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A b s tAn efficient, generallyapplicableone-potmethodfor the synthesisof 1,4-dichlorophenazines
has been established.The methodis basedon the usc of 3,3,6,6-tetrachloro-1,2-cyclohexanedione2 as a
synthetic equivalent of 3,6-dichloro- 1,2-benzoquinone 1. The reaction of 2 with primary 1,2.
arylidenediamines followed by treatment with pyridine provides the titIe compounds in n
quantitative yields. 1,1,4,4-Tetrachloro-1,2,3,4-tetrahydrophenazinesare isolable intermediates. The
crystallographicX-ray structureof 7,7’-Bis(l,l,4,4-tetrachloro-l ,2,3,4-tetrabydropherrazine)7 has been
determined. Q 1997Elsevier Science Ltd.

C h l o r oa c o mo c o ni nB eo t r er o

p h e nt u n de l e cs u bp r ot d i so t h a o

c h l o r ob a v ao n u c lh p la i mr i t p ro a w v

o p h e nd e r i vH o wt d i fi p rt a pc hs m

f r e qr e si a l o a p p lo t p r oT d eo i m f t

s y n to c h l o r oi t h es u bA di t s yo c h

t h e ma a lo i n to a co t p r oh ea cR s o

n a t uo c cp h eo a n as o t w a na a na a w a

t s to p r o pr et t hp es t rf ep rg e o t r

i n ti t p r oo t s y no p h eS c h l om b u a i n

f t s y no s t r uc op h et m y h m t o i t e

O t b ao a l i ts ui i a pt 1 , 4 - da p ru

c o m pO nt he x ah b p rb a pt p rb o r w l

y ia a l i ms c

6



6 1A G e a

1 C h l oo t p ap h eb d it rw c hu d c

T hr e al et a c om io m o na p o l yw t b y f

1 , 4 - d i c hr e2 T p rs yo p hi r eR o r a

t f u n c tp h eh n b r e p

2 T W o hr e ao 2 , 5 - d i cw a no c hi s b

m ea h it e m p eT p rs yo t p hi a vH t e i

t f o r mo t t hp r e1 , 4 - d iv af l t v l y ( 1 0

F u r t ht m ec ab u t p rf u np hs t m o

s u b s ta l ou nt n e ce xe x pc o

T s u m mt d ic h l op rl s e li t c hs a w a i t

c h l o rd e gw ht W om ei r ed eb o t i l

a c to a r oc o mt ot p rG t p r eo t r s o

1 , 4 - d i c h lw f oo i no t r eo i ms ym

R e gt d e sp r of t s yo p h ei i a t a g m

f p r e p1 , 4 - d i c hd n s l it b a vo t b I c t i

s hb n o tt ha i t W or e ad re x pc oa r w o

a r os t am a ta u sO t o h t r eo l , 2w 1

c y c l o h ew s u ba r o mf g ri y iM ot i nw

t p r eo a w v ao s u b se c hg ri a nc l iI s b

n o tt ht d ic o n do o - qw a r1 , 2d p p

H o wt hm ea a pt b u n s as t r eo o - pw o

b e n z og ip h e ni l y i( 3M ot d ii p rt a o

q u is o mi t m s y np rT i j t c f t e t 1 , 4

f r3 , 6 - d i c h l o r1 I c ow o q u1 i a r a d ia

c o m pO ni u n ig e nb o xo 3 , 6 -w s o h b

r e p o1 H o wi 3 , 3 , 6 ,1 , 2 - c2 w h f a e s

e q u io t q u i1 O t b aa n e f fg ea e o m f t s

o 1 , 4 - d i c h( S1 i h r e
c

cl cluo

0
c1 cl

1 2



1 , 4 - D i6

T k i n t e2 c b e ao bi q u ay b t o t

c y c l o hw ic h lT hi n p r ef t u o 2 a a s ye qo t q

1 T r e a co 2 a i s y nu s er el ik s o i p ra i

o x i dt 2 , 2- t e t r aa h b p r er e p

H2N
cl cl

R

QD

R

2 1 —
DMF, RT

:“ I >
H2N -2 H20 N

c1 c1
3 4

~ i&
c1 cl cl cl

5 6

DMF, Py, A

@xl’

/ <N \ R
4

- HC1 \ XN’ /

8

cl 10
9

7

Entries
4 and 8 R

a H

b

c COOCH s

d N02

e C6H5C0

f CH s

1

S 1

T r e ao 2 w a r o1 , 2 -u m c op rp ru



6 1A G e a

p h e nd e r i1 , 1 , 4 ,1 , 2 , 3 , 44 ( - g 5 i n q

y iT hp r ow e ao bi a c r ys a w s e t p a p

s tw i tr e ca s pc aU nt o c op r7 c rf c -

p e t re tw f o ro c rs ob c h lM iw i a w a

C M H 1c o m p- C 2 4 H 1 4w w c ob t h ea

T hs ho no t hd e c os a s st t l o t m oo c p

e as o lu nT r e cg rs ha p a 7 ‘ I o t d et g

c h a r a co t s o lp r7 a s ic rw a nb X d iT m

s t r uf oi i l l ui F i1 S ei n td i( c rn o

a ta s e lb a na g ii T 1 T m og ew f t p a

i n v ec e nT f a r or ia i t s p ( d e= 0 ~ A i s i

F i2 t ha i n t e rh yi n to e c hm w a n a a

c h la tI n t e rb d i sH = 2 ( ~ H = 2 ( ~

rld

F iI M o ls t ro p r7 s ht c r y
n u ms yu

l e(

C 1 (1 .C (1 .
N ( l1 .N - 1 .
C ( l1 .C (1 .
C ( 21 .C (1 .
C ( 41 .C (1 .
C ( 81 .C (1 .
C - C1 .C (1 .



1 , 4 - D i

a n(

6

C ( 6 ) -
C ( 2 ) -
N ( l ) -
C ( 9 ) -
C ( 9 ) -
C ( 7 ) -
C 1 ( 2 )

1 2C ( 1 2H
1 2C ( 1 1
1 1C ( 1 2~ ~
1 1N ( 21
1 0C ( 71 1
1 0C ( 31 2
1 0 7C ( 8 )1 1

S y mt r a n su t g ee q
a t- xl ,

T a1 S e lB L ea B A ni C rS to 7

F i2 A p e r so t c rp ao 7 s ht h yi n

1 , 1 , 4 , 4 -1 , 2 , 3 , 4 - t4 ( - g 5 u nb i s dg

1 , 4 - d i c h l8 ( - g 9 i a lq u ay iT t r ac b c o i

w eb am ea w a i b os ow iu a b T p ro p 8 h b

p r e vr e p o rw ht o tp ra n p h eT d es o 1

d i c h l o ri s e ps tc oa b c ao i a o np rw a a q a

v ee f f ip r e po t s p r o

I c o n ca s ie f fa g em ef t s yo 1 , 4i

r e p oN eq u a ny ie a v ao s tm aa o r p a

v a l un o t ea d vo t m ew ha lt a t p ru np I

i a lt b n o tt ht w h r e3 , 3 , 61 , 2 -2 a a e

s y n te q u io 3 , 6 - d i c h l o1 S t u so q ui o s



6 1A G e a

i w ek n2 s el it b a p r oi n ti a lt s es o a w

v a ro s p e cc h l oc o m

E X P

N s p ew ed e to B rA Co V aA U i nw t e

a i n tr e f eE l e c tm s pw o bo a H e w5 s

w id ii n sp ra a i ov oo 7 e i s p( e mw r o a

N i c os p e c t rM i c rw p eo a C E E 1 a A M

T 3 0t h e r m oa n aw u A m ep w d eo a K h

m e lp oa p pa a u n c o

X -c r y s t aa n ao 7 s ob c h l

C r yD aC 2 ( jF w8 8t rP a = 5 .. b = 1 & c =

1 3 . 9& ~ = 1 1 1 .~ = 9 6 . 7y 9 6 .V = 8 3~ Z = 1 D 1 g

c r ys i0 .x 0 x 0 m F 4 ~ (1 m

D aC o l lA y et ao 7 i i o w m oo a g f a t t t

d i f f r a( S iP w L l o w -a t tU c p aw d

f ra l e a s tf o 6 a c cc er e f( < 2 A t o 4 i d

w ec o la 1 7K w g rm o n oM Or a( = 0 ~ t 2 = 5

M e re q u ig 2 u nd ( R0 .w w u f c a

S t rS o la R e fT s tw s b d m a r

a n i s o to F ( p rS H EH ya w i nu a r m T f

R (w 0 . 0f 1 p a ra 2 o br e f[ > 2 a W w 0 f a

d aT w e is cw W = C T+ ( + b w 3 ( + F a a a b a c

a d jb t p r oM aA = 0 .m aA = 0 e n t c a

P r e po 1 , 1- t e t r a- t e t r a

T a s o lo 3 ,- t e t r- c y c2 ( m i c h( m a

e q u i ma mo t a p pa rd ii c h( m w a d T

s o lw s t ia r t e mf 1 h a t s ow r i v H p c



1 , 4 - D i6

p r o dw ei s oi n eq u a ny ia w c r yf t a ps

P r o4 4 a 7 w s i mp r ei D i no c hI t c t r

m i xw p oi n4 m o c b ra t p r ew c ob v f i

1 , 1- T e t r a c h- t e t r a(

( 9m 2 2 2( e t( FC 4 4H 2 N 8 C 1r C 4

H 2 .N 8 .I n .5 ( C3 M H3 ( 4 7 .( 2 8 .( 2 1

n .8 ( C D7 5M H4 28 41 21 31 41 4m m ( 3 ( 9 2

( 22 ( 22 ( 52 ( 12 ( 32 ( 1 ( 5 ( i 1 1 4 3

6 c m

l , l , 4 , 4 , 7 - P e n t a c h l o r(

( 8m 1 9 9( e t( FC 4 0H 1 N 7 C 1r C 4

H 1 .N 7 .I n .8 ( C3 M H3 ( 4 7 ( I J = 9 J = 2 8 ( I J =

9 .8 .( I J = 2 .1 n .8 ( C7 M 4 4 8 8 1 1

1 3 31 3 81 4 11 41 41 4m m ( 3 ( 2 2 ( 2 ( 1 ( 1

( 31 ( 31 ( 47 ( 1 0( 4( 4( 4( i 1 1 4 4 38

8 1 0c m

l I , 4 , 4 - T e t r a c h l o r o - l , 2 , 3 , 4(

( 9m 1 5 5‘ ( e t( FC 4 4H 2 N 7 C 1r C

4 4H 2 .N 7 . 3n .b ( C3 M 3 ( 4 4 ( 3 8 ( I J = 9 8

( o1 H J = 9 .J = 1 .8 ( 1 H J = 1 .1 n .6 ( C7 M 5 48

8 41 2 91 3 11 31 31 41 41 41 41 6m m ( 3 ( 5

3 ( 33 ( 52 ( 31 ( 47 ( 1( 5( i 1 1 2 6 3c

1 , l , 4 , 4 - T e t r a c h 1 o r o - l ,(

( 8m 1 9 2“ ( e t( FC 3 9H 1 N 1 C 1r C

3 9H 1 .N 1 1 .n .b ( C3 M 3 ( 4 8 ( I J = 9 J = 0 8

( oI J = 9 .J = 2 .9 ( oI J = 2 J = 0 1 n .b ( C7 M 4 2 .

1 2 51 2 51 3 11 41 41 41 41 4m m ( 3 ( 1 3 ( 3

( 32 ( 52 ( 77 ( 1 0( 5( 5i 1 1 3 5 0 ,8 1c



6 1A G e a

7 - B e n z o- t e t r a c- t e t r a(

( 9m 1 7“ ( e t( FC 5 3H 2 N 6 C 1r C

5 3H 2 .N 6 . 5n .~ ( C3 M 3 ( 4 7 ( 2 J = 7 7 ( I J =

7 .J = 1 .7 .( o2 J = 7 J = 1 .8 ( 2 J = 1 8 ( I J = 1 1 n 8 (

7 5M H4 24 28 41 21 21 31 31 31 1 1 1

1 4 41 4 81 41 9m .m ( 4 ( 1 3 ( 3 ( 2 ( 1 ( ( 5

( 3i .1 61 3 28 5 2 , 8c

I , l , 4 , 4 -l , 2 , 3 ,7 - m e t(

( 9m 1 9‘ ( e t( FC 4 6H 2 N 8 C Ir C

4 6H 3 .N 8 . 3n .6 ( C3 M 2 ( 3 3 ( 4 7 ( I J = 8 J =

2 .8 .( bI 8 ( I J = 8 .1 n .3 ( C7 M 2 2 .8 8

1 2 71 2 81 31 41 41 41 41 4m m ( 3 ( 2 2 ( 2

( 41 ( 48 ( 1 0( 4( 8( i 1 1 1 3 48 8 c

I I , 4 , 4 - T- l , 2 , 3- 7 - f l(

( 9m 1 7‘ ( e t h a n( FC 4 H 2 N 8 C

r e q uC 4 2H 2 .N 8 .‘ n .8 ( C3 M 3 ( 4 7 ( I 7

( oI J = 7 .J = 2 .8 ( oI J = 9 J = 5 1 n 6 ( C7 M 4 2

8 41 1( J = 2 21 2( J = 2 61 3( J = 1 1 1 ( J = 1 1 ( J

= 3 .1 4 71 6( J = 2 7m .r ( 3 ( 5 2 ( 2 ( 2 ( 1 ( 1

( 31 ( 31 ( 61 ( 41 ( 49 ( 1( 7( i 1 1 1 1 1

8 48 0 6c m

l , l , 4 , 4 - T e t r a c h l o r o - l ,(

( 9m 1 8‘ ( e t( FC 4 6H 3 N 8 C 1r C

4 6H 3 . (N 8 . 3n .5 ( C3 M 2 ( 3 3 ( 4 7 ( d I J = 7

7 .( oI J = 8 J = 7 .8 ( d I J = 8 1 n 6 ( C7 M 1 7

8 48 41 2 71 31 31 31 41 41 41 m m ( 3 ( 4 2

( 32 ( 52 ( 31 ( 31 ( 78 ( 9( 1i 1 4 3 57 c

l , l , 4 , 4 , 7 , 8 - H e x a c h l(

( 9m 1 5 8( e t( FC 3 6H 1 N 7 C 1r C 3



1 , 4 - D i6

H 1 .N 7 .I n .8 ( C3 M H3 ( 4 8 ( 2 1 n b ( 7 M

4 28 41 2 91 31 41 4m r ( 3 ( 1 3 ( 3 ( 3 ( 1

( 41 ( 67 ( 8 7( 8( 1 0( 7( i 1 1 1 6 68 c

7 , 7 ' - B- t e t r a c- t e t r a(

( 9m 2 7 5‘ ( c h l oe t( FC 4 H 2 N 8 C

r e q uC 4 4H 2 .N 8 .s op r( FC 3 H 1 N 6 C M

r e q uC 3 5H 1 .N 6 .I n .8 ( C3 M 3 ( 8 8 ( 2 J = 8 J =

2 .8 .( 2 J = 8 .8 ( 2 J = 2 .1 n .5 ( C7 M 4 2 . 5

1 2 71 3 01 3 11 41 41 41 41 4m m ( 6 ( 2 4 ( 4

( 74 ( 93 ( 32 ( 92 ( 12 ( 8 ( i 1 1 1 3 57

c m

P r e po 1 , 4 - d i c h

T t a p p r1 , 1 , 4 ,1 , 2 , 3 , 4( m i D ( m p

( m w a da t s o lw b of 1 h A c ot r em w p i 4

m o c ob rC r1 , 4 - d i ci a h p us tp ra w i b

v af i l ta c r y sf t a p ps oY w a q u

O n ep r o cT a s o lo 3 , 3 , 61 , 2 -2 ( m i D (

m a s o lo t a p p rd i( m mi D ( m w a d rT m w

s t ia r ot e m pf 1 h ( ‘ 1 h f p r8 a 1 T p y( m w a a

t s o lw b of 1 h 1 , 4 - D i cw i si a q uy a w

c r y s tf rt a p p rs o l

1 , 4 - D i c h(

( 9m 2 0 3( e t( Lm 1 9“ L m 1 ‘ ( C 5 H

2 .N 1 1C 1 2 Hr e qC 5 7H 2 N 1 1n 6 ( 3 M 7 (

2 H7 . 9 0( 2 8 . 3( 2 1 n .8 ( C7 M 1 1 1

1 3 21 4 01 4 3m .2 ( 2 6 2 ( 1 2 ( 1 ( 7 ( 7 ( 7

( 15 ( 1i .1 51 41 1 3 0 , 9c

1 , 4 , 7 - T r i c(

( 9m 2 2 9“ ( e t( FC 5 1H 1 N 9 C 1r C 5



6 1A G e a

H 1 .N 9 . 8n .6 ( C3 M 7 ( I J = 9 J = 2 7 ( I J = 8 7 (

I J = 8 .8 .( oI J = 9 J = 0 .8 ( I J = 2 1 n 5 ( 7 M 1

1 2 91 2 91 31 31 31 31 31 41 41 1 m m ( 2

( + 3 02 ( + 1 02 ( 8 2 ( 1 ( 7 ( 7 ( i 1 1

1 0 6 3 ,8 8 c m

1 , 4 - D i c h l o r o - 7 -(

( 9m 2 5“ ( 1 , 2 - d( FC 5 H 2 N 9 C

r e q uC 5 4H 2 .N 9 .n .s pc n b r ed t i e xl v i

t u ss p e c ts o lm .m ( 3 ( 2 6 3 ( 9 2 ( 2 ( 2 (

2 ( 61 ( 35 ( 8i .1 71 41 1 1 1 1 0c

1 , 4 - D i c h l o r(

( 9m 2 0“ ( e t( FC 4 9H 1 N 1 C 1r C

4 9H 1 .N 1 4I n .3 ( C2 M 8 ( 2 H 8 ( 1H J 9 8 ( 1 H , J

9 .J 2 .9 .( I J 2 .1 n .8 ( C5 M 1 21 1 1 1

1 3 21 3 21 41 41 41 41 1 m m ( 2 ( + 2 6 2 ( 1 2

( 32 ( 42 ( 22 ( 1i .1 51 1 3 4 3 ,c

7 - B e n z o y I - 1 ,(

( 9m 2 3 2( ea c e( FC 6 4H 2 N 7 C 1r C

6 4H 2 .N 7 .I n .6 ( C2 M 7 .( 3 7 .( 4 8 ( I

J = 9 .8 .( I J = 8 .8 ( I 1 n .8 ( C5 M 1 1 1 1

1 3 11 3 21 31 31 31 31 41 41 41 1 1 m m

( %3 ( M7 1 ( 87 ( 1( 3i 1 1 1 1 1 1c

1 , 4 - D i c hl p h(

( 9m 2 0“ ( e t( FC 5 9H 3 N 1 C 1r C

5 9H 3 .N 1 0I n .5 ( C2 M 2 ( 3 7 ( I J = 9 J = 1 7 (

2 H8 .( s I 8 ( I J = 9 .1 n .8 ( C5 M 2 1 1 1

1 2 91 3 21 31 31 31 41 41 41 4m m ( 2 ( 2 6 2

( M1 01 ( 41 ( 28 ( 4( 4( i 1 1 1 1 1 48

c m



1 , 4 - D i6

1 , 4 - D i c h l o r o(

( 9m 1 8“ ( e t( FC 5 4H 1 N 1 C 1r C

5 3H 1 .N 1 0 .n .8 ( C3 M 7 .( I 7 ( I J = 8 7 (

I J = 8 .7 .( oI J = 9 J = 3 8 ( I J = 9 J = 5 1 n 6 ( 5 M

1 1( J = 2 11 2( J = 2 81 2( J = 1 1 21 31 ( J = 1 1

1 3( J = 2 .1 41 41 4( J = 1 31 6( J = 2 5m m ( 2 ( + 2

6 12 ( M1 02 ( 31 ( 21 ( 11 ( i 1 1 1 1 1 1c

1 ,- D i c h l o r o -(

( 9m 1 9 6( e t( FC 5 9H 3 N 1 C 1r C 5

H 3 .N 1 0 .I n .8 ( C2 M H2 ( 3 7 ( d I J = 6 7 ( I J = 8

J = 6 .7 .( 2 H8 ( d I J = 8 .1 n .8 ( C5 M 1 1 1 1

1 3 01 3 11 3 21 31 31 31 41 4m m ( 2 ( + 2 6 2 (

1 01 ( 21 ( 21 ( 19 ( 1( 1i 1 1 98 3 56 c

1 , 4- T e t r a c h(

( 9m 2 2 8( e t( FC 4 5H 1 N 8 C 1r C 4

H 1 .N 8 . 8n .8 ( C2 M H7 ( 2 8 ( 2 1 n 8 ( 5 M

1 2 91 3 21 3 71 41 4m .m ( 3 ( 4 5 3 ( 2 1 3 ( 7

1 ( 21 ( 21 ( 31 ( 57 ( 4i 1 1 1 1 1 1 08 c

7 , 7 ’ - B i s ( l , 4(

( 9m > 3“ ( ww h e t( FC 5 H 2 N 1 C

r e q uC 5 8H 2 .N 1 1n .s pc n b r ed t i e xl v

i t u ss p e c ts o lm .m (70): 4 ( + 4 8 4 ( + 2 1 4 ( 4 4

( 24 ( 44 ( 36 ( 1i .1 61 51 1 3 4 5c

A c k n o wW g r aa c kt f is uo t D iG d

I n v e sC i e ny T 6( pn uP B1 O o t a ( t t

M i n id E d uy C uf a g r



6 1

1

2

3

4

5

6

7

8

9

1

1

1

1

1

1

A G e a

R E FA N

T c h eo p h eh b e x cr e( S G A F D P

C h eo H e t eC o mW i1 V 1 ( P A i C o

H e t eC h eK a tA R C P oK E P eP 1 V 3 p 1

( M c C uK i I /C h eo C aC oA M E E 1

V 4 P aI J p 3

F e x aT aM B uC hS J 1 91 V iD L J O C 1

5 6V i vD L J A mC hS 1 94 V iD L H R M B M J O

C h1 9 61 T aM B uC S J 1 5 3 P J K M J

A mC hS 1 97 9 T aM B C S J 1 4 3 a r c

t h e

C rB D uC L P yD H T iJ J S F A 1 9

R eI p 3

F e x aK i tT K i nY A S M iM W aH M K P A

C h1 9 92 0V aL aC W M oU F H J O C 1 6

G e iA K e l l e rW B rM Z iH J A n1 4 1 Takahashi, K.;

Takahashi, I.; Morimoto, M T oF J A n t1 3 6 O S E S F

S K o mK T a kY W o oH B J A n1 91 L J S

F V i gJ .T e t rL e1 2 5 L J S cF V J J

H e t eC h1 9 91 6

M a fS P iS C a tA G aC I 1 8 3 M S P S C A

G aC hI t1 9 58 C h eV P K iA U K Z 1

3 6C .1 9 51 4

C h e rV P K i pA Z O K 1 91 C 1 1

C lG .M c IH J C hS 1 1

C lG .M c IH J C hS 1 9

R el p 1

P a qJ B r aP C J C h1 91

D B uL V a n s lJ D K iN V eR B S C B 1 9

S H ES iA n aX -I n sM aW

i .a h if iI n .s pf c a c r yp rw r s

n e g ld i f f

T p r e po p r o4 a 7 w c ao uf 1 h

( R e ci U 1 F e b1 9r e7 M 1 a c1 M 1


