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Uber die Phosphor-thio]odide P2S2J4 und P2SJz 

DIphosphor - t e t r a jod id  reagier t  m l t  Schwefei  i m  Molver-  
hg l tn i s  t P2J4:}Ss  ill s i edendem Benzol  oder  Schwele lkohlen-  
s toff  u n t e r  der  E m w i r k u n g  yon  df f fusem Tages l i ch t  zu Te t ra -  
pho rphor -hep ta su l f i d ,  P h o s p h o r ( I I I ) - j o d i d  u n d  Jod  1) en t -  
sp r echend  : 

7P2J4 + ~ $ 8  = 2P~Sv + 6P Ja  + 5 J2. 

M~t u b e r s c h u s s i g e m  Schwefel  se tz t  s ich a u c h  alas Phosphor ( I I I )  - 
lod id  zu T e t r a p h o s p h o r - h e p t a s u l f i d  um2),  u n d e s  t r i t t  eine 
vo l l s tgndige  S u b s t i t u t i o n  des Jods  a m  P h o s p h o r  du rch  Schwe- 
tel t i n  : 

2P2J~ + ~ S  s = P4S2 @ 4 J2. 
Bet  vo l l s t gnd lgem Lich taussch luB f inder  dagegen  zwlschen  
D l p h o s p h o r - t e t r a j o d l d  u n d  Schwefel  (Verh/~ltnis P:  S = I " t) 
in Schwefe lkohlens tof f  (meh r s t und l ge s  E r h i t z e n  a m  RiickfluB 
oder  mehr tXgiges  S tehen  bet  R a u m t e m p e r a t u r )  eine wei t -  
gehende  U m s e t z u n g  u n t e r  B i ldung  des  P h o s p h o r - t h m j o d l d s  
P~S~J a s tar t .  B e i m  E i n e n g e n  der  L o s u n g  sche ide t  s lch die 
V e r b i n d u n g  in o rangero ten ,  s t u m p f e n  Kr is ta l len  ab, die in 
al len B e f u n d e n  (Analyse,  Molekulargewicht ,  I R - S p e k t r u m )  
m i t  den  fur  P2S~Ja e rwar t e t en  D a t e n  i ibere i l l s t immen.  

Noch  e in faeher  Iassen s ich die be iden Phosphor - th io jod ide  
P~S2J r u n d  P~SJ~ u n m i t t e l b a r  au s  den  E lenren ten  in den  
e n t s p r e c h e n d e n  s t6ch iome t r i s chen  Verhglfillissen ill Schwefel-  
koh lens to f f  du rch  m e h r t i g i g e s  S t ehen  bet  R a u m t e m p e r a t u r  
u n t e r  Lichtausschluf3  erhal ten .  Die I so l ie rung  erfolgt  du rch  
A b s a u g e n  des L 6 s u n g s m i t t e l s  bis au f  t i n  ger inges  R e s t v o l u m e n ,  
D e k a n t m r e n  der  Niut ter lauge u n d  Bef re iung  yon  a n h a f t e n d e m  
Schwefe lkohlens tof f  im V a k u u m .  Dieser  Da r s t e l l ungsweg  
b~etet e inen  aul3erordent l ich b e q u e m e n  p r g p a r a t i v e n  Z u g a n g  
zu diesen neu  a u f g e f u n d e n e n  D i p h o s p h a n - D e r i v a t e n .  

Die be iden Phosphor - th io jod ide  kr is ta l l is ieren aus  Schwe- 
fe lkohlens tof f  m B l a t t c h e n  yon  merk l ich  g e r m g e r e m  Retie-  
x i o n s v e r m 6 g e n  als D lphosphor - t e t r a jod id .  P~S~J~ i s t  orange-  
ro t  u n d  e twas  dul lkler  als Ps J~ ; Pz S J~ i s t  ziegelrot  u n d  merk l ich  
huller. Beide V e r b i n d u n g e n  r iechen  an  f euch te r  L u f t  deu t l i ch  
n a c h  Schwefehvassers toff .  Sie s ind  g u t  I6slich in SchwefeI- 
kohlens toff ,  mMgig 16slich in Benzo lkoh lenwassers to f fen ,  
Te t rach lo rkoh le l l s to f f  u n d  Ather .  Mit  W a s s e r  u n d  absol. 
A t h a n o l  er /olgt  schnel le  H y d r o l y s e  bzw. Alkoholyse  ; die Un te r -  
s u c h u n g  der  dabei  gebi lde ten  R e a k t m n s p r o d u k t e  is t  im Gauge.  

Bmde  Phosphor - th io jod ide  s ind  bet  R a u m t e m p e r a t u r  
n i ch t  unze r se t z t  ha l tba r .  I m  Laufe  einiger  S t u n d e n  oder  Tage  
f inder  we i tgehende  U m w a l l d l u n g  u n t e r  O x y d o - R e d u k t m n  
s tar t ,  wobei  T e t r a p h o s p h o r - h e p t a s u l h d ,  Phosphor - jod ide  u n d  
(im Fail  des PzSsJ~) frmes Jod  gebf ldet  werden.  Die Zerset-  
zungs reak t ione l l  ve r l aufen  sehr  wahrsche in l i ch  nach  : 

7 P~SzJ~ = 2 P~S~ 4- 6 PJa  4- 5 Jz 
7P=SJ~ = P~S~ + 8PJ~  + P~J4. 

I n  bmden  FglIen wird der  Zerfall  du r ch  E r w g r m e n  beghns t ig t ,  
ebenso du rch  E i n w i r k u n g  yon  df f fusem Tagesl icht .  Die 
S c h m e l z p u n k t e  a) l iegen bet .  P~SeJ 4 90 bis 9 3 ~  (Zers.), 
P2SJ4 t05 bis I t 0 ~  (Zers.). 

Die IR-  und  R a m a l l - S p e k t r e n  zeigell in Best~t t igung der  
a n g e n o m m e n e n  KOl ls t i tu t ion  F r e q u e n z e n  i m  P =  S-~v~alenz- 
s c h w m g u n g s g e b i e t ,  wgh rend  e l emen ta re r  Schwefel  sowohI 
molekelspekfi roskopisch als a u c h  r 6 n t g e n o g r a p h l s c h  n i ch t  
nachwe i sba r  ist.  Das  VerhaI ten  der  V e r b m d u n g e n  in L o s u n g  
wird  noch  n g h e r  u n t e r s u c h t .  

Von  den  durcbgef t~hr ten R e a k t i o n e n  der Phospho r -  
th io lodide  i s t  vor  a l lem dm U m s e t z u n g  m i t  Sauers to f f  bemer -  
kenswer t ,  bet  der  m be iden  Fgl len u n t e r  S u b s t i t u t m n  des 
Schwefels  das  k i i rzhch bet  der  O x y d a t i o n  des Diphosphor -  
t e t r a jod ids  4) a u f g e f u n d e n e  po lymere  Phosphor -ox id - jod ld  
(PaJ~O~)n neben  Phosphor ( I I I ) - j od id  u n d  Jod  gebi ldet  wird. 
Der  f re igesetz te  Schwefel  reagier t  in e ther  Fo lge reak t ion  m i t  
Phosphor ( I I I )  jod id  zu d e m  gleichfalls  b i sher  u n b e k a n n t e n  
Phosphor - su l f id - jod id  PSJa  , das  wir  auch  d u t c h  ana loge  
U m s e t z u n g  aus  den  E l e m e n t e n  dars te l len  konnten~) .  

Die ausff ihr l iche Mi t t e i lung  der  Ergebn i sse  erfolgt  in den  
, ,Chemischen  Ber i ch ten" .  
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The Action of Lead Tetraacelate on 2/~-Hydroxy Steroids 

Reac t ions  invo lv ing  in t ramolecuIa r  a t t a c k  b y  radical  or 
cat ionic  o x y g e n  on su l t ab Iy  or iented  m e t h y l  g roups  leading 
to t he  fo rma t ion  of cyclic e thers  h a v e  been well documented1) .  
In  all these  ins t ances  t he  h y d r o x y l  and  the  m e t h y l  groups  are 
1,3-diaxlal ly or iented and  Iead t e t r a ace t a t e  has  been found  
to be one of t he  r eagen t s  to b r ing  a b o u t  such  an  a t t ack .  
However ,  It h a s  also been shown  t h a t  the  n a t u r e  of the  end 
p roduc t  is largely d e p e n d e n t  on  t he  ne ighbor ing  e n v i r o n m e n t  
of the  h y d r o x y l  group and  dif ferent  reac t ion  p a t h w a y s  are 
possibIe wi th  lead te t raace ta te2) .  I n  2 f i -hydroxy  s t e rmds  the  
2/?-hydroxyI func t ion  and  the  C-19 m e t h y l  g roup  are  t ,3-  
d iaxia l ly  or ien ted  (5~ series) and  the  r e a c t m n  wi th  lead t e t ra -  
ace ta te  would  be expec ted  to p roduce  the  2/?--> 19-oxido com- 
poundsa) .  Since t he  e n v i r o n m e n t  of t he  h y d r o x y l  func t ion  
inf luences  t he  course  of the  reac t ion  i t  was  of in t e res t  to 
de te rmine  w h e t h e r  2/~--~t9-oxide fo rma t ion  would  occur  in 
2f l -hydroxy s teroids  s u b s t i t u t e d  a t  C-3 positron.  W i t h  a view 
to e x a m i n e  th i s  possibi l i ty,  e x p e r i m e n t s  were in i t i a ted  wi th  
5r and  some  of i ts  der iva t ives .  

5~-cholestane-2fl-ot  (I)~) was  reac ted  w i th  lead te t ra -  
ace t a t e  in  boi l ing  benzene  for 20 hour s  to give a m i x t u r e  of  
th ree  c o m p o u n d s .  C h r o m a t o g r a p h i c  s epa ra t i on  on  a l u m i n a  
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gave  2fi,19-oxido-Sc~-cholestane (II, 60% yield) m . p .  91 to 93 ~ 
(c~){~ + 41o (CHCls), t{Br mma x h y d r o x y l  abso rp t ion  absen t ,  t 0 1 2 c m  -1 
(ether l inkage).  Calcd. for C2vH460 : C, 83'87 ; H, 11 "99. Fo u n d  : 
C, 83"80; H, t1"98; 2-oxo-5c~-cholestane (III ,  13% yield) 
m . p .  t 29 to 130 ~ ( infrared s p e c t r u m  ident ica l  w i th  a u t h e n t i c  
sample)  s) and  2-oxo-3f l -acetoxy-5~-choles tane  (IV, 14 % yield), 

KBr 1750 cm -1 (acetate m . p .  t46  to 147 ~ , ( ~ ) ~ + 8 3  ~ (CHela); Vma x 
carbonyl) ,  1 7 1 8 c m  -1 (ketone), 1 2 4 5 c m  -1 (acetoxy).  Calcd. 
for C~gH4sO a. C, 78"32; I-t, 10'87. F o u n d :  C, 78-12; H, 10-96 
In  t he  N . M . R .  spec t rumS)  of I I  t he  peak  a t  t p p m  f rom th e  
C- t9  m e t h y l  was absent .  The re  appea red  in s t ead  a pair  of  
double t s  cen tered  a t  3"72 p p m  charac te r i s t i c  of n o n - e q u i v a l e n t  
b u t  closely coupled p ro tons  (19-CH2). Ox ida t ion  of I I  wi th  
c h r o m i u m  t r ioxide  in acetic acid a t  90 ~ gave  a y- lactone,  
5c~-cholestane-2/?-ol-I 9-oic acid 2/?, t 9-1actone (V) hi. p. 145 to 
146 o, (~)~v+ 48 ~ (CHCla), VmaxKBr t 758 cm -1 (~Mactone). Calcd. 
for C~vH4~O 2" C, 80"95; H, t i . 08 .  F o u n d :  C, 8 t .40;  t-I, t l . 43 .  

Reac t ion  of 5~-cholestane-2/?,3~.-diol-3-acetate (VI)~) wi th  
lead t e t r aace t a t e  u n d e r  ident ical  condi t ions  and  s u b s e q u e n t  
s epa ra t ion  of the  resu l t ing  m i x t u r e  gave  c o m p a r a t i v e l y  negli- 
gible a m o u n t  (0.7 %) of the  2/~,19-oxido-3c~-acetoxy-5c~-chol- 
e s t ane  (VII) m . p .  134 to 135 ~ (~z)~+ 28 ~ (CHCla), VmaxKBr nyor-~ " 
oxyl  a b s o r p t m n  nil, 1725 cm -1 (acetate  carbonyI) ,  1235 cm -I 
(acetoxy) and  t030 cm -1 (ether l inkage).  Calcd. for C29H4sO a 
C, 78'32; H, 10"88. F o u n d :  C, 78-44; H, 10"79. The  N . M . R .  
s p e c t r u m  of V I I  did n o t  show the  peak  a t  I p p m  (C-19 m e t h y l  
absent)  b u t  a double t  cen tered  a t  3"7 p p m  did appea r  (C-t9- 
methy lene) .  The  m i x t u r e  cons is ted  m o s t l y  of  t he  un reac t ed  
s t a r t i ng  m a t e r m l  (VI, 55 %) and  2-oxo-3f l -acetoxy-5e-choles ta-  
ne  (IV, 31%),  r e su l t ing  f rom the  ox ida t ion  of the  2~-hydroxy l  
func t ion  and  s u b s e q u e n t  i somer iza t ion  of t he  3c~-acetoxy group 
to t he  s table  (equatorial)  3 t - fo rm.  

Th i s  ind ica tes  t h a t  s u b s t i t u t m n  of an  ~-ace ta te  a t  C-3 
cons iderab ly  a l ters  t he  course  of t he  reac t ion  wi th  lead t e t ra -  
ace t a t e  and  a p p a r e n t I y  nega t e s  t he  preferen t ia l  f o rma t io n  of 
2fl-->I9-oxide. The  illfIuence of o the r  s u b s f i t u e n t s  a t  C-3 on  
the  fo rma t ion  of 2/?->19-oxides are cu r r en t l y  u n d e r  inves t iga-  
t ion. 
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