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SULFUR PHOSPHORUS HETEROCYCLES RP( S)Sn AND [RP( S)Sm]2, 
SYNTHESIS AND DYNAMIC PROPERTIES 

JOSEF HAHN, ANN0 BORKOWSKY, T I N A  NATANIEL 
I n s t i t u t  f u r  Anorganische Chemie der U n i v e r s i t a t  Koln,  FRG. 

Abs t rac t  S u l f u r  phosphorus h e t e r o c y c l e s  o f  genera l  
composi t ion RP(S)Sn and [RP(S)Sm]2 have been syn thes i zed  from 
s i l y l  and s t a n n y l  e s t e r s  o f  t r i t h i o p h o s p h o n i c  a c i d s  
RP(S)(SEMe3)2 (E = S i ,  Sn).  The phosphorus-31 nuc leus  has 
been used as an NMR probe f o r  t h e  s tudy o f  r i n g  r e v e r s a l  and 
r e l a t e d  dynamic processes. The r e s u l t s  obta ined,  p r o v i d e  i n -  
s i g h t  i n t o  t h e  mechanism and energy b a r r i e r  o f  t h e  crown 
r e v e r s a l  o f  c y c l o - o c t a s u l f u r .  Moreover, some o f  t h e  h e t e r o -  
c y c l e s  show c o n f i g u r a t i o n a l  changes a t  t h e  P atoms as w e l l  as 
r e v e r s i b l e  o l i g o m e r i z a t i o n  r e a c t i o n s .  

I N T R O D U C T I O N  

I n  c o n t r a s t  t o  t h e  h i g h  s tandard o f  knowledge o f  t h e  s t r u c t u r e  o f  

s u l f u r  r i n g s  Sn i n  c r y s t a l l i n e  s t a t e ,  very  l i t t l e  i n f o r m a t i o n  i s  

a v a i l a b l e  concern ing t h e  con fo rma t ion  and t h e  c o n f o r m a t i o n a l  

changes o f  these compounds i n  s o l u t i o n .  Th is  i s  a consequence o f  

t he  l a c k  o f  a p p r o p r i a t e  spec t roscop ic  methods f o r  s t u d y i n g  t h e  

corresponding dynamic processes. An i n d i r e c t  way o f  g e t t i n g  t h e  

des i red  i n f o r m a t i o n  i s  t o  i n v e s t i g a t e  s u l f u r  r i n g s  c o n t a i n i n g  

heteroatoms which can serve as a probe f o r  dynamic NMR measure- 

ments. Because o f  t h e  s m a l l  d i f f e r e n c e  between t h e  S-S and S-P 

bond l e n g t h ,  S-P he te rocyc les  showing an SnP or (SmP)2 r i n g  ske le -  

t o n  rep resen t  e s p e c i a l l y  u s e f u l  model compounds f o r  t h i s  purpose. 

SYNTHESIS OF THE S-P HETEROCYCLES 

I n  c o n t r a s t  t o  S-P h e t e r o c y c l e s  o f  compos i t i on  RP(S)Sn, which a r e  

n o t  known from e a r l i e r  work, a g r e a t  number o f  d iphosphacyc lo-  
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58 J. HAHN, A .  BROKOWSKY, T.  NATANIEL 

su l fanes  [RP(S)Sm]2 o f  r i n g  s i z e  f o u r  have been descr ibed.  They 

are,  however, n o t  o f  i n t e r e s t  i n  t h i s  c o n t e x t ,  because r i n g  s i z e  

f o u r  i s  q u i t e  unfavourable f o r  s u l f u r  r i n g s .  The o n l y  rep resen ta -  

t i v e  o f  r i n g  s i z e  s i x ,  IBrP(S)S2]2,  i s  known t o  be f rozen  i n  t h e  

t w i s t - b o a t  conformat ion1 and was syn thes i zed  by an obscure reac-  

t i o n 2 .  For t h a t  reason, i t  cannot be used f o r  t h e  s tudy o f  c o n f o r -  

m a t i o n a l  changes, nor  can t h e  way o f  f o r m a t i o n  c o n t r i b u t e  t o  t h e  

development o f  a genera l  s y n t h e t i c  r o u t e  f o r  S-P h e t e r o c y c l e s .  

The l a t t e r  problem c o u l d  be s o l v e d  by t h e  p r e p a r a t i o n  o f  

s i l y l  and s t a n n y l  e s t e r s  o f  t r i t h i o p h o s p h o n i c  a c i d  RP(S)(SEMej)z 

( E  = S i ,  S n ) j ,  which r e a c t  smoothly wi th  halogens and d i c h l o r o -  

su l fanes ,  y i e l d i n g  t h e  S-P h e t e r o c y c l e s  o f  i n t e r e s t 4 .  Molecules o f  

composi t ion RP(S)Sn a r e  ob ta ined  w i th  c h l o r o s u l f a n e s  SxC12 o f  

cha in leno th  x > 2 .  The p r imary  y i e l d  o f  t h e  r e a c t i o n  v a r i e s  be- 

E D  Si, Sn n=7 n r 6  n=5 
R = M e  & 
R=t-Bu & a - 3 b  

tween 70 and 50 ?A. However, because o f  t h e  low c r y s t a l l i z a b i l i t y  

o f  t h e  he te rocyc les  i n  presence o f  po l ymer i c  byproducts ,  t h e  pu re  

compounds c o u l d  o n l y  be i s o l a t e d  i n  y i e l d s  o f  30 t o  5%. 

On r e a c t i n g  t h e  e s t e r s  wi th  t h e  c l o r o s u l f a n e s  SC12 and S2C12, 

i n s t e a d  o f  t h e  f o u r -  and five-membered r i n g s ,  t h e  corresponding 

dimers [RP(S)Sm]2, m = 3 ,  4 ;  R = Me, t -Bu (%,b, *,b) a r e  formed. 

Up t o  now spec- 

t romet ry .  The 31P NMR spec t ra  a r e  q u i t e  complex, i n d i c a t i n g  a 

l a r g e  number o f  isomers and p o s s i b l y  a l s o  o l i g o m e r i c  forms. 

these compounds c o u l d  o n l y  be i d e n t i f i e d  by mass 

As may be expected, t h e  tetrathiadiphosphorinanes RP( S)S2 2 

halogens 

these h e t e r o c y c l e s  can be 

(@,b-) are  formed i n  t h e  r e a c t i o n  o f  t h e  e s t e r s  wi th  t h e  

c12 and Br2. I n  b e t t e r  y i e l d s  (ca.  70%) 

ob ta ined  by r e a c t i n g  t h e  s i l y l  e s t e r s  wi th  d i m e t h y l s ~ l f o x i d e ~ .  
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S-P HETEROCYCLES 59 

S,, ,S-SIMq s,. ,S-S, s 
+20=SMe2 + P, P” + 2(SiMe3)20 ( 2 )  

R’ S-S’ ‘R 
2 .p, 

R S-SIMe3 

+ 2M82S 

R = M e  6 2  

R=t-Bu 

Although t h e  tetrathiadiphosphorinanes &,b a r e  s t a b l e  i n  

c r y s t a l l i n e  s t a t e ,  i n  s o l u t i o n  s u l f u r  e l i m i n a t i o n  occu rs ,  which i n  

t h e  case o f  - 6b l e a d s  t o  t h e  f o r m a t i o n  o f  t h e  d i th iad iphosphe tane  

[ t -BuP(S)Sl2.  By c o n t r a s t ,  & l o s e s  o n l y  one S atom p roduc ing  t h e  

t r i t h i a d i p h o s p h o l a n  

s,\ 2, 4 S 
P P 

M: ‘S’ ‘Me 

r i n g  s i z e  f i v e .  This  

- 7. Obvious ly ,  t h e  Me s u b s t i t u e n t  s t a b i l i z e s  

was con f i rmed  by demonstrat ing t h a t  t h e  f o u r -  

membered r i n g  [MeP(S)Sl2 d i s p r o p o r t i o n a t e s  on h e a t i n g  i n  d ioxane 

i n t o  1 and compounds o f  lower S-content.  I n  t h e  presence o f  an 

excess o f  s u l f u r ,  2 can be o b t a i n e d  i n  50 % y i e l d  f rom t h e  

s u l f u r i n a t i o n  r e a c t i o n  o f  MeP(S)S 2. 

Dynamic P r o p e r t i e s  

L i k e  c y c l o - o c t a s u l f u r ,  MeP(S)S7 c l e a r l y  p r e f e r s  t h e  crown c o n f o r -  

mat ion.  O f  t h e  two d i f f e r e n t  isomers A and B wi th  a x i a l  and equa- 

t o r i a l  p o s i t i o n  o f  t h e  Me group, r e s p e c t i v e l y ,  o n l y  A i s  p r e s e n t  

i n  c r y s t a l l i n e  s t a t e 6 .  Accord ing t o  l H  and 31P dynamic NMR (DNMR) 

s t u d i e s  i n  s o l u -  

t i o n ,  b o t h  isomers e x i s t  i n  a thermodynamic e q u i l i b r i u m ,  which may 

i n  t h e  temperature range between +80 and -9OoC, 
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60 J .  HAHN, A. BORKOWSKY, T .  NATANIEL 

be desc r ibed  by equa t ion  ( 4 ) .  Magne t i za t i on  i s  n o t  d i r e c t l y  t r a n s -  

Me 

A 0 s  
f e r e d  from A ( B )  t o  B (A)  b u t  o n l y  v i a  t h e  i n t e r m e d i a t e s  C and D, 

which were found t o  be p resen t  i n  ve ry  low c o n c e n t r a t i o n s .  

From molecular  model i n s p e c t i o n s  and MND07 c a l c u l a t i o n s  i t  

becomes c l e a r  t h a t  t h e  most l i k e l y  i n t e r m e d i a t e s  o f  t h e  crown-to- 

crown i n t e r c o n v e r s i o n  a re  c h a i r - b o a t  conformat ions.  A l though 

cyc looctane i s  known t o  p r e f e r  t h e  c h a i r - b o a t  form, t h e  l a t t e r  i s  

no t  favourable f o r  eight-membered s u l f u r  r i n g s ,  because two p a i r s  

o f  ne ighbour ing  d i h e d r a l  angles l a r g e l y  d e v i a t e  f rom t h e  va lue  o f  

90°, which i s  p r e f e r e d  by S-S bonds. Since i n  t h e  PS7 h e t e r o c y c l e  

two o f  t h e  s t r a i n e d  d i h e d r a l  angles can be formed by P-S bonds, 

two favourab le  conformat ions become p o s s i b l e ,  which have been as- 

s igned t o  t h e  isomers C and D. This  assignment i s  c o n s i s t e n t  w i t h  

s-s-s s-S‘S f-S$+Sb/Me ’ /L=s s.s’s\s;y I 
‘k ‘ ,Me -s s- 

S 
S /  
Me 

s.s’ 

C D TCC 

t h e  r e s u l t s  o f  MNDO c a l c u l a t i o n s .  T h e o r e t i c a l  c a l c u l a t i o n s  were 

a l s o  used t o  determine t h e  t r a n s i t i o n  s t a t e  for  t h e  crown-to- 

cha i r -boa t  convers ion.  This  process i n c l u d e s  a s i g n  r e v e r s a l  o f  

two ne ighbour ing  d i h e d r a l  angles.  Minimum s t r a i n  energy occurs,  i f  

t h i s  i s  n o t  a synchronous b u t  r a t h e r  a s tep  by s t e p  process, and 

i f  e s s e n t i a l  r o t a t i o n  about P-S bonds i s  i nvo l ved .  The geometry o f  

t h e  t r a n s i t i o n  s t a t e  resembles t h e  t w i s t - c h a i r - c h a i r  form (TCC), 

and i t s  energy l i e s  62.4 kJ/mol above t h a t  o f  t h e  crown conforma- 

t i o n .  This  va lue  i s  i n  reasonable agreement w i th  t h e  a c t i v a t i o n  

energy o f  t h e  crown- to-chai r -boat  conve rs ion  o f  75 .9  kJ/mol ob- 
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S-P HETEROCYCLES 61 

t a i n e d  e x p e r i m e n t a l l y  from DNMR k i n e t i c  data.  On t h e  b a s i s  o f  an 

analog mechanism, a b a r r i e r  o f  81.7 kJ/mol was c a l c u l a t e d  f o r  

cyclo-Sg crown-to-crown i n t e r c o n v e r s i o n .  On t h e  assumption t h a t  

t he  MNDO method underest imates t h e  energy o f  t h e  t r a n s i t i o n  s t a t e  

by about t h e  same f a c t o r  as i n  t h e  case o f  t h e  model compound 

MeP(S)S7, t h e  b a r r i e r  t o  cyclo-Sg r i n g  r e v e r s a l  shou ld  be as high 

as 95 kJ/mol. 

The seven-membered h e t e r o c y c l e  MeP(S)S6 (E) most p robab ly  

shows r a p i d  i n t e r c o n v e r s i o n  between two c h a i r  con fo rma t ions  w i t h  

a x i a l  and e q u a t o r i a l  o r i e n t a t i o n  o f  t h e  Me group, r e s p e c t i v e l y .  

The i n v e s t i g a t i o n  o f  t h i s  process has, however, n o t  y e t  been con- 

c luded. 

The b u l k y  t -Bu s u b s t i t u e n t  o f  t-BuP(SlS5 (2) d e s t a b i l i z e s  

the  c h a i r  form o f  t h e  molecule i n  favour  o f  t h e  t w i s t - b o a t  c o n f o r -  

mat ion.  Th is  l eads  t o  a thermal  e q u i l i b r i u m  between these  isomers,  

thereby o f f e r i n g  a model f o r  t h e  CyClO-s6 c h a i r - t o - c h a i r  r e v e r s a l ,  

which a l s o  proceeds v i a  t h e  t w i s t - b o a t  form as an i n t e r m e d i a t e .  

S S, J-BU 
( 5) 

4 ’ \  
s, A ,p.+ - %-s 

s” 
‘s-SJ 

P-t-BU s s s  

Moreover, 3 undergoes a second dynamic process.  From i t s  depen- 

dence on c o n c e n t r a t i o n  and t h e  n e g a t i v e  r e a c t i o n  e n t r o p i e  ( S 

-83 J /mol ) ,  i t  was assigned t o  t h e  d i m e r i z a t i o n  o f  3b. - 
The d i m e r i z a t i o n  o f  t-BuP(S)Sg (3&) by a mechanism i n v o l v i n g  

an exchange between exo- and endo-cyc l i c  S atoms i s  suppor ted by a 

r e l a t e d  rearrangement r e a c t i o n  o f  [MeP(S)S212 ( 6 a ) .  - I n  s o l u t i o n ,  
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62 J .  HAHN, A. BORKOWSKY, T .  NATANIEL 

t h i s  six-membered h e t e r o c y c l e  e x i s t s  i n  f o u r  isomers: 

M e  

Me 

wJa 11 

two c h a i r  and two t w i s t - b o a t  conformat ions d i f f e r i n g  i n  t h e  o r i e n -  

t a t i o n  o f  t h e i r  s u b s t i t u e n t s  - c i s  and t r a n s ,  r e s p e c t i v e l y .  Be- 

s ides  t h e  expected c h a i r - t o - t w i s t - b o a t  convers ions,  a t h i r d  dynam- 

i c  process c o u l d  be detected.  I t  i s  c h a r a c t e r i z e d  by a magnet iza- 

t i o n  t r a n s f e r  between t h e  coalescence s i g n a l  o f  t h e  c i s  isomers 

and t h e  t r a n s - c h a i r  conformat ion.  This  process suggests py ramida l  

i n v e r s i o n  a t  t h e  P atom, which can, however, be exc luded i n  t h e  

present  case, as t h e  P atom i s  pen tava len t .  I t  i s  t h e r e f o r e  most 

l i k e l y  t h a t  t h e  i n v e r s i o n  proceeds v i a  t h e  mutual  exchange o f  an 

exo- and an endo-cyc l i c  S atom, as desc r ibed  by equa t ion  ( 7 ) .  
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