
GLYCOSYLAT~ON OF ORGANIC THKI- AND SELENOACIDS 
OF PHOSPHORUSt 

THE REACTION OF ORGANIC MON~IO ACIDS OF PHOSPHORUS 
WITH GLYCOSYL BROMIDES. T~ON~~IO~ ~~GE~ENT 

OF GLYCOSYL PHOSPHOROTHIOATES 

Tbe sah of the mollotbio acids of phosphors arc easly mixbin of dctivatives 1 and 2. ‘fl~esc include oxonium 
obtainable by the addition of ekmentai S to didkyl dts: d3nzomeh’ pad ~ermk types of &U&UIU 
~SP~,Of~S~~,~~~~~ ~~~i~z~~y~tive~~a~~ 
of omines,’ me dts arc typical alnbident ttuckophiks, 
the tive charge beiae dktriikd within the &P-S 

ekcfropm and twckoptdic rea2mtts. For exampk the 

trimd between the “bard” oxy*n and the “soft” pokris- 
phospbonu residue is readily split by hydrolysis or 
cbkriooiysis ykldhg thiok’ or 8ulphnyl chlorides,’ 

abk S atom. rcspcctively. These readoIls may, threfore, be of 

R’d ‘“0 

The feaclions of mono~ acids with &&ropbili~ 
~~R-X~~y~~~on~~of 
theekctropb&nxgentottK7factorsueofl~im- 
portamx. l&u8 is a quahtive consistency between the 
rWctkncatmealld&eHsABmk.TheWsoWekc* 
tropbiks such as alkyl haIidcs react prefemlwly with 
the anions of phosphorus moa&8io acids with tbc for- 

matioaofaC-Sboodkrdipltothiob&rivatives1. 
“HaW W#elltJ Web a8 acyktkg and p4mp&rylating 
rcWentsrcsctattbcOatom~thioaodchtiveaof 
type2.oldy8fewexampkaarekDownofalkykt& 
nap~tswkichreactinbothdhctkttsaandbto~ea 

potential u8c for ~~ sidpbur into sugar8 via 
esters 1. This paper deals with the glycosylatiml of 
a&i&at anions derived from monotbio acids of pbos- 
pbocw and &scribes a new class of ekctrophilic 
reagents, nDmcly rrryoosyl ha&ks. which may be made to 
nact at either s ar 0 dependiqj on the uxuiitjolls 
cbo8ea. several new typea of delivativcs of both clrsscs 
1andzwereobtaiardilltbecoumcoftbkstudy(R= 
pWaWWed InoDlollrcchvidc rcaidW). 

A hmatic CtibereDcc ia the course of glycoryktion 
wu obaervcd when the trkthykmmoninlll or silver salts 
of the phoapbonM monothk acids wcn used, Reaction 
~~~~~~~~~y~~ 
dcfiWtive8f.rntbeaseofsilva$altstbepfopo~ 
oftbeprodl&ctaformedculbenvatadwitildajvatives 
oftype2prcda~.TJlepmntworkkal8ocoa- 
fzemcd with the tbioao-tbiolo reanaqemt?nt 2+ 1. 
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Table I. “P NMR spectra of thiolo I and thiono 2 estcn contpiDias various sugar residucg 

a Pm 6 ppm 

Q~IO)~~~O~R, -23.0 
in- BuO~(O~R, -21.0 
@OMO)SR~ -23.2 

INcopO~P(SjOR, -66.9’ 
(n- BuO~(SpR, -66.0’ 
~R~~(S~R, -46.3’ 

Giycosylation of the ammonium salts of thiophos- 
phorus acids in a neutral solvent lie benzene, by means 
of 2,3,4,~te~~~tyl-u-~#u~p~~syl bromide 3, 
is nearly Qume (Method A). Special atteatioa was 
given to glycosylation of the ~e~y~o~rn salt of 
monothiophosphoric acid 4 u3maining the 2-0x0-55 
dimethyl-1$2_dioxaphosphorinyI ring system. These 
compounds are readily obtain&e and tend to form 
crystahine derivatives readily. The main product in this 
case is the S-giucosyl derivative Sa, accompanied by a 
small quantity of the G-ghrcosyl derivative 5b which can 
be separated by means of TLC or fractional crystal- 
liition. 

In order to prove the con6guration at the anon&c C 
atom, the S-glucosyl derivative 5a was also obtained by 
two independent routes involving condensation of 
2$,4,attaa-o-acetyl-~-~~p~os~ sulfenyl 
bromide 6’ with 2-hydro-2-oxo-~~~~yl-~3~~ox- 
aphosphorinan 7’ (Method B) and reaction of the sodium 
salt of the 23,4,6-tetraWtyl-~~thioglucose fP’ with 
2~hIoro-2axo-5$~e~yl-l32-dioxapbosphorinnn ,’ 
fhfethod C). 

The properties of fr obtained by these two methods 
were identical with those of the compound obtained by 
~y~sy~tion of the ~~~~0~~ salt 4 with 
glucopyranosyl bromide. Since compounds 6 and 8 have 
the &configuration at CT” and the reactions descrii 

AC 

2!? mp l46-I41 
rap: +4.4- 

Y = Et,NH 

The sttucture of the S-glucosyl derivative Sa is un- 
ambiiously established by the presence in its IR spec- 
trum of a band at lzsOcm-‘, characteristic of the PO 
group. Co~ato~ evidence is obtained from “P NMR 
spectnm which exhibits absorption characteristic for the 
rngroup,b= - 13.5 ppm (i 1.0 ppm). The G-isomer sb 
shows a P=S band in its IR spectrum at 680 cm-’ and the 
“P chemical shift observed S = -58.2 ppm f+ 1.0 ppmf is 
characteristic of thiono esters.’ 

do not invoke rupture of the C,-S bond, it is couch&d 
that compound JI also has the &contlgu&on. Addi- 
tional evidence for this assignment come8 from the a& 
aline me~~o~ysis of !4 which loads to the known bis- 
(2$,4,~te~~~etyf-~-~u~p~osyl#rsulphide.” 

When &e glycosylation reaction was repeated with the 
silver salt in piace of the ~~~~0~ salt a 
dramatic effect was observed. In this case the major 
product was the thioooestcr 5b W%). 
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A similar effect was obscrvcd in the naction between 
10 and 2$,Cbni~tyl-a-~xylopynrnosyl bromide 11. 
This is a novel observation in the alkylatioa of phos- 
phorus monothio acids. An early teporP &scribed 
thiolo esters as tbc only product by treatment of afkyl 
halides with the silver salts of mono~o acid. The 
pronounced difference bctwcen the sifver and ~rno~urn 
salts can be expkined on the basis of two effects: an 
increase. in the Sk1 character of the reaction by com- 
pkxation of silver ion with the halide and shiciding of 
the S atom ~0~ fo~tion of a strong bond bctwcea 
tbcSandAgatoms. 

Because thiono esters of type 2 became readily 
obtainabk via the silver salt it was of interest to study 
the St&C Course of the tbcrmal thiono-tbiolo isowrisa- 
tion. 

-++P A 
0 ci?- >< 0 

ffcating 3h at temperatures slightly above its m.p. for n 
few mimttcs gave 5a in 95% yield. Since the ‘H NMB 

spectra of !rb and !!a estabfish unambigoualy that both . . 
have the &conhguration this result demonstrates that 
isomcrisation takes place with full retention of 
configuation at the glycosylic C atom. 

Such thiono-thiolo isomcrisations which are closciy 
related to the ~shch~~ reacti~tt’~ were first des- 
cribed by Emmet and Jones.” Thermal isomer&ions of 
this type are usually ngarded as bi-mokcukr two-step 
processes.” 

The s~hemi~ consequence of this mechanism is 
that the thiolo es&r formed should have a configuration 
at carbon opposite to that in the thiono ester in view of 
the Sk2 type alhyktion process involved. An ion pair 
mechanism is also possibk.‘4’” This mechanism should 
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