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HISTORICAL

-

Several original papers, reviews and monographs have appeared
in the literature, underlining the remarkable part, which the diazo-
ketones have played in the development of organic chemistry. The
methods of preparation of diazoketones may be divided into seven
principal groups:

1) C-acylation of aliphatic diazo-compounds

2) Reaction of organic azides with active methylene
compounds

3) Oxidation of monohydrazones of a—-aldehydoketones and
a~diketones

4) Diazotization of primary amines containing a carbonyl
group

5) Diazotization of ketoximes
6) Alkaline cleavage of N-acyl-N-nitrosamines

7) Alkaline cleavage of tosylhydrazones of a-carbonyl
compounds

From our point of view the first two methods are of interest.

C-Acylation of Aliphatic Diazocompounds

This method consists of direct acylation of diazo derivatives
by carboxylic acid halides and acid anhydrides. The nature of the
product formed depends considerably on the reaction conditions and
on the structure of the diazo-compounds and acylating agents. For
example, acetyl chloride reacts with ethyl diazoacetate as follows:

CLCOCH; + N,CHCOOC;Hs —> C,HsCOOCN,COCH;

The reaction of carboxylic acid chlorides with diazo-compounds with-
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out an activated a-hydrogen atom takes place differentlys.

R-c'-c1 + N,C(CeHs) 2 ~>R—(|:‘—c|:(csﬁs)z + Nz

0c1

The reaction of aromatic carboxylic acid chlorides with diazomethane
at room temperature using equimolar amounts of reactants leads to

6,7
the formation of aryl chloromethyl ketones

CsHsﬁ"Cl + CH2N2

- CGHsﬁ"‘CH.zCl + Nz
0 0

C-Acylation of diazoalkanes takes place in the presence of carboxylic

8-10
acid chlorides at 0°C and may be described as below .

R—ﬁ"Cl + 3CH 2N2
0

—> R-C—CHNz + CHgCl + Ng + CHzNz

o=

When less than 3 moles of diazoalkane are used, a side reaction
leading to the formation of a chloromethyl ketone is possible.

HCL + R—ﬁ—CHN2~————9 R-C-CH,CL + N,
0

o=

Triethylamine may be used to combine with hydrogen chloride
formed in the reactionll. The method of C-acylation of diazo-com-
pounds (the Arndt-Eistet method) has been developed in fair detail
and is widely used to synthesize not only primary but also secon-
dary diazoketoneslz. It constitutes the basis of the synthesis of
mono, bis-, and tris- diazoketonesl3’ 4. Thus, 1,3,5-tris (diazo-
acetyl) benzene has been obtained by treating trimesitoyl chloride
with an excess of diazomethanelA.

15
Wotiz and Buco reported that it was possible to prepare

a,B~unsaturated diazoketones or diazoacetyl pyrazolines using

different amounts of reactants by the following method.
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C5H5CH=CH-ﬁ—Cl + CHaNpz— C5H5CH=CH—S—CHN2
0 0

or

L C ¢H s CH~C-C~CHN,
H2 \N/N 0

[
H

While C-acylation of diazo-compounds by carboxylic acid chlorides
and acid bromides have been investigated in fair detail, carboxylic
acid fluorides are rarely used for this purpose. The synthesis of

diazoacetaldehyde may serve as an examplele.

H-C-F + CH,N;~——> H—ﬁ-CHNz
0

o

There are only a few examples of the C-acylation of diazo-com-
1
pounds by carboxylic anhydrides 7’18. Benzoic anhydride reacts with

diazomethane to form diazoacetophenone.
Reaction of Organic Azides with Active Methylene Compounds

The reaction involving the introduction of diazo groups into
an active methylene group with the aid of phenyl azide was discovered

by Dimorth19 in 1910.

i 2
HaN-C Q:NHz
CHa CeHsNy S /CN2 + CgHsNH,
Hsco—ﬁ COOCH 5
0

Later it was shown that p-tosyl azide can also be used to tramsfer
20
the diazo group . However, at that time, this interesting method

of preparing diazo compounds did not attract much attention and its
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21,22
detailed development began as late as 1953 >, The method proved

to be suitable for the synthesis of cyclic diazo compounds including
diazoketone322’23. The reaction is carried out in ethanol in the
presence of sodium or potassium ethoxide, triethylemine or potassium
hydroxide.

The formation of a mixture of diazo~compounds was also noted in
the synthesis of 2-diazoindan-1,3-dione. The principal reaction pro-
duct is 2-diazo-1,3,3-trioxo-1,2-bisindanylidene (A) which arises
as a result of the self condensation of indan-l1,3-dione under the in-

fluence of a base. The self condensation product reacts further

24
with p-tosylazide (TA) .

TA
CH, _____>

%
\L 0

| 0
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Carbonyl compounds of the type -CH;-C=0 react with sulfonyl azides
to form diazo derivatives, when the C-H group is sufficiently acti-
vated25’26.

Dicarbonyl compounds are convenient acceptors of the diazo group.
Ketones, which are unsuitable for the direct introduction of the di-
azo group, are converted by Claisen condensation into B-~dicarbonyl
compounds. The latter smoothly converted into diazoketones, with

27,28
elimination of substituted carboxamides °’ .

—ﬁ—CHz—ﬁ—R —ﬁ-—CHNz + R-(i",=0

NHR

_

R = H, alkyl group or aryl group

a~-Formylcyloalkanones are also readily converted into diazocycloal-

27,29
kanones .
H
\ —————CN,
_C=
i
H
+
TA CH
(H:C) > (HaC) ’
SO;?CH=O
H
C=0 ——-C=0

In the reaction of 1,3,5-triketones with tosylazide, pyrazolones
are isolated in high yields, instead of the expected bis diazoketones.
The formation of the pyrazolones is due to an intramolecular reac-

30
tion of the intermediate diazoketone (B, and B;) .
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Q=0

] 1] ,
R-C~CH;~-C-CH,-C-R
) &
N
0 0 0
1 ] o, n i to,
R-C-CN;~C-CH,-C~R R~-C-CH;~-C-CN,-C-R
(By) (B2)
| i
R-C-C —™C=0 -
N\ /CH—ﬁ*R' H-N | .

However, when the reactants are mixed slowly, the reaction can be
31

driven towards the formation of bis diazoketones
CQHg"ﬁ‘CH;'S‘CHz‘ﬁ‘CSHs + CHs SOst

——— C GHS-ﬁ-CN 2"|(|:"CN2"|(':—C 5H5
0 0

Diazoketones are formed in the reaction of enamines with arenesul-

32,33
fonyl azides™ " .

TA
C 5H5COCH=CH—I;I-C 5H5 —_— > C 5H5-C0CHN2

CH,
Reactions of Diazcketones

An intense investigation of the chemical reactions of diazoke-
tones was begun in 1928, when Arndt and Amende discovered the reac-
9

tion in which diazoalkanes are acylated by carboxylic acid halides .

Since then diazoketones have become readily available. They undergo
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reactions of the following characteristic types:
1) Reactions with evolution of nitrogen

2) Reactions involving the nitrogen atoms of the
diazo group

3) Reactions in which the mobile a~hydrogen atom is
substituted

Reactions involving acid catalysis

This group of reactions includes the reactions of diazoketones
with water, alcohols, acids, halogens, N-halogeno derivatives and
nitrogen oxides. Under the usual conditions, diazoketones are, as
a rule, inert to water. However, a few drops of acid (usually inor~
ganic) are sufficient for the evolution of nitrogen to begin, and an
a-hydroxyketone to form. Sometimes the reaction takes place on
heating. For example, an acetylmethanol may be obtained from diazo-

34
acetone .

Acid hydrolysis of primary diazoketones does not result in the
formation of a-hydroxymethylketones only. In the decomposition of
3-diazo-l-methoxycarbonyl-l-phenyl-propane~2-one by dilute sulfuric
acid, Bradley and Eaton isolated benzylglyoxal in 12% yield, the
formation of which they believe may be due to an anionotropic mi-
gration of the phenyl group and the elimination of the second sub-
stituent35. Dahn et al36 investigated this reaction in greater de-
tail and employed 10% phosphoric acid for hydrolysis and obtained
benzylglyoxal in 44% yield. In addition to the aldehyde, benzoyl-
acetyl was also isolated. They explained the formation of the above

products by the intermediate formation of a hydroxyketone and a diol.
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CsHsCH(OCOOCH 3) COCHN ; ———> C¢HsCH(OCOOCH3) COCH,0H

7w 1

HO CeHs HsCs C-OH CeHs
6= e YA
= ¢ H—=C C=C-OH
OHC H o) CH g§4\
HsCO-C; b J c|:H2

CsH5—$—$=CH2-—*+ CeHs—
OH

g—q—CHa

In the acid hydrolysis of diazoketones, the stabilization of the
carbonium ion depends both on the nature of the substituents and on
their distribution relative to the diazo group. For example, p-
chloro-w-diazo-o-methoxycarbonyl-acetophenone gives 7-chloro-l,4-

37
diketoisochroman on treatment with 3% sulfuric acid .

0
COCHN,
O —=—
0
~CH,O0H .
Cl COOCH, Cl I

Under the hydrolysis conditions, 2-diazo-o-carbomethoxy-p-nitro-
acetophenone is converted into w-hydroxv-o-carbomethoxy-p-nitro-

38
acetophenone .

COCHN, gt COCH,0H

—

02N
2 COOCH 5 02N COOCH 4

The acidity of alcohols is insufficient for the decomposition of
diazoketones, therefore, the reaction with alcohols is, as a rule,
carried out in the presence of catalysts. Inorganic acids, boron

39
trifluoride or metallic copper are employed for this purpose .
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The reaction results in the formation of O-alkyl-derivatives of a-
hydroxyketones.

In contrast to diazoalkanes, diazoketones are more stable in
relation to electrophilic reagents. The inertness of diazoketones
with respect to cold acetic acid makes it possible to carry out
certain reactions in itao. On heating with acetic acid, diazoketones
form ketoestersél.

RCOCHN,; + CH;COO0OH ———> RCOCH,O0COCH; + N
Strong organic acids decompose diazoketones at room temperature.
w-Nitro-o~diazoketones react with polynitro-carboxylic acids when the
reactants are fused together43.

Hydrogen halides, except hydrogen fluoride, readily decompose
diazoketones. Interesting experiments have been performed on the
decomposition of diazoketones in hydrofluoric acid in the presence

..., b4
of N-bromosuccinimide .

/C//O
HoC™ ™\
| N-Br + NCHCOR + HF

H,C\‘ /
%

> FBrCHCOR + N, 4+ succinimide

When diazoketones are treated with dry hydrogen chloride a-
chloromethyl ketones, which are starting materials for various
syntheses, are obtained42. For example, nitrcsolefins, diketones,
and other compounds have been obtained from diazoketones via a-
chloromethylketones.

RCOCHN, —HCL 3y rRcocH,C1 ﬂz}lQ.fi;R-ﬁ-czizcl————a RC=CH
NOH NO
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10

?OCHNg COCH,C1 COCH3
HC1 Zn/CH5C00

ECHz)n ————>  (CHz), > (CHa)

COCHN COCH,C1 COCH3

Reaction of diazoketones with carbonyl compounds

The reaction of diazoketones with aldehydes was investigated
for the first time by Diels and Ilberg45. On mixing 2-diazo-3-
butanone with formaldehyde, they observed a vigorous evelution of
heat and nitrogen. The reaction resulted in the isolation of 4~
hydroxy-3-methylbut-3-en-2-one.

CH3COCN,CHy + O=CHz—> CHg-C09=CHOH + N2
CHs

Diazoketones readily react with ketenes. After allowing azibenzil

to react with diphenylketene, Staudinger and Reber isolated a nitrogen
containing crystalline adduct46. Ried and Dietrich made a detailed
study of the reaction of o-quinone diazide with ketenes and showed
that it resulted in the formation of polycyclic nitrogen—~containing

47,48
systems .

/0’ CQC\ (CeHs) 2

=0
O + 0=C=C(CgHs) 3} \ /T

W |
2 _— 0=C—C (C¢Hs)2

Electrophilic substitution involving diazoketones
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Diazoketones are known to undergo a reaction in which silver

or mercury replaces the hydrogen at the carbon atom linked to the
49

diazo group. The reaction was first discovered by Buchner  when

he allowed diazoacetic ester to react with yellow mercury (II) oxide.

HsC,0COCHN, + HgO- > Hg (CN,CO0C Hx) 2 + H20

Silver oxide can also be employed as a deprotomnating agent for
diazoketones. The reaction is performed in tetrahydrofuran at
temperatures between -15° and 0°. Silver derivatives of diazoke-
tones are excellent alkylating agents and serve as intermediates for
the synthesis of unsaturated diazoketonesso.

2CH3COCHN, + 2Ag,0 ——> 2AgCN,COCH; + H20
AgCN,COCH; + C1CHzCH=CH,———> CH3;COCN,CH,CH=CH, + AgCl
Organotin derivatives of diazoacetic ester, formed in the reac-

tion of the latter with organotin derivatives of alkylamines, have

51
been recently described .

Reactions of diazoketones under the influence of bases

The reactions of diazoketones with bases have not been adequat-
ely investigated, evidently due to their complexity. The reaction
takes place unambiguously in the case of the diazoacetamide52 and
2—diazo—3—pentanone53. In the first case the product is 5-keto-
1,2,3-triazole and in the second 1-(3,3,-dimethyl-2-butyroyl)-5-
(2,2~dimethyl-l-ketopropyl) tetrazole. The reaction of diazoace-
tophenone with potassium t-butoxide yields a dimer of diazoacetophen-
one, 5-benzoyl-l-phenyltetrazole, and 5-benzoyl-2-phenacyltetrazole.

1-Phenacyltetrazole is obtained in ether in the presence of ammonium
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12

chloride54.

It was found recently that diazoketones undergo intramolecular

. 55
condensation on treatment with alkalies

Hs
COCH, OH
OH- =\ PN
—_—
COCHN, i
0
CH3 CH3
K OH™
0=C 0=C —
(I»'HNz 0 i
N, OH

Reactions of diazoketones via ketocarbenes

A characteristic reaction of diazoketones is decomposition via
ketocarbenes on irradiation and under the influence of heat and
light. The intermediate species with an incomplete octet at the a-
carbon atom, formed after the elimination of nitrogen, can be sta-
bilized in different ways.

Wolff, who studied the reaction of diazoacetone and diazo-
acetophenone with water in the presence of silver oxide, isolated,
instead of the expected a-hydroxyketones, propionic and phenylace-

tic acids34.

CHgCOCImz + Hgo-'

L—9 CH,CH,COOH
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A little later and independent of Wolff, Schroeter studied a similar
reaction of phenylbenzoyldiazomethane and isolated diphenylacetic
acid. By thermolysing azibenzil, he succeeded in obtaining diphenyl-
ketene, an intermediate in the formation of diphenylacetic acid56.

CsﬂscOCNgC 6H5

—_ CGH5COQ“C5H5 —— (C 5H5) 2C=C=0
-N,

Subsequently the conversion of a-diazoketones into acids or their
derivatives, which takes place on heating under the influence of
catalysts or on irradiation with ultraviolet light in the presence
of water, alcohols, ammonia, amines, etc., was called the Wolff-
Shroeter rearrangement.

The catalysis of p-tosyl (acetyl) diazomethane in ethanol leads
to the formation of ethyl a-methyl-a-tosylacetate, acetaldehyde and
tosylacetone57.

CH3CH,0H

_ > CH3CHO
~CH3—C ¢Hy=50;CN;~COCHs ——223 p~CHy=C ¢H,u=S0,-C~COCH; ——> p-CHs~CsHa-S0,
B P b P '

e CH,;CO-CH.

CoH50H
P_—cna-csﬂh-soz-ﬁz=c=o —22— p~CH,-C oHu~502~CH-COOC,Hs

-

g

CH, CH,
The reaction proceeds via the intermediate formation of a ketocar-
bene. The rearrangement of a ketocarbene into ketenes is not the
only pathway. For example, the decomposition of benzoyldiazomethane
in the presence of copper (I) chloride in an inert solvent gives
a 607 yield of l,2—dibenzoylethylene58, which is a valuable product
for the synthesis of heterocyclic compounds. Thermolysis of 1,7-

bisdiazo-2,6-heptanedione in benzene in the presence of Copper (II)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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14

5
oxide leads to the formation of cyclohept—2-ene~l,4-~dione 9.

H

Ol
H,C CH.

N2CHCOCH,CH,CH,COCHN; ——> | |

0=C C=0
N—

Under analogous conditions, cyclic diazoketones form polymeric
products in addition to the dimerséo. When diazoketones in which a
CH group adjoins the diazo group decompose under the influence of
light or Ag.0, «,B-unsaturated ketones are formed as a ruleﬁl. These
are formed by the migration of a hydride ion from the B-carbon atom
to the a-carbon atom.

RCOCN,CH,R

> RCOCH=CHR + N,
Recently a number of unsaturated ketoesters have been synthesized in
this way6

CeH5COCN2 (CH) ,COOCH; ——> CsHsCOCH=CH(CH.) _ COOCHs + N.
If the decomposition of unsaturated diazoketones is carried out in
inert solvents, the ketocarbene formed may be stabilized in yet
another way, namely via intramolecular addition of the carbon atom
with an incomplete octet to the double bond, resulting in the forma-
tion of a cyclic product. Thus, when l-diazo-oct-7-ene-2-one is
refluxed in cyclohexane in the presence of copper bronze, bicyclo-

63
[4,1,0] -2-heptanone is formed

0
I
CH2=CH(CHz) 5 COCHN; ——— ©> + N
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The intramolccular reaction of unsaturated diazoketones was inves-

. . . . 64
tigated in greater detail by Fawzi and Gutsche , who noted that the
substituents at the double bond do nct have a significant influence

on this reaction.

RCH=CH(CH2)nCOCHN2————9 RCEZ?H (SJH,)n + N2

CH /!

\__g—/
If the diazomethyl group is separated from t%e double bond by a
benzene ring or if the double bond is located in a ring, polycyclic
systems are formedés.

Low yields of cyclopropanes may be obtained by the thermal de-

composition of diazoketones66. When the reaction is carried out
in thianisole in nitrogen and in the presence of copper bronze, the
yield of the cyclic compound may be increased67.

(CHj3) 3CCOCHN,— (CH3) 3CCOCH—CHCOC(CH3) 3 + N,

CHCOC(CH3) 5

The decomposition of diazoketones in the presence of diazoalkanes
leads to the formation of azines .
RCOC(CH3)N; + NpCHCHs———> RCO(CH;)C=N-N=CHCH;
a-Diazoketones react with azodicarboxylic acid diesters on

heating with the formation of the monohydrazones of 1,2-dicarbonyl

69
compounds
R-C-C-R + H5C 200CN=N-CO0C zH, ———> R-C-C-R + N,
0 N2 O N"N (COOC 2H5) 2

The reaction with azobenzene takes place under the influence of

uitraviolet light. This involves the formation of ketenes which are

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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subsequently coupled to the azo-group with formation of heterocyclic
70
compounds .
0=C—N-C¢Hs
@-N=N-@
ArCOCHNz ——w ArC=C=0 ——m
Ar N"'CeH_-.

2-Diazo~1,3-dicarbonyl compounds react similarly with azo derivatives.,

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

The diazomethyl ketones can be very easily prepared by the
reaction of acid chlorides with diazomethane. Wotiz and Buco15
reporﬁed in 1955 that cinnamoyl diazomethyl ketone could be prepared
by the reaction of cinnamoyl chloride and diazomethane at 0°C. Ka-
poor and Gupta72 in 1961 also reported the preparation of cinnamoyl
diazomethyl ketone by the above procedure.

Moore73 in 1969 repeated the above reaction and reported that
they did not get cinnamoyl diazomethyl ketone (I) but got Compound III

instead as shown below:

C5H5CH=C1{—S—Cl + CHN,—F—> C5H5CH=CH—IC|1—CHN;

o
(1)
—
CGHS'/'C C\\"C"CHN; C5H7CH—_—C\‘{S~C1’IN2
0
N CeHsCH=CH-C~CL
HZC\ N/ i ) Hzc\ N )I
| §
i C-CH=CH~C Hs
(1I1) (I11)

Compound III on treatment with HC1l gave IV.

CeH_-,]-CH—'(i\-g-CH;Cl

H.C N
III HC1 2\N/

J
COCH=CHCOC¢Hs»

(IV)

17
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73
Regitz74 referred to Moore's =~ work about the failure to get
cinnamoyl diazomethyl ketone by the cinnamoyl chloride and diazo-
methane reaction and proposed that «,B-unsaturated diazoketones could

be prepared by the following method.

Nat
CH=CH-C~CHs CH=CH~C-CH-C=0
N 0 H
X o
Na/HCOOEt X
benzene p-tosyl azide
CH=CH—ﬁ—CHN2
0
Ve
X
The only two subs. :d diazomethyl ketones prepared by this method74

were those in which X=-0CH; and -N(CH3).. The authors did not mention
in the above paper whether or not they tried to prepare cinnamoyl
diazomethyl ketone.

We repeated the cinnamoyl chloride and diazomethane reaction and
found that not only did we not get cinnamoyl diazomethyl ketone (I),
but we got compounds which were different from those obtained by

Moore et al.

C5H5—CH=CH—S—C1 + CHoNy —> C5H5?H~*ﬁ—ﬁ—CHN2

0 HoC<_ N O
1 mole 3 moles ?
H

(I1)

If 2 moles of CH,N, were used instead of 3 moles as above, we got

IV and not III.
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We then attempted the preparation of cinnamoyl diazomethyl
ketone by Regitz's method. We were able to repeat the reaction and

prepared the two diazoketones he had reported.

1. H,CO CH=CH—F-CHN2 (IX)

2. (HsC)2N CH=CH—ﬁ—CHN2 X)

However we failed to get the cinnamoyl diazomethyl ketone or p-nitro-
cinnamoyl diazomethyl ketone. The preparation of the sodium salts
of a-formyl ketones in the case of p-anisalacetone and p-dimethylamino-
benzal acetone took several days. Evidently the scope of the Regitz
method did not include the preparation of cinnamoyl diazomethyl ke-
tone,

We then attempted to modify the above reaction and tried to make,
instead of the sodium salt of a-formyl ketone, the sodium salt of

the a-ethyl oxalyl ketone as follows:

Na¥t
CsHsCH=CH-C~CH, Na/?OOC’HS C ¢H5CH=CH~C~CH-C~C~0C ;Hs
4 COOC 2Hs R
CHsOH

p-tosyl azide

C 5H5—CH=CH“ﬁ—CHN2
0]

We were able not only to prepare the two diazoketones made by Regitz
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by this method in equal or better yields but were also able to pre-
pare cinnamoyl diazomethyl ketone for the first time and in fairly
good yield. 1In the above case the sodium salt could be formed in
only two hours.,

The identity of C5H5CH=CH—§—CHN2 was confirmed by ir and nmr
spectroscopy and the mass spectrum gave an m/e ratio of 172. The
compound analyzed correctly for C,oHsN,0. It melted at 64-66°C. The
mechanism for the formation of the diazoketone is believed to be
the following: In the first stage the diazo-group acceptor is con-
verted under the influence of base into a carbanion in which a
double bond may be formed. The subsequent addition of the sulfonyl
azide to the anion leads to the formation of a triazoline interme-

diate which dissociates into a diazo-compound and a sulfonamide.

95H5 gsﬂs
ﬁH ﬁH
d
Na+-€5é_H Ns-502—4<::>>-CH3 H-é——N9N C5H5CH=CH—ﬁ—CHN2
' N ] __) 0
C=0 ’ ¢=0
b:o $I=0 © Nat
)
OEt OEt + Et—O—g—g—SOzNH

We prepared two other diazoketones of the phenanthrene series by the
usual method as follows:

X !iill]

Y

O=0

+ CHzNz ————
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i) =Y=H (V)
ii) X=Y=CFs (VI)

These two diazoketones of the phenanthrene series were irrad-
jated with ultraviolet light in moist ether and we obtained the

corresponding 9-acetic acids (VII, VIII).

X X
ﬁuCHNz CH,-C-0OH
0
hy)
moist ether
Y
X=Y=H
X=Y=CF,

Bistrifluoromethyl-9-diazoacetylphenanthrene was treated with copper
bronze in dry benzene under mitrogen. The reaction mixture showed
several spots on the thin layer chromatography.

Infrared spectrum of the reaction mixture showed that the diazo-
peak at 2100 cm™! had disappeared and two new peaks at 1630 and
1680 cm™1, appeared.

Two products were obtained by separation on a dry column packed
with silica gel G and based on the mass spectrographic evidence and
elemental analysis data (see Experimental) we belileve that they

have the following structures.
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FsC

CF,

7 N\

FsC

CF3

VI (B)

The nmr spectrum of these compounds could not be obtained because

they were not soluble in conventional nmr solvents. 9-Diazoacetyl-
phenanthrene, when heated under reflux in dry benzene, with copper
bronze in an atmosphere of nitrogen gave a very complex mixture of

products, which could not be separated.
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EXPERTMENTAL

All melting points, expressed in degrees Centigrade, are correc-
ted. The elemental analyses were performed by Midwest Microlabs,
Inc., Indianapolis, Indiana and Micro-Analyses Inc., Wilmington,
Delaware. Chemicals were used as obtained unless stated otherwise.
Thin~layer chromatography was carried out on micro-slides, using
Silica Gel-G (Dermstadt) or precoated thin-layer plates, and column
chromatography was performed in a column 30 cm. in length with an in-
side diameter of 2 cm. using Silica Gel-G (Dermstadt) with automatic
fraction collector for collecting the fractions. Infrared spectra
were measured with a Beckman IR-8 spectrophotometer and the assign-—
ments were made according to Rao78. The nuclear magnetic resonance
spectra were obtained with a Varian A-60. The mass spectrometer

used was Atlas CH-4.

Preparation of 9-diazoacetylphenanthrene (V)

This was prepared by the method of Israelashvile et. al.,74

m.p. 121-122°C, (lit.74 122°), yield 85%.
Anal. calcd for C,¢HioNz0: C, 78.13 H, 4.1; N, 11.4,
Found: C, 78.0; H, 4.23 N, 11.4.
9-Phenanthroylchloride was prepared by the method of Goldberg et.

75
al. .

Preparation of l-cinnamoyl-3~-chloroacetyl-4—phenyl-2 pyrazoline (IV)

Cinnamoyl Chloride, 1.67 g (0.0l mole) was dissolved in 30 ml.

23
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of chloroform and added dropwise to a solution of diazomethane,
0.84 g (0.02 moles) in 75 ml. of ether at 0°C (diazomethane was pre-
pared from diazald). After the addition was complete (15-20 minutes)
the reaction mixture was stirred for 1 hour at low temperature and
then kept in the refrigerator for 24 hours. Excess diazomethane was
destroyed by keeping the solution briefly in warm water (45°C). On
evaporation of the ether under reduced pressure, a solid was ob-
tained, which on recrystallization with methanol yielded colorless
prisms, m.p. 179-180° (lit.73 178°), yield 2.5 g (70%), ir (Nujol):
1700, 1650, 1620 cm. 1

Anal. calcd for C,oH.;CIN20.: C, 68.10% H, 4.865 N, 7.94.

Found: C, 68.40; H, 4.86% N, 7.97.

Preparation of 3-diazoacetyl-4-phenyl-2-pyrazoline (II)

Cinnamoyl chloride, 1.67 g (0.0l mole) was dissolved in 30 ml.
of dry ether and added dropwise to a solution of diazomethane 1.25 g
(0.03 moles) in 120 ml. ether at 0°C. After the addition was com-
plete (15 minutes), the solution was stirred at the same temperature
for 1 hour and then kept in the refrigerator overnight. Excess
of diazomethane was destroyed by keeping the solution in warm water
(45-50°C) for a short time. After evaporating the ether, a yellow
crystalline solid was obtained. It was recrystallized from ethanol-
water to give bright yellow plates, m.p. 113—114°C.

Anal. calcd for C,;,H,oN,0: C, 61.67% H, 4.71} N, 26.16.

Found: C, 61.85; H. 4.70; N. 26.05.
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Preparation of Cinnamoyl Diazomethyl Ketone (I)

(a) Preparation of sodium salt of a-ethyl oxalyl-4-phenyl-3-butene-
2-one

Benzalacetone, 2.92 g (0.02 moles) and diethyl oxalate, 1.46 g
(.02 mole) were dissolved in 50 ml. of absolute ethanol and the
resulting solution was added to 20 ml. of ethanol in which 0.46 g
(0.02 mole) of Na metal had been dissolved, dropwise in such a way
that the temperature of the solution did not rise above 5-10°C.
After the addition was complete (15-20 minutes), the resulting mix-
ture was stirred at room temperature for 2-3 hours. Then 100 ml.
of ether was added to it and the resulting precipitate was filtered

on a Buchner funnel. m.p. 180°d.

(b) Preparation of the diazoketone

P-toluene-sulfonylazide, 2.0 g (0.0l mole) was added dropwise
with stirring and cooling in an ice bath to a suspension of 2.95 g
(0.011 mole) of the Na salt of a-oxalyl ketone in 25 ml. of ethanol
in such a way that the temperature did not rise above 5-10°C. The
mixture was stirred at room temperature for 2-3 hours. The solvent
was removed at room temperature under reduced pressure and the res-
idue was taken up in 25 ml. of water and extracted with 50 ml. of
ether. The ether extract was washed first with a solution of 1 g of
NaOH in 25 ml. of water and then with 25 ml. of water. It was then
dried over anhydrous Na,SO,. Ether was then removed under vacuum

and the yellowish solid recrystallized from pentane to give light
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yellow plates m.p. 64-66°C., yield 2.54 g (73%), ir (Nujol) = 2096 cm™?

m/e parent peak 172. (theoretical m/e=172).
Anal. caled for C,oHgN20: C, 69.76; H, 4.65; N, 16.27.

Found: C, 69.72: H, 4.70; N, 16.21,

Preparation of phenanthrene-9-acetic acid (VII)

Phenanthryl-9-diazomethyl ketone, (400 mg.) was dissolved in
250 ml. of wet ether and irradiated for 24 hours using 2757 A° uv
source. After the reaction was complete, the ether solution was
dried over anhydrous Na,SO,. Then ether was removed under vacuum
and the solid obtained was redissolved in a minimum amount of ether
and kept in the refrigerator for 12 hours. A light fluffy crystalline
solid was obtained. Yield 350 mg., m.p. 223-225° (1it.77 224°).

Method for the Preparation of p-dimethylamino Cinnamoyl

Diazomethyl Ketone and p-Methoxy Cinnamoyl Diazomethyl
Ketone

Method A

(a) Preparation of sodium salt of a~formyl ketone

The a,B-unsaturated ketone (0.1 mole) was taken up in 100 ml.
of dry benzene and to this was added 0.12 mole of ethyl formate and
the resulting solution was added dropwise with stirring and cooling
to 0.1 mole of sodium metal in 50 ml. of dry benzene, in such a way
that the solution temperature did not exceed 10-15°C. After the
addition was complete, the reaction mixture was stirred at room

temperature for 48 hours or more. 100 ml. of dry ether was then

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



27

added to the solution. A solid separated out and was filtered.

(b) Preparation of the diazoketone

.011 mole of the above a-formyl ketone was suspended in 25 ml.
of ethanol and the solution was cooled to 0°C in a bath of ice-
salt mixture. To this was added dropwise 2.0 g (0.01 mole) of p-
toluene sulfonyl azide in such a way that the temperature did not
exceed 5-10°C. After the addition was complete (15 minutes), the
reaction mixture was stirred at room temperature for 2-3 hours. The
solvent was removed under vacuum and the residue taken up in 25 ml.
of water and extracted with 50 ml. of ether. The ether extract
was washed with a solution of 1 g of NaOH in 25 ml. of water and
then with 25 ml. of water, dried over anhydrous Na,S0O, and the ether
was remcved under vacuum. The solid thus obtained was recrystallized
from ethanol water. Yield for (IX) 50%, for (X) 72%. m.p., (IX)
122-123° (lit.76123°), (X) 127-129° (lit76128°). ir diazobands (IX)

2096 cm t, (X) 2096 cm™:,

Method B

(a) Preparation of sodium salt of a—-ethyl oxalyl ketone

0.1 mole of a-B-unsaturated ketone was dissolved in 100 ml. of
absolute ethanol and to this was added 0.1 mole of diethyloxalate.
This solution was added dropwise to 0.l mole of sodium metal in
25 ml, of absolute ethanol with cooling and stirring so that the
temperature did not exceed 10°C. This was then stirred at room

temperature for 2-3 hours. 100 ml. ether was then added and the
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resulting solid filtered.

(b) Preparation of the diazoketone

The sodium salt of a~ethyl oxalyl ketone thus obtained was
treated with p-toluene sulfonyl azide as in (b) above of Method A.

Yield (IX) 70%, m.p. 122-123°, Yield (X) 75%, m.p. 127-128°C.

Preparation of 3,6-bis trifluoromethyl-9-diazoacetyl phenanthrene (VI)

The acid chloride, 3.7 g (0.0l mole) was dissolved in 50 ml. of
dry ether and the resulting solution was added dropwise to 300 ml.
of ether containing 0.03 mole of diazomethane at 0°C. The addition
was complete in about 15 minutes. The resulting solution was stirred
for about 1 hour at 0°C and then kept overnight in the refrigerator.
The excess diazomethane was removed by keeping the solution briefly
in warm water (45-50°C). The ether was evaporated and the resulting
solid melted at 153-154°. Yield 3.5 g (95%).

Anal. calcd for C,gHeN,OF¢: C, 56.6; H, 2.1} N, 7.3,

Found: C, 57.11% H, 2.25; N, 6.67.

Copper bronze reaction of the above diazoketone (VI)

1.4 g (.0038 mole) of the 3,6~bistrifluoromethyl-9-diazoacetyl
phenanthrene was taken up in 600 ml. of dry benzene. 0.3 g of
copper bronze powder was added to it and the mixture was refluxed
under N, atmosphere for 3 hours. The solvent was removed under
vacuum. The resulting oily residue was chromatographed over a dry

column packed with silica Gel-G using cyclohexane as a solvent.
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Two compounds were obtained. Compound VI A Yield 8%, m.p. 173-176°C.

Anal. calcd for Csy¢H,;,0,F;2¢ C, 61.0; H, 2.25.
Found: C, 61.065 H, 2,36.
m/e (parent peak), 708
Compound VI B Yield 54%, m.p. 280-285°
Anal. caled for Cs;,H;,02F,2: 59.82; H, 2.05.
Found: 60.1; H, 1.9.

m/e (parent peak), 682
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SUMMARY

Several syntheses of cinnamoyl diazomethyl ketone (l-diazoace-
tyl-4-phenyl-3-butene-2~one), using the Arndt Eistert method have
appeared in the literature. On repeating these procedures in our
laboratory, we were unable to obtain the desired compound. By using
an alternate procedure, we were able to obtain the above compound,
and have established its structure unequivocally. Phenanthrene-9-
diazomethyl ketones were obtained from the corresponding acid
chlorides by using the Arndt Eistert method. When 2,6-bistrifluoro-
methyl-9-diazoacetylphenanthrene and 9~diazoacetylphenanthrene were
irradiated with ultra-violet light in moist ether they gave the
corresponding 9-acetic acids. Two compounds were isolated from the
reaction mixture when bistrifluoromethyl-9-phenanthrene was treated
with copper bronze, which have been tentatively assigned the

following structures.
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