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S m a  r y  

The synthesis and cha rac te r i sa t i on  o f  f i f t e e n  new organot in  compounds conta in ing 
a t  l e a s t  two CF3(CF2)5CH2CH2 groups bound t o  t i n  are described. The a c t i v i t y  o f  s i x  o f  these 
compounds towards the murine P388 lymphocytic leukaemia tumour i s  given. 

I n t roduc t i on  

Many organot in  compounds have been tes ted  by the National Cancer I n s t i t u t e .  The 
percentage o f  a c t i v e  compounds against  P388 lymphocytic leukaemia i n  mice i s  very h igh  : 

up t o  50% f o r  complexed d iorganot in  d iha l i des ,  and 48% f o r  uncomplexed R2SnX2 compounds (1). 

Riess and Le Blanc mention the p o s s i b i l i t y  o f  us ing pe r f l uo ro  chemicals as a 
vehic le  f o r  the t ranspor t  o f  drugs t o  tumours (2). They c i t e  the tendency o f  CPFl7Br t o  

concentrate i n  the macrophages of malignant tumours as i n d i c a t i v e  o f  t h i s  p o s s i b i l i t y .  

Therefore a ser ies o f  organotin compounds o f  the type [CF3(CF2)5CH2CH212SnX2 
(w i th  X = C1, Br)  and t h e i r  b i p y r i d y l -  and ortho-phenanthrol ine complexes were prepared and 

t h e i r  anti- tumour a c t i v i t y  (3)  examined. 

Synthesis o f  (3.3.4,4.5.5.6.6.7.7.8.8.8- t r i deca f luo rooc ty l  ) t i n  compounds 

D i r e c t  synthesis of RfzSn12”. l- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Impure Rf2SnIp. L, can be prepared from R f I  and m e t a l l i c  t i n  w i t h  L i I  as c a t a l y s t  

The obtained mixture was analyzed by conver t ing 

and CH3CH20CH2CH20H as co-cata lyst  and so lvent  as described f o r  analogous syntheses (4 ) .  

i n t o  the corresponding Rf2SnRz and Rf3SnR compounds 
o f  the Grignard reagent RMgX. It could be sliown t h a t  t h i s  d i r e c t  synthesis gave w i t h  a 

the formed Rf2SnIz and Rf3SnI 

(R = CH3 o r  CH3CH2) by means 

* The po ly f l uo roa lky l  group CH2CH2(CF2)5CF3 used i n  t h i s  work w i l l  be c a l l e d  R f  from now on. 
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t o t a l  y i e l d  o f  less than 40X.a mixture conta in ing about 87% Rf2Sn12. & and 13% Rf3SnI, &. 
Synthesis o f  Rf2SnPh2. Rf2SnPhCl, Rf2SnC12 and Rf2SnBr2 
....................................................... 

Ph2SnCl 
Rf2SnPh2. $ was prepared fo l l ow ing  the c lass i ca l  scheme (2RfMgI + Rf2SnPh2) 

w i t h  a y i e l d  of 80%. It can be r e a d i l y  transformed i n t o  Rf2SnPhC1.& RfzSnCl2.Zand 

Rf2SnBr2. Jj : Rf2SnPh2 2 X Rf2SnPhX -9 x2 Rf2SnX2. 

Synthesis o f  complexes o f  Rf2SnC12 and Rf2SnBr2 w i t h  b i p y r i d y l  and w i t h  o-phenanthroline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mixing o f  Rf2SnX2 w i t h  e i t h e r  b i p y r i d y l  o r  o-phenanthroline dissolved i n  d ie thy le the r  

y ie lded  almost pure adducts i n  quan t i t a t i ve  y i e l d s  (5). 

NMR spectra o f  3.3.4,4.5.5,6.6,7.7.8.8,8- t r i d e c a f  1 uorooctyl t i n  compounds 

NMR spectra o f  the Rf2Sn moeity ............................... 

The chemical s h i f t s  and coupling constants o f  the protons o f  the po ly f l uo rooc ty l  groups 
C(HA)2 C(HB)2(CF2)5CF3 are given i n  tab le  1 

TABLE 1 

Chemical s h i f t s  and coupling constants o f  the protons o f  the C(HA)2C(HB)2(CF2)5CF3 groups 
(so lvent  : CDC13 ; TMS as i n t e r n a l  standard ; 270 MHz). 

Compounds 

R f  2SnEt2 

R f  )SnEt 

Rf2SnMe2 

Rf3SnMe 

RfpSnPh2 

Rf2SnPhC1 

Rf2SnCl 

Rf2SnBrp 

Rf2SnC12-o-phen 

RfzSnClz-bipy 

RfzSnBrz-o-phen 

R f  2SnBr2-bipy 

Rf4Sn ( i n  CD2C12) 

6 A  
P P  

0.976 

1.111 

0.992 

1.06 

1.466 

1.660 

1.967 

2.036 

1.372 

1.336 

1.504 

1.475 

1.20 

!J ( HA-Sn) 
Hz 

55.4 

64.7 

59.2 

52.1 

8.60 

8.26 

8.08 

7.57 

7.65 

8.14 

2.233 

2.282 

2.212 

2.256 

2.337 

2.490 

2.627 

2.584 

2.642 

2.574 

2.646 

2.573 

2.37 

17.8 

18.1 

18.0 

17.9 

17.7 

17.8 

65 

111 

105 
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Ihn_mR_ieectra_of_lhe-! !g~nl ls_i?_the_come!exei_wlth_~~e~e?~?th~~~i?e_i?l l_b!eyr! l ly!  
I f  the protons o f  o-phenanthroline are denoted A. B. C and 0 the spectra o f  f r e e  and o f  

complexed phenanthrol ine can be l u c i d l y  presented as i n  t a b l e  2 below. 

.___- 

so 
4 

' 5 ~  3J(HAHB) J(HAHC) 6B 

Ppm Hz Hz Ppm HZ PPm P Pm 

f r e e  o-phen 9.192 4.34 1.77 7.630 8.09 8.242 7.782 

11 9.780 4.83 1.42 8.109 8.19 8.734 8.173 
?/ 
13 9.926 4.83 1.53 8.110 8.20 8.745 8.181 
?/ 

TABLE 2 

Chemical s h i f t s  and coupl ing constants i n  f r e e  and complexed o-phenanthrol ine.  

f ree  
b ipy 

12 

14 
4 

ry 

6~ 3J(H~H,) 

Ppm Hz 

8.662 4.82 1.77 

9.276 5.02 1.56 0.00 

9.645 4.85 1.50 0.00 

The chemical s h i f t s  o f  and coupling constants between the protons o f  b i p y r i d y l ,  

7.285 

7.816 

7.822 

denoted by A. B. C and 0.of f r e e  and o f  complexed b i p y r i d y l  are given i n  t a b l e  3. 

TABLE 3 

Chemical s h i f t s  and coupl ing constants i n  f ree-  and complexed b i p y r i d y l .  

7.46 

7.50 

5.90 

45(H,HDl 
Hz 

1.19 

0.00 

1.50 

8.373 

8.363 

8.375 

~ 
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Mass spectra of 3,3.4,4,5,5.6.6,7,7.8.8,8-tri decaf 1 uorooctyl t 1 n cornpounds 

The analys is  of the 70 eV mass spectra o f  the te t raorganot in  compounds 2-2 i s  sumMrised 
i n  tab le 4 

TABLE 4 

k n o i s o t o p i c  70 eV mass spectra of compounds 2-2. 

X 

Rf2XVSn \ 
'Sn 

'SnF 

'SnX 

'SnRf 

'SnHF2 

'SnXY-H 

'SnRfX-H 

'SnXVF 

'SnRfXF 

'SnRf2F 

'SnRfXV 

'SnRf2X 

'SnRf2V 

'SnRfXV. C2F4 

'SnRf2X.C2F4 

'SnRf2XV 

Me 
R f  

Rf3MeSn 

m/z:: 
- 

120 

139 

135 

467 

159 

481 

481 

501 

501 

833 

829 

829 

1161 

929 

929 

1176 

I 
- 

11 

18 

2 

3 

4 

4 

5 

5 

14 

100 

100 

1 

1 

7 

- 

E t  
R f  

R f J t S n  
J 

m/z:: 
- 

120 

139 

149 

467 

159 

495 

495 

515 

515 

833 

a43 

843 

1161 

943 

943 

1189 

I 
- 

37 

5 

9 

14 

2 

2 

6 

6 

4 

100 

100 

22 

1 

1 

- 

Me 
Me 

Rf 2 
m/z:: 
- 

120 

139 

135 

467 

159 

149 

481 

169 

50 1 

833 

497 

829 

829 

597 

929 

844 

- 

ZSn 
I 
- 

7 

12 

0.3 

1 

100 

58 

62 

62 

- 

E t  
E t  

Rf2Et2Sn 

m/z:: 
- 

120 

139 

149 

46 7 

159 

177 

495 

197 

515 

833 

525 

843 

84 3 

625 

943 

872 

I 
- 

3 

25 

20 

2 

48 

2 

1 

44 

2 

100 

Rf2 
m/z" 
- 

120 

139 

197 

467 

159 

273 

543 

293 

563 

833 

621 

89 1 

89 1 

72 1 

991 

868 

- 

Sn 

I 
- 

6 

10 

19 

1 

100 

1 

76 

0.2 

0.2 

0.4 

m/z i s  the mass o f  the most intense i o n  i n  a l l  instances presented here, I i s  the 
i n t e n s i t y  i n  X o f  the base peak. 

- 1092 - 



+sny ~ ' S n R f f  - +SnRf,Y- 'SnRf,XY - 'SnRf,X -*SnRfX - 'SnX 

'Sn 

The 70 eV mass spectrum of Rf2SnPhC1, 3 can be explained by an analogous fragmentation 
pattern : beside Sn' (3%). SnF' (10%). SnCl' (51%) and SnC12F'(3%). the following tin-con- 
taining fragment-ions were observed : PhSn'(431). PhSnClF'( loo%), SnRfPhCl' minus F2 (0.3%). 
SnRfPhCl' minus HF (1%). SnRfPhCl'(24%), SnRfPhF'(l%) and SnRf2Ph' (0.6%). 

A digest of the mass spectra of two bis(polyfluoroocty1)tin dihalides is presented in 
table 5. 

TABLE 5 

Monoisotopic 70 eV mass spectra compounds 2 and 3. 

\ 
'Sn 

'SnF 

'SnX 

+SnX2 

'SnX2F 

'SnRf 

'SnRfXF 

'SnRfX2 

'SnRf2X 

c1 

mlz 

120 

139 

155 

190 

219 

467 

521 

537 

849 

I 

2 

13 

100 

5 

3 

3 

2 

55 

4 

m l  z 

120 

139 

199 

278 

297 

467 

565 

625 

893 

Br 

I 

6 

25 

100 

6 

6 

1 

0.1 

17 

1 
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The fo l l ow ing  fragmentation pa t te rn  agrees w i th  t h i s  d igest  : 

'SnR1,X 

/ 
'SnRf, 

\ 
'SnRf 

'SnRfXF 

'SnRfX +Sn& 

/ \  
'SnF 

*Sn 

The main d i f ference between the fragmentations 

/ 
'SnX 

proposed f o r  the po ly f l uo roa lky l  t i n  
compounds ( t h i s  work) and those observed f o r  more usual a l k y l t i n  compounds ( f o r  i l l u s t r a t i o n ,  
see r e f .  8 t o  10) i s  t h a t  RSnH2' o r  RR'SnH' ions are v i r t u a l l y  imperceptible f o r  po ly f luoro-  
a l k y l t i n  compounds whereas they are usual ly  intense f o r  more c o o o n  a l k y l t i n  c q o u n d s .  
Furthermore, ions l i k e  SnXY minus H o r  SnRfX minus H (see tab le  4) are r a r e l y  detected among 
a l k y l t i n  fragments. The p o l y f l u o r o a l k y l t i n  der ivat ives on the contrary, y i e l d  appreciable 
amounts (>1%) o f  such fragments. 

uncolnplexed d iorganot in  d iha l  ides. 

Anti-tumour a c t i v i t y  

The mass spectra o f  the complexes G-15at-e a l l  bu t  i den t i ca l  t o  those o f  the 

The i n  v i vo  a n t i - t u m u r  a c t i v i t y  o f  compounds 2-u aqainst P388 lymphocytic leukamla 
i n  COFl mice was evaluated under the auspices o f  the US National Cancer I n s t i t u t e ,  i n  
accordance with standard protocols f o r  primary screening (7). 

Whereas compounds J$ (NSC 377950). (NSC 377949). 5 (NSC 377948). 9 (NSC 377952) 
and 19 (NSC 377951) proved t o  be i nac t i ve  (T/C:: ranging between 100 and 110% f o r  doses o f  
240-60 mg/kg day), compound 2 (NSC 377947) e x h i b i t s  marginal a c t i v i t y  (T/C = 125% f o r  
240 mg/kg.day and about 120% f o r  lower doses o f  120 and 60 mg/kg.day). 

Work i s  i n  progress t o  prepare water-soluble RfR'SnX2 compounds. It has indeed been 
suggested (11) t h a t  poor wa te r -so lub i l i t y  might account f o r  the l i m i t e d  a c t i v i t y  observed 
for  a l l  organotln compounds tested as yet .  

*' Ratio o f  medim surv iva l  times (days) o f  t reated (T)  and untreated (C) mice ; a compound i s  
considered t o  be i nd i ca t i ve  o f  a c t i v i t y ,  i f  a reproducible T/C a 120% i s  obtained. 
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Experimental p a r t  

D i rec t  synthesis o f  Rf2Sn12 ........................... 
2.4 g t i n  (50 mnol), 0.8 g L i I  as ca ta l ys t ,  20 m l  ethoxyethanol as cocata lyst  and 

solvent and 19 g R f I  (40 mnol) were mixed and re f l uxed  under s t i r r i n g  f o r  3 h. i n  an o i l  bath 
a t  135-150'C. A f t e r  cool ing and standing overnight, the react ion mixture was f i l t r a t e d .  
Ortho-xylene was then added and the azeotrope ethoxyethanol-xylene evaporated under reduced 
pressure a t  40Y.  y i e l d i n g  15 g o f  crude Rf2Sn12. 7.5 g o f  t h i s  mix ture were added t o  the 
Grignard reagent prepared from 3 g ethylbromide (28 m l )  and 1 g Mg (42 mnol) i n  50 m l  

d i e t h y l  ether. A f t e r  hydro lys is  with an NH4Cl so lu t ion,  the organic l aye r  was washed f i r s t  
w i t h  a 5% Na2S203 so lut ion,  then twice w i t h  demineralized water. It was then d r i e d  w i t h  
anhydrous Na2S04. The solvent was then evaporated under reduced pressure and 5.34 g o f  a l i q u i d  
was obtained. Column chromatography on A1203 w i t h  hexane y ie lded  f i r s t  4.04 g Rf2SnEt2. 
(3.9 ml. n i o  = 1.3593)and then 0.84 g Rf3SnEt. s ( 0 . 7 1  ml. n i o  = 1.3487). 

i n  C0Cl3 revealed the expected s ignals  
f o r  the e thy l  groups:: : 6(CH2) = 1.020 and 1.075 ppm respect ive ly  (3J(.'H-'H) = 8.0 and 7.8 Hz 

respect ive ly  ; 6(CH3) = 1.209 and 1.229 ppm respect ive ly  ; 3J(H-119/117Sn) = 76.7/73.4 and 
80.8177.4 respect ive ly .  

Subs t i t u t i ng  methylmagnesium iod ide f o r  the ethylmagnesiumbromide. we obtained from 
the same weight o f  crude RfzSn12, 2.76 g Rf2SnHe2,A(3.3 ml ; n i o  = 1.3506) and 0.62 g 

Rf3SnMe. k ( 0 . 5 3  mnol ; n: = 1.3453). 

'J(HSn) couplings o f  53.9/51.7 and 52 Hz respect ive ly .  

Synthesis o f  Rf2SnPh2. J 

The 270 MHz 'H NMR spectra o f  compounds 2 and 

Compounds L a n d  k p r e s e n t e d  methyl s ing le ts  a t  0.159 and 0.214 ppm respect ive ly  w i t h  

_________--_____________ 

The Grignard reagent RfMgI was prepared from 40 g R f I  (84.4 mnol) and 4 g Mg (167 mnol) 
i n  d ie thy l  ether. Thereto was added 10.3 g d ipheny l t i n  d i ch lo r i de  (30 mnol) dissolved i n  50 m l  
Et20. A f te r  re f l ux inq  the mixture f o r  1 h.. hydro lys is  and work up ( v ide  supra), 33.5 q o f  a 
yel low o i l  was obtained. 

12.7 g o f  mixed f rac t i ons  and 16.9 g pure Rf2SnPh2,L(n io  = 1.4147). Repeated column 
chromatography on the mixed f rac t i ons  y ie lded  5.6 g R f 2  and 7.1 g &  R f z  can be p a r t i a l l y  
e l iminated from Rf2SnPh2 poor and R f 2  r i c h  mixtures by r e c r y s t a l l y z i n g  R f 2  from hexane. thus 
concentrat ing Rf2SnPh2 i n  the mother l i quo rs .  

Synthesis o f  Rf2SnPhCl, 5 

A f i r s t  column chromatography on A1203 w i t h  hexane resul ted i n  1.4 g Rf2 (mp. 44'C). 

__________-__--_____-----  

An ice-cooled suspension o f  7.4 g Rf2SnPh2.L(7.7 ml) i n  25 m l  MeOH was t i t r a t e d  
w i t h  a so lu t i on  of ch lo r i ne  i n  MeOH u n t i l  the mixture cleared up. The solvent and the formed 

chlorobenzene were evaporated a t  55OC under reduced pressure y i e l d i n g  7.1 g o f  a s o l i d  which 
turned out  t o  be NMR-pure Rf2SnPhCl c&) (mp 68-70°C ; a f t e r  r e c r y s t a l l i z a t i o n  from n-hexane). 

Overlapping o f  the methylene s ignals  w i t h  those o f  the R f  group made i t  hazardous t o  t ry  

and estimate the 'J(HSn) coupling constant. 
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Synthesis o f  Rf2SnClp. 3 ........................ 

11 

12 

13 

14 

4 

n/ 

.r/ 

u 

A suspension o f  7.2 g Rf2SnPh2.L i n  25 m l  methanol was t i t r a t e d  w i t h  a so lu t i on  o f  
C12 i n  methanol (v ide supra) and a second equivalent o f  ch lo r i ne  was added. The addi t ion o f  
excess ch lor ine proved necessary t o  cause the complete disappearence o f  the NMR phenyl signals. 
Rec rys ta l l i za t i on  from n-hexane y ie lded pure 2 (mp 88-9OOC). 

X B mp ( r e c r y s t a l l i z a t l o n  solvent] 

c1 o-phen 101-105°C (methanol) 

c1 b i  py 113-115°C (ethanol ) 

B r  o-phen 125-128'C (methanol ) 

B r  b i  py 123-125°C (ethanol) 

A methanolic bromine so lu t i on  was used t o  t i t r a t e  a suspension o f  6.9 g Rf2SnPh2, J 
i n  20 m l  methanol u n t i l  the suspension cleared up and a l a s t i n g  brown colour was observable. 
Removal o f  methanol, bromobenzene and the excess bromine by evaporation under reduced pressure 
resul ted i n  7 g Rf2SnBr2. lo, which was found t o  be NMR pure (mp 54-57OC a f t e r  r e c r y s t a l l i z a -  
t i o n  from hexane). 

The complex o f  Rf2SnC12 w i t h  o-phenanthroline was prepared by mixing a so lu t i on  o f  
2 g o f  a ( 2 . 2 6  tnnol) i n  10 m l  Et20 and a so lu t i on  o f  0.41 g 
i n  50 m l  Et20. The mixture was ref luxed f o r  15 minutes and evaporated y i e l d i n g  almost pure 
Rf2SnC12-o-phen. lJ i n  quan t i t a t i ve  y ie ld .  

1.10-phenanthrollne (2.27 mnol) 

The other  complexes Rf2SnX2.B were prepared analogously : 

TABLE 6 

Synthesis o f  Rf4Sn, 2 ...................... 
lo the Grignard reagent, prepared from 13.5 R f I  (28.5 ml) and 1.2 g Mg (50 m l )  

was added 1.42 g SnC14 (5.42 ml) dissolved i n  50 m l  dry benzene. A f te r  r e f l u x i n g  the 
mixture f o r  1 hour and allowed t o  stand overnight, the usual work up y ie lded 4 g o f  a yel low 
o i l .  Colunn chromatography o f  t h i s  o i l  on A1203 w i t h  hexane gave f i r s t  the dimer R f 2  (1.42 9 ) .  
Further e l u t i o n  w i t h  hexane, then w i t h  CH2C12 y ie lded 1.27 g Rf4Sn. & (0.84 mnol. NMR pure. 
n i o  = 1.3422). 
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The NMR spectra were recorded on a Bruker HX 270 instrument. 

The mass spectra were recorded on an MS 902 S instrument o f  A E I  (source temperature : 
200°C ; pressure : 10- t o r r )  coupled t o  a NOVA computer, and analysed us inq a computer 

program, ISOMAS ( 6 ) .  a l l ow ing  conversion o f  the m/z i n t e n s i t y  l i s t i n g  i n t o  the monoisotopic 
spectrun. 
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