SOME STUDIES ON CARBENE
REACTIONS

THESIS SUBMITTED FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY ( SCIENCE )

OF THE
UNIVERSITY OF NORTH BENGAL
By 8

\ A >
.!.}?.’VJI!"! gals®

Shri Tarani Kanta Sarkar, M.Sc.
Department of Chemistry

1980






ACKNQOQWLEDEEMELZT

The present thesis embodies the results of research
carried out by the author at the Department of Chemistry,
University of dorth Bengal, Dist. Darjeeling, West Beagal
gtarting from 4th August of 1376.

The author tates the first opportunity to express his
heart-felt sratitude to Ir. 3.0.Roy, Header in Ohewistry,
dorth Benpal University for his unstinted help and guidance
thoroughout the researeh work.

Jhe encouragement and inverest veceived from late Prof, H.
Yelhnastpgir, former Head of the Department of Chemisgtry, North
Bengal University sppreciatively is recorded aud ackuowledzed.
Hig thania ars plsc due %o Prof. A.K.Chogh, Head of the Depart-
went of Chemistry, North Benzal University aznd Prof. J.K.
Chalkkravarti, previous Head of this Dgpartment for their keen
interest of the author's work.

The candidate is alsmo grateful o Mr. Renjit Sariar, iW.Se.
his sollesagues for continuous help in author's reaearch work,
the candidate is also grateful to Mr. S.De his former teaocher,
Mr, 3,0.3arkar and #r. P.C.Bericar for their constant inspiration.

£he author is thankful to Mr. s.h.Dutta, M.dc., Instrumen-
tation Qfficer, Departuent of Cheuistry, worth Bengal University,

e

e e e —————




for most of the I.R. specira recorded in this thesis.

fhe caniidate is thankful aad indebted to Dr. A.
sernhardt, dest Germany; Director, Central DUrug Research
Igstitute, Tuckuow, Iadiay Lirector, lationgl Chemical
Laboratory, Puse, Lndia and Director, Zose lustituve, India
for micro analysis, N.d.He gpectra, lass specira aid Gel.0
of the compounds. He is also thankiul o Frof. UgR.Ghataek,
Head, Department of Orgamic Chemistry, I.A.C.5.; Ualoutta-3c
for gift of some che icals and other help.

fhe author wishes to thamk all the research scholers
off the Zorth Senzal University, carticularly those of the
Chenigtry Department for helping in various ways duriag the
period of research wori.

fhe candidate is also thankfal to all the suployees of
thls Depertuent for their co-operations It is felt that
@ithout their gyupatiy and assigtance, the work could dot be
coupleted even in this scope witih the very liwited facilities
open to the author.

The candidate is thankTul to University Grante Coumission
and The authority of the dorth Hengal university Ior the award
of a scholarship and facility to carry out research wWOTK.

Finally, the author wishes to express his gratitude gnd
indebtedness to his closze relstives aud his brothers and
giaters for their constant insviration.

Department of Chamiatry, ferani Kanta 3Sarkar
Uuiversity of North Benpal

Dist. Darjeeling,

Juns 1950,



ABSTHACT

In this work a study has been made to compare the
addition reactions of various oC-diazoacetophenones 'with
various cinnamic esters. o rigorous degassing or sophisticated
photolytic equipment was used. The principal object was to
grofida easy synthetic routes to a class of similar compounds.
The relative reactivity and the various physical and other data
has been noted for the compounds prepared. These provide an
interesating feature of the work smbodied here. The work also
includes similar types of reactions with some other diazZoketones
diazomethane. The catalytic effect of the carbene additions
with some metal ions, rearraangementa ol the cyclopropane com-
pound, intramolecular reactione have also been attempted.
Although it has not been possible a8 yet to make a comparative
study of the shift data from o;r and the benzylic proton in
pur with various substituent constants the comparison of the
UV absorption glves a linear relationship analogous to that
obtained by simple Hammett equation.
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The work embodied in the present thesis has been divided

into two parts.

In this chapter a short introduction to the Chemistry
of carbenes ig given.
Jection-At

This section gives a review of The historical background
of the methylene (rather carbene) reactive ianterumediate.
Sec 333

This section gives a short review ol the singlet and
triplet state of the carbene.
Section-0s

This section deals with some of the general procedures
of carbene generation.
Section-Ds

This section atteumpts to record some of the factors
affeeting these reactions. These effects which come into play
in the carbene reaction often play an important role. The
effects are mainly due to electronic factors, steric factors
and the effects due to the memomeric and induction are discussed

curiously.
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Section-Es
This section deals with the nasture of the transition

state for C-H insertion and addition of Carbene to double bonds.

Chapter-I1:

This chapter records some additional aspecte of keto

carbene reaoction.
Section=as
This section gives a short review on keto carbenes and
their reactions.
secti H
This section gives some idea about the mechanistic

pattern of keto carbene addition to double bonds.

Chapter-I111
This chapter deals with the preseat studies on the

reactions of diazoketones with some selected cinnamic esters.
Section-At

This section deals with the aime and objects of thig
study i.e. keto carbene addition to clanamic esters. In this
study various cinnamic esters, substituted in the ring at ortho,
meta and para positions as also o -substituted cinnamic esters
were taken. \lhereas the diazo ketone$ used wereo(-diazZoaceto-
pBenone, p-chloro-o(-diazoacetophenone, p-uethoxy-oC-diazo
acetophenone, p-nitro of~diazoacetopheuone and o ~diazoaceto-

naphthone. Heactions of these diazoketones and ciunamic esters

are recorded.
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The reactions may be written in the following way.

S w y
CH=CH— COOCHg

COCHN2
-

R
C};CH— CH— COOCHS + Dimer

R = 0-OMe, p-Cie, m-OCHz, 0-§0o, 0-C1, P-01,
P-li0p, 0-COOCH; and H.
R' = P-C1l, P-OMe, P-NOp and H.

and also

"
L.t
|
CH=C - CBOCHz +

lcu,A

l

QT
CH—C — COOCH3

co

COCHN2

"
R =<«CNy~ COOCH3
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A comparative study of the reaction of the diazoketones
with these cinnamic estershas been made.
Section-Bi

This section deals with the results and discussions of
the reactions of diazoketones with cinnamic esters.

Heactions between diaZokstones and cilnnamic esters
give rise to cyclopropyl ketones and dimer of the keto carbenes.
But cyclopropyl ketones were not isolated in all the cases
studied here,

O=methoxy and p-methoxy methyl cinnamate gZive rise to
larger amount of cyclopropyl xetones. 3ut p-nitro, p-chloro,
o—-carbomethoxy cianauic esvers do not &ive oyclopropyl ketones
at all. Similarly when o(-position of the cinnguic ester
containe a carbomethoxy Sroup does not zive cyclopropyl ketoae
at all.

I.R. spectrum of these coyclopropyl x<etones showed bands

1

at 1010-1025 om = indicating that these compounds contain a

cyclopropane ring. I.R. spectra of these compounds also showed

i

bands near 1700 t':m"1 to 1720 em ~ indicating that these compound

containe an ester function also. Bands at 1655 mu-1 to 1680 m"l
indicated the presence of carbonyl function in these compounds.
UV spectra showed peaks from 238 to 2458 nm for these

compounds which indicated that these compounds contained a
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phenyl group Fto the aroyl function. This fact furnished easy
evidence for the formation of a cyclopropane riang in these

compounds. The studies indicate that the addition was a trans
one in the case of trans esters and diazo ketones and we have

isolated only one product.

R
R H
<Et v + ‘
0 = C\
" COOCH; COCHN

€ ol
c—--c;/ + Dimer

lfass spectrum of l-benzoyl-2-carbomethoxy-2'=(o-methoxy) phenyl
*

cyclopropane showed peaks at 295 (i -OOHz), 238, 283, 205, 120,

J—lb' loa. .J.05, 92, ?7’ 76’ 64 ﬂnd 44.



(vi)

These peaks were explained as arising due to the

following parent compoundss

<IOCH3
M
10_-05/
f" v \\
H Y "COOCH3
¢o
The mass spectrum of 1-(P-0CHz) benzoyl-Z-carbomethoxy-
+
2'-(P-0CH3) phenyl cyclopropsme showed peaks at m/e 325 (M -

OCHz), 297, 188, 156, 136, 121, 108, 92, 75, 72 and 44.

These peaks were explained as arising due to the follow-

ing struciures

—_—
- \

Y
¢

OCHg

O

COOCHa
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The Ii«d.R spectra were also obtained and we made a
comparative study of the N.i.R. sigials of the staping esters
and that of the reaction product. In all cases the reaction
products did not show any li.M.R. signals at & 6.22 t006.43 ppm
arising as due to simple olefinic proton indicating absence of
olefinic double bond. A cuasi doublet N.M.R. signals atd4.1
to & 4.9 indicated that the cyclopropyl ketones were 1,2,2°',
a2 trisubstituted cyclopropane whose structure should be written
in the following way.

R H
§ L

H

H 'COOCH3

c=0

R
In addition other sigunals due to different protomic absorptions
were also noted.

PuMeR. signals at & 3.9 to & 3.95 indicating the pre-
sence of 0CHz szroup attached to phenyl i.e. ether linkage.
Signal at o 3.8 indicating the presence of 0CHz group of
carbomethoxy group, The P.M.R. bands in the region of & 6.9
to 7.5 indicated the presence of phenyl moiety and the N.M.R.
bands in the region of & 7.5 to 8.5 indicated the presence

of benzoyl group.
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These observations have been found in the reaction
products of p-methoxy methyl cinnamate with oC-diazoacetophenone
and p-methoxy o€ -~diaZoacetophenone. Detailed P.M.R. records
of the products from o-methoxy methyl cinnamate with p-methoxy
o ~diazoacetophenone and that of methyl cinnanate and o< -diazo-
acetophenone are also recorded.

Section-~-Cs
Experimental details of this chapter have been described

in this section.

Chapter-IV:

This chapter deals with the reactionse of diazZoketones
with various other olefinic systems.
Jection-As

This section deasls with the reaction of some diazo
ketones other than oC-diazoacetophenone with different types
of olefinic systems other than ciannamic esfers, in order to
make a comparative study with that of the reactions which had
been recorded ear.ier. In this connection, reaction of oC-diazo-
acetophenone with methyl meths= acrylate and methyl crotonate were
studied to see the effect of CHz group in the o« or R position
of methyl acrylate on the yield of cyclopropane derivative and
it is observed that CHy zroup ia the /& position lowered the
yield.
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Reaction of cyclohexane with o< -diazoacetophenone and
oC=-diazoacetonaphthone were studied. The effect of the different
keto carbenes and their steric hinﬂféance factor, on the yield
of the cyclopropane derivative were made.

Heaction with diazo keto compounds with 3-4 dihydro
d-methyl naphthalene were studied to see the steric effect

exerted by this tri-substituted oclefinic compound.

o

(1) PhCOCHNZ ?
0 :
i —
(1 [::jio
A,

Reaction of o-methoxy methyl cimnamate and a diazo methyl
cyclohexylketone was studied to see the effect of the aliphatie
keto carbene on the yield of cyclopropane derivative to that

of a aromatic diazZo compound i.e. oC -diazoacetophenone.

OCHza
CH=CH- COOCH4

COCHN
1Cu *

@E N
CHQCH'— coo CHg

co
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Seotion=s

This section deals with the results of the reactions of
diazo ketones and various olefinic systems involved in the
previous section.

It was seeun that CHz group when situated at the 2
position gave poor yield of the cyclopropane derivative than
when it was in thap(_;. nogition of the methyl acrylate when
reacted with eC~diazZoacetophenone in each. The structure of
the reaction product of the e(-diazoacetophenone and methyl
methacrylate was confirmed by I.R., U.V. and N.M«R spectrum.
51sc GJLC. showed that there were two products. The ecis and
trans adducts had been formed.

CHj
CH2= t'l.: — COOCHg4 C O
l Cu, A
CHa COCHN, ——
CH,——C— COOCH3 CHy— S en !

Y Y

Cis frans
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Reaction between cyclohexene with oC-diazoacetophenone
and o(-diazoaceétonaphthone showed that in the latter case,
yield was poor and this is explained as due to the larger size
of the keto carbene.

Reactions between oC-methyl 3,4 dihydro naphthalene with
diazo compownds were unsuccessiul probably due to the tri
substituted nature ol the olefinic double bond. The reaction
between o(-diazo cyclohexanone with the olefinic double bonds
also failed.

Reaction between an aliphatic diazo compound and ecinnamic
esters showed that it gave poor yield of cyclopropyl ketones.

The identification of these products were made by GeL.C.
in the ¢ase of lisuid product and the use of I.R.y UsVs and
elemental analysis made both in the cases of liguid and solid

products.
1.R bands of Somé of the products at 1010 cu ~ to
1020 cm-l indicated the presence of cyclopropane ring and band

at 18656 %o 1680 um-i indicated the preseuce of carbonyl group.

Section-Cs
Experimental portion of this chapter has been described
in this section.
Chapter-V:
This chapter deals with the intramolecular keto carbene

addition to aromatic system.
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section-As
In order to study the intramolecular keto carbene addi-
tion to some selected aromatic systems following reactions were

attempted.

formylahon gﬁ CHOH [ o ]
R = 9, Ayl gr-

(1)

COOH COOCH3
; :" \COOH @Kcug—-cuz— COOCH,

'Y
(3

(4)
l half hydrolysis

COOCH
"~ Thionyl s
"~ Chloride
f CHa CHa"' CHa—' COOH
g

" S
cloc” (5)
(6)
1 diozomethane
COOCH; ¢, W ocu COOCH 4
_/CeHg
®
C K
NgHcT HC=2C

02}
e



(xiii)

Section-5s

Formylation of o¢-tetralome gave hydroxy methylens (2)
which on ozidation by K 9C4 W¥nOgave diacid / 37 which was also
orepared alternatively by oxidation with Hp05/CHzCOOH of A-

naphth@l. This on esterification gave diester ,[’4_7 which on

careful hydrolysis gave the half ester /5 7. At this stage
difficulty was experienced as / 5_/ was treated with thionyl
chloride diacid chloride [ 9_7 instead of / 6_J resulted. It
was not possible to prepare / 6_/. The structure of / 9_7 was
confirmed to be the structure of the diacid chloride of the aecid
by the comparison of I.R. spectra.

The identification of the other compounds was done by
elemental analysis and I.R.

Some cursory work to prepare / 7.7 by alternative

synthetic procedures have not as yet yilelded fruitful results.

COOCHg
@E, CHz~ COOH
&tzclz
. Gocl
CHz—CH,

COOH o
4
CHp~ CHy— COOH S

(9)
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section-Cs
Experimental portion of this chapter is described in

this section.
Shapter-VI:

This chapter deals with the relative catalytic activity
of some metal ions in the reaction of d-diazoketones.
Section-Al

In this section the metal ilon activity of some Cu salts
i.e. CulCl, CuS04 (anhydrous), Cu and palladium acetate on the
yield of cyclopropyl ketones were studied when the reactants
were p-methoxy methyl ocinnamate p-nitro methyl cinnamate and
o -iiaZoacetophenone maintaining all the other experimental
conditions as identical as possible. It was seen that Cu Bave
maximum yield where as palladium acetate d4id not catalyse the

addition reaction.

Chapter-VII:

This chapter deals with the effect of potassium tert-
butoxide on cyclopropyl ketones.
Section-A:

This section contains alms and objects of the above
study. It is known that cyclopropyl ketones undergo different
types of rearrangement when they are treated with liguid ammonia,
perchloric acid, HC1l and HpS04.

It was an object to see what type of rearrangement took

place when cyclopropyl ketones, prepared here, were treated with
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potassium-tert-butoxide. With this view #-benzoyl-2-carbo-
methoxy-2'=(p-methoxy) phenyl cyclopropane was treated with
potassium tert. butoxide.

Section-B:

When 1-benzoyl=-2-carbomethoxy-2'-(p-nethoxy) phenyl
cyclopropane treated with potassium t-butoxide gZave two
products, (4) aud (B). (A) has been confirmed to be benzopic
acid by elemental gnalysis, I.R, mass spectrum and also by the
comparison of IR bands with that of benzoic acid.

The identification of (B) was done by elemental analysis.

1 and 1700 cm"‘l'

IR bands at 1010 em™ showed the presence of a
cyclopropane ring and an ester function in this part. NMR
speetrum in the region £ 1.2 to § 2.5 showed the presence of

ey clopropane hydrogens.

QCH

Patassium
>~ (A)+ (B)
COOCH
OCHs
The Structure of B. ‘
COOH : H

Avi
g 2 COOCHg
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Section-C3
Lxperiamental portion of this chapter has been described

in this section.

PART - II
REACTTION OF DIAZOMBETHANE WITH CINNAMIC ESTERS.
Chapter-1:
yecth —-At

I this section a short review of the structure of
diszomethane and 1,3 cyclo addition and various reactions of
diazomethane with olefinic double bonds has been presented.
Section-Bs

in this seotion the rezctions of diaZomethane with
cionamic ester in order to prepare 1 or 2-pyraZoline and thereby

To prepare cyclopropane derivatives have been discussed.

@R + CHpNa
CH= CH— COOCH4

[f }k—a
CH— CH—COO0CH3 #— R
& CH—CH— COOCH3

CHa\ N ]
ch\\ N /L H

l H20/CH,0H orallumina

Cke
CH—CH— COOCH3a
N

2
R=0-cl,0-No, , 0—COOCH3
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Section-Ci

This section deals with the results and discussions
of the reaction of diazomethane with o-chloro methyl cinnamate,
o-carbomethoxy methyl cinnamate, o-nitro methyl cimnamate, p=-
nitromethyl cinnamate and mesityl oxide.

In most of the cases, Z-pyrazoline were lsolated, whose
structure were confirmed by elenantal analysis, I.R., mass
spectra and N.M.R spectra. In the case of liguid product G.L.C,
ag re_ﬁ?_orted <> IR spectrum in the region of 3300 to 3400 e.n'l
of these coupounds indicated the presence of secondary amine
Zroup.

Mass spectrum of 3-carboxylate-4 (o-carbomethoxy)-2-
oyrazoline showed peak at M (262) together with other peaks
at F.‘.a P34, These fraguentations could be explained arising to

the following structure of the compound.

. COOCH3
(.T-.H"'" (l:H"— COOCH3

HC

Mass spectrum S-carboxylate-4 (o=chloro) phenyl Z-pyrazoline
showed bands at H+(232) and other bands. These fragmentations
could be explained as arising due to the following structure:

e
CH— CH— COOCH3a

Jl
e

NH
n’
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This was further confirmed by N.M.R . N.M.R signals at § 4.1
(broad) of 3-carboxylate-4 (p-fiitro) phenyl 2-pyrazoline is
accounted as due to the presence of NH proton., In addition it
had signals due to COOUHsz proton, phenyl proton, N « CH
proton. Al)l these ovservationSwere explained as arising due
to the following structure of the compound.

0 |
CH— CH— COOCH 5

HC NH

N\ NS
Reaction product of diazomethane and mesityl oxide gave oaly
one product as seen by G.L.C. This contained NH grouping. BSo
the structure of this product is

CHg

CHB_ Cr—— i COC_H;.;-

-
HC  NH
N\

N/
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These 2-pyrazoline when treated with alumina or
CHzOH or Ho0 did not afford any cyclopropane derivative. So
thermally 2-pyrazolines are more stable than i-pyrazoline.
Section-D3

Bxperimental portion of this chapter has been described
in this section.
Chgpter-I1:

This chapter deals with the decomposition of diaso-
methane with various copper salts.
Section-is

This section deals with the aims and objects of this
study when toluene, of-methyl 3,4 dihydro naphthalene and
acenaphthgleuwere suployed %o be cycloproponated by means of
diazomethane in presence of Cu and various copper salts. The
aim being to derive an easy alkylation procedure or to prepare
C-methyl derivative of these compounds by diaZomethane.

CHa —
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ection-B:

This section contains the results aud discussions of
the previous reactions when solid product isolated other than
C-methyl derivative of the reactants. This compound also pre-
pared when ethereal solution of diaZomethane alone was decom-
posed in presence of Cu or its salts.

This compound contained nitrogen but not Cu. It is
highly alkaline in nature. When tresated with KOH solution, it
gave out a zas of ammonia like smell. It is not very stable in
ordinary temperature, It melte at 112%,

It showed following I.R. bands. ( Fig 56)

Its molecular wt. by Beckmann depression of freezing point
method was determined as alsc its nitrogen content to be 90.

it could not be hydrogenated. It does uot coantain any
active olefinic double bond. Ho useful compound could be
isolated when this oxygenated dimer was used in place of diazo-
methane itself in the various reactions indicated here.
Seotion-0t

Experimental portion of this chapter has been described
in this section.
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Section A + Historical Background

The poseibility that divaleant carbon compounds might be
intermediates in certain chemical reactions was suggested more
than hundred years ago to account for the products of the
alkaline hydrolysis of chlo;'ofom (1). Divalent carbon inter-
medlates were 2lse involved from time to time during the first
half of the present ceatury, particulerly as iantermediates in
the decompositions of diazoalkanes and of ketenes, but it was
not until last decade that the 'carbenes' and thelr reactions
were subjescted to close scrutiny.

Ihe generic name "c¢arbene" was 'collaborately conceived
by Doering, Wiastein and \Woodward (2), 1o be descriptive
methylene (CHy), in analogy with the derivation of “carbinols"
methanol.

OUne of the major problems of egarbene chemistry has been
the deteruination of the coafiguration of the non-bonding eleo-
trons on the divalent carbon atom. It has now been established
that in most, but not all divaleat carbon intermediates which
have been identified, these electrons are paired, i.e. their
spin quantum numbers have opposite signs. It has been suggested
that the term carbene should be reserved for those species, ‘ihﬂe
those with unpaired electrons, and which exibit the reactions
characteristic of free radicals, should be termed methylenes(3).
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The current interest in the divalent carbon species
seems to date from 1950, when Hine published his first paper
on g reinvestigation of the alkalline hydrolysis of chloroform,
and concluded that dichloro carbene (# CCly) was probably an
intermediate in this reaction (4:).

It was not wntil 1954 that Doering and Hofmann ahowed
that dihalo carbenes from the haloforms could be trapped by
addition to olifins to give cyclopropane derivatives (5).

Thus cyclohexene, chloroform (or bromoZform) and Potassium

t-butoxide gave 7,7-dihalo nor carane - (eguation 1).

CXg'l‘ O = (>'Cx8 e (1)

While oC-elimination reactions have furnished a route
to the dihalocarbenes, and more recently, to variety of other
substituted carbenes, a second route to divalent carbon inter-
mediates involves the thermal, photo chemical or catalytic
decomposition of diazZo alkanes and ketenes. Dyakanov - = made
an extensive study on the decomposition of diszomethane, and
more particularly of ethyl diazoacetate, catalysed by copper or
copper salts in the presence of olefin which rainltsﬁfavﬁlopmo-

pane derivatives.
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The interest in divalent carbon may, perhaps, be divided
into three main categories. Two of these are of a physiochemical
nature; namely, the study of the energetics of methylene produc-
tion and of its reactions, and the configuration of the non-
bonding electrons.

The third major aspect of carbene chemistry concerns
the synthetic utility of divalent carbon intermediates with
olifins. A further synthetic application makes use of the
"insertion reaction", in which methylene itself, and more rese-
tive carbenes can directly insert into a carbon hydrogen bond

(Equation-2).
N o
:CH-E + —}-C—"H e -7(:‘_' CH.-a"‘ H .. (2}

Now attention is drawn to the electrophilic and nucleo-
cronadin of divaledl conbem spunian , Siglel canbamio ane
philic‘aleotron deficient species, comparable to carbonium
ions; on the other hand they possess a non-bonding pair of
elecirons, coumparable to that of carbanions.

The electrophilic and nuecleophilic character of siaglet
carbenes depends, therefore, largely on the ability of adjacent
groups to withdraw electroas from or supply electrons to, the
carbene carbon. Iriplet carbenes may be considered as diradical.
The formal relationship of carbenes to other simple intermediates

ie presented in table-1.



Name of the intermediates lumber of covaleant MNos. of valence

bond Electrons.
Carbanions 3¢ 1 ) 3 8
Radical SCr 3 7
Carbonigumion 2 GG) 3 6
Carbene > 019© 2 6
Section Bt

Thus there are two chemically accessible kinds of carbene,
singlet (1CH2) and triplet (3032)- As consiructed with carbon
25 and 2p and the orbitals of hydrogen, halogen ete., the triplet
methylene ie linear or near-linear sgpecies (X-C-X angle close
o 1800) ginglet methylene
ie a bent species (X-0-X)
angle nearer 120° actually
103°. Triplet carbeme has two
unpaired electrons in mutually

perpendicular p orbitals and
Big- 14 singlet carbene has none (127).
Studies by Hertzberg and associates demonstrated a linear triplet

ground state for carbenes which, in the gas phase, is rapidly
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formed by collisional guenching of the imitial short lived bent
or singlet carbence - |

Studies of carbenes have shown singlet ground state for
halomeno and mixed halogenocarbene derivatives aud triplet
ground state for arylcarbenes. The latter are probably generated
as singlets but trapped in a solid host at a very low temperature,
they decay to their triplet ground state more rapidly than reac-
ting with neighbouring molecules.

Studies at very low teumperatures, verify singlet ground
states for halogeno carbenes. The reaciion of a triplei carbene
gives dimeric product. Several asgeoet of carbene chenistry have
fascinated a lerge number of chemists during the pasi quarter
of a ceatury. Firsv, their reactions are novel insertions into
$ bonds addition to M bonds, and the various carbene rearrange-
ments are all sufficiently distinctive from the reactions of
other species to excite curiosity about their scope, mechanisms
and synthetic poseibilities. Second, the electronic structures
of carbenes are unusual in that most carbenes have two low-
lying electronic states near enough to each other in energy both
may participate in the chemistry of the intermediate. Third, many
carbenes are small enough to be treated by a variety of quantum
mechanical calculations that provide insight into oarhaﬁe
gtructure and reactivity.

Carbenes are, among the few simple molecules (Op is
another) that have more than one accessible low-energy state.

If we exclude the carbon 1s atomic orbital, which is not strongly
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involved in chemical bonding, there are four valence atomic
orbitals of carbon, the 28 and the three 2Z2p orbitals, that
contribute to bonding in carbenes. Two combinations or hybrids
of the valence atomic orbitals contribute to the bonds to the
central carbon atom, whereas two other combinations of the
valence orbitals accommodate the unshared eleciroans on the
central carbon atom.

The two non-bonding molecular orbitals of a carbene are
identical only if the H~C-H bond angle is 180°. For all other
angles the non-bonding orbitals are non degenerate. The distri-
bution of the non-bonding elecirons of the carbene beiween the
two valence shell non-bonding molecular orbitals has been an
important theoretical problem. The distribution depends on a
play off between the orbital energies and electron-electiron

repulsion. Three possibilities are displayed in Piz. 2,

Bonding orbitals .U‘. 1 - (5 k08 Non-bonding orbitals

Triplet state (linear)
1 Non-bonding orbitals

Bonding orbitals -‘u- -U- 1
Triplet state (Non-linear)

(&3 Non bonding orbitals
Bonding orbitals 14 j—'l-
Singlet- state
11'1%—2
If the difference between the energies of the non bonding

molecular orbitals is greater than the energy reguired to bring
a pair of electrons together in a siagle molecular orbital then



both electrons will occupy the lower energy non-boading molecular
electronic state. If, however, the difference in molecular orbital
energies is less than the increase in electson~-electron repulsion
energy for the non-bonding electrons when they are brought
together in the same special orbital, thea the non-bonding
electrons will oceupy different orbitals. Hund's rule tells us
that two electrons occupying different orbitals achieve minimum
energy when their spin functions are the same, and thus a triplet
alectronic state resultse.

In this @description we have used a simple picture of
molacular structure wiich sssumes that an accepiably accurate
descrintion of a molecule cau be given in terms of the unigue
ailocation of electrons to molecular orbitals (7). Even in this
gimple pleture we should add that the energlies of the four
bonding electrons are affescted by the non-bonding eleetrons.
Therafore, we showld be camparing the sum of all the orbital
snergies, bonding and non bonding, with the sum of a2l electron-
eleetron repulsion energies, bonding and non bonding, to obtain
estimates of the totel ehergy for eaeh allocation of electrons
to carbene molecular orbitals.

Iwo extremes of carbene molescular structure are more
easily described than the intermediate struciures that belong
to most real carbenes. As shown in Fig., 3 if CHy were linear,
eymmelry arguments demand that the two non boading molecular

orbitals musi be degenerate, pure p atomiec orbitals. Hence the
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lowesl energy linear form of methylene must be a iriplet state.
However, as Vialsh pointed out in 1853, this degeneracy is removed
on bonding. As the H-C-E angle is decreased from 1800, one of

two Zp orbitals which comprise the non bonding orbitals of the
lincar molecule tmies on S gharacter and i1s lowered in energy (8).
At the other extreme, in perpendicwlar methylene one bonding
orbital is a nearly pure 28 carbon orbital (plus some hydrogen
18), and the other is pure P. The very large splitting between

S and P would certainly lead to a doubls ooccupation of the 3

orbitel, making the state a2 singlet.

2
(a) p"-methylene (Perpendicular); (b) 5P Methylene (linear).
Fig. 3
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Walsh was the first to correlate the molecular orbltals
of linear methylene (designated by the J and T Symmetry
classifications of the Dy, point group) with the molecular
orbitals (designated by the a3, a5, by, Dy irreducible repre-
sentations of the C 2 point group) of the beat molecile. Such
correlation diagrams are now called Walsh diagrams. Walsh pre-
gsented qualitative arguments aboul the energy change for each
orbital, with change in bond angle for AHy molecules. Compariaon
of Walsh's original diagram of 1953 Fig. 4 with one based on an

ab initio calculation “or CH, meade in 1969 Pig., & shows consi-
derable similarity. The b, (4 ) orbital is antibonding between

the hydrogens but bonding between carbon and hydrogen. Therefore
an increase in H-U-H angle deoreasses repulsion between the
bonding electrons and decreases The bg molegcuklar orbital emergy.
The ay ( d ) molecular orbital increases in 5 character as the
bond angle increases, and this factor was belicved by wWalsh to
lead to a decrease in energy, that is, a stronger 4 bond.

The molecular orbital energies vary in derivatives of
mgthylene (3CRR') depending on the groups attached to the
divalent carbon atom (9). Therefors, the determination of the
electronic structures of the lowest energy and first excited
atates of carbenes has been a problem requiring sophieticated
thepeetical caleulations and elaborate spectroscopic experi-

ments.
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Fig-

Intuitively infarred orbital energies in methylene as

a funetion of bond angle (A.D).
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Fig- B

Caleulated variation of orvital energies with bond

angle in 1,, state of methylene.



Accordfng to the Frontier orbital theory il the carbene
approaches the olefin in a straight line the HOMO/LUMO interac-
tions would be antibonding. But as the reaction i3 common The
anomaly is explained by the probability of a sideways approach
at the initial stage when overlap beginds to develop (12).

A lot of mechanistic work has beea done which ceatres
on correlation of reactivity and stereochemistry with spin
multiplieity and excess energy of the divalent carbom unit e
( ). Moreover it is !mown that methylene produced in the
phase photolyses of diazomethane adds stereospecifically to
olefine and it has been shown to be in the singlet state. Under
high pressure and in presence of inert gas iatersystem crossing
to the triplet state occurs ( 20 ).

IThus the nature of subatituents, nature of medium,
presence of catalysts aud reaction conditions easily influence

the course of reactions of these divalent carbon species,

Observation and analyeis of the spectra of a spacies as
simple a8 methylene should give very detailed information con-
cerning both ground and excited states of the molecule.

Assignment of a group lines at 4050 L° in the spectra
of comets to methylene (10) gave a great deal of useful guidance
in early discussions of methylene even though it later turned
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out the lines were due to Oy rather than CHy (11). In 1989
Herzberg (12,13) finished a 17 years hunt for the elusive
methylene and obtained spectra of both the lowest singlet and
triplet states. 3traight forward observations show that, since
the singlet state decays to the triplet, the latter must have
the lower energy content.

Attempts to preserve CHy for speciroscopic observation
by matrix isolation (14,15) have let to ambiguous resulise.
Pimental and his co-workers (14,16) irradiated diazomethane in
argon and nitrogen matrices at 20%¢. iinder various conditions.
They observed infrarad abzorption bands at 4182, 3968 possible
methylene absorption bands.

A new band system spread from 5500 - 9500 a° was observed
when higher ratios of CHyllo /8 were used. Apparently the first
product of photolysis has long wave lenglh absorption but decays
rapidly to the triplet ebsorbing at 1415 A°. The fotational fine
atructure of the three bands 1ndieato& the absorbing species
is bent with 2 bond angle of about 103° (0-H) distance =
1.12 AP) and & linear upper state. No triplet splitting of
spectral lines could be found.

It is interestingthat Herzberg mlso saw faint bands in
the 3000 - 3500 A region. Appearance of the lines was not
favoured by condition which maximize the fg;plet_ahaorption at

13,1.If

the absorption is to be associated with the sharp lines found

1415 K. Consequently Herzberg feels species must be
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by Robinson end MeCanly, and attributed to CHp, a problem arises
since the species seen at 4.2°K, was obviously loag lived.
Shortly before Harrison's paper was submitted for publication
once again one of the periodic revolutions in the experimental
view of the geometry of ground state methylene occurred. Schaefer
has described BSR speciroscopic evidence for the structure of
methylene as “an experimental break through® (17).

In the August 1, 1970, issue of the Journal of chemileal
physice Serrheim, Dernaard, Wang, Wood and Skell reported the
detection of the ESR spectrum of itriplet methylene observed
from the photolysis of diazirine in solid Xenon at liguid
nelium (4.2°K) temperature (18). The D and B derofield para-
meters that measure the dipolar interaction of the uapaired
electrona and their deviation from cylindrical symmeiry, res=
vectively, were #educed from the specira. 3ince B was found
to be non zZero, Zrouad state triplet methylene was certainmly
bent at least slightly in the xenon eavironment. Shortly there-
after in lpvember 1370 wasserman, Yager and Kuck slso resorted
the EOR spectrum of triplet methylene from the photolysis of
diazomethane and diaziine in xenon at 4.2°K. These workers
deduced on H-C-H angle of 128-143° from the zerofield splitting
paramsters, with the most probable value. 136 , in splendid
agreenent with latest theoretical predictions. It should be
pointed out that the bond angle is related in a quite complicater
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manner Lo the mamitude of E for a stationary unperturbed
methylene molecule. Very soon Bernheim, Bernard, Waang, Wood
and Zkell deduced and even more precise bond aangle, 137.7°,
from the 1%C hyperfine interaction in OD, (20). It was noted
that the isotopic shift in the zerofield aplitiing parameters
observed in going from CH, to 032 mizht be due to elither pota-
tional motion or a matrix interaction.

In 1971 Hersberg and Jolms cited the recent ESR work
and alaéo the theoretical studies of Harrison and Allen and
_ Bender and Schaefer as indicating that the ground triplet is
bent (21). On the assumption that the molecule is bent, re-
analysis of the spectroscopic data gave a bond angle of 136°
and bond length of 1.07810. in splendid agreement with latest
theorstical and ESR spectiroscoplc comclusion.

Such measuremant has been used to characterlze triplet
states subatituted carbenes also (21, 23, 24). These indicate
that diphenyl carbene, phenyl carbene md'fluurenylidene have
triplet ground states. The magnitude of the triplet splitting
at zerofield and the hyperfine interactions with protons indi-
cate that in diphenyl carbene, the two phenyl groups lie close
to, but not exactly, perpgendicular planes. Surprisingly, the
extent to which the unpsired e¢lectrons are conatrained to stay
at the central carbon atom is about the same in diphenyl carbene
and in fluorenylidene despite their different zeometry. 'ig. o.
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Diphenyl methylene Muorenylidene
¥ig. 6

CHEMICAL SVIOBNCE

Carbenes of agll asgrits lave been detected by a variety
of speetroscopic technijuea,; and valuable struciural informa-
tion haa been ohtained. The spectroscopic resulis have been
reviewed receatly (28).

How attempts to draw inference concermiing the spin state
of mathylene from chemical reactivity, and vice-versa, have a
long and some times undistinguished history. darly attempts to
gharacterize methylene in gas streams involved removal of
tellurium, selenium, aresnic and antimony mirrors, and the
tellurium-method (£6) was favourite for detection watil it was
shown (27) that mirror removal was due largely to reaction with
other species, at least when methylene was produced by photo-
lysis of ketene. iMethylene and its derivatives would probably

73918 . 6;‘\}'_'5'_:‘.:.,
2 35 MiR 198 = %
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resct with many other materials if givea the chauce, since in
either the singlet or triplet state, it is a highly reactiive
apecies. It is doubtful that any but the most detailed study
of randomly chosen reactions would yield much information
conceraing the charasteristic chemical propertiss of singlete
and triplsts. In retrospect, sssumpiions such as low reactivity
of singlet methylene (28) or clearly "radical like reactivity®
of the triplet seem either wrong or harmfully gversimplified.
neactions which have been mpat studied insertign

reasctions (egn. 3)

$ OHo+ Hy —— CH,
$ CHpo+ RH —— RCH;

avh £3)

and addition to carbon-Sarbon double bonds. (ega. 4)

N\, i N ¥
Gz

these reactions hawve beean studied in great detail and

muech of the related discussions ralate to chemisiry of singlets
and triplets. Sinzlet and triplet methylene show significantly
different behaviour and that study of insertion and addition
reactions can distinguish between the species, An opposite
view was given by Demore and Benson (29).

Meerwein, Rathjen, and Werner reported in 1942 C-H
insertion products from irradiation of diazomethane in diethyl
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ether, tetrahydrofuran, and isopropangl (31). It was not until
1956, however, when Doering, Buttery, Laughlin and Chaudhuri
investigated the photolysis of diazomethane in the preseace of
alkanes, that the real nature was rascognized (32). The addition
of dichloro methylene to cyclohexane, reported in 1954, was the
first autheaticated cyclopropanation via carbene or carbencid
species (33). The addition of methylene to olefines was establish-
ed in 1956 (34,35).

Stoichiometrically the U-H insertion reaction takes the forms

R H
Ve i
BR'C B - 0 ~—— B-0—O- K
R

A mechanistic ambiguity in description of the reaction
was recognised guite early (56,37). Abstraction of a hydrogen
atom followed by coupling of the radical pair could give rise

Yo the same products as concerted inseption. (egn. 5).
-

’ /
RRG: H — + RRCH+ C—

R’
W—t = c
:,/ c\ ..(B)
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Doering and ?rinzhach demonstrated that direct insertion
is the major path was in the photolysis of dimzomethane in the
absence of moderators and sensitizers (37). leaction of methylene
with labeled isobutene gives the rearranged product expected
from the radical path was in only 8% yield in the gas phase and
2% yield in the liguid phese. lhis means that a maximum of 16§
of the methylenea Iollow the radical mechanism in the gas phase
and 4% in the ligquid phese. (equ. &)

s * T .
{CHy + CH3— C=CHy—> CHg+ CH,— C—CHp

o

*
———> CHz— CHp— cI::—.. CHa+ CHo = cl.— CHz—CH3 .. (6)
Cﬂa CHg

Lhis is also supported by the work of Zell and Kistia-
kowsky who found CpH D, To be the major product from the phiote-
lysis of diazomethane in the presence of methane - dg (38).

But insertlon resction mechauism is a concerted one
which have shown by Xirmse and Buschoff who have demonstrated
that the insertion into. C-H bonds retains steric configurations
about the carbon atom (39). (Ban. 7)
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| H CHDa
HCM )

3 Hy H.c”/H

C?j}\\<3 CHg — CDaNp— 3 C77L\EH3

CHg
H H |
+ H3C17L\1>7%\\
CH.CHD
o/T\<3 2 CHDz
CHg oo ()

Another ezample of retention of configuration was given
by Doering and Helgen (40). So retention of configuration is

consistent with a one step insertion mechanism. (Egn. 8)

CO,CHg: COOCH3
hv I + other producls
CHz0— IC_ H+Nza CHCOOCHy —— CH3O-CI:- CH,CO0CH3

CHy CHg

Even intramolecular 30 C-H insertion goes with reten-—
tion of configuration (44). Although the evidence is strong
that, at least in solution, methylene often inserts primarily
in a concerted reaction, Frey showed some time ago that pro-~
ducts derived from all possible radical coupling reaction are

formed in gas phase experiments (41} / Eqn. 9;7



CH, + RH s CHz+R4R' other radicals
0E; + R »CHzR

OHz + R' > CHgR'

2CH, —» CH;CHg .« (Egn. 9)
bl 4

28 » R'R

ﬁ+ 1'3'{r —» R -3'

Recent WMR experdments heve reinforfed the view that
singlet methylene undergoes direct insertion into C-E vonds
and that triplet methylene abstracta hydrogen atoms even in

solution.

Observation in 1969 of emidfion sud emhanced absorption
in the MR benzylic proton signal from an irradiated solution
of diphenyl digZomethane in toluene was important both for the
understanding of the chemically induced dyanemic nuclear
polarization (CIINP) phenomeson and for the verification of
hydrogen abstraction by triplet carbenes (42).

Section-C ¢ g

Iwo hypothesis concer.ing the tramsition state Dr

OeH direct insertion have been presented. Doering and skell,
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having demonstrated that methylene is a vigorous electrophile,
proposed a triangular transition state for direct insertion

(43,48,45,57). The trianguler transition state accommodates the
one step nature of singlet methylene insertion.

- /—
Ho—pc=| u s
) / \\‘ ’.“C\ \ /C\
'CHa+H—C— —» ¢ — ¢
H B H H

Dempre and Benson on the other hand have proposed @nd
ot attack of the C~H bond. A transition state with diradical
character is probably intended, with stabilisation due %o con-

tribution by ionic terms to the wave function (38).

H H H H
o
Ci+ H—ciu S \----H e \c-—H ----- G
" v Ve el S
\—: A ert® = + _—
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Some confusion has arisen as to whether an intermediate
radical pair rather than a transition state was intended. Stereo-
gpecific insertion seems to preclude the formation of a radical
pair of finite life time. The mechaniem is much like that favoured
by Hofmann on theoretical grounds (45). Three kinds of evidence
have been brought to bear on the micro mechanism of concerted
CeH insertion by singlet methylene (46,47,48). One step, three
centre, direct insertion mechaunism is common for singlet
carhenae’(scﬁz ) reacta with two step abstraction recombination
mechanism. Ylide mechanism is possible when atoms with one pair

electrons are presant at or near the subgtrates reactive site.

woon aiter the discovexy of the addition reaction it
wae proposed by SkESll and co-~workera that siaglet aud triplet
carbenes could differ both iy their seleotivity (49) and in the
stereospecificity of addifion to olefins (43).

In 1956 Skell and Wood“we#d proposed that the spin state
of carbene can be deduced from the stereochemisgtry of sy clooropene
formation (43). The zeneralization has come to be known as the
Skell rule. The rule states that singlet carbenes are expected
to add to a olefin in single step and therefore preserve the
cis-trany stereochemistry of the olefin in the oyolodrspane
product. Oonversely, it was argued that since a triplet carbene

cannol give a singlet ground state cyclopropane in a single fast
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step, two step addition must occur. Rotation about single
bonds in the diradical intermediate should be rapid compared
with spin inversion followed by ring closer, and therefore
non stersospecific addition by triplet carbenes was expected.
Both these cases are showm in Fig. 7.

Emparically, Skell's rule has been found to be very
succeseful. Although a singlet carbene may add io an olefin
In = single step, there is uo selection rule prohibiting spin
conservation, step wise path. Conversely, although a triplet
carbene very likely does add in two steps, the result could
be stereospecific addition, if spin iaversion and ring closure
are sufficiently rapid. A two step reaction will indeed always
give non stereospecific addition in the zas phase. Thus if
stereospecific addition in the zas phase is obaserved, {he reac-
tion of a singlet carbene is indicated. The converse need not
hold, nonstereospecific addition in the gas phase is not dia-
gqnistic of a triplet.

R k3 ..'R R\‘. : "g i R‘ R
- o 'C.___ c/ iy



Transition state

Pig. 7

In solution prediclions are more @lfllcult because of
wide variations in inter system crossing rates. To assign
nonstereaspecific addition to a triplet carbenes, sterspspecific
addition by tThe singlet muat also be deumoasirated. Thus, for
only in the cases of methylene itself, fluorenylidene, dicyano
methylene and most recently dicarbomethoxy methylene and subs-—
tituted cyclopents dienyledenes has the stereospecifieity of
the addition of both singlet and triplet has been shown %o
conform to the Skell rule,

Stereospecific addition of methylene is obtained in the

irradiation of gaseous mixtures of diasomethane and cis or

’
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trans-2-butene (50). In the ligquid phase the sterepspecilicity
is believed to be even higher, the "wrong" isomer in the gas
phase coming principally from the geomelirical isomerisation of
the vibrationally excited primary adduct. This result was inter-
preted as indicating thet methylene from diaszomethane reacts
vhile in ite loweSt singlet state, which was recogniszed as not
necaesaarily being its ground svate (35,51). This was the

experimential basis for the Skell's ule.

Section-D s Effect
(a) Effects mainly electroniec in origin:

Carbene addition to an olefin has been regarded as an
electrophilic process. A theoretical analysis of the addition
of Y0H, to ethylens suggeste initiation of the reaction as in
Pig, 8, a " approach" in which the vacant P orbital of the
carbene begine to overlap with thewsystem. As the reactants
move along the reaction coordinate toward product geometry
the m approach goes over to Fig. 9, a " 4 approach" (52).

Tr approach 6- approach
Fig- 8 Fig- 9
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The important point &8 the nature of the initial stage,
the T approach, in which transfer of electron density Trom
the olefin's 1 -system to the carbenes P orbital occurs;
this is an electrophilic addition. More recent calculation
suggest that - approasch Fig. 10: is esnergetically preferable
to W -aporoach Pig. 11, ' . in the addiftion of 1032 to
ethylene (63). Addition ot OFy is calculated to follow &
similar course, with less chargs transfer from olefin to

carbvene at the transition state.

Sxperimentally, the charge separation in generalised
transition state Mig. 12 can be probed uy variation of either
olefinic substitueantis, B - 34 or carbenic substituents X
and Y. This procedure, however, can alter both steric and
electironic factors; the separation d chonges in response to

altered carbenic or olefinic reactivity. ¢



Fige 12

It has been shown that 1,2 aryl migratory sptitude of
the aryl group to aun electron deficient centre, the carbenic
P orbital is increased with g donating substituents oao the

aryl ring (54,55,56).

Ar—C—C—CgHs , Ar—C—CH , Ar—C——CH

| l |
CHy CHa CeHs

This resction may be viewed as intramolecular attack
by the carbenic P-orbital on the aryl Tr -syetem st -1,

The intramolecular reactions of thermally generated
carbethoxy carbene with benzene derivatives, are corrslated
by Hammet treatuent, P = 0.38 (@) (57). Here too the carbene

acts as an glectrophile, impinging on the aromatic T -agystem.



—t B

Bxpectations are clear for variatioa of olefinic substi-
tuents; olefin reactivity will parallel TJ -electiron availabi-
1ity. The substirate ability to bear a positive charge in Fig.
12 will be paramount.

Additions of GCLy (80°C) to Pig. 13, b and o are
corpelated by P ; values are -0.619, -0.65 and -0.378
respoctively. Phese @ values are much smaller than the
observed in 0Cly additions to alkenes (58). There, substituent
variation is mcoomplished directly at ithe reaction centre;

response is great.

2 Z~ 2
0 s \0\
G CHa. ) g /c: CH,

Fig- 13a Pig-13b Fig- 13¢c

Por 1%s-c, the effect of substifuent vardation on
reactivity is attenuated because it is mediated by the aromatic
system. The order of increasingly negative P , 0{ bv(a, which
is the order of decreasing substrate reactivity. Substrate "a'
should }:Leld the most "advanced" transition state, with largest
charge separation; the strongest response to substituent varia-
tion is expected. After incorporation the concept of Hoffmann
(62,53) the transition for Cclz addition to 13 C is represented
Fig. 14 (59).



Some carbenes like thioxanthenylidene (/4Q) are nucleo-
philic also M.0 caloulations show nucleophilic character aand
triplet ground state for these carbenes ( 2R).

Steric effect:

Both sterie aund electronic effects muat be considered
in order to correlate relative addition ratea with subsirate

structure (80).

A l-cyclohexyl substituent is 7.4 times less effective
than a l-methyl substituent at promoting the addition of CCly
to cyclohexene (61). Even pheayl, which should help electroni-
cally is less effective than methyl and 1-  -napthyl substi-
tution retards the addition. These trends must be largely
steric in origin. Similarly CBrp experience greater steric
hindrance to addition than does CCly (62). Relative to cycle-
hexene styrene, and 2,4,8-trimethyl styrene are equally reactive
toward CClg. Toward CBry, atyrene is more than three times as

reagctive. The hindrance arises at the ortho subatituents.
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Sadler cites a related effect of ortho substituents (63).
The reactivity sequence for additions off¥Clg to oC -methyl
styrene derivatives is unsubstituted ) 2-methoxy ) 2-methyl ==
2,2-dimethoxy (68). A progressive twisting of the isopropeayl
group from the plane of the aromatic ring is suggested. This
steric inhibition of resonance decreases possible stabilisation
of the traaesition state. Dirsct hindrance to!0Ulp approach 1is
also possible. The coplanarity of aryl aud olefiniec zgroups
enforced on l-methyleneteiralin and l-methylene indeng§e by
their fused ring structures maximises favourable resonance
interaction. These olefins are more reactive than l-methyl
styrene towardiOCly .

Steric Mindrance is responsible for the decreasing rates
of addition of COlp to various alkenes at the sane substitution
level as the chain of single substivront is lengthened (64).
Yor examnls, reolacamens of methyl by othyl halves ths reacti-
vitye

The low rate of addition of 2,2-diphenyl cvclopropyli-
dene to tetramethyl ethylene (65) is attributed to steriec
hAindrance caused by opposition of carbenes pheayl substituents
and the olefinic alkyl groups. Cis-Butene and cyclohexene, which
permit the phenyls to pair off with olefinic protons, react
more rapidly than tetra methyl ethylene.

Dimethyl ethylidene carbene is moat interesting. If the

carbeiic centre is Sp hybridized, then the vacant p-orbital is
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in the plene of the methyl carbons. In a traasition state,
rig.16, tizese methyl sroups impinge on the olefinic substi-
tuents. This picture rationalizes the very slow rate of addi-
tion of Fig. 16 to tetra methyl ethylene.

I
iC——=C—CH3
Ra\\\ /'l" \“ ’(RE
a/b Q;\
R4 R
Mg. 10 Pig. 16

Here no arrangement aporoximating to Pig. 186 avoids
costly steric interactions. The more facile addition of\§ to
cyclopentene, compared with i-methyl cyclopentene can be
aimilarly explained (66). However, it is not clear why addi-
tion of 16 to tetre methyl allene is 46 times more rapid than
addition of 15 with tetrs methyl ethylene.

Photolytically zenerated aryl carbenes (67) do not
exibit characteristic steric effects with simple alkenes.

There appears to be a substantial over all selectivity
difference between photolytically (68) and thermally (69)

generated carbethoxy carbene. Lhe former does not discriminaste
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between cis and trads butene; the latter prefers cis-butene

by a factor of 2.3. The role of steric effects here is not

yet defined.

The second "handle" for probing Fig. 12 is variation
of ecarbenic substituenta properly. sSubstituied carbenes
develop the olefins irreapective of their poteatial reactivity
dill'erence.

2,2 diphenyl oyeld propylidene (65) zud dimethylethyli-
dene carbene show far more shRectivity of dimethyl vinylidene
carbene (70) appears to lie betweeu that at O0lg and CBrp .
Resonance stabilization of the carbene ¥ig. 17 is suggested %o
aceount for its selectivity; the vacant carbenic P orbital is

part of an allylic cation system.

W cHy @
= >l
CH3 CH3

o0

Mge. 17
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Singlet carbonyl carbene (71) is perhaps more selective
than 1359, for it reacts, 2.17 times faster with tetra methyl
ethylene than with ethylene (71).

The substituted Phenyl carbenes also show ouly modest
ability to distinguish between simple alkenes (72). The
isobutene trans-butene reactivity ratio varies with carbeaic
aryl substituent in the order, m-Cl ) p-0l) H) p-CHz ) 0~CHgz,
whiich parallels the expected order of increasing carbene stabi-
1ity. Repreaeating these carbenes as in Fig. 18, the system ia
seen to be isoelectronic with a benzylic cation. It follows
that Feg. 18, & = OCHs, should be the most stabilised and

seleciive species.

g, 18

The greater selectivity of bromo carboethoxy carbene
compound with carbosthoxy carbene, suggests stabilization as
in Fig, 19 in addition to stabilization due to the carboethoxy

substituent.
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The latter factor Fig. 20 is presumably reaponsible
for stabilising carbethoxy carbene relative to CHg; that is

it has somewhat greater selectivity ia the C-H iasertion reac-

tion (73).
G P
o W S Y i
Mg, 19
-+~ =V +
G c
r il ~

H C—0CaHg B \\\Cf““Qca“s

Mg. 20

Little of this slectivity difference appears in the
addition reamctions, however, dicarbomethoxy carbene is more
selective than either 032 or carboethoxy carbene toward the
O-H bond (73). It is also more selective in addition reaction.
The added selectivity presumsbly corresponds to exteasion of
the stabilization depioted in Mig. 20 by the second carboalkoxy

Zroup.
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In a sense, then, there is a "competition" betusen the
substituents X and ¥ and the olefinic 7 bond over donation
‘of electrons to the carbeuic P-orbital; the balauce of this
competition changes during the course of addition of Fig., 21

to an olefin.

g, 2

_*“he more strongly X and ¥ interact with the carbenic
centre, the higher will be the activation energy for addition
toa 7 bond. The transition state will be further advanced
along the reactioa coordinate, =id more importaut will be the
ability of the olefinic carbon atome to support a positive
charge. Thus stroag resonance interaction in Pig. 21 will
"develop" olefin structure reactivity sequence. Doering recog-
aised this long ago when he spoke of relative relative carbene
selectivity as reflecting the "internal stabilisation" of the

carbene.



section-B 3

A varisty of methods is available Ior The seneration

of carbenes, but rfor synthetic purposes they are usually
obbained by thermal or photolytic decomposition of diaZo~
alkanes, or by o¢ —elimization of hydrogen haliide irom a
hgloform or of halomen from a gem—dihalide by action of base
ar a metal. In many of these latter reactions it is doubtful
whether & "free" carbene is actually lormed. It scems more
likely that in these reactions the carbene is complexed with
a metal or held in a solvent cage with a salt, or that the
reactive intermediate is, in lact, an organometallic compound
sud ot a carbene. Such orgauometallic or complexed iaterme-—
diates which, while not "free" carbenes, zive rise to products
expected of carbenes asre usually called Siamons-3uith reactaat.
Dichlore carbens addition- Svia -Makosza reaction (129a,be,c,
d) are also interesting. Qhermal decompositioa of diazoalianes

often produces a less energetic and more selective, carbeane,
particularly ia preseuce uf copper powder or copper salts,
copper carbeue complexes are probably ianvolved in these reac-
tions. Ailother coanvenient and widely uged route to alkyl car-
benes is by thermal or photolytic. Decomposition of the lithium
or sodium salte of toluene p-sulphonyl hydrazones (76). The
diazo alkane is f{irst formed and decomposes under the reaction

conditions. Keto carbenes and alkoxy carbenes are usually



produced by heating or photolysing diaZoketonss mud diaszoesters.
Generally, the reactions for generation may be classed as 3
Decomposition reactions (thermal or radiative sctivation) aud
elimination reactious (Participation of a reactant such as
base). Sources are diazoalkanes, Diazirnes, aliylhalides,
ylides, olefins, tosyl hnydrazones, orgaunometgllics and the like.

A common precursor is tie diazo compounds RR'M, . These
are obtained either from amines, by way of nitroso urethans
nitroso amides or nitroso ureas or from carbonyl, yis the
oxidation of their hydrazones, Photolysis of these derivatives
affords singlet carbenes. Zxcept Lor diaryl species, they react
in this state. Garbenes may also be generated by Zamford-
itevens reaction (130).

The decomposition of diazo compounds with copper or
copper salte leads to carbene -copper complexes. lhese deri-
vatives often add to olefins stereospecifically and are less
energetic than the free carbenes.

Diagirines, isomeric fomms of diazom, afford
carbenes leas coaveniently than the corresponding diazo-
alkanes (131la,b,c).

Photolysis of phenylbromodigzirine is a conveaient
Source of phenylbronocarbene (Ph- C-3Br) (132). Phenyl carbene
may be generated by photolytic decomposition of £ollowing (133).



Cyanocarbene (Ph-C-0) is produced by the photolysis
of snitable oxirane(131 e¢) or from 1,3,2-dioxaphosoh (v)
alane (134).

#
NC:[ |_:F'1‘l
Ph CN <f::>*_*q

3inglet carbene is generated by the photolysis of
aryleyclopropane. The reaction of esters of trichloro acetic
acid with alkoxide produces dichloro carbene (78). - .

One of the most convenient method for generating halo-
genocarbenes is the thermal decomposition of organometallic

precursors (135 a, b).
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PE—Hg—CClo— br ————»  Ph—-Hg— Br+ :0CLy

PE—Hg— CBry ————  PH-Hg—5r+:CBry

Organolithium resgent gives PH-C-H carbene with
PHCH I, whereas pH-C-Cl is obtained from pHCH Clp, in the
letter reaction orzanolithium works as a base, removing a
proton. Whereas with tosylhydraZone, orgauolithiwn compound
react in two ways depeading on whether it reacts with oaly one

mole or with an excess of orgznolithium?

R R
|
C=NHHTS —— \C.._—"NN'TS
!/

l with one mole R-U

R a”
Li .
Nugr NS . l!&—c'rs \ N=N—LU
i e fi
R [ with exclss
C C
/l\H ‘) R-Li] o
\ / 6.5 /Li
C H C
I sl i
o4 C

" Vb
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Vinyl carbenss can be generated in various ways the
initial work by Newman which involves the reaction of bases

with nitro oxazolidinones (136 a,b).

0 CI-.-O +Ho8 - OH <:XOCOQH H CO
-HiN-N" CHa—N=N-0OH

H
O 2 Omeome — O
N—-

NOH

Basic hydrolysis of haloforms results in the generation

of dialkylcarbenes wia the invermediate carbamion (137).

GHOlz+ 3B — 3 "00l; + BH
P O00ly; —— 5 U0, 4+ 1

Olofson gt al have reported interestimg synthesis of
+ ==
carbene by tresatuent of stable cations, visz. (Ma:!)z CH BPRs)

(MQB; g OH TBRy 28, (ies), O

]

(eody cH B, Base.  (q), s
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d. Thermal and photo cheusiecal resctions are also the genera-
ting source of dihalo carbene which are shown by the following
reactions (79,80). [ Ban: 157

OL<C ~B1CL 250° Si01,+ $0C1 (15)
3 3 = 4 2

0 (¢] -
B&PHG—&:S .._.80_.,_ %Hg—x'!'l 312 (x = 0L, BI‘)



Section-As
Since the work of Arndt, Eistert and co-workers (81)
followed by that of Bradley and Robinson (82), diazo ketones
are readily accessible by the reaction between acid chlorides
and diasomethane, these compounds have assumed increasing
importance in the realm of preparative organic chemistry. The
first review on the preparative significance of diazZo-ketones
was published by Eistert (83) and Huisgen (84). In view of the
abundance of the recent publications in this field, which
continually describe novel reaction sequences starting from
diaZo ketones the preparative aspect is not dealt in detail.
Diazoketones are decomposed by light, heat and various
catalyst. The relationship between structure and quantum yield
in photolysis has been studied with a variety of diazoketones
(85). The quantum yields decreases with increasing polarisation
of diazo group; i.e. with increasing contribution of resonance
structure. Fig. 22 (which may be estimated from the infrared

spectra).
f L
? + - T 7
R—C—C=N=N: +~—— R—C=C—N=N
] ;

Fig. 22



R-C—CH=CH-R"

S i R—C- CH= CH—C—R
C=C=0 I i
/ (o) o)
. TS i X
@l -CHz R (c) =
|
c=0
|
\ CH
~C—C—R' o R-G-C-R’ 7N

o o
(1) Hydrindene
) (f) (e){2) Dehydrogenation

RicH=cH-R" \ ?

In acde.fg R=H
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When a diazoketone lospes nitrogen a sextet of elecirons
remaine on the carbon atom which was linked to the diaZo group.
The o -ketoecarbene thus formed is capable of undergoing the
most diverse reactions, depending on the conditions under which
nitrogen elimination takes place (thermal, photolytic or metal
catalysed) Scheme-l summarizes the preparative possibilities
employed to date.

(a) If the o< —=keto carbene stabilizes itself by an
intramolecular rearrangement, a ketene ie formed (86) (Wolff
rearrangement) which can then react further, e.2. in the pre-
sence of water gives carboxylic acid.

(b) Intramolecular hydrogen displacement produces
unsaturated ketones from ocarbenes of the form R-CO-( -No-R'
(87).

(¢) Dimerisation and trimerization give 1,2,diacyl
ethylenes and triacyl cyclopropane, respectively (88).

(d) At elevated temperatures, o -~keto carbenes can
enlarge the ring of hydr{lene (89).

(e) Substitution of certain heterocyclic and isocaycliec
rings (90).

(£) oC-Kketo carbenes can react with compounds contain-
ing a double bond, to form derivatives of cyclopropane (91).

(g) Decomposition of diazoketones with copper powder
in the presence of amines, alcohols, or mercaptans gives NS

rise to o -amino ketones o(-ketal ethers, or oC(-ketal thio
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ethers respectively (92). Other reactions proceedings in

gimilar manner are discussed subsequently.

Insertion and addition reaction of carbenes

(Keto-carbenes)

Pyrolysis of diazocamphor leads to intramolecular
insertion of the divalent carbon into neighbouring carbon-
hydrogen bonds (Egn. 16). The tricyclic structure of the pro-
duct was established by Bredt and Holz (93).

A
° & 0
I
N2

Intramolecular insertion has alsoc been reported with
tertbutyl diaso acetophenone (94) / Bqu. 17_/. In a nonpolar
solvent, benzeme C-H insertion occurred with formation of
product where as a small amount of apparent C-C insertion wase
observed in dimethyl sulphoxide.

«s (16)

Cb“b
@(Cchm s v

(cHan so

COCHNz — ¢~

o (17)
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The photolysis of ethjl triehlorq acetyl diazo acetate
was found to proceed with intramolecular C-Cl insertion. The
final product, a derivative of dichloromeleic acid, was shown

by meana of 014 - labelling to arise hy way of an unstable
cyclo propanone intermediate (95) [,Eqn. 13J7

. 14
Cclz3—C0—-C — COOR

14
Cclg— CO— CNy~ COOR

S Cl o el | Ct ,
>c—’— c< —_ >c:c< - ee (18)
cl” \C\/ COOR Cl-—"lcli COOR
\ .

o 0
Intramo;ecular gddltion
Ketocarbenes derived from unsaturated dlazoketones nay
- undergo intramolecular addition rather than Wolf4rearrang3ment.
Thus oC-diazo-6-hepten-2-one ean. 19 affords the bicyclo (4,

1,0) heptanone which was 1dent1f1ed by independent synxh351s

(96)
, 0

The tricyclic ketone is formed on photolysis of 1 (97)
and a éogper catalysed version of this reaction also exists

(98) [“Ean. 20_7.
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Ph 0 Ph
I hv
C— CHNp — =0
Ph Ph
Ph Ph
hv
Ph Ph

Preeman and Kuper observed a similar reaction 3 and
also isolated 4 the product of rearrangement of 3a itself
formed by Wolf rearrangemeat (99, 100) [Bqn. 21_7.

CHN2
|
co
/ hv or
Cu | 0O
2
0.‘::0

W 0
. <:::Z§//c | / o (21)

3a 41
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Photolysis of diazoketone 5 in cyeclohexane or 1,1
diphenyl ethylene gives adducts presumably because the mobility
of an amide in the Wolf rearrangement is low (101) and imine
6 gives a carbene which adds to oyolo&o (102).

31 \? 7 S P
©[>%T‘ @rg m Vai
6

Additions are common when a copper catalyet 1s employed,
but occasionally uncatalysed additions are successful. These
are often suspect. For instance, addition of 7 to olefine was

reported on thermal decomposition of diazo acenapthalene (103).

0\ ] 0
CO—COOC, Hg

CH,=CH—C00zH5 ~
—_—
N

..

Olefins not bearing electron withdrawing groups do not
form cyclopropanes. However, the intermediary of pyrazolines

seems quite possible.
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Doering et al (104) used the reaction to make barbalone

8, a precursor of bullvalene.
NaHc—c=0

Cu

Mori and Mateui (105) achieved a 59% yield of epimers
10 and 10a the copper/copper sulphate - catalysed decomposition
of 9 and the prebenzvalene 11 was made from the copper-catalysed

decomposition of 1la by Monahan (106). Similar reactione were
performed by House and Blankley (107).

23
>\/\/K\/\/\C/CHN2 CuS0g @(\/—-—-’—\
o

9 0
10, 10a
Ph Ph
Ph Ph
o Cu &l
g 4 L,
Ph CHNp
Ph
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Acetyl carbene, generated by copper-catalysed decomposi-
tion of diazoacetone, added easily to olefins such as styreae,
eyclo hexene, cyclopentene (108). The presence of acetoxy groups
did not interfere with this reaction.

= > s Cu N e
R—00-0m2+ /O - U\ _— /0--0,\
s

R

Benzoyl carbene (109) and p-phenyl benzoyl carbene (110)
were foumd to react with olefins even in the uncatalysed pyro-
lysis of the related diezoketones, but the yields were consi-
derably improved by the presence of copper powder.

This reaction has been applied in an intermolecular

sense using 2-diazo acetophenone (111).
Meooc '

+120.ie CH,= CH—COOCHg —> N
v Ph

HN, + 12b.i.
PhCOCHN, + b.:e@ —_— @_CO_%

+12C. 1. PhCH=CHPh —s PhCH— CH—Ph

0O=0

0

Il

C
Ph

Cis and trans product
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Addition of keto ecarbenes to aromatic systeme have
generally failed, evea copper catalysed. But it has rtnnu:{
been demonstrated that both intermolecular (112) and intra-
moleeular (113) reactions are possible.

CHN
NOo C“’

I
C — CHa~ CW e g
A
13
o
N
e
Se=0 Ccu &
A
14
No
I
C CHa

;O
B|e
T
;0
= >
i0
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Copper sulphate-catalysed decomposition of 16 yields
17 which is the intramolecular insertion reaction.

A /CuSog

C=0
CHNa
16 17

Diazoketones have been converted to diaceylethylene by
treatment with cupric oxide in inert solvent, such as benzene,
toluene (114).

2R 00.O0HNg 49 ,  R-CO-OH = CH-COR

Trimer is also formed with excess diazoketones.

RCO.CH = CH.CO R+RCO . CHN,

R-00-CH —— CH —— C0.R
N\
i

(ISO

R
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o ~diazo-4~phenyl acetophenone reacted with a large
excess of styrene at 140° to yield cis and trans- 1-(4'-phenyl

benzoyl)-2-phenyl cyclopropane (115). 5
0 il
\ H C— CeHaCeH
OglisCH = CHp+ NoOH-0-OgH,Oly —» c— 6 4CeHs
WA
CgHs  CH,
18 %
i
c—£3
H / \/ H
CHy
20

Cyelic diazo keto carbene of the following type has
been found to be trapped by the olefine in the following
fashion and addition to stilbenes is nearly sterospecific (116).

% RCH=CHR y
e R
—_—_— e Y n
(6] 6} (o}
Cl
' Clg
25 e ?3. Fewm=c=0
PhcOCHN, Ngp @2 ™ -céq.‘.*--——)

7

23
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1,3 dipolar additions are common and are often catalysed
by copper (117). 1,3 dipolar addition is probably responsible
for the formation of 23 (118).

Section-B & Mechanistic pattern of Keto carbene addition
to double bonds.

External reactions are facilitated by copper catalyst
(Probably by the formation of an olefin-carbene-copper complex).
Mat Suje Takebayashi et al (1944) found that when <%~

diazo acetophenons reacis with olefin euch as vinyl acetate,
eyclo hexene and cis and trans stilbenes, several products
were being formed in p;:'esen.ce of bis (acetyl acetonates)
copper. The products are not only the Keto carbene addition
products but aleo 1,2, trans dibenzoyl ethylene, 1,2 dibenzoyl
ethane and dilactone. To explain these products they assumed a
copper carbenoid intermediate. They also concluded that since
ne addition product to benzene was obtained, the reactivity
of this carbenocid seeme to be not so large.

The cis and trans 1,2 dibenzoyl ethylenes may be formed
by the reaction of &C-diazo ketone with carbenoid species. In
the case of "mixed method" when no substrate having enough
reactivity to the carbenoid is present except dt-diazo aceto-
phenone in the reaction system. Groundmann, and Trischmenn (126)
have reported that the copper powder catalysed decomposition of
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a-diazo acetophenone in various solvents gives trans-1,2

dibenzoyl ethylene.
On the other hand, dilactone was observed in the reaction

of df-diazo acetophenone with cis and trans stilbenes, which have
much reduced reactivity towards carbenoid. In this case, the
concentration of substrate reaction with the carbenocid is so
amall that a part of carbenoid releases benzoyl carbene, which
lead to phenyl ketene by concerted phenyl migration. Phenyl
ketene reacts with diazZo acetophenomne and finally affords
dilactone.

The formation of 1,2 dibenzZoyl ethane is explained by
the dimerization of relatively stable phenacyl radical, which
is formed by the hydrogen abstraction of the carbenoid from
the solvents or substrates.

The formation of the products obtained is summarised

below! )C:C::
Se—c
Ph i &
|
CHg c=0 CH iy
J ' i Ph Ph Ph Ph
C=0. ¢H* o—cC Newe” N i
/ WELT R VA N N
HC Cu CH |H YN g
—_— \\ ———
\\C O/ \0_.'—..(|;/ COPh
|
CHy CHg Ph\c _H Ph\
e 7 \
Carbenoid " : "B Y
COPh
PhCOCHN
..i,. ' Ph CoGH= CH~-CO Ph

Trans 1,2-dibenzoyl ethylene .
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Carbenoid + R—-H—— PhCoCH; —* PhCOCH,CH2COPh
1.2 dibenzoyl ethane

carbenoid —— PhCH=C0 — || tH
oo

The following mechamism has been proposed for the formation of
carbenoid intermediate. Copper chelates such as Cul(ac ac)g
and Cu(nIG)e have been recognised to have a plamne structure of
4 co-ordination.

o ~diaZo acetophenone has the following resonance

structure:
2 ). R N H\
/C: N=N +— /g—NEN: - C-N=N: «—+ ¢glc.
P =it W= /- +
I Ph —C Ph —C
0 s il
(EOPh i
(‘l
H ~N=N: ;
G 20%, 3
Ph-C-CHNp + Cu (acac),—- Hc< "Cu: i
o \fl' —0 V=CH”
) CoPh |
‘I: 5 CH } 3 (1)
=0 -
e =p” osiar

| |
CH3 CHa
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The diazo ketone coordinates with its ol -carbon atom
to the metal atom of copper chelates, thus giving an inter-
mediate complex (II); the complex losses its nitrogen immediately
to afford a keto carbene complex (III). The bond between the
keto carbene and the copper atom of the complex is not so strong
that the complex may react with olefine to give ayclopropyl
ketones.

We have prepared cyclopropyl ketones with olefins of the
following type and @t-diazo acetophenone in presence of active
copper powder, anhydrous copper sulphate and cuprous chloride.
In all cases we observed cyclopropyl ketones together with
tms—l_.z dibenzoyl ethylene, so it may be concluded that a
paralel mechanism hold in these cases. Here the oC(-carbon atom
of the 2-diazo acetophenone coordinates with the copper atom
Zving rise to keto carbene Cu-complex. This then reacts with
olefinic double bond to give cyclopropyl ketones. The reaction
mechanism can be depicted as follows!

= s T <
\c—nzg +Cu Ph-CO-CH=N=N —
Ph—C e
o R

C/}r}:.—_ca—coocu?,
= H
Ph— C—- CH -
g (I:.U QCH?CH_ COOCH3

Ph
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Dyakonov and co-workers (139) have shown Kinetically
that the catalytic species in the type of reaction of cyclo-
hexene and ethyl diazo acetate is not the starting copper
complex, but an intermediate derived there. O0f all the several
mechanisms for the formation of cyclopropane product from the
decomposition of ethyl diazZo acetate in cyclohexene the overall
path depicted in scheme?(140) below best explains the experi-
mental data.

Concerning the ls8t step in the scheme it is gquite
reasonable that the coordinately satisfied tetrameric (141,
142) copper complex A is cleaved by diazo alkane to form 3
mole of coordinately unsaturated monomer, and 1 mole of mono
saturated carbene-metal complex. Since the reactive monomer B
is formed in a huge excess of cyclohexene and Cu(l) forms
strong olefin complexes, the most reasonable step is to co=-
ordinate with either 1 or 2 mole of cyclohexene to form inter-
mediate complex-C. This complex cannot form the product direetly,
therefore it is reasonable that it reacts further with ethyl
diaZo acetate to form the final intermediate D, before product
formation. This intermediate D depicted in schemelis tetra
hedral and co-ordinately satisfied. Since the central metal
atom is Cu(1) complexes is 4 and tetrahedral (143). In this
complex D, the olefin as well as the carbene could be coording-
ted via a donation back donation type of bonding. This requires
donation of 2-electroms in SP° orbital from a singlet carbene
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and a back donation of electrons from a dxz orbital of the
metal into vacant Pz orbital of the carbene carbon. Stable
carbene complex of this type with various ';gbtho central metal
atom have been reported (144) and the X-ray study indicates
Sp® hybridisation of the carbene carbon and 4 T - pTT bonding
(145).

Scheme 2

NaCHCO.e!l + (Ro)s Poucl —32- 2lefin 5 (po), Peudl. )l:

lA

3(R0)3 PCucl
8
+ [Rol, CuclcHco, &t
&
l Se=060
\ /7 - \ycxo
[Ro]; Peuc II + NpCHCoo &t —=N2.. [Ro] PCucl
/ L HC-Cooet €ndo
e \ 0]
e \ =G g
Tme——— IR0 [~
M . \ LN
/Cu '
Ci \cncoobt \c'ucooeg
(D] £

Produq!
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Hence in our study, exact transition state would be

! o

CuCHCOPh
R, = @-Hahﬂaz OMe ,—NOz  cl, efc.
R = COO0CHg

Mechaniem of catalytic decomposition of diazo aceto-
phennégin the presence of copper saltes must be different from
the photolytiec processes. Cowan et al (124) showed that catalytic
decomposition of ®&=diazo acetophenone in presence of cyclohexene
leads to formation of norcaryl phenyl ketone, usually in much
larger yield than was obtained by either direet or sensitized
photolysis. Products expected from hydrogen abstraction from
the alkene was not found. Catalytic decomposition in the pre-
sence of the butenes also let to higher yields of cyclopropyl
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ketones than were obtained in the photochemical experiments. They
also observed that catalytic decomposition in presence of trans
butene yields a trans product i.e. addition of keto carbene to
the trans butene has taken place stereospecifically. But in

the case cis-butene, no stereospecific addition was found.
Phenacylchloride is also produced when cuprous chloride wae

used as the catalyst.

The relatively high stereospecificity of a keto carbene
addition to 2-butenes might be indicative of the singlet keto
carbene intermediary. The reagent involved seems to be more
selective than triplet carbene believed to be the active inter-
mediate photolysis. It ie most probable that the active reagent
i® an organometallic compound such as PhCOCHCu or 0555000110:1012 .
The latter reagent would be a logical precursor of phenacyl
chloride which would be structurally analogous to the CHolo
formed by the diazZomethane and zine iodide. The fact that the
catalytic addition with cis-2-butene are not entirely stereo
specific indicates that the catalysed reaction proceed with a
mixture of mechanisme i.e. singlet keto carbene and triplet
keto-carbene both being involved in the catalytic decomposition
of diazZo acetophenone.

How as addition of keto carbene to trans olefins (E) is
entirely stereo specific, we have taken trans (E) olefins in
our studies as to avoid a greater number of products with cis
olefin (2 type).



CHAPTER - IIT

Reaction of diazoketones with Cinnamic_esters

Section-A: Aims and Objects

Ig our studies with carbenes, we have chosen olefins
of the cinnamic ester type in which the olefinic double bond
is not expected to be as active as simple olefins. No such
reaction of a keto:Carbene addition to a olefinic double bond
which is attached by a electron withdrawing carbomethoxy group
and a phenyl group has yet been reported in detail. The double
bonds of our‘olefinic substrates are of the type of vinylic
double bond. On the other hand, there is a limited number of
intermolecular addition reactions studied with keto carbene
and olefins. In all cases we observed tha% mechanistic pattern
and state of the keto carbenes are the main goal of their study.
Keto carbenes are not 8o reactive like other carbenes like
methylene. On the other hand, our choice of olefinic substrates
is active towards elect:Ophilic addition reactions. No studies
have yet been done to correlate the product yields when the
addition of a keto carbene occurred to a double bond in Inter-
molecular sense. Different substituted diazZoketones were taken
and reaction conditions kept as identical as possible, the
products yields were hot the same in all cases. The keto carbenes
containing electron donating group gave lesser percentage of

product; on the other hand, electron withdrawing groups enhanced
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the percentage yield of the product. The correlation was made
on the basis of the cyclopropyl ketones obtained after separating
all other side products mainly by distillation and fractional
crystallisation so this may be rough correlation. Our main goal
wae to synthesize the cyclopropyl ketones with different substi-
tuted olefins and substituted ketocarbenes. We have also substi-
tuted phenyl moiety over olefins by electron releasing or
electron withdrawing group in the ortho, para, meta position.
The structure of the cyclopropyl ketones were coanfirmed
by slemental analysis, ultraviolet, I.R., N.M.R. and mass
spectra. In the case of liquid products the help of G.L.C.
analysis was employed to determine purity.

Seetion-B: Results and Discussions

The copper catalysed decomposition of =(-diazo aceto~-

phenone was carried out in a refluxing benzene solution of
o-methoxy cinnamic ester (methyl). After usual work up of the
reaction mixture, the producte were separated by fractional
erystallisations. The addition of o< ~diazo acetophenone was
carried out "dropwise" as to avoid the formation of dimers

of benzoyl carbene. Two products were separated by fractional
crystallisation. One was A, cycloproyan: derivative of o-methoxy
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cinnamic ester (methyl) i.e. l-benzoyl-2-carbomethoxy-2'-
(o-methoxy) phenyl cyclopropane and another was B, trans 1,
2 dibenzoyl ethylene.

By means of elemental analysis, I.R., U.V., N.M.R. and
mas® spectrum the structure of A was confirmed.

I.R. bands at 1720 on"’l, 1680 m‘l, 1010 cm * indicated

that this compound contained ester, carbonyl group and a
cyclopropane rings

g at 238 nm indicated phenyl conjugation to the

cyclopropane riagt
B was w&o&ﬁrmd to be tramnes-i- 2Z-dibenzoyl ethylane

by means o.t‘”I.R. with that of autheatic one.

OCH3 -
@: + PhCOCHN, 2,
CH= CH—COOCH,

OCH3
@( + PhCOCH= CH-COPh
H
Eatgl

/ N\ (B)

- \/ COOCH,

?0
Ph

(A



acetophenone:
To a refluxing benzene solution of trans-o-nitro cinnamic
ester, o(~diazZoacetophenone was added dropwiseinpresence of

active copper powder. After usual work up of the reaction mixture,

the product was separated by fractional distillation. The resi-
due in the distilling flaek, on crystallisation from light
petrolium ether gave a solid compound B, m.pe. 108°¢.

The ligquid fraction (@) was ideatified as 1-benzoyl-
2'-(o-nitro) phenyl-2-carbomethoxy cyclo propane by elemental
analysis, U.V., I.R.

N Bl at 240 nm indicated that there was a phenyl conju-
gation to a cyclopropane ring:

I.R., besnds at 1700 om t X

, 1680 em ~, 1010 o " indieated
that this compound contained ester, carbonyl group and a cyclo-

propane ringt

NO2
+ PhCOCHN, S
A
CH = CH-— COOCH,



:L‘.‘_ = \ QL * * CI1lLC L d _-—

cinnamic ester (methyl).

The copper catalysed decomposition of p-chloro=-~diazo
acetophenone was carried out in a refliuxing benzZene solution of
ortho-methoxy cianamic ester (methyl). After usual workup of the
reaction mixture, the products were separated by fractiomal
crystallisation. In this case also two produota, were separated;
one was / D_/ cyelop{n’no derivative of o-methoxy cinnamic ester
and another was /[ B_/ trans-1,2, p-chloro dibenzoyl ethylene.

By means of elemental analysis, I[.R. U.V. the stiructure
of 1-p-chlorobenzoyl Z2-carbomethoxy-2'-~(o-methoxy) phenyl cyclo=-
propane has been confirmed.

-

I.R. bands at 1715 on >, 1680 cm

, 1010 e = indicated
that this compound contained ester, carbonyl and cyclopropane
ring.

A s at 238 nam indicated that there was phenyl conjuga-
tion to the oyclopropane ringe.

Another product /[ B_/ was found to be 1,2-p-chloro
dibenzoyl ethylene. The structure of this compound was also
confirmed by elemental analysis and I.R.



Cl

0CH,
e, s
A
CH= CH~ COOCH3

OCH;
H
C——C/ + P=Cl- CgH4COCH= CH-CO'CgH4-CI-P

(E)

The copper catalysed decomposition of p-methoxyoC-diagZo
acetophenone was carried out in a refluxing benzene solution
of o-methoxy cinnamic ester (methyl). After usual workup of
the reaction gixture, the two products were separated by frac-
tional corystallisation. One was 1l-p-methoxy benzoyl-2-
carbomethoxy~2'=(o-methoxy ) pho-nyl cyclo propane and another
was trans-p-methoxy 1,2 dibenzoyl ethylene.

By means of elemental analysis, I.R. U.V., the structure
of cyclopropane @erivative was confirmed. (The structure of
trans-p-methoxy 1,2-dibenzoyl was confirmed by I.R. and ele-
mental analysis).

I1.R. bands at 1700 0-1' 1655 @-1; 1000 m-l indicated
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that this compound contained ester, carboayl and a cyclopropane

ring.

Nola at 245 am indicated that there was a pheayl conju-

gation to a cyclopropane ringt

OCHg

[:::[:
CH= CH—COOCHg

COCHN

OCH3a
@ +HCo COCH= CH—CO OCHg

%
<

OCH 4

COOCH 4 (6)

(=)

cionamic ester (methyl).

Copper catalysed decomposition of o€ =diaZo acetophenone

was carried out in a refluxing beanzene solution of trans-p-
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methoxy cinnamic ester. After usual workup of the reaction
mixture, the products were separated by fractional crystalli-
sation. In this case, two products were separated, one was /[ H_J
cyclopropane derivative of trans-p-methoxy cinnamic ester and
another / B_7 was trans 1,2-dibenzoyl ethylene.

By means of elemental analysis, I.R. U.V. the structure
of eyclopropane derivative was confirmed.

1. 16880 m-i =

I.R. bands at 1715 em and 1010 em ,
indicated that this compound contained ester, carbonyl group
and a oyclopropane ring.

Py at 244 nm indicated that there was phenyl conjuga=-
tion to the cyclopropane ring.

The structure of another product was confirmed by the
comparison of I.R, bands and m.p. of those of trans-1,2

dibenzoyl ethylene.

H,CO
3
O + PhCOCHN, —Ci_a»
CH= CH- COOCH

\Q H + PhCOCH= CH:COPh

H V COOCH 3 (8)

(H)



neactlon u_. 220 -1 ¢ A ¢
methoxy cinngmic ester (methyl).

) OXC

Copper catalysed decomposition of o =diazo p-chloro
acetophenone was carried out in a refluxing benzZene solution
of the eater. After usual work up of the reaction mixture,
two products were separated by fractional crystallisation one
was found to be 1-p-chloro benzoyl-2-carbomethoxy-2'-(p-
methoxy) phenyl cyclo propane and another was trans 1, 2 p-
chloro dibenzoyl ethylene. By means of elemental analysis,
I.R. and U.V. the structure of the oyclopropane derivative / 1 7
was confirmed.

-1 = 2
I.R. Bands a% 1780 @, 1660 on * sxd 1010 e >

indicated that this compound contained ester, carbonyl zroups

and a cyclo propane ring.
o at 239 nm at indicated that there was a phenyl

conjugation to the cyclopropane ring.

Cl
@ ;'
—
+ A
CH=CHCQOCH3

COCHN,

HyCO

(1)



Copper catalysed decomposition of o(~diazo p-methoxy
acetophenone was carried out in a refluxing benzene solution
of ester. After usual work up of the reaction mixture, two
products were separated by fractional crystallisation. One was
cyclopropane derivative of p-methoxy methyl cinnamate / J_7
and another was dimer of the keto carbene / G_7.

By means of elemental analysis, I.R.,U.V., N.M.R. and
mass specira, the structure of cyclopropane derivative wae
confirmed.

I.R. band at 1720 om™ >, 1670 cm =, 1010 em - indicated
that this compound contained ester and a carbonyl group together

with a eyclopropane ring.

N\ BEx at 246 nm indicated that there was phenyl conjuga-

tion to the cycloplropane ring.

QL . O e
CH= CH'COOCHg A
COCHN2

HamO
H
- G)
/c—"‘c( :
H \/ COOCH 3
(9(0]

OCH4
(J)



Copper catalysed decomposition of diaZo compound was

carried out in a refluxing solution of p-methoxy methyl cimnna-
mate. After usual work up of the reaction mixture, two products
were separated by fractional crystallisation. One of these two
products was cyclopropane derivative of the ester [ K_/ i.e.
1-p=-nitrobenzoyl=2-carbomethoxy-2'~(p-methoxy) phenyl cyclo-
propane . Another was / L_/ trans 1,2 p-nitro-dibenzoyl ethylene.

The structure of the cyclopropane derivative was con-
firmed by means of elemental analysis, I.R., U.V.

I.R. bands at 1700 cm ©, 1660 cm - and 1010 am - indicated

that this compound contained eater and carbonyl group together
with a cyclopropane ring.

Avmax = 2HF wm.
The structure of / L_/ was confirmed by elemental

analysis and I.R. band at 1645 ecm = indicated that this compound

contained a carboayl group.

NO

HaCO =

[: l Cu
CH= CH'COOCH 3 + @ a8
COCHNa
H3CO
T
G

~
Y
H/v COOCHg + P-Noa—csn4-cocn:cn'co-csn,,-l:-noa
co Gl.)
(K) Nj 02
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Copper catalysed decomposition of diaZo compound was
carried out in a benzene refluxing solution of meta methoxy
cinnamic ester (methyl). After usual work up of the reaction
mixture, the two products were senarated. One of these products
was identified as 1-benzoyl-2-Carbomethoxy-2~meta-methoxy phenyl
cyclopropane / M_/ and another was trans 1,2 p-chloro dibenzoyl
ethylene /[ E_/. In this case the yield of the cyclo propane
derivative was very low.

By means of elemental anglysis, I.R. and U.V. the

structure of the productes was confirmed.

1 1

I.R. bands at 1710 ecm s 1665 u-l and 1010 cm

indicated that the compound contained ester, and carbonyl group
together with cyclopropane riag. U.V. 5 po. @t 238 nm indicate
that the compound contains a phemyl group to the cyclopropane
ring.

I.R. band of / B / at 1645 am - indicated that this
compound contained a carbonyl group.
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OCH4 ci

g e
A
‘ +

CH= CH-COOCH3 COCHN2

Cl

(M)

a) meta methoxy cinnamic ester (methyl)
b)oc-cyano methyl cinnamate.

¢) 0 -carbomethoxy methyl cinnamate

d) Dimethyl ester of o-carboxy cinnamic acid.

Copper catalysed decomposition of « -diazo acetophenone
carried out in refluxing benzene solution of (a) or (e) or (d).
After usual work up of the reaction mixture and separating the
products by fractional erystallisation the starting esters were
recovered together with trans-1, 2 dibenzZoyl ethylene.
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Main reason behind this is that with these olefiniec
substrates reactivity with the keto carbene is much reduced
and the carbene reacts among themselves,

In the case of (b), the electron withdrawing groups
facilitates the keto carbene addition to the olefinic double
bond.

But in the case of (b), we were able to isolate the
cyclopropane derivative /N_7 , i.e. l-benzoyl-2-carbomethoxy-
2=cyano=-2'-phenyl cyclopropane and the structure of this product
was confirmed by elemental analysis, I.R.

g | cN 2
| u
N\ cH=C — coochg T PNCOCHNe a
a
CN
N + (B)

(N)
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cinngmic ester (methyl).

The copper catalysed decomposition of X -diaZo aceto-
napthone was carried out in a refluxing benzene solution of
trans o-methoxy cinnamic ester (methyl). After usual work up of
the reaction mixture the products were separated Wy fractional
erystallisation. In this we were able to separate only a trace
amount of napthoyl ketocarbene addition product / 0_7 with
olefinic double bond of the ester.

By means of elemental analysis I.R. and U.V. the structure
of cyclopropane derivative was confirmed.

I.R. bands at 1710 om =, 1660 om - and 1010 em © indicated
that this compound contained ester and a carbonyl group and e

cyclopropane ring.

N W at 240 nm indicated that there was a phenyl conju-

gation to the cyclopropane ring:
COCHNg

OCHp,
CH=CH'COOCH4
OCHg
o

c—¢
b
i COOCH 3

co

(0)



Copper catalysed decomposition of diazo compound was
carried out in a refluxing benzene solution of methyl cinnamate.
After usual work up of the reaction mixture, the products were
separated by fractional distillation. One was found to be start-
ing ester and another of higher b.p was ideatified to be cyclo-
propane derivative of methyl cinnamate.

The structure of this product was confirmed by elemental

analysis I.R., U.V. and N.M.R.

A ma:miutea phenyl conjugation to the cyclopropane
N

ring.
I.R. bands at 17Sem , 1670em and 1010 em indiecated

that this compound contained ester and carbonyl function

together with a cyclopropane ring.

@ + PhcocHNy —SU
CH= CH"CO0CH3 4
: o

/ v \coocn

Ph

+ R
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STRUCTURAL ELUCIDATION BY SPECTROSCQPIC METHOD.

Ultraviolet and infrared absorption spectra of some
eyclopropyl carbonyl compounds and precursors have been studied
by Richard J. Mourbacher and Norman II. Oromwell (115) and
their results are given in the table below:

Ultraviolet  Iafrared bands

°655‘°'g s SEST
B-ethoxy-4-phenyl propiophenone 278 22,9 C= 0 1617
Phenyl 1600
8-methoxy-4-phenyl propiophenone 277 23 C=0 1668
Phenyl 1598
4~phenyl acrylophenone 291 22,2 C=0 1660
CgHy~CgH,~CO-CH = CH phenyl 1604

“-phenyl benzoyl eyclopropane 242 18,2 C =0 1668
vcoo,nﬁ phenyl 1603
Cells cy clopropane 1025

4-phenyl benzoyl cyclopropane 276 26.0 C=z 0 1664
[>-000gH, C gl phenyl 1605
cyclopropane 1035

trans-1-(4'-phenyl benzoyl)-2-
280 28,0 C =0 1655

phenyl cyeclopropane phenyl 1605

CeHs H cy clopropane 1036
H COCS H4C5H5
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cis-1-(4'-phenyl benzoyl)-2-

phenyl cyclopropane 280 23.0 C=z 0 1664
phenyl 1606
“A(H cyclopropane 1027
Ce H COCgH4CeHs

trm-ﬂ—phnyl ey clopropane 232 2,92 C = 0 1685

phenyl

HOOC

carboxylic acid )A(* 267 0.033 1602
H CeHs cyclopropane 1025
cis=~2-phenyl cyclopropane 227 2.8 ¢ =0 1680

phenyl
carboxylic acid H)A(H 261 0.018 1608
COOH  Cels cy clopropane 1024

trans-p-nitrobenzyl-2-phenyl

eyclopropane carboxylate 2568 1282 Cw O 1712
ii 60
CeHs co,R phenyl 1601
” CH CeHaNO, eyclopropane 1033
cis-p-nitrobenzyl-2-phenyl 260 10.6 C =0 1725
cyclopropane carboxylate Phenyl 1802
B COgR eyclopropane 1030

Cg Hs5 CHaCgHaNO,

On comparison the spectira of the above table, it may
be observed that anomalous results were obtained in both the
ultra violet and infrared ranges of the spectrum of 4-phenyl
acrylophenone.

Now Woodwards' rule (119) states that aroyl band maxima
are shifted longer wave lengths as a double bond is introduced
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into the position and further to a longer wave lengths upon
alkylation of the carbon-carbon double bond. Following table

ghows the shift of length.

0 Ead
| ex 10 e
31150320-11'. 238 11.5
CHy = cn-ﬁ-n—. 247.5 10.5
CHBGH = 03-8- . 25005 10.5

It is also observed by the same authors that compound
(Pig. 23) absorbs ultra violet light at a slightly longer wave

length than does (Fig. 24).

CgHg — CH—CH—COATr CHp— CHg
Ar
[Fig. 23] Amox 238
[Fig 24]

On this observation, they concluded that in @ -substituted
three membered carbon ring carbonyl compounds there is an
electrical interaction, especially in the excited state, of the

@ -substituent with the carbonyl group through three membered
carbon ring.

Substitution of a phenyl group iato the @ -position of
the coyclopropane ring (Pig. 23) causes a small bathochromic
shift in the wave leagth of maximum absorption compared to the
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unsubstituted cyclopropyl ketones. This effect can be atiributed
to a transmission of the pheayl ring unsaturation through the
cyclopropane ring into the aroyl chromophore, causing a smaller
energy difference between the ground and excited states of the
two phenyl cyclopropyl ketones as compared to the analogous
energy difference in unsubstituted cyclopropyl ketones. But
Eastman (120) suggested that the oyclopropyl ring lacke the
ability of transmitting of conjugative effects between conti-
nuous unsaturated groups. ZSastman's conclusion were based on
studies of substituted acetyl vinyl cyclopropane (121) aad
derivatives of the bicyclic umbellulone. In molecules contain-
ing a bicyelic arrvangement of the cyclopropane ring one might
not expect to detect a significant transmission of conjugative
effeets through the three ring as there is steric reatriction
of a free orientation of a f -substituted phenyl sroup and a
carbonyl group about their respective bonds to the three ring.
Evidence for an electrical interaction between a vinyl group,
cyclopropane ring and a carbonyl group has been claimed by
others (122) for the 1-acetyl-l-carboethoxy-2-vinyl cyclopro-
pane,

In our work we have prepared the following cyclopropyl
ketones and recorded their U.V. absorption maxima and our
conclusion is that there is an electrical interaction with a

A -substituted phenyl group and cyclopropane ring. We are in
agreemeat with the conclusions of Richard and Cromwell that
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though the effects are small, yet they are definitely present.

CHV—-.C.H'—' COOCHg HEC<—/CH‘—' COOCH 3

R
COPh COPh

(25) (26)

It is also observed that in a given pair of isomers, the
isomer which exhibits a carbonyl associated absorption maximum
at an equal or lower frequency and greater intensity in the
ultraviolet ranges of spectrum is the one to which the trans
configuration is assigned. Spectral methods (123) may be used
to determine the configurations to cis and trans three ring
compound of the type, R-CH vcﬁ-ﬁ-ﬁ « It was also suggested
previously (123) that in the trans form atom aryl-aroyl cyclo-
propanes the T -orbitals of the formally wnsaturated zgroups
(Carbonyl, phenyl) can be arranged to provide for maximum
overlap with the bent bond orbitals of the three ring. This
trans arrangement provides a more extensive polycentric mole-
cular orbital than is possible with the more sterically hindered
¢is isomer. These theoretical hypothesis have been well suppor-
ted by the spectral studies.

We prepared cyclopropyl ketones in the following way.
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R
Cu
O * &
7S N\CH=CH'COOCH
R COCHN>
Hg ‘*cn\-——/cn— COOCH3

COPh
cis and trans

D'yakonovs' (123) studied exteansively the reaction of
dlazo~compounds and olefins. They had employed copper powder as
a catalyst and a lower reaction temperature to give oanly tramse
isomer. No trace of c¢is lsomer was isolated.

In our reactions also, we isolated oaly one type of

olefin addition product. So the product might have the following

structure which is definitely trans one.
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In our compounds, phenyl/aroyl are in trans, phenyl and
carbomethoxy are also trans, so aroyl and carbomethoxy are in

cis position. So the siructure is

The olefins, prepared by us showed a marked variation

in the U.V. speotra, ian the acid or basic medium. But the
addition product did not show any variation in the U.V. specira
in the acid or basic medium which further indicates that a
cyclopropane ring has been formed with the olefinic double bond
which has decreased the acidity of the olefinic hydrogen atom.
Thie study in analogy with the work of Nagai and Hurata (150)
somewhat confirms the presence of a cyclopropane moiety in our
compounds. o effeet in the 3 ... of the U.V. spectra of the
keto carbene addition product of o-methoxy methyl cinnamate and

p-methoxy methyl cinnamate has been observed due to the presence
of base or acidic substances (Fig.(2.¢4).
U.V. spectral absorption maximum of the addition product
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UV. Spectrum of —

"0!’ OCH4
CH — CH—COOCHy
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Fig- 64.
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at 310, 315 nm. Our compounds also showed a shoulder at 310~
315 nme.
All these discussions strongly support the presence of
cyclopropane rings in our nrepared carbene addition products.
Hammett oquat'ioa(” curve showing Amax in nm along the
y axis and 5 values (substituent o ants) along the
X axis of the reactiong products of p-methoxy methyl

innamate and d-diazo acetophenone and different
:ubatitutul A -diaso asetophenones show a linear ation-

M (Pig. p.22)

Slabey (125), from a study of 34 cyclopropane deriva-
tives concluded that a moderately strong absorption band in
the 1000 to 1050 cm - region of the infrared could be used
to determine the presence of the cyclopropane ring. It is
interesting to note that in the infrared spectra of all the
cyclopropyl compound reported in this present study, there is
strong absorption in the 1000 to 1020 o> region (Nujol mull).
In general the infrared spectra 'in nujol of the trans isomers
have more fine structure in 1000 to 1400 om * region than do
the corresponding cis isomers.

Our compounds have also a fine structure in the above
region of infrared spectra which further indicates that aryl-
aroyl are in trans configuration in a cyclopropane ring.

Other bands of the I.R. spectrumhavebeen Adiscussed in
individual cases.
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¥ass spectrum of 1-benzoyl-2-carbomethoxy
2'-(o-methoxy) phenyl cyclopropane shows prominent peaks
at 295,238,223,205,120,118,108,105,92,77,76,64 and 44 (Fig.P]l.).
S50 the decompositions had occured in the following path
way .

CH— CH— COOCHa

co

«d 5

m/e 295

OCH3

CH—CH—COOCH 3
+ m/e 205

- OCH3
o cucooca; C[
S!’.:: Ex=10 —@

l—- CH3
0 0
LW I
O CH CH~— CH— co—@
co m/e 108 -
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Again
OCH3 +
(A] — @[.,, - EH-— co@ + CHCOOCH4
CH m/e 72
m/e 120 m/e 116 /
l - cH l- =H
=
COOCHg
o, o _@ m/e 59
@ mfe 105 Y “Ha
mje 92 1_ & Co2
l-co A ﬂy% 44
+4 CeHs
CsHg m/e 77
m/e 64

M+ in the figure is the peak of the ion resulting from the
molecular ion lo®ing one methyl group.

These fragmentations confirmed the structure of 1i-benzoyl-
2-~carbomethoxy-2'~(o-methoxy) phenyl oyclopropane which is as
follows and whose mol. wt. is 310.

Mass spectrum of l-p-methoxy benzoyl-2-carbomethoxy-
(p-methoxy) phenyl cyclopropane shows following peaks.

326,297,188,150,135,121,108,92,75,72,44 / Pig.Pd.7,

If the decomposition path depicted above has been
followed by this compound also, the fragmeatations which are



responsible for the above peaks are given below:

m/e 325

m/e 188

m/e 150

m/e 1386

m/e 121

m/e 108

m/e 92
m/e 75
m/e 72
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0
O‘cﬂ——cu—coocng
\;—O—ocua
CH~ CH-— COOCH3
C © O_OCH3
tCH

—CH+

+ 0
CH—CO
-O-OCHs Ri
+
co —@— OCH3

+
CH - COOCH,

CH-CH~
-

COOCH 4



e T we w'
%" H | | |
|
gt | ' H '
i |
Iy | |
r e o fres = o -
-
Pig. scbrum of A part of potﬁ.&%m tert-

bm:m::ae trextnent on 1-b:arwng1—2-oarbomat.m-
21-(p—-00Hz) cheayl cyclopropene.

% r 7 I
.L e
fal | LT
| o &
l i m | I | .
mJMLL L ﬂﬂtiu AL L L
Mg, liags Bpé’;frmn of the lactone.



++
m/e 64 05'34
+
m/a 58 000033

H+ in the figure is the peak of the ion reaulting from the

molecular ion losing one methyl group.

S0 from the molecular fragmentations, the structure of
this compound is further confirmed to be as figiRd. whose mol,
wt. is 3540.

The proton signal of ordiuaty cyclopropane is reported
at 0 .9 (167). But in the case of substituted cyclopropane,
the pomition of the proton sigunal shifted and the extent of
shifting largely depends on the group which is attached to the
earbon atom bearing the studied proton.

N.M.R. signals of one of the reaction producis of
adiazo acetophenone and vinyl acetate of whose structure was
established as follows (111) were at T 8.05 (acetoxy proton
methyl) , T5.77 (Hy) and T 7.23 (Hy).
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But for the other form of this compound was established to have
the following structure and whose proton signals were at T 8.16
(CHz of acetoxy), T 5.72 (Hg) and T 7.18 (EHp).

Hab ~g0 _ coph
0 /ASfEE-C\\
Ha \\é// Hb
I
He

It ia seen from this observation that the position of
the proton signal of cyclopropane hydrogens (Hy and Hy) has
been shifted to a domufield and this is due to the group
attached to it. It is also observed that the proton signal of
cyclopropane occurs at the higher field in the case of traas-
form than that of the cis form.

In the case of the reaction of ¥&-diazo acetophenone
and trans or cis stilbene, two products were identified (111).



Ph Ph “Aa’
Ph/\’f"? 4 Necgal
Ha \%/ Ha H(‘/\;:/\Ph
COPh COPh
Cal [b]

The H.J{.R. spectrum of [ a_/ has a singlet signal at
T3.00 (ten protons of phenyl group). On the other hand, the
H.H.R. spectrum of / b_/ has two singlet signals at T 2,78 and
T 2.87 attributed to two phenyl groups which are magnetically
non-equivalent and quasi triplet of one proton at T 6.42 and
also quasi doublet at two protons at T 6.74 of ABB' type. The
orthoproton signal of benzoyl group of [ b_/ appears higher
field that at / a_/.

wakatu lagai gt al (150) obeerved the N.M.R. spectra of
the following two types of compounds and their proton signals
of the cyclopropane ring appear at O 2.40 and & 2.01.

CH ;la Hb

L Cx CH. ---Hag
’I \\H 3 Y
o Nl E < \‘_.‘Y

(@
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X



- 92—

All these data indicate that proton signals of the substi-
tuted oyclopropane occurs at the downfield in comparison %o the
proton signal of a ordinary, rather unsubstituted cyclopropane.
It can be concluded from this observation that more the electron
withdrewing effect of the group attached the cyclopropane ring,
the signal will be shifted more downfield. It is also seen that
a trisubstituted cyclopropane prepared from trans olefin gives
quasi doublet at the downfield region.

e have prepared cyclopropyl ketones Irom trans-—cinnamic
esters and ®€&-diazo acetophenone and their structure have been
confirmed by elemental analysis, U.V., I.R. and mass spectrum.
The structure of these cyclopropyl ketones have been further
confirmed by the observation of N.M.R. spectrum in some selescted
cases.

By the observation of U.V. studies, it has been previously
confirmed that the reaction between a trans olefin and a diazo
ketone resulted only a single addition product and the addition
product was also a trans one. In the previous discussion, it
is shown that the siructure of the addition product ie as

follows,
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If this structure is correct for the cyclopropyl ketones,
then it is natural to expect quasi doublet for Hy, Hys Hy at
the downfield and other proton signals would easy to detect
and assign. As all the groups which are substituted at cyclo-
propane adjacent to the hydrogens are coansiderably eleciron
withdrawing, the position of the quasi doublet will be at the
considerable downfield.

In the reactions of diazo acetophenone with olefius,
most of the olefins are cianamic esters or substituted cinnamic
esters. W.M.R., studies are also made by a comparison of the
signals of starting esters aad the products which we have iso-
lated.

These esters which are phenyl conjugated o B unsaturated
ester possess styrene system. So it can be hoped that their
olefinic hydrogen will give signals at 0 6.64 tod 5-6.3 (166),
and these have been proved by the observation of N.M.R. spectrum
of some starting esters which are described below.

<
C-“-—'-'C/

b ¥
i COOCH 5
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N.M«R spectrum of trans p-methoxy methyl cinnamate in CDClgz
(Fig.P. D).

S 3.8 (0113 of carbomethoxy group), & 3.9 (CHz of methoxy
group), 6.22 (Hy), 56.43 (Hy) and 56.85 t057.30 (phenyl).
These results are in consistent with the structure of trans
p-methoxy methyl cinnamate.

N.M.R spectrum of:i‘;*ml cinnamate in CDCLz (Fig.P.4).

b 3.86 (CHz of carbomethoxy group), 6.42 (Hg), d 6.64 (Hp)
and 7.4 to & 7.9 (phenyl).

These results have been incorporated so as to makh a
comparative study with those of the products. ¥.M.R specirum
of the reaction product of trans~p-methoxy methyl cianamate with
o(-diazo acetophenone in CDCly shows the N.M.R signals at 03.85
(CHz of carbomethoxy group), & 3.9 (CHz of methoxy group) and
06.9 to 7.1 (phenyl group). In this spectrum there are no
signals at 6 6.22 (Hg) and & 6.43 (Hp) which indicates that
there is no double bond in conjugation to the phenyl group in
this compound. In addition we have signals at d7.3 t0d8.1
(benzoyl) and guasi doublet at b 4.26 (Fig.P.G).

S0 the above results for this compound i.e. l~benzoyl
2-carbomethoxy-2'~(p-methoxy) phenyl cyclopropane are in harmony
with the structure shown below.



[

fMeg.P5 HeieR. spectrum of l-(p-methoxy) Lendoyl-2=

carbouethoxy~2'-(p-uwethoxy) phenyl cyclopropans.

Fige. pe7. N.,M.R: spectrum of 1l-benzoyl-2-carbomethoxy-
2'-phenyl eyclo propane.
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N+M.R spectrum of the reaction product of trans o-methoxy methyl
cinnamate withdl~-diazo acetophenone shows the proton signals
03.8 (CHz of carbomethoxy group), & 3.95 (CHz; of methoxy group)
b 7.62 (phenyl) and & 7.9 to 8.2 (benzoyl proton). Ho olefinie
hydrogen signals are observed in this case also. Ia addition

it has a guasi doublet peak at o 4.9 (Fig. ). These results
are congistent with the following structure Tor the compound

i.e. l-benzZoyl-2-carbomethoxy-2'~(o-methoxy oyclopropane).

OCH3
Hb

/

c— C,

’f’, \.l-‘ \‘\
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Fig.P8. NeidsRe spectrum of 1-(P-OCHz) benzoyl-2-
carbomethoxy-2'-(0-00Hz) phenyl cyclopropane.
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N.M.R spectrum of the reaction product of methyl cinna-
mate and eéf~diazo acetophenone in CDClg shows the proton signals
at 3.8 (CHz of carbomethoxy group), 7.5 (phenyl), 87.9
(benzoyl), a quasi doublet at & 4.3.

f (Pig.sP7 ).

These results will satisfy the following strucbure for

this compound i.s. i-benzoyl-Z-carbomethoxy-2'-phenyl cyclopro-

-
O sm—

Sl
Ha

pane.

¢”  “coocHy
do

<

N.M«R spectrum of the resction product of trans p-methoxy
methyl cinnamate aud p-methoxy #&-diazo acetophenone in CDOlg
shows signals at & 3.82 (CHz of carbomethoxy group)eo 3.93
(CHz of mebthoxy sroup), d 6.9 tod8.1 (phenyl and benzoyl group)
and a quasi doublet at & 4.l. No signale at 46.43 and §6.22
(olefinic proton) are observed in this case also. So the above
results are consistent with the following structure of 1-p-
methoxy benzoyl-2-carbomethoxy-2'-(p-methoxy) phenyl cyclo-
propane (F1g.%5 ).



GCH.a

NeMsR spectrum of the reaction product of o-methoxy methyl
cinnamate and p-methoxy ¢~diaZo acetophenone in CDOlz &ives
the following signals. (Fig.P8 )

$ 3.8 (CHz of carbomethoxy group), 35.93, & 3.95 (CHgz

of methoxy zZroups), d 6.35 to 7.15 (phenyl), d2.00 tod8.2
(benzoyl) and a guasi doublet at § 4.3. No zignal at O 6.22

and b 6:43 (for olefinic proton) is observed in this case also.
These resulis show that this compound i.e. l-p-methoxy benzZoyl-
2=carbomethoxy~2'~(o-methoxy) phenyl cyclopropane has the follow-

mg structure.
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#ig.Po. §«bleRe spectrum of trans 1,2 (p-chloro) di

benzoyl ethylene.
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The N.M.R spectra of one dimer of p-chloro 2-diazo
ketone in CDClz also recorded. The signals for the dimeric
product are as follows. (Fig.P9.)

94.9 (doublet olefinic proton) and d7.42 to 8.2
(benzoyl). This results show the following structure for this

dimeric product.

The reactions which were carried out are depicted in
Table 2. It can be observed from the table that in all the
cases the desired product i.e. cyclopropane derivatives could
not be isolated. In almoat all the cases a dimer of keto carbenes
could be isolated. It has been observed in these cases that if
the phenyl moiety of the cinnamic ester contains an electron
donating group afforded greater proportions of keto carbene
addition products. It:ﬁso be seen that almost all the tri

substituted olefins /— exception-o¢-cyano methyl cinnamate_ 7
do aoi give keto carbene addition products. In this comnection,
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it is to be noted that when phenyl moiety of the cianamie
esters containe substitution in the meta position it did?.%.ve
any keto carbene addition products (exception in the reaction
with p-chloro-o(-diazo acetophenone).
We have studied the reactions of meta-methoxy methyl

cinnamate with various diazoketones / mentioned in the table-2
7 and isolated only dimer of the keto carbenes. It should
also be mentioned that reaction of p-chloroe{-diazo aceto
phenone with o-carbomethoxy clmnamic ester or o-anifro cinnamic
ester did not afford any keto carbene addition products. Reac-
tions of various diaZo ketones with p-chloro cimnamic eater

also did not afford any cyclopropane derivative.

Iable - 2
| °
ccmm2 + Q-cn.c-com
Sl. Ry : _ Products Proportion
Ho. e 3 addition self conden-
sation
1. H 0-0CH; H 65% 5%
3. P-01 0-0CHg H 20% 8%

Contd..
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Table -~ 2 (Contd..)

B O % % bk meen
S sation
4. P-OCH;  0-O0CHjz H 30% 5%
S H P~0CHz H 45% 10%
6 P-C1 P-0CH; H 32% 8%
s P-0CHy  P-0CHy H 35% 7%
8. P-NO, P-0CH, H 18% 12%
9 i H H 10% 10%
10. P-Cl m=~0CHz H 10% 20%
-, 1 H m=-0CHz H - 25%
12, P-00Hz;  m-0CHz H - 30%
13, H H CN 10% 12%
14. H H CoQe - 15%
15. H 0-CO0Me H - 15%
16. P-C1 O-CooMe H - 20%
1% P-C1 H H 10% 12%
18, P=C1 0-N0y H -- 15%
19. P-C1 P=Cl H - 15%




Melting points and boiling points remain uncorrected.
Absolutely dry solvents were used where necessary. l.2. spectra
were recorded in Beckmann IR-20 Spectrophotometer. U.V. absorp-
tion spectra were taken in Beclmann DU-2 Spectrophotometer.

N.M.R spectra were recorded by Varian 60 MH, and EM 90 MH;
uging chloroform~d solution and carbon tetra chloride coantain-

ing trimethyl silane as reference. liass spectra were recorded
by National Chemical Laboratory, Poona and C.D.R.I, Lucknow ,
Gas Liquid chromatography were recorded by National Chemical

Laboratory, Poona.

14 gme o-chlorobenzaldeyde, 11.5 gms malonic acid, 25 ml
of 95% ethanol and 2.5 ml of Pyridine were takea in a 100 ml
round bottomed flask which was fitted with a condenser. Reaction
mixture was then heated on a water bath for 10 hrs. Then the

reaction mixture was cooled in a ice bath and the yellow coloured

Solid thus separated was collected on a Buchner funnel and

washed with 10 ml of cold ethanol and then with two 10 ml of

ether. The solid was crystalised from ethanol. Yellowish crystals

0]
myp. 210 C. (Lit. 212°C ) Yield 14 gus (80%).



10 gme of acid were taken in a 250 ml round bottomed

flask fitted with a condenser and a guard tube fitted with anhy-
drous Calecium Chloride. To the flask 200 ml dry methanol and 5

drops of Conc. Sulfuric acid were taken and the reaction mixture
was refluxed for 6 hours. Solvent methanol was ramoved complstely
and the residue in the flask was treated with 150 ml ether. Ether
solution was washed with Sodium bicarbonate solution aad then
with water $ill the washing was neutral to pH paper. Evhereal
layer was dried on anhydrous sodium salphate. Solvent was removed
and the liquid residue left behind was distilled at high vacuum
(0.5 mm) at 180°0. (Tit. b.p. 278°C to 290°0). Yield t 9.5 gus

(90%).

In a 100 ml round bottomed flask fitted with a reflux
condenser were placed 15.1 gms of o-nitrobenzaldehyde, 11.5 gs
of maloniec acid, 256 ml of 956% ethanol and 2.5 ml of Pyridine.
Zhe mixture was heated on a ateam bath under gentle reflux for
6-8 hours and cooled, The large masses of crystals were broken
up with a spatula, and the reaction mixture was cooled in an
ice bath. The solid was collected on a Buchuner funnel and the
residue was washed with 10 ml cold ethanol and then with two
10 ml portions of ether. The crude acid was crystallised from
ethanol., Heedle crystals. M.P. 240°0. (mit., 240°C) vie1a:

12.5 gn (65%).



In 250 ml R.B. ®lask fitted with a condenser and a Cal-

cium Chloride guard tube, 14 guns of acid, 200 ml dry methanol
and 5 drops conc. sulfuric acld were taken and the reaction
mixture was refluxed for 6 hrs. Removing almost all the methanol
the residue in the flask was treated with ether and ether solu-
tion was washed with sodium biocarbonate solution and then with
water till the washing was found neutral to pH peper. Then ether
seolution was dried over anhydrous sodium sulphate and ether was
removed. Solid residue was crystellised from waeter when needle

shaped crystals were separated. M.P. 74°¢. (Lit. 75°C) Yield

11 gm (85%).
S. Erepgration of methyl ester of cianamic acid:

20 gmns of mecid, 300 ml dry methanol, & drops of conc.
sulphuiriec acid were talten in a 500 ml R.B, flask fitted with a
condenser and a guard tube. Reaction mixture was refluxed for
& hrs and after that pa!god all most all the methanol was remnoved
and the residue left behind was treated with ether. Ethereal
Solution was treated with Sodium bicarbonate solution and then
washed several times with water until the washing was found
neutral to pH paper. Zther was removed and the liquid left was
distilled at low pressure b.p. 150°C/20 mm. (Iit. 261.9) Yield
17 gm.



In a 100 ﬁl round bottomed flask fitted with a condenser,
13.56 gms of o-methoxy of benaldehyde, 11.5 gmse of malonic acid,
25 ml of 95% ethanol and 2.5 ml of Pyridine were taken and the
reaction mixture was refluxed for 8 hrs on a water bath and then
cooled. It was then cooled in a ice=~bath and solid thus separated
was collected on a Buchner funnel., It was washed with ice-cooled
10 ml of ethanol and then with two 10 ml portions of ether.
Colourless solid dried in air and crystallised from ethanol.
M.p. 186°0 (Lit. 186°-6°C) Yield. 14 gns (80%).

7. Prepgration of methyl ester of trans-o-methoxy cinnamic g

10 gms of acid, 200 ml of dry methanol and 5 drops of
cone. sulphuric acid were taken in a 260 ml R.3. Flask fitted
with a condenser and a guard tube. Reaction mixture was then
refluxed for 6 hrs. Methanol was removed completely. Residue
dissolved in 150 ml of ether and ether solution was first
treated with sodium bicarbonate solution and then washed with
water several times to make the washing neutral to litmus paper.
Ethereal solution was then dried on anhydrous sodium sulphate
and filtered. Ether was removed and the liguid residue was
distilled at low pressure. Boiling point was found to be 180°C/
(10 mm) Yield 13.6 gm (90%).



dehyde, 11.5 gms of malonic acid, 25 ml of 956% ethanol and
2.5 ml Pyridine were taken in a 100 ml R.B. flask fitted with

a condenser and the reaction mixture was refluxed on a water
bath for 8 hrs. It was then cooled in an ice bath and the yellow
coloured solid separated was collected on and then with 10 ml
of ether twice. Yellowhkh crystal wae dried on air and the
melting point was found to be 242°C. (Iit. 242%) viela
11.2 gms (65%).

(b) In & 250 ml R.B. flask fitted with a condenser and
a guard tube, 10 gns of acid and 200 ml of dry metha:iol and §
drops of conec. sulphuric acid were taken and the reaction mix-
ture was refluxed for 6 hrs. Methanol was removed completely
and the residue was treated with 150 ml of ether. Zthereal solu-
tion was first treated with sodium bicarbonate solution with
water until washing became neutral to pH paper. It was then dried
over anhydrous sodium sulphate and filtered and ether was removed.
A light yellow coloured solid left behind. It was crystallised
from water and melting point was found to 75°0. Yield. 9 gus
(85%).

Analysis found C = 58.3%, H = 3,62%

Calculated for CgHn0,5Cl C = 59.07% H = 3.86%.



12 gns of m-hydroxy benzaldehyde was dissolved in about

56 ml of 2N sodium hydroxide in 250 ml three-necked flask equi~-
peed with a mechanical stirrer, a thermometer, and a dropping
funnel. The dark coloured solution was stirred while 12.6 gn

of dimethyl sulphate was added drop-wise and the temperature
was maintained at 40°-45°. When the addition was complete the
mixture was stirred for 5 to 10 minutes. A 27.5 ml portion of
24 sodium hydroxide was added in one lot and then 6.5 gm of
methyl sulphate was added in one lot and then 6.3 gn of methnyl

Sulphate was added as before, but the temperature was allowed
to rise to 5000. Stirring at 50%C wae continued for 30 minates,

this was cooled and the organic layer was extracted with ether.
The ether solutiou was dried over anhydrous sodium sulphate for
10 hrs then filtered and concentrated by distillation. The resgi-

due wae distilled under reduced pressure. b.p. 11000/20 MG .

in a 100 ml R.B. flask fitted with a condenser, 7 gn
m-methoxy benzaldehyde, 6 gn malonic acid, 16 ml 95% of ethyl
alcohol and 1.5 ; of pyridine were taken and the reaction mixture
wag allowed to reflux gently for 8 hrs on a water bath. Ho solid
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acid separated from the reaction mixture. Reaction mixture was
then cooled and poured into 300 ml of acidified water when a
s0lid separated out. This was filtered on a Buchmer funnel and
washed with water till the washing was found neutral to pH
paper. Zhis solid was crystallised from large volume of hot
water. M.P. 116°C (Iit. 117-18%C) Yield . 5.5 gm (60%).

(e}

4 gm acid, S50 ml dry methyl alcohol and 3 drops of conc.
sulphuric acid were taken in a 100 ml R.B. Flask fitted with s
condenser and a guard tube. The resction mixture was refluxed
for 6 hrs and then methanol was removed completely. Residue in
the flask was treated with ether and ether solution wae treated
a8 usual. Aa oily 1iguid remained on removal of ether. (Lit.
oily 1iguid b.pe 305-7°C/740 mm) Yield. 4 azm.

In a 100 ml1 R.B. flask fitted with a condenser, were
placed 15 gm of p-methoxy banzaldehyde, 11.5 gm of malonic acid,
S50 ml of 95% ethanol and 2.5 ml of Pyridine and the reaction
mixture was kept under gentle reflux on a water bath for 8 hrs.
Mixture was then cooled aud placed in an ice bath. Colourless
solid separated was collected on Buchner funnel and washed first
with 10 ml of ice-cold ethanol and then twice with 10 ml portions
of ether. It was orystallised frem ethanol. M.P. 172°C (Lit.

174°0) Yield. 10.5 gm (60%).
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11. Trens-p-methoxy ggthy;mg;pnamatez

10 gn of acid, 200 ml of dry methanol and 5 drops of
conc. Sulphuric acid were taken in g 250 ml R.B. flask fitted
with a condenser and a guard tube and the reaction mixture was
refluxed for 6 hrs. Methanol was removed completely and the
residue in the flask was treated with ether. Ethereal solution
was then washed and dried as usual and a solid was left behind

was crystallised from ethanol. M.T., 90°C (Lit. 90°¢) vield.

10 gn (90%).

12. Preparation of | -Gyano acrylate (150):

In a 100 m1 R.B. flask with a reflux condenser a mixﬁure
of 10 gms (0.1 mole) of methyl cyano acetate, 10 gn of para
formaldehyde, and 1 dnoprof piperidine was heated aund stirred
on a oil bath .at BOOC'for 1 hr. The contgnts of the flask became
a ?ale yellow resinous material. The material was cooled down
to room temperature and was dissolved into 150 ml of dichloro-
methane, into which 50 gms of anhydrous sodium sulphate Was
‘added. This solution contained 0.47 gm of methyl l-cyamo acry-

late per 10 ml.

13+ K ~Cyano methyl cinnamate (151):

To g 100 ml R.B. flask with a reflux condenser a mixture

of 10 gm (0.1 mole) of methyl cyano acetate, 10.6 gn of benzal-
dehyde, and 1 drop of‘piperidine was heated and sitlrred on a

0il bath at 80°c¢ for 1 hr. The content of the flask was taken
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in ether and washed with first very dil. Hydrochloric acid

solution and then with sodium bicarbonate solution. Finally

washed with water till neutral. The ether solution was dried

over anhydrous sodium sulphate. Ether was removed and the solid
material was crystallised form methanol. M.P. 87°C (Iit. 99%¢)

Yield. 17 gm (90%).

Analysis found D, 70.34, H, 4.61
Calculated for 011}!902!1 C = 70.56, H= 4.85

14. Dimethyl benzal malonate (1D

To a 100 m1 R.B. flask, which was fitted with a water
separator and surmounted by a reflux condenser, were placed
13.2 gm (0.1 mole) of dimethyl malonate, about 11 gm of benzal-
dehyde, 0.2 gm benzoic acid, 0.5 ml piperidine and 20 ml of
bengene. The mixture was refluxed vigorously in an oll bath at
130°-140° until no more water (total calculated 2 ml) was
collected; this operation required nearly 10 hours. After the
mixture had been cooled, 100 ml of benzene added and the solu-
tion washed with two 10 ml portions of water, with to 10 ml
portion of 1N Hydrochloric acid, and then with 10 ml of a satu-
rated solution of sodium bicarbonate. The aqueous washings were
shaken with a single 5 ml portion of benzene, the benzene extract
was added to the original organic layer, and the organic solution
dried over anhydrous sodium sulphate. After benzene had been
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removed under reduced pressure on a steam bath, the residue

distilled with 26 ml fractionating column. The yield of the

colourless methyl benzal malonate bep. 188-70°C/10 mn was
11 gu (50 7).

10 gn of recrystallised copper sulphate dissolved in
36 ml of hot water in a 250 ml beaker, a mechaiical stirrer
was provided. After cooling to room teuperaiure, then with
vigoroue atirring 3.5 gn (or more, if necessary) of high grade
Zinc powder added slowly until the solution was decolourised.
The precipitated copper was washed by decantation with water.
Dilute hydrochloric acid (5%) was added to the precipitate in
arder to reqpve the excess of zine, and stirriag was continued
until the evolution of hydrogen ceaszes. The copper powder was
?iltered, washed with water and kept in moist condition (as a

paste) in a stoppered bottle.

Hydrated copper sulphate (12.5 gm) and sodium chloride
(3.2 gm) were dissolved in water (40 ml), aa alkaline solution
of sodium sulphite (from 2.6 gn of sodium bisulphite and 1.3 gm
of @sodium hydroxide in 20 ml of water) was added to the result-
ing hot solution during about 5 minutes with counsbtaut shaking.
The solution would be decolourised or nearly so. It was then

cooled to room temperature and the supernatant liquid was decanted
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from the white cuprous chloride. The precipitate was washed
twice by decantation with water contaiaing little dissolved
sulphurous acid to preveat oxidation. ‘he moist solid cuprous
chloride was washed several times by decantation with dilute
sulphurous acid, collected in a Buchner funnel, washed several
times with small portions of glacial acetic acid, and dried in
an evaporating dish until the odour of acetic acid disappeared.

The white cuprous chloride was kept in a stoppered bottle.

In a 1 lit. three-necked flask was tacen 250 c.c of
hydrogen peroxide (30% by volume ) sud the flask was kept in a
ice-salt bath while 200 c.c. of glacial acetic acld was added
dropwise to hydrogea peroxide. Then a 150 ml dropping funnel
was mounted so that the stem entered the flask %o within about
4 cem. of the liguid surface, With mecahanical stirring, a cold
solution of 20 gn of Z2-napthol in 100 ml of glacial acetic acid
was added dropwise over a period of 4 hours to the peracid. With
the appropriate rate of addition, the temperature of the reaction
mixture slowly to 30°-35° and did not exceed 40° solid material
began to attain from the orange solution when one third or more
of the Naphthol solution had been added. When the addition was
complete, the mixture was stirred for 1 hour and the flask allows

to stand in the water bath until the exothermic reaction ceased,
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then at room temperature for 4 days. The solid material was
collected by filtration and washed on the filter with sufficient
(10-20 ml) acetic acid to remove coloured impurities. Drying

in the air gave 16 gm of crude o-carboxy cinnamic acid as a
pale yellow crystalline solid.

The erude acid was purified by dissolving in 360-400 ml
of cold 5% sodium bicarbonate solution, filtering, acedifying
the filtrate with sufficient excess of mineral acid. The product
was separated by filtrstion, washed with water to remove mineral
acid, and air dried. Material thus obtained weighed 15 gm m.p.
204°¢ (Lit. 202°-205°0).

19, Dimeth

6 gn of acid, 150 ml of dry methanol and 5 drops of
conc. sulphuric acid were taken ian 250 ml R.B.flask fitted
with condenser aund a caleium chloride guard tubs. Tae reaction
mixture was refluxed for & hras. Then all the remaining methanol
was removed at reduced pressure heating on a steam bath. Residue
was treated with 200 ml of ether and washed with saturzted sodium
bicarbonate solution and then with water. It was dried on anhy-
drous sodium sulphate and ether removed. The semi solid residue
distillad nt b.p. 13009/2 mm which selidified on keepiug at
0%c. Yield- 4.8 gms.



A solution of 0.1 mole of diazomethane in 300 ml of ether
was placed in a 1 litre three-necked flask with A.maanetto
stirrer. One neck of the flask was fitted with a caleium chloride
guard tube, asdother with a pressure egqualising dropping funnel
aud the other outlet was stoppered. 17 ml triethyl amine was
added and the flask contents were cooled to -10° te -15°B. To
To the stirred mixture added & solutlon of 17 ml of redistilled
benzoyl chloride ia 100 ml of dry ether over a period of 2 hrs.
An additional 20 ml of dry ether over a period of 2 hrs. An
additional 20 ml of ether was finally rinsed through the dropp-
ing fumel. Stirring was continued for one hour at 0% and then
kept over night at room temperature.

The resulting ppt of triethyl amine hydrochloride fiitered
and washed with 30 ml of dﬁy.ethar. The solvent was removed from
the combined filtrate at room temperature uader reduced pressure.
The semi-solid residue orystallised to an ordénge red solid after
keeping in the cold for several nrs. Crystallisation from n-
hexane aiforded yellow square plates orystals. m.p. 47°C. {Lit.
48°¢) Yield-5.8 gn (40%).

16 gm of anisoyl chloride was added to an ice-cold

ethereal solution of diazomethane prepared from 20 gm of
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nitosomathyl urea. The reaction mixture was allowed to stand
overaight. Sofent ether was removed at room teuperature witi a
help of a rotatary pump. This left behind a yellow splid which
was crystallised four times from benzene-pet-ether solveat
mixture. The yield of the diazokstone (p-methoxy <-diazoaceto~-
phenone) of m.p. 90-91° was 10 gn. (Lit. 90°%).

17 gn of p=-chloro bensoyl chloride was added to an ice-
cold ethereal solution of diazomethane prepared Irom 40 gm of
nitrosomethyl urea. The resction mixture was allowed To stand
overnight. Solvent ether was removed at room temperature which
left behind a yellow solid which on crystallisation in benzZeune-
pet ather Tour times afforded yellow crystals of p-chloro- -
diszoacetophenone, m.p. 116°0C (Tit. 115°¢) Yield- 5 ams.

19 gms of oC-naphthoic acid chloride in anhydrous ether
was added to an ice-cold ethereal solution of diazo methane
prepared Ifrom 35 gn of nitrosomethyl urea and 500 ml of ether.
The reaction mixiture was kept at room temperature overnight.
Ether was removed completely at room temperature. The yellow
crystals were found after recrystallisation from benzene-pet
ether m.p. 55°¢. (Lit. 57°¢).



160)$ (a) pemitro benzoyl

chlorides
10 gn of pure p-unitro benzoic acid and 15 ml of redis-

tilled thionyl chloride was taltea in a 100 ml R.B. flask which
wae fitted with a double surface condenser carrying a calecium
chloride guard tube and latter was connected to a gas trap. The
flask was heated on a water bath with occasional sheking for

1 hour. The reaction mixture cooled, excess thionyl chloride
was distilled off completely aund the residual liquid in the
flask distilled at 130° under vacuwm. The liguid distilate
solidified, M.P. 66-7070. (1dt. 70%).

(b} 9 zms of p-nitro beuzoyl chloride in anhydrous ether was
added to an ice—cold ethereal solution of diazZomethane prepared
from 15 gms nitrosometihyl urea and 200 ml ether. The reaction
mixture wae kept at room temperature overuight. Ether was
removed. Yellow solid left behind was crystallised four times
from benzene-pet-ether. M.P. 116°C. (Iit. 117°C) Yield-1.3 gm.

A mixture of 6 gm of molecular sodium metal 500 ml of
dry ether, 24.5 gm of redistilled cyclo-hexanone, and 27.5 gn of
ethyl formate was introduced successively into a 1 1it. three-
necked flask. The reaction was initiated by the addition of
1.5 ml of ethyl alcohol the flask placed in a cold water bath,
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Stirring continued for 6 hrs. After standing overnight, 6.5 ml
of ethyl alcohol was added, and the mixture was stirred for an
additional hour. After the addition of 50 ml of water, the mix-
ture was taken in one litt. separatory funnel. The ether layer
was washed with 156 ml of water and the combined agueous extracts
were washed with 25 ml of ether. The aqueous layer was acidified
with 42 ml of 6N hydrochloric acid, and the mixture was extracted
twice with 100 ml of ether. The ether solution was washed with

6 ml of saturated sodium chloride solution and then was dried

on anhydrous sodium sulphate. Filtered ether solution taken and
the ether was removed. The residue was distilled at 80-90°g/

6 mm. Yield 129 (nit. 70-72/5 mm).

In a 500 ml wide-netked Erlenmayer flasik were mixed 6 gm

of 2-hydroxy methylene oyclo hexanone, 70 ml dichloromethane

and 16 gm of triethylamine. The flask was cooled in an ice salt
bath at 15°C and 16.3 gn of p=-tolusne sulphoayl azide was added
with vigorous mechaunical stirring over a period of approximately

1 hr., at such a rate that the temperature of the reaction mixture
did not arise above -5°C, Stirring was continued for an addition-
al two hours as the cooling bath melts. A solution of 5.2 gm of
potassium hydroxide in 400 ml of water was added, and the mixture
was stirred for 15 minutes at room temperature. The resulting

emulsion was placed in 500 ml separatory funnel, the dichloro-
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methane layer was separated afier standing and the agueous layer
was washed with two 20 ml portions of dichloromethane. The com-
bined dichloromethans solutioas were washed with a solution of
0.5 gn of potmssium hydroxide in 40 ml water, and then with

40 ml of water and dried over anhydrous sodium sulphate. The
golvent was removed on a rotary evaporator at 3590- The yield
of orange 2-disgocyclo hexanone was 7 zZm. This waa not further
purified.

A solution of 12 gm of sodium azide in 35 ml of water
was placed in g 500 ml R.B. Flask and diluted with 70 ml of
90% agueous ethanol. To this solution was added with stirriag
a warm (45°C) solution of 32 gm of p-toluene sulphonyl chloride
in 170 ml of 99% ethanol."™During thie addition sodium chloride
separated aud the reaction mixture took on a brown colour. Lhe
reaction mixture stirred at room tempersture for 2.0 hrs, then
most of the solveat was removed at 35° (15 mm). The residue was
mixed with 500 ml of water in a meparatory funnel, and the oily
p-toluene sulphonyl azide separated. This oily product wae
washed with two 20 ml portions of water and dried over anhy-
drous sodium sulphate. Filtration with suction gave 24 gm of
pure colourless p-tolusne sulphonyl azide which completely
crystallised oa standing in the freeze.



14.5 gm of oyclohexane carboxylic acid chloride was
added to an ilce-cold ethereal solution of diazomethane prepared
from 35 gm of nitrosomethyl urea. The reaction mixture was allow-
ed to stand overnight, Solvent ether was removed at room tempera-
ture. A yellow liguid product remained this was driesd under
vacuum. Thies was uot further purified.

I.R. peak at 2215 am'i showed the presence of diaZo
Zeto group.

This was used for reaction purvose without Ifurther puri-

fication,

est vl

A benzene solution of § gn of A -diazo mcetophenone was
added dropwise, to a refluxing benzene solution of 6 gn o-
methoxy cinnawic ester (methyl) in which 1 gm of active copper
powder was placed. The addition was done in nitrogen atmosphere.
After refluxing for 6 hre, the copper was Biltered out and
benzene was removed completely at reduced pressure. It was then
treated with ether and washed first with sodium bicarbonate
solution aud then with water till neutral. It was dried over
anhydrous sodium sulphate aud ether was ramoted..a semi solid

Fooen malhanel -
residue was fractionally crystallised, A colourless needle shaped
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crystals separated out. This was réerystallised from the same
solvent. The m.p. of this compound was found to be 117°0. Yield
was found to be 3.5 gm.
Analysis founds Cy, T2.98%; H, 5.5%
Calculated for CygH, g0,3 C, 75.61% H, 5.85%

— -1
I.R. (neat)s 1715 cm 1 (ester 1680 en ~ (carbonyl) =
1010 em

(eyclopropane) Fig, 24
UNe Amax = 238 nm.

The remaining mother liguor on coucentration and
keeping in the freezing chamber for several daye did unot give
any crystal. So the solveant was removed and the residue was
Tractionally orystallised from light pet ether wirich gave

yellow corystals. M.P. 11000. So this was trans 1,2 dibensoyl
ethylene. Ffurther concentration did not give any crystal.

The 2,4 dinitro phenyl hydrazone -c';arivative of 1~-benzoyl-
2 (carbomethoxy)-2'-{o~methoxy) phanyl,\wén_a prepared and reory-
stallised from methanol/chloroform and m.p. was found to be
177%,

Analysis founds Hy 11.52%

Calculated for CpgHppOpNgt: N, 11.44%

ci&m‘c eater (met :

30 ml benzene solution of 6 gm of p=chloro diazo
acetophenme was added dropwise to a refluxing benzene solution
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(200 ml) of 6 gn o-methoxy cinnamic ester in preseance of 0.1 gn
of active copper powder in anitrogen atmosphere. Reaction mixture
was refluxed for 6 hrs and then copper powder was filtered out.
Benzene was removed completely and the semi so0lid residue was
worked up in the usual way and crystallised from methanol. The
colourless crystal is further recrystallised from methanol,

m.p. 122%C. Yield of this product was found to be oaly 500 mg.

Analysis found: g, 66.05%; 4, 50%
Calculated for COpgH;p04C1 C, 66.3%; H, 4.98%

I.Re (nBﬁt)" Pig. 25
UV Am = 245 nme.

Mother liguor of the above further conc. and kept in
the cold, a yellow crystalline product was separated. This was
recrystallised from methanol. The yellow compound of melting
point 170°C was ideatified as trans 1,2 para chlorodibenzoyl
ethylene in good agreement with I.R. spectrum and analysis.
Mother liguor on further concentration and keeping at 0°9C atiad
not afford any solid material.

214 dinitro phenyl hydrozone derivative 1~-p-chloro
benzoyl-2( carbomethoxy )-2 ' -(o-methoxy) phenyl cyclopropane was
prepared and recrystallised from mathanol/chloroform solvent
mixture of whose m.p. was found to be 208°C.

Analysis founds N, 10.42%

Caloulated for CgsHpoOpN, €L+ N, 10.69%






50 ml benzene solution of 6 gm of p-methoxy <{-diazo

acetophenone was added dropwise in nitrogen atmosphere to

200 ml benzene solution of 6 gm @g-methoxy cinnamic ester while
the solution was refluxed in presence of 0.1 gm active copper
powder. After refluxing for 6 hrs copper was filtered out and
benzene was removed, and the semi-solid residue was taken in
ether and washed first with sodium bicarbonate solution and
then with water till the solution become neutral. EBther was
removed and the residue was crystallised from methanol. Colour-
less crystals were separated out of which m.p. was found to be

156%C. Yield-500 mg.

Analysis Zounds G, 70.13%; H, 5.5%

Calculated for CgolisgQs *  ©y 70.85j; H, 5.93%

I+Rs (208t)~- Mz, 26

UsVe Amax 245 nm.

The mother liquor was further concentrated but did not
afford any crystals so solvent was removed aud the residue was
fractionally crystallised from light petrolium-ether whea
yellow coloured crystals, were separated out m.p. 165°C. This
was identified ae trans-1,2-p-methoxy dibenzoyl ethylene in
good agreement with I.R. spectrum and elemental analysis.

I.R. Mg. 27

inalysis found: C, 72.81%; H, 5.28%

Caleulated for CqgHyg04°% Cy 73.03%; H, 5.45%
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Mother liquor on further concentration and keeping in
the cold did not give any crystalline product.

234 -dinitro phenyl hydrozone derivative of 1-p(0CHjz)
benzoyl-2-( carbomethoxy)-R'~(o-methoxy) phenyl cyclopropane
was prepared and crystallised from chloroform/methanol solvent
mixture. m.p. of the derivative was found to be 2_5000-5100'.

mmSia f@uﬂd' 0', 59.51*‘; H’ 4.8*
Calculated for G%Ez‘osnil ¢, 60.06%; H, 4.65%.

50 ml of benzene solution of 3.3 gm (0,17 mole) of the
diazo ketone was added drop by drop to a refluxing 150 ml of
benzene solution of 3.2 zm(0.017 mole) of trans-o-methoxy
methyl cinnamate and 0.5 gm active copper powd@er in a nitrogen
atmosphere. After refluxing for 6 hrs (the reaction mixture
was cooled to room temperature). The copper powder was filtered
out and the solvent benzene was removed completely. The residue
in the flask was treated with 200 ml of ether and etherreal
solution was treated first with 5% sodium bicarbonate solution
and then with water till neutral. It was dried over anhydrous
sodium sulphate and solvent ether was removed when a gummy solid
was left behind. This residue was recrystallised from methanol
when a pale yellow coloured crystals of m.p. 95 -97°C separated
out. The wt. of this product was 300 nm.
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Analysis founds C, 77.12%; H, 5.41%

Calculated for CozHgglq ¢ O 76.60%; H, 5.60%

I.R (neat 3050, 1710 (ester), 1655 (naphthoyl),
1450 and 1230, 1010 em™t

(eyclopropane) -  Fig. 28,

Further concentratlon of the mother liguor did not

afford any crystalline solid. A gummy solid was left behind,
which was not further explored.

thyl cinnamat

50 ml of benZene splution of 2.5 gm (0.017 mole) of
ol-diazo acatophenone was added drop by drop to the 100 ml of
a refiuzing benzene solution of 3.2 gn (0.017 mole of trans-
p-methoxy) methyl cinnamate and .0 gn sctive copper powder iu
the nitrogen atmosphere. After refluxing for 7-8 hrs the reac-
tion mixture was cooled to room tempersture aid copper powder
was Tiltered out. DenzZene was removed completely when a semi-
s0lld product wae left behind. This was extracted with 200 ml
ether and treated with 5% sodium bicarbonate solution and then
washed with water till neutral. Ehtereal solution was dried ourr
anhydrous sodium sulphate and ether was reumoved. The solid
residue was first crystallised from methanol (excess) whiday

about 1 gm of the esfer starting material was separated. Mother
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1i§uor on furthér oonc%nﬁratidn and keeping in the cold gave
"colourless crystals. This ﬁas further recrystallised from
'methanol when coiourless,crystal of m.p; 158°C“Was separated
out. The wt. of'the’pdeuct was found to be 2 gm (40%);
| Anglysis founds =~ = C, 74%, H, 5;5%
Calculated for CigHig0y ¢ ', 73.68%; H, 5.85%

I.R. (neat)  Pig. 29.

‘Mother liquor was concentratéd further and kept in thé cold‘
for some days. But no crystalline solid product was separated.
‘ S§ solvent Was removed and the résidue waé crystéllised from
low boiling pet—eiher, while a yellow érystal of m.pe 10800
was separated. This was identified as trans-1, 2-dibenzoyl
ethylenelin £00d agreement with I.R. Spectrum and the mixed
meps (Lite 11000) with authentic sample. Wt. of this product
200 mg (10%). .

33, Reaction of p—methogx—c(—diazo_acetonhenone with trans—

p-methoxy methyl cinnamates ‘
50 ml of benzene solution of 2.95 gn (0.17 mole) of

' diazo compound was addé&'drdp by drop to the 100 ml of reflux-

ing benzene solution of 3.2 &n (0.0i?.mole) of trans-p-methoxy

: methyl cimmamate and 0.5 gm'of"éctive copper powder in the

‘nitrogen atmosphere. After refluxing for 7-8 hrs the reaction

mixture was coPled to room temperature and copper powder was

filtered out. Benzene was removed completely at reduced pressure
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and the residue in the flask was extracted with 200 ml ether

and treated with 5% sodium bicerbonate solution and this was
washed with water till neutral to pH paper. Bthereal solution
was dried over anhydrous sodium sulphate and ether was removed.
After fractional crystallisation from methanol zZave two subs-
tances. One was identified as unreactive ester of wt. 1.2 @
and another a colourless crystal was ldentified as 1-p-methoxy
benzoyl-2-carbomethoxy-2'-(p-methoxy) chenyl cyclopropene of
m.p. 140°90. ¥ield -1.5 gm (25%).

Anglysie founds 8, 70%; H, 5.64%

Caleulated for CgpHgnOp C, T0.87%; H, 5.90%

I.R. (neat) Pig, 30.

£34 dinitvropheayl hydroasone derivative was prepared
and recrystallised from msthanol/chloroform solvent mixture.
n.p. was found to 196°C,

Analysis found: ¥, 10.23%

Caloulated for CpgHpsBgiys &, 10.44%,

Mother liquor on Turther coancentration and keeping at below

0%C for 6 days gave 300 gm yellow coloured crystals of m.p.

168° which was identified as trans-1,2-p-methoxy dibeazoyl

ethylene from it's I.R. spectrum and elemental analysis.
Analyeis founds C, 69.14%; H, 4.5%
Calculated for 0133140‘: C, 69.52%; H, 4.30%
I.R. (neat) Fig. 27.
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methoxy methyl cinnamates

50 m]l benzene solution of 3 gm (0.17 mole) of the
diazo-ketone was added dropwise to a refluxing 100 ml benzene
solution of 3.2 gm ( 017 mole) of ester and 0.5 gn of copper
powder, in the presence of nitrogen atmosphere. After reflux-
ing for 7-5 hours the reaction mixture was cooled to room
temperature and the copper was removed by filtration. Benzene
was removed at reduced pressure and the residue was extracted
with 200 ml of ether. This was treated with 5% sodium bicarbo-
nate solution and washed with water till neutral. This was
dried over anlhydrous sodium sulphate and ether was removed.
The solid residue on fractional crystallisation from methanol
gave two fractions. One contained the starting ester (1 zm)
and another, a colourless crystal wae identified as 1=-p=-
hhloro banZOyl-B-carbomathnxybz'-{p-mathoxy) phenyl cyclo~-
propane. m.p. 67°-69°C, Yield-2 gm.

Analysis found: C, 66.1%; H, 5.3k
Calculated for CigHy,0,Cl ¢ C, 66.36%; H, 4.98%
I.R. (neat)  Pig. 31.

Mother ligquor was coucentrated and kept in the eold for
several days when yellow coloured crystals of mep. 172°C was

separated out. This was identified as trans-1,2=-p=-chloro
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dibenzoyl ethylene from it's I.R. specirum and elemental

analysis.
Analysis found: G, 62.88%; H, 3.31%
Caleulated for CygH;;05Clo8 C, 83%; H, 5.30%
I.Re (neat) g, 32.

50 ml benzene solution of 3.2 gm (.017 mole) of diaso
compound was added dropwise to 100 ml refluxing benzene solu-
tion of 3.2 @m (.017 mole) of ester and 5 gm of active copper
powder in the nitrogen atmosphere. The reaction mixiure was
refiuxed for 8 hrs. It was then cooled to room temperature
and copper powder was filtered out. Senzene was removed at
reduced pressure and the solid residue was exiracted with
200 ml of ether and it wae treated with 5% sodium bicarbonate
solution and washed with water till neutral to pH paper.
Ethereal solution was dried over anhydrous sodium sulphate
and ether was renoved. Oan fractional orystallisation from
chloroform/methanol solvent mixture gave a product which on
recrystallisation gave colourless crystals me.p. 173°c. The
Wt. of the product was found to be 2 gm (30%).

Analysis found: c, 66%; H, 5.13%

Calculated for CygHypOgN ¢ C, 64.22%; H, 4.0%%

I.R. (neat) Pig. 33.
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¥rom the mother liquor, solvent was removed and the
residue wae treated with n-hexane, councentrated and kept in
the cold yellow coloured crystals were separated out m.p.
161°C,

Analysis found: Cy OPa1p; Hy Geldp

Caloulated for Oy Hi0g 8 C; 58.90%, H, 5.09%

I.2y 2nd elemental analysis showed that this was

trans 1,2,p-nitro dibenzoyl esthylene.

I.5s Fig. 4.

50 ml bengene solution of 3 gn (0.017 mole) of diazo
compound was added dropwiée to a refluxing Yenzene solution
of 3.2 #m (DlOi? mole) of ester mnd 0.5 gn copper powder ia
the nitrogen atmosphere. After refluxing for 8 hrs the reac-
tion mixture was worked up as before. Yellow crystals which
was separated out after several recrystallisation from metha-
nol melted at 170°¢. I.R and elemental analysis data showed

that this compound was irans 1,2 p-chloro dibenzoyl ethylene.
Yield-2 gn.
Analyeia found: 0, 63.09%; H, 3.48%
Caloulated for CygHygO0gClps C, 62.93%; H, 3.20%
IsR. (neat) Pig. 32.
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Mother ligquor was further concenirated and kept in
the freeze for several days when colourless crystals of map.
162°C were separated. Yield-100 mg.

I.R. and elemental analysis of this part showed that
this compound was 1l-p-chlorobenzoyl-2~carbomathoxy-2'-(m-
methoxy) phenyl cyclopropane.

inalysis founds G, 66.8%; H, 5.1%

Calculated for OygHy,0,01 & C, 86.564 H, 1.98%

I.Rs (neat) PFig. P21

50 ml benzene sglution of 2.5 gm (0.017 mols) of diazo

compound was added to a 100 ml refluxing benfene solution of
3.2 gn (0.17 mole) of ester and 0.5 gm of active copper powder
in nitrogen atmoephere. The reaction mixture was relfluxed for
elght hours and then it" was cooled to room temperature. After
working up usually yellow coloured solid obtained after several
recrystallisation Trom low boiling pet-ether m.p. 110%. 1%

was identified as trans-1,2, dibenzZoyl ethylene Yty comparison
of I.R. and m.p. with those of authentic samples. VWt. of this
dimer was 1.5 gm.

Mother liguor was further concentrated, but no crysta-
1line product could be separated. Solvent was removed, and semi-
solid residue left behind whose 1.R. shows that it was trans-
neta-methoxy methyl cinnamate.
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50 ml benzene solution of 3 gm (.017 mole) of diaZo

compound was added to 100 m refluxing benzene solution of
3.2 gm (4017 mole) of ester aud 0.5 gm of active copper
vowder in presence of nitrogen atmosphere. After refluxing
for 8 hrs the reaction mixture was cooled to room temperature
and worked up as usual. The residue wa® crystallised from
methanol when a yellow coloured solid was separated. This on
several recrystallisations gave yellow crystals mepe. 18590.
*rom the observation of I.,R. spectrum and elemental analysis
and m.p. it was identified as trans-1,2, p-methoxy dibenzoyl
ethylene. Yield-1.5 gnm.

Analysis founds: C, 73.19%; H, 5.28%

Caleulated for Cygliglst  ©» 7R.96R;5 H, 5.40%

I.R. (neat) Pig. 32.

Mother liguor was further coancentrated. but uo crystal
was observed. So solvent was removed; when a semi-solid com-
pound remained, whose I.R. showed that this fraction was the

ester, starting material.

39. 3 e

c tes

50 ml of benzene solution of 3 gm (0.017 mole) of diazo

compound was added to 100 ml refluxing benzene solution of
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2.7 gn (0.017 mole) of methyl cinnamate and 0.5 gm active
copper powder in the nitrogen atmosphere. After refluxing for
8 hrs the reaction mixture was cooled to room temperature and
worked up as usual. The solid residue was fractionally orysta-
1lised from methanol when yellow coloured crystals were sepa-
rated. Thie was further recrystallised from methanol. About
1.2 gm yellow crystals, m.p. 172°C was isolated. This was
identified as 1,2(E) bis p-chloro benzoyl ethylene from the
comparison of I.R. speetra and m.p. (determined earliier of
this compound).

Mother liquor from above was counceatrated aund kept in
the cold for two days. When yellow coloured crystals m.p.
158°C were separated out. This was recrystallised from methanol
several times when its m.p. wes raised to 161°C. I.R. peaks ave
different from that of 1,2, (E) bis p-chloro benzoyl ethylene.

I.R. (neat) Pig. BO. ™ous spteVium (Fig P\B)

Mother liquor of the firet crystallisation wae concen-
irated and kept in the cold for several days. A light yellow
coloured sollid separated aud this was recrystallised several
times from methanol when colourless crystals of me.pe 95°b
were separated out.

Yield-100 mg. From elemental analysis and I.R. data
it was identified as 1, p-chloro benzoyl-Z2-carbomethoxy-2'-

phenyl cyclopropane.
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Analyeis found: G, 65.85%; H, 4.78%
Calculated for Cpgh;,0,0L & C, 66.20%; H, 4.98%
1.B. (neat) Fig. 36

50 ml of benzene solution of 3 gu (0.17 mole) of dieze
compound was added to 100 ml refluxing benzene solution of
3«7 gm (<017 mole) of ester and 0.5 gn active copper powder
in the nitrogen atmosphere. Reaction mixture was allowed to
reflux for B8 hrs and then it was cooled to room tenperature,
and the reaction mixture was woried up as wusual. The residue
after crystellisation from methanol afforded yellow crysta-
1line product, msp. 172°C, Hixed m+p. with this found to be
identical with 1,2(8) bis-p-chlorc dibenzoyl ethylene, I.R.
comparison coufirmed tnis., The amount isolated was 1.3 gm.

Mother ligquor was further concentrated; but no orysta-
1line product separated. 30 solvent was removed when a heavy
liguid was left behind. This was distilled b.p. 178°C/2 mm
whose I.R. showed that this fraction was the ester, startiag
material.

Following above procedure, in this case only trans

1,2 dibenzoyl ethylene of m.p. 108°C and"the stating ester
eould be isolated. The yield of the dimer from diazo compound

vas found to be 1.4 gm.
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50 ml benzene solution of 2.5 gm (0.017 mole) of diazo

compound was added dropwise to 100 ml refiluxing benzene solu-
tion of 5.5 gm (0.017 mole) of ester and 0.5 gn actiwe copper
powder in the nitrogea atmosphere. Heaciion mixture was
refiuxed for 8 hrs and copper was removed at reduced pressure.
The semi-solid residue was extracted with ether and treated
with 5% sodium bicarbonete solution and washed with water
till neutral. Bthereal solution was dried over aahydrous
sodium sulphate aud ether was removed. Residue was crysta-
1lised from methaiiol. The yellow coloured solid was further
recrystallised from low boiling pet ether when crystalline
product of m.p. 110% yas separated., Ho depression of m.p.
was observed when mixed m.p. of this compound and trans-1,
<, dibenzoyl esthylens was observed. So tihis is trans 1,2
dibenzoyl ethylene.

The mother liguor wes concentrsted; but no solid
product could be separated out on removal of the solvent
a liquid product was left behind which after removal of the
first distilate gave a fraction which was distilled at 180%y/
3 mm. Yield (200 mg). This was identified as l-benzoyl 2-
carbomethoxy-2' (o-nitro) phenyl cyclopropane.

1.R. (neat) Pig. 36.



Fig. P9, I.R. speetrum ol li-benzoyl-iZ-carbomethoxy
-Z-zgthyl oyclopropane.

M. P20. I.K. spectruu of l-bensoyl-2-ocarbomethioxy-
2'-phenyl cyclopropane.
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234 dinitrophenyl hydrozone derivative of this product
was prepared and crystallised from methanol/chloroform solvent

mixture, mep. 218°¢,
Analyeis founds H, 14.2%

50 ml benzene solution of 2.6 zm (0.17 mole) of the
diago compound was added dropwise (o a relluxing benzane
(100 ml) solution of 3.7 gm (0.017 mole) of the ester and
0.5 gm active copper powder in presence of nitrogen atmos-
phere. After refluxing for 8 hrs the reaction mixture was
cooled to room temperature and worked up as usual. Yellow
801id separated on recrystallisation from pet ether (low-
boiling) several times and afforded a crystalline, yellow
8011d of m.p. 110%C. Phis was found to be trans-1, 2 diben-
zZoyl ethylene.

HMother liquor was concentrated but no crystalline
product could be separated. After reuoval of the solvent
the liguid product was identified as the ester starting

material.



50 ml benzene solution of 2.6 gm (0.017 mole) of diazo
compound was added drop by drop to 100 ml refluxing benzene
solution of 3.15 gm (0.017 mole) of ester and 0.5 gn of active
copper powder in the nitrogeu atumosphere. After refluxing for
8 hres the reaction mixture wae coolsd to room temperature
and worked up as usual. The solid residue on fraciionsal
erystallisstion from methanol gave 1.4 gm. Yellow solid which
on reerystallisation from low boiling pet-sther aflorded
yellow crystamlline compound of m.p. 110°%¢. This was identi-
fied as trans 1,2, dibenzZoyl ethylens by comparison of m.p.
and [.R. spectra with those of aubthestic sample.

dother liguor was further coudcentrated =ud kept in
the cold when a colourless compound separated out these on
recrystallisation from methaunol severasl times zave colourliess
erystalline compound of m.p. 34°0 which was identified as the
stating ester by mixed m.n. and I.R. compariaoa.

Nother liquor was further conceatrated and kept in
the cold for 7 days when a trace amount of solid compound
separated. This on recrystallisestion from methanol gave only
50 mg of s0lid orystalline compound whose m.p. was found to
be 68%. It was ideutified as 1-benzoyl=2-carbomethoxy-2-
cyano=£'=-phenyl cyclopropane by means of L.R. spectra and
elemental analysis. Yield-§0' ng.
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Anglysis found: Gy 73+5%; H, 5.5%
Celoulated for 919516035' 8 O, T4.41%; H, 5.26p
I.R. (neat) Pig. 37.

284 dinitrophenyl hydrazone derivative of this product
was prepared which was recrystallised from methanol/chloroform
golvent mixture mepe. 207°%¢c,

Anglysis founds N, 14.18%

Calculated for Cgg .t.os.’:& : N, 14.30%.

o ( P —— %’
Saloutated tow Ol O 4Ny tS8w
I - 2 58 \.,Ll*'_l..-. ¢ - lgiun

A solution of & gn of diazo ketoue in 50 ml of dry

benzene was decomposed at its refluxing tempersture in pre-
gsence of 0.1 gm of copper powder and a solution of 100 ml
benzene sclution of 5 gn o-methoxy cinnamic ester. Addition
of the diazo ketone was removed by filtration and benssne was
distilled out completely. The residue was treated with 200 ml
of ether and treated sodium bicarbonate solution and then with
water until the solution became neutral to pH paper. It was
dried over anhydrous sodium sulphate. Ether was removed. Oily
residue was crystallised from methanol. Iight yellow crystals

were separated out. This was further reerystallised from
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methanol which afforded crystals of m.p. 95°C. The yield of
this product was found to be 300 mg.

Analysis founds Gy T7.13%; H, 5.30%
Calculated for 0%32004 $ O, 76.8% H, 5.8%
I1.R. (neat) Fig. 29

50 ml benzene solution of 2.5 gm (0.017 mole) of diazo
compound was added drop by drop to 100 ml refluxing benzene
solution of 2.756 gm of ether and 0.5 gm of active copper
powder 1n the nitrogen atmosphere. After refluxing for 8 hrs
the reaction mlxture wae cooled to room teuperature and worked
up a8 usual. Iiguid residue in the flasik was distilled frac-
tionating. The heavy liquid b.p. 180°C/2.5 gn was identified
a8 l-benzoyl-Z-carbomethoxy-2'-phenyl cyclopropane by I.R.
and elemental anelysis and N.d.R. Yield-150 mg.

Analysis founds: Cy, T6.83%; H, H.08% °

OCalculated for CigHig0z ¢  C, 77.14%; H, 5.71%

I.R. (neat) PFiz. £120.

Residue in the flask was crystallised from low boiling
pet ether and this afforded yellow crystals of m.p. 110°.



In the previous chapter wh have studied the reactions
of different diaZo ketones with cinnamic esters largely. In
this chapter a comparative study regarding the reactivity of
keto carbene with scme olefins is recorded, Our~@as® of exa-
mination ie to isplate the amount of cyclopropane derivatives
after reaction asccording to the procedure adopted earlier.

For the study we selected methyl methacrylate and
methyl crotonate 1o see the effect of methyl sroup in the
vosition of the methyl acrylate towards <eto carbene additioa.
We have talcea cyclohexene and of-methyl 3,4 diaydronaphthelene
to see their reactivify towards iketo carbene, Reaction of
cyclohexene with «£-diazo acetophenone and diazo methyl naph-
thyl ketone have besen sftudied to account for fhe reactivity
of keto carbetie towards the same plefin.

Heactions of diazo cyclohexyl ketone with o-methoxy
methyl ciunamate and Z-diazo cyclohexanone with o€ -methyl
3,4 dihydronaphthalene have besn studied to see their resoti-
vity.

ine structure ol the ¢yclopropyl ketones were confirmed

by elemental analysis, I.R. and @.L.C and N.HR in one case.
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section~-B: R and .S,
Reactions of o€C-diazo goetophenone with methyl methacrylate.

The copper catalyesed decomposition of @-diazo aceto-
phenone was carried out in a large excess of methyl metha-
crylate. Exothermic reaction occurred and evolution of nitro-
Ben observed. The reasction product wae separated into two
fractions by vacuum distillation,

By means of slemental analysisg, L.R., GsLeC and H.M.3H.
spactra, tThe lower boiling fraction was confirmed to be a
mixture of cis and trans-i-benzoyl-R-carbomethoxy-Z-methyl
cyclopropane, the addition products of benZoyl carbene to
methyl methacrilate, &«L,C showed Two pealts with different
retention time. I.R. at 1736 on >, 1670 om >, 1010 om™>
indicated that the compold contaln one ester, carbonyl zroup
and a cyclopropane riang.

The higher boiling fraction was identified as 1,2,
dibenzoyl ethylene. The structure of this compound was con-
firmed by the comparison of melting points and I.R. spectra
with thosze of the authentic samples prepared according to

nown methods as well as those isoclated earlier.
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CHj3
— Cua
CHa= C — COOCH; + PhCOCHN, 44

f"a /COOCH 3
CHa —C— COOCHg + CHy —cC
. u/ i / Nty
| C
COPh éOPh

ne reacti

al84gQ

L.i«R spectrum of %
thac '_:-'-_- and s

TiLa g

on product of methyl

- &

—

i

G+sL.C of the rezction products of methyl methascrylate
and W6-diaso acetophesone shows a mizturs of two products. Dhis
is also confirmed by the observation of their N.M.R spectira.
dne component is confirmed as cis-l-benzoyl-2-carbomethoxy-

Z-methyl cyclopropane and another as trans isomsr.

CHs COOCHg
N cta—e!
/ : s \ / ‘k\CH
- 3
d A
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Cisform Transform
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Fig.P40. NeM.R. spectrum ol cis form of the reaction
product of methyl metha acrylate and -dliago
acetophenone.
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_...JL_ A
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Fig. Pii

N.M.Re spectrum of trans form of the reaction

oroduct of methyl metha acrylate amd -diazo
acetophenone.
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HoMR signals in CCly of the cis form are as follows.
Fig. P40 »

§ 2443 (Hg)y 62400 (Hp)y & 1+2 (CHz), & 5.5 (CHz of
carbomethoxy group) and & 7.5 (aromatic proton of benZoyl group).
Phis results are consistent with structure of the cis form

shown above.
N.MeR signels in CCl, of the trans form are ss Lollows {™s.

e 5 3.z (By), 51.7 (Hy),51.52 (CHg), §3.76 (CH; of
carbomethoxy group) and &7.9 (aromatic proton of beuzoyl group).
This resulte are consistent with the structure of trans fom.
1t is also observed that a singlet signal of carbo-
methoxy proton of the cis form appears at higher field than
that of trans form. In addition it may be mentioned here that
there 1s no signal in the regioun of the olefinic proton which

definitely indicates that the reaction productis are not con-

tamninated with the starting oclefin.

Copper catalysed decomposition of oC -diaZzo acetophenons
was carried out in a refluxing bensene solution of methyl
crotonate. After usual work up of the reaction mixture, two
products were separated by fractional crystallisation. One of
these two products was 1-benzZoyl, Z-carbomethoxy-2'-methyl

cycloorovane and another was trans 1, 2, dibenzoyl efb.-ylana.
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In this case the yield of the cyclopropane derivative was
considerably poor.

By means of elemental analysis, L.R., U.V., the
structure of (1) was confirmed.

I.R. bands at 1710 c£1. 1660 om™ ' and 1010 o™

indicated that the compound contained ester and carbonyl group
together with a cyclopropane ring.

Adax 280 nm indicate that there was no phenyl conju-
gation to the cyclopropane ring.

The structure of (II) was confirmed by the comparison
of msp. and I.R. spectra with those of the authentic sample

as earlier,

CHa— CH = CH—COOCH3 + PhCOCHNp SU 4,

CH3y —CH —— CH— COOCH3
+ PhCOCH= CH-COPh

CH
éo « 11

The reaction of oC~diazo acetophenone with cyclohexene
in the presence of copper solution and Ouhcaﬁ)g to glve
7-benzoyl norcarane was reported by Cowan etal and Matsuji
Takebayashi et al (111).
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Product was found to be a mixture ol syn and anti
isomers by elemental analysis, melting point test aud I.R.
absorption spectra of their 2,4-dinitro phenyl hydroZones.
&.Ls0. shows two peske for this products

We also siudied the copper catalysed dscomposition
of %-diazo acetophenone carried out in a refluxing benzens
golutlon of cyclohexene. After usual work up ol the reaction
Hixiure, the product was separeted by Iractiomal distillation

into its coustitusnts.






Copper catalysed decomposition of diazo compound was

carried out in a refluxing benzZene solution of cyclohexene,
After usual workup of the reaction mixture, the main product
ises cyclopropane derivative of cyclohexene was sSeparated by
fractional distillation.

The structure of tais product was confirmed by elemental
analyeis, and I.R.

I.R« p2aiks at 1680 em :

1 indicated that the

y 1010 om™
compound contained a carbonyl group =ud a cyclopropane deri-
vative.

G.L.C. showed two peaks which indicated that syn and

anti both the isomers were formed.Fig- 6.

te: 2 ’

Copper catalysed decomposition of diszomethyl cyclohexyl
ketone was carried out in a refluxing solution of o-methoxy
cinnamic ester (methyl). After usual work up of the reaction
mixture, attempt was made to separate the constituents by
fractional distillation but was not successful. 234 dinitro

phenyl hydrazone derivative prepared from the product and this






-145~-

derivative was crystallised. Zlemental anaiysis is in good
;ar.greeanent with the structure of 1-cyclohexyl-carbonyl-<-
carbomethoxy-2' (o-methoxy) phenyl cyclopropaie.

I.R. bands of the reaction mixture was taken and it
was seen that there was a band at 1010 an-l which showed that

the compound contains one cyclopropane ring. G«L.C. of the

product showed only one peak.

~__~0OCH3 7
X o ¥ Lo
CH=CH— COOCH3 <
2 :CHQCH- COOCH3

Copper catalysed decomposition of oC-diazo acetophenone
was carried out in a benzene refluxing solution of ol-methyl
dihydro naphthalene. After usual work up of the reaction mix-
ture, the liquid product was separated by fractional distille-~
tion which was found to be the starting olefin. Residue in the
distilling flask on crystallisation gave product which was
identified as trans 1,2 dibenzoyl ethylene by means of m.p.
and I.R. comparison of those of the authentic sample.
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In this case, no keto carbene addition product was
formed as the olefinic double bond is trisubstituted and the
methyl group which sterically inhibits the approach of the keto
carbene to the double bond.

I't mey be uoted that the resctivity of these olefins
towards keto carbenes is not large in comparison to the reac—
tivity of the cinnamiec ester type compounds (which had been
atudied).

30 it is to be concimded thst though cianamic ester
type olefine confain a pheayl moiety attached to the double
bond does upt affect untowardly ftne rezctivity of the keto
carbenes.

Iaspection of the table 8, it is geen that methyl
meéthacrylate is more reactive than methyl crotonste. 30 it
may be coacluded that elefinic ester unsubstituted in the
position will give more cyclopropane derivalives than substi-
tuted olefinic estars.

Inspection of the table 4, it is observed that ¢yeclo-
hexene glves ketocarbene addition product whereas eoC-methyl
3y4-dihydro naphthalene does anot react at all uander the coandi-
tions adopted. The reason probably is that in the latter case
the olefinic double bond is trisubstituted which prohibits
the formation of any cyclopropane derivative easily under the

reaction conditions.
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But one interesting observation that stands out is that
though cyclohexene does not cpntains a;r'w electron withdrawing
or donating group attached to its double bond gives rise to
lesser amount of cyclopropane derivatives to that of cyclo-
propane derivatives recovered ian the case of o-methoxy methyl
ecinnamate and p-methoxy methyl cimnamate. So the reactivity of
these two esters perhaps is increased due to the presence of
methoxy group in the ortho or para positions.

In table B , is recorded the reactions of aliphatic
diazoketones with cinnamic ester type olefins and aromatic
digszoketones with cyclohexene. In the Two csses a poor yield
of addition compound noted. But one thing that is clear is that
the reaction betwean o«C-methyl 3,4 dihydronsphthslene and 2-
diaZo cyclohexanone does not give any cyclopropane derivatives.
A trisubstituted double bond adjoining the aromatic ring is
consgiderably less reactive towards .the ketocarbenes, This un-
reactivity somewhat parallels the uareactivity of o -tetralones,
acenaphthenone to cyanohydrins formation by the usual routes.
Thus steric as well as electronic factors govern the reactivity
in the reactions recorded here.



Table -3
12
@—cocmﬂz + RyHC = C - COOCHz
S1l. No. Ry Rg Products Proportion
Addition Produet Self condensa-
tion
1. H CHz Cis/trans addition
42% 7%
2. CHg H 15% 10%
Zable - 4
@-cocwg (X oxefin)
Sl. Ho. X Product

Addition product Self condensation

1 Cyclohexene 27% B

2. & =ilethyl 3,4 < 15%
dihydro naphthalene
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Table - -1

Y (Diazo ketone) X (0lefin)

Sl1. Y X
No.

COCHN 5 @: 2% ~
CH =CH-C00CHz
L0 O

COCHN 20% =
0 CHjy
(e 40
S . =5
Section-0C @ ar 1

Melting points and boiling voints are uncorrected.
Dry solvents were used where necessary. The 1.R. spectras were
recorded in a Beckmann IR-20 Spectrophotometer. UV absorption
spectrum were taken in a Beckmann DU-2 Spectrophotometer,
NoM.R specirun was determined on a apectirophotometer using

chloroform -d solution. Containing teiramethyl silane as
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internal reference. G.L.0. were taken in Chemical Laboratory,

Poona.

A solution of & gm of «~-diggo acetophenone and 0«1 gm
of copper powder in 100 ml of methylmethacrylate was warmed
sradually under an atmosphere of aitrogen. The evolution of
nitrogen was observed at 60°C and then the temperature rosa.
After two hours when there was no evglu:tion of uitrogen, the
excess methyl methacrylate was removed by ordinsry distiliation.
Then the reaction mixture was treated with 200 ml of methanol
to remove Ulie polymer of methyl methacrylate. It was Iiltered
and methanol was removed completely. The residue was distilled
under reduced pressure b.p. 1350;0/2.5 nm. he wt. of the
product-2 gm,

inalysis founds Gy 71.13%; H, 6.1k
Caleulated for CyzHy,0- ¢ O, 71.62%; H, 6.47%

I.R. (aeat) Mg, 38.
The G.LsC of this fraction showed two pesks ... Fig. Q.

The residue ia the flask ou frectional erystaliisation
from light petroleum (60-50°C) gave a yellow crysial. The
yellow compound of melting poiat 110°C was identified as traus
1,2 dibenzZoyl ethylene in good agreemeit with I.R. spectrum and
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the m.p. with the authentic sample (Fig. 40) prepared by the

copper bronze catalysed decomposition of-dimzo acetoplieasne.

o a benzene solution of 7.2 gn (0.05 mole) of eC-uethyl
3,4 dihydronaphthnalene was added dropwisé a benzene solution
of 9.3 g (0.075 mole) of eof-diazo cyclohexzanone in presence
of O.1 gn active copper powder. The solution was refluxed for
6 hrs. The reaction mixture wae cooled o0 room temperature
added copper was filiered out. Sensene was removed completely
and the liguid residue was trested with 200 ml of ether and
| washed Tirst with 8% sodium bloerbonate solution and then with
water until the washing became neutral to pH paper. Zthereal
Jolution was dried over anhydrous sodium sulphate and f£iltered.
sther was removed completely. DThe licuid residue was distilled
at 124%/12 mm. Yield-6 am.

I.Rs of this product is the same as that of eC-methyl
3,4 dihydronephthalens.

from the residue in the distilling flask attenpt was

made to isolate any product formed, but no identifiabl
could be separated in any amount.

Similar reactions of 2-dia%o cyclohezanone with trams-o-
methoxy methyl cinnamate, or trans-o-nitro methyl einnamate
also failed, In all cases starting olefin was isclated in
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almost guantitative amount.

50 ml benzene solution of 2.5 zm (0.017 mole) of

-diazo acetophenone was added drop by drop to a 100 ml
refluting benzZene solution of 3 gn of ol-methyl-3,4~-dihydro
naphthalene and 0.5 gm active coppsr powder in preseance of
nitrogen atuosphere. After refluxing for 3 ars copper powder
was filtered out and beuzeune was removed completely at reduced
pressure. The remaining solid residue was extracted with ether
and treated with 5% sodium bicarbonate solution and washed
with water till neutral. Ethereal solution was dried over
anhydrous sodium sulphate and sther was removed. The liguid
residus wage Tractionally distilled, beve 120°/7 mm about
L5 gnma of liquid product distilled over and this was identi-
fied as starting olefin by comparison of I.R. and boiling point.

The residue in the flask was dissolved in boiling pet
ether and this was concentrated sml‘ kept ia the cold when
yellow coloured crystals separated. This was recrystallised
from pet-ether and the yellow crystals thus separated wes
identified as trans-1,2-dibenzoyl ethylene from its I.R. and
melting point comparison with those of an autheatic compound.



methyl cinnamate.

50 ml benzene solution of diazo ketone prepared from

5 gm cyclohexyl carboxylic acid chloride was added dropwise to
a refluxing benzene solution of 6 gm o-methoxy methyl cinnamate
and 0.1 gm active @opper powder in the presence of nitrogen
atmosphere. Affter refluxing for 6 hrs the copper powder was
removed by filtration and benzene was removed completely and
residue was treated with ether which was washed first with
sodium bicarbonste solution and then with water till neutral.
Ether removed and ligquid left behind did not erystallise out
from common solveats. So this was distilled b.p. 170%/10 mm
G+LieQ of the product gives only one peak- Fig. Q1.

its 234 dianitro phenyl hydrazone derivative was prepared
and ocrystallised from chloroform/methanol solvent mixture. m.p.
of this derivative was found to be 216°C. Elemental analysis
of this derivative is in good agreement of the derivative of

1-cyelohexyl carbonyl-2-carbomethoxy—2'=(o-methoxy) phenyl

cyclopropane.
Analysis found: N, 11.03%
Calculated for CpgHogOplig® &, 11.31%.

50 ml benzene solution of 5 gm of o(~-diaZo acetophenone
was added dropwise to 100 ml refluxing benzene solution of
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3 gn of methyl crotonate and 1.00 gm active copper powder
in presence of nitrogen atmosphers. After refluxing for 6 hrs,
uﬁgpnrwpﬁ!a&r was filtered out and benzene was removed comple-
tely at reduced pressure. fhe residue was extracted with cther
and treated 5® sodium bicarbonate solution =n@ washed with
water till aeutral. Bthereal solution was dried over anhydrous
sodium sulphate and sther was removed. The liquid residue was
fractionally distilled, b.p. 155/2.5 mm. his was identified
a8 cyclopropane derivative of methyl crotonate by elemental
analysis and I.R. Yield=1 gm,

Analysie founds 0, Til.215% H, &.16%

Calcoulated for slaﬁiéosl G, 71.86m, H, 6.425

I1.R. (neat) Pig. PA9

Reaidue in distilling [lask was crystallised from
pet ether snd the yellow coloured solid wae identified as
trans 1,2 dibenzoyl ethylene by mixed m.p. method.



Section-A ¢ Aims aand Objects

With a view to study the carbene addition in the
intramolecular sense to benzylic hydrogen, the following course

of reactions was contemplated.

m Formylation “ CHOH (COOH
CHg~ CH,— COOH
(B)

= #, Alkyl gr (c)
Esterification COOCHg e COOCH3
# hydrolysis
Cha ~ CHa~ COOCH, VY CHg" CHz COOH
(D) P
Thionyl COOCH3 CHaN2 cog&ua
" Chioride T g
Chloride
CHZ—CHE Cocl
N2 HC=C=0
(F)
-3

O COOCH g
4‘

o COOH coci
Al
CHa CHE COOH CHE- CHZ__COC|

(CY (H)
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Pig.P12. 1I.R. spectrum comparison of acid chlorides
s ILsR. spectrum of the acid chloride obtained
from O=carboxy dihydrocimnamic acid. -

—_ I.R. spectrum of the amcid chloride obtained from
O-carbomethoxy dihydro cinnamic acid. w



Section-B: Results and discussions. and obhere

In order to prepare the product / A_/pvia carbene
X ~tetralone was chosen first as the starting material.
Formylation was done resulting / B_/. This on oxidation by
potassiun periodate and potassium permanganate gave / C_J
named o-carboxy dihydro cianamic acid. This is also prepared
by another route i.e. by the oxidation and thereby hydrogena-
tion of B-naphthol. This discid on esterification by methanol
and conc. sulphuric acid gave diester [' D /. This diester on
hal f-hydrolysis compound / E_/ was resulted. On treatment of
thionyl chloride on / B_/ instead of giving compound / P_/
our desired product, diacid chloride / B 7 of the acid was
isolated. We attempted to prepare F with other reagent of
preparing acid chloride; but in all cases we were able to
isolate only [} Some other alternatives were tried which led
to more complications.

The structure of / F_/ was confirmed to be the structure
of the diaecid chloride / B_/ of the diacid by comparissn of I.R.
spectra;“&"ﬁ; ‘identification of the other compounds was done by
chemical analysis and I.R. spectra.

Some cursory work to prepare / G_/ by alternative
synthetic procedures have not as yet yielded fruitful results.

So we could not complete our scheme.
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Section=-C: Sxperimental.
Melting points and boiling points are uncorrected. Dry

solvents were used where necessary. 1.R. spectra were recorded

in a Beckmann IR-20 Spectrophotometer.

1. K-fetralone (161)

(a) Z-Benzoyl.prOPionic acids In a 1 litre three-necked
‘flask, which was fitted with a mechanical stirrer and two
efficient reflux coﬁdensers, was taken 200 c.c. sodium dried
benzene (AsR) and 34 gm of succinic anhydride. The reaction
mixture was stirred and in it 100 gm powdered anhydrous alu-
minium chloride was added at a time. The reaction had started
immediately and then the reaction mixture was allowed to

‘reflux gently. On an oilbath with continued stirring for half
an hour. The flask was cooled, placed in an ice bath and 150 ml
of water was added from a separatory fumnel inserted into the
top of one of the condensors followed by 50 ml of conc. Hydro-
chloric acid. Benzene was removed by steam distillation. The
hot mixture waé fransferred %0 a beaker; The 2-benzoyl pro-
pionic acid separate as a colourless oil, which soon solidi-
fied. It was cooled and the acid filtered at the pump and washed
Tirst with 100 ml of cooled dilute. Hydrochloric scid (183)v/v
and then with 100 ml of cold water. The crude acid was dissolved

in a solution of 50 gm anhydrous sodium carbonaste in 275 ml of
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water. The solution was Tiltered. The coloured Ziltrate
decoloured with active charcoal. The hot filtrate was acidified
with 80 ml of concentrated hydrochloric acid and the mixture
was cooled to 0°. The acid filtered and washed thoroughly with
cold water and air dried. The m.ps 116°¢ (mit. 115°0) Yield-

(b) f ~phenyl butyrio acid: Amaligamated zine from 120 gm of
zine was prepared in a 1 lit. round bottomed flask. Ian it 75 ml
of water, 180 ml of concentrated Hydrochlorie scid, 10U ml of
pure toluene and 50 gn of Z2-bensoyl propionic acid were taken.
The flask was fitted with a reflux condenser connecied to a

gas absorption device. The reaction mixture was relluxed
vigorously for 30 hours and during this period, 50 ml of con-
centrated Hydrochloric acid was added to the reaction mixture

of approximately six hours intervals to maiatain the concen-
tration of the acid. It was then allowed to cool fto room tem-
perature and the two layers separated. The acquous layer diluted
with about 200 ml of water and extracted with three 100 ml
portions of ether. Toluence layer an ether sxtracts were combined
and washed with water till neutrel and dried over anhydrsus
sodium sulphate. Solvents were removed under diminished pressure
on a water bath and the liguid residue was diS@illed at the
vacuum pump. The colourless distillate solidified on cooling
which melts at 48°C (Idt. 48° ).

(e} ¢ —-tetralones In a 500 ml R.B. flasik which fitted with

a reflux condenser, and & caleium chloride guard tube which was
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connected ﬁith a tube leading to gas absorption trap, were
taken 32 gn of pure and redistilled thionyl chiloride and 32 gn
of n-phenyl butyric acid. The reaction mixture was hsated cou-
timuously on & water bath until the acid melts, and it was
kept aside. After when hydrogen chloride no loager evolved,
the reactions wae completed by heating on a water bath for
10 minutes. Excess thionyl chloride was reupved completely by
diatilling on water bath under reduced pressurs. The resuliting
Y-phenyl butyryl chloride used as such for the subseauent step.
To the ¢old acid chloride, 176 ml of pure carbon
dAisulphide sdded. The flgsk covlsd in an ige-salt bath. To 17,
30 zm of powdered anhydrous aluminium chloride added in one
lot, and immedlately a reflux condeaser with a calcium chloride
guard tube fitted to the flask. Whea the evolution of hydrogen
chloride ceased, the reazction mixture warmed slowly to its
boiling point on a water bath. 1t was refluxed for 10 minutes
with shaking. The reaction mixture was thean cooled to 0°C and
the aluminium cowmplex decomposed by the cautious addition with
shaking 100 gn of crushed ice aad 25 ml of ocong. Hydrochlorie
acid. The mixture was transferred to a R.B. flask and then
steam distilled (calcium chloride) first and ghen ©

011 was separated; asd the ajueous layer extragted th
100 ml portions of benzenme. 0il and benzZene extract combined
and dried over anhydrous sodium sulphate. Solvent removed,



-160~

liquid residue distilled at the pump at 140-450/15 mm. (Lit.
117-20/10 mm).

A mixture of 4.7 gn molecularised sodium 400 ml of dry
benzene, 29.2 gn of l-tetralone, and 22 gn (-24 ml) of redis-
tilled ethyl formate was placed in a 1 1it. three-necked flask
equipped with a mechanical stirrer, stopper aund a bent tube.
The reaction was initiated by the addition of 1.3 ml of ethyl
alcohol. The flask was then placed in a cold wat;r bath and
gtirred for 6 hres. After standing over night, 5 ml of ethyl
alcohol added and the mixture was stirred for an additional
hour. After addition of 40 ml of water, the mixture was shaken
in a 1 1it. separatory funnel. The benzene layer washed with
20 ml of water and the combined agueous layer was extracted
with 25 ml of benzene. The agueous layer acidified with 335 ml
of 8N hydrochloric acid, and the mixture was extracted with
100 ml of benzene. The benzene solution washed with 5 ml of
saturated sodium chloride solution was dried over anhydrous
Hqgsoé. Solvent was removed at reduced pressure on a water
bath, The ligquid residue distilled at the pump at 140710 mnm.
Yield-15 gn. |

The 2:4 dinitro phenyl hydrozone derivative of the above

compound prepared which was crystallised from chloroform-
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)

methanol solvent mixture. Methanol golvent m.p. 218-20 .
Analysis found: C, 57.34%; H, 4.00%
Calculated C, 57.6%; H, 3.99%.

To a solution of 1.74 gm 2-hydroxy methylene tetralone
and 10 ml water solution 0.5 gm NaQH, a solution of 1 zn
KMNO4 and 15 gm Ha 104 (700 ml water) was added. The mixture
was agitated for 5 hnﬁra at room temperature.

The oxidants were destroyed with Soi.and the solution
reandered acidic with agueous HClL. The prpducts were extracted
with ethyl acetate. Removal of the solvent after washing of
the combined extracts left light yellow crystals. Traces of
elementel § were sliminated by dissolving the material in

a dil. §aHCOz ag. and filtering and recovering of the orgaaic

acid. This was crystallised from benzene. Yield-450 mg (25%)
m.p- 1%000

In an open 1 lit. wide mounted R.3. flask were placed
189 (0.094 mole) of o-carboxy cinnamic acid and 550 ml of 10%
sodium hydroxide solution. The mixture was warmed to 90° on a
atean bath and stirred mechauically. The steam bath was then
removed while 54 gm of Nickel Aluminium alloy powder was added
through the open neck of the flask in small portions at freguent
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intervals. When the addition of the alloy was complete, the
mixture was etirred and maintained at 90°-95°C for 1 hour by
warming on a sSteam bath. Distilled water was added as needed
to maintain the total volume at approximately 550 ml. The hot
mixture was filtered with suctipn, and the metallic rssidus
wad washed with 50 ml portions of hot water in such a manner
that the so0lid residue was never exposed to air. The cooled
filtrate and washings were added dropwise with mechanically
stirring to 300 ml of come. Hydrochloric acid in a beaker at
such a rate that the temperature 4ié uot sxoeed 80-8520.
Separetenol crystal®: started immediately when the conteants
of beaker cooled. Llhe o-carboxy dihydro cilanamic acid was
sgparated by filtration, washed with water and air dried.
Tield 14 gm, m.p. 164° (Lit. 165.5 - 167°¢).

Gave no depression in melting point on mixed melting
point determination with above sample i.e. Oxidation product
of 2-hydroxy methylene tetralone. IR« of this acide prepared
Ifrom the two route is ideatical. Fig. 44.

4.8 gm of acid was dissolved in 100 ml of dry methanol
and then adding 6 to 6 drops of come. Sulphuric Acid, the reac-
tion mixture was refluxed for 6 hrs. It was cooled and methanol
was removed completely. The ligquid residue was ireated with
20C ml solvent ether and washed with 5% sodiwm bicarbonate
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solution and then with water till the solution became neutral
to pH paper. It was dried on anhydrous sodium sulphate and 1%
was filtered. Ether was reuoved compleiely whea a liguid pro-
duct remained. I.R. pealk - at 1710 om > which showed esber

fanction. Yield-4 gm. B.P. 180/2 mnm.

bomethox Ly 41

3 gnm of the ester was trested 5% 16 mi methanolice
potassium hydroxide and the resotion mixture was kept overuight.
Then the reaction mixture was neutrallised with O ml hydro-
chloric acid and the excesa methancl wae removed at low tem-
perature. The liguid residue was treated with 100 ml ether and
washed with water to remove any iree acid. When washing was
found to be neutral, to pH paper, the ether solution was dried
on anhydrous sodium sulphate and filftered. A liquid residue
left behind which solidified on cooling. m.p. 68°C (Crude).
This wae recrystallised from pet-ether m.p. 74°0, Yield- 1,8 g
T+Re peak at 1710 om™t 2nd 1680 om » showed one ester function

and one aecid function. (Fig. 45).

Analysis found: 0, 63.48%; H, 5.78%
Calculated for C1H 004 ¢ C, 68.51%; H, 5.32%.

This was identified as o-carbomethoxy-dihydromethyl cinnamae,
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A mixture of 0.5 gm diacid in excess dry methanol and
3 drops of conc. aulphric acid was kept overnight at room
temperature. Then excess methanol was removed at 30°, Residue
was treated with ether and washed with water to free the
mineral acid. The organic layer dried on anhydrous sodium
sulphate and filtered. Bther was removed. Hesidue recrysta-
1lised from pet-ether. Colourless needle shaped crystals.
meps 86°0. Yield - 0.3 gu.

T.R. peak at 1710 om >

and 1680 om™* showed that this
compound contalns one ester and acid group. #ig. 486.
Jave a depression in melting point on mixed melting

point determisation with the above half ester ( 6 ). 5o these

two compounds were different.

Analysis founds G, 63.45%; H, 5.71%
Calculated for 0131204 C, 53051%; H, 5-32*-

3,4

* T,

4.15 gm of clean magnesium fillings dried in vacuum
covered with 25 c.c. dry ether in a three necked R.B. flask,
then 15 c.c. Methyl Iodide in 100 c.c. ether added dropwise;
first lot rapidly, while the condeuser was cooled with ice-

cooled water and addition of the methyl iodide slowed down to
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maintain refluxing, The flask was warmed on ateam bath for

5-6 hrs when all magnesium dissolved. The flask was placed

in a ice-bath. 20 gm of l-tetralone in 70 c.c. ether was added
dropwise. After standing 1.5 hr. (first in ice-bath, Then at
room temperature) the flask was heated on water for half an
hour. Reaction mixture was kept overnight. The reaction product
decomposed with 17 ml conc. sulphuric acid in 70 c.c. water
in the cold. The agueous layer washed with ether and combined
extract dried on anhydrous sodium sulphate and ether was
removed and distilled at 115°/10 mm, The distillate was then
taicen in 200 c.c. ether and washed with 10% hyposolution and
washed with water till neutral. Ether was removed and the

regidue was digtilled at 110-15?/10 mm. Zield-1C gm. L.R.
of this product showed no carbonyl band.

A mixture of 14 gms (0.1 mole) of o-ghlorobenzaldehyde
28 gms (0.15 mole) of i-naphthyl acetic acid, 50 ml (0.54 mole)
of acetic anhydride and 10 gns (0.1 mole) of frimethyl amine
was refluxed for 30 minutes in a 250 ml flask. The eolution
was cooled to 909C, and 50 ml of cold water was added over a
period of 5 mins, at a rate that maintained the temperature
above 90°¢. Trans=-o~chloro-(1-naphthyl) cinnamic acid preci-

pltated out. It was separated by filtration and washed with
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30 ml of 50% acetic acid and with weter. It was air dried and
recrystallised from methanol several times giving a light
yellow coloured crystals of m.p. 160-161°C. I.R. peak at
1680 cn~l showed that this is a conjugated acid and alsc Zave

positive test Zor an acid function. Yield-18 gms.

anglysis founds C, 73.28%; H, 4.15%
Caleulated for CaHig0u™ ¢, 75.91%; H, 4.24%
I.R. {nest) Pig. 47.



Section-A 3 Objecis, Results Scuggi .

In the carbene chemistry of ketocarbene addition %o
olefiniec double bond is catalysed by copper poweder or it's
anlts. With a view to see the effeciiveness as a catalyst of
the copper powder or it's salss in our sysiem, we have taken
the same reac ting substrates but different catalysts. Other
condition of the reaction was maintained the same as possible.

The result obtained is ziveu in table 6 . It is seen
that in our system of kefoearbene addition, the active copper
vowder wae more effective than the other copper salts. Iu this
gtudy active copper powder, anhydrous copper sulphate, cuprous
chloride, CuQ/Cu =nd pallsdium acetate were used as catalysis.
Among these, active copper powdsr save rise tg larger amount
of ketocarbene addition product. But in the case of palladium
acetate no trace of addition product isolated. So we can con=-
clude that in these rsactions, palladium acstate did uot help
in decomposing dlazoketones as we could ngt isclate glso the
dimer of ketocarbene.



Y- CH = OH-COOCH;

S1. Catalyst Rg Bq Relluziag £

tion Conden-
sation
1. Cu-powder p-0CHy H 10 Hrs., 45% 10%
L Anhydrous Copper " H i 30% 12%
sulphate
Be Ouprous chloride " H " 325 10%
4, Cu0/Cu " H " 0% 8%
B. Palladium agetate o H " - -
6. Cu-powder P-No, W . 184% 12%
7 CuS04(anhydrous) o “ 8 15% 10%
3. CuCl N s - 18» 10%

9. Palladiun acetate " " " - =
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Potassium t-butoxide treatment on cyclopropyl ketones.
Section-A 5 Aims and objects:

It is reported that cycloprane derivatives underge
different type of rearrangements when these were treated with

baslc or acidic substances and even with some solveunt or by

heating only.
E.,Wenfpart gt gl (168) found that cyclopropane derivative

L A7 produced / B_/ in presence of HOL

HO! ] .-ome
g OQ

(Al [ B8]

When /7C_7 (169) suffered a rearrangement to produce / D_7 in
presence’ of agueous HCLOg »

. CHaCOOMe @
' ]
7%99.HCIOg
MeOoH
i
OH o
[c]

(o]
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Similarly whea / B_7 (170) was treated with HC10, ,

P was produced.

HCI04
CH0H —m—— +
dioxane . :

80°c
oH

LE] [F]

M.E.Kuchne and J.C.King (171) found that at 170°C ia
presence of 90% methanol, the cyclopropane derivative / &_/
produced / H_/

90y
Cy— NO MeOH , 170°C

{e]

Me

[H]

When /I 7 (172) was treated with n-Buld in THF /3. 7
was formed.
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Simple heating of / K_/ produced / L/

osiMe 3 o
P e
[k] [L]

In presence high boiling solveat compound / M_J/ was
coaverted into /W _7.

— T

[(m] [N]

Treatment of 966 HgS0, on /07 and [ P_7 (173) produced

a7 and [ B_J resvectively.

» S0
100°C
[ o] { &1
[>cocHy ——— HOSOg3 (CHp ) COCHg
2!

[(R]
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Wihen simple cyclopropane wae treated with AlCls, it

was rearranged to / 5/ (174).

0
1
A Alels | g—C— CHa— CHo— CHp—Cl

[ s]

When cyclopropyl ketone /T / was treated with H,80,,
L U_7 was formed,

@—COCHS ..Ha_so_"'__,_ O/\“
“ o
(] [u]

When cyclopropane derivative / V_/ (175) was treated
LiilH,, methasolic solution of p-toluene sulphonic acid ox

conc, HOL, it rearranged to different products.

_ conc 0 LiNHa -
Hcl :

[v]
l MeoH
Y PMBCG_ H4S°3H
L]
s 0
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A simple reductive cleave of cyclopropyl ketones has
been (176) effected by irradiating a methanolic solution of a
eyclopropyl ketone and tri-n-butyl hydride with ultraviolet.

lietal reductions have also been used to cleave C-C
bonds in the case of cyclopropane derivatives (177), specially
eyclopropyl ketones (178).

When following cyclopropyl ketone (179) was subjected to
Li in liquid NHz and thereby other reageats it broke into two

parts.
. () NHgCI
(CHy),—C—C— COCaH9~N Lt o Produch =kl s Preduct——s
¥ Lig-NHg H+(NH3) Ha0
H
e (2) HaCrOg

(CH, ) CH-CHp-CHy COC4Hg™N
8%

+(CH3 )4 C-CHp-CO C4Hg- N

18}

When following cyclopropane (180) was treated with
o
Ho0 at 90°-120%0 in a sealed tube it suffered rearrangement.

CH
B COOH H.0 (90120 CHg— CH— 0

l C=0
/ \/c Ncoon Sealed fube - ol
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By the cleavage of ayclopropaane derivative (181)

WMﬂWMpnM
0

RMgx + CHg~ gﬂ ——R—C —;4
H Heo

OMQX
CH 3

CHay
| ~ A4 HBr/H0
L NN

OH

0 we . . proposed to see the effect of potassium
tert. butoxide on the geyclopropyl ketomes. It was our atteupt
to note what type of change oocourred when oyoclopropyl ketoaes
were treated with potassium t~butoxide. wWith this view ia
aind we treated potassium tert. butoxide on L-bensgyl-i-
oarbonethoxy-2' (p-uethoxy) ohenyl oyelopropans.

seotion-Bi jesulls sad disousgion’

When lL-bensoyl=f-oarbonethoxy-2'=(p-nothoxy) oheayl
eyclopropane in presence of potassium t-butoxide gave two
products A' and B'
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A' was confirmed to be an acid by the usual test of
an acid funetion. The structure of A' was confirmed to be
the structure of benzoic acid from the observation of melting
point, mixed m.p. I.R. bands, elemental analysis and mase
spectrum.

The possible structure of B' was established on the
observation of elemental anslysis, I.R. and N.M.R. spectrum.

1 -1

I.R. bands of this part at 1710 em =~ and 1010 cm

indicated in presence of an ester function and a cyclopropane
ring.

HeM.R spectrum of the compound [_-B" .

From the I.R observation of the part B', it is seen
that this fraction contains an aromatic system having an
ester function and a cyclopropane ring.

N.M.R speetrum of this component also shows signals
at > 6.8 to 27.15 (phenyl proton), » 3.75 (CHg of carbomethoxy
group) 3.86 (CHz of methoxy group), d 2.5 (cyclopropane
proton), 5 1.8 (cyclopropane protom), § 1.556 (ecyclopropane
proton) and & 1.25 (cyclopropane proton).

The signals & 2.5 for Hy, » 1.556 for H, anddl.25 for
Hg can be assigned.

So from the studies of elemental analysis, I.R. and
N.i.,R, the probable structure of this part / B'_/ is as
petow.
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crystallised from low boiling pet-ether. Yield-75 mg m.p.
121%¢. Wo depression of m.p. was found when mixed m.p. with
benzoic acid was seen Ite I.R spectrum was identical with that

of benzZoic acid. (Hs.sa )

Analysies found C, 68.53%; H, S.17%
Calculated for 07H602 5 G’ 65.55" H' 4.91*
/e = 122 (Fig.p.2?)

(b) Ether portion: Ethereal solution was treated with dil.
aqueous ammoanium solution and then it was washed with water
till neutral. It was dried over anhydrous sodium sulphate and
ether was removed. Solid residue wae orystallised from low
boiling pet-ether. Colourless crystals of m.p. 46%¢ was
filtedsdYield - 30 mg I.R. (neat) (Fig.$5.).

Analysis found: C, 69.70%; H, 6.47%
Caleulated for Oy H; 05 ¢ C, 69.99%; H, 6.79%
N.M.R Bp‘“m (3180?13 ‘)
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BART - II

Reactions of diazomethane with cinnamic
eaters and other olefins.



Diazomethane is an extremely userul reagent priacipally
employed for the methylation of compounds containing active
hydrogen. The reaction of diazZomethane with aldehydes and
ketonea can be uaq? as & method for chain or ring homologation
for epoxidation. The homologation of carboxylic acids, the
Arndt mjatert reaction, is a particularly valuable synthetic
procedure .

DMazomethane has been found to add to certaln types of
unsatureted bonds to give pyrazolges aud pyrazolines and some
aromatic compounds give cyclopropane derivatives. The catalytic
decomposition of diazZomethane by cuprous salte or by irradia-
tion in the presence of olefins or aromatic compounds gives
eyclopropanes or cycloheptatriene derivatives. Various other
insertion reasctions have also been reported.

The structure of diaszomethane may be expressed by the

following men’omarie forms.

+ - s — - £ J
HaC— N=N<+—> HC=N=N+—> HpC—N=N<— HpC—N=

la Ib Ic \d

-— H2C= N=N

e
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Undoubtedly, the ground state of the molecule is well
represeated by the two structures 1b and lc, while la, 14 and
le are less significant. However, it is just these higher
energy (less contributing forms) which govern the eleotro-
philic and neucleophilic character of these compounds.

Inspection of these 1la, 1d, le structures also disclose
that the formal charges are inhereat by interchargeable forms.
Therefore it is in general, not meaningful to ascribe to certain
centre elecirophilic activity and to the second one nucleophilic
activity.

The tantomerism of diazomethane has been discussed by
luller and Ludsteck

H =

+ — “:’. %f‘ ph ( 6 vHaO
CH.=N=N "—"4'[ C]"‘——" Bo—R=/G
2 -~ —— 2
\‘N/ e
v 2095 Cm v 2259, 2140 Cm !

1,5-dipole may be defined as a system a-b-c, in which
carries a formal positive charge (more or less vacant orbital)
and (e) is an anionic centre having free electron pair. In the
union of such a 1,3-dipole with a multiple bond system d = e,

the 8o called dipolarophile, a cyclic shift of electrons accom-
panies and consummates closure of a five membered ring.
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b |
+/ \- /b\ J
a\ C;) d C ;

d=¢ {

: !

Compounds- in which the positive centre a is an electron
deficient carbbn, nitrogen or oxygen atom are @ot capable of
long lived existence. When the 1,3-dipole is an isolable sub-
stance, then the symbol employed above can onl& refer to a
‘ resonance structure of minor weight. Stabilisa%ion of the
reactive gystem is possible if a lone pair at fills the electron
gap at a by forming an additional bond.

R.Carrie gt al have shown that these reéction when
carried out under no irradiation at low tempeﬁature proceed
by way of the pyrazoline. :

‘ Formation of five membered rings through the addition
of diazoalkanes tox R unsaturated esters was ﬁirst observed
in 1888 by Buchner (2. .
The adduct from methyl diazoacetate and dimethyl fumarate

is not the expected l-pyrazoline, but instead 'the more stable

2=Pyrazoline-3,4~-5bicarboxylate.

N H CHE W CHg (-
c=c” ‘c/ \ C— NH
/ AN J/ N / N\
H.COOC COOCH3 w7 / 7 N
3 . H---C——C~--COOCHg - 7
CHaCORCH—NE=N - /

H
1 HaC00C HaCOC ! \COaCH 3

+

C—N !
H WH
\ \\\“‘ H/I \\
c=2¢ N
4 H ---C—¢%--CO0CHg
H4C00C CoOCH, /Ny
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It is seen that both the esters give same product and this
violation of cis addition is due to the tautomerisation of
the initial l-pyroazolines to 2-pyrozoline and thus loss of
asymetric centre in guestion had occurred.

The addition of diszomethane to compounds coataining
carbon-carbon double bond has been found to give pyrazolines
in high yield (3). In some cases unstable pyrazolines were
formed which then decomposed to give either cyclopropane or
C-methyl group. Mofireer et gl have suggested mechanism and
conditions favouring cyclopropane or olefin formation.

The mechanism of the formation of pyrazolines has been
the subjeet of much study and the original two stage process
involving a diazonium betaine 4,5,6 (Fig. 54).

/N‘_:.'N N=N
3 S N - 0
Ry i c—en—c?
C— CH=C y ‘ \ ’
] oR : OR
Hg 3
Fig— 54

This should readily lose nitrogen and should show rate enhance-
ment with increasing solvent polarity. Many reactions, however,
are known in which the pyrazoline are formed in excellent yield
and for which there is no evidence of the production of cyclo-
propane intermediate. The addition of diphenyl diazomethane to



dimethyl fumerate using a number of solvents has been investi-
gated and it was found that there is little difference in the
rate factors (8). It was thus postulated by Huisgen (7) that
the addition of diazoalkanes to carbon-carbon doubke bonds
occurs by multicentre process (Pig. 55).

b ER, hy Re
e : 7\
g 1 g} J
S~
Rz/ L Hz/ -

Fig - 55

This view point is supported by much evidence including
the stereospecific addition of diszomethane to dimethyl fumerate

and dimethyl maleate (9,10). . neEMy
CH H " e o g
c = , e
a\c_ e = 4 ch-ﬁau——-r HgC:---C——C---CHa >3
S G _ | HaCOOC  COOCH:
o ey COOCH3 COOCH3
/"\\-.“ = Ny
CH - “Ha Hel T
o T T l HE, cHg-C— 000
/C= L + HaC—N=N—> CH3—"" C——C~----C0pCH3 _
HaCOC CHa i HaC03C  CHa

HaC0,C  CHa



Rate studies indicate that they are electrophiles with low
discriminatory ability among various aslkenes. The carbene,
catalyst, olefin are all involved in the transition step for
addition.

Ledwith and Parry found that the reaction rates were
independent of the polarity of the solveant and suggested a
concerted 1,3 dipolar cyclo addition mechanism for the formation
of pyrazolines from diazolklkanes and conjugated olefins.

It has also been found that both the rate of addition
and the stability of pyrazoline is greatly affected by the
atructure of the alkane. Thus, conjugated carbonyl and anitrile
groups increase both the rate of reaction and the stability of
pyrazoline, and trans-alkenes are found %o be more reactive
than cis alkenes,

The pyrazolines formed have the structure expected from
4 consideration of electronic effects, The nucleophilic carbon
of diazomethane becomes attached to the most electrophilic
carbon of the double bond e.g. in the case of uasaturated esters
and ketones, the & -carbon atom. These points are examplified
by the addition of CHgNp to benzal acetophenone (Fig. 56) to
form 3-benzoyl—4-phenyl-l-pyrazoline which is readily transformed
to the Z2-pyrazoline (12 a,b).

Cels rT*H = ?3-00-05354-032“2
Hac} g P

CgHgCH— CH— CO-CgHE —— CgHg— CH—CH-COCgHs

| L £ U
HaC HC MH

(56)
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Electron releasing substituents have been found to decrease
the rate of formation of the pyrazoline (13 a,b).

The addition of diszomethane to a variety of alkenes
containing electron withdrawing substituents on the = -carbon
atom has provided a convenient method for the formation of

pyrazoline, Tetracyano ethylene in dry ether on treatment with
CHgNp in dry ether gave 3,3,4,4~tetra cyano~l-pyrazoline in

72% (14).
(NC)Z" C=C- (CN)p+ CHaNp—> (NC)E—?—T FCN)p —» (CN)-E—C—-C-(CNJQ

HaC N _
a*\uf’ H(‘Q‘NIHH

(el g £ - tonle

Certain « # unsaturated acids have been shown to give the
methyl pyrazoline-3-carboxylates with diazomethane (15 a,b).
The addition of diazomethane in ether to etlyl-cyano-p
phenyl-4-substituted cinnamates at low temperatures proceeded
in a stereo specific manner to give the corresponding cis or
trans-i-pyrazolines (16). Ethyl o -cyano- @ -phenyl-cinnamate
gave an unstable pyrazoline which decomposes to l-cyano-i-

ethoxy carbomyl-2-2-diphenyl cyclopropane.
Me 4X-CgHs Cooet

; | | |
Cis— 4-x-CgHg— C= C (CN).Cooet —> Me--- ti:-——-—c.--- CN
I
HaC N
X= NOz ,Cl, Me , Meo, H w7
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30 from the above discussion it is seen that in certain cases,
l=-pyrazoline, initially formed may thea either lose nitrogen
to give a cyclopropane or C-methyl derivatives or isomerise to
a 2-pyrazoline. But these type of transformation from l-pyra-
zoline involve d&n energy barrier.

Wow formation of cyclopropanes by the action of diazo-
methane on an alkene may occur by several routes. In some cases
an unstable pyrazoline is formed which may then lose nitrogen
readily, or application of heat may be necessary to remove the
nitrogen to form the cyclopropane or olefin. The direct forma-
tion of coyclopropanes ha® also been observed, generally by the
photolytic decompoaition of cﬂz"z in the presence of some metal
catalyst to give a methylene radical which then adds to allkene.
Amongst the earliest worker's to record the formation of oyclo~-

propanes from pyrazoline were Von Auwers and Koeng (10 a,b).

M Me
MeCO,— tl:—-ﬁ- cooMe ‘\C/CO" - cooMe coocHs
iy 1] )V\ OCH3
N Meooc” “H 15% i
307

A paper by licGreer (17) confirmed the formation of both unsatu-
rated esters and cyclopropanes and also gave evidence for the

formation of both o B and pY unsaturated esters. The thermal
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decomposition of pyrazolines to cyclopropanes has been found
%o occur in a nonstereospecific manner (138). Whereas photolytie
deconposition of pyrazolines occurred in stereospeciiic manner.

The thermal break down of 2-pyrazolines has been investi-
gated (20 a,b,c¢) and it was concluded that the products pro-
duced d4id not depend upon their relative thermolytic stabili-
ties but were formed by decomposition of the tautomeriec 1=
pyrazolines and hence depended on the relative thermodynamic
stabilities of the intermediate l-pyrazolines.

The direct addition of methylene to alkenes or aromatic
compounds has been found to occur in the presence of cuprous
salts as catalyst or using irradiation techniques. One of the
firet exauples of the copper catalysed addition of diaZomethane
to alkenes was given by Dull and Abend (21) who found that
ketone diethyl acetal and phenyl ketone diethyl acetal gave
eyclopropanone diethyl acetal and phenyl cyclopropaunocne diethyl
acetal respectively in presence of CugBrg in 507 yield.

+

Oet
/og{ & #081 4
CH_a:'- C\ Ste——r CHa""—C — CHE_ c—oet __,
oet \ oet /
L LIS
CHa=N=N HoC —

CHE_ CHa

eto Oet
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The formation of cyclopropanes by the addition CHgllp 0 allyl
halides has been investigated by Kirmse and his co-workers (22 a,
b) and they found that two products were obtained. Cyclopropyl
methyl halides and 4-halogenobutenes.

l" /]

T i P

Certain heterocyclic aromatic compounds have beean cyelo

propanated with CHyNp in the preseuce of CugBr, (23). The
formation of oyclopropane derivatives from certain polyufuclear

aromatic hydrocarbons, gemerally in the presence of a cuprous
salt, has been investizated by numerous workers. The diszo-
methane adds at both the most active sites and the most active
double bonds in the molecule, and also sometimes gZives insertion

products. Phenanthrene, for 6xample, Zave & mixture of two
eyclopropane derivatives in the ratio 3t1 respectively (24 a,b)
and anthracene also gave a mixture of three homologues (25).
?hé&ialanc was found to react in an analogous manner to Five
both cyclopropane and tropilidene derivatives, the yield of
cyclopropane increasing when the reaction was carried out at
low temperature. Pyrene was also found to give a cyclopropane
derivatives when treated with OHoN, (z6).



‘ CHaN2

Section-Bi _ .
#ith a view to explore the case of c—alkylation some of

different substituted R=phenyl methyl acrylate i.e. cinnamie
eaters (trans), and compare yields, products formed and study
reactivity of 1,3 dipolar cyclo addition of diazomethane to
unsaturated esters. The substitution of the phenyl ring was

varied viz. carbomethoxy and chloro (Fig. 57).

R |
Gtr;u:cn-coocns'* CHaNg ——* @R

CH——CH—-COOCHS

¢
H.C \
a\"//”

R
: :CH— CH— COOCH g

Hp

Fig- 57
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Our observation in these reactions is that in all the
cases 2-pyrazoline was isolated instead of 1-pyrazoline or C=-
methyl or cyclopropane derivatives. Probably intially formed
1-pyrazoline was easily isomeriged to stable 2-pyrazoline (Fig.
58).

H
CH—CH'COOCHg __ | . ¢ ¢ — coochs
it J
N

CH N HC W
2 ™
\le \N/
[ Aa] [B]
S
or C~——C—COOCHg4
a7
2
N
[8]
Fig- 58

These 2-pyrazoline were heated to refiux for a long time in
xylene in order to eliminate nitrogen from the Z2-pyrazoline and
obtain oyclopropane derivatives. But in all casefZ2-pyrazoline
wa® recovered and so elimination of nitrogen was not facile. No
trace of cyclopropane isolated in our subsequent work up. So
the 2-pyrazolines prepared from trans o-substituted cinnamic
ester (by electron with drawing groups) are highly stable at
the boiling point of xyleme and no tautomerism ococurs at this

temperature between A and B of the Fig. 58.



As 2-pyrazoline thus formed from the trans-substituted
cinnamic esters (o or p-substitution by electron withdrawing
group) is highly -stable, so cyclopropane derivatives of these
esters could not be synthesised with diaZomethane without any

catalyst,

Section-C: Results gnd Digcusgions

The reaction product of diazomethane smmd dimethyl ester
of o-carboxy cianamic acid was chromatographed and purified by
repeated crystellisations. The structure of these product was
confirmed to be 3-carbomethoxy-4-(o-carbomethoxy) phenyl-2-
pyrazoline by elemental analysis, I.R., Mass .1 | Jl.l.

I.R. band at 3400 em™* indicated for secondary NH group,
/e = 262.

COOCH3 COOCH3
@( + CHgNg—s

CH= CH'COOCH4 |
H NH
S

COO.CHs
CH—C— COOCH

3
Il
HaC\ N
N
H
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Reaction of diszomethane with o-chloro methyl cinnamate.

The crude reaction product of these two reactants was
subjected tq UV, absorption and it was seen that it absorbed
max 318 (Fig. J. But as soon as it was crystallised from
methanol, it UV max shifted to 280 nm. This indicated that
there occurred a quick tautomerism in presence of methanol.

The structure of this product was confirmed to be 3-
carbomethoxy—4—( o-chloro) phenyl-2-pyrazoline by means of
elemental agnalysis, I.R. and mass spectta.

I.R. peak at 3400 cﬁl indicated for secondary NH group.

M/e = 240,
of ~Cl
@: + CH Ny ——>
CH= CH'COOCH4 fH—-TH—-COOCHa
HaC N
\N7
L

@:CI )
CH—CH— COOCHg or @

ST (l:H-—ClIH——COOCHg
Ho C
2\ /N HC NH

N
H \\N/



The structure of the reaction product of these two
substrates was also confirmed to be 3-carbomethoxy=4-(p=-chloro)

phenyl-2-pyrazoline by means of elemeatal analysis, I.R.
I.R. peak at 3400 om-l indicated the presence of

secondary NH group.

Cl
or

CH=CH—CO0CH4 CH'——CH COOCHg4

HC NH

I
i S

The structure of the reaction product of these two sub-
strates confirmed to be 3-carbomethoxy-4-(o-nitro) pheayl-2-

pyrazoline by means of elemental analysis, I.R.
I.R. peak at 3400 m—l indicated the presence of NH group.

NO2
_NO2 @Noa
+ CHgNa —» -
@ e H/, TR o CH—CI ~COOCH

CH=CH'CO0CH, | ”
N" Hac
N/

H



The crude reaction product of these two substrates
showed U.V. max at 318 nm. But after purification by disti-
llation, U.V. absorption max at 282 nm indicating the presence
of -N = C.COOCH3 sroup.

It's structure was confirmed to be 3-acetyl-4-methyl
Z2-pyrazoline by means of elemental analysie, T.R. .0 ,C.

UsVe max at 282 am.

I.R. peak at 3400 an-l (broad) indicated the presence
of secondary NH group.

G«LeC showed only one peak.
CHz -C = CH-COCHg+ CHgNg—> CHz—C——CH— COOCH3

CHg

HC\ NH
cHy SN

or CHz— C— <l:- COOCH;
: B
HoC N
\N/
2l

Mass Spectrum of z-gxrﬁgg ine.

Peaks of mass spectrum of 3-carbomethoxy-4-(o-chloro)
phenyl-2-pyrazoline are as follow.
238, 179, 166, 162, 138, 124, 111, 72, 59, 44, 28.

So the decomposition had occurred in the following
path.



¢l +
CI ~COOCH, ci .
CH— CH— COOCHy —r " , -CH

=
l q

”'3\\)‘" [

cl
-
CH-——CHE——i- —cH

138

Peaks at 44 indicating elimination of CQp from the compound
and strong peak at 28 indicates that the compound contains
two nitrogen atoms attached to each other.
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These fragmentation patterns can well be explained if
the structure of the compound is written as follow whose mole-

cular wt. is found to be 238.

Q.
CH— CH— COOCH3

]

HC\N/NH

Hlass spectrum peaks of S-carbomethoxy-é-(o-carbomethexy)
phenyl 2-pyrazolene are as follow.

262(M'y, 203, 144, 131, 116, 103, 89, 76, 59,

44 and 28,

Strong peakﬁat 28 indicated that the compound eonﬁéins
two nitrogen atoms attacked to eaéh other.

Peak at 44 indicates the elimination of COp from its
ether function. |

Other fragmentation of the product can be explained
by the following way.

[::]:COOCH3 o
‘ +
COOCH
' CH~—~CH—COOCH3; fboocna [::]: 3 ~COOCHg

.. ¥

[ - 59 CH—CH
HG N | |

N N’ | | H CQ\ /NH

N
203



| l CH—NH ~—N2
MG NH -

IN7 HC=— N

144

r Y - CH >
©+ , e - -
CH— CH, - L i

103 89 76

0. on the basis of the nass Iragmentatiocs, the strue-
ture of this compound whose molecular wi. is 268 aay be written
a8 follows.

@ COOCH 5
- “CH—CH— COOCHg

4
HG  NH
N



]
1
L |

Fig. P16 Nai.R. spectrum of 3-carbomethoxy-4~ (o-nitro)

phenyl-2=-pyrazoline.
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In the previous discussion about the structure of =-
pyrazoline, we had discussed I.R., U.V. and mass spectrum to
explain the structure of 2-pyrazoline. How with the help of
HeMoRs, we would like to confirm the structure of the reaction
product of trans o-nitromethyl cinnamate and diagomethane.

It is reported (27) that proton signals for 4, 4.5,

5 tetramethyl-Z-pyrazoline cis-G-carboxylate are as follows.

8 8.95 and 8.92 (12H),86.78 (3H of carbomethoxy) and®
4,2 broad (1H, §H). It ie alse revported in this paper also
that all the Z-pyrazoline, there is a broad peak at & 4.2 to
& 4.5. Boik can be conciuded that the characteristic peak of
~—pyrazgline is due te UH hydrogen.

K.l.R, signals of the reaction product of trans o-nitro
methyl cinnamate and dieZomethane in CDOL; are as follows. Fig.

8 7.3 to 8.1 {phenyl proton)}, $ 3.8 (CH3 of carbomethoxy
group), & 5.2 broad (1H of ¥H), ® 6.5 (olefinic proton of CH = N)
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and §4.15 to & 4.45 quasi triplet (for Hy and Hp).

These results satisfy the structure giveu below for

the reaction product.

NO2
auy.
C— C---COOCHg

H"[ |H
- -CQ‘N/N

Section-Ct Experimental

llelting points and boiling poiants are uncorrected. Dry
solvents were used where necessary. l.R. spectra wers recorded
in a Beckmann IR-20 Spectrophotometer. Mass spectrum were taien

in a mase spectrophotometer in C.DsR.1., Lucknow. N.M.R. spectrum
was determined on a VA-90 MHz N.M.R. Spectrophotometer using
chloroforn-d solution containing tetramethyl silane as internal

reference.

A mixture of 200 ml of ethereal solution of 1.47 gm

of dimzomethane (dried over potassium hydroxide pellets for
6 hrs.) and 50 ml ethereal solution of 2.2 gn of dimethyl ester
of o=carboxy cinnamic acid was kept for 18 days in a dark and
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cool place. When the colour of the diazomethane was no longer
found to be present; ether was removed completely at reduce
pressure. Anoily liquid remained in the flask,

U.V. of this oily 1liguid showed peak atdmax 314 nm and
also positive test for nitrogen. Attempted crystallisation from
dry methanol did not succeed.

It was then chromatographed over alumina and the frac-
tion eluted with 60% benzeme and 40% pet-ether solvent mixture
crystallised from dry methanol. This, after several recrysta-
llisation from dry methanol gave colourless crystals M.D. 1910.
Yield-1.2 gm

I.R. shows peak at 3400 on ® for secondary NH
grouping. Fig. 48 .

Analysis foundi C, 58.5%; H, 5.36%

Caleulated for CyzHigOgip t C, 59.53%; H, 5.59%.

Mother liquor was further concentrated, but no corystals
could be separated.

The alumina colowmwas washed down with ether, which on
evaporation d4id not afford any solid prduct. A semi solid pro-
duct separated. which was identified as the ester starting
material.

Mase spectrum Pig. PAA.

& (] ll_.gl__-_ [1E

A mixture of 200 ml of ethereal solution of diazomethane
(1.2 gm) and 50 m1 ethereal solution of 1.96 gu of the ester
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was kept at a dark and cool place for 18 days when no yellow
colour of diazomethane was found to be present. ZSther was
removed at reduced pressure. The oily residue was crystallised
from methanol when pale yellow coloured solid separated. This
on recerystallisation froum dry methauol gave colourless compound

m.p. 165°C, Yield. 2 gm.

Analysis found: ¢, 55.23;(!, 4.683% 2k
Caloulated for CyqHi10a8oCl: ¢, 55.37%; H, 4.54% t) w
I.Rs (neat) - Fig. 49.
Mags spectrum Pig. P\5:
Mother liquor was further concentrated, but no solid
product could be separated.

3. Reaction of rnZomethane | 1 nnamate.

A mixture of 200 ml of ethereal solution of diaszZomethane

( 1.28 gm) and 50 mlL of ether solution of 1.3 gue of o-nitro
methyl cinnamate was kept in a dark and cool place for 20 days
when the colour of the diazomethane was no longer present, ether
was removed at room temperature under suction. The semi-solid

product was crystallised from pet-ether and further recrysta-
llisation afforded a solid product. m.p. 162%0. Yield 1.2 @n.

Analysis found:® ¢, s@l.op; B, §.3%
Calculated for CraBy 08 ¢+ O 58085 H, 4.4 "E"‘
I.R. (neat - Pig. 50 €, S306% ; W, Y-us Y,
N.M.R.  Pig. PAG.

& R4 No. Chy [ep[RSSe (2241 84 19.5.1979
-‘\'13 CDPRI, ﬂtg.hwm,'-:’k—d;a









A mixture of 200 ml of ethereal solution of diazomethane
(1.2 gm) and 50 ml ethereal solution of 1 gm ester was kept in

a dry and cool place at room temperature for 18 days. When the
colour of diaZomethane was no longer present, ether was removed
at room temperature under suction. A semi-solid residue remained
was crystallised seversl times from pet-ether (60-380°) MePe
110°C. Yield - 700 mg.
Analysis found: C, 55.1%; H, 4.57%
Calculated for 0Oy Hy;OgNgCl ¢ ©, 55.37%; H, 4.84%

281ty

A mixture 200 ml of ethereal solution of diaZomethane
(6 gm) and 50 ml ether solution of 5 gu of mesityl oxide was
kept in a dark and cool place for 15 days. When the colour of
the diazomethane was no longer present, ether was removed at
room temperature under suction. The ligquid residue was distilled
at 88°0/7 mm. Yield-1.3 gn. Thie compound was found to contain

nitrogen.
Analysis found: C, 64.11%; H, 9.13%
Caleulated for CgHyjgQNp : C, 64.27%; H, 3.98%

I.R. (neat) Pig. 52



Section-A ¢

It is reported that diszomethane adds to double bonds
forming cyclopropane derivative in presence of copper. Our aim
was to prepare oyclopropane derivatives oﬁtmetwl,s,ii;ﬁ%hﬂmo
and acenaphthene and thereby to see the imsight of the state of
¢ CHp addition and its subsequent fate. Leto carbene addition
to double bond in presence of copper catalyst was described as
being effected via the #inglet state. But methylene addition
to double bond in absence of any catalyst was shown to be non
stereo apecific, 30 to find out any stereo specificity or uot
of methylene addition to double bond in presence of cooper
catalyst and to draw a relationship as to the state of methy-
lene and that of the ketocarbene was our main objective. To
prepare C-methyl derivative of <C-methyl 3,4 dihydro napthalene

and acenapthene was our main goal in this route.

“ ¥ CHa”z“L‘&cu = iﬁ_—' O‘
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Section-B i Results gud Discussioans.

Addition of diszomethane to some other olefins in
presence of cuprous salts active copper powder was attempted.

It is interesting to note in these connection that in the cases
studied, addition to the olefins did not take place.

In a reaction of o« -methyl 3,4-dihydro naphthalene, with
diazomethane in presence of anhydrous cuprous chloride we isglated
a solid product of m.p. 110-12°C. In a similar reaction with
acenaphthene we isolated the same solid product of m.p. 110~
12%C. Decomposition of an ethereal solution of diazomethane in
presence of Cupllp or active copper furnished the same solid
product of m.p. 110-12°C. The same product also was isolated
when the catalyst ie anhydrous copper sulphate.

Some properties of this compound:

1. This compound decomposed slowly at room temperature and
within 10 days it decomposed completely.

2, It contained nitrogen.

5. It was found to be highly basic ia character.

4. When treated with KOH, it evolved NHz gas.

5. It could not be hydrogenated in presence palladised charcoal.
8. Heat and light decomposed the oxygenated dimer giviang off
nitrous fumes.

7. Pyrolysis of the compound in presence of reactive olefin did
not give products that are obtained with diazomethane.
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As it is decomposed very quickly, the elemental analysis
of this compound could not be determined. Its molecular weights
was determined by Beckmann freezing point depression method

and molecular wt. was found to be 90r-4.
Inspection of the I.R. spectra, it is seen that it

containg a hydrogen bonded primary amine Zroup. I.R. peak at
1780 ow ' indicating that it may contain an amide function.

Inspection of the I.R. spectrum and molecular weight
determination, it is suggested that the compound may be a poly-
mer of diazomethane (a) or a formamide derivative (b). We could
not give exact structure of this product 8till now.

Section-Cs Experimental

(a) Decomposition of diazomethane in presence of copper
sulphate,

In a one Lt. R.B. flask which was placed in a ice bath
was taken 500 ml of ethereal solution of dlazomethane prepared
from 20 gms of nitrosomethylurea and which was dried on KOH
pellets for 4 hours. In 500 mg anhydrous copper sulphate was
added in one lot and the flask was fitted with calcium chloride
guard tube. Immediate evolution of gas was observed. After two
to three hours when ethereal solution became colourless the
solvent was removed at room temperature using a water pump. When

allost all the solvent wae removed, the colourless solid was
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erystallised several times from dry benzemne Yield-3.5 gnm.
MeDe 1121.
(b) Molecular wt. determination by Beckmann freezing
point depression method was found to be 90.4 .
1. Probable mlwmln coudd N be g ssigned
2. Deoxygenation/Degassed Experiments.
() Analysis found N, 20%.
(&) I.R. Pig. S6.
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