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On r eac t ion  with Gr igna rd  compounds,  sym-oc tahydro th ioxan thy l ium and 9 - m e t h y l - s y m -  
oc tahydroth ioxanthyl ium p e r c h l o r a t e s  form 9 -mono-  and 9 ,9 -d i subs t i t u t ed  sym-oc tahydro th ioxan thenes .  
The r eac t ions  of the new sym-oc tahydro th ioxan thene  with pe r c h lo r i e  ac id  and f e r r i c  ch lo r ide  has  been 
s tudied.  The e l iminat ion  of the benzyl  group of 9 -benzy l - sym-oe t ahyd ro th ioxan thene  on sa l t  fo rmat ion  has 
been obse rved .  

We have p rev ious ly  shown that  9 - subs t i tu t ed  sym-oc ta th ioxan thenes  a r e  fo rmed  by the r eac t i on  of b icye l i c  1 , 5 -  
d ike tones  with hydrogen sulf ide [2, 3] o r  phosphorus  pentasutf ide  [3-5] .  However ,  at the p r e se n t  t ime  only a few 
b icyc l i c  1 ,5 -d ike tones  a r e  p r e p a r a t i v e l y  a c c e s s i b l e .  In o r d e r  to broaden the pos s ib i l i t y  of the syn thes i s  of 9- 
subst i tu ted sym-oc tahydro th ioxan thenes ,  we have s tudied the reac t ion  of the r ead i ly  a c c e s s i b l e  s y m -  
oe tahydro th ioxanthyl ium and 9 -me thy l - sym-oc t ahyd ro th ioxa n thy l i um p e r c h l o r a t e s  (I and II) with Gr igna rd  r eagen t s .  

R R ~ , ~  RI  

I i 

I l l -  X 
R ~ H, CH s ; R ' ~  Alk. Ar 

By means  of t h i n - l a y e r  ch romatography  on a lumina  i t  was found that  the nucIeophi l ic  addit ion of a Gr igna rd  
r eagen t  t akes  p lace  without the fo rmat ion  of the pos s ib l e  i s o m e r i c  sul f ides .  

The s t r u c t u r e  of the sym-oc tahydro th ioxan thenes  I I I -V  was conf i rmed  by the i r  ident i ty  with the authentic  su l f ides  
[1-4]  and the ident i ty  of the r e s p e c t i v e  sulfones.  

When I V - I X w e r e  oxid ized  with hydrogen peroxide  in ace t i c  ac id  solution with heat ing,  the co r r e spond ing  sulfones  
XIX-XXIV were  obtained for  the f i r s t  t ime .  We p rev ious ly  d i s c o v e r e d  a d i sp ropor t iona t ion  reac t ion  with the t r a n s f e r  
of hydrogen in 9 - a l k y l - s y m - o c t a h y d r o t h i o x a n t h e n e s  [6] on reac t ion  with p e r c h l o r i c  ac id  and f e r r i c  ch lo r ide .  We have 
a t t empted  to extend these  r eac t ions  to the oc tahydro th ioxanthenes  VI, VII, and IX. The reac t ion  of VI and IX gave high 
y ie lds  of the co r r e spond ing  sa l t s  XII and XV. It i s  pos s ib l e  that the na ture  of the s a l t - f o r m i n g  reac t ion  between VI and 
IX and HC104 and FeC13 i s  d i f ferent  f rom that  in 9 - a lky I - sym-oc t a hyd ro th ioxa n the ne s .  

Ins tead of undergoing d i sp ropor t iona t ion  with hydrogen t r a n s f e r ,  with p e r c h l o r i c  ac id  and f e r r i c  ch lo r ide  9-  
benzy l - sym-oc t ahydro th ioxan thene  {VIII} lo s t  i t s  benzyl  group,  fo rming  the p e r c h l o r a t e  I and s y m -  
oc tahydro th ioxanthyl ium t e t r a e h l o r o f e r r a t e  (X) and a sulf ide i s o m e r i c  with 9 -benzy I - sym-oc t ahydro th ioxan thene .  We 
have not yet  def in i t ive ly  e s t ab l i shed  the nature  of the i s o m e r i z a t i o n  of VII. The e l iminat ion  of the benzyl  group in the 
reac t ion  of VII with HCIO4 and FeCI 3 i s  s i m i l a r  to the known [7] e l imina t ion  of the benzyl  group in the reac t ion  of 9-  
benzyl thioxanthene with f e r r i c  ch lor ide .  The t e t r a c h l o r o f e r r a t e s  XI, XII, andXVIII smoothly  take pa r t  in exchange 
r e a c t i o n s  with po ta s s ium iodide,  fo rming  the co r r e spond ing  s )~n-oe ta -hydro th ioxan thy l ium iod ides  (XIV, XV, XVIID. 

The s t r u c t u r e  of 9 -benzy l - sym-oe t ahyd ro th ioxa n the ne  (VII) was  conf i rmed  by i t s  dehydrogenat ion  ove r  Pd /C  at  
220-290 ~ C to the known [7] 9-benzyl th ioxanthene .  

EXPERIMENTAL 

The 9 -mono-  and 9 ,9 -d i subs t i t u t ed  sym-oc tahydro th ioxan thenes  H I - I X  (see  Table  1). Over  a pe r iod  of 20 min,  
0.037 mole  of the p e r e h l o r a t e  I o r  II [6] in the d r y  fo rm or  a s  a suspens ion  in e the r  was added to a Gr ignard  r eagen t  
{from 0,075 g - a t .  of magnes ium and 0.076 mole  of halogen der iva t ive)  in 150 ml of e ther .  The reac t ion  mix tu re  was 
boi led for  2 - 4  hr ,  the e the rea l  solution was decanted off, and the r e s idue  was decomposed  with ammonium ch lor ide  
and ex t r ac t ed  with e the r .  The e the rea l  so lu t ions  were  combined,  washed with wa te r ,  and d r ied ,  and the e ther  was 

* F o r  pa r t  VI, see  [1]. 
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T a b l e  1 

Ill-IX XIX'XXIV 

Com- 
pound 

III 

IV 

V 

VI 

VII 

VIII 

IX 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

H 

H 

H 

H 

H 

CHa 

H 

H 

H 

H 

H 

CHz 

H 

CHa 

C2H5 

n-CaH7 

C5H5 

C6HsCH2 

Empirical formula- 
Found, % 

C H 
Mp, ~ 

60--61"* 

23--25 

Liquid 
nD ~ 1/5540 

101.5--103 

109--110 

52--53 

133--135 

12~--127'* 

144--146 

192--193 

173--175 

138.5--140.5 

C14HzoS 

CtsH225 

C16H24S 

CloHeIS 

C2oH24S 

CzIH2sS 

C2oH~S 

C,5H2,SO2 

C~6H24SO~ 

C~9H~SO2 

C2~H24SO2 

C2tH~6SO2 

76.4 9.3 
77.8 9.2 

77.31 9.4 
77.5( 9.3 

80.7 7.8 
80.8{ 7.9 

81.5i 7.8 
81.4( 8.2 

81.5', 8.4 
81.61 8,4 

81.31 8,4 
80.9~ 8.4 

68.5 8,7 
68,3 8.6 

72.5 7.2 
72,4 7,4 

73,5 7,7 
73.2 7.6 

73,4 7,9 
73.4 7,9 

Calculated, % IR spectra* in the 1700-] 
1500-cm "l region, and Yield, % 
vSO in SO 2 

1650. 1674 

1650. 1675 

1642. 1682 

1550, 1575, 1599, 
1638. 1660 

1500. 1560, 1610, 
1640. 1655 

C6HsCH2 

p-CHsC6H4 

C~H~ 

n-C3H7 

C6H5 

C6HsCH~ 

CsHsCH2 

p-CH~C~H4 226--227.5 

*The IR spectra were taken on a UR-IO spectrometer in Nujo|. 
** Identified by mixed melting points with authentic samples. 

C~oH24SO2 7.3 
7.3 

73.0 
73.1 

S C H S 

9.4 13.7 

9.7 12.9 

7.8 11.4 

8.2 I 0,8 

8.4 I 0,3 

8.2 10,8 

8.5 l 1.4 

7.1 10,2 

7,3 9,8 

7.7 9.4 

7.3 9,8 

1680. 1295, 1275, 
1140. 1120 

55 

88 

87 

66 

95 

80 

51 

60 

79 

58 

96 

84 

76 
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d i s t i l l e d  of f .  T h e  r e s i d u e  w a s  c r y s t a l l i z e d  o r  d i s t i I l e d  in  v a c u o .  T h e  s u l f i d e s  V I - I X  w e r e  r e c r y s t a l l i z e d  f r o m  e t h a n o l .  

The  o x i d a t i o n  of t h e  s u l f i d e s  I V - I X  w i t h  h y d r o g e n  p e r o x i d e  [3] g a v e  the  c o l o r l e s s  s u l f o n e s  X I X - X X I V ,  w h i c h  w e r e  
p u r i f i e d  by  r e e r y s t a l l i z a t i o n  f r o m  e t h a n o l .  T he  s u l f i d e s  I I I - I X  and  t he  s u l f o n e s  X I X - X X I V  a r e  r e a d i l y  s o l u b l e  in 
b e n z e n e ,  e t h e r ,  t e t r a h y d r o f u r a n ,  c h l o r o f o r m ,  d i c h l o r o e t h a n e ,  and a c e t o n e .  They  a r e  s p a r i n g l y  s o l u b l e  in e t hano l  and  

g a s o l i n e ,  

9 - P r o p y l - s y m - o c t a h y d r o x a n t h y l i u m  t e t r a c h l o r o f e r r a t e  (XI). A so lu t i on  of 2 g (0 .008 mo le )  of V in 2.9 m o l e  of 
a c e t i c  a n h y d r i d e  w a s  t r e a t e d  w i t h  4 .28 g (0 .026 m o l e )  of  f e r r i c  c h l o r i d e  in 14.5 m l  of  conc  HC1 and  t he  r e a c t i o n  m i x t u r e  
w a s  a l l o w e d  to s t a n d  f o r  24 h r .  T h e n  the  p r e c i p i t a t e  w a s  s e p a r a t e d  off and w a s h e d  on the  f i l t e r  wi th  a c e t i c  a c id  and  

e t h e r .  T h i s  g a v e  2.2 g (61%) of  y e l l o w - g r e e n  n e e d l e s .  

The  t e t r a c h l o r o f e r r a t e s  XII  and  XVII  w e r e  o b t a i n e d  s i m i l a r l y  ( T a b l e  2).  

T a b l e  2 

R 
I 

Com- R 
pound 

XI n-C3H7 

x:I,I  
Xl~ n-C3H7 

X C6H5 

XVII p-CH3CsH4 

XVII p-CH3CsH4 

XVI I I [ p-CH3CsH4 
J 

Mp, ~ Empirical formula 

c, i I 

Found, % Calculated, % 

S S 

FeCI4 

FeCI4 

C104 

I 

I 

CIO4 

FeCI4 

I 

85--86 

102--103 

115--116 

120--123 

141--143 

186--188 

144--146 

120--122 

CIsH~aCI4FeS 

C~sH21C14FeS 

C19HzLCIO4S 

ClsH2zlS 

C19H21IS 

C2oH2~CIO4S 

C2oH23CI4FeS 

C2oH23I S 

! 
32,2; i7,0; 7,11 
32,o / I I 
29,6;[ 7,0; 6,7 
29,3 
04 r85" 881 
~',5 } " '  

339 88"88 
34,1 ' ' ' ] 

/ 31,4;7,6; 7,6 /31,6[ 
9.0;~ 8,5; 8,4 
8,9~ 

28,8;~ 16,5; 6,6 
28 8/ 

' 302"[76" 7 8 
3~)',~' ' ' ' 

Cl I 

31,9 

29,7 

9,3 

33,7 

31,1 

9,0 

28,8 

30,1 

~ ,27 61 

8,6 60 8,4 85 

60 
I 

7,8 54 

8,1 60 

6,5 45 

7,6 56 

*The perchlorates consisted of colorless, the tetrachloroferrates of yellow-green, and the iodides 
of brown or light brown crystals insoluble in ether, benzene, or gasoline, and soluble in chloroform, 
dichloroetbane, and acetic acid. 

9 - P r o p y l - s y m - o c t a h y d r o t h i o x a n t h y l i u m  iod ide  (XIV).  To a s o l u t i o n  of 0.3 g (0.67 mo le )  of XI  in 2 m l  of a c e t o n e  
w a s  added  a s o l u t i o n  of 0.56 g (3.4 raM) of KI in 1.5 m l  of w a t e r ,  and  t hen  30 m l  of w a t e r .  T h e  b r o w n  c r y s t a l l i n e  
p r e c i p i t a t e  of  t he  iod ide  XIV w as  s e p a r a t e d  off  and  w a s h e d  w i th  w a t e r .  The  i o d i d e s  XV and  XVIII  w e r e  o b t a i n e d  

s i m i l a r l y  ( T a b l e  2).  

9 - P h e n y l - s y m - o c t a h y d r o t h i o x a n t h y l i u m  p e r c h l o r a t e  (XIII).  Wi th  i c e  coo l ing ,  1.75 mI  of 70% p e r c h l o r i c  ac id  w a s  
added  to a s o l u t i o n  of 0.5 g (1.8 mM) of VI in 6 m l  of a c e t i c  a c id  and  5 m l  of a c e t i c  a n h y d r i d e .  The  r e a c t i o n  m i x t u r e  
w a s  h e a t e d  a t  4 0 - 5 0 "  C f o r  10 ra in  and  w a s  k e p t  a t  20 ~ C fo r  1 2 - 1 5  h r ,  and  t h e n  50 m l  of  e t h e r  w a s  added ,  and  0.57 g 
(85%) of t he  p e r c h l o r a t e  XIII  s e p a r a t e d  out .  T he  p e r c h l o r a t e  XV w a s  o b t a i n e d  s i m i l a r l y  ( T a b l e  2). 

9 - B e n z y l t h i o x a n t h e n e .  A m i x t u r e  of 1 g (0.32 raM) of VII and  1.5 g of 5% P d / C  w a s  h e a t e d  in an a t m o s p h e r e  of 
n i t r o g e n  a t  2 2 0 - 2 9 0  ~ C fo r  3 h r  30 m i n .  T he  r e a c t i o n  p r o d u c t  w a s  e x t r a c t e d  w i th  e t h a n o l ,  and  e v a p o r a t i o n  of t he  e x t r a c t  
y i e l d e d  0.8 g of r e s i d u e .  A f t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s ,  0.15 g (16%) of c o l o r l e s s  c r y s t a l s  w i t h  m p  1 3 1 - 1 3 3 . 5  ~ C 
( f r o m  e thano l )  w e r e  o b t a i n e d ;  a c c o r d i n g  ~o t he  l i t e r a t u r e  [7], m p  127 ~ C. F o u n d ,  %: C 83 .03;  83 .13 ;  H 5 .06 ,  5 .40 ;  
S 10 .98 ,  10 .80.  C a l c u l a t e d  fo r  C20HlsS, %: C 83 .33 ;  H 5 . 5 5 ;  S 11.11.  

R e a c t i o n  of  9 - b e n z y l - s y m - o c t a h y d r o t h i o x a n t h e n e  (VII) w i th  p e r c h l o r i c  a c i d .  Wi th  s t i r r i n g ,  1.4 m l  of 70% 
p e r c h l o r i c  ac id  was  added  in s m a l l  p o r t i o n s  to a s u s p e n s i o n  of 0.5 g (1.7 raM) of VII in 6.2 m l  of a c e t i c  a c id  and  2.1 m l  
of a c e t i c  a n h y d r i d e ,  and  the  m i x t u r e  w a s  h e a t e d  in a w a t e r  b a t h  un t i l  VII had  d i s s o l v e d  ( - 2 0  m i n ) ,  and ,  a f t e r  coo l ing ,  
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the nonsal t  par t  of the react ion product was extracted with pet ro leum ether.  The petroleum ether was separated off 
and the acetic acid solution was t rea ted with a mix ture  of ether (50 ml) and benzene (10 ml), which gave a precipi tate 
of 0.25 g (49%) of co lor less  c rys ta l s  of the perchlora te  I, mp 119-121 ~ C (reprecipi tated with ether from 
dichloroethane).  A mixture  with authentic sym-octahydrothioxanthyl ium perchlora te  [6] melted without depress ion.  
Evaporation of the petroleum ether  extract  yielded a substance with mp 137.5-139 ~ C (ethanol), yield 0.12 g (25%). �9 
Found, %: C 81.01, 81.00; H 8.42, 8.20; S 10.83, 11.16. Mol wt (cryoscopy in benzene) 294, 291. Calculated for 
C20H24 S, %: C 8.11; H 8.11; S 10.81. Molwt 296. IR spectrum (in Nujol), cm-~: 1500, 1592, 1605, 1620, 1655-1660. 
Oxidation with hydrogen peroxide formed a sulfone with mp 222-224 ~ C (petroleum ether). Found, %: C 73.65, 73.60; 
H 7.61, 7.70; S 9.32, 9.40,. Calculated for C20H24SO2, %: C 73.17; H 7.32; S 9.75. 

Reaction of 9-benzyl -sym-octahydroth ioxanthene  (VII) with fe r r i c  chloride.  With s t i r r ing ,  1.4 g of fe r r ic  
chloride in 2.6 ml of conc HC1 was added in smal l  port ions to a suspension of 0.3 g (0.001 mole) of VII in 6 ml of acetic 
anhydride,  and the mixture  was heated in the water  bath for about 10 min until  the VII had dissolved.  On cooling, 
yellowish green c rys t a l s  deposited in an amount of 0.18 g (44%), mp 85-86.5 ~ C (from acetic acid). A mixture  with 
authentic [6] sym-octahydrothioxanthyl ium te t r ach lo ro fe r ra te  melted without depress ion.  The f i l t ra te  yielded 0.1 g 
(33%) of a substance with mp 137.5-139 ~ C identical  with that obtained by the react ion of VII with perohloric  acid. 
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