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Acyclic vicinal polyol complexes related to cisplatin were synthesized from D-mannitol by stereocontrolled manipu- 

lation of the hydroxy groups. Controlled cleavage of a 3,4-diazido hexitol gave the corresponding D-threitol and D-xy- 
litol analogs, which were converted to their diamino platinum complexes. The antitumor activity of these compounds is 
reported. 

S. HANESSIAN, J.-Y. GAUTHIER, K.  OKAMOTO, A.L. BEAUCHAMP et T. THEOPHANIDES. Can. J. Chem. 71, 880 (1993). 
Des dCrivCs acycliques de diamino polyols vicinaux ont CtC synthttisCs B partir du D-mannitol en utilisant des mCthodes 

de transformations stCrCocontrB1Ces. Le clivage stlectif du dCrivC 3,4-diazido hexitol a donne les analogues correspon- 
dants du D-threitol et du D-xylitol. Les diamines ont CtC transformCes en complexe de platine et 1'activitC antitumorale 
des complexes est rapportCe. 

Two decades after its discovery ( I ) ,  cis-diammine di- 
chloroplatinum(II) (cisplatin) and its structural variants (for 
recent reviews, see ref. 2) remain as one of the most widely 
used group of oncolytic drugs against a variety of cancers (3) 
(Fig. 1). To  date, well over 1000 analogs of cisplatin have 
been synthesized and examined for antitumor activity, par- 
ticularly against cancer of the testes, ovaries, bladder, head, 
and neck. Concurrently, the molecular mechanism of action 
of cisplatin has been the subject of intensive studies (4). The 
drug has been shown to bind covalently to chromosomal 
DNA in the cell nucleus, thus inhibiting replication (5). The 
site of most stable binding is at the N-7 position of guanine 
in the DNA, which results in the weakening of hydrogen 
bonding of the base pairs and the inevitable unwinding of the 
double helix (6) .  

In spite of its dramatic success in the treatment of certain 
types of cancer (7), cisplatin has a number of drawbacks that 
present difficulties in its continued use. Toxicity of several 
types (8), narrow range of activity, cross-resistance, and lack 
of solubility are among the more serious limitations. A 
number of derivatives in which the dichloro ligands have been 
changed to other anionic groups (e.g., 1 ,I-cyclobutanedi- 
carboxylato (carboplatin)) (9) have shown reduced toxicity, 
presumably due to better pharmacokinetic properties. Sev- 
kral other second and third generation platinum complexes 
are known (2, 3). 

We wish to report on the synthesis and antitumor prop- 
erties of a series of stereochemically defined, novel plati- 
num complexes derived from a diaminotetritol, -pentitol, 
and -hexitol, having the generalized structure shown in 

cisplatin 
n = 1, 2 etc. 

' ~ u t h o r  to whom correspondence may be addressed. 

Fig. 1. After our work was completed a report of cisplatin 
analogs of 2,3-diamino-2,3-dideoxy-1,4-di-O-methy1-~- and 
-L-threitol was published by Haines et al .  (10). Other ex- 
amples of chiral or racemic diaminoalcohol complexes of 
platinum are found in the patent literature (1 I ) .  

The design of our alditol-derived platinum analogs took 
into consideration the distinctly superior activity of cispla- 
tin compared to the trans isomer (1). Our synthetic plan took 
advantage of the C2 symmetrical properties of D-mannitol and 
the possibility of preparing trans-oriented vicinal diamino- 
dideoxy derivatives therefrom. As shown in Scheme 1,  
a double nucleophilic displacement of the crystalline di- 
mesylate derivative 2, employing tetra-n-butyl ammonium 
azide in toluene (12), gave the pivotal diazido derivative 3 
as a syrup. The yield of 3 was lower when DMF or DMSO 
was used in the presence of sodium azide. Hydrolysis of 
the acetal functions led to the corresponding tetrol4, which 
was methylated in the usual way to give 5. Hydrogenation 
of 4 and 5 individually, followed by treatment of the 
corresponding diamino derivatives with dipotassium tetra- 
chloroplatinate, gave the crystalline complexes 6 and 7,  re- 
spectively. The double inversion of configuration in the 
displacement of 2 with azide ion was anticipated in the ab- 
sence of neighboring group participation. The structure of 6 
was unequivocally confirmed by single crystal X-ray anal- 
ysis (see below). 

With the availability of the diazidohexitol 4, we could now 
address the problem of a single and double cleavage of 
the terminal vicinal glycol units in order to obtain four- and 
five-carbon diamino cisplatin polyols, respectively. The 
diazidohexitol 4 ,  when treated with 1 equivalent of sodium 
metaperiodate at O°C, followed by reduction of the corre- 
sponding lactol, gave the diazidodideoxy-D-xylitol deriva- 
tive 8 in good overall yield. Hydrogenation of 8 followed by 
formation of the platinum(I1) complex gave 9 as bright yel- 
low crystals. 

Oxidation of 4 with 2 equivalents of sodium metaper- 
iodate at O°C, followed by reduction with sodium boro- 
hydride, gave the crystalline diazidodideoxy-D-threitol 
derivative 10. Hydrogenation and treatment of the resulting 
diamino compound with dipotassium dichloroplatinate af- 
forded the crystalline platinum(I1) complex 11. A number 
of other di-0-alkyl and mono-0-alkyl Pt(I1) derivatives in 
this series were also prepared, and were obtained in crystal- 
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line form. All the complexes described were water soluble 
at concentrations ranging from 4 to 10 mg/rnL at 25°C. The 
interaction of several of the diaminopolyol platinum(I1) 
complexes reported here with guanosine, 5'-GMP, and 
3'-GMP has been studied by FT-IR and 'H NMR spectros- 
copy (13). 
X-ray crystallographic analysis of compound 6 

Compound 6 crystallized as yellow plates belonging to 
space group C222, (polymorph I). A small amount of an- 
other polymorph, I1 (space group P2,2,2,), appeared as yel- 
low needles upon recrystallization from water. The crystal 
data and refined coordinates are listed in Tables 1 and 2, re- 
spectively. 

Both crystalline modifications contain the monomeric 
square-planar cis-PtC12(L-L) complex. Molecule c (poly- 
morph 11) is shown in Fig. 2. The Pt atom and the middle of 
the C(3c)-C(4c) bond lie on an approximate twofold axis 
bisecting the N-Pt-N and Cl-Pt-Cl angles. Coordi- 
nation is very similar in the two independent types of mol- 
ecules (a and b) in polymorph I (drawings in supplementary 
material), but in these cases the twofold axis is imposed by 
crystallographic symmetry. Individual distances and angles 
are provided as supplementary material.' The mean Pt-Cl 
and Pt-N distances (2.32 and 2.03 A, respectively) com- 
pare well with those found in PtC12N2 systems with related 
ligands. The "bite" of the diamine reduces the N-Pt-N 
angle to 83.8" with a concomitant increase of the Cl-Pt-Cl 
angle to 94.5", as found in other diamines forming five- 
membered chelate rings (14). The puckered chelate ring has 
the 6 conformation (N-C-C-N = 45-56"). The Pt- 
C1,N2 unit is planar with l u  for molecules a and c. In mol- 
ecule b, the atom-to-plane distance reaches 0.20(4) A, the 
PtCl, plane being twisted by 9.2" about the twofold axis with 
respect to the PtN, plane. The three independent molecules 
adopt different conformations of their -CH(OH)-CH20H 
"arms". This likely results from molecular packing, which 
is largely controlled by hydrogen bonding between water, 
coordinated chloride, and ligand -OH and -NH2 groups. 

Antitumor activity 
The hydroxy analogs 6, 9, and 11 showed significant in 

vitro activity against sensitive strains of L1210 leukemia and 
P388 with ID,, values ranging between 2 and 4.45 pg/mL 
(cisplatin showed 0.25 pmL) (15). In vivo tests (subcuta- 
neous and intravenous) against PU-239 showed levels of 
activity approaching that of cisplatin. In vivo test results with 
M5076 sarcona were inferior to cisplatin. 

The 0-methyl analog 7, as well as 0-methyl analogs of 9 
and 11 (16), also showed significant in vitro and in vivo 

- -  - 

'~etailed crystallographic results (hydrogen coordinates, tem- 
perature factors, distances and angles, torsion angles, least-squares 
plane calculations, hydrogen-bond geometry, structure factors, and 
ORTEP drawings) (18 pages) may be purchased from: The Depos- 
itory of Unpublished Data, Document Delivery, CISTI, National 
Research Council Canada, Ottawa, Canada KIA 0S2. 

Tables of hydrogen coordinates, distances and angles, and hy- 
drogen-bond geometry, as well as ORTEP drawings, have also been 
deposited with the Cambridge Crystallographic Data Centre and 
can be obtained on request from The Director, Cambridge Crys- 
tallographic Data Centre, University Chemical Laboratory, 12 
Union Road, Cambridge, CB2 lEZ, U.K. 

(a) NaN,, Bu,NCl, toluene, reflux; (b) AcOH, H20, 60°C, I h; 
(c) 1 equiv. NaIO,, O°C, 1.5 h and then NaBH,; for 10, 2 equiv. 
NaIO,; (d) MeI, NaH, DMF; (e) Pd/C, H,, MeOH; (f)  KzPtCI,, 
H2O 

antitumor activity against several tumor lines. In vitro tests 
against sensitive and resistant strains of L1210 leukemia 
showed ID,, values of 6-15 pg/mL). The same trend was 
observed in vivo with values of ID,, 13-30 pM for the 
0-methyl analogs with good resistant/sensitive ratios com- 
pared to cisplatin (0.8 sens. and 9.9 resist. p M )  In vitro 
activity was demonstrated by 7 and related 0-methyl ana- 
logs of 9 and 11 (15) against P388 (sensitive and resistant 
with values ranging from 15 to 28 pg/mL (compare cispla- 
tin with 0.25-485 pg/rnL). The ratio activity of the 0-methyl 
analogs resistant and sensitive strains is an interesting ob- 
servation that indicates a potential for better cross-resis- 
tance. 

Although more detailed biological studies are still re- 
quired, the promising antitumor activity exhibited by these 
stereochemically well-defined, novel platinum(I1) com- 
plexes derived from diaminodideoxy alditols should open 
newer avenues to explore in this important area of cancer 
chemotherapy. 

Experimental 
Melting points (mp) were determined on a Fisher-Johns appa- 

ratus and they are uncorrected. Optical rotations were measured at 
25°C using a Perkin-Elmer model 241 automatic polarimeter. 
Chromatography was done on silica gel (Merck) according to Still 
et al. (17). Combustion analyses were done at Guelph Laborato- 
ries, Ltd., Guelph, Ontario. 
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TABLE 2. Atomic coordinates (X lo3, Pt X lo5, C1 X 10') and 
equivalent isotropic temperature factors (X lo3) 

Polymorph I 

Pt(1a) 0 
Pt(1 b) 50000 
Cl(1a) 647(2 1) 
Cl(1 b) 4406(24) 
O( 1 a) 249(3) 
O(lb)  1 lO(3) 
O(2a) -90(3) 
O(2.b) 502(4) 
O(10a) -364(4) 
N(3a) 59(6) 
N(3b) 424(6) 

240(5) 
C( 1 b) 202(4) 
C(2a) 7 1(5) 
C(2b) 39 l(5) 
C(3a) 81(5) 

Polymorph I1 

Pt(1c) 2025 l(7) 
Cl(1c) 2038(6) 
CI(2c) 20 13(6) 
O(lc)  49 l(2) 
O(2c) l(2) 
O(5c) 427(2) 
O(6c) 142(2) 
O( I Oc) 675 (2) 
N(3c) 203(2) 
N(4c) 207(2) 
c ( l c )  327(3) 
c(2c)  212(3) 
c(3c) 259(2) 
c(4c) 160(2) 
c(5c)  227(3) 
C(6c) 98(3) 

and the crystallization was allowed to continue until the original red 
color of the solution became yellow or orange-yellow. The crys- 
tals were filtered, washed with cold water (2-3 mL), and dried in 
the absence of light, to afford bright yellow crystals (565 mg), mp 
226-229°C (gradual darkening at 190°C); [a],, 6.3 (c 0.4, HzO). 
Concentration of the mother liquors in vacuo (50°C) yielded a sec- 
ond crop of 6 (91 mg). Anal. calcd. for C6H16NZ01PtC12. HZO: C 
15.52, H 3.90, N6.03,  C1 15.27; found: C 15.41, H3.58,  N6.11,  
C1 15.03. 

The procedure described above yielded yellow plates belonging 
to space group C222,. By recrystallization from water, the same 
crystalline phase was obtained as the major component, but the 
sample also contained a small amount of yellow needles, which 
were identified as a second crystalline modification of the same 
compound with space group P2 ,2 ,2 , .  X-ray work was carried out 
on both polymorphs (see below). 

2,3-Diaziclo-2,3-dideo-xy-D-threitol (10) 
To a solution of 4 (500 mg, 2.15 mmol) in distilled water (10 

mL) was added solid sodium metaperiodate (925 mg, 4.32 mmol) 
portionwise at O°C, in the absence of light. The mixture was stirred 
for 2 h, and sodium borohydride (0.9 g) was added. After 2 h at 
O°C, the solution was acidified with 1 N sulfuric acid, decolorized 
with sodium thiosulfate, and evaporated under vacuum. The resi- 
due was dissolved in water (25 mL) and extracted with ethyl ace- 
tate (5 X 40 mL); the combined organic extracts were decolorized 

FIG. 2. ORTEP drawing of molecule c in polymorph 11. Ellip- 
soids correspond to 50% probability. Hydrogens are omitted for 
simplicity. Drawings for the two independent molecules (a and 
b) of polymorph I are provided in the supplementary material. 

with sodium thiosulfate, dried, and evaporated under vacuum to 
afford a colorless oil (390 mg, 95%). Thin-layer chromatography 
of the oil showed the presence of diol and trio1 in equal propor- 
tions. The product was recycled through the oxidative cleavage and 
the reduction as described above, and the reaction mixture was 
processed to afford the diol 10 in the form of white crystals. Re- 
crystallization from chlorofom-hexanes yielded 303 mg (82%) of 
product, mp 78-79°C; [all, +41.4 (c 0.5, MeOH). Anal. calcd. 
for C4H,N6O2: C 27.91, H 4.65, N 48.84; found: C 27.62, H 4.44, 
N 48.53. 

2,3-Diarnino-2,3-dide~~~y-~-threirol 
To a solution of the diazide 10 (487 mg, 2.83 mmol) in metha- 

nol - distilled water (1 : 1, 20 mL) was added palladium-on-char- 
coal (300 mg) suspended in methanol (5 mL). The mixture was 
hydrogenated under atmospheric pressure at room temperature for 
12 h. The catalyst was then removed by filtration over Celite, and 
the filtrate was evaporated under vacuum. The residue was CO- 

evaporated with ethanol to dryness to afford a colorless syrup 
(333 mg, 98% yield); [a], -151 (c I ,  HzO). 

(SP-4-2)-Dichloro(2,3-dia11zino-2 ,3-dideony-D-threitol-N,N') 
platirzurn (11) 

The previous diamino derivative was dissolved in distilled water 
(0.7 mL) and added to a solution containing K2PtC1, (1 equiv.) in 
distilled water (4.4 mL for 1 mmol). The mixture was stirred 
manually until it became homogeneous, and the solution was left 
standing in darkness. After 2 h, bright yellow crystals were formed. 
When the original red color of the solution became yellow or or- 
ange-yellow, the crystals were filtered, washed with cold water (1- 
2 mL), and dried under air suction in the absence of light for sev- 
eral hours, to afford bright yellow crystals (yield 60%), mp > 
300°C; [alo -94 (c 0.083, HzO). Anal. calcd. for C,Hl2N2O2PtCl2: 
C 12.47; H 3.12, N 7.27, C1 18.18; found: C 12.60, H 3.13, N 
7.22, C1 18.60. 

2,3-Dinzido-2 ,3-dideox>~-~-xylitol (8) 
To a solution of 4 (I  g, 4.3 mmol) in distilled water (25 mL) was 

added sodium metaperiodate (920 mg) in distilled water (10 mL), 
portionwise at O°C, and in the absence of light. The mixture was 
stirred 90 min at O°C, then it was treated with sodium borohydride 
(1.75 g) in distilled water (20 mL). After 1 h, the reaction was 
acidified with 1 N sulfuric acid, decolorized with a few millilitres 
of saturated sodium thiosulfate, and evaporated under vacuum. The 
residue was dissolved in water (25 mL) and extracted with ethyl 
acetate (5 X 100 mL). The combined organic extract was decolor- 
ized with sodium thiosulfate, dried, and evaporated under vacuum 
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and the residue was chromatographed on silica gel (85: 15 ethyl 
acetate - hexanes) to afford the trio1 8 (577 mg; 66% yield); [a], 
-239 (C 1.35, CH30H). 

2,3-Diamino-2,3 dideoxy-D-xylitol 
To a solution of 8 (577 mg, 28 mmol) in methanol (25 mL) was 

added palladium-on-charcoal (300 mg) suspended in methanol- 
water (1: 1, 5 mL). The mixture was hydrogenated at room tem- 
perature under atmospheric pressure for 12 h. The catalyst was re- 
moved by filtration through Celite, the filtrate was evaporated under 
vacuum, and the residue was coevaporated with ethanol to dry- 
ness to afford a colorless syrup (421 mg, yield 98%); [a], -200 
(C 1,  H20). 

( S P - 4 - 3 ) - D i c h l o r o ( 2 , 3 - d i a m i n o - 2 , 3 - d i d e o ~  
platinum (9) 

The above diamino derivative was dissolved in distilled water 
(1 mL), and added to a solution containing K,PtCI, (1 equiv.) in 
distilled water (5 mL). The mixture was stirred manually until ho- 
mogeneous, and was left standing in the dark. After 2 h, bright 
yellow plates were formed. When the original red color of the so- 
lution became yellow or orange-yellow, the crystals were filtered, 
washed with cold water, and dried, in the absence of light for sev- 
eral hours, to afford bright yellow crystals (yield 57%); mp 255°C 
(dec.); [a], -52 (c 0.27, H,O). Anal. calcd. for C5HI4N2O3PtCl2: 
C 14 .46 ,H3.37 ,  N 6 . 7 5 ,  C1 16.87;found:C 14.40, H 3 . 3 8 ,  N 
6.80, C1 17.32. 

(SP-4-2)-Dichloro(3,4-diamino-3,4-dideoxy-l,2,4,6-retra-0- 
methyl-D-iditol-N,N1) platinum (7) 

A solution of 5 (0.5 g) was hydrogenated as described above and 
the resulting diamino derivative was treated with K,PtCl, as de- - .  
scribed for 6 .  The title compound 7 was obtained as a crystalline 
product in 52% yield, mp 286-287°C (dec.); [a], -25.2 (c 0.33, 
H20). Anal. calcd. for CIOH22N60-IPtC12: C 23.91, H 4.8 1, N 5.57, 
C1 14.1 1; found: C 23.98, H 4.72, N 5.56, C1 14.48. 

X-ray data collection and structure determination 
Crystal data are provided in Table 1 .  Starting cell parameters and 

space group were determined from precession and cone-axis pho- 
tographs. For both polymorphs, the space group was uniquely de- 
fined from the systematic absences: hkl, h + k Z 2n and 001, 1 # 
2n for C222, (polymorph I); hOO, h # 2n; OM), k Z 2n; 001, 1 # 2n 
for P2 ,2 ,2 ,  (polymorph 11). 

The intensity data were collected on an Enraf-Nonius CAD-4 
diffractometer with graphite-monochromatized MoKa radiation, 
following the procedure described elsewhere (18). The data were 
corrected for the effects of Lorentz, polarization, and absorption 
(Gaussian integration, grid 10 X 10 X 10). 

For polymorph I, the Patterson synthesis provided relative po- 
sitions for the Pt atoms, but there were eight nonequivalent ways 
of positioning this pattern with respect to the origin in the C222, 
unit cell and each of these starting models showed pseudosym- 
metry. The A F  map phased on any of these models showed, around 
each Pt atom, eight peaks corresponding to two superimposed 
square-planar units in which the C1 and N comers could not be 
differentiated. A small number of starting points could be rejected 
because they generated abnormally short intermolecular contacts. 
The remaining models were systematically tested. By structure 
factor and A F  map calculations, resolution could generally pro- 
gress up to a certain point, where inconsistencies developed in the 
positions of the ligand free "arms". The correct model turned out 
to contain two nonequivalent sets of Pt atoms occupying twofold 
axes (independent 46 equipoints). The known absolute configura- 
tion was imposed. Isotropic refinement of the non-hydrogen atoms 
using full-matrix least squares converged to R = 0.096. The hydro- 
gens on C and N atoms were fixed at idealized positions (N-H = 
0.87, C-H = 0.95 A, B,,, = 6.0 A'). Their parameters were not 
refined, but the coordinates were recalculated after each cycle of 
refinement. The hydrogens of the hydroxyl groups and water 
molecule were not detected. Anisotropic refinement of the non- 

hydrogen atoms converged to R = 0.039 and R,, = 0.044. The 
goodness-of-fit ratio was J.60. The fin$ AF map showed maxi- 
mum residuals of * 1.3 e A-' within 1 Adrom Pt atoms. The gen- 
eral background was lower than ?0.5 e A - ~ .  

For polymorph 11, the Pt atoms occupying a general equipoint 
were located from the Patterson map. The remaining non-hydro- 
gen atoms were then found from a A F  map. The structure was re- 
fined by full-matrix least squares. Isotropic refinement converged 
to R = 0.052. Hydrogens were handled as above. Anisotropic re- 
finement of the non-hydrogen atoms converged to R = 0.023 and 
R,, = 0.028. The goodness-of-fit ratio was 1.12. The final AF map 
showed a general background below k 0 . 3  e A-3, except for a few 
peaks of 210.3-0.61 e A-3 near Pt or C1. 

The scattering curves used were those of Cromer and Waber (191, 
except for hydrogen (20). The anomalous dispersion terms of Pt and 
C1 were taken from Cromer (21). The programs used are listed 
elsewhere (22). 
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