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Abstract

The results of screening tests on 115 of the titled
compounds against P388 lymphocytic leukaemia are
reported and structure/activity relationships discus-
sed.

Introduction

In our earlier paper [1], in which we reported the
antitumour activity of a series of diorganotin dihalide
complexes, modelled on active platinum compounds
(e.g. I-IV), we suggested that the activity of a tin
complex may be related to its stability, in that a
moderately stable adduct would be expected to exhi-

*For Part 1, see reference [1].
**Author to whom correspondence should be addressed.
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bit antitumour activity. To enable us to further study
this structure/activity relationship, we have extended
our original series of compounds to 115 and report
here the results of testing these against the P388
lymphocytic leukaemia in mice.

Since the publication of our earlier paper [1] a
number of other diorganotin compounds (Table I)
have been found [2—6] to exhibit antitumour acti-
vity towards the same tumour system.

Cardarelli and his co-workers have recently studied
the effects of BuzSnF [7], Bu,SnCl;+phen, Bu,-
SnCl,*bipy and Bu,Sn(histidine), [8], which were
administered continuously, at low levels in drinking
water, on cancerous mice, and, in each case, it was
claimed that a significant reduction in tumour
growth was observed. These and further studies
[9] have led Cardarelli to propose that, “one or more
tin-bearing biochemicals are produced naturally and
play an active role in anticarcinogenesis”.
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TABLE 1. Organotin Compounds which Show Activity towards P388 Lymphocytic Leukaemia in Mice.

Compound T/C (%)?/Dose (mg/kg) Reference
(ClMe25n)0b 141/12.5 - 123/6.25 2
Et,SnOP 125/50 — 154/25 — 137/12.5 — 127/6.25 2
C]PthnOHb 198/25 — 163/12.5 — 135/6.25 2
Bu, Sn(adenine), 131/12.5 — 123/6.25 3
Ph, Sn(adenine), 169/100 — 135/50 — 145/25 — 123/12.5 3
Me, Sn(glycylglycine) 139/125 - 126/12.5 3
Bu, Sn(glycylglycine) 150/3.12 3
Ph, Sn(glycylglycine) 141/3.12 — 128/1.56 3
Me, Sn(penicillamine) 148/400 4
Bu, Sn(penicillamine) 120/3.12 4
Ph, Sn(cysteine) 181/50 4
Ph,Sn[Ph, P(S)S], 142/12.5 - 130/6.25 5
Bu, Sn(OCg H4 CHNNCSSMe) 124/6.25 6
Bu, Sn(OCgH4CHNCsHa F), 122/12.5 6

2T/C is the ratio of survival times (in days) of treated and untreated mice. A compound is considered to be active at T/C > 120%.

Fourteen other structural analogues are reported in reference [2].

Experimental

The preparation and ''*™Sn Mossbauer spectral
studies of the complexes have been published else-
where [10].

The activity of the complexes in vivo towards
P388 lymphocyctic leukaemia tumour in mice was
determined in accordance with the U.S. National
Cancer Institute standard protocols for primary
screening [11]. The evaluation of this activity was
established by computing the T/C value, which is
the median survival time of the treated group of
animals (T), divided by that of the control group
(C), expressed as a percentage. A compound is
termed active if it has a T/C = 120%.

The complexes were generally of a low solubility
and were administered in saline; saline and Tween 80;
or as a suspension in saline.

Results and Discussion

Our results are presented in Table II.

Many of the complexes which were found to pos-
sess reproducible activity towards P388 were sub-
sequently screened against other tumour systems,
e.g. B16 melanocarcinoma, CD8F; mammary tumour,
CX-1 colon xenograph, colon 38, L1210 lymphoid
leukaemia, LX-1 lung xenograph, Lewis lung carci-
noma and MX-1 breast xenograph. However, in
each case, the compounds were found to be inactive.

The observed activity against P388 lymphocytic
leukaemia is likely to be a function of the complex,

since the organic ligands are inactive, as are most of
the parent diorganotin dihalides and dipseudohalides
(some exceptions are shown in Table III).

TABLE II. The Activity of R;SnX;L, towards P388
Lymphocytic Leukaemia.

Complex Two best test results
(T/C %)/(Dose mg/kg)
Me,SnX, L,
X=(l, L =DMSO inactive®
L =merpy inactive
L =py 128/25 121/50
L, = AMP inactive
L2 = bipy 126/50 120/50
L2 = Nisalen inactive
L2 = PBI inactive
L2 = phen inactive

L2 = DPphen inactive
L2 = TMphen inactive

L2 = pypy* 137/100 135/50

X = Br, Lz = bipy* 135/200 131/100
L, = PBI* 130/50 130/12.50
L2 = phen* 132/50 129/50

Lz = DPphen inactive
L2 = TMphen*  128/100 123/100

(continued on facing page)
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TABLE 11. {continued)

TABLE II. {continued)
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Complex Two best test results
(T/C %)/(Dose mg/kg)
X=1, L2 = bipy* 131/100  127/100
L2 = phen* 135/200 129/100
X = NCS, L2 = bipy inactive
L2 = phen inactive
Et,SnX,+L;
X=F, L, =phen* 138/6.25 133/12.50
L, = TMphen*  138/50 123/25
X =l L =DMSO* 153/25 123/6.25
L =py inactive
L, = AMP inactive
L, =bipy inactive
L, = Hyacacen* 150/100 142/200
L, = PBI* 171/100 171/100
L, =phen* 177/50 176/100
L, = Cphen inactive
L, = DMphen*  128/100 123/100
L, = DPphen inactive
L, = Nphen inactive
L, = Pphen* 142/50 125/25
L, = TMphen 126/200 122/200
X = Br, L, = bipy inactive
L, =PBI* 175/12.50 161/25
L, = phen* 176/25 166/50
L, = DPphen* 168/25 138/50
L, = TMphen*  145/50 145/25
X =1, L, = bipy inactive
L, = phen* 184/200 166/100
L, = DPphen* 137/100 130/50
L, = TMphen*  145/50 133/12.50
X = NCS, L, = bipy* 179/12.50 166/25
L, = phen* 164/100 149/100
Pl'z San 'Lz
X=F, L, = phen 140/6.25 115/3.12

L, = TMphen

127/12.50 120/6.25

Complex Two best test results
(T/C %)/(Dose mg/kg)
X=Cl, =py inactive
L, = bipy inactive
L, =PBI inactive
L, = phen* 127/100 125/50
L, = DPphen inactive
L, = TMphen inactive
X =Br, L, = bipy inactive
L, = PBI* 148/6.25 136/12.50
L, =phen* 140/50 121/25
L, = DPphen inactive
L, = TMphen*  158/12.50 142/25
X=1, L, = bipy inactive
L, =PBI inactive
L, =phen inactive
L, = DPphen inactive
L, = TMphen*  136/25 125/12.50
X = NCS, L, = bipy inactive
L, =phen inactive
BU2 San . Lz
X=F, L2 = phen* 145/12.5 133/12.5
L2 = TMphen inactive
X=Cl, L2 = AMP* 140/50 138/50
L2 = bipy* 131/400 128/400
L2 =PBI inactive
L2 = phen* 141/100 126/200
L, = DPphen* 126/25 120/25
L, = TMphen inactive
X = Br, L, = bipy inactive
L, =PBI inactive
L, =phen inactive
L, = DPphen inactive
L, = TMphen inactive
X=1 L, =bipy inactive
L, =phen inactive
X = NCS, L, = bipy* 123/25 122/50
L, = phen inactive

(continued overleaf)
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Cbmplex Two best test results
(T/C %)/(Dose mg/kg)
thSan'Lz
X=(l, L =DMSO inactive®
L =py 180/-T  156/-7
L, = AMP* 153/25 150/100
L, =bipy inactive®
L, = PBI* 164/100 141/50
L, = phen inactive
L, = Cphen* 132/6.25 123/6.25
L, = DMDPphen 127/6.25
L2 = DMphen* 165/6.25 151/3.12
L2 = DPphen inactive
L2 = Nphen* 160/200 148/100
L2 = Pphen* 130/25 125/12.50
L2 = TMphen*  158/12.50 130/6.25
X = Br, L2 =bipy inactive
L, = PBI* 144/12.50 143/6.25
L2 = phen* 134/12.5 120/12.5
L2 = DPphen* 154/25 142/25
L2 = TMphen* 177/6.25 156/6.25
X=1 L2 = bipy inactive
L2 =phen inactive
L> = DPphen* 166/6.25 130/3.12
X = NCS, L2 =bipy inactive
L» = phen inactive
Bz, SnCl; ephen inactive
Oct, SnCl,+ L,
L, = bipy inactive®
L, =PBI inactive
L, = phen inactive®
L, = DPphen inactive
L, = TMphen inactive
SI’IC14'L2
L =py inactive
L, = bipy* 130/400 123/200
L, = phen* 123/100  123/100

*Selected for further tests. *Data supplied by NCI.
311210 lymphoid leukaemia. AMP = 2-aminomethylpyridine;
bipy = 2,2"-bipyridyl; Hyacacen = bis(acetylacetone)ethylene-
diimine; merpy = 2-mercaptopyridine; Nisalen = bis(salicyl-
aldehyde)ethylenediiminato nickel(II}; PBI = 2-(2-pyridyl)-
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benzimidazole; phen = 1,10-phenanthroline; Cphen =
S-chloro-1,10-phenanthroline; DMphen = 5,6-dimethyl-1,10-
phenanthroline; DMDPphen = 2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline; DPphen = 4,7-diphenyl-1,10-phenanthro-
line; Nphen = 5-nitro-1,10-phenanthroline; Pphen = 5-phenyl-
1,10-phenanthroline; TMphen = 34,7 8-tetramethyl-1,10-
phenanthroline; py = pyridine; pypy = pyrido[2,3-b]pyrazi-
ne.

TABLE 1II. Diorganotin Dihalides with Activity towards
P388 Lymphocytic Leukaemia.

Compound Two best test results

(T/C %)/(Dose mg/kg)
Et,SnCl,? 136/12.5 121/12.5
Pr,SnF,? 129/6.25 128/3.12
Pr,SnCl, 136/-° 131/-°
Pr,SnBr,? 142/25 131/6.25
Ph,SnF, 196/-P 144/-P

®Selected for further tests. °Data supplied by NCL.

TABLE IV. Summary of Antitumour Activity of R,SnX,+
L, (where R = C;, n = 1-6; L, = bipy, phen, DPphen, TM-
phen, PBI) in relation to X.

Number of active complexes expressed as
a percentage

X only? X versus all
active adducts
Cl 10/24 = 42% 10/32= 31%
Br 15/25 =60% 15/32= 47%
1 7/16 =43% 7/32= 22%
Total 32/65=49% 32/32=100%

3(Number of active complexes containing X)/(Total number
of complexes containing X). (Number of active com-
plexes containing X)/(Total number of active complexes).

In discussing structure/activity relationships for
the complexes, R,SnX,*L,, three primary factors
are involved: the organic groups, R; the halide or
pseudohalide radical, X; and the donor ligand(s), L.

The acceptor strength (Lewis acidity) of the tin
halides is reported [12] to decrease in the following
order:

SnCl4 > SnBr4 > Snl,
SnCl4 > Ph,SnCl, > Me,SnCl, >

> EtzSHClg > BU2S]’1C12.
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A consideration of the screening results for the
bipy, phen, DPphen, TMphen and PBI complexes
(where R = C,, n = 1-6; X = Cl, Br, I), which form
almost a complete series, reveals (Table IV) that
many more of the dibromo-complexes are active than
dichloro- or diiodo-compounds, whilst, for R, the
diethyl- and/or diphenyl-tin complexes usually
possess the highest activity. Indeed, this latter trend
is seen for many of the compounds listed in Table II.
However, no real link between acceptor strength
of the parent organotin halide and activity can be
discerned.

The majority of the ligands used were bidentate,
to ensure that the resulting octahedral complex
possessed cis-halogens, which has been shown, in
the case of platinum compounds, to be an essential
requirement for activity [13]. A ''°™Sn Mossbauer
study has demonstrated [10] that the complexes do
possess cis-halogens with a trans-(V) or distorted
trans-R,SnX, octahedral geometry about tin,
although a few of the diphenyl compounds were
found to possess a cis-R,SnX, octahedral structure.
However, no correlation can be made between either
the geometry about the tin atom or the value of
the quadrupole splitting parameter and antitumour
activity (Table V). Similarly, substituents on the
ligand do not appear to have a predictable effect
(Table V). Most of the ligands possess strong nitro-
gen-donor atoms, and, of these, 1,10-phenanthroline
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(14/24 = 58% active), 3,4,7,8-tetramethyl-1,10-
phenanthroline (10/16 = 63%) and 2-(2-pyridyl)-
benzimidazole (6/12 = 50%) appear, from our results,
to be the better ligands for activity.

The mode of action of cis-PtCl,(NH3),, cisplatin
(I), and its analogues in their antitumour activity
appears to be fairly well established; the complexes
are believed to lose their chloride ligands and the
metal subsequently coordinates with suitably
orientated nitrogenous bases on DNA [14]. Since the
tin complexes were structurally similar to those of
platinum, we expected that their mode of action
would also be similar; certainly, examples of tin
derivatives of nitrogenous bases, e.g. R,Sn(adenine),
[3] are known.

A recent study of metallocene dichlorides (VI)
has shown [15] that the antitumour activity of such
compounds, as well as that of cisplatin, may be
dependent upon the C1-M—Cl bond angle and hence
the corresponding non-bonding Cl----Cl distance
(bite). Only those compounds for which the ClI-M—
Cl angle is <95°, giving a bite size of <3.6 A (the
upper limit for DNA—metal crosslinks), are active.

The X-ray structural parameters of six diorganotin
dihalide complexes, R,SnX,-L,, have been examined
[16]. It was found (Table VI) that the Cl-M—Cl
bond angles of both active and inactive compounds
are all of a similar magnitude (ca. 103—105°) and
well above the limiting value proposed by Kopf and

TABLE V. Antitumour Activity, Mdssbauer Quadrupole Splitting Parameters and Structure of R,SnCl,+L, (R = Et, Ph; Ly =

phen and substituted phen).

Et;5nCl;-L, Two best T/C % Quadrupole splitting Structure®
L, parameter

AEg (mm s Y
phen 177/176 4.11 1
Cphen inactive 4.11 I
DMphen 128/123 4.06 1
DPphen inactive 3.95 I
Nphen inactive 4.11 I
Pphen 142/125 4.08 I
TMphen 126/122 4.06 I
Ph2 SnCIg hd L2
Ly
phen inactive 3.52 111
CPphen 132/123 3.47 I
DMphen 165/151 3.35 111
DPphen inactive 3.50 I
Nphen 160/148 2.31 11
Pphen 130/125 3.57 111
TMphen 158/130 3.63 111

8 = trans-R, SnXy ; 11 = cis-R, SnXy ; 111 = distorted trans-R,SnXy.
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TABLE VI. Crystallographic and Antitumour Activity (P388 Lymphocytic Leukaemia) Data for Diorganotin Dihalide Complexes

[16].
A Average Best

CISnCl Cl:--Cl Sn—-N T/C?

©) (A) (A) (%)
Ph, SnCl, *bipy 103.5 3.94 2.36 103]. .
Et,SnCl, bipy 104.2 4.00 238 115}mactlve
Bu,SnCl, *phen 105 4.05 2.39 141
Bu, SnCl, - bipy 104.3 4.00 2.40 )
Et,SnCly - phen 105.2 4.02 2.41 176(2<v
Et,SnCl, -pdt® 103.2 3.88 2.50 144

*Median survival time of treated group of mice divided by that of the control group; a compound is active if it has a T/C > 120%.

b3-(2-pyridyl)~5 ,6-diphenyl-1,2,4-triazine.

Kopf-Maier [15]. This suggested that the mode
of action for the formation of metal-base cross-
links for the organotins, takes place via a different
route. The active compounds had average Sn—N
bond lengths >2.39 A whereas those with average
Sn—N bond lengths <2.39 A were inactive. This
observation led to the suggestion [16] that the more
stable complexes had lower activities, which in turn
implied that a predissociation of the bidentate ligand
may be a crucial step in the formation of a tin—DNA
complex.

X-ray structural studies of other complexes are
under way, to further examine the link between
Sn—N bond length and antitumour activity.
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