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ABSTRACT 

In this work a study bas been made to co:npare the 

addition reactions of various oC -liazoacetopheuones •with 

various cinnamic esters. 1~0 rigorous degassit1g or sophisticated 

ghotolytic equipment waa used. ~he prD.cipal o~ject «as to 

provide easy synthetic routes to a class of similar compow1ds. 

~he ralatlve react~vity und the var~ous ~~eical UUQ other data 

has beea noted for the comuOWldS r·repared. ·.rhose provide w1 

interE:at inc feature o.f the work embodied here ..... he work also 

includes sit11ilo.r types ot rea.ctl.oWJ ,u th some other dia.zo1cetonea 

tiiazomethane. ~he catalytic et:rect of the c~uene audi'tio.o.a 

~ith some metal ions, rearraageBents 01 the cyclopropane com

POWld t intramolecular reR.ctions hA.ve r .. lso been attet1pted. 

Althou~h it has !lot been 9ossible as yet to :na:~e a comparative 

study of the shi L't data f'rolll cmr and the benzylic proton in 

pwr wi,;h various substituent Clustante the comparison of the 

UV absorption ~ves a linear relationship analogous to ~hat 

obta:ined by ai..nple Hammett equation. 



T.he work embodied in the present thesis has been divided 

into two parts. 

f&TtT- I 

SOME STUDIES ON KETOCARBEN'ES ADDITIOH TO DOUBLE BQ~DS ,AliD 

RELATED ~ACTI~~S. 

Chapter-!: 

In this chapter a short introduction to the Chemistry 

of carbenea ie ~~iven. 

Section-A: 

~his section &ives a reviefi of the ~stor1cal backuround 

ot' the rat:tnylene ~,rather carben.e} reactive J.nter.ulediate. 

tiectl.on-J3; 

£his section ives a ~ho~t review 01 tnu sin~et and 

~iplet state of tne carbene. 

oection-0 I 

This section deal. a with some o t the general procedures 

of carbene generation. 

Section-D: 

This section attempts to record some of the factors 

affecting these reactions . :.Cheee effec·ts which come into play 

i.tl the carbene reaction ofte11 play an important role . The 

effects are mainly due to electronic factors, ateric factors 

and the ef.feota due to ·hhe meaomeric and induction are discussed 

curiously. 
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Section-Ea 

This section deals with the nature of the transition 

state for 0-H insertion and addition of Carbene to double bonds. 

Chauter-II: 

This chapter recorda some additional aspects of keto 

carbena rea.otion • 

..>ec'tion-A: 

This section gives a short review 011 keto carbenes and 

their reactions. 

2_ection-J:ls 

This section gives some idea about the mechanistic 

pattern of reto carbene addition to double bonds. 

Chapter-III• 

Th.is chapter deale wi'th the present studies on the 

reactions of diazoketones with some selected cinnamic eaters. 

Section-A: 

This sectioi1 deale wt th the uime and o bj ecto o.f tnis 

study i.e. lceto carbe.ne addition to o.i.nnamic eaters. In this 

study various cinnamic esters, substituted in the ring at ortho, 

meta and para positions as also c< -substituted cinnamic eaters 

were taken • .lhereas the diazo t:etone.f used Her-:.: o( -diazoaceto

pgenone, p-cbloro- o( diazoaceto phenone, p-metlloxy- oC-diazo 

acetophenone, p-ni tro o( -die.zoacetophenoue ann o<:. -diazoaceto

naphthone • .l.teactious of these diazoketones au.d cin.narJic esters 

are recorded. 
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The reactions may be 11ritten in the following way . 

A 

~R + 
~CH=CH-COOCH3 ¢ 

l cu' /::, 
COCHN2 

~R 
~CH- CH- COOCH 3 + Oimer 

v 
co 

3 = ~ 
0-0......3, p-OOe, m-:JCI\) 1 0- 02, 0-t,'J., P-Cl, 

P-no2, o-cooc~ and H. 
a• = P-01, .tl-<I"'e, P-.1l02 and H. 

und also 

II 

R 

CH= d- ceocH 3 + 

!cu.!!. 
0 

COCH Nz 

1/ 

~ R 

~~CH- ~- COOCH3 

y 
co 

6 II 
R =·CN~- C OOCH3 
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A comparative study of the reaction of the diazoketones 

wi~h these cu1namic esters haa been made . 

Section-B: 

This section deals \dth the resLuta and discussions of 

the reactions of diazo~etones wi~h cinnamic eaters. 

rl.eactlous betvreon d:.azore>Jtonas aud ci.nn.amic eaters 

~ve rise to cyclopropyl ketones ana dimer of the ~eto oarbenea. 

But cyclopropyl ketones were not isol~ted Ln all the cases 

~tudied hare. 

larger eiJoun.t of cyclopropyl tet,,.nes • .dut p-ni~ro, ~-c.uloro, 

o-carbo.Jetho.J-:y oi!llla...ic es-cers dtJ not :1ve oyc~ooropyl cetonee 

at all. Jitnilarly \"Thea o(-poslt.LOn o1 the cl,ma. .lc uster 

cuutaine a cart>•.)Iletuo.r~ ..... ro 1p t..:.>es .. ..ot _:ive cyclopropyl ~etoo.e 

at all. 

at 

I .R. spectrum o.r.' these oyclooropyl .t{etoues showed ba.n<lo 
-1 Ul0-1025 em in licatin~ that these compoWldS contain a 

cyclopropane ridg. .R. spectra of these c~ >~unde also shoued 

bands near 1700 cm-1 to 1 '720 em -l ir.~.dicatine; tbali these cocpound 

contains an es'ter function also. Bands at J.655 em -l to 1680 em -l 

indicated the presence o£ carbonyl functioa in theae compounds . 

UV spectra sho~ed peaks from 23d to 24d nm for these 

co .pounds v1hich indicated that these co.n JOWlds contained a 
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phenyl group ~ to the aroyl f'un.ction . This .fact furnished easy 

evidence for the formation of a cyclopropane ring ill these 

compoWldB. .rhe studies indicate that the addition \'las a. trans 

on.e in the case of trans esters aud diazo ~etones and we have 

isolated only one product. 

R 
I 

0 
COCHN2. 

+ Dimer 

co 

.. rasa snectrura of' 1-ben.zoyl-2-carbofitetho;xy-2'-( o- methoxy) ;>henyl 
+ 

cyclopropane snowed peazes a"t ~95 (llf - OOH3), 23d, 223, 205, 120, 

.LlB, lOd, 105 , 92, '17, 76, 64 alld 44 . 
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Tbese peaks were explained as arising dne to the 

follo~1g parent compounds : 

_he ma: ~ 4ct~l~ of 1-(P- JOH3) benzoyl-~-carbo~ethoxy
+ 

2'-(P-OOH3) •,hen.yl cyclooronane BL10'7ed oee.R:a at m;e 325 (M-

OOH3), Z~7, 1::~, 156, 135, 121, tOo, J2, 75 , 72 und 44 . 

Those )~:.1 .. s were exnlainud as a.ris l1l , due t,:, the follow-

iilfl crt .rue .. u:re : 



• 
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The "' .M .R spectra were also obta.l.ued and \'ie made e. 

compurutivtt stud:, o£ the H .;. . R. sit;nala of the st~ting esters 

a~d that of the reaction product . Ln all cases the re~ction 

products did not show any 1. . M .R. sigaals at 6 ;. 22 t ~· ?>-:. 43 ppm 

1risin" as due to simple olefinic proton inaicat~ absence of 

olefinic d~uble bond. A quasi doublet J.l.J.R. signals at2l4.1 

to ~ 4. 9 in Uca.ted that the cyclopropyl ketones ;ere 1, 2, 2 t, 

a triaubstituted cyclonropane wlmse struc~ure should be written 

in the follow in; way. 

h_R 
~c-c/H 

/' ¥/ \. , "'c " 
H. ~ 'coocH 3 .:: 

c=o 

® 
R 

In addi~ion other si~1als due to di1ferelt proto~c absorptions 

.• ere also uoted. 

p.,.. •• R. Si :;nels at ~ 3.~ to a 3.~5 .Lnuicatil.i..(.; the pre

sence of OCH~ group attached to phenyl i.e. e~her linkage. 

Signal at b ·,.8 indicating the presence of OCH3 group of 

carbomethoxy group. The P . M.R. bands in the region of b 6.9 

to tJ 7.5 indicated the presence of pheeyl moiety and the 1~ .M. R. 

bands in the region of b 7.5 to b 8.5 indicated the presence 

of benzoyl group . 
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These observations have been found in the reaction 

products of p-metho.xy methyl cinnamate with oC -diazoacetophenone 

and p-methoxy o<:- diazoacetop.henolle. DetaUed P .M.R . recorda 

of the products from o- methoxy methyl. cinnamate witb p-methoxy 

c:<-diazoacetophenone an.d that of methyl cinnamate and o<: -diazo

acetophenone are also recorded. 

Jectiou-0: 

~xper~ental deta~la of this chapter have been described 

in this section. 

Chapter-IVz 

ihis cnap-cer deale v."ith the reactious of cli.azoKetones 

•.n th various other olefinic systems. 

!:)action-A: 

This sectl.ou .teals ·7i. tr the reaction o.l:.' s }me diazo 

ketones other than o<: -diazoa.cetopheaone \.rr'.Lth differen.t types 

oi: olefinic sy ntema other than cinna.· tic es4!ers, in order to 

make a comparative stuay with that o l' the ren.ctJ.ona whL ch had 

been recorded ear ier. In this connect1on, reaction o:f o<: -diazo

acetophenone with methyl metl~~ acrylate alld methyl crotonate were 

studied to see the e:ffect of CH3 ,zroup in the o<: or a _JI)Sition 

of metqyl acrylate on the yield of cyclopropane derivative and 

it is observed that C% t:J"Toup i.a the /b 10Si tion lowered t.b.e 

yield. 
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Reaction of cyclohexana with oC - uiazoace"tophenone and 

oC-diazoacetonaphthone were studied. The effect of the differ ent 

keto carbenes and their steri c hind?rance fact or , on the yiel d 

of the cyclopropane derivative were made. 

Reaction with diazo keto co:npounds with 3-4 dibydro 

~-met~l naphthalene v~re studied to see the sterio effect 

exerted by thie tri-subetituted ole~inic compow1d. 

0) + (l) Ph COCH N2 

(ll) ("'YO 
~AN~ 

cu 

r.teaction of o-methoxy methyl cinnamate a • .~.d a diazo methyl 

cyclohexylketone was studied to see the effect of the aliphatic 

keto carbene on the yield of cyclopropane derivative to that 

of a aromatic diazo compoWl.d 1. e . o<: -diazoacetophenone. 

(J(
OCH3 

I 
CH- CH- C OO CH3 

y 
co 

6 
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de ction - .H : 

This section deals vnth the results of the reactions of 

diazo tr..etones and various olefi.1.1.ic sy~tems involved in the 

previous aectio11 . 

It wae seeu that CH3 group when situated at the ~ 

position gav·e voor yield or the cyclopropa.n.e derivative than 

when it was L'l theo( nsition of the methyl acrylate when 

reacted Hith c:o<:-diazoacetophenone itl each. The structure of 

the reaction oro duct of the oC -dia.zoncetophenone and methyl 

m.ethe.CI".{ln.te was C'>n.firmed by I.R., u.v. md liul • .R soectrum • 

• lao J..L.G. ;)ho;.ed r,b.L.t .h~re ",ere two rod•.tots. The cis :.ild 

trans adducts had been form~d. 

CH3 
1 

CHc.== C- COOCH3 + 
! Cu, 6. 

CH3 
I 

CH -C- COOCH 3 v + 

co 

6 
Cis 

COO CI-t a 
I 

CH - C- CH 3 v 
co 

6 
trans 
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Reaction between cyclohexen.e with o(.-diazoacetophenone 

and oC -diazo acetonaphthone showed that .in the latter case, 

yield was po'or and this is explained as due to the larger size 

of the keto carbeAe. 

rteactions betv:ee.n oC-;netbyl .3,4 di.tzydro naphthalene rlith 

Clia.zo compounds 'Nere unsuccessi'ul probably a.ue to the tri 

subati tuted nature O- the o Lef~.1.:Lc a.ouole bO!l.C1 • .rhe reaction 

be~aeen oC-diazo cyclohexanone with the olefinic double bonds 

also failed. 

h~action between. all al ipbt:.tic diazo compound and c:i.nlla.I!lic 

esters abo 1ed that it gav~ poor :, i~ld o ~ C;i'clo •'rOlJYl ~teton ea. 

'The identification of these proo.ucts were !.'lade by .;.. L. C. 

in the ca..:;e o 1 li.uid J.I"o uct ~1.d the use of I • .a.., U. V. and 

eleuen tal analysis •aade both i.11 t.ht> caoea oJ:.' liquid ana. solid 

nroducts. 

-1 I.R bands of Svu,cJ of the products at 1010 em to 
-1 . 

1020 em l.!l~~cated the preseilce o.f cyclopropane ring and band 
-1 

at 1655 to l6d0 em LUdicated the r.reve~cc of c~bonyl .~oup. 

Section-U: 

...!iXper..Lmeutal po-·tion of t1us chapter hao;; b~aeu described 

in this section. 

Qhapter-V: 

This chapter deals wi 'th the intraraol~culal' keto carben.e 

andition to arom~tic system. 
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tiection-A~ 

In order to study the iutramole cular keto carbene a.ddi-

tion to some selected aromLtic systems following reactions were 

attempted. 

ro formylation 

R. R-= \-1 , A l\)'l .9-r · 
( 1 ) 

~COOH 

~V'\COOH 
~ 

( 3) 

Th1ony (JC
COOCH3 . I 

-+- Chloride 
CH2 

v.. \ 
CH2 

cloc/ 
(6) 

l diozomethone 

cu/C H i' 1 6 I • 

0 

( 2. ) 

CHOH ( 0] 

N 

rj( COOCH3 

~CH~-CH2- COOCH3 

p. ( 4 J 

l half hydrolysis 

fSJ 

~C00CH3 

HC = C 
II 
0 

( 8 ) 
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Section-B l 

Formylation oj o<- tetralone gave hyaroxy metbylenel2 ) 

which on o.r.idation by ~ 304f/'-.M""O<f"';ave diaci d L 3J which was also 

nrenared alternatively by oxidation with H20 2/'CH3COOH of /6-

naphthQl . This on esterification '?;ave diester L-4_7 which on 

careful byclro~ais gave the half ester CsJ. ~t this stage 

difficUlty was experienced as ~5_7 was treated ~~th thionyl 

chloride diacid chloride f:-.JJ instead of L6J resulted. It 

was not poasibl.a to prepare L-6J. 1'he structure of L9J was 

conf'irued to be the structure of the dia.cid chloride o.L the acid 

by the cowfn.rison of I . H. spectra. 

rhe identification of tile other coru!JolU a iil.S done by 

ele.uen tal a.!le.J.ysis SJJ.d I. R. 

,;;)o ... e curo Jcy .or.n: to pre are L-7J by a1 tt;raative 

synthetic )rocedures have not as yet yielded fru1tful resu.J. ts. 

(( 

COO H . r-.u"'}/ 
~ 

CH2- CH 2- COOH 

OC
cocl 

CH 2- CH 

I 2 

coct 

( 9) 



(xiv) 

O)ection-C: 

Experimental portion of this chapter is described in 

this section . 

Chanter-VI .; 

This chapter deals .lith the relative cu'tal.ytic activity 

of some metal ions in the reaction of ct.- d.iazoke·~ones • 

.:::)ection-A: 

In this ecctlon the mt.:tal ion activity of some Cu salts 

i.e. v'uCl, CuS04 (an.bydrous), Cu and palladium acetate on the 

yield of cyclonropyl ketones were studied when the reactants 

were p-metho:ey- lUet"ey'l cinnama.te p-n.itro mothyl oin.namate gnd 

c:t -diazoaoetophenone main.taL:ling all the other experimental 

conditions as identical as po sible. It was seen that Cu gave 

1naximum yield where as palladium acetate did not oatalyse the 

addit~on reuctio~. 

Chqpter-VII: 

This chapter deale with the effect of potassium tert

butoxide on cyclopropyl u:etouea. 

Section-A: 

This section contains aims and objects of the abo7e 

study. It is lr..nown that cyclopropyl ketones Wldergo diff.erent 

types of rearrangement when they are treated with liquid ammonia, 

~erchloric acid, HCl and H2so4• 

It was an object to see •hat type of rearrangement took 

place when cyolopropyl ketones, prepared here , were treated wit.h 
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potasaium-tert-butoxide. With this view · - benzoyl-2- carbo

methoxy-2 '-(p-methoxy) phenyl cyclopropane was treated with 

potassium tert. butoxide. 

Section-B: 

J hen 1-be,tzoyl- 2-carbomet hoxy-2 '- ( p-metho:xy) phenyl 

cyclopropaue treated \ ith oo ta.:Jsium t-uutoxide gave two 

products, (A) ~.d (B). (A) has been confirmed to be benzoic 

acid by e lement;al ana.lysis, I . R, I:lUSS opectru:n and also by the 

com >arison oi' IR bands with thut of benzoic acid. 

:the iue .. tJ.l'icution of \B) was Clone by ele en'tal ana.lysis. 

IR bands t J.010 cm-1 ood 1700 cm-l showed the ,lresence of a 

cyclopropane r...u.;; uno. &.11 ester 1w1"tion ill. 'tnia part • .1HJR 

Bpectrwu iu the regJ.on S ).. • .::! to ~ ~.b SboWed the presence of 

cyclolrop~e ~droftns. 

OCH 

Potossi um 
(A)+( B) 
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Section- a : 

Bxperimental portion of tt1is chapter has been described 

in this section . 

Chapter-!: 

l:iection-A : 

?ART - II 

lb. this sectiou a short revi :.\'.' of the structure of 

diazo~ethane ~d 1,3 cyclo addition ~d various ru ct~us of 

diazorr1ethane \n. th ole1ln:t..c d~.~uole oo.t.J ..... ha been resented. 

;;;9otion-B: 

.U1 thi-., eto:ot:t.o .. l ,-,;n¥ re ct lou of uiazomethn.n.e \ll~th 

to preware cycloprop~~e Qeriv~~~v~s huve uueu ~ cu~~ea. 

r7'JLR 
~ CH-CH- COOCH3 

I I 
HC~N/NH 
or ollumino 

R = 0-cl , 0- N02 , 0- COOCH 3 
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Section-C : 

This section deals ili tb the results and discussions 

of the reaction of diazomethan.e with o-chloro uethyl cinnamate, 

o-carbomethoxy metnyl cinnauate, o-nitro methyl CUularnate , p

.uitrometbyl ciun.amate and mesityl o.z:ide . 

In most of the cases, 2-pyrazolin.e were isolated, whose 

structure wer.: oon.fir.uud by ele..uontal analysis, I .R., mass 

o Jectra and t~ .u.R spuctra. In "the case o.r: .Li-J...tid proa.uot \i-.L.C. 

·1~ re~~~rted • IR s 1Jectruu ill the re0 ion of 330.., to 3400 CJD -l 

o .. 'th...:se co ·.t:~oun<ls it.ii cated th~ rose.uce of aec.Ju.dary amine 

._.aao upeotrll!~. o.f .>-carh..>.r"..:flate-4 (o-curbu ... ~. .. :-thOxy}-2-

+ r>Y .razo ... i."'l. o.lo red oea: 3-t .! ( ~62) to ·uther .. i th other 9e~ts 

at F~ P 1.4. ~hese .frat: ... ~1tationa coul.d oe e..cplained arisln ~ to 

the t'oll,.,• .. n"' ::;true ture o: the c:>mpow1.d. 

i>la.ss spectru.m 3-carboxylate-4 ( ,o-chloro) phenyl 2-pyrazoline 

showed bands at M~(232) a~d other ~~de. These fragma~ta"tiona 

coula be explained as arising due to the following structure: 

A~ 
~ CH-CH- COOCH3 

I l 
HC~ /NH 
~N 
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l!his \las fu .. rther c uu..'~nned by r~ .M ... R • .~.of .1 •• R signals at ~ 4.1 

(broad) of 6-carboxylate-4 (p-aitro) phenyl 2-pyrazoline is 

accounted as due to the preaeuoe of ~H proton. In addition it 

had signals 1ue to COOCH3 proton, phenyl proton, N - uH 

n·oton. ll tlu~3~;; ouile..cvat1orlS were ext-)lcu.ned as aris~g due 

to the follow~ng structure of the compound. 

:lcaction nroo.uct of dio.zometha.ue and meal. ty 1 oxide gave ouly 

one product as seen by J.L.C. Thio conte.l.n.ed J.lH grouping. So 

the structure of this product is 

CH3 

I 
CH - C- CH- COCH 3 3 

I I 
HC NH 
~N/ 
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These 2- pyrazoline when treated with alumina or 

CH30H or H2o did not afford any cyclopropane derivative. ~o 

therrua.lly 2- pyrazolin.es are more stable than 1- pyrazoline. 

;3ection- D: 

Experimental portion of this chapter has been described 

iu this sectiou. 

Chanter- II : 

This chapter deale with the decomposition of diazo

methane . ith various copper salts. 

~action-A; 

~his section deals w~th the aims and objects 01 this 

s'tudy when toluene, o<: -neteyl 3,4 dihydro naphthalene and 

acenaphtb~e11 ,,1ere e •Plo <!d to be cyclopropouated by means of 

diazomethau.e in presence of lJu and va ..... J.oua copner salts. :fbe 

aim bein~ to derive an easy alkylation procedure or to Drepare 

0-~et~l derivative of these compounua by diazometbane . 

or or 

• 
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Section-B: 

This section contains the results w1d discussions of 

the previous reactions when solid product isolated other than 

C-metbYl derivative of the reactants. This compound also pre

pared when ethereal solution of diaZomethane alone was decom

posed in uresence of Cu or its salta. 

~hie com~w1d c~ntained nitrogen but not ~t. It is 

hir;hly alkaline in. nature. nheH treated wi tb KOH solution, it 

gave out a -~a of ammonia like smell. It is not very stable ill 

ordinary te •. perature. It melts at 112°C. 

It showed following I .R. bands. ( F~.g 5h) 

Ita ~olecular wt. by ~eckmann depression of freezing ~oint 

metnod was neteruined as also ita nitroEen content to be 90. 

It could uot be hydrogenated. It does u.o t couta:Lu any 

active olefinic d.Juble bond •. l.'io usel'ul compoWld could be 

isolated when this oxygenated dimer was used 1n place of diazo

methane itself in the various reactions indicated here. 

Section-C: 

Experimental. portion of this chapter has been described 

in this section. 



.. 

n_f • N 
~ -
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CHAPTER - I 

A general introduction to Oarbene Chemist£l • 

.:ieotion A ' Historical ::!3ackm:,Q_und 

The posoibility that divalent carbon compo1.md.s might be 

intermediates in certain che .. 1ical reactions was eue;gested more 

tbJ.:u1 h.undrcd years a.go to accotlllt ~or t.t1e produ.! ts of the 

tlka.line byd.rolysi~ of chloroform (1) • .A)iv3lent carbou inter-

mediates were also involveo. from t lrne to time duriu~ the first 

lul.!' of the "rcscn.Lt ceu.tury, particUlarly oo t.n tennediates in 

the ~ecompoo it ions of diazoalJ:~aL.es and. o.. ..et9nec, but it was 

uot until last decade ~hat the 'carucues' &Ld ~ucir reao~iJAS 

were subj~ctcd to close ncrutiny. 

lht ~eneric .... arne 11 cc-rbefie 11 Ja. 'collaborate,!J."" c:: ncei,.!ed 

oy l)oerUlu, .,L.wtei..u and .1oodw ... d ~ .... J, 110 o~ tlesc4:. ,tive 

tb;{l ne ~.Jli~), in a.ua ... o~· ~ ... tt he dcr·va:tiau of 11 t.m.rbluola 11 

methanol. 

One of tne major proolerna o- carbene cnemistxy has been 

the deterLlination of the configuration <>f the non-bonding eleo

trl)na ou. tho diYLL .... tt carbon ut,..>m. 1 t lLS lOW been 4.!U t.a.blished 

that in moat, but not all divalent carbon in~ermediu.tes ,lhich 

have been identified, these electrons are paired, i .e. their 

spin quantum numbers nave opposite signs . It has been suggested 

that the term carbene shoUld be reserved for those species, while 

those with unpaired electrons, a.n.d \'7llich cxibit the reactions 

characteristic of free r a dicals, ahould be tenned metbylelles{3). 
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The current iu"terest ill the divalent carbon species 

seems to da"t e from 1950, ·uhen Hi.ne published his fi rat paper 

011 a reinvestigation of the alkaline hydrolysis of chlorofor:n, 

and concluded that dichloro carbehe (: 001,) was probably an .... 

~termediate in this reaction (4· ). 

It was not until 1954 that Doeri.ag and Ho.fmann s.bo·:,red 

that di.halo carbenes .from the halo.f'orms could be ·trapped by 

addition to olilins to give cyclopropane derivatives (5) • 

Thus cyclohexene, chloroform (or oromo::.form.) and .Potassium 

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

(P cx 2 •• (1) 

While oC-eliminat:ion reactions have furn.iehed a route 

to the dibalocaroenes, and more rece11t].y, to varie·ty o.I other 

aubsti tuted carbenes, a secoud route to divalent carbon inter

mediates il1volves the thermal, photo che~ical or catalytic 

decomposition of diazo alkanes aud ketenes. ~akanov made 

an extensive study on the decom:posit;ioa of dia.zometnane, and 

more particularly of ethyl diazoacetate, catalysed by copper or . ... 
copper salta in the presence of olefin which resulted cyclopro

A 

pane derivatives. 
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The interest in divalent carbon may, perhaps, be divided 

iilto ·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 oonfi{:.ruration of the non-

bonding electrons. 

The third major aspect o£ carbene chemistr.y concerns 

the synthetic ut:lity of divalent carbon L~uerroediatea with 

olifina. A further synthetic application makes use of the 

11inaertion reaction11 , in which methylene itself, rm.d more reae-

tive carbenws can directly insert into a carbon .hydrogen bond 

(,t;quation-2). 

" -C-H 
/ " -C-CH -H 

/ 2. 
•• ,!:!} 

J.1IO\' attention is drawn. to the electropbilic aud uucleo
~ .... ~~~.~~QAt. 

philic~o~ectr>u defic~e~t species, c~~pnrable to carbonium 

ions; o~.t the other hcnd they possess a non-bondint;, p~ir of 

e ec tro:n.a, co.npura.ble to that of carbauious. 

~he eloctrophilic and uucleophilic ~~nct~r ~f ai~glet 

carbeues d~pencla, therefore, largely on the ability of adjacent 

groups to withdraw electrons fro~ or supply electrons to, the 

carbene carbon. Triplet carbeues may bo considered as dirndical. 

~he formal relattonship of carbenes to other simple intermediates 

ia presented ill table-!. 
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Table - l ---

Na;ne of the intermediates 

Carbauions ' " / \; : ~) 

Radical 70' 
Carboni.~umion 

~ a(+ ) 
.;'J 

Jar bene ~ c:e 

lumber of covalent 
bond 

3 

3 

3 

2 

l~os. of valence 
Electrons . 

d 

7 

6 

6 

lhus there J.rtJ t .10 cht: i..:a · y aooe s:. l .i.u.ds O- t!Ui:'tJeno, 

-.r let ~ 1oiL,.,) ...-u r..L l_'t ( 3c~) •• ~ ... c m trJ.oted .lth carbon 

2s ::laa ~P .1110. .. he orbita... o- hyuro eu, l: o reu tc., ~.~n~:: .. r~ le~. 

L~.:::tb.y lGne if.l Li.n .... r Jr ue r'-1 n.~ar s > .... cies (.iC-C-... ~..;le close 

to 1d0°) ~ul -;let n. 'ti".tv l~.:n.e 

Triplet 

Pia- 1 
0 

Singlet 

1. bou. t u .• d. (X-J-A) 

m~;lt) nearer 120 ° ctLtally 
0 

103 • .t:riple t car bene has t~1o 

unpaired electrons in mutually 

perpend·icUlar p orbi tala and 

sinblet carbene has none (127). 

3tudieo by Hert~be.r·a and asso~..:iates demonstrated a linear triple·t 

.f70Wld state .for carbenes Hhlt.:.t1, in the eas nhase, is rapidly 
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formed by collisional quenc~ing of tne initial short lived bent 

or singlet carbene. 

Studies of carbeues have shown singlet grow1d state for 

hal.ogeno and mixed hal.ogenocarbene derivatives a.ud triplet 

ground state for e.rylcarbenos. The latter are probably generated 

.1.s sinc:,lets but trapped in a solid host at u very low temperature, 

they decay to their Lrinlet brow1d state wore ru idly than reac

tin > ·wi tb. ne1L,"hbourin~ molecules. 

dtudies o..t very l.o;V te peratures, verit':,r sin.~ct (:70Wld 

~:~tat~s for bi.lo0 eno carbeuea. lhe rea.ctiou of a triple":& carbene 

gives dimeric prodact. ~ ~~ra. ... ot , : cn:roar .. e chemistry have 

fascinated a large number of cbehtists j rri Lu the P3.· 't quarter 

oi a ce::d,u.~. ,; irclt, ti•t~ • re-.ct' o.w:.; ure uovel inaertJ.oas in to 

6 bonds addition to 1f bonds, md the var.:.,ou.l car bene rearrange

ments are '1.11 sufficiently dio t.Lntn;i v~;;: .. ·ro ... tL.t:.. re ct:~.ons vf 

other s~ec~es t.v excite curiooity about t:Q.eir ocope, mec.h.a.nisma 

and synthetic possibilities. Jecond, the e1eotronic structures 

of carbcn.ee are unusual 1n that moat cn.rbenos have tvro low-

lying electronic states near enough to each other 1n energy both 

may participate in the chemistry o~' the in·termediate. :i'hird, ma.ey 

carbenes are small enough to be treated by a variety of quru1tum 

mechanical calculations that provide insight into carbene 

structure and reactivity. 

Carbenes are, among the few aimpl.e molecules (02 is 

another) that have more than Olle accessible low-energy state. 

If we exclude the carbon le atomic orbital, which is not stronglY 
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involved in chemical bOLldin.g, there are f our valence atomic 

orbitals of carbon, the 2s and the three 2p orbitals, that 

contribute to bonding in carbanes. T~o combinations or qybrids 

of the valence atomic orbitals contribute to the bonds to the 

central carbon atom, whereas t\vo other C'Jmbinations of the 

valence orbitals accommodate the unshared electrons on the 

central carbon atom. 

The two non-bonding molecular orbitals of a carbe.ne are 
0 

identical only if the H-0-H bond angle is 180 • For all other 

angles the non-bonding orbitals are non degenerate. The distri

bution of the non-bonding electrons of the carbene between the 

two valence shell non-bondints molecular orbi tala bas been an 

important theoretical problem. The distribution depends on a 

play off between the orbital energies and electron-electron 

repulsion. Three possibilities are diepl~ed in Fig. 2 • 

Bonding orbi tala ll ti .1_ _L Non-bonding orbitals 

Triplet state (linear ) 

Bonding orbitals ll ll 
_1_ _L ~on- bonding orbitals 

Triplet state (Non-linear) 

Bonding orbi tala li il. 
li 

Singlet- state 
Fig-2 

Non bonding orbitals 

If the difference oetween the energies of the non bonding 

molecular orbitals is greater than tb.e energy required to bring 

a pair of electrons together in a sing1e molecular orbital then 
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both electrons vnll occupy the lower energy non-bonding molecular 

elec·tronic state. If, hor.ever, ·tb.e di.fference 1n. molecalar orbital 

energies is less than the increase in e1ectlton - electron re:oulsion. 

energy for the non-bonding electrons when they are brout,;ht 

together in -ct~ sa.'le c.J}ec.:..al orbital, theL. t.he non-bo.uding 

electrons will occupy di'f.Iel'ent orb taJ.s. HWld's rule tells us 

that t,·m electrons ooot.tpyi..nb di..:.I:.ert:nt ~rbitala 1.\!hicve minimum 

energy when tLeir a ... in fWlct.ions are the sane, .. nd. t!lli.O a l.rLpl .. 

... .)t.r JI .. ic st..,1.e restll ts. 

In this descript ~o.a .. e have use a e. simple picture of 

I') .Lee .... L .. r s"t, · ... J ~.\J.I'G • l l '.!h e U"'·l ~s th· t. aLL ac~en .. ~bl.Y o.ccu.rate 

r1llocat';:>u of •lcctrarlos to no:..~.,;cu.l.a.r orbitals ~7). ~van l1. this 

i _ lc i~t\ r .. 1j 

bonding electr..ms are affected by the J..On-oo ... d ·u.L electrons • 

.... lli#rofo.ru. ~.·e . .J.o ..J. u b·J com~aring the sum of all the orbital 

energies, 'bonO:ng and non boudinu, with tlle sum of all electrol:i-

to carbene molecular orbitals. 

J!wo extremes of carbene molecu..lcl!' structtU·e e.re nore 

,easily deocribod t.1.1a11 the in termed late structures that belong 

to most real carbenes. As shown in 1'ig. 3 if CH2 were linear, 

symmetry arguments demand that the tv;o non ho-lding molecular 

orbitals must oe degenerate, pure p uto~ic orbitals. Hence the 
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lo\.'est energy linear :orm of m~t~rlene must be a. 'triplet ate. te . 

1:f.owever, as ualsh pointed out in 19:53, thi o decieneracy is re~ved 

on bonding. As the ll-C-H anr;le is decreased from 180°, one of 

two 2p orbitals which comprise the nou bond:Llg o.!'bita.ls of the 

~ ili ar o lecul.e ta.. tJ on ~ ch..u-acter e.nd is lowered :n energy ( G}. 

1.t tho o .. her extreme, i.r.. t er 1endicular mat~~lene one bonding 

orbital is e. n•.:art ... · .,ure r.:a carbJn urbi tal ~J)lus so.ne 1\,vd.rot.je ... 

... s), and the o .... ner is pu..:e ;r .... he very large sp_ittiilg oetueeu 

;;> and F woul cer"Lain:Ly l~.;ad to a doub.Le occu.pat ou. o.t the v 

... e ta e a sin. b). t. 

_..--- 2P 

0-\ l 
15-~~~IS 

-2spU 

[a] 
[ b J 

2 
(a) P -metb,ylene (Pervendict.Qar); (b) ...i.P .uethylene (linear) . 

:'1· 3 x l.g. 
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Walsh was the first to correlate the molecular orbitals 

of linear methylene (designated by the d and 1\ f>ymmetry 

classifications of the n2h point group) w:i th the molecular 

orbitals (designated by the a1 • a 2, b1, b2 irreducible repre-

sentations of the C 2 poin"t group) of the bent molecUle. Such 

correlation diagrams are now oaJ.led .Valsh diagrams. ,yalsb pre

sented qualitative argwnents about the energy chan&e for each 

orbital, with change 1n bon.d a.n~e for AR2 molecul.ea. Comparison 

of .. alsh' s original diagram of 1953 ,~.;'ig. 4 ,,ith oue based on an 

~ !nitio cal oulation ~or OH
2 

made in 1969 • 16. 5 uhows oonsi

,lernble slr:ti1a.,..ity. Tl'lc b~ ( d ) orbital i.u Q!l..,ibiJ • .~.lirl,j bet·,1een 
'"' 

boa'iiu .. eleotr~ns lllld daorea.~ li!S ~;~ .. e b rtol o .tl..J.r ,rbital enerm: • ..., 

~he Cll_ ( d ) mo:e'Julnr orbital .:.n ·r ·~ee~ i.:.1 .J chara'- tor:- as the 

bond angle il'l're s s, •.1d this factvr wa<J beli v~d bJ ,,al..;n Lo 

.LctH.o. to a lec:'~".;e in energy, that is, :1 strvnt?;er 6 bond. 

m· t~ltne (:CRR 4
) depending ~n the groapa attachud ~o the 

divalent carbon atom ':J). 1her J.fore, the det erri.l.fi.at~o!l oi "the 

clectro11ic struc turea o.f the lm,est er1ergy and .first excited 

states of ca.rbenes has been a probl~m requiring sophisticated 

theo Det ical calcLQationa and elaborate snectroacopic exp~ri-

ments . 
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Binding 
energy increases 

angle HAH 

Fig-

a t'.mct:on o 

-·so 
- '60 

- ,-oo 

ao 180 

Fig- 5 

Jalculated varLJ.t; on of oroital eucrgies \w-ith bond 

angle L~ lA, state of methylene. 
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AccorUng to the .l!lrontier orbital theory if the car bene 

approaches the olefin in a straight line the SvMO/LUMO in terac

tions ·woUld be antiboJ.tding . .3ut as tue ref•c·tlo!l i CJm :I.JL. 'tne 

.rl.J.Oiualy ia explnined by the probability of a sideways approach 

L't thu initial s tat;e .vne.u t:')V~rlat) begin:,; to aevelop ( 12) • 

• ~ lot oi uechallistic worli. haa ooe.;,..1 J.one · .. hi!.!h centres 

J.w. ~o 'r J, t.:. ..1 ., • "'~~ct i., i t.,t .a." tereoche.Jiutry ,7 ::ch spin 

multiplie:it~ J!U.Ld U;{;CGSO •nurr;y O.l tb~ d Va-.""l"t. O<J.!.~tJ,Jil. WLit • 

{ } • .woreover lt is mowu. t .... "t metbyle.ue proauccd ill the 

ih-.rse hotvl.;yt.:>es OL .J.J.a:--v~~~.c.::w.e addu ~t reo peci .. ic tllY to 

igh rt..: ..... u u, ..ud .iLJ. !'-.J .... uce o · lu r-t tn.3 ia.Lurs~ em cro...,Jinb 

t' the tri_pl >t stave occurs ( ~0 ) • 

• iu ull~ ~atu~e 0 ~ubJtitucnts, ~~turc '~ .ldium, 

the= course o.f re ot ·one oi' th se divalent carbon .;, oci~u. 

•ct..L'li o1 a au oiee a 

simple as m .. thyl •ne sn.Ju.ld 6-J.ve very detailed in.f'o.r.!Ultion con

cerning bo"tb around and e:oeci ted s-tates of the molecule • 

. \ssignmen.t of a groLtp lines at 4050 A
0 

ia tl1e spectra 

of comets to metbylene (10) eave a grea~ deal of useful guidauce 

Ln early discussions of methylene even though it later turned 
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out the lines -,,ere due to c3 rather 'than CH2 ( 11) • In 1959 

Her~berg (12,13) finished a 17 years hwl~ for the elusive 

methylene a.11d obtained spectra of both the lO\!est uinglet and 

triplet states • .:)·traiGht forward observations show that , since 

the sin.gle·t state decays to the triplet, ·t;he latter must have 

the lower en~rgy coutent. 

Atte!:Jpts to preserve ca2 f'or spectroscopic observation 

by matrix isolation (14,15) hav·e let to ambiguous results • 

..l!imenta1 '1lld hio co-work-:rs (14, 16) irradiated dia.zomethan.e :IJl 

argon and nitrogen matrioea at 20°~. Under var1ous cond2tions. 

They observed i..ur.r tro::d ' .. w:;or yti.ol-. ba..rtds n.t 41B2, 396d possib~e 

methylene absorption bands. 
0 

A new band system spread from 5500 - 9500 A wae observed 

when hi[;her ratios of ORzi 2 /N 2 ~.ere used. Apparently the first 

product of -r:.botoly ia bas lJng wave l.eo.0i;u anoo-rption but decays 

ra~idly to the triplet absorbing at 1415 A
0

• The rotational fine 

structure of the three bands indicated the absorbiuti species 

is bent with a bond angle of a.bou t 103° ( C-H} distance = 

1.12 A
0

} and a linear upp~r btate. ~v tripl t splittinG of 

spectral lines could be fow1d. 

It is i.a.terestingthat Her~berg also saw faint bands in 

·the 3000 - 3500 A• region . Appearance of the lines was not 

favoured by condition ahich maximize the t~iplet absorption at 

1415 A. Consequently Herzberg feels species must be 1A
1 

• If 

the absorptio.Ll is to be associated with uhe shurg lines fou.nd 
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by Robinson md 1cCanly, ru1d attributed to CH2, a problem arises 

since the species seen at 4 .. 2°.~, .;as obviously lo.n.g lived. 

Shortly be .fore Harrison's paper •'ias sab 1i tei _:or publica. t ion 

once at;;ain one of the periodic revolutions in the exper_mental 

vi .... :7 .h tn~ ._,eom~tr.,y o .. .' .;rmma state ~~ tbylene occurred • .:)cha.efer 

has dC~I.!ribed Ji:,.,R 1; ·c'trOSCO;liC evi=ience or tile structure o£ 

... c .... 

~r, • e _ hotoly is > t' diu ........ rh..... .1... • ........ ..} .a.. 

•liu 0.. l t: .... l~) t~ 

rr~ ters .. r.~;.; ..w. ·red 

lectivel:, , . ere deduced .fr • he soectra. o.JLL 'e ~ .1u,Ei ,~,.Ju...iu 

to be !lOn .!ero, ;r :..w.ci ut:1"Zc .. r.:.{:lo.. t!t ..,ltt L .~ certsi.:il_y 

Jell t '3. t 1 e 8.8 t ;:.~ l i 1tly ii~ tuu X tin on !1" .i. ':>~J. c...£. t . ~11;J ... t l.y her •-

after i .•. 0 v · b : :!.J70 ., _ ,t.r .. d .. u..:. J • - c •t~;;J 

the ~JR - ectru. ot trl1;.Let utn.rlcue :r J, the photu..i..J'c;is of 

diazome'thane 111d diazilti.ne i.Ll. }:e!lon at 4. 2°.t:.. . .1.hesc woL'ti:ers 

deduced on H-O- ff anble of 128-143° from the zerofield splittiug 

paramoters, v.it.r... the n.ost probabl.e value . 136° , in splen.did 

a5-reemeu t with !.at est t heoret icn' predlotions . It shoUld be 

!,outed out that tbe bo.1.d anGle io rc: ted in a .u.i te ~omt'lical:e' 
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manner to the magnitude of E for a stationary Wlperturbed 

methylene molecule . 'lery soon Bernheim, J3t:rL.ie.rd, ,,ang, \fOOd 
0 

and Jkell deduced and even more precise bond angLe , 137 . 7 , 

from the 13o byperfine in 1.er·1.o'tion in. JD2 ( 20) . It ·~,o.s no ted 

th s.t the Leot :1t ic ehi tt ill the ... ero.t'ie..t.d spli ttlue;; JuraL-tars 

obser .. ed cr J ., ...:a:n to ODe.> 1i.)l t be aue to ui·ther l1ota-
~ -

tione.l ::notion or a ma:tr.Lx: interaction.. 

w.d also the theore"&ico.l otudies of llarrison ~.:t.d ~"i.l .. er~. nnd 

fender ru.r.a .)cn..-.o~~r au .:..ud_c'"" ...... !J.6 that the 5Touna triplet is 

bent (~1) . Jn the aaaumpt "lOil t.hat the ol~;;o~e ( oen~, ""'e

rulnly~is o: ~h~ wpuctroac >oic Jata gave a b~nd Ul~~a ~. 136° 

St/lt~;;o ~ub.J ... ituted carber.ti:!S a2.:;o \21, ~v, ~4j. ~hese iadicate 

tripl.!" ;rJUL.-5. atnt .. w • .O:ue mat;;nitude ).l.. tae triplet splitting 

n.t zer,field nnd the b.J"perfine in teractio.no t"l 1 t'. :>roto11s indi

cate that in dipherzyl carbene, ~he two phenyl groupo l.ie close 

to, but not exactly, perpendicular planes. Surprisingly, the 

extent to '.lhich the un.t;>aired electr·JllS are c~natraitl.ed to stay 

at the central carbon atom ie abou·t; the same in diphenyl ca.rbene 

and in .fluorenylidcne des pi t;e their di ff ereut ~.P.:>metr.r • ..:'iG. u. 
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>J v- oJ ... ts e ICe detected by . \ari "f.y 

1 s r ' .. t .. r t: .. :.t D. L. .. o a-

0 ,... b..., ot ed • ... hu t..ctr > ~o J l .Vd 0 e, 

.... ........ e I. y ... u). 

'" • t e to \; ... ra1ce C ,a c-... .r. .. lr.Lu tn spin v ... te 

u fr ... .. C.t: ical re ctivit. ' "'.I. lU 'fice-v .... rsn, h."1.V~;; a 

l l U.Lld t U....L'l l ... '"' • ...... .... J t ..: to 

err r c~ ri .. e mctJ:l.,Jlf.:ue i.u gL.a stre:.:uu.s iuvolvcd :re ~val of 

tellurium, selenium, areau·c Aud antimony mirrors, ~d the 

tellurium-method (26} .vas .faYouri te for detectio11 uu.t il it was 

sho•,,r~ 27) that mirror removal .:as ci1~e lar5ely to reactioll with 

other upecice: r;At 1 u:.Jt when. uclif!...yle.le .. a.s pr.,duced by pllOto

ly is of lre ~erw. etby lene a,l .. d 1 ta deriva ... .:.vus .v0uld p.L'O.bably 

2 ~ f .• 
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react with many other materials if given the chance, sin.ce in 

either the singlet or triplet st~~e, it is n hiuhlY :eactive 

species. It is doubtful that ally but the most detailed study 

o.E randomly chosen reactlons wuUld yield Ptuch in .. foruation 

cqncernin~~ th~ characteristic ch.a nical propurtle ... o t ~irlt;lete 

and ~r · .11 t a. L.l. r •trostlt..Ct, iS wllt>tions auch u.s low r~activi ty 

o l.he triplet see.u e>it,h~r ,-;rotlt; or .hn.rmi'ul.ly oversim lified. 

---~oH,. 
"'r 

. . . ( ~) 

aud. drl Vi , .. , t ~ c ·-:., Jll-C rt ),t..L oub!.o u ,r., ·~. \ ~ • .J.. J 

• • • \ 4j 

much of the related d.:.souss·o 16 r .l_tF~ ""' c.uc•.isu··.; ol. .;~.:.llg!ets 

11..'l.d triplets • .::sin ·1e ~ .J.£1d tri.plct methylene show· s ie;tlif'icantly 

different behaviour a.ud that study o:f inserlilon a11d addition 

reactions can diotinguish between the species. An opposite 

view was si ven by :!>emore and .Denson ( 2~) • 

..... eerwein, Rathjen, aad "enler repOrted in 1942 C-H 

insertion products from irradiation of dia~omethane iu uietbyl 
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ether, tetrahydrofurna, aud iso?rop 1 (31) . It .;as not wttil 

1956, however, whee ... DoerintS, .tluttery, .uaughliu and Chaud.huri 

investigated ~he photolysis of diaZomethane ia the presence of 

altCrlnea, Gimt tr1e rea! nature wo.s recognized(:,~; . ~he addition 

of dichloro met~lene to cycloher~e, reported in 1954, ~ms the 

:irst ~uthenticated cycloprope.nation via carbcne or carben.oid 

species (33). ...he addition of oetbylene to olef'in.s .-;as establish

ed in 1~56 (34,~) • 

.:>toiclliometrically the J-h l.nuC- w.LO.U. \.!t.:. ') .. n.! s the -·om; 

A mecha:..istic a.:nbiguity in descriptiou of tLe reactioL. 

was reco6Qioed ~ui~e earlY ~J6,J7,. Abstractiou of a ~drogen 

atom follo'.;ed by couplin ~ o t tne radical pair could C'ive rise 

to the same products as concerted inse»tion. (eqn. o). 

I / 

RRC: +H -C-
""-

, 
RRCH + 

R' 

/ c-
""-. 

~ 
H-C-
R/ 

/ c""' .. (5} 
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Doering and Prinzbach demonstrated t.'lat direct insertion 

is the major path was in the photolysis of diazomethane in the 

absence of moderators ~.td sensitizers · ~'l) • • t.cactio.~ of methylene 

\'1ith labeled isobutene ~ives the rearra:u.ged product expected 

fr?"'l the radical oath was in 1nly 3~ yield ill the gas phB.se and 

2,~ yield ilL the li~ld.d ohe.se .• his :!loan.s thc'l.t a maxLnwn o.f 16;.-

0 f tltO "'. ~ tl.\:.r lenes _'):._10 , t e ~adica.l m ..... CL.a .i..- i.1 uhe 6aB base 

and 4,a in the li~uid phase. e-ar ... 6) 

CH3 

I * : CH 2 + CH 3- C== CH2 --+-

-~ CH3 - CH 2- C== CH 2 + 
I * 
CH3 

... 1 1.. £ a. • ) .... ..t 0 • t (; ;.;• t 

• • \. 6) 

.. .>r.' J .. · ... 1 •1.wi ~·etin-

!le .hoto-

ct ;)U r'leOJa is. is a C.)a ... e-ted o.ne 

about the carbon atom ( 39). ('Bqn. 7) 



+ 

Another example of retention of configuration vvas given 

by Doering and Helgen (40) ~ So retention. of configu.ration is 

consistent vvi th a one step insertion mechru1.ism. ( Eqn. 8) 

C02CH3- COOCH 3 
I hv I +other products 

CHgO-?- H + N2 CHCOOCH 3 ~-+ CH 30-?- CH 2COOCH3 

CH 3 CH 3 

( ,..., \ 

• • \OJ 

0 
:G'-ven intrarnolecular 3 C-H insertion goes with ret en-

tion. of configuration (4-4). Although the evidence is strong 

that, at least in solution, met.b.ylene 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) L-Eqn. 9_/ 



-20-

• • • 
CE2 + RH ~H3 -t R +R' o~her radicals 

• 
CR3 + 

• 
R CH3R 

• • 
Olis + R' CH;;R' 

• \..r.;~\lJ.l • :)} 
~ca~ ~H3CH3 

. . 
t I 

rt'R' ... :{ 

• . ' ' ft + .. (. ..t! -R 

inc;l t 

... olut ·.o.t •• 

i.n the .o~.1 u nzylic ·rotol. CJ~OJ.~"" r.,.,rn nu lrradiatl-\l solution 

of dinhetzyl dia.zomethalle iu to}.uene ,,ae i_jpol'to.nt both for the 

byuro.;e.u abstraction oy triplet cnrbenes (42). 

dection-0 : 1~a.ture of tq._e transiti~Oll..J!!~te for C.:-rl insertion 

and ~dition o.f cnrbene "to double bonds . 

fwo hypothesis Co::>ncer .. in~ the tra.usi tion. stu~c ibr 

o. H direct iuaertion have been preoented. Doering Wld Jkell, 
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having demonstrated that :tethylene is a vigorouo cl ec·trophile, 

proposed a trianeular transition state for direct insertion 

(43 ,U,45,37). The trianguler transition state accommodates the 

one step nature of singlet methylene insertion. 

/ 
:CHa+H-C- ~ 

' 

Demo ro a.J.d !:)ens :m Oll the 0 t ht;.r anl hav 0 ro JO olJd CL-d 

) L at .. a.c \).f the 0-H bona. •. h. tran.si tion state :;1 tn diradical 

ch.a:racter is _1robably intended, \,'J.th stahl .. t..m.tlon due to con

trioution by ionic terms to the 1ave function (~6). 
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Some confusion has arisen as t o whe·t;her an int ermediate 

radical pair rather than a transition state was i nt ended. Stereo

specific insertion seems to preclude the formation of a radical 

pair o:f finite life time. The mechanism is much like that favoured 

by Hoi'mann on theoretical grounds ( 45). Three kinds of evidence 

have been brought to bear on the micro mechanism of concerted 

O..H insertion by singlet meteyl.ene (46,4'7 ,48). One step , three 

cen !:e, ... i •ect .il.. rt._ ou. =ntJChB.iJ.ism is ..:.)LUJ.J. :!:or .... i.At:a,et 
3 

carberws 
1 

( ~~ J rr.:nctn 11i th two ter n.os vr"' ct. ~ou re~~ biuation 

o.;""iulc Hhe .. l 'l.t Jr .• ·1.t.tL one · alr 

~ '!_ ec 11ro.:u u· a "' - e 'J l te • 

.~.·or-.J:'ltion ( 46) . -he (Jent:ra. ization .bas ~ 1lll.L;; to bt: b:.aown as the 

Jko 11 rule . 111~· rul, stutf.,s that ..: · nb'l et carbeaE:is are expected 

to a dd ·to a ol efln L'1 slugle step and therefor e preserve t he 

c i s - trst1S &tereocheruistry of the olefin in the cy clo pro pane 

pro duct • Conversely , it was P..r5Ued that s.:nce a triplet ' carbeue 

ca!lllO t c:-:ive a s int~let 5roW1d state cyclopropane in a uingle fast 
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step, two stet) addit :i.o11 oust occur. Rotation about siuglc 

bonas L ... the diradicJ.l .:.nter.1ediatu shou._d oe rapid compared 

\lith spin inversion follo1t.ed by rill~ clooer, ~d there.tore 

non etereo3peci.f'ic addition by triplet carbenes was expected. 

Both these cases are i3hoWU in. l!'ig. 7. 
\ 

J!l1n:> .-rically, Jkull's rule h-:.c bctlll .L Hn.i to be very 

ouccesoil.ll. Althoul;l:; a aiuglet cn.rbune may add to fl.il olefin 

in a si.'l.b].e si:ep, tht;;re is uo selection cule J?roil..lbiti.nc.,.) spin 

conservation, step wise path. Oonversely, altl~ugh a triplet 

carbene very likely does add ~ t~o steps, thv r~oult c~ald 

tre suf.::'iciently ratJid. A t ... ,o oteu reaotiou. .;ill in.deed al'Tiays 

;ive o.ou tereos:-ecific add1 tion in the ~as Jhaae. ~hue if 

stereos >uoific add i tiou iu the ..:;as )has~ is obaerv •d, .. he reac-

tion o~ n o~G].et ca'"bene is indicated. fhe couverse need not 

hold, nonstereospecific addition in the gas phase is not dia

gqn~atic of a triplet • 

... R 
~= 

I 
\t 

c + 
'\II 

) '• . 



~ ~R ... 
·, c == c·~ + 

/ ............ 
H H 

' ... ~ 

-+ ;c"/c" 
c x, 

~ransition state 
Fig. 7 

aon .. er.-oa. t!Cifi.c 9.dditio. to ~ t- · )l .... t c· _·btme, ot. •. fr-eosut;)ci~ic 

J. ,1 t U3 u al Bt b e .).t ... ~r t · .. 1U , lor 

ort .. J i_ ullC c.: l -dS .. 
methylene nnd most rec~.1tly Uico.rbometho:zy Dt4)'"ll';lue a.u.d sub::;

ti tuted cyclopent a Jieny~edones bas the st.ereo~~.,ecificl cy of 

the aldition of b1th eJ.nglet and tripl l>t has ..:>een S10HH t o 

~orlfoln to the ..ikt:l L r~le • 

.Jt.er~ostc\..J~i1i~ add_tion of m tb .. ~leJlC io vbtz:L.ned in thC; 

irratliat.:on o :r: gast;o w .L< w urea ~1' ::ti '.l.uom~tb.ane anu .!is or 
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truns-~-buten~ (50). Iu the li~uid ph,ae the atureospeci~~city 

is be1.iavecl .. o be even. ni.t;>l:.er, the 11 wro.o.&11 isomer :..L. t.he gas 

phase comins pril4cipally fro@ the ~eometrical iJom~risation of 

the vi bra.tionully excited t;>rir ary adduct. ..!nis re.:ul t fla.S inter

ri;! ted :1.. · nu:c~u i.uo 'tli.ut ,ctn.; lunc _,r) 11 dia .. omtJtnane "'eacts 

1 ila in ite lo .. eat u .bzlet s "ate, ,, • .i .:h . as r .,c ...., i.. .. cu as ~ t 

1;, b 

.unt~J. bo.uls .~.'or t ~ ..,k .. "' I .I. 

Section-D 1 Effec~s of carbeu~ reactions 

{a} Effects mainly electronic in origin: 

\Jar bene addi t1.on to aa o ... efin has been ret;;arded as an 

electrophilic process. A theoretical analysis of the aiditio~ 

.Jf 
1a~ to etbyletJ.e augges ts i.uitiat.:.ou o L the re.sc tion aa in 

n oroa.ch11 in ·1;7 tich tbe vac'l!l t ~rbi tal o P the 

carben.e begins to overlap \, 4 th. thelfsyste • AD t.'l.ec reactants 

mov~ al.lllg the req,ctio .• oof1l"d:L.tl'llie to~·.c.rd product t;eometry 

the ~ anproach goes over to J!ig. 9, a. " & approach" (5~). 

?Jg 

)~-g( 
lT approach 

Fio·- B 
0 

6- approach 

Fig- 9 
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The important point i s the nature of the initial stage, 

"the 1T approach, i.1 which tra..n.sfer of electl'.:>ll density fr.Jm 

tlle olefin's n - system to the carbenes P orbital occurs; 

this is an electroohilic addition . !ore recetrt calculation 

su.~,=;e,~st tha t n - 3..t?P!' 1ach .e ie. 10· io enere;etically preferable 

1 to 1T -approacu 1• ig. 11 , iu ilt.e addition of CH2 to 

ethylene (5~) •• ~-idition .:> .. CF2 it· Jal~ulaLed to .L Jllov; a 

s .uilll' oourse.. .?J.. "- ....... d J.uar5 ; transfer !rom ole fill to 

caroene 'it the tra.rrui~ion a"tate. 

~<:::::) 0 .. ·· 
cJ ~ oc, 

0 
',, 0 0,/ ',, 0 Q ... .. · c C' 'c c, ~ / 0 O" /Q 0~ 

.::.g. 10 J; ig. 11 

transit.ior, 'tete .l!ig. 1~ ca... ue .·ob<ht ;.v va"'itt'0 u: ei"uer 

olefinic substitue!i ~.s, ~ - Ro{ or ca~be .. Lic euostita .. .....u.t13 I. 

ru1d Y • 'this prooedu.re, however, can alter both stcric and 

electronic factors ; the aeparntion d ch~Ges in response to 

altered carbenlc or olefiilic reactivity .• ~ 
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\ 

J 
* 

X 

~ ig. 12 

It t43.o bee 1 • ho .. n that ... , ... ryl ~d _.rat rs · ti L~.tde of 

• .lrb .. t9.1 i...· n. ..:r · ...... o ·.... 3. o u ... «;.. 

CH 3 
I .. 

Ar-C-CH 

C6HS 
1 .. 

Ar - C- CH 

I I 
CH 3 C6Hs 

.L. niu react .. o..... rtay be v ie\,ed as :.r~ t rn. lu l ~ ... d -~ .... .. .. ck 

by the carbenic P-orbital on the aryl iT -::>y..;te.m at 0- 1 • 

.J:Ihe in rnmolecu.lar reactions o! thernslly conereted 

carbeth!lxy carbeue .;ith benzellc ~~'>rivativen, 1rc co.!'reluted 

bJ :!acmet treat•1e.u~., .P = u • .3B ,d~, (57). Here too the ca•bew 

acts as !'lll electro~hile, i,.p:i£.t;;Lu .Jll th(; ar:> .tic 1f -ey~Jtem . 



.-28-

.EJ:pectatious are clear .. :or variation of ol~.l.'ini~ oubsti-

tUt:.h.ts; olefin rr~activit.., •· . .:.11 pnrau~:. 1T -~lectron ava.ilabi-

lity. The aubs'trate ability to ocar a p~s.:.tive char~e ill .l!,ig . 

1... will be peramoun t . 

Aaditlons ~I 0012 (~
0 J) to ii~. lJa, b ~d c are 

Fio - 13a 
0 

Fio- 13 b 
0 

Fio-- 13 C 
b 

ra ~::!t!vl.t: .. iE:J n.ttenu t .... d neca.use it is m ... diateJ by the arom'l.tic 

ny::n;ek. . .rhe order o.: iLL·~re·~.aL.J.GJ.:,- n~bative P , ~ ( 1:.1 \ a, m.:.ich 

is the order o...: dec t"eaai.t'i..S substrate reactivity . lolUbstra.te 11a 11 

should yield t:m uout 11 aival.t.ced 11 trUlt.LtioH ~t3,t;e, with largest 

cnar..;e suJarat:.on; ~;he s;:;r...mgest reupo11se to substituent va.=ia.-

t on is a .... ll~c c~d. ::..~.'t~r Lncorporat ion the c:mcep~ o.!. Hoffmann 

(52,53) the tronsi.t..:.ou LOr v01 ..... ..lJdition to lv _; is repre..;ented 
1;. 

.1! ib. 14 (59 ). 
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Fig- 14 

3ome carbcnes like thioxanthenylidene ( f~Q) ara uuoleo

.)hilic also M.O calcuJ.atioLlG show nucleophilic character and 

triplet ground state .for these car bene a ( ~ 'l) . 

Botn steric ru1d electronic e£fects must be considered 

:La order to correlate re'lative addition rates .tith substrate 

structure ( 60) • 

A 1-oyolohe.xyl substituent is 7.4 times leas c.ffective 

than a 1-methyl substituent at promoting the addition of 0012 

to cyclohexene ( 61). Even pheuyl, vmich a~ollld help electroni

cally is less effective than. methyl and 1- ~ -n.ap·tbyl substi

tution retards the addition. These treads must be largely 

steric in origin. Similarly CBr2 experience greater steric 

.hindrance to acldition thllll does 001 2 ( G;n. Relative to c~"clo

hexene styrene, and 2,4,6-trimet~yl styreue are equally reactive 

toward CCl2 . To~.ard CB1·9 , ::~tyrene is more than three times as ..., 

reactive. fhe hirtorance a.r:Lses at the ortbo substituen.ts. 
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.3adler cites a related effect oi ortho suhsti tncnts ( 63). 

The reactivity sequence for additions of :0012 to ~ -methyl 

styrene deri ve.ti ves is tlllsubst i tuted ) ~-methoxy ) .. - meteyl ::::::::: 

2 , 2- U.i!uethoxy (6ts). A progressive twisting of -cbe isopropen.yl 

group from the plane of the aromat~c ring is su&gested . This 

ateric u1hibition of r~s~iauce decreases ~osoible stab1lisa~ion 

o..f "the tr ~...;~tion .Jl:~te . :lirect hiwirauce to :0012 aoproa..oh is 

:il3o . ossibl.: . :rh .... co }lanarity of ary 1 'l..uti olefiJlio 61'-JU.gs 

~nforced on l '""''leth~llenetcrt;ra.lin u ...... d 1-meteylene iudent e by 

1;hvir fused ring structures ma/.l.•ilisea .fav-.~urable reso!J.Wlce 

tnters.ct1.on. xhese olefi.!lS are nore rei:j,ct~ve t~ 1-.Jctbyl 

st-yrene toward ~CCl2 • 

.. h~cr.; o h indrance is res ~ansi ble tJ1.~ the decre""s LUg rates 

'lity . 

~he lo•,1 rate of addition of ..!,2-dipheeyl cyolopropylt

uene to tetraletbyl ethylene (6b) i3 ~ttriuutel to 3~:ric 

hin.d't'ance caused. by opnos Ltion of co.rbenes vhenyl substituents 

uud the ol efinic alkyl grtJups . Cis- Butene arld cyclohexo.:'le , which 

permit the phecyls to pair off with olefin.ic protons , react 

more rapi·ily than tetra mt!tbyl ethylene . 

Dj_methyl :lthylidelle cn.rbene is mos·t; in terestL.1g . If the 

c':lrbeuic centre is J p hybridized, tben the vacant p-orbi tal is 
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in the plane of the methyl carhon.s. In a trro1s..:.tion state, 

t'i~ . 15, these methyl .:::;roups impinse on the olefinic substi

tuents . This pictur-e rationalizes the very slo\1 rate of a.ddi-

'liion of Fig. 15 to te-tra metb;yl ethylene • 

..!'ig. 15 .l.!'ig. 16 

Here .Lo ar.canc;em~n.t approximatillb to P.i...,. 15 o.v->ids 

costly steri.c inGern.ctions . 1he more .fac.!.le aadit~on of 'S to 

cyclope.."ltene, comp'lred with 1-tlethyl cyclopentelle can be 

imilarly ex!)lainad (66). Ho\'lever, it is not clear why addi

tiou of 15 to tetra. methyl al.lene is 45 times more ranid than 

atidition of 15 ~lith tetra m~:.ttbyl ethylene. 

Photolytically Generated ar.{l ca.rbenee ( 67) do not 

exibit charac·t;~ristic ateric effects .·-ith s:imple a.lkenes. 

There anpeurs to be a substantial over all selectivity 

--li (i"ereuce betweer1 photolytica:ly ( 68) a..ld thermally ( 69) 

generated carbethoxy carbene • .!.he forr2er does not iiscri:tlnate 
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be·t .. :een cis and trruls bute11e; the latter prel·ers cis- butene 

by a factor of 2 . d . :Phe role o£ steric ef.fect::.J here is not 

yet defined • 

.Bf~..'ect of oJn.rbe 1ic ,.')ubstituell.ts ---------- - .--... 

.'he aec<Jnd 11 haudle11 .for Jrobi.a..., ..!'ig. 12 .:.s variation 

o-· c•U"bea:!.c subs t · tuen .. s _l)'T'operly. .;uus t;:. tu ... od carber1es 

~,2 rJ nhen..:l cycllb .,ropjlio..Ju.e \,6\J) .. d dtlll.;!tbylethyli-

dene carbene shm, far ~ore ae~ectivity of dirnetby.l vittylidene 

~;u-benc (70) a")pllars t.o lie bet\ oe_.. !ld.t '.l.t JCl2 auci J.t3r2 • 

Resonance stabili~atiou o~ the c~be~e -ie. 17 is sus6eotcd to 

accmnt for J.ts selectivity; t~e vacwt ca.rbe,d.c J! vrb:ttal is 

part of an allylic ca.ti.on system • 

..!'ig. 17 
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:3inglet carbonyl carbene (71) is perhaps I!lo.re Si;!lec1..ive 

thau 1 cH
2

, ..::.· .. 1r it reacts, 2 . 17 times faster w.itl:l tetra. ::netl"..yl 

ethylene than ">."ith etlwleile (71) . 

'!!he substituted ~beuyl cs.rbenes also sl1ow only modest 

ability to distinguish between s imule a.l.:-cenes ( 7 2) . ·.the 

isobu·:;ene trans-outene reo.c"G iYi ty ratio Y4iries with ca.rbenic 

u.rJl sub[;;Jtituent in the order, m-Cl) p-Ol) H(p-OH3 ) O-OH3 , 

vtJrtch parallels the expected ord~r of iucreasln.t; Ca!'bene stabi-

lity • .-Lepre, e.n.ting th~a~ carbe~es s tn l?it.;. lJ, ";;hG sy:.;tem is 

sean .o be isoelectro:1tc with a benzylic ~a·t ::.on .• It l'ollo~ls 

selective s . .Jcies. 

i!'ig. 18 

l'he Grea·t.ar sal ectivi ty oi' oromo carbo etm.:~' car bene 

co:npound .lith carboet . .1ozy curbene, su5gests sta.bili..-::ation as 

in Fig. 19 in addition to s'tabilizatioll due· to ·l,jhe carboetho.xy 

substituent. 
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The latter factor .iig. 20 is pres.IOably res .ousible 

.::or stabilising carbethoxy cru:·bene relative -co CH2 ; that is 

it has s.:>me-.;.hat 6I'aater selectivity in the u-H ifltJe;rtion rcac-

-cion (73) . 

.l.!i ~· 19 

Little o: tl..is sl~cti vi ty di t:fcrence a.plJ c~·s i..l the 

add.ition re·_ct~ou..;, ho ever, dico.rbometl1o.;ey cur:Jene is f.lore 

selective than eicher OH2 or carboetlloxy ce.:rbene to.:ard the 

0-H bond ('13} . It is also i!lore s~l'3ctive L1 addition reaction . 

1he added f:lelect.:J..Vi t,y preSi..l.!!l::.tbly cr.>rresponds to extension of 

l:he stab i.lizat:.on depicted ill .cit,;· 20 by t.h~ sc:cond co.rboalteo~'=Y 

{;rOUp . 



In a sense, the!l., -:;h.:re is e. "CJ.Upu ti ti:>n 11 bet .. een the 

substituents f. end Y all.d the olefinic 11 o~nd over d.:>.11ation 

of elec tr..;ns to the ca:rbe .. .d c P-orbi tal; ... be bala.>1ce o.f tnis 

co~pe~ition chaa:es durinc the c;urse or uddltion of Fig. 21 

to an olefin. 

-.. 
c 

.y_/ ""·· ~ . . . y: 

.:he .o:-e s.;r !.lt<;ly X ~d Y .Lu "er· ct .. t .... e carbeL ... iC 

centre, th~ hi ,oor ·.·nll lJe t. o lC'Cl.vut-:>.u. ~erg:; .~ . .'ot· addition 

to a ·-rr bond. J.he v:rartsi tion state \lill be .Ltt ... th._r advanced 

alone tno react iou C-'or d.inate, ... d •ioru .,u o · t ... r. \1 .... 1 be tue 

q.bili t:t of' t1le olef'inic cnrbJJ.l at JillS t :> ou. port a p-:>El l tive 

charge . •fhus str1n6 l'eSvllance interact ion i..."'l Fi5. 21 will 

11 d.evelop" olefin structure reactivity sequence . Do erin.g recog

nised this lon; ago when he s,9oke o.f re.Lo.tive relative carbene 

selectivity as rcflectin(J the 11ill~.ternaJ. stabilisation 11 of the 

carbene. 
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A ,rari·..lty o-f methods is available 1 • .'Jr the veneration 

of carbcnes, bu.t .:or syn-thetic pur poses tne.r ro·e usually 

obta .... led by theri!lal or ~hotol,>Ttic deco~posi tion of c1ia.zo-

''-l~~u ... es, or by o( -cl i i:1 . t -llll o i by ir :J tie ... hu _i 3 ~.·rom a 

halo t:oru or of bs.lo?e .... f'r .,m a .ero-dih:Li e by activll of base 

.:>r a ~;.t!tal. Iu. t'la • .l.'l or these latter ro...tct:ons !. t is doubthll 

whether a ·' ..~.ree" ~~=b~L.e 1 s ... ~ctu::...Lly ~·or.med • .1.t deeJ.JS more 

li~ely that u1 u~h:Se ,·e·.ct -..>113 t.Lle carben.e is oo L.Dle;::ed Yli th 

u netR.l or hold in a solveut cage \tl tt. a ual t, or that the 

reactiva i.n .. cr tcdi .te is, iu act, a.u or ~e. ... .t.o.u~t~u .. l ... c C.J towid 

..ud ilot !.\ Cu.l'be.Le • .::.uc.r. o~ ... .:a. ..... .>.l ts.ll ic or co .• )lCJ::~d i.<L~oenne-

li ~tes \7. · ch, \'l!lilc not ••.:ree" carben.~s, .Jive ri ... e to protl.ucta 

ex: .cctt~d of carbc,l<:S :;..;:-e u(·u.n ... 1y t•alle~ .:~i.tili..lons-Juti't!l reactn.at. 

Dichloro carue~e add tion- uVi~ -~u:osua ~~action \l~~a,o3,c, 

i) are also i.ntures ting. .1.h r .. 'lal. o.eco'npo,;.)l tioa o- dia ... oal.:auos 

often rod.uces a lesu enert,ctic and . .lore selec-.;l-re, carbene, 

I.U:.'ti.!ularly !...U. p•us~uce .) ... · ... o pGr po..,,d~r or CO:l.JOC siJJ.ts, 

COP!?er curbeue oo11plexes are pro oably inv ,lved in -t.uese reac

tions. !uJ.other CJ!lvenieut and \·Jidely used rou1:e to alkyl car

benea is by ther~al or photolytic. ~ecompos1tioa of the lithium 

or sodium salts o:: toluelle p-oulpbouyl .bydrazones (76) . ~hv 

diazo alkane is first i':n·med and deco1nposes under the reaction 

c >ndi tj_o11s. i...c to carbcn.es ~:Utd al!coxy carben.es are usually 
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produced by 11eating or photolysing diazoketones and diazoestors . 

Generally , the reactio11s for generation may be classed as 

Decomposition reactions ( theri..UUl or ra.diati ve acti Yation) w1.d 

elimin..::.tion reactio.'ls (Participation o:f a reacta:1t auch as 

base) . ~~u~ces are diazoalkanes, Dia~irues, al~lhaliuos , 

ylic:<es, olefi.ns, tosyl bydrazon.es , orgauoruetallics aud the lilce. 

-~ ~oHr...o.u .., ·~cursor i..; 1i ,e o.iaJc~o c J.ll)OUlluS iltt1 a.~ 2 • ~!lese 

are obtained ei~her from amines, by ~ay o£ nitroso urctbans 

nitroso amides or nitroso ureas or froru carbonyl, ~the 

o~idat~on oi their bydrazones. Photoly~~o or th~se ~er~va~ivea 

af':fords B-id ;.~.Let carben s • .; :ce ,t - JS: Ci.i.arJl 3tll::Cies, ·chey react 

;~ this state. Carbcncs ~ay also be g~~erated by Jauiord-

..; E~Ve:ls reaction (130). 

" ........ 
•• - ll 

conper ... ·t....ts l'"ads tl) uarbene -copper r.:')'1_1luxes • .&.'h.::~ e deri

..,n~ · vea oi'te.Ll add tJ olefine stcreoap cifical.I.y a..ttd are less 

energetic thal1 the free ca.rbenea . 
~ 

.Dia ... irines, is 1m eric f'ollnll.s o.f di.u,....vc't!i&E.t.es, a.fi'o:rd 

onrb..;!ues 1•;3s 0anvi'.m.icu.t1y th.a.. .. tne co_ .. resf)ondin.t, cliazo

il.:alles ( 131a, b, c) • 

Photolysis of p.henylbromodiaZirine ie a co!.I.Ve:l:!..ent 

source of phenylbro~nocarbene (Ph- C- Br ) ( 132) .• .l?hen;yl carbene 

may be generated by photolytic dec.-,mpositioa of foll owing ( 133) .. 
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H Ph 

Ph 

qyru1ocarbene (Ph-0-CK) is produced by the nhotolyuia 

of suitable OY..irane.(131 c) or fr.>m 1 1 3,2-aio ... :a'?hosph (v) 

~lane (134). 

0 

~Ph 
Ph CN 

et oet 0
" 1 ;oet 

p'\. cl 0 
NC~Ph 

Ph CN 

~iuglet carb~ne is uenere.ted by tne photoJ.:rsis of 

arylcyclopropane. T!1e reaction of ~sters of trichloro acetic 

ccid ·.-;-itb alltoxide produces dichloro carbene (78) . 

One o!: the r10st convenient me·!.: hod for &e:lera.t ing halo

geuocarbenes is the thermal dec:1:npos:i. tio.u of orga.nometaJ~ic 

recursors (135 a, b). 
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1).'1 - Hg- .rlr + :CCl ? ..., 

Or["~ .. oli thium reo.~ellt Gi vas ~H-O-t~ car bene \·lith 

P-Hl.!H r 2 , ,thereas :;~H- C-01 is obt~1ed frOHl p!ICH C12 , i.t the 

1 .... ter "'e ct·o.l o• ·ru~lit.iu.:L rt.Jr:s '1.S a baoe , ::c. oviu..:; a 

react Ll two ways depe.adintl on •. he ther it r ::acts ,,..~..th o.Lly one 

dO ... J or ·' t. all. excess of or 0au...:>lithium : 

Li 
lr-, + 

\ ~ N NHTS '\ ~N N-TS " / N=N- U c c '-..7 c 
I l ) [ wilh excfsS I\ 

/c\ c'< R-Li] c 
/""-I H /1 H 

1 
'\ / ' / Li c Hao c 

II ll 
G c 

/" /" 
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Yiuyl carbanes can be benerated in various ways tlle 

initial wor~ by He\vman lhic.b involves tne reaction o.f bases 

~ith nitro oxazolidinones (136 a , b) . 

- OH 

Oc=N2 

Busic b..1r r J l sis o.f alo forus r ,s • ta _- .. he t,;eu .... ra:t 1on 

JJl013 + :B 

: 0013 

-JClv 

s JC1
2 

+ BH 

+ Cl 

Olo..:aon ~ e1 have .re ')orted i.i-1 erGs ting synthesis of 

c_;.rb ne by treat Mll"t o_· s .. able c:1.t vns, vi"'• (~a~2 
with base (138). 

+ - Jase (MeS),_, OH :81?4 (Meo) ,, C= 
"" .... 

+ 
(meo)2 CH .BF4 .l3ase ~ (>ueO) 2 

c ~: 
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d. Thermal and photo clle.-ical reactious are •J.lso the ~enera-

tincl' source of dihalo carbene Ylhich are s'1own b~ the following 

...: · ""~l •nc1 ...,l,v 4 + • 1.1 2 .... (15) 

p.t-Hg-X + ' cx2 ( A = Cl, ..:Jr) 



CijtfTP,- II 

Sqme aspects of keto carb!ne reactigaa 

Section-AJ A ehprt revi!! on Ketg carbene and tb8ir reactiOD!• 

Since the work of Arndt, tiatert and co-worker a ( 81) 

followed by that of Bradley and Robinson ( 82), diaZo ketones 

are readily accessible by the reaction between acid chlorides 

and dia$amethane, these ooapounda have assumed increasing 

importance in the realm of preparative organic chemistry. The 

first review on the preparative significance of diazo-ketone• 

was published b,y Eietert (83) and Huisgeo (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 photolyaia baa been studied with a variety of diazoketone• 

( 85). The quantum yields decreases with increasing polarisation 

of diazo group; i.e. with increaaing contribution of resonance 

structure. Fig. 22 (which may be eatimated from the infrared 

spectra). 

I 

R 
I + -

R-C-C=N=N; 
II 
0 

li'i.g. 22 



R 
R-C-CH=CH- A '' 

II 
0 

R-C- CH = CH-C-R 
II II 

R 
' /C=C=O 

lb) -CH;f R" 

)

Where R' 

7 
r o 

R 

' c::o 

R-c-c-R' II N 2. _._ __ _ 
(d} 

0 

R- C-CH- o-R.
11 

a R" 
R-C-CH- N/ 

a 'R" 

II II 
R-CH=CH-R 

I 
Cl-\ 

/"\. 
A-c-c-c-c-R 

~ H H ~ 
> H ydrindene 

> Dehydrogenation 

~ R 
I 
C:O 

ex> 
II H H R-c-c-R'' '/ CH 

I 
C=O 
I 

OcrCHi"C-R 
II 
0 

~ 

Jina,c.d.e.(g R=H J 
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When a diazoketone los. es nitrogen a sexlet of electrons 

remains on the carbon atom which was linked to the diazo group. 

The o<v -ketocarbene tb.us formed is capable of undergoing the 

moat diverse reactions, depending on tbe conditions under which 

nitrogen elimination takes plaoe (thermal, photo!ytio or metal 

oatalysed) Schem&-1 summarizes the preparative possibilities 

employed to date. 

(a) I! the o<. -k:eto oar bene stabilizes itself by an 

intramolecular rearrangement, a ketene is formed (86) (Wolf-f 

rearrangement) which caa then react further, e.g. in the pr -

oence of water give& carboxylic acid. 

(b) Intramolecular ~drogeu displacement produces 

unsaturated ketonea from carbenes of the !Orm R-CO-Q~-OK2-R' 
(87). 

(c) Dimerisation and trimerization give 1,2,d1aa,yl 

etbylenas and triacyl cyclopropane, respectively (88). 

(d) At elevated temperatures, o<: -keto oarbenea oan 

enlarge the ring of bydri"'aene (89). ,. 
(e) Substitution of certain heterocyclic and isocyclic 

ringa (90). 

(!) oC~eto oarbenea oan react with compound& contain

ing a double bond, to !orm derivat1Tea o! cyclopropane (91). 

(g) Decomposition of diazoketones with copper powder 

in the presence of aminea, alcohol.•, or mercaptana gives -

riee to o( -amino ketone a o( -ketal ethers, or o<:-ketal thio 
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ethers respeot1vely (92). Other reactions prooeedinga in 

similar manner are discussed subsequently. 

Insertion and addition reaction of oarbanes 

(Keto-oarbenea) 

Pyrolysis of dia.zooampbor leads to intramolecular 

insertion of the divalent carbon into neighbouri ng oarbon

~drogen bonda (Eqn. 16). The tricyclic structure of the pro

duct was eatabl1shed by Bradt and Holz (93). 

H C 3 

0 Cu 0 

•• (16) 

Intramolecular insertion has also been reported with 

ter1ibutyl diazo acetophenone (94) L-Eqn. 17J. In a nonpolar 

aolvent, benzene C-H inaertion oeourred with formation o! 

produot where as a small amount of' apparent c-o insertion was 

observed ill. dimethyl aulphoxide. 

cQ 
0 

•• ( 17) 
0 
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Tlle photolysis of et~l tricbloro acetyl diazo acetate 

was found to proceed with intramolecular C-Ol insertion. The 

final product, a. derivative of dicbloromaleic acid, was shown 
- - . - . --

by means·· of c14 - labelling to arise by ww of an unstable 
.. . 

cyclo propanone intermediate (95) L-Eqn. 18J •. 

14 14 
Ccl 3- CO- CN 2-COOR-- Cci 3--C0-S:- COOR 

Cl "'- . /CI Cl "\ /CI 
c-c --~- c=c 

Cl / \C/ \. COOR Cl-'{ "-cOOR 
\\ II 

•• (18) 

0 0 

Intramolecular addition 
' ' . . 

Ketocarbenes derived from unsaturated diazoketones may . . 

undergo intramolecular addition rather than Wolf.rearrangement. 

Thus oC---diaz<>-6-hepten-2-one eqn. 19 affordS the bioyclo (4, 

1,0) heptauone which was identified by independent synthesis 
\ 

(96). 
0 0 ... (19) 

The tricyclic ketone is formed on photolysis of 1 (97} 

and a copper catalysed version of this reaction also exists 

(98) L-Eqn. ·2oJ .• 
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Ph 0 

)>-" PhX)=o 
Ph 

Ph 

Ph 

C- CHNc. 
hv 

Ph 

Ph 

)>-coCHN2 hv (>=a •• (20) 
Cu 

Ph 

Freem&l and K~per observed a similar reaoti~ 3 and 

also isolated 4 the product of rearrangement of 3a itaelf 

:formed by Wolf rearrangement (99, 100) LEqn. 21J. 

CH N2 
1 (}co hv or ~0 Cu 

':> 

+ [G;:>] •• (21) 

3a [41 
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Photo]Saia o:f dia.zoketone 5 in cyolohexan.e or 1,1 

dipheeyl eteylene gives adducts preaumably beoau.ae the mobility 

o:f an amide in the '.Vol.f rearrangement ia low {101) and im1ne 
0~ 

6 gives a oarbene which adda to cyclo&e.Keae (102). 

0 

Addi tiona are common when copper cataly t ie employed, 

but ocoa.sio.na.Uy uncataJ.yaed additions are sucoesstul. ~hese 

are o:ften suspect. For instance, addition of 7 to olefine was 

reported on thermal decomposition of diazo acenaptha1ene ( 103). 

CO- COOC 2 Hs 

7 

Olefine not bear~g electron withdrawing groups do not 

form cyolopropan.es. However, the intermediary of pyrazoli.llea 

seems quite possible. 
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Doering et al ( 104) used the reaction to make barbal011e 

s, a precursor of bullvalene. 

Cu 

Mori and Matsui (105) achieved a 59~ yield of epimere 

10 and tOa the copper/copper sulphate - oatalysed decomposition 

of 9 and the prebenzTalene 11 was made from the copper-cataJ..yaed 

decomposition. of lla by Monahan {106). Similar reactione wer 

performed by House and Blankley (107). 

0 
10, 10 a 

Cu 
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Acetyl carbene, generated by oopper-oatalyeed decompoa1-

t 1on of diazoacetone, added easi ly to olefine such as styrene, 

cyclo hexene, cyolopentene (108). The presence of acetoxy groups 

did not interf ere wit h tbie r eact i on. 

" / n-co-cBN2+ / c = o........_ Cu 

Benzoyl carben.e (109) and p-phen_yl benzoyl carbene (110) 

were found to react with olefine even in the uncateJ.yaed pyro

lYsis of the related diazoketones, but the yields were consi

derablY improved by the presence of copper powder. 

Thie reaction has been applied in an intermolecular 

sense using 2-diazo acetophenone (111). 
0 

Meooc g 
+ ~20 . ie CH 2:: CH- COOCH 3 - -"l>- v 'Ph 

PhCOCHN2 + 12b.Le 0 
+ 12 C. i.e Ph CH=CHPh---+ 

(}>-co-Ph 
PhCH- CH-Ph 

y 
c==o 
I 
Ph 

Cia and trans product 



Addition o:t keto oarben.ea to aromatic systems have 

generally failed, even copper oata1ysed. But it bas recently 
/ 

been demonstrated that both i.ntermol.eoUlar (112) and intra-

molecular (11~) reaction• are possible. 

0 

13 

N2. 
0 

II c ro=O cu 
~ 

i4 

Ne 
II 
c o::r o:r cu oa I 

' 
+ 

~ 

0 

1S 
+ 
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Copper aulphate-catalysed decomposition of 16 yie~da 

17 which is the intramolecular tnaertion reaction. 

0 

16 17 

Diazoketones have bean converted to diaceylet~~ene qy 

treatment with cupric oxide in inert solvent, such aa benzene, 

toluene (114). 

2R OO.OHN2 
CuO R-00-0H : OK-COR 

Trimer is also formed witb excess diazoketonea. 

RCO.CH = CH. CO R +ROO • CH12 

R-co-ca CH - oo.R 
\a/ 

I 
co 
I 
R 
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o(. -diazo-4-p.b.enyl acetophenone react ed with a l arge 

excess of styr ene at 140° to yield cia and t rans- 1-(4'-phenyl 

benzoyl)-2-phenyl a,yeloprop~e (115). 
0 
\\ 

CslfsCH : CH2+ li 2cH-C-06H4C611s 

18 19 

20 

Cycl ic diazo keto carbene of the following type baa 

been !ound to be trapped by tbe olefi.o.a in the followmg 

fashion and addition to atilbenes is nearly aterospecifio (116). 

ACH= CH A 
R 

R 

22 
g:> .-u.-C'=-0 , '"'"l.-

1>\-. - c. + ) 
~~ I 

,. 



1,3 dipolar additions are common and are o!ten catal.ysed 

b.r copper (117). 1,3 dipolar addition is probabl7 responsible 

for the formation of 23 {118). 

Section-B c Mechanistic pattern o! Keto carbene addition 

to double banda. 

External reactions are facilitated by copper catalyst 

{Probably by the !ormation of an oletin-carbene-oopper complex). 

Mat Suje Takebayashi et al (1~1) foWld that when~

diazo aoetopbenon~ reacts with olefin ucb ae vinyl acetate , 

cyclo hexene and cis and trans stilbenes, several products 

were being formed in presence of bia (acetyl aoetonates) 

copper. The products are not onlY the Keto carbene addition 

products but also 1 ,2, tra.ns di benzoyl etbylene, 1,2 dibenzoyl 

ethane and dilactone. !o explain these products they assumed a 

copper oarbenoid interaediate. They also concluded that since 

no addition product to benzene was obtained, the reaotivi~ 

of thia oarben.oid seems to be not so large. 

The cis and trana 1,2 dibenzoyl ethylenes may be rormed 

by the reaction of dt-diazo ketone with carbenoid species. In 

the case o! "mixed method" when no substrate having enough: 

reactivity to the oarbenoid ia present except diG-diazo aceto

phenone 1n the reaction syetem. Groundmano, and Triechmann (126) 

have reported that the copper powder catalysed decomposition o! 
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dC-dia.zo acetophenone in varioua solvents givea trana-1,2 

dibenzoyl et~lene. 

On the other hand, dilaotane was observed in the reaction 

of ~diazo acetophenone with cis and trans stilbenea, whiob. have 

·muoh reduced reactivity towarda carbenoid. In this case, the 

concentration of au bstrate reaction with the carbe,loicl is so 

small that a part of carbenoid releases benzoyl oarbene, which 

lead to phenyl ketene by concerted pheeyl inigration. Phenyl 

ketene reacts with diazo acetophenone and finally afforis 

d.ilaotor1e. 

The f ormation of 1,2 dibenzoyl ethane is explained by 

the dimerization o'! relatively stable phenaoyl radical, whioh 

ia formed by the ~drogen abstracti on of tbe oarbenoid from 

the eolventa or substrates. 

below• 

The formation of the products obtained i s summarised 

/ 

Ph 
I 

Ct-13 c=O CH3 I I I 
c==o, cH+ o-c~ 

HC/ ',,,~u/ ~ CH 

'\:-o/- '',,o==c/ 
I I 

cH3 CH3 

Carbenoid 

)c=c, 

Ph '. / Ph 

/ c=c, 
H H 

PhCOCHN2 
--t · Ph Co,H=CH-CO Ph 

Trans 1,2- diben3oyl e1hyfene . 
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Carbenoid + R-H PhCoCH2 Ph COCH2.CH2 CO Ph 

1. 2 di benzoyl ethane 

carbenoid PhCH =CO ---+ 

The following mechamiam baa been propoaed for the formation of 

carbenoid intermediate. Copper ohelates auch as Cu(ac ao)2 

and Ou(DMG) 2 have been recognised to have a plane etructure of 

4 co-ordination. 

oC -diaZo acetophenone bas tb.e following resonance 

H '- .. + H , _ 
C-N:::.N : -+t---+) c-N=N : ~ etc. 

structure a 

H' 
c=N=N 

Ph -c / ..,. :..= 
II 

/- ; ·· + 
Ph -C. Ph - C 

II 11 0 

Ph-c-cHNa + Cu (acac)2.--+ 
II 
0 

(1) 

0 0 

CO Ph 
I ("'( -'" 

CH~ CH-N= N: ..... cH 3 I I / 

C -o • o-cH / - .... ! / 

HC~ 'Cu... ~CH 
~ C - 0 / 0= CH / 

I I 
CH3 CH3 

( 11 ) 



-57-

The diazo ketone coordinates with ita o( -carbon atom 

to the metal atom of copper chelate&, thus giving an inter

mediate complex (II); the complex losses its nitrogen 1mmediatel1 

to afford a keto oarbene complex (III). ~he bond between the 

keto carbene and the copper atom of the complex is not eo strong 

tha.t the complex may react with olefine to give cycl.opropyl 

ketones. 

We have prepared oyclopropyl ketones with olefine of the 

.following type and «E-diazo acetophenone in presence of active 

copper powdert an}J.ydroua copper SUlphate and cuprous cblor.ide. 

In all cases we observed cyclopropyl ketones together with 

trans-1,2 dibenzoyl et~lene, so it may be concluded that a 

paralel mechanism hold in these cases . Here the oC-carboa atom 

o:f the 2-diazo acetophenone coordinates with the copper atom 

giving rise to keto carbene au-complex. ~his then reacts with 

olefinic double bond ~o give a,rolopropyl ketonea. The reaction 

mechanism can be depicted as follows• 

H ,_ .. 
C-N=N +Cu 

- ~ .. 
Ph- CO-CH- N = N 

Ph-C / + 
II 
0 

+ 
Ph- C- CH 

II I 
0 cu 

R 

6r=CH-COOCHa 
H 

: + 
I 

Cu 

Q-CH'yl- COOCH 3 

A CO 
I 
Ph 
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D.yakonov 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 oopper 

complex, but an intermediate derived there. vf al1 the several 

meohaniSDs for the formation of cyclopropane product from the 

decomposition of ethfl diazo acetate in cyclohexene the overall 

path depicted in scheme2(140) below beat explain• the experi

mental data. 

Concerning the let step in the scheme it is quite 

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 o! mono 

saturated carbene-metal complex. Since the reactive monomer B 

is forced in a huge excess of cyclohexene and Ou(l) f orme 

st~g olefin complexes, the most reasonable step is to co

ordinate with either 1 or 2 mole of cyclohexene to for~ inter

mediate complex-c. This complex cannot form the product directly, 

therefore it ia reasonable that it reaota further with et~l 

diazo acetate to form the final intermediate D, before product 

formation. This intermediate D depicted in soheme2is tetra 

hedral and co-ordinately satisfied. Since the central metal 

atom is Cu{l) complexes ia 4 and tetrahedral {143). In this 

complex D, -the olefin as well as the carbene could be coordina

ted via a donation back donation type of bonding. This requires 

donation of 2-eleotrona in s.r2 orbital from a singlet oarbene 
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and a baok donation of electrons from a ~ orbital of the 

metal into vacant Pz orbital of the carbene carbon. Stable 
~ 

oar bene complex of this type with various d the central metal 

atom have been reported (144) and the X-r$Y study indicates 

Sp2 cybridisation of the car bene carbon and d 1f - p Tf bonding 

(145) . 

Sohemo 2 

+ (Ro)3 Pcucl N2. Olefin 3 (Ro) 3 Pcucl . )( 

~A 
3(Ro)~ Pcucl 

8 
+ (Ro]

3 
CuciCHC02et 

j ' ~ / /c-c........_ 
'\,./ 

[Ro) 3 Pcucl h + N2.CHCOO't 
c 

c.-. o/exo 
-N2._. ( RO) ~pcucl !f. 

1 
/\ HC-COOet endo 

+ 
\ [0) 
-C~ ++ 

(RoJa- p~~~~,~r( 
I I 
(. I 

~dHcooet 
E 
Product . 
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Hence in our study', exact transition state would be 

H 

A 

I H 
Cu ' 

----CH- co Ph 

R, = o-R3, R3= OMe ,- NOz, cl . etc . 

A = COOCH 3 

Mechanism o£ oatalytio decomposition of diazo aceto

phenop.e.i.n the presence of copper aaJ. ts must be different from 

the photolytic processes. Cowan et al (124) showed that catalytic 

deoomposi tion ot 4(-dia.zo acetophenone in presence or cyclohexene 

leads to formation of norcaryl phenyl ketone, usually in much 

larger yield than was obtained b.1 either direct or sensitized 

photolys ia. ~roducts expected .from hydrogen abstraction f'rom 

the alkene was not found. Catalytic deoomposition in the pre

sence of the butenes also let to higher yields of cyclopropyl 
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ketone• than were obtained in the photochemical experiments. They 

also observed that catal.ytic decamposi tion in preseo.ae of tre.ns 

butene yields a t rans product 1. e. addition of keto carbene to 

the trans butene has ta~en place stereospecifically . But in 

the ease cis-butene, no stereospecific addition was found. 

Ph~acylehloride i s also produced when cuprous chloride was 

used as the catalyst. 

The relatively high stereospecificity of a keto carbene 

addition to 2-butenes might be indi.cative of the singlet keto 

earbene intermediary. The reagent involved seems to be more 

selective than triplet carbene believed to be the active inter

mediate photolYsis. It is most probable that the active reagent 

is an organometallic compound such as PhCOOHOu or C5%COOHCuC12 • 

The latter reagent would be a logical precursor of phenac.yl 

chloride which woul.d be structurally analogous to the CB2I 2 
.formed by the diazomethane and zinc 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 mechaniams 1. e. singlet keto carbene and triplet 

keto-carbene both being involved in the catalytic decomposition 

of diazo acetophenone. 

Now as addition o! keto carbene to trana olefine (E) is 

entirely stereo speoi.fio, we have taken trans (E) olefina 1n 

our studies as to avoid a greater number of products with oia 

olefin (Z type). 



CHAP~ER - III 

Reaction of diazoketones with Cinnamic esters 

Section-A: Aims and Obiects 

In our studies with carbenes, we have chosen olefine 

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 oarbene 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 olefine. In all cases we observed that mechanistic pattern 

and state of the keto carbenes are the main goal of their stu~. 

Keto carbenes are not so reactive like other carbenes like 

methylene. On the other hand, our choice of olefinic substrates 

is active towards electrophilic 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 diazoketones were taken 

and reaction conditions kept as identical as possible, the 

products yields were not the same in all cases. ~he 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 cyolopropyl ketones obtained after separating 

all other aide products mainlY by distillation and fractional 

crystallisation so this may be rough cor.relation. ~r mai.A goal 

was to synthesize the oyclopropyl ketones with different substi

tuted olefine and substituted ketocarbenes. We have also substi

tuted ~·enyl moiety over olefins by electron releasing or 

electron withdrawing group 1n the ortho, para, meta position. 

The structure of the cyclopropyl ket~es were confirmed 

by elemental analysis, ultraviolet, I.R., N.M.R. and mass 

spectra. In the case o! l~quid products the help of G.L.C. 

analysis was employed to determine purity. 

Section-B; Results and Discussions 

Reaction of o(-diazo acetophenone with o-mett,toxr cinna.mi c 

ester (metb,yl). 

The copper catalysed decomposition of c<-diazo aceto

phenone was carried out in a refluxing benzene solution of 

o-methox;y cinnamic ester (methyl). After usual work up of the 

reaction mixture, the producta were separated by fractional 

crystallisationa. The addition of o<-d1azo acetophenone was 

carried out "dropwiae 11 as to avoid the formation of dimere 

of benzoyl car bene. 1\Yo products were separated by .tractional 

crystallieation. One was A, cyclopropane derivative of o-metboz;y 
• 
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cinnami o eater (methyl) i.e. l -benzoyl-2-carbomethoxy-2 ' 

( o-metho~ ) phecyl cyclopr opane and another was B, t rans 1 , 

2 dibenzoyl ethylene. 

By means of elemental analysis , I.R. , u .v . , N.M.R. and 

maae s pect rum the structure of A was confirmed. 
-1 -1 -1 I.R. bands at 1720 om , 1680 em , 1010 em indicated 

that this compound con tamed ester, carbonyl group and a 

cyclopropane ring& 

A max at 238 nm indicated phenyl conjugation to the 

cyclopropane ringl 

B was confirmed to be trana-1- 2-dibenzoyl et.bylen.e 
~~~ 

by means of I.R. with tbat of authentic one. ,. 

OC
OCH3 

+ 
CH=CH-COOCH 3 

Cu 
PhCOCHN2 ·----+-

6 

OC
OCH 3 

+ PhCOCH== CH- CO Ph 

/~ 
c-c ;y' , a ) 

H COOCH 3 
co 
I 
Ph 
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Reaction between o-nitro cinngmic ester (metR~l)oC-diaz~ 

acetophenone I 

To a re!luxing benzene solution of trans-o-nitro cinnamic 

eater, oC-diazoacetophenone was added dropwisei~resence of 

aetive copper po~vler . After usua1 work up of the reaction lllixture, 

the product was separated by fractional distillation. The resi

due in the distilling rlask, on cr.ystallisation from light 

petroliun ether gave a solid compound B, m.p. 108°C. 

The liquid fraction (I) was identified as 1-benzoyl-

2'-(o-nitro) phenyl-2-carbomethoXY cyclo propane by elemental 

analysis, u.v., I.R. 

A max at 240 nm indicated that there was a pheeyl conju

gation to a cyclopropane ring: 
1 -1 -1 I.R. bands at 1700 om- , 1680 em , 1010 an indicated 

that this compound contained ester, carbonyl group and a cyclo

propane rings 

~N02 
~ + PhCOCHN2 

CH = CH- COOCH3 

Cu 

((

N02 
H . 

I c-c + (B> 

/V' H COOC.H 3 

CO Ph 

(C) 
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Reaction of p-chloro o<. -diazo acetophenone with ortho-metho:xy 

c1nnamic eet§l: (metbyl). 

The copper catalysed decomposition of p-chloroc<-diazo 

acetophenone was carried out in a refluxing benzene solution o! 

ortbo-methoxy cinna~ic eater (methyl). After usual work~p of the 

reaction mixture, the product& were separated by tractional 

crystallisation. In this case also two products1 were separated; 

one was LDJ cyclop~~e derivative of o-methoxy cinnamic ester 

and another was CEJ trans-1,2, p-chlor\) d.ibenzoyl ethylene. 

By means of elemental analysis, r.R. u. V. the structure 

of 1-p-chlorobenzoyl 2-oarbometboxy-2'-(o-methoxy) phenyl cyclo

propane bas been confirmed. 

I.R. bands at 1715 cm-1 , 1660 cm-1, 1010 cm-l indicated 

that this compound oon·tained ester, carbonyl and cyclopropane 

ring. 

A max at 238 nm indicated that there was phenyl conjuga

tion to the cyclopropane ring. 

Another product ~E_!·wae found to be 1,2-p-chloro 

dibenzoyl ethylelle. The structure of this compound was also 

confirmed by elemental analysia and I.R. 
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Cl 

(J(
OCH 3 

l 
CH = CH- COOCH3 +0 

COCHN, 

Cu 

(E) 

Cl 

C D J 

Reaction between p-metboXf o<-diazo acetophenw1e Ji~h 

o-metho;y cinnamic ester {metnyl) 

The copper catal.yaed decomposition of p-methoxyo<:.-diazo 

acetophenone was carried out in a refluxing benzene solution 

of o-methoxy cinnamic ester (methyl). After usual workup of 

the reaction •ixture, the two products were separated by frac

tional crystallisation. One wae 1-p-methoxy benzoyl-2-

carbometho:q-2 • -( o-metho~) phe.eyl eyclo propane and another 

was trana-p-methox;y 1, 2 di benzoyl ethylene. 

By means of elemental analysis, I.R. u.v., the structure 

o! cyclopropane terivative wae confirmed. (The structure of 

trans-p-metho~ 1,2-dibenzoyl was confirmed b,y I.R. aud ele

mental analysis). 

1 -1 -1 
I .R. bat1d.s at 1700 em- , 1655 em , 1000 em indicated 
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that this compound contained eater, carbonyl and a c,yc1opropane 

ring. 

~ at 245 run indicated that there \'l&B a phenyl oonju-
"max 

gation to a cyclopropane ringa 

~OCH3 

~CH:::= CH-COOCH 3 

( F ) 

+ Cu 

COCHN 2. 

Reaction o! 5--g.i.§_2io aoeto phenone with trans p-methox.y 

c:i.p.namic ester (metbyl). 

Copper oa.talysed deoomposi tion of oe -diazo acetophenone 

was carried out in a renuxing benzene solution of trana-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 producta were separated, one was ~H_T 

cyclopropane de:rivative of trans-p-methoxy cinnamic ester and 

another ~B_7 was trans 1,2-dibenzoyl et~lene. 

By mea.ns of elemental analysis, I .R. U .v. the structure 

of cy olopropane derivative was confirmed. 

r.R. bands at 1715 cm-1 , 1880 cm-1 and 1010 cm-1 , 

indicated that thia compound contained ester, carbonyl group 

and a oyolopropan.e ring. 

~ max at 244 nm indicated that there was phenyl conjuga

tion to the cyclopropane ring. 

The structure of another product wae confirmed by the 

comparison of I.R. banda and m.p. of those of trans-1,2 

d.1 benzoy 1 ethylene. 

H~COO I + PhCOCHN 2 
~ CH: CH- COOGH3 

Cu 

( H ) 
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Reaction o! o( -diazo p-chloro acetophenoae with trap.s-0-

methoxv ci.gnami c ester {meteyl). 

Copper ca.t alyaed de oompos it i on of o<: -diazo p- ch:l.oro 

acetophenone was carried ou t in a. r efiwcing benzene aolu t ion 

of the es ter. 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

metho:xy) phenyl cyclo propane and another was trans 1, 2 p

chloro dibenzoyl et~lene. By means of eleme.n.ta1 analysis, 

I.R. and lJ.V. the structure of the cyclopropane derivative L-!J 
waa confirmed. 

I.R. bands at 1720 am-
1

, 1660 cm-1 and 1010 cm-1 

indicated that this compound contained eater, carbo.nyl groupe 

and a cy clo propane ring. 

, at 239 nm at indicated that there was a phenyl 
/\ max 

conjugation to the cyclopropane ring. 

Cl 

0 Cu 
A 

COCHN2 

H 3 CO u /H 
c-c + 

H/ y '-coocH 3 
( E ) 

co 

( I ) 
Q 

(!.\. 
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Reaction of o<: -diazo p-met.b.oxy acetophenone with trap.s p

methoxy methYl cinnamate. 

Copper oatalysed decomposition of o(-diazo p-methoxy 

acetopheAone was carried out in a refluxing benzene solution 

of ester. After usual work up of the reaction mixture, two 

prodacts were separated b,y fractional crystallisation. One was 

cyclopropane derivative of p-metho:ry methyl oinnamate /:JJ 
and another was dimer of the keto carbene CGJ. 

By meB.n.Q of elemental ans.J.ysie, I.R.,u.v., N.U.R. and 

mass spectra, the structure of cyclopropane derivative was 

con finned. 

-1 -1 -1 
I.R. band at 1720 om , 1670 em , 1010 em indicated 

that tM.s compound contained ester and a carbonyl group together 

with a cyclopropane ring. 

A max at 246 nm indicated that there was phenyl conjuga

tion to the c.yclop:ropane ring. 

+ Cu 

+ (G) 

( J ) 
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Reaction of o<. -diazo p-ni tro acetophenone w:i:th p-methoxy methYl 

oinnamatt. 

Copper catalfsed decomposi tion of diazo o~pound was 

carrie d out in a ref'luxin.g solution ot p-methoxy meteyl oinlla

mate. After usual work up of the reaction mixture, t~o products 

were separated b.Y fractional crystallisation• One of these two 

products was cyclopropane derivative of the ester ~K_f i.e. 

1-p-nitrobenzoyl-2-carbomethoxy-2'-(p-methoxy) ph~l cyclo

propane • Another was ~L_7 trans 1,2 p-nitro-dibenzoyl etqylene. 

The structure of the cyclopropane derivative was con

firmed by means of elemental analysis, I.R., u.v. 
-1 -1 -1 

I.R. bands at 1700 om , 1660 om and 1010 em indicated 

that this compound contained eater and carbonyl group together 

with a cyclopropane ring. 
A"1Y\o..~ ~ 2 ~S.,.,m . 

The structure of CLJ was confirmed by elemental 

analy"aie and I .R. band at 1646 cm-l indicated that this compound 

contained a carbonyl group. 
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Reaction of o<. -dia.zo p-chloro a cet oph enone with m-metb.oxy 

methYl cin.namate. 

Copper catalyeed decomposition of diazo compound was 

carried out in a benzene refiuxing solu.tion of meta methoxy 

ester (meteyl). After U$ual work up of the reaction 

mixture, the two products were senarated. Oae of these prodllcts 

was identified as l-benzoyl-2-Carbomethoxy-~~eta-methoxy phenyl 

cyclopropane LJJJ and another wae tra.o.s 1, 2 p-c.b.loro di benzoyl 

ethylene CEJ. In this case the yield of the cyolo propane 

derivative was very low. 

By means of elemental analysis, I .R. ~d u.v. the 

structure of the products was confirmed. 
-1 -1 -1 

I .R. banda at 1710 em , 1665 em e.n.d 1010 om 

indicated that the compound contained ester, and carbonyl group 

together with cyclopropane ring. U. V. )\ max at 238 nm. indicate 

that the compound contains a phenyl group to the cyclopropane 

ring. 

I.R. band of L-EJ at 1645 em -l indicated that this 

compound contained a carbonyl group. 
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CH= CI-t COOCH 3 

Cl 

( M) 

-74-
Cl 

0 Cu 

Reaction of ~-Q!azo acetoRhenone with 

a) meta methoxy cinnamic ester (methyl) 

b) o<:--oyano methyl cinnamate. 

c) o-carbomethoxy methyl ci.n.na.mate 

d) Dimethyl ester of o-carbo~ cinnamic acid. 

Copper catalysed decomposition o! ~-diazo acetophenone 

carried out in refluxing benzene solution of (a) or (c) or (d). 

After usual work up of the reaction mixture and separating the 

products by fractional orystallieation the starting esters were 

recovered together with trans-1, 2 dibenzoyl et~lene. 
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M.ain reason behind this is that with these olefinic 

substrates reactivity with the keto carbeae is much reduced 

and the carbene reacts among themselves. 

In the case of (b), the electron withdrawing groups 

facilitates the k·eto oarbene addit .ion to the olefinic double 

bond. 

But in tbe case of (b), we were able to ~solate the 

cyclopropane derivative CNJ , 1. e. 1-benzoyl-2-carbomethox;y--

2-cyano-2 •-_phenyl cyclopropane and the structure of this product 

was con£irmed by elemental. B.llalysis, I.R. 

0 CN 
I Cu 

CH= C- COOCH3 + Ph COCHN2 ___;::....;.6;;..___.,_ 

( B ) 

( N ) 



-76-

Reaction of diazo methyl naphthyl ketone with o-metho;,y 

cinngmic ester (metbyl) . 

The oopper oatal,ysed deoomposi tion of o(. -diazo a ceto

n aptbone was carried ou t in a renuxing benz ene solution of 

trans o-methoxy cinnamio ester (metbyl). After usual work up of 

the reaction miXture the products were separated qy fractional 

crystallisation. In this we were able to separate only a trace 

amount of napthoyl ketooarbene addition product L-0_7 with 

olefinic double bond of the eater. 

By meane of elemental ana~sia I.R. and u.v. the structure 

of cyclopropane derivative was confirmed. 
-1 -1 -1 

I.R. bands at 1710 em , 1660 em and 1010 em indicated 

that this compound contained ester and a carbonyl group and e. 

cyclopropane ring. 

). max at 240 nm indicated that there was a phenyl conju

gation to the cyclopropane ringr 

~OCH;; 

~ CH = CH ·COOCH 3 

+ 

( 0) 
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B.eaction of o<-d,iazo acetophenone Ji th methYl cinna,mate. 

Copper catalysed decomposition of diazo compound was 

carried out in a renuxing benzene solution of methyl cinnamate. 

After usual work up of the reaction mixture, the produota were 

separat,ed by fractional distillation. c:ne was .found to be start

ing ester and another of higher b.p was identified to be cyclo

propane derivative of methyl cinnamate. 

The structure o:f thie product was confirmed by elemen ta.l 

analysis I.R., U.V. and N.M.R • 

ring. 

.2 .:>.'\"'""" A max iildicated pheeyl conjugation to the cyclopropane 
'/' 

-1 -1 -1 
I .R. bands at l'l1S c:m , 1670 em and 1010 om indicated 

that this compound contained ester and carbonyl function 

together with a cyclopropan ring. 

PhCOCHNa 

Q /H 
c-c H/Y ""-coocH 3 

co 
I 
Ph 

Cu 

( 8 ) 
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STRUCTURAL ELUCIDATION BY SPECTROSCOPIC ~HOD. 

Ultraviolet and infrared absorption spectra of some 

cyclopropyl carbonyl oompoundll and precursors have been studied 

by Richard J. You.rbacher and Iiorman II. Cromwell ( 115) and 

'their resu.l. ts are given in the table below' 

Ultraviolet Iu.frared bm;!da 

-3 
0s~-R-9H-c% n.m. 6 xlO 

o oef 
a-etbox;:y-4-ph.enyl propiopheaone 278 22.9 c = 0 1617 

Pheeyl 1600 

B-metboxy-4-phenyl propiophenone 277 23 c = 0 1668 
Phenyl 1598 

4-phe~l acr.ylophenone 291 22.2 c = 0 1660 
CsB5-C6H4-co-CH : cr.a2 pheeyl 1604 

2-pheeyl benzoyl ~clopropane 242 18.2 c = 0 1668 

\lCOCs% phenyl 1603 

Cs~ cy olopropane 1025 

4-phenyl benzoyl cy olopropane 276 26.0 c = 0 1664 

i)-coc6H4 061\5 pheeyl 1605 

cyclopropane 1035 

·trana-1- ( 4 '-pheeyl benzoyl)-2-
280 28.0 C:O 1655 

phenyl cyclopropane pheeyl 1605 
C6Hs AH cy clopropa.ne 1036 

H COC6 H4 c 6 Hs 
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cis-1-(4'-phen,l benzoyl)-2-

phe~l cyclopropane 

HOO~ 1\ . 
carboxYlic acid ~H 

H C&Hs 

cia-2-paenyl cyclopropane 

trans-p~itrobenzyl-2-pheQYl 

cyclopropane carboxylate 

c,HsAco2R 
H CH~C6H4NO~ 

cie-p-nitrobenzyl-2-phenyl 

cyclopropane carboxylate 

HAC02R 

280 

232 

267 

227 

261 

258 

260 

c 6 Hs CH 2 C6H4 NOa 
On comparison the spectra of the 

23.0 c = 0 1664 
phenyl 1605 

cyclopropane 1027 

2.92 c = 0 1685 

phe~l 

0.033 1602 

cyclopropane 1025 

2.83 0 :: 0 

phenyl 

0.018 

1680 

1608 

cyclopropane 1024 

12.2 c = 0 1712 

phenyl 1601 

cyclopropane 1033 

10. 6 c = 0 17 25 

Pheeyl 1602 

cyclopropane 1030 

above table, it m~ 

be observed that anomaloua results were obtained in both the 

u1 tra violet a.ud infrared ranges of the spectrum of 4-phe~l 

acrylophenone. 

Now Woodwards' rule ( 119) states that aroyl band maxima 

are shifted ~onger 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-carbo11 double bond. Following table 

shows the s.hi:ft of len.t,-rth. 

0 
II 

CH3C~O-Ar. 

0 
II 

0~ = CH-C-Ar. 

g 
OB:3CH = CH-C-Ar. 

ex 10-3 

238 11.6 

247.5 10.5 

250.5 tO.o 

Iy is also obe~rved by the same authors that compound 

(Fig. 23} absorbs u1 tra. violet light e t a sli~tly loueer wave 

length than does (Fig. 24). 

[Fig. 23] ')..max 238 

( Flg 24] 

On this observation, they coucluded that in ~-substituted 

three membered carbon ri.o.g carbonyl compounds there is an 

electrical interaction, especially in ·the excited state, o:f the 

a -substituent with ·the co.rbonyl group ·through three membered 

carbon ring. 

::iubsti tution or a phenyl Gr'>U.P into the ~-position of 

the cyclopropane ring (Fig. 23) causes a small be-thochromic 

shift 1~ the wave lcn~~h of maximum absorption compared to the 
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unsubstituted cyclopropyl ketones. ~his effect can be attributed 

to a tranamissio:.l of the phenyl ring unsaturatio.u through the 

cyclopropane ring into the aroyl chromophore, causing a smaller 

energy difference betvoeen the ground and excited a tatea of the 

two phe~~l cyclopropyl ketones as compared to che analo~ous 

energy difference in unsubstituted cyclopropyl ketones. But 

Eastman ( 120) augt;;cstcd tnat ·the cyclopropyl rin5 lacks the 

abi1ity of transmitting of conjugative e!£ects between conti

nuous u.naA t urated groups. Eastman's cone! u.s ion were based or1 

studies of aubnt1tuted aoe~l vinyl cyclopropane (121) and 

derivatives of the bicl·clic umbellulone. In molecules contain

ing a bicyclic arrangement of the cyclopropane rin~ one might 

not expect to detect a sigoifica.nt transmission of conjugative 

effects through the three ring ae tnere ·a ateric restriotion 

of a free orientation of a 8 -substituted phenyl group and a 

carbonyl ~oup about their respective bonds to the three ring. 

Evidence for an electrical interaction between a vinyl group, 

cyclopropane ring wd a oarbouyl group has been cleimed by 

others (122) 1'or ·t;he 1-acetyl-1-carboethoxy-2-vi.nyl cyclopro

pane .• 

In our worlt: 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 gr.,up and cyclopropane ring . \le are in 

agreement with the conclusions of Richard and Cromwell that 
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though the effects are small, yet tbey are definitely present. 

P- CH-CH-COOCH 3 

R y 
H2 C-CH- COOCH 3 y 

CO Ph CO Ph 

(25} (26) 

It is also observed that in a given pair of isomers, ·the 

isomer •1hich exhibits a cnrbonyl associated absorption maximum 

at an equal or lower frequency and greater intrulsity in the 

ultraviolet ranges of spectr~ is the one to which the trans 

configuration is aasigued. Jpectral methods (123) may be ueed 

to determine the confi~rations to cis and trans three ring 

compound of the type, R-CH"' / CH-C-R • It was also suggested 
X g 

previously (123) that in t he trans form atom aryl-aroyl cyclo-

propanes the lT -orbi tala of the f')rmally unsaturated groups 

Carbonyl, phenyl) cau ba arranged to provide for maximum 

overlap with the bent bond orbitals of the three ring. T.his 

trans arran1ement prov11es a more extensive polycentric mole-

cular orbital than is possible with the more sterically hindered 

cis isomer. These theoretical hypothesis have been well suppor

ted by tbe spectral studies. 

We prepared cyclopropyl ketones in ·the .f'ollowine way. 
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Cu 

f) 
McH- cH- coocH 3 

R y 
CO Ph 

cis and trans 

D'yak:onovs' (123) studied ex:tensively tb.e reactioil of 

diazo-~ompounds and olefine. They had employed copper powder as 

a catalyst and a loner reaction temperature to give only trans 

isomer • .No trace of cis isomer was isolated. 

!n our renctione also, ~e isolated only one type o£ 

olefin addition product. Bo the product might have the following 

structure .thi.ch is def::.ni i.;ely trans oL.e. 

(") /H 
~c-c 

R H'/ y "coocH3 

c5 
R1 



1'3 

1"1 

qr-

1 
> 
1-- \ 
l/) 

~ ·11-
0 

J 
<( 
u t= ·5 L. 
a. 

\ 
0 

3' 
\ 

·'1 ~ 
L.------ _ ..... __ 

1- - -- cl. -- - ----'- - - -· 

1 

2.30 
2;40 

2.SO 

v 5pecirum of 

~~\ 

~-
' ' ---.__ 

I. 
~ 

2,60 
WA.'IIE\.ENGTH (Om) 

c ';~- h2 

oMe 

0 
crt- cH- coocHI.i y 0 

co 
I (c:) in methanol 

.. • - weu,ro\ medtum . 
-e a e- AC\d medium 
...& t> ~ A\ko\i medium 

• 

- -- -zso 
210 

' 

2.90 
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In our compounds, phenyl /aroyl are in trru1s , phenyl and 

carbomethoxy are also trans , eo aroyl and carbomethoxy ara in 

cis position . So the structure is 

R 
/H 

c-c 
H.,/ '\il .......... coocH

3 I 
I 
I 
C=O 

0 
R' 

The olefine, prepared by us shoNed a marked variatioa 

in the n.v. speccra, in the acid or basic medium. But the 

a.ddi tion product did not show any variation in the U. V. spectra 

in the acid or basic medium which further indicates that a 

cy clopropa.ne ring bas been formed wi tb the olefinic double bond 

which has decreased the acidity of the olefinic hydrogen atom. 

This study in analogy with the worl:: of Nanai and Hurata ( 150) 

somewhat confirms the presence of a cyclopropane moiety in our 

compounds ... ~o effect in the A max of tne U. v. spectra of the 

keto carbene addition product of o-methoxy methyl cinnamate and 

p~ethoxy methyl cinnamate has been observed due to the presence 

of base or acidic substances (Fig.C2.,J4). 

U.v. spectral absorption maximum of the addition product 

of cis and trans butene with .£-diazo acetophenone waa observed 

by Dw O, Cov1..._ et aJ., at 244 , 280 nm and shoulder 
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at 310, 315 nm. Our compounds also showed a shoulder at 310-

315 nm. 

All these discuasioas etroagly support the presence of 

cyclopropane rings in our nrepared carbene addition products. 
Hammett equation ( 6 ) curve showing A DllX in DJI1 along the 
y axis and 8 values {substituent constants) along the 
x axis of the reaction• products of p-methov metcyl 
cinnamate and ~-diaZo acetophenone and different p
aubati tuted t{..-di~o acetophenone a shows a linear relation
ship (Fig. p.22) 

I .R. studies 

Slabey (125), from a stu~ of 34 cyclopropane deriva

tives concluded tbat a moderately strong absorption band in 

the 1000 to 1050 cm-1 region of the infrared could be used 

to determine the presence of the cyclopropane ring. It is 

interesting to note that in the illfrared spectra of al.l the 

cyclopropyl compound reported in this present study, there is 

strong absorption in the 1000 to 1020 cm-l region (~ujol mull}. 

In general the infrared spectra ·in nujol of the trans isomers 

have more fine structure in 1000 to 1400 om -l regiOJl than do 

the corresponding cis isomers. 

Our compounds have also a fine structure :ill the above 

region of infrared spectra which further indicates that ar.yl

aroyl are in trans configuration in a cyclopropane ring. 

Other bands of tbe I.R. spectrumhavebeen iiscussed in 

individual oases • 
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Mass speotrum of gyclopro»Yl ketone. 

· 'f'a.ss 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.). 

So the decompositions had occured in the following path 

WfJ3• 

aO-CH3 

CYCii- COOCH 3 

co 

[A) 6 
310-o 
I-~ ~ /; 

(JCOCH3 

CH-CH-COOCH3 

\4 mje 205 

+ 
(A)- CHC00CH 3 

O+~g 
~tH 

r0 mfe 105 
cH 
+ mfe 108 

0:0 .. 

CH-CH- COOCH y 3 

co 

6 ~ m;e 295 

mje Z23 
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[A] ,ry~cH3 

~CH 
m;e 120 

t 

0+9. 
m;e 92 

~-co 
++ 

Cs H4 

m;e 64 

-fJ7-

+ _F\ + + CH-CO~ + CHCOOGH 3 

mje 72 m;e 116 

~- CH +- CH 

m;e 105 

!-co 
+ 

G6Hs 

m;e 71 

+ 
COOCH 3 

mje 59 

!- CH3 

C02. 

m;e 44 

+ M in the figure is the poak of the ion resulting from the 

molecular ion ~oeing oae methyl group. 

These fragmentations Cinfirmed the structure of 1-benzoyl-

2-os.rbomat.noxy-2'-( o-methoxy) phenyl cyclopropa.ne which is as 

follows and whooe mol . wt. is 310. 

Mass spectrum of 1-p-methoxy benzoyl-2-oarbomethoxy

(p-IJethoxy) phenyl cyclopropane shows following peaks. 

325' 297 ,188' 150' 135,121 ' 108, 92,75 '7 2 ' 44 L-Fig. ~1.:7. 

If the decomposition path depicted above has been 

followed by this compound also, the fragmentations which are 
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responsible for the above peaks are given below: 

m/e 325 
Qr::r 
~ CH-CH-COOCH 3 y 

co-Q-ocH3 

mfe 297 

m/e 188 

~ 
\.:!!1_ CH- CH- COOCH 3 v 

..• C. o -Q-ocH3 ~ 

\2:!_/_CYoH CH,-@+ · ,~--. 
•+· 0 ~--·' 

m/e 150 
-loo ~ 
CH-CO 9" \!:E_L -o ocH 3 or ... ~!:1.;;:-"-~-coocH 3 

m/e 135 

m/e 121 

m/e 108 

m/e 92 

m/e 75 

m/e 72 
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+ 
COOOH3 

M+ in the figure i.s the peak of the ion resulting from the 

molecular ion losing one methyl group. 

So from the molecular fragmentat_ons, the str~cture of 

tllis com-:->ound is further confirmed to be as ftt·9~2.; . whose mol. 

wt. is 340. 

~he proton signal of o~lluary CJClop~opaue is ~epo~ted 

at b • ~ ( 167). uut ir:1 the case of substl tuted cyclopropane. 

the pos ... t:.-, L .J,;: tl e pro tOA s~61.1.al. snll:ted _u.a. t.b.e e.;e ~.eu.t of 

shifting largely depends on the group \,'hich is attached to the 

C"''..rbou r1tom bear ~nt;; ..,tu:J 'ltudied proton • 

. A . U. R. eigne.ls of one of t..n.e reacti:>n products of 

Ci'G-diazo acetopheuoue and vinyl acetate of whose s-cructure was 

established as follows (111) were at ~ 8 . 05 (acetozy proton 

methyl) , 'T 5.7'7 (Ha) and -r 7.23 (Hb)• 
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.But .Lor the other form of this compound was established ·to have 

the following structure and whose proton sJ.gnals Jere at T 8.16 

(C~ o.f acetoxy) 1 "r 5.72 (Ha) and I 7 .td (Hb) • 

It ·s seen fr,Jr!! thie observation .. hat the position of 

the proton signal of cyclopropa.o.e hydrogens (Ha and Hb) .has 

been shifted to a do\mfield and this is due to the group 

attached to it. It is atoo observed that the proton signal of 

cyclopropane occurs at the hiGher field in the case of trans 

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). 
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Ph'- /Ph 
c- c 

/ '... H/" 
Ha '' Ho c 

I 
CO Ph 

(a] [ b ] 

'rhe .1: •• M.R. spectrum of L aJ has a singlet signal e.t 

T 3. 00 (ten protons of phenyl group). On the other hand, the 

N.tt.a. spectru.m o~ L-bJ has two singlet signals at 'T 2.78 and 

T2.87 attributed to two phenyl Gr~ape 1h:~J re macnetically 

non-equivalent and quasi triplet of oue proton at 'T' 6.42 and 

also quasi doublet at tr.vo protons at I' 6.74 of ABB' type. ..L..he 

orthoproton signal of benzoyl group of LbJ appears higher 

field that a.t L-aJ. 
uakatu j,fagai ll & ( 150) obacrved the li .M.a. spectra o:f 

the following two types of compounds and their proton signals 

o~ the cyclopropane ring appear at b 2.40 and~ 2.01. 

CH 3 Ho 
\ f 
,.C-C·, 

," '\ I ''Hb 

0 c-v 
I 
I 

X 

Hb 

' CHa C---Ho 

~~-b----Y 
/ 1 

0 z 
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All these data indicate that proton signals of the substi

tuted cyclopropane occurs at the downfield in comparison to the 

proton signal of a ordinary, rather un.substituted cyclopropane . 

It can be concluded from this observation that more the electron 

ni thdrawing eff'ect o1' the group attached the cyclopropane ring, 

the signal will be shifted more downfield. !t is fl.LSO seen that 

a trisubstituted cyclopropane prepared lro~ trans olefin gives 

quasi doublet at the downfield region. 

Je l~ve prepared cyclopropyl ketones from trane-cinnamic 

esters and fCC- diazo acetophenone and their ot!."ucture have beeu 

confirmed by elemental aua~~is, cr.v., r.x. and maas spectrum. 

The structure of these cyclopropyl ketones have been further 

confirmed by the observation of R.:rJ • .a. ~pectrum in some selected 

cases. 

By the observation of U. V. studies, it haa been previously 

conf'irmed that the reaction betweeu a trans olefin and a diazo 

ketone resulted only a single addition product and the additioa 

product waa also a trans one. In the previous diacuea~on, it 

is shown that the structure of the addition product is as 

follows. 

Q R /Hb 
l'cHc, 

I' "'~ ' Ho,' T ''COOCH3 
I 
I 

C=O 

0 
A, 
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If this structure is correct for the cyclopropyl ketones, 

then it is natural to expect quasi doublet for Ha, H
0

, Hb 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 ~drogens are considerablY electron 

withdrawing, the position of the quasi doublet wlll. be at the 

considerable downfield. 

In the reactions of diazo acetophenone with olefine, 

most of ·the olefine are oinnamic esters or substituted c1nnamic 

esters. lf .M .n. studies are also made by a comparison of the 

sigQals of startiag eaters and the products which we have iso

lated. 

These esters which are pheJ:l8'1 conjugated«.~ unsaturated 

eater possess s~rene syste~. So it can be hoped that their 

olefinic hydrogen \7111 give signals at ~ 6.64 to b 5-6.3 ( 166), 

and these have beon proved b,y the observati~l o.f N.M.R. spectrum 

o.f some starting esters which are described below. 

~R Hb 

~c=c/ 
H~ 'coocH 3 
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® 

ig. P.3 
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1 • • H. ape ctrwu o L 1'-.u ... thoxyl\ cinn.e. tWi. . • 
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~ - - ... ""' ... .. - ., 
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r 

"''ig .P.It . mQ.Th'lt (-
i'J .m .R. spectrum of .P-ci:ll.oro/\ ~: ~l.nain(l C. 

I 
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N .M.R spectrum of trans p-methoxy methyl cinnamate in CDCl3 

{Fig. 'P. ~~. 

h 3.8 (cH
3 

of carbomethoxy group), S 3.9 ( C!J,s of methoJcy 

group), ~6.22 (He), b6.43 (Hb) and S6.85 tob '7.80 (phenyl). 

These results are in consist~tt with the structure of trans 

p-methoxy methyl cinnamate. 
\)~ t)o.\o*> ( A 

N.M.R spectrum of meteyl cinnamate in CDCJ.3 Fig.~ . ..,~ .. ,.. 
b3.85 (CH3 of ca:rbomethoxy group),b6.42 (Ha.),b6.64 (Hb) 

and b 7.4 to b '1.9 (phenyl). 

These results have been incorporated so as to ~ a 

comparative study with those of the products .. B .M.R spectrum 

of the reaction prod.uct of trans-p-methoxy met.hyl ci.unamate with 

oC-diazo acetophenone in CDC13 shows the N .'M .R signa1s at ~ 3. 85 

(CHs of carbomethoxy group), 3 3.9 (CH3 of methoxy group) and 

o6.9 to 7.1 {phenyl group). In this spectrum there are no 

signals at b 6. 22 (Ba) and (, 6.43 (Hb) which indicates that 

there is no double band in conjugation to the ;phenyl group in 

this compound. In addition we have signals a.t b 7.3 to~8.1 

(benzoyl) and quasi doublet at I> 4.25 (Fig. P.b ). 

So the above results for this compound i.a. 1-benzoyl 

2-oarbometho:Q"-2 • -(p-metho~) pheeyl cyclopropane are in harmony 

with the structure shown below. 
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N • .M.R spectrum o ~ the !'eaction product o.f trans o-methoxy me·thyl 

cinnamate withd(-diazo acetophenone shows the pro ton signals 

bs.a (CH3 of carbomethoY.Y group), b 3.35 (cH3 of methoxy group) 

b7.o2 (phenyl) and b 7.~ to 8 . 2 (benzoyl proton). ~o olefinic 

hydrogen sign.als are observed in this oa:Je 'llso. I.:t addition 

it has a. quasi doublet perur at b 4.9 (.!!'ig. ). These results 

a-re consistent w ... th the ol owi.llt; structu~e ., o~Le c :npound. 

i.e. 1-benzoyl-2-carbomethoxy-~'-(o-m-tho'~ cyclopropane). 
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N .M .R. spectrum of 1-(P-OCH3) benzoyl-2-

carbomethoxy-2'-(0-0CH3) phenyl cyclopropane. 
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.M. R epee trWil o! the reaction product •)f methyl cinna

mate and de-diazo acetophenone in CDC13 sholjis the proton signals 

at ~6. d (CH3 of carbomethoxy group), ~ '7.5 (phenyl), tJ 7.9 

(benzoyl), a. quasi doublet at o 4.3. 

(.lfig.~.'1 ) • 

~hcae resUlts hill satisfy the follO'• iu ~ siiruct•tre ror 

thio ~o~pound i . e . 1-benzoyl-~-carbJmethoxy-2' -phenyl cyolopro-

pane. 

I~ Hb 

~ I c-c 
, ' /' 

; " ' 
H/ G \COOCH 

0 1 3 
I 
I 
co 

6 
N .M.R a ectru. of the re cti.on product o · lirells p-.acthoxy 

u1cthyl ol..Wlam~te ~.~.d p-methoxy <~diazo acetophenone in CDC13 

shows signals at o ,:,. 82 ( CH3 o c rb.,m · t: Q:CJ rout> 1 b 3 . 93 

( CH3 of me"tho.xy group J, d G. 9 too8.1 (phenyl and benzoyl group) 

and a quasi doublet at (, 4.1. J.~O Si~alS at b 6.4v ·ULd ~ 6 . 22 

(olefDLic proton) are observed in this case also . Jo the above 

results are consistent with the following structure of 1-p

methoxy benzoyl- 2-carbomethoxy-2'- (p-metho:xy) phenyl cyclo

propane (Fig. Y. 5 ) • 
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N .u.R spect.rum , · the "'"eac tion ~roduct of o-methoxy methyl 

.... .~..m9Jila te ')..ld p- ~~thoxy q(-diazo ac top he lt)ne in CDC13 ~vee 

-che fflllo.'ling aigaals. (~'ig. P.~ J 

b v.j (CH3 of carbomethoxy ~oup), o3.93, ~ ;::,.~5 (CH3 

of methoxy 6):oups), b 6.:15 to 7.15 (oheu.yl), b 8.00 to~d.2 

, benzoyl) and a quasi doublet at b 4 • .3 • .No ..Joignal at b G. 22 

and b 6. 43 (for olefiuic t;)roton) iB observed in this case also. 

'fhese results show that this compound i. a . 1-p-methoxy be.nzoyl-

2-carbomethoxy-2'-(o-methoxy) phenyl cyclopr.Jpane haS the follow-

ing structure . 

((

OCH3 

Hb 
/ c-c 

'\I, I \ 
I ' , c 'coocH Ha , 3 

I 
I 

co 

0 
oc"~ 



. 
"' 

... 
I 

• t • I 

;.i.lll.R. spectrU111 of trans 1,2 (p-chJ.oro) di 

benzoyl ethylene . 
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The N.ro .R spectra of one dimer of p-chloro 2-diazo 

ketone in CDC13 aleo recorded. The signals for the dimeric 

product are as follows. (Fig.P.9.) 

h-;. 9 (doublet olefinic proton) and ~ 7.42 to 8.2 

(benzoyl). This results show the :f'ollo\.ing structure for this 

dimeric product. 

~he reactions .hich .,,e'!.,e carried .lUt are depicted in 

Table 2. It can be observed frJm the table that in all the 

cases the desired product i.e. cycloo~opnue derivatives could 

not be isol:1ted. In almost all the cases a dime:r of l:eto carbenes 

could be isolated. It has been observed in these cases that if 

the phenyl moiety o:Z the cinna.mic ester contains an electron 

donating group afforded greater proportions of lteto carbene 

addition products . rt;:rso be seen that almost all the tri 

substituted olefins L- exceptio.n- o<..-cyano methyl cinnamateJ 

do not give keto carbene addition products . In this connection, 
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it is to be noted that when phenyl moiety of the cinna.tnic 
not 

esters contains substitution in tb.e meta position it did,. give 

any keto carbene addition products (exception in the reaction 

with p- chloro-o(-diazo acetophenone). 

We have studied the reactions oi' meta.-metho.xy methyl 

cinn.amate with various diazoketones L-mentioned in the -cable- '2. 

_7 and isolated only dimer of tbe keto carbenee. It should 

also be mentioned that reaction of p-c.hloro-.:tdiazo aceto 

phenone with o-carbomethoxy cinn.a1.ic ester or o-.oitro cinnamic 

eater did not afford any keto carbene addition products. Reac

tions o~ vnrious dia~o ~eton s uith p-ehloro cim1a ic ester 

also did not afford any cyclopropane derivative. 

Table ..=.,.g 

0 COCHN2 + 

l:31. 
.bO. 

1. H o-oc~ 

2 . H O-N02 

3 . P-Cl O-OCH3 

H 

H 

H 

R3 

OoH c ~- cowe 

i>roduots 
addition 

65% 

15% 

20% 

Proportion 
self conden
sation 

5?' 

10% 

8% 

Oontd •• 



Sl. 
No. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

P-OCH3 

H 

P-Cl 

P-OCH3 

P-1102 
H 

P-Cl 

H 

?-OCH3 

H 

H 

H 

P-Cl 

P-Cl 

P-Ol 

P-Cl 

Table- 2 (Coutd •• ) 

O-OOH3 

P-OCH3 

P-OC% 

'P-OCH3 

P-oe~ 

H 

m-OCH3 

m-OOH3 

m-OCH3 

H 

H 

0-00C!rle 

0-COOMe 

H 

O-N02 

P-Cl 

H 

H 

H 

H 

B 

H 

H 

H 

H 

ON 

COCiiie 

H 

H 

H 

H 

H 

Products 
addition 

30% 

45% 

32% 
351~ 

18% 

10% 

10';) 

--

10% 

10% 

Proportion 
self conden
sation 

5% 
10% 

B% 
7% 

12% 

10~ 

20% 
25~" 

30% 

12~ 

15% 

15% 

20% 

12% 

15~ 

15% 
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Section-a E;g>ERIMENTAL 

Melti11:g points and boiling pointe remain uncorrected. 

Absolutely dr.Y solvents were used where necessary. I.R. spectra 

were recorded in Beckmann rR-20 Spectrophotometer. u.v. absorp

tion spectra were taken in Beckmann DU-2 Spectrophotometer. 

N.H.R spectra were recorded by Varian 60 MHz and EM 90 MHz 

using chloroform~ solution aud carbon tetra chloride contaill-

ing trimetbyl silane as reference. Mass spectra were recorded 

by National Chemical Labora~or,y, Poona and C.D.R.!, Luoknow • 

Gas Liquid chromatography were recorded by National Cbemical 

Laboratory, Poona. 

1· Prepg~;tion of trans-o-Cbl:oro Cinnarni.c acid ( 146) a 

14 gme o-chlorobenzaldeyde, 11.5 gms malonic acid, 25 ml 

of 95% ethanol and 2.5 ml of Pyridi..YJ.e were taken in a. 100 ml 

round bottomed flask which was fi:tted with a condenser. Reaction 

mixture was then heated on a water ba'th for 10 hra. Them. the 

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

solid thus separated ~as col~ected on a Buchner funnel and 

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

ether . The solid was cryatalised from ethanol. Yellowish crystals 

m,p. 210°0. (Lit. 212°0 ) Yield 14 gms (80%). 
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2. Preua.ration of methyl ester o! tr~~Q.-cb.loro cin.o.~ic Acid: 

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

flask fitted uith a condenser alld a guard tube fitted 'Nith anb.y-

drous Calcium Chloride. To the flask 200 ml dry methanol and 5 

drops of .::one. Sulfuric acid were taken and the reaction mixture 

was refluxed for 6 hours. dolvellt methanol was re.noved o..Jmpl;;itely 

al'ld the residue in the flask was treated wi tb. 150 ml ether. Ether 

solution was wasned t-.·ith Sodium bir.:arbonate solutio.u a11d then 

with water till the washing was neutral lio pH paper. ~t.hereal 

layer waa Jried on aneydrous sodium eal.,-.,.hate. Solvent ,1a.s removed 

and the liquid reai-lue left beb.in.d ·ms d~t lll~·d at high vaeuwu 

~O.b Jllll) at 180°0. \Lit. b • .9. 27o°C to 290°0). Yield : 9.5 gms 

( 90%). 

3 • .Prep,qrat j.on of trans o-ni tro _cintl.8:Jic Reid. ( 147 ).; 

Ia a 100 ml round bot li1m~d r::.a.a'.c fit ted \1 i tb. a reflux 

condenser were placed 15.1 gma of o-nitrobenzaldehYde, 11.5 gms 

of malonic acid: 25 ml of 9p1& ethanol n.nd 2.!":> ml of Pyridine • 

..:he mixture was heated on a stearL bath uniar gentle reflux for 

5-8 hours a.u.d cooled. The large masses of crys~aJ.s were broken. 

up with a spatula, and the reaction miA:ture was cool ed in an 

ice bath. The solid was co~lected on a Buchner fU!Ulel and the 

residue was washed with 10 ml cold ethanol alld the!1 'Ni th two 

10 ml portions of ether. The crude acid wae crystallised from 

ethanol. ~Teedle crystals . !ii .P . 240°C. (Lit. 240°C) Yi'eld: 

12. 5 gm ( 65%) 0 
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4. Prenarntion of metpyl ester of trrots o-nitro cinnamic acid: 

In 250 ml R.B. Flask :fitted with a condenser aud a Cal

ciwn Chloride guard tube, 14 gms of acid, 200 ml dry methanol 

and 5 drops cone. sulfuric acid were taken aud the reaction 

mixture was reflwced for 6 hra. Removing almost all the methanol 

the residue in the :flask was treated ;?i tll ether and ether solu

tion was washed with sodium bical'bonate aol'lltion. and then with 

water tlll the washing was found neutral to pH paper. Then ether 

solution \,as drled over anhydrous sodium sulphate and ether was 

removed. Bolid residue HaS crystallised from water nhen needle 

shaped cr.~st.als \:.,ere aepara.teo.. Ifl.P. 74°0. Lit. 73°CJ Yield 

11 gm ( d5,D) o 

5. ?reparation of m,eth;fl ester of ciili~e.mic acidz 

20 ~o O.L' acid, 300 mJ. dry methauolt 5 drops uf cone. 

sul:nhuric acid were ta :.en in a 500 ml R. B. flask .fitted Hith a 

conde1wer and a guard tube. Reaction mixture was refluxed for 

6 hrs and after tbat period all most all tbe methanol we.a re1oved 

and the residue left behind was treated with etber • .n;thereal 

solution was treated with Sodium bicarbonate solution and than 

washed several times with water until the washing was :found 

neutral to pH paper. ~ther was removed and the liquid left was 

distilled at low pressure b. p . t50°C/20 mm . (Lit . 261 . 9) Yield 

17 gm. 



-104-

6. Preparation trans-o-metho:xy cinna;~c a.cid { 14'7) s 

In a 100 ml round bottomed flask fitted with a condenser, 

13.5 gms o:f o-mcthozy oi' benaldebyde, 11..5 gms of malonic ac"l.d, 

25 m~ of 95% ethanol ru1d 2.5 ml of Pyridine were taken and the 

reaction mixture was renuxed for 8 hrs on a water bath and then 

cooled. It wa.e tbcn cooled in a ice-bath and solid thus separated 

was c~llected on a Buchner ~uruLel. It was lashed with ice-cooled 

10 ml of ethanol a!ld tb.en with two 10 ml. portions of ether. 

Colourless solid dried in air and cr.ystallised from ethanol. 

Ll.?. 135°0 (Lit. 185°-6°0) Yield. 14 gm.s (so,.-). 

7. Prenaration of meth.yl ester of trans-o-methoy,y cinnamic acid: 

10 one of acid, 200 ml of dry methanol and b drops of 

cone. sulphuric acid were taken in a 250 ml R.£. Flask fitted 

wi tb a condenser and a guard tube. Reaction mixture was then 

refluxed for 6 hrs. Methanol was rem·oved completely. Residue 

dissolved in. 150 ml o£ ether and ether solution was first 

treated with sodium bicarbonate solution and then washed with 

water several t imee to make the washing neutral to li tmua paper. 

Ethereal solution was then dried on anhydrous sodium sulphate 

and filtered. Ether was removed and the liquid residue was 

distilled at low pressure. Boiling point was found to be 180°0/ 

(10 mm) Yield 13.6 gm (90~). 
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8. Preoaration of methyl p-chloro cinna.mate (147}s 

a) p-chloro cinnamic acid -14 gms of p-chloro benzal

dehyde, 11. 5 gms of malonic acid, 25 ml of 95% 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 theu cooled in an ice bath and the yellow 

coloured solid separated was collected on and. then with 10 ml 

o:f ether twice. Yellowiih crystal was dried on air and the 

melting point was found to be 242°C. (Lit. 242°C) Yield 

11.2 gms (65%). 

(b) In a 250 ml R.B. flask fitted with a condenser and 

a guard tube, 10 gna of acid and 200 m1 of dry tnethEU...ol and 5 

drops of cone. sulphuric acid were taken and ·the reaction mix

ture was refluxed for 6 bra. Methanol was removed completely 

and the residue was treated with 150 ml of ether. Ethereal 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 eulubate and filtered and ether was removed. 

A light yellow coloured solid left behind. It was crystallised 

from water and meltillg point was found to 75°0. Yield. 9 ems 

( 85~~). 

Analysis foW1.d 

Calculated for C9H?o2Cl 

C : 58. 3%, H : 3.62% 

C = 59. 07% H : 3.86%. 
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9 . Pre.Qara t ion of trans-meta methoxy cinnar.nic aci d a (a) Prepara

tion o,f m~metho:xy benz aldehY.de ( 14dJ a 

12 ~s of m- hydroxy benzaldehyde was dissolved in about 

55 ml of 2Ii sodium hydroxide in 250 m1 three-neclced flask equi

pped ~7ith a mechanical stirrer, a thermometer, and a dropping 

funnel. The do.rl: coloured soluti,>n. ,vas stlrred ~.;hile 12.6 gm 

of dimethyl sulphate was added drop-wise and the temperature 
0 0 

was maiJttn"..n.ed a.t 40 -45 • 11hen the addi t~on \IO.S co tplete "the 

mixture pao stirred forb to 10 minutes. A 27.b ml portion of 

2.~.1 so:> ii,ll'l .hydro .i e , as added Ll one lot afid then 6.~ e;n of 

methyl sulphate v.as add.ed in. one lot and then 6 • .:> j.jl. of metihy 1 

aulph..'ite was added as before, but the temperature was allowed 

to -r iae to i.J0° J.. ~ tirriu at 50°C •la Cl)•ttinuou ior ..;U i.J.u t~s, 

t is (tas cooled aud tho or .. .anic layer \,as extracted ·.,ith e t.!ler. 

~he ether o1lut lou • .. as dried over ~~dr·::>US sodiwn su_,..hate .for 

10 hro then filtered and concentrated b.Y dlstillat:on. The resi

'iue .m.s distilled undor reduced prea..,uro. b.p. 110°C/20 mm. 

(b) Tran£?.::m::methoiKY cil'l.l'l.ar.tio acid { 165): 

In a 100 ml R • .B. flask fitted with a condense:z."t 7 gm 

m-methoxy benzalde~yde, 6 gm malonic acid, 15 m1 ~5~ o~ e~hyl 

lllcobol and 1. 5 ; of pyridine were ta!I:en and the reaction miXture 

wo.s allowed to reflux gen fily .for 8 hrs o.u a water bath. ~~ o solid 
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acid separated from the reaction mixture. RoactiOLl .m:lxtu.re was 

the11 cooled a.lld poured into .500 ml of acidified water when a 

solid separated out. This was .filtered on a 'Buchner ftum,el and 

•.mshed uith water till the washing was found neutral to pH 

:9aper. .Chis solid .m.s crysta:'..lised froi'.l large volume o.f hot 

water. Ll.:P. 116°0 (Lit. 117-18°0) Yield • 5.5 gm (60f!). 

{c) ~ethyl ester of trans m-Qethoxy cinugmic acid: 

4 gm acid, 50 liQ dry methyl alcohol and 3 drops of cone .. 

B'.lJ.phuric acid were takeu in a 100 nl R.:B. Flas.rr .fitted with a 

con 'eneer "..lid a. ;u.ard tube. ':'he re9.ct ion mixture . ns "T"e *"'lu1Ced 

for 6 hrs a~d then methanol was removed completely. Residue in 

the flask \'las treated "~:tith ether ru.Ld ether soJ.ution \lae treated 

a.s usual •. tw. oily 11-auid remained on re.U>vaJ. of ether. (Lit. 

oily liquid b.p. ~05-7°0/740 mm) Yield. 4 gn. 

10. traus p-methoxv cinnamic acid (14tJl,z 

In a 100 ml R.B. flask fitted with a.. cou.dell.Ser, were 

placed 15 @"'! of p-methoxy banzaldebyde, 11.5 ~ of malonic acid, 

50 ml o:f' 9&,." ethano 1 and 2. 5 ml o:f Pyridine and the react ion 

mixture was !t:ept under gentle reflux on a water bath for 8 hrs. 

Mixture was then cooled ru1d placed in an ice bath. Colourless 

solid separated was collected on Buchner funnel and washed first 

with 10 ml of ice-cold et11anol and then ·twice with 10 ml portions 

of ether. It was crystallised from ethanol. M.P. 172°c (Lit. 

174°C) Yield .• 10.5 gm (60%). 
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11. Trro1s~-methoxy metgyl ~.nnamate: 

10 gm of acid~ 200 ml of dry methanol and 5 drops of 

cone. sulphuric acid were taken in a 250 ml R.J3. flask fitted 

with a condenser and a g~ard tube and the reaction mixture was 

refluxed for 6 hrs. Methanol was removed completely and the 

residue in the flasl~ was treated with ethere Ethereal solution 

was then washed and dried as usual and a solid was left behind 

was crystallised from ethanol. M.:P. 90°0 (Lit. 90°0) Yield. 

12. Pr .. e:g_ar~tion_g_:(_j_ ..:.cyano ac;r.:y,late ( +..9.91: 

In a 100 ml R.B. flask with a reflux condenser a mixture 

of 10 gms (0.1 mole) of methyl cyano acetate, 10 gm of para 

formal.debyde, and 1 d_r:op of piperidine was heated a.J::.t.d ·stirred 

on a oil bath at 80°0 for 1 hr. The contents of the flask became 

a pale yellow resinous material. The material was cooled do'l.m 

to room temperature and was dissolved into 150 ml of dichloro

methane, into which 50 gms of an~drous sodium sulphate was 

added. This solution contained 0.47 gm of methyl 1-cyruLO acry

late per 10 ml. 

13. ~ - CyB;Uo .· meth:vl cinnamat e 0..51l: 

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

of 10 gm (0.1 mole) of methyl cyano acetate, 10.6 grn of benzal-

debyde_, and 1 drop of piperidine was heated and stirred on a 
I 

oil bath at 80°0 for 1 hra ~he content of the flask was taken 
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in ether and washed with firot very dil. HYdrochloric acid 

solution and then with sodium bicarbo:nat e solution • li'ii.lB.lly 

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. H.P. 87°0 (Lit. 89°0) 

Yield. 17 gm (90%). 

Analysis found 

Calculated for C11H90fN 

14. Dimet~-~al ma1onate (a l).) 

D, 70.64, H, 4.61 

C • 70.56, H = 4.85 

To a 100 ml R.B. flask, which was £it~ed with a wa~er 

separator and surmounted ~J a reflux condenser, were placed 

13.2 gm (0.1 mole) of dimethyl malonate, about 11 gm of benzal

de~de, 0.2 gm benzoic acid, 0.5 ml piperidine and 20 ml of 

benzene. The miXture was renuxed vigorously in an oil 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 add,ed and the solu

tion washed with two 10 ml port:1.ons of water, with to 10 ml 

portion of 1N Eydrochloric 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, a£J.d the orga.n.io solution 

dried over a.nbyd.rou.s sodium sulphate. After benzene had been 
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r emoved under reduced pressure on a steam bath, the residu e 

distilled with 25 ml freotionati.nB column. The yield of the 

colourless methyl benzal malonate b.p . 168- 70°0/10 mm was 

11 gm ( 50 ,~). 

15 . Active Copner powder (153): 

10 gm of recrJstallised copper sulphate diasolved in 

35 ml ()r hot water in a 250 ml beaK:er, a mecha:o~.ical stirrer 

was provided. After cooling to room te_.pera-cure, the11 \~1 t~i 

vi~ro .... ~t ... rring 3.5 eJn ,or more. if necessary) of hibh grade 

uinc pot'lder udded Glouly un~ U t'le so 1 ut" o ~ was lie colouri:Jed. 

xhe pro cipi t9.tecl. copot::r ·~1as washed by docautation with water. 

Dilute bydroohlo ric acid (5,~) .. ~as added to the p.reoi >ivate in 

order to re .ove tuc ~<cess of zinc, and stirring was continued 

until the evolutiou. of hy droget. c ~-.eca. J.:be copper powder 1,1aa 

fi.l tered, washed ,,o~ th water and kept in moist condition. (aa a 

paste) in a stoppered bottle. 

tG. Jupr JUS chloride J.1b4}: 

Hydra-ced copper sulphate (12.5 gm) and sodium chloride 

(3 . 2 gm) were dissolved in water (40 ml) , an alkaline solution 

of sodium sulpllite (from 2 . 6 gm of sodium bisulphite and 1 • .3 gm 

o.f sodium hydroxide in 20 ml of water ) ·was a dded to the result

ing hot solut.::.on durin~ about 5 minutes vli th constau t shaking. 

The solution would be decolourised or nearly so . It was then 

cooled to room te. perature ar1d t.uc supernatant liquid Has decanted 
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.from the \Vhite cuprous chloride. The preci9itate sae washed 

t\ti.ce by decantatio...'l .:i til \'IDJ;er co..>ntai..J.iUg little dissolved 

sulphurvus acid to prevent oxidation. ~he moist solid cuprous 

chloride nns wasl1ed several times by decantation with dilute 

sulphurous acid, collected ~ a Buchner Iunnel, ~1ashed several 

times with small portions of glacial acetic acid, and dried in 

an evaporating dish until the odour or acetic acid disappeared. 

~he \/hi te cunrous chloride \vas ltept in a stoppered bottle. 

17. Ortbo c~q~~ cinn~ic acid (lbbl: 

I~ a 1 lit. three-necked flasK ~as ta·on ~50 o.c of 

.hydro6en p ... ro""id.e (30, ... by vol\.l:,e ) '"',Ud 'tile fla~ ,;as ::..:pt in a 

ice-salt bath while 200 c.~. of glacLal acetic acid was added 

irot~wise to hydro..;e.a pcror.11e. -htm a tuO 1 il.rOiJPi..1t;; funnel 

was counted so that the stem eutered the flask to 'i•l thin about 

4 c.m. of the liquid surlace. ,tith mecha1.1ca.l stirrl.u.;, a cola. 

solution of 20 gm of 2-napthol in 100 ml of glacial acetic acid 

was added dr...)pwise over a. per:.od o:f 4 hours to the peracid. W'ith 

the appropriate rate of a.ddi tio11, the temperature o ... the reaction 

mixture slowly to 30°-35° and did not exceed 40° solid material 

began to attain from the orange soJ.u·tion when one third or more 

of the Naphthol solution ha.d been added. ,{hen the addition was 

complete, the mixture was stirred for 1 hour and the naslc allow~ 

to s ta.nd in t.he water bath until the exotherl:!lic reaction ceased, 
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then at room temperature for 4 days. The solid material was 

collected by filtration ana washed on the filter with euff'icie.ut 

(10-20 ml) acetic acid to remove col oured impurities. TI~ing 

in. the air gave 16 gm of crude a - carboxy cill!l.amiC acid as a 

pale yellow cryotalline solid .• 

The ·Crude acid was purified by dissolving in 360-400 ml 

of cold 5% sodium bi ca:rbonate solution, fil taring, acedi.fying 

the filtrate with sufficient excess of mineral acid. The product 

was r~eparated by filtration, was.bed with water to remove min.era.l 

acid, ~d air dried. 'Material tllus obtained weighed 13 {9ll m.p. 

204°0 (1it. 202°-205°0). 

18. Dimethyl o-cu.rbox.y c,innamate: 

6 gm .:>£ acid, 150 ml o! dry .nethanol aad o dr.lps of 

cone. sulphuric acid were taken. in 250 ml R.B.flaslt fitt·ed 

with oo.udenser aud a cal!!ium chloride 5u.ard ';uo•, . ~.:lE;: !;'e3ctiou 

mixture was ,..e:fluxed. for s· hra. Then all ·the remain.in.g mathanol 

was removed at reduced pressu:re heatiag on a. ete3.1-n bath. Residue 

~1a.a treated Hi th 200 m.l o:f' ether and v1a.shed with aaturated oodium. 

bicarbonate solution '3.lld then ... ;;!..th water. It was dried on 8l.l..by

drous sodium sulphate and e'tber removed. ·rhe s~mi solid residue 

distilled .o:t b . p . 130°0/2 mm which solidified ou ~eeping at 

0°c .. Yield- 4 . 8 gms . 
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PREPARATIOii QF DIAZO KBTONES 

19 . oC-diazo acetonhenone (156): 

A solution of 0.1 mole of diazo1ethaae in 300 ml of ether 

waa placod in a 1 litre three- necked flask with a magnetic 

Gtirrer. Jne ueck of the fla;Jk was .t'i t11ed r!.tt. a. c3.l~.i um chloride 

.;..1ard tube, ar..oth~;?r with a pressure equalisinv dl·opping ftlllne.l. 

ld the other outlet was etoopered. 17 ~1 triethyl ~ ine nas 
0 0(\ 

~dded ~.d the flask cofttents were cooled to -10 to -lb u. To 

io ~..h~: u11irred :\""' re niided e. ..:u.Lu't .. O~J. td 17 ~1 o~ r~d.:.st!lled 

oeuzoyl chloride ia 10v ml o! ~T ether over a perioa of 2 hr • 

afidi tioual ~ 'll of ether ,.•as .finalls ri.u.s~Jd tlu·uu6}1 the J.ropp-

0 hour c.t J ... nd then 

~:e ·:; over ui c;h t a.t room t e crs.ture. 

ihe reatlltln ppt o..: tr· c'thyl runine tJ,Ydrocl:lorid.t> L.iltered 

11nd. .Jaclh"-•d w-th .30 ml or d1,y ether. The solvent WElC re.ffioved from 

the como : .. Hed filtrate at rooo temp~rature ua-ler reduced oressure. 

The semi-solid resirlue c~Jatalll ed to an or ~c !'ed solid alt:.er 

kee~ing in the cold for seYeral nrs. Orystallisatiou from n

hexane a.J.·forded yellow square plates crys~als. m.p . 47°c. (Lit. 

48°0) Yield- b . o gm ( 40~) . 

20 . p-methoxy-oC-diazo-acetoRhenone (157L' 

15 gm of ruJ.isoyl chloride .. as added .. o aLl. ice-cold 

ethereal solut on of diazometh:a.ue prepared from :co ~ of 
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ui tosom~th,) l urea. The reaction mixture was allo,Ned to stand 

overnight. Sovent et,b.er was removed at room te .perature vvi th a . 
help of a rotatary pump. This left behind a yellow solid which 

was crystallised four times fr .>m benzene-pt-Jt-ether colvc.nt 

nixture. ~he yield -:>:: the diazo1tetone \p-metllo;,cy 2-dia.Zoaceto

pnenone) of m •'P. 90-~1 ° .. as _o @!1· (Lit. 30° o J. 

21. !t:£hloro- o(-dlaEoacetophenone ( lbd) J 

1? i:1ll of p-chloro benzoyl o.nlorida was added to an 1 ce

cold ethereal solution of diazomethrule prepared ~rom 40 gm of 

:litrosometh.,vl urea. The re~ct ~ .m mi.xture was a.:l.O\,-ed uO stsnd 

over l'!.Jht. Solvent ether was removed at 'room ·;,.e·~ner1.ture which 

left behind o. yellow solid 'olhich on crystallisation in benzene

pet ..Jther i'our times a.:.;'forded yellow cry tals of p-\! .. loro

diazoacctophenone, m.~. 115°0 (Lit. l15°C) Yield- 5 gms. 

22. (DiazometbYl) naphthyl ketone (18 9}: 

.... ~ ~s of oC -.naphthoic a.cid chloride l..u a..uhydr JUS ether 

was added to an ice-cold ethereal solu'tiou of diazo 'Ilethane 

prepared from 35 gm of nitrosometnyl urea and 500 ml of ether. 

The reactiorL Mixture was kept at room temperature overll.ight . 

Ether was removed completely at room tempera'ture. The yellow 

cr,ystals were found after recrystallisation from benzene-pet 

ether m.p. 55°c. (Lit. 57°c). 
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23,. o-nitro-o(-diazo acetophenoue (lGO)J (a) g;-nitro ben~oyl 

chloridel 

10 gm of pure p-nitro benzoic acid aad 13 ml of redis

til~ed thionyl chloride was ta ~en in a 100 m~ R. B. flask which 

was fitted .. ith a double surface condenser oa:rrying a calcium 

chloride guard tube and ~at·ter was connected to a gas trap. The 

flask was lleated on a water bath with occasional sha:ring £or 

1 hour. The reaction mixture cooled, excess thionyl chloride 

was distilled off completely a~d the residtuu liquid in the 

fla.slt: distilled at 130° under vacuum. .~.he liquid distilate 

soli~i~ied. M.~. Bb-70°0. Lit. 70°). 

(b) ~ gms of p-nitro beuzoyl chloride in anhydrous ether was 

added to an ice-cold ethereal solution of dia.zornt; thane prepared 

from 15 gms nitroso~etbyl urea and 200 ml ether. ~he reaction 

mixture was icept at room tecrperature overnight. Ether was 

removed. Yello~ solid left behind ~as crystallised £our times 

from benzene-pet-ether. M.p. 116°C. (Lit . 11?°C) Yield-l.d ~· 

24. 2-pydroxy me1Azlene cyolo hexanone ( ~:l~ 

A mixture of 6 gm of molecUlar sodi urn metal 500 m1 of 

dry ether , 24 .5 gm of redistilled cyclo-hexanone, and 27.5 €1Il of 

ethyl formate was introduced successively into a 1 lit. 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, aud the mixture was stirred for an 

additional hour. After the addition of 50 ml of water, the mix

ture was taken in one litt. aeparatory funnel. The ether layer 

was washed with 15 ml of water and the combined aqueous extracts 

were washed with 25 ml o:f ether. The aqueous layer was acidified 

with 42 ml of 6N hydrochloric acid, and the mixture was extracted 

twice with 100 ml of ether. l!he ether solution was washed with 

6 ml of saturated sodium chloride solution and then was dried 

on an!wd.rous sodium sulphate. 1!
111 tered ether solution ta·,.en and 

the ether was removed. The residue was distilled at 80-90°0/ 

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

25. 2-diaz....Q_9yc)._Q. bexanone (11$ : 

In a 500 ml wide-necked Erlenmayer flask were mixed 6 gm 

of 2-hydr1z:· ""letlzy:eue cyclo he ... :a.noue, 70 ~1 d · ct.~lorouletha..'le 

-=tnd 18 gm of triethylamine . Tl1e flask was cooled in an ice salt 

bath at 15°0 and 16.3 @n of p-toluene sulphonyl a~ide was added 

with vigorous 'llechalical stirring over a period of approximately 

1 hr., at such a rate that the temperature of the reaction mixture 

did not arise above -5°0. Jtirrin.g was oou·tinued for an addi·tion

al two hours as the cooling bath melts. A solution of 5.2 gm of 

potassium hydroxide in 400 ml of water waa added, and the mixture 

was stirred for 15 minutes at room temperature. The resulting 

emulsion was placed in 500 ml separatory fWlllel, the dichloro-
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methane layer was separated after st~1ding and toe aqueous layer 

was washed \lith two 20 m1 portions of dichloro~ethane . The oom

biae4 dichloromethane solutioa.s were washed with a solution of 

0 . 5 ~ of potassium bydro.x:i de in 40 ml water, and then with 

40 ml of water and dried over anhydrous sodium sulphate. The 
0 

solvertt was re 'loved on a rotary evaporator at 35 c. The yield 

of orange 2-diazocyclo hexanone ;vas 7 ~· Thl. was not further 

OL!'ified. 

;6. ~-tol~ene sulphonyl azide' 

A s olu tim.~. or 1 ~ gw of soru um n~ide in. _,5 1 ) r .vat ur 

.la..i olaoed in a 500 ml rt. lJ. l•'laek and diluted •• i tb ', 0 ml of 

90,o aqueous ethauol. ~o t is sol•.J.t i'lu was added .. l.tL s tirrine 

a warm ~45°0) solution of 32 gm of p-tolue~e sulphonyl chloride 

separated cwd tire ... eaction I!li ~ture took on a bro,m colo\l.r. .~.he 

ree.ction mixture stirr-ed at room ve oerc.ture 1~\Jr -·U hrs, then 

mo3t ·;lf the solvent was removed at 35° (15 mm) • .Lhe residue 'ilas 

mi.tcd .• ith oOO :Jl of .. n.t.er in. o. aope.r'l tOrtJ .~.·un.nel., a..td tue oily 

p-toluene sulphonyl azide separated. 1his oily oro duct was 

vla.shed vi th two 20 ml oorti ons of' vta ter and dried over a.n.l\v

drous sodium sulphate . :E'il tration wi tll su.ction eave 24 gm of 

pure colourless p-toluene aulphonyl azide which completely 

c:cyetallised on ::Jtandin~ iil the freeze. 
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27. Dio:c.o m9thY1 cvclo.he.z.vl ketoue: , 

14. 5 g:::1 of cy clohexane carboxy lie acid cllloride ·.las 

added to au i~-c>ld ethereal a~:u~ion oi diazomethane prepared 

from 35 6lil of ni trosomcthyl urea. 1he raactior1 mixture \'.as allow

~d to ot~1d overnight. ~olvent ether was reuoved at rooc tempera-

ture. A yellow :.t.quid prorhl ·t re 1air1~d t La HB.S driud under 

vacu.um. '£his 1"<as aot further :>u.ri!ied. 

-1 I.R. :)eaK at 2215 L.'l!l uho .. ed 1-no reseuce ~r diauo 

~ to ;;roup • 

.:ai uae 1~ed ·o~ reaction pu~ lu:Je fl.· lt ~.out ... urther puri-

28. .:ieflction of o<: -ti.:. ~o 'l.Cctor~hen.o.L.e .-11th o-!Lit:t.i1.0?Q" Cillll..atniO 

ester (!nE:tl~l..)' 

A ben .. ene solut ton of u gp of ot -diazo acctophe.t..o.One was 

added d.r J:>'r•isn, to a relluxing bettzene soJ.ut.:.o ~ of o gn o

methoy,y cinna ic ester (methyl) in \.hich 1 gm of active copper 

powdEr was placed. The nddi t :o .. J. r.7aB io~e i.r. ni tr.:> ;e.:1 atmosnhere. 

After refl.uxin...: for 6 bra, the copper NaB .filtered out 9J:Ld 

benzene was removed completely at reduced pressure. It was then 

treated with ether and washed first with sodiam bicarbonate 

solution a .. id the11 with water till neutral . It was dried over 

anbydrous sodium sulphate a.11d ether was re uoved . A se:-ui solid 
~ -..l\.Al.~ . 

residue was frac'tionally crystallised~ A colourless .needle shaped 
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crystals separated out. This was recrystallised from the same 

solvent . The m.p. o~ this compound was found to be 117°0. Yield 

was foWld to be 3.5 gm. 

Analysis found: 

~alculatod for c19E18o4 a C, 73.61%; H, 5.85% 

r.R. (neat)z 1715 cm-1 (es~er 16d0 cm-1 (carbonyl) -1 
1010 em 

(cyclopropane) 

u. V. ~max 238 nm. 

'The remainint. mo ~her li iuor \>n c nJ.centration and 

_eeplut, iu the 1'reezln& charJbcr for several da.ye did uo t give 

any crystal. do the solveut was re ..~oved tU.Ld the r~.;s · ue was 

f'r'1.Cti;)llal].y ~rysta4.:i Cd £rOC li .jlt pet I;. tLaer olU lCft t;)aVe 

yello~. c~rf'tel.a. M.P. 110°0 • .:>o this :as trans 1,~ diben..?;oyl 

eteylene. -·u.rth ·r .. oncentratioJ ... did uot give UlY crysta.t. 

The 2,4 diilitro phenyl hydra~one derivative of 1-benzoyl-
~c.\o~..,_... 

2 ( carbomethoxy)-2 '-(o-mothoxy) pher'l,yl,. .·me p1•epared and recry-

stallised .:rom methanol/chloroform aud m.p. was .found to be 

177°0. 

Analysis found: 1T, 11.32!fo 

CalcttlEllted .lor C25H2207l~ 4 : U, 11. 441~ 

29 . Reaction of p-chloro Q(..-diazo acetophenone wi tLo-metho& 

ci~ic ester (methyl): 

50 ml benzene solution of 6 gm of p-chloro diazo 

acetoph.enQ'ile \VaS added d1:opwi ae to a re fluxing benzene solution 
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(200 ml) of 6 .{!J.D. o-methoxy cinnamic ester ill presence o.f 0 . 1 gm 

of active copper powder in nitrogen atmosphere. Reaction mixture 

was refluxed for 6 hrs and then copper powder was filtered out. 

Benzene was removed completely and the semi solid residue was 

worked up in the usual \VBY and crystallised from nethanol. The 

colourless crystal is :further recr.ystallised from methanol, 

m.p. 1.22°0 . Yield of this product was found to be only 500 mg. 

Analysis found& 

Calculated for o1ga17o4Cl 

I • .R. (neat)- ~ig. 25 

u .v. ?\Max - 245 nm. 

c, 66.05%; H, 5P% 
C, 66.3%; H, 4.9~~ 

Mother liquor of the above further cone. and kept in 

the cold, a yellow crystalli ~e product was separated. This 1as 

recrystallised from methru1ol. The yellow compound of melting 

point 170°0 was ideatii'ied as trans 1,2 para cblorodibenzoyl 

ethylene in good agreement with I .R. spectrum and analysis. 

~mther liquor on further concentration end keeping at 0°0 did 

not afford any solid material. 

2:4 dini tro phenyl hydro zone derivative 1-p-chloro 

benzoyl-2(carbomethoxy)-2'-(o-methoxy) phenyl cyclopropane was 

prepared and recrystallised from mathanol/chJ.oroform solvent 

mixture o£ whose m.p. was found to be 208°0 • 

.Analysis founds N, 10.42% 

Calculated for C25H200,N4Cl. l N, 10.69% 
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30. Reaction of p-methog o<: .. -diazo acetopheno.~ wi t.b. o-:,~thox.y 

cinnamic ester (methvl)l 

50 ml benzene solution o:r 6 ~ of p-metnoxy o{-diazo 

acetophenone was added dropwise in nitrogen atmosphere to 

200 ml benzene solution of 6 gm 1-metho:x:y 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 :resiaue was take11 in 

ether and washed first with sodium bicarbonate solution an.d 

then ~ith water till the solution bec~me neutral. Ether was 

i thL r~e .... aue was crystallised .from methanol. Colour-

less cry tals wt:rt: se arated out o · .. ich m.p. 11aS fol.4nd to be 

1D5°0. Li~ld-~00 ~g. 

Analysis fou.t1.i: ,... 70 .13]Q; li, 5. 5/>) ~..~, 

Ja1.cuJ.ated for C2oH2o05 : c, 70. o5; ; H, 5.93:o 

I u.l. (neat)- l'ig. 26 

U. iT. 'A max 245 run. 

~!14;.; m i. tlr liquor rm.s furliher oon ... entr...lted but did ll.Qt 

afford any crystals so B)lvent was removed ald the residue was 

i'rac'l:ionally crystallised from light petrolium-ether when 

yellow coloured crystals, were separated out m.p. 165°0. This 

was identified as trans-1 ,2-p-methoxy diben.zoyl ethylene in 

good agreement with I.R. spectrum and elemental analysis. 

I.R. Fig. 27 

Analysis foWld: c, 72.81~; H, 5 "861 
• ...., ,'!J 

Calculated for C18H16o4: c, ?3 .03,.,; H, 5.45~ 
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Mother liquor on :r11rther concentration and keeping in. 

the cold did not bive any crystalline product. 

2'4 -uinitro phecyl hydrazone derivative o.f 1-p(OCH3) 

benzoyl-2-( ce.rbomethoxy)-i~ '-( o-metho:xy) phenyl cyclopropane 

wna prepared and crystallised from chlororo:rm/methanol solvent 
0 0 

mixture. m.p. of the derivative was found to be 250 C-51 C. 

Analysis found; C, 59 .617"; H, 4.8~ 

Calculated for c26H2408h4 a C, 60.05%; H, 4.65%. 

31. Reaction between tralls-o-rnethox.y methy_l ~i..nnamate and 

diazo methy,l naphthyl ketonel 

50 ml of benzene solution of 3.3 gm (0.17 mole) of the 

diaz~ ketone was added drop by drop to a refluxing 1b0 ml of 

benzene solution of 3.2 ~(0.017 mole) of traue-o-methoxy 

methyl oinnamate and 0.5 gm active copper powier in a nitrogen 

atmosphere. After refluxing for 6 hrs (the reaction mixture 

was cooled to room temperature). ~he copper powder was filtered 

out and the oolvent benzene was removed completely. The residue 

in the flask was treated with 200 ml of ether and etherreal 

solution was treated firat with 5% sodium bicarbonate solution 

and then with water till neutral. It was dried over anhydrous 

sodium sulphate and sol vent ether was removed when a gwn.my solid 

was left behind. This residue was recrystallised f .rom methanol 
0 0 when a pale yellow coloured crystals of m.p. 95 -97 C separated 

out. The wt. of this product was 300 nm. 



- I - .,. 
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Analysis .founds 

Calculated for c23H2o04 a 

C, 77.12~; H, 5 .41% 

c, 76.65;t; R, 5.60% 

I.R (neat 3050, 1710 (ester), 1655 (naphthoyl), 

1450 and 1230, 1010 cm-1 

(cyclopropane) - Pig. 28. 

Ji"u:-ther conce.utru ,i(!)ll ' " the mother liquor did .il.ot 

afford any crystalline solid. A gttmmy solid was left behind, 

\7hi en was uo t further explored. 

32. React.io.!! of ~ -diaz.o acetonhenone \~.:. t_p trana-p-metno;x:y 

50 ml ot ben~ene solution ot 2.5 gm (0.017 mole) of 

oC-d.iazo acetophe..lone was atlded '"iro by drop tJ t.he :;.00 ml r 

a re ber~ene s0lution of 3.2 gru (Oe0l7 mole of trans-

p-methoxy) metbyl ci nnaznate and .v LJD eo tive copl)o.r powder lu. 

the Hl~;:r.o,~e.J. atmo1;lphere ... ~ftt:r re.flu;::.mg .or 7-8 hrs the reac-

tion mixture wae cooled to room ,e· .pcra.!Jure a..td coppe.r pov.de1." 

•US il tured otJ.t • ..>enzeue \.as l"~!JlO ;ed c.:>m_,letely when a sem:f.

t:JOlid product .as left behind. £his was extra.ut~d .i .. h t,;OQ "l 

ether £>...Ud treated \7i th 5}11 sodi'.lm bioarbouate sol 1.,1.tion and. then 

washed with water till neutral . Ehtereal solution was dried O\C1' 

a~clrous sodium sulp,h,:1te and ether was removed . The solid 

residue was first crystnllised from metha.u .. ol (excess) v:.l:l.tJ1\. 

about 1 gn of "the eater staJ.~ting; materia.~. \las separated. ,liother 
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liquor on further concentrat~on and keeping in the cold gave 

· colourl·ess crystals •. This was further recrystallised from 

methanol when colourless. crystal of m.p. 1,38°0- ~vas separated 

out. The· wt. of the product was found to be 2 gm (40%) ~ 

Analysis found: _c, 74%, H, 

Calculated for c19I.S_804 : C, 73.68%;' H, 5.85'fb 
I 

I.R. (neat) Fig. 29. 

'Mother liquor was concentrated further and kept in the cold 

for ·some days. But no crystalline .solid product was separated. 

So solvent was rem~ved and the residue was crystallised from 
. 0 

low boiling pet-eth!9r, while a yellow crystal of m.:p. 108 C 

was separate.d. This was identified as trans-1, 2-dibenzoyl 
I 

ethylene in good agreement with I .R. spectrwn and the mixed 

m.p. (Lit. 110°0) with authentic sample. Wt. of this product 

200 mg (10~6). , 

33. Reaction_Q_f....1Lmetl1.QJR!-:~-diazo. acetQQ.henone with trans

n-m~thoxy methvl ci~~JL~te: 

50 ml of benzene solution of 2.95 gm (0.17 mole) of 

diazo compound was added drop by drop to the 100 mJ. of reflux

ing benzene solution 'of 3.2 gm (0.017 mole) of tr~.ns-p--methoxy 

methyl cinnamate and o;5 gm of active copper· powder in the 
I 

·nitrogen atm6s.phere~ _1\fter refluxl.ng for 7-8 hrs the re,action 

mixture was co:Oled to room temperature and copper powder was 

filtered out. Benzene was removed completely at reduced pressure 
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and the residue in vhe fl3.Sk was extracted ,, ith 200 ml ether 

o.nd treated \.ith 51'; sodium bicarbonate solution and this was 

w~shed .;.:.th water till neutral to pH paper . Ethereal solution 

1as dried over anhy1roua sodium sulphate and ether was removed. 

After .Lr~c'tiouf.ll cr-.rstal~isatlo.l fr )Cl methauol gave two subs

'tances. one was itieAt:!.ficd as u.nreal!'tive ester of vtt. 1. 2 e;m 

-=tnd e.:L.10'ther a. colourless crystal \laS ideatified as 1-p-methoxy 

benzoyl-2-carh<Jmet hoxy-2 • -(p-wet hoxy) }h::m.yl cyclopropo.u.e of 

m • .::'• 14:0° ~. Yield -1.5 gm ( 25~.:~). 

'ulalycia found: 

Calculated ~or C2cH200b 

... :4 L.u·i ro~1ho~ 1 ey iroazone a~riva .. ivc .Ja.t:. prepa:rod 

a..ad recl':fl: ~nllised fr~ru f'lottaLlOl/chJ.oroiorm uol.r~.~t .. 1 ct.u-e • 

. .\Llalysis f')und: ..~: , 10. 23,,. 

I.lvther li1,uor ou further cos .. CetLtra.tio.u a.J.d ~eepi.1c; at b3low 

0°C for 6 days gave 300 gm yellow coloured cry a tala o.f m. p. 

163° which was irletl tified as ~ra.ns-1, 2- p-methoxy di benzoyl 

eth,ylene from it's I.R. spectrum and elemental. analysis. 

Aaalysis found: 

Calculated for c1dR14o4 : 

I . R. (neat) Fig. 27 . 

C, 69 . 14,.,; H, 4. 5~ 

C, 69 . 5 .2,.....; H, 4. 80~ 
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34. Reaction of o-chloro·- o<. -d.ia.zoA-cetophenone '.Vi th trans-o-

~o~ methyl _c!_J1!1a_~te: 

50 ml benzene solution of 3 gm (0 . 17 mole) of the 

diazo-ketone was added dropwise to a ref:uxing 100 ml hsnzene 

aol.l.tion of 3. 2 gm ( .017 mole) of ester and 0.5 f!}n of copper 

powder, in the presence of ui troben atmosvherc. fter re!'lux-

hours the reacti~u mix~ure was cooled to room 

t ernpera t ure and the oo pp er was re-nov ed by f 11 'tra ti on. .Benzene 

was re~vved at redaced prescure ~ad the residue was eJ~racted 

with 200 ml of ether. 1his , ne tr~nted ... ith o~ sodium bicarbo-

dri.ed over aulwdrous sodium sulphate at..d ether .vas ren.oved. 

The solid rcsidllt;! on .frac-c · ono.l crystalliaati )D. from methanol 

L~ve two fractions. One contained the atartu1g eater (1 gm) 

and another, a oolourlesa crystal \~S identified as 1-p

hbloro benzoyl-2-carbomethoxy-2'-(p-methoxy) phenyl cyclo

propane. m.p. 67°-69°0. Yield-2 gm. 

Analysis found' 

Calculated for c19a17o4 Cl : c, 66. 36~~; H, 4.98~ 

I .R. (neat) Fig. 31. 

Mother liquor was concentrated and kept in the oold for 

several days .1ben yellow coloured cryatela of m. p . 172°0 wae 

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

analysis • 

.An.alysis found: C, 62 .88%; H, 3 .31% 

Calculated for c16~0o2c12 a C, 63%; H, 3 .30% 

I . R. (neat) l!'ig. 32. 

35. Reaction o.f p-ni tro- ~ -dia.zoacetophenone with trag.s-p-

metho;y metgyl cinnamate1 

50 ml benzene solution of 3.2 gm (.017 mole) of diazo 

compound was added dropwise to 100 ml refluxing benzene solu

tion o£ b.2 gm (.017 mole) of ester and .o gm of active copper 

powder in the nitrogen atmosohere. The reaction mixture .ae 

refluxed for 8 hrs. It was then cooled to room temperature 

a.tld copper powder Has filtered out. 13e~en.e \·a.G removed at 

reduced preaaure and the solid residue 1as extracted .ith 

200 rnl of ether and it was treated ,ith 5~ sodium bicarbonate 

solution and washed with water till neutral to pH paper. 

Ethereal solution was dried over anhydrous sodium sulphate 

and ether ,as re.oved. On frac~ional or.yetallisation £rom 

chloroform/methanol sol vent mixture gave a product which on 

recrystallieati.on gave colourless crystals m.p. 173°0. The 

wt . of the product was found to be 2 gm (30%). 

Analysis found : c, 65~; H, 5.13% 

Calculated for c19Ht706N C C, 64.22%; H, 4.83% 

I .R. {neat) Fig. 33 • 
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Prom the mother liquor, oolvent \ms re.wovod and the 

rel3idue was treated .. ith n-hexane, c .. >Ucelltrated and .~ept in 

the cold yellow coloured cryotals ,a;ere seoara'ted out m. p . 

161°0 . 

Jo:..lc..ila.tcd !or c16H10o61r2 : C, J.o.90r, H, 3.0~1& 

I ...... r: Ld el, eJ1".'1.: 'hta1..!Jis ohowed that tl.lis .·ro.s 

1lra.n.s 1, 2 , y-~li t.ro u · bcn~oyl etb,.ylene • 

I . R. ..,1j.g. 34. 

36. .teaction 
I 

i rm. 

~l~ nl o~ ..... O..J.(; •• .>l1tloa of'..; gm (0. 17 mole) of li~o 

of .;,. !l ~ l o. 0~ 7 mole, of tJ \..!,.. t.u.d Vu) J1i coppt.r powdt.:r ill 

the r...i tro5en atmosphere . .... ft~r ru L'luxiug for d hrs t .. e .!'eac-

tion mi.rture r;·;FLs ~;orlcad U'.} !lS be~ore. Yellow crystals which 

· .• as scnarated out r1Iter s~veraJ. recry 'talli at.; .JU ~"t'l., mc:thn

uol nel tc.d at 170°0 • .: . R r:tud eLellullt.al. una:.; sis d!.l.ta suowed 

that this co:.1pouud was trans 1, 2 p - chloro dibenzoy 1 etbylene. 

Yield-2 ~· 

lw.a1y sis found : C, 6b.09%; H, 6 . 48~ 

Calculated !'or c16H1002Cl2: C, 62 . 9371'; R, .3 .29% 

I • R. (neat) ~'i0 • .)2. 
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.Jotller liquor was .furthar conceutrated and kept in 

the .freeze for several days when colourless crystals of m ·P • 

162°0 were separated . Yield-100 mg. 

I .R. and elemeu.tal analysis of this part showed that 

this c )C:.lpound was 1-p-chl.oro benzoyl-2-carbom ~thoxy-2 '- (m

~et"'o~.,.) phenyl cyclopropane. 

Ana!.y sis foWld ~ J, ~6.8~; R, ~.1~ 

'57. Ra~ct i .:m of q(, -dlazo acetonheuo~ W.L. t.u trnx,.c :nuta-metl: uxy 

c,ill!JJ'l :ln cs ter \methyl): 

50 m'.!. nel'lil>-l!l.U Sulutiou oJ.f :.;.a u1D (0.\.1 .. 7 :.>10) 0.1. di.a~O 

COrrl'QOUDd \IA.G add•d to a 10~. ntL ra:flu... i nw oe~t~c,le a:>lwtt·on :lf 

3."" @ll (0.17 mole) t' () .. e ... "or a.u.d o.f.) Gll of ~ctive copper ,z,owder 

in ni .:ro gen. aL1o • .1 re. .:a!uc reaction r1~xture was refluxcd for 

ei~ht hours a..:~d then it was cooled to room tei-pera t. ur~. After 

•;;orkifl.g up usu~ls yellow coloured solid obtained after several 

0 recryetalli ~1ation . .'rvm loh· boili~& pet-tth(.;r m. p. 110 v. It 

was itlentified as trans-1 ,2, dibenzoyl ethylene by comparison 

of I.R. ru1d m.p. \.r1th those or authentic samples . f.t . of this 

dimer was 1.5 gm. 

Iiother liquor v1a.s fre-ther concentrated, but no crysta-

lline product could be separnted. Jolvent ~as removed, and semi

solid residue left behind whose I . R. shows that it .·.as trans-

meta-metho.xy methyl ci1ma.nutte . 
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38. Reaction:-o-methox o<.. -diazo Ac~toohenone ,·,·i th trans-m

methoxy methyl cinnamate: 

50 ml benzene solution of 3 gm .017 mole) of diazo 

com:)ound was added -co 100 m reflll.."'.!:ing benzer1e solution of 

3.2 r;m ( .017 r~:olc) of eater e..~.d 0.5 bJll of active copper 

ooNder in presence of nitroge~ atmosoh~re. After refluxiuu 

for 3 hrG th.e re1.c tion. nL:ture .~as coo led to room temperature 

and ~orked up as usual. ~he residue was crystallised from 

nethaaol wheL. a yello•J ~loured s Jlid .,as nepa.t·ated. :t:his ou 

several recrystal isations gave yello~ crystals m.~. 165°0. 

r ,:J the ooservati on of I. R. soectrum a d elemental analysis 

and m.p. it ~1a.s identified as trans-1, 2, p-me"tho.xy dibenzoyl 

ethylene. Yield-1.5 gm. 

Analysis fom1d: 

Calc~lated for 0ldEiG04 : 

I.R. (neat) Fig. 32. 

Iother liquor was furiiher C)ncentra.ted • .uut 110 crystal 

was observed. ~o solYen't was removed; "hen e. semi-solid com-

pound rema.ined, ~ovhose I.R. aho\wed that this fraction was the 

eater, starting material . 

39. Reaction o! p-chl.oro- oC -diazo acetoohe.aone with trans 

met~~l c~~ate: 

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

compound was added to 100 nl refluxing benzene solution of 
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2 .7 gm (0.017 mole) of met~l cinaamate and 0.5 gm active 

copper po·wder 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 crys·ta

llised from methanol when yellow coloured crystals were sepa

rated. This was further recrystallised xrom metruu1ol. About 

1.2 gm yellow crystals, m.p. 172°0 was isolated. This wao 

identified a.s 1, .2(E)· bis p-chloro benzoyl ethylene from the 

comparison of I.R. spectra. and m .. p. (determined earlier of 

this compound). 

Mother ii~uor rr~m above was ovuoeatrated and ~ept in 

the cold for two days. •'I hen. yellow colotli'ed crystaJ.s m.p. 

158°0 were separated out. T.hia was recrystallised from methanol 

several times when its m.p. was raised to 161°0. I.R. peaks are 

different from that of 1,2, (E) bis p-chloro benzoyl ethylene. 

I.R. (neat) Fig .. SO. Mcu& 40-ptt\\~""' .(f'!s· f.\8.\ 

: oth r .-iolA.O.r' fll. the :irs't ccrstalll sati:>n was CJtlC~n-
~ . 

j;rn. ted and kept in the c:!Ol 'i for · 1 ·ra: dfl¥8. ~ ... J. t ye:..lo\. 

uo.Lou.:::•ed sullo. soparat~d a.ud tni;J waa rocrystaLlisod several 

times from metruu4ol when colourless cr,rsta~s of m.p. ~5°0 

uere separated out . 

Yield-100 mg. From elemeutal analysis and I.R. data 

it was iden.ti£ied as 1, p-chloro be!lzoyl-2-carbomethoxy-2'

phenyl cyclopropane. 
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Analysis found : C, 65 . 85%; H, 4 . 73~~ 

Calculated .:or Clt~l\ 7 v4,JJ. : c, 66.20~~; H, 4. ~8% 

I . R. (neat ) Fi g . 35 

40. Reaction of n-t!hl.oro o<. -diazo nc1;1tauheno11e wit.h netAyl 

o-~"rbom.et .ox;r ciime. .1-1 

5C ml of be.ru:JuL!e sol.tulo.l of 3 ~ (v.17 '11"1~) or dl.e.zo 

com,ound ~ms added to 100 ml rei.'luxine be.nze.ne eolJ.tion of 

3 . 7 gm ( .017 mole} 0.1.' stor ~d. • .; u"1 ctive coppt}r powa.er 

.... o ... "~"'J J,. to.-. peT"Il J.;ure, 

::w.d the re 'c't-:.on :n.Lct rc was wor ~t:J. .. t a .. l \l unl. -ll.~ · ... ~ · 1.J.e 

'1 ter Jry3trt..: __ "t"'J•J. 'r !i .n -:ha.uol fl....l.:..>~ded .,."'el.J.O\l t!ry" ta

ll.illl product, • ,. 172°:! .... iYed lll·~'· il.:tu wt._O l.OUL.d tiO lJe 

irlen i.oa_ \lith 1,2(.1!;) biU-tJ-C.illOrO dibea~oyl ~tb,.vlen.e, l.R. 

compaTison c )t'l.fi::-med t.<-1.. • _.u... 'h.li.Ul t, is .>ln. ted .vas ! • J gm . 

IJo ther liq_ uor r,o,·as further concentrated; tJut no crysta

llin ;t oroduct ... ernrn~ctl. ,J ~.!.. t.:.. ..'l,S ro :.vv .. d whur... a h· a.r.1 

li.quid v.as lei't behind. 1his .1as distilled t> . p. 17d0 J/2 mm 

r:hose I . R. showed that tids .Cruot.:.~n. \,a.:.J .. he es~cr, startin<.) 

materi al . 

41 . Reaction of o<. - dia:?Jo acetoohenone '.'lith the above ester 

( dimetlwl ester of o- carbo?Qr cinnamic acid) : 

l!,ollovting above procedure , in this case only 'trans 

1,2 dibanzoyl eth~,rlene of rn . p. t0S0
'::: 'l.'..rl the statiltt,; ester 

CJuld be isolated. The yield of the dimer from diazo co~pound 

.;as f c ~.::l 'to be 1. 1 61!1· 
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42. Raa.ctiou o .. ~-diazo acetooh~ne .~ith trans-a- nitro 

methyl cinnamatez 

50 m1 benzene solution of 2 . 5 gm (0.017 mole) of diazo 

compouL.d 'itas added d .,.Op1i1ise to 100 m: ref_!_u...-rinu bcmzene solu

tion of ;:, . 5 gm 0.017 mole) of es"er ~d 0.-.; gm activ.e conper 

ref· uxed .for d hrs and copper was re .. oved at reduced pressure. 

'rhe semi-solid resi 1..te .. as extracted .. 1 th ether and tr~ated 

\.ith 5; sodium b5 cat:"bon'lte aolu~ on A.nd •• ashea 'l.itn water 

tJ...:..l .L\..u." .. :. """" • ..._ :. t t . J. 

ooiium aulpnate 'l.~d et.hcr ,as redoved. 1:CS.l ue wa, cr.,)·sta-

ll i ;;d .).~.,,, 

recryata-lleed .fror1 low boili.nt:, pet ether when crystalline 

0 product of m.p. 110 C •"as .. upa.r.atud ••• o ..lep:r:eos o.n of :n •• 

va.e oboe:r.ved \lhet" mi:..:cd l!l.p. of this I!01lpound an.d .,l .. ans-1, 

.... , di benzoyl t1tll.7lene \las observed. Jo tt .. is is trans 1, 2 

diben.zoyl ctbyleue. 

The mo tner liquor was c ,uce.ut:r·c.tad; but no solid 

product could be separated out on re .• oval o_' th~;.; solvent 

a liquid product was le:ft behind which after removal of the 

first distilate gave a fraction \:hich was distilled at 180°C/ 

3 mm. Yield (200 mg). This wae identified as 1- benzoyl 2-

ca.rbomathoxy-2• (o-nitro) phenyl cyclopropane. 

I .ii. {neat) Fig. ~~ . 
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2:4 ~initrophenyl hydrazone derivative of this product 

was prepared and c.:rystallie:ed from methanol/chloroform solvent 

mixture. m.p. 218°C. 

Analysis .fouud; 

.. '7,. .t6 !.'l, ~ ..... v /I) • 

43. ~eaction o:. o<. -diazo acetoohenone with o-car~ometuox.y 

metb.yl cinnama·te: 

50 ml benzene sol~tion of 2.5 am (0.17 mole) of the 

(100 ml) solution of 3.7 gm (0.017 mole) of the eater and 

0.5 em active cooper powder in presence ~f uitro5en atmoa-

phere. After refluxing for ~ hrs the reaction mixture was 

cooled to room temperature and .or4ed up as usual. Yellow 

solid separated on recrystallisation :from pet ether (low

boiling) severaJ. times o..nd afforded a. crystalline, yellow 

solido! m.p. 110°0. '.rhis was found to be trane-1, 2 diben

zoyl ethylene. 

Moth.;r liquor was concentrated but no crystall1lle 

product could be separated .• After removal of the solvent 

the liquid product was identified as the ester starting 

material. 
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44. Reaction of o<.. -diazo acetoohenone_wi th o(-cy:ano metb.yl 

cinnamate : 

50 ml benzene solu; :.otl. o:r ~ . 5 ~1 , 0.017 mo:!.e) of dla.zo 

compound was added drop by drop to 100 mJ. reflw:ia6 beuzene 

::"'1"' U t . , Ol <J • 1"' gm • o:•7 ol~} o.f ...;s t r: gad t.. o 0'· of active 

copp r Q,; er ..: the u.i ... roge ... t •. os 11 re. ~rt~r r ... ~lu. :.:.no .t.'or 

..., h..,. .. 
" L; 

,. .i:c !i l.1t..: ,,a.o coJ:.d tJ oom ter..pcra .. ure 

an1 ore i ~~ r ..: 
. 

i.l.l; o .... -· . ..ttl :ru. ' - L -

r: t!l i" n 't t 9,.J.0: &av ... .... 4 J!l. Yello .. S~lid wn.:.ch 

1 9. u.l.-.w. r I .. -

.. :J.o\ c .JI.W.: 1 0 
0 

• • -.J .J• -

i ed "s t "" ..... 1 , .J , u. . . 
..... .... ... ! ... ~ €: o .... autbeiltic 

• :l ... - &I ;u. 

recryata:.lisation fr .n :"'le~ta.... _ Sf.;.: t.; .... : t ... 7' 

.... _.,.._. tn , ·'"··e CO 0".,., ~ "1 11100 · h · ~ tit'" d tl ... _ ..... C..L ........ v •P• V".t ,; uc \'lo;J 1 \.I.e ... ~e as 1e 

t'lt nu .J b r ..,.- ~· · .-.: d ... • • • .... .l..... • CL"l p r: o ..... 

the cold for 7 d.ays :hen a trace am:>unt of aoliJ comoound 

separated. 'l:his on recrystallisa.tion from methanol gave only 

50 mg of solid cry stall i.ne c mpound 1ho se m. r>. wan found to 

be 68°C. It was ide.~tified as 1- benzoyl- 2-carbomethoxy- 2-

cyano-2 '-pheny~ c~rclopropane b.r _.;a;u.a .>f 1.... "l ctra 'Lld 

elen~ntal analyais. Yield-~0 mg. 
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Analysis fol.LI'ld: C, 73.5~.; ~I, 5.b,; 

Jalculate.O .for ~13H1603rl ; J ., 74.4:1/~; H, 5 .2G,o 

I.R. (neat) Fig. 37. 

214 dini trophenyl hydrazo11e derivative of this product 

>lar:- p"ep'!>.l·ed h.( ch \'Ias r~orystallised fr 1m methanol/chloroform 

0 solvent muture m.p. 207 c. 

A.nalyoioJ fow1ds !.-., 14.1b,:. 

.,a.J..c 4L. ted :!:or c25H.oo-OEf5 : .l~, 14 .30it 
19 

. .... ' 

..t.ll;, 
~.· 

'tb.. lw11c t. iou of .ua.nbth.v:l tr.eto!l\:1 \'r.L th o-m~thoxy 

met.by.L c.ip.aapA.te: 

benz eue \'IUS decomposod at its refl UA, nu t..e •:p Jrfi.ture in p"'~"e

sence of 0.1 et4 of con>er powder .9-I.Ld a a;:>lu-ci-Jn of 100 ml 

bell;jeue solutiou vf b Gm o-nwthoxy Ciulla de ester. la.dd.i. tion 

o! the diazo ketone was rer:.oved by filtrotl.:>n uud oenzcne .las 

distilled out completely . l'he residue wao treated with 200 ml 

of ether o.nd treated sodium bicarbonate solution and. ,;hen tti th 

i.mter Wltil the solution became neutral to pH paper. !t was 

dried over aulwdrJus sodium sulphate. ~~her was removed. vily 

residue was crystallised :from methanol.· Light yel::..ow cryutals 

Here separated out. ~his was .fu=thcr recrysta.llised fro~:~ 
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0 
met.b..anol. .;hich afforded crystals of m. p. 95 C. :rhe yiel.d of 

tb..is oroduct was J.'uund to be 300 mg • .. 
Analysis found : C, 77.13~; H, 5.30~ 

Calculated :for C20H2004 1 c, 7G.d%; H, 5.o~ 

I.:<-. (neat) •'i&• 2. 2> 

46. ;-ceacti.:m of o( -diazo ace;;toohenone wi "th me~Jwl c:_inn.B)Il?.tg,: 

oO t?ll ben..;ene sol.tt"..on of ~.5 @11 (0.017 mole) o:f diazo 

comuound was added dro:p by drop to 100 ml r-3f'lu~d.n.g benzene 

so:ution of ~.?5 gm of ethor and 0.5 gm of active copper 

po\:der 111 t.ne n.i Lrogen atmosphere. ~fter reflll..;a ..... c i'.or u hrs 

the renctiou mlxLure wae cooled to room te tperature and worked 

up as usual. Liquid residue in the rlas~ was distilled frac

tionating. ~he heavy lirJuid b. p. 100°0/2.5 gm was identified 

as 1-benzoyl-2-carbomethoxy-2' -phen.yl cyclopropane by I .R. 

W"'ld elemental rulalysis :md .~ .M.R. Yield-lGO mg. 

Analysis found: C, 76.83%; H, 5.58% 

CalcUlated for C18H1603 ' 

I .R. (neat) l!'ig. ~. lO . 

Residue in the flask was crystallised from low boiling 

pet ether and this afforded yellow crystals of m.p . 110°. 



CID2TER- rv 

Fteactions of diazo ketones wi th2Q_me olefM!,ic systems. 

Section- A : Aims and Ob;j ects 

In the previous chapter we have studied the reactions 

of different diazo ketones with cinnamio esters largely . In 

this ch~pter a comparative shtdy regardi.ll.t;. the reactivity <:>.f 

keto carbene with some olerlas is recorded. vur~~u' of aY-a

.niu t:!.ou. i. c to isolf3te tne araou.n"G of cyclopropa.ue derivati vee 

after reaction ac~ord~ to tne proccduru ado~ted ear~ier • 

..!Or the ... tudy we se1 acted methyl methacrylate and 

ethyl oro'tonate to see t,tl1;; e-·~t.!ct Jf ...... tny: croup iu 11b.e 

postj;~on of th\:l m~;;:th .. ;l acrylate towards ..:eto carbene addition. 

We have te. 31.L c3 cloheL;.ene an.d o<: -. 'L..tn.1 .J.. ..>,•1 · tlJ iroll..ti:phthelaue 

t l see treir rea.cti vity tovm.rds ... ~to aarbene. !.te ct.i o ... of 

thy l kc tr..:>u.e beve bee J. tudied to a "Couu. t. t:..:> r .u.e o ._. , J 
~J 

.tteactious of diazo cyclohexyl ke t;one \ti tn o-mathor..y 

m~ ttzy 1 oi.uJ.r.m;~tc and .t-d.l.~o c.r •1-Jnexan"'-l~ .ti th a<: -methyl 

3,4 d bydrona hthal0r1.t:: ha.'\ e b(;)·!..s. .... ~~cued 1.1\., se ~ t.ltcir ua..:: Ll-

vity. 

•he atructu:ce C- the cyclopropy:i ketouus were confirmed 

by elemental "ihal_ysis, I . R •• ncl \.:i-. L • .; :::..ud li .t.:.. .J.t ·:.n Ol.t.e co.se . 
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~ectiou-B: Results ru1d Disc~ssions . 

RnnctiOLLe o_ o<. .iin.zo acetoQnenone \¥i th meteyl .nethacl'.'{late . 

£he coppBr cat~sed decomposition of ~-dia~o aceta-

[Jhenoue was C!lrried .JUt i..:l a l'lt.'0 S e...:cess o.: !Il~Jth~ l me'tha-

cr3 late . =.."xeth<9r.mic renctiob. occurred ·1nd evo.~...utio.u of ni 'tro-

.?!•ac ti o.u.n by vacu "J.'ll distillation. 

"'S:,T mews o::: elemen tel aL.:.:uysi 1, 1. t ... v • .!.l. ~ d ........ • l. 

mixture o:f oi:J and ·t;ra.ns-1-bo.n:.r...o.fl-.!.-carb:>methoxy-.;;..-.. :H~teyl 

. o1 op""opnne, the add.; t · 0 .. 1 products of benzoyl car bene to 

methyl me'thacr:'lnte • ..:r. L.l.l l.O,._ed t;,7"" p r :.a l 't.h n ..... · ... 1-.rrent 

reter.. ..... ou time. I.~ . at l7v5 cza-1 , 1670 crn-l, l~L.J... cm-1 

).e o ,.., d. c 111 J..J.L 

nd a c; .. olo ropru1e ria . 

~he hi6her boiling frac·tion was ideuti!.'i .... d as !.2, 

~.:.beL..zoyl .thy::..er..e. -he structure of this compound was con

firmed by the cortparison o.f meJ.tiuu •iu s :!...'ld I.!!. spuctra 

vi th tilo .:e ol' the authentic sa'llples prepared according to 

knov:n met hods as 'Hell as tbos2 isolated ea.r:.i er. 
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CH3 
I 

CH 2 = C- COOCH3 + Ph COCHN2. ~ 

CH3 
I 

Cl-i2. -C- COOCH 3 + 

"'I CH 
I 

CO Ph 

.~. ....... a sp ,c t.ru.:u o..... tu.~;; r~actlon r.:>duct o.f methyl 
netb.acrvl!lte and ~diazo ace~.onheno..:~. 

u .L.C of tl.t: r c J.... r 

Cis form 

/COOCH3 

CH2 -c, 
I '",,'CH3 

CH 
I 
I 
I 
I 

co 

6 
Transform 
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product of methyl metha acrylate and - diazo 
acetophenone • 
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J . !a .R signals i.n cc14 of the cis form fU'e as fol1owa . 

Fig. f» .1 C> 

b 2 .43 (Ha), b 2 . 00 {Hb), b 1 . 2 (OH3),::, 3 . 5 (0% of 

c~rbomcthoxy f70ilp) an<. b .• 5 (aromatic proton of benzoyl group) . 

This results are c:>nsisteut · .. itt:. structure of the ~is fonn 

ohown above. 

!l • .tt .R si01els iu 0014 of the trans form are as follows .(.~9. 

l fl.1'l) ~ 6.2 (Ha,), b t.7 (Hb), ~ 1.52 (CH6.,, b .3.7o (CH3 of 

f!e.rb-,mcthoxy yL'oup) and ?J 7 . 'J {arom-:..t.Lc p:ot:m o:!: be ,zoyl oroup) • 

..:-hiu ,..a~ ulte are co .. taist .. r~ •itn the structure 01 Graue .!.l')nn. 

, o obs~rved tbnt a ai~Clet sl~1al o1 ca~bo-

l'-:1" o ... !"!l'ill f~rm. J.n e.dd ... t .. on .t rt ... ~ be meat oned hero that 

thur~ · s 1.10 4 it~Ul.l lr the ret'f ,J .... o... tr.e olt;!.il.Lic ~-oton . .u en 

defiui tely :tu.dic~ tes : l1"' t.ad react h> . .t. products are ~lot cou-

ta:.u.LnR.tcd I th vlH.l atert. llt;. OJ.~fll.L. 

teact t~n ofo( -Jia2o acetonhe..:Q!!e with _met9Y.l crotonat e. 

Jo lcr :: .~.talyscd leco. position of o( -Ji~o acetophenone 

was carried out in a re.fL.u:inu bea.zene solut.;.on of nt€tnyl 

crotonate . After usual work up o! the reaction nti.Xturet two 

product.s were separated by fractional crystallisation. 0:1e of 

these two products was 1-benzoyl., 2-ca.rbomethozy-2 '-methyl 

cyclopropane and another was trans 1, 2 , dibenzoyl ethslene. 
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In this case the yield of the cyclopropane derivative was 

considerably poor. 

By means of elemental analysis, I.R., u.v., the 

structure of (1} was confirmed. 
1 1 -1 I .R. bends at 1710 em , 1660 em- and 1010 em 

indicated that the cornpoun.d cou~e.ined ester and carbonyl group 

together with a cyclopropane ring. 

1 at 280 run i11dicate that there was no pheeyl con.ju-
Amax 

gation to the cyclopropane ring. 

:..he structure of (II) was confirmed by the comparison 

o:f m.p. flll.d I.R .. spectra with those of the authentic na:nple 

as earlier. 

-CH -CH- COOCH3 
\. I + PhCOCH= CH·COPh 
"-cH 

I 
co C II ' 

6 
Cl' 

Reaction o.-. o< -diazo _Acetophenone wi t,h cyclohex:ene. 

The reaction 01 o<:-diazo acetophenone wi t.h cyclohexene 

in the presence of copper solution and eu6aeae)2 to give 

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 o.f S'Jil. .u1.d anti 

ioolilers by elemental o.nal.yais., tllelt:i.JLu ))Oint tost UJLd I . R. 

n.bsor Jtion spectra ol' ·cneir 2 , 4-dlni tro t?henyl byd.rozones. 

G.L . C. ullows t·Ho J0a..:a io .... ttlis product • 

• 1e c.loo stttOJ.t:U "he CO~Ji>er cato.lyaed deC.:> ...... osition 

of ' diazo aceto,..,heuone carried out in o. l't1·'.L~ia..; b~1 .... ene 

30lUtl.on oi c,. clohcxet.u;;. niter usual 1rork up ol the r;::::...ct.~.on 

1i~:: r.u.':e, Ght:: ,rotiUC't lL.O o3e.£l...LL"'' t~o. by J.·raotional cb.o ti.U.""tion 

i.u.t.o its C:>u..J.,ituo •• :ts. 
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Re'lctioh o- o<: .iigzo m~tb.yl nanhtpyL!f£tonc w>~ith cyclohexene . 

~OP9 r catalysed Jeco~position of dia2o compo~~a :as 

carried out in a ref:u~ing benzene solu:ion of cyc:ohe~ene • 

.'!.fter usual ,·,orh."Uj) of the reaction mixture , t.he main product 

i . e. cy~lopronane derJ.vative a! cyclohexene was separated by 

L'r'-lc .. · J.u.n.l is t · lla t ion . 

... he s .. rue-cure of t 'l.E nro uct ".as "' u ·1:~LhJd 'Ly el el!l cnta1. 

1. • a. .... ~t 16 () 1 
Cu. , 

"r) "lOund coataL.~.ea. 

e. 

o .. d t .o 

" ti both tne isom rs er 

~ 
~ co-cH:r) 

UlO -1 em _ ioated tbati the 

.. ·_ l · -!:e · a:t sy _ w:.a. 

Copper cata~ysed deoJmposJ.tion or d.i.a .... omet . .~ ... cycloh~:;Jcyl 

ketone wa.s carried out in a rt:.flu..'lCin& sol utiotl. o .... · o-m •thoxy 

ci~'1.ai!lic ester (methyl). ~1\fter usual .torlc up o · the reaction 

mixture , attempt was made to separate the constituents by 

fractional distillation but was not successful. 2 z4 dini tro 

phenyl ~drazone derlvative prepared fr~m the product and this 



~-
1 

I 

L 
I 

J> 
u.. 
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d.erivative was crystall.ised. Zlemental analysis is in 600d 

agreement with the structure of 1-cyclohexyl-carbonyl-2-

carbomethoxy-2' ( o-methoxy) phenyl cyclo'Propane. 

I. R. bands of the reaction miXture was tat<:en and it 

was seen that there was a band at 1010 em -l v;hich showed that 

the compound contajns one cyclopropane rL~g. G.L.O. of the 

product showed only one peak. 

+ (X
OCH3 

CH= CH- COOCH3 

O OCH3 

\ 
CH- CH- COOCH3 

v co-Q 
Reaction of o<. -diazo a.cetoohenone .11th oC -"taet!1Y.!..._S,4 

di4ydro agohthglene. 

Copper oatalyeed decomposition of oC-diaZo acetophenone 

was carried out i~ a be~ene reflUAing solution o~ ~-methyl 

dibydro naphthalene. After usual work up of the reaction mix

ture, the liquid product was separated by frac~ional distilla

tion which was found to be the startj..ng olefin. Residue in the 

distilling flask on crystallisation gave product which was 

id.entified as trans 1,2 dibenzoyl ethylene by means of m.p. 

and .I .R. comparison of those o:f the authentic sample. 
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In this case, no keto car bene addit i on product was 

f ormed a s the olefinic double bond is trisubsti Luted and the 

.methyl group which eterically inhibits the approach of the keto 

carbene to the double bond. 

It 'J¥ be ~...:>t d t'1a.t cLe reacti-vi-cy of these olef'i!1s 

t :>wards kc:t.:> c~rLe.1.eo ia ~w t l(u .. ,e i 11 C.:JID.:>!lriSt)!l. ut) l...tJ.u reac

tivity .>- t.bc ci..lnaw.i c ester "tvnl:! co npuu.nds ~ ,;ilich h":ld oeou 

ot ldied} . 

Jo it · .. 

carbenea . 

r~ pee ~i~ .. 0 lir c t'"llll" 3 • ~ • i... ~...,e. 'h• :t ,. t~·l 

1 I;' 1....r·l 1 tr;; io lOrtJ '.:l' te t 1r 1 ... tl~'"- cr~ >~ >r .. •t '• .J~ it 

rna.}• be couulu·~ed wh~t Olt. t ltt.ic es~.o~r w-.. J ""'L""' ti tut •d _n the 

oosi.tion v,..:._l ..;i,r~:;: .;:>_·~ ..!.,..: ... ..,tror,-~u 

tuted ole fi u.i c esters . 

... .u.Jpf.c.,''lL-' o th,.; table 4 , 1 .. ~::.. ~u1 rt/ 1 .. !.~t ..;.·ulo

h~Kene gi'.ee : ... ~toC'I.''b ... r~tJ a"idit.io.u. p:ro lu~t .. llcru~s o<-metbyl 

3 ,4-dihydro naph·thaleae does not react at all under the ound.i

tlons adop"ted . .-lhe rea.aon probably is tJlo.t in the latt er case 

the olefirlic double bond :i.s trisuosti tuted whicn prohibits 

the for~tion ?i any cyclopropane derivative easily unuer tbe 

reaction conditions . 



-147-

But one interastinb observat; OL:. that struds .)U li is that 

though cyclohexe.ne does not contains any electron uithdrawin~ 

or douati~~ group att~ched to its double bona bivcs rise to 

lesser n.'llount of cyclopropane deriva·tives to that of cyclo-

r ropane nuriv~tivcs rec.:rv~:::-ed in. ~b~ C'tSe Jf o-muthny :.Jlet.byl 

cinP~ate ro1d p-methoxy ~et~rl ciunamate. ~o Lhe resctivity o£ 

t.hese two eet~J:rs IJerbaps l..., lu .. reased dLte to the pt'esence of 

metho:x:y ~oup iu the ortho or para nosi tiona. 

In table 5 , is recorded ..,he :rc' u~>.l1.1S o:. r.Li>bn.tic 

iia ... o.Kt.!toJJ.~o ~~·tll. cimLaillic e"'"-t~r type olci':i.ns B.!ld a;~;·).u~tic 

die.zoket•.>nes .•. th ~"clohe.~e!le. In th~ l.v.>v c::... ..... eo a _)oor .{iulu 

of add::. t l.on •om.0ound noted • .tJut O.Lle tl.ii.uu tha"t i..J clear ia that 

t.he react·· ou. ue t.-,.~en oC -.!l~:,.;'l:byl u ,4 tl'!..hy ~oho.phtlm.lene and ..!

diazo ~sclol1exanono does .~..~.ot Give any cyolo~ropaue derivatives. 

A trisuhsti. tutc'i d;..tbl~ boud adjoining tho aromatic ring is 

considerably less reactive tO\.ards the ketocarbell:::.S. ~his un

rea.ctivi'ty someuhat parallels the unreactivi ty o£ o( -tetre..lones, 

'!cena.phthenone to cyan.ohydrin.s I'orwat ·on by the UGU'LL r >Utes. 

~.bus steric as \,ell as electronic fact oro Goverll the reactivity 

in the reactions recorded here. 
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Table ·- 3 

+ 

Sl. ~~o. R1 R2 Products Proportion 

Addition Product Self condenaa-
tion 

1. H CH3 Cis/trans addition 

42% 7% 
2. 0~ H 15% 10% 

Table - 4 

OoocHn2 ~X Olefin) 

Sl •. a.fo. X Produot 

l~ddi tion product ~elf condensation 

1 . 

2 . 

Cyclohexene 

eX. - ilietbyl 3 , 4 
dihydro naphthalene 

15% 



Sl. 
.No. 

1. 

2. 

~. 
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Table - !5 

Y (Diazo ketone) 

y X 

0 
OOCHN2 

\0 A 0 
OuCHN 2 

0 CHs 

(t~ cO 
Section-C : Exoarimental 

X (Olefin) 

Product 
Addition 
product 

GO/ 

--

Self condea.
sation 

--

r.tel tine; poi~1ta and boiling poi.uts are a.ncorrected. 

Dry solvents 'I¥ ere used where necessary. ~he I .R. spectra were 

recorded in a Beckmann IR-20 Spectrophotometer. UV absorption 

spectrum were talten in a Beckmann DU-~ up~ctrophotometer • 

• , .M.R ~ ctr_..~ .. as dJter:lined on a spectrophotometer using 

chloroform -d solution. Oontau.iaL tetrum~thyl yilane as 
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internal reference . G.L . O. were taken in Chemical Laboratol'Y, 

Fooua. 

1 . E,eacti Jl;~ -aiazo acetonhe noq.e with :netl1ylme-uJy~cr:tlate ' 

A uol.lti.Jn o:f 5 ~ of ~-diazo n.cetophe-oue aud 0 . 1 gm 

,f eopoer 'JOwde!" in 100 ml of methylmethacr-ylate was warmed 

._:ra.dua.lly llll:ler ~ a.tmo3pl .. r- o.t.. n .... r.J 0 e .• • .&.he ev !.utim.L of 

lli trogen ~~as observea a.t 60°0 w1.e1 theu the temperature rose . 

excess .... tr..yl . c thacrylate nas cemoved by ord..;.n,r.) l.i · t. i:lr.tt. · ou. 

'fhe.u the ,.. ~ ct · c 

ru uut-~ L}Il. 

tul:·l.J.ysia faun a : 

Calcul~tod for C13H140~ : 

:he res due i~ tlle ..~.lush. vL. -·~ ctlv~.u:. cry t l_isation 

from liu·.t petroleuc ( 60- d0°0) gave a yellow crysoo;;al . ~he 

yellow compound of mel tillg poi.Llt 110°0 \las id0t4 tlfied as t:r.:•au.o 

1,2 dibenzoyl ~th.rlene in good agreemeh.t ·.rith I . lt . spectrum and 



• oven temp 19o c 
Thermal Conduchv ty oerecror 

6 L c. of 

Ftg- 60 
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'the m. p . yr! th the au~hentic SPJllple l!,ig. 40) prepared oy the 

copper bronze catalysed de compos:. tion o.f <:(-diazo aoetopheW)ne • 

. ~. Reg,ctio.!~tweel.:.-~ .-dia~o ~yclohexruwue and _ o(_::. netb_vl 

.5 , 4 cU.hydronaphtllalene . 

~o a beu~cne solution of 7.~ ~ 

.J, 1 eli byiron.apht.ua.:en.e l ~s o.d.ded .irl)pwise a ben~el.le aolu.t ion 

of J.3 t.7G v.07o ulo:e; of o<-dla.uo c c_ot, ·x~.I.'J ... le ir.~.. .,_·~~ c;liC(J 

o.L .1 J1l "ct.:.v~ •oo Jer oor.d~r. ~he so1i..ltio.l was J. .. efluxed for 

6 hrs .... he ""e"ctiJ 1 r:' ,.t t" .m coo_ ·d t..> r ) ~ .p\Olr"'!. .. ll.re 

~d.ded c., n~.,., .. o.s · 1- r;d u t •. !.L~.cr.e "eti r :oved Ot.>m ">let ely 

r • ~..1 .. 

u .,'lfl 1. .. ~u t ':tl to p .... pane:. .... .. h •r al 

o: tt · 01.1 wa. dl'ied. OVCl" 'i.Dhydrnus soliiurn :JI.tl h'ltc '"U.d .. l t 'l. 

\lj,S I' 0 ed v)l.'9l tf;}J.Y· t:hG J.i.uid rdSL ,ue.; .'US distilled 

a.t 124°/l~.mm. ld-6 Jli· 

I • .:{. r th 

~ r Jm th res.i. ue in ,he dis til:ir ... \;) .flask '1:ttetlpt \1au 

ane ~u isolate ~1y ~roduct formed, out no identifiab~e product 

could be separated in a.n:y runoWlt . 

Jimil~r reac t:£.ons of 8-diazo cyclohexnnone 1a.l th trans-o

methoxy methyl cinuamate, or trans-o-nitro methyl oirulamate 

'lno fa..'. lei. Ir.1. all c~ses stt;:rt in.,:. ole~L. .. ,,as iaolated in 
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ulrnos-t. 1uanti tative amount . 

3 . Reaction of' o<: -d.:.e~o acetouhe.~..~.one .. 1 t~ oC -mcthy1-J , 4 

dibydronaohthalene. 

50 ml benzer.e solution of 2 . 5 gm (0 . 017 raole) of 

-~iazo aceto~heuon~ ~as added ~X)p by dr~~ to a 100 ml 

r~r:~:ut~ beuuene solution O- ~~of ~-~&tbyl-3,4-rliAYdro 

naphthalene an.d 0.5 t,"'ll uct.:.ve COp!l.lr O••der i..r.. pr.._~f aCe o..: 
.-1.. troue.r. at os;>here. After refluxing .:or ..J lll'.3 coppf;Jr powder 

was fil ter..:d :mt d be _.ene \,[.a.t t'e 11oved ~or. 1 •tuly n~.~ rod11ccj, 

nressu-e. ~h .... emai lll.e, so:il r~;..si.::ue He.a enractE.;d .. tith ether 

v' ~.. • ~ ~ ~-• asaed 

:.-r~ct on 1 ly dl.Jtillvd, b.~. 1:..0\,)/7 .... r.oiJ'lUt 

fied as start l.n.c:.~ olo fii1 by COllpar leo.Ll of I.~. 'lLLCl boiling t>Oi.u t. 

ethii::r !llld tL ..... ..: \.as >u.C • •• ~rc. .. ed e.a:i -eJ;Jt i. he .::nld \.ihen. 

yellovi coloured crystals ~ep:.t.rated. .J..hi .... was re~cys t.alliaed 

frorJ pet-ether ?.lld -&he yellow crystals thus separated we.e 

identified as trans- 1,2- dibenzoyl e"tbylene from its I.R. and 

melting poin~ comparison with those of an authcutic compound. 
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4. Reaction of diazo methyl cyclohe&lEton~ with o-methoxy 

methvl cinJtamate . 

50 ml benzene solution of diazo ketone prepared from 

5 gm cyclohexyl carboxylic acid chloride W(lS added dropuise to 

a refluxiug benzene solution of 6 gm o-metboxy methyl c:lnnamate 

and 0.1 gm active c opper powd el' iu the oreaence of n11irogen 

atmosphere. After ref~uxi.ae for 6 hrs the copper powder was 

removed by filtration and benzene was retnoved completely and 

residue was treated v1ith ether which was ,•:aslled first with 

sodium bicarbonate solution and then Wt th \later till neutral. 

Ether removed and liquid left behind did not cr.ystallise out 

.from cominon solvents. ~o this was distilled b•.Q• 170°/10 mm 

G.L. O or the product gives only one peaa- Fig. 61. 
Ita 2:4 d:ldtro .,be.nyl hydrazone ucrivative '1/BS prepared 

and crysta.lliDed from chloroi'orm/metha.J..Ol solvent mixture. m.p. 

of this derivative was found to be 216°0. Elemental analysis 

of tlrls derivative is in good agreement of the derivative of 

1-cycloheXYl carbonyl-2-carbomethoxy-2'-(o-metboxy) phe~l 

cyclopropane. 

Analys i s f ound' N, 11.0 3% 

Calculated f or C25H2~~N4 s ~. 11.31%. 

5 . ~@£llon of ~diazo a cetophep.one witP.,_I!,~~:t:Q.tonate. 

50 ml benz ene s olut ion of 5 gm of a<: -diazo a cetophenon e 

was added dropwise to 100 ml re!1uxing benzene sol ution of 
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3 gm of metlw! crotonate and 1 . 00 gm active copper powder 

Copper powder was filtered out a..TLd 'oenzene Y:as rcr.10ved cu:nple-

t~".:l~· at rt.dttcod L.ressw:·e •• he rusidue .. ·as extracted with ether 

a~d treated Up ~otlitt:t 'bi c~ru .1 t c J .... u. \..:.vl .. · .uJ. .,.. .u d w.:. th 

tract· 011all;y i.Jt · ..t.l~.;d, b. fi• l.Jb/ "- .u .. . 1.....:... ... ~oint iden tiZied 

Ill Ll.. -. • 
... -1 • 

4J.af'-l.,.{ UL.d' I ... ...,, '( .. ~ . 
.~'-... 1-J .u, o.lv1 iJ 

. 
\.d _t.Jd .. ~or (.;l~lit4 °~: "' 71.vb 1 .>, li, 0. _..,) .. J - u, 

~ ( ...... - ........ t) - J. t..• ?.\9 

•• .., ' 1U~;J .l 

'l 



CHAPTER- V 

Intra molecular ketocarbene addition to arooatic system. 

Section-A ' Aims aud Objects 

With a view to study the carbene addition in the 

intramolecular sense to benzylic hydrogen, the £ollo\·;ing course 

of reactions was contemplated. 

0 ro Formylotion 

R 
R-= tl, Alk)'l g-r. 

Esferi ficotion 

Thionyl 

Chloride 

0 

[A] 

( F l 

(c) 

0 

~CH_OH~CO~>~+ 
(B) 

~ 

( H > 

( E ) 

COOCH3 
c~ Jo 

N2_ HC-C=O 

( G > 



.. -

•• 

.. - . -

•• r 

... 

............ ~ 
4 tl t 61 I &.1 • IC I G•'\1 s. ...... .., 
... .,..- .,.. "' ....- r T" ..- T .,.. 

. . - -.............. 
L - ' -

l . R. spectrum contparison of ac .. d cbl.orides 

I . R. spectrum of the acid chloride obtained 

from 0-carboxy dibydro oi.anaulic acid . 

I . J.t . spe ct r t.ti1l ol.' the acid chloride obtained .from 

0- carbometnoxy dihydro cinnamic acid . 

• 

I 
/ 
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Section-Ba Reaul ts and discussions. (N1"1d. 0 ~e.~ 

In order to prepare ·the product L AJ,.. via car bene 

o<. -tetralone was chosen first aa the starting material. 

For~lation was done ree~lting L-BJ. This on oxidation qy 

potassium periodate ru1d potassium permanganate gave ~c_7 

named o-carbox:y dibydro c:t nnamic acid. Tb.is is also prepared 

by another route i.e. by the oxidatlon and thereby hydrogena

tion of a-naphthol. This diacid on esterification by methanol 

and cone. Sul'Phuric acid gave diester f:DJ. T.hia diester on 

half-hydrolysis compound L-E_7 was resulted. Jn treatment of 

tbionyl chloride on L-EJ instead of giving cotzrpound c~\J 

our desired product, diacid chloride L-H_7 of tbe acid ~as 

isolated. We attempted to prepare .F ~11th other reagent of 

preparing acid chloride; but in all cases we were able to 

isolate only [Q). Smne other alternatives Here tried which led 

to more complications. 

The s truc·~ure of L-F J was confirmed to be the s"tructure 

of the diacid chloride L-H_7 of the diacid by comparison of I.R. 
Fis- ~.\,.. 

spectra. ~he i·lentification ot the other compo\lnds las done by 
" 

chemical ana~sis and I.R. spectra. 

Some cursory work to prepare L.-GJ by alternative 

synthetic procedures have not as yet yielded f1.~ui. t.ful results. 

So we could not complete our scheme. 
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Section-a: ~~pe~imental. 

Melting points ar1d boiling points are uncorrected. Dry 

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

in a Beckmann IR-20 Spectrophotometer. 

1. o<.-tet:r:aJ._g~b§12: 

(a) 2-Benzoyl propionic acid: In a 1 litre three-necked 

·flask, vvhich was fitted with a mechanical stirrer and two 

efficient reflux condensers, was taken 200 c.c. sodium dried 

benzene (A.R) 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 vvas added from a separatory funnel inserted into the 

top of one of the condensers followed by 50 ml of cone. Hydro

chloric acid. Benzene was removed by steam distillation. The 

hot mixture was transferred to 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 washeo 

first 1vith 100 ml of cooled dilute. Hydrochloric acid (1:3)v/v 

and then with 100 ml of cold water. The crude acid was dissolvec 

in a solution of 50 gm anhydrous sodiurn carbonate in 275 ml of 
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water . The solution was :filtered .• The coloured -·iltrate 

decoloured \.ith active charcoal . ~he hot filtrate \.as acidified 

with 80 ml of coucentrated hydrochloric acid and the mixture 

'Nas cool3d to 0° . The acid filtered and washed thorou~y with 

cold water and air dried . rhe m.y. 11u0
J C~lt. 1lb

0 0) Yield-

(b) -af-phenyl ~utyric aoid: .malunr.nted .Jinc :rJ~ 120 ~ of 

zinc was prep~ea .:..n a 1 lit. l:':>und bottomed flask. Iu it '75 ml 

o!: vmter, .. .30 ml ::> • C'Jttc.e .. 1trnted --\'~droc .loric ac .. d, l.Jv ul o.t 

iJUre to!.ue ~.e u:..u 50 ;rr of ... -ben~oyl l.'Of)i.:m.1c acid .verc val eJ1. 

rh.~ _ .... w _ .... . · · t w r. . t ... · Pl . CI"Jil·ie.tser coJ.ll.lected to a 

gas tbsorotion device • .:..'he re.-.c ... · m m"~:::turt; w "e l.U:ed 

v t ur ·us, y or .,;( .. 10u 1
.; t.d d ,!'; u. th · ne::-iud, ..,o rtl o c"n

ct:ntrated ly dr~ohloric acid ~l'!l added tu the .L"eact i :>n hliX:tllre 

o .: ll.pproxi <He,~ Si.:-: h':lars iu .. ervaJ.s to '!la:..~tn .u .1 e \lot .. cen-

tra t.:. 011 o ' ~·.t: acid. It as ..... en ~Llo~. ed t , c.;ol to rvo~ tem

perature 9.!1.tl the two lay rs seoarated. i!he ac'}uous layer diluted 

itt o.b ~u t 200 ml of wn.t er Q.li.d •• trecte d i .. ~t tnroe 10C ml 

portions o!" ethf.;r. ~o-uence leyer rn c~her u ... t.ro.ots 11 re co:nblll"'d 

and washed \i l. th ,tater ti ... l neutr'11 and d.ri d over aubydr.::~us 

sodium sulohate. Solvents uere removed under dim:J.nished pressure 

on a water bnth and the liquid residue wao distilled at the 

vacuum pumJJ . lhe colourless distillate solidified vn coolil-'6 

\.t- .... melts et 48°C lLi·t. 48° ). 

(c) ~ --tetrl!~: Iu a 000 rnJ. R • .B • .flasii: whlch .:'itted \'ti th 

a reflUA condenser, and a c·:J.lcium chlo-"'ine c;ua:rd tuiJe which was 
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connected \lith a tube lead luG to gas a.osorpt ... on tl'ap, were 

ta ':en 32 gm of ou.r-u a.:1d redisti 11 ..;d Lnlon.yl c'.D.or-ide and 32 gn 

of n-phenyl butyric acid. .ihe re lC'ti :.>n mLrture ,,as h\3ated co.u.

tinut.lUSly on a •,7a.ter bath until the acid melts, a.Hu it \'laS 

J:er. t aside. After ,.hen by ir:Jt;eli ctloride ~10 lou ,er evolved, 

0 ;n·.uut :&J • .u.ltcess thlquy'l ch2.orlde wau re LOVed cvupl te .• .y Oj 

dis t1 U in~ 01 .. ~~at ur \:Ja L.c.. u.w:ier r~duc ed p.res sur~. The reauJ;t 1J.lg 

y- lhenyl but..n:·y:::.. t.:L.loride ase.l n.s such tor t.t e subse~1.1ent u t:.ep • 

.L.? 'L · C·,:d nol1 c._ .. ori, e, 17b nl ?..t m. 't: cc.rboL. 

ii_ salohi~e ~ddod. .d _ ... n 

w\.1. i!'d. tube ~i tted to the ftaa.u: •• fuu.u the evolut :>.u o:f ~·droE')eil 

chloride ceased, the re'lcti )t .. filLt vure wunned s~owly to its 

boilinG uoir1t on. a water b:tth. It was \ .. eflu eu ~.'.:J.r lO rnillutes 

wi tb sha dng. 'rhc reaction mixture was the~ cooled to 0°0 and 

the aluninium co ... plex decomposed by· th•~ ;Jau iouo P.. :di t.: ou .. i t.:l 

s:v1.rilltt 100 &ill \H crus :led ice a.n.d 2b ml of cnno. Hydrochloric 

qcid. .l!ha mixture was transferred to a R. J:S. flaslc and then 

steam distilled (calcium chloride) first a.ud ~~ tetralone. 

Oil '."tas separa·ted; and the a.Y.ueous layer extre.oted thrice 'Nith 

100 ml portions of beuzene. Oil and benzene extract combined 

and dried over anhydrous sodium sulphate. dolvent removed, 
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liquid residue distilled at the pump a:t 140-45°/15 mm ,. (Lit. 

117-20/ 10 mm). 

2. 2-hycl_rox:r methylene tetralone (162): 

A mixture of 4.7 gm molecul.arised sodium 400 mJ. o.f dry 

benzene, 29 . 2 gm o! 1-tetralone, and 22 gm (-24 ml) of redis

tilled eteyl formate was placed in a 1 lit . three-necked flask 

equipped uith a mechanical stirrer , stopper and a bent tube . 

The reaction was initiated by the addition o.f 1.3 ml of etbyl 

alcohol. The flask .. as then. nlaced in a cold ~1ator bath and 

svirr~d or 6 hre. ~rter s~~~u~ over n1 ~t, 5 ml of ethyl 

alcohol added and the mixture was stirred .for an add .... t l onal 

hour. After addition of 40 ml. of water, t.ne mixture waa ahakon 

in a 1 lit. aeparatory funnel. ~he benzene layer ~aahed with 

20 ml of water and the combined a-:tueoue layer was extracted 

\litb 25 ml of benzene. ~he a\.l_ueous la.yer acidified .. ith 33 m1 

of 6N lzydroohloric acid, and the mixture was extracted with 

100 'Dl of be1 .. zene. !he be LZene solu tiL ..• aslled .. ith 5 mJ.. of 

saturated aodiam chloride S.)l.Utl.on v,as drLed over a!J..lWurous 

Na2S04 • Solvent \?as removed at reduced pressure on a water 

bath. The li~uid residue distilled at the pump at 140/10 me. 

Y:i.eld-15 gm. 

The 2 :4 dinitro phenyl hydrazone derivative of the above 

compound prepared which was crystallised from chloroform-
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methanol solvent mixture. Metha.aol solvent m • .L) . 216-20°· 

Analysis .found: 

Calculated 

C, 57 • .34%; H, 4.00% 

C, 57 . 6%; H, .3 . ~g~t 

3 . 0Kidation of 2- turdroxv methylene tatralone (163): 

To a ool~tion of 1 . 74 gm ~-t~droxy methylene tetralone 

"•.Hd 10 ml iia.ter solut Lon 0.5 gm .~.~e.Jii, a eolutioa of 1 t)ll 

K.MN04 aud 15 gm l!a 104 ( 700 ml water) ,•;as added. :the mL~tture 

Has :J.gi tat ed r or 5 hours at room temp era tu re • 

.t.'he ~.cidanta were dea t.royed ~.i tn i)Ot. ~J.d the solut b1 ... 

re.u:iered ~citH o .vi.+, '1 •;tte1uo HCl. ' .. he r" u.~ts ~_;ru ~ .. trac LeO. 

Hi th et~..yl acetR.te. :Jeruova: oi: tue solve_.l t a ... t~r P.ae ........ u..; o1 

the cumb inea e.JCtra.cts lel't li r;h'"" ye :l_o\J cv:y L tala. ..Lra.o~Js oJ:: 

elemental S ·were e.!.iniuated by dissol{iU(..) the ma.tf ria: in 

a rli l. .xai:!JO~ a.. onn f; l terLc aud recov.._,rid o.,_ ~L.e ore;a.Uc 

&cid. This was cryata.!.l:i.sed from benzene. Yield-450 '416 (25,.)) 

m.p. 165°0. 

In ail open 1 lit. wide mounted R • .:B. naak \,ere placed 

lo::J (0 . 094 mole) o£ o-carbo:xy cilm::unic acid and 5b0 ml of 10~ 

sodium hydro):ide solutio~l · .~:he mixture wa.a wa1·raed to 90° on a 

steruu bath and stirred mecha~cally. The steam bath wao then 

removed \.hile 54 gm of 3ic}::el Alutninium alloy po\/der .'las added 

thr,ur;h the opc,1 nectt of the nesk in smal-l po~t.:.ous at frequent 

' 
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intervalo. :Then the addition of the alloy ·.7as complete ., the 

mixture was stirred and mailltained at 90° -~5°0 for 1 hour by 

warming on a steam bath. Distilled water ... as added as needed 

to maintain the total volume at approximr.rcely 550 ml .. The hot 

rl:!..xture was fi 1 tercd v. i th suc·l;i~ll, ::wd the neto.lli~ residue 

\:'las naahed with bO ml port:!..:>ns of hot water i.!l au.oh a manner 

that the solid residue was never exposed to ~ir. The cooled 

.:'il trate o..ud .;asni.u.bs \,ere added dronwise with mechanically 

ntirrin~ to 300 ml o.f' cone. lJ.Y1rochlo.t'ic acid l.n a hee.J:er at 
0 

,era tu re dJ.d llO t uxce~d GO-o5 0. 

::>"' be3. .er cooled. ...he o-c'.l:cbo~~p diby~o c.Lanamic acid VIaS 

.iave uo dep }ess ... ou in meltill0 point or.L 1ixed el tine 

point detcrllli.rm:ti<.m .. th above earaple ...:... e. Oxiuation product 

o~ ~-bydroxy mettw.::.ene tetralo.ne. I .R. of this acida prepared 

.::r m t h~ t\'IO route is i dc~l. t ica.J... ..., !g. 4 .te 

5. Dimtlthyl o-cnrb~.;:s· 

·1. 3 gm of acid \tO.S dissolved in 100 ml ol' dr_y cethan.ol 

and then addin6 b to 6 drops of cone. Sulphuric Acid, the reac

tion mtxture was !"eflwced for 6 hrs. It .. as cooled and methanol 

we.s removed complutely. The liqtti d resi :lue .• as treated ·.d. th 

20C ml sol veLlt ether ~.Ld washed \', i th b,; oodium bicarbonate 
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solution qnd then with ~;ater t~ll the sol•.1t · 0.1 oeca.me .. 1eu tral 

to pH paper. It \.as dried on anhydrous sotli um sul ;hate and it 

was filtered. ~ther waa re oved compl4 tely .7hen a liquid pro

~uct remained. I. R. pc;:alc - at 1710 em -l ~1hich al-.oJid~d ester 

i'Wlctiou. Yiold-4 ~· .u.P. loO, 2 m .•• 

5. o-cqrbon: tn~::cy - dih.ydro clunru ic acid (Hal.f eydrolysiel,: 

3 gm of t 11e ester ... as true. ted 5,~ 16 :nl me thal..olio 

otaso.!.um ~ 'rr: - ........ d th r .. ctiOL. r-.l.rture '.,tlS ... ~;..pt OYCrJ.ight. 

The .. 1 th\J reJ.(h io.r... • i r:. i.l.l'e v.aD .tLU 1. :ralliued with 5 ml hydro-

-hloric ao~d a.nd tne t:..:.cc:sa m, tha..j,ol wa I'etJ:>ved at low t~m-

perature. the li_uid resi ue \'1aa t.r~atud "- th lUU cl •ther a,ld 

wn.sh d :-::..t..t.. .,ater t.> rC;: ov.; a.r~" J..r:'t.e ae_d. 1rhen · .. asn nu ~as 

found t,, be neutra_, • to pli p'"lper, til a 1 r .J.I..i. t ox. nas lri~ i 

on rulhydrous sodium sulphate and filtered. A l'quid residue 

left behind .. tic1l solidified on cooling. m.p. 6o°C (Crude). 

This waa reorya'iiulliaecl from I>et-ether m.p. ?4°0. Yield- l.d gm 

I.R. peak at 1710 cm-l 11 lGdO om-l ono.ed ne ester iunction 

and one acid function. (l!'ig. 45). 

Analysis found: C, 63.4d~; H, 5 .78fo 

C, 63.51%; H, 5.82%. 

This was identified as o-carbomethoxy-dillydrometbyl cinnamtA..~ 
~. 
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7 . Preparation of o-cr~rboxy dih.ydro meth,.Yl cinnamate from 

o-oarboxy di,bydro cinnami c acid (lf~& 

A mixture of 0 . 5 sm diaci d in excess dry methanol and 

3 drops of cone . sul p huri c a cid was kept over night at room 
0 

temper ature . Then excess methanol was removed at 30 • Residue 

was treated .,.1 th ether and washed 'llitb water to f'ree the 

mineral acid. The organic la,yer dried on a.u.bsdrous sodium 

sulphate and filtered. Ether was removed . Residue recrysta

llised from pet-e~her. Colourlese needle shaped crystals. 

m.~. 86°0. Yield- 0.3 gm. 

I .R. oeak at 1710 om-1 and 1680 oo-1 sbo •. ed that this 

\}Omoound con ta.ina one aster ~ .. nd ac1.d group. ]'it;. 46. 

Java n depress ion in melt inc.J paint on mixed melting 

point determinat~on .ith the above half ester ( 6 ). Jo tneae 

~ro compounds were di !erent. 

Analysis found~ 

Calculated for C1H1204 

3.4 
8. o< -:uethyl .. dih.ydro na.pptha1ene I 

c, 63.61~; R, o.a2%. 

4 . :1.5 gm of cleau maf9_lesium .f'illin.c>s dried in vacuum 

covered \lith 25 c . c . dry ether in a three necked R.n. flask , 

then 15 c . c . t19thyl Iodide :ill 100 c . c . ether added dropwiee; 

i·irst lot rapidly, while the conde..:1ser wae cooled wi. th ice

cooled water and addition of 'the methyl iodide slowed down to 
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maintalil refluxing. The flask was warmed on steam bath for 

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

in a ice-bath. 20 gm of 1-tetralo:ne in 70 c.c . ether was added 

dropwise . lifter s-,;artding 1 . 5 hr. (first in ice- bat.h, then at 

roo:n te !!perature) the flesk was heated or1 nater ior half an 

hour. Reaction mixture was lcept overniGht. The reaction product 

rle compo eetl with 17 ml cone. eu.l p huri c acid ill 7 0 c. o. water 

in. the cold. The aqueous layer washed '..itb ether and combined 

ex tract d.ri ed 011 anhydr0us aod it.:un sulp.hat~ 8lid ether .1ae 

rerJo\red and distilled at 115°/10 mm. The distillate was t.b.en 

taken in 200 c . c . ether and we.ohed with 10~~ b.ypoeolution and 

\7£J.Sh'3d .i th water till .ueutrr.d. _.tb.er was removed ~.d the 

residue was distilled ~t 110-15°/:0 mrn. Yiold-lU &m• l.~. 

o.f tnis prod:uc•t showed. no carbonyl band. 

9. 2reoa.r_g.:tio:.... -'>f trel'..s-o-clloro-(o< -na:ohtpy1 J cianamic 

acid ( 1~1:1: 

A :ni.:n;uro of 14 ._,'l!ls (O.t mole} of' o-ohlorobe.l2lalde.byde 

2d grns (C.lu mole) o.f 1-11e.phtbyl s.oetic ncid, 30 r.1l (0 .. 54 mole; 

oi acetic ruthyd.r.~.de and 10 gms l 0.1 mole) of trimethyl amine 

was re£lu:ed for 30 minutes in a 250 ml flask . The solution 

was cooled to 90°C , and 50 ml of cold water '.!as added over a 

period of 5 mins, at a rate that maintained the tempera~ure 
0 

above .;lO C. ~rans-o-chloro- ( 1-naphthyl) cinna.rni c acid preci-

pitated out. It .Jas separated by filtration o.u.cl washed w1 th 
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' 30 nl of 50,.- acetic ~cid and \·,ith \7ater. It .as air dried and 

recrystallised from mt;:t!la. .. ml several t mus 01-vi:l(; a lib,ht 

0 yellow coloured crsstals of m. p . 160-161 c. r .R. peok at 

1680 em -l shoued that this is a con~ut;ated acid ar~d also gkv• 

p..J ... :t.iV'6 t8st .. or an acid functio11. Yie1.d-1d uue • 

... • 1. (nS'!\.) -.1,=->. 47 . 
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Table - 6 

.. n. Catalyot R2 
.. ~o. 

1. ~u-povtder p-OOR_, 
) .u1hydrous .... Copper II 

:iulphate 

3 .. Ju '"'U9 chloride II 

4. CuO/Cu II 

5. P3.llarliu 11 !tOPt te 11 

d. Cu-poVlder P- No a 

7 Ju304(anbydrous) II 

a. CuOl II 

9. J?s. ~.ladiw:: ~a tate tl 

• 

o- CH = OH-COJCH3 
h.2 

Rl Ref.LU.Zing 'i .t~oduct -time Addi- del! 
'tiiO!l vunden-

sat ion 

![ 10 t!rs. 4vi"' lU].> 

H II viJ, ... I!.,., 

h II 3~,.~ 10, 

H II -'O'rl o,., 
fl 

H II 1..-;o 1 lr. ._, 
II II 15% 10,; 

t1 II l..::s,.:~ 10, .. 

II II 



CHAPTER - VII 

Potassium t-buto:x:ide treatment on cycloprowl ketones. 

Section-A 1 Aims and objects: 

It is reported that cyoloprane derivatives undergo 

different type of rearrangements when these were treated with 

basic or acidic substances and even with some solvent or by 

heating only. 

E.Wen~art !l ~ (168) found that cyclopropane derivative 

L-AJ produced L-BJ in presence of HCl 

H~··_-o_M_e ____ -+ 

[ A) [ B ) 

When L-CJ (169) auffered a rearrangement to produce L-DJ in 

presence" of aqueous HCl04 • 

, CH 2 COOMe 

~· 7%0Q.HCI04 y MeOH 
I 
I 

OH 

[ c ] 
[ 0] 
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dimilarl.y when L-EJ (170) was treated 'rlith HC104 , 

F was produced. 

[E] [F) 

I'tl.E.Kucbne and J.C.King (171) fouo.d that at 170°0 in 

presence of 90% methanol, the cyclopropane derivative L-G_7 

produced L-HJ 

a-() 
90/. 

[H) 

(G] 

nhen LIJ (172) waa treated \:ith n-Bul.i in THF L-JJ 
was formed. 

A{) n-Bu li R' Rac- I --~ 
TH f 

[ I 1 (J] 
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0 

D 
( K1 [L) 

In presa.o.oe high boiling solvent oompoWld L-MJ was 

converted into L-NJ. 

[ M] ( N) 

-Treatment o:r 9~ H2so4 on CoJ and LPJ (173) produced 

L- J and Z:RJ respectively. 

[ o] [ q] 

~?) [R] 
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When simple cyclopropane wae treated with A1Cl.3 , it 

was rearra.nged to L-sJ { 174) • 

D _A_Ic_l .... 3_~) 

[ s J 

When cyclopropyl ketone L-T_/ was treated with H2so4 , 

L.-uJ wns formed. 

(:t>-cocH3 
H2 so4. 

[T] 

OCc/ 
II 
0 

·OH 

[ u) 

Hhen cyclopropane derivative L-V J ( 17b) wae treated 

Li:ifH:;, metha.llolic solution of p-toluene aulpbonic acid or 

oonc. HCl, it rearranged to different products. 

cone li·t.JH3 0 

Hcl 
Cl 

0 
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A simple reductive cleave of cyclopropyl ketones baa 

been (176) effected by irradiating a methanolic solution of a 

cyclopropyl ketone and tri-n-butyl hydride with ultraviolet. 

Metal reductiona have also been used to cleave o-c 
bonds in tbe case of cyclopropane derivativea (177), specially 

cyclopropyl ketone& (178). 

When following cyclopropyl ketone (179) was subjected to 

Li in liquid N% and thereby other reagenta it broke into two 

parts. 

L'1 (C.H~) -C-C- COC4H9-n --~ 
... 2. \I Liq . NH3 

(1) NH4CI 

Product Li Product---
H+(NH3) H2 0 

CH 2 

(CH 3 ) CH·CH 2·CH2 ·COC4 H9-n 
8% 

+(CH3 h·C·CH2 -CO c4 Hq- n 
16,% 

(2) H2Cr04 

When following cyclopropane ( 180) was treated with 
0 0 

H20 at 90 -120 0 1n a sealed tube it suffered rearrangement. 

CH3 COOH ' / c-c 
H /V ""-cooH 

0 0 
H20 (90-120C 

sealed tube 
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IW tho cleavage of cyclopropane rivuti vo 1 1) 

Homollyl1c br'l~1doa and iodides ere prepared. 

CH3 
I J1 HBr/HaO 

R-C"'J\J 
I H 
OH 

0 to e th ff ct f ot Glum 

crt. to.dtl tb 110lopro yl 

y e of cb 

es. It ur :t pt 

ro fl ketO.il a 

; 1 th otaeoiun t- uto ide. lth thio vi in 

trc ted ota s~ rt. tox1 o 

nr othoxy-2' ( tbo~) h l cl r :1 • 

cation.- a 

hen l-b oyl-1!-

eyoloprop e 1n ros noe of otas 1wn t-butoX1d 

produote A' d B' 

MeO 'Q 

I / H K 
1
o B u f I I 

~ c-c -- A+B 
,, \ I .... ,, 

H' CH COOCH3 
I 
I 
I 

c=o 

0 

0 
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A • was confirmed to be an acid by the u.sua.l test of 

an ac'id function. The structure of A' was confinned to be 

the structure of benzoic acid .from the o baervation of melting 

point, mixed m.p. I.R. banda, elemental analysis and maaa 

spectrum. 

The possible structure of B' was established on the 

observation of elemental analysist I.R. and N.M.R. spectrum • 

.r :t 1710 cm- 1 ..., "d 1010 nm -l I .R. banda o this part a au. ...... 

indicated in presence of an ester function and a cyclopropane 

ring. 

li .M.R spectrum of the compound L-r{J. 
From the I.R observation o~ the part B', it is seen 

that this fraction contains an aromatic system having an 

ester function and a a.yclopropane ring. 

N .M .R spectrum of this component also shows signala 

at~ 6.8 to?>7.15 (phenyl proton),~3.75 (CH3 of carbometho:ey 

group) 3.85 (CHs of metboxy group),~ 2.5 (cyclopropane 

proton), ~ 1.8 (cyclopropane proton),~ 1.55 (cyclopropane 

proton) and ~ 1.25 ( cy clopropan.e proton.}. 

The signals ~ 2.5 for Ha• 3 l.55 for H0 and~l.25 :f'or 

Hd can be assigned. 

So from the studies of elemental analysis, I.R. and 

N.M.R, the probable structure of this part f:B'J ia a.a 

~low. 
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crystallised from low boiling pet-ether. Yield-75 mg m.p. 

121°0. No depression of m.p. was found when mixed m.p. with 

benzoic acid was seen Ita I.:R spectrum was identical w.ith that 

of benzoic acid. (Fig.SB ) 

/malyeia found z 

Calculated for c7H6o2 c 

U/e = 122 (Fig. p:l?.) 

C, ,68.53~; H, 5.17% 

c, 6d.o5~; H, 4.9~ 

(b) ~ther portion: ~~hereal solution was treated with dil. 

aqueous ammonium solution and then it was washed with water 

till neutral. It was dried over anlzydrous sodiwn sulphate and 

ether was removed. ~olid residue was crystallised fram low 

boiling pet-ether. Colourless crJatals of m.p. 46°0 was 

fi lted:'td.Yield - 80 mg I.R. (neat) (Fig. 55.). 

lill.alyele found: 

CalcUlated for c12H1403 

N .M.R spectrum (Fig. W1~ .) 

C, 69.70%; H, 6.47% 

C, 69.99%; H, 6.79~ 
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P~tRT - II 

Reactions of diazomethane with oinnamio 
esters and other olefine. 



O!WTER- I 

Section-A 1 A s hort review on the struc t ure of diazomethane 

and 1 ,3 oxolo addi t i ons and ~arious reactions of diazomethane 

with olefinic double bonda. 

Diazomethane is an e::A:"tremely use~·ul. reagent pr:L'loipalJ.y 

employed for the methylation of compounds containing activo 

hyctrogen. The reaction of diazomethane with aldehydes and 

ketones can be used as a method for chain or ring homologation 
" 

for epoxidation. The homologation of carboxylic acids, the 

Arndt E1f stert reaction, is a particularly valuable synthetic 

procedure. 

Diazomethane bas been .found to add to certain. types of 

unsaturated bonds to give pyr~oltes aud pyrazolines and some 

aromatic compounds give cyclopropane derivatives. The catalytic 

decomposition of diaZomethane by cuprous salts or by irradia

tion in the presence of ole.fins or aromatic compounds give s 

oyclopropanes or oycloheptatriene derivatives. Various otber 

insertion reactions have also been reported. 

The structure of diazomethane may be expressed by the 

following mesfomeric £orma. 

Ia l b IC ld 
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Undoubtedly, the growtd state of the molecule ia v~&l.l 

represeuted by the two structures 1b and lc, while la• ld and 

1e are ].esa significant. However, it is just these higher 

energy (less contributing forma) which govern the electro-

philic and neucleophilic character of these compounds. 

Inspection of these la., ld, le structures also disclose 

that the formal charges are inherent by i.llterchargeable foma. 

Therefore 1 t is in geo.era.l, not meaningful to ascribe to certain 

centre eleotrophilic activity and to the second one nucleophilic 

activity. 

The tautomerism o£ d1azomethane has been discussed by 

Muller and Ludsteok 

CH2 ~=N :;::::[ <:> f-P-_h_Ht._+~~·H20 
v 2oss em-, y '2 2 59 1 21 40 c nf 1 

1, 3-dipole may be defined a.s a system a.-b-e, in whio.b 

carries a formal positive charge (more or leas vacant orbital) 

and (c) is an anionic centre having free electron pair. In ·tb.e 

union of such a 1,3-dipole with a mUltiple bond system d = e, 

the so called dipolarophile, a cyclic shift of electrons acoom

nanies and consummates closure of a five membered ring. 
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Compounds ~1 which the positive centre a is an electron 

deficient carbon, nitrogen or oxygen atom are Rot canable of 
! ... 

long lived existence. When the 1, 3-(\ipole is an isolable sub

stance, then the symbol employed above can only refer to a 
i 

, resonance structure of minor weight. Stabilisation of the 
I 

reactive system is possible if a lone pair at fills the electron 

gap at a by forming an additional bond. 

R.Carrie·~ ~have shown that these reaction when 

carried out under no irradiation at low temper:ature proceed 

by way of the pyrazoline. 

Formation of five membered rings through the addition 
I 

of diazoalkanes to~ ~ unsaturated esters was first observed 

in 1888 by Buchner (2). 

The adduct from methyl diazoacetate and dimethyl fumarate 

is not the expected 1-pyrazoline, but instead 1 the more stable 

2-Pyrazoline-3,4-5bicarboxylate. 

H H 
'c= c/ 
/ -........ 

H COOC COOCH3 
3 



-193-

It is seen that both the esters give same product and this 

violation of cia addition is due to the tautomerisation ·Of 

the initial 1-pyroazolin.es to 2-pyrozoline and thus loss of 

aeymetric centre in question .had occurred. 

~he addition of diazomethane to compounds containLlg 

carbon-carbon double bond has been round to give pyrazolinea 

in high yield (3). In some cases unstable pyrazolines were 

formed which thml decomposed to give either cyclopropane or 

C-metbyl group. McAreer !]. §:1. have suggested mechanism and 

conditions favouring cyclopropane or olefin formation. 

The ~eoha.nisn oi the :formation of pyrazolines has been 

the subject of much study and the original two stage process 

involvi ng a diazon1um betaine 4,5, 6 (.t'ig. 54). 

Fig- 54 

N=N 
/ 

R-C 0 
2 "-. - 1/ I 

C-CH-C 

\ '\oR' 
H2 

This should readily lose n.i trogen and should show rate enhance

ment with increasing solvent polarity. Many reactions, however, 

are known in nhich 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 
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dimethyl fu.merate using a number of solve.tlts has been investi

gated and it was found that there is little difference in the 

rate factors (8). It wns thus postulated by Huisgen (7) that 

the addition of diazoalkanes to carbon-carbon doubbe bonds 

occurs by multicentre process (Fig. 55). 

- I 

CRa 
I 
N 

II 
"\+ 

Fig- 55 

This view point is s~pported by much evidence inolud~lg 

the stereospecific addition of diazomethane to dimethyl ~erate 

and dimethyl maleate (9,10). 
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Rate studies indicate that they are electrophilee with low 

discriminatory ability among various alkanes. The carbene, 
~ 

catalyst, olefin are all involved 1n the transition step for 

addition. 

Ledwith and Parry found that the reaction rates were 

independellt of the polarity of tl1e solveq.t and suggested a 

concerted 1,3 dipolar cyclo addition mechanism for the formation 

of pyrazolines from diazo~kanes and conjugated olefine. 
\ 

It has also beeu foun.d that both the rate of a.ddi tion 

and the stability of pyrazoline 1~ greatly affected by the 

structure of the alkane. Thus, conjugated oarbonyl und nitrile 

groupe increase both the rate of reaction and the stability of 

pyrazoline, and trans-alkanes are found to be more reactive 

than cis al keue a. 

The pyrazolmes formed have the structure expected from 

a consideration of electronic effeota. The nucleophilic carbon 

of diazometbane becomeQ attached to the most electrophilic 

carbon of the double bond e.g. in the caae of uuauture.ted esters 

and ketones, the ~ -carbon atom. These poin~s are examplified 

by the addition. of OR~ 2 to benzal acetophenone (:~'ig. 56) to 

form 3-benzoyl-4-pheeyl-1-pyrazoline which is readily ·transformed 

to the 2-pyrazoline (12 a,b). 

C6% CH • CH-CO-Csfi6 + CHiJ 2 
I I 

H2C N 
~N1' 

C6HsCH-CH- CO · CGHS ---+- C6Hs- CH-CH- COC6Hs 

1 I I l 
H2C N 
'N~ 

H C MH 
~N/ 

(56) 
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Electron releasing substituent& have been found to decrease 

the rate of formation of the pyrazoline ( 13 a, b). 

The addition of diazomethana to a variety of alkenes 

containing electron withdrawing aubati tuents on the o( -carbon 

atom baa provided a convenient method for 'the formation o:f 

pyrazoline. Tetracyano et~lene in dry ether on treatment with 

CH2N2 in dry ether gave 3,3,4,4-tetra cyano-1-pyrazoline in 

72% (14). 

(NC) 2- C=C- (CN) 2+ CH 2N2--+ ( NC)2- C- C (-C.N)2 __. (CN)2-C-C-(CN)2 
I I I I 

H2.C /.N H C MH 
f"N:7 ~N/ 

( NC) -C- C- (CN) 2 2v 

Certain o<: ,~ unsaturated acids have been shown to give the 

methyl pyrazol:i.ne-3-carboxylatea with diazomethane ( 15 a, b)·· 

The addition of diazomethane in ether to eteyl o(-cyano- ~ 

phe~l-4-substituted cinnamatea at low temperatures proceeded 

in a stereo specific manner to give the corresponding cis or 

trans-1-pyrazolin.es (16). Ethyl coG -cyeno- g -pbeeyl-oinnamate 

gave an unstable pyrazoltne which decomposes to 1-cyano-1-

ethoxy cnrbonyl-2-2-dipbenyl cyclopropane. 
Me 4X-C6H4 cooet 
I I 1 

Cis- 4-x- C6H 4- C= c (eN) cooet • Me--- c-c--- eN 
I I 

H2C N 
X= N 0 2 , C I, Me , M eo , H ........_ N ~ 
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So from the above discussion it is seen that in certain ca~ee, 

1-pyrazoline, init.ially formed may then either lose nitrogen 

to give a cyclopropane or c-methyl derivatives or isomerise to 

a 2-pyrazoline. Dut these type o£ transformation from 1-pyra

zoline involve an energy barrier. 

dow formation of cyclopropanes by the action of diazo

methane on an alkene may occur by several routes. In some case& 

an unstable pyrazoline is formed which may then lose nitrogen. 

readily, or application of heat may be necessary to remove the 

lUtrogen to form the cyclopropane or olefin. ~he direct forma

tion of cyclopropanes haa also been observed, genarally by the 

photolytic decomposition of CH2N2 in the presence of some metal 

catalyst to give a methylene radical wh"i.ch then adds ·to alkene. 

l®ongst the earliest worker's to record the formation of oyclo

propanes from pyra.zoline were Von .Auwere and 1~oeng (10 a, b). 

Me COOMe 
'-c/ H COOMe 

11 + co~ + C H3 vv H 

MeOOC/ '\.H ,sX 

30/. 

COOCH3 
MCOOCH3 

H H 

IJ. 

A paper by McGreer ( 17) confirmed the formation ,of both Wleatu

rated esters and cyclopropanes and also gave evidence for the 

formation of both oC f!> and ~y unsaturated eaten. The thermal 
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decomposition of pyrazolinea to cyclopropanes has been fou.n.d 

to occur ~1 a uonstereospecific manner (18). Whereas photolytic 

decomposition of pyrazolinea occurred in stereospecific manner. 

The thermal break down of 2- pyrazolinea has bee11 inveati

gated (20 a,b,c) and it was concluded that the products pro-

duced did not depend upon their rela.ti ve thermolytic stabili

ties but were formed by decomposition of the tautomerio 1-

pyrazolines and hence depended on the rel.ati ve phemodynamio 

stabilities of the intermediate 1-pyrazolinea. 

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 

first examples of the copper cataLyeed add1tion of diazomethane 

to alKanes waa given by Dull and bend (21) wbo found that 

ketone diethyl acetal and pheeyl ketone diethyl acetal gave 

oycl.o1Jropano.o.e dietbyl acetal and phenyl cyclopropanolle diet.byl 

acetal respectively in preaeace of Ou2Br2 in 50~ yield. 

oet 
/ 

CH 2= c, 
Oet 

Oet 
1/ 

CH2- c- oet 

1/te 
H2.C -N= N 
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The formatioa of cyclopropanes b.r the addition CH~2 to allyl 

halides has been investigated by Kirmee and his co-workers (22 a, 

b) and they fow1d that two products were obtained. Cyclopropyl 

methyl halides a.ud 4-halogeno butenes. 

Certain heterocyclic aromatic compounds have been cyclo 

propanated with CH2N2 in the preseuce of Cai8r2 (23}. The 

formation of cyclopropane derivatives from certaiu z_lo:tyn;uolear 

ar\>matic hydrocarbons, generally in the preseuce of a oupr.Jue 

salt, has been investigated by numerous workers. rne diazo

methane adds at bot.h tbe moat active sites aud the most active 

double bonds in the molecUle, and also aomet.:.mee gives insertion. 

products. Phenanthrene, for example, gave a. mixture of two 

cyclopropane derivatives in the ratio 3C1 respectively (24 a, b) 

and anthracene also gave a mixture of three ho:no1oguae (25). 

No.p~J1alene was .found to react in an analogous manner to kive 

both cyclopropane and tropilidene derivatives, the yield of 

cyclopropane increasing wh~l the reaction was carried out at 

low temperature. Pyrena was also found to give a cyclopropane 

derivatives when treated with CB2N 2 (26). 
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+ 

+ 

Section-BI Aime and Objeotol 

tith a view to explore the case of c-al~lation some of 

different substituted ~-phe~l metAYl ao~tlate i.e. cinnamic 

eaters (tra.lla), o.nd co..1pare yields, products formed aud study 

reactivity of 1,3 dipolar cyolo addition of diazomethane to 

unsaturated eaters. The substitution of the r>henyl ring was 

varied viz. oarbomethoxy and obloro (~ig. 57). 

~H~-CH- COOCH3 

~ 
Fig- 57 
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Our observation in these reactions is that 1n all the 

cases 2-pyrazoline was isolated instead of 1-pyrazoline or C

met.hyl or cyclopropane derivatives. Probably intially formed 

1-pyrazoline was easily isomerised to stable 2-pyra.zoline (Fig. 

58). 

YR 
CH-CH· COOCH3 _ __,.• 

I I 
CH2' J) 

N 

[ A) 

or 

Fig- 56 

Q H 
l 

H- c-c- COOCHa 

I I 
HC NH 
~N/ 

[ B] 

These 2-pyrazoline Vlere heated to renux: for a long time in 

xylene in order to eliminate nitroge11 from the 2-pyrazolin.e and 

obtain cyclopropane derivatives. But ~1 all casel 2-pyrazoline 

was re:coverad aud so eJ.iminatiotl of nitrogen. was not facile. 1~o 

trace of cyclopropane isolated in our subsequen·li work up. So 

the 2-pyrazolines prepared from trans a-substituted cinnamic 

ester (by electron with drawing groups) are highly stable at 

the boiling point· of xylene and no tautomerism occurs at this 

temperature be~veen A and B of the Fig. 58. 
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As 2-pyrazoline thus formed ~rom the trans-substituted 

cinnamic esters (o or p-subati tution , by eleotroa withdrawing 

group) is highly stable, so cyclopropane derivatives of these 

eaters could not be synthesised with diazomethane without ~ 

catalyst. 

Section-c: Results gnd Discussions 

Reaction of diazomethane with dimethyl esters o! o-oarboXY 

oinnamic acid. 

The reaction product of diazom~thane and d1metnyl ester 

of o-carboxy cinnamio acid v1as chromatograpbed w1d purified by 

repeated cryatallieations. The structure of these product wae 

confirmed to be 3-oarbomethoxy-4-(o-oarbomethoxy) pheuyl-2-

pyra2oline by elemental anaJ.ysis, I .R., Mass •..•• 

I .R. band at 3400 cm-1 indicated :for secondary NH group, 

M/e = 262. 

(J(COOCH3 

~H-~H- COOCH3 or 

H C NH 
~N/ 
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Reaction of diazometlliuLe with o-chloro metpyl cin~a~. 

The crude reaction product of these two reactants was 

s~bjected to u.v, absorption and it was seen tl1at it absorbed 

max 318 (Fig. ). 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 analysis, I.R. and mass s·pectta. 
-1 

I .R. :peak at 3400 em indicated for secondary NH group. 

M/e = 240. 

~CI 

~CH-Cl-1-COOCH or 
I II 

3 

H2 C N 
'-.N/ 

H 
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ReactiOA of diazomethane with o-cbloro methyl oinnamate. 

The structure of the reaction product of these two 

substrates was also confirmed to be 3-carbometho:x:y-4-(p-chl.oro) 

phenyl-2-pyrazoline by means of elemental analysis, I,R, 

r.R. peak at 3400 cm-l indicated the presence o~ 

secondary NH group. 
C\ ¢ + CHaNa __ ,_ 

CH=CH-COOCH3 

Cl 

¢ 
CH-CH- COOCH 3 or 

I I 
HC NH 
~N/ 

Reaction of diazomethane with a-nitro metAyl cinnamate. 

The structure or the reaction product of these two sub

strates confirmed to be 3-carbometho~-4-(o-nitro) phenyl-2-

pyrazoline by means of elemental analysis, I .R. 

I.R. peak at 3400 cm-l indicated the presence of NH group. 
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Reaction of diazomethane with meaitYl oxide. 

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 

o£ -N : C. COOOH3 group .• 

It's structure was confirmed to be 3-aoetyl-4-met~l 

2-pyrazoline by means o£ elemental ana.lys is, I .B.. • .... t. 

U .v. max at 282 nm. 

I.R. peak at 3400 cm-1 (broad) indicated the presence 

of aecondar.y NH group. 

G.L.O showed only one peak. 

fHa lHs 
CH3 -C =-: OH-COC%+ CH~2~ CH3-~-,H- COOCH 3 

HC NH 
~N/ 

or 

Mass spectrum of 2-pyrazoline. 

Peaks of mass spectrum o:f 3-carbornetboxy-4-(o-chloro) 

phenyl-2-pyra.zoline a:re as follow. 

path. 

238, 179, 166, 152, 138, 124, 111, 72, 59, 44, 28. 

So ·the decomposition had occurred in the following 
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(X CI + 
-COOCH 3 

CH-CH-COOCH 3 _ sq 
I I 

HC NH 
~N/ 

~~I 
~CH-NH 

I I 
HC== N 

O CI 
' 

~H 
138 

124 

~CI + 

~CH-CH--• 
+ 

- CH 

I I 
HC NH 
~N/ 

179 

fHCN 
~CI + 

~C-CH 
H/' I 

N 
H 

152 

-CH a CI 

+ 

111 

Peaks at 44 indicating elimination of 002 from the compound 

and strong peak at 28 indioatea 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. 

(X
CI 

' 

CH- CH- COOCHg 

I I 
HC~N/NH 

Mass spectrum peaks of 3-carbomethoxy-4-(o-oarbometho~) 

phenyl 2-pyrazolene are as follow. 

262(M~), 203, 144, 131, 116, 103, 89, 76, 59, 

44 and 28. 

Strong peak at 28 indicated that the compound contains 

two nitrogen atoms attacked to each other. 

Peak at 44 indicates the elimination of C02 from its 

e"iher function. 

Other fragmentation of the product can be explained 

by the following way. 

~COOCH3 

VcH-cH-coocH3 

I I 
HC NH 
~N/ 

~COOCH3 
-59 (X

COOCHg 

+ 
CH-CH 

f I 
HC~ NH 

"N/ 

203 

+ 
-COOCHa 



• 

-ooa-

0: CH- CH 

I \ 
HC NH 
~N/ 

0: - CH 
,--- 6H-NH 

\ I 
HC === N 

144 

0: - CHa 
+ + • 
CH-cH2 

~ + 
CH 

103 89 

- CH 

13 0 + 

+ 

76 

wo on th aoi o th 

ture of thi.o co. OWld ho 1 oulnr t. ia 262 tJ3 

e follo •· 

(:(COOCH 3 

CH-CH-COOCHs 

I I 
HC NH 
~N/ 

truo

uritten 



.r'ig. P.16 N .w. R. ape ctrwn of 3- carbomethoxy-4- ( o-ni tro) 

phenyl-2-pyrazoline . 

' 
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N.M. R. spectr~m of 2-oyrazoline . 

In the previous discassion about the structure of P

pyrazoline, we had discussed I . R. , u.v. and mass spectrum to 

explain the structure of 2-pyrazoli.n.e. 1~ow wi·th the help of 

N .n.R., .. e .. .-.. ould li:Ce to c.:>nfirro tbe structure o£ the reaction 

product of trans o-ni trorueteyl cinnamo.te and dia.zoraet11a.ne. 

It is reJorted (27) thet proton sicnals for 4, 4.5, 

5 tetranathyl-~-pyro.zoline cis-.:r-carboy,yl~Lte ere o:s fo.Llo\JS. 

6 !3.J5 Wld J.~2 (12H),36.7u (3H of ca.rbo .. ethoxyJ und O 
4. 2 broad ~1H, ... m). It :.a also ro ,:;orted .ill "nia > .iJer also 

th·~t all 'the 2-rzyrazolli.t.e, there is a broad pea.~ at S 4.2 to 

6'4.5. Joil;CUll be COUC.l.Ud~d I.LlL.t ulte Chu..r..,.\)t-..:ri~Jt~C i~..;w .. o ... 

.L1 .J .... ~t. a it)ll<..lls 0.1.· the r..:actioll ui"'oo.uct oi -;;rw1u o-.u.i tro 

....10thyl cin.nwJute and aia"'o.11~tha.ne i.u. U.Uul., art: '-"s follo.,l";j. ~lJ.L;. 

S 7.3 to o .. l lphe:zyl p.L~otou), b ~.d (CH3 o~ curbom~Jtno..zy 

;)roup), b v.L ul'Oh.d (lL of ~~H), <b 6.5 (ole~L..J..l..C 1-J-otoL. of t..'H = N) 
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and ~ 4.15 to S 4 .45 quasi triplet (for Ea. and Rb)• 

These results satisfy the structure givett below for 

the reaction product. 

Se ction-C s Experimental 

Jlel ting points and boiling points are uncorrected. Dry 

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

in a Beckmann IR-20 Spectrophotometer. Mass spectrum were taken 

in a mass spectrophotometer in c.D.R.I., Luclmow. N .M.B.. epeotrum 

was detemined on a VA-90 MHz ~ • .M.R. i)pectroyhotometer using 

chloro£orm-d solution containing tetramethyl silane as internal 

reference. 

1. :teaotion of diazometha.ne with dimeth.yl ester of a-carboxy 

Oinns,mic acid: 

A mixture of 200 ml of ethereal. sollltion. of 1. 47 gm 

of diazomethane (dried over potassium ~drozide pellets for 

6 bra.) and 50 ml ethereal solution of 2.2 gm of dimetnyl eater 

of o-carbo:xy cinnami o acid wae kept for 18 days in a dark and 
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cool plaoe. When the colour of the diazometbane was no longer 

found to be present; ether was removed oompletely at reduce 

pressure. ~oily liquid remained in the flask. 

U. v. of this oily liquid showed peak at) !nax 314 nm and 

also positive test for nitrogen. Attempted crystallisation from 

dr,y methanol did not suooeed. 

It was then chromatographed over alumina and the frac

tion e~uted with 60% benzene and 40% pet-ether solvent mixture 

cr.ystalliaed from dty methanol. Thia, after several recr.yata-
o 

llieation from dry methanol gave colourless crystals m.p. 191 • 

Yield-1.2 gm 
-1 I.R. showe peak at 3400 om for secondary NH 

grouping. ~'ig. ~ 9 . 

Analyaie foWlda 

Calculated for C13H140912 t 

C, 5d.5%; H, 5.35% 

C, 59.53%; H, 5.59%. 

Mother liquor was further concentrated, but no crystals 

could be separated. 

The alumina ooln1n'n,was washed down with ether, which on 

evaporation did not afford any solid product. A semi solid pro

duct separated. which was identified as the ester starting 

material. 

Mass spectrum Fig. P. ~t\ · 

2. Reaction of diazomethgne with methyl ester of o-chloro 

cinnamic a.cid. 

A mixture of 200 ml of ethereal solution of diazomethane 

(1.2 gm} and 50 ml ethereal solution of 1.96 gm of the eater 
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was kept at a dark and cool place for 18 days when uo yellow 

colour of diazomethane was found to be present. Ether was 

removed at reduced pressure. The oilY residue was crystallised 

from methanol when pale yellow coloured solid separated. This 

on recrystallisation .frol!l dry metha.uol gave colourless compound 

m.p. 165°0. Yield. 2 gm. 

Analysis found& 

Calculated for 011H110~~2C1: 

I.R. (neat) -Pig. 49. 

11ia.Ga a pectrum Fig. P \S 

Mother l.iquor was £urther concentrated, but no solid 

product could bt: separated. 

3. Reaction of dia.zomethane \ri th o-ni tro metlwl c:i nnamate. 

A mixture of 200 ml of ethereal solution of diazometbane 

( 1.28 gm) and 5U ml of ether solution o~ 1.8 gma of o-nitro 

methyl cinnamate was kept in a dark and cool place for 20 daye 

when the colour of the dia.zometllane waa no longer present, eth r 

.tas removed at room temperature under suctio.a. The semi-solid 

product was crystallised from pet-ether and further recrysta-

llisation afforded a solid product. m.p. 162°0. Yield 1.2 gm • 

.tm.alysie found:'"" 

Calculated for C11B1104N! & 

I.R. (neat - Fig. 50 
N.M.R. Fig. ~\b. 

c, sJ.d~; H, 4t-3% 

C, 5!-ft%; H, t.Jil.i' 
c, So·Ob oro i H, Lf·Lt.) fo 

t ~· th c H y I ;; p I R ~~c. ( ~ 2 4 I Gf ' q . 5 , , 9 14 
~ C.Df'~, ~~ ~~~ 
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4. Reaction of diazomethane with trans- p-Ch1oro metpyl cinnamate. 

A mixture of 200 ml of ethereal solution of diaZomethane 

(1.2 gm) and 50 ml ethereal solution of 1 gm eater was kept 1u 

a dry and cool place at room temperature for 18 days. When the 

colour of diazomethane waa no longer present, ether was removed 

at room temperature under suction. A semi-solid residue remained 

was crystallised several •times from pet-ether (60-80°) m.p. 

110°0. Yield - 700 mg. 

Analysis found' C, 55.17~; H, 4.57% 

Calculated for c11B1102N2Cl a C, 55.37%; H, 4.84~ 

\ . ~ . t: '" . 5' 1 
5 • .deaotiou of dia.zometb.ane with mesi tyl oxide. 

A mixture 200 ml of ethereal solution of diaZomethane 

(5 gm) and 50 ml ether aolu~iou of 3 gm of mesityl oxide wa& 

kept in a dark and cool plaoe for 15 days. uhen the colour of 

the diazometbane was no longer present, ether was reilloved at 

room temperature under suction. The liquid residue was distilled 

at 88°0/7 mm. Yield:-1.3 gm. This compound was f ound to contain 

nitroge11. 

Analysis founda 

Calculated for CsBtoON2 : 

I.R. (neat) Fig. 52 

C, 64.11~; H, 9.13% 

C, 64.27%; H, 8.98% 



CHAPTER - II 

Section- A a Aim and ob:lect o:f the decomposition of diazomet hane 

with metal cata+vst. 

It is reparted that dia.zomethane adds to double bond,s 

forming cyclopropane derivative Ln presence of copper. Our aim 
~i 1r--:;'ilo 

was to prepare cyclopropane derivatives of~metbylt3,4~napthalene 

and acenapbthene and thereby to see the illsigb.t of the state of 

' CH2 addition and its subsequent fate. ~eto carbene addition 

to double bond in presence of copper catalyst was described as 

being efrected via the *inglet otate. ~ut met~lene addition 

to double bond in absence of any catalyst uas shown to be non 

stereo specific. ,:,o to find out SJJ.Y stereo specificity or .uot 

of metl'zylene addition to double bond in presence -:>f co )~er 

catalyst md to draw a relat ioz'lship as to the state of methy

lene and that of the ketocarbene was our mai..1 objective. To 

prepare C-m ~tbyl derivative of oC-metbyl 3,4 dibydro napthalene 

and acenapthene was our main goal in this rJute. 
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Section-B ' Results and Discussions. 

Addition of diaZomethane to some other olefin a in 

presence of cuprous salts active copper powder was attem.pted. 

It is interest~g to note in these connection that in the cases 

studied, addi t1 ou to the olefin.s did not take plaoe. 

In a reaction o:f c:>( -methyl 3 14-dibydro naphthalene, with 

diazometh.ane in. presence of anhydrous cuprous chloride we iB•lated 

a solid product of m.p . 110-12°0. In a similar reaction with 

aoenaphthene we isolated the same solid product of m.p. 110-

1200. Deco~position of an ethereal solution of diazomethane in 

presence of Ou2C12 or active copper furnished the same solid 

product of m.p. 110-12°0. The same product also was isolated 

when the catalyst is an.bydrous copper sUlphate. 

Some properties of this compound' 

1. Thie compound decomposed slowly at room temperature and 

within 10 days it decomposed completely. 

2. It contained nitrogen. 

3. It was fowLd to be highly basic in character. 

4 . When treated with KOH, it evolved NH3 gas. 

5 . It could not be .hydrogenated in presence palladised charcoal. 

6. Heat and light decomposed the oxygenated dimer giving off 

nitrous fumes . 

7 • Pyrolysis of t.he cDmpound :Ul presence of reactive olefin did 

not give products that are obtained with diazomethane. 
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As it is deoo·mposed very quickly,, the elemental analysis 

of this compound could not be deter.rnined. Its molecu1ar weights 

was determined by Beckmann ~reezing point depression method 

and molecUlar wt. was found to be 90~4. 

Inspection of the I.R. spectra, it is seen that it 

contains a hydrogen bonded primary amine group. I.R. peak at 

1780 cm-1 in.dioatillg that 1 t may contain an amicie function. 

Inspection of the I.R. spectrum and molecular weight 

determinatiou, it is suggested that the compound may be a polY

mer of diazometbane (a) or a formamide derivative (b). We could 

not e;ive exact stl.~uoture of this product still now. 

Section-Ca Experimental 

(a) Decomposition of diazomethane in presence o~ copper 

euJ.phate. 

In a one Lt. R.B. flask which was placed in a ice bath 

was taken 500 m1 of ethereal solution of diazomethane prepared 

from 20 gms of ni trosomet.bylurea end which was dried on KOR 

pellets :for 4 .hours. In 500 mg anhydrous copper sulphate was 

added in one lot and the flask was fitted \Vi.th calcium chloride 

guard tube. Immediate evolution of gas was observed. After two 

to three hours when ethereal solution beoame colourless the 

solvent was renoved at room temperature using a water pump. \Y'he.a. 

almost all the solvent was removed, the oolourless solid was 
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crystallised several times from dry benzene Yield-3.5 gm • 

• m.p. 112l... 

(b) Molecular wt. determination by Beckmann freezing 

point depression method was found to be 90.4 • 
!;lll .. .o' 

1. Probable mole"'formul.a c..c~ '\.~'- \:,'(.. '~~,s-~cJ 

2. Deoxygenation/Degassed Experiments. 

(c) Analysis found R, 20;~o. 

(a) I.R. Pig • .5b· 
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