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REACTIONS W I T H  INDOLE DERIVATIVES, XLVIII' 

A  S m p l e  Synthesis o f  t h e  S t a u r o s p o r l n e  Aglycon 

Burkhard  S a r s t e d t  and Ekkehard W m t e r f e l d t *  

I n s t l t u t  fuer Organlsche Chernle de r  U n l v e r s l t a e t  Hannovcr, 

S c h n e ~ d e r b e r g  1 R, 0-3000 Hannover, West Germany 

A b s t r a c t  - The s t a u r o s p o r i n e  q l y c o n  1s prepared  rrom t r yp ta rn lne  and n - m d o l e  a c ~ t l c  - 

a c ~ d  i n  t w o  c a n s e c u t ~ u e  c y c l l r a t m n  r e a c t m n s .  

S t a u r o s p o r m e  (1) - a metabolite o f  s t r e p t a m y c e s  s t a r u o s p o r e u s  iuas l s a l a t e d  by Japanese 

3 
workersZ and X-ray s t r u c t u r e  d e t e r m m a t m n  r e v e a l e d  t h l s  cnmpnmd t o  be a p n l y c y c l l c  m d o l e  

d e r l v a t l u e  wh lch  may be regarded  as a c n m b m a t l o n  o f  a h e t e r o c y c l l c  a g l y c o n  r l t h  a desnxy-ammo 

sugar .  lum years  l a t e r  S t e g l l c h  and coworkers r e p o r t e d  on compounds ( I ) ,  (11, and (31  from funrjl 

( a r c y r  i a  d e n u r l d a t a )  p r o v ~ n g  t h e  h e t e r o c y c l l c  p a r t t o  be a q r l l t c  common n a t u r a l l y  r l ccu i r ln r j  

4 
~ ~ r n ~ m u n d  . l h l s  g roup  a f t e r  preparing syrnmetrlc compounds n f  t .hls t y p e  a l s o  r lcn~nrisLrated t h e  

p r o t o n  c a t a l y z e d  c y c l ~ r a t m n  c a n v e r t ~ n g  ( L )  l n L o  ( 3 ) .  

2 - Arcyriarubrin C 
1 . - Arcyriafubrm B 



General  c y c l l z a t m n  techniques f o r  t h e  g e n e m t m n  o f  m d o l o c a r b a r o l s  using t h e  F i s c h e r  method 

5 have been a p p l i e d  by "armus  groups  . As t h e  h e t e r o c y c l i c  p a r t  in t h e  s t a u r o s p a r m e  case is non 

syrnrnetrlc we got  interested i n  t h e  e l e c t r o c y c l l c  t r a n s f o r m a t l a n  (8) --r (?) as a b i o s y n t h e t l c  

model reaction. 

I n t e r e s t m g l y ,  (2)  s h l c h  is e a s l l y  a b t a l n e d  from 0 - m d a l e  a c e t a t e  by gramme a l k y l a t m n ,  on t r e a t -  

ment wlth t e r t . b u t y l  hypochlorl te  gave d i r e c t l y  t h e  p e n t a c y c l l c  r e a c t m n  produc t  (?). l n t e r m e d l a t e s  

(6), (11, and (5) a r e  very probably l n v a l ~ e d  a l though  none of them could  be i s o l a t e d .  Obulously 

t h e  t r a n s f a r m a t m n  m t a  t h e  n a t u r a l  p roduc t  t y p e  campound 1s a very  quick and easy  process. For 
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the aglycon synthesls,amlde ( 1 1  was prepared f rom the correspandlng a c l d  c h l o r l d e  and t r yp tamne  

and the recen t l y  repor ted oxydat lon o f  m d o l e  compounds s l t h  DDQ i n  a mlx ture  o f  water and t e t r a -  

hydrafuran6 transformed i t  l n t o  dlketone (8). On selective borohydrlde reduct ion  (8) gives r l s e  t o  

the hydronyketone (10) I n  exce l l en t  y l e l d .  The correspond~ng dm1 is only obtamed a f t e r  a d d l t ~ o n  

o f  l l t h l u r n  c h l o r ~ d e  t o  the reac t l on  mlxture.  Ace ty la t l on  o f  (10) I n  the presence o f  DMAP was 

accompanied by c y c l l r a t m n  and gave directly r l s e  t o  pentaacetate (91. Although uarlous procedures 

fo r  the reduction o f  o-acetoxycarbonyl compounds are repor ted In  the literature 7,8,9,10,11,12 

acceptable y l e l d s  o f  (u) were on ly  obtarned w ~ t h  T ~ c ~ ~ ~ ~  i n  aqueous acetone. 



A l l  e f f o r t s  t o  achieve p h a t o c y c l ~ r a t ~ o n  w l t h  t h e  d l a c e t a t e  (z) were c o m p l e t e l y  i n  v m n .  Even a f t e r  

a d d l t i o n  o f  o x y d a t l o n  r e a g e n t s  o n l y  s t a r t m g  m a t e r l a l  was r e l s a l a t e d .  Smooth d e a c e t y l a t i o n  w l t h  

sodium bicarbonate in aqueous methanol  gave ilse t o  (12) which c y c l l r e d  r e a d l l y  on l r r a d l a t ~ a n  i n  

methanol t o  y m l d  65% o f  (g). NMR d a t a  o f  t h l s  campound as "el l  as UU a b s o r p t ~ o n  corresponded 

m c e l y  t o  s t a u r a s p o r ~ n e  (see  t a b l e ) , t h e  absence o f  t h e  a - l n d o l e  p r o t o n  i n  t h e  NMR spectrum p r o u m g  

t h e  s u c c e s s f u l  c y c l l z a t l o n  beyond any doubt .  

Table. &Value Carnparlson 

R T T l  

As two different b u l l d l n g  b l o c k s  are ~ n v o l v e d  (see 1) t h l s  method ~111 l e n d  l t s e l f  t o  t h e  

p r e p a r a t l a n  o f  non symmetric h e x a c y c l l c  compounds o f  t y p e  (u) bearing varlous s u b s t l t u e n t s  an 

carbon and n l t r o g e n  atoms o f  b o t h  m d a l e  r n o l e t ~ e s .  

Constant s u p p o r t  by t h e  Deutsche Forschungsgemelnschaf t  (WI 206/35-6) and t h e  Fonds d e r  Chemlschen 

I n d u s t r l e  is g r a t e f u l l y  acknowledged. 

EXPERIMENTAL PAR1 

81s-lndolyl-methylprup~o~att (5) :  3.5 g 8 - I n d o l y l - m e t h y l a c e t a t e  d l s s o l u e d  i n  50 ml d r y  t e t r a -  

hyd ro fu ran  are added a t  -7BDC t o  75 mmol LDA d l s s o l u e d  i n  20 ml d r y  t e t r a h y d r o f u r a n .  A f t e r  3 0 '  t h e  

temperature is a l l o w e d  t o  rme t o  -20•‹C and 6 g o f  0-indolylmethylene-trlmethyl ammomum l o d l d e  

are  added. The r n l x t u r e  is l e f t  a t  -20•‹C f o r  two hours  and t h e n  under  c o n s t a n t  s t l r r m g  poured 

s l o w l y  m t o  60 m l  2N hydrochloric a c ~ d .  A f t e r  e x t r a c t m n  v l t h  e t h e r  t h e  organzc l a y e r  is washed 

s ~ t h  s a t u r a t e d  sodlum b l c a r b n n a t e  s o l u t i o n  and s l t h  b r m e .  The s o l u t l o n  is c o n c e n t r a t e d  under  

vacuum, f l l t e r e d  t h r o u g h  a s l l l c a  column ( e t h e r  - p e t r o l e t h e r  1 : I )  and evaporated.  The o l l y  

res~due c r y s t a l l l r e s  f rom t o l u e n e  y l e l d m g  3.6 g (61%)  c r y s t a l s  m e l t l n g  a t  121DC. 

UV (CH30H) A m e x  223, 270, 279, 288 nm ( c  = 21870, 8875, 9305, 8825) ;  IR ( K B ~ )  3410, 1720 

'H-NMR (90 MHz, CD3CN) 6 3.17 - 3.89 (2H, m ) ,  3.5n (3H, s ) ,  6.31 ( I H ,  dd, J 7 Hz, J 9 Hz) ,  6.92 - 

7.80 IlOH, m ) ,  9.1 (ZH, s, broad) ;  MS (21D•‹C) M' 318 ME [ l 6 % ) ,  259 l 5 ) ,  189  (101, 188 (101, 130 

(100) ;  CZOH18N202 1318.6). Calcd.  C, 75.45, H, 5.70, N, 8.80; Found C, 75.53, H, 5.75, N, 8.69. 
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P e n t a c y c l l c  m e t h y l  e s t e r  (9 ) :  490 mg o f  e s t e r  (2) are d lssa lued  i n  12 rnl d r y  methy lene c h l o r l d e  

and t r e a t e d  w i t h  0 . 2 1  rnl t r l e t h y l a m n e .  A f t e r  c a o l m g  t o  O•‹C 0.21 m l  t e r t . b u t y 1  h y p o c h l o r l t e  are  

added. The m l x t u r e  is l e f t  f o r  45 m i n  a t  ODC and t r e a t e d  r l t h  ice f o r  work up.  E x t r a c t ~ o n  with 

methy lene  c h l u r l d e ,  euapora t lon ,  and chromatography on s l l l c a  ( e t h e r  - p e t r o l e t h e r  1 : 1 )  y l e l d e d  

110 mg (23%) .  

UV (Ct130H): h m e x  208, 218, 225, 220, 288, 325, 340, 357 nm ( E  = 1780, 1810, 2015, 2030, 1330, 385, 

280, 205) ;  1K ( K R r )  3395, 1710 m - ' ;  'H-NMR ( 9 0  MHz, CD3CN) 6 4.07 (JH, s ) ,  6.95 - 7.89 (611, ml ,  

8.24 ( I H ,  m ) ,  8.71 ( I H ,  m ) ,  9.04 ( IH ,  ml, 10.74 (2H, s ,  broad) ;  MS (260•‹C) M' 314 tlC (35%),  313 

(1001, 283 ( I & ) ,  255 ( 6 1 ) ,  157 ( I S ) ,  127 (211; CZOHl4N2O2, Calcd. 314.1055, Found 314.1054 

( m a s s - s p e c t r o s c o p ~ c j .  

Amde (11 :  32 g Tryptvrn lne i n  900 m l  d r y  rnethylene c h l o r l d e  are t r e a t e d  a t  room tempera tu re  w l t h  - 

18 g 0 - l n d o l y l a c e t y l  c h l a r l d e  dissolved i n  750 m l  d r y  methy lenc c h l o r l d e .  The p r e c l p ~ t a t e  is 

f l l t c r e d ,  suspended i n  I I m e t h y l m e  c h l o r l d e ,  s t l r r e d  o v e r n q h t  and f l l t e r e d  a q a m .  The cornb~ned 

rnethy lene c h l o r ~ d e  phases are  washed w l t h  2N HCl  and with s a t u r a t e d  sodlum b l c v r b o n a t e  solution. 

A f t e r  e u a p o r a t l o n  under vacuum t h e  residue is c r y s t a l l ~ s e d  from methanol  y l e l d l n q  23 g (77%)  o f  

arnlde (1) m e l t m q  a t  161•‹C. 

UV (CHjOH): hmax  273, 280, 290 nm ( c  = ln450,  11280, 97701; I R  (KOr)  4308, I IUO, 1644, 1529, 1340 

&I; l l i - ~ ~ ~ f  ( 9 0  MHz, acetone-d ) 6 10.11 ( I l l ,  s,  b r o a d ) ,  9.90 (ZH, s ,  b r o a d ) ,  7.63 - 6.09 ( l o t i ,  m ) ,  6 

3.62 (ZH, s ) ,  J.67 - 3.58 (ZH, m ) ,  2.86 (2H, tr, .I 7 H z ) ;  MS (2irODC) 11' 317 ME ( 9 % ) ,  176 ( 0 ) ,  143 

(561,  130 ( 1 0 0 ) ;  CZ0lIi9il3n (317 .4 ) .  Calcd.  C, 75.68, It, 6.04, N, 13.24; Found C, 75.72, t i ,  6.22, 

N, 13.17. 

O lke tone  ( 5 ) :  6.2 g DDQ are dissolved i n  a m ~ x t u r e  o f  1 5  m l  t e t r a h y d r o f u r a n  and 100 rnl s a t e r .  A t  

P C  a s o l u t ~ n n  o f  13.5 q a m d e  (1) ~n 160 rnl t e t r a h y d r o f u r a n  and 20 m l  water is added under  

c o n s t a n t  s t l r r m g .  S t l r r l n g  is continued f o r  30 m l n  a t  room temperature,  40 g sodium carbona te  

and 250 m l  rnethy lene c h l o r l d e  are added. The rn l x tu re  is s t l r r e d  f o r  ano ther  15 Rln and t h e  

organic l a y e r  is separa ted .  The s a t e r  phase is e x t r a c t e d  a l t h  methy lene  c h l n r l d e ,  t h e  methy lene 

c h l a r l d e  phases are cornb~ned, washed w i t h  s a t u r a t e d  sodium bicarbonate s o l u t ~ a n  and w l t h  b r m e  

and evapora ted  under  vacuum. The residue c r y s t a l l r s e d  from methanol (5.2 g; 35%) and m e l t e d  a t  

265-269OC ( d e c o m p o s l t l o n j .  

UU (CH30H): A m a x  214, 243, 258, 275, 303 n m  ( E  = 25390, 1578n, 15780, 13900, 15490) ;  1R ( K a r l  

3305, 3300, 2965, 1673, 1637, 1620, 1522 '11-NMR ( 9 0  MHz, DMSO-d6j 6 4.72 (211, d, J 5.5 Hz, 

7.16 - 7.64 (611, m), R . l l  - n.37 (ZH, m), 8.51 ( I H ,  m l ,  8.85 ( i l l ,  "11, 9.13 ( I H ,  tr, J 5.5 Hz) ,  

12.08 ( I H ,  s ,  b r ~ a d ) ,  12.26 ( I H ,  s ,  broad) ;  CZOH15NjOj, C d c d .  345.1113, Found 345.1112 

(mass-spec t roscop~c) .  



Hydraxy-ketone ( 1 0 ) :  - 3.4 g o f  d l k e t o n e  (4) and 1.1 g sodlurn b a r o h y d r l d e  are  m x e d  i n  220 rnl d r y  

l sopropana le  and s t l r r e d  f o r  17h a t  room t empera tu re .  The p r o d u c t  is f l l t e r e d  o f f  and t h e  

l sapropana l  i s  d i l u t e d  v l t h  s a t e r  and e x t r a c t e d  w i t h  methy lene  chloride. The s o l v e n t  is e v a p o r a t e d ,  

t h e  res idue  carnbmed w i t h  t h e  filtered c r y s t a l s  and t h e  whale m a t e r l a l  is c r y s t a l l l s e d  from 

methanol. Y l e l d  2.9 g (85$) ,  m.p. 250•‹C. 

UV (CHIOH): h m a x  224, 243, 265, 284, 292, 303 nm (E  = 29210, 12750, 11520, 13300, 13990, 11660) ;  

I R  (KBr l  3398, 3110, 3063, 1657, 1640, 1522 'H-NMR ( 9 0  MHz, DMSO-d6) 6 12.0 ( I H ,  s ,  b r a a d ) ,  

10.96 ( l H ,  8, b r o a d ) ,  8.34 - 8.11 (2H, ml, 7.78 - 6.91 (RH, m ) ,  5.95 ( I H ,  d ,  J 4.5 Hz) ,  5.25 ( I H ,  

d, J 4.5 Hz), 4.57 ( l H ,  d, J 5 Hz) ;  MS (28OmC1 Ma 347 ME (2x1,  330 (61, 159 (331, 157 (351, l a 4  

( l o o ) ,  131  ( 3 8 ) ,  117 (381; C20H17N303 (347.41. Calcd. C, 69.15, H, 4.93, N, 12.10; Found C, 68.77, 

H, 4.96, N, 12.10. 

Pen taace ta te  (9 ) :  500 mg o f  c a r b m o l  (101 and 250 mg N,N-dlmethylamlnopyr1d1ne (DMAPI are dissolved 

I n  8 r n l  p y r l d m e  and 4 rnl a c e t i c  acid anhydride are added. A f t e r  45 m m  a t  80DC t h e  m l x t u r e  is 

t r e a t e d  w l t h  40 m l  I N  HC1 and e x t r a c t e d  once w ~ t h  e t h e r  and t h r e e  t m e s  s l t h  methy lene  c h l o r i d e .  

The cornbmed a r g a n l c  l a y e r s  are sashed w ~ t h  sodlum b l c a r b o n a t e  and evaporated.  On t r e a t m e n t  w i t h  

e t h e r  t h e  residue c r y s t a l l l s e s  y l e l d m g  700 rng (87%)  c r y s t a l s  (rn.p. 214•‹Cj. 

UV (CH30H): hmax 236, 262, 290, 298 nrn ( E  : 24530, 12680, 11220, 115901; IR (CHCl,) 3090, 1771, 

1752, 1712, 1450, 1380 "rn-l; 'H-NMR ( 9 0  MHz, CDC13) 6 8.32 - 8.10 (ZH, ml ,  7.51 - 6 .80  (8H, ml ,  

5 .19 ( lH ,  d, J 13 Hz) ,  6.67 ( I H ,  d, J 1 3  Hz) ,  2.71 (3H, s l ,  2.37 (3H, s ) ,  2.33 (3H, s l ,  2.13 (6H, 

s ) ;  M5 (320•‹C) Ma 557 ME (IOPil ,  513 (51,  497 ( 3 0 ) ,  439 (301, 397 ( 1 5 ) ,  355 (301, 354 (301, 311 (351, 

256 (951, 187  ( 4 5 ) ,  144 (1001; C30H27N308. Calcd. 557.1798, Found 557.1797 (mass s p e c t r o s c o p l c l .  

D l a c e t a t e  ( 1 1 ) :  1.8 g o f  p e n t a a c e t a t e  (9)  d i s s o l v e d  in 225 rnl acetone are mixed  w l t h  1 8  m l  o f  an 

aqueous T l C l  solution (15%)  and r e f l u x e d  f o r  60  m i n .  The r n l x t u r e  is cooled,  poured  l n t o  s a t u r a t e d  
3 

sodium b l c a r b o n a t e  solutlon and e x t r a c t e d  n t h  rnethy lene chloride. The s o l v e n t  1s evapora ted  and t h e  

r e s l d u e  p u r i f ~ e d  by slllca chromatography ( r e v e r s e d  phase, s l l l c a  60, Merck A t .  77191 w ~ t h  s a t e r  

- methanol 65/55. The pure fractions are cornbmed and yield 350 mg o f  c r y s t a l s  m e l t l n g  a t  1 5 1  - 

1 5 3 T .  

UV (CH30HI: A m a x  221, 255, 291, 299, 322 nm ( E  = 12620, 7440, 6270, 6850, 3340) ;  I R  ( K a r l  2925, 

1711, 1450, 1379 cm-'; 'H-NMR ( 9 0  MHz, DMSO-d6) 6 8.64 ( l H ,  s, b r o a d ) ,  8.37 - 8.22 (ZH, ml ,  8.09 

( l H ,  s ) ,  7.97 ( I H ,  s ) ,  7.34 - 6.95 (6H, m ) ,  4.59 (ZH, s ) ,  2.60 (3H, s ) ,  2.52 (3H, s ) ;  MS (200DC) 

M* 397 ME (60%), 354 (45,  313 (71), 312 (70) ,  144 (100) ;  CZ4H19N30r Calcd.  397.1426, Found 

397.1424 (mass-spectroscopic). 
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U n s a t u r a t e d  Lactam (12): 350 rng o f  d l a c e t a t e  (Q), d ~ s s o l v e d  i n  a r n l v t u r e  o f  40 rnl methanol  and 

10 m l  wa te r  is t r e a t e d  w l t h  10 m l  s a t u r a t e d  sodlum b l c v r b a n a t e  s a l u t l o n  and l e f t  a t  roam t empera tu re  

f o r  50 m m .  Mare wa te r  i s  added and t h e  r e a c t l a n  p r o d u c t  i s  e x t r a c t e d  a l t h  methy lene  c h l o r i d e .  A f t e r  

e v r p o r r t l n n  o f  t h e  s o l v e n t  t h e  residue is p u r l f l e d  hy TLC y l e l d l n q  170 mg (62%)  o f  pu re  r n a t e r l a l  

shoeing t h e  f o l l o s l n g  da ta :  

UV (CH30H): A m e x  223, 277, 286, 338, 353 nm ( c  = 9300, 4310, 4070, 3260, 2570); IR (KBr )  3400, 

3055, 2950, 1665, 1540, 1262 'H-NMR (90  MHz, DMSO-d6) 6 11.52 ( I H ,  s ,  b r o a d ) ,  11.39 ( l H ,  s, 

b r o a d ) ,  8.19 ( I H ,  8, b r o a d ) ,  7.50 - 6.63 (IOH, m ) ,  4 .54 (ZH, s ) ;  M5 (21UaC) M* 313 ME ( I n O L ) ,  284 

(681, 270 ( 2 0 ) ,  255 (111, 254 ( 1 1 ) ;  CZOHISN3O. Calcd. 313.1215, Found 313.1212 (mass-spectroscopic). 

S t a u r o s p o r m e  a q l y k o n  (u): 280 mq o f  u n s a t u r a t e d  lactarn (12) d ~ s s o l v e d  I n  50 rnl methanol  18 

l r r a d l a t e d  v l t h  a h l g h  p r e s s u r e  mercury lamp t l l l  consurnptlon o f  s t a r t l n g  m a t e r m 1  is m d l c a t e d  

by TLC. The s o l v e n t  is evapora ted  and t h e  residue p u r l f l e d  by TLC ( e t h e r / m e t h a n o l  9 : 1). One a b t a l n s  

180 mg (65%)  o f  r n e l t m g  a t  323-326•‹C (decamp.): 

UU (CH30H): hmax 237, 291, 721, 335, 346, 361 nm ( c  = 5350, 13210, 3070, 3780, 2990, 2050) ;  I R  

( K B r )  3440, 3310, 3060, 2960, 1650, 1588, 1490 m-': 'H-NMR (90 MHz, DMS0-d6) 6 4 .96  (214, s ) ,  7.10 

- 7.83 (6H, m ) ,  8.47 ( l H ,  s ,  b r o a d ) ,  9 .20 ( I H ,  m), 12.28 ( IH,  s, b r o a d ) ,  12.50 ( l H ,  s ,  b r o a d ) ;  MS 

(240•‹C) M' 311 ME ( l o o % ) ,  283 (611, 256 ( 3 1 ) ;  CZOH13N30. Calcd. 711.1059, round  311.1056 (mass- 

s p e c t r o s c a p l c ) .  
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