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,4 b s t r a c t  W e  descr ibe  :in e f f ic ient  synthes is  of methyl 4-(2,2- 

dimethoxyethyl)-6-hydroxy-7-metl1oxyindole-2-carboxylate (S) ,  a key 

intermediate for the synthesis of  the central and right parts of the 

antitumor agent CC-1065 ( 1 )  and of the inhibitors of cyclic adenosine-3'.5'- 

monophosphate phosphodiesterase PDE-I (2) and PDE-I1 (3). 

CC-1065 (1) is an extremely potent antitumor agent that was  first isolated from 

S t r e p t o m y c e s  ze lens is  by workers at the Upjohn Company.' It has greater activity 

than adriamycin, actinornycin D, x:mlolnycin, quinomycin C, and maytansin against 

L1210 leukemia cells in v i ~ r o . ~  Its pliarrnacological interest has prompted a number 

of synthetic studies.3 There is a remxk:ible similarity between the central and right 

parts of CC-1065 and the cyclic adenosine-3',5'-monophosphosphate phosphodiesterase 

inhibitors PDE-I (2 )  and PDE-I1 ( 3 )  which were isolated from another species of 

S ~ r e p t o m y c e s . ~  
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The central and right units of  CC-1065 ;ind the phosphodiesterase inhibitors PDE-I 

and PDE-I1 can all be synthesized fro111 tlie coninion precursor 4 ,  which should be 

possible to obtain by nitration of methyl  4-(2,2-dimethoxyethy1)-6-hydroxy-7- 

methoxyindole-2-carboxyla te  ( 5 )  followed by protection of the hydroxy group a n d  

reductive cyclization. 

4 

In this paper we describe [lie synthesis of the indole 5 f rom commercially available 

isovainillin in 34% overall yield. The key step of the synthetic plan is the formation 

of a pyrrole ring by vinylnitrenc cyclizaiion.  This  reaction i s  carried out by 

thermolysis of  an azidocinnamate derivative which is readily prepared from an 

aromatic aldehyde.5 

Wittig reaction of  5 -benzy loxy -2 -b romo-4 -me thoxybenza ldehyde  ( 6 )  which is 

a v a i l a b l e  f r o m  i s o v a i n i l l i n  in t w o  s t e p  s 6  (79% y i e l d )  w i t h  

methoxymethylenetriphenylphosphori~tie,  gave the P-methoxystyrene 7 ,  according to 

' H  nmr integrals, as a 2:l  mixture of the E arid Z isomers; the optimum yield (99%) 

was obtained in tetrahydrofuran using pot;~ssium I-butoxide as  base. Forrnyl-de- 

b r o m i n a t i o n '  of 7 was carried out by treattilent with n-butyl l i th ium followed by 

quenching of the organolithium i ~ i t e r t n d i t e  with N.N-diniethylformarnide. The  P -  

methoxys ty renes  7 and 8 are air sctisitivc, especially in solution. Compound 7 ,  

reverting readily to 6 ,  must be slorcil u i~der  .Ar. 

Condensation of 8 with methyl ~z ic lo ; i cc t ; i t c~ i , roduced  the unstable azidocinnamates 

9 as a mixture of two isomers :ibout the enol ether double bond, both of them hav ing ,  

l ike the other azidocinnam;ttes synthesized in this work,  the same unique but 

unknown s tereochemis t ry  with respect  to the vinyl azide double  bond. The 

compound 9 was immediately subjected to thermolysis in boiling xylene, yielding a 

complex niixture of the products wliosc '1-1 nnir spectrometry suggested included just 

a small amount of tlie desired indolc 1 0 .  Nitrenes have a great tendency to add to 
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double bonds, and in our case the desired NC-cyclo-CH-imino-insertion i s  probably 

less favoured than the e p i - i m i n o - a d d i t i o n . 7  This result was expected in view of 

published precedents.5 
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Reagents: i :  ( C ~ H ~ ) ~ P + C H ~ O M C  C1- , I -BuOKl  THF: i i :  n-BuLiI THF,  thcn DMF; iii: 

N ~ C H Z C O Z M ~ ,  Nal McOH; iv: SOC12I McOH; v: nylcnc, reflux; vi: Hz. Pd-C. McOH. 



We then addressed the preparation of 1 2 ,  ;I substrate in which side reactions in the 

key indole formation are less likely. Treatment of 7 with thionyl chloride in 

methanol effected the addition of tiietI~;tnol, giving the dimethyl a c e d  11. Reaction 

of bromide 1 1  with n-butyllithium followed by addition of N.N-dimethylformamide 

failed under a number of different experimental condit ions,  to give a reasonable 

yield of the desired aldehyde 1 2 .  I n  1111 cases a mixture of unidentified aldehydes 

was obtained. Attempts to transform 8 into 1 2  using various acidic conditions also 

met with failure. Eventually, the azidocinnamate 13  could be prepared directly from 

the unstable vinyl azide 9 by trecltrnent with thionyl chloride in methanol. As 

expected, thermolysis of  13  in boiling xylene brought about a clean closure to yield 

the indole 1 4 .  The sequence of reactions from 8 to 14 must be carried out as quickly 

as possible since the intermediate vinyl azides 9 and 13  are very unstable. W e  found 

that the optimal overall yield (52%) from 8 to 14 was obtained when these three 

reactions were performed without purification of 9 and 13.  

0-Debenzylation of 14 by catalytic hydrogenation over palladium on carbon resulted 

in a high yield of the desired indole 5 ,  thus completing an efficient synthesis of the 

potential key intermediate for preparations of CC-1065, PDE-I and PDE-11. 

EXPERIMENTAL 

Tcliahydrafuran (THF) was dislillcd under A r  i ram sod ium and mclhanol was distilled from 

magnesium prior to usc. Mclling poinls a rc  uncu~~cctcd. lnliilrcd ( i r )  spcctra wcrc taken in KBr 

pcllcts on Perkin-Elmcr 1420 and 180 insiru~ocnts. UIII-aviolcl (uv) spcctra wcre recorded using 

ethanol solutions on Konlron Uvikan S?O and  810 P insliumcnls. Nuclcni magnetic rcsonance 

( n m r )  spcctra were rccardcd i n  chloroloin-rl solulions on a Brukcr WM-250 (250 MHL) 

instrument using tctramethylsilanc as inlcrn:d standard. Mass spcctra (ms) were recorded on a 

Kratos MS-50 spectromctcr, with clcctron impacl at 70 c.v. using a DS-90 data system: high 

resolution data wcre dctcrmincd u i n g  pcrfioorokeroscnc as a standard. Thin layer 

chromatography (tlc) was carricd out on Mcrck GF-254 silica gel and Slash chromatography on 

Mcrck 60 (230-400 mesh) silica gcl. 
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S-Benrvloxv-2-bromo-4.Ii-dimcthoxvn(vrcnc ( 7 ) .  A suspension of 14.10 g (41.10 mmol) of 

t r iphcnylmcthoxymethylphospI~onium chloridc and 7.98 g (86.75 mmol) of freshly sublimed 

potassium rerr-butoxidc in 138 ml of dry THF was slirrcd undcr argon for I h. Aldehyde 6 (6.285 g. 

19.58 mmol) was addcd lo thc ylidc soluliun. and thc mixture was stirrcd for 48 h at room 

temperature. A saturatcd aqueous solution of ammonium chloridc was addcd, most of the THF was 

removed in a rotatory evaporator, and the rcsiduc was cxtractcd wilh dichloromethane. Thc 

organic solution was dried (Na2 .704 )  arid evaporated lo a volumc of c.a. 15 ml. This solution was 

stirrcd with methyl iodidc (10 mi) for 1 It lo climinatc triphenylphusphine. Evaporation under 

reduced pressure gave a crudc product which was purified by flash chromalography (hexanc- 

ethyl acetate, 3 : l )  on silica gci, yielding 6.805 g (99.6%) of an unscparated 2 : l  mixture of the E 

and Z isomers of 7 ,  mp 68-74°C; ir v,,,: 1640. 1595. 1510 cm-I ;  uv X,,,: 244sh. 270. 278sh and 305 

nm: ' H  nmr (major isomer) 6: 7.5-7.3 (m, 5H,  -CH?CgHs), 7.03 (s. 1H. ArH), 6.85 (s. IH. ArH). 6.73 (d, 

J= 129Mz. IH,  HP), 5.96 (d, J= 12.9Hz. IH. Hu). 5.13 (s, 2H, -CH2CgHg), 3.85 (s. 3H, Ar-OCH3). and 3.68 

(s, 3H, -CH=CH-OCH?) ppm; I H  lnmr ( m i n ~ r  i s imw) 8 :  7.71 (s, IH,  ArH), 7.5-7.3 (m, 5H, - C H Z C ~ H S ) ,  

7.02 (s. IH, ArH), 6.11 (d, J= 7.2Hz, IH, Ha ) ,  5.47 id, J= 7.2Hz. IH. Ha). 5.15 (s, ZH, -CH2CgHg), 3.85 (s, 

3H, Ar-OCH31, and 3.69 (s, 3H. -CH=CH-OCH3) ppm; ms: m/z (%) 350 (M+. 6). 348 (M+. 6). 259 (4). 257 

(4). 231 (6). 229 (6). 150 (6). 135 (10). 91 (100). 77 ( 7 ) .  E x ; l c l s  calcd for C 1 7 ~ 1 7 0 ~ ~ ~ ~ r :  348.0362 

(M+): found (ms): 348.0374. 

4 - B c n z v l o x v - 5 - m c t h n x v - 2 ( 2 - m c t l i o x ~ l ~ c ~ i v l ) h c 1 i z o I d c h v d c  (81 .  A 1.92M solution of n -  

butyllithium in hexane (10.8 ml. 20.74 m ~ n o l )  was addcd dropwisc undcr argon to  a stirred 

solution of 7 (6.535 g ,  18.73 mrnul) in dry TlHF (61 ml) cooled at -100°C to - 9 0 T  (inner 

temperature). Thc mixture was stirrcd ibr  0.5 11. Dry DMF (7.3 ml. 94.4 mmol) was addcd, and the 

temperature was allowcd slowly lo allain room tcmpcraturc. A sarurarcd aqueous solution of 

N H 4 C I  was addcd, most of the THF u;;is climinatcd in a rotatory cvaporator. and lhc resulting 

m i x ~ u r c  was  extracted with dichlommcthanc.  Thc  organic solution was dricd ( N a z S 0 4 ) .  the 

soivcnt was rcmovcd, and the crudc mixturc was subjcclcd lo flash chromatography (hcxanc- 

ethyl acctate, 4 : l )  on  silica gcl. to give 5.185 g of an unscparatcd 2 : l  mixture of the E and Z 

isomers of 8 (93% yicld). mp 104-112T;  ir v,,,,: 1675 (C=O). 1630. 1595. 1505 cm-I;  uv X,,,: 263. 

290, and 344 nm; I H  nmr (major isorncrj 6: 10.16 (s, IH, -CHO), 7.5-7.3 (m, 6H, - C H Z C ~ H S  + ArH), 6.81 

(s, IH, ArH), 6.73 (d, J= 128H1.. 111, Hp), 6.117 (d. J =  12 .8H~ .  1H. Ha). 5.23 (s. 2H. -CHzCgH5). 3.93 (s. 3H. 



Ar-OCH3).  and 3.72 (s. 3H. -CH=CH-OCH3) ppm; I H  nmr (minor isomer) 6: 10.15 (s. I H ,  -CHO). 7.5-7.3 

(m, 711, -CH2C6H5 + 2 x ArH), 6.22 (d, J=  7.2Hz. IH, H a ) ,  5.93 (d, J= 7.2Hz. IH, Ha), 5.23 (s, 2H, - 

C H z C g H s ) ,  3.93 (s, 3H, Ar-OCH3), and 3.70 (s, 3H, -CH=CH-OCH3) ppm; ms: mlz (%) 298 (Mt, 41, 267 

(2). 207 (3). 179 (3). 164 (3). 135 (3). 121 (4). 105 (4). 91 ( loo),  77 (9). Exact mass calcd for C 1 8 H 1 8 0 q :  

2 9 8 1 2 0 5  (M+); found (ms): 298.1210. 

~ - B c n z v l o x y - 2 - b r o m o - 4 - m c t 1 ~ 0 ~ v n h c n v l ) ~ c  d imcthvl  acc ta l  (111 .  0.30 ml (492 mg. 

4.13 mmol)  of thionyl choride wcrc addcd dropwisc to a stirred cold (ice-water bath) suspension 

of 500 mg of 7 in dry mcthanol (3  ml) kcpt in a round-bouumcd flask with a CaC12 tubc attached. 

Aftcr  stirring 3 0  min at room tcmpcraturc. thc rcsulting solution was  neutralized with a 10% 

aqucous solution of  NaOH. Most mcihanoi was rcmovcd in a rotatory evaporator, and the resulting 

mixlurc was extracted wiih dichlororneilr;~uc. The urgnoic solut ion was  dried ( N a 2 S 0 4 )  and 

concentrated,  and the crudc mixture was subjcctcd t o  flash chromatography (dichloromethane) 

an  silica gel, to give 491 m g  of 11  (90% yicid). rnp 47-48°C: ir Vmax: 1640. 1600. 1505. 1460. 1440 cm- 

I ;  uv X,,,: 232 sh, 270, 278, 294 sh and 316sh n n r ;  ' 1 1  nnrr 6 :  7.5-7.3 (m, 5H, -CH*CgH5), 7.01 (s, IH,  

ArH), 6.84 (s, I H ,  ArH), 5.13 (s, 211, -CH2C6115), 4.46 (1, IH,  J=  5.6 Hz, -CH2-CH-(OCH3)z). 3.84 (s, 3H, 

Ar-OCH3).  3.27 (s, 6H, -CHz-CH-(OCH3)2) and 2.91 ((1, 2H. I =  5.6 Hz, -CHz-CH-(OCH3)z) ppm; ms: mlr 

(%I 382 ( M t ,  21, 380 (M+. 2). 351 (61, 350(7), 349 (6). 348 (6). 259(7). 257 (7), 231 (27). 229 (30). 209 

(12). 91 (100). 75  (58). Exact rnav calcd for ~ l y l l ~ l 0 j ' ~ ~ r :  380.0624 (M+); found (ms): 380.0609. 

M c t h v l  2 - a z i d o - 3 - ( 4 - h e n z v l o ~ v - 5 - 1 ~ ~ ~ 1 I ~ o ~ ~ - 2 - ( 2 ~ c ~ l o c t h c l - n h l o t  (fi. A 

suspension of 8 (4.877 g. 16.37 nimol) In u mixtorc of d ry  mcthanol (43 ml)  and mcthyl 

azidoacentc (13.0 ml,  133.4 nlmul) was sllglrtly lhcatcd 10 ubtain a clcar solution. This  solulion was 

addcd dropwise to a coolcd (salt-icc bath) ,  s t i n c d  solution of  sodium methoxidc,  which was 

freshly prcpared by carefully adding sodium (3 .8  g, 165 mmol) to dry methanol (69  ml). Stirring 

was kcpt for 2 h at -10'C lo  -15-C. T h c  tcrnpcr;$lurc was allowcd to rise slowly lo  4 T  and the 

rcaction mixture was left at this tcmpcialurc lo r  48 11. A saturated aqucous solution of NH4CI was 

addcd and the resulting niixturc was cxlractcd with dichlorumcthanc. The  organic solution was 

dricd ( N a 2 S 0 4 )  and the solvcnt cvaporatcd, yiciding 6.430 g of crudc 9 which was quickly used in 

the following reaction without any further purification. In  order t o  obtain optimal yiclds, it was 

necessary to avoid s t rong  light o r  hcat ing during Lhc preparation and handling of 9. In a 
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separate run some crudc Y was quickly puriiicd by flash chromatography using a small pad of 

tlc silica gel on a Biichncr lunncl, while thc elution (dichloromcthane-hexane. 1 : l )  was specdcd 

by suction. In  this way an 86% yield of an unscparctcd 2: l  mixture ( l H  nmr integrals) o f  the E 

and Z isomers was obtaincd. mp 95-97'C: ir V m a x :  2090. 1695 (C=O). 1635. 1500 cm-I:  uv l.,,,: 270. 

318 and 354 nm: I H  nmr  (major isomer) 6: 7.68 (s . lH.  ArH). 7.5-7.3 (m. 5H. -CHzCgH5).  7.13 (s. IH. 

ArH). 6.78(s, 1H Ar-CH=CN3COOMc). 6.58 (d. I =  12.7H,, 1H. HP). 5.90 (d. I= 12.6Hz. IH. Ha). 5 1 9  (s, 2H. 

- C I I Z C ~ H ~ ) ,  3.92 (s. 3H. Ar~OCH3) .  3.91 (s. 3H. -COOCH3) and 3.69 (s, 3H. -CH=CH-OCH3) ppm: 'H nmr 

(minor isomcr) 6 :  7.64 ( r . lH.  Arl-I). 7.5-7.3 (m.  5H, - C H 2 C g H 5 ) ,  7.17 (s. I H ,  ArH). 6.78(s. 1H Ar- 

CH=CN3COOMe), 6 1 4  (d, J= 7.6Hz, lH,  HP), 5.31 (d, I= 7.6Hz, IH, Ha),  5.24 (s, 2H, -CH2CgHg), 3.90 (s, 6H, 

Ar-OCH3 + -COOCH3)  and 3.67 (1. 3H, -CH=CH-OCH3) ppm: ms: m h  (%) 367 (MC-  N2.32). 277 (19). 276 

(77), 244 (29). 216 (24). 188 (18). 91 (100). Enact n ~ t \ s s  calcd lor  C Z I H ~ I O ~ N :  367.1420 ( M + N 2 ) :  

found (ms): 367.1397,  

M e t h v l  2 - a z i ~ - 3 - ~ 4 - h c n ~ v l o x v - 2 - l 2 . 2 - d i n ~ ~ t l ~ ~ x v c t l ~ v l ~ - S - n ~ e t h o x v n h c n v l ~ n r o ~ c n o a t e  l u ,  A 

mixturc of thionyl chloridc (3  ml, 41.345 m m d )  and dry rncthanol (40 ml) was added dropwisc to a 

cold solution ( ice-water  bath) of  crudc Y in dry T H F  (48 ml) . After 5 h of stirring in a round- 

bottomcd flask with a CaC12 tubc, thc rnixturc was neutralized with solid N o H C 0 3  and abundant 

cold watci  was poured over it. The prccipitalc was filtered and dissolved in dichloromethanc. This 

solution was dricd ( N a 2 S 0 4 )  and cunccntratcd to give crudc 1 3 .  As  lor 9. strong light and hcnting 

must be avoided during thc handling o f  1 3 .  In a separatc run. somc crude 13 w a s  quickly 

purified using the  s a m c  chromatogrnpli ic  mcthod a s  f a r  9 .  E l u t i n g  with d ich loromethane  

aiiardcd a 76% yicld of 1 3 ,  rnp 90-92°C: ir V,,;,,: 2120. 1710 (C=O), 1610. 1590, 1510. 1410 cm-I: uv 

A,,,: 238, 314 and 340 nnr: '1.1 nnir 6 :  7.70 (s . lH,  Ail-I), 7.5-7.3 (rn, SH, - C H Z C ~ H ~ ) ,  7.17 (s, I H ,  ArH), 

6.79(s, 1H Ar-CH=CN3COOMc). 5.19 Is. 2H, -C/ izCgHj) .  4.32 (1, IH, I= 5.5 Hz, -CHZ-CH-(OCH3)z). 3.92 (s, 

3H, Ar-OCII3). 3.90 (s, 3H, -COOCH3), 3.26 Is, 6 H .  -CH?-CH-(OCH3)z) and 2.88 (d, 2H, I =  5.5 Hz, -CH2-CH- 

( O C H 3 ) z )  ppm: ms: mh (%I 399 ( M +  N2, 6). 324 (9).  308 (20). 276 (7). 234 (14). 202 (9). 91  (55). 75 

(100). 57 (12). Exact m a s t  calcd for C221125OgN: 399.1682 (Mt- Nz): found ("1s): 399.1671. 

hlcthvl 6 - b c n z v l o x v - 4 - ( 2 . 2 - d i m ~ I ~ 0 ~ ~ ~ ~ 1 I ~ v l ~ - 7 - m e t l x v i n d o l e - 2 - c a r h o x v l a t  (141. T o  dry boiling 

xylcnc (100 ml) under argon in a round-bouonicd flask provided with a condenser, a hot solution 

of crudc 1 3  in dry xylcnc (65 ml) was quickly added using a syringc. Aitcr refluxing for 1 h, the 



xylcne was  evaporated and lhc  b r o w n  tar  obtaincd was subjected to flash chromatography 

(CHzCI2-hexane ,  I : l )  on silica gcl to o b u i n  3.425 g o l  1 4  in 52% ovcrall yield from 8. m p  1 0 9 T ;  ir 

vmax: 1690 (C=O). 1625, 1515, 1360 c n - I ;  uv in,,,: 236 and 310 nm; I H  nmr 6 :  8.93 (br s. IH,  NH), 7.5- 

7.3 (m. 5H. -CH2CbH5). 7.23 (d, IH. J=  2.2 HL. H3), 6.83 (s. IH. Hs). 5.18 (s. 2H. - C H Z C ~ H S ) .  4.61 (1. IN, 

J=  5.6 Hz, -CHz-CH-(OCH3)2) ,  4.01 (a. 3H. Ar-OCH3), 3.93 (s, 3H, -COOCH3), 3.31 (s, 6H, -CHz-CH- 

( O C H 3 ) 2 )  and 3.09 (d. 2H. I= 5.6 HL., - C H Z - C H - ( O C H ~ I ~ )  ppm; ms: m h  (%) 399 (M+. 10). 368 (6). 308 

(371, 248 (6). 234 (30). 216 (111, 202 (241, 173 (7). 144 (61, 91 (601, 75  (100). Exact m a  calcd for 

C Z Z I I ~ S O ~ N :  399.1682 (M+); found ("1s): 399.1676. 

M c l h v l  4 - ( 2 . 2 - d i m e 1 h o x v c t h v I ) - h - l i v d r o r v - 7 - ~ x v i n l o l e - 2 - c a r b o x v l a t e  ( 5 ) .  A solution of 1 4  

(692 mg. 1.734 mmol) in diy mcthanol (10 ml) was stirred with Raney nickel (200 mg)  for 30 min 

(this caution must bc takcn to avoid Pd-C ciltnlysr poisoning). The suspendcd solid was  filtered out 

and washed with dry mcthanol  (20 ml) .  10% Pd-C ( 7 0  mg) was then added t o  the combined 

mcthanolic soluiions, and thc rninrurc  was slirrcd lo r  5 h undcr hydrogen. The  Pd-C was filtered 

out and the filtrate was concenlratcd. Flash chromalogmphy ( C H 2 C I z )  on silica gel of  the crude 

conccntrale gave 478 m g  of indole 5  (89% yicldi. rnp 131-132'C. i r  v,,,: 3330 (-OH). 1695 (C=O), 

1625, 1525, 1445 crn-I; uv A,,,,: 249 and 311 nm; I H  nmr 6:  9.16 (br s, IH, NH), 7.24 (d. IH, J= 2.2 HZ, 

H3). 6.75 (s, IH, Hsl. 5.9 (br s ,  IH,  -OH)., 4.68 (1, 1H. J= 5.6 Hz, - C H Z - C H - ( O C H ~ I ~ ) ,  3.95 (s, 3H, Ar- 

O C H 3 ) .  3.94 (s. 3H. -COOCH3). 3.35 (s, 6H. -CH2-CH-(OCH3)2)  and 3.09 (d. 2H. J= 5.6 Hz, -CHz-CH- 

(OCH312)  ppm; ms: m h  (%I 309 (M+, 7). 278 ( 5 ) .  246 (3). 234 (4). 202 (11). 174 (2). 159 (4). 146 (2), 

103 (3). 89 (2). 75 (100). Exact niass calcd l o r  C i s I i ~ g O g N :  309.1212 (M+); found (ms): 309.1223. 
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