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SYNTHESIS AND PREPARATIVE APPLICATIONS OF MONOSACCHARIDE THIOCYANATES 

Zbigniew J. ~itceak* 

Department of Organic Chemistry, Medical Academy 

Faculty of Phdrmacy, 90-145 hodz, Narutowicza IZOA Poland 

Abstract - Thrs review describes the synthetic methods which have been developed for - 
the preparation of monosacchar~de thiocyanates as well as their transformat~on to 

derivatives such as deoxysugars thiosugars. 
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I. INTRODUCTION 

Sugar thmcyanates have been readily synthesized by a varlety of methods using as a startmg 

material the corresponding These methods often show a striking parallel with 

those used for makmg the corresponding halides, thus reflecting the marked pseudohalide character 

of the thiocyenete group.3 This pseudohal~de character of the thiocyanate anron however differs 

from halide anions in that it is an ambident4 nnucleophile due to resonance. 

-? - S - C a N  S = C - N  

which results in a resonance hybrid and the charge distribution is as shown.5 

-0.7108 -0.1934 -0.4826 
.........- '-C -----'----~- N 

Consequently, kinetically controlled reacttons of the thmeyenate anion wlth organic compounds 

(among them halides) may lead elther to the thiocyanates by nucleophlllc attack of the sulphur 

atom, or to the mothioeyanates by nucleophilic attack of the nitrogen atom or to a mixture of 

both. The thermodynamically more-stable isothi~e~anate may also be formed by a secondary 

lsomerization reaction. In common with other ambident species6 the relative nucleophllicity 

KS/KN7 of the sulfur and nitrogen of the thiocyanate anion may depend on the interplay of 
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different factors, i.e. solvent, catalyst, counter-ions, temperature, nature of leaving group, 

concentration and, of course, the structure of the organic compound (particularly the geometry of 

the molecule). Phyeico-chemical methods e.g. I R ~  and N M R ~  spectroscopy, now permit rapid 

detection of isothiocyanate coproduets, which may be readily removed by chemical as well as 

chromatographie methods.1•‹ 

Abillty of the thlocyanate group to react either as a pseudohallde group or ae sulphen~l cyanide 

provides attractive approaches to many types of derivatives, particularly N- and S-heterocycles. 

The fact' that the chemistry of sugar throcyanates is relatively little.known in contrast to its 

potential application m the synthesis of deoxysugars and thmsugars encouraged review of the 

literature in this field. 

2 .  METHOD OF PREPARATION OF MONOSACCHARIDE THIOCYANATES AND THEIR APPLICATION 

The flrst sugar th~ocyanate was synthesized by MUller and wilhelms2 in 1941 by the treatment 

of 2.3.4.6-tetra-p-acetyl-o-g-glucopyran08yI - bromide (1) with potassium 

thloeyanate in anhydrous acetone, whereas isomeric isothiocyanate has been synthesized by Emil 

Flscberl in 1914 by the treatment of (1) with silver thiocyanate m anhydrous xylem. 

Fischerl1 al$o prepared 1,6-dideoxy-6-bromo-l-isoth10ey~~at~-2~3~4-tr1-~-acetyl- 

o-!-glucose similarly. Later MUller and wilhelms2 applied the Fiseher method to the 

preparation of 6-deoxy-6-th1ocyanato-~-~-glueopyrano8~l - bromide (2). and examined the 

problem of the ieomerization of the thiocyanate to the ~sothiocyanate derivatives of 

!-glucose. - They also prepared both o and B methylglucosides of 

6-deoxy-6-thiocyanato-O_-gluco~e. . 

Moreover, they also first applied nucleoph~lie displacement of the p-tolylsulfonate group by the 

th~ocyanate ion in anhydrous acetone (10 h in sealed tube at 130') for the preparation of 

6-deoxy-6-thiocyanat0-1,2,3,4-tetta-~-aeety1-~-~-glcose (3)  which was an 

intermediate to disulfide ( 6 )  
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The above method of preparation of sugar thioeyanates nucleophilie SN2 displacement of 

sulfonyloxy group has been reported by a number of authors.12-13,15-3b 

N~cleophilie displacement of sugar sulfonate groups by various nueleophiles has also been reported 

in reviews by as well as Ball and ~ a r r i s h l ~ ~ ,  taking into consideration 

all the factors lnflueneing reactivity in reactions, particularly geometry of the molecule and the 

nueleophilicity of the attacking group. Stanek and Tajmr 12313 have applied this method 

far the preparation of chinovose derivatives (9) and (10). 

KSCN AcG2 C6H,o0 2hI3O0 ' -G2 Ni Raney Ac 

4 R p c  R=H RF OAc - 5 R,=R,=OAc RFH 9 R,=R,= O A ~  ?H - - 
7 R=H R? ~ A C  QOTS - 8 R,=H R?OAc RFOTs - - 10 R,=H RrOAc R,=OTs 

Sehwarz and ~ u l e l ~  reported SN2 displacement of the 5-p-tolylsulfonyl group in 1,2-g- 

isopropylidene-5-g-tolylsulfonyl-~-~-~ylofuraose (11) as a first step in the 

synthesis of 5-thio-g-xylopyrenase (E) 

Hill, Hough and Riehardsonlb have prepared methyl 4,b-dideoxy-4,b-dithioeyanato- 

a-D-galaetopyranos~de - (16) via the SN2 reaction of the methanesulfonyloxy group in (E) 

with thioe~anate ion in DMF. Intermediates (16) and (11) could clearly also be used for preparing 

deoxysugars (18) and (19) by desulfurization with Raney nickel 

15 - le 17 - 18 R=H 2 R.62 - 
Tokuyama and eow~rkers~',~~ report the displacement of the p-tolylsulfonate group in 

l-~-p-toluenesulfonyI-2,3,4,b-d~-g-~~~prpylidee-a--sobofurse (20) and 

1 , b - d i - g - p - t o l u e n e s ~ l f 0 n ~ l - 2 , 3 - g - i s o p r o p y 1 i d e e e - a - ~ - s r b f u r e  (24) in 

liquid amonia as well as in dimethylformamide with the thioeyanate ion. 



KSCN 

HSH dSH 
24 - 25 - 

Treatment of (2) with potassium thioeyanate in UHF gives, instead of the thiocyanato sugar the 

disulfide (22) which was considered to be formed by the decompoait~on of the intermediate 

thiocyanato sugar. 

Nucteophilic~dlsplacement of p-t~lylsulfonate groups at position C-3 (usually highly resistant 

towards SN2 displacement) in the furanose ring with mversion of ~onfig~ration has been reported 

by Defaye and Hildeshelm.19 

TrOCH, 

Q+ KSCN 
DMF 140' 72h 

26 
NC - 

This displacement occurs much more readily than that of the corresponding 5-0-trityl (26) and 

5-deony-derivatives. It was suggested that intcamoleeular electcaphilic assistance was provided 

by the hydroxyl group at C-5 as shown in (28) and would facilitate development of a negative 

charge on the sulfonate in the transition state. 

Treatment of anhydrosugar (29) with potassium thiocyanate produced the stable crystalline 

thiocyanate (12) in 12% yield. 
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NCSCH, 
KSCN 

DMFl4Oo 63h 

' Q+ 
Cook and OverendZO report the SN2 dtsplacement of a sulfonyloxy group at the C-4 position of 

e P-glucose - derivative (2) with thiocyanate ion to yleld a 4-substituted 
galaeto-derivative (2) which was an intermediate to the deony-sugar (2). obtained by 

desulfurization with Reney nickel. 

CH,OH 

KSCN 
RQ$ 0 ~ ~ 1 4 0 ~  9h , Ncqz I z MeONa Ni Raney , Me 

Dieplacement of the p-bromosulfonyl group in (2) gave (2) in improved yield (55%) after only 2.5 

h of heating. 

Also in the C-4 positlon Oven and i?aggZ4 have tried the same reaction on the correspondmg 

8-;-galactoside and other 4-Q-methanesulfonyloxy and 4-Q-p-tolylsulfanyl-B- 

Q-galactosides without success. However, Gero and ~ u t h r d ~  prepared - . ' T i i C  

methyl 4-deoxy-4-thiocyanato-o-~-glucopyranos~de (36) by SNZ displacement of the 
methanes~lfonylox~ group by throcyanate ion in DMF (46 h at 140') in 56% yield. They confirmed by 

lH NHR spectroscopy the glueo-configuration in a g-C1 conformation. Kachetkow and 

c o w ~ r k e r s ~ ~ - ~ ~  as well as Vegh and HardeggerZ5 also prepared the C-4 throcyanste (36) as 

a starting materlal for the preparatmn of uridme diphosphate-4-deoxygl~cose~~ as we11 as 

4-th1o-o-~-glucopyranos~l phosphate24 and the correeponding deoxysugar (34).25 

KSCN 
DMF 140' 

3s - - 
Under similar condit~ons to those described in the literaturez2 and in contrast to previous 

reports16, the 2.3-diacetate and 2.3-dibenroate of methyl 4.6-di-Q-mesyl-a-g-gluco- 

pyranoside. (15) and (31). afforded the corresponding 4,6-dideoxy-4,6-d1thiocyanato-~-~- 

galactopyranosidesZ6, (16) - and (2). together with a small amount of the thiocyanates (39) 



and (40), as well as disulfide (fi)16, which is probably formed by hydrolysis of dithiocyanate - 
(38). 

Ms M~ DMF 140•‹ 

15 R=Bz - - 16 R=Bz 
37 R-Ac 38 R=Ac 39 - - 40 - - 

Treatment of ditosylate (41) under the same conditions affords a mixture of mono- and 

di-thioeyanates (40) and (43) in the ratio 1:l but in only 50% yield because of excessive 

deemposition of startmg material. 

Ts0Q7 DMF KscN 140' N:gF T:Q e 

41 - - - 
Ferrier and ~ehtavi~asar~'-~~ report the thermal rearrangement of 2,3-unsaturated 

thlacyanates (5) and (48) to 3,4-unsaturated isothioeyanates (46) and (E). The starting 

thioeyanates (41) and (5) were prepared by SN2 nucleophilic displacement of a 

methanesulfonyloxy group at the C-4 position by thiocyanate ion under unusual conditions (DMF, 

room temperature, 72 h) for (41) and (DMP, 45', 16h) for (48). 

H20Ms 

KSCN . at(140•‹6h) 

Ms - Et DMF 20' 72h R 

H20Ms 

KSCN 

~t DMF 45'16h NC Et 

47 - 48 49 SCN 

It is noteworthy that the SNZ nueleophilie displaeement reaction occurred in these cases 

preferentially at the secondary allylic position in contrast to the previous literature16 

detailing similar nucleophilic dieplacements of the 4,6-di-Qmesyl derivative (15). 

Guthrie and williams29 described the rearrangement of allylie thiocynates, using as a starting 

product ethyl 2,3,6-trideoxy-4~-mesyl-6-azido-a-~-threo-hex-2-enopyrano8ide -- (50). 
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The isothiocyanate (52) was an intermediate in the preparat~on of the antrbiotic branched-chain 

sugar g-&-purpurosamine - derivative (2) by reduct~on and acetylation. 

52 H,/P~/C/E~OH . - Acp, MeOH 

53 - 
Owen and coworkers30 applied SN2 displacement of the 5-Q-p-toluenesulfonate group in 

ditusylate (2) for confirmation of resistance of the z-sulfonate group at the C-3 positron in 

furanose ring, as well as for comparison of the course of this displaement by thiobennoate and 

thioacetate mns. The ~ield of th~ocyanate (55) was not comparable to earlier results.15 

KSCN 
DMF 140' 28h ) 

54 - 55 - "Q+ 
Gross and Oriedl reported the synthes~s of 6-deoxy-4-thio-E-altrose and g-idose 

derlvatlves (60) and (61) using as a starting materials the corresponding 

57 \=OMS R.=H - - 59 R,=H R$CN 61 R,=H R F ~ C  - 
thiocymates prepared from msyl derivatrves (2) and (2) by SN2 nucleophilie displacement with 

the thiocyanate ion under standard conditions (DMF, llOe, 5h) in about 35% ~ield. However, they 

also observed the simultaneous formation of the isamerlc isothmeyanste in about 5% yleld. 

Bo~gegrain and ~ r o s s ~ ~  *lso report an approach (- thiocyanate) to the preparation of the 

3,4,6-trideony-3.4-epithio-a-E-alloPyranid derivative (67) 



i. KSCN, DMF. ii. AqO, MsCI. 

iii.MeOH. FeCI,. iv. AcONa, 
,,, W J  H. Ac.0.  

and 1 , 2 , 3 - t r i - ~ - a c e t y l - 4 - t h i ~ a ~ e t y l - 6 - d e o x y - 4 - t h i - - g l c p y r a n e  de r iva t i ve8  (2) 

and (74) us ing  the  method previous ly  appl ied  by ~ e n n i s ~ ~  as wel l  as ~ i c k e r s o n . ~ ~  

68 R=Ts - - 70 R=Ts 72 - 73 R=H RfQPlc - 
69 R=Ac - 71 R=Ac 74 - R = W c  R,=H 

The approach t o  (2) and (14) s t a r t s  f r m  the  app rop r i a t e  3.4-anhydrosugars (68) and (69) and 

proceeds th iocyenates  (10) and (2). 

Recently Goodman group35 r epo r t ed  a s y n t h e t i c  approach t o  the  p r epa ra t i on  of 5-0-E- 

galactopyranosyl-4-thio~-glucopyraa~se  (18) ( t h m l a c t o s e )  u s ing  as a s t a r t i n g  ma te r l a l  

4-g-mesyl-g-galactopyranoside - (c) or 4-Q-triflyl-o-P-galactopyranoside 

(16). 

SNZ nucleophzl ic  displacement of the  t r i f l o x y  group of (76) r equ i r ed  only 12 h  a t  80' and 

provlded t he  th iocyanate  (36) i n  85% y i e l d ,  

DMF NC 
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whereas the mesyl group m (E) required 42 h at 140'-and provided the thiocyanate (36) m 68% 

yield. 

Recently, Philipa and ~oodm& reported the synthesis of some thiocyanates as intermediates 

in the synthesrs of 3-thio-g-glucose - (84) and 3-thio-pallose (85) derivatives. The - 
sequence starts f r w  the isomeric triflates (2) and (80). 

I. KSCN-AcCN, ii.LiAIH,, iv.Ac20 

They have found that gluco isomer (2) affords thioc~anate (2) in low yield, whereas the 

lsomer (80) gives thiocyanate (83) in 70% yield, when they use acetonltrlle as a solvent. In the 

case of gluco isomer (2) they have also observed simultaneous formation of a partially deblocked 

derivative (82) as well as an unsaturated derivative i.e. 3-deoxy-1.2.5.6-di-8- 

isopropylidene-a-g-er~thro-hex-3-enofuranose. probably as a result of the presence of 

potassium triflate in the reaet~on mixture under these conditions. Notably, diaplaeements of the 

3-Q-p-tolylaulfonyl esters of 1,2,5,6-di-Q-~sopropylidene-~-~-~llofur~ne with the 

thiocyanate t o n  in D m  at hrgh temperature were unsuccessful according to these a ~ t h o r e . ~ ~  

3. CONCLUSION 

The preceding 1s a brief review of the preparative chemistry of monosacchar~de throcyanates, and 

there is much more interesting chemistry of the isomeric isothiocyanates as intermediates in the 

preparation of various classes of heterocyclic carbohydrate derivatives. This will be the subject 

of a separate renew37 and consequently discussion here is confmed to the synthesis and 

reaction of carbohydrate thiocyanates. 

Significant application of monosaccharide thioeyanates as intermediates in the preparation of 

deaxysugars and thiasugars derivatives was noted. However, the method employing SN2 

displacement of sulfonyloxy groups by thiocyanate ions is useful only when relatively easily 

displaceable groups are involved, such as mesyl group as well as the recently reported triflate 

leaving g r 0 u p . ~ 5 . ~ ~  ,38-41 



TABLE 1 

Monosaccharide thiocyanares 

Compound m.p. 6.p'C [~12!i' Ref. 

Methyl 6-deaxy-6-thiocyanat0-2,3,4-tri-Q-aeetyl 
a-P-glucopyranoside 

Methyl 6-deoxy-6-thiocyanato-2.3.4-tri-g-acetyl- 
8-e-glucopyranoside 

2.3.4,-Tri-g-aeetyl-6-deoxy-6-thiocyanato- 
a-2-glucopyranose bromide 

Methyl 2,3-di-g-benzoyl-4,6-dideoxy-4,6-dithiocyanato- 
o-g-galaetopyranos~de 

methyl 2.3-di-g-benzoyl-4-deoxy-4-thiocyanato-a-g- 
galactopyranoside 

Methyl 2.3.6-tri-Q-benzoyl-4-deoxy-4-thiocyaaato-a-g- 
glucopyranoside 

Methyl 2.3-di-g-acetyl-4.6-dideoxy-4.6-dithlocy- 
galact~p~ranoaide 
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