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NUCLEOSIDES & NUCLEOTIDES, 7(4) , 457-477 (1988) 

PREPARATION OF NEW CLYCOHEPTOFURANo(2,l-~]IMIDAZOLIDINE-2-THIONES.. 
ISOMERIZATIONS TO ACYCLIC-SUGAR C-NUCLEOSIDE ANALOGUES OF 

IMIDAZ~LE 

b b J. Fuentes M0ta.q J.I. Ferndndez Garcia-Hierro , P. Areces Bravo , 
F. Rebolledo Vicenteb. and J.A. Galbis P6rezc. 

a) Department of Organic Chemistry, Faculty of Chemistry, 
University of Seville. 41071 Seville (Spain) 

b) Department of Organic Chemistry, Faculty of Sciences, 
University of Extremadura. 06071 Badajoz (Spain) 

c) Department of Organic Chemistry. Faculty of Pharmacy 9 

University of Seville. 41071 Seville (Spain) 

ABSTRACT: 1-Methyl- and l-ar~l-(1,2-dideoxy-~-glycofurano)[2,l-d - 
imidazolidine-2-thiones having the configurations B-!-glycero-L-&o 
( 3 ) .  6-D-glycero-D-ido (2-g), a-!-glycero-D-galacto T9-1,(2) and-$-!- 
-glycerE-D-talo (€2 ,iK!) are prepared by re% tion of 2-amino-2-deoxy- 
-aldoses with methyl and aryl isothiocjanates. l-Aryl-(1,2-dideoxy- 
- 0 - Q - w - L - g l u c o - h e p  to furano ) [ 2.1 -cJ ] imidazol id ine-2-thiones ( 2 -9 
have been concerted into 1-aryl-4-(g-galacto-pentitol-l-yl)-4-imidaz0- 
line-2-thiones (24-95) by acid catarysed isomerization. 

The reaction of 2-amino-2-deoxyaldoses with alkyl and aryl iso- 

thiocyanates gives 1-alkyl- and l-aryl-(1.2-dideoxy-~-glycofurano)- 

[ 2,l-ciI imidazolidine-2-thiones: which are useful intermediates in the 

synthesis of acyclic sugar imidazole C-nucleoside analogues2. We have 

already described3 the preparation of l-aryl-( 1,2-dideoxy-B-Q-glycero- 

-~-gluco-heptofurano~[2,l-~]imidazolidine-2-thion~s - (1-3) by reaction 

Of ~-amino-2-deoxy-~-~1ycero-L-~luco-heptose - with aryl isothiocyanates. 

- 

- -  
- - 

By reaction of the 2-amino-2-deoxyheptoses, having the configu- 
4 rations Q-glycero-L-gluco, Q-glycero-D-ido. Q-glycero-Q-talo and 

D-glycero-D-galacto, and of the new 2-(benzylamino)-2-deoxy-~-~lycero- 

-D-ido-heptose with methyl and aryl isothiocyanates, the imidazolidine- 

-2-thiones (4-12) have been obtained. The structures of these compounds 

are supported by their elemental analyses and spectroscopic data (u.v., 

- - - - -  - 
- - - 

- 
- -- 
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1 i.r., and 

-acetic anhydride yielded the tetraacetates (13-211, whose structures 

have also been completely established. Compounds 4-10 and 13-19 present 

a small value of J2,3 (0-1.5 Hz) in accordance5 with a trans arrangement 

of H-2,3, whereas compounds tt, 12, 20. and 21 exhibit values of J2,3 = 

= 5-7 Hz in agreement with a cis arrangement of these protons. The 

13C-n.m.r. spectra of all these compounds contain a signal at -181 ppm 

fo r  the thiocarbonyl carbon atom which excludes the P-mercaptoimidazol- 

ine structure6. The 5-benzylation of 7 yielded the 2-benzylthio-2- 

-imidazoline (22) whose acetylation gave 23; both compounds showed the 

signal of C-2 at -160 ppm in their 13C-n.m.r. spectra. 

H- and 13C-n.m.r. ). Conventional treatment with pyridine- 

-- -- 
.. ."- ..- ....., 

-- -- -.. 

-- -z  

The trifluoroacetic acid catalysed isomerization of 1-3 gave 1- - -  
-aryl-4-(~-galacto-pentitol-l-yl)-4-imidazoline-2-thiones (24-26) which 

can be considered to be new acyclic-sugar imidazole 2-nucleoside 

analogues. The structures of these compounds are supported by elemental 

analyses, spectroscopic data, and by the preparation of their penta- 

acetates (27-29). 

- -- -- 

-- -- 
The stereochemistry of the tetrahydrofurane ring of 13-21 and -- -- 

23 has been studied by comparing the experimental J values obtained 
7 

from the 

- J values for the dihedral angles shown by the protons of the conforma- 
tions presented by these systems, measured on molecular models8. The 

conformations used are the maximally puckered extremes which contain 

at least one dihedral angle of 60° (Table 6). We think that compounds 

13-17, 20, and 21 present a conformation close to 4E and 4To, whereas 
f o r  18 and 19 the most favored conformation of the furanoid ring must 

be between the 'g, 3T 
conformation near to 

-,., 
1 H-n.m.r. spectra of these compounds with sets of calculated 

-c -- --.. c- 

-- -- 
and 5 forms. Compound 23 seems to present a -.. -1' To' 

EXPERIMENTAL 

General methods. Solutions were concentrated in vacuo at <40°. 

Melting points were determined with a Gallenkamp apparatus, and are un- 

corrected. Optical rotations were measured with a Perkin-Elmer 141 polar- 

imeter (10-cm cell), i.r. spectra (KBr discs) with a Perkin-Elmer 399 

spectrometer and U.V. spectra with a Beckman 25 instrument. 'H-n;m.r. 

spectra were recorded with a Perkin-Elmer R-32 (90 MHz) and with a 
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460 FUENTES MOTA ET AL. 

Varian XL-200 (200  MHz) spec t romete r .  l3C-n.m.r. s p e c t r a  were reco rded  

wi th  a Bruker WP-80-SY spec t romete r  ope ra t ed  a t  20.15 MHz and a Varian 

XL-200 spec t romete r  ope ra t ed  a t  50.2 MHz. T.1 .c .  was conducted on s i l i c a  

g e l  CF-254 (Merck) wi th  3:l e t h y l  ace t a t e -e thano l  ( e l u a n t  a )  and 3:l 

benzene-ethanol ( e l u a n t  b) and d e t e c t i o n  wi th  U.V.  l i g h t  and i o d i n e  

vapour. P r e p a r a t i v e  t . 1 . c .  was conducted on p l a t e s  coa ted  wi th  1 - m m ,  

l a y e r s  of  s i l i c a  g e l  60 PF-254 wi th  3:2 benzene-ether a s  t he  e l u a n t .  

Column chromatography was performed i n  t h e  f l a s h  mode', w i t h  3:l e t h y l  

ace t a t e -e thano l  ( e l u a n t  a )  or 3:l benzene-ethanol ( e l u a n t  b). 

1-Methyl-( 1,2-dideoxy-6-~-glycero-~-gluco-heptofurano) - - [ 2 , l - d  I imidazol -  

idine-2-thione ( 4 ) .  T o  a s o l u t i o n  o f  2-amino-2-deoxy-~-glycero-~-gluco- - - - 
4 

-heptose hydroch lo r ide  ( 6 . 0  g, 24 mmol) i n  water (30 m l )  were added 

sodium hydrogen ca rbona te  ( 2  g ,  24 m m o l ) ,  methy l i so th iocyana te  (2 .2  g. 

30 mmol), and 96% e t h a n o l  ( 2 5  ml). The mixture  was hea ted  f o r  9 h a t  

40° ;  a c e t i c  a c i d  ( 5  m l )  was added, and t h e  s o l u t i o n  was hea ted  for a 

f u r t h e r  2 .5  h a t  50°, coo led ,  evapora ted  under d iminished  p r e s s u r e ,  

t h e  r e s i d u e  t r e a t e d  w i t h  water ( 2 0  m l ) ,  t h e  s o l u t i o n  washed w i t h  e t h e r  

( 3  x 50 m l )  and e x t r a c t e d  wi th  3:l benzene-ethanol ( 4  x 30 m l )  and 3:l 

e t h y l  ace t a t e -e thano l  ( 3  x 25 ml). The e x t r a c t s  were combined, d r i e d  

(MgS04), evapora t ed  and t h e  r e s i d u e  s u b j e c t e d  t o  f l a s h  chromatography 

( e l u a n t  a ) .  The f r a c t i o n  c o n t a i n i n g  4 (R 0.55) was c o n c e n t r a t e d  t o  

g i v e  a syrup  which was c r y s t a l l i s e d  from 99% e t h a n o l  ( 1 . 8  g, 28%).  

R e c r y s t a l l i s e d  from 99% e t h a n o l ,  m.p. 125-127O, + 19.8O, 

- F  

17 + 20.9O. [" Iw6 + 26.4O, [ a l l 7  + 6 7 . 8 O .  [ a ] &  + 166.0° (5  436 
H O  
max mM max 

0.44, p y r i d i n e ) ;  A 2 236 nm ( E  1 2 . 9 ) ;  u 3350-3150 ( N H ,  O H ) ,  

2970, 2945, and 2915 ( C H ) ,  and 1480 c m - l  (C-N, N H ) ;  13C-n.m.r. d a t a  

a r e  g iven  i n  Table  2. 

Anal. Calc. f o r  CgH16N205S: C ,  40.90; H ,  6.10; N, 10.59. Found: - 
C. 40.92; H, 6.31; N, 10.27. 

1-Methyl-(3,5,6,7- te t ra-O-acetyl- l ,2-dideoxy-6-D-glycero-~-gluco-~ - - - 
tofurano)[2,1-d]imidazolidine-2-thione (:?I.- Conventional t r e a t m e n t  

of  a suspens ion  of 4, (0.135 g, 0.3 mmol) i n  p y r i d i n e  (1.1 m l )  and ace- 

t i c  anhydr ide  (0.9 m l ) ,  w i th  r e c r y s t a l l i s a t i o n  of t h e  c r u d e  p roduc t  

(0.156 g, 71%) from 99% e t h a n o l ,  gave 1_3_, m.p. 162-163O, [a]: - 24.5O. 
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GLYCOHEPTOFURAN0[2,1-d]IMIDAZOLIDINE-2-THIONES - 461 

17 17 17 [a]578 - 25.9O, [a)546 - 29.0°, [a]436 - 46.0°, - 61.7' (c - 0.53, 

pyridine); Amax '6% EtoH 237 and 270 nm (cmM 14.3 and 9.0); wmax 3300 (NH), 

2980, 2960, 2865 (CH), 1745, 1730 (C=O), and 1245 cm-l (C-0-C); 'H-n. 

m . r .  data are given in Table 3. 

- Anal. Calc. for C17H24N20gS: C, 47.21; H, 5.59, N, 6.47. Found: 
C, 47.28; H, 5.83; N, 6.38. 

1-Phenyl-( 1 , 2-dideoxy-B-~-glycero-~-ido-heptofurano) - - [ 2, l-dlimidazolidi- 
ne-2-thione (:).- It was prepared from 2-amino-2-deoxy-D-glycero-~-~- - 
-heptose hydrochloride4 (7.5 g, 30 mmol) and phenylisothiocyanate (4.35 

ml, 37 mmol) as described for i. Crude 5 (RF 0.65)(0.9 g, 10%) was re- 
crystallised from 99% ethanol, m.p. 185-187O, [a]k3 + 21.4', 

13 

96% EtOH 
+ 21.80, [all3 + 27.5O, [all3 + 72.9O (2  0.52, pyridine); Amax 546 436 

239 nm (cmM 8.2); u 

1595, 1460 (C=C aromatic), and 1490 cm 

are given in Tables 1 and 2. 

3520-3250 (NH. OH), 2990, 2970, 2930, 2910 (CHI, 
max 

-1 (NH); 'H- and 13C-n.rn.r. data 

Anal. Calc. for C H N 0 S :  C, 51.52; H, 5.56; N, 8.58. Found: - 14 18 2 5 
C, 53.54; H, 5.58; N, 8.37. 

1-Phenyl-( 3,5,6,7-tetra-O-acetyl-l, 2-dideoxy-B-~-glycero-~-ido-hepto- 
furano)[2,1-d]imidazolidine-2-thione (14).- -- Conventional treatment of 
5 (0.1 g, 0.31 mmol) with pyridine (2 ml) and acetic anhydride (2 ml) 

gave 14 (0.083 g, 55%). Recrystallised from 99% ethanol, m.p. 158-160°, 

- - 

- 
-- 

13 
+ 4.90, [a]:& + 7.2O. + 8.6O. + 22.10, 

+ 57.2O ( 2  0.49, pyridine); urnax 3480 (NH), 2990, 2960 (C-H), 1600, 

1500, 1460 (C=C aromatic) , 1745 (C=O), and 1230 cm-l (C-0-C) ; 'H- and 

13C-n.m.r. data are given in Tables 3 and 4. 

Anal. Calc. for C H N 0 S: C, 53.43; H, 5.29; N, 5.66. Found: 22 26 2 9 - 
C, 53.19; H, 5.24; N, 5.47. 

- l-p-Tolyl-(1,2-dideoxy-~-~-glycero-~-ido-heptofurano)[2,l-d]imidazol- - - 

idine-2-thione (6).- It was prepared from 2-amino-2-deoxy-D-glycero-D- 

-ido-heptose - hydrochloride4 (5 g, 20 mmol) as described for 2. Crude 6 
( R  0.60) (0.3 g, 5%) was recrystallised from 99% ethanol, m.p. 161- 

- - 

F 
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l a b l e  2.-  "C-N.m.r. dat: (20.15 M I )  f o r  compounds L-9.  !!. and ??. 

821 
Comp. C-1 C - 2  C-3 C-6 C-5 C-6 C-7 bS Aromatic -CH 3 -CH2- -C H 6 5  c-S-821 

93.1 64.4 

93.7 65.5 

95.6 67.0 

93.6 65.6 

91.1 69.3 

97.0 67.1 

93.5 63.7 

96.8 67.8 

95.2 75.7. 

76.2 78.7 66.6 70.8 62.6 

75.3 79.9 70.5 71.9 62.5 

76.6 80.8 71.5 73.0 63.2 

75.3 80.1 70.5 71.9 62.6 

72.8 79.7 70.4 71.5 62.4 

77.8 87.7 71.6 73.1 63.7 

71.5 17.7 68.4 70.8 59.2 

77.9 97.8 71.5 63.2 63.7 

77.8. 79.8' 71.7" 70.8'. 72.6 

181.7 30.4 

180.9 138.9 (1C) 

126.6 !2C) 
126.1 !1C) 

183.3 140.2 !lC) 21.3 
135.6 (2C) 
131.0 !2C) 
128.9 (It) 

180.8 183.3 (It) 
I31 .O ! 2C) 
128.5 (2C) 
118.9 (It) 

128.0 (2C) 

180.7 136.0 !lC) 48.9 138,s (1C) 
131.1 (2C) 129.1 (2C) 

119.2 (IC) 127.3 (1C) 
127.5 (2C) 128.4 (2C) 

181.5 138.6 !IC) 
130.C (2C) 
129.5 (2C) 
128.6 ( I t )  

181.8 136.3 (1C) 20.3 
135.5 (2C) 
128.5 !2C) 
126.9 ! IC) 

181.3 137.8 !It) 
133.3 ! 2C) 
130.3 !2C) 
122.2 !lC) 

159.3 137.3 !lC) 34.8 137.2 !1C) 
131.5 (2C) 128.6 (2C) 

118.1 ( 1 C )  126.9 (1C) 
126.3 !2C) 128.1 (2C) 

b ' W  
Recorded in DMSO-d6. - Recorded in D20. , l h e  asripnmentr may h a r e  to be interchanged. 
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5.31 d 1.38 

21.2 6.6 2 2 , -  i3,' 3 - 3  i1,5 7.7 

5.97 d 1.38 d 5.34 d 4.11 dd 

J 6.6 J -0.0 J 3.0 J 7.3 
-1.2 -2.3 -3.1 -4.5 

5.23 d 3.77 d 5.36 d 1.06 

J1,2 6.6 i 2 , i 0 . O  A3,& 3.0 &,5 7.9 

1.33 dd 3.95 dd 2.10 I ( 3 H )  7.02 s 3.00 I (3W) 

&,7 1.9 &,7,7.3 2.09 i ( 3 H )  

J 11.9 2.05 s ( 3 H )  

2.03 s ( W )  

5.60-5.30 

-7.7' 

5.62 dd 5.10 l 1.45 d& 7.16 dd 2.18 I (3H) 7.60-7.50 I ( 6 H )  

-5.6 J 1.3 4,71 '3  J 17,7111.6 2.11 s ( J H )  

2.03 I ( 3 H )  

5.61 dd 5.07 1.37 1.15 dd 2.19 i ( 3 H )  

&,7,6.6 2.08 s (314) 

7.10-7.20 ( 5 H )  

2.12 s (314) 25,6 3'7 &,73'7 ?7,7112.0 

&, 716.6 2.09 s ( 3 H )  

2.04 s (34) 

5.63 dd 5.09 1.43 dd 1.15 dd 2.21 s ( 3 H )  7.70-7.35 (514) 

-5.6 J 4.0 +,71'3 J 27,7112'6 2.11 s ( 3 H )  

2.10 s ( 3 H )  

2.07 I ( 3 H )  

26.7 I 7.2 

5.68 dd 1.90 4.06 1.06 1.89 s ( 3 H )  7.75-7.25 m 9(H) 5.50 d 

J 5 . 5  3 . 3  1.72 s ( 6 H )  4.65 d 

1.69 I ( 3 H )  J 14.5 -A.E 

2.16 I 

Recorded i n  COC13.  - b Recorded a t  90 MHz. Va lue r  o b t a i n e d  b y  e x t r a p o l a t i o n  back t o  ze ro  c o n c e n t r a t i o n  of  Eu( fod)) .  - d Recorded a t  200 M H z .  
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GLYCOHEPTOFURAN0[2,1-d]IMIDAZOLIDINE-2-THIONES - 46 7 

11 
-163O, [O1hl + 15.7O, [01:i8 + 16.80, 101::~ + 19.6O, + 57.40, 

[ o ] ~ ~ ~  11 + 158.0° (2 0.7, pyridine); Amax 96% EtoH 239 nm (fmM 12.9); umax 

3500-3100 (NH, OH), 2920, 2870 (C-H), 1520, 1460 (C=C aromatic), and 

1490 cm-l (C-N, N-H); 'H- and 13C-n.m.r. data are given in Tables 1 and 

L .  

Anal. Calc. for C H N 0 S: C, 52.92; H, 5.92; N, 8.22. Found: - 15 20 2 5 
C, 52.91; H, 5.91; N, 7.94. 

- 1-p-Tolyl-(3,5,6,7-tetra-O-acetyl-l,2-dideoxy-6-~-glycero-~-ido-hepto- 

furano)[2,1-d]imidazolidine-2-thione (15).- Conventional treatment of 

6 (0.16 g ,  0.54 mmol) with pyridine (2 ml) and acetic anhydride (1.5 ml )  

-gave 15 -- as an amorphous solid (0.14 g. 60%), m.p. 63-66'. [0]A9 + 8.1°, 

- - 

-- 

19 19 (01:;~ + 10.9O, + 13.9O. [a]436 + 30.3', [a]365 + 77.5' ( 5  

0.40, pyridine); umax 3350 (NH), 2970, 2930 (C-H), 1580, 1505, 1470 

(C=C aromatic), 1745 (C=O), and 1230 cm-l (C-0-C); 

given in Table 3. 

1 H-n.m.r. data are 

Anal. Calc. for C H N 0 S: C, 54.36; H, 5.55; N, 5.51. Found: - 23 28 2 9 
C, 54.10; H, 5.67; N, 5.26. 

- l-(p-Bromophenyl)-(1,2-dideoxy-~-D-glycero-D-ido-heptofurano)-[2,l-d~ - - 
imidazolidine-2-thione (z).- It was prepared from 2-amino-2-deoxy-D- 

- W - g - e - h e p t o s e  hydrochloride4 (4 g, 16 mmol and E-bromoph;nyl- 

isothiocyanate (4.1 g, 20 mmol )  as described for 2. Crude 7 (RF 0.71) 
(1.25 g, 20%) was recrystallised from 99% ethanol, m.p. 145-147O, 

+ 1.80, + 2.00, [01::~ + 1.00, + 9.50, [ 0 1 ~ ~ ~  

- - 

14 

H O  + 45.1O (c - 0.64, pyridine); A m g x  239 nm (fmM 19.6); vmax 3500-3200 (NH, 

OH), 2970, 2940, 2910, 2880 (C-H), 1505, 1440 (C=C aromatic), and 1495 

cm -1 (N-H, C-N); 'H- and 13C-n.m.r. data are given in Tables 1 and 2. 

Anal. Calc. for C H 14 17 
C, 41.46; H, 4.53; N, 6.70. 

BrN205S: C. 41.49; H, 4.23; N, 6.91. Found: - 

- l-(p-Bromophenyl)-(3,5,6,7-tetra-O-acetyl-l,2-dideoxy-~-~-glycero-~-ido- 

-heptofurano) [ 2,l-d]imidazolidine-2-thione (ig) .- Conventional treatment 
of z (0.17 g, 0.42 mmol) with pyridine (1.5 ml) and acetic anhydride 
(1.13 ml) gave 16 (0.211 g, 88%). Recrystallised from 1:l ethanol-water, 

- - 
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468 FUENTES MOTA ET AL. 

m.p. 202-204O, +11.6O, 20 + 13.0". [a1:y6 + 15-6O, ['I436 20 

20 + 33.7O, 
(C-H), 1495, 1405 (C=C aromatic), 1745 (C=O), and 1230 cm (C-0-C); 
'H-n.m.r. data are given in Table 3. 

[a]365 + 79.0° ( 2  0.43, pyridine); umax 3280 (NH), 2970, 2960 
-1 

Anal. Calc. for C H BrN 0 S: C, 46.08; H, 4.39; N ,  4.88. Found: - 22 25 2 9 
C, 46.11; H, 4.35; N, 4.69. 

3-(Benzylamino)-l-(p-bromophenyl)-(l,2-dideoxy-8-~-glycero-D-ido-hepto- - 

furano)[2,1-d]imidazolidine-2-thione (a) . -  A solution of Z-(benzylamino)- 

-2-deoxy-D-glycero-D-ido-heptononitrile (12 g, 40 mmol) in hydro- 

chloric acid (50 ml) was hydrogenated at atmospheric pressure and room 

temperature in the presence of 10% Pd/BaS04 (2.5 g )  for 24 h, then 

filtered, and concentrated ontil crystals of ammonium chloride appeared. 

These were removed, the filtrate was concentrated and ethanol and ben- 

zene were repeatedly evaporated from the syrupy residue to yield amor- 

phous 2-(benzylamino)-2-deoxy-D-glycero-D-~-heptose hydrochloride. im- 

purified by 2-amino-2-deoxy-D-glycero-D-ido-heptose hydrochloride. A 

solution of the crude product in water (30 ml), was treated with p-bro- 

mophenylisothiocyanate (4.1 g. 20 mmol) as described for 4,. Column 

chromatography (eluant b) of the product gave 1 (0.56 g ,  4%), RF 0.71, 
and (2.18 g, ll%), R 0.78, which was recrystallised from 99% ethanol, 

- - 

10 
- - -  

- - 
- - -  

F 

m.p. 85-87OI 

- 91.8O, 

v 3450-3250 (OH), 2980, 2920, 2880 (C-H), 1450, 1405 (C=C aromatic), 

and 1490 cm-' (C-N); 'H- and 13C-n.m.r. data are given in Tables 1 and 

2. 

[a], 19 - 35.3O, [a]578 19 - 38.6O, [a]546 19 - 47.0°, [a]436 19 

96% EtoH 250 nm ( E~~ 21.1) [a)365 - 166.6O (c - 0.48, pyridine); Amax 
19 

max 

Anal, Calc. for C H BrN 0 S: C, 50.91; H, 4.67; N, 5.65. Found: 
21 23 2 9 - 

C, 50.52; HI 4.64; N, 5.39. 

3-(Benzylamino)-l-(p-bromophenyl)-(3,5,6,7-tetra-O-acetyl-l,2-dideoxy- 

-8-~-glycero-~-ido-heptofurano)[2,l-d]imidazolidine-2-thione - - (A:).- 
Conventional treatment of a solution of ,S (0.5 g, 1.0 rnmol) in pyridine 

(1.1 ml) and acetic anhydride (0.9 ml), with recrystallisation of the 

crude product (0.4 g. 61%) from 99% ethanol. gave I.., m.p. 115-117', 

19 19 [a]365 19 - 173.4' (c - [a]:' - 41.1°, - 43.70, - 95.00, 
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469 

0.54, pyridine) ; wmax 2990, 2980, 2960, 2880 (C-H)  , 1745 (C=O), 1495, 
1450, 1405 (C=C aromatic), and 1230 cm-' (C-0-C); 'H- and 

data are given in Tables 3 and 4. 

29 31 2 9 

13 C-n.m.r. 

Anal. Calc for C H BrN 0 S: C ,  52.49; H I  4.70; N, 4.22. Found: - 
C ,  52.28; H, 4.75; N, 4.22. 

2-(Benzylamino)-2-deoxy-~-glycero-~-galacto-heptononitrile - and 2-(ben- 

zylamino)-2-deoxy-~-glycero-~-talo-heptononitrile.- - - A suspension of 
D-manosse (5.4 g, 30 mmol) in 99% ethanol (20 ml) was treated with ben- 

zylamine (4 ml, 40 mmol) and heated under reflux to dissolution. The 

mixture was cooled to room temperature and then anhydrous hydrogen cya- 

nide ( 3  ml, 80 mmol) was added and the mixture kept in a refrigerator 
to crystallise a mixture of heptononitriles. The crystals (2.2 g ,  54%) 

were collected, washed with cooled 99% ethanol and ether and recrystalli 

sed from 99% ethanol. 

- 

Anal. Calc. for C H N 0 C,  56.74; HI 6.70; N, 9.45. Found: - 14 20 2 5: 
C ,  56.77; H, 6.70; N, 9.34. 

2-Amino-2-deoxy-~-glycero-~-galacto-heptose hydrochloride and 2-amino- 

-2-deoxy-~-glycero-D-talo-heptose - hydrochloride.- A mixture of 2- 
-(benzylamino)-2-deoxy-F-glycero-D-galacto and 2-(benzylamino)-2-deoxy- 

-D-glycero-D-talo-heptononitriles (30 g ,  0.1 mol) in M hydrochloric 
acid (250 ml) was hydrogenated at atmospheric pressure and room tempera- 

ture in the presence of 10% Pd/BaS04 (12.5 g). After 6 days, the cata- 

lyst was filtered off, and the filtrate was concentrated until crystals 

of ammonium chloride appeared; these were filtered off, the filtrate 

was evaporated and the syrupy residue was repeatedly treated and evap- 

orated with 99% ethanol, to yield an almost pure, amorphous mixture of 

heptose hydrochlorides (15 g, 61%) that was used in the next step with- 

out purification. 

- 

- - 
- - 

- - 

l-Phenyl-(1,2-dideoxy-a-~-glycero-~-galacto-heptofurano)[2,l-d]imidazol- - - 

idine-2-thione (9).- A solution of the epimeric mixture of 2-amino-2- 

-deoxy-D-glycero-D-galacto- and 2-amino-2-deoxy-D-glycero-D-talo-hepto- 

se hydrochlorides (15 g, 60 mmol) in water (40 ml), was treated with 

phenylisothiocyanate (8.7 ml, 74 mmol) as described for 4. The result- 
ing residue was subjected to column chromatography (eluant b). The 

-.. 

= - -  - --- - 
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470 FUENTES MOTA ET AL. 

fractions containing the component of R 

9, (3.9 g, 20%); recrystallised from 99% ethanol, m.p. 178-180°, 

+ 46.1°, [a]:& + 47.6O, + 54.0°. t 88.7O ( 5  0.67, 

pyridine); Ag6% max EtoH 240 nm (EmM 12.6); Vmax 3550-3050 (NH, OH), 2940, 

2880 (CH), 1595, 1460, 1440 (C=C aromatic), and 1495 cm-' (NH, CN); 'H- 
and C-n.m.r. data are given in Tables 1 and 2. 

0.30 were concentrated to give F 

13 

Anal. Calc. for C H N 0 S :  C, 51,52; H, 5.56; N, 8.58. Found: - 14 18 2 5 
C, 51.76; H, 5.71; N, 8.56. 

1-Phenyl-(3,5,6,7-tetra-O-acetyl-l,2-dideo~y-a-~-glycero-~-galacto-~ - - 

tofurano)[ 2,l-d ]imidazolidine-Z-thione ( i g )  .- 
of 9 (0.15 g, 0.46 mmol) with pyridine (1.5 ml) and acetic anhydride 

(0.8 ml) gave 18 as an amorphous solid (0.15 g, 68%), m.p. 68-70°, 

Conventional treatment 

- 
-- 

+ 60.40, [a]& + 62.90, + 71.10, [a1:z6 + 113.60, 

l9 + 150.0° (c 0.55, pyridine); Vmax 3340 (NH), 2950 (C-HI, 1745 l a  '365 - 
(GO), 1595, 1500, 1450 (C=C aromatic), and 1220 cm-' (C-0-C); 'H-n.m. 

r. data are given in Table 3. 

Anal. Calc. for C H N 0 S: C, 53.43; H, 5.29; N, 5.66. Found: 22 26 2 9 - 
C, 55.15; H, 5.36; N, 5.58. 

_. I-(p-Bromophenyl )-(I ,2-dideoxy-a-~-glycero-~-galacto-heptofurano~~ - 2,l- 

-d)imidazolidine-2-thione (10) and l-(p-bromophenyl)-(l,2-dideoxy-6-D- 

-glycero-D-talo-heptofurano)[ - 2,l-dl imidazolidine-2-thione .- A 
solution of 2-amino-2-deoxy-D-~lycero-D-galacto- - and 2-amino-2-deoxy- 

-D-glycero-D-talo-heptose hydrochlorides (7 g, 28 mmol) in water (20 

ml), was neutralised with 5N - NaOH, and p-bromophenylisothiocyanate 
(7.38 g, 36 mmol) was added. The mixture was heated for 24 h at 40°; 
acetic acid (17 m l )  was added, and the solution heated for a further 7 

h at 40°, cooled, evaporated under diminished pressure and the residue 

treated as described for 4. The resulting amorphous solid was subjected 

to column chromatography (eluant b). The fraction with R 0.35 was crys- 

tallised from 99% ethanol to yield 10 (0.56 g, 5%), m.p. 102-105O, 

- 
I- - - 

- - 

- - 

F 
-- 

+ 70.6O, [a]578 14 + 76.O0,[aIgq6 14 + 84.4O, [a]436 14 + 147.g0, [a]365 14 

+ 238.9O (5  0.48, pyridine); Amax 96% EtoH 238 nm ( E ~ , ,  12.2) ; vmax 3600- 
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GLYCOHEPTOFURAN0[2,1-d]IMIDAZOLIDINE-2-THIONES - 471 

3000 (NH, OH), 2980, 2920, 2890 (C-H), 1600, 1510, 1450 (C=C aromatic), 

and 1495 cm-l (CN, NH) . 
Anal. Calc. for C H BrN 0 S: C, 41.49; H, 4.23; N, 6.91. Found: - 14 17 2 5 

C, 41.43; HI 4.26; N, 6.63. 
The fraction with RF 0.29 was crystallised from 99% ethanol to 

yield 12 (0.6 g, 6%), m.p. 184-185', 96% EtoH 239 nm (cmM 14.9); wmax -- ?nax 
3600-3000 (NH, OH), 2965, 2940, 2900 (C-H), 1590, 1460 (C=C aromatic), 

and 1495 cm-l (NH, CN); 13C-n.m.r. data are given in Table 2. 

Anal. Calc. for C14H17BrN205S: C ,  41.49; HI 4.23; N, 6.91. Found: - 
C, 41.20; HI 4.29; N,  6.63. 

-galacto-heptofurano)[2,l-d]imidazolidine-2-thione (191.- Conventional 

treatment of 10 (0.12 g, 0.30 m m o l )  with pyridine (1.2 ml) and acetic 
-- 

-- 
anhydride (0.75 ml), gave 1,2 as an amorphous solid (0.12 g, 69%), m.p. 

75-77'. 

[a]365 + 111.0' ( 2  0.54, pyridine); u 
(C=O), 1500, 1430 (C=C aromatic), and 1225 cm-' (C-0-C); 'H-n.m.r. 

data are given in Table 3. 

14 14 14 + 57.4'. [a]578 + 60.7O, [a]5o6 + 67.1°, [a]436 + 106.4". 
14 3350 (NH), 2970 (C-H), 1750 rnax 

Anal. Calc. for C22H25BrN20gS: C, 46.08; H. 4.39; N, 4.88. - 
Found: C, 45.95; HI 4.45; N, 4.70. 

- l-~p-Bromophenyl~-~3,5,6,7-tetra-O-acetyl-ll2-dideoxy-6-~-glycero-~- 
-talo-heptofurano)[ 2,l-d] imidazolidine-2-thione (21) .- 6onventiongl 
treatment of 12 (0.16 g, 0.4 mmol) with pyridine (1.6 ml) and acetic 
anhydride (0.85 ml), gave 21 as an amorphous solid (0.18 g ,  80%). m.p. 

78-60', [a]? - 61.5O, [a]:;, - 64.5O, - 74.7', 
- 185.50, (a]365 - 239.6O ( 2  0.4, pyridine); 
(C-H), 1745 (C=O), 1580, 1490, 1430 (C=C aromatic), and 1220 cm-l 
(C-0-C); 'H-n.m.r. data are given in Table 3. 

14 

14 umax 3350 (NH), 2970 

Anal. Calc. for C22H25BrN209S: C, 46.08; HI 4.39; N, 4.88. - 
Found: C, 45.90; H, 4.38; N, 4.69. 

- 1-p-Tolyl-( 1,2-dideoxy-~-~-glycero-~-talo-heptofurano)[ 2,l-d] imidazol- 

idine-2-thione (::).- A solution of 2-amino-2-deoxy-~-g1ycero-D-talo- 

and 2-amino-2-deoxy-~-~Iycero-D-~alacto-heptose hydrochlorides (10 g, 

- - 
- - 

- - 
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4 7 2  FUENTES MOTA ET A L .  

40 m m o l )  in water (150 m l )  was treated with p-tolylisothiocyanate (6 g, 

40 mmol) as described for ,4. The resulting residue was subjected to co l -  

umn chromatography (eluant b). The fraction with R 0.31 was crystal- 

lised from 99% ethanol to yield 11 (1.41 g, 10%). m.p. 115-118'. 19 F 
[a], 

19 19 19 19 

- 490.4' (c 0.67, pyridine); Amax 96% EtoH 240 nm ( c m M  14.6); wmax 3550- 

3000 (NH,OH), 2980, 2920, 2900 (C-H), 1610, 1510, 1450 (C=C aromatic), 

and 1500 c m - l  (C-N, N-H); 13C-n.m.r. data are given in Table 2. 

-- 
- 138.0'. [a]578 - 144.6', (a1546 - 165.5'9 [a1436 - 293.5's [a1365 

- 

Anal. Calc. for C H N 0 S: C, 52.92; H, 5.92; N, 8.23. Found: 15 20 2 5 - 
C, 52.62; H, 5.80; N, 7.98. 

- 1-p-Tolyl-(3,5,6,7-tetra-O-acetyl-1,2-dideoxy-~-~-glycero-~-talo-~- - - 

ofurano)[2,1-d]imidazolidine-2-thione (20).- Conventional treatment of 

11 (0.1 g, 0.34 mmol) with pyridine (1 ml) and acetic anhydride (0.7 

ml), gave 20 (0.11 g ,  65%). Recrystallised from 99% ethanol, m.p. 59-60', 

[a];'- 72.7', [a]:$8 - 74.4', [a]546 -86.1', [a]!$6 -157.5', [a]365 
- 249.3' (c - 0.41, pyridine); vmax 3350 (NH), 2960 (C-H), 1745 (C=O), 

1510, 1480 (C=C aromatic), and 1220 c m  (C-0-C); H-n.m.r. data are 

given in Table 3. 

-- 
-- 

-- 
11 11 

-1 1 

Anal. Calc. for C H N 0 S: C, 54.36; H, 5.55; N, 5.51. Found: - 23 28 2 9 
C, 54.33; H, 5.46; N, 5.41. 

ofurano)[2,1-d]-2-imidazoline (22).- To a suspension of 7 (0.3 g ,  0.75 

mmol) in 90% ethanol (4 ml) were added sodium hydrogen carbonate (0.06 

g ,  0.75 mmol), and benzyl chloride (0.1 ml, 0.75 mmol). The mixture was 

boiled under reflux for 1 h,  and then evaporated to a dryness. Water was 

added to a solution of the residue in ethanol, to incipient turbidity 

and the mixture stored for 24 h at 0' to give 22 (0.28 g ,  76%). Recrys- 

tallised from 1:l ethanol-water, m.p. 72-75', [a];' - 46.0°, [a]578 

-- ,. 

14 -- 
14 14 14 

-53.7', [a]546 - 63.6', [a]436 - 141.4', [a]365 -326.7' ( c  - 0.58, 
pyridine) ; Amax 96% EtoH 259 nm (cmM 15.6); vmax 3600-3000 (OH), 2950, 2910 

(C-H aliphatic), 1535, 1480, and 1450 cm-' (C=C aromatic); 'H- and 

13C-n.m.r. data are given in Tables 1 and 2. 
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- Anal. Calc. for C21H23BrN205S: C, 50.91; H, 4.68; N, 5.65. 
Found: C, 50.84; H, 4.55; N, 5.33. 

2-(Benzylthio)-l-(p-bromophenyl)-~3,5,6,7-tetra-O-acetyl-l,2-dideoxy- 

-6-~-glycero-~-ido-heptofurano)[2,1-d]-2-imidazoline - - (23).- -- Conven- 

tional treatment of 22 (0.13 g, 0.20 mmol) with pyridine (1 ml) and 

acetic anhydride (1 ml) gave 23 (0.16 g, 95%). Recrystallised from 99% 
14 14 

ethanol, m.p. 56-60', [a],!,4 -8.5', [a]578 -10.4O, [a]546 -13.2', 

- 38.10, [a]365 - 105.5' ( 2  0.78, pyridine); umax 3050, 3010 (C-H 

aromatic), 2960, 2910 (C-H aliphatic), 1735 (C=O), 1550, 1480 (C=C 

aromatic), and 1220 cm-l (C-0-C); 'H- and 13C-n.m.r. data are given 

in Tables 3 and 4. 

-- 
-- 14 

la I436 
14 

Anal. Calc. for C H BrN 0 S: C, 52.49; H, 4.70; N, 4.22. Found: - 29 31 2 9 
C, 52.20; HI 4.85; N, 4.01. 

-- 4-(~-Galacto-pentitol-yl)-l-phenyl-phenyl-4-imidazoline-2-thione (2!).- A 
solution of i3 (1 g, 3.06 mmol) in 50% ethanol (10 m l )  was treated with 

trifluoroacetic acid (2 ml), and the mixture was boiled under reflux 

for 2.5 h and then concentrated to dryness. Ethanol was repeatedly evap- 

orated from the residue, and the resulting residue was crystallised from 

water to give 24 (0.44 g, 44%). Recrystallised from 1:l acetone-water, -- 

28 H O  + 58.60, 

u 3330-3220 (NH, OH), 2910, 2890 (C-H), 1590, 1495, and 1460 cm 

(c=C aromatic). 

[a]365 + 112.20 ( 5  0.52, pyridine); 265 nm (cmM 10.0); 

-1 
max 

Anal. Calc.  for C H N 0 S. y H20: C, 50.14; H, 5.71; N, 8.35. 
14 18 2 5 - 

Found: C, 49.88; H, 5.43; N, 8.28. 

4-(Penta-O-acetyl-D-galacto-pentitol-l-yl)-l-phenyl-4-imidazoline-2- -- 
-thione (27).- Conventional treatment of 2! (0.16 g, 0.48 mmol) with 

pyridine (1.6 ml) and acetic anhydride (1.12 ml) gave 27 -- (0.17 g ,  68%), 

which was purified by preparative t.1.c. (3:2 benzene-ether), m.p. 118- 

- -- 

28 28 28 
-120°, + 135.5'. + 141.7O, [a]546 + 163.2', [a]436 

t 306.7O (c - 0.49, pyridine); umax 1740 (GO), 1590, 1495 (C=C aromatic), 
and 1210 cm-' (C-0-C); 'H-n.m.r. data are given in Table 5. 
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GLYCOHEPTOFURAN0[2,1-d]IMIDAZOLIDINE-2-THIONES - 475 

Anal. Calc. for C H N 0 S :  C, 53.72; H, 5.26; N, 5.22. Found: 24 28 2 10 - 
C, 53.70; H I  5.08; N, 5.10. 

4-(D-Galacto-pentitol-l-yl)-l-p-tolyl-4-imidazoline-2-thione (2_5).- It 
was prepared from 23 (0.96 g ,  2.82 mmol) and trifluoroacetic acid (2 ml) 

as described for 23. Crude 22 (0.32 g. 33%) was recrystallised from 1:l 
acetone-water, m.p. 207-209O, + 18.5', [ a ] : ; 8  + 18.3', [a]546 

+ 21.90, 

w 

aromatic); 13C-n.m.r. data are given in Table 4. 

-= 

- 
21 

21 H O  
max [a]436 + 4~1.0~ ( 2  0.51, pyridine); A 2 266 nm ( E m M  9.0); 

3340, 3210 (NH, O H ) ,  2940, 2920 (C-H), 1510, and 1465 cm-l (C=C 
max 

Anal. Calc. for C15H20N205S: C, 52.92; HI 5.92; N, 8.22. Found: - 
C, 53.13; H I  5.63; N, 8.54. 

4-(Penta-O-acetyl-D-galacto-pentitol-l-yl)-l-p-tolyl-4-imidazoline-2- 

-thione (25).- Conventional treatment of 22 (0.14 g, 0.21 mmol) with 
pyridine (1.4 ml) and acetic anhydride (1.1 ml) gave (0.15 g ,  66%), 

which was purified by preparative t.1.c. (3:2 benzene-ether), m.p. 101- 

-103O, [a];' + 136.3O, [a]578 + 142.7O. [a]546 + 164.1°, 

+ 314.7O ( 2  0.48, pyridine); wmax 3440 (NH), 1735 (C=O), 1500, 1455 

(C=C aromatic), and 1210 cm 

Table 5. 

- 

21 21 21 

-1 (C-0-C); 'H-n.m.r. data are given in 

Anal. Calc. for C H N 0 S: C, 54.51; H, 5.49; N, 5.09. Found: - 25 30 2 10 
C, 54.74; H, 5.82; N, 5.11. 

- l-(p-Bromophenyl)-4-(D-galacto-~entitol-l-yl)-4-imidazoline-2-thione 

(??).- 
acid (1.3 ml) as described for _2$. Crude _2_6 (0.34 g, 50%) was recrystal- 

20 lised from 1:l acetone-water, m.p. 209-211°, [ f x ] ?  + 14.9O, [a]578 

H O  + 15.10, + 18.4O, + 36.8O (c - 0.55, pyridine); Am S x  
273 nm ( E  7.5); w 3340-3200 (NH. OH), 2940, 2920, 1485, and 

1460 cm-l (C=C aromatic). 

It was prepared from z3 (0.64 g, 1.6 mmol) and trifluoroacetic 

mM max 

Anal. Calc. for C H BrN 0 S: C, 41.48; H. 4.19; N, 6.91. Found: 14 17 2 5 - 
C,,41.70; H, 4.39; N, 6.67. 

ine-2-thione (29).- Conventional treatment of $$ (0.19 g,  0.47 mmol) -- 
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GLYCOHEPTOFURAN0[2,1-d]IMIDAZOLIDINE-2-THIONES - 47 7 

with pyridine (1.7 ml )  and acetic anhydride (1.33 ml) gave 29 (0.22 g ,  

74%). which was purified by preparative t.1.c. (3:2 benzene-ether), 

m.p. 146-148", 

[a I436 
aromatic), and 1215 cm 

-- 
28 28 + 118.5O. (a]578 + 122.9', [a]546 + 143.4', 

28 t 271.4'. ( 2  0.48, pyridine); urnax 1745 (C=O), 1495, 1470 (C=C 
-1 (C-0-C); 'H-n.m.r. data are given in Table 5. 

Anal. Calc. for C H BrN 0 S: C, 46.81; H, 4.42; N, 5.55. 24 27 2 10 - 
Found: C, 46.62; H, 4.49; H, 4.17. 
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