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ABSTRACT; 
1-Fomyl- , 2 - formyl- a n d 2 , 7 - d i b e n z o y l - p h e n a z i n e s w e r e p r e p a r e d from p h e n a z i n e through t h e format ion of t h e 

c o r r e s p o n d i n g s u b s t i t u t e d 5 , 1 0 - d i m e t h y l - 5 , 1 0 - d i h y d r o p h e n a z i n e s , f o l l o w e d b y d e m e t h y l a t i o n with h y d r o b r o m i c a c i d in 

dimethyl s u l f o x i d e . 

INTRODUCTION 
A s p h e n a z i n e is a j t - e l e c t r o n def ic ient h e t e r o - a r o m a t i c c o m p o u n d , it is difficult to in troduce e l e c t r o p h i l e s into t h e 

b e n z e n e ring (1) . T h e r e f o r e , t h e s y n t h e s i s of t h e s u b s t i t u t e d p h e n a z i n e s h a s b e e n g e n e r a l l y carried out by c y c l i z a t i o n of 

t h e su i table c o m p o u n d s c o n t a i n i n g s u b s t i t u e n t s (2) a n d by c o n v e r s i o n of s u b s t i t u e n t s (3) . W e n o w report t h e n e w 

m e t h o d for prepar ing t h e s u b s t i t u t e d p h e n a z i n e s , 1-formyl-, 2-formyl- a n d 2 , 7 - d i b e n z o y l - p h e n a z i n e , 3 a - c , from 

p h e n a z i n e b y t h e e l ec trophi l i c subs t i tu t ion of 5 , 1 0 - d i h y d r o - 5 , 1 0 - d i m e t h y l p h e n a z i n e , f o l l o w e d b y d e m e t h y l a t i o n with 

hydrobromic a c i d in dimethyl su l fox ide ( D M S O ) . 

EXPERIMENTAL 

Melting p o i n t s w e r e d e t e r m i n e d o n a Y a n a c o m i a o - m e l t i n g point a p p a r a t u s a n d a r e g i v e n u n c o r r e c t e d . NMR s p e c t r a 

w e r e r e c o r d e d on a J N M - G X 2 7 0 ( 2 7 0 MHz) t y p e s p e c t r o m e t e r us ing t e t r a m e t h y l s i l a n e a s internal s t a n d a r d . 

C h r o m a t o g r a p h y w a s carried out o n si l ica ge l . 

Procedure for synthesis of compounds ̂  and 2 a - e 

All r e a c t i o n s w e r e p e r f o r m e d u n d e r a r g o n a t m o s p h e r e . 

P r o c e d u r e for c o m p o u n d 1. 

To a so lut ion of p h e n a z i n e (1.1 m m o l ) in e t h a n o l ( 5 0 ml) w a s a d d d s u c c e s s i v e l y s o d i u m dithionite ( 2 0 g ) and w a t e r ( 1 . 5 

I) under v i g o r o u s stirring. After c o o l i n g , t h e s o l i d s w e r e filtered off a n d dried u n d e r v a c u u m to g i v e 5 , 1 0 - d i h y d r o - 5 , 1 0 -

d i m e t h y l p h e n a z i n e a l m o s t q u a n t i t a t i v e l y To a so lu t ion of 5 , 1 0 - d i h y d r o p h e n a z i n e ( 2 1 . 8 m m o l ) in 1 , 2 - d i m e t h o x y e t h a n e 

( 9 0 ml) w a s a d d e d d r o p w i s e n-butyl-l ithium ( 4 4 . 4 m m o l in 1 5 % h e x a n e so lu t ion) , s u b s e q u e n t l y m e t h y l i od ide ( 6 6 . 6 m m o l ) . 

T h e react ion mixture w a s t r e a t e d with a mixture of a q . s o d i u m dithionite so lu t ion a n d b e n z e n e . T h e b e n z e n e layer w a s 
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s e p a r a t e d a n d dried with a n h y d r o u s s o d i u m sul fate . After e v a p o r a t i o n of s o l v e n t , t h e r e s i d u e w a s purified by 

c h r o m a t o g r a p h y with t o l u e n e to g i v e 1.. 

P r o c e d u r e for c o m p o u n d s 2 a a n d 2 b 

To a mixture of p h o s p h o r o u s o x y c h l o r i d e ( 2 7 . 4 m m o l ) a n d N.N-d imethy l formamide ( 5 5 m m o l ) w a s a d d e d a so lut ion of 

3a .(13.7 m m o l ) in d i c h l o r o m e t h a n e ( 2 0 ml). After heat ing at reflux for 2 h, t h e mixture w a s p o u r e d into a l a r g e a m o u n t of a 

co ld a q . so lu t ion of s o d i u m a c e t a t e a n d t h e s o j i d s d e p o s i t e d w e r e filtered off and purified by c h r o m a t o g r a p h y with t o l u e n e 

to g i v e 2 a a n d 2 b . 

P r o c e d u r e for c o m p o u n d 2 c 

To a s u s p e n s i o n of a n h y d r o u s a l u m i n u m chlor ide ( 4 . 4 9 m m o l ) in c a r b o n tetrachloride ( 1 5 ml) w a s a d d e d d r o p w i s e 

b e n z o y l chlor ide ( 4 . 2 5 m m o l ) at r o o m t e m p e r a t u r e . To t h e refluxing mixture w a s a d d e d a so lu t ion of 1 . (2 .38 m m o l ) in 

c a r b o n tetrachloride ( 2 0 ml) with stirring a n d t h e mixture w a s h e a t e d at reflux for 1.5 h. After c o o l i n g , t h e r e a c t i o n mixture 

w a s poured into a large a m o u n t of i c e - w a t e r a n d m a d e alkaline with aq . so lut ion of s o d i u m c a r b o n a t e . After ex trac t ion with 

m e t h a n e dichlor ide , t h e extract w a s dried o v e r s o d i u m su l fa te a n d e v a p o r a t e d to d r y n e s s . T h e r e s i d u e w a s purified by 

c h r o m a t o g r a p h y with m e t h a n e d ich lor ide to g i v e 2 c . 

P r o c e d u r e for c o m p o u n d s 2 d a n d 2 e 

C o m p o u n d s 2 d a n d 2 e w e r e s y n t h e s i z e d by t h e p r o c e d u r e be ing similar to that in t h e c a s e of 2 c . 

G e n e r a l p r o c e d u r e f o r t h e d e m e t h y l a t i o n r e a c t i o n 

To a so lut ion of 2 a - e (5 mmol ) in D M S O ( 1 5 ml) w a s a d d e d hydrobromic acid ( 0 . 6 ml of 4 7 % aq . so lut ion) at 8 0 - 9 0 ° C 

u n d e r stirring. After stirring at 8 0 - 9 0 ° C for 1 .5 h, the react ion mixture w a s neutral ized with a m m o n i u m h y d r o x d e and 

e x t r a c t e d with b e n z e n e . T h e extract w a s dried o v e r s o d i u m su l fa te a n d e v a p o r a t e d to d r y n e s s . T h e r e s i d u e w a s purified 

by c h r o m a t o g r a p h y with t o l u e n e . T h e s truc ture of 3 c w a s e s t a b l i s h e d by X-ray crystal s tructure a n a l y s i s (Fig. 1) . 

X - r a y c r y s t a l s t r u c t u r e a n a l y s i s 

X-ray diffraction d a t a w e r e c o l l e c t e d by u s i n g Rigaku A F C 5 R diffractometer with g r a p h i t e m o n o c h r o m a t e d M o - K a 

radiation ( X = 0 . 7 1 0 6 9 A ) a n d a 1 8 kw rotating a n o d e g e n e r a t o r Cell d i m e n s i o n s w e r e o b t a i n e d by l e a s t - s q u a r e fitting from 

2 5 high a n g l e re f l ec t ions . All c o m p u t a t i o n s for t h e s tructure de terminat ion w e r e carried out o n VAX s t a t i o n 3 1 0 0 u s i n g 

crystal lographic p r o g r a m p a c k a g e T E X S A N (4). 

Crystal d a t a for 3 c : C26H15N2O2; m o n o c l i n i c ; s p a c e g r o u p P 2 . | / a ( N o . 14) , a = 8 . 1 1 4 ( 1 ) , b = 1 1 . 2 1 4 ( 2 ) , c = 1 0 . 2 5 9 ( 1 ) A , 

P = 9 5 . 6 1 ( 1 ) ° , U = 9 2 9 . 0 ( 2 ) A 3 ; D j , = 1 . 3 8 8 g c m " 3 , Z = 2 , n = 0 . 8 3 cm'"". 

A total of 2 4 1 5 i n d e p e n d e n t re f l ec t ions w e r e c o l l e c t e d . T h e structure w a s s o l v e d b y direct m e t h o d a n d w a s t h e n 

refined by full-matrix l e a s t - s q u a r e p r o c e d u r e . 

Anisotropic t h e r m a l p a r a m e t e r s w e r e a d o p t e d 

for n o n - h y d r o g e n a t o m s . T h e final R (Rw) v a lue 

c o n v e r g e d to 0 . 0 4 3 ( 0 . 0 3 4 ) . 
R g . 1. O R T E P drawing of c o m p o u n d 3 c 
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R E S U L T S A N D DISCUSSION 

S y n t h e t i c p a t h w a y s are s u m m a r i z e d in S c h e m e 1. 

CH3 

i i ) , i i i ) 

iv) or V) 

vi) 

2a - e ^ " ^ 3 

a : = CHO, = = H d : rU R̂  = H, R̂  = COCH3 

b : R^ = r3 = H, r2 = CHO e : R̂  = H, R̂  = R̂  = COCH3 

c : R̂  = H, r2 = R̂  = COPh 

i) Na2S204, H2O; ii) BuLi; iii) CH3I; iv) HCO(CH3)2, POCI3; 
V) PhCOCI or CH3COCI, AICI3; vi) HBr, CH3SOCH3 

Scheme 1 

T h e r e d u c t i o n of p h e n a z i n e to 5 , 1 0 - d i h y d r o p h e n a z i n e , fo l lowed by m e t h y l a l i o n , m a d e p o s s i b l e the e lec trophi l i c 

subs t i tu t ion of the b e n z e n e ring (Table 1). T h e methy la t ion w a s n e c c e s s a r y for s u b s e q u e n t subst i tut ion react ion , s i n c e 

5 , 1 0 - d i h y d r o p h e n a z i n e w a s o x i d i z e d e a s i l y by air. T h e formylation of l .with V i l s m e i e r r e a g e n t g a v e the 2 - s u b s t i t u t e d 

d i h y d r o p h e n a z i n e s , .2b, in high yield t o g e t h e r with 2 a . T h e acylat ion of I g a v e 2 , 7 - d i - s u b s t i t u t e d d i h y d r o p h e n a z i n e s , 2s. 

a n d 2a in m o d e r a t e y ie lds . 

T h e t r e a t m e n t of l .with h y d r o b r o m i c ac id in D M S O w a s found to g ive p h e n a z i n e in 7 8 % yield. This react ion i s 

e x p l a i n e d to p r o c e e d via t h e format ion of the HBr salt of 1, fo l lowed by d e m e t h y l a t i o n to g i v e t h e HBr salt of 5 , 1 0 -

d i h y d r o p h e n a z i n e w h i c h is o x d i z e d by air o n t r e a t m e n t with a m m o n i u m h y d r o x i d e . T h e d e m e t h y l a t i o n reac t ion of 2 a - c 

u n d e r s imi lar c o n d i t i o n s g a v e t h e c o r r e s p o n d i n g p h e n a z i n e s , 3 a - c , in m o d e r a t e y ie lds (Table 1) , a l t h o u g h the r e a c t i o n of 

2 d a n d 2 e w a s u n s u c c e s s f u l b e c a u s e of Aldol c o n d e n s a t i o n . 
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C o m p . ' R"" R 2 R 3 Mp Yield IR(CO) ^HNMR** 

(°C) (%) ( c m - l ) CH3 ArH and C H O 

i H H H 1 5 1 - 1 5 2 * " 9 2 2 . 5 7 6 . 2 0 - 6 . 2 4 ( 4 H ) , 6 . 7 3 - 6 . 7 8 ( 4 H ) 

i k C H O H H 8 3 - 8 4 " " 8 1 6 6 5 2 . 9 4 , 6 . 3 5 - 6 . 3 8 ( 2 H ) , 6 . 5 2 - 6 . 5 5 ( 1 H), 9 . 9 4 ( 1 H, C H O ) 

3 . 2 6 , 6 . 6 9 - 6 . 7 8 ( 3 H ) , 7 . 0 4 - 7 . 0 8 ( 1 H) 

H C H O H 1 0 6 - 1 0 7 " " 8 5 1 6 8 5 3 . 0 7 6 . 3 7 - 7 . 2 6 ( 7 H ) , 9 . 6 6 ( 1 H, C H O ) 

2 c H C O P h C O P h 2 6 9 - 2 7 0 6 5 1 6 3 2 3 . 1 3 6 . 3 5 - 6 . 3 8 ( 2 H ) , 6 . 9 8 - 7 . 0 2 ( 2 H ) , 7 . 1 7 - 7 . 2 0 ( 2 1 -

7 . 4 3 - 7 . 5 8 ( 6 H ) , 7 . 7 1 - 7 . 7 4 ( 4 H ) 

2 d H C O M e H 9 9 . 5 - 1 0 0 8 1 6 6 1 2 . 4 8 . 6 . 3 1 - 6 . 4 5 ( 3 H ) , 6 . 7 0 - 6 . 8 1 ( 2 H ) , 

3 . 0 6 ( d ) , 6 . 9 3 - 6 . 9 4 ( 1 H), 7 . 3 3 - 7 . 3 6 ( 1 H) 

2 e H C O M e C O M e 2 2 7 - 2 2 8 6 3 1 6 6 0 2 . 4 8 , 
*> H Q 

6 . 3 4 - 6 . 3 7 ( 2 H ) , 6 . 9 7 - 6 . 9 9 ( 2 H ) , 7 . 3 4 - 7 . 3 9 ( 2 H ) 

3 a C H O H H 1 7 6 - 1 7 7 " " * 5 4 1 6 9 3 7 . 8 8 - 8 . 0 1 (3H) , 8 . 2 5 - 8 . 3 5 ( 2 H ) , 8 . 4 7 ( 2 H ) , 
1 1 . 9 2 ( 1 H, C H O ) 

3 b H C H O H 1 8 4 - 1 8 4 . 5 * * * " 6 0 1 6 9 7 7 . 9 1 - 7 . 9 5 ( 2 H ) , 8 . 2 8 - 8 . 3 7 ( 4 H ) , 8 . 7 4 ( 1 H ) , 

1 0 . 3 3 ( 1 H , C H O ) 

3 c H C O P h C O P h 2 6 0 - 2 6 1 6 1 1 6 5 0 7 . 5 7 - 7 . 6 9 ( 6 H ) , 7 . 9 4 - 7 . 9 6 ( 4 H ) , 8 . 3 6 - 8 . 3 7 ( 4 H ) , 

8 . 6 0 - 8 . 6 5 ( 2 H ) 

* A n a l y s e s a g r e e within 0 . 4 % of t h e theore t i ca l v a l u e s . 

** C g D g f o r 2 a n d CDCI3 for 3 .Tetramethy l s i lane a s internal s tandard . 

*** A. S u g i m o t o , T. Kotani, J. Tsuj imoto and S . Y o n e d a , J. H e t e r o c y c l . C h e m . 26, 4 3 5 ( 1 9 8 9 ) 
**** M. G. Khris t iansen, Ya. A. Il'chenko and Yu. S . R o z u m , D o p o v Akad. Nauk.Rsr, Ser . B, 32, 8 2 9 ( 1 9 7 0 ) ; C h e m . Abst . 

74, 9 9 9 8 9 s ( 1 9 7 1 ) 

Lit. 3 . 

T h e a b o v e r e s u l t s prov ide t h e n e w m e t h o d for introducing the s u b s t i t u e n t s into t h e b e n z e n e ring of p h e n a z i n e by 

utilizing the reactivity of I w h i c h u n d e r g o e s subs t i tu t ion a n d d e m e t h y l a t i o n r e a c t i o n . 
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T h e melt ing po in t s , y i e lds , a n d s p e c t r a l d a t a of i , 2 a - e , and 3 a - c a r e s u m m a r i z e d in Table 1. 

Table 1: Melt ing po in t s , y i e l d s , a n d s p e c t r a l d a t a of i , 2 a - e , and 3 a - c 


