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ABSTRACT 

The aminonitrile synthesis applied to D-mannose gave, in good yield, a mix- 

ture of the two epimeric heptosamines 2-deoxy-2-(ethylamino)-D-glycero-cu- 

D-galucto-heptopyranose and 2-deoxy-2-(ethylamino)-D-glycero-p-D-t&-hepto- 

pyranose that could be fractionated by recrystallization. The stereochemistry at C- 

2 of both amino sugars, and of their acyl derivatives, was established from their ‘H- 

n.m.r. spectra. This stereochemistry was also demonstrated by the preparation of 

the 3-alkyl-l-aryl(glycofurano)imidazolidine-2-thiones, whose structures were as- 

signed from the ‘H-n.m.r. spectra of their tetra-O-acetyl-derivatives. In a similar 

way, hemihydrogenation of the epimeric mixture of 2-deoxy-2-(propylamino)-hep- 

tononitriles gave an amorphous mixture of 2-deoxy-2-(propylamino)heptoses hav- 

ing the D-gfycero-D-gaiacto and D-glycero-D-tale configurations. By reaction of this 

mixture with phenyl isothiocyanate, 1-phenyl3-propyl-( 1,2-dideoxy-D-glycero-P- 

D-tulo-heptofurano)[2,1_d]imidazolidine-2-thione (21) was obtained. The structure 

of 21 was also demonstrated from the ‘H-n.m.r. spectrum of its acetyl derivative. 

INTRODUCTION 

In our current work on the synthesis of C-nucleoside analogs, we have made 

use of the reaction between 2-amino-2-deoxyheptoses and fi-dicarbonyl com- 

pounds in order to obtain acyclic C-nucleosides that can be transformed into cyclic 

C-nucleosides by intramolecular dehydration of their pentahydroxypentyl 
chains1-4. We now describe the preparation of new 2-(ethylamino)- and Z(pro- 

pylamino)-2-deoxyheptoses having D-glycero-D-galacto and D-glycero-D-tale con- 

*Present address: Department of Organic Chemistry, Faculty of Pharmacy, University of Seville, 
Seville, Spain. 

OOOS-6215/84/$03.00 0 1984 Elsevier Science Publishers B.V. 



72 J. A. GALBIS PEREZ et al. 

figurations which will be used in that synthesis of the corresponding C-nucleosides. 

In order to confirm the stereochemistry at C-2 of these amino sugars, we pre- 

pared 3-alkyl-l-aryl(glycofurano)imidazolidine-2-thiones by their reaction with 

aryl isothiocyanates. These compounds are also interesting, because of their facile 

isomerization to acyclic C-nucleosides of the imidazo1e5,6. 

RESULTS AND DISC’USSION 

Treatment of N-ethyl-p-D-mannopyranosylamine (1) with dry hydrogen 

cyanide in methanol gave a crystalline mixture of the epimeric heptononitriles 2 

and 3 that could not be fractionated. Catalytic hydrogenation of this epimeric mix- 

ture gave a mixture of the heptosamines 6 and 8 which was separated by crystalliza- 

tion and recrystallization. The structures of 6 and 8 were assigned on the basis of 

CZN 

I 
R’CR’ 

I 
HOCH 

HOkH 

HCOH 

I I 
CHZOH CHIOH 

1 2 R’= NHEt,R*= H 

3 R’ = H,R2 = NHEt 

4 R’= NHPr,R2 = H 

5 R’= H.R* = NHPr 

their elemental analyses, i.r. and ‘H-n.m.r. spectra, and chemical properties. The 

‘H-n.m.r. spe ct ru m of 6 in D20, recorded immediately after it had dissolved, 

showed only an anomeric-proton signal corresponding to the equatorial proton of 

the (Y anomer (Jr ,2 3.4 Hz). In the spectrum recorded when mutarotational equilib- 

rium had been reached, the signals of both anomers could be detected (Jr,* for the 

p anomer, 8.3 Hz). These facts suggest that the (Y anomer was the crystalline prod- 

uct isolated from the reaction mixture; the cr-anomeric configuration was also 

proved from its mutarotation to less positive values’. The D-glycero-D-galacto con- 

figuration was deduced from the large JI,2 value of the p anomer, in agreement 

with a trans-diaxral disposition of these protons which is indicative of that configu- 

ration in the “C,(D) conformation. This configuration was confirmed by the ‘H- 

n.m.r. spectrum of its benzoyl derivative (7), which showed J2,3 9.3 Hz, in agree- 

ment with a trans-diaxial disposition of these protons. 
The D-glycero-D-tale configuration assigned to 8 was based on the ‘H-n.m.r. 

spectrum of its acetyl derivative (9), which exhibited a double-doublet signal for H- 
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6R= H 6 R’= 0H,R2=R3=H 

7R= Bz 9 R’ = H , R’= OAc , R3 = Ac 

10 R’ , R*= H,OBz.F?= Bz 

2 whose coupling constants (JrZ 3.1 and J 2,3 1.0 Hz) suggested the equatorial 

disposition of H-2, in agreement with the assigned configuration in the “c,(D) con- 

formation. The cY-anomeric configuration is only tentatively assigned, in accor- 

dance with the high-positive, specific rotatory power. The /3-anomeric configura- 

tion assigned to the free amino sugar 8 was based on its mutarotation to more posi- 

tive values. On the other hand, the J1,* value (4.9 Hz) measured on the spectrum 

recorded in DzO immediately after dissolving may be indicative of an axiakquato- 

rial disposition for these protons, because this value is out of the range of values 

normally exhibited by the coupling constants of equatoriakquatorial protons’. 

The structures proposed for 6 and 8 were confirmed by the preparation of l- 

aryl(glycofurano)imidazolidine-2-thiones (13, 15,17, and 19) by reaction with aryl 

isothiocyanates. By reaction of 6 with phenyl and 4-bromophenyl isothiocyanates, 

the 3-ethyl-l-phenyl-(l,2-dideoxy-D-gZycero-a-D-gu~uc~o-heptofurano)[2,l-d]im- 

idazolidine-Zthione (13) and the 1-(4-bromophenyl)-3-ethyl-(1,2-dideoxy-D-glyc- 

HO ‘I 

HO- 

HO 

11 R’ = H,R2 = NHPr 

12R’ = NHPr,R*= H 

13 R’=Ph, R*=El , R’=H 

14 R’ = Ph, R2:Et , R3= AC 

15 R’=4-BrCsH, .R2=Et , R’=H 

16 R’=4-BrC,H,,R2=Et , R3=Ac 



T
A

B
L

E
 

I 

90
.M

H
z,

 
'
H
.
N
.
M
.
R
.
 D
A
T
A
~
 F
O
R
 1

4,
16

, 
l&

20
, 

A
N

D
 

22
 

C
o

rn
- 

H
-
l
i
b
 

po
un

d 
N

O
 

H
-2

’ 
H

-3
’ 

H
-4

’ 
H

-5
’ 

H
-6

’ 
H

-7
’ 

H
-T

’b
 

O
A

c 
A

ry
l 

E
t 

P
l 

14
 

16
 

18
 

20
 

22
 

5.
94

’ 
dd

 
4.

36
d 

5.
29

 
d 

J,
,,2

’ 
6.

9 
J2

’,3
’ 0

.0
 

J3
,,4

’ 2
.0

 

5.
91

 
d 

4.
37

 
d 

5.
28

 
d 

J1
’,2

, 6
.9

 
Jz

,.Y
 0

.0
 

J3
,..

,’ 
2.

0 

5.
85

d 
4.

54
 

t 
5.

02
 

dd
 

J,
s,

~,
 6

.7
 

J2
’,3

’ 5
.7

 
J3

’.4
’ 9

.3
 

5.
83

d 
4.

5s
 

t 
5.

04
 

dd
 

J,
‘,2

’ 
6.

6 
J2

rv
3’

 5.
7 

J,
‘,4

’ 
9.

3 

5.
87

d 
4.

58
 

dd
 

5.
05

 
dd

 
J,

‘,2
, 

6.
3 

J2
t.3

’ 
5.

7 
J3

,,4
, 

9.
2 

4.
42

 
dd

 
5.

39
 

dd
 

5.
22

m
 

J.
,‘,

5’
 2

.7
 

J5
,.6

’ 7
.0

 
J6

,,,
’ 

2.
7 

Js
t.7

” 
5.

0 

4.
31

 
dd

 
5.

38
 

dd
 

5.
22

 
m

 
Ja

,,s
, 

2.
7 

J5
’,6

’ 7
.0

 
J6

f,,
s 

2.
7 

J6
,,7

” 5
.0

 

4.
40

-4
.1

0 
dd

 
5.

41
 m

 
5.

14
 

m
 

J4
,,5

, 2
.3

 
J5

,,6
, 6

.8
 

J6
’,,

’ 
2.

3 
Jh

,.7
” 5

.0
 

4.
40

4.
10

 
dd

 
5.

41
 m

 
5.

20
 

m
 

J4
,,5

, 2
.3

 
J5

’,#
 6

.8
 

J6
,,,

’ 
2.

3 
J6

,.7
” 5

.0
 

4.
40

-4
.2

0 
m

 
5.

50
-5

.2
0 

m
 

4.
39

 
dd

 
4.

12
 

dd
 

2.
20

 
s 

(3
H

) 
7.

70
-7

.2
3 

m
 

4.
3W

.lO
m

 
(1

H
) 

J,
s,

~ 
-1

2.
3 

2.
13

s(
3H

) 
3.

54
 

m
 (

1 
H

) 
2.

04
 

s 
(3

H
) 

1.
22

 
t 

(3
H

) 
2.

02
 

s 
(3

 H
) 

4.
39

 
dd

 
4.

10
 

dd
 

2.
18

 
s 

(3
H

) 
7.

50
 

s 
4.

23
 

m
 (

1H
) 

J,
,,,

,, 
-1

2.
3 

2.
16

s(
3H

) 
3.

47
 

m
 (

1 
H

) 
2.

06
 

s 
(3

H
) 

1.
21

 t
 (

3H
) 

2.
03

 
s 

(3
 H

) 

4.
42

-4
.0

0 
m

 
2.

18
s(

3H
) 

7.
39

s 
4.

18
 

m
 (

1H
) 

J7
’,7

” -
12

.3
 

2.
10

s(
3H

) 
3.

31
 

m
 (

1 
H

) 
2.

04
 

s 
(3

H
) 

1.
23

 
t 

(3
H

) 
2.

02
 

s 
(3

 H
) 

4.
4M

.0
0 

m
 

J,
s>

~
 -

12
.3

 
2.

17
s(

3H
) 

7.
44

q 
4.

17
 

m
 (

1H
) 

2.
10

s(
3H

) 
3.

32
 

m
 (

1 
H

) 
2.

04
 

s 
(3

H
) 

1.
22

 t
 (

3H
) 

4.
60

-4
.0

0 
m

 
2.

20
 

s 
(3

H
) 

7.
50

-7
.2

8 
m

 
4.

19
m

(l
H

) 
2.

13
s(

3H
) 

3.
20

 
m

 (
1 

H
) 

2.
07

 
s 

(3
H

) 
1.

70
 

m
 (

2H
) 

2.
06

 
s 

(3
H

) 
0.

93
 

t 
(3

H
) 

“R
ec

or
de

d 
in

 C
D

C
Ij

 
at

 3
5.

5”
; 

6 
sc

al
e 

(i
nt

er
na

l 
M

e&
i)

; 
J 

in
 H

z,
 

w
ith

 
as

si
gn

m
en

ts
 

ve
ri

fi
ed

 
by

 
se

le
ct

iv
e 

pr
ot

on
-d

ec
ou

pl
in

g.
 

‘S
in

gl
e 

pr
im

es
 

de
no

te
 

nu
m

be
ri

ng
 

of
 

at
om

s 
on

 t
he

 
su

ga
r 

ri
ng

-a
to

m
s.

 
D

ou
bl

e 
pr

im
es

 
ar

e 
re

se
rv

ed
 

fo
r 

th
e 

la
be

lin
g 

of
 t

he
 

up
fi

el
d 

pr
ot

on
 

(u
su

al
ly

) 
of

 a
 m

et
hy

le
ne

 
gr

ou
p.

 
Y

al
ue

s 
ob

ta
in

ed
 

by
 e

xt
ra

po
la

- 
tio

n 
ba

ck
 

to
 z

er
o 

co
nc

en
tr

at
io

n 
of

 E
u(

fo
d)

s.
 

dS
ig

na
l 

m
ul

tip
lic

iti
es

: 
d,

 d
ou

bl
et

; 
dd

, 
do

ub
le

 
do

ub
le

t; 
m

, 
m

ul
tip

le
t; 

q,
 q

ua
rt

et
; 

s,
 s

in
gl

e,
 

t, 
tr

ip
le

t. 



(GLYCOFURANO)IMIDAZOLIDINE-2-THIONES 75 

ero-cY-D-gulacfo-heptofurano)[2,1-d]imidazolidine-2-thione (15) were respectively 

obtained. In the same way, the reaction of 8 with the same isothiocyanates afforded 

the 3-ethyl-1-phenyl-( 1,2-dideoxy-D-glycero-P-D-talo-heptofurano)[2,l-~imida- 

zolidine-2-thione (17) and the 1-(4-bromophenyl)-3-ethyl-( 1,2-dideoxy-D-glycero- 

P-D-tulo-heptofurano)[2,l-~imidazolidine-2-thione (19). The structures assigned 

to these compounds were in agreement with their elemental analyses, spectral data 

(u.v. and i.r.), and periodate oxidation of the glycofuranoid ring, -1 molar equiva- 

lent of formic acid being produced in each case. Acetylation of these compounds 

gave the tetra-0-acetyl derivatives 14,16, 18, and 29, whose rH-n.m.r. spectra are 

shown in Table I. Compounds having the D-glycero-cu-D-gulacto configuration (14 

and 16), with a truns disposition of H-2 and H-3, show J2,3 -0 Hz, whereas com- 

pounds with a D-glycero+-D-tale configuration (18 and 20), which have a cis ar- 

rangement of H-2 and H-3, exhibit J 2,3 5.7 Hz. These values are in good agreement 

with those previously reported 9-14 for other bicyclic compounds having similar 

structures. 

By hydrogenation of the epimeric mixture of the aminonitriles 4 and 5, the 

heptosamines 11 and 12 were obtained as an amorphous powder. By reaction of 

this epimeric mixture of amino sugars with phenyl isothyocyanate,’ the 1-phenyl3- 

propyl-(l,2-dideoxy-D-glycero-P-D-talo-heptofurano)[2,l-d]imidazolidine-2-thione 

(21) was obtained. Its epimer having the D-glycero-D-galacto configuration could 

not be isolated from the reaction mixture. The structure of 21 was demonstrated as 

described for 17 and 19. The proposed D-glycero-P-D-t& configuration is in agree- 

ment with the medium value (5.7 Hz) observed for J2,3 in the ‘H-n.m.r. spectrum 

of its tetra-0-acetyl derivative 22. 

R30H*c*. 
H 

17 R’zPh, R*=Et R3=H , 

18 R’zPh. R2.Et R3=Ac , 

19 R’.4-Br$H,, R’=Et ,R3=H 

20 R’:4-BrC,H,,R2=Et ,R’=Ac 

21 R’=Ph,R’=Pr, R3=H 

22 R’=Ph,R’=Pr, R’=Ac 

EXPERIMENTAL 

General methods. - Solutions were evaporated in vacua at temperatures 

below 50”. Melting points were determined with a Gallenkamp apparatus, and are 
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uncorrected. Optical rotations were measured at 22 f4’ with a Perkin-Elmer 141 

polarimeter (lo-cm, 5-mL cell). 1.r. spectra (KBr discs) were recorded with a Per- 

kin-Elmer 399 spectrophotometer, and U.V. spectra with a Pye-Unicam SP8-250 

instrument. Paper chromatography was performed on Whatman No. 1 paper by 

the ascending technique, with 1: 1: 1 1-butanol-pyridine-water as the eluant, and 

silver nitrate-sodium hydroxide as the indicator. T.1.c. was conducted on silica gel 

GF2s4 (Merck) with 3: 1 ethyl acetate-ethanol (Solvent A) or 3:2 benzenexther 

(Solvent B), and detection with U.V. light or iodine vapor. Formic acid produced in 

the oxidation with sodium periodate was determined as previously described’5T’6. 

‘H-N.m.r. spectra at 90 MHz, with internal Me& or sodium 4,4-dimethyl-4- 

silapentane-1-sulfonate (DSS) were recorded with a Perkin-Elmer R-32 spec- 

trometer, and coupling constants were measured directly from spectra recorded at 

300 Hz sweep-width (temperature of the probe 35.5”). Assignments were con- 
firmed by double resonance (spin-spin decoupling and spin-tickling), and overlap- 

ping signals were gradually shifted and separated from one another by incremental 

additions of Eu(fod),. 

N-Ethyl-P-D-mannopyranosylamine (1). - The method previously de- 

scribed” has been modified in the following procedure. To a suspension of D-man- 

nose (60 g, 0.33 mol) in abs. ethanol (240 mL) was added ethylamine (50 mL, 0.75 

mol), and the mixture was stirred until dissolution occurred. It was kept at room 

temperature and the product crystallized in a solid mass. The crystals were filtered 

off, and successively washed with cooled abs. ethanol and ether (yield 67.8 g, 

99%); m.p. 124-126” (lit.” m.p. 126.6”); [a]b -16”, [c~]s7s -16”, [a]546 -18”, 

[a1436 -27.5”, [al365 -33.5” (c 1.0, 1:9 NH40H-H20); [(Y],, -15.5”, [a]s7s 

-16.5”, [a]546 - 19”, [(Y]436 -29”, [(Y]365 -41” (C 1.0,2.5M HCl). 

2-Deoxy-2-(ethylamino)-D-glycero-D-talo-heptononitrile (2) and 2-deoxy-2- 
(ethylamino)-D-glycero-D-galacto-heptononitrile (3). - To a solution of 1 (67.8 g, 

0.33 mol) in abs. methanol (324 mL) was added dry hydrogen cyanide (30 mL). 

After several mm, crystallization began, and the flask was kept for 2 h at room tem- 

perature and then for 24 h at 0”. The crystals were filtered off, successively washed 
with cold abs. methanol and ether, and dried over sodium hydroxide in vacua, to 

give a mixture of’2 and 3 (57.6 g, 75%). A n analytical sample was obtained by re- 

crystallization from abs. methanol; m.p. 137-139”, [(~]b -4O”, [LY]~‘s -42”, [cy]546 

-48”, [LILY, -6H”, M365 -133” (c 1.6, pyridine); v,,,~~ 3500-3100 (OH, NH) and 

2220 cm-‘(C=N). 

Anal. Calc. for C9H1sN205: C, 46.15; H, 7.75; N, 11.96. Found: C, 45.98; H, 

8.04; N, 11.72. 
2-Deoxy-2- (propylamino)-D-glycero-D-talo-heptononitrile (4) and 2-deoxy-2- 

(propyfamino)-D-glycero-D-galacto-heptononitrile (5). - TO a solution of N-pro- 

pyl-P-D-mannopyranosylamine l&r9 (3.3 g, 14.9 mmol) in abs. methanol (20 mL) 

was added dry hydrogen cyanide (3 mL). The reaction mixture was processed as 

described for the preparation of 2 and 3, to give a mixture of 4 and 5 (2.2 g, 59%); 
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m.p. l33-135”, [(~]u -59”, [a]578 -61”, [(xl546 -69”, [a]436 -118”, [~]sbs -184” (c 

1.2, pyridine); v,,, 3500-3100 (OH, NH) and 2220 cm-‘(C=N). 

Anal. Calc. for C10HZ0N205: C, 48.37; H, 8.12; N, 11.28. Found: C, 48.60; 

H, 8.37; N, 11.25. 
2-Deoxy-2-(ethylamino)-D-glycero-cY-D-galacto-heptopyranose hydrochloride 

(6) and 2-deoxy-2-(ethylamino)-D-glycero-8-D-talo-heptopyranose hydrochloride 
(8). - A solution of the mixture of 2 and 3 (48 g, 0.21 mol) in M hydrochloric acid 

(550 mL) was hydrogenated at atmospheric pressure and room temperature in the 

presence of 10% palladium-on-barium sulfate (25 g). After 5 days, the catalyst was 

filtered off, and the filtrate was concentrated until crystals of ammonium chloride 

appeared. These were filtered off, and the residue was dissolved in ethanol; ben- 

zene was added and the solution was evaporated under diminished pressure. The 

resulting, thick syrup was thinned with abs. ethanol, and kept at 0”. After 20 days, 

compound 6 crystallized; it was filtered off, washed with abs. ethanol, and dried in 
vacua over calcium chloride (yield 12.3 g, 22%). An analytical sample was ob- 

tained by dissolving the crude product (1 g) in hot 90% ethanol (16 mL) and gradu- 

ally adding acetone (20 mL); m.p. 185-187”, [(~]b +lll”, [~y]57s +115”, [alj46 

+129”, [c&s6 +213”, [ a 365 +318” (c 1.0, water; 5 min); [a]b +95”, [(~]s~s +99”, ] 

[~I546 + 117”, bl436 +194”, [(Y]~~~ +291” (3 h, final value); vmax 3600-2300 (OH, 

NH;) and 1560 cm-’ (NH;); ‘H-n.m.r. data (1: 1 D+CF3C0zH): 6 5.61 (d, H-l, 

51,2 3.4 Hz, (Y anomer) and 5.16 (d, H-l, J1,* 8.3 Hz, p anomer). 

Anal. Calc. for CgH&lN06: C, 39.49; H, 7.37; Cl 12.95; N, 5.12. Found: C, 

39.74;H,7.71; Cl, 13.33;N,5.13. 

The mother liquors of compound 6 were kept for one month at 0”, and prod- 

uct 8 crystallized; it was filtered off, washed with cold abs. ethanol, and dried in 
vacua over calcium chloride (yield 30.0 g, 54%); m.p. 138-140”, [a]b -42”, [a]s7s 

-43”~ [a]546 -48”, ray]436 -78”> [C&Z, -113” (c 1.0, water; 5 min); [alo -29”, 

[a15,s -3O”, [(~]s~ -34”, [a]436 -55”, [a]365 -81” (4.5 h, final Value); v,,,,, 36W 

2300 (OH, NH:) and 1.535 cm-’ (NH:); ‘H-n.m.r. data (D,O): S 5.69 (d, 1 H, H- 

1,J1,2 4.9 Hz, p anomer). 

Anal. Calc. for C9H2&lN06: C, 39.49; H, 7.37; Cl 12.95; N, 5.12. Found: C, 

39.35; H, 7.67; Cl, 13.19; N, 5.22. 

1,3,4,6,7-Penta-O-benroyl-2-deoxy-2-(N-ethylbenzamido)-~-glycero-cw-~-ga- 

lacto-heptopyranose (7). - To a suspension of 6 (1 g, 3.7 mmol) in pyridine (10 

mL) at 0” was added benzoyl chloride (3.8 mL, 32.9 mmol), and the mixture was 

kept for 4 days at o”, and poured into ice-water (300 mL) containing sodium hydro- 

gencarbonate (9 g). After 4 days at room temperature, the solid was filtered off, 

washed with cold water, and dried in vacua over sodium hydroxide (yield 2.9 g, 

92%). The crude product was purified by dissolution in hot, 96% ethanol (15 mL), 
treatment with charcoal, and addition of cold water until precipitation of 7 occur- 

red; this was filtered off, and dried in wacuo over silica gel (yield 1.86 g, 59%); m.p. 

106-108”, [a]b +50”, [(~]sTs +52”, [(~I54 +58”, [(~]4~~ +W, [c&s +140” (c 1.0, 
chloroform); v,,, 1720 (C=O ester), 1640 (C=O amide), 1595, 1580, and 710 
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cm-’ (phenyl); ‘H- n.m.r. data (CDC&): S 8.30-6.90 (m, 30 H, 6 Ph), 6.73 (m, 1 

H, H-l, JI,Z 2 Hz), 6.30-6.00 (m, 2 H, H-4,6), 5.48 (m, 1 H, H-3), 5.13 (m, 1 H, 

H-2, J~,J 9.3 HZ). 4.9CW.40 (m, 3 H, H-5,7,7’), 3.56 (m, 2 H, CH2), and 0.95 (m, 
3 H, CH3). 

Anal. Calc. for C51H43N012: C, 71.07; H, 5.03; N, 1.63. Found: C, 71.07; H, 
5.06; N, 1.78. 

1,3,4,6,7- Penta- -acetyl-2-deoxy-2- (N-ethylacetamido)-D-glycero-cu-D- 
talo-heptopyranose (9). - To a suspension of 8 (1 g, 3.7 mmol) in pyridine (2.7 

mL) was added acetic anhydride (3.3 mL) without cooling, and the mixture was 

kept for 24 h at room temperature, poured into ice water, and extracted with 

chloroform (5 X 20 mL). The extracts were combined, washed successively with 

1.5M sulfuric acid (3 X 15 mL), saturated sodium hydrogencarbonate solution (3 x 

15 mL), and water, dried (anhydrous magnesium sulfate), and evaporated under 

diminished pressure, to give a yellow syrup that crystallized on dissolving in 96% 

ethanol and storing for 20 days at 0” (yield 0.39 g, 19%); m.p. 138-140”, [a],, 

+116”, [a& +121”, [al546 +137”, [(Y]~~~ +224”, [LY& +330” (c 0.4, chloroform); 

Y,,, 1750, 1730 (C=O ester), and 1640 cm-’ (C=O amide); ‘H-n.m.r. data 

(CDCl,): 6 6.19 (d, 1 H, H-l, Jl,Z 3.1 Hz), 5.65-5.40 (m, 2 H, H-3,4, J2,3 1, J4,5 0.0 

Hz), 5.29 (dd, 1 H, H-2), 5.10 (m, 1 H, H-6, .15,6 10.0, J6,7 2.3, J6,7, 3.7 Hz), 4.43 

(dd, 1 H, H-7, Ji,,, -12.3 Hz, 4.23 (d, 1 H, H-5), 4.07 (dd, 1 H, H-7’), 3.30 (q, 

2 H, CH2, J 7.3 Hz), 2.17 (s, 3 H, AC), 2.13 (s, 3 H, AC), 2.12 (s, 3 H, AC), 2.10 

(s, 3 H, AC), 2.04 (s, 3 H, AC), 1.99 (s, 3 H, AC), and 1.09 (t, 3 H, CH3). 

Anal. Calc. for C2,H3,NO12: C, 51.53; H, 6.38; N, 2.86. Found: C, 51.20; H, 

6.53; N, 2.88. 

1,3,4,6,7-Penta-O-benzoyl-2-deoxy-2-(N-ethyLbenzamido) -D-glycero-D- 

talo-heptopyranose (10). - The benzoylation of compound 8 (1 g, 3.7 mmol) was 

conducted as for the preparation of 7, to give 10 (3.1 g, 97%). The crude product 

was dissolved in hot, 96% ethanol, and the solution treated twice with charcoal. 

From the filtrate, crystals of 10 were isolated, washed with abs. ethanol, and dried 

in vacua over sodium hydroxide. An analytical sample was obtained by several re- 
crystallizations from 96% ethanol; m.p. 141-143”, [aID -39”, [LY]>~~ -42’, [(Y]~~~ 

-47.5”, [“I436 -82”, [&5 -132.5” (c 0.8, chloroform); v,,,,, 1715 (C=O ester), 

1635 (C=O amide), 1590, 1570, and 710 cm-’ (phenyl); ‘H-n.m.r. data (CDC13): 

6 8.30-6.90 (m, 30 H, 6 Ph), 7.02 (d, 1 H, H-l, J1,2 4.7 Hz), 6.20 (dd, 1 H, H-5, 
_14,5 2.7, J5,6 5.5 Hz), 5.93 (m, 1 H, H-6, J6,, 3.0, J6,,, 6.0 Hz), 5.76 (dd, 1 H, H-3, 
J2,3 7.0, J3/, 3.3 Hz), 5.13 (dd, 1 H, H-4), 4.96 (dd, 1 H, H-7, J,,,, -12.0 Hz), 4.76 

(dd, 1 H, H-2), 4.61 (dd, 1 H, H-7’), 3.60 (q, 2 H, CH2, J 7.0 Hz), and 0.88 (t, 
3 H, CH3). 

Anal. Calc. for C,,H,3N012: C, 71.07; H, 5.03; N, 1.63. Found: C, 71.20; H, 

5.02; N, 1.37. 
2-Deoxyy-2-(propylamino)-D-glycero-D-galacto-heptopyranose hydrochloride 

(11) and 2-deoxy-2-(propylamino)-D-glycero-D-talo-heptopyranose hydrochloride 
(12). - A solution of a mixture of 4 and 5 (20.3 g, 82 mmol) in M hydrochloric acid 
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(170 mL) was hydrogenated at atmospheric pressure and room temperature in the 
presence of 10% palladium-on-barium sulfate (8.5 g). After 7 days, the catalyst was 
filtered off, and the filtrate was concentrated until crystals of ammonium chloride 
appeared; these were filtered off, and the thick syrup was repeatedly evaporated 
with abs. ethanol and benzene, to give an amorphous mixture of 11 and 12 (21.8 g, 
93%) that was used without purification in the preparation of 21. 

3-Ethyl-l -phenyl-(1,2-dideoxy-D-glycero-cw-D-galacto-hepto~~~un~~[2.I-d]- 
imidazolidine-2-thione (13). -To a solution of 6 (2.0 g, 7.3 mmol) in water (5 mL) 
were added sodium hydrogencarbonate (0.7 g, 8.3 mmol), phenyl isothiocyanate 
(1.5 mL, 12.4 mmol), and 96% ethanol (18 mL). The mixture was heated, with stir- 
ring, for 2 h at 40”; acetic acid (2.5 mL) was added, and the solution was heated for 
1 h more at 40”, cooled, evaporated under diminished pressure, the residue treated 
with water (12 mL), and the solution washed with ether (4 x 25 mL). Compound 
13 was isolated from the aqueous layer by extraction with ethyl acetate (5 x 15 
mL); the extracts were combined, dried (anhydrous magnesium sulfate), evapo- 
rated, and the residue crystallized by addition of a small volume of ethyl acetate 
(yield 1.9 g, 72%); m.p. 131-133”, [c~]~ +14”, [(~]~,s +15”, [(Y]~~ +17”, [LY]~~~ 

+26”, bl365 +23”, (c 1.0, pyridine); hEiFH 245 nm (E,~ 17.7); v,,,~~ 3500-3100 
(OH), 760, and 690 cm-’ (phenyl). 

Anal. Calc. for C16H2zN205S: C, 54.22; H, 6.26; N, 7.90; S, 9.05. Found: C, 
54.43; H, 6.39; N, 7.98; S, 9.32. Formic acid produced: 1.0 mol. 

3-EthyZ-l-phenyl-(3,5,6,7-tefra-O-acetyl-l,2-dideoxy-~-glycero-a-~-galacto- 
heptofurano)[2,1-dlimidazolidine-2-thione (14). - To a solution of 13 (0.78 g, 2.2 

mmol) in pyridine (4 mL) was added acetic anhydride (4.7 mL), and the mixture 

was kept for 24 h at room temperature, poured into ice-water, and the resulting 

syrup extracted with chloroform (3 x 15 mL). The extracts were combined, succes- 

sively washed with 1.51~1 sulfuric acid (3 x 15 mL), saturated sodium hydrogencar- 

bonate solution (3 x 15 mL), and water, dried (anhydrous magnesium sulfate), and 

evaporated under diminished pressure, to give a colorless syrup which was dis- 

solved in ethanol, and the solution evaporated, to yield a thick syrup which sol- 

idified after several days at 0” (yield 1.0 g, 90%); m.p. 4749”, [(rlD +17”, [als7s 

+17”, [a]~6 +18”, [a]436 +18”, [(Y]~~~ +33”, (c 1.0, chloroform); v,,,~~ 1735 (C=O 

ester), 1590,760, and 695 cm-’ (phenyl); ‘H-n.m.r. data are given in Table I. 

Anal. Calc. for C24H30N20$: C, 55.16; H, 5.79; N, 5.36; S, 6.14. Found: C, 

54.81; H, 5.70; N, 5.43; S, 6.08. 

1-(4-Bromophenyl)-3-ethyl-(1,2-dideoxy-D-glycero-~-~-galacto-hep~o~ra- 
no)[2,1-dlimidazolidine-2-thione (15). - To a solution of 6 (4.0 g, 14.6 mmol) in 
water (8 mL) were added sodium hydrogencarbonate (1.23 g, 14.6 mmol), 4- 

bromophenyl isothiocyanate (3.14 g, 14.6 mmol), and 96% ethanol (20 mL). The 

mixture was heated with stirring for 2 h at 40”, acetic acid (2.5 mL) was added, and 

the solution was heated for 1 h more at 40”, cooled, evaporated under diminished 

pressure, the residue treated with water (20 mL), and the solution washed with 

ether (3 X 25 mL). From the aqueous phase spontaneously separated a thick syrup 
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that solidified on standing overnight at room temperature. The solid was filtered 

off, washed with cold water, and dried in vacua over sodium hydroxide (yield 4.23 

g, 76%). Recrystallization from ethyl acetate gave needles, m.p. 156158”, [aID 

+45”, k&3 +47”, [(.yl sd6 +54”, [a]436 +95”, [(~]s~s +146”, (c 1.0, pyridine); A,EAzH 

245 nm (E,~ 20.1); v,,,,, 3600-3000 cm-’ (OH). 

Anal. Calc. for C16H21BrN205S: C, 44.35; H, 4.89; Br, 18.44; N, 6.46; S, 

7.40. Found: C, 44.09; H, 4.86; Br, 18.82; N, 6.65; S, 7.33. Formic acid produced: 

1.2 mol. 

I-(4-Bromophenyl)-3-ethyl-(3,5,6,7-tetra-O-acetyl-l,2-dideoxy-D-glycero-~- 
D-galacto-heptofurano)[2,I-d]imidazolidine-2-thione (16). - To a solution of 15 
(0.86 g, 2.0 mmol) in pyridine (3 mL) was added acetic anhydride (4.4 mL), and 

the mixture was processed as described for the preparation of 14, to give an 

amorphous product (1.16 g, 97%); m.p. 52-54”, [aID +13.5”, [‘~]s~s +14”, [(r]sd6 

+I5”, [4I36 +15”, [~I365 -29”, (c 1.0, chloroform); v,,,,, 1735 (C=O ester), 1580, 

and 825 cm-’ (aryl); ‘H-n.m.r. data are given in Table I. 

Anal. Calc. for C2,HZ9BrN209S: C, 47.93; H, 4.86; Br, 13.29; N, 4.66; S, 

5.33. Found: C, 47.70;H,4.91;Br 13.48;N, 4.67; S, 5.40. 

3-Ethyl-l-phenyl-(1,2-dideoxy-D-glycero-P_D-talo-heptofurano)[2,I-d]imid- 
azolidine-2-thione (17). - To a solution of 8 (5 g, 18.3 mmol) in water (10 mL) 

were added sodium hydrogencarbonate (1.54 g, 18.3 mmol), phenyl isothiocyanate 

(2.2 mL, 18.3 mmol), and 96% ethanol (25 mL). The mixture was heated with stir- 

ring for 4 h at 40”; acetic acid (4 mL) was added, and the solution was heated for 

1.5 h more, cooled, and evaporated under diminished pressure, to give 17 as a crys- 

talline product (4.7 g, 72%). Recrystallization from water, and then from 25% 

ethanol, gave needles; m.p. 208-210”, [oh, -89”, [(~]s~s -93”, [(Y]+,~ -105”, [(y&,36 

-I7I”, [~I365 -273”, (c 0.3, pyridine); A:::” 245 nm (E,~ 17.9); ZJ,,, 3600-3100 

(OH), 765, and 695 cm-’ (phenyl). 

Anal. Calc. for C16H22N205S: C, 54.22; H, 6.26; N, 7.90; S, 9.05. Found: C, 

54.39; H, 6.30; N, 7.85; S, 9.42. Formic acid produced: 1.2 mol. 

3-Ethyl-I-phenyl-(3,5,6,7-tetra-O-acetyl-~,2-dideoxy-D-glycero-P_n-talo-hep- 
tofurano)[2, I-dlimidazolidine-2-thione (18). ~ Conventional treatment of 17 (1 .O 

g, 2.8 mmol) with pyridine (6 mL) and acetic anhydride (6 mL) gave 18 (1.47 g, 

quant.). Crystallized from 96% ethanol, it had m.p. 155-157”, [a],, -84”, [cx]s7s 

-@3”, bl~ -lfJO”, blm -168”, [(Y]~~~ -253”, (c 1.0, chloroform); v,,, 1735 
(C=O), 1590,760, and 695 cm-’ (phenyl); ‘H-n.m.r. data are given in Table I. 

Anal. Calc. for CZ4HSONZOYS: C, 55.16; H, 5.79; N, 5.36; S, 6.14. Found: C, 

54.98; H, 5.81; N, 5.35; S, 6.41. 

1-(4-Bromophenyl)-3-ethyl-(1,2-dideoxy-D-glycero-~-D-talo-heptofurno)- 
[2,I-d]imidazolidine-2-thione (19). -To a solution of 8 (5.0 g, 18.3 mmol) in water 

(10 mL) were added sodium hydrogencarbonate (1.54 g, 18.3 mmol), 4-bromo- 
phenyl isothiocyanate (3.9 g, 18.3 mmol), and 96% ethanol (25 mL). The mixture 

was heated with stirring for 4 h at 40”; acetic acid (4 mL) was added, and the solu- 

tion was heated for 1.5 h more. After 12 h at O”, a crystalline product (0.48 g) was 
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isolated, and identified as ethyl 4-bromophenylthiocarbamate. The mother liquors 

were evaporated under diminished pressure, and the residue was treated with 

water and ether, crystallization being spontaneous (yield 1.76 g). Several crops of 

crystals were obtained from the mother liquors by evaporation of the solvent (total 

yield 4.28 g, 54%). Recrystallization from 96% ethanol and then from 30% ethanol 

gave needles; m.p. 211-213”, [aID -9o”, [(~]~~s -94”, [(Y]~~~ -108”, [LY]~~~ -186”, 

[a]365 -287”, (c 0.5, pyridine); &$a:” 246 nm (E,~ 20.5); v,,, 3600-3100 (OH) 

and 830 cm-’ (aryl). 

Anal. Calc. for C&HZ1BrN205S: C, 44.35; H, 4.89; Br, 18.44; N, 6.46; S, 

7.40. Found: C, 44.05; H, 5.20; Br, 18.28; N, 6.53; S, 7.80. Formic acid produced: 

1.0 mol. 

I-(4-Bromophenyl)-3-ethyl-(3,5,6,7-tetra-O-acetyl-1,2-dideoxy-D-glycero-~- 
D-talo-heptofuruno)[2,I-dlimidazofidine-2-thione (20). - Conventional treatment 

of 19 (1.0 g, 2.3 mmol) with pyridine (4 mL) and acetic anhydride (5 mL) gave 20 

(1.4 g, quant.). Crystallized twice from 96% ethanol, it had m.p. 165-167”, [LY]~ 

-83”, [a!1578 -86.5”, [(Y]~~~ -98.5”, [(ylqs6 -169”, [(Y]~~~ -267”, (c 1.0, chloro- 

form) ; hx 1735 (C=O) and 835 cm-’ (aryl); ‘H-n.m.r. data are given in Table I. 

Anal. Calc. for C&,HZ9BrNz09S: C, 47.93; H, 4.86; Br, 13.29; N, 4.66; S, 

5.33.Found:C,48.14;H,4.91;Br, 13.30;N,4.60;&5.56. 

1- Phenyl-3-propyl- (1,2-dideoxy-D-glycero-/3-D-talo-heptofuruno)[2,1 -d]- 

imidazolidine-2-thione (21). -To a solution of a mixture of 11 and 12 (3.55 g, 12.3 

mmol) in water (10 mL) were added sodium hydrogencarbonate (1.0 g, 12.3 

mmol), phenyl isothiocyanate (1.5 mL, 12.3 mmol), and 96% ethanol (20 mL). 

The reaction mixture was processed as described for the preparation of 17, to give 

a crystalline product (1.9 g, 42%) which was purified by recrystallization from 

ethanol; m.p. 203-204”, [(Y],, -68”, [(~]~,s -71”, [aIs& -8o”, [(Y]~~~ -127”, [(Y]~~~ 

-162”, (c 0.4, pyridine); AEizH 253 nm (E,~ 7.9); u,,,,, 3500-3200 (OH), 1590,760, 

and 695 cm-’ (phenyl). 

Anal. Calc. for C1,HZ4N205S: C, 55.43; H, 6.52; N, 7.61; S, 8.66. Found: C, 

55.67; H, 6.74; N, 7.68; S, 9.00. Formic acid produced: 1.2 mol. 

I-Phenyl-3-propyl-(3,5,6,7-tetra-O-ucetyl-1,2-dideoxy-D-glycero-~-D-talo- 
heptofurano)[2,1-dlimidazolidine-2-thione (22). - Conventional treatment of 21 

(0.1 g, 0.3 mmol) with pyridine (1 mL) and acetic anhydride (1 mL) gave 22 (0.14 

g, 72%). Crystallized twice from ethanol, it had m.p. 80-81”, [a],, -77”, [(~]~,a 

-8O”, [a]56 -90.5”, [al436 -150”, [al365 -221”, (c 0.4, chloroform); urnax 1740 

(C=O), 1590,765, and 695 cm-’ (phenyl); ‘H-n.m.r. data are given in Table 1. 

Anal. Calc. for C25H32N20$: C, 55.96; H, 6.01; N, 5.22; S, 5.97. Found: C, 

55.97; H, 6.03; N, 4.99; S, 6.23. 
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