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HISTORICAL

1 - 4
S e v e r a l o r ig i n a l  p a p e r s , r e v ie w s  and m onographs have appeared  

in  th e  l i t e r a t u r e ,  u n d e r lin in g  th e  rem arkable p a r t ,  w hich th e  d ia z o ­

k e to n e s  have p la y ed  in  th e  developm ent o f  o r g a n ic  c h e m is tr y . The 

m ethods o f  p r e p a r a tio n  o f  d ia z o k e to n e s  may be d iv id e d  in to  seven  

p r in c ip a l  groups:

1) C _-acy lation  o f  a l ip h a t i c  d iazo-com pounds

2) R e a c t io n  o f  o r g a n ic  a z id e s  w ith  a c t i v e  m eth y len e  
compounds

3) O x id a tio n  o f  m onohydrazones o f  a -a ld e h y d o k e to n e s  and 
c f-d ik e to n es

4) D ia z o t iz a t io n  o f  prim ary am ines c o n ta in in g  a ca rb on y l  
group

5) D ia z o t iz a t io n  o f  k etox im es

6 ) A lk a l in e  c le a v a g e  o f  N ^ a cy l-N -n itr o sa m in e s

7) A lk a l in e  c le a v a g e  o f  to sy lh y d r a z o n e s  o f  a -c a r b o n y l  
compounds

From our p o in t  o f  v iew  th e  f i r s t  two m ethods a r e  o f  i n t e r e s t .

C_-A cylation o f  A l ip h a t ic  Diazocom pounds

T h is method c o n s i s t s  o f  d ir e c t  a c y la t io n  o f  d ia z o  d e r iv a t iv e s  

by c a r b o x y lic  a c id  h a l id e s  and a c id  a n h y d r id e s . The n a tu r e  o f  th e  

p roduct formed depends c o n s id e r a b ly  on th e  r e a c t io n  c o n d it io n s  and 

on th e  s tr u c t u r e  o f  th e  diazo-com pounds and a c y la t in g  a g e n t s .  For
5

exam ple, a c e t y l  c h lo r id e  r e a c t s  w ith  e t h y l  d ia z o a c e t a t e  a s  fo l lo w s :

CICOCHa +  N2CHC00C2H3 -------- * C2H3C00CN2C0CH3

The r e a c t io n  o f  c a r b o x y lic  a c id  c h lo r id e s  w ith  diazo-com pounds w ith -

1
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ou t an a c t iv a t e d  a -h yd rogen  atom ta k e s  p la c e  d iffe r e n tly " * .

R-C-Cl + N2C(C6HS) 2  ->R-C-C(C*H9)a  + N2
D 0 Cl

The r e a c t io n  o f  a ro m a tic  c a r b o x y lic  a c id  c h lo r id e s  w ith  d iazom ethane

a t  room tem p era tu re  u s in g  equim olar am ounts o f  r e a c t a n t s  le a d s  to

6 ,7
th e  fo rm a tio n  o f  a r y l  ch lo ro m e th y l k e to n e s

C6H5C-C1 + CH2N2  > C6H3[>CH2C1 + N2
0 0

£ - A c y la t io n  o f  d ia z o a lk a n e s  ta k e s  p la c e  in  th e  p r e se n c e  o f  c a r b o x y lic

8-10
a c id  c h lo r id e s  a t  0 C and may be d e s c r ib e d  a s  b elow

R-C-C l + 3CH2N2 --------- > R-C-CHN2 + CH3C1 +  N2 + CH2N2
0 0

When l e s s  than 3 m o les  o f  d ia z o a lk a n e  a r e  u se d , a s id e  r e a c t io n

le a d in g  to  th e  fo rm a tio n  o f  a c h lo ro m e th y l k e to n e  i s  p o s s ib le .

HC1 + R-C-CHN2  ?■ R-C-CH2C1 +  N2
II ti
0 0

T r ie th y la m in e  may be u sed  to  com bine w ith  hydrogen c h lo r id e  

11
formed in  th e  r e a c t io n  . The method o f  (3 -a c y la t io n  o f  d iazo -com ­

pounds ( th e  A r n d t -E is te t  m ethod) has b een  d e v e lo p e d  in  f a i r  d e t a i l

and i s  w id e ly  used  to  s y n t h e s iz e  n o t o n ly  prim ary b u t a ls o  se c o n -

12
dary d ia z o k e to n e s  . I t  c o n s t i t u t e s  th e  b a s i s  o f  th e  s y n t h e s i s  o f

1 3 ,1 4
mono, b i s - , and t r i s -  d ia z o k e to n e s  * . Thus, 1 , 3 , 5 - t r i s  (d ia z o -

a c e t y l )  b en zen e  h as been  o b ta in e d  by t r e a t in g  t r im e s i t o y l  c h lo r id e

14
w ith  an e x c e s s  o f  d iazom eth an e

15
W otiz and Buco r e p o r te d  th a t  i t  was p o s s ib le  to  p rep are  

a ,P -u n s a tu r a te d  d ia z o k e to n e s  or d ia z o a c e t y l  p y r a z o lin e s  u s in g  

d i f f e r e n t  am ounts o f  r e a c t a n t s  by th e  f o l lo w in g  m ethod.

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



3

C6H5CH=CH-C-C1 + c h 2n 2  > C6HsCH=CH-C-CHN2
0 0

or

L - - - - - -  ̂ c 6h sc h - c - c - c h n 2
H2<k/N 0

N
l

H

W hile C ^ a cy la tio n  o f  d iazo-com pounds by c a r b o x y lic  a c id  c h lo r id e s

and a c id  brom ides have been  in v e s t ig a t e d  in  f a i r  d e t a i l ,  c a r b o x y lic

a c id  f lu o r id e s  a r e  r a r e ly  u sed  fo r  t h i s  p u rp ose . The s y n t h e s i s  o f

16d ia z o a c e ta ld e h y d e  may s e r v e  a s  an exam ple

H-C-F + CH2N2-------- » H-Cj-CHN2
0 0

There a r e  o n ly  a few  exam ples o f  th e  £ - a c y la t io n  o f  d ia zo -co m -

17 18pounds by c a r b o x y lic  a n h y d rid es  ’ . B en zo ic  an h yd rid e  r e a c t s  w ith

d iazom ethane to  form d ia z o a ce to p h e n o n e .

R e a c t io n  o f  O rganic A z id e s  w ith  A c t iv e  M ethylene Compounds

The r e a c t io n  in v o lv in g  th e  in tr o d u c t io n  o f  d ia z o  groups in to

an a c t i v e  m eth y len e  group w ith  th e  a id  o f  ph en yl a z id e  was d is c o v e r e d  

19by Dim orth in  1910 .

0 0
II II

HaN-C C-NH2
CH2 C6H3N3   / N 2 + c 6Hs NH2

H3C0-C COOCH3
0

L a ter  i t  was shown th a t  £ - t o s y l  a z id e  can a l s o  be used  to  t r a n s f e r  
20

th e  d ia z o  group . However, a t  th a t  t im e , t h i s  i n t e r e s t i n g  method 

o f  p rep a r in g  d ia z o  compounds d id  n ot a t t r a c t  much a t t e n t io n  and i t s

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



d e t a i l e d  developm ent began a s  l a t e  as 1953
21,22

The method proved

to  be s u i t a b le  fo r  th e  s y n t h e s i s  o f  c y c l i c  d ia z o  compounds in c lu d in g

p r e sen ce  o f  sodium or p o tassiu m  e th o x id e , t r ie th y le m in e  or p otassiu m  

h y d ro x id e .

The fo rm a tio n  o f  a m ix tu re  o f  d iazo-com pounds was a l s o  n oted  in  

th e  s y n t h e s i s  o f  2 - d ia z o in d a n - l , 3 -d io n e . The p r in c ip a l  r e a c t io n  pro­

d u ct i s  2 - d i a z o - l ,3 ,3 - t r i o x o - l ,2 - b i s i n d a n y l i d e n e  (A) w hich a r i s e s  

a s a r e s u l t  o f  th e  s e l f  c o n d e n sa tio n  o f  in d a n -1 , 3 -d io n e  under th e  in ­

f lu e n c e  o f  a b a s e . The s e l f  c o n d e n sa tio n  product r e a c t s  fu r th e r

d ia z o k e to n e s
2 2 ,2 3

The r e a c t io n  i s  c a r r ie d  o u t in  e th a n o l in  th e

24
w ith  £ - t o s y la z id e  (TA)

n o

o

0

TA

:0
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Carbonyl compounds o f  th e  ty p e  -CH2-C=0 r e a c t  w ith  s u l f o n y l  a z id e s

to  form d ia z o  d e r iv a t i v e s ,  when th e  C-H group i s  s u f f i c i e n t l y  a c t i -

,2 5 ,2 6
v a ted

D icarb on y l compounds a re  c o n v e n ien t a c c e p to r s  o f  th e  d ia z o  group  

K eton es, w hich are  u n s u it a b le  fo r  th e  d ir e c t  in tr o d u c t io n  o f  th e  d i ­

azo group, are  co n v e r te d  by C la is e n  c o n d e n sa tio n  in to  p -d ic a r b o n y l

compounds. The l a t t e r  sm ooth ly  con verted  in to  d ia z o k e to n e s ,  w ith

2 7 ,2 8
e lim in a t io n  o f  s u b s t i t u t e d  carboxam ides

-C-CH2-C-R  
li il ■
0 0

v -C-CHN2 + R-C=0
li i
0 NHR

R = H, a lk y l  group or a r y l  group

a-F o rm y lcy lo a lk a n o n es a r e  a l s o  r e a d ily  co n v erted  in to  d ia z o c y c lo a l -
2 7 ,2 9

kanones

(H2C) n

H
C-C=0i

H

-c=o

TA
(HaC)

+ CH3

S021|ICH=0
H

C=0

In th e  r e a c t io n  o f  1 ,3 ,5 - t r i k e t o n e s  w ith  t o s y la z id e ,  p y r a z o lo n es

are  i s o la t e d  in  h igh  y i e l d s ,  in s te a d  o f  th e  ex p ec ted  b i s  d ia z o k e to n e s

The form ation  o f  th e  p y r a z o lo n e s  i s  due to  an in tr a m o le c u la r  r e a c -

30
t io n  o f  th e  in te r m e d ia te  d ia z o k e to n e  (Bi and B2)

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



6

0 0 0
ll il H ,

R-C—CH2-C—CH2-C-R

* & /

0 0 0 0 0 0
II II II II II II ,

R-C-CNa-C-CHa-C-R R-C-CHa-C-CNa-C-R

(B J  (Ba)

1 i
0 
ll

R-C-C — C=0
0

/ /  \  R- " / CH> o
N CH-C-R H-N

N N n \ T ^ C -C -R 'i 0 N — n
H 0

However, when th e  r e a c ta n t s  a r e  mixed s lo w ly ,  th e  r e a c t io n  can be
31

d r iv e n  tow ards th e  fo rm a tio n  o f  b i s  d ia z o k e to n e s

C6H3-C-CH2-C-CH2-C -C 6H3 +  CH3 J  V  s o 2n 3 
0 0 0

— > C6Hs -C-CN2-C-CN2-C -C 6H5 II II II
0 0 0

D ia z o k e to n es  a r e  formed in  th e  r e a c t io n  o f  enam ines w ith  a r e n e su l-

c i ^  3 2 ’ 33fo n y l  a z id e s
TA

C6HsC0CH=CH-N-C6H3  » C6H3-C0CHN2
c h 3

R e a c t io n s  o f  D ia z o k e to n es

An in t e n s e  in v e s t ig a t io n  o f  th e  ch em ica l r e a c t io n s  o f  d ia z o k e ­

to n e s  was begun in  1 928 , when Arndt and Amende d is c o v e r e d  th e  r e a c -

9
t io n  in  w hich d ia z o a lk a n e s  a r e  a c y la te d  by c a r b o x y lic  a c id  h a l id e s  . 

S in c e  th en  d ia z o k e to n e s  have become r e a d i ly  a v a i la b le .  They undergo

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



r e a c t io n s  o f  th e  f o l lo w in g  c h a r a c t e r i s t i c  ty p e s :

1) R e a c t io n s  w ith  e v o lu t io n  o f  n itr o g e n

2) R e a c t io n s  in v o lv in g  th e  n itr o g e n  atom s o f  th e  
d ia z o  group

3) R e a c t io n s  in  w hich  th e  m o b ile  a -h yd rogen  atom i s  
s u b s t i t u t e d

R e a c t io n s  in v o lv in g  a c id  c a t a l y s i s

T h is group o f  r e a c t io n s  in c lu d e s  th e  r e a c t io n s  o f  d ia z o k e to n e s  

w ith  w a te r , a l c o h o l s ,  a c id s ,  h a lo g e n s , N -h a logen o  d e r iv a t iv e s  and 

n itr o g e n  o x id e s .  Under th e  u s u a l  c o n d i t io n s ,  d ia z o k e to n e s  a r e ,  a s  

a r u l e ,  in e r t  to  w a te r . However, a few  d rop s o f  a c id  (u s u a l ly  in o r ­

g a n ic )  a r e  s u f f i c i e n t  fo r  th e  e v o lu t io n  o f  n i t r o g e n  to  b e g in , and an  

a -h y d ro x y k eto n e  to  form . Som etim es th e  r e a c t io n  ta k e s  p la c e  on

h e a t in g .  For exam p le, an a c e ty lm e th a n o l may be o b ta in ed  from d ia z o -  
34

a c e to n e

A cid  h y d r o ly s is  o f  prim ary d ia z o k e to n e s  d o es  n ot r e s u l t  in  th e  

fo rm a tio n  o f  a -h y d ro x y m eth y lk e to n es  o n ly .  In th e  d ec o m p o sit io n  o f  

3 -d ia z o - l-m e th o x y c a r b o n y l- l-p h e n y l-p r o p a n e -2 -o n e  by d i l u t e  s u l f u r i c  

a c id ,  B rad ley  and Eaton i s o l a t e d  b e n z y lg ly o x a l  in  12% y i e l d ,  th e  

fo rm a tio n  o f  w h ich  th ey  b e l i e v e  may be due to  an a n io n o tr o p ic  mi­

g r a t io n  o f  th e  ph en yl group and th e  e l im in a t io n  o f  th e  second su b -
35 36

s t i t u e n t  . Dahn e t  a l  in v e s t ig a t e d  t h i s  r e a c t io n  in  g r e a te r  d e­

t a i l  and em ployed 10% p h o sp h o r ic  a c id  fo r  h y d r o ly s is  and o b ta in ed  

b e n z y lg ly o x a l  in  44% y i e l d .  In a d d it io n  to  th e  a ld e h y d e , b e n z o y l-  

a c e t y l  was a l s o  i s o l a t e d .  They e x p la in e d  th e  fo rm a tio n  o f  th e  above  

p ro d u c ts  by th e  in te r m e d ia te  fo rm a tio n  o f  a h yd roxyk eton e  and a d i o l .

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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C 6H 5C H (0 C 0 0 C H 3 )C 0 C H N 2 - ^  C 6H 5 C H (0 C 0 0 C H 3 )C O C H a OH 

/ /  *

HO C 6H s

H  <-
OHC H

H 5 C 6 ^C -O H  C 6H s ^

H ^ l l
A', CH

H .C O - C # ^

H

C = C -O H

o )  Xc h 2 

h (o -h

c 6h 5- c - c = c h 2  > c 6h 5- c - c - c h 3
g L. U UOH 0 0

In th e  a c id  h y d r o ly s is  o f  d ia z o k e to n e s , th e  s t a b i l i z a t i o n  o f  th e

carbonium  io n  depends b o th  on th e  n a tu re  o f  th e  s u b s t i t u e n t s  and on

t h e ir  d i s t r i b u t io n  r e l a t i v e  to  th e  d ia z o  group. For exam p le, £ -

c h lo r o -w -d ia z o -£ -m e th o x y c a r b o n y l-a c e to p h e n o n e  g iv e s  7 - c h l o r o - l , 4 -
37

d ik eto iso ch ro m a n  on trea tm en t w ith  3% s u l f u r i c  a c id

COCHN

Cl ClCOOCH;

Under th e  h y d r o ly s is  c o n d i t io n s ,  2 -d ia z o -£ -c a r b o m e th o x y -£ -n itr o -

acetop h en on e  i s  c o n v e r te d  in to  w -h y d r o x v -£ -c a r b o m e th o x y -£ -n itr o -  

38
acetop h en on e

0 2N'

COCHNa

COOCHs

H +

0 2N

COCHaOH

COOCH,

The a c id i t y  o f  a lc o h o ls  i s  i n s u f f i c i e n t  fo r  th e  d ec o m p o sit io n  o f

d ia z o k e to n e s , t h e r e f o r e ,  th e  r e a c t io n  w ith  a lc o h o ls  i s ,  a s  a r u l e ,

c a r r ie d  o u t in  th e  p r e se n c e  o f  c a t a l y s t s .  In o r g a n ic  a c id s ,  boron
39

t r i f l u o r i d e  or m e t a l l i c  copper a r e  employed fo r  t h i s  p u rpose .
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The r e a c t io n  r e s u l t s  in  th e  fo rm a tio n  o f  (D -a lk y l-d e r iv a t iv e s  o f  a -  

h y d r o x y k e to n e s .

In c o n tr a s t  to  d ia z o a lk a n e s , d ia z o k e to n e s  are  more s t a b le  in

r e la t io n  to  e l e c t r o p h i l i c  r e a g e n ts .  The in e r t n e s s  o f  d ia z o k e to n e s

w ith  r e s p e c t  to  c o ld  a c e t i c  a c id  makes i t  p o s s ib le  to  c a r ry  ou t

40
c e r t a in  r e a c t io n s  in  i t  . On h e a t in g  w ith  a c e t i c  a c id ,  d ia z o k e to n e s  

41
form  k e t o e s t e r s

RCOCHNa + CH3C00H > RC0CH20C0CH3 + N2

S tron g  o r g a n ic  a c id s  decom pose d ia z o k e to n e s  a t  room tem p era tu re .

w -N itr o -a -d ia z o k e to n e s  r e a c t  w ith  p o ly n it r o - c a r b o x y l ic  a c id s  when th e

43
r e a c t a n t s  are  fu sed  to g e th e r

Hydrogen h a l id e s ,  e x c e p t hydrogen f lu o r i d e ,  r e a d i ly  decompose

d ia z o k e to n e s . I n t e r e s t in g  exp er im en ts  have been  perform ed on th e

d e c o m p o sit io n  o f  d ia z o k e to n e s  in  h y d r o f lu o r ic  a c id  in  th e  p resen ce

44
o f  N -brom osu ccin im ide

*0
H2c ^ c \

| N—Br +  NaCHCOR + HF  ̂ FBrCHCOR + N2 +  su c c in im id e
HaC /

When d ia z o k e to n e s  a r e  tr e a te d  w ith  dry hydrogen c h lo r id e  a -

c h lo ro m e th y l k e to n e s ,  w hich a re  s t a r t in g  m a te r ia ls  fo r  v a r io u s

42
s y n t h e s e s ,  a r e  o b ta in e d  . For exam p le, n i t r o s o l e f i n s ,  d ik e to n e s ,

and o th e r  compounds have been  o b ta in e d  from d ia z o k e to n e s  v ia  a -

c h lo r o m e th y lk e to n e s .

RC0CHN2 RC0CH2C1 laI2ii>R-C-CH2Cl » RC=CH2
NOH NO

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



1 0

COCHNa
HC1

COCHaCl
Z n^U C O O g (CHa)

COCH

(C H a ) n *  (CH2) n

COCHNa COCHaCl COCHa

R e a ctio n  o f  d ia z o k e to n e s  w ith  c a rb o n y l compounds

The r e a c t io n  o f  d ia z o k e to n e s  w ith  a ld eh y d es was in v e s t ig a t e d

45
fo r  th e  f i r s t  tim e by D ie ls  and I lb e r g  . On m ix in g  2 - d ia z o - 3 -  

butanone w ith  form aldehyde, th e y  ob serv ed  a v ig o r o u s  e v o lu t io n  o f  

h ea t and n itr o g e n . The r e a c t io n  r e s u l t e d  in  th e  i s o l a t i o n  o f  4 -  

h y d r o x y -3 -m e th y lb u t-3 -e n -2 -o n e .

D ia z o k e to n es  r e a d i ly  r e a c t  w ith  k e t e n e s .  A f te r  a llo w in g  a z ib e n z i l

to  r e a c t  w ith  d ip h e n y lk e te n e , S ta u d in g er  and Reber i s o la t e d  a n itr o g e n

4 6
c o n ta in in g  c r y s t a l l i n e  adduct . Riie'd and D ie t r ic h  made a d e t a i l e d  

stu d y  o f  th e  r e a c t io n  o f  o -q u in o n e  d ia z id e  w ith  k e te n e s  and showed 

th a t  i t  r e s u lt e d  in  th e  fo rm a tio n  o f  p o ly c y c l ic  n i tr o g e n -c o n ta in in g

CH3C0CN2CH3 + 0=CH2---- => CH3-C0C=CH0H + N 2
c h 3

4 7 ,4 8
sy stem s

E le c t r o p h i l i c  s u b s t i t u t io n  in v o lv in g  d ia z o k e to n e s
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11

D ia z o k e to n es  a r e  known to  undergo a r e a c t io n  in  w h ich  s i l v e r

or m ercury r e p la c e s  th e  hydrogen a t  th e  carbon atom l in k e d  to  th e
49

d ia z o  group. The r e a c t io n  was f i r s t  d is c o v e r e d  by Buchner when 

he a llo w ed  d ia z o a c e t ic  e s t e r  to  r e a c t  w ith  y e llo w  m ercury ( I I )  o x id e .

H5C20C0CHN2 +  HgO >Hg(CN2COOC2Hs ) 2 + H20

S i lv e r  o x id e  can a ls o  be employed a s  a d e p r o to n a tin g  a g en t fo r  

d ia z o k e to n e s . The r e a c t io n  i s  perform ed in  te tr a h y d r o fu r a n  a t  

tem p era tu res betw een  -1 5 °  and 0 ° .  S i lv e r  d e r iv a t iv e s  o f  d ia z o k e ­

to n e s  a r e  e x c e l l e n t  a lk y la t in g  a g e n ts  and s e r v e  a s  in te r m e d ia te s  fo r

50
th e  s y n t h e s i s  o f  u n sa tu r a te d  d ia z o k e to n e s

2CH3C0CHN2 + 2Ag20  >2AgCN2C0CH3 + H20

AgCN2C0CH3 + C1CH2CH=CH2 » CH3C0CN2CH2CH=CH2 + AgCl

O rgan otin  d e r iv a t iv e s  o f  d ia z o a c e t ic  e s t e r ,  formed in  th e  r e a c ­

t io n  o f  th e  l a t t e r  w ith  o r g a n o t in  d e r iv a t iv e s  o f  a lk y la m in e s , have

51
been  r e c e n t ly  d e s c r ib e d

R e a c tio n s  o f  d ia z o k e to n e s  under th e  in f lu e n c e  o f  b a s e s

The r e a c t io n s  o f  d ia z o k e to n e s  w ith  b a se s  have n o t been  ad equat­

e ly  in v e s t ig a t e d ,  e v id e n t ly  due to  t h e ir  c o m p le x ity . The r e a c t io n
52

ta k e s  p la c e  unam biguously  in  th e  c a s e  o f  th e  d ia z o a ce ta m id e  and

53
2 -d ia z o -3 -p e n ta n o n e  . In  th e  f i r s t  c a s e  th e  p rod u ct i s  5 - k e to -  

1 , 2 , 3 - t r i a z o l e  and in  th e  secon d  l - ( 3 ,3 , - d im e t h y l - 2 - b u t y r o y l ) - 5 -  

( 2 ,2 - d im e th y l- l - k e t o p r o p y l)  t e t r a z o le .  The r e a c t io n  o f  d ia z o a c e -  

tophenone w ith  p o ta ssiu m  J^-butoxide y i e l d s  a dim er o f  d ia z o a c e to p h e n -  

o n e , 5 - b e n z o y l - l - p h e n y l t e t r a z o le ,  and 5 -b e n z o y l~ 2 -p h e n a c y lte tr a z o le .

1 -P h e n a c y lt e tr a z o le  i s  o b ta in ed  in  e th e r  in  th e  p r e se n c e  o f  ammonium
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c h lo r id e " ^ .

I t  was found r e c e n t ly  th a t  d ia z o k e to n e s  undergo in tr a m o le c u la r  

c o n d e n sa tio n  on trea tm en t w ith  a l k a l i e s 5 5 .

12

OHCOCH

0H-

0

0=C 0=C
£hn2

CHa

OH"

N2 oh

R e a c t io n s  o f  d ia z o k e to n e s  v i a  k e to ca r b e n e s

A c h a r a c t e r i s t i c  r e a c t io n  o f  d ia z o k e to n e s  i s  d e c o m p o s it io n  v ia  

k e to c a r b e n e s  on i r r a d ia t io n  and under th e  in f lu e n c e  o f  h e a t and 

l i g h t .  The in te r m e d ia te  s p e c ie s  w ith  an in c o m p le te  o c t e t  a t  th e  a -  

carbon atom , formed a f t e r  th e  e lim in a t io n  o f  n i t r o g e n ,  can  b e  s t a ­

b i l i z e d  in  d i f f e r e n t  w ays.

W o lff , who s tu d ie d  th e  r e a c t io n  o f  d ia z o a c e to n e  and d ia z o -  

aceto p h en o n e  w ith  w ater  in  th e  p r e se n c e  o f  s i l v e r  o x id e ,  i s o l a t e d ,

in s te a d  o f  th e  e x p ec ted  a -h y d r o x y k e to n e s , p r o p io n ic  and p h e n y la c e -

• j  34 t i c  a c id s

-tH >  CH 3 C0CH20H

CH3COCHN2 +  H20-

CH3CH2C00H
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A l i t t l e  l a t e r  and indep en d en t o f  W o lff , S c h r o e te r  s tu d ie d  a s im i la r

r e a c t io n  o f  p h en y lb en zoy ld iazom eth an e  and i s o l a t e d  d ip h e n y la c e t ic

a c id .  By th erm o ly sin g  a z ib e n z i l ,  he su cceed ed  in  o b ta in in g  d ip h e n y l-
56

k e te n e , an in te r m e d ia te  in  th e  fo rm a tio n  o f  d ip h e n y la c e t ic  a c id  

C 6H 5 C 0 C N a C 6H 3 ---------------> C 6H 5 C 0 C - C 6 H 3 -------------- > ( C 6H 3 ) 2 C = C = 0

- n 2

S u b seq u en tly  th e  c o n v e r s io n  o f  a -d ia z o k e to n e s  in to  a c id s  or t h e ir

d e r iv a t i v e s ,  w hich ta k e s  p la c e  on h e a t in g  under th e  in f lu e n c e  o f

c a t a l y s t s  or on ir r a d ia t io n  w ith  u l t r a v i o l e t  l i g h t  in  th e  p r e sen ce

o f  w a te r , a l c o h o l s ,  ammonia, am in es, e t c . ,  was c a l l e d  th e  W o lff-

S h r o e te r  rearran gem en t.

The c a t a l y s i s  o f  £ - t o s y l  ( a c e t y l )  d iazom eth an e in  e th a n o l le a d s

to  th e  fo rm a tio n  o f  e t h y l  a - m e t h y l - a - t o s y la c e t a t e ,  a c e ta ld e h y d e  and 

57
t o s y la c e to n e

CH3CH20H
,------------- > C H 3CH0

£ - C H 3 - C 6 H a - S 0 2C N 2 - C 0 C H 3 £ - C H 3-“ C 6H i , - S O a —C -C O C H 3 --------- V £ - C H 3 - C 6 H a - S 0

CH3 C 0 - C H

t'" " ” C2H30H
p -C H 3- C 6H „ - S 0 2-C=C=0 - £ - ----- > p -C H 3- C 6m - S 0 2-C H -C 0 0 C 2H5

I I
CH 3 C H 3

The r e a c t io n  p roceed s v i a  th e  in te r m e d ia te  fo rm a tio n  o f  a k e to c a r -

b en e . The rearrangem ent o f  a k e to ca rb en e  in to  k e te n e s  i s  n o t th e

o n ly  pathw ay. For exam ple, th e  d ec o m p o sit io n  o f  b en zoy ld iazom eth an e

in  th e  p r e se n c e  o f  copper ( I )  c h lo r id e  in  an in e r t  s o lv e n t  g iv e s

58
a 60% y ie ld  o f  1 , 2- d ib e n z o y le th y le n e  , w hich i s  a v a lu a b le  product 

f o r  th e  s y n t h e s i s  o f  h e t e r o c y c l i c  compounds. T h erm olysis  o f  1 , 7 -  

b i s d i a z o - 2 , 6—h e p ta n ed io n e  in  b en zen e  in  th e  p r e se n c e  o f  Copper ( I I )
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o x id e  le a d s  to  th e  fo rm a tio n  o f  c y c lo h e p t - 2 - e n e - l ,4 - d io n e

14

H 2 C c h 2
NaCHCOCHaCHaCHaCOCHNa  > |

0=C C=0

Under a n a lo g o u s  c o n d i t io n s ,  c y c l i c  d ia z o k e to n e s  form p o lym eric

60
p ro d u cts  in  a d d it io n  to  th e  d im ers . When d ia z o k e to n e s  in  w hich a 

CH group a d jo in s  th e  d ia z o  group decom pose under th e  in f lu e n c e  o f

l i g h t  or  Ag20 ,  u ,(3 -u n sa tu ra ted  k e to n e s  a r e  formed a s  a r u le  . These  

a r e  formed by th e  m ig r a tio n  o f  a h y d r id e  io n  from th e  (3-carbon atom  

to  th e  a -ca r b o n  atom .

R e c e n tly  a number o f  u n sa tu r a te d  k e t o e s t e r s  have been  s y n th e s iz e d  in  

62t h i s  way

I f  th e  d e c o m p o sit io n  o f  u n sa tu r a te d  d ia z o k e to n e s  i s  c a r r ie d  ou t in  

i n e r t  s o lv e n t s ,  th e  k e to ca r b e n e  formed may be s t a b i l i z e d  in  y e t  

a n o th er  w ay, nam ely v i a  in tr a m o le c u la r  a d d it io n  o f  th e  carbon atom 

w ith  an in c o m p le te  o c t e t  to  th e  d ou b le  bond, r e s u l t in g  in  th e  form a­

t io n  o f  a c y c l i c  p r o d u c t. Thus, when l - d ia z o - o c t - 7 - e n e - 2 - o n e  i s

r e f lu x e d  in  c y c lo h e x a n e  in  th e  p r e sen ce  o f  copper b ro n ze , b i c y c lo -

r, t 63[ 4 , 1 , 0 ]  -2 -h e p ta n o n e  i s  formed

61

RC0CNaCHaR > RCOCH=CHR + Na

C6HsCOCN2(CH2) nCOOCH3  > C6H5C0CH=CH(CHa) n_ 1C00CH3 + Na

0
II

CHa=CH(CH2) 3C0CHN2 + Na
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15

The in tr a m o le c u la r  r e a c t i o n  o f  u n sa tu r a te d  d ia z o k e to n e s  was i n v e s -

64
t i g a t e d  in  g r e a te r  d e t a i l  by Fawzi and G utsche , who n o ted  t h a t  th e  

s u b s t i t u e n t s  a t  th e  dou b le  bond do n e t  have a s i g n i f i c a n t  i n f l u e n c e  

on t h i s  r e a c t io n .

RCH=CH(CH2) COCHN » RCH n

I f  t h e  d iazom eth y l  group i s  s e p a r a te d  from th e  doub le  bond by a

benzene  r in g  or i f  the  dou b le  bond i s  l o c a t e d  in  a r in g ,  p o l y c y c l i c

sy stem s are  formed

Low y i e l d s  o f  cy c lo p r o p a n es  may be o b ta in e d  by th e  therm al d e -

66
co m p o sit io n  o f  d ia z o k e to n e s  . When th e  r e a c t i o n  i s  c a r r ie d  out

in  t h i a n i s o l e  in  n i t r o g e n  and in  th e  p r e s e n c e  o f  copper b ro n ze ,  th e

67
y i e l d  o f  th e  c y c l i c  compound may b e  in c r e a s e d

(CH3) 3CC0CHN2 » (CH3) 3CC0CH CHC0C(CH3) 3 + N2

CHC0C(CH3) 3

The d eco m p o sit io n  o f  d ia z o k e to n e s  in  th e  p r e s e n c e  o f  d ia z o a lk a n e s

68
le a d s  to  t h e  form ation  o f  a z in e s

RC0C(CH3)N 2 + NaCHCH3----------> RC0(CH3)C=N-N=CHCH3

a -D ia zo k eto n e s  r e a c t  w ith  a z o d ic a r b o x y l i c  a c id  d i e s t e r s  on 

h e a t in g  w ith  th e  form ation  o f  th e  monohydrazones o f  1 , 2- d ic a r b o n y l  

com pounds^ .

R-C-C-R + HsC200CN=N-C00C2H2 ---------> R-C-C-R + N2
II ll II tl
0 N2 0 N-N(COOC2H5) 2

The r e a c t io n  w i th  azobenzene t a k e s  p la c e  under th e  i n f l u e n c e  o f  

u l t r a v i o l e t  l i g h t .  T h is  i n v o lv e s  th e  fo rm a tio n  o f  k e te n e s  which  a r e
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s u b s e q u e n t ly  coup led  to  th e  azo -grou p  w ith  fo rm a tio n  o f  h e t e r o c y c l i c  

70
compounds

0=C— N-C6H5
0-N=N-0

ArC0CHN2  » ArC=C=0---------- — *

Ar'N-CeHs

2 - D i a z o - l , 3 - d i c a r b o n y l  compounds r e a c t  s i m i l a r l y  w ith  azo  d e r i v a t i v e s .
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DISCUSSION

The d ia z o m e th y l  k e to n e s  can be  v e r y  e a s i l y  prepared  by the
15

r e a c t io n  o f  a c id  c h l o r i d e s  w i t h  d iazom ethane . Wotiz and Buco

re p o r te d  in  1955 th a t  c innam oyl d ia z o m e th y l  k e to n e  co u ld  be prepared

by th e  r e a c t io n  o f  c innam oyl c h l o r i d e  and d iazom ethane  a t  0 °C. Ka- 
72

poor and Gupta in  1961 a l s o  r e p o r te d  th e  p r e p a r a t io n  o f  c innam oyl

d iazom eth y l  k e to n e  by th e  above proced u re .

73
Moore i n  1969 r e p e a te d  th e  above r e a c t i o n  and r e p o r te d  t h a t  

th ey  d id  n o t  g e t  c innam oyl d ia z o m e th y l  k eton e  ( I )  bu t  g o t  Compound I I I  

in s t e a d  a s  shown below :

C5H5CH=CH-C-C1 + CH2N

0

0

( I )

C6H5-ClT~^-(j-CHNa ^ C6H«CH~"C-C-CHN2

H Q N C6HsCH=CH-C-C1 jj
N ' ^ N
I I
H C-CH=CH-C6Hs

I I
0

(ID ( I I I )

Compound I I I  on tre a tm e n t  w i t h  HC1 gave IV.

C6Hs - C H ~ ^ - C H 2C1

I I I  HC1 k H2C N 
 » x  N

I
COCH=CHCOC6Hs

(IV)

17
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7 a 73
R e g i tz  r e f e r r e d  to  M oore's work about th e  f a i l u r e  to  g e t

c innam oyl d ia z o m e th y l  k e to n e  by th e  cinnam oyl c h l o r i d e  and d ia z o ­

methane r e a c t i o n  and proposed th a t  a , 3-u n s a tu r a te d  d ia z o k e to n e s  cou ld  

be prepared by t h e  f o l l o w i n g  method.

were t h o s e  in  which  X=-OCH3 and -N(CH3) 2 . The a u th o rs  d id  n o t  m ention  

in  th e  above paper whether o r  not  th e y  t r i e d  to  prepare  cinnam oyl  

d ia z o m e th y l  k e to n e .

We r e p e a te d  t h e  c innam oyl c h l o r i d e  and d iazom ethane r e a c t io n  and 

found t h a t  n o t  o n ly  d id  we n o t  g e t  c innam oyl d ia z o m e th y l  k e to n e  ( I ) , 

but we g o t  compounds which were d i f f e r e n t  from t h o s e  o b ta in e d  by 

Moore e t  a l .

I f  2 m oles  o f  CH2N2 were used  in s t e a d  o f  3 m oles  as  ab ove , we g o t  

IV and n o t  I I I .

Na"1"

Na/HCOOEt

benzene p - t o s y l  a z id e

^ T \^ C H = C H -C -C H N 2

The o n ly  two subs i d  d iazom eth y l  k e to n e s  prepared  by t h i s  m eth o d ^

C6Hs-CH=CH-C-C1 + CH2N2 
0

> C6HsCH— C-C-CHNa

1 m ole 3 m oles
H2<X „N 0 

N
I
H

( I I )
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We then a ttem p ted  th e  p r e p a r a t io n  o f  c innam oyl d iazom ethy l  

k e to n e  by R e g i t z ' s  method. We were a b l e  to  r e p e a t  the  r e a c t io n  and 

prepared  the  two d ia z o k e to n e s  he had r e p o r te d .

Ha CO C H = C H -C -C H N  a ( I X )

B

/ /  \( H , C ) a B — ( '  \ > — C H -C H -C -C H N a  (X )

However we f a i l e d  to  g e t  th e  c innam oyl d ia z o m e th y l  k e to n e  or p - n i t r o -  

c innam oyl d ia z o m e th y l  k e to n e .  The p r e p a r a t io n  o f  th e  sodium s a l t s  

o f  a - fo r m y l  k e to n e s  in  th e  c a s e  o f  p - a n i s a l a c e t o n e  and p-dim ethylam ino-  

b e n z a l  a c e to n e  to o k  s e v e r a l  d a y s .  E v id e n t ly  th e  scop e  o f  the  R e g i tz  

method d id  n o t  in c lu d e  th e  p r e p a r a t io n  o f  c innam oyl d iazom eth y l  ke­

to n e .

We then a ttem p ted  to  m odify  th e  above r e a c t i o n  and t r i e d  to  make, 

in s t e a d  o f  th e  sodium s a l t  o f  a - fo r m y l  k e to n e ,  th e  sodium s a l t  o f  

th e  a - e t h y l  o x a l y l  k e to n e  a s  f o l l o w s :

Na+

C6HsCH=CH-C-CH3 N a / f ° 0CaH5 C6H5CH=CH-C-CH-C-C-0C2H5 
U poor h h |! 110 ___ g?9C»Ha> 0 0 0

C2H50H

p - t o s y l  a z id e

C6H3-CH=CH-C-CHN2 
0

We were a b le  n o t  o n ly  to  p rep are  th e  two d ia z o k e to n e s  made by R e g i tz
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by t h i s  method in  equal or b e t t e r  y i e l d s  but w ere  a l s o  a b le  to  p re ­

pare cinnam oyl d iazom eth y l  k e to n e  fo r  th e  f i r s t  t im e and in  f a i r l y  

good y i e l d .  In the  above c a s e  th e  sodium s a l t  co u ld  b e  formed in  

o n ly  two h ou rs .

The i d e n t i t y  o f  C6HsCHOH-(jj-CHN2 was confirm ed by i r  and nmr 

sp e c tr o s c o p y  and the  mass spectrum  gave an m/e r a t i o  o f  172 . The 

compound a n a lyzed  c o r r e c t l y  fo r  CioHeN20 . I t  m e lted  a t  64-66°C . The 

mechanism fo r  th e  fo rm a tio n  o f  th e  d ia z o k e to n e  i s  b e l i e v e d  to  be  

th e  f o l lo w in g :  In th e  f i r s t  s t a g e  th e  d ia z o -g r o u p  a c c e p to r  i s  con­

v e r te d  under th e  in f l u e n c e  o f  b a se  in to  a c arb an ion  in  which a 

doub le  bond may be formed. The subsequent a d d i t io n  o f  th e  s u l f o n y l  

a z id e  to th e  an ion  l e a d s  to  th e  form ation  o f  a t r i a z o l i n e  in term e­

d i a t e  w hich d i s s o c i a t e s  in t o  a diazo-compound and a su lfo n a m id e .

C6H6*15

Na+ ©  '

CHll
CHic=o
C-H
I
C=0Ic=o
OEt

-̂SO’-C ^C H 3

6*15C6H
CHli

0  c h - s o 2r
o -c -  N'
h- c- n*  

COI

N

L

CO
OEt

c 6h 5c h = c h -c -c h n 2
0

©  Na+ 
+ E t-0 -C -C -S 0  2NH 

8 8
We prepared two o th e r  d ia z o k e to n e s  o f  th e  phenanthrene s e r i e s  by the  

u su a l  method a s  f o l l o w s :

C-Cl :-chn+ CH2N
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i )  X=Y=H (V)
i i )  X=Y=CF3 (VI)

These two d ia z o k e to n e s  o f  th e  phenanthrene s e r i e s  were i r r a d ­

i a t e d  w ith  u l t r a v i o l e t  l i g h t  in  m o is t  e th e r  and we o b ta in e d  th e  

co r re sp o n d in g  9 - a c e t i c  a c id s  (V I I ,  V I I I ) .

:-CHN

7*

h i )

m o is t  e th e r

X=Y=H
X=Y=CF3

B is t r i f lu o r o m e t h y l - 9 - d ia z o a c e t y lp h e n a n t h r e n e  was t r e a t e d  w i th  copper  

bronze  in  dry benzene under n i t r o g e n .  The r e a c t io n  m ixtu re  showed 

s e v e r a l  s p o t s  on th e  t h in  la y e r  chrom atography.

I n fr a r e d  spectrum  o f  th e  r e a c t i o n  m ix tu re  showed th a t  th e  d i a z o -  

peak a t  2100 cm” 1 had d isa p p e a r ed  and two new peaks a t  1630 and 

1680 cm- 1 , appeared .

Two p ro d u cts  were o b ta in e d  by s e p a r a t io n  on a dry column packed  

w it h  s i l i c a  g e l  G and based  on t h e  mass s p e c tr o g r a p h ic  e v id e n c e  and 

e le m e n ta l  a n a l y s i s  d a ta  ( s e e  E xp er im en ta l)  we b e l i e v e  th a t  th ey  

have th e  f o l l o w i n g  s t r u c t u r e s .
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•C-CHN C-CH

CF

VI (A)

C—c

f 3c CF

VI (B)

The nmr spectrum  o f  t h e s e  compounds co u ld  n o t  be o b ta in e d  b e c a u se  

th ey  were n o t  s o l u b l e  i n  c o n v e n t io n a l  nmr s o l v e n t s .  9 - D i a z o a c e t y l -  

p h enan th rene , when h e a ted  under r e f l u x  i n  dry b e n z e n e ,  w i t h  copper  

bronze  in  an atm osphere  o f  n i t r o g e n  gave a v e r y  com plex m ix tu re  o f  

p r o d u c ts ,  w hich co u ld  n o t  be  s e p a r a te d .
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EXPERIMENTAL

A l l  m e l t in g  p o i n t s ,  e x p r e sse d  in  d e g r e e s  C e n t ig r a d e ,  a r e  c o r r e c ­

t e d .  The e le m e n ta l  a n a ly s e s  were performed by Midwest M ic r o la b s ,  

I n c . ,  I n d i a n a p o l i s ,  Ind iana  and M ic r o -A n a ly ses  I n c . ,  W ilm ington,  

D elaw are . C h em icals  were used a s  o b ta in ed  u n l e s s  s t a t e d  o t h e r w is e .  

T h in - la y e r  chromatography was c a r r i e d  ou t  on m i c r o - s l i d e s ,  u s in g  

S i l i c a  Gel-G (Derm stadt) or  p r e c o a te d  t h i n - l a y e r  p l a t e s ,  and column  

chrom atography was performed in  a column 30 cm. in  l e n g t h  w i th  an in ­

s i d e  d ia m e te r  o f  2 cm. u s in g  S i l i c a  Gel-G (Derm stadt) w ith  a u to m a tic  

f r a c t i o n  c o l l e c t o r  fo r  c o l l e c t i n g  th e  f r a c t i o n s .  In fra r e d  s p e c t r a

w ere measured w i t h  a Beckman IR- 8  sp e c tr o p h o to m ete r  and th e  a s s i g n -

78
m ents w ere  made a c c o r d in g  to  Rao . The n u c le a r  m agn etic  r e so n a n c e  

s p e c t r a  were  o b ta in e d  w i t h  a Varian  A -60 . The mass sp e c tr o m ete r  

used  was A t l a s  CH-4.

P r e p a r a t io n  o f  9 -d ia z o a c e ty lp h e n a n th r e n e  (V)

74T h is  was prepared by th e  method o f  I s r a e l a s h v i l e  e t .  a l . ,
74

m.p. 1 2 1 -1 2 2 °C , ( l i t .  1 2 2 ° ) ,  y i e l d  85%.

A n a l , c a lc d  f o r  C i6H iON20: C, 7 8 .1 }  H, 4 . 1 ;  N, 1 1 .4 .

Found: C, 7 8 .0 ;  H, 4 . 2 ;  N, 1 1 .4 .

9 - P h e n a n th r o y lc h lo r id e  was prepared by th e  method o f  G oldberg e t .

75
a l .

P r e p a r a t io n  o f  l - c i n n a m o y l - 3 - c h l o r o a c e t y l - 4 - p h e n y l - 2  p y r a z o l in e  (IV) 

Cinnamoyl C h lo r id e ,  1 .6 7  g ( 0 .0 1  m ole) was d i s s o l v e d  in  30 m l.

23
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o f  ch loro form  and added dropw ise  to  a s o l u t i o n  o f  d iazom ethane ,

0 .8 4  g ( 0 .0 2  m oles)  in  75 m l. o f  e th e r  a t  0°C (d iazom ethane was p re ­

pared from d i a z a l d ) . A f t e r  th e  a d d i t io n  was com p lete  (1 5 -2 0  m in u tes)  

th e  r e a c t i o n  m ix tu r e  was s t i r r e d  f o r  1 hour a t  low tem peratu re  and 

then  kept in  th e  r e f r i g e r a t o r  f o r  24 h ou rs .  E xcess  d iazom ethane was 

d e s tr o y e d  by k eep in g  th e  s o l u t i o n  b r i e f l y  in  warm w ater  (4 5 °C ) .  On 

e v a p o r a t io n  o f  th e  e th e r  under reduced p r e s s u r e ,  a s o l i d  was ob­

t a in e d ,  which on r e c r y s t a l l i z a t i o n  w i th  m ethanol y i e l d e d  c o l o r l e s s
73

p r ism s ,  m .p. 1 79 -180°  ( l i t .  1 7 8 ° ) ,  y i e l d  2 .5  g (70%), i r  ( N u jo l ) i  

1 7 0 0 ,  1650 , 1620 cm. -1

A n a l , c a lc d  f o r  C20H17C1N20 2 : C, 68.10', H, 4.86*, N, 7 .9 4 .

Found: C, 6 8 .4 0 ;  H, 4 . 8 6 ;  N, 7 .9 7 .

P r e p a r a t io n  o f  3 - d ia z o a c e t y l - 4 - p h e n y l - 2 - p y r a z o l i n e  ( I I )

Cinnamoyl c h l o r i d e ,  1 .6 7  g ( 0 .0 1  mole) was d i s s o l v e d  in  30 m l.  

o f  dry e th e r  and added d rop w ise  to  a s o l u t i o n  o f  d iazom ethane 1 .2 5  g 

( 0 .0 3  m o les)  in  120 m l. e th e r  a t  0°C. A f t e r  th e  a d d i t io n  was com­

p l e t e  (15 m i n u t e s ) , th e  s o l u t i o n  was s t i r r e d  a t  th e  same tem perature  

f o r  1 hour and th en  kept in  the  r e f r i g e r a t o r  o v e r n ig h t .  E xcess  

o f  d iazom ethane  was d e s tr o y e d  by k eep in g  t h e  s o l u t i o n  in  warm water  

(45-50°C ) f o r  a sh o r t  t im e .  A f t e r  e v a p o r a t in g  the  e t h e r ,  a y e l l o w  

c r y s t a l l i n e  s o l i d  was o b ta in e d .  I t  was r e c r y s t a l l i z e d  from e th a n o l-  

w ater  to  g i v e  b r ig h t  y e l lo w  p l a t e s ,  m.p. 113-114°C .

A n a l,  c a lc d  f o r  CxiHioNi.0: C, 6 1 .6 7 ;  H, 4 .7 1 J  N, 2 6 .1 6 .

Found: C, 61 .85', H. 4 .70',  N. 2 6 .0 5 .
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P r e p a r a t io n  o f  Cinnamoyl D iazom ethyl Ketone (I )

(a) P r e p a r a t io n  o f  sodium s a l t  o f  a - e t h y l  o x a ly l - 4 - p h e n y l - 3 - b u t e n e ~
2- o n e

B e n z a la c e to n e ,  2 .9 2  g (0 .0 2  m oles)  and d i e t h y l  o x a l a t e ,  1 .4 6  g 

( .0 2  mole) were d i s s o l v e d  i n  50 m l. o f  a b s o lu t e  e th a n o l  and the  

r e s u l t i n g  s o l u t i o n  was added to  20 m l. o f  e th a n o l  in  which 0 .4 6  g 

(0 .0 2  mole) o f  Na m eta l  had been d i s s o l v e d ,  d ropw ise  in  such  a way 

th a t  th e  tem perature  o f  th e  s o l u t i o n  d id  n o t  r i s e  above 5-10°C .

A fte r  th e  a d d i t io n  was com p lete  (1 5 -2 0  m in u t e s ) , th e  r e s u l t i n g  mix­

tu r e  was s t i r r e d  a t  room tem peratu re  fo r  2 -3  h ou rs .  Then 100 m l.  

o f  e th e r  was added to  i t  and th e  r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  

on a Buchner f u n n e l ,  m.p. 180°d .

(b) P r e p a r a t io n  o f  th e  d ia z o k e to n e

F - t o l u e n e - s u l f o n y l a z i d e ,  2 . 0  g ( 0 .0 1  mole) was added dropw ise  

w ith  s t i r r i n g  and c o o l in g  in  an i c e  bath  to  a s u sp e n s io n  o f  2 .9 5  g 

(0 .0 1 1  mole) o f  th e  Na s a l t  o f  a - o x a l y l  k e to n e  in  25 ml. o f  e th a n o l  

in  such a way t h a t  th e  tem perature  d id  n o t  r i s e  above 5-10°C . The 

m ixtu re  was s t i r r e d  a t  room tem perature  f o r  2 -3  h ou rs .  The s o lv e n t  

was removed a t  room tem perature  under reduced p r e s su r e  and th e  r e s ­

idue  was taken up in  25 m l. o f  w ater  and e x tr a c t e d  w ith  50 m l. o f  

e th e r .  The e th e r  e x t r a c t  was washed f i r s t  w i th  a s o l u t i o n  o f  1 g o f  

NaOH in  25 ml. o f  w ater and then  w ith  25 m l. o f  w a te r .  I t  was then  

d r ie d  over  anhydrous NaaSO*. Ether was then  removed under vacuum 

and th e  y e l l o w i s h  s o l i d  r e c r y s t a l l i z e d  from p entane  to  g i v e  l i g h t
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y e l lo w  p l a t e s  m .p. 6 4 -6 6 ° C . ,  y i e l d  2 .5 4  g (73%), i r  (N u jo l)  = 2096 cm-1 

m /e p a ren t  peak 172 . ( t h e o r e t i c a l  m /e=172) .

A n a l , c a lc d  f o r  C10H8N20: C, 6 9 .7 6 ;  H, 4 .6 5 ;  N, 16 .27 .

Found: C, 6 9 .7 2 ;  H, 4 .7 0 ;  N, 1 6 .2 1 ,

P r e p a r a t io n  o f  p h e n a n th r e n e - 9 -a c e t i c  a c id  (VII)

P h e n a n th r y l-9 -d ia z o m e th y l  k e to n e ,  (400 mg.) was d i s s o l v e d  in  

250 ml. o f  wet e th e r  and i r r a d i a t e d  f o r  24 hours u s in g  2757 A0 uv 

s o u r c e .  A f t e r  th e  r e a c t i o n  was c o m p le te ,  th e  e th e r  s o l u t i o n  was 

d r ie d  over  anhydrous Na2S0i.. Then e th e r  was removed under vacuum 

and th e  s o l i d  o b ta in e d  was r e d i s s o l v e d  in  a minimum amount o f  e th e r

and kept in  th e  r e f r i g e r a t o r  f o r  12 h o u r s .  A l i g h t  f l u f f y  c r y s t a l l i n e

s o l i d  was o b t a in e d .  Y ie ld  350 m g., m.p. 223-225°  ( l i t .  2 2 4 ° ) .

Method fo r  th e  P r e p a r a t io n  o f  £ -d im eth y lam in o  Cinnamoyl 
D iazom ethyl K etone and £-M ethoxy Cinnamoyl D iazom ethyl

Ketone

Method A

(a) P r e p a r a t io n  o f  sodium s a l t  o f  a - fo r m y l  k eton e

The ar,f5-unsaturated k e to n e  ( 0 .1  m ole) was taken  up i n  100 m l. 

o f  dry benzene  and to  t h i s  was added 0 .1 2  mole o f  e t h y l  form ate  and 

th e  r e s u l t i n g  s o l u t i o n  was added dropw ise  w ith  s t i r r i n g  and c o o l in g  

to  0 .1  m ole o f  sodium m eta l  i n  50 m l. o f  dry b e n zen e ,  in  such  a way 

th a t  th e  s o l u t i o n  tem peratu re  d id  n o t  exceed  10-15°C . A f t e r  th e  

a d d i t io n  was c o m p le te ,  t h e  r e a c t i o n  m ixtu re  was s t i r r e d  a t  room 

tem perature  f o r  48 hours or  more. 100 m l. o f  dry e th e r  was then
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added to  th e  s o l u t i o n .  A s o l i d  s e p a r a te d  o u t  and was f i l t e r e d .

(b) P r e p a r a t io n  o f  th e  d ia z o k e to n e

.0 1 1  m ole o f  th e  above a - fo r m y l  k e to n e  was suspended i n  25 ml. 

o f  e th a n o l  and th e  s o l u t i o n  was c o o le d  to  0°C in  a b a th  o f  i c e -  

s a l t  m ix tu r e .  To t h i s  was added dropw ise  2 .0  g ( 0 .0 1  m ole) o f  

t o lu e n e  s u l f o n y l  a z id e  in  such  a way th a t  th e  tem peratu re  d id  not  

e x c e e d  5-10°C . A f te r  th e  a d d i t io n  was com p lete  (15 m in u t e s ) ,  the  

r e a c t i o n  m ix tu r e  was s t i r r e d  a t  room tem peratu re  f o r  2 -3  h o u r s .  The 

s o l v e n t  was removed under vacuum and the  r e s id u e  taken  up in  25 m l.  

o f  w ater  and e x t r a c t e d  w i th  50 m l. o f  e t h e r .  The e th e r  e x t r a c t  

was washed w ith  a s o l u t i o n  o f  1 g o f  NaOH in  25 m l. o f  w ater  and 

th en  w i th  25 m l. o f  w a te r ,  d r ie d  o v e r  anhydrous Na2S0i. and th e  e th e r  

was removed under vacuum. The s o l i d  thus o b ta in e d  was r e c r y s t a l l i z e d

from e th a n o l  w a te r .  Y ie ld  f o r  (IX) 50%, f o r  (X) 72%. m .p . ,  (IX)
76 76

1 22 -123°  ( l i t .  1 2 3 ° ) ,  (X) 1 2 7 -129°  ( l i t  1 2 8 ° ) .  i r  d iazob an d s (IX)

2096 cm"1, (X) 2096 cm- 1 .

Method B

(a) P r e p a r a t io n  o f  sodium s a l t  o f  a - e t h y l  o x a i y l  k e ton e

0 . 1  m ole o f  a - p -u n s a tu r a te d  k e to n e  was d i s s o l v e d  in  100 ml. o f  

a b s o l u t e  e th a n o l  and to  t h i s  was added 0 . 1  m ole o f  d i e t h y l o x a l a t e .

T h is  s o l u t i o n  was added dropw ise  to  0 .1  m ole o f  sodium m e ta l  in  

25 ml. o f  a b s o l u t e  e th a n o l  w i th  c o o l i n g  and s t i r r i n g  so  t h a t  the  

tem peratu re  d id  n o t  exceed  10°C. T h is  was then  s t i r r e d  a t  room 

tem perature  fo r  2 -3  h o u rs .  100 m l. e th e r  was th en  added and the
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r e s u l t i n g  s o l i d  f i l t e r e d .

(b) P r e p a r a t io n  o f  th e  d ia z o k e to n e

The sodium s a l t  o f  a - e t h y l  o x a l y l  k e to n e  thus  o b ta in ed  was 

t r e a t e d  w i th  £ - t o l u e n e  s u l f o n y l  a z id e  a s  in  (b) above o f  Method A.

Y ie ld  (IX) 70%, m.p. 1 2 2 -1 2 3 ° .  Y ie ld  (X) 75%, m.p. 127-128°C .

P r e p a r a t io n  o f  3 , 6 - b i s  t r i f l u o r o m e t h y l - 9 - d i a z o a c e t y l  phenanthrene (VI)

The a c id  c h l o r i d e ,  3 .7  g ( 0 .0 1  m ole) was d i s s o l v e d  in  50 m l. o f  

dry e t h e r  and th e  r e s u l t i n g  s o l u t i o n  was added dropw ise  to  300 m l.  

o f  e th e r  c o n t a in in g  0 .0 3  mole o f  d iazom ethane  a t  0°C. The a d d i t io n  

was c o m p le te  in  about 15 m in u te s .  The r e s u l t i n g  s o l u t i o n  was s t i r r e d  

f o r  about 1 hour a t  0°C and then  kept o v e r n ig h t  in  th e  r e f r i g e r a t o r .

The e x c e s s  d iazom ethane was removed by k eep in g  th e  s o l u t i o n  b r i e f l y  

i n  warm w ater  (4 5 -5 0 ° C ) . The e th e r  was evap orated  and th e  r e s u l t i n g  

s o l i d  m e lted  a t  1 5 3 -1 5 4 ° .  Y ie ld  3 .5  g (95%).

A n a l . c a lc d  f o r  C18H8N20F 6 : C, 5 6 .6 ;  H, 2.1', N, 7 . 3 ,

Found: C, 5 7 .1 1 ;  H, 2.25', N, 6 .6 7 .

Copper bronze  r e a c t i o n  o f  the  above d ia z o k e to n e  (VI)

1 .4  g ( .0 0 3 8  mole) o f  th e  3 , 6 - b i s t r i f l u o r o m e t h y l - 9 - d i a z o a c e t y l  

phenanthrene  was taken  up in  600 m l. o f  dry benzen e . 0 .3  g o f  

copper bronze  powder was added to  i t  and th e  m ix tu re  was r e f lu x e d  

under N2 atm osphere f o r  3 h ou rs .  The s o l v e n t  was removed under  

vacuum. The r e s u l t i n g  o i l y  r e s id u e  was chromatographed o v er  a dry  

column packed w i t h  s i l i c a  Gel-G u s in g  c y c lo h e x a n e  a s  a s o l v e n t .
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Two compounds w ere o b ta in e d .  Compound VI A Y ie ld  8 %, m.p. 173-176°C .

A n a l,  c a lc d  fo r  C36H i7 0 2F i a : C, 6 1 .0 ;  H, 2 .2 5 .

Found: C, 6 1 .0 6 ;  H, 2.36*

m /e  (p a r en t  p e a k ) ,  708 

Compound VI B Y ie ld  54%, m .p. 280-285°

A n a l,  c a lc d  fo r  C3<,Hn,02F 12: 5 9 .8 2 ;  H, 2 .0 5 .

Found: 6 0 . 1', H, 1 .9 .

m /e (p a r en t  p e a k ) ,  682
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SUMMARY

S e v e r a l  s y n t h e s e s  o f  cinnam oyl d ia zo m eth y l  k e to n e  ( 1 - d i a z o a c e -  

t y l - 4 - p h e n y l - 3 - b u t e n e - 2 - o n e ) , u s in g  th e  Arndt E i s t e r t  method have  

appeared i n  th e  l i t e r a t u r e .  On r e p e a t in g  t h e s e  p roced u res  in  our 

l a b o r a t o r y ,  we were u n a b le  to  o b t a in  th e  d e s ir e d  compound. By u s in g  

an a l t e r n a t e  p r o ced u re ,  we w ere a b le  to  o b t a in  th e  above compound, 

and have e s t a b l i s h e d  i t s  s t r u c t u r e  u n e q u iv o c a l ly .  P h en an th ren e-9 -  

d ia z o m e th y l  k e to n e s  were o b ta in e d  from th e  c o rresp o n d in g  a c id  

c h l o r i d e s  by u s in g  th e  Arndt E i s t e r t  m ethod. When 2 , 6 - b i s t r i f l u o r o -  

m e t h y l -9 - d ia z o a c e t y lp h e n a n t h r e n e  and 9 - d ia z o a c e ty lp h e n a n th r e n e  were  

i r r a d i a t e d  w i t h  u l t r a - v i o l e t  l i g h t  in  m o is t  e th e r  th ey  gave th e  

c o r r e s p o n d in g  9 - a c e t i c  a c i d s .  Two compounds were i s o l a t e d  from th e  

r e a c t io n  m ix tu r e  when b i s t r i f lu o r o m e t h y l - 9 - p h e n a n t h r e n e  was t r e a t e d  

w ith  copper  b r o n z e ,  which  have been t e n t a t i v e l y  a s s ig n e d  th e  

f o l l o w i n g  s t r u c t u r e s .

CF

:— C

CCH

CF
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