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ABSTRACT 

Elimination of one methyl group transformed O,O’-dimethyl S-(3,4,6-tri-O- 
acetyl-Zdeoxy-cu-D-arubino-hexopyranosyl) dithiophosphate into the title ion with 
a chiral centre at phosphorus. The crystals of C,,H3,N0,PS, (M, 517.65) are 
monoclinic , space group P2,, and have a = 16.721(9), b = 9.023(4), c = 19.797(8) 
A, /3 = 109.95(4)“, V = 2807.6 A”, D, = 1.21 and D, = 1.22 g.cme3 for Z = 4. The 
crystal structure has been determined by direct methods and refined to R = 0.052 
for 4074 independent reflections. Both symmetry-independent pyranose rings have 
the 4C, conformation. The average C-l-!&l and S-l-P bond lengths are 1.845(8) 

and 2.110(2) A, respectively. The S-2-P-S-l-C-l and O-l-P-O-2-C-13 torsion 
angles are in the range 170.9(6)-179.9(9)“. The nitrogen atoms of the dipropyl- 
ammonium ions are involved in hydrogen bonds with the non-esterified oxygen 

atoms of the aglycon groups. 

INTRODUCTION 

Some S-glycosides and their derivatives are inhibitors of enzymes’, and others 
provide intermediates with a protected anomeric center2. They have been used also 
in syntheses of thio analogs of some clinically important antibiotics3, detergents4, 
and glycosides. 

O,O’-Dimethyl S-(3,4,6-tri-O-acetyl-2-deoxy-cr-D-arabi~-hexopyranosyl) 
dithiophosphate (l), obtained from D-glucal’, appeared to be a useful substrate for 
the synthesis of 2-deoxyglycosides5 via the ready nucleophilic displacement of the 
O,O’-dimethyldithiophosphate group. The high yields (>90%) and the relatively 
mild conditions of these reactions suggested that 2-deoxy-N-glycosyl derivatives 
might be obtained by nucleophilic attack on nitrogen. However, the reaction that 
occurred was demethylation of the aglycon group of 1 (+2), which generated a 
new chiral centre at the phosphorus atom, and the title compound was the sole 
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diastereoisomeric product. The absolute configuration of the new chiral centre in 
the dipropylammonium salt 2a has now been determined by the ,X-r+ method. 

Gwerul merhod.s. .--- Melting points wcrc deturmined cm a citpillar); melting 

apparatus and are uncorrected. Optical rotations wcrc determined with ;I Hilgcr-, 

Watts polarimeter. Microanalyses wcrc carried out in the laboratory of (idarisk 

Ilnivcrsity. ‘I-l-N.m.r. spectra were recorded with a Tcsl:r I3S-47 (,YO MHz) 

instrument operating in the C.W. mode. T.l.c. was performed on KiL+.clgcl h0 

(Merck). and preparative 1.1.~. was carried out on Silica Cicl L,SI>,-..; 540 (Merck). 

Mass spectra were ohtaincd on a Varian MAT 71 1 instrument. 

X-Ray strucmrc dererminutior~. - ‘The space group w;~b dctcrmincd from 

osciktion and Wcisscnherg photographs. All mcrrsurcmcnts for ;I crystal 0.55 :A 

0.55 X 0.18 mm wcrc m:iclc on 21 Syntex P. 3, diffractometer cquippcd with ;1 

scintillation counter and giaphitc monochromntor using MoKtr ratiiatit>n (A = 

0.71069 a). The cell parametcru were determined I’rom a k:~st-square:, rcfin<mcnt 

of the setting angles of 15 I-cllections. Intensities of 8415 indcpcndcrrt rcflcctions 

wcrc mcasurcd in the 20 range 440” with the vari;rbk H--Z0 hcitn rcchniquc. fhc 

scan rate varied from 2.0 to 29.3”/min. depending on the intcnsit,. Two rcflcction3. 

which were monitored periodically. cxhibitcd no significant v;irl;ttions in intcnsit?: 

during the period of data collection and 4074 rcflcctiuns with I Xf~(l) wcrc used in 

the analysis. The intcnsitics wcrc corrcctcd for Lorcntz and polarization t’:lc[ors. 

but not for absorption IE*_(MoKu) = 2.Y cm ‘1. The structure $~;Is \ol\,ecl bq’ direct 

methods using the MU1_TANh suite of programs. A Fouricl- svnthAs. bnscd OII the 

phases produced for the \ct with the highest ccjmbinctl figure of mkt. ~howcti the 

positions of P and S atoms . AII c’. N. and (.I atom\ wcrc Ioc;~lrsc~l on succcssi\,c 

calculated Fourier and diffcrcncc Fourier synthcscs. Half of the position> of the 

hydrogen atoms wcrc calculated based on the geometry of the molcculc (C-H ;~nd 

N-H = 0.95 A); the remaining hydrogen atoms wcrc found from Jiffcrcncc Fourict 

syntheses. The rcfinemcnt of aI1 non-H atoms with anisotropir tcmpcrzture I’:ictors 

: yicldcd a final R-index (= _!, (,, \“iF - ic;,i;iX/F;,~ j of 0.052 and li,-iiidcu i : ,?‘w( j b;,; -- 

~F;.‘)‘l;?‘\y(F~,)~]“~ vt’ 0.045. The function minimiscd was Xw( I;,,! j-1;)’ with tv := 

w ‘(F%,,). whcrc rr(p’_) w:ls tnkcn from the counting slatistic. During the I;lst cycle of 
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refinement, no parameter shifted more than one-fourth of its standard deviation. A 
final difference Fourier synthesis showed maximum and minimum electron 
densities of 0.23 and -0.21 e.Wm3, respectively. All calculations were performed 
with the Syntex XTL/XTLE Structure Determination System’. Neutral-atom 
scattering factors were those listed in the International Tables for X-Ray Crystallo- 
graphyK. The anomalous dispersion was included for N, 0, S, and P atoms. 

Compound 1 was prepared as previously reported5. 

Dipropyiummonium O-methyl S-(3,4,6-tri-0-acetyl-2-deoxy-CI-D-arabino- 
hexopyranosyl) (R)-dithiophosphate (2a). - A mixture of 1 (0.43 g, 1 mmol), di- 
propylamine (3 mL, 22 mmol), and acetonitrile (3 mL) was stirred for 3 h. T.1.c. 
(carbon tetrachloride-acetone, 3: 1) then showed that 1 (RF 0.6) had vanished and 
that there was a single product (2a, R, 0.12). The solvent and the excess of di- 
propylamine were evaporated under reduced pressure, and anhydrous methanol 
(15 mL) was evaporated 3 times from the residue (0.5 g, 94%) which was then 
recrystallised from anhydrous ether to give 2a, m.p. 121-122”, [LY]$ +153” (c I, 
chloroform), [Ml& +791”, R, 0.72 (chloroform-methanol-ether, 3:2:2). ‘H- 
N.m.r. data (CDCI,): 6 0.85 (t, 6 H, 2 Me), 1.20-1,75 (m, 4 H, 2 CH,CH,), 1.81- 
2.0 (d, 9 H, 3 OAc), 2.05-2.50 (m, 2 H, H-2,2), 2.64-2.90 (m, 4 H, 2 CH,CH,CH,), 
3.38 and 3.57 (2 d, 6 H, 2 Me), 3.75-4.20 (m, 3 H, H-5,6,6), 4.75-5.20 (m, 2 H, 
H-3,4), 5.75 (m, 1 H, H-l). 

Anal. Calc. for C,,H,NO,PS,: C, 44.10; H, 6.96; N, 2.70; S, 12.38. Found: 
C, 43.88; H, 6.91; N, 2.76; S, 11.94. 

Di-isopropylammonium O-methyl S-($4,~~tri-O-acetyl-2-deoxy-CY-c~rabino- 
hexopyranosyf) dithiophosphate (2b). - Replacement of dipropylamine with di- 
isopropylamine in the above reaction and preparative t.1.c. (twice in chloroform- 
acetone, 3:l) gave 2b (0.45 g, 85%), m.p. 133-134” (from ether), [a]ik t64” (c 1, 

chloroform), [M] $& +330”, [cy]Z& +96” (c 1, chloroform), [Ml& +496”, RF 0.73 
(chloroform-methanol-ether, 3:2:2). ‘H-N.m.r. data (CDCI,): 6 1.40 (d, 6 H, 2 
Me), 2.02 (s, 9 H, 3 OAc), 2.13 and 2.32 (2 s, 2 H, H-2,2), 3.25-3.75 (m, 1 H, 
Me,CH), 3.56 and 3.76 (2 d, 6 H, 2 Me), 4.05-4.30 (m, 3 H, H-5,6,6), 4.80-5.35 
(m, 2 H, H-3,4), 5.95 (m, 1 H, H-l), 7.80 (N-H). 

Anal. Calc. for C,,H,NO,PS,: C, 44.10; H, 6.96; N, 2.70. Found: C, 43.90; 
H, 7.04; N, 3.03. 

RESULTS AND DISCUSSION 

The crystals of 2a are built from the symmetry-independent molecules (A 
and B). The numbering scheme and the overall conformation of these molecules 

and the molecular packing diagram are shown in Figs. 1 and 2. Tables I-V list the 
atomic positional and thermal parameters, bond distances and angles, selected 
torsion angles, and hydrogen-bond distances and angles. 

Both molecules have almost the same geometry. The average C-C and C-O 
bond lengths for pyranose rings are 1.520(19) and 1.411(g) A, respectively. The 
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Fig. I. ORTEP drawings showing atom numbering in molecules A (,:I) and H (b). The non-hydropcn 
atoms are reprcscntcd by .W’%, probability ellipsoids and the hydrogen atcws art’ clr;nw :IS \phcrcr 01” 
arhltrary six. 

C-S-O-S bond lengths are slightly longer than the C-l-0-S bonds. These 
diffcrcnces accord with the theoretical predictions for cw-I,-l’.vranosidcs”. ‘T’hc (‘-I- 
S-l bond lengths fall in the range observed in thiocarbohydrates:“. Bond angles iit 
O-5 are similar to those for other pyranosides”. Most of the endocyclic angles arc 
close to tetrahedral except that of C-2-C-l--O-S with an avtxqo value oi’ I 13.3(3)” 
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Fig. 2. Molecular packing in the crystal of dipropylammonium O-methyl S-(3,4,6-tri-0-acetyl-2-deoxy- 
cx-D-arubino-hexopyranosyl) (R)-dithiophosphate @a). The hydrogen atoms have been removed for 
clarity except those involved in hydrogen bonds. 

and C-l-C-2-C-3 in molecule B with a value of 112.1(6)“. Characteristic for the 

“anomeric” center, the O-5-C-l-S-l valency angles of 113.4(4) and 113.9(5)” are 
closer to the value of the S-C-S angle in 1,5-dithio-cY-D-pyranosides11 rather than 
to the average 111.9” in analogous S-glycosides12. 

The pyranose rings exhibit some flattening- at C-2. The ring puckering 

parameters 13~4 are Q = 0.538(6) A, 0 = 5.6(7)“, Q = 280(7)” for molecule A, and 

are 0.547(7) A, 7.6(7)“, and 293(5)0 f or molecule B. The distortion of these rings 

from the 4C1 chair conformation toward the S, and/or B,,, geometry is similar (in 

the 3~ range) and small. 
The geometry of external C-0 bonds (including the C-6-O-6 bonds) and of 

planar acetoxy groups is normal and similar to other acetylated (in positions 3e, 4e, 
and 6) carbohydrates with the 4C, conformation. According to the terminology 
proposed by Sundaralingam15, the acetoxymethyl groups in both carbohydrate 
moieties have the energetically preferred gauche-gauche conformations’6 with 
torsion angles around the C-6-O-6 bond of - 124( 1) and - 143( 1)” for molecules A 
and B, respectively. 
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TABLE IV 

SELECTEDTORSION ANGLES(DEGREES)' 

Molecule 
.-. 

A B 

C-l-C-2-C-3-C-4 
C-2-C-3-C-4-C-5 
c-3-U-C-5-0-5 
c-4-c-5-o-x-t 
C-5-O-5-C-l-C-2 
O-5-C-l-C-2-C-3 
C-4-C-5-C-6-O-6 
0-5-C-5-C-6-0-6 
S-2-P-S-l-c-l 
0-2-P-S-l-C-l 
O-l-P-O-2-C-13 
P-S-l-C-1-0-5 
S-l-C-l-O-5-C-5 

-48.7(10) 
53.7( 10) 

-57.8(12) 
59.9(10) 

-55.7(10) 
49.3(11) 
54.6(12) 

-67.7( 10) 
176.6(5) 

-62.3(6) 
179.9(9) 
86.1(6) 
67.5(10) 

-47.1(11) 
53.0(11) 

-59.7( 12) 
63.1(10) 

-57.4(10) 
49.3(12) 
58.7(11) 

-63.7(11) 
170.9(6) 

-69.1(6) 
178.1(6) 
71.8(6) 
70.4(10) 

‘Estimated standard deviations in parentheses. 

TABLE V 

HYDROGEN-BONDDISTANCES ANDANGLES(DEGRI~) 

D-H. . . A (code) D...A H..,A D-H-A 

Molecule A 
N-H-l...O-I(1 -x, -‘h +y, -I) 
N-H-2. . . O-l (x, y, z) 

Molecule B 
N-H-l...O-I(1 -x, -‘/I +y, -z) 
N-H-2*..0-1 (x, y, z) 

‘Estimated standard deviations in parentheses. 

2.881(6) 1.95 170 
2.855(6) 1.92 169 

2.871(6) 1.90 168 
2.892(6) 1.95 171 

The absolute configuration of the chiral dithiophosphate moiety in 2a was 
determined as R with reference to the carbohydrate moiety. In both symmetry- 
independent ions, the phosphorus atoms have almost identical tetrahedral 
arrangements but differently distorted compared to those observed in O,O’- 
diesterified phosphorodithioates 17-25. The average P-S .bond lengths are 2.110(2) 
A for the P-S-l bond and 1.940(2) A for the P-S-2 bond. According to Pauling’s 
convention for summing covalent radii *‘j, the lengths of P-S single and double 
bonds are 2.14 and 1.94 A, respectively. By comparison, our observed bond lengths 
(not corrected for thermal motion) indicate single-bond character in the first and 
some double-bond character in the second case. The average P-O-l and P-O-2 
bond lengths of 1.490(6) and 1.588(2) A, respectively, are characteristic for 
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deprotonated and esterified oxygen atoms in the majority of other compounds con- 

taining P-O bonds. The largest value of the valency angle around the phosphorus 

atom exists between non-esterified S-2 and O-l. The a\‘eragc value of the 

S-2-P-O-l angle is ll9.3(3)“. Similar values arc characteristic for non-csteritied 

S-P-S angles in phosphorodithioatc structures. whereas. in this compound. the 

avcragc S-l-P-S-2 angle is 105. I(9)“. The average value of the O-l--P--O-2 angle of 

103.6(l)” is larger by -7” than in O,O’-diesterified phosphoroclithioates. With 

respect to the 0-P-O-C and S-P-S-C bond systems. the aglycon groups have the 
up,up conformation corresponding to the prefcrrcd .sc,sc conformation among 

phosphate ester structures without obvious stcric hindranccs?7.:‘. 

The relative orientation of the aglycon group and the carbohydrate moiety is 

described by the torsion angles around the glycosidic bond C-I-S-I and the S-I-I’ 
bond. The O-S-C-I-S-I-P torsion angles are 86.1(7j and 71.8(7)” for molecules A 

and B. respectively. The differences between the torsion angles around the S-I-4 

hond in molecules A and B are -7”. The value of the valcncy angles C-I-S-I-P arc 

99.3(2) and 98.7(2)“. For comparison, the C-S-C angles in other I-thiopyranosidcs 

varied’“*“’ in the range 98.0-103.3”. 

Both symmetry-independent dipropylammonium cations have the chain con- 

formation with average torsion angles of - 17539) and F 177.2(5)“. The nitrogen 

atoms and non-esterified 0- 1 atoms form infinite zigzag chains of the hydrogen 

bonds along the b axis. There were no significant intramolecular steric intcrsctions. 

but some intermolecular contacts occur, corresponding to van dcr Waals forces. 

This is the main reason of differences between molecules A and B. 

One of the authors (Z-C.) thanks Professor P. Luger and Dr. R. Billow 

(Frcie Universitgt Berlin) for providing the computer program PUCK 2. This work 

was supported by the Polish Academy of Science. 
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