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Abstract : T h r e e alkylation s i t e s ( 0 , C - 2 or N a t o m s ) a r e p r e s e n t o n m e t h y l 3 - h y d r o x y i n d o l e - 2 - c a r b o x y l a t e 4a. 
Funct iona l i zed h a l i d e s w e r e u s e d to s t u d y t h e reg io se l ec t i v i ty of t h e s e a lky la t ions . In o r d e r to illustrate this work, t h e 
pyrimidine 17 h a s b e e n s y n t h e s i z e d from t h e O-alkylated c o m p o u n d 13a. 

Introduction : 3 - H y d r o x y i n d o l e - 2 - c a r b o x y l i c ac id d e r i v a t i v e s 1 r e p r e s e n t w e l l - k n o w n a n d readi ly a v a i l a b l e 

c o m p o u n d s (1) . C o m p o u n d s 1 are u s e d a s s y n t h o n s for t h e preparat ion of i n d o l e - f u s e d h e t e r o c y c l e s , incorporat ing t h e 3 -

hydroxy g r o u p in ring format ion to g i v e c o m p o u n d s of potential med ic ina l in teres t , e . g . 2 (ant i -a l lergy a n d / o r C N S 

act ivi t ies) (2 ,3 ) . R e c e n t l y , Hirota et al. r epor ted that s o m e 4 - a l k y l a m i n o - 6 , 7 - d i h y d r o - 5 / - / - p y r i m i d o [ 5 , 4 - c ( l [ 1 ] b e n z a z e p i n e s 3a 

or 5 , 6 - d i h y d r o [ 1 ] b e n z o x e p i n o [ 5 , 4 - d l p y r i m i d i n - 4 ( 3 H ) - o n e 3b (6) s h o w s t r o n g e r inhibitory activity a g a i n s t c o l l a g e n - i n d u c e d 

a g g r e g a t i o n of rabbit b l o o d p l a t e l e t s than aspir in, w h i c h is a n ant i -plate let a g e n t ( 6 , 7 ) . O u r g o a l w a s to r e p l a c e t h e b e n z o 

part of c o m p o u n d 3b by a n indole m o i e t y . 

NHR 

1 2 3a 

Methyl 3 - h y d r o x y i n d o l e - 2 - c a r b o x y l a t e m a y e x i s t in t w o t a u t o m e r i c f o r m s , 4a a n d 4b : 

3b 
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OH O 

T h e reactivity of t h e l<etoester is main ly g o v e r n e d by t h e eno l i c form 4a; 4a is s o l u b l e in a q u e o u s s o d i u m 

hydroxide a n d prec ip i ta ted with ac id . In CDCIg so lut ion , 4a is t h e o n l y p r e s e n t t a u t o m e r i c form. S u c h a b e h a v i o u r h a s a l s o 

b e e n reported for t h e c o r r e s p o n d i n g 3 -hydroxy-1 H-indol-2-yl e t h a n o n e (4) . 

T h r e e a lkylat ion s i t e s a r e p r e s e n t in c o m p o u n d 4 a , s o O, Cox AZ-alkylation c a n o c c u r . Po lar aprot ic s o l v e n t s a n d 

large c a t i o n s favour O-alkylat ion; a c c o r d i n g to t h e H S A B theory , i odo c o m p o u n d s g i v e main ly C-alkylation w h i l e s u l f o n a t e s 

g i v e O-alkylation (8 ) . For c o m p o u n d 4a, t h e poss ibi l i ty of AZ-alkylation a l s o e x i s t s . 

W e h a v e recent ly revis i ted t h e alkylation of m e t h y l i n d o l e - 2 - c a r b o x y l a t e with t h e func t iona l i zed h a l i d e s 5 a n d 8. 

In all c a s e s t h e A/-alkylation w a s o b s e r v e d (9) . 

C o m p o u n d 4a h a s b e e n p r e v i o u s l y C- a n d / o r O-alkylated us ing allylic b r o m i d e s ( 1 0 , 1 1 ) a n d e x c l u s i v e l y O-

alkylated with methy l or allylic t o s y l a t e s ( 1 0 ) , with c o m p o u n d 5b ( 15 ) or with 2 - b r o m o p r o p a n e (12 ) . T h e s e O-alkylated 

c o m p o u n d s h a v e b e e n A/ -phenylated ( U l l m a n n - t y p e reac t ion) ( 1 2 ) . T h e m e t h o x y c a r b o n y l g r o u p of c o m p o u n d 4 a h a s b e e n 

transformed into a |3-keto s u l f o n e g r o u p (4) . Ethyl 3 - h y d r o x y - 1 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e 22 w a s no t o b t a i n e d by N-

methylat ion of ethyl 3 - h y d r o x y i n d o l e - 2 - c a r b o x y l a t e , but o n l y by react ing A/-methylanil ine with diethyl b r o m o m a l o n a t e (5) . 

T h e p r e s e n t inves t iga t ion w a s u n d e r t a k e n t o e x a m i n e t h e reg iose l ec t iv i ty of t h e a lkylat ion of 4 a with 

funct ional ized h a l i d e s like 5, 8, 12 in order to obta in d i e s t e r s or c y a n o e s t e r s , w h i c h c o u l d b e s u b m i t t e d to a D i e c k m a n n 

c o n d e n s a t i o n ; t h e p r o d u c t s o b t a i n e d a r e potential ant i -p late le t a g e n t s ( 1 3 , 1 4 ) . ( T h e e x p e r i m e n t a l c o n d i t i o n s w e r e K2CO3 

a s b a s e , with 1 e q u i v a l e n t of ha l ide , in DMF at 9 0 ° C ) . 

R e s u l t s : 

X C H j C O j R 

K 2 C O 3 / D M F 

7 - 1 2 % 

Sa X = 01 R = CH3 
5b X = Br R= C^H^ 

COjCH j and / or 

6a R = C H , 

O C H j C O j R 

-C0 , C H 3 

C H j C O j R 

7a R = C H 3 

7b R=C2H5 

C o m p o u n d 4a, t r e a t e d with 1 e q u i v a l e n t of m e t h y l c h l o r o a c e t a t e Sa , led to a mixture of O-a lky lated c o m p o u n d 6a 

a n d A/ ,0 -d i subst i tuted c o m p o u n d 7a. T h e t r e a t m e n t of 4a with 1 e q u i v a l e n t of ethyl b r o m o a c e t a t e 5b g a v e o n l y t h e N,0-

disubst i tuted produc t 7b. T h e s a m e d i subs t i tu ted c o m p o u n d 7b w a s o b t a i n e d if o n l y 0 . 5 e q u i v a l e n t of 5b w a s u s e d . 

1 8 2 
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T h e r e a c t i o n of 4a with t h e h a l i d e s 5 a l l o w e d u s to obta in on ly t h e O- a n d / o r A/ ,0 -d ia lky la ted c o m p o u n d s ; 

m e a n w h i l e t h e y i e l d s a r e low in i s o l a t e d p r o d u c t s after purification o n s i l ica g e l c h r o m a t o g r a p h y (< 2 0 % ) . It h a s b e e n 

reported that m u c h h igher y i e l d s result u s i n g a c e t o n e i n s t e a d of D M F a s s o l v e n t , in t h e O-aikylat ion of e thyl 3 -

h y d r o x y i n d o l e - 2 - c a r b o x y l a t e with 5 b ( 1 5 ) . 1 - C h l o r o - 2 - p r o p a n o n e in refluxing a c e t o n e led a l s o in g o o d y ie ld ( 7 4 % ) to t h e O-

aikylated c o m p o u n d ( 1 6 ) . Hirota et al. a l s o reported t h e O-alkylat ion of 3 - h y d r o x y b e n z o [ i ) ] t h i o p h e n e - 2 - c a r b o n i t r i l e , u s i n g 

KgCOg a n d ch loroace ton i t r i l e , in a c e t o n e in 7 0 % yield ( 1 7 ) . 

^ > — C O . C H , + Br(CH2)2R 
N ' 
\ 
H 8a R= COjCjHj 

8b R=CN 

4a 

4 C H , ) , R 

65-67 % 
- N ' •CO,CH3 

\ 
H 

9a R = C 0 2 C 2 H 5 

9b R = C N 

T h e incorporat ion of o n e m o r e m e t h y l e n e unit in t h e h a l i d e s 8 r e s u l t e d in a s e l e c t i v e C-alkylat ion of c o m p o u n d 

4a with m u c h h i g h e r yield : i n d e e d , reac t ion of c o m p o u n d 4a with ethyl 3 - b r o m o p r o p a n o a t e 8a g a v e t h e p r o d u c t 9a in 6 5 % 

yield, a n d reac t ion with 3 -bromopropanen i t r i l e 8b l ed to t h e product 9b in 6 7 % yie ld . 

H2C=CHC02CH3 

K2CO3, DMF 

4 5 % 

T h e M i c h a e l addit ion of c o m p o u n d 4a o n methy l a c r y l a t e led to a mixture of t h e C-a lky la ted produc t 10 in 2 0 % 

yield, a n d of t h e tricyclic c o m p o u n d 11 in 2 5 % yield. C o m p o u n d 11 w a s t h e result of t h e in tramolecu lar a c y l a t i o n of 10. Its 

structure h a s b e e n e l u c i d a t e d us ing 2 D NMR a n d b y a n i n d e p e n d e n t s y n t h e s i s ( 1 6 ) ) . 

W e s w i t c h e d from C-alkylation to O-alkylat ion by u s i n g t h e h a l i d e s 12 with o n e addi t iona l m e t h y l e n e unit. 

OH 

4a 

X(CH2)3R 
70-76 % 

12a X= CI R= CN 
12b X= Br R= COjCjHs 

13a R = C N 
13b R = C 0 2 C 2 H 5 

Act ion of 4 -chiorobutaneni tr i le 12a with c o m p o u n d 4a g a v e t h e 0 - a l k y l a t e d p r o d u c t 13a in 7 6 % yie ld , a n d a c t i o n 

of ethyl 4 - b r o m o b u t a n o a t e 12b led similarly to t h e O-a lky la ted c o m p o u n d 13b in 7 0 % yie ld . W e h a v e o b s e r v e d in both 
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c a s e s a t r a c e of t h e A / , 0 -d i subs t i tu ted c o m p o u n d s 1 4 . T h e u s e of refluxing a c e t o n e , i n s t e a d of DMF, g a v e m u c h l o w e r 

y i e lds of O-alkylated p r o d u c t s 1 3 a , b . 

U s i n g 5 e q . of 4 -ch lorobutaneni tr i l e 1 2 a with c o m p o u n d 4 a , in refluxing acetonitr i le ( 4 8 h) , led to t h e N.O-

dialkylated product 1 4 a in 5 0 % yield. C o m p o u n d 1 4 a w a s a l s o o b t a i n e d by /V-alkylation of 1 3 a with 4 -ch lorobutaneni tr i l e . 

C o m p o u n d 1 4 b w a s similarly o b t a i n e d from 4 a u s i n g a n e x c e s s of 1 2 b (4 e q . ) , in 6 0 % yield (18 ) . 

OCH3 

CO2CH3 

(CHJ-R 
\ 
(CHJ.CN 

14a R = C N 
14b R=C02C2H5 

24 

In c o n n e c t i o n with m o l e c u l e s w h i c h might h a v e potential biological act iv i t ies ( 6 , 7 , 1 9 ) , w e d e s c r i b e h e r e t h e u s e 

of c o m p o u n d 1 3 a in t h e s y n t h e s i s of pyrimidine der ivat ive 1 7 ( S c h e m e 1 ) : 

NaH, THF 

CH,I 

77-79 % 

13a R = C N 
13b R=C02C2H5 

LDA, THF 

75-78 % 

15a R = C N 
15b R=C02C2H5 

HCONH2, NH3 
140° 

5 5 % 

NHR 

16a R = C N 
16b R=C02C2H5 

C2H50HC=C(C02C2H5)2 

7 3 % 

17 R = H 
20 R = C O C H , 

S C H E M E 1 

19 
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C I ( C H 2 ) 3 C N 

7 6 % 

22 

After u n s u c c e s s f u l a t t e m p t s ( N a / x y l e n e , tBuOK, N a H / T H F ) , t h e D i e c k m a n n - t y p e cyc l i za t ion of c o m p o u n d s 1 5 a , b 

w a s per formed u s i n g L D A / T H F at low t e m p e r a t u r e to g i v e 1 6 a , b in g o o d y i e l d s . T h i s cyc l i za t ion c a n a l s o b e directly 

per formed o n c o m p o u n d 1 3 a in 7 2 % yie ld . T h e ketonitrile 1 6 a w a s e i ther O-alkylated with methy l t o s y l a t e , or C-alkylated 

with methyl i o d i d e . Reac t iv i ty of t h e k e t o e s t e r 1 6 b (C-alkylat ion, d e c a r b o x y l a t i o n ) will b e p r e s e n t e d later. T h e p - o x o nitrile 

1 6 a w a s t h e n c y c l i z e d by t h e reac t ion with f o r m a m i d e u n d e r a m m o n i a s t r e a m at 1 4 0 - 1 5 0 ° C to g i v e t h e c o m p o u n d 1 7 with 

a pyrimidine ring in 5 5 % yie ld . 

In o r d e r to s t u d y t h e reactivity of pyrimidine der iva t ive 1 7 , diethyl e t h o x y m e t h y l e n e m a l o n a t e w a s r e a c t e d with 

c o m p o u n d 1 7 (1 4 ) t o g i v e t h e c o m p o u n d 1 8 in 7 3 % yie ld , w h i c h w a s c y c l i z e d in d ipheny l e t h e r at 2 5 0 ° C to afford 

c o m p o u n d 1 9 , a s s h o w n in S c h e m e 1. T h e pyrimidine der iva t ive 1 7 t r e a t e d with ace ty l ch lor ide led to t h e c o m p o u n d 2 0 in 

7 8 % yield. 

C o n c l u s i o n s : W e h a v e d e s c r i b e d a n u m b e r of e x a m p l e s in w h i c h methy l 3 - h y d r o x y i n d o l e - 2 - c a r b o x y l a t e 4 a 

s h o w s spec i f i c a lky lat ion s i t e s d e p e n d i n g of t h e n u m b e r of m e t h y l e n e units of t h e ha l ide u s e d . Further c o m p r e h e n s i v e 

s t u d i e s of the a lkylat ion of c o m p o u n d 4 a a r e currently u n d e r i n v e s t i g a t i o n a n d will b e reported in d u e c o u r s e . Addit ionaly , 

t h e s e resul ts a l l o w e d u s to obta in t h e p h a r m a c o l o g i c a l in teres t ing pyrimidine der ivat ive 1 7 . 

E x p e r i m e n t a l : 

Melting p o i n t s w e r e m e a s u r e d u s i n g a Kofler a p p a r a t u s a n d a r e u n c o r r e c t e d . IR S p e c t r a w e r e r e c o r d e d o n a 

Perkin-Elmer 2 5 7 s p e c t r o m e t e r , a n d ^^C-NMR s p e c t r a w e r e r e c o r d e d o n a Bruker AM 3 0 0 s p e c t r o m e t e r u s i n g T M S a s 

internal r e f e r e n c e a n d m a s s s p e c t r a w e r e r e c o r d e d o n a N e r m a g R - 1 0 - 1 0 C s p e c t r o m e t e r . C o l u m n c h r o m a t o g r a p h y w a s 

carried out with Merck K i e s e l g e l 6 0 ( 2 3 0 - 4 0 0 m e s h ). 

A l k y l a t i o n of m e t h y l 3 - h y d r o x y i n d o l e - 2 - c a r b o x y l a t e ; T y p i c a l p r o c e d u r e : 

Methyl 3 - m e t h o x y c a r b o n y l m e t h o x y i n d o l e - 2 - c a r b o x y l a t e 6 a : 

1 8 5 

Methy la t ion of c o m p o u n d s 1 3 a , b with i o d o m e t h a n e g a v e t h e A/-methyl c o m p o u n d s 1 5 a , b . S tructure of 

c o m p o u n d 1 5 a h a s b e e n c o n f i r m e d by treat ing ethyl 3 - h y d r o x y - 1 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e 2 2 with 4 -ch lorobutaneni tr i l e 

1 2 a under t h e s a m e c o n d i t i o n s of a lkylat ion a s for 4 a : c o m p o u n d 2 3 w a s i so la t ed in 7 6 % yield a n d its NMR d a t a w e r e in 

a g r e e m e n t with t h o s e of c o m p o u n d 1 5 a . Similarly, alkylation of methy l 3 - m e t h o x y i n d o l e - 2 - c a r b o x y l a t e with t h e hal ide 1 2 a 

afforded the /V-alkylated c o m p o u n d 2 4 (5 n c h 2 = ^-^^ PP"^) ( 1 6 ) . 
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K e t o e s t e r 4 a ( 0 . 2 5 0 g, 1 . 9 0 m m o l ) a n d K2CO3 ( 0 . 4 5 0 g, 5 .13 mmol ) w e r e a d d e d to dry D M F ( 1 2 mL). Ethyl b r o m o a c e t a t e 

( 0 . 2 mL, 1 . 9 0 m m o l ) w a s t h e n a d d e d d r o p w i s e , a n d t h e r e a c t i o n mixture w a s stirred for 9 0 mn at 9 0 ° C . T h e s o l v e n t w a s 

e v a p o r a t e d u n d e r r e d u c e d p r e s s u r e a n d t h e r e s i d u e w a s q u e n c h e d with H j O ( 1 5 mL). T h e aq . layer w a s neutra l i zed with 

a so lu t ion of 1 0 % HCl a n d e x t r a c t e d with CHgClg ( 2 x 1 0 mL) . T h e o r g a n i c e x t r a c t s w e r e w a s h e d with HgO, dr ied ( M g S O J 

a n d e v a p o r a t e d u n d e r r e d u c e d p r e s s u r e . T h e r e s i d u e w a s c h r o m a t o g r a p h e d o v e r s i l ica g e l u s i n g CHgClg a s e l u e n t to g i v e 

6 a ; y ie ld : 0 , 0 3 5 g ( 1 0 % ) ; oil. IR (film) v = 3 3 8 0 (br NH), 1 7 6 0 , 1 6 8 0 ( C = 0 ) c m - 1 . 1H-NMR (CDCI3) 5= 3.71 ( s , 3H, OCH3), 

3 .89 ( s , 3H, OCH3), 4 .87 ( s , 2 H , O C H g ) , 7 . 0 5 - 7 . 3 6 (m, 3H, H^.^m)- 7-81 (d, I H , J=7.8, H-4). 

Methyl 3 - m e t h o x y c a r b o n y l m e t h o x y - 1 - m e t h o x y c a r b o n y l m e t h y l i n d o l e - 2 - c a r b o x y l a t e 7 a : 

Y i e l d ; 0 . 0 3 0 g ( 7% ); oil. IR (film) v = 1 7 6 0 , 1 6 8 0 ( C = 0 ) cm-"". ""H-NMR (CDCI3) 5= 3 . 69 ( s , 3H, OCH3), 3.77 ( s , 3H, 

OCH3), 3 .88 ( s , 3H, OCH3) 4.75 ( s , 2 H , O C H g ) , 5 .16 ( s , 2 H , NCHg) , 7 .10 (dd, I H , J=7.5,7.9, H-5), 7 .19 (d, I H , J=8 .3, H-

7), 7 .30 (dd, I H , J=7.5,8.2, H-6), 7 .80 (d, I H , J=7.9, H-4). 

Methyl 3 - e t h o x y c a r b o n y l m e t h o x y - 1 - e t h o x y c a r b o n y l m e t h y l i n d o l e - 2 - c a r b o x y l a t e 7 b : 

Yield : 0 . 0 5 7 g ( 1 2 % ); oil. IR (film) v = 1 7 4 0 , 1 6 8 0 ( C = 0 ) cm-"". ""H-NMR (CDCI3) 5= 1 . 2 5 (t, 3H, J=7.2, G C H g C H g ) , 1.31 

(t, 3H, J=7.2, OCH2CH3), 3 .92 ( s , 3H, OCH3), 4 .19 (q, 2 H . J = 6 . 6 , OCHg) , 4 .28 (q, 2 H , J=6 .3, O C H g ) , 4 .78 ( s , 2 H , O C H g ) , 

5 .20 ( s , 2 H , NCH2), 7.13-7.39 (m , 3H, H a ^ o J , 7 .85 (d, I H , J=8 .3, H-7). 

2 - ( 2 - E t h o x y c a r b o n y l e t h y l ) - 2 - m e t h o x y c a r b o n y l - 3 - o x o - 2 , 3 - d i h y d r o i n d o l e 9 a : 

Yie ld : 0 . 2 4 7 g ( 6 5 % ); oil. IR (film) v = 3 3 8 0 (br NH), 1 7 5 0 , 1 6 6 0 ( C = 0 ) c m - 1 . 1H-NMR (CDCI3) 5= 1 . 1 8 (t, 3H, J=6 .9, 

OCH2CH3), 2 . 2 6 - 2 . 5 6 (m, 4H, CH2CO2C2H5 + CH2CH2CO2C2H5), 3 .72 ( s , 3H, OCH3), 4 .08 (quint. , 2 H , J=7.1, 

OCH2CH3), 5 .40 (br s , I H , NH), 6 . 8 9 (t, I H , J=7.4, H-5), 6.97 (d, I H , J=7.7, H-7), 7 .48 (t, I H , J=7.6, H-6), 7 .58 (d, I H , 

J=7.5, H-4). 

2 - ( 2 - C y a n o e t h y l ) - 2 - m e t h o x y c a r b o n y l - 3 - o x o - 2 , 3 - d i h y d r o i n d o l e 9 b : 

Yield : 0 . 2 1 4 g ( 6 7 % ); oil. IR (film) v = 3 3 8 0 (br NH), 2 2 2 0 (C=N), 1 7 3 0 , 1 6 7 0 ( C = 0 ) c m ' l . I h - N M R (CDCI3) 5= 2 .28-2 .43 

(m, 4H, CH2CN + CH2CH2CN), 3 .72 ( s , 3H, OCH3), 5.34 (br s , I H , NH), 6 . 8 7 (dd, I H , J=7.8,7.3, H-5), 6.97 (d, I H , J=7.9, 

H-7), 7 .46 (dd, I H , J=7.3,7.9, H-6), 7.53 (d, I H , J=7.9, H-4). 

2 - ( 2 - M e t h o x y c a r b o n y l e t h y l ) - 2 - m e t h o x y c a r b o n y l - 3 - o x o - 2 , 3 - d i h y d r o i n d o l e 1 0 : 

Yield : 0 . 0 4 7 g ( 2 0 % ); oil. IR (film) v = 3 3 8 0 (br NH), 1 7 5 0 , 1 6 8 0 ( C = 0 ) c m ' l . 1H-NMR (CDCI3) 5= 2 .28-2 .37 (m, 2 H , 

CH2CH2CO2), 2 .41-2 .55 (m, 2 H , CH2CO2CH3), 3 .64 ( s , 3H, OCH3), 3.77 ( s , 3H, OCH3), 6 . 9 0 (dd, I H , J=7.2,7.7, H-5), 

6.97 (d, I H , J = 8 . 6 , H-7) , 7.49 (dd, I H , J=7 .1,8.6, H-6) , 7.59 (d, I H , J=7.9, H-4). MS (NH3) m / z = 2 7 8 (M-^-i-1). 

Methyl 3 ,9 -dioxo-2 ,3 ,9,9a - tetrahydro-1H-pyrrolo[1 ,2-a] indole -9a -carboxylate 11 : 

Yie ld : 0 . 0 3 8 g ( 2 5 % ); oil. IR (film) v = 3 3 8 0 (br N H ) , 1 7 5 0 , 1 7 3 0 , 1 7 1 0 ( C = 0 ) c m - 1 . 1H-NMR (CDCI3) 5 = 2 . 1 7 - 2 . 2 9 (m, 

I H , N C C H ) , 2 . 5 6 - 2 . 6 5 (m, I H , N C O C H ) , 2 . 9 8 -3 . 1 1 ( m , 2 H , N C C H + N C O C H ) , 3.77 ( s , 3H, OCH3), 7 .23-7 .31 (m, I H , H-4), 

7.69-7 .74 (m, 2 H , H-5, H-6) , 7 . 9 2 (d, IH, J=7 .9, H-7). 13C-NMR (CDCI3) 5= 2 6 . 6 1 {CQ^z)' 3 4 . 6 6 (NCOCH2), 53.73 

(OCH3), 7 6 . 5 1 ( N C C O ) , 1 1 7 . 0 7 (CHg.^J, 1 2 5 . 0 6 {CH^,om). 1 2 5 . 0 9 (Cg.oJ, 1 2 5 . 2 8 (CH^,oJ' 137-47 (CH^,om)' 1 5 1 - 1 3 

(Carom). 167-54 ( £ 0 2 C H 3 ) , 1 7 3 . 0 7 ( N C O ) , 1 9 4 . 0 8 (CO)- MS (NH3) m/z= 246 {M++^). 
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Methyl 3 - ( 3 - c y a n o p r o p o x y ) i n d o l e - 2 - c a r b o x y l a t e 1 3 a : 

Yield : 0 . 2 5 7 g ( 7 6 % ); m p 1 2 4 - 1 2 6 ° C (EtOH). IR (KBr) v = 3 3 0 0 (br NH), 2 2 0 0 ( C = N ) , 1 6 8 0 ( C = 0 e s t e r ) c m - 1 . 1H-NMR 

(CDCI3) 6= 2 . 2 5 (quint. , 2 H , J = 6 . 3 , O C H g C H g ) , 2 . 8 2 (t, 2 H , J = 6 . 7 , C H g C H j C N ) , 3 . 9 6 ( s , 3 H , OCH3), 4 . 2 3 (t, 2 H , J = 5 . 5 , 

OCH2), 7 . 0 7 - 7 . 1 4 (m, 2 H , Har^J, 7 . 3 6 - 7 . 3 8 (m, 1H, H^,^^), 7 . 7 6 (d, IH, J = 8 . 2 , H-7) , 8 . 3 6 (br s , IH, N H ) . 

Methyl 3 - ( 3 - e t h o x y c a r b o n y l p r o p o x y ) i n d o l e - 2 - c a r b o x y l a t e 1 3 b : 

Yie ld : 0 . 2 8 0 g ( 7 0 % ); m p 6 2 - 6 4 ° C (EtOH). IR (KBr) v = 3 3 0 0 (br NH) , 1 7 2 0 (v br C = 0 e s t e r ) cm'"". ""H-NMR (CDCI3) 6= 

1 .25 (t, 3H, J = 7 . 4 , OCH2CH3), 2 . 1 4 (quint., 2 H , J = 6 . 8 , O C H g C H g ) , 2 . 6 4 (t, 2 H , J = 8 . 0 , C H g C O ) , 3 . 9 7 ( s , 3 H , OCH3), 4 . 1 4 

(q, 2 H , J = 6 . 9 , OCH2CH3), 4 . 3 2 (t, 2 H , J = 6 . 9 , O C H g ) , 7 . 0 6 - 7 . 1 3 (m, 4 H , Hâ on,). 

Methyl [ 3 - ( 3 - c y a n o p r o p o x y ) - 1 - ( 3 - c y a n o p r o p y l ) ] i n d o l e - 2 - c a r b o x y l a t e 1 4 a : 

Yie ld : 0 . 2 1 3 g ( 5 0 % ); m p 8 6 - 8 8 ° C (EtOH). IR (KBr) v = 2 2 2 0 ( C = N ) , 1 6 7 5 ( C = 0 e s t e r ) c m - 1 . 1H-NMR (CDCI3) 6= 2 . 1 5 

(m, 4 H , OCH2CH2 + NCH2CH2), 2 . 3 0 (t, 2 H , J = 7 . 0 , CH2CN), 2 . 7 0 (t, 2 H , J = 7 . 0 , C H g C N ) , 3 . 9 2 ( s , 3 H , OCH3), 4 . 2 5 (t, 2 H , 

J = 6 . 0 , OCH2), 4 . 5 6 (t, 2 H , J = 7 . 0 , NCH2), 7 . 0 8 - 7 . 1 5 (m, 2 H , Harom). 7 . 3 6 - 7 . 3 7 (m, IH, Harom). 7 . 6 3 (d, IH, J = 8 . 0 , H-7) . 

Methyl [ 3 - ( 3 - e t h o x y c a r b o n y l p r o p o x y ) - 1 - ( 3 - e t h o x y c a r b o n y l p r o p y l ) ] i n d o l e - 2 - c a r b o x y l a t e 1 4 b : 

Yie ld : 0 . 3 2 9 g ( 6 0 % ); oil. IR (film) v = 1 7 2 5 , 1 6 9 0 ( C = 0 ) c m ' l . 1H-NMR (CDCI3) 6= 1 . 2 0 (t, 3 H , J = 7 . 0 , OCH2CH3), 1 . 2 3 

(t, 3H, J = 7 . 0 , OCH2CH3), 2 . 0 0 - 2 . 1 6 (m, 4 H , 2 x CH2CH2CH2), 2 . 5 9 (t, 2 H , J = 7 . 0 , CH2CO2), 2 . 2 7 (t, 2 H , J = 7 . 0 , CH2CO2), 

3 . 9 0 ( s , 3H, OCH3), 4 . 0 5 - 4 . 1 9 (m, 4 H , 2XOCH2CH3), 4 . 4 9 (t, 2 H , J = 7 . 0 , NCH2), 7 . 0 6 (dd , 1H, J = 7 . 0 , 7 . 9 , H-5) , 7 . 2 9 (dd, 

1H, J = 8 . 4 , 7 . 1 , H-6) , 7 . 3 6 (d, 1H, J = 8 . 5 , H-7) , 7 . 6 6 (d, IH, J = 8 . 0 , H-4) . 

Methyl 3 - ( 3 - c y a n o p r o p o x y ) - 1 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e 1 5 a ; T y p i c a l P r o c e d u r e : 

A so lut ion of c o m p o u n d 1 3 a (5 g, 1 9 . 4 m m o l ) in dry T H F ( 1 5 mL) w a s a d d e d s l o w l y to a s u p e n s i o n of s o d i u m hydr ide 

( 0 . 6 9 8 g, 2 3 . 3 m m o l ) in dry T H F (5 mL) at 0 ° C . T h e mixture w a s stirred at this t e m p e r a t u r e for 1 h, t h e n i o d o m e t h a n e ( 5 . 4 3 

mL, 8 7 . 3 m m o l ) w a s a d d e d . T h e react ion mixture w a s a l l o w e d to w a r m u p to r.t. for 6 h. T h e s o l v e n t w a s e v a p o r a t e d in 

v a c u o , the mixture q u e n c h e d with H2O, neutra l i zed with a so lu t ion of 1 0 % HCI. T h e s o l u t i o n w a s e x t r a c t e d with CH2CI2 

( 3 x 1 5 mL), dried ( M g S 0 4 ) a n d t h e s o l v e n t e v a p o r a t e d in v a c u o . C o l u m n c h r o m a t o g r a p h y o n s i l ica g e l u s i n g CH2CI2 a s 

e l u e n t afforded 1 5 a , y ie ld : 4 . 0 8 g ( 7 7 % ); m p 7 0 - 7 2 ° C (EtOH) . IR (KBr) v = 2 2 2 0 ( C = N ) , 1 6 8 0 ( C = 0 e s t e r ) c m ' l . IH-NMR 

(CDCI3) 6= 2 . 1 7 (quint. , 2 H , J = 6 . 2 , OCH2CH2), 2 . 7 4 (t, 2 H , J = 6 . 7 , CH2CN), 3 . 9 6 ( s , 3 H , NCH3), 3 . 9 7 ( s , 3H, OCH3), 4 . 2 9 

(t, 2H, J = 5 . 5 , OCH2), 7 . 1 0 - 7 . 1 6 (m, 2 H , Harom). 7 . 3 5 - 7 . 3 7 (m, IH, Harom). 7 . 6 7 (d, 1H, J = 8 . 5 , H-7 ) . 

Methyl 3 - ( 3 - e t h o x y c a r b o n y l p r o p o x y ) - 1 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e 1 5 b : 

Y i e l d : 4 . 1 3 g ( 7 9 % ); oil. IR (film) v = 1 7 2 0 , 1 6 8 0 ( C = 0 e s t e r ) c m ' l . 1H-NMR (CDCI3) 6= 1 . 2 7 (t, 3 H , J = 7 . 9 , OCH2CH3), 

2 . 1 4 (quint., 2 H , J = 7 . 1 , OCH2CH2), 2 . 6 3 (t, 2 H , J = 7 . 9 , CH2CO), 3 . 9 4 ( s , 3 H , NCH3), 3 . 9 7 ( s , 3 H , OCH3), 4 . 1 2 - 4 . 2 3 (m, 

4H, OCH2 + OCH2CH3), 7 . 0 6 - 7 . 1 2 (m, 2H, Harom). 7 . 3 0 - 7 . 3 6 (m, 1H, Harom).7-70 (d, 1H, J = 8 . 1 , H-7 ) . 

4 - C y a n o - 6 - m e t h y l - 5 - o x o - 2 , 3 , 4 , 5 - t e t r a h y d r o o x e p i n o [ 3 , 2 - i ) ] i n d o l e 1 6 a ; T y p i c a l P r o c e d u r e : 

T o a stirred so lut ion of d i i s o p r o p y l a m i n e ( 0 . 7 7 mL, 5 . 5 m m o l ) in dry T H F ( 1 0 mL) w a s a d d e d d r o p w i s e butyllithium ( 1 . 6 M 

in h e x a n e , 3 . 4 4 mL, 5 . 5 m m o l ) at - 7 8 ° C u n d e r n i trogen a t m o s p h e r e a n d t h e mixture w a s stirred for 3 0 min. A so lu t ion of 
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4-Amino-12 -methy l -5 ,6 -d ihydro indo lo [3 ,2 -£ ) ]oxep ino[5 ,4 -c ( ]pyr imid ine 1 7 : 

A mixture of 1 6 a ( 0 . 2 0 0 g, 0 . 8 3 m m o l ) a n d f o r m a m i d e ( 1 0 mL) w a s h e a t e d at 1 4 0 - 1 5 0 ° C with stirring u n d e r NH3 s t r e a m for 

3 6 h until t h e s u b s t r a t e 1 6 a h a s d i s a p p e a r e d . T h e mixture w a s c o o l e d a n d q u e n c h e d with HgO. It w a s e x t r a c t e d with 

CH2CI2 ( 3 x 1 0 mL), dried ( M g S 0 4 ) a n d t h e s o l v e n t w a s e v a p o r a t e d in v a c u o . C o l u m n c h r o m a t o g r a p h y o n s i l ica ge l 

(CH2C;i2/ M e O H , 99:1 ) g a v e 1 7 , yie ld : 0 . 1 2 1 g ( 5 5 % ); m p 1 6 6 - 1 6 8 ° C (EtOH). IR (KBr) v = 3 4 0 0 (br NH2) c m ' l . 1H-NMR 

(CDCI3) 5= 2 . 9 4 (t, 2 H , J = 5 . 9 , OCH2CH2), 4 . 0 3 ( s , 3 H , NCH3), 4 . 5 4 (t, 2 H , J = 5 . 9 , OCH2), 5 . 0 0 (br s , 2 H , NH2), 7 . 0 5 - 7 . 1 0 

(m, 2 H , Harom). 7 . 3 2 (d, 1H, J = 8 . 3 , H-7) , 7 . 6 5 (d, I H , J = 7 . 9 , H-4) , 8 . 5 4 ( s , I H , N = C H ) . M S (NH3) m / z = 2 6 7 ( M + + 1 ) . 

Diethyl N - ( 5 , 6 - d i h y d r o - 1 2 - m e t h y l i n d o l o [ 3 , 2 - b ] o x e p i n o [ 5 , 4 - c y ] p y r i m i d i n - 4 - y l ) a m i n o m e t h y l e n e m a l o n a t e 1 8 : 

A mixture of c o m p o u n d 1 7 ( 0 . 0 5 0 g, 0 . 1 9 mmol ) a n d diethyl e t h o x y m e t h y l e n e m a l o n a t e (0 .1 mL, 0 . 3 8 m m o l ) in x y l e n e (5 

mL) w a s ref luxed for 1 8 h. After e v a p o r a t i o n of t h e reac t ion mixture, t h e r e s i d u e w a s c h r o m a t o g r a p h e d o n s i l i ca ge l u s i n g 

p e t r o l e u m e t h e r / e t h y l e a c e t a t e 9:1 a s e l u e n t to g i v e 1 8 , y ie ld : 0 . 0 6 0 g ( 7 3 % ); m p 1 8 0 - 1 8 2 ° C (EtOH) . IR (KBr) v = 3 1 8 0 

(br NH) , 1 7 2 0 ( C = 0 ) , 1 6 5 0 ( C = C ) c m - 1 . 1H-NMR (CDCI3) 5= 1 . 3 0 (t, 3 H , J = 7 . 3 , OCH2CH3), 1 . 3 5 (t, 3H, J = 7 . 3 , 

OCH2CH3), 3 . 0 4 - 3 . 1 1 (m, 2 H , OCH2CH2), 3 . 9 7 ( s , 3 H , NCH3), 4 . 2 4 (q, 2 H , J = 7 . 3 , OCH2), 4 . 3 0 (q, 2 H , J = 7 . 3 , OCH2), 

4 . 4 8 - 4 . 5 5 (m, 2 H , OCH2), 7 . 0 0 - 7 . 3 5 (m, 3 H , Harom). 7 . 6 2 (d, I H , J = 8 . 1 , H-7) , 8 . 7 6 ( s , I H , N = C H ) , 9 . 2 4 (d, 1H, J = 1 1 . 7 , 

= C H ) , 1 1 . 6 2 (br d , 1 H , NH) . M S (NH3) m/z= 4 3 7 (M-^+1). 

Ethyl 1 - o x o - 5 , 6 - d i h y d r o - 1 2 - m e t h y l i n d o l o [ 3 , 2 - b ] o x e p i n o [ 4 , 5 - e ] p y r i m i d o [ 1 , 2 - c ] p y r i m i d i n - 2 - y l c a r b o x y l a t e 1 9 : 

C o m p o u n d 1 8 ( 0 . 0 4 0 g, 0 . 0 9 m m o l ) in d i p h e n y l e t h e r (5 mL) w a s h e a t e d at 2 5 0 - 2 6 0 ° C with a metal l ic bath for 9 0 m n . After 

c o o l i n g of t h e r e a c t i o n mixture, p e t r o l e u m e t h e r w a s a d d e d t o t h e mixture. T h e prec ip i ta ted sol id w a s c o l l e c t e d by filtration, 

w a s h e d with p e t r o l e u m e t h e r a n d dried in v a c u o to afford 1 9 , yie ld : 0 . 0 3 1 g ( 8 6 % ); m p 2 2 0 - 2 2 2 ° C ( E t O H ) . IR (KBr) v= 

1 7 1 0 ( C = 0 e s t e r ) , 1 6 8 0 ( C = 0 ) , 1 6 1 0 ( C = C ) c m ' l . 1H-NMR (CDCI3) 5= 1 .37 (t, 3H, J = 7 . 5 , O C H g C H g ) , 3 . 5 8 - 3 . 6 7 (m, 2 H , 

OCH2CH2), 3 . 9 8 ( s , 3H, NCH3), 4 . 3 7 (q, 2 H , J = 7 . 5 , OCH2), 4 . 4 7 - 4 . 5 8 (m, 2 H , OCH2), 6 . 9 9 - 7 . 4 0 (m, 3 H , Harom). 7 - 6 2 (d, 

I H , J = 8 . 1 , H-7) , 8 . 9 5 (s , I H , = C H ) , 9 . 7 8 ( s , 1H, N = C H ) . M S (NH3) m/z= 39^ ( M + + 1 ) . 

t h e c o m p o u n d 1 5 a ( 1 . 5 g, 5 . 5 mmol ) in dry T H F ( 1 0 mL) w a s a d d e d d r o p w i s e a n d the mixture w a s stirred at this 

t e m p e r a t u r e for 4 5 min. T h e so lu t ion w a s a l l o w e d to w a r m up to r.t. for 3 h. T h e s o l v e n t w a s e v a p o r a t e d in v a c u o , t h e 

mixture q u e n c h e d with H2O, neutra l i zed with a so lu t ion of 1 0 % HCl. T h e so lut ion w a s e x t r a c t e d with CH2CI2 ( 2 x 1 5 mL), 

dried ( M g S 0 4 ) a n d t h e s o l v e n t e v a p o r a t e d in v a c u o . C o l u m n c h r o m a t o g r a p h y o n s i l ica g e l e lut ing with CH2CI2 a f forded 

1 6 a , yie ld : 1 . 0 3 g ( 7 8 % ); m p 1 2 0 - 1 2 2 ° C (EtOH) . IR (KBr) v = 2 2 0 0 (CHN), 1 6 5 0 ( C = 0 ) cm-"". ""H-NMR (CDCI3) 5= 2 .44¬ 

2 . 7 1 (m, 2 H , OCH2CH2), 3 .91 ( s , 3 H , NCH3), 4 . 8 8 (q, I H , J = 4 . 5 , C H C N ) , 4 . 4 0 - 4 . 5 7 (m, 2 H , OCH2), 7 . 1 0 (t, 1H, J = 7 . 6 , H-

5) , 7 . 2 5 - 7 . 3 0 (m, 2 H , Ha^om). 7 . 4 0 - 7 . 4 6 (m, ^»,»a^om)• 7 - 7 0 (d, 1H, J = 8 . 2 , H-7) . M S (NH3) m / z = 2 4 1 ( M + + 1 ) . 

4 - E t h o x y c a r b o n y l - 1 2 - m e t h y l - 5 - o x o - 2 , 3 , 4 , 5 - t e t r a h y d r o o x e p i n o [ 3 , 2 - b ] i n d o l e 1 6 b : 

Yie ld : 1 .00 g ( 7 5 % ); oil. IR (film) v = 1 7 3 0 ( C = 0 e s t e r ) , 1 6 4 0 ( C = 0 ) c m - 1 . 1H-NMR (CDCI3) 5= 1 . 2 6 (t, 3H, J = 6 . 2 , 

OCH0CH3), 2 . 3 6 - 2 . 6 3 (m, 2 H , OCH2CH2), 2 . 8 7 (t, I H , J = 3 . 8 , CHCO2), 3 . 9 0 ( s , 3 H , NCH3), 4 . 2 4 (quint. , 2 H , J = 6 . 9 , 

OCH2), 4 . 3 7 - 4 . 5 1 (m, 2 H , OCH2), 7 . 0 6 (t, I H , J = 7 . 1 , H-5) , 7 . 2 4 (d, I H , J = 8 . 5 , H-7) , 7 . 3 8 (t, 1H, J = 8 . 5 , H-6 ) , 7 . 6 7 (d, I H , 

J = 7 . 8 , H-4) . M S (NH3) m/z= 2 8 8 ( M + + 1 ) . 

1 8 8 
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4-Acetamido-5,6-dihydro-12-methylindolo[3,2-fa]oxepino[5,4-dIpyrimidine 2 0 : 

T h e pyrimidine 17 ( 0 . 0 4 0 g, 0 . 1 5 m m o l ) w a s d i s s o l v e d in CHgClg (5 mL) a n d c o o l e d to 0 ° C with a n i c e - b a t h , u n d e r a r g o n 

a t m o s p h e r e . A c e t y l chforide (0 .01 mL, 0 . 1 6 m m o l ) - a n d tr ie thy lamine ( 0 . 0 2 mL, 0 . 1 6 m m o l ) w e r e a d d e d s l o w l y . T h e mixture 

w a s stirred at r.t. for 1 8 h, h y d r o l y z e d a n d e x t r a c t e d with CHgClg ( 2 x 5 mL). T h e o r g a n i c e x t r a c t s w e r e w a s h e d with HgO, 

dried ( M g S 0 4 ) a n d e v a p o r a t e d u n d e r r e d u c e d p r e s s u r e . T h e r e s i d u e w a s c h r o m a t o g r a p h e d o v e r s i l ica g e l u s i n g CH2CI2 

to g i v e 2 0 , y ie ld : 0 . 0 3 6 g ( 7 8 % ); m p 1 8 8 - 1 9 0 ° C (EtOH). IR (KBr) v = 3 4 0 0 (br NH) , 1 7 1 0 ( C = 0 ) cm""". ""H-NMR (CDCI3) 6 

= 2 . 3 1 ( s , 3 H , COCH3), 2 .91 (t, 2 H , J = 4 . 4 , OCH2CH2), 4 . 0 2 ( s , 3 H , NCH3), 4 . 4 0 (t, 2 H , J = 4 . 4 , OCH2), 6 . 9 9 - 7 . 3 8 (m, 3 H , 

HaroJ, 7 . 6 2 (d, 1H, J = 8 . 1 , H-7) , 8 . 9 9 ( s , I H , N = C H ) . M S (NH3) m/z= 3 0 9 ( M + + 1 ) . 

Ethyl 3 - ( 3 - c y a n o p r o p o x y ) - 1 - m e t h y l i n d o l e - 2 - c a r b o x y l a t e 2 3 : 

Y i e l d : 0 . 2 4 8 g ( 7 6 % ); oil. IR (film) v = 2 2 0 0 ( C = N ) , 1 6 8 0 ( C = 0 e s t e r ) cm-"". ""H-NMR (CDCI3) 6 = 1 . 4 3 (t, 3 H , J = 7 . 1 , 

OCH2Chl3), 2 . 1 5 (quint., 2 H , J = 6 . 3 , OCH2CH2), 2 . 7 4 (t, 2 H , J = 6 . 7 , CH2CN), 3 . 9 6 ( s , 3 H , NCH3), 4 . 2 9 (t, 2 H , J = 5 . 5 , 

OCH2), 4 . 4 3 (q, 2 H , J = 7 . 1 , OCH2), 7 . 1 0 - 7 . 1 6 (m, 2 H , Hâ om). 7 . 3 5 - 7 . 3 7 (m, I H , Harom). 7 . 6 7 (d, 1H, J = 8 . 5 , H-7) . 
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