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Stereocontrolled syntheses for the six diastereomeric l,2-dihydroxy-4,5-diaminocyclohexanes 3a-f from cyclohexene 
diamines cis-i and trans-5 are described. Cbz-protected species cis-9 and trans-ll, respectively, served as a source 
of stable Cbz-protected precursors to these cyclohexanediol diamines (CDD), which were liberated upon catalytic 
(H2, Pd/C) hydrogenation. Catalytic osmylation of 9 afforded a mixture of diastereomeric diols 13 and 14, which 
served as precursors to cis-anti-cis CDD 3b and cis-syn-cis CDD 3a, respectively, whereas osmylation of 11 yielded 
the expected single product 12, the precursor to cis-anti-trans CDD 3d. Epoxidation of olefins 9 and 11 afforded 
oxiranes 15 and 17, respectively, which upon acid-catalyzed hydrolysis produced the corresponding Cbz-protected 
diols 16 and 18, which served as precursors to CDD trans-anti-cis 3c, and trans-anti-trans 3e. Formation of diol 
18 from oxirane 17 was accompanied by formation of 2-oxa-4-azabicyclo[3.3.1]nonan-3-one 19. CDD trans-syn-trans 
3f was prepared from diol 12 via regioselective monoacetylation, yielding 22, followed by oxidation to afford ketone 
24. Sodium borohydride reduction and acetylation produced diacetate precursor 26. PtnCl2 complexes of five of 
the diamines (3a-d,f) are described, and their activities were compared with cisplatin (1) by employing P-388 leukemia 
implanted CDFX mice. The data indicate that stereochemistry of the amino groups on the cyclohexanediamine ligand 
modulate the expression of toxic effects, and depending upon hydroxyl and amino group stereochemistry, there 
is a marked effect on complex formation (e.g., Cl2Ptn-3e) and solubility characteristics (e.g., Cl2Ptn-3c). Acetylation 
of the hydroxyl functions in selected isomers (28a-c) rendered the Pt11 complexes inactive. A single-crystal X-ray 
structure of compound 3a was determined at room temperature and indicated the cis-syn-cis arrangement of the 
OH and NH2 groups. 

The clinical utility of antineoplastic platinum complexes, 
typified by cisplatin (1), has engendered numerous studies 
directed toward understanding the unique biological 
properties exhibited by such species.2 Additionally, 
congeners of 1 are desired tha t do not share its severe 
nephrotoxicity and emetic potential thereby limiting the 
effective therapeutic use of the drug.2b '3 Second-genera­
tion organoplatinum compounds include 1,2-diamino-
cyclohexane-Ptn complexes (2),4 which display less ne-
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phrotoxicity, decreased cross resistance with cisplatin, or 
a somewhat expanded antitumor spectrum when compared 
to l.2a Structure-activity studies4-9 of 2 have focused on 
the labile ligands which modify aqueous solubility,10 re­
activity in vivo with DNA bionucleophiles2e-g,ij such as the 
N-7 position of guanine,2c 'd ' j and toxicity.11 Although 
numerous efficacious and sometimes water-soluble drugs 
have been prepared,4""9 problems5 '12 associated with mod­
ification of the leaving group in 2 are exemplified by 
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complexes having inadequate water solubility (2a) or 
chemical instability (2c,d), thus producing unacceptable 

(1) A preliminary account of this work was presented to the Di­
vision of Medicinal Chemistry, 191st National Meeting of the 
American Chemical Society, New York, NY: Rotella, D. P.; 
Witiak, D. T.; MEDI-65, 1986. This article was abstracted in 
part from a Ph.D. dissertation (1985) presented by D.P.R. to 
The Ohio State University. Present address for D.P.R. is 
Department of Chemistry, Pennsylvania State University, 
University Park, PA 16802. 

(2) For mechanistic studies and the antitumor spectrum of cis­
platin, see: (a) Hill, J. M.; Speer, R. J. Anticancer Res. 1982, 
2, 173-186; (b) Loehrer, P. J.; Einhorn, L. H. Ann. Intern. 
Med. 1984, 100, 704-713; (c) Pinto, A. L.; Lippard, S. J. Bio-
chim. Biophys. Acta 1985, 780, 167-180; (d) Sherman, S. E.; 
Gibson, D.; Wang, A. H.-J.; Lippard, S. J. Science (Washing­
ton, D.C.) 1985, 230, 412-417; (e) Roberts, J. J.; Thomson, A. 
J. Prog. Nucleic Acid Res. Mol. Biol. 1979, 22, 71-133; (f) 
Roberts, J. J. In Molecular Actions and Targets for Cancer 
Chemotherapeutic Agents; Sartorelli, A. C, Lazo, J. S. Ber-
tino, J. R., Eds; Academic: New York, 1981; pp 17-43; (g) 
Cisplatin: Current Status and New Development; Prestayko, 
A. W., Crooke, S. T., Carter, S. K., Eds.; Academic: New York, 
1980; (h) Platinum Coordination Complexes in Cancer Che­
motherapy; Hacker, M. P., Douple, E. B., Krakoff, I. H., Eds.; 
Martinus Nijhoff: Boston, 1984; (i) Platinum, Gold and Other 
Metal Chemotherapeutic Agents, Chemistry and Biochemis­
try; Lippard, S. J., Ed.; ACS Symposium Series 209; American 
Chemical Society: Washington, DC, 1983; (j) Haghighi, S.; 
McAuliffe, C. A.; Friedman, M. E. Rev. Inorg. Chem. 1981, 3, 
291-351. 

(3) (a) Kociba, R. J.; Sleight, S. D. Cancer Chemother. Rep., Part 
1 1971, 55, 1-8; (b) Burchenal, J. H.; Kalaher, K.; Dew, K.; 
Lokys. L. Cancer Treat. Rep. 1979, 63, 1493-1498. 
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toxicity11 and/or dosage limitations. Relatively unreactive 
species such as malonate 2b, however, generally have re­
duced toxicity.12 

A variety of cyclic, alicyclic, and aromatic primary and 
secondary mono- and diamines have served as ligands for 
P t n 13'14 and PtIV 1 3 u complexes. In contrast, drug devel­
opment based upon hydroxyl group functionalization of 
the diaminocyclohexane ring of 2 seems not to have been 
investigated. Very recently, however, Pt11 complexes of 
amino sugars have been shown to have good activity 
against sarcoma S-180 in mice.15 The steric14 or elec­
tronic1618 properties of the diamine ligand have been 
shown14'16"20 to modulate diffusion, absorption, and/or 
interaction of the Pt complex with DNA and consequently 
bioactivity. In this paper, we describe biological studies 
for five of the six dichloro Pt11 complexes and stereo-
controlled syntheses for the cyclohexanediol diamine 
(CDD) ligands 3a-f. These compounds were prepared in 
order to assess the effect of hydroxyl group substitution 
on the physical properties of the complexes and their 
bioactivity in the P-388 model. For the Cl2Ptn complexes 
of stereoisomers 3, we envisioned1 that hydroxyl substi­
tution on the cyclohexane ring may intrinsically (or by 
derivatization) render the organoplatinum species more 
water soluble than the simple diaminocyclohexane com­
plex, thereby facilitating intravenous administration. We 
also suggested1 that such complexes may be less toxic 
owing possibly to a more facile excretion via the kidney 
because of enhanced water solubility of the parent drug 
or a conjugated metabolite. To facilitate discussion, rel­
ative stereochemical relationships of substituents are de-

(4) Schwartz, P.; Meischen, S. J.; Gale, G. R; Atkins, L. M.; Smith, 
A. B.; Walker, Jr., E. M. Cancer Treat. Rep. 1977, 61, 
1519-1525. 

(5) Cleare, M. J.; Hydes, P. C ; Hepburn, D. R.; Malerbi, B. W„ 
in ref 2g, pp 149-170. 

(6) Ridgway, H. J.; Speer, R. J.; Hall, L. M.; Stewart, D. P.; New­
man, A. D.; Hill, J. M. J. Clin. Hematol. Oncol. 1977, 7, 
220-228. 

(7) Kidani, Y.; Inagaki, K.; Iigo, M.; Hoshi, A.; Kuretani, K. J. 
Med. Chem. 1978, 21, 1315-1318. 

(8) Hacker, M. P.; Khokhar, A. R.; Brown, D. B.; McCormack, J. 
J.; Krakoff, I. H. Cancer Res. 1985, 45, 4748-4753. 

(9) Hollis, L. S.; Amundsen, A. R.; Stern, E. W. J. Am. Chem. Soc. 
1985, 107, 274-276. 

(10) Meischen, S. J.; Gale, G. R.; Lake, L. M.; Frangakis, C. J.; 
Rosenblum, M. G.; Atkins, L. M.; Smith, A. B.; Walker, Jr., E. 
M.; J. Natl. Cancer Inst. (U.S.) 1976, 57, 841-845. 

(11) Cleare, M. J.; Hoeschele, J. D. Bioinorg. Chem. 1973, 2, 
187-210. 

(12) Cleare, M. J. In Cancer Chemotherapy and Selective Drug 
Development; Harrap, K. R., Davis, W., Calvert, A. H., Eds.; 
Martinus Nijhoff: Boston, 1984; pp 357-362. 

(13) Hall, L. M.; Speer, R. J.; Ridgway, H. J.; Stewart, D. P.; New­
man, A. D.; Hill, J. M. J. Clin. Hematol. Oncol. 1977, 7, 
231-241. 

(14) Noji, M.; Okamoto, K.; Kidani, Y.; Tashiro, T. J. Med. Chem. 
1981, 24, 508-515. 

(15) After this work was completed, an article appeared substan­
tiating the efficacy of highly hydroxylated Pt11 complexes. 
Tsubomura, T.; Yano, S.; Kobayashi, K.; Sakurai, T.; Yoshi-
kawa, S. J. Chem. Soc, Chem. Commun. 1986, 459-460. 

(16) Braddock, P. D.; Connors, T. A.; Jones, M.; Khokhar, A. R.; 
Melzack, D. H.; Tobe, M. L. Chem.-Biol. Interact. 1975, 11, 
145-161. 

(17) Inagaki, K.; Kidani, Y.; Suzuki, K.; Tashiro, T. Chem. Pharm. 
Bull. 1980, 28, 2286-2291. 

(18) Bamett, G. Mol. Pharmacol. 1986, 29, 378-382. 
(19) Connors, T. A.; Jones, M.; Ross, W. C. J.; Braddock, P. D.; 

Khokhar, A. R.; Tobe, M. L. Chem.-Biol. Interact. 1972, 5, 
415-424. 

(20) Nile, T. A.; Smith, C. A. Inorg. Nucl. Chem. Lett. 1979, 15, 
183-185. 
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fined beginning with C-l and proceeding clockwise as 
follows: 

3a, cis-syn-cis '-"^ 

3b, cis-anti-cis 

3c, trans-anti-cis 
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3d, cis-anti-trans 
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C h e m i s t r y . Overal l our syn the t i c p l an was based u p o n 
o x i d a t i v e m a n i p u l a t i o n of t h e s u i t a b l y p r o t e c t e d di-
aminocyc lohex-4 -enes 4 a n d 5 owing t o t he i r a n t i c i p a t e d 
facile a n d stereospecific prepara t ion . 2 1 - 2 3 S tereocont ro l led 

(21) Diamine trans-5 was previously prepared but not unambigu­
ously characterized. See: Yashunskii, V. G.; Vasil'eva, V. F.; 
Tikhonova, L. J.; Shchukina, M. N. Zh. Obshch. Khim. 1959, 
29, 2709-2712. 

(22) Kricheldorf, H. R. Chem. Ber. 1972, 105, 3958-3965. 
(23) Alder, K.; Schumacher, M. Justus Liebigs Ann. Chem. 1949, 

564, 96-109. 
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Table I. Comparative Evaluation of P t n Complexes 
CDF! Mice 

compound 

cisplatin 

saline 
Cl2Ptn-3a 

saline 
Cl2Pt"-3b 

saline 
Cl2Ptn-3c (crude)c 

saline 
Cl2Ptn-3d 

saline 
Cl2Pt"-3f 

saline 
28a 

NH2 

teO-J^' 
saline 
28b 

NH2 

I ^ P t C I 2 

koQ^U 

1 
AcO 

saline 
28c 

AcO 

A C O J ^ ^ ; P < C I 2 

saline 

dose, mg/kg" 

6 
3 
1.5 

40 
20 
10 
5 

40 
20 
10 
5 

80 
60 
40 
20 
10 

40 
20 
10 
5 

40 
20 
10 
5 
2.5 

40 

20 
10 
5 

40 

20 
10 
5 

40 

20 
10 
5 

MST 

24.5 
18.5 
15.5 
9.8 

14.5 
12.0 
12.5 
11.2 
10.5 
16.5 
14.0 
12.5 
11.8 
10.5 
14.5 
16.0 
13.8 
14.0 
12.5 
10.3 
3.0 
4.5 

12.8 
12.5 
10.5 
6.0 

10.8 
6.0 

12.5 
12.5 
11.0 
11.3 

11.3 
11.1 
11.0 
11.0 
11.3 

11.0 
11.1 
10.5 

11.0 
12.2 

12.0 
11.5 
10.9 
11.0 

in P-388 

T /C 6 

249 
188 
158 

138 
114 
119 
106 

157 
133 
119 
113 

141 
155 
134 
136 
121 

29 
43 

122 
119 

55 
98 
55 

114 
114 

103 

103 
101 
100 

102 

100 
101 
95 

111 

109 
105 
99 

"All drugs injected ip on day 1. bToxic T /C < 85, active T/C > 
120. 'Control experiments using K2PtCl4 established that the ob­
served activity was due to the crude CDD-Pt n complex. 

glycol formaton via mild and readily available reagents24,25 

was anticipated to provide the target diol diastereomers 
3a-f. 

3a-c 

^ ^ ^ NHZ ^ ^ ^ NHZ 

txNH7 i u 3d-f 

: protecting group 

NHZ 

Stepwise Curtius rearrangement22 of the respective acyl 
azides available from anhydride 6 and acid chloride 7b 
(Scheme I) followed by subsequent hydrolysis of the bis-
(isocyanate) 8 afforded cis-4-2HCl in 50% overall yield. 
Similarly, bis(acid chloride) 1023 was converted to trans-
5-2HC1 in 59% net yield. Respective bis(benzyl carba-

(24) Schroeder, M. Chem. Rev. 1980, 80, 187-213. 
(25) Rickborn, B.; Murphy, D. K. J. Org. Chem. 1969, 34, 3209. 
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"a = MCPBA, CH2C12, room temperature; b = 1% aqueous 
H2S04 , Me2CO or THF, room temperature, 6 h; c = 1 % H2S04 , 
Me2CQ or THF, room temperature, 2 h. 

mates) (Cbz = carbobenzoxy)26 9 andll were desired, since 
subsequent applications of these CDDs required facile 
amine deprotection without inorganic byproducts.27,28 

Amine acylation29 using common organic bases such as 
triethylamine or pyridine as acid scavengers gave unsat­
isfactory yields, but application of 1,2,2,6,6-penta-
methylpiperidine (PMP)80,31 in aqueous THF provided 
bis(Cbz) derivatives 9 and 11 in excellent yield by re-
crystallization of the crude reaction mixtures. Addition 
of excess benzyl alcohol32 to the intermediate bis(iso-
cyanates) afforded the desired diastereomers 9 and 11 in 
approximately 30% yield, but extensive chromatographic 
procedures were required to separate desired materials 
from complex mixtures. 

Catalytic osmylation33 of trans-11 afforded cis-anti-trans 
diol 12 (98%), which served as a stable source of 3d34 

(Scheme II; Table II). Similar osmylation of cis-9 at room 
temperature for 16 h proceeded with little stereocontrol; 
a 90% yield of a 1.3:1.0 ratio of diol 13 to the sterically 
more congested isomer 14 was obtained. Glycol formation 
at -20 °C resulted in a modest increase 2.1:1.0, respec­
tively) in stereoselectivity. Contrary to our expectations, 
these results indicate that the pseudoaxial carbamate 
presents only a minor degree of steric impedence to Os04 
for approach to the system. 

(26) Bergmann, „M.; Zervas, L. Chem. Ber. 1932, 65, 1192-1201. 
(27) Felix, A. M.; Heimer, E. P.; Lambros, T. J.; Tzougraki, C ; 

Meienhofer, J. J. Org. Chem. 1978, 43, 4194-4196. 
(28) Greene, T. W. Protective Groups in Organic Synthesis; Wiley: 

New York, 1979; pp 239-244. 
(29) Butler, A. R.; Challis, B. C. In The Chemistry of the Amino 

Group; Patai, S., Ed.; Wiley-Interscience: New York, 1968; pp 
283-285. 

(30) Sommer, H. Z.; Lipp, H. I.; Jackson, L. L. J. Org. Chem. 1971, 
36, 824-828. 

(31) Overman, L. E.; Lesuisse, D.; Hashimoto, M. J. Am. Chem. 
Soc. 1983, 105, 5373-5379. 

(32) Satchell, D. P. N.; Satchell, R. S. Chem. Soc. Rev. 1975, 4, 
231-250. 

(33) VanRheenen, V.; Kelly, R. C; Cha, D. Y. Tetrahedron Lett. 
1976, 1973-1976. 

(34) Bis(Cbz) derivatives of diol diamines 3a-f were stored until 
needed as a source of the unprotected compound. Except for 
trans-anti-trans 3e, diol diamines were derivatized and char­
acterized as their PtnCl2 complexes. Apparently, trans-anti-
trans CDD 3e is primarily oxidized by K2PtCl4 although 1 % 
of yellow-green crystals formed. Prior to formation of such 
complexes, 'H NMR analysis proved useful for structural 
analysis of these easily air oxidizable CDD. 

diatninocyclohexan.es
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Table II. 500-MHz *H NMR Resonance Signal (<5) Assignments for CDD Diastereomers 3a-f 

proton no.° 

compd H, H, H„ H„ H4 H„ Ha H„, 
3a 
3b 
3c 
3d 
3e 
3f 

3.75-3.95 
3.86-3.96 

3.72 3.83 
3.73 3.95 

3.52-3.60 
3.89-3.93 

-1.98 
-1.96 

1.85-
1.8 
1.82 
1.68 
1.55-1.63 
1.95-2.02 

1.98-2.20 
2.00-2.08 
2.07-2.16 
2.22 
2.28-2.34 
2.02-2.10 

3.52-3.60 
3.89-3.93 

3.80 3.67 
3.52 3.42 

3.43-3.50 
3.60-3.64 

1.98 
1.96 

1.85 
1.88 
1.86 
1.82 
1.55-1.63 
1.95-2.02 

1.98-2.20 
2.00-2.08 
2.07-2.16 
2.02 
2.28-2.34 
2.02-2.10 

"Compounds 3a-f are numbered by starting with the carbon bearing hydroxyl group as no. 1 in the lower left part of the ring as drawn in 
the body of the manuscript. 

XH or 13C NMR spectroscopic techniques were not useful 
for unambiguously distinguishing cis-anti-cis diol 13 from 
cis-syn-cis diol 14. However, notable differences in the 
500-MHz XH spectra of these compounds supported the 
indicated assignments, which were made in accord with 
literature precedent.24 At identical concentrations in 
acetone-d6 solution, the NH (5 6.45) and OH (5 4.14) proton 
resonance signals in 14 were downfield relative to those 
of 13 (8 6.27 and 3.70, respectively). Intramolecular hy­
drogen bonding owing to the 1,3-diaxial relationship of OH 
and NH functions in 14 (also present in its alternate 
conformation) could account for this downfield shift.35,36 

Furthermore, the NH protons in diol 14 exchange with 
D20 at a much faster rate (15 min) than those in 13 (sig­
nificant exchange not observable after 30 min). Hydroxyl 
proton exchange with D20 proceeded equally rapidly for 
both isomers. Confirmation of the relative stereochemical 
assignments for these isomers was provided by X-ray 
analysis of the dichloro Pt11 complex of 3a (derived from 
14), which clearly showed the cis-syn-cis arrangement of 
OH and NH2 functions. 

Epoxidation of olefins 9 and 11 was effected at room 
temperature with 2 equiv of freshly purified m-chloro-
perbenzoic acid (MCPBA),37 and each afforded a single 
epoxide, 15 (86%) and 17 (73%), respectively (Scheme III). 
Unlike epoxide 17, which has a C2 axis of symmetry and 
whose 500-MHz XH NMR spectrum is first order (Exper­
imental Section), 15 displayed a deceptively simple spec­
trum with insufficiently resolved two-proton resonance 
signals at 8 3.85 (H-3 and H-4), 3.2 (H-l and H-6), and 2.35 
(H-2e and H-5e) to permit determination of stereochem­
istry. 

Acid-catalyzed hydrolysis (Scheme III) of epoxides 15 
and 17 at room temperature afforded trans-anti-cis diol 
16 (73%) and trans-anti-trans diol 18 (69%), respectively, 
which in turn served as stable precursors to diol diamines 
3c and 3e. Formation of 18 from oxirane 17 was accom­
panied by formation of bicyclic compound 19 (16%). The 
ratio of 18 to 19 was unchanged at temperatures between 
0 and 65 °C. Treatment of oxirane 17 with glacial HO Ac 
in the presence38 or absence39 of NaOAc, or with H202 / 
HC02H,40 mainly afforded carbamate 19 with only a trace 
of diol 18. 

Formation of the bicyclo[3.3.1] system 19 is proposed 
to arise from putative intermediate 20, which results from 

(35) Carr, J. B.; Huitric, A. C. J. Org. Chem. 1964, 29, 2506-2510. 
(36) Jackman, L. M.; Sternhill, S. Applications of NMR Spectros­

copy in Organic Chemistry; Pergamon: New York, 1969; p 
237. 

(37) Schwartz, N. N.; Blumbergs, J. H. J. Org. Chem. 1964, 29, 
1976-1979. 

(38) Kozikowski, A. P.; Park, P. J. Am. Chem. Soc. 1985, 107, 
1763-1766. 

(39) Buchanan, J. G.; Sable, H. Z. In Selective Organic Transfor­
mations; Thyagarajan, B. S., Ed.; Wiley: New York, 1972; Vol. 
2, pp 1-95. 

(40) Kelly, T. R. J. Org. Chem. 1972, 37, 3393-3397. 
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12 — 5H 

AcO (87%! A c Q 

0 
\ \ ^ - - N H C b z c.d 
T^—-^-NHCbz — -

24 

22(73%), R = H 
23(8%). FUAc 

23(9%) t AcO 
AcO 

NHCbz e , 
NHCbz <78'*> 

26(65%) 

HO 
HO 

NHCbz rel 34 
NHCbz '- 3f 

27 

"a = 1.1 equiv of Ac20, 4-(dimethylamino)pyridine (DMAP), 
THF, -25 CC, 24 h; b = 2.5 M Cr6+, acetone, ice bath, 2 h; c = 
NaBH4, THF, EtOH, -78 °C, 1 h; d = Ac20, DMAP, Et3N, room 
temperature, 1 h; e = K2C03 , MeOH, 1 h, heat, 1.5 h. 

intramolecular diaxial opening of epoxide 17 by urethane 
oxygen, This pathway (eq 1) should be favored over an 

- # - 1 7 = r 
H20 

19 (1) 

CbzNH 

21 

NHCbz 

20 

alternative intramolecular mode of epoxide cleavage which 
would lead to the bicyclo[3.2.2] skeleton 21, even though 
transition states leading to each are allowed processes.41 

However, :H NMR double resonance experiments could 
not distinguish between these regioisomers. Correlation 
of long-range H-C couplings (COLOC)42 carried out on the 
debenzylated oxazanonanone derived from 19 clearly es­
tablished carbamate 19 as the product. Correlation be­
tween the proton resonance signals at 8 3.78 and 4.55 with 
the carbonyl resonance signal at 156 indicated that these 
proton signals could be assigned to H-5 and H-l, respec­
tively. Observation of a similar three-bond JQ-H correlation 
between the resonance signals for H-l and C-5 (8 46) and 
H-5 and C-l (8 75) can only take place in the debenzylated 
bicyclo[3.3.1] product derived from 19. 

The synthesis of 3f was achieved from cis-anti-trans diol 
12 (Scheme IV). Regioselective acetylation [1.1 equiv of 
Ac20 with 4-(dimethylamino) pyridine as catalyst] in THF 
at -25 °C furnished monoacetate 22 (73%) contaminated 
with diacetate 23 (8%) (independently prepared from 12 
in 92% yield by using excess Ac20 at room temperature). 
Anticipated equatorial acetylation43 in 22 was confirmed 

(41) Baldwin, J. E. J. Chem. Soc, Chem. Commun. 1976, 734-736. 
(42) Kessler, H.; Griesinger, C; Zarock, J.; Loosli, H. R. J. Magn. 

Reson. 1984, 57, 331-336. 
(43) Eliel, E: L.; Allinger, N. L.; Angyal, S. J.; Morrison, G. A. 

Conformational Analysis; Interscience: New York, 1965; p 76. 
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Figure 1. ORTEP drawing with 50% probability thermal el­
lipsoids for the non-hydrogen atoms in 3a. The hydrogen atoms 
are drawn with an artificial radius and are labeled according to 
the attached carbon atoms. 

by *H NMR analysis. Decoupling of equatorial hydrogen 
H-5 (8 4.5) (a to the OH group in 22) revealed the requisite 
axial-equatorial and diaxial coupling constants of 5 and 
12 Hz between H-4 (5 5.10) and the C-3 methylene protons. 
Jones oxidation of alcohol 22 afforded keto acetate 24 
(87%). Reduction (NaBH4) and acetylation afforded di-
acetates 26 (65%) and 23 (9%), which were separated by 
crystallization. Deacetylation of 26 (MeOH, K2C03) af­
forded diol 27, a stable precursor to CDD 3f.34 

CDD 3a-f formed hygroscopic salts. The free amines 
were characterized by 500-MHz XH NMR spectroscopy 
(Table II) and/or by conversion in situ to their Pt n com­
plexes prepared by treatment with K2PtCl4. Hydroxylated 
diamine ligands were platinated19 following catalytic N-
debenzylation of the corresponding bis(iV-Cbz) species. A 
single-crystal X-ray structure determination of 3a (Figure 
1) was necessary to unambiguously differentiate this dia-
stereomeric ligand from 3b. This analysis also showed a 
water molecule to be hydrogen bonded within the crystal 
lattice. Four of the six CDD provided pure complexes 
[Cl2Ptn-3a-H20 (37%), Cl2Ptn-3b-H20 (43%), Cl2Ptn-
3d-H20 (73%), Cl2Ptn-3f.H20 (61%)], all of which were 
obtained as sparingly water soluble monohydrates. Cu­
riously, the trans-anti-cis and trans-anti-trans diastereo-
mers 3c and 3e, respectively, did not afford crystalline Pt n 

derivatives. In the case of the former, we suspect that the 
complex formed, but the compound could not be purified 
by crystallization from the crude highly water soluble 
yellow solid obtained following removal of solvent. Nev­
ertheless, the impure "complex" was examined for anti­
tumor activity. For 3e, which forms <5% complex, there 
is an apparent preference for an alternate reaction path­
way. After 24h, the reaction mixture was dark green-black 
and contained a fine black powder, indicative of amine 
oxidation by Ptn . At risk of violation of the Curtin-Ham-
mett principle, possibly the rate of diaxial diamine oxi­
dation competes favorably with platination since the two 
cyclohexane conformers may not rapidly interconvert ow­
ing to a relatively more stable intramolecular diequatorial 
dihydroxy H-bond. Clearly, further work is necessary to 
substantiate this possibility. 

The Pt11 complexes of acetate esters 28a (49%) and 28b 
(65%) (Table I) were prepared from bisacetylated 14 and 
13, respectively, as possible lipid-soluble prodrug analogues. 
Thus, reaction of 9 with a catalytic amount of Os04/iV-
methylmorpholine iV-oxide followed by acetylation [Ac20, 
4-(dimethylamino)pyridine] affords bisacetylated 14 and 
13 in 80% net yield. Debenzylation and platination af­
forded 28a and 28b, respectively. Similarly, diol 12 af­

forded bisacetylated 12 (92%), which upon debenzylation 
and platination yielded 28c (73%). 

Biological Results and Discussion 
Antineoplastic evaluation of the dichloro Pt11 complexes 

was carried out in vivo by employing CDFi mice, seven per 
group implanted with P-388 acute lymphocytic leukemia. 
The compounds were administered in a single intraperi­
toneal dose 24 h after the intraperitoneal implantation of 
106 P-388 tumor cells. Analysis of antitumor activity was 
carried out according to NCI protocol by comparing the 
median survival time (MST) of the treated groups vs. the 
MST of the untreated control groups, expressed as a 
percentage (T/C). Cisplatin served as a positive control 
(Table I). 

Pt11 complexes of CDD ligands 3a-c having cis amino 
groups were the most efficacious of the five diastereomers 
tested, but none of these materials was more potent than 
cisplatin. CDD Pt11 complexes 3d and 3f having trans 
amino functions were more toxic than complexes 3a-c. 
Previously, cis-l,2-diaminocyclohexane-Ptn analogues were 
shown to have lower host toxicity and a better therapeutic 
index against Sarcoma 1807 than optically active trans 
species 2, but both trans analogues were more efficacious 
than the corresponding cis isomer against L-1210 and 
P-388.44 

The possibility that poor lipid solubility was a primary 
determining factor resulting in reduced antitumor activity 
of the CDD Pt11 complexes led us to test selected bis-
(acetates) 28a-c. However, these acetylated derivatives 
were devoid of both antitumor activity and host toxicity 
at the dose employed. Possibly these data reflect poor 
diffusion of these insoluble materials limiting drug access 
to vital macromolecular targets in the host animal or in 
P-388 cells housed in the peritoneal cavity. 

Clearly, these compounds have an attenuated antitumor 
activity in this limited series relative to that exhibited by 
cisplatin. Amino group stereochemistry, at least in the 
P-388 model, most influences host toxicity. Additionally, 
the relative stereochemistry of the amino and hydroxyl 
functions can markedly affect complex formation or lack 
thereof (e.g., Cl2Ptn-3e) as well as solubility characteristics 
(e.g., Cl2Ptn-3c). The significant H-bonding network ob­
served in the crystal structure of Cl2Ptn-3a (Figure 3, 
Experimental Section) likely competes for water of sol­
vation, thus rendering this compound sparingly soluble in 
this solvent. These observations shall be important in 
future drug development since previous attempts to im­
prove the water solubility of complexes of the type 2 fo­
cused on the nature of the leaving group.7,14 No further 
work with these specific complexes is planned at this time 
since all systems studied were less effective P-388 leukemia 
than cisplatin or stereoisomers of 2a.14 

Experimental Section 
Melting points were determined in open capillaries with a 

Thomas-Hoover Uni-Melt apparatus and are uncorrected. In­
frared spectra were recorded with a Beckman Model 4230 spec^ 
trophotometer. Nuclear magnetic resonance spectra were recorded 
by using either a Bruker WP-80 or HX-90E 300-MHz or 500-MHz 
spectrometer. Me4Si (CDC13, Me2SO, acetone, or pyridine) or TSP 
(D20) were used as internal standards. Chemical shifts are re­
ported on the S scale with peak multiplicities as follows: s, singlet; 
d, doublet; t, triplet; q, quartet; m, multiplet; dd, doublet of 
doublets; dt, doublet of triplets. THF was freshly distilled from 
Na/benzophenone ketyl. Dioxane was distilled first from CaH2 
and then from Na/benzophenone ketyl. Elemental analyses were 
performed by Galbraith Laboratories, Inc., Knoxville, TN. 

(44) Kidani, Y.; Inagaki, K.; Tsukagoshi, S. Gann 1976, 67, 921-922. 
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> > Q 

Figure 3. View of one layer from Figure 2 which displays the hydrogen bonding network parallel to (001). The numbering scheme 
used to define each molecule is the atom designator code as described in the ORTEP program (ORTEP II, C. K. Johnson, Oak Ridge National 
Laboratory, Oak Ridge, TN, 1976). The symmetry operator numbers are defined as 1 = x,y,z and 4 = X,j7,z. 

Diastereomeric l,2-Dihydroxy-4,5-diaminocyclohexanes mmol; 12 — 3d, 13 ->• 3b, 14 — 3a, 16 — 3c, 18 — 3e; 27 — 3f) 
3a-f. Deprotection of the Respective Cbz-Protected Diol were dissolved in 5 mL of MeOH. Catalyst (10% Pd/C; 20 mg) 
Diamines. The respective Cbz-protected diamines (100 mg, 0.242 was added and the bottle alternately evacuated (H20 aspirator) 
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and refilled to 20 psi with H2 five times. The suspension was 
shaken under 20 psi of H2 for 2 h. Following filtration (Celite), 
the colorless filtrate was concentrated in vacuo routinely affording 
>90% of the free diamines 3a-f, whose NMR spectra are recorded 
in Table II. 

cis -4-Cyclohexene-l,2-diamine Dihydrochloride (4-2HC1). 
Acid chloride 7b (12.61 g, 68 mmol) was dissolved in 40 mL of 
dry dioxane under argon in an oven-dried 250-mL round-bottom 
flask. Trimethylsilyl azide (Me3SiN3) (11.03 g, 95 mmol) was 
added at room temperature by pipette to the stirred solution, 
which was subsequently heated to 80-85 °C in an oil bath. 
Caution: Vigorous N2 evolution began within 5-10 min (remove 
heating bath) and continued for 20-30 min. Reheating to 80 °C 
may be necessary to ensure completion of rearrangement. The 
reaction was cooled to 35-40 °C and diluted with 25 mL of Me2CO. 

Concentrated HC1 (17 mL) was added cautiously through the 
top of the condenser. Stirring was continued until C02 formation 
ceased (ca. 30 min). The precipitate was filtered and washed with 
Me2CO and Et20, providing 7.5 g (60%) of the diamine salt as 
a white powder: mp 255-265 °C; IR (KBr) 2800 and 1460 cm"1; 
NMR (90 MHz, CDC13) 8 5.62 (deceptively simple t, 2 H, olefinic), 
3.75-3.9 (m, 2 H, methines), 2.0-2.6 (m, 4 H, methylenes). Anal. 
(C6H14N2C12) C, H, N, CI. 

trajis-4-CyclOhexene-l,2-diamine Dihydrochloride (5-
2HC1). Trans bis(acid chloride) 10 (4.7 g, 23 mmol) was dissolved 
in 10 mL of dry dioxane under argon in an oven-dried 50-mL 
round-botton flask. Me3SiN3 (5.85 g; 50 mmol) was added by pipet 
at room temperature and the reaction carried out and worked up 
as for 4-2HC1 with 15 mL of Me2CO followed by cautious addition 
of 7 mL of concentrated HO. The precipitate was collected by 
filtration and washed with Me2CO and E t A affording 2.6 g (61%) 
of white powder: mp >280 °C (lit.21 mp >320 °C); IR (KBr) 2820, 
1600, and 1515 cm"1; NMR (90 MHz, D20) 8 5.6-5.7 (m, 2 H, 
olefinic), 3.6-3.8 (ra, 2 H, methines), 2.0-2.7 (m, 4 H, methylenes). 
Anal. (C6H14N2C12) C, H, N, CI. 

Trimethylsi lyl cis -6-isocyanato-3-cydohexene-l-
carboxylate (7a) was prepared according to the method of 
Kricheldorf.22 cis-l,2,3,6-Tetrahydrophthalic anhydride (6, 
Aldrich, recrystallized from toluene, 15.0 g, 99 mmol) was dissolved 
in 90 mL of dry dioxane under argon in an oven-dried 250-mL 
round-botton flask. Me3SiN3 (16.0 g, 138 mmol) was added by 
pipet to the stirred solution held at room temperature. The gently 
stirring solution was immersed in an oil bath preheated to 80-85 
°C. N2 evolution ceased after 30-45 min. The solution was cooled 
to 35-40 °C and concentrated in vacuo (bath temperature <35 
°C) to a slightly yellow oil, which was purified by distillation under 
reduced pressure to furnish 19.36 g (82%) of a colorless liquid: 
bp 80-84 °C (0.4 torr) [lit.22 bp 82-84 °C (0.4 torr)]; IR (neat) 
2250 and 1720 cm"1; NMR (90 MHz, CDC13) 8 5.5-5.9 (m, 2 H, 
olefinic), 4.2-4.3 (m, 1 H, H-6), 2.5-2.8 (m, 1 H, H-l), 2.3-2.5 (m, 
4 H, methylenes), 0.3 (s, 9 H, SiMe3). 

cis-6-Isocyanato-3-cyclohexene-l-carbonyl chloride (7b) 
was prepared by a modification of the method of Kricheldorf22 

wherein use of a catalytic amount of DMF provided an improved 
yield at lower temperature: Trimethylsilyl ester 7a (19.36 g, 81 
mmol) was dissolved in 40 mL of CC14. DMF (10 drops) was added 
followed by freshly distilled S0C12 (15.18 g, 113 mmol). The 
reaction mixture was heated to 40-50 °C in an oil bath. Gas 
evolution began within 5-10 min. The temperature of the reaction 
mixture was maintained at ca. 50 °C until the infrared absorption 
at 1720 cm"1 (ester) had disappeared (30-45 min). The solution 
was cooled to room temperature and concentrated in vacuo to 
a viscous yellow liquid, which was distilled under reduced pressure 
to furnish 12.61 g (84%) of 7b as a colorless liquid: bp 60-62 °C 
(0.15 torr) [lit.22 bp 70-72 °C (0.2 torr)]; IR (neat) 2260 and 1790 
cm"1; NMR (90 MHz, CDC13) 6 5.5-5.9 (m, 2 H, olefinic), 4.4-4.5 
(m, 1 H, H-6), 3.0-3.2 (m, 1 H, H-l), 2.4-2.6 (m, 4 H, methylenes). 
This compound was used immediately for the next reaction. 

Bis(phenylmethyl) cis -4-Cyclohexene-l,2-diylbis-
(carbamate) (9). Dihydrochloride 4-2HC1 (2.35 g, 13 mmol) was 
dissolved in 40 mL of THF and 5.0 mL of distilled H20 and cooled 
in an ice bath. 1,2,2,6,6-Pentamethylpiperidine (PMP; 7.87 g, 
58 mmol) was added by pipet. After 10 min, a cold (0 °C) solution 
of benzyl chloroformate (4.34 g, 25 mmol) in 10 mL of THF was 
added dropwise over 15 min. Vigorous stirring was maintained, 
for 1 h at ice-bath temperature. The reaction mixture was diluted 

with 100 mL of EtOAc and washed with 3 X 10 mL of 10% HC1 
solution. The acidic aqueous layer was back-extracted with 3 X 
20 mL of EtOAc. The combined organic layers were washed with 
3 X 25 mL of brine, dried (MgS04), and concentrated in vacuo, 
affording a viscous, faintly yellow oil, which was purified by flash 
chromatography (petroleum ether/EtOAc, 3:1), providing the 
biscarbamate 9 as a thick colorless liquid. The liquid was induced 
to solidify when treated with Et20/hexane, affording 4.25 g (88%) 
of a white powder, mp 80-81 °C, which resisted further recrys"-
tallization: IR (KBr) 3380, 3360, 1720, and 1680 cm"1; NMR (90 
MHz, CDC13) 8 7.34 (s, 10 H, aromatic), 5.60 (m, 2 H, olefinic), 
5.2-5.4 (m, 2 H, NH), 5.09 (s, 4 H, benzylic), 3.9-4.2 (m, 2 H, 
methines), 2.4-2.7 (m, 2 H, pseudoequatorial methylenes), 1.8-2.2 
(m, 2 H, pseudoaxial methylenes). Anal. (C22H24N204) C, H, N. 

trans-4-Cyclohexene-l,2-dicarbonyl Dichloride (10).23 

Freshly distilled fumaryl dichloride (3.7 g, 24 mmol) was dissolved 
in 10 mL of dry Et20 in an oven-dried 2-neck 50-mL round-bottom 
flask fitted with a gas inlet and dry ice Dewar condenser. The 
stirred solution was cooled to ca. -50 °C (dry ice/CH3CN). Bu­
tadiene (ca. 3 mL) was condensed into the flask and the cooling 
bath removed. Within 25-30 min the exothermic reaction ceased. 
After an additional 10 min, the excess butadiene and solvent were 
removed in vacuo to furnish 4.7 g (ca. 95%) of the Diels-Alder 
adduct as a colorless liquid, which was used immediately without 
further pruification: IR (neat) 3140 and 1785 cm"1. 

Bis(phenylmethyl) trans -4-cyclohexene-l,2-diylbis-
(carbamate) (11) was prepared in 94% yield from 5-2HC1 by 
using methodology identical with that used for the synthesis of 
the corresponding cis isomer. The white solid obtained after 
chromatography was recrystallized from toluene/hexane, affording 
fine white needles: mp 144-145 °C; IR (KBr) 3320 and 1685 cm"1; 
NMR (90 MHz, CDC13) 8 7.3 (s, 10 H, aromatic), 5.67 (d, 2 H, 
NH, J = 2.6 Hz), 5.07 (s, 4 H, benzylic), 3.6-3.9 (m, 2 H, methines), 
2.3-2.7 (m, 2 H, pseudoequatorial methylenes), 1.8-2.2 (m, 2 H, 
pseudoaxial methylenes). Anal. (C22H24N204) C, H, N. 

Bis(phenylmethyl) (la,2/?,4a,5a)-(4,5-Dihydroxy-l,2-
cyclohexanediyl)bis(carbamate) (12). Olefin 11 (2.0 g, 5.3 
mmol) was added to a mixture of Me2CO (40 mL), distilled H20 
(3 mL), and t-BuOH (2 mL). TV-methylmorpholine TV-oxide 
(NMO) monohydrate (0.8 g, 5.9 mmol) and Os04 (0.009 g, 0.036 
mmol) in CC14 were added, and the reaction mixture was stirred 
at room temperature under dry argon for 16 h. Me2CO (50 mL) 
was added, and the white precipitate dissolved. Solid NaHS03 
(ca. 0.2 g) was added, and the mixture was stirred for 15 min. The 
suspension was filtered, and the filtrate was concentrated in vacuo, 
providing a tan solid, which was purified on silica gel by eluting 
with CHCl3/Me2CO, 1:1, affording 2.13 g (98%) of white solid: 
mp 172-173 °C; IR (KBr) 3460 (sh), 3320,1690, 1070, and 1025 
cm-1; NMR (500 MHz, pyridine-d5) 8 8.40 (d, 1 H, aromatic, J 
= 8 Hz), 8.04 (d, 1 H, aromatic, J = 8 Hz), 7.30-7.40 (m, 4 H, 
aromatic), 7.20-7.30 (m, 4 H, aromatic), 6.31 (s, 1 H, NH), 6.24 
(s, 1 H, NH), 5.31 (HA, of A'B' q, 1 H, benzylic, J = 12.6 Hz), 5.29 
(HB, of A'B' q, 1 H, benzylic, J = 12.6 Hz), 5.22 (HA of AB q, 1 
H, benzylic, J = 12.9 Hz), 5.19 (HB of AB q, 1 H, benzylic, J = 
12.9 hz), 4.65-4.72 (m, 1 H, H-2), 4.35-4.38 (m, 1 H, H-4), 4.16-4.26 
(m, 1 H, H-l), 4.00-4.08 (m, 1 H, H-5), 2.63 (deceptively simple 
d, 1 H, H-3e, J = 12.5 Hz), 2.48-2.60 (m, 2 H, H-6a and H-6e), 
1.84 (deceptively simple t, 1 H, H-3a, J = 12 Hz). Anal. (C22-
H26H206) C, H, N. 

Bis(phenylmethyl) (la,2a,4/J,5/9)-(4,5-Dihydroxy-l,2-
cyclohexanediyl)bis(carbamate) (13) and Bis(phenylmethyl) 
(la,2a,4a,5a)-(4,5-Dihydroxy-l,2-cyclohexanediyl)bis(car-
bamate) (14). Olefin 9 (2.00 g, 5.3 mmol) was dissolved in 16 
mL of Me2CO, 3.2 mL of distilled H20, and 2.1 mL of t-BuOH 
at room temperature NMO monohydrate (0.80 g, 5.9 mmol) and 
Os04 (0.0091 g, 0.036 mmol) in 0.91 mL of CC14 were added, and 
stirring was continued under argon for 16 h. Excess Os04 was 
decomposed by addition of ca. 0.2 g of NaHS03. The suspension 
was stirred for 15-20 min and filtered through MgS04. The filtrate 
was concentrated in vacuo, affording a tan solid. Chromatography 
over 120 g of silica gel using CHCl3/Me2CO, 3:2, as eluant afforded 
1.14 g (52%) of 13, mp 142-144 °C, and 0.86 g (39%) of 14, mp 
157-158 °C, in a ratio of 1.3:1.0, respectively. For 13: IR (KBr) 
3460 (br), 1715, 1680, 1080, and 1020 cm"1; NMR (500 MHz, 
acetone-d6) 8 7.3-7.35 (m, 10 H, aromatic), 6.27 (br s, 2 H, NH), 
5.05 (s, 4 H, benzylic), 4.16-4.19 (m, 2 H, H-4 and H-5), 3.95-3.97 
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(m, 2 H, H-l and H-2), 3.70 (d, 2 H, OH, exch with D20, J = 3.9 
Hz), 1.86-1.97 (m, 4 H, methylenes). Anal. (C22H26N206) C, H, 
N. For 14: IR (KBr) 3380, 3320,1710,1700,1100, and 1035 cm"1; 
NMR (500 MHz, acetone-d6) 8 7.28-7.40 (m, 10 H, aromatic), 
6.3-6.5 (br s, 2 H, NH), 5.06 (s, 4 H, benzylic), 4.14 (s, 2 H, OH, 
exch with D20), 3.8-4.1 (br m, 4 H, methines), 1.9-2.0 (m, 2 H, 
equatorial methylenes), 1.81 (deceptively simple d, 2 H, axial 
methylenes, Jgem = 13 Hz). Anal. (C22H26N206) C, H, N. 

Epoxidation of 9 (15). Olefin 9 (1.4 g, 3.8 mmol) was dissolved 
in 15 mL of CH2C12 at room temperature, and NaHC03 (0.31 g, 
3.8 mmol) was added. m-Chloroperoxybenzoic acid (MCPBA, 
freshly purified, 0.63 g, 7.8 mmol) in 10 mL of CH2C12 was added 
dropwise over 10 min to the vigorously stirred suspension. After 
3 h, EtOAc (50 mL) was added, and the solution was washed with 
3 X 15 mL portions of 10% NaHSOg and 5% NaHCOg solutions 
and brine. The organic layer was dried (Na2S04) and concentrated 
in vacuo, affording a colorless oil. Four hours following addition 
of 25 mL of Et20, colorless needles (1.09 g) were collected by 
filtration. Flash chromatography of the mother liquor (petroleum 
ether/ Me2CO, 3:1) provided an additional 0.18 g of product (mp 
107-108.5 °C) for a combined yield of 1.27 g (86%): IR (KBr) 
3420, 3300,1725,1690, and 1320 cm"1; NMR (500 MHz, CDCLJ 
8 7.29-7.35 (m, 10 H, aromatic), 5.57 (d, 2 H, NH, J = 6.4Hz), 
5.10 (Hx of AB q, 2 H, benzylic, J = 12 Hz), 5.06 (HB of AB q, 
2 H, benzylic, J = 12 Hz), 3.85 (deceptively simple dd, 2 H, H-3 
and H-4, J = 6 and 13 Hz), 3.21 (s, 2 H, H-l and H-6), 2.35 
(deceptively simple d, 2 H, H-2e and H-5e, J = 13 Hz), 2.02 (dd, 
2 H, H-2a and H-5a, J = 7 and 13 Hz). Anal. (C22H24N206) C, 
H, N. 

Bis(phenylmethyl) (la,3a,4/?,6a)-7-Oxabicyclo[4.1.0]hep-
tane-3,4-diylbis(carbamate) (17). Olefin 11 (500 mg, 1.4 mmol) 
was treated with MCPBA in NaHC03-buffered CH2Cl2 for 4 h 
at room temperature as described for the preparation of 15. Flash 
chromatography afforded epoxide 17 as a white solid, which was 
recrystallized from CC14, yielding 380 mg (73%) of fine white 
needles: mp 168-169 °C; IR (KBr) 3300, 1685, and 1290 cm"1; 
NMR (500 MHz, CDC13) 8 7.31 (s, 10 H, aromatic), 4.99-5.10 (m, 
5 H, 4 benzylic and 1 NH), 4.84 (s, 1 H, NH), 3.71-3.74 (m, 1 H, 
H-4), 3.53-3.57 (m, 1 H, H-3), 3.21 (s, 1 H, H-l), 3.13 (deceptively 
simple t, 1 H, H-6, J = 4 Hz), 2.55 (deceptively simple dd, 1 H, 
H-5e, J = 2 and 15 Hz), 2.46 (deceptively simple dt, 1 H, H-2e, 
J = 4,10, and 15 Hz), 1.83 (deceptively simple dd, 1 H, H-2a, J 
= 10 and 15 Hz), 1.74 (ddd, 1 H, H-5a, J = 2,10, and 15 Hz). Anal. 
(C22H24N205) C, H, N. 

Bis(phenylmethyl) (la,2a,4a,5|8)-(4,5-Dihydroxy-l,2-
cyclohexanediyl)bis(carbamate) (16). Method A. Epoxide 
15 (300 mg, 0.76 mmol) was dissolved in 4 mL of THF at room 
temperature. Two milliliters of 1% (v/v) aqueous H2S04 was 
added and the reaction mixture stirred for 6 h at room temper­
ature. The solution was diluted with 25 mL of EtOAc and ex­
tracted with 2X5 mL portions of 5% NaHC03 solution and brine. 
The organic layer was dried (Na2S04) and concentrated to an oil, 
which was purified by flash chromatography (CHCl3/Me2CO, 3:2) 
to furnish 231 mg (74%) of the trans diol as a white solid: mp 
141-142 °C; IR (KBr) 3360,1735,1680, and 1065 cm"1; NMR (500 
MHz, pyridine-d5) 5 8.06 (d, 1 H, NH, J = 8 Hz), 7.95 (br s, 1 H, 
NH), 7.35-7.43 (m, 4 H, aromatic), 7.22-7.31 (m, 6 H, aromatic), 
5.12-5.27 (m, 4 H, benzylic), 4.51-4.63 (m, 1 H, H-4), 4.40-4.51 
(m, 1 H, H-2), 4.05-4.18 (m, 1 H, H-l), 2.41-2.60 (m, 2 H, H-3e 
and H-6e), 2.18-2.30 (m, 1 H, H-6a), 2.01-2.16 (m, 1 H, H-3a). 
Anal. (C22H26N206) C, H, N. 

Method B. Epoxide 15 (300 mg, 0.76 mmol) was dissolved in 
a mixture of 5 mL of dry THF and 1 mL of distilled deionized 
H20. Nafion-H (35-60 mesh powder; 60 mg) was added, and the 
reaction mixture was heated at reflux with vigorous stirring for 
36 h. The reaction mixture was cooled, and the catalyst was 
removed by filtration. The filtrate was concentrated in vacuo, 
affording a clear oil, which was purified as in method A to furnish 
264 mg (84%) of diol 16. 

Bis(phenylmethyl) (la,2/3,4<*,5/?)-(4,5-Dihydroxy-l,2-
cyclohexanediyl)bis(carbamate) (18) and Phenylmethyl 
(la,5<*,6/?,8|3)-(8-Hydroxy-3-oxo-2-oxa-4-azabicyclo[3.3.1 ]-
non-6-yl)carbamate (19). Epoxide 17 (50 mg, 0.13 mmol) was 
dissolved at room temperature in 1.5 mL of Me2CO with stirring. 
Aqueous H2S04 (1% v/v, 0.5 mL) was added and the solution 
stirred at room temperature for 2 h. Solid NaHC03 was added 

to pH 7 (pH paper). The reaction mixture was concentrated, 
affording a white solid, which was purified by preparative TLC 
(silica gel, two developments with CHCl3/Me2CO, 3:2), yielding 
6 mg (16%) of the bicyclic compound 19, mp 214-215 °C, and 
36 mg (69%) of diol 18, mp 171-172 °C. For 19: IR (KBr) 3420, 
3300, 1735, 1680, and 1065 cm"1; NMR (500 MHz, pyridine-d6) 
5 8.91 (s, 1 H), 7.43 (d, 2 H, J = 7 Hz), 7.30-7.35 (m, 2 H), 7.27 
(d, 1 H, J = 7 Hz), 6.94 (d, 1 H, J = 7.6 Hz), 5.31 (HA of AB q, 
1 H, benzylic, J = 12.3 Hz), 5.25 (HB of AB q, 1 H, benzylic, J 
= 12.3 Hz), 4.64-4.70 (m, 1 H), 4.32-4.38 (m, 1 H), 4.22-4.30 (m, 
1 H), 3.90-3.96 (m, 1 H), 2.71 (deceptively simple d, 1 H, J = 13.8 
Hz), 2.32 (deceptively simple dt, 1 H, J = 3.9, 4.5, and 14 Hz), 
1.82 (deceptively simple d, 1 H, J = 15 Hz), 1.74 (deceptively 
simple d, 1 H, H-7a, J = 13.8 Hz). Anal. (C15H18N205) C, H, N. 
For 18: IR (KBr) 3360, 3290, 1685, and 1035 cm"1; NMR (270 
MHz, acetone-d6) 8 7.28-7.33 (m, 10 H, aromatic), 6.15 (d, 2 H, 
NH, J = 7 Hz), 5.02 (s, 4 H, benzylic), 4.01 (d, 2 H, OH, exch with 
D20, J = 3 Hz), 3.80-3.88 (m, 4 H, methine), 1.90-1.97 (m, 4 H, 
methylene). Anal. (C22H26N206) C, H, N. 

Bis (phenylmethyl) (la,2/?,4a,5a)-[4-(Acetyloxy)-5-
hydroxy-l,2-cyclohexanediyl]bis(carbamate) (22) and Di-
acetate 23. Diol 12 (1.0 g, 2.42 mmol) was dissolved in 50 mL 
of THF and cooled to -25 °C in dry ice/CCl4. Et3N (0.27 g, 2.4 
mmol), (dimethylamino)pyridine (DMAP; 0.03 g, 0.24 mmol), and 
Ac20 (0.27 g, 2.66 mmol) were added. After standing for 24 h 
in the freezer at -25 °C, the solution was concentrated to afford 
a white solid, which was partitioned between EtOAc (100 mL) 
and 5% HC1 solution (20 mL). The organic layer was washed 
with 20 mL of dilute HC1 and 2 X 20 mL portions of brine and 
dried (Na2S04). Concentration furnished a white solid, which 
was crystallized from CHC13 to afford 0.61 g of the hydroxy acetate 
22 as a white solid, mp 199-201 °C. Flash chromatography (Et^O) 
of the mother liquor gave 0.095 g (8%) of 23 and another 0.204 
gof 22 for a total yield of 73%. For 22: IR (KBr) 3520, 3310, 
1720, 1680, 1265, and 1030 cm"1; NMR (500 MHz, pyridine-d5) 
8 8.55 (s, 1 H, aromatic), 8.21 (s, 1 H, aromatic), 7.39 (dd, 4 H, 
aromatic, J = 7 and 18 Hz), 7.20-7.30 (m, 4 H, aromatic), 6.84 
(s, 1 H, NH), 5.34 (HA of AB q, 1 H, benzylic, J = 12.6 Hz), 5.28 
(HA, of A'B' q, 1 H, benzylic, J = 12.7 Hz), 5.22 (HB, of A'B' q, 
1 H, benzylic, J = 12.7 Hz), 5.18 (HB of AB q, 1 H, benzylic, J 
= 12.6 Hz), 5.10 (deceptively simple dt, 1 H, H-4, J = 5 and 12 
Hz), 4.7-4.8 (m, 1 H, H-l), 4.50-4.53 (m, 1 H, H-5), 4.2-4.3 (m, 
1 H, H-2), 2.55-2.67 (m, 2 H, H-3a and H-6e), 2.40-2.48 (m, 1 H, 
H-3e), 1.80-1.90 (m, 4 H, OAc and H-6a). Anal. (C24H28N207) 
C, H, N. 

Bis(phenylmethyl) (la,2/J,4a,5a)-[4,5-Bis(acetyloxy)-l,2-
cyclohexanediyl]bis(carbamate) (23). Diol 12 (350 mg, 0.845 
mmol) was dissolved in 20 mL of THF and cooled in an ice bath. 
Et3N (171 mg, 1.69 mmol), DMAP (21 mg, 0.169 mmol), and Ac20 
(345 mg, 3.38 mmol) were added. The reaction mixture was 
allowed to warm slowly to room temperature. After 22 h the 
solution was evaporated to dryness. The residual white solid was 
dissolved in 25 mL of EtOAc and washed with 2 X 10 mL portions 
each of 5% HC1 solution and brine. The organic layer was dried 
(Na2S04) and concentrated in vacuo to an oil. Upon addition of 
Et20 (10 mL) and hexane (5 mL), small white rosettes formed 
slowly. After standing for 2 h, the crystals (349 mg) were collected 
by filtration. Preparative TLC (Et20) of the mother liquor af­
forded an additional 40 mg, for a total of 392 mg (92%): mp 
122-123 °C; IR (KBr) 3360, 3300,1740,1690, and 1250 cm"1; NMR 
(80 MHz, CDC13) b 7.29 (s, 10 H, aromatic), 4.7-5.3 (m, 8 H, 
benzylic, NH, H-4, and H-5), 3.4-3.9 (m, 2 H, H-l and H-2), 1.5-2.3 
(m, 10 H, methylene and OAc). Anal. (C26H30N2O8) C, H, N. 

Bis(phenylmethyl) (la,2/3,4/8)-[4-(Acetyloxy)-5-oxo-l,2-
cyclohexanediyl]bis(carbamate) (24). The pure hydroxy 
acetate 22 (632 mg, 1.38 mmol) was dissolved at room temperature 
in 40 mL of Me2CO and cooled in an ice bath. Jones reagent (1.7 
mL of a solution diluted to 2.5 M in Cr6+) was added dropwise. 
The reaction mixture was stirred for 2 h at ice-bath temperature. 
2-Propanol was added to destroy the excess oxidant, and the Cr 
salts were removed by filtration. The filtrate was concentrated 
to ca. 5 mL in vacuo and partitioned between EtOAc (50 mL) and 
H20 (10 mL). The organic layer was washed with 10 mL of H20 
and 2 X 10 mL of brine and dried (Na2S04). Concentration in 
vacuo afforded a white solid, which was purified by flash chro­
matography (CHC13/Et20,1:1) to afford 547 mg (87%) of 24: mp 
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163-164 °C; IR (KBr) 3350, 3280, 1765,1745,1720, 1690, 1230, 
1060, and 1040 cm"1; NMR (500 MHz, CDC13) 5 7.3 (s, 10 H, 
aromatic), 5.2-5.3 (m, 1 H, H-4), 5.0-5.15 (m, 4 H, benzylic), 4.0-4.1 
(m, 1 H, H-2), 3.75-3.85 (m, 1 H, H-l), 2.85 (dd, 1 H, H-6e, J = 
3 and 11 Hz), 2.50-2.56 (m, 1 H, H-3e), 2.45 (deceptively simple 
t, 1 H, H-6a, J = 13 Hz), 2.12 (s, 3 H, OAc), 1.72 (deceptively 
simple q, 1 H, H-3a, J = 13 and 25 Hz). Anal. (C24H2eN207) C, 
H, N. 

Bis(phenylmethyl) (lct,2/3,40>5a)-[4,5-Bis(acetyloxy)-l,2-
cyclohexanediyl]bis(carbamate) (26). Keto acetate 24 (250 
mg, 0.551 mmol) was dissolved in THF (8 mL) and absolute EtOH 
(2 mL) and cooled to -78 °C. NaBH4 (total of 12.5 mg; 0.330 
mmol) was added in three portions every 10 min. After 1 h at 
-78 °C, the solution was concentrated in vacuo to furnish a white 
solid, which was partitioned between EtOAc (25 mL), THF (5 
mL), and 5 mL of H20. The organic layer was washed with 5 mL 
of H20 and dried (Na2S04). Concentration in vacuo afforded a 
white solid, which was dissolved in 10 mL of THF and cooled in 
an ice bath. Et3N (110 mg, 1.10 mmol), DMAP (13 mg, 0.110 
mmol), and Ac20 (168 mg, 1.65 mmol) were added. The reaction 
mixture was allowed to warm slowly to room temperature and 
after 1 h was concentrated in vacuo to furnish a white solid. CHC13 
(25 mL) was added, and the solution was washed with 3 X 5 mL 
of 5% HC1 solution and 2 X 10 mL of brine and dried (Na2S04). 
The solvent was removed in vacuo and the white solid crystallized 
from CHCI3/CCI4 to provide 135 mg of the product. Preparative 
TLC (CHC13/Et20, 5:1, 2 developments) of the mother liquor 
furnished 24 mg (9%) of 24 and another 30 mg of 26 for a total 
of 165 mg (65%): mp 220-221 °C; IR (KBr) 3320, 1730, 1680, 
1290,1250,1240,1070, and 1020 cm"1; NMR (500 MHz, CDC13) 
5 7.31 (s, 10 H, aromatic), 5.01-5.09 (m, 6 H, 2 NH and 4 benzylic), 
4.89-4.91 (m, 2 H, H-4 and H-5), 3.58-3.66 (m, 2 H, H-l and H-2), 
2.39 (deceptively simple d, 2 H, H-3e and H-6e, J = 12 Hz), 2.01 
(s, 6 H, 2 OCH3), 1.43 (deceptively simple d, 2 H, H-3a and H-6a, 
J = 11 Hz). Anal. (C26H30N2O8) C, H, N. 

Bis(phenylmethyl) (la,2/?,4l8,5a)-(4,5-Dihydroxy-l,2-
cyclohexanediyl)bis(carbamate) (27). Diacetate 26 (100 mg, 
0.201 mmol) was suspended in 7 mL of MeOH at room tem­
perature. K2C03 (61 mg, 0.442 mmol) was added, and the reaction 
mixture was heated to reflux (diacetate dissolves). After 1 h the 
reaction was cooled to room temperature and stirred for another 
1.5 h. The solvent was removed in vacuo, affording a white solid, 
which was recrystallized from MeOH/H20, affording 65 mg (78%) 
of diol 27: mp 197-198 °C; IR (KBr) 3400 (sh), 3300,1680,1280, 
1240,1065, and 1030 cm"1; NMR (500 MHz, pyridine-d5) & 8.30 
(s, 2 H, aromatic), 7.37 (d, 4 H, aromatic, J = 7.2 Hz), 7.2-7.3 (m, 
4 H, aromatic), 6.64 (s, 2 H, NH), 5.30 (HA of AB q, 2 H, benzylic 
J = 12.6 Hz), 5.21 (HB of AB q, 2 H, benzylic, J = 12.8 Hz), 
4.19-4.26 (m, 2 H, H-4 and H-5), 3.93 (deceptively simple d, 2 
H, H-l and H-2, J = 9.5 Hz), 2.76 (deceptively simple d, 2 H, H-6e 
and H-3e, J = 12.7 Hz), 1.9-2.0 (m, 2 H, H-6a and H-3a). Anal. 
(C22H26N204) C, H, N. 

Platinum complexes 3a-d,f were prepared from the appro­
priate bis(Cbz)-protected CDD (100 mg, 0.24 mmol) by addition 
to a suspension of 20 mg of 10% Pd/C in 5 mL of MeOH. The 
Parr bottle was alternately evacuated (water aspirator) and refilled 
five times to 20 psi with H2 gas. The suspension was shaken at 
room temperature for 2 h under 20 psi of H2. The catalyst was 
removed by filtration and the filtrate concentrated in vacuo to 
afford a clear oil. Distilled deionized H20 (5 mL) was added 
followed by K2PtCl4 (100 mg, 0.24 mmol). The flask was swirled 
to dissolve the salt, stoppered, covered with foil, and allowed to 
stand for 24 h. 

(SP-4,2-(la,2a,4a,5<x))-Dichloro(4,5-dihydroxy-l,2-cyclo-
hexanediamine-JV,JV')platinum (Cl2Ptn-3a) was collected by 
filtration and recrystallized from H20, affording 45 mg (43%) of 
yellow-green cubes. Anal. (C6H14N202PtCl2-H20) C, H, N, Pt, 
CI. 

(;SP-4,2-(la,2a,40,5/J))-Dichloro(4,5-dihydroxy-l,2-cyclo-
hexanediamine-JV,iV')platinum (Cl2Ptn-3b) was collected by 
filtration and recrystallized from H20/MeOH, affording 38.7 mg 
(37%) of yellow crystals. Anal. (C6H14N202PtCl2-H20) C, H, N, 
Pt, CI. 

(SP-4,2-(la,2a,4j8,5a))-Dichloro(4,5-dihydroxy-l,2-cyclo-
hexanediamine-JV,iV')platinum (Cl2Ptn-3c). After 24 h at room 
temperature, H20 was removed by lyophilization and the residue 

washed with Me2CO to afford 107 mg of yellow-orange powder, 
which was dried under reduced pressure. This material was used 
within 24 h for antitumor testing. 

(SP-4,2-(la,2/?,4a,5a))-Dichloro(4,5-dihydroxy-l,2-cyclo-
hexanediamine-2V,iV')platinum (Cl2PtJI-3d) was collected by 
filtration and recrystallized from H20, affording 69 mg (69.5%) 
of bright yellow powder. Anal. (C6H14N202PtCl2-H20) C, H, N, 
Pt, CI. 

(SP-4,2-(la,20,4/3,5a))-Dichloro(4,5-dihydroxy-l,2-cyclo-
hexanediamine-JV,iV')platinum (Cl2Ptn-3f) was collected by 
filtration and recrystallized from H20, affording 62 mg (62%) of 
small bright yellow needles. Anal. (C6H14N202PtCl2-H20) C, H, 
N, Pt, CI. 

Bis(phenylmethyl) (la,2a,4,S,5|iS)-[4,5-Bis(acetyloxy)-l,l-
cyclohexanediyl]bis(carbamate) (Bisacetylated 13) and 
Bis(phenylmethyl) (la,2a,4a,5a)-[4,5-Bis(acetyloxy)-l,2-
cyclohexanediyl]bis(earbamate) (Bisacetylated 14). Olefin 
9 (1.00 g, 2.6 mmol) was treated with Os04 and iV-methyl-
morpholine iV-oxide as described previously. The crude reaction 
mixture was suspended in ice-cold CHC13 (40 mL). Et3N (532 
mg, 5.3 mmol), DMAP (96 mg, 0.79 mmol), and Ac20 (1.07 g, 11 
mmol) were added respectively. The reaction mixture was allowed 
to warm slowly to room temperature. After 5.5 h, the solution 
was washed with 3 X 10 mL portions each of 5% HC1 solution 
and brine and dried (Na2S04). The solution was concentrated 
in vacuo and the mixture purified by flash chromatography 
(CHC13/Et20, 5:1) to afford 320 mg of bisacetylated 14 and 356 
mg of bisacetylated 13, plus 370 mg of a mixture, for a total of 
1.05 g (80%). For bisacetylated 14: mp 84-86 CC; IR (KBr) 3300, 
1730, 1705, 1250, 1235, 1055, and 1030 cm"1; NMR (90 MHz, 
CDCI3) d 7.34 (s, 10 H, aromatic), 5.0-5.2 (m, 8 H, benzylic, NH, 
H-4, and H-5), 4.0-4.3 (m, 2 H, H-l and H-2), 1.7-2.1 (m, 10 H, 
methylene and 2 CH3). For bisacetylated 13: mp 129-130 °C; 
IR (KBr) 3300,1730,1690,1245,1055, and 1020 cm"1; NMR (90 
MHz, CDCI3) 5 7.33 (s, 10 H, aromatic), 5.0-5.5 (m, 8 H, benzylic, 
NH, H-4, and H-5), 3.9-4.1 (m, 2 H, H-l and H-2), 1.8-2.1 (m, 
10 H, methylene and 2 CH3). Anal, (mixture of isomers; 
C26H30N2O8) C, H, N. 

(SP-4,2-(la,2a,4a,5a))-Dichloro[4,5-Bis(acetyloxy)-l,2-
cyclohexanediamine-iV.iVnplatinum (28a). Bisacetylated 14 
(100 mg, 0.20 mmol) was added to a suspension of 10% Pd/C in 
5 mL of MeOH. The bottle was alternately evacuated (H20 
aspirator) and refilled to 20 psi with H2 gas. The suspension was 
shaken under 20 psi for 2 h at room temperature. The catalyst 
was filtered and the filtrate concentrated in vacuo to afford a clear 
oil. The residue was dissolved in 5 mL of distilled deionized H20, 
and K2PtCl4 (80 mg, 0.20 mmol) was added. The flask was swirled 
to dissolve the salt, stoppered, and covered with foil. After 
standing at room temperature for 24 h, the yellow precipitate was 
filtered and washed with 5% HC1 solution, Me2CO, and Et20 to 
afford 64 mg (65%) of 28a. Anal. (C10H18N2O4PtCl2) C, H, N, 
Pt, CI. 

(SP-4,2-(la,2a,4,(?,5(9))-Dichloro[4,5-Bis(acetyloxy)-l,2-
cyclohexanediamine-iV,JV']platinum (28b). Bisacetylated 13 
(100 mg, 0.20 mmol) was treated as described for the synthesis 
of 28a. The brown precipitate was washed with 5% HC1 solution, 
Me2CO, and Et20 to afford 49 mg (49%) of 28b. Anal. (C10-
H18N204PtCl2) C, H, N, Pt, Cl. 

(SP-4,2-(la,2/?,4a,5a))-Dichloro[4,5-bis(acetyloxy)-l,2-
cyclohexanediamine-iV,2V']platinum (28c). Bis(acetate) 23 
(100 mg, 0.20 mmol) was treated as described for the synthesis 
of 28a. The bright yellow precipitate was washed with 5% HC1 
solution, Me2CO, and Et20 to afford 73 mg (73%) of 28c as a 
bright yellow powder. Anal. (C10H18N2O4PtCl2) C, H, N, Pt, Cl. 

X-ray Crystallographic Analysis. Crystals of complex 3a 
are clear, yellow, rectangular rods with well-formed faces. Pre­
liminary examination of the diffraction pattern on a Syntex PI 
diffractometer indicated a monoclinic crystal system with sys­
tematic absences OfeO, k = In + 1 and hOl, I = In + 1. These 
absences uniquely determine the space group as P21/c. The unit 
cell constants a = 8.489 (2) A, b = 11.948 (2) A, c = 11.006 (2) 
A, and 0 = 91.02 (1)° were determined by the least-squares fit 
of the diffractometer setting angles for 25 reflections in the 26 
range 20-30 °C with Mo Ka radiation (X(Ka) = 0.71069 A). 

Intensities were measured by the 8-28 scan technique on the 
Syntex PI diffractometer. The data were corrected for Lorentz 
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Table HI. Crystallographic Details for Pt"Cl2-4a 
formula 
formula wt, amu 
space group 
o, A 
b, A 
c,A 
0, deg 
vol, A3 

Z 
density (calcd), g/cm3 

bounding planes" 

crystal size 

linear abs coeff, cm-1 

transmission factors 
temp 
20 limits 
scan speed 
background time/scan time 
scan range 

data collected 
unique data 
unique data, with F0

2 > 3<rtF0
2) 

final number of variables 
R(F)b 

RJF)b 

error in observation of unit weight, e 

[Pt(C6H14N202)Cl2]-H20 
430.20 
P2i/c 
8.489 (2) 
11.948 (2) 
11.006 (2) 
91.02 (1) 
1116 
4 
2.56 
(011), [0.144]; (100), 

[0.166]; (110), [0.211]; 
(110), [0.227]; (011), 
[0.230]; (001), (012) 

0.14 mm X 0.17 mm x 
0.23 mm 

131.7 
0.143-0.239 
19 °C 
4° < 26 < 55° 
2.0-24.0 deg/min in 20 
0.5 
(K«t - 1.0)° to (Ka2 + 

1.1)° 
+h,+k,±l 
2575 
2105 
127 
0.028 
0.031 
1.56 

° The number of brackets is the distance in millimeters between 
the Friedel pairs of the preceding form. bR(F) = £\\F0\ - |FC||/ 
UF0\; RJF) = UM\F0\ - |Fc|)

2/I>i-f,ol2]1/2 with w = 1/aHFJ. 

and polarization effects and put onto an absolute scale by means 
of a Wilson plot.46 Six standard reflections were measured after 
every 100 reflections during the course of data collection and 
indicated no problem with crystal decay. 

The position of the platinum atom was determined by the 
Patterson method. Standard Fourier methods were used to locate 
the remainder of the non-hydrogen atoms. The presence of a water 
molecule of solvation was detected at this point. The SHELX-76 
package46 was used for all full-matrix least-squares refinements. 
Isotropic refinement of the non-hydrogen atoms converged to an 
R factor of 0.072. An absorption correction was then applied by 
means of the Gaussian grid method with an 8 x 8 x 8 grid. 
Isotropic refinement on the absorption-corrected data set then 
converged to an R factor of 0.063. 

After one cycle of anisotropic refinement, the hydrogen atoms 
bonded to carbon atoms were located on a difference electron 
density map. Only one hydrogen atom bonded to each nitrogen 
atom could be found; the positions of the hydrogen atoms bonded 
to oxygen atoms, including the oxygen of the water molecule, were 
uncertain. Consequently, the hydrogen atoms bonded to carbon 
and nitrogen atoms were included in the model as fixed contri­
butions in calculated positions, C-H = 1.00 A and N-H = 1.00 
A, and with isotropic thermal parameters calculated as 1.0 A2 

larger than the equivalent isotropic thermal parameter of the 
bonded carbon or nitrogen atom. Hydrogen atoms bonded to 
oxygen atoms were not included in the model. The final re­
finement cycle resulted in aggreement indices of R = 0.028 and 
flw = 0.031 (based on F) for the 2105 unique intensities with F0

2 

> 3<r(jP0
2) and the 127 variables (anisotropic non-hydrogen atoms 

and hydrogen atoms fixed). It was necessary to eliminate the 
following strong reflections from the final refinement cycles be­
cause of probable extinction effects: (100), (011), (111), (221), 
(121), (202), (112), and (302). The two largest peak heights in 
the final difference electron density map are both located near 
the Pt atom and are 1.8e/A3; the third-largest peak height is 0.88 
e/A3. Neutral atom scattering factors for the platinum, chlorine, 
oxygen, nitrogen, and carbon atoms47 and for the hydrogen atoms48 

are from the usual sources. Anomalous dispersion corrections to 
the scattering factors for the non-hydrogen atoms were included 
in the calculations. Further crystallographic details appear in 
Table III. Final positional and thermal parameters for the 
non-hydrogen atoms are listed in Table IV.49 Bond lengths and 
bond angles are displayed in Table V.49 Tables of calculated 
hydrogen atom positions and structure factors (10|.Fo| vs. 10|FC|) 
have been deposited as supplementary material.49 

The ORTEP drawing for this molecule along with the num­
bering scheme is shown in Figure 1. The cyclohexane ring is in 
the chair conformation, and the like substituents on this ring are 
cis, i.e., the amino groups are cis with respect to each other and 
the hydroxyl groups are cis with respect to each other. 

A stereodrawing of the unit cell in Figure 2 shows the packing 
arrangement for this structure. The geometry about the platinum 
atom is square planar, and the molecules are packed together in 
the crystal as dimers such that the square planes are stacked to 
give a short Pt-Pt distance of 3.37 A. Both intra- and intermo-
lecular hydrogen bonding are important in this structure, and a 
list of short contacts is given in Table VI. The molecules within 
each dimer unit are centrosymmetrically related, and this ar­
rangement facilitates hydrogen-bonding interactions of the N -
H-Cl type within the dimer unit; N-l-Cl-21 is 3.35 A, while 
N-2—C1-11 is 3.53 A. This arrangement is common for cis-di-
aminedichloroplatinum(II) complexes and has been previously 
noted.50 

The water molecules of solvation serve to link dimer units 
together through a hydrogen-bond network such that layers are 
formed parallel to (001). One such layer is shown in Figure 3 
viewed down the c-axis. Within this network are hydrogen bonds 
between the diaminocyclohexane ring (dach) and the water of 
solvation, N-l-O-31, 0-1-0-3", water-to-water contacts, 0-3-0-3iv, 
and dach-to-dach contacts, 0-1—0-1'". There is also a second 
network between dimer units, which involves hydrogen bonds of 
the type N-2-0-2 and N-2-0-2". 
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