STUDIES IN PHYSICAL ORGANIC CHEMISTRY

« KINETIC STUDIES OF THE THERMOLYSIS OF SOME
CINNAMOYL AZIDES”

By
MADLENE LOTFY ASKANDAR
B. Sc. ( Hons.)

A THESIS
Submitted for the Degree

Ain Shams University
Faculty of Science

Chemistry Department

CAIRO
1972

Central Library - Ain Shams University



STUDIES IN PHYSICAL OCRGANIC CHEMISTRY

"Kinetic Studies of The Thermolysis of Some

| Cinnamoyl Azldes,"

Thesis Advisers Approved

Professor W,I. Awad (D,Sc,) _____ S S

Agsist, Prof., S, Naghed = = = = = = = = = = = - =

Professor S.K, Tobia

Head of Chemistry Department

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



.-t wpire gtated by refersnces. This =ork wes caTrisd out

ACKITOWLEDGELENT

i rra vovk recordsd 1D thi= +th=ois is sriginal

p

. 1+s Research Laborstories of Yinet_cs, Jsperiuent oF

ariatry, Fecoulty of Science, Aln Shats University-
The subhor wishes to eXpress his deep thanks 1O
- ar 3.K. Tobias, Heed of Chenistry Depsriilshit, faculty

Znience, ain Sheus University, for the Tacilitisg =t "1

iiarogal.

The =athor wishes to 8XpTess her desp spprecistinn
~pA cratitude ©O Professor W.I. Aad, D.35C., Derd oF
Lre.iavry Deprrtment, Collage for Tivacn, aln oasils
sriversivy for suzsesting problous, smlustle caidanes. hEly

o wuvice shroughout the progress 07 thls vOTHe

Trhe esuthor 1s slso indebted to wI. 5. mashed

2
a-ispent Profescor Of Physical Chewmistry ard Dr. 3.3.id
.gnan, Lecture of Chenistry for their sortinuous hslp =no
wiaz throughout the work.
..1  Asksndar
vepartuent of Chaulstry
Faculty of Seisnce
in Shsimg Joiversniy
LEYDS

Central Library - Ain Shams University



et
I

The cendidate hss attended postgreoduste course Tor

yeers in the folliowing topics !

Mechenisns of Orgsnic Resctions

Greenic iiicroanalysis.

JleatTonie, Infrsred, Nucleer .lsgnetic Resonalce,
Rauan, and tless Spectroscopy of Orgenic Ilolecul=s.

(reanic Resctlons.

Ghewistry of Heterocyelic Compounds.

She hes successTully psssed a writleln exs. inetlon

thesga courses.

Prof. 5.K. Tobla

Head of Chealstry Departsiny

Central Library - Ain Shams University



G ARY v e e v u s e s s et s s ane st s s e s g s i
TUTRODTOTION e e cerenasonsssascesasnactssoatonsocsans 1
THPEITENTAL v eeeevnssnsrnossssisss e ieeee.. BB
oot eTialS cireeenervanane e SRR <.
Peonnique & ADPPaTatUS se e eran oo . o
Issometric method ..o eenn e e e 30
Titrimetric wethod ... verrarocesnsraees e . H4
RISULTS snd DISCUSSION
Yherwolysis of Cinnecoyl Azide ............ .. B
Theriolysia of EﬁM6thoxycinnauoyl azide ....... - . 5B
Theraolysls of B—Nitroainnamoyl evide ... 0 5%
AR AL DISCUSSTION e evreosenervoneaeaeenans
Order Of TE80EI0N v ver et oannnns s
Subetituents effect sive i e e B
soivent aeffect oot e e 85
Jechsnigo of reschbion ..o O & 2

Jecouposition in aprotic solvent
(i,e., benzent)eseeee.r--- S e e 91

Dacounosition in protogenic solveat
(2.5. acebie 20id) «ucevvvvnanienn .. b

Deanunosition in protophilic oolvent
(2,7, aniline) ... ..covninen

JDPPTLDIL
APPT P R

OETERENCES 4 v avececcnasesrassesassscans soromoaners L

Central Library - Ain Shams University



SULMLULARTY

- oy - -

The theraolysis of cinnamoyl =zide snd peusthovy,
1iposinnanoyl ezides vas studisd ol
¢ cepont tenveraturss and In different

., =niline, acetloc sald).

Th . rsaction is proved to oo farpst ondss Lo rioon

-1 nzides investigeted 1n =1l soivent used, fhe T

se - ro-ation vas Tolloved by t79 different wetheds. The
watoore ig qouwtrlciﬂe*hol hinh the voluge NI SLTTDO
sdasod throush the decomposition resetion 1s eol.oented

ensured. The gecond one is ¢ titrioetric nstiod 1o

¢ the igocyanetes produced aTe ripriastricsills

pv resction with n-bubylami = Tolloved Ly

~tdigpetric finish., The values obteined hHy the two nethods

Lo the

sntisfeotory and successful perforaancs O
_atric snd titrimetric technlques.

the

The substituent groups heve little affects on

rats of reaction.Since p-slectron raleasing groups daarease

T

+9. rate of resction and E-eleetron attrecting ~rouDs

ireresse the rate of resction., chis is du= to tre eage Of

O

ta

&
C
€
N
1

12
ireaking of N-N bond. The gegond effe
stabilization or degtabilization the wmol~oule in

state.,
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The solvent effect is found to be of the follosiar
srder:

K cetio > I“aniline\? Kyenzene 29

/

/
Eacetic <\ Eaniline &\ Ebenzene

i+ oage of unsubstituted parent =zide, while contradis—

tisr occurs in the other two casos so that hleher rate oF

rssotion is sccompined by higher enercgy of asctivation.

In cose 0i scetic scid ss & solvent tha influznce
5T p-anethoxy is reversed fron electron relwesing sroup to
2teotron sttracting one.

The resctions have been proved tO te concerisd and
~ot eonssective ones. Thls has been proved by treppine
~ny possible intermediate Dby aniline (cf. page 20 ).

The mechenism of the reactions gtudied in diffsrsnt
nedis are all the same as shown by the strsight lins

rsleticonship bebween.EAi-[;S# {cf. pace 88 ).
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IITRODUCTION

AR =

Stroator. of azido group.

mhe ghealstry of azides hes been the subjest 0f
~.: . .ive investigetions in the last ten years hecpuss o
importance 1n prepsrative neterocyelic chemistry.
1
Aﬂsﬂ?'discussed the unsetteled problom whether Hig and 1%3
<. - . stives have open-chain formulss HNN:H Oov rine forcules

ccaniiv, Ghe vrorious experjuental facts sdveonced in sSupyoTh

-~ nhsin foruwula. 1h contrast the pltraviolet absarli-

+1~r grectrs of sone sryl and srovl szides in ths oidile

I M

uitraviolet reglon 2 for x O H where ¥ = I -CL. p-3r
< L 4 3 L roE 3

p-T, p-Oile, p-lNEHAC, o-NCp, I, p-Ii0,, 0-COCH, 2-0LC0%, &

§--0,-C 31,4C0%g,

strusturs R-uﬁzg rather than the open RNl oisber

2 -1, N e guprort ths oycelic
4,6 Jlocéﬁzus mey ©e supror " 1

3 . . . A
s+ al,Y studied ths infrered spectra of ten OTg~AnILS azides

Jialihu oy

(i{,=. Bu, decyl, benzyl, syclopentyl, phenyl, p-tolvl,

-

L—ﬁﬂﬂporheyl E—nltrophenyl m—ohlﬁropaen /1, =nd 0-shlores

Laenyl szide 1O determins the range of frequencies wnere

ne
+ e strong asyametrie vibration of the ezldo pgToup wWes

iik-iy to oceur. The dats show that the NB asvonetric

L

-1
stipetion is in the region of 2114-2083 cr ~ end thet 1115

rzotleslly independent of the cnvironaent~l structurs.  if

+}.; absence OF conjugation oI an electron =ccaptor ~rouy

w-ggroon ston the absorption 1is shifted to 21356-81C00 o4
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Measurement of the intensity of this band for 30 azides
showed the$ the in%ensity is a more sensitive index than
hand positlon for structural studles. Electron donor
groups rsised the intene ity & electron acceptor groups

Lowered it”.

Azides in Synthetic Chemistrys

Intramolecular gyclization %o vield carbézoles,
carbolines, phenagines, pbenzimidazoles, imdazoles,triazoles
and related systems have been studied extensivelyB. One
can visuallze many extensionsto new ring systems. A few
1imitetion have been noted in this reaction , thus in the
phenazine syntbesis, an alkoxyl group is eliminated in
preference to a hydrogen abom: whenever beth are in the
sppropriste position for:ﬁaetion5’7. This might indilcale
some form complexing between imido group and the o'-alkoxyl
group, lesding to the glimination. Ldvant age has been
taken of this faet in the selective synthesis. Smith
gt gi? found & new remctlon for the synbthesis of carbezolus
consists of cyelizakion of ow-azido, biphenyls by heat or
gltraviolet light, & nitro group orthe to the szldc group
{s shown to reast in preference to phenyl group resulting
in benzfuroxans. Also Smith and Boyer9 prepared heterc

eyclic compounds from aryl szides, carpolines and thienoindole
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vy ~reparing the corredpond ing anilines Dby diazotization
snd coupling with sodium azlde. RBoy~r e2nd strawlo syn-
thesigedcertain substituted imidazoles from phenyl azide.

vole ot allt

prepered a lerge numbzr of slivhatic and
aromatic heterocycllc agid~hydrazides and their derivet-

ives and related compounds,

Veughsn and Sepencerla found @ new synthesis: . o=
3-gubstituted S-hydroxy 1,2,4 oxadidzoles., On treating
phenyl azide with CH = CH & thHNH2 ' give l-aryl-1,2,3-
triazoleslB, »nd substitubed 2 phenyl 1,2,3 triazoles r=S-
peetivaly. 4L series of H=-sulphonyl moethyl urethens,
RSOECHzNHcanth. wes prepsored by Curtius rearrangement

spom the corrsspond ing sulphonyl acetyl azzides RsochECOTB.

Thermolysis or photolysis ol vinyl azides gives
1-azirines usually ln good yieldls. H:atingo(~azidostyrenes

s

ir: the gaseous phase produces2-phenyl—1—azirine.

Method of aszide analysis:

Numerous Gesghniques have been dzveloped for the
quantitative Jetormination of the number of azido groups
per molecule. The problem which mue?t be solved is %o
release the covalently bound azido group. Most procedur:?

yield one mola of nitrogen per az!de l=aving the third
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rnitrogen covalently ponded to the original substrate.
Litrogen evolutlon 1s measurad by uvzual gasometric
techniques. krsenite ion has been ussd o719 for azide
~nelysis, pub sartain diffieulties weTe notedao wlith simple

#lkyl azides.

Hydrazoic aeid thus 1iberated from some azides c?a
we determined by cerle fon oxidationgl. An excess of
ceric sulphetz is edded %o the hydrezolc aclid solution,
tne execess ceric lLom is destroyed

2 ot 4 2 Hl, —— 5N2+2Ce+5+2H+
xith excess potassium jodice , 2nd the iodine ig titratad
zgeinst thiosulphate. Thig process works only if one

gan be sssured theb gompleve llberztion of the =zido group

nag pgcocured.

water-soluble azldes neve besn traated with nydro-
jodle acid to chteln quenbitative formetion of mecleculer
~itrogen and iodine, eitnsr of whleh cen be measuredaa.
Aryl azides have been hszndled in ths some fashionaa. Tanse
technigues suffer fpom the aifficulty of working with
: ndine-fres hrdrolodde 2cld 4o yicld sxcess lodine.
Sulphonyl azides have heen analysed by two processes,
release of nitrogen by peszotion with Uriphenyl phosphine,

and relesse of lodine Dby neaction with potassium fodidz—
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acetic acidaa. The best methed for most azides seems Go De
n medification of hydropdic acld re2etlon. In this anelysis
the necessary hydragodlc acid is genercted %E;QEEP by using
a (90%) trichloroacetic scld (10%) weter and sodium iodide

system. The hydcdodlic ecid s zorer-tsd raplily hones,

[44]

negligible formetion of exasess iodins by alr oxidation.
Dxcellent resultSare reportsd wlth o broad variety of subs-
trabes. Acylezides o - ea&sily generste. one mole of
nitrogen pexr azid925. This ecan be done conveniently on &
nloro scale with no interfarence from such groups as n'iro,
nitroso, 2z0X¥; 820, hydrazo, Cyano, smido, lmido, amino

or ammoniwam,

Photolysis of Azide

The formation of methylenimine and methyleneclume

D, respectively, preaunzbly from the .ntermediszte

T ONT 26
Wit ] .
o 51\ [ CDBN

st 4°K producss HNC by tas photolysis decomposition of

3

Prolonged photolys’s in an argon matrix

initially formed CH2 NH?7

+

- 'ﬂ.u H__v;r__::
0H1»5-—4-%9N # GEN —> CHy = WH =¥ 0 = =

The photiolysis of methyl azide has Dbeen investizabed in
the vapour phase at low conversions ond varlous ranges

. . .28
of pressurs, tempsrature, intensity =nd wavelengihr .
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The princlpn\ gaseous product was N2 with small esmount o7
H2 5-11 % and traces of CH4, 02H4 snd CEHG' A condensed
product  as (CHEN)X was 2180 found in Oddition of carbon

dioxide, CH,-IN = N-—CHa, CZH/-I- indicet=2d the presence of &

)
short chain carried mainly by the GHjE redical, The
heavy produol eontalned 3% of (GH2)6CE4 and much larger
amounts of other N-gonbaining componiKis. The following
renctlions are suggested.
i, GH.N + X
Ci5l5 3 2
7 M N et CH N T

CH5h3 + CHEN w ( H5D)2 + Le

CH?N* B -t H2 + HCK

Irrediction of triarylmethyl czldes in hexan solubion
at room Lempercture By 2 low pressur: mercury vapor lanp

gives the sameé results, qualitatively &8 the thermal

decompcﬁtion29’5o. The rormation of phBG’radical in

photolysis wes demonstrated by 1ts E.5.R sPectraBl
fa
L \ N = N
A.rB(IN‘,) -—«--—Et-,Lw AJ:}GH P Arac N—hr

The preasence of substituent in any of the three phenyl
Zroups XC6H4(06H5)20N§ hag 1little =fi=ct on Tne LLEPATOLY

aptitudes in photochenleal reactions.

Thermal &nd photoehemlcal re~otion of 1,l-diphenyl
ethyl and 2-phenyl-2 propyl azldes shom-similar, but nob

entirely regular behavior ‘1 the mizration aptitudes for
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