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A series of new lipophilic platinum(1I) complexes of the type [Pt(HPIP)Ld and [Pt(HPIP)L] 
(where HPIP = homopiperazine; L = acetate, propionate, butyrate, pentanoate, hexanoate, 
heptanoate, octanoate, nonanoate, decanoate, undecanoate, laureate, tridecanoate, myristate, 
pentadecanoate, palmitate, or heptadecanoate; and LL = oxalate, or tartronate) were 
synthesized and characterized by elemental analysis, IR, I3C NMR, and Ig5Pt NMR. In 
addition, the crystal structure of a representative complex [Pt'(HPIP)@entadecanoate)d, 
was determined by X-ray diffraction. The crystals were monoclinic, space group P21/c, with 
a=28.212(6)A, b=3.661(3)A, c=10.218(2)A, and Z=4. A total of 3940 reflections were 
collected, and the structure &fined to R1=0.0522 and wR2 =0.1333. The slightly distorted 
square plane of the platinum included the amino groups of the HPIP molecule in cis positions 
and oxygens from two monodentate pentadecanoates. The HPIP molecule was in a boat con- 
formation and formed five- and six-member chelating rings with platinum. Together, these 
molecules formed an intricate network of intermolecular hydrogen bonds that held the crystal 
lattices together. 

Keywork Platinum(I1); Homopiperazine; Carboxylate; Synthesis; Crystal structure 
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INTRODUCTION 

Cisplatin [l] is one of the most effective platinum(I1) oncolytic agents 
against cancers of the testes, ovaries, bladder, head and neck [2-41. It is also 
an important adjunct in treating cancers of the cervix, lung, and breast. 
However, its drawbacks include nephrotoxicity, nausea, vomiting, myelo- 
suppression, ototoxicity, neurological complications, and the development 
of resistance by tumor cells [5-71. 

To rationalize the activities of cisplatin and its analogs and to design 
newer, more active molecules, researchers have tried altering both the 
leaving groups and the non-leaving amine ligands. The resulting alteration 
of pharmacodynamics has resulted in good in vitro activity [8] and in vivo 
efficacy [9] against cisplatin-resistant tumors. For instance, displacing the 
labile chlorides with CBDCA as a leaving group and NH3 with a non- 
leaving amine ligand resulted in carboplatin [lo], a second-generation 
platinum(I1) complex for clinical use. Yet, although it is relatively less toxic 
than cisplatin, carboplatin still has drawbacks of limited clinical effective- 
ness and intrinsic acquired drug resistance. Consequently several other 
analogs containing different isomers of 1 ,2-DACH such as oxaliplatin 
( t rans4  1,2-DACH-oxalatoplatinum(II)) have been formulated and entered 
in clinical trials [l 11. Unfortunately, 1 ,ZDACH containing platinum com- 
plexes have been plagued by low solubility, poor stability and difficult 
formulation, which in turn has restricted the development of some pro- 
mising analogues [Sa]. Hence a new approach to modifying the thera- 
peutic index has been introduced: the use of liposomes as drug delivery 
system [12]. Liposomes have gained considerable attention as drug carriers 
because they are easy to prepare, are biodegradable [13,14] and by their 
nature, are able to entrap drugs, thus providing a way to prevent toxicity 
and preserve antitumor activity [15]. Because cisplatin has low lipophili- 
city a low entrapment efficiency, and a high rate of drug leakage [16] our 
objective over the last few years has been to synthesize a series of highly 
lipid-soluble platinum(I1) complexes designed for liposome entrapment [ 171. 
Such complexes have shown high entrapment efficiency and good antitumor 
activity [18]. One of these complexes, LNDDP (liposome-entrapped cis- 
bis(neodecanoato)(trans- l(R), 2(R)-diaminocyclohexane)platinum(II), was 
developed in our laboratory, and is currently in clinical trials [19], at MD. 
Anderson Cancer Center. 

More recently we demonstrated good in vitro activity of homopiperazine- 
Pt(I1) and -Pt(IV) complexes with different equatorial and axial ligands as 
leaving groups [17f]. Since then, we have continued to develop newer, more 
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LIPOPHILIC PLATINUM COMPLEXES 275 

effective lipid-soluble platinum(I1) complexes that are also capable of 
high antitumor activity. We report here the synthesis and characterization 
of large (five- and six-member) ring chelate complexes of the types 
[Pt1'(HPIP)L2] and [Pt"(HPIP)L], along with the crystal structure of a 
representative complex [Pt"(HPIP)( pentadecanoate)z]. 

EXPERIMENTAL 

Chemicals 

K2PtC1, was purchased from Johnson Mathey (Seabrook, NH). HPIP, 
acetic acid, propionic acid, butyric acid, valeric acid, hexanoic acid, 
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic 
acid, lauric acid, tridecanoic acid, myristic acid, pentadecanoic acid, 
palmitic acid, heptadecanoic acid, oxalic acid, and tartronic acid were 
purchased from Aldrich Chemical Co. (Milwaukee, WI). Silver nitrate, 
silver sulfate, sodium hydroxide, HCl, H202, and KI were purchased from 
Fisher Scientific Co. (Houston, TX). 

Physical Measurement 

Elemental analyses of the complexes were performed by Robertson 
Laboratories, Inc. (Madison, NJ). The infrared (IR) spectra of the 
complexes in the ranges of 600-4000cm-' and 100-600cm-' were 
recorded by us, in KBr and polyethylene pellets, respectively, using a Perkin 
Elmer 2000 spectrophotometer. 195Pt nuclear magnetic resonance (NMR) 
spectra were recorded in a solution of methanol, DMF or acetone using 
an IBM NR200/AP spectrometer. Na2PtCI6 (0.2 M) in D2O at 0.00ppm 
was used as an external reference for '"Pt shifts. 

Preparation of Sodium Salts 

Sodium Acetate NaOH (4.39 mL 83.33 mmol) in 20 mL of water was added 
drop wise to acetic acid (5.0g, 83.33mmol) in 250mL of ethanol. The 
reaction mixture was stirred for 30min and evaporated to dryness under 
reduced pressure at room temperature. A colorless sticky material formed. 
This was dissolved in 200 mL of acetone and evaporated to dryness. To the 
evaporated material was added lOmL of ether. This was evaporated to 
dryness, collected, and dried in vacuum (yield, 95%). 
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276 M. S. ALI et al. 

Sodium Salts The sodium salts of acetic, propionic, butyric, velaric, 
hexanoic, heptanoic, octanoic, nonanoic, decanoic, undecanoic, lauric, 
tridecanoic, myristic, pentadecanoic, palmitic, and heptadecanoic acids were 
prepared in a manner similar to that described above. 

Synthesis of Platinum Complexes 

[Pt"(HPZP)(acetate),1 (Complex 1) K2PtC1, (10.00 g, 24.09 mmol) was 
dissolved in 300mL of deionized water and filtered. KI (31.99g, 
192.72 mmol) was added to this solution and the reaction mixture was 
stirred for 30 min. Then, HPIP (2.41 g, 24.09 mmol) dissolved in 200 mL of 
water was added drop wise to the reaction mixture while stirring. A dark 
brown solid separated. The stirring was continued for 2 h and the solid was 
filtered, dissolved in l00mL DMF and filtered. The filtrate was con- 
centrated to lOmL under reduced pressure and precipitated with excess 
water to get yellow [ Pt(HPIP)I2], which was filtered and dried in vacuum. 
Silver nitrate (3.71 g, 21.85mmol) was dissolved in 300mL of water, 
and ~t"(HPIP)I2] (6.00g, 10.92mmol) was added as a solid. The reaction 
mixture was stirred for 24 h in the dark. The AgI precipitate was filtered off, 
and the filtrate was concentrated to 20 mL under reduced pressure. To this 
solution, 50 mL of 1: 1 HC1: H 2 0  was added with constant stirring giving a 
yellow precipitate of [ Pt(HPIP)C12]. This was filtered, washed with water, 
acetone, and dried under vacuum (yield, 82.5%). To a suspension of 
[Pt1'(HPIP)C12] (OSOg, 1.36mmol) in 250mL of water was added an 
aqueous solution of Ag2S04 (0.42 g, 1.36 mmol). The reaction mixture was 
then continuously stirred in the dark for 24 h at room temperature. AgCl 
precipitate was filtered off, and the filtrate was evaporated to dryness under 
reduced pressure. A pale yellow solid of [ Pt"(HPIP)(OS03)H20] was 
obtained and dried in vacuo (yield, 82.0%). [ Pt(HPIP)(S04)(H20)] (1.69 g, 
4.00 mmol) was reacted with sodium acetate (1.73 g, 8.00 mmol) dissolved in 
200 mL of methanol. The reaction mixture was stirred at room temperature 
for four days. A very fine precipitate of Na2S04 formed, which was filtered 
off. The filtrate was evaporated to dryness, redissolved in methanol, filtered 
through a Millipore GV fine filter paper (pore size 0.22pM), and evapo- 
rated to dryness. Finally, the solid obtained was recrystallized from acetone 
giving white crystalline compound [Pt(")(HPIP)(a~etate)~] (yield, 80%). 

Complexes 1 - 16 were prepared in a similar manner. 
[Pt"(HPIP) (heptadecunoate)2] (Complex 14) (100 mg) was dissolved in 

100 mL, of methanol, after which the volume of the solution was reduced to 
50mL, and filtered. The filtrate was allowed to slow evaporation at room 
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LIPOPHILIC PLATINUM COMPLEXES 211 

temperature. Within two weeks colorless needle-like crystals were separated 
from the solution. The crystals were used for X-ray crystallography. 

[Pt(II)(HPZP)(oxu~ute)] (Complex 17) [ Pt1'(HPIP)(0SO3)H20] (1.25 g, 
3.05 mmol) was dissolved in 50mL of water and then added to an aqueous 
solution of sodium oxalate (0.44 g, 3.05 mmol) prepared in situ. The reaction 
mixture was stirred for 24h, filtered, concentrated to lOmL under reduced 
pressure, and finally cooled at 6°C for 24 h to obtain a white product. This 
was filtered, washed with cold water, and dried in vacuum (yield, 62.5%). 

[ Pt(")(HPIP)(tartronate)] (complex 18) was prepared in the same way. 

Crystallographic Measurements 

Crystals were encapsulated in a thin shell of epoxy cement and mounted on 
the tip of a glass fiber. Data were collected with a Rigaku AFCSS automated 
four-cycle diffractometer using the EXAN 5.0 software package [20] and 
were corrected for Lorentz/polarization effects and absorption ($-scan). 
Data collection and refinement parameters are summarized in Table I 
Scattering patterns were taken from the literature [21]. The structure was 
solved using a personal computer loaded with the SHELXTL-PLUS 
software package [22]. Refinement of F2 for all reflections, except those with 
very negative F 2  values, was performed with a personal computer loaded 
with SHELXL-93 software [23]. Weighted R factor (R,,,) and goodness-of-fit 
(S) values were based on F2,  while conventional R factor (R) values were 
based on F with F set to 0 for negative F2.  The observed criterion of F 2  
was used only for calculating observed R factors and was not relevant to 
the choice of refinement. R factors based on F z  were statistically about 
twice as large as those based on F, and R factors based on all of the data 
were even larger. The weighting factor w = [c2(Fo2) + ( x P ) ~ +  Yp] - ', where 
P=(Fo2+2Fc2)/3, was refined for x and y .  

RESULTS AND DISCUSSION 

Synthesis of Platinum Complexes 

The steps involved in the preparation of platinum(I1) complexes of the type 
[ Pt(HPIP)(L*)], and [Pt(HPIP)(L)] are shown in Scheme 1. Pt1'(HPIP)C12] 
was prepared according to Dhara's method [24]. This method was adopted 
because it is rapid, easy and gives much higher yield rather when K2PtC1, is 
treated directly with homopiperazine. Reaction of K2PtC1, mixed with an 
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278 M. S. ALI et al. 

TABLE I Crystal and structure refinement data for [Pt"(HPIP)(pentadecanoate)2] 

Empirical formula CdboN204Pt 
Formula weight 777.02 
Temperature 293(2) K 
Wavelength 0.71073 8, 
Crystal system Monoclinic 

Unit cell dimensions 
Space group P21Ic 

a, 8, =28.212(6) 
b, A = 3.661(3) 
c, A = 10.218(2) 

Volume 3920.3(13)A3 
Z 4 
Density (calculated) 
Absorption coefficient 3.614mm- 
f l000)  
Crystal size 
0 range for data collection 

Reflections collected 3940 
Independent reflections 
Absorption correction Psi-scans 
Max. transmission 1 .oooo 
Min. transmission 0.5697 
Refinement method 
Data/restraints/parameters 3656/0/379 
Goodness-of-fit on F2 1.003 
Final R indices [I  > 2441 
R indices (all data) 

1 .3 1 8 Mg/m,3 

1616 
0.56 x 0.47 x 0.075mm 
2.08 to 22.31" 

Limiting indices -30 < h < 27, - 13 < k < 0 , O  < I <  9 

3656 (R(int) = 0.0383) 

Full-matrix least-squares on F2 

R1=0.0522, ~R2=0.1333 
R1=0.0943, wR2= 0.1507 

Largest diff. peak and hole 

a R ~  = CIIFo( - IFcll/Elrol. Rw = [Cw(Fo2 - FC~)~]/C[W(FO~)~]"~. W = [$(Poz) +(UP)'+ bP] - '. P = (Fo2 + 
2Fc2)/3. The large residual peak was located close to the platinum atom. 

1.346 and - 1.398eA-' 

excess of KI produced KzPtI4 in solution (reaction A). K2PtI, was then 
reacted with one equiv of HPIP to precipitate Pt(HPIP)12 (reaction B). The 
reaction of PtLI2 with AgNO3 led to formation of [Pt(HPIP)(HzO)2](NO,)2 
in solution (reaction C), which was further converted into [Pt"(HPIP)C12] 
by treatment with 1:l HCl (reaction D). Reaction of [Pt"(HPIP)C12] with 
Ag2S04 formed [Pt"(HPIP)(OS03)H20] (reaction E). The reaction of 
Pt"(HPIP)(OSO3)H20] with one or two equiv of the corresponding sodium 
salts of monocarboxylic acids of the type NaL (reaction F) or dicarboxylic 
acids of the type Na2L (reaction G) in methanol produced [ Pt"(HPIP)LL] 
and [Pt"(HPIP)L] complexes 1 - 16 and 17- 18 respectively. 

Characterization of Platinum Complexes 

All complexes were characterized by elemental analysis, and by IR, 
13C NMR, and Ig5Pt NMR spectroscopic techniques. The theoretical 
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LIPOPHILlC PLATINUM COMPLEXES 

B" ComDlexes 

K2PtCi4+8KI K2Ptl4+4K1+4KCI 

KZPtld+HPIP d Pt(HPIP)12+2KI 

Pt"( HPI P)I2+2AgNO3 Pt "( H PI P)( H20)2( N 03)2+2Ag I 

Pt"(HPlP)(H20)(N03)2+2HCI P ~ ' ( H P I P ) C I Z + ~ H N ~ ~ + ~ H ~ ~  

Pt"( HPI P)CI2+2AgSO4 Pt"(HPIP)(OS03)H20+2AgCI 

Pt1'(HPIP)(OSO3)H20+2NaL Ptll(HPIP)L2+Na2S04 

Pt"(HPIP)(0SO3)H20+Na2L R1'(HPIP)LL+Na2S04 

SCHEME 1 HPIP = homopiperazine. L = acetate, propionate, butyrate, valerate, hexanoate, 
heptanoate, octanoate, nonanoat decanoate, undecanoat, laurate, tridecanoat, myristate, 
pentadecanoat, palmitate, or heptadecanoate. L = oxalate or tartronate. 

elemental data presented in Table I1 are in good agreement with the actual 
elemental findings. 

The IR, I3C NMR, and 195Pt NMR spectroscopic data shown in Table I11 
confirmed the general structure of [Pt(HPIP)Lz] (Fig. l), and [Pt(HPIP)L] 
(Fig. 2) complexes. In the IR spectra of all complexes, prominent changes 
were observed [25]. Broad absorptions between 3 190-3150 and 2920- 
287Ocm-' in the IR spectra of all the complexes were attributed to the 
coordinated N-H bond of HPIP. The carboxyl groups in all the com- 
plexes displayed a band in the range of 1580-16lOcm-' corresponding 
to the vas(COO-) band. The v,(COO-) band appeared in the range of 
1360- 1390cm-'. The Pt-N and Pt-0 stretching frequencies in all the 
complexes showed peaks in the range of 520-525 and 420-425cm-', 
respectively. 

The proton-decoupled "C NMR spectra showed a signal in the range of 
180- 190 ppm for the carbonyl carbons of coordinated carboxylate ligands. 
This suggests that the two carboxylate carbons are magnetically equivalent 
in these complexes. These values are also close to the values for carboxylate 
carbons reported for other platinum carboxylate complexes [26]. The I3C 
NMR shifts of the free acids and platinum complexes are shown in Table 
111. The values of the complexation shifts (AC= G[complex] - Gpigand) for 
all the complexes fell between 1.8 and 2.5. 
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280 M. S .  ALI er al. 

TABLE I1 Elemental analysis of platinum"(HP1P) carboxylate 

Observed (calculated) 

Complex no. complex name % C Yo H % N 

1. [Pt1'(HPIP)(acetate)2] 

2. [Pt"(HPIP)(propionate)d 

3. [Pt"(HPIP)(butyrate)2] 

4. [Pt"(HPIP)(~alerate)~] 

5. [Pt"(HPIP)(hexanoate)d 

6. [Pt"(HPIP)(heptan~ate)~] 

7. [Pt"(HPIP)(octanoate)~] 

8. Pt"(HPIP)(n~nanoate)~] 

9. [Pt"(HPIP)(de~anoate)~] 

10. [Pt"(HPIP)(undecanoate)d 

11. [pt"(HPIP)(laureate)d 

12. [Pt"(HPIP)(tridecanoate)d 

13. [Pt"(HPIP)(myristate)d 

14. [Pt"(HPIP)@entadecanoate)d 

15. [Pt"(HPIP)@almitate)2] 

16. [Pt"(HPIP)(heptadecanoate)d 

17. ~"(HPIP)(oxalate)] 

18. [Pt"(HPIP)(tartronate)] 

26.05 
(26.15) 
30.12 

(29.93) 
32.98 

(33.26) 
35.95 

(36.21) 
38.62 

(38.85) 
41.53 

(41.22) 
43.47 

(43.36) 
46.04 

(45.31) 
47.4 

(47.08) 
49.00 

(48.72) 
49.78 

(50.21) 
51.49 

(51.59) 
52.73 

(52.87) 
54.00 

(54.05) 
55.15 

(55.14) 
56.43 

(56.17) 
21.58 

(21.92) 
23.58 

4.27 
(4.40) 
4.90 
(5.02) 
5.53 

(5.58) 
5.90 

(6.07) 
6.37 

(6.52) 
6.83 

(6.92) 
7.34 

(7.28) 
7.57 

(7.60) 
7.20 

(7.90) 
8.24 

(8.12) 
8.23 

(8.36) 
8.48 

(8.59) 
8.62 

(8.81) 
9.00 

(8.74) 
9.17 

(9.19) 
9.39 

(9.36) 
3.17 

(3.13) 
3.17 

6.49 
(6.77) 
6.08 

(6.35) 
5.81 

(5.97) 
5.65 

(5.63) 
5.35 

(5.33) 
4.87 

(5.06) 
4.73 

(4.82) 
4.85 

(4.60) 
4.10 

4.46 
(4.21) 
3.86 

(4.04) 
3.67 

(3.88) 
3.61 

(3.73) 
3.60 

(3.58) 
3.47 

(3.47) 
3.64 

(3.36) 
6.95 

(7.30) 
6.95 

(4.39) 

(23.23) (3.33) (6.77) 

HPIP = homopiperazine. 

The IssPt NMR spectra further confirmed the structure of the platinum 
complexes. In methanol, the signal ranged from - 1900 to - 2050 ppm. Such 
chemical shifts are characteristic of square planar platinum(I1) complexes 
having two nitrogens and two oxygen donors [27]. 
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282 M. S. ALI et al. 

FIGURE 1 L = acetate, propionate, butyrate, velarate, hexanoate, heptanoate, octanoate, 
nonanoate, decanoate, undecanoate, laurate, tridecanoate, myristate, pentanoate, myristate, 
and heptadecanoate in complexes 1 - 16 respectively. 

FIGURE 2 L = oxalate and tartronate in complexes 17 and 18, respectively. 

C(531 
PIC 1 8  

a 4 1  

CIS 

FIGURE 3 ORTEP representation of the structure of [Pt"(HPIP)(pentadecanoateM with 
atom-numbering scheme. 

Crystal Structure 

The crystal structure of the [Pt"(HPIP)(pentade~anoate)~] molecule is 
shown in Figure 3, which also defines the labeling of the atoms of the 
compound. Bond lengths and bond angles are given in Table IV, and atomic 
coordinates and equivalent isotopic displacement parameters are given in 
Table V. 
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TABLE IV Bond lengths [A] and ["I for [Pt"(HPIP)(pentade~anoate)~] 

Pt( 1)- N(2) 1.997( 10) 

Pt(1)-N(l) 2.007(10) 
Pt(1)-O(1) 2.038( 10) 
N(2)-Pt( 1)-0(3) 178.3(4) 
N(2)-Pt( 1)-N( 1) 76.3(4) 
O(3)-Pt( 1)-N( 1 )  102.6(4) 
N(2)-Pt( 1)-0(1) 101.8(4) 

N (  1)-Pt( 1)-O( 1) 177.6(4) 
C(5)-N( l ) - R (  1) 105.9(8) 
C(1)-N( 1)-Pt( 1) 112.1(7) 
C(3)-N(2)-Pt( 1) 110.8(9) 
C(4) - N(2) - Pt( 1) 105.8(8) 
C( 10)-O(1)-Pt( 1 )  125.9(9) 
C(40)-0(3)-Pt( 1 )  125.6(10) 

Pt( 1)-0(3) 2.00 1( 10) 

O(3)-Pt( 1)-O( 1) 79.4(4) 

In the [pt"( HPIP)( pentade~anoate)~] molecule, the coordination around 
the platinum is square planar but slightly distorted, with the angles ranging 
from 76.3" to 102.6". The distortion is caused by the limited bite distances of 
the chelating ligands. Two adjacent corners of the slightly distorted square 
plane of the platinum are occupied by the amino nitrogen of the HPIP 
ligand, whereas the remaining cis corners are used to bind unidentate 
pentadecanoate ions. The average Pt-N bond distance, 2.02( 10) 8,, is not 
significantly different from those observed in Pt(I1) complexes. For instance, 
this length is 1.99(2) 8, in [Pt"(mhpip)(methylmalonate)] H20 [ 17b], 
2.027(6) 8, in [Pt1'(HPIP)C12] [28], 2.05(2) 8, in [pt"( 1 R,2R-DACH)(oxa- 
late)], 2.03(2) 8, in [pt"( 1RY2R-DACH)(malonate)] [29], and 2.01(8)8, in 
[Pt"(NH3)2( 1 , 1 -cyclobutanedicarboxylate)] [30]. The average Pt-0 bond 
length of 2.019(10)81 is comparable with the Pt-0 bond lengths observed in 
the following Pt(I1) complexes: [PtII(mhpip)(rnethylmalonate) . 2H20 [ 17b], 
2.02(2) 8,; [pt"(cis- 1 ,4-DACH)(malonate)], 2.024(5) 8, [3 11; [Pt"(trans- 1,2- 
DACH)(a~etate)~], 2.01 (3) 8, [32]; and [Pt"(NH3)2( 1,l -cyclobutanedicar- 
boxylate), 2.029(9)8, [30]. The bites of the bidentate HPIP ligand impose 
an Nl-Pt-N2 angle of 76.3(4)", which agrees well with the angles of 
77.8(8)" observed in [Pt"(mhpip)(methylmalonate) . H20, [ 17b] 76.9" 
in [Pt(HPIP)C12] [28], 83.8(7)" in [pt"( 1R,2R-DACH)(oxalate)lY 83.8(7)" 
in [Pt"(lR,2R-DACH)(malonate)] [29], and 83.5(5)' in [pt(trans-l-1,2- 
DACH)(CBDCA)] [33]. The 0-Pt-0 bond angle of 79.4(4)" is normal 
compared with those in other platinum(I1)dicarboxylate complexes, e.g., 
88.5(7)" [pt" (mhpip)(methylamalonate)] a2H20 [17b], 90.3(6)" in 
[pt"( 1 RY2R-DACH)(malonate)] [29] and 90.0(2)" in [pt(cis- lY4-DACH)(ma- 
lonate)] [31]. Bonding of platinum with the amino nitrogen of HPIP is 
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TABLE V Atomic coordinates and equivalent isotropic displacement parameters [A '1 for 
[Pt"(HPIP)(pentadecan~ate)~] 

Atom X Y z 4 4 ;  

14668( 1) 
15139(4) 
15490(5) 
15839(6) 
15618(6) 
15264(4) 
15434(6) 
15364(5) 
I421 3(3) 
14661 (4) 
14288(5) 
13914(5) 
13570(5) 
13198(6) 
12830(6) 
12461(6) 
12102(6) 
11721(7) 
11 352(7) 
10965(9) 
10593(9) 

10098(17) 
10150(20) 
9617( 17) 
9684(18) 
14075(3) 
14334(4) 
14021(6) 
13532(7) 

13280( 10) 
13205(8) 

12960( 10) 
12848(9) 

12579( 14) 
12444( 12) 
12178(11) 
12058( 13) 
11782(11) 
11632( 15) 
11373(11) 
11063(15) 

ci531 1 12401201 

4126(1) 
4970(7) 

5432(10) 
4649( 12) 
3744(11) 
3328(7) 

3320( 11) 
4332(11) 

3251(7) 
1919(7) 

2357( 12) 
1902( 10) 
2530(11) 
1990(11) 
2654(13) 
2099( 12) 
2720(14) 
2121( 15) 
2726(16) 
2095( 19) 
2640(30) 
2030(50) 
1530(40) 
1060(40) 
330(50) 
4934(7) 
61 8 l(7) 

5745(13) 
6173( 12) 
6380(30) 
5872( 15) 
6 130(20) 
5658( 19) 
5990(20) 
5600(20) 
6060(20) 
5720(20) 
61 20(20) 
5730(30) 
6040(30) 
6060(30) 
5710140) 

- 11892(1) 
- 12723(9) 
- 11725(12) 
-11136(15) 
- 10728(15) 
- 11734(11) 

- 13646(16) 
- 10991(9) 
- 10800(10) 
- 10648(14) 
- 9949( 16) 
- 9355(14) 
- 8670(17) 
- 8064(17) 
- 7428(18) 
- 6800(20) 
- 6200(20) 
- 5550(20) 
- 5040(30) 
- 4440(30) 
-4190(50) 
- 3370(50) 
- 3150(60) 
- 2320(50) 
- 12106(10) 
- 13315(12) 
- 12770(16) 
- 12770(20) 
- 13940(40) 
- 15110(20) 
- 16310(30) 
- 17510(30) 
- 18690(40) 
- 19840(30) 
- 21010(40) 
-22190(40) 
- 23330(50) 
- 24520(40) 
- 25640(40) 
- 27960(50) 
- 268 10140) 

13068(13) 

47U) 
4 1(3) 
52(4) 
71(5) 
68(4) 
49(3) 
65(5) 
66(4) 
53(3) 
69(3) 
56(4) 
63(4) 
62(4) 
74(5) 
W5) 
84(5) 

102(6) 
111(7) 
18(7) 

147(9) 
189(13) 
3 1 O(40) 
280(30) 
270(30) 
330(30) 

64(3) 
W3) 
69(5) 
87(6) 

218(18) 
1 lO(7) 

171(12) 
129(8) 

2 16( 18) 
171(11) 
170( 13) 
186( 13) 
202( 17) 
212( 16) 
197(17) 
260(20) 
330(30\ - \  -, \ ,  \ ,  \ I  . ,  

a LJ(eq) is defined as one third of the trace orthogonalized U, tensor. 

considerably strained, and in compensation, the bond angles N2-Pt-01 
and Nl-Pt-03 are expanded to 101.8(4)" and 102.6(4)", respectively. 
HPIP is in a boat conformation and forms five- and six-membered chelating 
rings with platinum. The observed Pt-N1-C5 and Pt-Nl-Cl bond angles 
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LIPOPHILIC PLATINUM COMPLEXES 285 

FIGURE 4 A stereoscopic view of molecule packing in (Pt"(HPIP)(pentadecanoate)& 
Hydrogen bonds are indicated by dashed lines. 

were 105.9(8)" and 11 2.1(7)", respectively. In [Pt"(mhpip)(methylmalo- 
nate)].H20, [17b] these bond angles were observed to be 104.3(14)" and 
105.5(14)" and in [Pt"(hpip)C12] [28] 107.7(4)" and 109.0(4)", respectively. 
As shown by the stereoscopic view of the molecular packing in Figure 4, 
the molecules in the crystal are held together by a system of weak 
N-H-0 hydrogen bonds. 

CONCLUSIONS 

In summary, we have synthesized and characterized a series of 
new lipophilic cisplatin analogs in the form of ~t"(HPIP)carboxylate] 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
2
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



286 M. S. ALI et al. 

complexes. We have also determined the crystal structure of one of the 
complexes, [Pt"(HPIPX)(pentade~anoate)~], by X-ray crystallography. 
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