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A b s t r a c t  - 1.2-Di th ietane r a d i c a l  c a t i o n s  e x i s t  i n  a nonplanar  conformat ion.  Wi th - 
trans-3.4-d imethyl  s u b s t i t u e n t s ,  t h e  b a r r i e r  t o  r i n g  f l i p  i s  >5 k c a l l m o l .  Cyclohexene 

d e r i v a t i v e s  7-10 possess a measurable b a r r i e r  t o  r i n g  f l i p .  However, t h e  r a d i c a l  

c a t i o n s  11-16 have a much lower b a r r i e r  and only  c o n f o r m a t i o n a l l y  t ime-averaged ESR 

spec t ra  a r e  observed a t  -90 'C. The 2.3-d ihydro-1.4-d i th i in  r i n g  o f  11 o r  19 i s  

c o n f o r m a t i o n a l l y  m b i l e  b u t  i s  l o c k e d  i n  a h a l f - c h a i r  conformat ion i n  12  and 13. 

We have prepared, and where p o s s i b l e  s tud ied  the  e f f e c t  of temperature,  on a s e r i e s  of 1,2- 

d i t h i e t a n e  r a d i c a l  c a t i o n s  (1-6) and a s e r i e s  of r a d i c a l  cat ions which a r e  cyc lohexene-1.2-d i th io l  

d e r i v a t i v e s  (7-16). These d e r i v a t i v e s  are represen ta t i ves  o f  t h e  d i t h i e t e  (17) .  1 , 3 - d i t h i o l e  

( l a ) ,  2 .3 -d ihydro -1 .4 -d i th i i n  (19) and 1 . 4 - d i t h i i n  (20) ser ies of r a d i c a l  c a t i o n s  which have been 

p r e v i o u s l y  descr ibed  i n  H2S04 s o l ~ t i o n . ~ - ~  



g-value (R=CH,) 2.0155 2.0095 2.0080 2.0089 2.0093 - 

~ d d ~ t ~ o n  o f  H S C H ~ C H ~ S H  t o  H ~ S O ~  a t  room temperature has p r e v i o u s l y  been repor ted4s6 t o  y i e l d  a 

weak Signal  of 1 (aH = 3.7 (4H) G, p = 2.0193). Mono o r  1 , Z - d i s u b s t ~ t u t e d  d e r i v a t i v e s  of 

HSCH2CH2SH undergo f u r t h e r  o x i d a t i o n  upon t rea tment  w i t h  H2S04 t o  form d i t h i e t e  r a d i c a l  c a t i o n s  

(e.g., 9. 17 (R = Me)) as t h e  f i r s t  p e r s i s t e n t  r a d i c a l  species d e t e c t a b l e  by ESR spectroscopy. 

However, r e a c t i o n  of mono o r  1 ,2 -d isubs t i tu ted  d e r i v a t i v e s  o f  HSCH2CH2SH w i t h  A12C16 i n  CHZC12 a t  

25 'C f o r  10-30 min leads  t o  p e r s i s t e n t  ESR s i g n a l s  which we asc r ibed  t o  t h e  1 ,2 -d i th ie tane  

rad ica l  c a t i o n s  2-6 w i t h  p = 2.0187 0.0003. Stereochemist ry  i s  ma in ta ined  w i t h e -  

HSCH(CH3)CH(CH3)SH f o r m ~ n g  3, fi-HSCH(CH3)CH(CH3)SH forming 4, * - C - C ~ H ~ ~ ( S H ) ~  forming 5 and 

t r a n s - ~ - C ~ H ~ ~ ( S H ) ~  forming 6. The ESR h y p e r f i n e  s p l i t t i n g s  conf i rm our  p rev ious  assumption t h a t  - 
1 e x i s t s  i n  a  puckered conformat ion which undergoes a r a p i d  r i n g  f l i p  a t  room temperature 

( r  ( ~ u - ~ s ) .  D e r i v a t i v e s  2-5 from -95 t o  25 "C g i v e  no evidence of r i n g  invers ion ,  and t h e  r e s u l t s  

are i n t e r p r e t e d  i n  terms o f  the  popu la t ion  o f  o n l y  a  s i n g l e  conformation. A c o n s i s t e n t  i n t e r -  

p r e t a t i o n  of t h e  hfsc i s  t h a t  i n  1 the  quasi-axial hydrogens and 3 ~ )  have a  l a r g e  h y p e r f i n e  

splitting (-7-8 G) and t h a t  t h e  q u a s i - e q u a t o r i a l  hydrogens ('H, 4 ~ )  have a  smal l  ( a . 5  G) 

coupling. The magnitude o f  t h i s  i n t e r a c t i o n  r e f l e c t s  t h e  d i h e d r a l  ang le  between t h e  C-H bond and 

the  s u l f u r  o r b i t a l  c o n t a i n i n g  unpaired e l e c t r o n  d e n s i t y  w i t h  an added c o m p l i c a t i o n  f rom a  1,3- 

i n t e r a c t i o n  f o r  t h e  quas i -equa to r ia l  hydrogen atoms. Since t h e  SOMO of 4 5 2 s -  i s  ant isymmetr ic ,  

t h i s  homohyperconjugation i n t e r a c t i o n  w i l l  i n  e f f e c t  cancel  some p a r t  o f  t h e  1,Z-hyperconjugat ive 

i n t e r a c t i o n  f o r  t h e  quas i -equa to r ia l  hydrogen atoms.4   or t h e  *-dimethyl analogue 3, t h e  ESR 

spectrum i s  a  doub le t  w i t h  aH = 7.6 G f o r  t h e  quas i -ax ia l  hydrogen ( 3 ~ )  and <0.5 G f o r  t h e  quasi -  

equa to r ia l  hydrogen atom. The m t h y l  group i n  t h e  quas i -ax ia l  p o s i t i o n  shows a h f s  w i t h  = 1.1 

G. A l k y l  s u b s t ~ t u e n t s  p r e f e r  t h e  quas i -ax ia l  p o s i t i o n  s ince  t h e  %-dimethyl d e r i v a t i v e  4 g i v e s  

no hfs (AH1,2 = 2.5 G, presumably from unresolved Me h fs ) ,  and t h e  monomethyl d e r i v a t i v e  2  has a  

resolved hfs f o r  a  s i n g l e  hydrogen o n l y  (aH = 8.5 G). D i t h i e t a n e  r a d i c a l  c a t i o n  5 has a  s i n g l e  

quasi -ax ia l  hydrogen ( r e l a t i v e  t o  t h e  d i t h i e t a n e  r i n g ) ,  and t h e  h fsc  f o r  'H i s  assigned as 7.6 

G. On t h e  o t h e r  hand, t h e  d i t h i e t a n e  r a d i c a l  c a t i o n  6  d e r i v e d  from the  Z d i t h i o l  e x i s t s  i n  a  

conformation w i t h  two quas i -ax ia l  hydrogen atoms ( t h e  o n l y  p o s s i b l e  conformat ion w i t h  a  c h a i r  

cyclohexane r i n g )  w i t h  aH = 6.30 (2H) 6.' The r a d i c a l  c a t i o n  6  i s  a l s o  de tec ted  by ESR i n  t h e  

react ion o f  cyclohexene w i t h  s u l f u r  o r  S2C12 i n  t h e  Al2Cl6/CH2Cl2 system (React ion 1). 
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Radical ca t ions  7-15 possessing the  cyclohexene r i n g  were expected t o  d i sp l ay  temperature 

dependent ESR spectra from the  conformation e q u i l i b r i a  invo lv ing  t h e  ha l f - cha i r  cyclohexene 

c ~ n f o r m e r s . ~  Indeed 7 ( p  = 2.0082, prepared by ox i da t i on  with A12C16/CH2C12) gave a t ime- 

averaged spectrum a t  -lO°C w i t h  AH = 10.5 (4H), 5.8 (4H) G w i t h  a coalescence temperature o f  -70 

"C and a frozen conformation a t  -95 "C w i t h  aH = 14.2 (2H). 6.8 (ZH), 5.8 (4H) G; &* = 5.6 

kca l lmo l ,  g* = 3.5 eu. Radical ca t i on  8 (R = 1 - P r ,  p = 2.0080) had a much lower b a r r i e r  w i t h  

se l ec t i ve  l i n e  broadening below -20 'C which y i e l ded  &* = 2.8 kca l lmo l ,  g* = -8.8 eu.' The 1,3- 

d i t h i o l e  r ad i ca l  ca t i on  10 ( p  = 2.0101) prepared by A12C16/CH2C12 a t  -30 'C d isplayed the  expected 

l i n e  broadening e f f e c t  w i t h  aH ( a x i a l )  = 11.0 (ZH), (equatorial) = 5.5 (ZH), aH (methylene) = 

26.6 (2H) G a t  -90 'C coalescing t o  a t r i p l e t  o f  pentets at -80 'C w i t h  aH = 8.20 (4H), 26.6 (2H) 

G and w i t h  e* = 6.2 kcal lmol ,  g* = 5.6 e ~ . ~  At room temperature, 10 decomposed t o  9 ( p  = 

2.0155. aH = 3.04 (4H) G) which upon coo l ing  below -50 'C gave the l i n e  broadening expected f o r  a 

r i n g  f l i p  w i t h  e* = 6.U kcal lmol ,  &* = 3.8 e ~ . ~  Surpr is ing ly ,  the  d i h y d r o d i t h i i n  and d i t h i i n  

de r i va t i ves  11-16 gave no evidence of cyclohexene r i n g  invers ion a t  -95 'C i n  CH2CI2 and four 

equ iva len t  ehyarogen atoms were Observed f o r  the  cyclohexene r i n g  (Table 1). 

Table 1. Hyperf ine S p l i t t i n g  Constants for  11-16, -95 'C i n  CH2C12 

St ruc tu re  p-Value Cyclohexene aH (4H) Other ( i n  Gauss) 

The b a r r i e r  t o  cyclohexene r i n g  f l i p  (1)  seems t o  be a funct ion o f  the C=C-S angle w i t h  l a r g e r  

angles g i v i n g  r i s e  t o  a lower b a r r i e r .  Nonbonded i n t e rac t i ons  between the  R group i n  7 and 8 and 

the  cyclohexene emethylene hydrogen atoms also leads t o  a lower b a r r i e r ,  presumably by 

d e s t a b i l i z i n g  t h e  ground s ta te  m r e  than t h e  t r a n s i t i o n  state fo r  r i n g  f l i p .  



The rad i ca l  ca t i on  o f  2,3-dihydro-1,Gdi th i in (19) i s  a cyclohexene d e r i v a t i v e  and e x i s t s  i n  a 

ha l f -cha i r  s t r uc tu re  w i t h  @* = 2.3 k c a l l w l ,  g* = -20 eu (coalescence temperature - 70 ' c ) . ~  

S im i l a r l y ,  11 displayed se lec t i ve  l i n e  broadening above -10 'C w i t h  @* = 2.3 kcal lmol ,  &* = -20 

eu for t h e  he te rocyc l i c  r i n g  only.  The ha l f -cha i r  s t r uc tu re  f o r  the  d i hyd ro - l , 4 -d i t h i i n  r i n g  (11) 

w ~ t h  a l a r g e  h fs  by the quasl-axia l  hydrogen atom ('H) i s  f i rm l y  es tab l i shed by the  observat ion 

that  12 has a l a r g e  hfsc f o r  two cyclohexane hydrogen atoms (111). but  13 has a l a r g e  c-coupl ing 

t o  only one cyclohexane hydrogen atom i n  the quas i -ax ia l  p o s i t i o n  r e l a t i v e  t o  the he te rocyc l i c  

r i n g  ( IV) .  

The 2.3-dimethyl-1.4-dithiepin d e r i v a t i v e  21 has a lso  been synthesized (Reaction 2). The c- 

methylene hydrogens have aH = 5.3 (2H) and 1.85 (2H) G. coalescing a t  - 60 'C w i t h  &* = 5.8 

kcal lnwl ,  6' = -9.5 eu. 
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