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THE CHEMISTRY OF STABILIZED 2H-THIOPYRANES 

MANFRED WEISSENFELS, MANFRED PULST, DIETER GREIF 

U n i v e r s i t y  o f  Le ipz ig ,  Department o f  Chemistry, 
GDR, L ieb igs t raBe  18, L e i p z i g  

Abs t rac t  2H-Thiopyranes w i t h  a s i d e  cha in  i n  po- 
s i t i o n  2 o f  t he  r i n g  and a t e r m i n a l  f o rmy l  group 
a r e  resonance s t a b i l i z e d  compounds. They represent  
s o l i d ,  coloured substances, bo th  thermal s t a b l e  and 
a l s o  react ive,  e s p e c i a l l y  against  s e v e r a l  nucleo- 
p h i l i c  reagents. The red co loured 2-(o(-formylmethy- 
lene)-2H-thiopyranes a re  good a v a i l a b l e  by c y c l i s a -  
t i o n  r e a c t i o n s  s t a r t i n g  w i t h  B-thioxoaldehydes re- 
s p e c + i v e l y  t h e i r  der ivates,  and acceptor  s u b s t i t u -  
t e d  2-chloro-propenes. The Z-s-cis c o n f i g u r a t i o n  
o f  t he  s i d e  cha in  was e l u c i d a t e d  by 'H-nmr spect ros-  
copy and X-ray analys is .  Several  r e a c t i o n s  l e a d  t o  
p r o l o n g a t i o n  o f  the s i d e  chain, e.g. t o  the  forma- 
t i o n  o f  p u r p l e  2- (~- formyla l ly l idene) -2H- th iopyra-  

nes. These compounds a r e  v e r y  new educts f o r  the 
synthes is  of  pentamethine dye s t u f f s  w i t h  l o n g  wave 
l i g h t  abso rp t i on  maxima. I n t r o d u c t i o n  o f  a l k y l  carb- 
o x y l a t e  groups by synthesis,  e.g. use o f  d imethy l -  
2-chloro-propene-dicarboxylates, increase t h e  so lu-  
b i l i t y  of  r e s u l t i n g  thiopyranes, b u t  a l s o  cause an 
amazingly s t e r i c  s h i e l d i n g  e f f e c t  o f  t h e  f o r m y l  
group against  n u c l e o p h i l i c  reagents. 

INTRODUCTION 

2H- and 4H-Thiopyranes a r e  s i x  membered h e t e r o c y c l i c  s u l -  
f u r  compounds w i t h  r e l a t i v e l y  low thermal  s t a b i l i t y  i n  

case of  t he  presence o f  hydrogen, a l k y l  o r  a r y l  s u b s t i t u -  
ents i n  p o s i t i o n s  2,3,4,5,6 o f  the r i n g  system. More 
s t a b l e  compounds a re  a v a i l a b l e  by i n t r o d u c t i o n  o f  e lec- 
t r o n  acceptor  groups, 8.g. i n  p o s i t i o n  3 o f  t h e  r i n g  
(-NO2, -CHO, -COCH3, -CN, -COOR)'. Hydr ide i o n  ebst rac-  
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i8/(312] MANFRED WEISSENFELS, MANFRED PULST, DIETER GREIF 

t i o n  by means o f  t r i t y l  p e r c h l o r a t e  g i ves  heteroaromat lc 
t h i o p y r y l i u m  s a l t s  (FIGURE 1). I n  comparison w i t h  t h e  

+y& +He 

2H-Thiopyran T h i o p y r y l i u a k a r l o n  

OH 

+H*. 

‘--He 

OH 

+He ~ 

-He 

FIGURE 1 

ex tens i ve l y  i n v e s t i g a t e d  p y r y l i u m  s a l t s  t h e  s u l f u r  ana- 
logous compounds show a b e t t e r  thermal s t a b i l i t y  and 
lower  r e a c t i v i t y .  So, f o r  example, r i n g  opening and 
r i n g  t rans fo rma t ion  r e a c t i o n s  o f  t h l o p y r y l i u m  s a l t s  a r e  
no t  so s t r o n g l y  marked as i n  the  eubstance c l a s s  of 
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THE CHEMISTRY OF STABILIZED PH-THIOPYRANES 1911313) 

p y r y l i u m  s a l t s .  
Another pathway t o  o b t a i n  s t a b l e  th iopyrane de r i va -  

t i v e s  is t he  i n t r o d u c t i o n  o f  an oxygen atom i n  p o s i t i o n s  
2 o r  4 o f  t h e  r i n g  (2H-thiopyran-2-ones r e s p e c t i v e l y  4H- 
thiopyran-4-ones) . 

Great i n t e r e s t  have the  v iny logous compounds i n  
FIGURE 1 w i t h  a fo rmy l  group i n  the s i d e  cha in  w i t h  re-  
gard t o  t h e i r  p h y s i c a l  behaviour, molecular  s t r u c t u r e s  
and t h e i r  r e a c t i v i t y ,  e s p e c i a l l y  f o r  t h e  fo rma t ion  o f  
compounds w i t h  dye s t u f f  character.  

p e r t i e s  and p o s s i b l e  reac t i ons  o f  such compounds ( l i n e  
3 and 4 i n  FIGURE 1). W e l l  known f o r  s e v e r a l  years a r e  
2-acylmethylene-2H-thiopyranes. Lozach e t  a 1  synthe- 
s i z e d  such substances and i n v e s t i g a t e d  t h e i r  molecular  
s t ruc tu re ,  e s p e c i a l l y  t h e  0 -S- in te rac t i on  between t h e  
a c e t y l  o r  benzoyl  group and t h e  r i n g  s u l f u r  atom. As we 
found some years ago, these compounds a r e  l e s s  reac t i ve ,  
b u t  ve ry  s t a b l e  4. We cou ld  show, t h a t  t he re  is a g rea t  
d i f f e r e n c e  t o  2-formylmethylene d e r i v a t i v e s  o f  2H-thio- 
pyranes. T h e i r  advantage i s  a v e r y  good a v a i l a b i l i t y ,  
h i g h  thermal  and photochemical s t a b i l i t y  and s u f f i c i e n t  
r e a c t i v i t y  f o r  many t rans fo rma t ion  r e a c t i o n s  t o  com- 
pounds w i t h  an extens ive con juga t i ve  system 5. Most 
d e r i v a t i v e s  show amazingly l o n g  wave abso rp t i on  maxima 
i n  t h e  v i s i b l e  range o f  the spectrum r e s p e c t i v e l y  a t  t he  
border t o  IR. I n  t h e  l a s t  years i t  was p o s s i b l e  t o  syn- 
thes i ze  compounds i n  l i n e  4 o f  FIGURE 1, 2 - ( r f o r m y l -  
a l l y l i d e n e )  -2H- t hiopyranes v i a  two s y n t h e t i c  pa thways . 

2 

Our research work is concerned w i t h  syntheses, pro- 

RESULTS AND DISCUSSION 

A) Syntheses 
The fo rma t ion  o f  s e v e r a l  2H-thiopyrene d e r i v a t i v e s  de- 
pends on s u i t a b l e  b u i l d i n g  b locks  w i t h  s u f f i c i e n t  reac- 
t i v i t y .  so, a f t e r  l o o k i n g  t o  a scheme o f  th iopy rene  
r i n g  design, we se lec ted  [C3S+C2]cyclisa t i o n  r e a c t i o n s  
as one o f  twelve p o s s i b i l i t i e s  (Formula A). 
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Some C3S b u i l d i n g  blocks, e.g. monothio-1,3-dibenroyl 
methane or eneaminothioketones ' J  a r e  w e l l  known, b u t  

FORMULA A 

t h e i r  r e a c t i v i t y  is no t  s u f f i c i e n t .  Recent ly  we have 
shown, t h a t  good a v a i l a b l a  6-thioxoaldehydes A and t h e i r  
d e r i v a t i v e s  e r e  convenient for such syntheses, especia l -  
l y  by reason o f  t he  e x c e l l e n t  carbonyl  r e a c t i v i t y  o f  t h e  
aldehyde group, r e s p e c t i v e l y  the  n i t r o g e n  masked carbo- 
ny l  group (A, B and C, FIGURE 2). O f ten  B-thioxoalde- 
hydes A a re  i n s t a b l e  red  o i l s ,  by t r e a t i n g  the  compounds 
w i th  amines, they g i v e  compounds B o r  C, i n  l a s t  case 
most ly by use o f  d i c y c l o h e x y l  amine *. Only compounds A 

w i t h  two phenyl  o r  s u b s t i t u t e d  phenyl  groups a r e  s t a b l e  
y e l l o w  s o l i d  substances (eneth io l - formyl - form) . 

Over a l o n g  t i m e  we i n v e s t i g a t e d  r e a c t i o n s  between 
A, B o r  C and d i f f e r e n t  s u b s t i t u t e d  3-chloro-crotonalde- 
hydes lo. For a b e t t e r  g e n e r a l i z a t i o n  o f  r ing  c l o s u r e  
reac t i ons  t o  th iopyranes we now can i n t r o d u c e  the  prin- 
c i p l e  o f  acceptor s u b s t i t u t e d  2-chloro-propenes (Formu- 
l a  B). 

E l e c t r o n  with-drawing s u b s t i t u e n t s  R3, R , R cause two 
impor tant  e f f e c t s  i n  t h e  chloropropene molecule: 
a) a c t i v a t i o n  o f  the c h l o r o  atom f o r  a good l e a v i n g  

b)  a c t i v a t i o n  o f  t he  CH2-group on basement o f  t he  v i -  

The w e l l  i n v e s t i g a t e d  3-chloro-crotonaldehydes a r e  o n l y  

one example o f  a v a r i e t y  o f  more than twenty f i v e  C2- 

9 

4 5  

group d u r i n g  s u b s t i t u t i o n  react ions,  

nylogous p r i n c i p l e  ( increase o f  CH-acidity). 
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THE CHEMISTRY OF STABILIZED 2H-THIOPYRANES 2 1/[3 151 

b u i l d i n g  blocks i n  t h i s  genera l ized cheme, very  good 
a v a i l a b l e  by Vi lsmeier  r e a c t i o n  o f  ketones 11 . 

6-Thloxoaldehydes and Derivat ives  
(C3-S bui ld ing  b l o c k s )  

OH 
I NM e2 I 

Me2NH Ys - zs 
Enamino thiones 

B 

y CHO 
B-Thioxo- 
aldehydes A 

Thiolates  C 

FIGURE 2 

What we have done i n  the  l a s t  years, is the  v a r i a t i o n  
o f  R R and R using r e a l l y  good a v a i l a b l e  compounds. 
e.g. dimethyl-2-chloro-propene-l83-dicerboxylate, pre- 
pared from c h l o r i n a t i o n  o f  dimethyl-3-oxo-glutarateJ 
ethyl-3-chloro-2-formyl-crotonate, obta inab le  by V i l s -  
n e i e r  r e a c t i o n  o f  ethyl-acetoacetate,  and o ther  examples. 

3 4  5 
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22/[316] IANFRED WEISSENFELS, MANFRED PULST, DIETER GREIF 

Accep to r  s u b s t i t u t e d  2-Chloro-propenes 

1: R3 m R4 = H, a l k y l ,  a r y l  
R5 a CHO 

2: R4 = H 
R3 = R 5  = COMe 

3: R3 I H 
R4 = CHO 

R5 = COOEt 

4: R3 = H, a l k y l  
R4 = CN 

R5 = COOEt 

3-Chloro-crotonaldehydes 

Dimethyl-2-chloro-propene- 
1,3-dica r b o x y l a  t e  

E thy l -3 -ch lo ro-2-  f o rmy l -  
c ro tona  t e  

Ethyl-3-chloro-2-cyeno- 
c r o  tone t e 

V a r i a t i o n  o f  -CHO, -CN, -COOR : more t h e n  25 compounds 
(C2-bu l ld ing  b l o c k s )  

FORMULA B 

Best exper imental  r e s u l t s  a r e  ob ta ined  by r e a c t i o n s  
between 2-chloro-propene-1,3-dicarboxylates and eneamino- 
th ioketones B r e s p e c t i v e l y  t h i o l a t e s  C (FIGURE 2). 

E s p e c i a l l y  t h i o l a t e s  C a r e  f i t  f o r  t he  p 3 s + c 2 J c y c l i s e -  
t i o n  reac t i ons  t o  2H-thiopyranes w i t h  c a r b o x y l i c  e s t e r  
groups (FIGURE 3). The r e s u l t i n g  2H-thiopyranes l a -h  a r e  
red s o l i d  compounds w i t h  good c r y s t a l l i s a t i o n  p r o p e r t i e s  
and remarkable thermal s t a b i l i t y  (TABLE 1). The i n t r o -  
duc t i on  o f  a fo rmy l  group i n t o  t h e  exomethylene group 
proceeds v e r y  e a s i l y  v i a  V i l sme ie r  react ion.  Unfortuna- 
t e l y  t h e  fo rmy l  group i n  W-th iopyranes 28-h shows l e s s  
r e a c t i v i t y  against  n u c l e o p h i l i c  reagents i n  comparison 
t o  a l k y l  s u b s t i t u t e d  2-(~-formylmethylene)-2H=thiopyra- 
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THE CHEMISTRY OF STABILIZED 2H-THIOPYRANES 23/[317] 

nes. The reason i s  propably  a s t e r i c  s h i e l d i n g  e f f e c t  o f  
t h e  methoxy-carbonyl groups, e s p e c i a l l y  i n  3-posi t ion.  

OM F/PO Cl, 
c 

COOMe 
la -h  - 

COOMe 

2a-h - 
FIGURE 3 

Concerning t h i s  fac t ,  r e a c t i o n s  o f  A, B o r  C w i t h  3- 
chloro-2-formyl-crotonates r i s e  i n  i n t e r e s t ,  because 
the product  2 (m.p.: 135-37 OC, y i e l d :  40 %# Amax: 438 
nm) undergo carbonyl  condensation r e a c t i o n s  i n  a wide 
v a r i e t y .  

The aim o f  our i n v e s t i g a t i o n s  i s  t o  r e a l i z e  a wide 
v a r i a t i o n  o f  r e a c t i v e  and s y n t h e t i c  a v a i l a b l e  2-chloro- 
propene d e r i v a t i v e s  f o r  r i n g  c l o s u r e  r e a c t i o n s  t o  se- 
v e r a l  2H-thiopyranes. 

Another task i s  t h e  p r o l o n g a t i o n  o f  a r e a c t i v e  a i d e  
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cha in  i n  2 -pos i t i on  o f  t he  th iopyrane r i n g  (Formula C). 

n 0 : 2-(~~-Formylmsthylen)2H-thiopyranes 

FORMULA C 

I n  t h i s  connect ion a l l  a t tempts t o  synthes ize 2 - ( p  
formylallylidene)2H-thiopyranes by d i r e c t  r i n g  c l o s u r e  
reac t i ons  o f  convenient b u i l d i n g  b locks  have been un- 
successful.  Therefore we developed two s y n t h e t i c  path- 
ways s t a r t i n g  e i t h e r  from formylmethylene thiopyranes 
o r  2 -a l ky l - t h iopy ry l i um s a l t s  : 
a) w i t t i g  react ion,  f o l l owed  by V i l sme ie r  react ion,  

s t a r t i n g  from 2-(Jt-formylalkylidene)2H-thiopyranes 
as educts, y i e l d  d i r e c t l y  t h e  f o r m y l a l l y l i d e n e  d e r i -  
v a t i v e  (m.p.: 160-62 OC, y i e l d :  45 %, ,,,ax: 480 
nm: 2 i s  t h e  3-phenyl -a l ly l idene d e r i v a t i v e )  and - 4b (m.p. : 223-24 OC, y i e l d :  45 %, k max: 505 nm: - 4b is t he  3-forayl-3-phenyl d e r i v a t i v e ) .  

b) S i m i l a r  compounds w i t h  a p a r t i a l l y  d i f f e r e n t  s u b s t i -  
tuent  design a r e  ob ta inab le  by condensation reac- 
t i o n s  o f  2 - a l k y l  r e s p e c t i v e l y  2-benzyl t h i o p y r y l i u m  
s a l t s  together  w i t h  s e v e r a l  3-dimethylawlno-acrolein 
d e r i v a t i v e s .  I n  a f i r s t  s t e p  2-(4=di1nethylamlno- 
butadienyl)2H-thiopyranes a r e  a v a i l a b l e  i n  good 
y i e l d s  as deep co loured (pu rp le )  s a l t s  58-d (FIGURE 

4) 
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THE CHEMISTRY OF STABILIZED 2H-THIOPYRANES 231319) 

W i t t i g  

The s a l t s  a r e  f i t  f o r  s e v e r a l  condensation react ions  
t o  symmetrical o r  unsymmetrical pentamethine dye 
s t u f f s ,  respect ive ly  corresponding neutrocyanines, 
w i t h  long wave absorpt ion maxima a t  the border o f  IR. 

5a-d 4a - Ph - 

H20/ H@ 
CH$N 1 Ib 

Me2N-CH-C1 
Vils meier 1 

FIGURE 4 

Hydrolysis w i t h  w e t e r / a c e t o n i t r i l e  solvent  mixture  
gives the desi red 2-( -formylellylidene)2H=thiopyra- 
nee 6e-d (TABLE 2). 

b' 
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B) Structures, Propert ies and Reactions 

2H-Thlopyrane der iva t ives  ,& and p w i t h  d i f f e r e n t  subs t i -  
tuents, e.gB ester  groups, are stable, red, s o l i d  com- 
pounds, s i m i l a r  t o  ea r l y  described 2-(d=forrnylaethylene)- 
2H-thiopyranes w i t h  a l k y l  and a r y l  groups i n  the s ide  
chain lo. The di f ferences in~ma,values between t h e  88- 

t e rs  la-h and t h e  formylated products 2a-h are smal l  
(TABLE 1) and i n  t h e  expected range. 

CHO 

TABLE 1 COOCH3 - COOCH, 2 

'gH5 

4-8r-C6H4 

4-C1-C6H4 

4N02-C6H4 

4-CH30-C6H4 

4-Me2N-C6H4 

'6'5 

'tiH5 

'gH5 

4-Br-C6H4 

4-C1-C6H4 

4-N02-C6H4 

4-CH30-C6H4 

4-M02N-C6H4 

'gH5 

'gH5 

H 

H 

H 

H 

H 

H 

CH3 

'gH5 

H 

H 

H 

H 

H 

n 

CH3 

'gH5 

84 

87 

77 

85 

81 

87 

70 

82 

79 

90 

75 

78 

70 

85 

48 

82 

106-107 

125-126 

135-136 

193-195 

116-117 

195-196 

123-125 

127-128 

205-207 

170-172 

160-161 

188-191 

143-145 

ab 116 (2.) 

139-141 

159-160 

465 (3.68) 

445 (3.76) 

450 (3.76) 

- e  

455 (3.88) 

495 (4.16) 

430 (3.81) 

442 (3.68) 

490 (3.80) 

475 (4.02) 

475 (4.02) 

473 (3.95) 

490 (4.00) 

560 (4.15) 

435 (4.02) 

460 (3.93) 

Remarkable is t h e  in f luence o f  the diaethylamino group 
i n  If and 2f i n d i c a t i n g  the donor-acceptor-character o f  
the ~oinpounde, which I s  Increased by donator groups i n  
p o s i t i o n  6 o f  t h e  thiopyrane r ing.  

mably Z-conf igurat ion and a nonbonding i n t e r a c t i o n  bet-  
'H-nmr and X-ray-investigations i n d i c a t e  confor- 
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THE CHEMISTRY OF STABILIZED 2H-THIOPYRANES 27/[321] 

ween t h e  r i n g  s u l f u r  atom and t h e  carbonyl  oxygen atom 
I n  the s i d e  cha in  (FORMULA 0 )  f o r  la-h. For  2a-h we be- 
l i e v e ,  t h a t  t h e  above mentioned i n t e r a c t i o n  occurs be t -  
ween the s u l f u r  atom and t h e  oxygen atom o f  t h e  fo rmy l  
group, as e luc ida ted  i n  former research work . 12 

2-  s - c i s  

FORMULA D 

This  means, t h a t  t he  c o n f i g u r a t i o n  has changed d u r i n g  
the V i l sme ie r  react ion.  U n f o r t u n a t e l y  we n o t  y e t  have 
any exact proof f o r  t h i s  assumption w i th  except ion o f  
i.r. spectra. 

2-(~-Formylallylidene)2H-thiopyranes & and 6a-d 
w i t h  s e v e r a l  s u b s t i t u e n t s  i n  the  r i n g  system and i n  t h e  
s i d e  cha in  represent deeply coloured, purple,  s o l i d  corn- 
pounds w i t h  Amax values i n  the  expected p a r t  o f  t he  v i -  
s i b l e  spectrum (TABLE 2). Reactions w i t h  amines, e.g. d i -  
methylamine, i n  presence o f  acids, leads t o  s u b s t i t u t e d  
2-(b-aminobutadienyl) t h i o p y r y l i u m  s a l t s ,  which a r e  pre-  
f e r a b l e  synthesized by condensation r e a c t i o n s  s t a r t i n g  
w i t h  s imple 2 - a l k y l  t h i o p y r y l i u m  s a l t s  (FIGURE 4). These 
s a l t s  (5a-d) e x h i b i t  h i g h  r e a c t i v i t y  and t h e r e f o r e  they 
a r e  e x c e l l e n t  aducts f o r  t he  fo rma t ion  o f  pentamethine 
dye s t u f f s  w i t h  l o n g  wave a b s o r p t i o n  maxima i n  the  near 
i n f r a r e d  range o f  the e l e c t r o n  spectrum. So we measured 
values f o r A m a x  between 855 and 1010 n m  I n  dependence o f  
the s u b s t i t u e n t  design. 

The p r o l o n g a t i o n  o f  t h e  s i d e  cha in  i n  2 - p o s i t i o n  o f  
a 2H-thiopyrane r i n g  system i s  o f  genera l  I n t e r e s t .  Be- 
s i d e  the  convenient syn thes i s  o f  polymethine dye s t u f f s  
f o r  s e v e r a l  s p e c i a l  purposes we discovered another  exam- 
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2843221 MANFRED WEISSENFELS, MANFRED PULST, DIETER GREIF 

l e  f o r  app l i ca t i on  o f  spec ia l  thiopyrane der iva t ives  i n  
the f i e l d  o f  diazotypie. So i t  was poss ib le  t o  develope 

- h R6 
TABLE 2 

- 5C C6H5 H C6H5 -(CH2)3- H CgH5 CH3 99 

- 5d C6H5 H C6H5 H H CN CH3 CH3 96 

- 68 C6H5 H C6H5 H H H - - 40 

- 6 b  C6H5 H C6H5 -(CH2)2- H - - 29 

6d C6H5 H C6H5 H H CN - - -  
- 6~ C6H5 H CsH5 -(CH2)3- H - - 61 

- 

246-247 630 (4.38) 

ab 180 730 (4.23) 
672 (4.42) 
625 (4.34) 

240-241 636 (4.34) 

250-252 588 (4.59) 

121-122 555 (3.94) 
513 (C.03) 

152-155 503 (4.20) 

155-157 495 (3.80) 

- 580 (qual.) 

diazonium s a l t s  w i t h  a r e l a t i v e l y  h igh  thermal s t a b i l i t y  
and s u f f i c i e n t  s e n s i t i v i t y  an red l i g h t  v i a  the syn the t ic  

steps i n  FIGURE 5, t ha t  means condensation o f  severa l  
2-formylmethylene thiopyranes w i t h  4-ni t ro-benrylcanides 
in a Knoevenagel reac t ion  fo l lowed by se lec t i ve  reduct ion 
o f  the  n i t r o  group and d iazo ta t i on  reac t ion  o f  t h e  re-  
s u l t i n g  emines. Compounds 78-e and 8a-c (TABLE 3) are 
t y p i c a l  donor acceptor systems w i t h  remarkable phys ica l  
propert ies. The aromatic n i t r o  compounds show long wave 
absorption maxima, esp. 7a, and a f t e r  reduct ion and fo r -  
mation of  the diazonium func t ion  there is t o  observe a 
l a rge  bathochromic s h i f t  t i l l  t o  740/790 nm, measured i n  
s o l i d  layers. The photochemical dediazonation reac t i on  
is proceeding w i t h  l i g h r  o f  the above mentioned wave 
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length, but  unfor tunate ly  t h e  photolyse products a r e  not  
ye t  colour less as desi red and necessary f o r  techn ica l  
purposes. 

Dono CN 

')Reduction 

Q Diazotat ion 
c 

Donor 

FIGURE 5 

- 78 4-CH30-C6H4 

- 7b C6H5 

- 7c C6H5 

- 7d CH3 

- 7e CF3 

- 80 4-CH30-C6H4 

- 8b C6H5 

- 8 c  C6H5 

H H  56 189-190 568. (4 .25)  

H H  7 1  199-201 565 (4.34) 

H t i  - 73 261-263 520 (4.47) 

H H  27 249-250 540 (4 .20)  

H H  35 175-177 450 (4.15) 

BF4 H H  

H H 1/2 ZnC14 

OW3 Om3 0F4 

~~~~~ ~ 

a )  measured i n  s o l i d  l a y e r  
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