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SYNTHESIS AND PREPARATIVE APPLICATIONS OF MONOSACCHARIDE THIOCYANATES

Zbigniew J. Witczak™
Department of Organic Chemistry, Medical Academy

Faculty of Pharmacy, 90-145 Bodz, Narutowicza 120A Poland

Abgtract — This review describes the synthetic methods which have been developed for
the preparation of monosaccharide thiocyanates as well as their transformation to

derivatives such as deoxysugars thiosugars.
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1. INTRODUCTION

Sugar thiocyanates have been readily synthesized by a variety of methods using as a starting
material the corresponding halides.ls2 These methods often show a striking parallel with

those used for making the corresponding halides, thus reflectinmg the marked pseudohalide character
of the thiocyanate group.3 This pseudohalide character of the thiocyanate anion however differs

from hatide anions im that it is an ambident® nucleophile due to resonance.

P

- 5-CaN—«———— §5=C=N
which results in a resonance hybrid and the charge distribution is as shown .?
-0.7108 -0.1934 -0.4826
LIESLERELE LIRS

Consequently, kinetically controlled reactions of the thiocyanate anion with organi¢ compounds
(among them halides) may lead either to the thiocyanates by nucleophilic attack of the sulphur
atom, or to the 1sothiocyanates by nucleophilic attack of the nitrogen atom or to a mixture of
both. The thermodynamically more-stable isothiocyanate may also be formed by a secondary
1somerization reaction. In common with other ambident specie36 the relative nucleophilicity

KSIKN7 of the sulfur and nitrogen of the thiocyanate anion may depend on the interplay of

*present address for correspondence: Food Sciences Institute, Purdue University, West

Lafayette, Indiana 47907 U.S.A.
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different factors, l.e. solvent, catalyst, counter-ioms, temperature, nature of leaving group,
concentration and, of course, the structure of the organic compound (particularly the geometry of
the molecule). Physico-chemical metheds e.g. 1RB and NMRY spectroscopy, now permit rapid
detection of isothiocyanate coproduets, which may be readily removed by chemical as well as
chromatographic methods.10

Ability of the thiocyanate group to react either as a pseudohalide group or as sulphenyl cyanide
provides attractive approaches to many types of derivatives, particularly N- and S-heterocycles.
The fact that the chemistry of sugar thiocyanates is relatively little ‘known in contrast to its

potential application in the synthesis of deoxysugars and thiosugars encouraged review of the

literature in this field.

2. METHOD OF PREPARATION OF MONOSACCHARIDE THIOCYANATES AND THEIR APPLIGATION

The first sugar thiocyanate was asynthesized by Miller and Wilhelms2 in 1941 by the treatment
of 2,3,4,6-tetra~0-acetyl-a-D-glucopyranosyl bromide (1) with potassium

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

Fischer! 1n 1914 by the treatment of (1) with silver thioccyanate in anhydrous xylene.

CH, OAc H,OAc CH,0Ac

AgSCN KSCN
Xylene Me,/ CO

Fischerl1 also prepared l,Gwdideoxy-ﬁ-bromo—I—isoth10cyanato—2,3,&—tr1—9—acetyl-

a-D-glucose similarly. Later Mliller and Wilhelms? applied the Fischer method to the
preparation of 6—deoxy-6—th1ocyanato—a—2-glucopyranosy1 bromide (3}, and examined the

problem of the isomerization of the thioeyanate to the 1sothiocyanate derivatives of

D-glueose. They also prepared both « and B methylglucosides of

6-deoxy—6—thiocyanato—g-glucoae.

Moreover, they also first applied nucleophilie displacement of the p-tolylsulfomate group by the
thiocyanate ion in anhydrous acetone (10 h in sealed tube at 130°) for the preparation of
6-deoxy—6—thiocyanato—1l2,3,#—tetra—g—acetyl-u~2~glucose (5) which was an

intermediate to disulfide (6)

OTs H,SCN CH~S
€ KSCN C  MeONa H
—_—==_ —revna
Ac! Me,CO Ac H
4 Ac 5 c s H 1,
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The above method of preparation of sugar thiocyanates via nucleophilic Sy2? displacement of
sulfonyloxy group has been reported by a number of authors.12713,15-36

Kucleophilic displacement of sugar sulfonate groups by various nuecleophiles has also been reported
in reviews by Richardsonl%® as well as Ball and Parrishlhb, taking into consideration

all the factors 1nfluencing reactivity 1n reactions, particularly geometry of the molecule and the
nucleophilicity of the attacking group. Stanek and Tajmr 12,13 pave applied this method

for the preparation of chinovose derivatives (9) and (10)

CHO® CH,SCN CH,
KSCN Ni Raney R
k, CHO2h 10" Ac 2
REOAc R:H Ry OAc 5 RFRz=OAc’R7H 2 RFR7=OAc RH
7 R1 “H R;OAc Rz0Ts 8 Ry=H Rz=0Ac R70Ts 10 R7H R;=OAc R,=OTs

Schwarz and Yuleld reported Sy2 displacement of the 5-p-tolylsulfenyl group in 1,2-0-
isopropylidene-5-0-tolylsulfenyl-a-D-xylofurancse (11) as a first step in the

aynthesis of 5-thio-D-xylopyranase (l4).

TsO Hz

NCSCH, HSCH, s
NaSCN |, Nas , | LN @'OH
H
1n 12 + 13 -|— H 14

Hill, Hough and Richardsonl!® nave prepared methyl 4,6-dideoxy-4,6-dithiocyanato-
a-D-galactopyranoside (l6) via the Sy2 reaction of the methanesulfenyloxy group in (15)
with thiocyanate ion in DMF. Intermediates (16) and (17) could clearly also be used for preparing

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

H,SCN /
_kscn _NC MeONa NiRaney %
o DVF o orNaS

18 R-H 19 R=Bz

report the displacement of the p-tolylsulfonate group in

Tokuyama and cowurkers”’is

1-0-p-toluenesul fonyl-2,3,4,6-d1-O~1sopropylidene-a-L-sorbofuranose (20) and
1,6-di-0-p-toluenesulfonyl-2,3-O-isopropylidene-a-L-sorbofurancse (24) in

ligquid ammonia as well as in dimethylformamide with the thiocyamate ilomn.
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KSCN
z. fi()1§

ST TR

31
__KSCN °

TsOH, TOMF ey SH
H

25
Treatment of (20) with potassium thiocyanate in DMF gives, instead of the thiocyanato sugar the
digulfide (22) which was considered to be formed by the decomposition of the imtermediate
thiocyanato sugar.
Nucleophilic' displacement of p-tolylsulfonate groups at positien C-3 (usually highly resistant
towards Sy2 displacement) in the furanose ring with inversion of configuration has been reported

by Defaye and Hildesheim.l9

TWOCH, HOCH,
KSCN >
3 DMF 14¢° 72h

26 T Ne + =z

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

5-deoxy-derivatives. It was suggested that intramolecular electrophilic 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.

-0 0

HQ ‘sCAr

O,

H, I O
(o]

2

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

thiocyanate (12) in 12% yield.
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H NCSCH
; KSCN 2
DMF 140° 63h

1

Cook and Overend20 report the Sy2 displacement of a sulfonyloxy group at the C-4 position of

2 12

a D-glucose derivative (31) with thiocyanate ion to yield a 4-substituted
galacto-derivative (33) which was an intermediate to the deoxy-sugar (34}, obtained by

desulfurization with Raney nickel.

H,0H
KSCN 1 MeONa
DMF 140° 9h z NiRaney Me
H
3 R=Ts 33 34

32 R= p-BrCH,SO,

Displacement of the p-bromosulfonyl group in {32) gave (33) in improved yield (55%) after omly 2.5
h of heating.

Also in the C-4 position Qven and Raggz'f’ have tried the same reaction on the corresponding
g-D-galactoside and other 4-p-methanesul fonyloxy and 4-0-p-tolylsulfonyl-g-
B—galactosides without success. However, Gero and GuthrielZ prepared i
methyl 4-deoxy-4-thiocyanato-a-D-glucopyraneside (36) by SyZ displacement of the
methanesulfonyloxy group by thiocyanate ion in DMF (46 h at 140°) in 56% yield. They confirmed by
lg mur spectroscopy the gluco-configuration in a B-C; conformation. Kochetkow and

coworker g23-24

as well as Vegh and l-lardegger25 also prepared the C-4 thiocyanate (36) as
a starting material for the preparation of uridine dil:vhossphatt-:-l}-dt-zo:)x;.vglut:ose23 as well as

4-thio-a-D-glucopyranosyl phosphate?? and the corresponding deoxysugar (34).23

CH,0Bz
Ms KSCN
Me DMF_140°
35 - 36

Under similar conditions to those described in the literature2? and in contrast to previous
reportsl5, the 2,3-diacetate and 2,3-dibenzoate of methyl 4, 66-di-0-mesyl-a-D-gluco-
pyranoside, (_12) and (}_1), afforded the corresponding 4,6-dideoxy-~4,6-dithiocyanato=-a-D-

galactopyranosides26, (16) and (38), together with a small amount of the thiocyanates (39)
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and (40), as well as disulfide (1_7)16, which is probably formed by hydrolysis of dithiceyanate

(38).
H,SCN
+ 1
Me
c
a0

Treatment of ditosylate (41) under the same conditions affords a mixture of mono- and
di-thiocyanates {40) and (43) in the ratio 1:1 but in only 50% yield because of excessive

decomposition of starting material.

HOTs H,SCN H,SCN
[J
TsO __KSCN
Me DMF 140°
an e 40

27-28

Ferrier and Vehtaviyasar report the thermal rearrangement of 2,3-unsaturated
thiocyanates (45) and (48) to 3,4-unsaturated isothioeyanates (46) and (49). The starting
thiocyanates (45) and {48) were prepared by 542 nucleophilie diasplacement of a

methanesul fonyloxy group at the C=4 position by thioeyanate ion under unusual conditions (DMF,

room temperature, 72 h) for (45) and (DMF, 45°, 16h) for (48).

H,OMs H.OMs H,OMs
KSCN NC at(140°6h)
—)
Ms! Et DMF 20° 72h Et DMFWP"IM& Et
4 45 46
H,OMs H,0Ms H,OMs
Ms KSCN 24{100° 1h)
—_— {1007 1h)
Et DMF 45° 16h NC t PhMe Et
a7 48 ag SCN

It is noteworthy that the Sy2 nucleophilie displacement reaction otcurred in these cases
preferentially at the secondary allylic position in ¢ontrast to the previous literaturel8
detailing similar nucleophilic displacements of the 4,6-di-Q-mesyl derivative (15).

Guthrie and Williams?9 described the rearrangement of allylie thiocynates, using as a starting

product ethyl 2,3,6-trideoxy~4—0-mesyl-6-azido-a-D-threo-hex-2-enopyranocside (50).
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H2N3 2N3 2N3
KSCN N at
—.——-—.—.——.—’ -—-——...)
Ms Et DMF Et PhMe t

50 5 52

The isothiocyanate (52) was an intermediate 1n the preparation of the antibiotic branched-chain

sugar D-epi-purpurosamine derivative (53) by reduction and acetylation.

H,NHAC

52 H,/Pt/C |EtOH
— Ac 0, MeOH

—>

53
Owen and coworkers30 applied Sy2 displacement of the 5-Q-p-~toluenesulfonate group in
ditosylate (54) for confirmation of resistance of the exo-sulfonate group at the C-3 pesition in
furanose ring, as well as for comparison of the course of this displacment by thiobenzoate and

thicacetate icns. The yield of thiocyanate (E) was not comparable to earlier results.l3

TsOCH, 0 KSCN
s DMF 140°28h

s 3

Gross and Oriez3! reported the synthesis of 6-deoxy-4-thio-D-altrose and D-idose

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

KSCN__,

DMF 110°5h
56 58 R=SCN R:H 80
57 R=OMs RzH 59 R=H R;/SCN 61

thiocyanates prepared from mesyl derivafives (56) and (37) by 5y2 nucleophilie displacement with
the thiocyanate ion under standard conditions (DMF, 110", 5h) in about 35% yield. However, they
also obgerved the simultaneous formation of the isomeric isothiocyanate in about 5% yield.
Boigegrain and Gross3? also report an approach (via thiocyanate) to the preparation of the

3,4,6-trideoxy-3,4-epithio~a-D-allopyrancside derivative (67}
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CH, CH,

Ms O
Me
Bz i
[} \ i, /
_‘.'..l‘.i__i_>
NC 2. LiAIH,
& Bz

i, KSCN, DMF. ii, Ac,0, MsCl.
iii.MeOH, FeCl,. iv.AcONa,
V. MSCI, HZ,ACZO.

and 1,2,3-tri-0-acetyl-4-thiocacetyl-6-deoxy-4-thio-D-glucopyranose derivatives (73

and (74) using the method previcusly applied by Dennis3? 25 well as Dickerson.3*

CH,
_KSCN__NC AcOHA_&Q, Ac _AcOH Ac
NH,,CI Q o ACOR™ L
1
H Ac Ac

88 R=Ts 70 R=Ts 72 73 R=H R#0Ac
69 R=Ac 71 R=Ac - 74 R=0OAcRfH

The approach to (73) and (74) starts from the appropriate 3,4-anhydrosugars (68) and (69) and
proceeds via thiocyanates (70) and (71).

Recently Goodman group35 reported a synthetic approach to the preparation of §-B-D-
gatactopyranosyl-4-thio=D-glucopyranose (78) (thiclactose) using as a starting material
4-0-mesyl-D-galaccopyranoside (12) or 4-0-triflyl-a-D-galactopyranoside

(76).

Sy2 nucleophilic displacement of the trifloxy group of (76) required only 12 h at 80° and

provided the thiocyanate (36) in 85% yield,

BzOCH,
e
BzOCH, BzOCH, .
R KSCN 1 MeONa s
DMF 2 HMPTA
e NC Me AcO 78

Bz ) Ac! -_
75 R=Ms 36
78 R=CESO, - /4
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whereas the mesyl group in {73) required 42 h at 140°-and provided the thiocyanate (36) in 68%
yield.

Recently, Philips and Goodman3®

reported the synthesis of some thiocyanates as intermediates
in the synthesis of 3-thio-D-glucoee (84) and 3-thio-D-allose (85) derivatives. The

sequence starts from the isomeric triflates {79) amd (B0).

R X
0 R (0]
Ac + e +- . ot 4

85 81 R=Me,C< 79 R=CESO0Q, R¢H 83 8
82 R=H 80 R-H,R-CESO,0

i. KSCN-ACCN, ii.LiIAiH,, iv. Ac,O

They have found that gluco isomer (79) affords thiocyanate (81) in low yield, whereas the allo
1somer {B0) gives thiocyanate (B3) in 70 yield, when they use acetonitrile as a solvent. In the
case of gluco isomer (79) they have also observed simultaneous formation of a partially deblocked
derivative (g&) as well as an unsaturated derivative i.e. 3-deoxy-1,2,5,6-di-0-
isopropylidene-o-D-erythro~hex-3-enofuranose, probably as a result of the presence of

potassium triflate in the reaction mixture under these conditions. Notably, displacements of the
3~0-p-tolylsulfonyl esters of l,2,5,6-di-g—150propy1idenewm—g—allofuranose with the

thiceyanate 1om in DMF at high temperature were unsuccessful according to these authors .36

3. CONCLUSION

The preceding 1s a brief review of the preparative chemistry of monosaccharide thiocyanates, 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 reviewd7 and consequently discussion here is confined to the synthesis and

reaction of carbohydrate thiocyanates.

Significant application of monosaccharide thiocyanates as intermediates in the preparation of
deoxysugars and thiosugars derivatives was noted. However, the method employing Sy2

displacement of sulfonyloxy groups by thiccyanate ions is useful only when relatively easily
displaceable groups are involved, such as mesyl group as well as the receantly reported triflate

leaving group.35*36’33_a1
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TABLE 1

Monosaccharide thiccyanates

Compound . m.p. 6.p°C [a]4B Ref.

2,3,4,6-Tetra-0-acetyl-g-D-glucopyrancse—

thiocyanate 131-132° ~20.8"(CHCL4) 1,2
1,2,3,4-Tetra-Q-acetyl-6-deoxy-6-throcyanato- 24° (C 2.0 CHCI3)212 13
B-D-glucopyranose 117~118" +27.9" {(C 10 CHCl3)"“- 2,12,13
1,3,4-Tri-0~acetyl=2~0-p-tolylsul fonyl=-6-deoxy—

6-thiocyanato—a-D-glucopyranose 136° +137° (c 0.6 CHClj) 12,13
Methyl 6-deoxy-6-thiocyanato-2,3,4-tri—0-acetyl-

a-D-glucopyranoside 101-105° +154.8° { CHCl3) 2
Methyl 6-deoxy-6-thiocyanato-2,3 4-tri-O-acetyl-

B-D-glucopyranoside 134~135° +15.6° { CHCljy) 2
2,3,4,-Tri-Q~acetyl-6—deoxy-6-thiocyanato—

a-D-glucopyranose bromide 160° +212.1° ( CHCl3) 2
5-Deoxy-1,2-0~isopropylidene~5-thiocyanato-

a-D-xylofuranose 108-110" ~16° (C Q4 MeOH) 15,19
Merhyl 2,3-di-0-benzoyl-f4,6~dideoxy—4,6-dithiocyanato=

a-D-galactopyranoside 212-214° +93.5° (¢ 0.32 CHClg) 16,26
1-Deoxy-1-thiocyanato-2,3,4,6-di-0~isopropylidene~

a-L-sorbofurancse 170° (7 mm) -10.6° (c 1.1 cHCl3} 17,18
3~Deoxy-1,2-0-1s0opropylidene-3-thiocyanato-

a-D-ribofuranose 101.5-102.5° +50° (e 0.5 CHCl3} 19
Methyl 2,3-di-0-benzoyl-4-deoxy-4-thiocyanato-a-D-

galactopyranoside 132-133" +89.4° (c 1.0 CHCl4) 20
3-Deoxy~1,2-0-isopropylidene-3~thiocyanato-glycerol 51-53° {(0.02 mm) N 22

Methyl 2,3,6-tri-Q-benzoyl-4-deoxy-4-thiocyanato-a-D-
glucopyranoside 194-194.5° +60.3° (c 0.53 CHCly) 22,23,24,25,36

Methyl 2,3~di-0-acetyl-4, 6-dideoxy~4,6=dithiocyanato—a-D-
galactopyranoside 183-185° +134° (c 1.52 CHCljy) 26
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