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ANODIC DIYERIZATION OF 1,2,3,4-TETRAHYDROCARBAZOLE AND SOME OF ITS 

DERIVATIVES~ 
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Abst rac t  -The anodic ox ida t i on  of 1,2,3,4-tetrahydrocarbazole and two of i t s  

de r i va t i ves  i n  aqueous a c e t o n i t r i l e  a t  about 10.7 V (e a standard calomel 

e lec t rode and using a  g raph i t e  f e l t  anode) gave dimers having a  l i nkage  be- 

tween carbon 4a o f  one u n i t  and carbon 7 o f  the  o ther .  The ox ida t i on  o f  5- 

methyl-5,6.7,8,9,10-hexahydrocyclohept[b]indole gave a  corresponding dimer 

w i t h  a  5a-8 ' l inkage.  This i s  a  c o r r e c t i o n  and an extension of our  e a r l i e r  

work. 

The amino ac id ,  t ryptophan, i s  the  b i o l o g i c a l  precursor of the  i ndo le  a l ka lo ids ,  and a  number of 

the  b iogenet ic  react ions  i n v l l v e  ox ida t i ons .  Furthermore, i t  has been noted f requent ly ,  most 

r e c e n t l y  by Guengerich and ~ a c ~ o n a l d , '  t h a t  t he re  i s  a  s t rong s i m i l a r i t y  between b i o l o g i c a l  and 

electrochemical  ox idat ions .  For several  years ,  we have been studying the e lec t roox ida t i on  o f  

simple i ndo le  de r i va t i ves  i n  order  t o  ga in  i n s i g h t  i n t o  b i o l o g i c a l  ox ida t i on  as we l l  as t o  f ind  

new syn the t i c  paths t o  the  a1 ka lo ids  t h e m ~ e l v e s . ~ ' ~  

6 I n  1980 we proposed s t r u c t u r e  15 f o r  the  dimer obta ined from the ox ida t i on  of te t rahydrocar -  -. 
bazole,  1 (1-t-2,3,4,9-tetrahydrocarbazole). On the bas is  o f  13C N.M.R. spect ra  (Table I )  and the - 
ox ida t i on  o f  s u i t a b l y  deuterated compounds, we now be l i eve  the s t r u c t u r e  t o  be 8 .  We have re- - 
c e n t l y  extended the work t o  N-methyltetrahydrocarbazole, 2, N-methyl-1-carbomethoxy-1,2.3,4- - 
tetrahydrocarbazole,  3, and 5-methyl-5,6,7,8,9,1O-hexahydrocyclohept[b]indole, 7, which gave - - 
s i m i l a r  dimers. 

PREPARATION OF COMPOUNDS 

8 Compounds 2 and _3 were prepared by methy la t ion  of 1  and 1-carbomethoxy-1,2,3,4-tetrahydrocar- - 
b a z ~ l e . ~  7-Deutero-l,2,3,4-tetrahydrocarbazole, 4 ,  was prepared by c a t a l y t i c  deu te ra t i on l0  of 

7-chloro-1,2,3,4-tetrahydro~arbazole.~~ Compound 5  was prepared from 4 by methy la t ion .  I n  addi 

t i o n ,  - 5  was prepared from 7-amino-N-methyl-1 ,2,3,4-tetrahydrocarbazo1ei2 by d i a z o t i z a r i o n  i n  

D20-DL1 fol lowed by reduct ion  w i t h  ~ ~ ~ 0 2 . ~ ~  I n  a  s i m i l a r  manner, 6 was obta ined from 6-amino- 



1 R l  , R P .  R 3 .  Rb'H 

2 Rl=CH3, R,, R,, R,=H 

3 Rl=CH3, R,=CO,:le, R,, R,=H - 
4 Rl, R2,  R3=H,  Rb=D 

5 Rl=CH3, RL.  R3=H, R 4 = 0  

6 Rl=CH3, R2,  R,=H, R3=D - 
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1 3  Tab le  I. C Spec t ra  o f  T e t r a h y d r o c a r b a r o l e s  and L7imersa 

Carbon 

1, 9 2 3 . l ( c )  

2, 5 %  6 23.3 (d )  

2 39.0 

8, ? 36.9 

10,  11, 1s 92.4 -. 
!g h i q h  mp 95.4 

1 2 l o w m p  95.3 

6 

? 118.9 

?, 2, $ 118 .6 (b )  

2 1 1 8 . 7 ( f )  

8, 2 125.1 

, , 122.4 

!2 h i g h  mp 122.7 

! ? l o w m p  122.7 

1  ' 

8 ,  2 23.2 (h )  

10, 11, 13 2 3 . 2 ( i )  

12, h i g h  mp 39.0 

12, l o w  mp 39.0 -- 

oT 
(cont inued)  



Table I. (Cont inued) 

8,  9 - .  118.4 

1 0  I ,  13 118.1 -- -- -- 
12, h i gh  mp 118.5 -. 
12, low mp 118.5 -- 
( a )  Measured on a Brucker Ha-90 ins t rument  i n  deuterochloroforrn.  

( b )  T h i s  s i g n a l  disappeared when t h e  sample conta ined deuter ium on t h i s  carbon. 

(c -n )  ln te rchangab le  s i gna l s .  

( o )  Peak was very  weak. 

( p )  For  compounds 3 and 12 on ly .  - -. 

1,~,3,4-tetrahydrocarbazole.~~ Compound 7 i s  known. 15 

The p repa ra t i on  o f  t h e  deutera ted  compounds and t h e i r  1 3 C  N.M.R. spec t ra  a re  e s p e c i a l l y  meaningful  

i n  two ways. There has been some ques t i on  about t h e  1 3 C  s h i f t  values o f  carbons 5 and 6 o f  i n -  

do le  ( 6  and 7 i n  the  1 ,2,3,4-tetrahydrocarbazole s e r i e s ) .  0 r i g i n a l l y , 1 6  carbon 5 was assigned 

t h e  h i ghe r  va lue  ( t y p i c a l l y  6 122 f o r  C-5 and 120 f o r  C-6). These assignments were reversed by 

G r i bb l e  i n  1975 i n  a footnote.17 Our da ta  on 6- and 7-deutero-l,2,3,4-tetrahydrocarbazole a re  i n  

agreement w i t h  G r i bb l e ,  as a re  our  s i m i l a r  da ta  on 2 ,3 -d ipheny l indo le .  18 

Secondly, t h e r e  has been some doubt about whether c a t a l y t i c  d e u t e r a t i o n  o f  ha l i des  i n  base i s  a 

r e l i a b l e  method f o r  i n t r o d u c i n g  deuterium.1° Our data,  e s p e c i a l l y  the  p repa ra t i on  o f  5 by an 

a l t e r n a t e  method, would i n d i c a t e  t h a t  t h e  deu te ra t i on  i s  r e l i a b l e ,  i n  t h i s  case a t  l e a s t .  The 

s t r ong  C-H s i n g l e t  i n  t h e  decoupled 1 3 C  spec t ra  was rep laced i n  each case by t h e  smal l  C-D t r i p l e t  

No o t h e r  peaks were changed. The 1 3 C  N.M.R. da ta  f o r  compounds 1-6 and 8-13 a r e  g i ven  i n  Table I. . . - -- 
Data f o r  7 and 14 a re  g i ven  i n  t h e  exper imental  sec t i on .  .- 

RESULTS AND DISCUSSION 

The 4a l i n k a g e  i n  8 i s  subs tan t i a t ed  by t h e  13C resonances a t  6 189.9 and 63.2 f o r  carbons 9a and - 
4a as compared t o  6 189.9 and 53.8 f o r  4a-methyl-1,2,3,4,4a-pentahydrocarbazole, 16." Carbon 4a .- 
i s  s h i f t e d  s l i g h t l y  downf ie ld  by t h e  aromat ic r i n g  i n  8 as compared t o  16. The comparable carbon - -- 
t o  9a i n  2,3,3-trimethylindolenine, 17," (C-7a) resonates a t  6 189. The 7 '  l i n k a g e  i n  8 i s  sub- -- - 
s t a n t i a t e d  by deuter ium s tud ies .  Thus, when 4 was ox i d i zed ,  t h e  product ,  9, con ta ined on l y  one - - 
deuter ium. Carbon 7 i n  8 resonated a t  6 130.7 as compared t o  127.4 f o r  16 and 129.2 f o r  17. It - -. -- 
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was n o t  present i n  the  spectrum o f  9, but  was replaced by a smal l  t r i p l e t  a t  126.8 w i t h  a coupling - 
constant of 1.05 ppm (C-D). 

The s t r u c t u r e  of 10 was der ived i n  a s i m i l a r  manner. The 4a l i nkage  i s  supported by I 3 C  r e -  -- 
sonances a t  6 51.3 and 152.1 f o r  carbons 4a and 9a, respec t i ve l y .  I n  lochner ic ine,"  the cor- 

responding carbons appear a t  6 54.8 and 167.4. The resonance from C-1 appeared a t  6 92.4 and 

contained one hydrogen as shown on a p a r t i a l l y  decoupled spectrum. The 7 '  l inkage was proved by 

the  ox ida t i on  o f  6 and 5 con ta in ing  deuterium on C-6 and C-7, respec t i ve l y .  Ox idat ion  o f  6 gave - - - 
13 w i t h  two deu te r i um,  w h i l e  2 y i e l d e d  11 w i t h  only one deuterium. I n  a l l  cases, t h e  presence -- .- 
o f  deuterium on spec i f i c  carbons was confirmed by the absence o f  a s t rong 1 3 C  resonance f o r  tha t  

carbon, as compared w i t h  t h e  hydrogen form. 

Compound 3 was i nves t i ga ted  as a model f o r  the  prepara t ion  o f  the  i ndo le  a l ka lo ids ,  v inb las t ine  

and v i n c r i s t i n e ,  which con ta in  a l i nkage  corresponding t o  a 1-6'bond. Ac tua l l y ,  3 w i t hou t  the N- - 
methyl would have been a b e t t e r  model, bu t  i t s  ox idat ionz3 gave on l y  a monomer, l -hydroxy- l -  

carbomethoxy-1,2,3,4-tetrahydrocarbazole. Unfor tunate ly ,  o x i d a t i o n  o f  3 produced on l y  t h e  4a-7' - 
dimer, 12, i n  a f a i r  y i e l d .  Compound 12 contains two c h i r a l  centers  and should e x i s t  as two -" -- 
diastereomeric pa i r s .  The pa i r s  were separated i n t o  low-me1 t i n y  and high-melt ing racemates which 

had v i r t u a l l y  i d e n t i c a l  1 3 C  Spectra (Table I ) .  The s t ruc tu res  a re  based upon a comparison o f  the  

1 3 C  spectrum w i t h  t h a t  o f  10. S i g n i f i c a n t  po in t s  are ,  ( I )  C-1 appears a t  6 95.4 and does not con- -- 
t a i n  a hydrogen (2 )  C-4a i s  a t  55.9 and i s  quaternary and (3 )  C-9a appears a t  168.2 (compared t o  

167.4 i n  lochner ic ineZZ) .  Although no deuterium s tud ies  were done, t h e  1 inkaye a t  C-7' seems 

reasonable s ince the 1 3 C  Spectrum of 12 i s  q u i t e  s i m i l a r  t o  t h a t  o f  10 i n  region, 6 105-128. -- .- 

Compound 7 y i e l ded  t h e  dimer, 14, i n  f a i r  y i e l d .  Except f o r  the  a l i p h a t i c  region, t h e  13C spec- - -- 
trum o f  14 i s  almost i d e n t i c a l  w i t h  t h a t  o f  10. The a l i p h a t i c  carbons o f  14 appear a t  about 46 -- -- -. 
u n i t s  downf ie ld from those of 10, as would be expected from a comparison o f  2 and 7 (Experimental). -- - 
Compound 7, w i t hou t  the  N-methyl, does no t  g i ve  dimers and i s  s t i l l  under study. 

K i n e t i c  s tud ies  of the  e l e c t r o o x i d a t i o n  of 1 and 2 have been c a r r i e d  out  i n  but i t  i s  

no t  Yet poss ib le  t o  propose a p l a u s i b l e  mechanism f o r  t h i s  unique reac t i on .  

EXPERIMENTAL 

General. Mel t ing  po in t s  were taken on a K o f l e r  hot stage apparatus and are cor rec ted.  Mass 

spectra were measured on an AEI MS-9 instrument.  Evaporations were c a r r i e d  ou t  on a r o t a r y  

vacuum evaporator.  



The Electrochemical  x. Elect roox idat ions  were c a r r i e d  ou t  i n  a  250 ml beaker c losed w i t h  a  

la rge Neoprene stopper con ta in ing  holes f o r  the  e lec t rode  contac ts  and a  n i t r ogen  The 

cathode was p la t inum (1  x  1.5 cm), and t h e  anode was g raph i t e  f e l t  (4.5 x  6.5 cm, obta ined as 

WDF f e l t  from Union Carbide Gorp., Carbon Products D i v . ,  New York).  The cathode was segregated 

by a  sack made o f  duPont Nafion (E. I. duPont, Wilmington, De l . ) .  A  standard calomel e lec t rode  

was placed as c lose as poss ib le  t o  the  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  

against  t h e  standard w i t h  a  PAR Model 363 p o t e n t i o s t a t  (EG + G, Pr inceton Appl ied Research, 

Pr inceton, N.J.). The c e l l  was f u r t h e r  sealed w i t h  a  s o f t  rubber f i l m  and magnet ica l ly  s t i r r e d .  

6-Deutero-1,2,3,4-tetrahydrocarbazole, 4. 7-Chloro-1,2,3,4-tetrahydrocarbazole, mp 178-18O0C, 

l it.' ' 179-180°C (5.5 g, 0.027 moles) was d isso lved i n  100 ml o f  d ry  e the r  and al lowed t o  e q u i l i -  

b ra te  f o r  4 h  w i t h  20 ml of D20, i n  order  t o  rep lace N-ti w i t h  N-D. The e the r  l aye r  was separated, 

d r i ed  (MgSO,) and evaporated t o  a  gum. This was d i sso l ved  i n  30 ml o f  CH300 conta in ing KWH3 

(from 2.2 g  of K) and deuterated i n  a  Parr, low-pressure hydrogenator apparatus over 2.5 g  of 5% 

PdlC. A f t e r  deu te ra t i on  a t  10 p s i  f o r  39 h, t h e  c a t a l y s t  was removed by f i l t r a t i o n ;  the  so lvent  

was evaporated; and t h e  res idue was p a r t i t i o n e d  between e the r  and water ( t o  replace N-D w i t h  

N-H). The e the r  l aye r  was separated, d r i e d  ( s a t  NaC1, MgSO,) and evaporated t o  y i e l d  4.4 g  

(96%) o f  4, mp 118-12O0C.m.s. m/e: M', 172.1113; c a l c .  f o r  C1,H12ND, 172.1111. It showed one - 
spot on T.L.C. using hexane-benzene, (5:3) on s i l i c a  ge l  GF. 

9-Methyl-6-deutero-l,2,3,4-tetrahydrocarbazole, 5, & Methy la t ion  of 4. Compound 4 (3.88 g, 0.023 

moles) was d isso lved i n  25 ml of d r y  acetone and 25 ml of 66% aqueous KOH was added w i t h  s t i r r i n g .  

Dimethyl su l f a te  (33 g, 0.26 moles) was added over 6  min wh i l e  keeping t h e  temperature a t  30-33T.  

Af ter  30 min more, t h e  reac t i on  was complete (T.L.C. us ing hexane-EtOAc, 8:2 on s i l i c a  ge l  GF). 

The m ix tu re  was poured i n t o  ice-water  and ex t rac ted  several  t imes w i t h  e the r .  The combined e the r  

l aye rs  were d r i e d  ( s a t  NaCI, MgSOu) and evaporated t o  a  ye l l ow  o i l  which c r y s t a l l i z e d  t o  g i v e  

1.67 g  (40%) of 5, mp 50". m.s m/e: M', 186.1261; ca l cd  f o r  Cl,H,,ND, 186.1268. 

Compound 5  by D iazo t i za t i on .  6-Amino-N-methyl-1 ,2,3,4-tetrahydro~arbazole~~ (1 .5  g, 7.5 mmole, 

mp 83-85"C, lit1' 87-89°C) was s t i r r e d  w i t h  4  ml o f  D20 a t  80.85' ( t o  replace N-H w i t h  N-D). The 

D20 was decanted and replaced w i t h  f r e s h  D,O and cooled u n t i l  the  organ ic  compound s o l i d i f i e d .  

The s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and d isso lved i n  4.5 ml o f  50% 0,P02 i n  D20 and 3 ml of 020. 

The s o l u t i o n  was cooled t o  0-2°C and t rea ted  w i t h  0.6 g  of NaNO, i n  1  ml of D20. A f t e r  two days 

a t  5°C ( r e f r i g e r a t o r ) ,  the  dark mix ture  was d i l u t e d  w i t h  D20 and f i l t e r e d .  The p r e c i p i t a t e  was 

dr ied,  d isso lved i n  CHC1,-acetone ( 2 : l )  and passed through a  s h o r t  column o f  10 g  of s i l i c a  ge l .  

The f i r s t  100 ml o f  e l uan t  was evaporated t o  a  t a r  and ex t rac ted  w i t h  h o t  Et0H. The EtOH s o l u t i o n  
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was t r e a t e d  w i t h  carbon, f i l t e r e d  and concent ra ted  t o  g i v e  0.127 g (9%) of 5, i d e n t i c a l  i n  a l l  

respec ts  t o  t h e  compound ob ta i ned  by me thy l a t i on  o f  4. 

6-Deutero-N-methyl-1,2,3,4-tetrahydrocarbazole, 6. Th i s  compound was prepared i n  18% y i e l d  from 

6-amino-N-methyl-1,2,3,4-tetrahydrocarbazole 14926  by t h e  same procedure used f o r  5. The product  

d i d  no t  c r y s t a l l i z e  and gave t h e  p r e d i c t e d  13C Spectrum (Tab le  I). 

l-Carbomethoxy-N-methyl-1,2,3,4-tetrahydrocarbazole, 3. T h i s  compound was prepared i n  61% y i e l d  

by me thy l a t i on  o f  l-carbometho~y-l.2,3,4-tetrahydrocarbazde~~ by t h e  same procedure used fo r  2 .  
It was d i s t i l l e d  a t  160-1639C/0.65-0.75 mn. Anal. Calcd. f o r  C,,HI7NO2: C, 74.04; H. 7.04; 

N, 5.76. Found: C, 73.91; H, 6.89; N, 5.58. 

Ox ida t ions  ofLf4. A s o l u t i o n  o f  2.4 g o f  LiClO, i n  150 ml of  CH,CN-H20, 9 : l  was p ree lec t r o -  

l y zed  a t  t 0 . 7  V f o r  30 min, w h i l e  be ing  sparged w i t h  deoxygenated N,. The p o t e n t i a l  was reduced 

t o  0.0 V, and 300 mg (1.76 m o l e )  of 1 was added. The p o t e n t i a l  was r a i s e d  t o  t 0 . 7  V, g i v i n g  an - 
i n i t i a l  c u r r e n t  o f  25 mA. A f t e r  2 h and the  passage o f  0.0016 F of e l e c t r i c i t y ,  T.L.C. us ing  

benzene-EtOAc (7:3)  showed o n l y  a t r a c e  o f  1. The m i x t u r e  was f i l t e r e d ,  evaporated, and p a r t i -  - 
t i o n e d  between e t h e r  and sa tu ra ted  aqueous NaHCO,. The e t h e r  l a y e r  was separated, d r i e d  ( s a t  

NaCl, MgSO,) and evaporated t o  a res idue.  About 2 ml of  acetone was added, and, on c o o l i n g ,  

6 127 mg o f  8 p r e c i p i t a t e d ,  mp 221-223'C, l i t  223-228°C. P repa ra t i ve  T.L.C. of  t h e  mother l i q u o r  - 
prov ided 25 mg of 1 ,  43 more o f  8 ( t o t a l  y i e l d  o f  62% a f t e r  c o r r e c t i o n  f o r  recovered 1 )  and 20 mg - - 
o f  a compound c o n t a i n i n g  e x t r a  oxygen which was n o t  cha rac te r i zed .  

t 
A s i m i l a r  o x i d a t i o n  of  4 gave a 60% y i e l d  o f  9, mp 224-227°C. m.s. UP: M , 341 .2OO4; c a l c d  f o r  - - 
C24H21N2D, 341.2004. 

Ox ida t ions  of?, 5, d c .  Compound 28b (950 mg, 5.1 m o l e )  was o x i d i z e d  a t  +0.7 V ( i n i t i a l  cu r -  

r e n t  25 mA, 0.0051 F of e l e c t r i c i t y )  i n  a manner analogous t o  l t o  y i e l d  300 mg o f  !! as a p rec i -  - 
p i t a t e  from acetone. An a d d i t i o n a l  70 mg ( t o t a l  370 mg, 40%) was ob ta ined when the  r es i due  from 

t h e  acetone f i l t r a t e  was r e c r y s t a l l i z e d  f rom EtOH-CHC1 ,. The compound mel ted  a t  185-186°C. m.s.. 

mle: M+, 368; c a l c d  f o r  CZ6H2,N2, 368. Anal. Calcd: C, 84.78; H, 7.60; N, 7.60. Found: C, - - 

84.60; H, 7.51; N, 7.40. 

t 
A s i m i l a r  o x i d a t i o n  of 5 y i e l d e d  11, mp 184-185°C i n  a y i e l d  o f  42%. m.s. m/e: M 369.2313; c a l c d  - -- 
f o r  C2,H2,N2D, 369.2317. 

A s i m i l a r  o x i d a t i o n  o f  6 y i e l d e d  13, mp 184-185'C i n  a 29% y i e l d .  m.8. us: M', 370; c a l c d  fo r  - .- 
C26H26N2Dz3 370. 



Ox ida t i on  of 3. Compound 3 (940 mg, 3.87 m o l e )  was o x i d i z e d  i n  a manner s i m i l a r  t o  t h a t  used - 
f o r  1 except t h a t  the  e l e c t r o l y s i s  m i x t u r e  was kept  a t  4-6'C. The p o t e n t i a l  was t 0 . 66  V g i v i n g  

an i n i t i a l  c u r r e n t  o f  25 mA, and r e a c t i o n  was stopped a f t e r  passage o f  0.0038 F o f  e l e c t r i c i t y .  

The pH was ad jus ted  t o  7 w i t h  NH,OH, and t h e  CH,CN p o r t i o n  was evaporated under vacuum. The 

aqueous res idue was suspended between e the r  and water ,  bu t  an app rec i ab le  amount of  t a r  was no t  

so l ub le .  The e the r  l a y e r  (no t a r )  was d r i e d  ( s a t  NaC1, MgSO*) and evaporated t o  g i v e  0.9 g o f  

gum. Th i s  was separated by p r e p a r a t i v e  T.L.C.27 ( 9  l aye rs  o f  s i l i c a  g e l  GF,,,, 10 x 10 x 0.2 cm, 

us ing  EtOAc-MeOH, 3 : l ) .  The bands were e l u t e d  from t h e  adsorbent  w i t h  EtOAc-MeOH ( 4 : l ) .  The 

second band f rom t h e  t o p  y i e l d e d  260 mg of  3. The f ou r t h  band was e l e u t e d  and evaporated t o  a - 
smal l  volume, and the  h i gh -me l t i ng  isomer of  12, 75 mg ( l l % ,  co r rec ted  f o r  recovered 3) p r e c i -  .. - 
p i t a t e d .  T h i s  me l ted  a t  202-204°C. R e c r y s t a l l i z a t i o n  f rom MeOH-CHCI, d i d  n o t  r a i s e  t h e  mp. 

Anal. c a l c d  f o r  C30H32N204: C,  74,36; H, 6.66; N, 5.78. Found: C, 74.99; H, 6.60; N, 5.70. 

m.s. m/g: M+, 484.2357; ca l cd ,  484.2364. 

The mother l i q u o r  of t h e  above c r y s t a l l i z a t i o n  was evaporated t o  dryness and d i sso l ved  i n  a smal l  

amount o f  MeOH. A f t e r  severa l  days, 73 mg of wh i t e  c r y s t a l s ,  mp 141-145"C, p r e c i p i t a t e d .  Fu r t he r  

rework ing  o f  t h i s  mother l i q u o r  gave an a d d i t i o n a l  51 mg ( t o t a l ,  124 mg, 18%). R e c r y s t a l l i z a t i o n  

from MeOH r a i s e d  t h e  mp t o  143-147°C. m.s. njg:  M+, 434.2367; ca l cd  484.2364. 

Ox ida t i on  ;lf 1. Compound 7 (13C N.M.R., CCCl,, 6:  C-6, 31.6; C-7, C-8, C-9, 3 peaks, 24.3, 26.2, - 
27.1; C-10, 28.4; C-1, 117.4; C-2, 118.5; C-3, 120.2; C-4, 108.6; C-lOa, 113.0; C-lob, 127.6; 

C-4a, 138.8; C-5a, 135.8) (0.295 g, 1 .5  m o l e )  was ox i d i zed  i n  a manner s i m i l a r  t o  t h a t  used f o r  

2. The p o t e n t i a l  was +0.7 V, and t h e  i n i t i a l  c u r r e n t  was 47 mA. A f t e r  t h e  passage o f  0.00175 F 

of e l e c t r i c i t y ,  t h e  r e a c t i o n  m i x t u r e  was t r e a t e d  as i n  t h e  o x i d a t i o n  of  2. From acetone, 0.241 g - 
of 14, mp 145-148"C, was ob ta ined.  R e c r y s t a l l i z a t i o n  from acetone-Me0H y i e l d e d  0.129 g (44%) of .- 
pure 14,  mp 158-161°C: rn.s., m/e. 396.2575, ca lcd .  f o r  C,,H,,N2, 396.2558; "C N.M.R., CDCI,, .. 
6; C-6, 95.8; C-7, 37.1; C-8, C-9, C-10, C-6 ' .  C-7 ' ,  C-8', C-9 ' ,  C - l o ' ,  8 peaks 24,4-31.5; C-1, 

117.6; C-2, 122.5; C-3, 127.1; C-4, 106.9; N-CH,, 29.0; C-lOa, 57.3; C- lob,  137.6; C-4a, 138.7; 

C-5a, 155.6; C-1 ' .  117.4; C-2'. 117.6; C-3 ' ,  146.2; C-4 ' ,  104.5; C - l o a ' ,  113.0; C- lob ' ,  125.3; 

C-4a8,  136.4; C-5a'. 134.7; N'-CH,, 29.4. Anal .  Calcd f o r  C2BH32N2: C, 84.84; H, 8.08; N ,  7.07; 

found: C,84.04; H, 8.25; N, 6.69. 
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