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--The e lec t rochemica l  o x i d a t i o n  o f  1,2,3,4-tetrahydrocarbazole i n  s t r ong  base 

(KOCH3 i n  CH30H) a t  a  p o t e n t i a l  o f  + 0.15 V (5 S.C.E.) on a  g raph i t e  f e l t  anode pro- 

duced a se r i es  of  dehydrodimers having i n t e r e s t i n g  stereochemical and 13C dynamic 

N.M.R. p rope r t i es .  The 4a-N' d imer was i s o l a t e d  as a  p a i r  o f  atropisomers due t o  re- 

s t r i c t e d  r o t a t i o n  around a  n i t r ogen -sp3  carbon bond. Meso and g forms of the  48-4a' 

dimer were a l so  i s o l a t e d .  Low temperature 13C N.M.R. spectra o f  the  4a-43' dimers 

showed t h a t  they represent  a  unique case o f  s t e r e o c h e m i s t r y  when r o t a t i o n  i s  r e -  

s t r i c t e d .  The case corresponds t o  a  s i t u a t i o n  where t h e  anti conformat ion around an 

a c y c l i c  sp3-sp3 carbon-carbon bond i s  fo rb idden,  and o n l y  t h e  two gauche forms a r e  

present .  

We have been s tudy ing  t h e  e lec t rochemica l  o x i d a t i o n  o f  1,2,3,4-tetrahydrocarbarole, 1  (1-H-2,3,4,- 

9 - te t rahydrocarbazo le ) ,  as a  model f o r  t h e  biomimet ic syn thes is  of  d imer ic  and po lymer ic  i ndo le  

a l k a l o i d s .  Under n e u t r a l  cond i t ions ,  t h e  o x i d a t i o n  y i e l d s  a  4a-7' dimer, 2, i n  good y i e l d . '  How- 

ever,  when t h e  o x i d a t i o n  was c a r r i e d  ou t  i n  CH,OH and KOCH,, on l y  a  t r ace  o f  2  was formed,and the 

produc ts  were t h e  4a-N' dimers _3 and _3_b (9 .2%) .  4a-4a' dimer, 4  ('3.4%) and fl 4a-4a' dimer, - 
5  (20%) .  

The h i g h - r e s o l u t i o n  mass spec t ra  and microanalyses of !, 4, and 5 were i n  accord w i t h  a  dehydro- 

dimer, CZ,H,,N,. It i s  o f  i n t e r e s t  t h a t  a  major  peak i n  t h e  mass spectrum of  _3 corresponds t o  a  

molecule of a t  m/e 171. Th i s  i s  presumably due t o  the  f a c i l e  l o s s  of a  mo lecu le  of 1  and i s  - 
supported by t h e  paren t  i o n  peak a t  143, c h a r a c t e r i s t i c  of  1.2 There are no peaks between 171 and 

340. There i s  a l s o  a  s t r ong  peak a t  171 i n  t h e  spec t ra  of 4 and 5, bu t  t h e r e  a r e  several  between - - 
171 and 340. Obviously t h e  C- bond i n  3  i s  e a s i l y  broken. - 

3  Compound 3 i s  a c t u a l l y  a  m i x tu re  o f  atropisomers (3a and 3b) s i m i l a r  t o  two pub l i shed -- .- 
I t s  '3C N.M.R. spectrum showed two se t s  of peaks, each se t  corresponding t o  one a t rop isomer .  The 

isomers were no t  formed i n  equal amounts and were n o t  separated. It was p o s s i b l e  t o  ass ign  most, 

bu t  n o t  a l l  o f  t h e  13C resonances (Exper imenta l ) .  At tempts t o  reach a  temperature a t  which 



r o t a t i o n  became free l e d  t o  decomposit ion. The s t r u c t u r e  of  3 i s  based upon i t s  13C Spectrum and . 
i t s  r educ t i on  w i t h  ~ 1 ~ 1 ~ 2  The reduc t i on  y i e l d e d  on l y  compound 1. presumably produced by reduc- 

t i o n  o f  t h e  imine bond i n  3 and a  deaminat ion t o  two molecules o f  1.  S i m i l a r  reduc t ions  o f  4 and - - - 
5 y i e l d e d  complex mix tu res  but  no 1. - 
Proof f o r  t h e  carbon skelefons of  4 and 5 r e s t s  upon t h e  s i m i l a r i t y  of the  1% N.M.R.  spectra w i t h  

t h a t  of  4a-methyl-1 ,Z,3,4-tetrahydrocarbarole, 6 .  ' This  comparison i s  shown i n  Table 1  ( 6  as com- 

pared w i t h  4 and 5 a t  28'C). 

The assignment of  meso and dl s t r uc tu res  t o  4 and 5 i s  based upon dynamic 'T  N.M.R. spectroscopy - 
a t  low temperatures. I n  a d d i t i o n  t o  p rov i d i ng  s t r u c t u r a l  assignments of 4 and 5, t h e  spec t ra  p ro-  - - 
v i d e  evidence f o r  a  s t e r i c  e f f ec t  around an a c y c l i c  sp3-sp3 bond i n  which on l y  gauche conforma- 

t i o n s  a re  p resent  a t  low temperatures. 
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Table 1. 1 3 C  N.M.R. S h i f t  Values of 4 and 5 a t  Various Temperatures and Compared t o  fia - - - 
Carbon 6 4 5 - - - 

28'C -1 13°C 28'C -57°C 

1 38.6 39.9 37.5 42.4 40.3 41.9 34.6 

2 29.7 33.3 31.5 34.8 33.9 33.8 34.5 

3 29.0 30.1 29.2 30.7 29.5 29.3 29.6 

4 21.4 23.4 b b 21.4 20.5 22.2 

4a 53.8 58.9 56.4 60.9 60.1 59.6 59.9 

4b 146.8 143.7 143.2 144.0 143.2 142.0 142.8 

5 121.2 123.3 121.6 124.7 123.4 121.5 123.9 

6 124.7 124.8 125.3 125.3' 124.5 124.0 124.6 

7 127.4 128.0 127.8 128.4 127.8 127.7 127.7' 

8 120.1 120.0 120.1 120.5 120.5 119.0 120.8 

8a 154.3 154.3 152.8 155.3 154.0 152.1 153.7 

9a 189.9 186.6 186.6 187.4 188.3 187.2 189.0 

4a-CH3 19.8 

a ~ h e  spectrum o f  4 a t  -113'C was measured i n  CS2-perdeuterotetrahydrofuran ( 1 : l ) .  The - 
others were measured i n  CDC13. S h i f t  values are i n  6 u n i t s  from TMS. 

b ~ h e  peaks f a l l  i n  the solvent reg ion (THF). 

C The peaks a re  very s l i g h t l y  s p l i t ,  i f  a t  a l l .  

A conformat ional  ana lys is  o f  the  4a-4a' bond i n  4 and 2 i s  d i f f i c u l t  t o  v i s u a l i z e  because of the - 
complexi ty of the molecule. One conformation, the  conformation o f  the meso compound i s  

shown i n  F igure  1.  The stereochemical argument i s  much eas ier  t o  v i s u a l i z e  using and fi 

2,3-disubstituted butane, which i s  completely analogous t o  the more complex system. The conformers 

o f  the  subs t i t u ted  butane are shown i n  Figure 2. We w i l l  make two assumptions about what might 

happen to  4 and 5 a t  low temperatures and p red i c t  the  I3C spectra using Figures 1 and 2 as guides. . - 
The f i r s t  assumption i s  t h a t  r o t a t i o n  i s  completely r e s t r i c t e d ,  and the second i s  t h a t  the a n t i  

conformation i s  o f  h igh energy and forbidden. 

If these assumptions a re  cor rec t ,  the remaining gauche forms o f  the meso isomer, 4, w i l l  have no - 
degree O f  symmetry and are enantiomers. However, w i t h i n  a s i n g l e  gauche form ( o r  enantiomer) 

a l l  of the atoms w i l l  be i n  d i f f e ren t  environments. That i s  t o  say, t h e  atoms i n  one h a l f  of the 

molecule a re  no longer i d e n t i c a l  w i t h  t h e i r  corresponding atoms i n  the o the r  half, s ince t h e e  

forms are completely unsymmetrical and cannot a t t a i n  o r  go through any symmetrical conformations. 

Thus, the  13C spectrum should show a se t  of equal peaks corresponding t o  any g iven atom ( f o r  



Figure 1. The anti conformat ion of  4. - 

p e 9 -  p a i r  o f  enantiomers - a l l  atoms d i f f e ren t  

d l  - diastereomers t w o  p a i r s  of  enantiomers - 

Figu re  2. Conformational ana l ys i s  of a symnetr ical  2 ,3 -d isubs t i tu ted  

butane w i t h  a forbidden anti form. 



HETEROCYCLES, V o l  24, No.  3, 1986 

Figure 3. 13c N.  M .  R .  spectra o f  4 a t  th ree  temperatures, 2E°C ( two s e n s i t i v i t i e s ) ,  
IV 

-i8OC, ~ n d  - 1  13°C ( two s e n s i t i v i t i e s ) .  

0 
F igure  4.13c PI. M. R.. s p e c t r a  of a t  t h ree  temperatures, 28 '~ .  - 1 5 ' ~ ,  and -57 C. 



example, C-1 and C-1') .  The l oca t i ons  of these peaks are  given a t  -113'C i n  Table 1, and the  

spectra a t  var ious  temperatures i n  Figure 3 show t h a t  they are  of equal s i z e  ( w i t h i n  experimental 

e r r o r ) .  8 

The s i t u a t i o n  i s  q u i t e  d i f f e ren t  f o r  the  fl isomer, 2 .  The two gauche forms are  diastereomers, 

each a c t u a l l y  being a p a i r  o f  enantiomers. Since they have d i f f e r e n t  energies,  t he  p a i r  of  peaks 

which r e s u l t  a t  low temperature should have unequal heights.  This i s  c l e a r l y  the  case as shown i n  

Table 1 and F igure  4 .  8 

Our i n t e r p r e t a t i o n  w i t h  respect  t o  t he  meso isomer i s  unambiguous, but ,  i n  t he  case o f  the  fl 

isomer, we cannot exclude t he  p o s s i b i l i t y  t h a t  the  two forms shown a t  low temperature represent 

one gauche form and the  anti form. Since, however, the  s t r u c t u r e  of  t he  dl-% conformer i s  q u i t e  

s i m i l a r  t o  t h a t  shown fo r  t h e  meso isomer i n  F igure  1, we t h i n k  t h i s  u n l i k e l y .  

The probable reason f o r  t he  h i gh  energy o f  t he  conformations of  4 and 5 i s  t ha t ,  i n  such a - - 
conformation, the  r i n g s  l i e  on t op  of  one another. This i s  c l e a r l y  shown i n  Figure 1.  

As k i n d l y  noted by a re feree,  a somewhat s i m i l a r  s i t u a t i o n  e x i s t s  i n  very s t e r i c a l l y  h indered 

ethane d e r i v a t i v e s ,  s p e c i f i c a l l y  E - t e t r a - E - b u t y l e t h a n e  and s -p t e t r a ( t r ime thy l s i l y l1e thane .  9 

Although the  form i s  l e s s  s tab le  than t he  gauche forms, t he  reasons are  q u i t e  d i f f e r e n t ,  pro- 

bably l y i n g  i n  a bond d i s t o r t i o n  around the  heav i l y  subs t i t u ted  ethane carbons. Since t he  mole- 

c u l e s  a r e  s y m m e t r i c a l  t h e  spect ra l  data are  a l so  q u i t e  d i f f e r e n t .  

A s i m i l a r  s i t u a t i o n  does e x i s t ,  however, i n  c y c l i c  systems, i n  which an " a n t i "  r e l a t i o n s h i p  i s  pre- 

vented by the  presence of  a r i n g .  Thus, &-1,2 -dimethylcyclohexane shows, a t  low temperature, 

a s p l i t t i n g  phenomenon q u i t e  s i m i l a r  t o  4 w i t h  a l l  carbons d i f f e ren t . ' '  trans-1,2-Dimethylcyclo- 

hexane, l i k e  5, e x i s t s  as two diasteromers, a x i a l - a x i a l  and e q u i t o r i a l - e q u i t o r i a l  w i th ,  of  course, - 
very d i f f e r e n t  energies. 

A general ized statement which covers a l l  cases of  t h i s  type of  isomerism would be as fo l lows.  I n  

a symmetrical molecule con ta in i ng  twb contiguous c h i r a l  centers,  two isomers e x i s t  ( w i t h  f r e e  

r o t a t i o n ) ,  meso and fi. If bond r o t a t i o n  i s  r e s t r i c t e d  and if an conformat ion i s  p roh ib i t ed ,  

the remaining gauche forms o f  t he  meso isomer w i l l  be enantiomers, bu t  a l l  of  the  atoms w i t h i n  a 

s i ng le  enantiomer W i l l  be d i f f e r e n t .  I n  t he  fl isomer, w i t h  the  same r e s t r i c t i o n s ,  t he  remaining 

gauche forms w i l l  be diasteromers and w i l l ,  presumably, cons i s t  of  enantiomeric p a i r s .  

The mechanism fo r  t h i s  r e a c t i o n  i s  almost su re l y  a s imple p a i r i n g  o f  r a d i c a l s  s i m i l a r  t o  t h a t  

genera l l y  accepted f o r  phenoxy rad i ca l s . ' '  I n  the  s t rong base medium, 1 i s  present i n  e q u i l i b r i u m  - 
w i t h  an anion Such as !.I2 This  i o n  should be e a s i l y  ox i d i zed  t o  a r a d i c a l  which can be w r i t t e n  

as 8a o r  8b. Coupling of  8a and 8b w i l l  g ive  3 ( a  and b ) ,  and coup l ing  o f  8b w i t h  i t s e l f  w i l l  .. -- -- .- . - . -- 
give 4 and 5 .  - 
I n  1972, O 'Re l l ,  Lee,and 0oekelheide13 repor ted  t h a t  n i c k e l  peroxide ox ida t i on  of  2 y ie l ded  two 
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dehydrodimers me l t i ng  a t  158-160DC and a t  141-147°C. St ruc tures  4 and 5 were assigned t o  these 

two compounds, but i t  was n o t  ascertained which was which. Unfortunately,  samples o f  these com- 

pounds are no t  ava i l ab le  f o r  comparison, and on ly  an I R  spectrum o f  the  isomer me l t i ng  a t  158- 

160°C was obtained.14 Th is  spectrum was q u i t e  d i f f e ren t  from those o f  4 and 5 ,  but was s i m i l a r  

( i d e n t i c a l  from 2-10 u and s i m i l a r  beyond 10 u )  w i t h  t h a t  of our mix ture  3. In an attempt t o  re- - 
solve t h i s  problem, we repeated the n i cke l  peroxide work and obtained two mater ia ls  mel t ing  a t  

160-161°C and 151-153°C. The ma te r i a l  me l t i ng  a t  160-161°C was i d e n t i c a l  i n  a l l  respects w i t h  

our e lec t roox ida t i on  products,  3. Since 3  does e x i s t  as a  mix ture  o f  atropisomers, i t  i s  possible - 
t h a t  the previous authors had a  sample of 3  w i t h  d i f f e ren t  propor t ions  o f  3a and 3b ( thus account- -- 
i ng  f o r  the  s i m i l a r ,  bu t  no t  i d e n t i c a l  spect ra) .  Our compound me l t i ng  a t  151-l53'C from the nickel  

peroxide reac t i on  contains e x t r a  oxygen and has no t  been charac ter ized due t o  l ack  of mater ia l .  

We do no t  know what the low me l t i ng  compound of O'Rel l  and coworkers i s .  

Several o ther  mater ia ls  seemed t o  be formed i n  the  react ions ,  as seen by T.L.C.. but none were 

c r y s t a l l i n e  o r  ava i l ab le  i n  substant ia l  amounts f o r  f u r t he r  work. 

General. Me l t i ng  po in t s  were taken on a  K o f l e r  hot-stage apparatus and a re  corrected. 13C spec- 

t r a  were measured on a  Bruker HA-90 spectrometer. A l l  evaporat ions were c a r r i e d  out  on a  vacuum 

r o t a r y  evaporator. 

The Electrochemical w. The c e l l  i t s e l f  was a  250 ml beaker c losed w i t h  a  l a rge  Neoprene stop- 

per conta in ing holes f o r  the  e lec t rode contacts and n i t r ogen  stream. The cathode was plat inum 

(1  x 1.5 cm), and the anode was g raph i t e  f e l t  (4.5 x 6.5 cm, obtained as WDF f e l t  from Union 

Carbide Corp., Carbon Products D i v i s i on ,  New York). The cathode was segregated by a  sack made of 

duPont Naf ion f i l m  ( E .  I. duPont, Wilmington, Delaware). A standard calomel e lec t rode was placed 



as c l o s e  as p o s s i b l e  t o  t h e  anode. The anode p o t e n t i a l  was measured and c o n t r o l l e d  a g a i n s t  t h e  

s tandard  w i t h  a PAR Model 363 p o t e n t i o s t a t  ( P r i n c e t o n  A p p l i e d  Research, Pr ince ton ,  NJ) .  The c e l l  

was f u r t h e r  s e a l e d  w i t h  a s o f t  rubber  f i l m ,  and e s p e c i a l l y  p u r i f i e d  n i t r o g e n 1 5  was a l l o w e d  t o  

f low th rough  t h e  system. The con ten ts  were m a g n e t i c a l l y  s t i r r e d .  

O x i d a t i o n  1. Potassium meta l  ( 0 . 3  g, 7.5 mnole) was added i n  sma l l  p i e c e s  t o  125 ml o f  spec- - 
t r o s c o p i c  grade methanol, p r e v i o u s l y  d r i e d  o v e r  m o l e c u l a r  s i e v e  3a. The s o l u t i o n  was p r e e l e c t r o -  

l y z e d  a t  +0.5 V f o r  20 min.  The p o t e n t i a l  was lowered t o  0 V ,  and 0.859 g ( 5  mmole) o f  - 1 was 

added. The p o t e n t i a l  was r a i s e d  t o  t 0 . 1 5  V, and an i n i t i a l  c u r r e n t  o f  47 mA was ob ta ined .  A f t e r  

t h e  passage o f  0.005 F o f  e l e c t r i c i t y ,  T.L.C. showed t h a t  t h e r e  was no 1, and t h a t  s e v e r a l  pro- 

d u c t s  had been formed. D u r i n g  r e a c t i o n ,  t h e  pH v a r i e d  between 10.8 and 11.5. The r e a c t i o n  m ix -  

t u r e  was n e u t r a l i z e d  t o  pH 6-8 w i t h  Dry I c e  (COZ), and t h e  s o l v e n t  was evaporated under vacuum. 

The r e s i d u e  was p a r t i t i o n e d  between e t h e r  and wate r .  A f t e r  s e p a r a t i o n ,  t h e  wa te r  was washed t w i c e  

more w i t h  e t h e r ,  and t h e  combined e t h e r  e x t r a c t s  were d r i e d  (MgSO,) and evaporated t o  g i v e  0.803 g 

o f  gum. The gum was separated on a low-pressure l i q u i d  chromatography system (50-65 p s i )  on a 

column ( 3  x 48 cm) o f  s i l i c a  g e l  ( L i c h r o s o r b  S i  60, E .  Merck, Darmstadt, Germany) u s i n g  a m o b i l e  

phase of hexane-ethy l  a c e t a t e  ( 5 : 3 ) .  Three ma jo r  p o r t i o n s  were ob ta ined .  

Compounds ZaE. T h i s  has t h e  f i r s t  major  geak t o  emerg-?. Evapora t ion  t o  a smal l  volumn gave 

0.047 g o f  w h i t e  c r y s t a l s ,  mp 1 5 8 - 1 6 0 ' ~ . ~ ~  An a d d i t i o n a l  0.031 g was o b t a i n e d  f rom t h e  mother 

l i q u o r  and me l ted  a t  t h e  same p o i n t  f o r  a t o t a l  y i e l d  o f  9.2%: UV (EtOH) 230 nm ( E  17,680) and 

272 nm ( E  8840);  IR  (KBr)  1452 and 1580 cm-l ( C=N- ) ;  m.s., 340.1937, c a l c d .  f o r  C2'IH2,+N2, 

340.1941; 13C N.M.R. (CDCl J ,  6 u n i t s ,  t h e  two va lues  correspond t o  t h e  two isomers, 3a and 3b, -. .. 
n o t  r e s p e c t i v e l y :  C-1, 40.5, 41.1; C-4a, 75.1 ( o t h e r  h idden  i n  CDC13); C-4b, 140.3, 141.3; C X a ,  

152.7, 153; C-9a, 186.9, 187.4; C-4, C - 1 ' ,  C-2',  C-3 ' .  and C - 4 ' ,  10 peaks 21.8-28.0; C-4, C-6, 

C-7, C-8, C-5 ' ,  C-6 ' .  and C-7 ' ,  72-14 peaks 117.4-128.8; 8 a '  and 9 a ' .  4 peaks 135.2-137.2 

Anal. Calc.  f o r  C,,H2,N2: C, 84.67; H, 7.10; N, 8.01. Found: C, 84.38; H, 7.18; N, 8.15. 

Compound 4. T h i s  was t h e  second ma jo r  peak t o  emerge f r o m  t h e  column. Evapora t ion  y i e l d e d  0.08 g 

of 4, mp 144-147°C: UV (EtOH) 225 ( E  9775). 262 ( E  5418); IR  (KBr )  1570 and 1450 cm-1 ( C = N  ) ;  

m.S. (!/el 340.1945, Anal. Found: C, 84.44; H, 7.17; N, 8.45.  

Compound 5 .  T h i s  was t h e  t h i r d  ma jo r  peak from t h e  column. Evapora t ion  y i e l d e d  0.175 g (20%) o f  

5, mp 158-162°C: UV (EtOH) 227 nm ( E  10880) and 262 nm ( E  5048);  IR  (KBr) 1452 and 1580 cm-1 

( C-N- 1; m.s. 340.1942. Anal. Found: C, 84.23; H, 7.32; N, 8.08. 

Reduct ion of 3 w i t h  LiAIH,. Compound 3 ( 6  mg, 0.03 mmole) was d i s s o l v e d  i n  5 ml of d r y  e t h e r ,  and - 
LiAIH, (0.12 g, 0 .3  mmole) was added. The r e a c t i o n  was f o l l o w e d  by T.L.C. (hexane-EtOAc, 5 : l  on 

s i l i c a  g e l  GF,,,) f o r  3 h as 3 was c l e a r l y  conver ted  t o  1 .  H y d r o l y s i s  o f  t h e  r e a c t i o n  m i x t u r e ,  
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ex t rac t i on  w i t h  e ther  and evaporat ion o f  the  e ther  y i e l ded  on ly  1, (mp and IR spectrum). 

Nickel  Peroxide Oxidat ion o f 1 . 1 3  A mixture  o f  0.5 g o f  1 and 1.75 g of f r esh l y  prepared nickel  -- 

peroxide17 i n  25 ml of ethylene g l yco l  dimethyl e ther  was s t i r r e d  a t  room temperature for  1.75 h. 

The s o l u t i o n  was f i l t e r e d  and concentrated t o  a brown o i l  which was separated by f l a s h  chromato- 

graphy's using hexane-ethyl aceta te  (5:3) on s i l i c a  g e l .  The f i r s t  zone out  of the  column was 1. 

The second zone gave, on evaporat ion t o  a small volume, 40 mg of compounds 3a and !? as a mixture,  -- 
mp 160-161°C. i d e n t i c a l  i n  a l l  respects t o  the electrochemical  product.  The l a s t  zone gave a very 

small amount (5  mg) of ma te r i a l ,  mp 151-153°C which was no t  l i k e  any of our products and was not 

f u r t he r  character ized. 
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