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Twelve new diamine ligands are synthesized and character-
ized in which a benzyl group and another vicinal substituent
or a benzyl group, a 4-Cl-benzyl group, and a 4-MeO-benzyl
group, respectively, and two other geminal substituents are
attached to the 1,2-diaminoethane skeleton, The diamine li-
gands are transformed into the dichloroplatinum(Il) com-
plexes. The chloride ligands of four complexes are replaced
by the lactate anion. a-Cyclodextrin and polyvinylpyrroli-
done are used to increase the water solubility of the Pt(II)

complexes. The antitumor activity of the Pt(Il) complexes is
tested towards the P388 leukemia. The compounds with small
alkyl substituents show antitumor activities which are much
higher than the antitumor activity of cis-platinum. Compared
to the insoluble dichloro complexes, the lactate complexes and
the formulations with a-cyclodextrin and polyvinylpyrroli-
done exhibit good water solubility, and no decrease of the
antitumor activity is observed.

cis-Platinum, cis-(NH3),PtCl,, is the most widely used an-
ticancer drug?. However, the clinical application causes a
number of serious side effects>®, World-wide research is di-
rected towards the aim to improve the therapeutic activity
by replacing the NH; ligands by other nitrogen ligands. It
is known that two hydrogen atoms at the coordinating
nitrogen atoms are essential for antitumor activity®. Thus,
the alkyl groups of primary amines and the skeleton of 1,2-
diaminoethane are open to variation.

We showed that benzyl-substituted dichloro(t,2-diamino-
ethane)platinum(Il) and its derivatives substituted at the
phenyl ring of the benzyl group have a high antitumor ac-
tivity accompanied by a low toxicity compared to cis-
platinum*®. However, in view of a clinical use of these com-
pounds their solubility in water has to be increased.

We tried to approach this goal with three strategies”.
First, by substitution of the benzyl-1,2-diaminoethane li-
gands to make the platinum(II) complexes more bulky. Re-
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ducing intermolecular metal —metal and metal —ligand in-
teractions should favor the solubility of the complexes. Sec-
ond, by exchange of chloride for lactate. Substitution of the
Cl anions 1in cis-platinum for the cyclobutanedicarboxylate
anion led to carbo-platinum, a second-generation platinum
drug, clinically introduced in 1986%. Third, by the use of
cyclodextrins and polyvinylpyrrolidone as additives. Such
additives are frequently applied to prepare pharmaceutical
formulations of insoluble compounds®™?,

Synthesis of Substituted Benzyl-1,2-diaminoethane Ligands
and Complexes

The amino acid phenylalanine, its 4-Cl, and its 4-MeO
derivative are converted into the methyl ester hydrochlo-
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rides with thionyl chloride in methanol®'V. Their reactions
with the Grignard reagents, shown in Scheme 1, give the
amino alcohols 4—11, containing two of the R substituents
at the C-2 position of the future 1-benzyl-1,2-diaminoethane
skeleton.

The transformation of the amino alcohols into the di-
amines depends on the substituents. The amino alcohols
4—17 are converted into the corresponding aziridines, using
Ph;PBr, and Et;N as reagents'?. The aziridine ring is
opened with NaN; to give amino azides, the azido groups
of which are reduced with LiAlH,, yielding the 1,2-diami-
noethanes 20—23.

In the amino alcohols 8 — 11, the hydroxy group is directly
replaced by the azide group, using the system diethyl azo-
dicarboxylate (DEAD), Ph;P, and HN,'*'%. Reduction as
above yields the 1,2-diaminoethanes 28 —31.

Scheme 3
(CeHe)sP
R DEAD }IQ
I (CoHg)5N
R’@*CHQ—(}H%I}R 2 s R1<@—CH2—(I:H—(IZ—R
NH, OH NH, Ny
8-11 24-27
LiAlH,
}
R1—<: :}—CHZ—(liH~(|:—R
NH, NH,,
28-31
‘ 8, 24, 28 9, 25, 29 10, 26, 30 11, 27, 31
R | ¢-CgHyy  CgHs 4-CH30CgH, 4-CH0CgH,
RY 1 H H H CH30

The synthesis of 35 (Scheme 4) starts from 2-aminoace-
tophenone to which two benzyl groups are added, using a
benzyl Grignard reagent. The amino alcohol is transformed
into the diamine 35 by a direct exchange of the hydroxy
group for the azido group followed by subsequent reduction,
as described above.
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The 1,2-diaminoethanes 42—44 with C-1 substituents
other than phenyl are synthesized in a Strecker-type reac-
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tion, starting from the corresponding ketone (Scheme 5)'*'%.
The amino nitriles are reduced to the diamines 42— 44 with
LiAlH,. This reduction yields by-products with the nitrile
group converted into a methyl group. These by-products
can be separated from the diamines by distillation.
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The 1,2-diaminoethanes 20—23, 28— 31, 35, 42 - 44 were
used as ligands to prepare the corresponding dichloro-
platinum(If) complexes 45 —356 by addition to a solution of
K,PtCl, (Scheme 6)'"'®, The ligands 20— 22, 35, and 42 —44
are sufficiently soluble in water. Thus, water serves as the
solvent for the synthesis of complexes 45—47 and 53 —56.
For the preparation of the complexes 4852, a tBuOH/
H,O mixture has to be used as solvent due to the water
insolubility of the ligands 23 and 28 —31. The pH is kept
constant at 5 during the reaction by successive addition of
1 N NaOH. The complexes precipitate after some time as
pale yellow solids.
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Hydroxycarboxylic acids such as glycolic acid can be con-
verted into platinum complexes of good water solu-
bility 2", In order to exchange the chloride ligands for
lactate, the diamino(diaqua)platinum(II) dinitrate complexes
have to be prepared. This is achieved by treatment of a
suspension of the corresponding dichloro complex with an
equivalent amount of an AgNOj; solution. The solution of
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the “nitrate complex” is filtered off from the precipitated
AgCl To avoid nitrate impurities in the lactate complex,
the aqueous solution of the diamino(diaqua)platinum(II}
dinitrate is passed through a strongly basic anion exchange
resin®, in which the nitrate groups are replaced by hydroxy
groups. The resulting aqueous solution, containing the cor-
responding complexes 57— 60, is treated with an equimolar
amount of freshly distilled L-lactic acid. To isolate the com-
plexes 61 —64, the solvent is evaporated, the resulting yellow
oil is dissolved in ethanol and precipitated with ether to give
the nearly colorless complexes 61 —64 (Scheme 7).
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Use of Solubilizing Agents

Cyclodextrins consist of a hydrophobic center and a hy-
drophilic surface. Trapping parts of a platinum complex in
the apolar cavity should favor its solubility®. To prepare
the solutions, the platinum complex is suspended in a 1:1
mixture of polyethylene glycol (PEG) 400 and 1.8% aqueous
NaCl solution, the solvent used in the P388 leukemia in
vivo tests. To this suspension, an aqueous solution of
a-cyclodextrin (CD) is added. After stirring and heating to
60°C, clear solutions are obtained. In Table 1 are listed the
amounts of platinum complexes 46, 65, and 66 (Scheme 8),
soluble in 10 ml of PEG 400/1.8% aqueous NaCl solution
with and without use of a-cyclodextrin as the solubilizing
agent.

The water-soluble polymer polyvinylpyrrolidone (PVP)
can be used as a solubilizing agent for platinum complexes
by preparing coprecipitates. The platinum complex and

Table 1. Amounts of platinum complexes soluble in 10 ml of PEG
400/1.8% aqueous NaCl solution; 2 mol of a-cyclodextrin (CD) are
used per mol of platinum complex

without CD with CD 2:1
46 6 mg 18 mg
L-65 — 9 mg
D-65 - 9 mg
66 3mg 18 mg
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PVP are separately dissolved in ethanol. After combining
the solutions, the solvent is evaporated. The product is a
platinum complex/PVP coprecipitate with the complex in a
PVP matrix*. The ratio of platinum complex and PVP is
chosen such that there is one complex molecule per 50 mon-
omeric units of the polymer (the average molecular weight
of PVP is 10000). In Table 2 are listed the amounts of
platinum complexes 46 and 54 — 56, soluble in 10 ml of PEG
400/1.8% aqueous NaCl solution compared with the co-
precipitates.

Table 2. Amounts of platinum complexes soluble in 10 mi of PEG
400/1.8% aqueous NaCl solution; 1 mol of complex is used per 50
mol of the monomeric unit of PVP

without PVP as coprecipitate

46 10 mg 18 mg
54 8.5 mg 18 mg
55 4.5 mg 18 mg
56 — 5 mg

Table 1 and 2 show that the solubility of the dichloro
complexes 46, 54—56, 65, and 66 is appreciably improved
by the solubilizing agents a-cyclodextrin and polyvinylpyr-
rolidone.

Antitumor Tests

The dichloro complexes and the lactate complexes as well
as the preparations with the solubilizing agents have been
tested in vivo, using the lymphatic P388 leukemia of the
CD,F; mouse?.

In order to determine the antitumor activity, 1.0 x 10°
P388 leukemia cells, suspended in 0.1 ml of phosphate-buf-
fered saline, were implanted intraperitoneally (i.p.) into fe-
male CD,F; mice with a body weight of ca. 18 g. The ani-
mals were randomized in groups of six. The therapy started
24 hours after the transplantation (= day 1) with i.p. ap-
plication of a solution of 1.0 x 1073, 2.0 x 1073, and 4.0
x 10~° mol/kg body weight of complex, dissolved or sus-
pended in the solvent PEG 400/1.8% aqueous NaCl solu-
tion. The therapy was repeated at day 5 and day 9. Animal
deaths were recorded daily. Each experiment included one
group with six animals as untreated control and also one
group with six animals, treated with cis-platinum at 1.5 mg/
kg as positive control. For the evaluation of the T/C value,
the median survival time of the treated animals was com-
pared with that of the untreated control animals which was
about 10 days.

T/C(%) median survival time of the treated animals « 100
™ " median survival time of control animals
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The 7/C value of the cis-platinum group is about 180. In
addition to the survival time, the changes of the animal
weights from day 1 to day 5 (d5 — d1) are of interest. A
decrease in body weight of the mice is an indication of the
toxicity of the compound.

A comparison of the 7/C values of Table 3 shows that
compounds with linear alkyl groups attached to the C-2
atom of the 1-benzyl-1,2-diaminoethane skeleton exhibit
high antitumor activities, decreasing with the chain length.
46 shows with 240% (4 x 10~ mol/kg) the best T/C value
in this series. Compounds 45 and 46 achieve higher anti-
tumor activities than cis-platinum. In contrast, compounds
having ring substituents at the C-2-position posses very low
antitumor activity. It is conspicuous that 46 is the complex
with the highest solubility, whereas the complexes which are
so poorly soluble that, even at the lowest concentration, they
have to be applied as a suspension, exhibit low antitumor
activity.

Table 3. Antitumor activity of the dichloroplatinum(II) complexes
45—52; sus = suspension, sol = solution

Concen-

: Weight
Com. Ti0oP  Solubility difference zic
p d5—d1 [g]
mol/kg]
459 1 sol +0 155
2 sus +04 173
4 sus —-04 187
46 1 sol -0.1 165
2 sol —1.7 200
4 sus —44 240
479 1 sus +1.0 141
2 sus +04 150
4 sus +0 164
489 1 sus +0.1 100
2 sus +041 100
4 sus —-06 100
499 1 sus +1.0 109
2 sus —-01 109
4 sus +0.5 114
50 1 sus +0.1 110
2 sus +0.1 110
4 sus +0.5 110
519 1 sus +0.7 99
2 sus -0.9 101
4 sus +1.1 112
529 1 sus +04 109
2 sus —04 105
4 sus +0.6 110

T/C value of the positive control group (cis-Pt; 1.5 mg/kg): @ 170;
¥'175; 9 190.

The activities in the C-1-substituted series 53—56 are
analogous to those in the C-2-substituted series, discussed
before. The methyl and ethyl compounds 54 and 55 are well
soluble and show a high antitumor activity. The benzyl- and
phenyl-substituted compounds 53 and 56, which have to be
applied as suspensions, are weakly effective (Table 4).
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Table 4. Antitumor activity of the dichloroplatinum(II) complexes
53—56 and the lactate complexes 61 —64; sus = suspension, sol =

solution
Concen- i
C Weight
Com- tratlg? Solubility difference Tic
per 110 ds—di[g] Vel
mol/kg]
53:1) i sol +0.7 140
2 sol +02 162
4 sus —02 168
54 1 sol +0.1 200
2 sol —0.6 236
4 sus —34 300
559 1 sol +0.4 180
2 sus -17 230
4 sus —-30 270
569 1 sus +0.5 120
2 sus +0.8 130
4 sus +0.7 133
61? 1 sol 10 136
2 sol +0 182
4 sol 10 182
629 1 sol +04 185
2 sol +0.9 200
639 1 sol +0.3 160
2 sol +02 185
4 sol —11 240
64 €} 1 sol +0.7 130
> <ol 103 137
4 sol +0.1 150

T/C value of the positive control group (cis-Pt; 1.5 mg/kg): ® 190;
®°200; @ 210; ¥ 160; @ 190.

The exchange of chloride as leaving group for lactate
yields complexes with good water solubility. The two lactate
complexes 62 and 63 have the same high antitumor activity
as their dichloro analogs 54 and 55. The decrease in animal
weight observed for the lactate complexes 62 and 63 is re-
duced compared to that of the dichloro complexes 54 and
55, indicating reduced toxicity (Table 4). The antitumor ac-
tivity of the lactate 61 is remarkably reduced compared to
that of the dichloro complex, but toxicity could not be ob-
served.

When a-cyclodextrin is used, the dichloro complexes 65
and 66 show increased antitumor activity at low concentra-
tions compared to the application as suspensions without
a-cyclodextrin (Table 5). At higher concentrations the tox-
icity increases strongly. For the a-cyclodextrin preparation
the dose-activity curve is obviously shifted to lower complex
concentrations.

Contrary to 65 and 66, the antitumor activity of 46 could
not be increased by the use of a-cyclodextrin. So, the anti-
tumor potency of 46 is not limited by solubility. The appli-
cation of the PVP coprecipitate of 46 gives rise to an in-
creased toxicity at highest concentration. The antitumor ac-
tivities of 54 and 55 as PVP coprecipitates are negligible,
whereas no toxicity is observed even at higher concentra-
tions.

Chem. Ber. 123 (1990) 1029 — 1038
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Table 5. Antitumor activity of the dichloroplatinum(IT) complexes
46, 54 —56, 65, and 66 with solubilizing agents; sus = suspension,
sol = solution

Concen- .
: Weight
Com- tration p : T/C
pound [10-* Solubility d%lgeéinfe] value
mol/kg] .
46[CDY}? 1 sol -0.2 150
2 sol —1.7 177
4 sol —3.2 222
p-65[CD}¥ 1 sol —-0.2 178
2 sol —4.6 72
4 sus —37 44
L-65[CD]? 1 sol —-1.9 205
2 sol —-36 44
4 sol —5.6 61
DL-66[CD]?¥ 1 sol —01 161
2 sol —0.6 178
4 sol —33 139
46[PVP]Y 1 sol +0 180
2 sol —14 210
4 sus —4.0 130
54[PvP]? 1 sol +0.9 190
2 sol +0.9 210
4 sol +0 250
55[PVP]® 1 sol +1.0 170
2 sol +0.3 190
4 sol +0.7 205
56[PVP]® 1 sus +1.2 130
2 sus +1.2 140
4 sus +0.7 145

T/C value of the positive control group (cis-Pt; 1.5 mg/kg): ¥ 200;
®°210; 9 160.
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port of this work.

Experimental

IR: Beckman Spektralphotometer 4240. — '"H NMR: Varian EM
360-L (60 MHz) and Bruker WM 250 (250 MHz); deuterated sol-
vents, TMS as internal standard, coupling constants J in Hz. —
Starting materials: Methyl DL-2-amino-3-(4-chlorophenyl}propa-
noate hydrochloride (1), methyl DL-2-amino-3-phenylpropanoate
hydrochloride (2), methyl DL-2-amino-3-(4-methoxyphenyl)propa-
noate hydrochloride (3)>'"; 2-amino-1-phenyl-1-ethanone hydro-
chloride (32), 1-phenyl-2-propanone (36), 1-phenyl-2-butanone (37),
and 1,3-diphenyl-2-propanone (38) are commercial products.

Synthesis of the Amino Alcohols 4—11. — General Procedure: A
solution of 100 mmol of the alkyl or aryl halide in 50 ml of an-
hydrous ether is prepared. About one third of this solution is added
to 2.4 g (100 mmol) of magnesium turnings. After the reaction has
started, the remaining halide solution is added dropwise with stir-
ring. After complete addition, the mixture is heated at reflux for 30
min. On cooling, 17.0 mmol of the ester hydrochloride of the cor-
responding amino acid is added in portions, and the reaction mix-
ture is heated at reflux for 15 h. — For hydrolysis, a saturated
solution of 9.1 g (17.0 mmol) NH,CI in water is added dropwise
with vigorous stirring. The insoluble product is filtered off, and the
organic layer is separated and dried with Na,SO,. After evaporation
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of the solvent, a colorless oil is obtained. The aqueous layer is made
alkaline by adding aqueous NH,, extracted with ether, and worked
up as above. The oily residues are combined and distilled.

DL-3-Amino-4-(4-chlorophenyl)-2-methyl-2-butanol (4). Ester hy-
drochloride: 4.3 g (17.0 mmol) of 1; halide: 14.2 g (100 mmo}) of
CH;l. — Colorless oil, b.p. 140°C/10~* Torr, yield 1.5 g (41%). —
IR (film): ¥ = 3420 cm~' (OH), 3280 (NH), 2980 (aliphat. CH), 1650
(NH). — '"H NMR (CDCl,, 250 MHz): § = 7.11—7.30 (AA’BB’,
4H, aromat. H), 2,98 (dd, 1H,3J = 2.7,°J = 13.5, CHN), 2.78 (AB,
1H, 2/ = 11.1, benzyl. H), 2.25 (AB, 1H, benzyl. H), 1.20 (s, 3H,
CH;), 1.28 (s, 3H, CH;), 1.20—1.42 (m, 3H, NH,, OH).

C;;HxCINO (213.71) Caled. C 61.18 H 7.55 N 6.51
Found C 61.04 H 742 N 6.51

DL-3-Amino-2-methyl-4-phenyl-2-butanol (5) Ester hydrochloride:
3.6 g (17.0 mmol) of 2; halide: 14.2 g (100 mmol) of CH,l. — Col-
orless oil, b.p. 120°C/10~* Torr, yield 2.1 g (70%). — IR (film): ¥ =
3400 cm ' (OH), 3280 (NH), 3020 (aromat. CH), 2980 (aliphat. CH),
1600 (NH). — 'H NMR (CDCl;, 250 MHz): § = 7.18—7.36 (m,
5H, aromat. H), 3.03 (dd, 1H,*J = 2.5,%J = 13.5, CHN), 2.81 (AB,
1H, %J = 11.3, benzyl. H), 2.27 (AB, 1H, benzyl. H), 1.30 (s, 3H,
CH;), 1.21 (s, 3H, CH,), 1.04—1.54 (m, 3H, NH,, OH).

C;;H;7NO (179.26) Caled. C 73.68 H 9.56 N 7.81
Found C 73.11 H9.42 N 7.72

DL-2-Amino-3-ethyl-1-phenyl-3-pentanol (6): Ester hydrochloride:
3.6 g (17.0 mmol) of 2; halide: 10.9 g (100 mmol) of 1-bromo-
ethane. — Colorless oil, b.p. 150°C/10~* Torr, yield 1.7 g (48%). —
IR (film); ¥ = 3400 cm~' (OH), 3280 (NH), 2980 (aliphat. CH), 1610
(NH). — 'H NMR (CDCl,;, 250 MHz): 8§ = 7.17—7.35 (m, SH,
aromat. H), 2.99 (dd, 1H, 3/ = 2.6,/ = 13.8, CHN), 2.96 (AB, 1H,
%J = 11.7, benzyl. H), 2.31 (AB, 1H, benzyl. H), 1.48 —1.64 (m, 4H,
CH,), 0.92—1.00 (m, 3H, NH,, OH), 095 (, 3H, *J = 7.5, CHj;),
0.62 (t, 3H, CH,).

C;3HyNO (207.32)  Caled. C 7531 H 10.21 N 6.76
Found C 74.74 H 10.07 N 7.01

DL-6-( I-Amino-2-phenylethyl )-6-undecanol (7). Ester hydrochlo-
ride: 3.6 g (17.0 mmol) of 2; halide: 10.7 g (100 mmol) of 1-chloro-
pentane. — Colorless oil, b.p. 160°C/10~* Torr, yield 2.5¢g
(50%). — IR (film): ¥ = 3400 cm~' (OH), 3270 (NH), 2920 (aliphat.
CH), 1610 (NH). — 'H NMR (CDCl,, 250 MHz): 8 = 7.16—7.35
(m, 5H, aromat. H), 298 (dd, 1H, 3/ = 2.7, °J = 140, CHN), 2.94
(AB, 1H,% = 120, benzyl. H), 2.30 (AB, 1 H, benzyl. H), 1.33—1.60
(m, 16H, CH,), 1.30—1.64 (m, 3H, NH,, OH), 091 2, 6H, °J =
6.9, CHa).

CiyH3NO (291.48) Caled. C 78.29 H 1141 N 6.51

Found C 77.89 H 1095 N 4.69

DL-2-Amino-1,1-dicyclohexyl-3-phenyl-1-propanol (8). Ester hy-
drochloride: 3.6 g (17.0 mmol) of 2; halide: 11.9 g (100 mmol) of
1-chlorocyclohexane. — Yellow oil, b.p. 200°C/10~* Torr, yield
1.0 g (18%). — IR (film): ¥ = 3300 cm~' (OH), 3210 (NH), 2920
(aliphat. CH), 1670 (NH). — 'H NMR (CDCl,, 60 MHz): § =
7.32—7.63 (m, 5H, aromat. H), 3.00 (m, 2H, CHN, benzyl. H),
0.92—-2.10 (m, 26 H, benzyl. H, NH,, OH, C¢H,).

DL-2-Amino-1,1,3-triphenyl-1-propanol (9): Ester hydrochloride:
3.6 g (17.0 mmol) of 2; halide: 15.7 g (100 mmol) of 1-bromoben-
zene. — After evaporation of the solvent, a colorless solid is ob-
tained, which is recrystallized from ethanol. — Colorless needles,
m.p. 142°C, yield 3.5 g (67%). — IR (KBr): ¥ = 3400 cm~' (OH),
3280, 3200 (NH), 3020 (aromat. CH), 2940 (aliphat. CH), 1630
(NH). — 'H NMR (CDCl;, 60 MHz): 8 = 7.02—7.78 (m, 5H, aro-
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mat. H), 4.11 (m, 1 H, CHN), 3.60 (m, 2H, benzyl. H), 2.54 (m, 3H,
NH,, OH).
CyH;NO (30341) Caled. C 83.13 H 698 N 4.62

Found C 82.67 H 7.00 N 4.38

DL-2-Amino-1,1-bis(4-methoxyphenyl)-3-phenyl-{-propanol (10):
THF is used as solvent instead of ether. — Ester hydrochloride:
3.6 g (17.0 mmol) of 2; halide: 18.7 g (100 mmol) of 4-bromoani-
sol. — After evaporation of the solvent, a yellow product is ob-
tained. For purification, it is dissolved in 75 ml of ether, and the
insoluble residue is filtered off. Finally, the solvent is evaporated. —
Colorless oil, b.p. >200°C/10~* Torr, yield 4.5 g (73%). — IR
{film): v = 3460 cm ! (OH), 3400, 3340 (NH), 3040 (aromat. CH),
2980 (aliphat. CH), 1610 (NH). — "H NMR (CDCl,;, 250 MHz):
6 = 7.54—17.45 (AA'BB’, 4H, aromat. H), 7.15—7.29 (m, 5H, aro-
mat. H), 6.82—6.87 (AA’BB’, 4H, aromat. H), 4.06 (AB, 1 H, benzyl.
H), 3.76 (s, 3H, OCH.), 3.77 (s, 3H, OCH,), 2.66 (dd, 1 H, CHN),
241 (AB, 1H, benzyl. H), 1.18—1.23 (m, 3H, NH,, OH).

DL-2-Amino-1,1,3-tris(4-methoxyphenyl )- 1-propanol (11). THF is
used as solvent instead of ether. — Ester hydrochloride: 4.2 g (17.0
mmol) of 3; halide: 18.7 g (100 mmol) of 4-bromoanisol. — After
evaporation of the solvent, an orange oil is obtained which is dis-
solved in 80 ml of ether and stirred for 3 h. The insoluble orange
solid is filtered off and the solvent evaporated. — Yellow oil, b.p.
>200°C/10~* Torr, yield 4.4 g (66%). — IR (film): ¥ = 3400 cm !
(OH), 3300 (NH), 3020 (aromat. CH), 2980 (aliphat. CH), 1610 (NH).

Synthesis of the 1,2-Diamines 20—23, 28—31. — The Aziridine
Pathway: 40 mmol of the amino alcohol, dissolved in 100 ml of
acetonitrile, is added at 0°C to a solution of Ph;PBr,, prepared from
10.5 g (40 mmol) of Ph;P in 100 ml of acetonitrile and 6.4 g (40
mmol) of Br, in 40 ml of acetonitrile. A solution of 8.1 g (80 mmol)
of Et;N in 10 ml of acetonitrile is added dropwise with stirring.
After standing at room temp. for 15 h, the precipitated Et;NHBr
is filtered off. The filtrate is concentrated and the residue extracted
with 250 ml of hexane in a liquid-liquid extraction apparatus for
24 h. The extract is filtered once more before the solvent is evap-
orated. The residue is distilled.

DL-3-(4-Chlorobenzyl)-2,2-dimethylaziridine (12): Amino alcohol:
8.5 g (40 mmol) of 4. — Colorless oil, b.p. 160°C/10~* Torr, yield
5.7 g(73%). — IR (film): 3240 cm ~' (NH), 2960 (aliphat. CH), 1600
(NH).

DL-3-Benzyl-2,2-dimethylaziridine (13): Amino alcohol: 7.2 g (40
mmol) of 8. — Colorless oil, b.p. 90°C/10~* Torr, yield: 2.6 g
(40%). — IR (film): ¥ = 3240 cm ' (NH), 2970 (aliphat. CH), 1610
(NH). — 'H NMR (CDCl;, 250 MHz): § = 7.18—7.35 (m, 5H,
aromat. H), 2.66—2.85 (m, 2H, CHN, benzyl. H), 2.04 (AB, 1H,
benzyl. H), 1.30 (s, 3H, CH,), 1.27 (s, 3H, CH,), 0.70 (m, 2H, NH,).

DL-3-Benzyl-2,2-diethylaziridine (14): Amino alcohol: 8.3 g (40
mmol) of 6. — Colorless oil, b.p. 80°C/10™* Torr, yield 1.9 g
(25%). — IR (film): ¥ = 3240 cm ! (NH), 2960 (aliphat. CH), 1610
(NH).

DL-3-Benzyl-2,2-dipentylaziridine (15). Amino alcohol: 11.7 g (40
mmol) of 7. — Yellow oil, b.p. 120°C/10™* Torr, yield 2.7 g
(25%). — IR (film): ¥ = 3240 cm~" (NH), 2960 (aliphat. CH), 1610
(NH).

The Amino Azides: A solution of 2.6 g (40 mmol) of NaN; and
2.1 g (40 mmol) of NH,Cl in 15 ml of water is added to a solution
of 10 mmol of the corresponding aziridine in 40 ml of ethanol. The
mixture is heated at reflux for 18 h. After cooling, the reaction
mixture is diluted with water and extracted with CH,Cl,. The or-
ganic layer is dried with Na,SO, before the solvent is evaporated.
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DL-3-Azido-1-(4-chlorophenyl )-3-methyl-2-butanamine (16). Aziri-
dine: 1.9 g (10 mmol) of 12. — Dark, yellow oil, yield 2.1 g(90%). —
IR (film): ¥ = 3320 cm~"' (NH), 2980 (aliphat. CH), 2100 (N;), 1610
(NH).

DL-3-Azido-3-methyl-1-phenyl-2-butanamine (17). Aziridine: 1.6 g
(10 mmol) of 13. — Dark, yellow oil, yield 1.2 g (60%). — IR (film):
¥ = 3300 cm™' (NH), 2920 (aliphat. CH), 2100 (N3), 1610 (NH).

DL-3-Azido- [-phenyl-3-ethyl-2-pentanamine (18). Aziridine: 1.8 g
(10 mmol) of 14. — Yellow oil, yield 2.2 g (95%). — IR (film); V =
3350 cm~' (NH), 2960 cm ~' (aliphat. CH), 2100 (N;), 1610 m (NH).

DL-3-Azido- I-phenyl-3-pentyl-2-octanamine (19): Aziridine: 2.7 g
(10 mmol) of 15. — Yellow oil, yicld 2.2 g (70%). — IR (film): ¥ =
3380 cm~' (NH), 2980 (aliphat. CH), 2100 (N3), 1610 (NH).

The Diethyl Azodicarboxylate Pathway: For the preparation of
hydrazoic acid solutions see ref.?Y, The concentration of the toluene
solution of hydrazoic azid is determined by titration with a standard
alkali solution (0.1 N). 3.9 g (22 mmol) of diethyl azodicarboxylate,
dissolved in 20 ml of toluene, is added dropwise to a solution of
5.8 g (22 mmol) of Ph;P and 20 mmol of the corresponding amino
alcohol in 100 ml of toluene. After addition of 22 mmol of HN; in
toluene solution, a colorless precipitate is formed. The mixture is
stirred at room temp. for 15 h. The precipitate is filtered off, and
the solvent is evaporated. The residual brown oil is dissolved in a
small amount of toluene and chromatographed on a silica gel col-
umn (50 cm x 5 cm) using ether/toluene (1:1) as eluent. The eluate
is collected in two portions of 140 ml. After evaporation of the
solvent, the IR spectra of the second fraction showed the azide peak
of the amino azide.

DL-1-Azido-1,1-dicyclohexyl-3-phenyl-2-propanamine (24). Amino
alcohol: 3.9 g (20 mmol) of 8. — Brown-yellow oil, yield 1.9 g
(30%). — IR (film): ¥ = 3300 cm~' (NH), 2920 (aliphat. CH), 2100
(N3), 1600 (NH).

DL-1-Azido-1,1,3-triphenyl-2-propanamine (25). Amino alcohol:
6.1 g (20 mmol) of 9. — Yellow oil, yield 2.3 g (35%). — IR (film):
¥ = 3380 cm~! (NH), 3080 (aromat. CH), 2980 (aliphat. CH), 2100
(N3), 1610 (NH).

DL-1-Azido-1,1-bis(4-methoxyphenyl )-3-phenyl-2-propanamine
(26): Amino alcohol: 7.3 g (20 mmol) of 10. — Yellow oil, yield 4.3 g
(60%). — IR (film): ¥ = 3300 cm~! (NH), 3040 (aromat. CH), 2980
(aliphat. CH), 2100 (N}, 1620 (NH).

DL-1-Azido-1,1,3-tris(4-methoxyphenyl)-2-propanamine 27:
Amino alcohol: 7.9 g (20 mmol) of 11. — Dark, yellow oil, yield
4.2 g (50%). — IR (film): ¥ = 3280 cm~! (NH), 3060 (aromat. CH),
2980 (aliphat. CH), 2100 (N;), 1620 (NH).

Reduction of the Amino Azides: 9 mmol of the corresponding
azide is dissolved in 30 ml of anhydrous ether and added at 0°C
to a suspension of 20 mmol (0.8 g) of LiAlH, in 30 ml of anhydrous
ether. After heating to reflux for 5 h, the mixture is hydrolyzed at
0°C with moist ether and a small amount of water. The solid is
filtered off, and the filtrate is dried with Na,SO,. After evaporation
of the solvent, the residue is distilled. The solid is extracted in a
Soxhlet apparatus with 100 ml of CH,Cl, for 15 h. After drying,
the solvent is evaporated, and the residue is distilled.

DL-1-(4-Chlorophenyl )-3-methyl-2,3-butanediamine (20). Azide:
2.2 g (9 mmol) of 16. — Colorless oil, b.p. 120°C/10~* Torr, yield
1.0 g (54%). — IR (film): ¥ = 3360, 3280 cm ' (NH), 3040 (aromat.
CH), 2980, 2960 (aliphat. CH), 1600 (NH). — 'H NMR (CDCl,, 250
MHz): 3 = 7.11-7.31 (AA’BB’,4H, aromat. H), 297 (dd, 1 H, *J =
25,3 = 134, CHN), 2.71 (AB, 1H, 37 = 11.0, benzyl. H), 2.23
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(AB, 1H, benzyl. H), 1.22—1.34 (m, 4H, NH,), 1.18 (s, 3H, CH,),
1.14 (s, 3H, CH,).
CH,,CIN, (212.72) Caled. C 62.11 H 7.58 N 13.17

Found C 6221 H 791 N 12.04

DL-3-Methyl-1-phenyl-2,3-butanediamine (21): Azide: 1.8 g (9
mmol) of 17. — Colorless oil, b.p. 90°C/10~* Torr, yield 0.8 g
(50%). — 1R (film): ¥ = 3390, 3300 cm ! (NH), 3020 (aromat. CH),
2980 (aliphat. CH), 1600 (NH). — 'H NMR (CDCl,, 250 MHz):
8 = 7.18—17.35 (m, 5H, aromat. H), 3.02 (dd, 1H, 3/ = 25,3 =
139, CHN), 2.75 (AB, 1H, 2J = 10.6, benzyl. H), 2.24 (AB, 1H,
benzyl. H), 1.18 (s, 3H, CHs), 1.15 (s, 3H, CHs), 1.43—1.15 (m, 4H,
NH,).

CiHisN; (178.27)  Caled. C 74.10 H 10.28 N 15.71

Found C 73.69 H 10.20 N 14.79

DL-3-Ethyl-1-phenyl-2,3-pentanediamine (22). Azide: 21 g (9
mmol) of 18. — Colorless oil, b.p. 90°C/10~* Torr, yield 1.7 g
(90%). — IR (film): ¥ = 3380, 3320 cm ' (NH), 3040 (aromat. CH),
2980, 2960 (aliphat. CH), 1610 (NH). — 'H NMR (CDCIl,;, 250
MHz): 8 = 7.28 (m, 5H, aromat. H), 2.97 (dd, 1H, %/ = 2.3,%J =
13.1, CHN), 2.88 (AB, 1H, %J = 109, benzyl. H), 2.30 (AB, 1 H,
benzyl. H), 1.52 (m, 4H, CH,), 1.11 (m, 4H, NH,), 096 (2 t, 6H,
CH,).

CisHyN, (206.33) Caled. C 7567 H 10.75 N 13.58

Found C 7526 H 1043 N 13.01

DL-1-Phenyl-3-pentyl-2,3-octanediamine (23). Azide: 29g (9
mmol) of 19. — Colorless oil, yield 2.4 g (90%). — IR (film): V =
3400, 3320 cm ™' (NH), 3040 (aromat. CH), 2980, 2960 (aliphat. CH),
1610 (NH). — 'H NMR (CDCl,, 250 MHz): § = 7.19—7.36 (m,
5H, aromat. H), 2.97 (dd, 1H,*J = 2.4,%J = 13.1, CHN), 2.86 (AB,
1H, 27 = 10.9, benzyl. H), 1.32—1.47 (m, 16H, CH,), 1.13 (m, 4H,
NH,), 0.91 (t, 3H, *J = 6.9, CH.), 0.89 (t, 3H, CH,).

CiyHyN; (290.50) Caled. C 78.56 H 11.80 N 9.65
Found C 79.20 H 11.23 N 7.22

DL-1,1-Dicyclohexyl-3-phenyl-1,2-propanediamine  Dihydrochlo-
ride (28 - 2 HCI): Azide: 2.8 g (9 mmol) of 24. — Yellow oil. — IR
(film): ¥ = 3340 cm ™! (NH), 3040 (aromat. CH), 2940, 2860 (aliphat.
CH), 1660 (NH). — Synthesis of the dihydrochloride: 1.5 g of the
diamine is dissolved in 10 ml of ether, and the solution is cooled
to —70°C. By passing HCI gas into the solution, a pale-yellow
precipitate is obtained, which is filtered off, washed with ether, and
dried. — Pale-yellow, hygroscopic solid, yield 1.6 g (50%). — 'H
NMR (CD,OD, 250 MHz): § = 7.18—7.50 (m, 5H, aromat. H),
4.00 (AB, 1H, benzyl. H), 3.12 (dd, 1H, CHN), 2.80 (AB, 1 H, benzyl.
H), 1.05—2.20 (m, 26H, C,H;;, NH,).

DL-1,1,3-Triphenyl-1,2-propanediamine (29). Azide: 3.0 g (9 mmol)
of 25. — Brown oil, b.p. 130°C/10~* Torr, yield 1.9 g (67%). — IR
(film): ¥ = 3380, 3300 cm ! (NH), 3060, 3040 (aromat. CH), 2920,
2860 (aliphat. CH), 1610 (NH). — 'H NMR (CDCl;, 250 MHz):
8§ = 7.57—7.67 (m, SH, aromat. H), 7.13—7.48 (m, 10H, aromat.
H), 413 (AB, 1H, 2/ = 10.5, benzyl. H), 2.85 (dd, 1H, *J = 3.3,
3J = 14.8, CHN), 2.31 (AB, 1H, benzyl. H), 1.87 (m, 4H, NH,).

Found C 83.73 H 7.28 N 943

DL-1,1-Bis(4-methoxyphenyl )-3-phenyl-1,2-propanediamine (30):
Azide: 3.2 g (9 mmol) of 26. — Pale-yellow oil, b.p. 200°C/10~*
Torr, yield 1.0 g (30%). — IR (film): ¥ = 3400, 3340 cm~! (NH),
3040, 3020 (aromat. CH), 2960, 2920 (aliphat. CH), 1620 (NH). —
'"H NMR (CDCls, 250 MHz): 3 = 7.46—7.50 (AA’BB’, 4H, aromat.
H), 7.19—-7.32 (m, SH, aromat. H), 6.79 —6.88 (AA’BB’, 4H, aromat.
H), 4.00 (AB, 1H, %J = 10.5, benzyl. H), 3.76, 3.73 (s, 6H, OCH.),
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2.85(dd, 1H, % = 19,% = 13.5, CHN), 2.25 (AB, 1H, benzyl. H),
1.73—2.00 (m, 4H, NH,).
CpHyN;0; (362.48) Caled. C 7621 H 7.23 N 7.73

Found C 7592 H 7.22 N 6.98

pL-1,1,3-Tris(4-methoxyphenyl)-1,2-propanediamine (31). Azide:
3.8 g (9 mmol) of 27. — The product is purified by chromatography
on a silica gel column (50 x 5 cm). With toluene/ethier (1:1) as
eluent, a first zone is separated. Finally, the diamine is washed from
the column using methanol as eluent. — Yellow oil, yield 0.7 g
(20%). — IR (film): ¥ = 3360 cm~! (NH), 3040, 3020 (aromat. CH),
2960, 2920 (aliphat. CH), 1620, 1580 (NH). — 'H NMR (CDCl;,
250 MHz) 6 = 7.44—749 (AA'BB’, 4H, aromat. H), 6.82—7.14
(AA’BB’, 4H, aromat. H), 6.80 —6.89 (AA’BB’, 4H, aromat. H), 3.97
(AB, 1H, 2J = 10.6, benzyl. H), 3.78, 3.75 (2 s, 6H, OCH,), 3.75 (s,
3H, OCH,), 2.80 (dd, 1H, *J < 3,%J = 13.7, CHN), 2.21 (AB, 1H,
benzyl. H), 1.91—2.57 (m, 4H, NH,).

Synthesis of DL-2,3-Diphenyl-1,2-propanediamine (35). — DL-1-
Amino-2,3-diphenyl-2-propanol (33): See synthesis of the amino al-
cohols 4—11. — Ketone hydrochloride: 8.6 g (0.05 mol) of 32; hal-
ide: 38.0 g (0.30 mol) of benzyl chloride. — Orange, waxy product,
yield 5.9 g (52%). — IR (KBr): ¥ = 3300 cm~' (OH), 3250 (NH),
3020 (aromat, CH), 2940 (aliphat. CH), 1610 (NH). — '‘H NMR
(CDCl;, 250 MHz): 8 = 7.20—7.38 (m, 10H, aromat. H), 3.18 (AB,
1H, CHN), 3.10 (AB, 1 H, benzyl. H), 2.98 (AB, 1H, benzyl. H), 2.86
(AB, 1H, CHN), 1.91 (m, 2H, NH),).

DL-2-Azido-2,3-diphenyl-1-propanamine (34): See synthesis of the
azides 24 —27. — Amino alcohol: 4.5 g (20 mmol) of 33. — Dark-
yellow oil, yield 4.2 g (83%). — IR (film): ¥ = 3300 cm~' (NH),
3040 (aromat. CH), 2980 (aliphat. CH), 2100 (N,), 1610 (NH).

DL-23-Diphenyl-1,2-propanediamine (35). See synthesis of the di-
amines 20—23, 28 —31. — Azide: 2.3 g (9 mmol) of 34. — Colorless
oil, b.p. 180°C/10~* Torr, yield 1.7 g (83%). — IR (film): ¥ = 3390,
3000 cm ~! (NH), 3040 (aromat. CH), 2920, 2860 (aliphat. CH), 1610,
1590 (NH). — 'H NMR (CDCl,, 250 MHz): § = 7.01—7.31 (m,
5H, aromat. H), 6.81 —6.87 (m, SH, aromat. H), 3.11 (AB, 1H,%J =
12.9, CHN), 3.03 (AB, 1H, 2/ = 13.1, benzyl. H), 2.89 (AB, 1H,
benzyl. H), 2.76 (AB, 1H, CHN), 1.47 (m, 4H, NH),).

C;sH;gN, (226.32) Calcd. C 79.60 H 8.02 N 12.38
Found C 79.15 H 7.94 N 12.16

Synthesis of the 1,2-Diamines 42—44. — The Amino Nitriles:
29.4 g (0.55 mol) of NH,Cl is dissolved in 100 ml of water and mixed
with 100 ml of conc. NH; solution. To this solution, first 27.0 g
(0.55 mol) of NaCN in 50 ml of water and then 0.50 mol of the
corresponding ketone in 100 ml of methanol are added dropwise.
The mixture is stirred for 15 h at 50°C. To isolate the product, the
reaction mixture is adjusted to pH = 6 with 1 N HCl and extracted
with ether. The aqueous layer is made alkaline with conc. NH;
solution, and the amino nitrile is extracted with ether. After evap-
oration of the solvent, the product is reduced to the 1,2-diamine
without further purification.

DL-2-Amino-2-benzyl-1-propanenitrile (39): Ketone: 67.1 g (0.50
mol) of 36. — Yellow oil, yield 48.1 g (60%). — IR (film): ¥ = 3400,
3320 cm ™! (aromat. CH), 3000, 2960 (aliphat. CH), 2040 (CN), 1610
(NH). — '"H NMR (CDCl;, 60 MHz): § = 7.45 (m, 5H, aromat.
H), 2.95 (m, 5H, aromat. H), 1.80 (s, 4H, NH,), 1.60 (s, 3H, CH,).

DL-2-Amino-2-benzyl-1-butanenitrile (40). Ketone: 74.1 g (0.50
mol) of 37. — Yellow oil, yield 61.0 g (70%). — IR (film): ¥ = 3320,
3280 cm ! (NH), 3040 (aromat. CH), 2980, 2940 (aliphat. CH), 2020
(CN), 1610 (NH). — 'H NMR (CDCl,, 60 MHz): § = 7.40 (m, SH,
aromat. H), 2.95 (AB, 1 H, benzyl. H), 2.72 (AB, 1 H, benzyl. H), 1.80
(m, 4H, CH,, NH,), 1.15 (m, 3H, CHj;).
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2-Amino-2-benzyl-3-phenyl-1-propanenitrile (41): Ketone: 105.1 g
(0.50 mot) of 38. — After addition of the NH; solution, the amino
nitrile precipitates as a colorless solid. Nevertheless, the suspension
is extracted with ether. — Colorless solid, m.p. 114°C, yield 414 g
(35%). — IR (KBr): ¥ = 3400, 3320 cm~' (NH), 3020 (aromat. CH),
2940 (aliphat. CH), 2100 (CN), 1570 (NH). — 'H NMR (CDCl,, 60
MHz): 6 = 745 (m, 5H, aromat. H), 3.20 (AB, 2H, benzyl. H), 2.80
(AB, 2H, benzyl. H), 1.62 (s, 2H, NH,).

Reduction of the Amino Nitriles: 15.2 g (0.4 mol) of LiAlH, is
suspended in 100 ml of anhydrous THF. To this suspension, a so-
lution of 0.1 mol of the corresponding nitrile in 150 ml of anhy-
drous THF is added dropwise while cooling the mixture to 0°C.
The reaction mixture is heated at reflux for 15 h. On cooling to
0°C, 28.8 ml (1.6 mol) of water is added dropwise for hydrolysis
with vigorous stirring. The solid is filtered off and extracted in a
Soxhlet apparatus with 250 ml of THF for 15 h. The extract is
combined with the filtrate of the reaction mixture, the solvent is
evaporated, and the residue is distilled.

DL-2-Benzyl-1,2-propanediamine (42). Nitrile: 16.0 g (0.1 mol) of
39. — At 70°C/10~* Torr, the by-product may be distilled off before
the product is obtained. — Colorless oil, b.p. 100°C/10~* Torr,
yield 6.9 g (42%). — IR (film): ¥ = 3300, 3290 cm~' (NH), 3020
(aromat. CH), 2920, 2860 (aliphat. CH), 1610, 1590 (NH). — 'H
NMR (CDCl;, 250 MHz): § = 7.16—7.33 (m, 5H, aromat. H), 2.66
(s, 2H, benzyl. H or CHN), 2.56 (s, 2H, CHN or benzyl. H), 1.25
(m, 4H, NH,), 1.00 (s, 3H, CHj,).

CioHigN; (164.25) Caled. C 73.13 H 9.81 N 17.06
Found C 7293 H 9.81 N 17.13

DL-2-Benzyl-1,2-butanediamine (43). Nitrile: 17.4 g (0.1 mol) of
40. — At 60°C/10~* Torr, the by-product may be distilled off. —
Colorless oil, b.p. 95°C/10~* Torr, yield 5.0 g (28%). — IR (film);
¥ = 3300, 3390 cm ™' (NH), 3020 (aromat. CH), 2860, 2920 (aliphat.
CH), 1590, 1610 (NH). — 'H NMR (CDCl,, 250 MHz): § =
7.17-17.33 (m, 5H, aromat. H), 2.66 (s, 2H, CHN), 2.58 (AB, 1H,
2J = 13.0, benzyl. H), 2.48 (AB, 1H, benzyl. H), 1.37 (q, 2H, >J =
7.7, CH,), 1.13 (m, 4H, NH,), 0.94 (t, 3H, CH,).

CHigN; (178.28) Caled. C 74.10 H 10.18 N 15.71
Found C 7415 H 9.92 N 15.60

2-Benzyl-3-phenyl-1,2-propanediamine (44). Nitrile: 23.6 g (0.1
mol) of 41. — At 100°C/10™* Torr, the by-product may be distilled
off. — Yellow oil, b.p. 150°C/10~* Torr, yield 7.7 g (32%). — IR
(film): ¥ = 3390, 3300 cm~! (NH), 3040 (aromat. CH), 2920, 2860
(aliphat. CH), 1610, 1590 (NH). — 'H NMR (CDCl,;, 250 MHz):
8 = 7.19—7.33 (m, 5H, aromat. H), 2.82 (AB, 2H, 2J = 13.2, benzyl.
H), 2.68 (AB, 2H, %J = 13.2, benzyl. H), 1.10 (m, 4H, NH,).

CigHxN, (240.35) Caled. C 79.96 H 8.39 N 11.66
Found C 79.55 H 8.61 N 11.26

Synthesis of the Dichloroplatinum(II) Complexes 45—56. —
A. Synthesis in Water: 5.0 mmol of the corresponding diamine is
dissolved in 25 ml of water. The solution is adjusted to pH = 7
using 1 N HCl. 2.08 g (5.0 mmol) of K,PtCl,, dissolved in 25 ml of
water, is added to this solution. The mixture is heated to 50°C and
the pH kept constant by addition of 1 N NaOH. The reaction is
finished, if the pH does not change anymore. The complexes pre-
cipitate as pale-yellow solids which are filtered off, washed succes-
sively with water and ethanol, and dried.

B. Synthesis in Water/tert-Butyl Alcohol: 0.5 mmol of the corre-
sponding diamine is dissolved in 50 m! of tert-butyl alcohol. 208 mg
(0.5 mmol) of K,PtCl,, dissolved in 5 ml of water, is added to that
solution. The precipitate dissolves on addition of another 25 ml of
water. The solution is neutralized with 1 N HCL.
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Dichloro[ pL-1-(4-chlorophenyl)-3-methyl-2,3-butanediamine ] -
platinum(11) (45): Diamine: 1.1 g (5.0 mmol) of 20. — Method A. —
Pale-yellow solid, m.p. 300°C (dec.), yield 1.8 g (76%). — IR (KBr):
¥ = 3240, 3110 cm ' (NH), 3040 (aromat. CH), 2980 (aliphat. CH),
1580 (NH), 330, 320 (PtCl). — 'H NMR ([D,]DMF, 250 MHz):
& = 7.34—7.44 (AA'BB’, 4H, aromat. H), 543 (m, 4H, NH,), 3.13
(m, 1H, CHN), 2.73—3.00 (m, obscured by solvent pcaks, benzyl.
H), 1.49 (s, 3H, CH,), 1.40 (s, 3H, CH,;).

Ci1HisC3N,Pt (478.72) Caled. C 27.60 H 3.58 N 585
Found C 27.58 H 3.50 N 5.76

Dichloro(pL-3-methyl-1-phenyl-2,3-butanediamine ) platinum(11)
(46): Diamine: 0.9 g (5.0 mmol) of 21. — Method A. — 50 mg of
the complex could be recrystailized in 100 ml of hot acetonitrile,
cooling the solution first to room temp. and then to 10°C. — Pale-
yellow needles, m.p. 300°C (dec.), yield 0.8 g (37%). — IR (KBr):
v = 3190, 3110 cm ' (NH), 3020 (aromat. CH), 2980 (aliphat. CH),
1570 (NH), 300 (PtCl). — 'H NMR (CD;CN, 250 MHz): § =
7.21—7.29 (m, SH, aromat. H), 4.72, 4.44, 4.26, 4.07, 3.91 (5 m, 4H,
NH,), 3.21 (m, 1 H, *Jen—cu = 3.8, Jeu_cn = 11.0, Joy_nn = 3.8,
*Jeu—nu = 18.0, CHN), 2.88 (AB, 1H, ¥/ = 14.3, benzyl. H), 2.61
(AB, 1H, benzyl. H), 1.40 (s, 3H, CHs), 1.31 (s, 3H, CH;).

Ci1HsCLN,Pt (444.28) Caled. C 29.74 H 4.08 N 6.31
Found C 29.82 H 4.18 N 6.23

Dichloro( pL-3-ethyl-1-phenyl-2,3-pentanediamine ) platinum(II)
(47): Diamine: 1.03 g (5.0 mmol) of 22. — Method A. — Pale-yellow
solid, m.p. 300°C (dec.), yield 1.6 g (68%). — IR (KBr): ¥ = 3190,
3120 cm ™' (NH), 3030 (aromat. CH), 2970 (aliphat. CH), 1590 (NH),
330, 320 (PtCl). — '"H NMR ([D;]DMF, 250 MHz): § = 7.25—7.49
(m, 5H, aromat. H), 5.37, 540 (2 m, 1 H, NH,), 5.20, 5.25 (2 m, 1H,
NH,), 506, 511 (2m, 1H, NH,), 4.28, 432 2 m, 1H, NH,),
2.93—-3.12 (m, 3H, benzyl. H, CHN), 1.95—2.23, 1.72—1.91 2 m,
4H, CH,), 0.97—-1.08 2 t, 6H, *J = 7.6, CH,).

CisHpCLN,Pt (472.33)  Caled. C 33.06 H 4.70 N 5.93
Found C 3322 H 4.67 N 5.93

Dichloro( pL-1-phenyl-3-pentyl-2,3-octanediamine ) platinum( 11
(48): Diamine: 145 mg (0.5 mmol) of 23. — Method B. — Pale-
yellow solid, m.p. 300°C (dec.), yield 54 mg (37%). — IR (KBr):
¥ = 3240, 3110 cm~! (NH), 3040 (aromat. CH), 2960, 2940 (aliphat.
CH), 1580 (NH), 330, 320 (PtCl). — 'H NMR ([D;]DMF, 250
MHz): § = 7.17—7.34 (m, 5H, aromat. H), 5.54, 558 2 m, 1H,
NH,), 497, 3.69 (2 m, 2H, NH,), 348, 352 2m, 1H, NH,),
293-299 (m, 2H, ¥J = 11.1, 3%J = 148, benzyl. H, CHN), 2.45
(AB, 1H, benzyl. H), 1.25—1.69 (m, 16 H, CH,), 0.95 (t, 3H, CH,),
0.88 (t, 3H, CH,).

CioH3,CLN,Pt (556.50) Caled. C 41.01 H 6.16 N 5.04
Found C 41.43 H 593 N 4.66

Dichloro(pL-1,1-dicyclohexyl-3-phenyl-1,2-propanediamine ) pla-
tinum(Il) (49): Diamine: 194 mg (0.5 mmol) of 28 - 2 HCL —
Method B. — 50 mg of the precipitated complex is dissolved in
10 m] of hot acetonitrile. After cooling to room temp., the product
may be precipitated by addition of 100 ml of ether. — Pale-yellow
solid, m.p. 300°C (dec.), yield 93 mg (32%). — IR (KBr): v =
3200 cm ~* (NH), 3040 (aromat. CH), 2940, 2860 (aliphat. CH), 1610
(NH), 320 (PtCl).

CyH3,CLN,Pt (580.52) Caled. C 4345 H 5.90 N 4.83

Found C 43.15 H 4.60 N 5.13
Dichloro(piL-1,1,3-triphenyl-1,2-propanediamine ) platinum (Il )
(S0): 1.5 g (5.0 mmol) of 29 is dissolved in 12 ml of 1 N HCL. This
solution is neutralized with 1 N NaOH giving an emulsion. 2.1 g
(5.0 mmol) of K,PtCl,, dissolved in 25 ml of water, is added. After
5 h, the precipitated complex is filtered off, washed with ether and
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water, and dried. — Pale-yellow solid, m.p. 300°C (dec.), yield 0.2 g
(56%). — IR (KBr): v = 3220, 3160 cm ! (NH), 3110 (aromat. CH),
2960 (aliphat. CH), 1580 s (NH), 330, 320 (PtCl). — 'H NMR
([D;]JDMF, 250 MHz):: § = 795—8.13 (m, 5H, aromat. H),
7.33—7.56 (m, 10H, aromat. H), 6.62 (m, 2H, NH,), 4.94, 500 2 m,
1H, NH,), 4.32, 438 2 m, 1H, NH,), 392 (m, 1H, 3J < 3,%J =
14.8, CHN), 3.26 (AB, 1H, 2J = 11.1, benzyl. H), 3.11 (AB, 1H,
benzyl. H).

CyH,,CLN,Pt (568.42) Caled. C 44.36 H 3.90 N 4.93
Found C 44.13 H 4.11 N 4.83

Dichlorof br-1,1-(4-methoxyphenyl )-3-phenyl-1,2-propanediamine ] -
platinum(II) (51): Diamine: 181 mg (0.5 mmol) of 30. — Method
B. — Pale-yellow solid, m.p. 300°C (dec.), yield 176 mg (56%). —
IR (KBr): ¥ = 3260, 3160 cm~! (NH), 3090 (aromat. CH), 2960,
2940 (aliphat. CH), 1610, 1580 (NH), 330 (PtCl. — 'H NMR
(CDClL;, 250 MHz): 3 = 6.87—8.31 (AA’BB’, 4H, aromat. H),
7.23—7.32 (m, SH, aromat. H), 6.89—7.17 (AA’BB’, 4H, aromat.
H), 6.11, 6.19 (2 m, 1 H, NH,), 4.83, 4.79 (2 m, 2H, NH,), 3.97, 3.87
(2 m, 1H, NH,), 3.89, 3.80 (2 s, 6H, OCH,), 3.26 (AB, 1H, benzyl.
H), 2.46 (m, 1H, CHN), 2.22 (AB, 1 H, benzyl. H).

CHyCLN,O,Pt (628.48) Caled. C 4395 H 417 N 446
Found C 4449 H 4.54 N 4.19

Dichloro[DL-1,1,3-tris(4-methoxyphenyl)-1,2-propanediamine |-
platinum(II) (52): 196 mg (0.5 mmol) of 31. — Method B. — For
purification, the complex is precipitated as described for the com-
plex 49. — Pale-yellow solid, m.p. 300°C (dec.), yield 105 mg
(32%). — IR (KBr): v = 3240, 3180 cm ! (NH), 3100 (aromat. CH),
2960, 2940 (aliphat. CH), 1610, 1580 (NH), 330 (PtCl). — 'H NMR
(CDCl;, 250 MHz): 6 = 6.86—8.32 (AA’BB’, 4H, aromat. H),
7.01 —7.29 (AA'BB’, 4H, aromat. H), 6.80—7.07 (AA’BB’, 4H, aro-
mat. H), 6.14, 6.22 (2 m, 1H, NH,), 4.82, 479 (2 m, 2H, NH,), 3.95,
4.02 (2 m, 1H, NH,), 3.89, 3.80, 3.20 (3 5, 9H, OCHj,), 3.20 (AB, 1H,
benzyl. H), 2.46 (m, 1H, CHN), 2.12 (AB, 1H, benzyl. H).

Dichloro(pL-2,3-diphenyl-1,2-propanediamine ) platinum(II) (53):
Diamine: 113 mg (0.5 mmol) of 35. — Method B. — Pale-yellow
solid, m.p. 300°C (dec.), yield 152 mg (62%). — IR (KBr): ¥ = 3280,
3200 cm~! (NH), 3060 (aromat. CH), 2960, 2920 (aliphat. CH), 1610,
1580 (NH), 330 (PtCl). — 'H NMR ([D;JDMF, 250 MHz): § =
7.59—-7.64, 7.38—17.48, 7.08 —7.34, 6.92—6.96 (4 m, 10H, aromat.
H), 5.52—5.57 (m, 4H, NH,), 3.65 (AB, 1H, 2J = 13.4, benzyl. H),
3.53 (AB, 1H, benzyl. H), 3.13—3.30 (m, 2H, CH,).

C;sHsCLN,Pt (492.32) Calcd. C 36.59 H 4.23 N 6.53
Found C 36.53 H 3.71 N 5.36

( pL-2-Benzyl-1,2-propanediamine )dichloroplatinum(II) (54). Di-
amine: 0.8 g (5.0 mmol) of 42. — Method A. — Pale-yellow solid,
m.p. 300°C (dec), yield 1.6 g (73%). — IR (KBr): ¥ = 3300,
3200 cm~' (NH), 3140 (aromat. CH), 2960, 2940 (aliphat. CH), 1610,
1580 (NH), 320 (PtCl). — 'H NMR ([D;]DMF, 250 MHz): § =
7.26—7.42 (m, 5H, aromat. H), 5.37—6.07 (m, 2H, NH,), 5.37, 5.41
(2 m, 1H, NH,), 502, 506 (2 m, 1H, NH),), 3.21 (s, 2H, benzyl. H),
2.86—2.95,2.53—2.58 (2 m, 2H, obscured by solvent peaks, CH,N),
1.39 (s, 3H, CH,).

CioHsCL,N,Pt (430.25) Caled. C 27.92 H 3.75 N 6.51

Found C 28.11 H 3.66 N 6.42

( pL-2-Benzyl-1,2-butanediamine )dichloroplatinum(II) (55): Di-
amine: 0.9 g (5.0 mmol) of 43. — Method A. — Pale-yellow solid,
m.p. 300°C (dec.), yield 1.2 g (54%). — IR (KBr): ¥ = 3200,
3180 cm~! (NH), 3140 (aromat. CH), 2960, 2940 (aliphat. CH), 1610,
1580 (NH), 320 (PtCl). — 'H NMR ([D;JDMF, 250 MHz): § =
7.46—7.56, 7.33—7.37 (2 m, 5H, aromat. H), 5.54 (m, 2H, NH,),
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5.08, 5.11 (2 m, 1H, NH,), 472, 477 (2 m, 1H, NH,), 3.33 (AB, 1H,
3J = 13.8, benzyl. H), 3.10 (AB, 1H, benzyl. H), 2.72—2.76 (ob-
scured by solvent peaks, 2H, CH,N), 1.67—1.86 (m, 2H, CH,), 1.06,
1.12 (t, 3H, *J = 7.6, CH,).

CiiHsCLN,Pt (444.27) Caled. C 29.74 H 4.08 N 6.31
Found C 2991 H 4.13 N 6.28

(2-Benzyl-3-phenyl-1,2-propanediamine )dichloroplatinum(II)
(56): Diamine: 1.2 g (5.0 mmol) of 44. — Method A. — Pale-yellow
solid, m.p. 300°C (dec.), yield 1.6 g (63%). — IR (KBr1): ¥ = 3260,
3220 cm~! (NH), 3120 (aromat. CH), 2960 (aliphat. CH), 1610, 1580
(NH), 330 (PtCl. — 'H NMR ([D,JDMF, 250 MHz) & =
7.44—17.59, 7.31—7.43 (2 m, 10H, aromat. H), 5.60 (m, 2H, NH,),
4.63 (m, 2H, NH,), 3.37 (AB, 2H, 2J = 13.7, benzyl. H), 3.10 (AB,
2H, J = 13.7, benzyl. H), 2.67 (m, 2H, CH,N).

CisHxCLN,Pt (506.35) Caled. C 37.95 H 398 N 5.53
Found C 38.32 H 4.27 N 547

Synthesis of the Lactate Complexes 61—64. — General Proce-
dure: 5.0 mmol of the corresponding dichloro complex is suspended
in 25 ml of water, using alternatively vigorous stirring and ultra-
sound. A solution of 1.9 g (10 mmol) of AgNO; in 5 ml of water is
added to the suspension, and the mixture is stirred, excluding light,
at 30°C for one week. 25 g of a strongly basic anion exchange resin
(Merck Ionenaustauscher III; exchanging capacity 4 mval/g) is
filled into a chromatography column, with a ratio of diameter to
length between 1:4 and 1:10. The resin is treated with eight times
the volume of the column of 2 N NaOH. Then it is washed with
water until the pH of the eluate is 9. The solution of the corre-
sponding diamino{diaqua)platinum(II) complex 57—60 is passed
through the column with 2 cm/min, dropping into a solution of
0.5 g (5.0 mmol) of freshly distilled L-(+ )-lactic acid. After complete
addition, the solution is stirred at 40°C for 4 h. To isolate the lactate
complex, the water is evaporated completely. The residue is dis-
solved in 5 ml of ethanol, and 100 ml of ether is added to this
solution, precipitating a colorless solid, which is filtered off. The
solid should be dried immediately, because it decomposes, when
remaining wet.

L-Lactato( DL-3-methyl-1-phenyl-2,3-butanediamine ) platinum(II)
(61): Dichloro complex: 2.2 g (5.0 mmol) of 46. — Colorless solid,
yield 1.5 g (67%). — IR (KBr): v = 3200, 3080 cm~! (NH), 3060
(aromat. CH), 2980 (aliphat. CH), 1680, 1610 (C=0), 380 (PtO). —
'H NMR (D,0, 250 MHz): § = 7.25—7.34 (m, 5H, aromat. H),
4.35,4.02,3.57 (3 m, 1 H, CH), 2.83—2.93 (m, 1 H, CHN), 2.46 - 2.72
(m, 2H, benzyl. H), 1.09 —1.46 (m, 9H, CH,).

C:H,N,O5Pt (461.44) Caled. C 36.50 H 4.80 N 6.07
Found C 3634 H 5.04 N 584

(DL-2-Benzyl-1,2-propanediamine) ( L-lactato ) platinum(II) (62);
Dichloro complex: 2.2 g (5.0 mmol) of 84. — Colorless solid, yield
0.7 g(32%). — IR(KBr): ¥ = 3200, 3100 cm~! (NH), 3040 (aromat.
CH), 2980, 2940 (aliphat. CH), 1750, 1610 (C=0), 370 (PtO). — 'H
NMR (D,0O, 250 MHz): § = 7.23-7.32 (m, 5H, aromat. H),
3.98—-402 (m, 1H, CH), 2.83—3.55, 2.38—-2.62 (2 m, 4H, benzyl.
H, CH,N), 1.14—1.35 (m, 6 H, CHs).

CisHxN;O;Pt (447.42) Caled. C 3490 H 4.51 N 6.26
Found C 34.79 H 5.04 N 6.01

(pL-2-Benzyl-1,2-butanediamine ) ( L-lactato )platinum(II) (63):
Dichloro complex: 2.2 g (5.0 mmol) of 55. — Colorless solid, yield
1.2 g(54%). — IR(KBr): ¥ = 3200, 3080 cm~"' (NH), 3040 (aromat.
CH), 2980, 2940 (aliphat. CH), 1730, 1610 (C=0), 760, 700 (PtO). —
'H NMR (D,0, 250 MHz): § = 7.21 (m, 5H, aromat. H), 4.34, 4.10,
3.99, 3.56 (4 m, 1H, CH), 2.88—2.99, 2.41—2.55 (2 m, 4H, benzyl.
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H, CH;N), 1.46—1.76 (m, 2H, CH,), 1.34, 1.22, 1.17,1.10 (4 d, 3H,
3J = 69, CH), 0.91—0.96 (m, 3H, CHj).
CisH,N;O3Pt (461.44)  Caled. C 3644 H 4.81 N 6.07
Found C 35.73 H 499 N 5.55

(2-Benzyl-3-phenyl-1,2-propanediamine ) ( L-lactato )platinum(II)
(64). Dichloro complex: 2.5 g (5.0 mmol) of §6, — Colorless solid,
yield 0.8 g (32%). — IR (KBr): ¥ = 3200, 3080 cm ! (NH), 3040
(aromat. CH), 2980 (aliphat. CH), 1730, 1610 (C=0), 370 (PtO).
CisHyuN;O3Pt - 2 H;O (559.55) Caled. C 40.78 H 5.04 N 5.00

Found C 40.60 H 4.92 N 5.00

The Cyclodextrin Preparations. — With 46: 1 - 10~° mol (4 mg)
of 46 is dissolved in 50 ml of ethanol at 30°C. 2 - 10~° mol (19 mg)
of a-cyclodextrin is dissolved in 10 ml of water. After mixing the
two solutions, the solvent is evaporated. The residue is dried and,
using ultrasound, dissolved in 10 ml of the solvent mixture PEG
400/1.8% NacCl solution (1:1).

With Dichloro(D- or L-3-phenyl-1,2-propanediamine ) platinum(11)
(65) or Dichloro[pL-3-(4-chlorophenyl)-1,2-propanediamine ) plati-
num(II) (66). 1 - 10=° mol of 65 (4 mg) or 66 (5 mg) together with
2 - 107 mol (9 mg) of a-cyclodextrin are suspended in 10 ml of the
solvent mixture PEG 400/1.8% NaCl solution (1:1), using ultra-
sound. The suspension is heated with vigorous stirring to 60°C.
After 1 h, a clear solution is obtained which is used in the P388
test.

Preparation of the PVP Coprecipitates: 1 - 107° mol of the di-
chloroplatinum complexes 46 (4 mg), 54 (4 mg), 55 (4 mg), or 56
(5 mg) is dissolved in 50 ml of ethanol and heated to 30°C. 56 mg
of PVP-10 (Sigma) is dissolved in 10 ml of ethanol and mixed with
the solution of the platinum complex. After evaporation of the
solvent, the yellow residue is dried. For the preparation of the
solution for the P388 test, the coprecipitate is dissolved in 10 ml of
the solvent mixture of PEG 400/1.8% NaCl solution (1:1).
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