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Abst rac t  - The f i r s t  general methods f o r  the synthesis o f  1 - subs t i t u ted  

t r i th iagermat ranes (2) have been developed using the reac t i on  o f  t r i s -  

(2-mercaptoethy1)amine w i t h  tr imethoxygermyl compounds (21, sesquioxides (6) 
and s e s q u i s u l f i d e s ( l ) .  These newly prepared compounds were found to  have 

the capaci ty t o  r e l i e v e  pain, thus i n d i c a t i n g  them t o  have s t rong i n h i b i t o r y  

a c t i v i t y  toward a decomposition enzyme f o r  enkephalin which i s  an o p i o i d  

pept ide i n  a l i v i n g  body. 

1 S i l a t ranes  (1) as compounds w i t h  metalatrane skeletons are a t t r a c t i o n  o f  much a t t e n t i o n  i n  view 

2 
o f  t h e i r  h i gh  b i o l o g i c a l  a c t i v i t y  and p e c u l i a r  chemical s t ruc tu res  . The i r  b i o l o g i c a l  a c t i v i t y  

depends t o  a considerable degree on the p a r t i c u l a r  s u b s t i t u t e  bounded t o  t h e  meta l .  S i m i l a r  

compounds such as germatranes (2) can be formed by rep lac ing s i l i c o n  w i t h  germanium. There 

3 
are no t  many repor ts  o f  synthesis and phys io log ica l  a c t i v i t i e s  o f  such compounds . We submitted 

4 
our own repo r t  of simple methods f o r  the synthesis of 1 -subst i tu ted germatranes . On the other 

hand, Lukev i ts  e t  a1.' have recen t l y  repor ted carbamoylgermatrane (;)(Ro = CH2CH2CONH2) t o  have 

psychotropic and ant i tumor a c t i v i t y .  It has been a l so  repor ted t h a t  2-ethoxycarbonylgermanium 

sesquioxide6, now being developed as ant i tumor  agent of b i o l o g i c a l  response modif ies (BW) type, 

7 decreased the pa in  caused by carcinomas i n  c l i n i c a l  studies and showed i n h i b i t o r y  ac t i on  against  

8 enkephalin-degrading enzymes . 



I n  a  research f o r  the potent organogermanium compounds having b i o l o g i c a l  a c t i v i t i e s  than above 

compounds, we wish t o  repo r t  here f i r s t  convenient synthesis and b i o a c t i v i t i e s  o f  t r i t h i a -  

germatranes (3) replaced oxygen of tr ioxagermatranes w i t h  su l fu r .  The compounds (9 were 

prepared according t o  each of the  fo l lowing th ree  m t h o d s  shown i n  Scheme 1. F i r s t .  a, 

9 5-unsaturated compounds reacted w i t h  t r ichlorogermane t o  form t r ich lorogermyl  adducts (4) , 
which i n  t u r n  reacted w i t h  NaOMe t o  y i e l d  tr imethoxygermyl de r i va t i ves  (2). These de r i va t i ves ,  

unisolated, were combined w i th  tris(2-mercaptoethy1)amine i n  methanol t o  prov ide 2,8,9- 

t r i th iagermat ranes (2) i n  moderated y i e l d s  (Method A ) .  Secondly, tris(2-mercaptoethy1)amine 

9 and germanium sesquioxides (5) obtained from the hyd ro l ys i s  of germyl adducts (4) were heated 

i n  benzene t o  form the compounds (3)(Method 0 ) .  Th i rd l y ,  compounds ( 4 )  reacted w i t h  H2S t o  - - 
form germanium sesqu isu l f ides  (L)", vh i ch  were then combined w i t h  tris(2-mercaptoethy1)amine 

t o  g i ve  the compound (3)(Method C). Method A and B were s i m i l a r  t o  the method f o r  the - 
synthesis o f  oxagermatranes, except t h a t  t r i s (2-mercaptoethy l  )amine was used ins tead of 

t r iethanolamine. Method C was found t o  q i ve  b e t t e r  r e s u l t s  than Method B. 

3 R1, R Z ,  R 3 = t i ,  Me, ph 

s ,Ge - s 
s I X= OH. OMe, OEt, NH2 

C - CHCOX 

Scheme 1 
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Tr i th iagermat rane c o u l d  be produced by each o f  the above t h r e e  methods bu t  method C t o  be t h e  

bes t .  Method A  was inadequate, p a r t i c u l a r l y  when Ro reac ted  w i t h  NaOMe such as a  carboxyl  o r  

hydroxy l  group. The sesqu i su l f i de  ( 7 )  i n  Method C was much more so l ub le  i n  the  r eac t i on  so lven t  - 
than sesquioxide ( 6 )  i n  Method B, so t h a t  Method C cou ld  be c a r r i e d  o u t  more eas i l y ,  as ev ident  - 
from the  f o l l ow ing  examples. 

1-Methyl-2-carboxyethylgermanium sesqu i su l f i de  ( E ,  R1 = CH3, R2 = R3 = H)(2.2m mol)  was added 

t o  a  s o l u t i o n  o f  tris(2-mercaptoethy1)amine (8)(1.75g,  8.8m m o l l  i n  a  d ry  benzene so l ven t  - 
(30 m l ) ,  f o l l owed  b y  hea t i ng  and then r e f l u x i n g  f o r  5h. The so l ven t  was d i s t i l l e d  t o  g i ve  

c r y s t a l s .  3-(1'-Germa-5'-aza-2', 8 ' ,  9'-trithia-bicycloundecyl)3-methylpropanoic a c i d  

(3))(2.4g), a  need le - l i ke  c r y s t a l l i n e  s o l i d ,  mp 175'C, was ob ta ined i n  a 77.1% y i e l d  by 

r e c r y s t a l l i z a t i o n  i n  acetone. Anal. Caldc. f o r  CloHl9GeNO2S : C, 33.93; H, 5.41; N, 3.95; 

Ge, 20.51. Found : C,  34.02; H, 5.43; N, 3.96; Ge, 20.48. IRV;:: cm-' : 1700 (X=O), 400, 

380 (Ge-5). 'H-NMR (Acetone-d6, 6 ,  ppm) : 1.17 (3H, d, J=7.0Hz, CH3), 1.4-1.9 ( lH ,  m, CH), 

2.16, 2.75 (ZH, dd, CH2), 2.73 (4H, m, N-CH2CH2-S), 13c-~MF! (DMSO-d6, 6 ,  ppm) : 13.29 (CH3), 

21.42 (N-C), 29.62 (Ge-C), 34.88 (CH2), 51.27 (S-C), 171.51 (CO), MS m lz  : 356 (Mt). 

The molecu la r  s t r u c t u r e  of  t h e  t r i t h i age rma t ranes  (3) thus  ob ta i ned  was determined by elemental 

ana l ys i s  and data from spec t ra l  ana lys is ,  such as I R ,  'H-NMR, '%-NMR and mass spectroscopy. 

The r e s u l t s  a re  presented i n  Table I and U. 

Table I Synthesis o f  2, 8, 9 - t r i t h i age rma t rane  (3-1 

MP React ion Condi t ions Method & Mo lecu la r  

? R1 R2 R3 X ("C) Solvent  Temp.("C) Time(h) Y i e l d  % fomula* 

a H  H H O H  167 C6H6 r e f l u x  5  ( 8 )  51.0 C9H1 7GeN02S3 

b  CH3 H  H  OH 175 C6H6 r e f l u x  6  (C) 77.1 C10HlgGeN02S3 

6 H  H  CH3 OH 135 C 6 ~ 6  r e f l u x  6  (C) 52.0 ClOHl gGeN02S3 
d  CH3 H  CH3 OH 133 C6H6 r e f l u x  10 (C) 46.6 CI 1H22GeN02S3 
e  CH3 CH3 H  OH 148 C6H6 r e f l u x  4  (C) 54.0 C11H22GeN02S3 

f C6H5 H  H  OH 198 C 6 ~ 6  r e f l u x  10 (C) 84.0 C1 5H21GeN02S3 

4  C6H5 H  CH3 OH 121 C6H6 r e l l u x  10 (C) 72.0 Cl6HZ3GeNO2S3 
h  H  H  H  NH2 194 C6H6 r e f l u x  2  (A) 44.8 C9H18GeN20S3 

i C6H5 H  H  NH2 203 C6H6 r e f l u x  6  (8 )  70.0 C15H22GeN20S3 
j H H H O C H ~  87 EtOH r e f l u x  10 (A) 61.2 ClOH1 9GeN02S3 

k  C6H5 H  H  0C2H5 105-107 EtOH r e f l u x  10 (A) 56.3 Cl7HZ5GeNO2S3 

* 
Elemental analyses o f  the  compounds were i n  s a t i s f a c t o r y  agreement w i t h  the  c a l c u l a t e d  values. 



Table U Spectroscopic data of 2, 8, 9 - t r i th iagermat ranes (3 )  - 

?I 
= 0 X = OH, NH2, OMe, OEt 

"G and 'H-NMR 
3 IR (cm'l) so lvent  N-c 5-C C-1 C-2 I-Me(Ph) 2-Me 1 ,I-Me C-3 

6 (ppm) J(Hz) 

" C=O Ge-S 13C/'H 3x2H 3x2H 1H o r  2H 1H o r  2H 3H o r  5H 3H 2x3H X 
MS(M+) 

m/z 

a 1700 400,370 CDC1, 
CDCll 

b 1700 400,380 d-6 DMSO 
(CDl),CO 

c 1700 400,380 CDCl3 
CDCI, 

d 1700 390 CDCls 
CDCl a 

e 1705 405,395 d-6 DMSO 
(CDs),CO 

f 1695 400,380 d-6 DMSO 
d-6 DMSO 

g 1700 400,390 d-6 DMSO 
CDCl a 

h 1660 395,360 d-6 OMSO 
1620 d-6 DMSO 

i 1670 395 d-6 DMSO 
d-6 DMSO 

j 1710 390,360 d-6 DMSO 
CDCl 

k 1730 400,380 CDCI3 
CDCI 3 

Ph* 
7.16(br,s) 

Ph** 
7.23(m) 

174.93 341 
NH 2 
172.98 415 
NH2 
173.82 356 
OMe* 
172.46 446 
OEt* 

i* (d,d) J.10.1, 15.3Hz, (d,d) 5.3.0, 1 5 . 3 ~ ~ .  * (d,d) Jz8.5, 13.8Hz, (d,d) J.5.0, 13.8Hz iii* (d,q) Jz7.5, 9.2Hz. 
OMe* 1 3 C  51.44(CH9) 1H 2.63 (3H, 5, CH,) O E t *  I 3 C  60.09(CH2), 14.05 (CH$), 'H 3.94(2H1 qu, J=7.2Hz, CH2), 

1.03(3H, t, J=7.2Hz, CH,) 
Ph* C- i  141.76, 143.58 C-o 128.63, 127.52 C-m 128.04, 128.95 C-p 124.34, 126.35 
Ph** C-i 142.15 C-o 128.43 C-m 127.52, 128.82 C-p 125.51 Ph*** C - i  141.44 C-o 127.26 C-m 128.37 C-p 124.86 
Ph**** C - i  140.73 C-o 127.66 C-m 128.37 C-p 125.57 
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The i n f r a r e d  spectrum obta ined f o r  substances (3) gene ra l l y  showed t y p i c a l  absorpt ion band a t  

360cm-' t o  405cm-' corresponding t o  t he  Ge-S bonding band. The mass spectra gene ra l l y  showed 
+ t 

a  cleavage pa t t e rn  o f  M -Ro, M  -CH2CH2S , M+ -CH2CHZ2S -CH2PS , M+ -CH2CH2S -CH2S -CH2CH2S , 

and M+ -CH2S , M+ -CH2S-CH2CH2S , M+ -CH2S-2CH2CH2S i n  a d d i t i o n  t o  t h a t  o f  M+. The reac t i on  

o f  germanium sesqu isu l f ide  ( 7 )  w i t h  tris(2-mercaptoethy1)amine (5) appeared t o  proceed as fo l lows.  

7 
( G ~ R O ) ~ S ~  + 4N(CH2CH2SH)3 f 4  N(CH2CH2S)GeRo + 6H2S 

AS the  compound ( L )  apparent ly  has t he  s t r u c t u r e  tetragermahexathiaadamantane (7-)l0, t he  

fragmentation reac t i on  o f  (L) w i t h  tris(2-mercaptoethy1)amine proceeds step-wise t o  g i ve  t r i t h i a -  

germatrane (3) and H2S as shown i n  Scheme 2  

Scheme 2  

Among these compounds, 3 - (1 ' -gena-5 ' -aza-2 ' ,  a ' ,  9'-trithiabicycloundecy1)propanoic a c i d  (2)  
exh ib i t ed  t he  i n h i b i t o r y  a c t i o n  aga ins t  d i pep t i dy l  carboxypeptidase degrading enkephalins t h a t  

have morphine- l ike ac t i on .  These r e s u l t s  suggest t h a t  t h i s  compound may be same e f f ec t i ve  i n  

phys io l og i ca l  pa in - regu la t i on  system i n  v ivo.  I n v e s t i g a t i o n  o f  t he  o the r  b i o l o g i c a l  a c t i v i t i e s  

o f  these newly prepared compounds i s  now being c a r r i e d  o u t  
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