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cuTMISTRY OF ORGANIC AZIDES

The chemistry of azides has been the sudject of
jatensive i@vestiration in the last yesrs becauss of %helr
jmportante jn preparative heterocyclic chemistry. Indeed,
many altrogen containing neterocycles guch 2s carbazoleg1“4l.
furoxans(s’T), oxazoles(s’g), a?—&riazoliaes(lo'lz).
triazoles(13"15), tetrazoles(le). aziridines(lT’ls),
oxadiazines(lg), benzimidazolones(20’21) and others have
been ortaiued ia gmood yield by decompogition OT addition
reactions of these substaaces: This review inoludes alkyl

and aryl azldes, carboxazides, sulnhonyl azlides, ~a1gylidene

4 srylidene hippuric azides:

PREPARATION OF AZIDES

A. (ASID A7IDES)

Two general nethods have been employed for the pre-
paration of scid gzides.

1 Prom Remction oF Acid Chlorides with Sodiam Azides:

1) Aroyl szides:
Arovyl chlorides in ary acetouse with agueous godium

azlde give the.corresponding aroyl azides(zz)

% aq. Nall %4
Ar-C-Cl  Tcetone Ar=bU==3
(1)

-



2) Satursted mogggarboxvlic acid azides

These are chtained from the reaction of the =acid
ohlorides with sodium azides. This methcd is preferxed in the
case of low molecular ~weight acids, whose hydrazides and

azides are gifficult to extract from water,
By this methed acetyl ohloride is converted to methyl
jsocyanate (III) through the azide(23’24) (11)
NaN -~
: GH30001 — 2 03300N3 — CHSE=G=0 + Nyp

(I1} (I11)

3) @, .-Unsaturated acid azides:

| The formation of olefinic aold azides Wy sodium azide
procedu¥e appears to be 1limited only by the availability of
the acid chloride. Txamples, of o,p-olefinic aesid azides

prepared by this wmethod are crotonyl(zs) (IV), and cinnamoyl

azides
0 o ot 0
OH ,~CH=CH-0-C1 — OH ,~CH=CH-G-5 + ¥aCl
(IV)
0 0

e
PR_CH=CH-0-C1  ——— Ph-CH=CH-0-N ; + NaCl
(V)




II.

to

From Diazotlzatlon of Acid Hydrazides :

1. Saturated aliphatio monocarboxylic seid azides.

Aoyl azides are commonly prepared by treating aocld
hydrazides in cold agueous solution, with ritrous a¢id,
the required hydrazides oan be preparsd frpm esters by

the reaotion with hydrazine( 7)

lq HOFO 0
RrC-NHiNHa ol B—C-N3 + 2 HZQ

2- AIGY]». azj.dESb

Aroyl azides (I) are prepared by treating aroyl
hydrazides in jce-cold hydrochlorio acid with lce-oco0ld

gsodium nitrite(za).
oH N aNO,,/HC1 0
Ar—C--i{H  AY-C-N
2 3
QeC
(1)

3. o,B-Unssturated acid azides.

Formation of olefinic aeid azides via the
hydrazide is sometimes complicated due to pide resotions.
The hydrazides of o;B-olefinic acids are aifficult to ommvert
azides owing to the possible cyclisation upen the treat-
ment with nitrous acide Cinnamoyl nydrazides (VI) reaet
with nitrous scid to yield 1-nitroso-5-phenyl-2-pyra-
zolidone'28) (VII).




Ph—CI—I:CH—G=0 R Ph«—CH-———-GHz
| HOROG
4
(v1) (VII)

4--Arylidéne end aleylidéne hippuric azides.

Arylidéne hippuric azides (VIII) are odtained from the
oofresponding hydrazides (IX) in ice-cold hyédrochlorie acid
golution, by trestiag with 1ce cold sodium nitrite(zg).
vArylidene hydrazides are obtained from the corresponding

4-arylidene azlactones (X) by treating with hydragine hydrate

in alcohol:

Ax ~CH=G ~me C=0 0
NH,-NH .
i (‘) N 2 ) Ar—CH=Cw CNH-NHg
N alcohol )
C H-N-COAY
AY
(x) (1%)

N aNOz/HG]_
HN -COAY

¥

(VIII)
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B. (CARBAMOYL AZIDB8)

Threg general methods have been employed for the pre—

paration of sarbamoly azides 1

1= I;é the resction of isocyanates with hydrazoig aoid.

Carbamoyl azide (¥XI) was obtained from isocysnic acid

ond m:3(3°1
e e
HNCO + WN; ~=7 H,NCON 5
(x1)

A number of N-monosubstituted carbamoyl azides (XII)

¢ isooyanste with HNB at

nave been prepared by the intersction o©
31-33,

10w temperature in non agueous solvent such as sthex

RNCO + HN3 ¥ RNHGON3

(R=H, alkyl or aryl) A{XI1)

The resotion of &etenes with HN3 has been employed for

preparation of wethyl carbamoyl azide (XI11) and diphenyl-

methyl ocarwamoyl azide(ng (XIv).

——— GH3—NH-GO.H3 + Ny
(XIII)
(csﬂs)z-—omﬁcon3 + Ny
(XIV)

CH2=G=O + 2HN3

(C5H_5)2G:-G=O + 2HN4 ——




2~ Yiu diazotization of semicarbagides:

Carbamoyl 2zides (XV) have been prepared from the

reaction of nitrous acid with semicarbazi&es(35) (ZVI).

RﬂHGONHNHz

(zv1) (xv)
(R=H, alkyl or =ryl)

+ HN02 — ENHGON3 + 2H20

F— Via the reaction of carbamoyl ochlorides with NaN3:

Several N,N-disubstituted carbvamoyl azides (XVII)
have Ween prepared by the reaction of earhameyl chlorides

(XVIII) with Nm3(36~39).

: 0
Rl\ Rl\ 3}
NCOCLl + Naﬂ3 ——- N—C—N3 + NaCl
R / /
2 By
(XvIII) (XvII)
Ry By
EJ CH3 GH3
G, i—
A i 04H9 G4H9




G~ (ARYD AZEDBS)

Aryl azides have been prepared in a good yield by the
action of ammonis on aryl diazonium perbromides(40), and
also by the reaction of aryl diazonium salts with hydro-

(41:42). Roth processes involves an slkaline

xylamnine
wediuy, for when the solution of the diazonium selt is
added to the alkaline hydroxylamine, high yields of the
parent amine can be recovered, whereas, if the diazonium
golution is first mixed with hydroxylamine salt and then
rendered alkaline, the aryl azide becomes the chief nroduct.
The mechanism of reaction would appear to be a type of
To0ssen reaction in which the stages are: the inltial forma—

tion of the diazo—amino compound (XIX) then loss of

water, with rearrangement t~ the azide(43) (XY)

/mi , P
RN =N ——— RN “ + Hy0
H \\N

(XIX) (%X)




D~ (YRERROGYSLIE 171DESE)

—

It hes been reported(44) that o-(@~thienyl)—phenyl
azide voyld be readily obtained by three step process j

(1) The reacticn between diazotized o-nitroaniline and

thicphene yields a-(o-nitrophenyl)thiophene (TXI).

(11) Reduotion of nitro group to amine group followed by
diazotization gives (IXIL).

(111) The diazonium salt was treated with sodium azide and
nydrnchlorio acid to give the azide (XXTII)

AT s OO

NO, NO,

(xx1)

(1) ¥a,8 s

|

z : e
N a‘r"ISCL3 N ( r_/ ] - ] ‘ m
HONG /HC1 N 2(31 ‘ HCL - N =

(XXI1I) (XXIII)
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- Olefinic Azldes

It has been reperted(4’5) that olefinie azides (XXIV)
- ean obtained frem aleohols (XXV) by their oconvertion to
the p-tcluene sulphonate esters (XXVI), =nd treating the
orude esters with sodium azide in aqueous ethancl or

pyridine at rocm temperature.

R (CH,) R R (CH,) R,
3 2'n 2 3 n
\c/ \c/ 7.8.01 \c/ \‘c/
it A Il Sy
G ‘ ! N ! 1
H/ \H OH H/ q 0-50,
- O
Ra\ /(GHz)n\ /112 CH.
N &N C c'\ (XxXVI)}
—— Ry i ’ 2,
/c\ N
H H 3
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P- (ARYL SULEHONYL AZIDES)

Aryl sulphrnyl azides (XXVII) way he prepar=d by
treating aryl sulphonyl ohlorides (XXIVIII) with sodium
azide in water under reflux for 24 hours(46’47),

age Nai.,i_‘_
AY-50,-C1 > Ar-50,N,
(XXVIII) | (XXVII)
AT
2 CgHyg

ks 06H4—GH3(P-)
Qr GGH4—N02(0—)
&» 0634-1102(13-'-)

G- (VINYL AZEDBS)

It has been reported(48) that, vinyl azides (xxIX)

were prepared as follows :

CHy— X CH,——X H /H
l N, | 4-Bu0” , ¢
CH—-Y CH ——N, i

/ S 3 G
R R 7N
R Ny

(X=Y=Br) | (TXIX)
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CHEMICAL REACTIONS OF ORGANIC AZIDS®S

I~ Decomposition Reactions

Mechenism of Thermal and Photochemical Deoomposition:

(1) Thermal decomposition (thermolysis):

The strong variation of the enthalpy and entropy
of sotivation with the para substitueats Iin the thermal
decomposition, cannot be exalained in terms of an induo-
tion effect, but is in agreement with a2 oonocerted
mechanism involving an electron deficient @-mitrogen atom

in the transition state(49).

Inde=d a para-electron repelling sudstituents will
then stabilize the transition state and a para—elesctron
withdrawing substituents will have then the reverse
influence. Consistent with a synchronous mechanism for
the thermal decomposition is alsc the faot that electron
repelling substituents faoilitate migration, and eleotron
withdrawing substituents hinder migration.

(11) The photochemical deoompositicn (photolysis)

Photolysis, involves disorete nitrene inter-
mediate(so'sz). This is concluded from the observation
that the wmigretion aptitude is practically one for all
para-substituted triphemnyl methyl azides as well in the

direot photolysis as in the photosensitized rearrange-
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The photolysis of nine sec- and tart—-alkyl azides
have been studied in detail(53). The produots consist of
jmines derived from 1,2 shifts of groups on the alkyl
earbon atom G- to the azido nitrogem atom, n6 evidenoe of
typioal nitrene processes(53) (aromatic substitution,

sliphatioc C-H insertion) was found.

{A) Decomposition Via o Conoerted Meohanism

Decomposition of acld azides rust be regarded as

proceeding by a synohronous mechanism.

(1) Decomposition of acyl. and sulphonyl azides :

According to the ootet resonanoce contributions of
azdido group (A smd B), the order of the N-N, bond which
breaks is 1.5. This double bond character is deoreased
by introducing an acyl, oY sulphonyl group in oconjugation
with the triazo =sroup (G and D) respectively.

ol +
[-g-uaw iy =N =N =N
(a)

»

_c’/
X




s -

Therefore, acyl azides, and sulphonyl szldes are
1ess stable than slkyl and aryl azides. There still
remains a greet difference in resotivity between aoyl
agides and sulphonyl azides whioh cannot be explaipsd on
the basis of the resonanoe forms, the only explamation,
thersfore, is that the forumer deoomposes by a sm-

ohronous meohanism and 1atter does not.

r--\\ 9 -h ﬂ— & _.L
'\A,r":‘l G_N'—Nﬁ Cur‘tius Cd AI"N'-G"-'O + Nz
\"\\_zf resrrangement
(1) Yenzene
SELZEE B0 NHAT + RSO NE,
(xxX)
olohex
oyolohexane 2802NH4<:::>
e + . ‘_‘ ;
R-50,-§-§=N —2—+ RSO,§ — (x#x1)
Sl - methanol
RSO, NHCH,
(XVIY)
(XXXII)

pyridine ~ + ‘\
BSO,H-(
(xXxI1I)

mhis conolusion is supported by the fact that

neither insertion or addition products, nor amldes are

jsolated in the thermal gurtius rearrangement(54"56).

Mhese resction products would result romion
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intermpediate nitreae. TIf nevertheless, in these cases the
loss of nitrogen would preoeed the rearrangement the 1life
time of the intermediste nitrene should be 80 short that
it would not have time to reaot with solvent. The photo-
ehemiosl decomposition of aoyl azides, on the other hamd,
proceeds by sn intermediate nitrene whioh, in many cases

leads to typicel nitrene reaotion p!oduots(57—59).

This 1s not unreasonable, since 1 photechemical
reaoction provides enough energy to break the N-—ﬂ2 bond
without alkyl or aryl participation. Horner(so) for
example has proved the existanoe of benzoyl nitrene as the
Primary cleavage produoct of the photolysis of benzoyl

azlde in the presence of trapping reagents.

~ 1450, PhOON=5(0)Me, 20 %

(xxXIV)
%90 . pnoonmom o
—-——-—.#‘-} 9
(xxxV)
hv N
PhCON A0QH
3 _N“—*z PhCON Hhcoxmccoa3 30 %
(TXXvI)
Ph=y
—-HZ% PhCONHNHPh 14 4
(XXXVIT)

. ROH
——=——? PhCONHOR + PhCONH2
(TAVITI)
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B~ Deocomposition of Alkyl, Ary1l Azides

Nitrene intermedistes sre formed with thermal
decompoesition reactions = f most alkyl, aryl, sulvyhon yl
azldes, the loss of nitrbgen from organioc azides results
in unohanged monovalent nitrogen Intermediategbl—63
(IIXIt). Variously called nitrenes, imidogens, imine

radical, azensg, 2gylenes, and agacarbenes

B, Qor by, N, + R

(XxXxIX)

Important characteristics of nitrenes will be briefly

summarized here.

1) Nitrenes have a short 11fe time (only several mioro~
seeondss37’64) amd undergo stabilization by the follow~

ing reaotions :

(1) Isomerization to imines, (i1) Dimerization to azo
oompoundsy (1ii) Hydrogen abstraction followed by ring
olosure to heteroocyclie compounds; (iv) Bimoleoular
insertion into C-H bonds to secondary emines; (v)
Addition to solvent yielding yields and (vi) Addition
to unsaturated systems yielding heterooyolto

compounds(65“71).

2) At room or higher temperature they can behave as



3)

4)
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diradicals (triplet) as well as electrophilic (sin-
glet) species, depending on the neture of the nitreme

and on the reaction condition(72_87).

ative regetivity: Studlies of relative resctivity
with primary, secondary and tertiary O-H bonds hsve
revealed the following order of seleotlivity;

phenylnitrene'> carbethoxynitrenejy sulphonylnitrené>
earbene(ee—ga).

Nitrenes have triplet ground state consistent with
Hund's rule, ss shown by eleotron spin resonsmce

studles at very low temperatures(93’97).
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TYPES OF DECOMPOSITION REACTIONS

1+ Acid-Oatalyzed Decomposition :

1) Agid-catalyzed decomposition of alky] and aryl
azides :

The acid-oatalyzed decomposition of alkyl snad
aryl azides has been studied fairly extensively(ge'gg)
in solutions of hydrogen bromide in acetio acid, memy
g-azidobiphenyls decompose vigorously at (50-60°c)(1°°,.
The hydrogen bromide catalyzed decomposition gives
rise to amines. Thus 2-azido-3-nitro-biphenyl (xm)
is ocoverted into 2-amino-5-bremo~3-nitrodbiphenyl (TLI)

Br
Q—O HOAo + HBr
O N N 0N NH,
(L) (L)

The mechsmism proposged by Smith et 31(100). ie

Tepresented as follows :
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AT & HY ——— ArNH-f=y -Eifey AmHBr  -E
2
Slow

+ -
AYNH, Br —Ezﬁ—ﬁb ATYNH,. + Br
2 2 2
o+ -
e o ——
AINHa + HBr g— AanBBr
AINHé + Br2 — BrA:NHaHBr

i1} Aoid-oatalyzed Curtius rearrangement of Acid Azides:

Yakawa et 31(101) have studied the decowposition
of substituted benzoyl zzides in vsrious 80lvents.
The decomposition of para—substituted benzoyl szide in
toluene or in scetic acid solution failed to give 12
linear Hammett plot. In acetio acid containing (20 %)
sulphuric aoid, however, a linear Hammett corrxeletion was
observeds This result was similar to that of the Sohmidt
reaction of ocarboxylio aoids(loa).

This shows that the acid-ocatalyzed Curtius re-
arrangement,; and the rearrangement of carboxylie acids
have the same rate-determining step. namely the de-

composition of the conjugate soid of the aoyl
azide(1014103-105)

: w t 0, +
noon3 + HY =" RCONE-N,, Sion~ BNHE=U=0 + X,
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Coleman et 31(106), have kinetically Investigated
the decomposition of benzoyl azide in benzene apa nitro-
benzene solution with differemt halides as Lewls aoids.
They grouped the halides into three olasses based on the

kinetie equation iavolved.

. \ )
Olass 1: Gacl;"™ um.-3> A1c13> FeOl,

* \
Class 2: §bCl, ) 1401, SnCl, » Tecl,

. N
Class 3: 8bCly } Sber,

In each olass the halides are listed in the order
of their relstive acid strengths.

PHCON  + ALB7, fast PhOON 5. A1Br, 108

PEN=C=0 + N2 + AlBr3

Trifluoride or triohloride in toluene solution ot
60°C givesan 2dduct which decomposes between ~20° and 09°.
The adduots could he isolated as oxystalline substance
from the reaction mixture. Their infrared spectra in
dichloromethane indicated that the BX3 moleocules, add
onto the ocarbonyl group and not onto the aglide group.
Very probably the same phenomenon ocours in reactions

studied by Newmann et a1(107),
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Recently, Pahmy et al.(198) gnoved that the de-

composition of aroyl azides with AlCh in different

3’
aromatio hydrocarbon substrates give N-aryl-amides (xL.11),
and agzglde aots as aryl ocarbamoylating agent for aromatio

hydrocarbons.
0 T HO
]

" ArH . [

(¥L1I1)

iii) Lewis acig-catalyzed decomposition of aryl sulphon yl
azides :

It has bedn reported that benzene sulphonyl azide
(XXVII) undergoes acid-catalyzed decomposition in differ-
ent aromatic substrates under the condition of FPriedel-
Crafts reactions, and aryl sulphatation takes place to

yield diaryl sulphones‘108),

The reaction possibly takes place acoording to the
following scheme :
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o ALC1 7 o8
m%w&& Ph—§—jy - =il
0 C A1013
(XXVII)
1) ArH e
hydrolysis 0

(@wIrr)
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2— BASTE-CATALY7®ED DECOMPOSITION OF ACID AZIDES

A) With Amines and Amino Acids :

Aroyl azides (I) reaot with aromatio amines
(aniline, p—anisidine, o~chloroeniline, p—chloroaniline)
to give the corresponding diaryl uress (ITIV) (109) via

Curtius rearramgement.

8] HOH
" t n
AI'-C—N3 + HZN—AI" v AT -0 ~AT T
(XTIV)
AY Ar?
ar GGHS 2 GGHB

o’

or UgH,01(0-)

» OgH,0CH, (p-)
? 06H401 (O"")
d» CgH,CL(p-) 4, C¢H,01(p-)

O

Similarly, p-vhenylene dismine reaots with (one mole)
of aroyl azides (I) to give the ocorresponding symN-aryl-
N '~4=aminophenyl-ureas (¥XLV) (109)

Eon
n .
AY—-C-¥ NH2
(xTv)
AY

b CgH,CCH,(p~)
0 CgH,01(p-)
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In case of amino 20ids, aroyl azides (I) react with
anthremilic acid in refluxing benzene to give the corres-
ponding, sym-N-aryl- '-—i:Z‘—tJarboxypheny;E ureas(log)

(XTvI)

Aroyl szides reaot with o-phenylene diamine %o glve,

sym—-N‘—[2‘—aminophenyl]-ﬂ—aryl—ureas (YLVII) which upon

pyrolysis give benzimidazolone (XEVIII)(]']“O)




HO

& benzene =
ar-G- + UE et
™ X X
B, NH,
(XLvIT)
H
.1 . _ N\
C
pyrolysis <j[ 0=C
N/
1 ]
H
(XLvIII)

The reaction probably takes plaoce according to the
following mechonism :

0 - 0
"N ore + LR
Ar-8 . steg!izj 7N "\[-\-
—('—}‘{—Nﬂ X fAr-t G £ "'"“"""\—__. AY-i =C="

(1)
H

> s N
N-—-C-N—Al'
.
NH, > pyrolysis \q'./.-
""'t %1115’ XN
step (i1) Step N/“ - NHAT

H
i
s, (] e @E
e g/ /
2,

(XLVIII)

|
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B) With o—Aming:§9dium Phenate :

amino-sodium phenate was used as a substrate

When o-2
entres ({)-0° and NH, groups), 1t gives

in aocetone the corresponding

with two beslc ©

with aroyl azides (I)

o—aminophenyl benzoate (ELIX)(llo)
| 0
0 7 (N a (ii::EZO—G—Ar
Ar-CE4 | TR |
NHy NH,
| (XLIX)

(1)
ar Ar=CgHg: Lo Ar=CgH OCHz(p-)3 0 Ar=CgH,C1(p-);
d» Ar=CgH N0, (p-)
Phe roaction possibly takes place according to the

following mechenism @

"
Ab%ﬂ3 2oy S
N /
(1) HN &
917H3N3
AI—G——Oj ::
Holl
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c) With hydrazines:

Aroyl azides {I) undergo hydrszinolysis with excess
hydrazine hydrate to give the corresponding aroyl

‘hydrazides (L)(lll)

0 0
AT-G¥, + HpN-NH, — AT—C-TH-NH, + BN
(1) (n)
ar hAr=CgHg; ho AI=GSH4OOH3(P—)5 [oh AI=06H4N02(0—);
& Ar=(}61{4N02(m—); & Ar=06H4N02(p-); £ Ar=CgH,CLl{o-);
£ Ar-=06H4_Gl(m-); n, Ar=06H4Gl(p—-); ir Ar=CgH,Br(o-);
1r Ar=CgHy—-CH=CH~

When decomosition of aroyl azldes was carried out
with (0;5 mole) of hydrazine in benzepne the correspond-
ing N,N'-Haroyl hydrazines(lll) (T,1) were obtained via
the following scheme
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Ar-—g—ﬁ-ﬂéﬂ rote (B)y
(1) \
HN-NH,
xote} 5 mole of azide

(A)

0" H H
Arfa-é—ﬂ ——"’N —-—C-—Ar

_..H".i-ﬂ'n (il

k*W>N_N

{ +
% ur ¥
Ar——G-——N—N-——G-—Ar

Ay s
H

-~

\

HN-N -N \

.

O HHO

"t 1 "

’l

rN%N

4
/
!

0
Ar-C-NH-NHy

(L)

0
Ar—C-f N =X

-

OE 0

AT-C-N -—1& tG-AY

\‘H,
ey :N-N =N

I

0O HE o:)'
L t 1 t
Ar-—-G——N—N—-O—-Ar

I

/

HE-H!N Y

AY -0~ N -C—=AT

(LI)
ar Ar=CgHci by Ar=CgH,OCH, (p-
dr AT=CgH,NO, (p-)s & Ar=CcH,

& Ar=c6;1413r(0-). i Ar=CgHg

0-Aroyl benzaz
to give the corresponding

(LIIIa-4), and similarly reaot with phen
p-nitrophenyl hydrazine to give 1,3%-

1-aryl phthalaz—d--ones

), j+H AI—GGH4N02(m ),
CL(z-)i £ Ar=CgH,CL(p-);

H,—CH=CH-

1des (LII) react with hydrazine hydrate

(108)

nyl hydrazine 2and
di-aryl-phthalaz-




- 28 -

4-ones 100 (4111)

0
/ 00}303 'I‘I &N"‘R'
| + HNN-R' ———— | 5
= &
x"gor g
R
(TI11) (LII1)
R R'
b 06114033(;;-) B 06H5
a3 G6H4OCH3(D—) S 66H4N02(p-)

Arylidene hippurio azides (VIII) react with excess

hydrazine hydrate to give arylidene hippurie hydrazideslog)
(1%)

_ AY—CH=C~CONHNH
3 NH2 NH2 )

5 HNCOGGHS

0 (1x)

& Ar=CcHg ; ki Ar=CgH,0CH,(p-) 5 @ Ar = EO!]

Similary » phenylhydrazine, reaots with aroyl azides
(Ia-e) in benzene to glve, the ocorresponding P-aryl-a-
phenylhydrazines (LIV) (111) via the same mechanism.
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0% 3

Ar—céﬂ—ﬂ—06H5
(LIV)

a; Ar=CgHgi D Ar=GGH4OGH3(p—); g3 Ar=05H4H02(p—);

s AI=06H4‘BI(0-—); &s ﬂi{=06H5—CH=CH

Benzoyl azide (I) reaots with acid hydrazides (IL) to
give the corresponding sym,-N-aroyi—N‘—aryl-semioarhazides

(V)

0 0 X QEEQH
AT-0-N + Ar-C-i-NH, ——my AT =N -N—~C-N—AT
(1) () (V)

Similarly, anisylidene hippuric nydrazides (IX) react

with aroyl azides (I) to give s yu-N— G-benzanido—4—methoxy-

cinnamoyl}—ﬂ‘«rznyl—simioarbazides (INI)109 via the same
mechanisa.
GHBQ-Q- -c—umm2 0
+ Ar—G-ﬂ3 —————
—G-C H
675
(IK) (1)
VAR oruEQY
0330 GH=?-G—N-N—C+N*AI

(zvI)
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%— Thermal Cyclization of Azideg:

Aryl end heterocyclic azides decompose thermally
with ocyelization by various routes depending en environ~

ment and structure(llz).

Suoh decompositions can be used
as preparative methods for various heterocyolioc compounds

by making use of azides with suitable ortho-substituents.

1) Gyclization to benztriazoles @ Pyrolysis of o-azido

aromatic azo compounds (IVII) results in the formation

of the oorresponding substituted 2-aryl benztriszole£13;15)

(LVIII).
S GIENN S
CHy N=N-AT CH. L
(LvIt} | (LVIII)

11) gyclization %o 4-thieno (3,2~b) indole :

o-(a-Thienyl)phenyl azide (XXIV) undergoes thermal
decomposition in decalin or (kerosene) at (170-180°¢C).
The loss of nitrogen was aceompanied by ring closure to

the carbazole amalaguse; 4-thieno-(3;2—b)indole(1l3) (LIZ)

5 S
/
[:::]: Ei—:ﬂ d;%aline R l :f:]{:_:ﬂ
N3 170-180°C

(XXIV) (z1X)
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i1ii) g¢yclization to carbazole: Thermal decomposition of

o—azidobipheayl (LX) results in the formatiocn of
oarbtazol 8(1—4) (TxI)

180°C N ’
B decalin = i
. e

(Tx) (zxx)

iv) GQyolization to benzofuroxane

Thermsl decomposition of o-nitrophenyl 2zide (LXII)

at 85-90°C gives benzofuroxane (LXIII) with loss of

nitrogm(s—Y).

0
: $
NO, N
= 90°0 Z C \0
NN ‘[; XN, E;;::‘\ /
N N
(LxII) (LxIII)

The reaction takes plaoe via a concerted mechanism,
involving rupture of the (N-N,) bond of the szide group

with ooncomitant cyelization.




72\ 7 -\
— —_—
7 N\
o+—-§ ;?. O+—H N
0 SN+ o
il
N
(LXII) (LXIII)

v) Gyolization %o benzoxazole:

pixture of carboxylic ac

gives benzoXazole derivatives.

(L

Thermal decomposition of aryl azides in 2 hot

14 =nd polyphosvhoric acid (1:1)

péNitro—phanyl agzide

¥IV) gives a high yield of 2-methyl—-6-nitzo-benzo-

xazole(a’g) (V)

a7 w7
P.P.A -
0N A 0N X \m)‘wn

(LXIV) (LXV)

o—pzidonaphthalene (LIVI) gives under the same

oondition the angular naphthoxazole (LXVII1), and the

N:0—-

diascetyl nephthalene (LXVIII) via the intermediate

(LXIX) rather than the linear lsomer (1XXx). This is due

to the greater stability of the intermediate 1H4) (TXTX)

than

(LXXI).




- ]
H //pAc
N Ao NAc
Z X 0 Y ~
OO e | O - Ok
AcOH
X~ = X
L.._ OAQ |
(LXvI) (LIIK) ' (Txx1)
QAo ¢ —r—CHy \T
x . S - NS om,
(LEIVIII) (LIVII) (1.x%)

In a similsr manner the thermal decomposition of

(9)

é—azido-anthraquinone(114) (LXXII) and 3—gzidoquinoline

(LIXTII) in » mixture of acetio a0id/pol yphosphorio
aoid. furnished the corresponding oxazoles (pxxIV)

end (LXXV), respectively-
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. OTCH3
/ ' \ 3 PIP'A. ‘ \
i iy anl
AN N AcOH N
(LXXIII) (T.XxV)

vi) Cyclization to 1,3,5—oxadiazines(19): Arylidene
hippuric azides (VIII) undergo thermal deoomposition
in benzene to give 4-arylidene—6-nryl-2-0x0-1,3,5~

oxadlazines (LIXVI)

H
o ]
ATY—CH=C-——C ArcH~n”N\‘~=o
NHCOAT ’ Benjfne é l
*kc/’
Ar
(VIII) {LXXVT)

vii) Cyclization to oxazoles(ll4): r—-Azldoindole {TXXVII)

undergoes thermal decomposition in =2 mixture of P«.PeA.,

AcOH (1:1) to give oxazolo-(4,5) indazole (LXXVIII)
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(LXXVII) (LXXVIII)

4— Decompositicn of Sulphonyl Azides vis Copper Complexes:

Kwart et al.(115’116) have found that bonzene-
sulphonyl azide forms a complex with freshly reduced
o&pper powder. This copper azide complex decomposes at
a lower tempersture than the pure sulphonyl s2zide. In
refluxing methanol, benzene sulphonsmide (LXXIX) is
isolated as the major product. In the presence of di-
methyl sulphoxide, N-benzene-salphonyl dlmethyl-sulpho-
ximine (DXXX) was obtained in almost quantitative yleld.
In cyclohexane solution benzene sulphonamide (LXXIX),
N-benzene sulphonyl-T—azabioyclo (4+1.0) heptane (LXXXI)
and l-cyolohexenenyl bemzene sulphonamide (LXYXXII) are

-

igplatel as the mnin raaotion proluctes .

In pure alcohol, the decomposition should ococure
by two competitive reactions producing benzene-
sulphonamide together with a ketone and oxidized coppere.

In the presence of IMSO, 1% seems that a copper niilreme
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intermediate is formed which is trapped by IMSO. 1In
oyclohexene solution, the authors have observed that the
aziridine disappears from the products whem IMSO is
added. The yield of enamine, however, is practieslly
uneffected by IMSO

MeOH
PhSON +/Cu —eiog > PhSONH, (80%)
\V/ (LXXIX)
/ﬁ‘\\ MeOH + IMSO, yo.gZ 974)
PhS0,08 N ' = Mool 97
. s ¥50,Ph
Lon (LXXX)
cyclohexene , PhSOZNHe N
(LTX) (37%)
gnsozph Crmsoam
(15%) (17%)

(zxxxx) (LXXXII)

0
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II- ADDITION REACTIONS

Tﬁe addition reactions of orgenic azides to un-
saturated systems can ooour by two mechanisms(117). It
the reaction temperature is lower than the decomposition
tempersture of ths azide a 1,3~dipolar addition is
observed. When:; however, the reaction 1s carried out
at the wavelength or at the decomposition temperature of
the azide, the addition proceeds throush am intermedinte
nitrene, and can be used as a synthetioc route for some

heterocycles.

1,3~-DIPOLAR CYCLOADDITIONS

General Principles:

The characteristies of the 1,3-dipolar cycloaddition
mechanism of azides have been described in detalls by

(118-119),  jocording to the author, the addition

Hulsgen
of a 1,%-dipole (abo) to a dipolarophile (de) ocours by
concerted mechanism in whioh the two newoo bonds are
formed simul temeously although not necessarily at equal
rates.

NP N

x/agh=ef)
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As s consequence stereoselective ois addition is
observed. Thus the addition of p-wmethoxyphenyl azide to
dimethyl fumarate (LXXXIII) yields 1-(p-methoxyphenyl)-
45—t ams—dicarbomethoxy- AS—triazoline (LXXXIV)120:

H COOMe
¢ =0C + CH.O Ny ey
3 3
e \\H

(LXTXTITI)

o) 2N
H ; é OC0M e
MeQOC H
(LXXXIV)

A) Addition of Azides to Double Bonds .

1) Addition to olefinic double bonds :

(i) Aryl azides:

Aryl azides resaot with olefins to give

(10-12) whereas unactivated

1,25 % 22~tri-azolines
olefins ore sluggish toward aryl azides, strained
bicyclic systewms, on the contrary, are particu-

larly reactive(121'125).

Bicyclo (2.2.1) heptenes, such as norborneme

(LXXXV) reaot readily at room temperature, and




the addition occurs at the hindered exoside to glve

(zxrgvr) (126-129)
i , room temp. Ar-ﬂ-_——
\‘
(TXXXV) (LXXXVI)
N ,
‘/f
- N=ﬁ - ‘M*-“/ -
5= | 1=

AY—N—-=-~-_

-

i1) Benzene sulphonyd azides :
By treating norbornene (LXXXV) with benzene-

sulphonyl azide (XXVII) in benzene at room Semperature,

idine structure

a orystalline prodact possessing azir
3(130: 131) .

(LXXIVII) is obtaiaed in quentitative yiel

80
. g 2Fh ok d,/, 30,Ph
S e N
h " room \}/
N

temp.
(LXxxv) (TXEXVIT )
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1ii) Benzoyl azide :

TPriazoline (LXXXVIII) formed from the reactiom
of benzoyl azide (I} with norbornene (LXXIV) was alreadly
decomposed into N-benzoyl—-azliridine (LKXXIK)(127). This
compound was isomerizes quantititively by distillation

under normal pressure(128’129) t0 an exooxazoline

derivative (XO)
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2— Addition to_double bonds in isocyanates:

Aroyl azides (I) were shown to reaot with ethyl
isooyanate to give E-ary1—4-ethy1—l,3,4—oxadiazolin-5-
ones(132) (gory)

CoHg-N=C=0 + xc&m3 —_— OZHS—T—'—--—“(')':O

g 0
(1) Ny

o

_
9

X
(XCIT)

Aryl isocyanates add butyl, and oyclohexyl agides
(ZCIII) to give the corresponding oycloadducts (XCIV)(133).

) A \
R-N, + X N=C=0 =-——3 BR-§ X
| 3 —<<:::>— \\\c/// "ﬁ:F‘

(XCITT) 0
(xcIVv)
- - - - H

& ®Hy 5 b m=( X

Sulphonyl isocyanates were found to react readily
with alkyl, and aryl azides to give l-alkyl-, or aryl—
4-~salphonyl- ;-:;‘?-t etrazolin-5-ones (XCV) (134) .




P AN
R4 + R'S0,N=C=0 ~——> RN N-S0,R’
a
"
0
(x0v)

- Addition to conjugated double bongg :

(i) In @, P-unssturated esters :

Huisgoa et a1(320) have studied the adaition
reactions o aryl azides to o, B—uansaturated esters.
Methyl acrylate (¥CVI) reaots with aryl mszides to form
1—ary1—4-oarbmethoxyl«-QF-triazolines (XCVIT)s the
orientation addition is in agreement with the rule
based on electronic factors. These ,Jz-triazolines are

completely converted by base catalysis into the ring-

open chains (XCVIII).

Phermal decomposition of (XCVII) gives l-phenyl—-
S5—corbuetnoxy aziridine (XCIX) whereas (XCVIII) gives

p-anilinomethyl acrylate (C).
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5 days
CH ,=CH~CCOMe + PhN3 room tempe.

(XCVI) \—{

(X0IX) ¥
_ ,_100°G S
PthHCH =CGH. COOM e < xyl ene PhNHCHz—?=N =N
COOM e
(c) (XOVIIT)

(ii) In o, B-unsaturated nitriles :

Phenyl azide reacts with acrylonitrile to give
1—pheny1—4~cyano~532~triazoline (CI) whioch is in equi-
librium with 3-onilino-2-diazopropionitrile (CII) in the
presence‘of triethylamine, both isomers decompose ’
thermslly to give l-phenyl-2-cyanoaziridine (CIII), and
3—anilincacrylonitrile (CIV)(135)
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Ph-4 + CH, =CH~C=N e
N Ph
PN !
Ph-N N A N
/ '/f \\
o : AN ¢
oN
(CIII)
(CI) 4
+
! BtN
+ = A
PYNHGHag?:N:N —=—— PhyHCH=CHCN
CN

(cII) (cIV)

4- Addition to double bonds in enamines.

(i) Aryl szides:

®neminss contain electronic rich double bonds
are thus resct rzadlly with azides. Only one addition
product is formed, namely a 5~amino—.a2—triazoline. a8
a result of clectronio oontrol(136'137).

Thus 1—(pnnitropheny1)—4—ethy1—5—norpholino—tkz—
4rimzoline (OV) arises from the sddition of p-nitro-
phenyl azide to l-morpholino-l-butene (cVvI). The
addition precducts rearrange by heating into amidines
(cv1iI).
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BtOH=OHN O  + OZN—QN;%EN —— s
\/

(cv1)

)
0
(CvII)

ii) Sulphonyl azides :

Sulphonyl azides react rapidly (at room temp-
erature) with enamines and gave no triazolines. The
reaction products nevertheless ocan be easily explained
when an intermediate triazoline (CVIII) is postulateds ..

The hypotheticel triazcline ocan then decompose in three
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difforent ways leading either to awidines (CIX) and

nitrogen, or to amidines (CX) and diszoketones (CXI), or

to triazoles (CXII) and sulphonamines (cxrrr)(138-142),

- 7N\
OH,~CH=CHVHC ;i + GHB‘Q' 50N, ———>
N 3 2 * OBy TR0 3

. '_H,:’
(CVIiila) (c1x)
PhGOCH-:OHL?-—Ph + GH@-SOZ—NS ———
CH,
PZANN
N gN—SOE CH.5 ey
\ Y

LA

I
Ph-CO HNMePh
(CVIIIb)
Ph-g cn=u—soz—®- CH; + PhOO-CHN,
CH,
(cx) (cx1)
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oo ol
PESOpCHSCEN O 4 CH SO, ——=—->
/ 3 3

“yeor )
N -30 CH
\ /2 3
/G

H—CH
Ph-S0, \\H_—T>
(cVIIIe)
N ( :: N\
N\/ \/QH + CH3 Soz-N\—j
¢==CH
Ph-éo2 (CXI1I)
(CxII)

B~ Addition of Azides to Triple Bonds

Azides have been found to 2dd to acetylenic
compounds to give 1,2,3—triazoles(143—l49)‘ Huisgen
reported that the dipolarophilic activity of elkynes 1is

gimilar in magnitude to those of alkenes including :

(1) addition to acatylenic_esters :

Acetylenic esters react with alkylagzides, aryl

azides, carboaglkoxy azides, and tosyl azldes ylelding
triazcles(150_154).
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When dimethyl -cetylene-~dicarboxylate (CXIV) is the
starting wmaterial, the l-substituted 4,5-dlcarbomethoxy-

1,2,3-triazoles (CXV), are obteined.

e00C~C=0-000Me + RN5 — m{/N\N
(CXIV) _

Ee00C \GOOMe
(R = alkyl, aryl, or tosyl) (CXV)

(2) Addition to monosubstituted acetylenes :

With monosubstituted acetylenss suoh as phenyl-
acetylene (CXVIa), and propioleldehyde diethyl acetal
(CIVIb) the orientetion of phenyl azide 1s determined

(155, 156),

both by electronic aad steric effeots and a

mixture of two triazoles are formed (CXVII) and (CXVIII).

N 2N
RC=CH + '.l':’ble3 ————d Ph—N/ Ny o+ N/ \N—Ph

e st

(CXVI)
R H R H

(CXVIT) (CXVIII)

a; R=CcHy ; R = CH(0EBt),




_.4_9_.

(3) Addition to Ynamines :

Ynamines (CXIX) react with phenyl azide in the
same way as enamines and resultl in formation of smino-—

substituted triazoles (cxx)(157).

N
+ Py, ———> Ph” Sy

PhC=ChMe 3

2

[U—————

(0XIX) Me,N Ph
(CX%)
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ATDITION. OF AZIDES VIA NITRESE I TERMEDI AT®S

1~ Addition to carbon-carbon double bonds =

(1) Addition to benzene

When =thyl azido formate, cyanogen azide or
acyl azide are decomposed in benzene solution no
aziridines were isolated but eliminated azepines (CXXI)
were obtained(158’159). The T7-azanor-caradienes (GXKII)
were most probably formed as unstable intermedistes but

rearrange lumediately into the more stable azepines.

[:::] + RN, —* Ei;:lf”NR — e

(cxxx) (CYXXIL)

.a; R = GOOGzHS; b; R=0N ; ¢ R = CON3

1i) Addition to cyclohexene

Photochemical decomposition of ethyl azido-
formate in cyclohexene gives 7-carbethoxy-7—azabicyclo
(4.1.0) heptane (OXXIII) as wmain product together with

the three isomeric cyolohexenylmethanes(160“162).

A nitrene mechanism for the reaction 1is supported
by the fact that the same products in almost the same

ratio are obtained in the base induced ocleavage of
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N-p-nitrebenzene sulohonoxyurethan ’ (eXxIV). All
evidenceo indicates that the second reaotion yields the
esarbethoxynitrene by an a—elimination mechanism. The
aziridine isomerizes at 140¢C into 2-ethoxy—4,5~cyclo~
hexano—;;z—oxazoline (QXXV)

by Co0Et
?tOOGN3 —r 5 “toocu ocyclohexene >

(oXXIIT)
X
: 0\
moocm@so@ﬂoz (I /com;
(CXXIV) (CXXV)

2 pddition to carbon—carbon triple bonds :

When ethyl azido _formete is wermed with dinhenyl
acetylene (exIv1) carbethoxy—1,2, ,3-triazoles (cXXVI1) and
(163)

2.cthoxyoxazoles (CXXVIII) can be obtvained These
products result from 1,3-dipolar addition of the azide
and the nitrene to the triple vonds respectivelye The
triazoles cannot be intermediates in the formation of
oxazoles beoause they are stable ander the reaction

conditions (130°C)
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The oxazoles (CIIVIII) are ozpabls of adding 2

second moleoule of aitrene to give a bisethoxycarbonyl—

iminoethane (CXXIX) via (oXXX)

Ph-CzC-Ph + THOOCH L30°C 5

(cxxvI)
OBt

N d
S
N \Lq-coom + N// \o

Ph Ph
(CXXVII) (GXXVIII)

Fh NCOOEBY




—53—

SPECTROSCOPIC STUDY O ORGAJIC AZIDES

I) Ultraviolet spectra :

Ree et 31(164) determined the ueve spectra, in

ethyl alcohol, for seversl aliphatlic and aromatic azides

Y
~

e.g.» ethyl azide absord at ( .. . 287 nm , W=

max

=3 : R o
0.020 x 10™ ) phe?yl azide absorb at ( A ax 283 Shax

1.550 x 1073), (2. 277 mu.» Gy, 2.270 x 207°) and

wmax
(A, 248 mms & 9.940 x 1077).
Sheniker et a1¢165) reported that the typical

aliphatic azide such as (Et—NS: N3GH2000H) shows s oharao-—

$eristio sbsorption band st 2850 %» The 2850 & band
disappears when conjugated with C=0. 1In aromatic azides,
the intensity of 2850 % hend increases considerably, in

Ph-N., by a factor 5 in 010H7%N3 by s factor of B-10 as

3
compared with EtéN3 orx N3GH2600H.

2) Infrared spectra :

Roo et 1(166) showed that the azide asymmetrio
vibtation lies in the region of (2114 - 2083 om;l), and
that it is partically independent of the environmental

structure.

Varsanyli et 31(167) investigated that the I.R. speetra

in the range (2.8 — 15 u) for phenyl szides benzyl azide,




9,4, 6-tribromophenyl azide, as liquids and they found thaty
in general the I.R. freguencias of three azides wore
similaf to some lower values for benzyl, and 2:4,6-tri-
bromophenyl azidc beoausc of thelr largser mass. Bsnds

for the azido grbup for three azides. respectively at

2115, 2115 and 2108 for the asym-valence-vibration, 1294,
1256 and 1250, for the sym—valence vibration, 879, RT5

and 857 for the RNZAN deformation vibration and 670, 677,

md €82 ow L possible azide vibration.

snheniker ot 21(168) showed thst the position of the
azide band in the absence of conjugation is at (21x0 -
2100 cm—l). conjugation or presence of an electron
acceptor group ot a@-C shifted this to (2166 - 2186 cm_l):
electron donor groups raised in intensity while electron

acceptor group lowered 1t.

Sheniser et 51(169) showed that ths band position
and integral intensities of i;(as}N3 band occuvy the
(2170 - 2100 um'l) region rather than the narrower (2180~
2120 cm“l) region given previously in the literature in

the aliphatic agzides, the bands are found at 2140-2100

em} conjugation with 0=C, 0=0, §=C, or SO, groups

jncreases the wave aumber to (215 - 21%0 cm—l).
Gonjugation with P=0, P=8 or the presence of the clectron
agcceptor at the a-C-atom increases the frequencles to

(2163-6 omw™1).




ATM OF THE PRESENT INVESTIGATION

It wos stated previcasly that acetic acld aziﬁe(23’24)

was easily decomposed to give methyl lsocyannte.

In the present invsstigation we introdace phthalimido
moiety in acetic acid moleocule to see its effect on the
stability of the azides obtained, and on the mode of acid-

and base—catalyzed decomposition.

Also: phthslimido moiety was introduced in tenzcio acid
molecule to see its effect on the stability of the azides
obtained, =and on the mode of acid-, and base-~catal yzed

decomposition.

The present investigatlon was algo planed to synthesis
N-aryl-N '-phthalinido methyl ureas: N:N'—di-iyhthalimidqj
methyl ureas; and Naaroyl—phthalimido methyl amines via
decomposition reactions of phthalimido acetlc acid azides in

different medis.

It was also planed to synthesls sym.NaN'—di-[?hthal—
inido}-phenyl-urcas; phthalimido-benzanilides, phthalimido
benzoic acid hydrazides and N—aroyl-phthalimides via de-
composition reactions of phthalimido benzoic acld azides in

different media.




