucopyrano5ide (~ 15 transformed into méthyl 2.3,4 ,6-tetra-2: 

benzyl-~-2-g1ucopyranoside (~ and subsequently hydrolysed to form 2,3,4,6-
. ~ 

tetra-2..-beT\zyl-~-2-g1u~ose (§) using the method of Perrine and coworkers {l9). 

Compound 6 was .dissolved in pyridine, and a 1.5 fold excess of tri-
. -

fluoromethane~ulfonic anhydride was added. After twenty minutes the reaction 

mixture was quenc~~d with wate:, the product was extracted i?to chloroform, 

and was subsequently crystallized. It was expecteQ that this compound would 

be 2.3,4,6-tetra-~-benzyl-l-Q:trifly1-~-2-glucopytanose (~. However, the 

p.m.r. 5pectrum (Fig. 2) showed the anomeric proton to be a doublet wit~ 
, 

, 
a J12 = 8.5 Hz~ The dihedral angle between Hl and H2 in ~-~-glucopyranose 

is ca 60°; using the Karplus curve (20) or empiri~al (21) one 

, 

pred1cts J 12 to be of the order of 2-3.5 Hz. In !-2-g1ucopyran e the dihedral 

angle i5 ca 180°, thus one predicts J's to be of the order of -9 Hz .. 

This strongly indicated that the crystalline material was 2,~,4.6-tetra-~

benzy1-1-~-trif1yl-!-2-glucopyrano5e (1). Also no anomeric proton peak corres

ponding to that of 'the ~-anomer (~ was detected in the speetrum of the eTUde 
~ 

mixture. Compound !had a negative optica~ rotation (-20:1°), which confirmed 

that it is the !-anomer (1) '~his ,!-triflate (1) was analytically pure, and 

when kept in a desiccator at room temperature, was stable for months. 

Although this synthesis of a ~-triflate· (~) from ~ a-sugar was - - - ( 

unexpected, its formation,may be rational~zed by the fol1owing scheme: 
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In the first step ~mùtarO,tates in the presence of pyridine to give some 

2t3,4t6~tetra-~-benzyl-~R-glucose (~. Thé latter then reacts with 
, . 

t~iflic anhydride to give r. 
Table 1 shows that t~e int~gral for H-1 of ~ in pyridine is smaller 

than in a solvent that does not (such as chloroform used' for the initial 

spectrum (Fig.2)) no~ally favor mutaro~a~ion. This indicates that there 
r-"-' -' 

lIligh~_ nOrm~llY be some ,!-sugar' (~ formed when the ,~-sugar (~ is dissolved 

in pyridine. lf the rate of tri~tion of 8 is faster than that of 6, the 
~ . -

!-triflate (1) would thus be ~he kinetically-favored product. 

This' does not rul~9ut the poss!ble formation df some œ~triflate (~, but 
, - - 1 

it could not be detected, and only the crystailine B-anomeric derivative 
" -

C!) -.s i~olated. 
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TABLB 1 

l~tep'al of H-1 for 2,l,4:-,6-tetra-O-benzy1·a-D-
. - --, , 

glucose in various1solvents 

. 
Solvent* Integral"'* 
" 

Chlol:oform .9 

DMSO .8 
, .. 

Pyridine .4 

fi AlI deuterated sol vents. 

*. Relative to overall integral for the protons in the 

region 3 to 9 p', p. m. 
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Peculiari~ies of the p.m.Y. of the a·triflate CZ). The low 

field signaIs at 7.7.8.3 and 8.7ô (see Fig. 2) are somewhat deshielded .. 
when eompared to the benzyl aromatie signaIs of ~ (see Fig. 3) at 7.3ô. 

They probably arise from benzyl protons deshielded by a neighbouring group . 
• 

, <! 

• - Carbonyis are known to have magnetic anisotropies that ean cause deshiclding 

(~2). By analogy the trifluoromethanesulfonyl group rnay also have a~l-
, 

sotropie rnagnetic properties. Molecular models show that benzyl groups at 
) 

C2 or C6 may be close enough to be influenced by the magnetic properties 

of the triflyl group. Furthermore,of aIl the benzyl derivatives synthesized 

for this study only the ~-triflate (Z) had the low field signaIs, which 

corroborates the hypothesis that the low field signaIs arise from protons 
D 

deshielded by the triflyl group. 

2.3 Reactions of tha triflate (Z) 

When the 6-triflate' in Dt-1F was heated at 1000 with an excess 
o 

o~ sodium,acetate~ an ora~ge_ oil was obtained which consisted largely of 
1 

unreacted starting material. There was no i~ication from'the p.m.r. , -

• spectr~m that this Qil contained l~-acetyl derivatives. 
" 

With sodium ~enzoate as the nucleophile under these conditions, 
. . 

'1 gave a crystalline product (14\ yield of purified material) which w~s 
p • ( -, 

characterized as I-O-benzoyl-2J3,4,6-tetra-O-bgnzyl-!-~-glucopyranose (~. 
. b ~ \l'Je !-anomeric designation is based on the larg~ value (8 Hz) for J l ,2" 
, ' -
No sienlficant improv~ment -in yield was effected by varying reaction 

• r: t\ .., ;J 

times, no~ by using HMPA as the sol vent -, In aH instances dec?mPosi tion . 
QI, 

vas evid~nt from the development ot color, and prolonged rea~tion periods 

simply ~ntensified the extent of side reactions. 

• 

.. 
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Various pathways May be envisaged cfor the form~tion of the 

!-benzoate (~ ~rom the !-triflate (Z). For example, attack by the 
" 

solvent may yield .an intermediate (!) having the .~-cor1figuration. Subsequent 

nucleophilic substitution by the benzoate anion then leads to double 

inversion with overall retention of configuration (Pathway 1). , 

R 
R 

r_Q2 0oS0C'F 

) 

2 3 R 
R ~/Me ,.Me' 

H-Ç/ 'Me 
H-C~:;:- N\ 

.d'+ Me' 
0 

7 9 
~ -• 

... 

! .. 

R 

oÇO 
o 

R=_OC~ f,?J 

10 -, . 

" . 

.. . , 

•• 

~ 
:, 
t 
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Anothe~ rnechanism (Pathway 2) may be postulated in wpich a 

carb~nium ion is' formed at C-Î (!!). then a-attack by the benzoate aniDn 

would form the ~bénzoate (10): 

R 

-/ 
" 

R t@o 
R 

,.. 

b 
® ® 'lU 

q' 

~. 
l-

R 

6i-@ 
~ 

• It à1s~'-;s ~sribie that !l~iihbQuring group participati,.on 
~ .'------. . .--
group ~ould he invol v~, in sucb an ~l reac~ion _ (Z3). _ 

• _ _ ~.... -', ;" 1 

-'Ihe--trU'lâte CI) fIlS a~so foUDd to be unreactive towards metbanol, 

i' . 
! • 
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and gave dectmposition products with sodium methoxide. N,o evidence of 

methyl glucoside formatipn was obtained from any of the erude reaction 

products. 

The results of the reactions of nucleophiles with the B-triflate 

(1) are summari~ed in TapIe 2. It becomes evident that the !.triflyl group 
). 

at C-l is a rather poor leaying group. Wheu a nucleophilic displacement . 
, occurs. a low yield of product is obtained. It is of interest to note that~ 

apparently, when displacement occurs it does so with retention of 

configuration. 

TABLE 2 

Reactions of 2,3.4,6-tetra-~-benzyl-1-2; 

triflyl-!-R'-glucopyra~ose (D 

NucleophUe Result 

No Reaction 

Yield 1 
1 

CHlOH 

CH30Na , 

CH3COONa 
, , 

Decomposition ~ 
" 

Sodium Benzoate 2,3,4,6-Tetrs"Q...,benzyl-1-2,-, 14\ 
benzoyl B-2-g1U~o.wr~~-_-_-:=----------

--- ~------ , 
,~---- "--

Ourin~se of our studies with trifluoromethanesulfonates, 

and coincident with a preliminar:y r~ the ~rent>=filldings {-present-ed-==~~~~c-' 
.. ' 

at the 42è Conerès. A.C.F.A.S., Quebec (24», Kronzer and Schuerch (i5) 
-- - ------ --------

pu~li,hed a 'study of the methanolysis of 2,3,4-tri-O-be~yl-a-D-g1uco" \ .. - ..... =- -----
, ' --------pyranosyl bromide in 1;.he. presence of ~a-s-i-lver-salt of tr~flic acid. 'ln 

t~ belief that", the carbohydrate silve~_tti.tl\l9l"9l!l~ct:h~~_~_~!Jc:m!l~_!~_~OUld be 
l • , ' ~:-- ~~-:,-

highly reactiV'e inte1'1Dediates. Kronzer and Schuerch perf<?l'JIled theil:' 
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methanolyses under anhydrous conditions at _78°. They obtained me~hyl gly-

cosides from the methanolysis of 2.3.4,6-tetra-O-benzyl-~-~-glucopyranosyl 

bromide C!3J in' the pre~ence of silver triflatej when the solvent was dichloro

methane. they only obtained the e methyr glycoside (13), and they found a 
, -1 -

1:1 ratio of ~ to ! when the solvent was ether. ~ey rationalized their 

findings by postulating that glycosyl h~liaes react with the silver triflate 

and alcohol via the push-pull mechanism (26,21). This gives rise mainly to 

the !-glycoside: 

R R 

) CH:J 

\ 

12 - 13 - '" 

But they also postulate that if ènough time ,15 allowed for 'the reaction 

glycoside halide and the silver salt~ the glycosyl halide is 

transformed into the glyc05yl triflate. Since the trifluoromethanesulfonate 

is strongl~ electron withdrawing the y beli~ve that the glycosyl triflates 

m~y be ~-2 esters beèauSe of the anomeric effect. The prep?nderànce of the 

~-gluco~ide. in dichloromethane, 15 explained ~y the shielding of the departing 

triflate ion, sinee ion-pair separ~tion i5 unfavorable in the poorly sàl~atin~ 
t' 

solvent: 
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R R 

OMe 

13 

Hence, Kronzer and Schuerch proposed th~ possible existence of 
~ 

a h~ghly reactive ~-~-gluco triflate (~, as an intermediate in the 

formation of 13. More recently Eby and Schuerch (28) used an analogous --
reaction to prepare a l-~·tosyl ~erivative,'which_was probably mainly the 

~~anomer (~. This compound, which was not isalated in pure forro, decomposed 

rapidly at·roOm temperature, as does the product described as the ~-triflate 

(2). Furthermore, experim~nts with l.~-sulfonyl gluc~pyranose deriv;ii~es 

were carried out unqer hi~h vacuum techniques because the compounds were 
, . 

found ta hydrolyze rapidly. Such behaviour is in marked contrast to the 

, high stability of the crystalline B-triflate (7), and paraÙels the extra~ - .-

ordinary difference between the two anomeric forms in their response towards 

Ilethanolysis. 

-........... 

• 
R 

RDom Temperature 
-..... RAPID DECOMPOSITION 

.. , 
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Room Tekperature 
'R 

--., RAPID DECCMPOSITION 

R 

R 

7 
(' -

R=OCH 2 }21 

J 
Room Temperature 

--)~ STABLE 

r '" 

At present, we, cannot advance a rational mechanistic basis to ac.;count for 

rate differences of this magnitude in SN reaction rates of anomeric 

pairs. 

2.4 Resume , , 

Our Object~ these 

D-glucopyranOlSe in the ho~e that . . 

, , 
1 , • 

studies was to synthesize ra l-~-triflyl-. 
it ~uld be a molecule highly reactive 

towards nucleophiles and thus ,fora glycosides in. good yield. 2,3,4,6-

Tetra-Q.--benZYl-1-.Q.-tl'~flYl.! .. ~~~IUcopyranose r Cl) vas synthesited. lt 

proved to be a rather stabl~ mo~ecule, which g~ve only lov yields of 

substitution products: These results are at variance vith the literature, 
, . 

in which' highlY oostable triflate interaediates (not isolated) have been 

described. 
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CHAPTER 3 ,> 
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SYNrHESIS OF l-O-ACYL ALDOSES 

DY THE ORTHOESTE~ MBTHOD 
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3.1 Introductory remarks 

Dale (29) first obse~ved that a small yield of methyl. 2,3,4,6-. 
tetra-O-acetyl-a-D-mannoside could be obtained in small yield when 3.4,6-, - - .. 
tri-.2.-acetyl-!-R-manno~e 1.2-(methyl orthoacetate) was treated with cold / 

methanolic"hydrogen chloride. Perlin (~) studied. this reacfiéi~ and the' 

methanolysis of other orthoacetates. He found that several concurrent 

reactions appeared to take place in methanol initiated by protonation at 

\ different positions on the orthoester ring •. For example~ 3,4,6:tri-Q: 
" 

acetyl-~~-glucopyranose l.2-(ethyl orthoacetate)* (~ yielded 3,4,6-tri-,' 

~-acetyl-~-glucose Cl§) and methyl 3,4.6-tri~~-acetyl-~-~-glucopyranoside C!!J. 

AcO 

* . 

o 0 

'XOEt 

15 

AcO 

Hel 
MeOH' 

~ACO 

.. . 

16 -

17 --
Although these coapounds are tra41tional~y described as orthoesters an 

OH 

OMe 

alternative noaenclature for çOllpOun.ds sueh as ~ and 21 i5 3,4,6-tri-Q.
acetyl-a-D-glueôse l,2-(l'-exoethoxyethylidene) and 3,476-tri~-acetyl-a- . 
o.aannoi."l,Z-(l·exoethoxyet&ylidene). ~t should ha noted t~ s~ there 
!$ arr extra chira~enter in the ethyl1dene ring, the exp-e 0 n nclatu~e 
is introduced. . . 

. . , 
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This was the synthèsis of a glycoside from an orthoester. If the methanol 

was replaced 'by a carbohydrate aicohoi suitably protected, a disaccharide, 

couid be synthesized. Repetition of'the process leads to thè,formatlon 

of oligosaccharides. This is the so-called "orthoester method"" for thé 

synthesis of oligosacc~arides developed by Kochetkov and coworkers t31 

and references therein~: 

-0 O 
Il R. 

1 

... ROH " + ROH ) 

0° 

"'OR' 
'OCQ~ 

, 

R ~ CH3, ph . Rf D Me, Et, tBu Rit = Cal'bohydrate Residue ' 

Fig. 4 . .Qrthoester + Aicohoi = GlycoS'ide. 

A glycosyl ester should be formed analogously br reacting a" 

carboxylic acid with an orthoester. Thus, Lemieux and Cipera (32) had·"treated 
1 

3,4,6-tri-Q.-acetyl-2-g1ucose 1,2-(ethyl orthoest~r) ® with"concentrated 

acetic·acid. With dry acetic acid.they obtained 1,2,3,4,6-penta-~-acetyl-
. ... 

!-R-glucopyranose (!!) a~d with wet~cetic acid the y obtain4d 1,2,3,4,6-

pent'-O-atetYU-~lUtOPl'1"Oll~" @: 
" 1 
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In the,current study, th~ general applicabil~ty of this re4ction, 

its stereospecificity, and related quèstions have been examined. 

3.2 Preparation of the orthoesters 

• 1 

The route, as depicted iq Figure 5 j in~olveslthe reaction of 
, - . 

( 2.3.4,6-tetra-~-acetY~-~e-glucopyranosyl bromide wi~h ethanol in the 
"-

presence of sJtollidine. as descriQed by Lemleux and Morgan .(33). The , 

reaction probab.ly involves ap inte~ediary 2,~,4,6-tetra-O-acetyl-A~-
~ .. - . , 

glucopyranosyl brollli~e (W' (see F~a. 6) and,. by ~rticipation of Q.Ac-2 

aÜows tbe foraation ,of the acetoxoniUll ion (W, whieh, with ethanoJ. 

yields 3t4~'6-tri-2-acet1i-2:"~.-&lUCOpyranOse 1 ,2-(èthyl brthoace~ate) CID 
~. !.':t'Glu~se l.;-(ethyl orthoâcetatejCW ~as prepared f'~ .!! by 

catalytie deacetylat:1on wit.h bft.rium aethoxide. 

~- .t~ 1 
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FIG. 5 Syn~hèsiS' of the gluco orthoest~rs. 
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* 3,4,6-Tri-Q-acetyl-!-~-m~nopyranose l,2.(methyl orthoacetate) (~ 

was prepared f~om 2,3.4,6-tetra-Q;acetyl-~-Q-mannopyranosyl bromide and 
, -

methan()l in 2,6-1utidine (35). Participation of Q.Ac-2 permits the formation 

, or' the cyclic acetoxonium ion (24) intermediate which. wi th met~anol, yields the 

orthoester. 

3.3 The orthoester Teaction 

A The general reaction 

o 

O~O~ ~c 

Fig. 7 Orthoester + carboxylic acid - ester glycoside 

In order to ~se this reaction ·as a general synthetic route to 

l-Q-acyl aldoses, it appe~:r.ed necessary to select a suitable solvent and to 

~mpioy stoichiometric proportions of the reaetant~. Following preliminary 

experiments J the procedure adopted was ta dissolve the orthoester in dry 

diQxane.and' then introduee a 1.5 (and up to 10) fold excess of t~e carboxylic 

aeid. S~veral carboxylic acids were tested under these conditions, which 

result~ in the synthesis of a variety of l"Q-acyl aldoses; 

; fÇ.. footnote p. 23 

c' 1. 
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B Scope of the reac~ion 

i) Influence of the carboxylic aeid on the reac~ion. 

Acetic aeid. Lernie .... " and C~pera (32) had reacted tri-O-acetyl

.!:!,-Q-glucose l,2-(ethyl orthoacetate) (~ with concentrated acetic aeid, 

and obtained ~- or!- (or mixtures) glucose pentaacetate depending u~on 

* the dryness of the acetic aeid used. By using a 10 foid excess of 

acetic aeid in dry dioxane, ~ gave a syrup whieh by t.l.c. chromatb

graphy and p.m.r. speetroseopy, appeared to eonsist almost entirely of 

. ..ê.-~~lueose pentaacetate (l!>. The latter was subsequent.ly isolated and 

characterized by crystallization. It may be noted that there has been . . 
inversion at c-i in this l'ea~ion. 

Propanoic aeid. The orthoester (!2) was similarly treated with 
, 

·propanoic aeid in. dioxane ~o' giYe ~ cryst~11ine2,3.4.6-tetra-~-acetyl-

l-~ prOpa1\oyl-..ê.-~-glucopyran~se (~ (49% yield). 

The ~act that ~he l'eaetion works weIl with aeetic and propanoic 

ids indicates that àliphatie carboxylic acids in general can be'used to 
r 

~orm the eor~espopding l-~-acyl aldoses. 

Pivalic Reid. (2,2-dimethylpropanoic aeid). 2,3,4,6-Tetra-O_-
, " .' 

"' . 
acetyl-1-0-(2.2-dimethylpropanoyl)-~-D-glucopyranose (26) was obtained as / - -=-

/ /1 ~ 
, a cryshlline material (34% yield) from the reaetion of ~ with pivalic 

aeid (1.8 molar equivalents). 

Çrclohexanecarboxylie aeid. Compound 1S was mixed with eyelohexsne-_. 
carboiylic aeid in dioxane and were left to reaet for 1 br at room temperature. 

A 66\ yield of 2,3,4 ,6-tetta-Q,-acetyl-1-2,- (cyc1ohéxylmethano)"l)-!-~-g.lucopyranose 

* Aeetic aeid 1s somewhat anomalous,requlring a large excess of acid to 
initiate the reaetion. 
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(27) was obtained from this reaction by using a 3 fald excess of the acid. 

Severson, Bohm and Seafortn.(12) have obtained a product 

described as ~ from the reactian of cyclohexanecarbonyl acid chloride 

with 2,3,4,6~tetra-Q:acetyl-~-glucose in a 3 day reaction. Although these 

authors deliberately started with the ~anomer of the ~-glucose tetra-

acetate, sinee the reaction was carried out in pyridine it is likely that 

both anomers were present (cf section 2.2). 

Benzoic acid., With~, thi~d (3 equivalents) gave 2,3,4.6-tri

O-acetyl-I-O-benzoyl-S-D-glucopyranose (28, 51\ yield). - - -= -

Picolinic acid. The product 'of ~ with picolinic acid ( 4 equiv.) 

is the new crystalline compound 2,3.4,6-tetra-~-acetyl-I-~-pieolyl-!-Q-
. 

glucopyr,anose (~. Picolinic acid was chosen as a model compound with 

characteri5tic5 close ta tho5e of bilirubin. 

Table 3 list5 the carboxylic acids used in'the orthoester 

reaction. AlI of these, inclu4ing simple a}iphatic, bulky branched. bulky 

cyclic and ~romatic acids worked weIl. This implies that the reaction i5, 

indeed, a general one for the synthesis of l-~-acyl-!-aldoses in the gluco 

series. 

H) Influenc::e of the orthoester configur,ation on the reaction. 

It i5 apparent from the reaction5 of ~ with a~ids. that the 

glueo configuration makés for a smooth. ster'eospecific synthesis o~ I-Q.-

acyl-!-aldoses in the orthoester re~ction. However, when tri-~-acetyl-.. 
!-!?-manno.,Yranose 1;2-JlIJethyl orthoacetate) <W lI'as treated (as for ill 

~ith cyclbhexanecarboxylic' acid for 2 hrs at room temperature, no reaction 
1 

occurr . Dy contrast, after 3 hrs at 1000
, 2,3,4 ,6-tetra-2..-acetyl-l-Q.-

(cyelo exrlmethanoyl)-~-R-mannop~anose was obtained in 63\ yield (m; 
_ 1 

(the c d~ product showed only one anamer br p.m1r. spectroseopr). 
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TABLE 3 

The orthaester reaetion: carboxylie acids used with'15 

Acid 

Acetic 

Propanoic 

2,2~Dimethylpropanoic 

Cy~lohexanecarboxylic 

Benzale 

Picolinic 

* Of the pure, erystalline, 

• j, 

f 

AcO 

30 -

, * .Yield 

product 

--

/ 

28\ 

49\ 

·34\ 

66\ 

sn 
25\ 

Product 

1-8 
" 

2S - '. 

26 

27 

28 

29 -
". 

... 

.~ 

ocO' Il 
,0 . 
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Hence the ~ and manne isomers have been used successfully. 

In both instances. the anomeric confîguration is inverted 50 that the 

manno orthoester forms an ~-mannosyl ~ster, as expected. 

iii) Influence of hydroxyl groups in the carbohydrate moie~y on the 

orthoester reaction. 

As noted previo~ly alcohols in the presence of acid, can . 

react with orthoesters to farm glycosides (cf. Fig. 4, 30-31). Hence it 

appeared possible that if an attempt were made to react an orthoester 

containing free hydroxyl groups with a 'carboxylic acid, the orthoester 

might react with itself to form a disaccharide, rather than the glycosyl 

ester; Accordingly. ~Q-glucose IJ2~(ethyl orthoacetate) (22) was treated 

with cyclohexanecarboxylic acid. The only product obtained in this 

reaction was 2-~acetyl-l-~(cyclohexylmethanoyl)-!-Q-glucopyranose (~. 
, -

HO HO 

OAc 
~O o 

.. 

22 32 -
This cOmpound (E) was' characteJ;ized spectroscopically and 

then acetylated to give 2.3.4.6-tetra-O-acetyl-1-~-(eyclohexylmethanoyl)~ 

!-e~glu~o~anose (~ which ~as identical vith authentic material. 

-1 

Il 
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~ 3S .. 

This indicated that the hydroxyl groups of an orthoester need 

not be protectèd. Undoubtedly, the carboxylie acid funetion i5 more 

reactive than the alcohol, and thus a glycosyl ester rather than a 

glycoside is ,formed preferentially. 

This.finding offered the possibility that, if desired (see 

succeeding section) the l-Q:acyl aldose rnight be more easily Qbtained in 

a de-Q-acetylated (at positions -2 to -6) form, or that it might sub-

se,uently be rnodified in other ways at positions -3, -4 and -6. 

C Mechanisrn (p. 36). 

Protonation of an ortnoester (33) can lead to 34, and subsequent 

nucleophilic substitution to the trans 1-~-acyl-2-0-orthoacid (35); 

protonation of ~ can lead to 36, the latter ion (~ loses alcohor, giving 

rise to 37 which collapses to product 38. The overall result should be 

the same if t~e reaction is initiated by protonation of 33 at the l' alkoxy . ....",. 

oxygen, (39), followed by elimination of alcohol to forrn the cyclic ion 40; 

the latter (~ undergoes nucleophilic attack at C-l and gives rise ta 

the trans 1-0-acyl-2-0-acetyl product 38. 
1 - - • -

3.4 Selective de-Q~acetylation of l-~-acyl·.ldoses 

ln order to obtain l-O-acyl aldoses unsubstituted at positions , -
-2 to -6, sueh as a natural bilirubin conjugate rather than it! peracetate. 

it i.s necessary to effect selective relDOval of the Q..-acetyl groups of 

products synthesized by t~e orthoester route. This problem has been 

examined in'a preliminary way. 

A priori, base catalrsed tTans~esteTification appears to be moT~ 

pr~ising than,an acid catalysed process. to Avold anomeri~ation at C-l (34) 

... 
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(see p. 38). Not surprisingly, thererore, attempts in thi~ direction 50 far 

have used base-catalysed conditions. Because of the well-known differences 

in the rates of alkaline hydro1ysis of esters of different structure, there 

should be a high possibility of select1vely.removing an ~-acetyl group 

in the presence of certain other O-acyl groups. Thus, for example, ethy1 
, .-

-acetate is hydroly~ed 100 times as rapidly as ethy1 2,2-dimethylVTOpanoate 

(.36). 

Helferich (11) tried to de-~-acety1ate l-9:acyl-2/3,4/6-tetra~ 

~-acetyl-!-~-glucopyranoses, where the acyl group was 2,4,6-trinitrobenzoyl, 

2,2-dimethyl propan~y1, ~~~-trimethylpropanoyl, ~ê~-tripheny~propanoyl, or 

triphenylacetyl (41). Al~ attempts failed, except with the triphenylacetyl 

compound ~ which gave triphenylacetyl-~-~-glucopyranose (42): 

AcO 
o 

14 

• 'HO 
) o 

" O-C-C(0) 
3 

O-C'C(ri) 
3 

OH 

41 -
, 

Severson, Bohm and Seaforth (lf) claim to have prepared l-O-(cyclohexyl-
.* 

methanoyl)-B-D-glucopyranose -= 
, 

from 2.3,4/~-tetra-~-acetyl-l-~-(cyclohexyl-

methanoyl)-B-D-glucopyraoose - - .. (~, by deacetylation with ammonia in Methanol. 
. t 

Their produc~, unfortunately, wa5 not fully characterized and (as they 

mention themselves) Rot pure. However, this suggested that by varying 

~ . 
This compound is of interest because it i5 formed by Phaseolus vulgaris 

(common bush bean) 'as a conjQgate ~hen cyclohexan~carboxyl1C aCld 15 
• administered to the plant. 
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rkaction conditions o~e might be able to successfully de~-acetylate the 

glycosyl esters. 

• seve:t~l ex~riments we~e carried out using sodium methoxide 

in ~~thanol or ammonia in methanol. However. the r.esults were inconclusive, 
.. 

l'and ~ore ~xten$ive studie~ are required. An al~ernate approach that has been 

considered (but not yet tested) is to modify the orthoester structure in 
! - .( 

an ,appropriat~ manner. For example, 

R'COOH 
) 

, 
\' 

Q 
C=Q 

;'" 

CH2CI 

Selective de-Q-acetylation may ~ecome éasi~r since methyl chloroacetate is 

hydrolyzed 761 tfmes as'fast '5 methyl acetate (36a) . 

. , 

\ 
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3.5, N.m..r. spectra gf the gltcosyl esters 

A' P.m.r. 5pectra 

The chemieal shift and spàcing of~the H~1 sign~l of,~ch of the 
- I:! 

" ' 

various l-Q.-acYl derivatives of 2;3J4;6~tetra,-Q.-acetyl-!-R-glu.c()Se are 

given in Table 4'. V~s of J H1 - H2 range from 7.0 to 7.1, which sho~s 

that the hydrogens on C-l and C-2 are anti-periplanar. Thus, aIl these . 
, 

compounds synthesiz~d from !§. have the !-~-gluco configutation. Product' 

ad was a150 shawn ta have a '!-~-gluco configurat:'ion, having a 3 J
H1

-
H2 

oi &.0 Hz. 

TABLE 4 

Chernieal shift ~d J H1 - H2 of der~vat~ 

of !-2-g1ucose 

'Dérivatives of 2,3.4,6-tetra-O
acetyl-I-2:"acyl-!""R-'glucopyrajïose 

, -
. 2,-Acyl 

*'. 
o Acetyl 18 -

" 
Acetyl (33) 18 -
Propanoyl 2S -
2,2-Dimethylpropanoyl ,26 - , 
Cyclohexylmethanoyl 27 

q 

Benzoyl 28 -
Picolyl 29, 

2-d~acetrl-l-O-{eyclohexyl~thanoyl) l2 
!:"ê-glucoPYl"~ose - ' ~ . 

7.0 

6.9 

7.4 

~ 7.4 

7.S 

7.6 

1.1 

'8:0 

6 H-l 

5.7 
1 

5.7 

S.8 

5.1 

5.8 
;Af'-<,J,-, 
..-'-J'l·-' '6.0 

"'.1 
,S.6 

* 1bese are the lIeasured -splittings j the çOupling c.onstant may be slightly' 
different, especiall>} ~ and ~, which, show second o;rder spectra • ... 
Corresponding values fot'> the m,,-pentaacetate are: J .. 3.4 Hz" 6.36. 

" , 

o 

, 
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" T~,HI-H2 splittings ,of the mannose derivatives are given in 

Table S. lt· is clear that the difference in,JHl _H2 between ~- and !~ 
1 

mannopyrano~ derivativ~s is 50 small that the correct configuration. on 

that basis alone cannot be ascertained. 

AcO AcO 

CAc, 

43 44 

,The Tesson for the similarity in coupling constant becomes obvious in that 
,f" 

in both a- and !-~ configurations Hl and H2 are gauche to each other. 

The chemical shift of the anomeric proton does not reveal the stereoch~mistry 
'-. 

at C-l, becau~e the difference in chemical shift between the a- and a-manno 

isomers is too ~mall (cf. Table 5). Other means of ascertaining the 

configuration of ~ are discussed in secti~n 3.68, where its c.m.r. and 

optical rotatio~ are discussed • 
.. 

B C.m.r. spectra 
o 

\' 
A comparison of the c.m.r. spectra of 2,3,4,6-tetra-~-~cetyl-

1-~-acyl-!-2-g1ucopyran~se is in Fig. 8. The pattern ~or the r~ng carbons, 

in comparing one compound ~with anothe~ 1s hjghly constant. Since the 
-~~ 

a:;si~;ents fat: 18 have been made br Doman and Roberts (38) tthô$~ for' 
, ,- ,---- '" 

,.... 

the other compounds- "are given br compa,rison with the'ir assigmnent~{!able 6). 
',,--

J 
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T1\BLE S , 

3 Chemical sbifts and J H1 -H2 of 2,3,4,6-tetra-~-8cetyl 

l-O-acyl-D-mannopyranoses - = • 3 . 
J H1 -H2 

6 
/*,,,,,, 

Acyl 
....... 

6.1 - .J 

6.0 

6.1 

~-Cyclohexylmethanoyl -r 1.5 

~-Acetyl 43 l.S 

* a-Acetyl (33) \ 43 3 
\-
) 

!-Acetyl 44 1.1 5.8 

* .ê.-Acetyl (33) 
. . 

1! . 3 5.9 

* . Measured. br Lemieux et al. (21) at 40 MHz. 

, "In a subsequent paper Lernieux and Stevens (37) state that the resul ts 
of paper (21): "were of poor qua lit y by present standards and that Many 
of the signaIs, were poorly resolved". . 

In aIl cases, except for compounds 28 and 29, tbe C3 and CS signal$ are 

superimposed. Carbonyl carbon chemical shifts are listed in Table 7. Aside 
. . 

'frqm the group of signaIs at lowest field (column 1), which tentat~v~ly, ' 
o 

,î 

are assigned to the C=O of the l-Q.-acyl sub.sti~uent èand hence are expected '1 
, 

to vary substantially), a high degree of consistency in chernicai shifts i5 

again observed. Chernical ~hifts fer other carbons are listed in Table 8. 'The 
f 

outstanding power of c.m.r. to distin,uish between non~equivalent carbo~s is 

strikingly demonstrated here for the cyclohexane rings of 27 and 31. . - -
Since the pattern for the ring carbons of !-~-glucose pent~acetate 

, 

(!!) is quite different from that of the ~-pentaacetate (!!) (Fig. 9). the 

overail consistency of these results indicates that 1-0-acyl-B-D~glucose --:, -= . " 

• t tetraacetates may b~ readiIy distinguished from their anomers by cornparing 

the chemical sh~fts of thei,l;" ring "carbons. The technique of ,dbtinction 
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. PIG. 8 Compari$oo of the spectra of the 2.3.4.6-tétra-Q-acetyl-l~-acyl-!-2-g1ucopyranoses. 
The ring carbons. -

1-2,-Acyl 

Acetyl.!! 
t" 

Propanoy1 ~ 

2. 2-DiiIl~tbylpropanOY1_ !!. 

Cyclohexyblethaoyl !t 
"~ 

lenzoyl 28 -
Picolyl ~ 

- Cl :t . " 
1 -. 

'. 

., . 

f . ~ .' 

" 

.. ' - 1" 

C3,CS C2 . C4 C6 

- " 1 1 ~ 1 ~ 1 

' 1· ,- , 

l', l 1 

1 .( 1 

~ . 1 t 
-

1 Il 1 1 

1 

, -

1 

~ 
(,4 

• J 1 ~ 6 ,- 1 ~ 
. _ 90 éCJ;.p.m. 7 60 

... ~·--'IF~_rIH!I:'j,... ...... .' ... _ ... _L.~"I'~~rp"""""_,,,~ 
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TABLE 6 

C ••• r. cheldeal shlfts (p.p.m.) * for 2,3,4,6-tetra-O-acetyl-l-O-acy1-B-D-glucopyranoses. 
The ring carbons:- - - • :> 

.".,.,.. 

, -

1-.Q.-AeYl derivatives 
. 

Car bons 
. 

1 2 3 4 5 6 

Acetyl (38) 18 92.S 71.2 73.5 68.8 73.5 6.2.5 

Acetyl 18 92.6 71.4 73.6 68.9 73.6 62.6 

Propanoyl. 2S 91.6 70.3 72.7 67.9 72.7 61.5 

2,2-Diaethylpropanoyl 26 91.8 70 .. 2 72~ 7 68.1 12.7 61.6 ""' ~ ,-
Cyclohexylmethanoyl 27 92.S 71.4 73.7 69.0 73.7 62.6 

** ** Benzoyl 28 92.1 70.9 12.5 67:9 72.6 61.4 

Picolyl 29 92,.7 70.3- 72.6 ** ** 67.9 72.9 61.5 

* Relative to upfield TMS. , 
** 

.. '-

C3 and CS are no't identified ·\Dlambiguously. 

'-
!' 

.. 

• 

\ L 
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TABLE 7 

~ 

* C ••• r. chea1cal shifts (p.p.m.) for 2,3,4,6-tetra-O-acetyl-1-0-acyl-B-D-glycopyranoses. ., - - - = The carbonyl carbons. 

l-O .. Acyl d.~vative c-o 

Acetyl (38) 18 ' 171. 0 170.5 170.1 169.9 169.6 -
Acetyl 18 171.0 170.5 170.0 169.8 169.5 -

~ Propanoyl 2S 172.1 170.3 169.7 169.1 168.9 

2,2~Dimethylpropanoyl .ra. 26 . 176.1 170.2 169.8 169.1 16S.7 V1 -
Cyc1ahexylaethanoyl 21 174.6 17L3 170.7 170.1 169.9 

, 
8~~yl 28 164~1 110.1 169.6 169.0 168.9 

Picolr1 ' . 29 169.1 169.0 ~68.8 168.6 168.5 . 

* Relative to upfield TMS. 

1 • ,1 

• . , 

f' 
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TABl;E 8 

• c.m.r. cheaical shifts (p.p ••• ) for 2,3.4,6-tetra-O-àcetyl-l-O-B-D-glucopyranoses. Other carbons. - --a 

l-o-Acyl clerivative '>' 

A.cetyl 18 'COCH 
-3 21..3 (2x), 2t.4 (lx). _ 

Propanoyl 2S - COCH3 
. -~ 

20.5 (4x); CHZ : 27.4; CH2~3 : ~:7, ~-

2.2-Dimethylpropanoyl - 26 20.5 (4x); C(~)3 : 26.8; ~(CH)3 : 38.7 
" .. 

,Cyelohexylaethanoyl 27 . -
COCHs 
C0f.H3 

COCH
3 

21.5 (4x); 3',4',5' : 26.0, 26.4, 26.7; 2',6 l ': 29.3, 29.8; l' 43.6 . 

Ben~oyl ·28 20.4 (4x); C' 133.6.128,4,129.9,129.9. ') 

-~---

Pieolyl - 29 

. ~latlVé to upit.Id TMS. . . 

·*All the car&ons in the cycl~hexyl ring have a different chemical shift (sma11, but definite). 

cOCH3 20.5 (4x); C' 125.6. 127,4, 137.0, 150.2 

~ 

Magnetic non-equ1valence may be due to hindered r?tation. 'COmpOund .!!. exhibit.ed the same -phenomenon.-. 

" 

) 

----------. 
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·FIG. '9 Comparison of the C.M.r. spectra·of ~- and !-2-g1~ose pentaacetate. 
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is. p~rhaps, of limited value for gluco derivatives~'bécause the anomeric 

configuration is easily deduced from J H1 -H2 • .In the manno series, 

however where the ~- and ~-anomers give approximately the same J H1 - H2 

and have a very small difference in the chemical shift of the anomeric 

proton (see section 3.6A), c.m.r. should be more useful. As shown for 

'0- and a-D-mannose and their methyl glycosides by Perlin. Casu and Koch (39), - -:: 

anomers in this series are c1èarly distinguishable by differences in 

chemical shift, particularly of C-3 and C-S. The close similarity in the 

}3c chemical shift patterns, of ~ and ~-mannose pentaacetate (43) (Table 

9 and Fig. 10), even though aIl of the individual signaIs have not yet 
J 

been ~equivocally assigned, strongly indicates that both compounds have 

the same anomeric configuration. 

Confirmatory evidence was provided by rotatory data: i.e., the 
4 
molecular rota~ion as compared ~ith those of the ~ and !-pentaacetates 

(as given by Hudson (40)), show that 31 must be an o-anomer. 

[0]0 Molecular rotation/lOO 

31 +59.7 +27S 

~-2-mannose ,pentaacetate (~ .55 +214 
, 

8-D-mannose pentaacetate -= (1!) -25 • 98 

C.m.r. spectroscopy should be particularly useful for the 

determinatïon of configuration in cases when,p.m.r. i5 ambiguous. 5uch as 

in the manne series, and in those c~ses when Hudson's isorotaticn rules - . 
break down. 1t 1s a weIl documented fact that highly polarisable aglycones 

exert distortive effects on o,ptical activity (17,41), and the isorotat~~ , 
roles do not apply". C.m.r. may provide an eiegant vay o~ circumventing those 

difficu1 ties. 

<i 
i 

ï 
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TABLE 9 

* ' .' 
C.m.r. chemicalshifts (p.p.m.) 'of 2,3.4,6-tetra-O-

acetyl-l-O-acyl-a-Q-mannopyranoses -. - ~-

O-acetyl cm ~-cyclohexylmethanoyl (m 
\ 

Methyl 21.5 20.1 

** 3' 25.4 

4' 25.1 

S' " 28.1 

2' 28.7 

6' 29.0 

" CP 42.9, 
,~ 

C6 63.0 . 62.2 

C2 66.4 6S.6 

C3 69.2 68.~ 

C4 69.7 68.9 

cs' 11.S 70.6 

Cl 91.5 90.2 

~arbon>,1 168.1 168.9 .,.. 
fi 170.2 169.1 

ft 170.4- 169.4 

tf 110.6 ' 110.0 ' ~ 

Il 171.2 112.4 

. • Relàtive to upfield TMS. 

e- ** Seo footnote in' T'bl.' 8. 

" 
. , 

<-' 
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FIG. 10 Comparison of 2,3J4·,6~tetra-O-acetyl.l-O-acyl-a-D-mannopyranoses. - --. The ring car bons. -
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3.6 Resume 

Syntheses o~ 1-2-acyl aldoses, under mild reaction condition, 

have been carried out by a reaction involving the opening of the 1,2-

;.' 

• orthoestex ring structure with various carboxylic acids. In the e-gluco 
01 

\ 

series the 1,2-orthoacetate gave the B-glycosyl ester, whereas in the 

g-~ series the ~-glycosyl ester was pI:,oduced. ,TIte scope of th~se 

reactions was studied. A p.m.r. and c.m.r. spectral "study of the products 

was made. 

1 • 

o 
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4.1 General methods 

f Chromatography 

Thin layer chromatography plates wer~ prepared using MN silica 
, 

gel G as adsorbent .. Taluene-ether (9:1, v/v) and chloroform were the 

solven~s c~only use4, Visualization was effected by spraying with: 

sulfuric acid (SO\, v/v), and heating the sprayed pla~e at 1200 in"an 

oven. 

Colurnrt chromatographie separations were earried out on cotumns 

packed with MN siliea gel (grain size 0.08 mm) whieh. had been previovsly 

washed with the so~vent system being used . 

. Evapora tions 

AlI evaporations were carried out under' reduced pr~ssure. 

Melting points 

,Melting points were determlned with a Fisher-Johns hot plate 

apparat us an~ are uneorrected. 

Microanalyses 
\ 

Organic Microanalyses, Montreal, perf~rmed aIl of 'the micro
t 

analyses. 

Optical rotation, [0]0' 
1 

Optical ro~ations were measured ~th a car~ ~eiss polarimeter 

(.odel 367732) using the indicated solvent at room temperature. 

( P. Spectro.scopY , 

lnfra-red spectra were reeorded on a Unicam SP-20OG grati~g 

tnfrared speetro.eter. X~ pellets were used for solids, and syrups were 
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'recorded neBt "'~h Agel "plates as support. "" 

Proton magne tic resonance' (p.m.~.) spectra we~e recorded with 
. 

a Vari,an HA-IOO, using t&tramethylsilane (1MS) as .standard and lack 

signal. 
# 

Carbon-I3 magnetic resonance were recorded at 22.63 MHz using a 
J • 

Bruke~ WH-90 spectrometer. ,Spectra were obtained with 13c in natutal 

abundance ànd.were pr~on decoupled. 

TMfi was used as internaI standard unless otherwise mentioned. 

~'AII chemical shifts (c.~.r. and p.m.r) reported a~e 

~13 was the' solvènt used unless otherwise stated. 

. 
downfield frol1} ms. 

" 

'4.2 The triflate scheme 
"'-.... r 

,~. Piepara~ion of 2,3 ',4 ,6-tetra"Q.-benzyl-1-2.-trifl~;l/-2-giucopyranose 
, . 

Methyl 2,,:;, 4 ,.6-~etra-2.-b~n'Zyl-.!-~-glucoPY!anoside (~). 

This procedure was s,imilar to thât of Perrine et al. (19). --- -
Methyl ~-Q-glucopyranoside (~, 70 g) was mixed with 376 g of powdered KOH 

(prepared with a Waring"bl'ender) in dioxane (!76 ml). To the e.fficiently 

stirrea mi~t~re benzyl chloride (12~ mi) w~s a?ded, the mixture was heated 

under ref~ux, and an extra 2S0 m~ of benzyl chloride was added slowlY. 
, , 

'" Heat~ng was continued for 2 hrs, and 4pon c091ing ,the liquid layer was 
) , 

J . 
collected by decantation. The res1dùe was!washed with benzene, and the 

prganic phases were combined and concentrated, giving a yellow oil. The' . , . 

latter was purified by chromatography on a column of silica gel (eluant: 

Chlo.:ofOrm) Yie;ding ~s a c~io~le~'s syrup. Compound ~ has be~n previously., 

synthesized br Tate and Bishop (42). 

P.m.r.: 3.3.6, s(~H); 3.3-3.8l5, m(SH?; 3.9~, t(lH).; 4.2-S.D6~ m(9H); 

1.24, m(2OH). 
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2,3,4,6-Tetra-~-benzyl-~-~-glucopyranose (~. 

( 
J 

Prepared 9Y acid hydrolysis of ~ according to the conditions 

of Perrine et!!.. (l~), the crystalline pro;uct was reCrY~lliZed from 

9 parts of n-propanol (yield 13%, overall yield from ~ to 0 ; m.p. 151-152°; 
Ir 

[o]D =, 20.90 (c 2.6, chloroforrn). Lit. (~): m.p. 151-152°; [al
O 

= 21.2 0 

(c 2.2, ch1oroform)). 

P.m.r., sec section 2.2 and Table 1. Addiiionai p.m.T. data: 

3.3-3.815, m(5H); 3.8-4.lô. t(lH); 4.4-5.015, m(9H); 7.26, m(20H). 

2,3,4, 6-Tetra-0-benzyl-'1-~-trif1yl-!-Q- glucopyranose (~). 

a) Trifllc anhydride: trifluorornethanesulfonic acid (3M company) 

(trade name:fluorochemica1 acid)) was mixed wtth an equal amount of P20S' 
r---....... 

and after 1 hr, the triflic anhydride formed was distilled (boiling point: 
, 

}0-82°). (Caution: the fumes of triflic acid and anhydride are very 

'corrosive 1) 

b) Triflic anhydride (8 g) was weighed into an Erlenmeyer flask 

which was cooled in ,an ice bath. A solution of ~ (6,0 g) in dry pyridine 
o 

(20 ml, distilled over BaO and stored over·4A molecular sieves) was added 

over a period of 5 min. in two equal por~n5 to the triflic anhydride with 

thorough mixing. After 20 min. the reaction was quenched wièh cold water 

(100 ml), and the mixture was extracted wi th CHC1
3 

(50, ml J 2x). The organic . 

layer was washed with Î'N Hel (2x) and with water (2x), and concentrated. 

The erude oil resulting was crystalliz.,ed from pet. ether :ethanol, yielding 7 

(4 g; 54\ yield) •. After recrystallization from the same solvents the product 

(2.5' g of white erystals) had m. p. lSl-iSl. SO, [Q]D =i _20.1 0 (c 4} chlol.'oform). 

A \ther 0.5 g was obtained .fl"Olll the mother liquoro' .... p! 150.151°. 
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Analysi;: 

Calculated for (C3SH3SF30SS ): C: 62.5; H: 5 .2; S: 4.7; F: 8 .-~/ 

5.2; S: 4.6; P: 8.2/ Found C: 62.2; H: 

. P.m.r. ~ see Fig. 3. 

C.m.T.: 68.36, 73.3p, 74.56, 75.06, 75.66, 77.015, 78.16, 80.16, 84.96, 

93.76,126.96,127.6 ,127.86, 12S.06, 128.36,128.66, 129.26, 

136. 26, 137.5 ô, 137. 7 cS" 141. 7 ô, 147.5 cS • 

1 1 
The c.m.r. spectrum showed J

C
_
F 

= 320 Hz (for triflic acid, J C_F = 315 Hz). 

B Reactions of the triflate CD 
Attempted synthesis of 1-~-acetyl-2,3,4,6~tetra~~-benzyI-~-glucopyranose 

The triflate (2.., 0.30 g) was dissolved in DMF (distilled and kept 
o 

over 4A mo1ecular sieves), 3.}lhydrous sodium acetate (0.60 g) was introduced-, 

and the resu1ting mixture was heated at 100° for 2.5 hrs. Ch1oroform was 

added, and t~ organic solution was backwashed with water (24), dried over 

MgS0
4

, filtered, and concent::ated. The p.rn.r. spectrum of the residue showed 

that the mat~as e"enti.lly unreacted r. 
Synthesis of 1-~-benzoyl-2,3!4!6-tetra-Q-benzyl-~~-glucopyranose (~ 

Anhydrous sodium benzoate (1 g). compound 7 (0.5 g) and dry [)MF - . 
(15 ml) were heated together under reflux for 8 hrs, and. then stored for 

12 hrs at raorn telllperature. Ch1orofo1'lll was added, and the organic layer was . ,. 
washed with water (2x) , dried o~er MgS04, filtered and concentrated. BroWn 

crystals which were formed were ,recrystallized twice to yield 0.07 g 

(14\ yield) of light. brown 'crystals. Further recrystallizatfion (5x) afforded 
J ' 

colorless crystals, m.p. 84-85°. Other experiments, with different reaction 

times and solvents (24 h~, A; 2 hrs, A; 15 min, À, ~PA) were aIl less 

~ 
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successful. 

P.m.r., see section 2.3. Additional p.m.r. data: 
'" 

3.76. m(BH); 4.5ô, t(34); 4.8ô. s(2H); 4.9ô, a(IH); 5.9ô, 

m(H-l); 7.2-7.6ô, m(23H); 8.1ô. q(2H). 

J. Attempted syntheses o~ methyl 2,3,4,~-tetra-~-acetyl-~-glucopyranose. 
o 

Reaction of l with methanol. Dry methanol (kept over 3A 

molecular sieves) (8 ml)' and l (0.74 g) were reflu~ed for 24 hrs. On 

evaporation of the solvent unreacted 7 was recovered; m.p. 149-150 0 (pure 

7 has m.p. 151-151.5°). 

b) Reaction of 7 with sodium methoxide. The triflate 7 (0.27 g) was 

mixed with a 10 mole excess of sodium methoxide in methanol. The solution 
1) 

was stirred for 24 hrs at room temperature, during which time a dark color 

deve1oped. Chloroform was introduced. t-he solution was washed with water 

and the solvents then evaporated, yielding an orange syrup. The p.m.r. 

spectrum of the latter was complex, and suggested that little of the methy1 
" 

,glycoside had been formed. Similar resu1ts were obtained when 7 and sodium 

-methoxide were heated for 24 hrs unde' reflux. 

c of madel compounds 
. 

1-2 3 4 6-tetra-~-benz~I-~-glucoprranose 

y pyridin~ (distilIed ov~ BaO, stored over 4Ao molecu1~r sieves) 

(6.5" g) and acetic anhydride (0.5 g) were cooled in an ice bath. 2,3,4,61) 

Tetra-O-benzyl-D-gfucopyranose (1.0 g) was added, and after 14 hr! at room - "" 
temperature the reaetion mixture ,was poured dropwise over 20 g of iee. The 

.., 1. 

mixture was extracted with chloroform, the ch1orofor~ layer w~s ~ashëd with 

water, dried, and concentrated, giving a c1ear oi1 (0.94 g; 85\). P.m.r. , 

sp~ctroscopy showed the oil to be a mixture of a:B in the ratio of 3:1. 
f 
.'!i 
" 
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P.m.r. data: 1.86, ~ (CH3 -.. ê)j 1.96, 5(CH
3
-;ljj 3.5-4.0, mj 

4.56, q; 4.815, t; 5.66, a(H-l, !-anomer)j 6.415, ~(H-l, ~-anomer); 7.2 • 

(phenyls). J Hl - H2 = :5" Hz (~anomer); J H1 -H2 = 8 H~" (~-anomer). 

l:Q-Benzoyl-2,3,4,6~1?etra-~-benzyl-~-~-glucopyranose 

To a solution of 2.3,4,6-tetra-~-benzyl-~-glucopyranose (4.0 g) 

in cold dry pyridine (distilled from BaO, kept over 4A 0 lR.olecqlar sieves) 

(24 ml), benzoyl chloride (6.0 ml) was added dropwise while the reaction 

vessel was kept in an iee bath. After 3 hrs at 0°, 12 hrs at _10 0 and 5 hrs 
. 

at room temperature, chloroform (25 ml) was added and the mixture was 

washed with 3N H2So4 \2x) , saturated NaHC03 (2x) and water. The organic 
\ 

layer was dried with MgS04 and concentrated, yielding a solid residue which 

was crystal1~zed ,from hot methano1 (30 ml). At this point the p.m.r. -' 

spectrum showed the c~ysta1s (3.7 g, 78% yield) to consist ~f a 9:1 mixture 

of 'the ~- and .!-anomers. Three recrystalÙzations from methanol afforded 

2.0 g of pure 1-!l.-benzoyl-2. 3. 4 .6letra-!l.~aee~rl-~-2~anose. m. p. 

:~:~::~S" [ajD' 62.S· (c 2.9. chlorofO~).) \ 

Calculated for C41H400,: C: 76.4; H:~~~ 

Found. C: 16.1; H: 6.4. 

P.lII.r. data, see see~on 2.3. Additional p.m.r. data: l.S-4.2Ô , m(6H); 

4.3-5.015, m(SH);' 6.615, !!.(H-l~); 7.0 .. 7.6, m(23H); 8.01S, m(2H) • 

4.3 The orthoester reaction 
.. ,. 

• A Preparation of the orthoesters 

2.3/4, 6~Tetra-Q.-acetyl-!!:"~-glucoPyranosyl bromide CW 
The title'compound was prepared from g-glucose (100,g) br a 
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, 
1. 

method described by Lemieux (43). After 2 recrystal1izations 94.5 g (41\ 
, 0 

yield) of white crystals were oDtain~d, m.p" 89-89.5, [a]D .. 206 

'. 
(c 2, chloroform). (Lit. (43), m.p. 88-89°, [al D = 198 0 (c 2, chloroform)). 

P.m.r. data: 6.6cS, ~(H-l, ~ = 4.0); 5.66, t(H-3), J = 9.5); 5.26, 

t(H-4, J '" 9.5); 4.86, q(H-2, J H1 -H2 

m(H-5, H-6, H-6'), 2.0ô); t(C~3)' 

= 4.0, ,JH -H3 = 10.0); 4.2ô, 
2 

C.rn.r. data: 21.5eS (4x, CO~H3); 62.16 (C-6); 68.36, 71.36, 71.66,73.56 

(C2-5~ 88.16 (C-1); 170.26,170.5 (2xj ,171.26 (Ç = 0) .. 

3,4,6-Tri-Q.-acetyl-~-~-glucopyranose ,1 ,2-(ethyl orthoacetate) (~. 

Prepared as described by Lemieux and Morgan (33), 20.5 g of ~ 

yielded 18 g (96% yield) of syrupJwhich was cryst~l1ized and recrystalli2ed 

to give 1l.3 g (60% yie1cl) of~. Two further recrystallizations gave the" 

pure exo isomer, m.p. 93.5 ... 94.5, [a]D = 34.8 (c 3.56, ch1oro,form), (Lit., , 

(33): m.p. 95-96° (mixture of ~ and endo 85:15)) (Lit. (32): [a]o :z 

o 

3~ (cl, ch1oroform). P.m.r. spectrum was.close1y simi1at to the'data 

gi ven for .!.§. in ref.1 33. 

C.m.r.: 1~.5ô (CIiZ-,Ç.H3); 19.96 (3x)(C09is); 20.2ô, 5'8.1 ,62.3ô, 

66.36, 67.5cS, 69.56, 72.5ô, 120.4ô, 96.115, 168.16, 168.76, 169.46 (C =0). 
, 

a-O-Gluco - = 2'; (ethyl orthoacetate) 'Cm, 
". 

~ rium methoxide SOluti~as prepared br adding BaO (1.9 g) to 

methanol (5~ ml). A 0'.5 ml portion of this solution (filtered) was added 
" 

to a ,sS.i.rred solution of ~ (1 ~Î in methanol (12 ml) J kept in a sa,l t-ice 

. " "'-, 
m1xture for 2 hrs and then at _1~o for 2 days. T.I.c. (solvent CHC1

3
:ethyl 

~cetate. (9:1) then showed ~he reaction to he complete. Sol~d CO
2 

was, a~ded. 
, , 

8aoos was removed by filtration, and the solution was evaported to give .. . . , . 
0.6 g (90\ yield) of a ye110wish syrup which was deeolorised with Darco G 

dib. 
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activated charcoal in ethanol. AH attempts to cryst 1 Ùze the product 

failed. 
1 

IR: no carbony~ a~sorption, bu~ a strong absorption 

(3300~3s00 wavenumber). 
, 

P.m.r.1 2.7ë, t(CH2-~H3' J *' 6 Hz); 2.30, s(9"l3-C03); 
\ : 

4.0-4.615, m(7H); 

4.90, t(lH); 6.30, ~ (H-l, J ::0 5.0). 1 

B ~oducts of the orthoester reaction 
-' 

J ! 

1.2,3,4.6-Penta-~-acetyl-!-~-glucopyranose (~ 

To ~ solution of orthoester ~ (0.4 g) in dry dioxane (5 ml) 

acetic acid (0.7 g) was added, and the mixture was heated~ a steam bath 

for 12 hrs. Chloroform was added, the solutiori waS washe4 with saturated 

NaHG0
3 

and water, dried with MgS04 and concentrate to yield 114 mg (28% 

yield) of .!!, m.p. 130 131:'\(<1]0'= 5.4 0 (c 2, chIo oform) (Lit. (44): 

[a]O = 3.9 (c 6.3, rOf~rm)? (Lit. (45): m.p: 1 2°) 

P.m.r. and see section 3.6. 
, . 

. 2t3,4,6-Tetra-~-acet 

Orthoester 15 (0.52 g). propanoic acid ( .8 g) and dry dioxane 
'-

(4, ml) w~re heated together on "a steam bath for 12 rs. The reaction mixture 
.\ ' 

, was worked up as for !!., crystallized from ethanol, iyielding 0.27 g (49\ of 1 

25; m.p. 98-100°, [a]o" 3 •. 2 (c Li, chloroform~. (~tt: (46), m.p. 104-105°, 

[a]D = 3.5 (c 1.2, chloroform)). r 

P.m.r. and c.m.r. see section 3.6. A4Pitiona! p.m.r. data: 

5.0-5.4, m(2H). 

2,3,4,6-Tetra-~-acetyl-I-O-(2,2-dimethyl-propanorl)-~~-gluCOpyran9Se (26) 
: 

, " . 
Orthoester !l ~4.0 g), 2,2-dimethylpropanoic acid (2.0 g) and dry 

~ 

,--
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dioxane (15 ml) were heated together on a steam bath for 12 hrs. The reaction 

mixture was worked up as' for ~, crystallized from ethanol, yielding 1.6 g 

(34% yield). The product was recrystallized (2x); m.p. 136-137.5°, [«]0 :il 11.4° 
~ 

(c 2.5, chlQroform). (Lit. (11), m.p. 137.5°, [a]O'" 6.30 (c l, chloroform) 

P.m.r. and c.m.r. data, see section 3.6. Additional p.m.r. data: 1.3ô, 

m(t-butyl); 2.16 (COCH3); 3.8-4.515, m(3H);, 5.2-5.46, m(3H). 

1 
Pivalic acid: 1.315, si 12.56, s. 

2,3,4,6-Tetra-Q-acetyl-l-Q-(cyclohexylmethanoyl)-~-~-glucopyranose (~ 

Pro~. 3.4.6-tri-~~acetyl-~-~-glucopyranose 1,2-(ethylorthoacetate) 

(15). A solution of ~ (3.7 g). cyclohexanecarboxylic acid (3.9. g) in 

dioxane (10 ml) was stirred for 2 hrs at room temperature. Evaporation of 

the solvent, left a colorless syrup which was crystallized from ether 

(2.9 g, 66% yield). m.p. 114-115°. !WO recrystallizations from e'ther

petroleum ether, afforded pure~. m.p. 114-115.5°, [a]o = 2.2 0 Cc 2.0, 

chloroform) • 

Ana1 ysis: Calculated for (C21H30011): C: 55.0; H: 6.5 

Pound C : 54. 6; H: 6. 8 

P.m.r. and c~m.r. ~ee section 3.6. ~itional p.m.r. data: 

~ .1-'2.56, J m(llH); 2.06, ~ (12H);' 3.8-4.56, m(3 •. 0-5.46, m{3H). 

CYCIOhexaJcarboXyliC acid: 1.1-2.'5~, m; .12.36, s. 

2-0-~-1~-êcYCI0heXYlmethanOYl)-!-~-&lUCoErraoo5e (~ 
A solution of a-R-glucopyranose 1,2-(ethyl orthoacetate) (~ 

(0.25 g) in dry dioxane (kept over 4Ao molecular sieves) (l ml) was added 

dropwise ta a solution of cyclohexylmethanoic acid (0.19 g) in dioxane . , 

(3 'ml). After.a4 hrs at roo~emperature chloroform was added, the . 
.. 

solution was washed with 5\ bicarbonate, and concentrated.to yield 0.3 g 

" 

,) 
\ 
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(90\ yield) of a yellowish syrup. The syrup was decolorised by Darco G activat~d 

charcoal in ethanol. 

P.m.r. and c.rn.r., sée section 3.6. Additional p.m.r. data: 

1.1-2.55, m(llH); 2.1~, s(COC~3); 3.4-3.96, meSH); 4.96, t(lH); (spe~trum 

was °20 exchanged). 

Preparation of 27 from 2-~-acetrl-I-O-(cyclohexylmethanoyl)-!-~-~lucopyranose 

A solution of 34 (0.27 g) was prepared in acetic anhydride (1 ml) 

and dry pyridine (redistilled from.BaO and kept over 4Ao molecular sieves) 

(1 ml) at 00 and th en kept for 20 hrs at _10 0
, and for 2 hrs at room 

temperature. Cold water was adde,d, the mixture was extracted with chloroform ,. 

and ether, and the combined extracts were concentrated. The resu~ting clear 

oil was crystallized from methanol, m.p. 112-113° (yield 0.23 g, 62%). f.R. 

and p.m. r. were identieal ta those of authentic ~. 

2.,3,4 ,6-Tetra-~-acetyl-l-~-benzoyl-!-~-glucopyranose (28) 

Orthoester ~ (0.42 ~), benzoic aeid (.4 g) and dry dioxane (4 ml) 
~ ~.~ 

were heateq together on a steam ~ath for 12 hrs. The reaction mixture was 

worked up as for ~, and was erystallized from ethano1, yie1ding 0.50' g of 

syrupy crystals. These were recrysta~liz~ from ethanol yielding 0.26 g (51%), 

m.p. 141.5-142.5, [a]O = ~19.So (c 2.1, chloroform). (Lit. (10), m.p. 

143-146°" (Q]D = -28.1° (C = 2, chlo;ro;f'orm)r 

P.m.r. and C.rn.r., see section 3.6. Additiona1 p.m.r. data: 

2.M, 11(124); 3.8-4:515, m(3H); 5.1-5.56, mC3H); 7.4 .. 7.76, mC3H); 8.01"8.1~. 

1Ile2H) • 

\ • .. 

~ 
\ 
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'. 
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2,3,4,6-Tetra-~-acetyl-l-~-pico1y1-!-~-glucopyranose (~:~ 

Orthoester ~ (0.78 g), pico1inic acid (1.0 g) an~dry dioxane 

(4 ml) were heated together on the steam bath for 12 hrs. The reaction 

mixture was worked up as for ~, crysta11ized fr~thano1-water, yie1ding 

0.24 g (25%) of 29; m.p. 131-132.5. Recrystallized (2x) materia1, ~.p. 

133-134°, [0]0 = -27.3° (c 1.9, chloroform). 

Analysis: calculated for (C20H23N011): 

C: 53.0; H: 5.1; N: 3.1 

FOWld: C: 53.1; H: S~S; N: 3.3 

P.m.r. and c.m.,r., see section 3.6. Additional p.m.r. data: 

2.0ô, t(12H); 4.1-4.56, mCH-5, 6,6').; 3.1-3.56, m(H-2, 3,4); 6.1«5, 

~(H-l); 7:56, m(lH); 7.'8-8.26, m(3H); 8.86, m(lH). 

Picolinic acid: 8.0-8.86, m(solv,ent D
2
0). 

2,3 J4,6-Tetra-Q.-acetyl-1-~- (cyclohe?,Cylmethanoyl) -~-~-mannopiranose (~ 

A solution of 3.4,6-tri-~-acetyl-!-~-mannopyranos~ 1,2-(methyl 

orthoacetate) (30)(0.5 g) and cyclohexanecarboxylic acid (0.6 g) in dry 

dioxane (6 ml) were heated under reflux for three hours. (There was no 

reactl~n in 2 hrs at room temperature). Chloroform was added, the solution 
, 

was washed with 5% bicarbonate, dried( concentrated, and the 

colorless sYrup was crystal1ized from ether-pettoleum ether. 

resul ting 

Yield, 0:39 g 

(63\). After three re'crystaUizations, m.p. 126.5-127.5,' [aJ
O 

= 59.7 

(c 2.2, chloroform). 
, 

Pound 
/' 

. 'C:~~;'H: 6.6 
.---:------ -'-~ 

c!JD..-l".-;--see section 3.6. Additional ..p.m.r. data: P .m.r. and 

1.3.-41.4at m(23H); 4.0 .. 4.215,11'(34); ,S.4~, m(3H); 6.115, a(IH).· r ~ -
J ' 
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Claims to original resear~h 

2.3,4.6-Tetra-~-benzyl-I-~trifluoromethàn,eSUlfonyl_!_2_ 

glucopyranose was syntlTesized. Its reaction with 'nucleophiles ~ 

examined. Reaction with sodium 'benzoate led to the formation o~-O-
. , 

bertzoyl-2.3.4,6-tetra-~-benzyl-!~2-glucopyranose. 

1-~-Benzy1-2,3,4,6-t~tra-~-benzyl-a-2-g1u~opyranose was 

synthesized for comparison with the a-anorner. mentioned above. -, --
\ 

Syntheses of l-~-~cyl~aldoses were effected by rêactiçn of 
. . 

,gluco- or manno-l,2-orthoesters with carboxylic acids. Under the 

conditions used the reaction'was shown to be stereospecific and to 

work with aIl the carbo~ylic acids tried. Sorne of those glycosyl 
,. 

esterswere new compounds and others were,syn~hesized for the first 
• 

'. 

time using the ortho ester·reaction. 
, -

Glycosyl esters ~btained fram these reactions were examined' 

by p.rn.r. and c.m:r. 
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