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ABSTRACT

Several new oxadiazolines have been synthesized by the
cyclization of mixed carbohydrazones derived from aromatic aldehydes
and aliphatic ketones. A mechanism for the cyclization is discussed
on the basis of the regiospecificity observed in these reactions.
Pyrolyslis of these oxadiazolines led to the synthesis of & number of ,
azomethine iﬁfne ylids, which couid not be made by the only other
extsting route. The mechanism of this pyrolytic process was inyes*i-
gafed'ﬁy trapping experiments and spectroscopic methods and the

intermediacy of an N-lsocyanatoimine was established. Structures

of the products formed by the trapping experiments were also determined.
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' . INTRODUCT ION

’
r 4

GENERAL N

Synthesis éna characterization o Cc azo compounds
constitutes an Important part of heterocyciic chemistry. 'They are
relatively unstable due -to the clis-azo function, and can readily
lose nitrogen by thermal or phofachemical proéesses. This can
lead to a variety pf new products, depending on the structure of
the starting azo compound. A large number of cyclic azo compounds

.-

'is reported In the Iiferafure! The azocarbony! system is a recent

addition to this family, but its chemistry has not been investigated
. . j

in detail.

! ) 1 Oxtdatlive cyclization of semicarbazones and carbohydrazones
of ketones leads to the A3 - 1,3,4, - oxadiazoline system (1)
with a flve membered ring skeleton and a cis-azo function. Apart

from the azo group; there is an oxygen atem in the ring flanked by
X A) X=0
\\ . N* . . = 3
\ “3] ) R
NE—5{ - =N - N=X °
; N R2 C) X =N N-\\
Rl .
()

different éubsfifuenfs at the 2- and 5- positions. RI and Rz are
normally alkyl groups. But, If either of them Is a hydrogen, the sysfem

is known to isomerizé +o the more sfab]e oxadlazole. X can be varied in

*
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- three different ways [I1(a), I(b) and 1(c)] as shown above. Oxidative

cyclization of semicarbazones by'lead tetraacetate yields |(b) which

can be hydrolyzed to l(a). Carbohydrazones of carbony! compounds:

ISR

can be cyclized to I(c) in a similar fashion.

PR

OXIDATIVE CYCLIZATION  * . .

Although atfempts have been made to use reagents |ike ) )

potassium permangana+e2 and manganese dioxide for the oxl!dative

cyclization of organic substrates, lead tetraacetate is the most
widely used reagent for this purpose., It is a very versa+ile reagent

and Its synthetic utility has been reviewed comprehensavely 3,4, {

Among the many nitrogenous organic compounds oxidized by LTA are N

Included oximes, hydrazones and semicarbazones. $

2
' . | . , o

L}

Oximes: The reaction of LTA with oximes generally leads To a

P L VA SN

ol

range of products dependlng on the nature of the oxime, raflo of

wrh e

the reagenf to the subsffafe, temperature and the medium, The ) i

reactlons are characterized by the direct detection of the inter-

A T 5 A% LY

mediates in many cases. The ma!n products of oxldation of

>

ketoximes (2) are the gem—nlfrosoacefafes (3) and the parent kefones~2*\

T i

4 Nitrosoacetate dimers (4) are obtained from aliphatic aldoximes. At

-
-

OH . .

R f

N__ LTA OAc Ry = H NI

. — — R, %—4_ 174?2

R2 ‘ 2 OAc . 0 Ac
(2) : ) (4)

low temperatures,. al] syn- aldoximes yl:}d nitrile oxides (5) under :

PSRy X Evy

i



/
s!milar.condlfions6.' :
R ' + -
\N— + Pb(CAC), — 3> R=-=C=N-0 + 2 HOAc + Pb(0OAc)
n/ OH 2
syn (5)

Yarious radical species have been identified by ESR
spectroscopy as intermediates in the LTA- oxime system, the main -
one being the Iminoxy radical 16)4. A free radical mechanism was

proposed in order to account for these intermediates. This mechanism

R
RicRy Ri~c~2

I | e——> |l

e o

(6)

involves +hﬁ'absfrac+ion of the OH hydrogen from the oxime by the

acetoxy radical followed by further attack by a second acetoxy radical

leading to a nitrosoacetate 7
Hydrazones: 1in general, the oxidation of substituted hydrazones

follows the scheme outlined below:

N
s
(8)

I oAc
= H 0 Ac
S R ]c’: H
- ?' | -N-N =~ R3
R, ‘contains a- - {9)

3 cyclization site

H N
C/N R|\04 W
(e.gu)- Qh::ﬂ\‘Ph ' %__.%

o \ (10)
HN\g,

h
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Ketohydrazones yieid azoacetates (8) whereas, aldehyde hydrazones

form acylhydrazines (9)., Originally, & free radical mechanism was

8, 9, 10

x

proposed
ESR studies detected free radicals during the oxidation of oximes,
there is no evidence for such intermediates in the oxidation of
hydrazonesl'. The rafés of these reactions were found to be more
rapid in polar solvents suggesting a polar mechénism.

Oxidation of ketohydrazones having a suitable cyclization
site in the ketone substituents at the fourth or fifth atom from
the methine carbon leads to a cyciic produc+l2. However, due to
a competing reaction, ‘small amounts of azoacetates are formed as

byproducts. A probable mechanism for this cyclization is a nucleophilic

H
RN - . .
=N N - Ar s
N

TA
(CH,) 5 ) L

v

|
4C ~

0" NoH : 0
attack by the carbony! oxygen on the §F2 carbon. The fact that the

cycl ization does not occur when the carboxyl group is replaced by a
QAc

b - (0AC) Ar

R L. z R =N~

b TN p-4 :
S Ar + / \

h) - R .
2’0 0 > HLCY d
7
e
OH 0

carbon-carbon double bond rules out the possibility of an'elec+rophilic

attack of a carbonium Jon resul+lhg from the loss of Pb(o'f\c)3 on

H

?‘ﬁ’

-~

for the reaction of LTA with ketohydrazones. Although,

" g
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the I bond.

LTA

No cyclization

~o
xr
v

Semlicarbazones: LTA oxidation of substituted ketone semicarbazones

and thiosemicarbazones results in cyclization through oxygen or
sulfur teading to the respective oxa- or +hiadiazoline|3. In the

.case of carbohydrazones [(b) and (c) below], the cyclization was

. _R
R H X H N
N ! LTA A
/——N—-N——C—— N— R 5 N X
"2 | N—L
a) X =0or'S,.R = alkyl or aryl groups [ R,
/R3 R2
b) X =0, R=-N=2¢C
\
R3 Ry
c) X=5, R=-N
R4
found to be highly regiospecific. In all the unsymmetrical

carbohydrazones studied so far with alkyl groups at one end and
aryl groups at the other end, cyclization occurred preferentially
at the methine carbon bearing the aliphatic substituents.

Cyclization of~aldeﬁyde semicarbazones leads to the cycllc

| - - e
. N)\o
N={
R

(an

azine (oxadiazole) system (ll) due to the Isomerization of the

Ry Ko W LTA ~
: >=N—N——C—N—R s N O {somerizes
H 2 I —
) R

!

H |

Iinttlal product.

i,




SYNTHETIC USES OF OXIDATIVE CYCLIZATION |

Oxidative cyclization by lead tetraacetate-ls a very
general reaction with great synthetic po+en+ia|; It is a convenient
way of synthesizing several Interesting heterocyclic ring systems
from easily availéble starting materials. The following table will
illustrate the generality of this synthetic procedure4.(Table 1)
Substituted pyrazolines (12), on LTA oxida+i6n, are converted
to 3- acetoxy -2- pyrazolines (13) which are cyclic analogs of
azoace+a+es'4. Pyrolysis of (13) is an interesting synthesis of
cyclopropy!| acetates (14). |f either R2 or R3 is a hydrogen, formation
of pyrazole (15) by elimination of acetic acid and tautomerization is

favoured (Page 8 ),

PYROLYSIS OF OXADIAZOLINES AND RELATED COMPOUNDS

Thermal and photochemical decomposition of open chain
'azo compounds is known to yield alkyl radicals and nifrogenls. The

radicals formed can either combine immediately in the cage or

R-N=N-R — R-N=NR-—R +N,+ "R
undergo typical abstraction and addition reactions.
. Thermolysis of |- pyrazolines, reported by Overberger
and coworkers'G, is a typical example of the decomposition of a
cyclic cis-azo compound at high temperature. This reaction Is

important from a synthetic point of view also because it is a new

route to cyclopropanes. These studies Indicafed\fhaf |- pyrazolines

{
i
H
4
2
.
e
7
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Table

Products from Oxidative Cyclization with LTA

No. Starting Material R' Product
= NH—N=H)
(R = NH—N=<}
Ho g :
™~ 0 N /N\
» l Me N
X X N\,//
| I Ar
= =N
~ /N\ /\\l
2. N -~ Y NN~
R/\N/N\/ N ’ .
w={
Ar
i c TN
3. l Ph, NPh Ar 0)\
R~C - Rl Z2 g Ny Rl
- j /3\
4, o - N/ N- +
\ = '/

apm—
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olefinic pr;oduc'i's

decompose much faster than the corresponding open chain compounds.

The enhanced rate is attributed to the weakening of the C-N bonds

regsulting from the ring constraint. I+ Is also observed that the .

e
Tl

cis-3,5, - disubstituted compounds decompose much more rapidly than

o

the corresponding trans- i somers presumably due to the steric

interactions in the ground state. The reaction is highly stereo-

selective and the resulting cyclopropanes always had the same geometry

o tewloath adna LT e

as the starting material in the case of 3, 5- trans- | - pyrazoline. ;-

Overberger postulated a concerted homolytic c|eavage forming a i

]

biradical intermediate followed by rapid closure to the three

O L LAY
. i
3

membered ring.

Vo

PR

McGreer and coworkers studied the pyrolysis of a series
‘of |~ pyrazolines with electron withdrawing substituents at the

3- posi+lon'7’le’|9.. Pyrazoline (16) decomposes more rapidly in

':3 CO2CHs ¢ CHs CHs CHa
5 CH, 7 ~CN £-CHs CO2CHs . )

= =N 0

(16) (7 (18)

Loy ALwgZ R LPA” Sphon WL s & ««u:._?y &+
N

polar solvents than in non polar solvents yielfding products arising

from methyl migration from carbon 4 to carbon 5. McGreer postulated

Ry n,"“g:.:‘

St LR

an lonic fransition state in which methy! migration and nitrogen loss

occur simultaneously. ‘ -

The 3- acetylpyrazoline (17) gave dihydrofuran as one of ' S

L0 ,""ﬁ. "

B e s e
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the products of thermolysis as a result of closure +to oxygen. The

isomer in which the methyl groups are trans gave only very little

ether product and hence it can be argued that the same zwitterionic

-

intermediate is not formed in both the cases. The authors suggested

.
R
M
4%
5 -

a dipolar transition state in which the negative charge is delo-

o gl

calized over the carbonyl function, but partial bonding is retained v

between carbon 3 and nitrogen 2. Ring closure is either concerted

NEAL Y

with loss of nitrogen or occurs in a subsequent fast step. )

The rates of decomposition of 3- carbomethoxy - 3,5 -

b By P jN

dimethyl -I- pyrazoline (18) and its trans isomer are not enhanced
by polar solvents. This suggests the absence of any ionic

intermediate formed during the process. However, pyrazoline (18)

CH3

Clg CHs ’ & —OCH;
=N FOCHs — CHa C 0
0 . N=N C'—OCHg . HagA(CHa
(18) + g0 g—OCHg

¢annot be explained by a concerted loss of nitrogen. McGreer

gives both of the cyclopropane Isomers ofi decomposition which

N e ey e

favoured a series of transition states similar to those proposed

for open chain azo compounds. Depending on the ring substituents, .

AN, A o MRS PRSP R Y LG WY 40t 3 T SN AR s ad s
L f A a Pl : ‘ = T = t . . * ()-’:: T

the decomposition mechanism can vary from a fully concerted loss

of nitrogen to a single heterolytic cleavage of the C-N bond. The

———

cls and trans cyclopropanes can arise from geometrical distattion )

in the transition state, which favours inversion during ring closure.

The oxadlazol ine ring system (1) is different In properties

, .,
P T . e 1 Ao =

because one of the carbon atoms of the |~ pyrazolines is replaced

‘Ey an oxygen atom. Therefore, the normal product of pyrolysis should

7 I

P




e - am - e FEL « o -

be an imirooxirane analogous to the cyclopropane formed in the case

of |- pyrazolines. But, iminooxiranes are known to be extremely reactive

and they are bound to undergo further reactions. It is also possible
that the entire decomposition could occur through a different pathway

in which the imincoxirane formation is avojded entirely.

Pyrolysis of 2- arylimino -5,5- dialkyl - A3 - 1,3,4~

20

oxadlazolines (19) was found to proceed through two different

pathways. Infrared studies of the partially decomposed oxadiazoline

R
/@’ 3 Path | o R

- "2
(20) _
(\'\N_Z
' R +
R Path 11 Ao NSy =T
R, | L R;@'N~C 0+ g =N=N

(19) .
solutions indicated the presence of intermediates arising from these
two pathways. Kinetic studies indicated that the isocyanate (21)
concenfraflon increased to a maximum of 23% and then decreased as
the fragments tend to reécf together.

When another nitrogen was introduced in the side chain,
the products of pyrolysis were found to be quite dlffereanI. For
example, the pyrolysis of 2- diphenylmethylenehydrazono -5, 5~
dimethyl - A3 - 1,3,4 - oxadiazoline (22) gave a crysfalliﬁe sol id
in about 40% yieid. The product was later characterized as I—‘
diphenylimethylene —4,; - QImefhy{ - 3 - oxo - I;2 ~ diazetidinium
hy@roxfde, Inner salt (23);‘a mesolonic éfruefuret. Tﬁe minor

products however, were not characterized. Although the existence

",
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(22)
of an Iminooxirane Intermediate wa? suggested, the actual mechanism

of formation of (23) was not established.’

STRUCTURE AND STABILITY OF YLIDS

The first nitrogen ylid was isolated by Schlenk and

2

Ho|+22 in 1916 when they attempted to prepare compounds with a

\
pentavalent nitrogen. Further work to extend the scope of this
+ A

CNa —> (Me) N* TPh

Me) . NTC1™ + Ph .

4 3

reaction was not successful. - . 2
SeQeral years later, different species of nitrogen yllids
were prepared and ch@rac?erizedz3 and some of the interesting ones

are listed below., The stability of these ylids is determined by the

L4

R
efficiency of the anion center adjacent to the quaternary nitrogen
to stabilize the negative charge. Delocalization of charges by
substituents attached to the cationic or anionic center is also
lmpor#anf.\ As expected, the more electronegative the atom bearing
the nega+ivé charge, the more s}able is'fhe yl}d. Fo} example, the
following ylids are in the order of increasing stability from left
o rléhf, which is also the order of lncreésing electronegativity

of the negatively charged atom. The stabilization of the anionic

PP reme——
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+ + +

(Me)3 N - CH2 (M§)3N - NH (Me)3N — 0

part by delocalization of the charge can be visualized by comparing
t+he following compounds-
+ + ‘ + // ‘.-
(Me), N - CH (Me) N - C(CN),, «>» (Me) N ~C: -
3 2 3 2 3 \\ L
All the nitrogen ylids isolated so far have been those

with substituents capable of stabilizing the negative charge through

resonance. Several examples of nitrogen ylids, especially the

Nt
:;N — X - R X=CHor N ; R =Ar, CN etc.

azomethine ylids are found in the Iiferafure24. A number of possible

25
structures for these ylids are shown below.

+
OO it
|
z N=—0
TN
N -
PN N - CN ~Ph
Ph+ - P )
7 0 +
.Ph N = ] ’/ N0
)... - Ph
0

h
Yitds with four membered rfng skeletons are found to be
thermatly stable and much less reactive +qyards 1,3~ dipolarophiles

than thelr five membered éna|b9525, which fs rather unexpected due
to thelr more rigid geometry.
STAL STRUCTURE OF THE FOUR MEMBERED YLID

{

The crystal “structure of |- (ﬁ,p’- dichlorodiphenyimethylene)

~4,4- dimethyl -3- oxo -},2~ diazetidinium hydroxide, inner salt (24)

Ty

i‘-r\w»-' Dy e abg ol A AR 5 e
- - * g

y-adm’:l
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176

1.46
OO
903\ 1 44
%46 —
95 (18)) 2!

15
801
Hs.5 @
112.8

15

~

Fig. I. Structure of |- (di-p~ chlorophenyl) methylene~
~4,4~ dimethyl -3- oxo 41,21 dlazetidinium hydroxide, inher

salt (24).

~
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was defermined\Qy single crystal X-ray diffraction using the heavy

atom Techniquezs. The mesoionic ring system showed certain

Interesting structural features. The bond distances and angles

C}
/N—
N 0
H3 C_Hs :
Cl N
(24)

glven in the figure indicate that the valence bond structure (?4) is
a fairly true representation of the molecule. The methylene oxo-
azetidinium moiety is completely planar with C(8) = N(15) and '
C(18) - 0(19) bond lengths of 1.3l : and 1.21 :, respectively.

I+ was observed that within the crystal, the phenyl ring (A) is
+ilted from the plane of the four membered ring by an angle of 60,
whereas, the phenyl ring (B) is inclined about 900 to this plane.
Another interesting feafure is an intramolecular C-H-N hydrogen
bonding between N(17) ana the ortho hydrogen of ring (A) affécheﬁ

to C(6), which is a rather unusual phenomenon in organic molecules.

The bond angle of 80.1° at C(16) is relatively small for a saturated

carbon fn'a 4 membered ring. The bond angles at N(15) and ce18)

are larger than this, yet too small for normal sp2 conf iguration.
Insplte of this geometrical constraint, the molecule is thermally
stable and relatively unreactive towards 1,3~ dipolarophiles like

léocyana+es and léofhiocyana*es. The mesofonic .system exhibits !

, some Interesting spectral charactaristics also which will be "

|
.dlscussed elsewhere.
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SOURCES OF AZOMETHINE IMINE YLIDS

K}

The three basic approaches %or the synfhesfs of azomethine
Imine ylids can be classified as:ﬁ ) Proton abstraction from
sultably substituted R~ amino compounds, 2) formation of the ylid
by direct combination éf organic compounds and 3) photochemical
methods. 1t is an interesting fact that although these different
approaches complement each other in gecera+ing a variéfy of ylids,
it Is almost impossible to synthesize the same ylid by more than
one method. Therefore, +he\§yn+hefic method should be céreiully
chosen depehding on the structure of the pFoducT.

A simple example of fhe'flrsf method is the reaction

of KOH with N- aminopyridinium iodide (25). Aithough, the pyridinium

imine ylid (26) is stable only in solution, the corresponding

+ r '
- KOH ;oo
{ ON:_-—NHZJ —> <ON—-NH
/
(25) ' (26)

N- aryl imines have been Isolafedzs.

The direct reaction of organic compounds to form ylid
structures is employed In the following synthesis involving a

substituted azo compound and a diazoalkéne27’24.
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The reaction of a substifuted hydrazine derivative (27)

with a2 carbony! compound to form an azomethine imine ylid (28) has

[3

also been reporTedze.

P
0 . 0
JH PhCHO s
NH — {
Ph A\
(27) H

(28)
The only photochemical method for the generation of an

azomethine imine ylid reported in the literature invo}dgs the ring

contraction of a phthalazine (29) to an isoindole derivative (30)29.
h
A T Ph
h» +
e N - \N-—- NPh
Bz Bz B2 Bz
(29) ' (30)

All the methods described so fa: are |limited to the synthesis
of efther five membere§ or acyclic ylids. Synthesis of a four
membered ring azomethine imine ylid, where both the nitrogens are
part of a rigld ring system, was first reported by Greenwald and
Taylorso. Their methed involved the synthesis of an a- chtoroace-

tylhydrazone followed by treatment with base as,shown In the

followlng synthetic scheme.
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Taylor was successful in synthesizing a variety of

azomethine Imine ylids by this method and has also done some work
/'\ : -
on the chemistry of these dbmpounds. But, this method is limited

to a~ chloroacylhydrazones of kefogés only; ie. Rl or R2 cannot
be a hydrogen. A further restriction is lmpoéed by the steric
factors associated with the sfrucfu}e of the hydra n-e. Since
the cyclization involves an internal nuclieophilic displacemenf,
one cannot afford to/ have bulky substituents adjacent to the

leaving group Xle. R3 and R4). The reaction has been success?ul so

far only with unsubstituted or monosubstituted systems and the yield

was low in the latter case25.

-~ . .
“ MECHANISTIC PROPOSALS

.Several mechanistic pathways have been considered by

25

Taylor and coworkers for this ring closure reaction™", The anion (32)

derived from the a- chloroacylhydrazone (31) on treatment with base

ls‘a common intermediate in all the mechanisms conslidered.

¢

R
R : R R 13
k H 8 |3 . '\\_ - 8 |
/—~N -N-C- Q - Cl Base /F-N -N-C-C— ClI
R - R EEE—— R i
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4
(31) (32)
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The first mechanism proposed was |imlted to compounds
where Rl and R2 are aryl groups, because It involves the participation

of the aryl group. However, that mechanism cannot be correct in

Ph

general because Taylor was able to isolate the ylid (33), where Rl

and R, are isbpropyl groups in about 60% " vyield.

2
H 0
1
NE— N
R—/( -
Ry

(33)

A second mechahlism suggested by Greenwald and Taylor:50

postulates the attack of the anion at the SP2 carbon of the
hydrazone leading to a diaziridine anion intermedliate (34). The
validity of this mechanism, however, can also be dquestioned on the
basis of a probable fragmentation of the intermedlate dlaziridine

anion (35) into a dlazo compound (36) and a ketene (37). The high
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2 ' ’C_). Ri\éf
2
0
: Ag&”cn ' g |
Ph><T Phen Ph><]7 +Ph, C=C=0+cCl
Ph 45 ph N z ‘

(35) ) (36) (37)

degree of stereospecificity cbserved in the ring closure also argues

agalinst this mechanism.

Two other pathways considered by the authors involve an
a- lactam and an iminooxlirane intermediate respecfive?y. The
Intermediate anion formed on treatment w§+h base can undérgo an
internal nucleophilic,dispiacemen+, forming the N- imino

a- {actam (38), followed by ring expansion to form the azomethine

imine ylid. Although, this is conceivable, the cytlization of the

0
/W CI‘ Z N\
Ph,C =N \O\/\ — > PhC=N—N
(38)
0
——— + N
Ph —¢
Ph
’ \_.——
e
-

anion to the a- lactam seems to be qu%fe unlikely because the
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anfon is highly stabilized by delocallization of charge, whereas,
the o- lactam®’ is quite unstabie. Furthermore, i+ Is known that
ring opening reactions of a- lactams occur via the cleavage of the
acyl~-nitrogen bond rather than the cleavage of the other carbon-
nitrogen bond which is a requirement for the formation of the ylid.
Instead of nitrogen, if the oxygen functions as the -
nucleophile for the displacement of the chloride ion, an imino-

oxirane (39) is formed rather than the a- lactam. This might not

o
0 ' I 4 ' ” —> l I_
Ph. C = NN\ NN NN

27 — —7
(399 Ph—¢ Ph~—¢
Ph Ph

be unusual, because the nucleophilic reactions of amide oxygen is
well precedented in the Ii+era+ure3l, although there is no

precedence for the ring expansion. It is also probable that

Intermediates of this fype either undergo fragmentation to isocy-

\ .
anides (40) and aldehydes (4!) or rearrange to o~ lactams (38). I+
4
0 H
ve . O0x +
PhQC=N—NA—->PhZC=N—'N=/\H-—>PhZC=N—NEC
' (39) (40)
+ I"):0
H
+ (41) 0
o 0
Ph20=N—N=—-4A-—> Ph,C=N-N /. —> Ph,C=N-N
; \ .
(39) ® (38)

should also be noted that during the concerted ring expansion of

the o~ lactam or the Iminocoxirane, the system has to pass through
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a highly strained transition state which is energetically unfavourable.
A stepwlse process is also unlikely because it generates a primary

cationic center.

After considering all +Lese probabilities, the mechanism
which\Taylor and coworkers favouréd Is the one which involves a
direct displacement of the chloride ion by the lone pair on the

imine nitrogen. This was originally considered not feasible due

?“

C

l
y
g;\z

to stereochemical reasons. However, there are some notable exceptions
to this argument in the literature. For example, a~ haloaceta-
midomalonic ester (42) cyclizes to the four membered B- lactam (43)

In high yield in the presence of triethylamine. Previous work

v

R
. Ph_ Ph__ LCOZ‘
N—CH(COR), ¢\ (COOR) N—f=COR
3
i— CH,CI { e l__
o}
(42) (43)

repor+ed by Hulsgen32 In 1960 also suggests that the Intramolecular
displacement of a halide by an SP2 hybridized Imine nitrogen fone
palr is feasible. He found that simple heating of 0- (2~ chloroethyli)-

benzaldehyde phenylhydrazone (44) gave N~ phenylamino -3,4 -~
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. dihydroisoquinolinium chioride (45). The direct displacement

ccl
-
3, _— g ©
__N—NHPh N ~nHPh
(44) (45)

mechanism explains al] The experimental observations as well as
the stereochemistry of the products.

Taylor's group has some chemical evidence also to further
. support this mechanism as well as the stereoselective formation of
the (E)- isomer. This was ach¥ved by introducing two a~ methyl
groups in the starting chloroacetylhydrazone. The bulky methy |
groups introduce severe steric hindrance and hence the (Z)- form
is the preferred conformation which Is not favourable for closure
to the four membered ylid. Instead, this geometry is extraemely

favourabi% for the olefin formation and in fact, the olefin is

N HiGH, CHy
v QG 0
/ D H Tl
Ph,C=N , Il — PhC=N-N-C- i.,z CH
' 0 3

(Z) - amide anion

'the only product isolated in this reaction,

Treatment of 2,2- dimethyl -3~ chioropropionyl benzopheno-
nehydrazone with base provides additional evidence In support of
the proposed cyclization mechanism. For the formation of the

N—-aﬁlno - B~ lactam (46), the s+ar+iné material should have the
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Y
CHy—Cl - 20y CHs
_ —=ct_, N—N CH
Ph,C = N o (46)
0 3 o+

P
Ph,C =1
CH,

CH;
(E)- conformation in which the amide anion can displace the chloride

Iin an intramolecular SN2 reaction.

SYNTHETIC POTENT! AL -OF AZOMETHINE IMINE YLIDS

The major interest in this area éfems from the fact
that the azomethine imine ylids can undergo 1,3~ dipolar additions
leading to new heterocyclic systems. The following examples will
illustrate the synthetic potential of this class of compounds.

0

@ . HCEC—'g-OCHz'\

|
-NH

‘ ‘The four membered ring yiids are more slugglsh in their

reactions and therefore their synfhefic applications are limited.

‘“. .
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However they do react with more reactive 1,3~ dipolarophiles |lke

ketenes and dimethylacetylene dicarboxylate.

[ -
CHy CHs o
0 H
9y Y
1+ Me0,C-0C-CO e . Cl_
N —_— .
P .
Ph-/<Ph P\ CO_Me
i CoMe - g
H ?h Ph Ph Ph . :
| CO_Me H,0 _ Ny
3 N o u HA + CH,CHO i

PRESENT WORK

SN S R S

The present work consists of synthetic and mechanistic
Investigations related to certain 2- hydrazono - A3 - 1,3,4-

oxadiazolines and the products of their pyrolysis. The work can

o e R T
Kb

PRV

be divided into the following four major parts.

TR

1) Cycllization: Although, several carbohydrazones have been

cyclized bﬁ lead +e+raace+a}e in this laboratory by eariier wowkers,

the work was |imited to ketone carbohydrazones only. Our initial

-

aim was to extend the scope of this reacfian to carbohydrazones of

U S WEPER LR

cycllc ketones and to aldehyde carbohydrazones. The results indicated
that the oxidative cycliization is a very general reaction. During

the LTA oxidation of mixed carbohydrazones of alkyl and aryl carbonyl
compounds, the cyclization occurred selectively at the methine carbon
bearing alilphatic substituents. However, this preference can bé
reversed by Introducing strongly electron donafing p- substituents

on the aryl part of the substrate.
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During the cycllization of certain mixed carbohydrazones

oy ymdir i

of aromatic aldehydes and acetone, it was found that the regiospeci-
ficity of the reaction is controlled by the nature of substituents

on the benzene ring. This observation has led to the coﬁclusion

that electronic effects art more predominant than steric effect during

the cyclization and on this basis we have postulated a mechanism for

the oxidative cyclization.

2) Pyrolysis: The facile transformation of 2~ hydrazono oxadiazolines -
to azomethine imine ylids under pyrolytic conditions prompted us to

Investigate this reaction in detail. This is a novel synthetic

R (o S

method and is fairly general for the preparation of these ylids. It
was possible to synthesize é number of compounds #hose syntheses is

not feasible by previously known methods.

4

33 Mechanism of formation of cyclic ylids: Because of the

R Y Ly

unusual structural features of the four membered ylid system, we

were interested In the mechanism of its formation from-the oxadiazo-
Ilne. A mechanism identical to one proposed by Taylor cannot operate

in this case, because the substrates and reaction conditions are quite
21,33

AL i, Ah L, v

different. A number of speculations have been made before ’ but

no attempts were made to determine the actual pathway. As i+ was no+. .

g e

possible to isolate reactive intermediates, the approach was to trap !

o Dad]

them by using suitable reagents and to characterize the trapped

products.

4) Synthesis based on trapping the Intermediates: The trapping

experiments have led- to same Interesting heterodyclic systems.
. 1
Attempts have been made to establish the structure of the trapped-

¢




27

products and to rationalize their formation by mechanistic proposals.

The spectral characteristics of ali new compounds synthesized have

been investigated in detail.

Various aspects of the work will be discussed in detail

elsewhere in the thesis.
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EXPERIMENTAL

SYNTHES IS OF 4-AMINOSEMICARBAZONES

|) Carbohydrazide: Diethyl carbonate (150 g, 1.271 mol) and 85%

hydrazine hydrate (260 g, 4.420 mol) were heated on a steam bath

under reflux. After 48 hr, 100 ml of ethano! was distiiled out

from the reaction mixture. The solution was allowed to cool to

room temperature and the whi+?:golid which separafed was col lected and
recrystallized from ethanol water mixture, in 88% yield; m.p.

34
m

155-156°" (1i+t. .p. 154°%).

2) Benzaldehyde -4- aminosemicarbazone: Carbohydrazide (5.0 g,

0.056 mol) and benzaldehyde (4.5 g, 0.042 mof) were heated under
reflux in SQ mt of absolute alcohol for I hr, The initial hetero-
geneous ﬁixfure turned Into a clear solution in 30 min. and the
product precipitated out gradually. The solid was collected and

washed with hot water to remove the unreactéd carbohydrazide.

Recrystat lization from ethanol gave the product in 86% yield; j

m.p. 165° (1it.>2 m.p. 173%). A
" The foilowjng.4- amﬁnosem‘carbazones.were prepared

dslng procedure (2) above. As most of these compounds are sparingly

soluble In commin orgénic solvents, n.m.r. spectra were not obtained.

All the comﬁounds were characterized by their infrared §pec+ra (KBrJ,

| I

(NH, 3350 and 3450 cin ' ;CO, 1700 cm ') and molecular weight determi-

natlon by low resolution mass spécfromeTry.

28
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3) Acetophenone -4- aminosemicarbazene was prepared from acetophenone

and carbohydrazide. The product was obtained in 60% yield on recrystai-
Jizatlon from ethanol; m.p. 186°, mol. wt. caled. for CoHy Ng0: 192,

Found (m.s): 192.

g
q -
4) p- Methaxybenzaldehyde —~4-~ aminosemicarbazone was prepared in

o
75% yield from p- methoxybenzaldehyde and carbohydrazide; m.p. l75—l?7 ’

mol. wt. calcd. for CQH‘2N402t 208. Found (m.s): 208.

5) p- Tolualdehyde -4- aminosemicarbazone from p- tolualdehyde and

carbohydrazide was obtained in 72% yield; m.p. 175-176°, mot. wt.

calcd. for c9H12N4o:‘|92. Found (m.s.): [92,

[}

6) Furfural -4- aminosemicarbazone was obtained in 95% yield by

reacting furfural with carbohydrazide; m.p. 1670, mol. wt. calcd.

for c6H8N462 : 168. Found (m.s): 168.

7) o- Chlorobenzaldehyde -4~ aminosemicarbazone from o~ chloroben-

~zaldehyde and carbohydrazide was formed in 88% yield; m.p. 208—2090,

mol. wt. caled. for 08H9N4OCI: 212.5. Found (m.s.): 212 and 214.

8) Cyclopentanone ~4- aminosemicarbazone was prepared in 60% yield

from cyclopentanone and carbohydrazide; m.p. 203—2040, mol. wi. calcd.

for C6H’2NAO: 156. Found (m.s.): 156,

9) p- Dimethylaminobenzaldehyde -4- aminosemicarbazone was made by

reacting p- dimethylaminobenzaldehyde and carbohydrazide in 81% yield;

m.p. 178°, mol.- wt. caled. for C,oH sNg0: 221. Found (m.s ): 22I.

-
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10) Benzophenone -4- aminosemicarbazone: Benzophenone (41.0 g,

0.226 mo!) and carbohydrazide (7.3 g, 0.081 mol} were refluxed in a
mixture of 100 mi of efhano} and 56 ml of water for 6 hr. Benzophenone
-4~ amigbsemicarbazone, which gradually deposited, was filtered,

washed with hot water and recrystallized from absolute alcohol} 76%

34

yleld; m.p. 223-224° (1it. m.p. 223—2240), mol. wt. calcd. for

C|4H|4N4O: 254. Found (m.s): 254.

1Y p,p’- Dichlorobenzophenone ~4- aminosemicarbazone: p,p’— Dichlo-
robenzophenone (11.3 g, 0.048 mol) and carbohyﬁrazide (8.5 g, 0.106 motl)
were refluxed for 40 hr. over a steam bath in a mixture of 250 ml of
ethanol and 100 ml of water confainiﬁg 2 ml of glacial acetic acid.

The mixture was cooled and the white soiid precipitated was filtered,
washed and recrystallized from ethanol; 45% yield; m.p. 196~198°

21

(11+.%" m.p. 197-198%).
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SYNTHES S OF CARBOHYDRAZONES

Symmetrical carbohydrazones involving only one carbonyl 5
compound were synthesized by heating excess of the carbonyl compound -é
and carbohydrazide with or without a solvent. Crossed /carbohydra- i
zones were prepared by heating the 4- aminosemicarbazone wfﬁf a ;L "
carbonyl compound. Most of these compounds were cKaracterized by

» 3
molecular weight determination by low resolution mass spectrometry

and characteristic infrared absorption (K8r), (CO, 1700 cm_ ;

NH, 3300 em ).

1) Acetone carbohydrazone! Cérbohydrazide (5.0 g, 0.056 mol) was

refluxed in 50 ml of acetone over a steam bath for 3 hrs. The

SN b A O pg e s Nt Ve b g N
R A A S A A SR AN

reaction mixture, which was h?fero énous in the beginning, became a
. ~

clear solution after 2 hrs. The 'solution was cooled and the white

AT A

crystals which separated were filtered and on recrystallization from
methano!, fhe product was obtained in 85% yield; m.p. 160° (IH‘.36

m.p. 160°).

2) Benzaldehyde carbohydrazone: Benzaldehyde (8.0 g, 0.075 mol) and

carbohydrazide (3.6 g, 0.040 mol) were refiuked in 50 ml of ethanol

r/'

i

Q
}
i
!

for 4 hrs. The solution was cooled and the solid which separated was

filtered and washed with hot water. This was recrystallized from ethanol
and the pure material was.ctTalned in 82% yield; m.p. I92? (|l+.37,

m.p. 202°), mol. wt. calcd. for CygH ,N,0: 266. Found (m.s.): 266.

N

3) Acetophenone carbohydrazone was prepared by reflu&ing a solution

of acetophenone and carbohydrazide in ethanol. The product was .
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recrystal lized from ethanol; 60% yield; m.p.'236—2390, mol., wt. caled.

for 9!7H18N401 294, Found (m.s): 294,

4) Benzaldehyde ace+one{carbohydrazone: A solution of benzaldehyde

-»

~4- aminosemicarbazone (20.0 g, 0.112 mol) in 80 m! of acetone was

refluxed for 3 hr. The solution was concentrated to 20 ml and cooled.

The crystals which separated (82% yield) were filtered and dried;

m.p. 188-191°, mol. wt. caled. for C, H ,N,0: 218. Found (m.s): 218.
A procedure similar to (4) above was employed for the

preparation of the following crossed carbohydrazones, using 4~ amino-

‘semicarbazones as starting materials.

5) Benzaldehyde cyclopentanone carbohydrazone: This compound was
prepared in 72% yield from cyclopentanone -4~ aminosemicarbazone and
benzaldehyde. The crude product was recrystallized from ethanol,

!

m.p. I83-184o, mol. wt. calcd. for C|3HI6N4O: 244, Found (m.s): 244,

6) Benzaldehyde cyclohexanone carbohydrazone was prepared ih 68%

yield from benzaﬁdehyde -4- aminosemicarbazone and cyclohexanone. The
recrystallized product had m.p. 1590; Moll, wt. calcd. for CI4H|8N4O:

258. Found (m.s): 258, N

7) p- Tolualdehyde acetone carbohydrazone: This compound prebared

from p- tolualdehyde ~4- aminosemicarbazone and acetone, In 71% yield,

had m.p. 162-165°, Mol. wt. calcd. for C12H16N4O: 232, Found (m.s): 232.

/',.
8) p- Methoxybenzaldehyde acetone carbohydrazone was obtained in 68%

yleld by reacting p- methoxybenzaldehyde -4~ aminosemicarbazone with
~151° . ?
acetone, m.p. 149~1517, mol. th calcd, for C!ZﬁlﬁN%QZ‘ 248, Found‘

(m.s): 248,

(PP P
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9) o- Chlorobenzaldehyde acetone carbohydrazone: This compound was

made from o-‘chlorobenzaldehyde -4~ aminosemicarbazone and acetone in
69% yield; m.p. I64—|65°; mol. wt, calcd. for CI|H|3N4O Cl: 252.5.

Found (m.s): ?52 and 254.

~

10) Acetophenone acetone' carbohydrazone: TTIS compound, prepared in

60% yleld from acetophenone -4- aminosemicarbazone and acetone, had

' o
'm?g, 204-2067, mol. wt. calcd. for C M g0 232. Found (m.s): 232.

I1) p- Dimethylaminobenzaldehyde acetone carbohydrazone was obtained

in 42% yield by reacting p- dimethylaminobenzaldehyde ~4- aminosemi-

carbazone and acetone, m.p. I77—1800, mol. wt. calcd, for C'5H19NSO:

261. Found (m.s}): 261,

12) Furfural acetone canboﬁydrazoney This compound, prepared from

furfural -4- aminosemicarbazone and acetone, in 73% yield had m.p.

0 -
1837, mol. wt. caled. for C9H|2N402. 208. Found (m.s): 208.

<

‘

13) Benzaldehyde methyl ethyl ketone carbohydrazone: Benzaldehyde

-4- aminoseﬁicarbaione (2.0 g, 0.023 mol) was refluxed in 10 m{ of
methyl ethy!l ketone until fthe solution became clear (20-30 min). The
solution was concentrated by distilling out 5 ml of the methyl ethyl
ketone. The solld which separated on cooling was filtered and on
’ . / : R
.recrystallization from ethanol, the product was obtained in 70% yield,

m.p..162°, mol. wt. calcd. for C,H gN,0¢ 232. Found (m.s): 232,

~

14) Bénzophenone acetone carbohydrazone: Benzophenone -4~ aminosemi-~

carbazone {6.0 g, 0.023 mo!l) was refluxed In 450 nl ‘of acetone. The

compound slowly dissolved after 2 hrs. The clgafjgolufion on coollng

deposited white crystals of the carbohydirazome (62% yield) which were

-
.
.
. -
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6

flltered and dried, m.p. 203-204° (I {+.”C m.p. 200-202°).

15)' p,p’- Dichlorobenzophenone acetone carbohydraione: p,p’ = Dichlo-
P»P P

robenzophenone -4- aminosemicarbazone (5.0 g, 0.015 mol) was ref luxed
In 500 mi of acetone in the presence of 0.20 g of p~ toluénesulphonic
acid for 20 hr. The solid was allowed to settle before it was filtered

21

to yleld 90% of the product, m.p. 240° (1i+.' m.p. 240°).

16) p,p’- Dimethylbenzophenone acetone carbohydrazone: p,p’~- Dimethy!~

benzophenone (7.5 g, 0.027 mo!) and carbohydrazide (2.5 g, 0.027 mol)

were heated for I5 hr. at the reflux temperature in a mixture of 40 ml
of efhanél and 20 ml of water containing | ml of glacial acetic acld.

The solution was allowed to cool, the supernatant liquid was decanted,
and 250 ml of acetone containing | ml of acetic acid was added to

‘the solld. The ﬁesul+7ng soflution was refluxed for 12 hr. and cooled.
The solid crystals deposited in '15% vield were filtered and dried,

m.p. 225—2270, mol. wt. calcd. for C|9H22N4O: 322. Found (m.s): 322.

17) p- Bromobeﬁzophenone acetone carbohydrazone: This compound was

prepared in 20% yield by following a procedure similar to (16) above,
using p- toluenesulphonic acid as catalyst instead of acetic acid.
The product recrystallized from ethanol had m.p. 2l4—2|6°, mol. wt.

calcd. for C|7H|7N408r: 373, Found (m.s): 372 and 374.
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CYCLIZATION OF CARBOHYDRAZONES

All the cyclization reactions weée carried out by the
oxldation of the carbohydrazbnes with lead tetraacetate at low
temperature (v 5°C). The infrared (Table 4 ) and p.m.r. (Table 8 )
spectra of all the oxadlzaolines synthesized by this method are included

In the section on results and discussion.

|} Lead tetraacetate 39: A solution of 600 ml of glacial acetic

acid and 400 m! of acetic anhydride was transferred to a three necked
flask fitted with a mechanical stirrer. The flask was pﬁaced in an oil
bath and the temperature was maintained at 55-80°C. The mixture

was continuously stirred, as red lead oxide (700 g, !.030 mol) was added
in 20 g lots. Fresh addition was made only after the orange color has
disappeared. Upon completion (v 12 hr), the brownish reaction mixture
was cooled and the product filtered and washed with acetic acid. This
was recrystallized from glacial aceficvacld and the produc+ obtalned .

in 72% yield was stored In the refrigerator.

2) 5,5- Dimethyl -2- (benzy!lidenehydrazono) - A3 - |,3,4- oxadlazoline:

A pale ydllow solution of lead tetraacetate (6.0 %ﬁ 0.0135 mol) in 25 ml
of methylene chloride was cooled In an jce bath. The solution was
stirred and dry nitrogen was bubbled through. Gradual addition of a
solution of benzaldehyde acetone carbohydrazone (2.0 g, 0.0092 mol) in
10 m! of methylene chloride was complefed in |0 min. Stirring was con-
ttnued for another 15 min, the slurry was filtered +Hrough Cellite and

the fiitrate was transferred to a separatory funnel. The orgaﬁic
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layer was washed with water (3 x 50 ml), with saturated sodium bicarbonate

solution (50 ml), angd again with water (3 x 50 ml) before {f was

dried over anhydrous magnesium sulfate. On filtration and evaporation
of the solvent, a ye!léﬁ solid was ob+ainea (651‘yield) which was
recrystallized from petroleum ether, m.p. 95°, Anal. Calcd. for

C,H N0 C, 61.11 ; H, 5.56; N, 25.92. Found: C, 60.95; H, 5.78;

117124 ;
N, 25.90.

A procedure similar to that described in (2) was followed

for the preparation of the following 2- substituted oxadiazolines.

3) 5,5- Dimethyl -2- (a- methylbenzylidenehydrazono) - A3— (,3,4,-

oxadlazoline was prepared by the oxidation of acetophenone acetone

carbchydrazone in 60% yield; m.p. 115-116°. Anal. Calcd. for C|2H|4N4O:

C, 62.61; H, 6.09; N, 24.35. Found: C, 62.66; H, 6.50; N, 24.30.

4) 5- Methyl -5- ethyl -2- (benzylidenehydrazono) - A3 - 1,3,4 -

oxadiazoline was made in 60% yield by the oxidation of benzaldehyde

methyl ethyl ketone carbohydrazone, m.p. 440, mol. wt. caicd. for

C‘2H|4N40: 230. Found (m.s): 230,

This material was not obtained in analytically pure form.
Spectroscopic data [ I.r, (Table 4 ) and p.ﬁ.r. (Table 8 )] were

{
consistent with t+he proposed structure.

5) 5,5- Dimethyl -2- (p- tolyimethylenshydrazono) —A>~ 1,3, 4~

oxadiazoline was obtained In 62% yield by the oxidation of p- tolual-

dehyde acetone carbohydrazone, m.p. 108-110°. Anal. Calcd. for

CyH N0 C, 62.615 H, 6.09; N, 24.35. Found: C, 62.67; H, 6.23;

N, 24.19.
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6) 5,5~ Dimethyl -2- (p- mefho*ypenzylidenehydrazono) - A3- 1,35 4=

okadiazollne was prepared in 45% yield by the oxidation of anisaldehyde

acetone carbohydrazone, m.p.<|42°t Anal, Calcd., for C|2H'4N402:
C, 58.53; H, 5.69; N, 22.76, Found: C, 58.32; H, 6.00; N, 23.05,

7) 5,5~ Pentamethylene -2- (benzylidenehydrazono) -~ A3 - 1,3,4-

oxadlazoline -was prepared by the oxidation of benzaldehyde cyclohexa-

none carbohydrazone. This compound was obtained in the form of an
oil and was not analytically pure. However, the spectroscopic data

[17r (Table 4 ), p.m.r (Table 8 )] were consistent with the gproposed
§

'sfruc+ure. Mol. wt. calicd. for C,  H N4O: 256, Found (m.s): 256.

1416

8) 5,5~ Tetramethylene -2- (benzylidenehydrazono) —A3- |,3, 4~

oxadiazoline was obtained in 45% yieid by the oxidation of

benzaldehyde cyclopentanone carbohydrazone, m.p. 104°.  Anal. Calcd.

for Cl3H'4N4O: C, 64.46; H, 5.78; N, 23.11. Found: C, 64.25; H, 5.80;

N, 23.35.

&
9) 5,5~ Dimethyl -2- (o- chlorobenzy!idenehydrazono) -53— 1,3,4-

oxadiazoline was obtained in 68% yield by the oxidation of o- chloro-

benzaldehyde acetone carbohydrazone, m.p. 97°. Anal. Caled. for

C,,H

IICIN40: C, 52.69; H, 4.39; N, 22.34; Cl, l4.17. Found: C, 52.19;

I

H, 4.51; N, 22,08; Cl, 14.47. ) : : n

10) 5,5- Dimethyl -2- (furylmethylenshydrazono) ~ A> ~ 1,3, 4~

oxadiazoline was preparéd in 63% yield by the oxidation of furfural

acetone carbohydrazone, m.p. 120-121°.  Anal. Calcd. for CQHION402:

c, 52.42% H, 4.85; N, 27.18. Found: C, 52.40; H, 4.87; N, 26.89,
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W) 5,5 - Dimethy! -2- (diphenylmethylenehydrazono) - A3 -~ 1,3,4-

oxadiazoline was obtained In 76% yield by the oxidation of benzophenone

acetone carbohydrazone, m.p. tro-111° CIIT.ZI m.p. H10-112),

123 5,5- Dimethyl —2- (di- p- tolylmethylenchydrazono) - A ~ I,73,4-
/

oxadiazoline was prepared in 60% yield by the oxidation of p,p’-

dimethy!|benzophenone acetone carbohydrazone, mp. 158-159°. Anal. Calcd.

for CthZONao: C, 71.25; H, 6.25; N, 17.50. Found: C, 71.40; H, 6.39;

N, 17.75.

3

I13) 5,5- Dimethyl -2- (isopropylidenehydrazono) = A” - |,3,4- oxadia-

zoline was prepared in 72% yield by the oxidation of acetone

36

carbohydrazone, b.p. 89-90° (5 mm) [1i+.”° b.p. 89-90° (5 mm)J.

t4) 5,5- Dimethyl -2- [g~ (p~ bromopheny!) benzy!idenehydrazono] - A° -

1,3,4~ oxadiazoline was prepared in 55% yield by the oxidation of

p- bromobenzophenone acetone carbohydrazone, m.p. 92-94°,  Anal.

Calcd. for C,jH,N,0Br: C, 54.98; H, 4.04; N, 15.09. Found C, 55.09;

H, 4.31; N, 14.80.

I5) 5,5- Dimethyl -2~ (di-~ p- chlorophenyi) methylenehydrazono - A -

|,3,4~ oxadiazoline: p,p’- Dichlorobenzophenone acetone carbohydrazone

(4.5 g, 0.012 mol) was dissolved in 40 ml of glaclal acetic ac{a and
added at a siow rate (15 min) to a solution of lead tetraacetate

(25.0 g, 0.0462 mol} in 70 ml of methylene chloride, cooled in an ice
bath. The mixture was.kep+ stirred under nitrogen atmosphere for 3 hr.
‘The temperature was allowed to rise slowly and the mixture was allowed
to stay at room Eempera+ure for another 12 hr. iThe unreacted lead

tetraacetate was désfroyed by adding 100 ml of cold wateriand stirring
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for 15 min. The slurry was filtered over Celite and the organic layer
was washed with water (3 x 50 ml) wlth saturated sodlum bicarbonate
solution (50 ml) and again with water (3 x 50 ml)., Finally, it was
drled over anhydrous magnesium sulfate, filtered and concentrated ~

to one third of i+s initial volume. On addition of 30 ml of )
petroleum ether, a pale yellow solid separated, which was recrystal-
lized from petroleum ether chloroform mixture to give the product In

58% yield, m.p. 144-145° (11+.2' m.p. 143-145°),

16) Attempted Cyclization of Benzophenone -4- aminosemicarbazone:
Benzophenone -4- aminosemicarbazone (2.0 g, 0.008 mol) was dissolved
in 20 m! of methylene chloride and the solution was added by drops

to a solution of lead tetraacetate (4.0 g, 0.009 mol) in 20 ml of
methylene chloride. The reaction mixture was continuously stirred
under nitrogen atmosphere and the femperafu}e was maintained below
5°C. After the addition was comple+ed,s+irripg was continued.for
another 10 min. and 50 m] of cold water was added. The slurry was
ftltered through Celifé. The organic layer was washed with water

(3 x 50 ml), with sodium bicarbonate solution (50 ml), and again‘wifh
water (3 x 50 m!). After drying over anhyd}ous magnesium sulfate, the
solvent was evaporated and the solid recrystallized from ethanol in
524 yield, m.p. 161-163° (11+.°C m.p. 164°). The product was

fdentified as benzophenone azine, instead of the expected oxadiazoline.

17) Cyclizatlion of p- Dimethylaminobenzaldehyde Acetone Carbohydrazone:

The cyclization of this ma+er}al with lead tetraacetate was carried

out using the same procedure followed in the case of other carbohy-

drazones. The yellow product isolated in 72% yield was identified as

\
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the oxadiazole resulting from the cyclizatlon at the ary! end and —
subsequent isomerization, m.p. 207-210%; pm.r (CDCl43 § 1.80

(S, 3H), 2.05 (S, 3HI, 3.00 (S, 6H), 7.00-~8.00 (m, 4H); m.s. 259
(mol. ion). Anal. Calcd. for C 3H,Ns0: C, 60.23; H, 6.56; N, 27.02.

Found: C, 59.94; H, 6.47; N, 26.91.
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"PYROLYSIS OF OXADIAZOLINES

The following two procedures were followed for the pyrolysis
of 2- substituted oxadiazolines to prodﬁce the azomethine imine y!ids.
Infrared stretching frequencies (Table 5 )} and p.m.r chemical shifts
(TaQ!e 9 ) of the products are included in the section on results .

and discussion.

11— (2Z- Phenylmethylene) -4- dimethy! - 3 ~ oxo -I1,2~ diazetidi-

nium Hydroxide, Inner Salt:

Method !: 5,5- Dimethyl -2- (benzy!idenehydrazono) - A3 -1,3,4-

oxadiazoline (2.0 g, 0.009 mol), in a thick-walled, Pyrex glass tube
with a2 long stem, was sealed under vacuum and kept in an oil bath
malntained at 150°C for 24 hr. The, tube was removed from the bath
and allowed to coo! down to the room temperature, before it was
opened. The dark brown material was extracted with chloroform and
the extract was concentrated after filtration. Addition of 30 m! of
petroleum ether to the above solution preqipifafed a white solid,
which was recrysfallized from pef;oleum ether chloroform mixture to

glve the product in 21% yield; m.p. 191°, m.s. 88 (mol. ion).

Me;hod 2: A solution of 5,5~ dimethyl -2~ (benzy!idenehydrazono)

- A3 - 1,3,4- oxadiazoline (2.0 g, 0.009 mol) In 50 ml of dry -
chlorobenzene was refluxed for-20 hr. Abgﬁ? 40 m| of the chlorobenzene
was distilled out and the residual solution was allowed to cool.

Addition of 30 ml of petroleum ether resulted in the precipitation of
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a white solid which was filtered and recrystallized from a mixture of
petroleum e+ﬁer and chloroform to give the ylid in 37% yield; m.p. 191
Anal. Calcd. for C'IH'2N20: C, 70.21; H, 6.38; N, 14.89. Found:
C, 69.76; H, 6.53; N, 14.76.

The compound displayed all the spectral characteristics
of the produc# obtained from Method |. Because of the higher yieid
and lack of formation of any tar, method 2 was followed for the

pyrolysis of other oxadiazolines. The following azomethine imine

ylids were synthesized by this method.

2) |- (Diphenylmethylene) -4,4~ dimethyl -3- oxo =1,2- diazetidinium

Hydroxide, Inner Salt: This compound was prepared in 34% yield by

the pyrolysis of 5,5~ dimethyl| -2- (diphenylmethylenehydrazono)

- &% - 1,3,4- oxadlazoline, m.p. 170-171° (1it.2!

m.p. 171-172.5%).

In this case, the filtrate which remained after isciation
of the major product was concentrated on the rotary evaporafor to
remove the petroleum ether. Then, all the chlorobenzene was removed
‘using a vacuum pump ahd the residual viscous oil was chromatographed
over a column of silica gel. The fractions collected were not pure.
Attempts to separate the mixture by h}gh pressure liquid chromatography
were also not successful and other methods of purification were not

-

pursued.

3) |- (Z- Phenylmethylene) -4~ methyl -4- ethyl - 3- oxo - |,2-

dlazetidinium Hydroxide, Inner Salt was obtained in 35% yield by the

pyrolysis of 5~ methyl -5~ ethyl -2~ (benzylidenehydrazono) - A3 -

1,3,4~ oxadiazoline, m.p. 154°, Anal. Calcd. for Ci M gN0t C, 71.29;

H, 6.93; N, 13.86. Found: C, 71.33; H, 7.07; N, 13.80, k/i>
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4) |- (z- p- Tolylmethylena) ~4,4~ dimethyl -3~ oxo- |,2- diazetidi=

R

nlum Hydroxide, Inner Salt was prepared in 25% yield by the pyrolysis

of 5,5~ dimethyl -2- (p~ tolylmethylenehydrazono) - A3 -1,3,4- N

Lol

R . o i
-oxadiazoline, m.p."2117, Anal. CaIFd‘\ior CIZHE4N20' C, 71.29;

H, 6.93; N, 13.86. Found: C, 70.81; H, 7.20; N, 13.47.

5) I- (di=- p- Tolylmethylene) -4,4- dimethyl -3- oxo -1,2~ diazetidi-

nfum Hydroxide, Inner Salt was obtained in 26% yield by pyrolyzing

5,5~ dimethyl -2-: (di- p~ tolylmethylenehydrazono) - A3 ~ 1,3,4~
oxadiazoline, m.p. 207-209°. Anal. Calcd. for C gHyoN,0: C, 78.08;

H, 6,85; N, 9.58. Found: C, 77.90; H, 7.10; N, 9.47.

[ T

R TP

6) 1~ (Z- Phenylmethylene) —-4,4- tetramethylene -3- oxo ~|,2~ diaze-

tidinium Hydroxide, Inner Salt was obtained as an cily material by

A I

the pyrolysis of 5,5- tetramethylene -2- (benzylidenehydrazono) -‘A3 -

'

T ooy i ALY *,-wwg..,‘n-(‘u

1,3,4= oxadiazoline, mol. wt. calcd. for CISH|4NZO: 214, Found (m.s):
214,

As the compound was nof.obfaiqed in pure form, an el?meh+al
analysis was not perfofmed. However, its identity is based on p.m.r

LY

(Table 9 ) and mass spectromety.

- 7) 1- (Z- p- Chlorophenylmethylene) ~4,4- dimethyl ~3- oxo -I,2-

KTV B G N v Wmiln o

dlazetidinium Hydroxlde, Inner Salt was prepared in 36% yield by

the pyrolysis of 5,5~ dimethyl ~2- (p~ chlorobenzy!idenehydrazono)
- A3 - 1,3,4- oxadiazoline, m.p. 237-238°. Anal. Calcd. for

C, H NZCIO: C, 59.33; H, 4.94. Found: C, 59.07; H, 5.24.

e
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8) Attempted Pyrolysis of -5,5~ Dimethyl -2~ (a- methylbenzy!idene-

hydrazono) - A3 - 1,3,4~ Oxadiazoline: A solution of the oxadiazoline

(0.5 g, 0.022 mol) in 10 m! of dry chlorobenzene was heated at the
ref lux temperature. The solution turned black in.2 hr. and +h;
product was a tar. The expected diazetidinium inner salt could

not be extracted from this tar. The p.m.r. spectrum of the reaction
mixture after 2 hr indicated several signals™w the 1.5 - 2.5 &
region, which mayfgpfaffribufed to the possible products of isomeri-

zation during +Q§'pyrolysis and to the products of their decomposition.
i

. Y
9) AFFSRSYEL Pyrolysis of 5,5- Dipheny! -2- (diphenylmethylene-

hydrazono) - A3 - [,3,4- Oxadiazoline: A solution of the oxadiazoline

{0.5 g, 0.0012 mol) in 10ml of dry chlorobenzene was refluxed for
20 hr. The solution +?rned pink in a few minutes and the color stayed
throughout the reaction period. About 7 ml of the chlorobenzene was
distilled out and the soluffon was allowed to cool. On addition of
20 ml of pe#roie;m,e+her, a red solid preclpitated, which was flltered
and recrystallized from a mixture.of chloroform and petroieum ether,
yield‘ISO mg, m.p. IIS-IZOO, m.s. 360 (highest peak), i.r. (KBr)
1750 and 1800 cm —‘. The structure of the product was not established,
‘buf the spectratl data are not consistent with the e%pecfed mesoionic ’
structure.

~ When the same reaction was carried out using benzene as the
solvent, the product obtained was yellow and showed all the spectral

properties of the pink product indicated above. Presumably, the pink

color Is due to some impurity.
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TRAPPING EXPERIMENTS

O\ RN

t Pyrolysis of 2- substituted oxadlazolines. was carried out

In the presence of pheny! Isocyanate or phényl isothiocyanate according
to the procedure out!ined be?gw. Infrared spectra of these trapped

products are included in Results and Discussjon (Tables 6 and .7); p.m.r.

“

spectra ofwgome of the products are also shown (Table 10 ).

1) , Reactions of 5,5~ Dimethyl -2- (di- p- chloropheny!) methylene-

hydrazono - A - |,3,4- oxadiazoline.

al With Phenyl isocyanate: 5,5- Dimethyl -2~ (di- p= chlorophenyl),

mefhylenehydrazono - A? - 1,3,4- oxadigzoline (0.5 g, 0.0014 mol)

was added to a é%lufion of phenyl qucyanafe (0.6 g, 0.005 mpl) in
- 10 mi of dry chlorobenzene. Nitrogen gas was bubbled through for 5

min and the sqluTion was refldxed‘for 20 hr. The solution wés
concentrated, by distilling ou% 7 ml of chlorobenzene, and allowed to
coo]. The sotid which precipi}a+ed on gadi+ion of 25 ml of petroleym
ether was filtered and rgcrysfanlzed from pefr&teum ether - chloro-
form to glve the product in &7% yield, m.p. 249~250°. Anal. Calcd.‘
for €28H18N403C'2: C, 63.52; H, 3.40; N, 10.,58. Found:’C,k63.40;

H, 3.44; N, 10.03.

A byproduct isolated as an cil in this reaction was identified

as ah oiindote formed by the reaction of | mole of dlmefhyldlazomefhane
and 2 moles of phenyl Isocyanate with the loss of | mole of N2;

f.r. (CHC15) 3320 en ! and 1737 em™!', p.m.r. (CDCI4) 1.525 (s, 6H),e
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7.85 (m, 9H), m.s. 280 {(mol. ion).

b) With Pheny! isothiocyanate: A procedurelsimilar to the one

described in (a) was followed using phenyl isdthiocyanate as the

trapping agent. The solid precipitate formed after the addition of

petroleum ether was filtered and recrystalllzed fr5h<tf+roleum ether

chloroform mixture 1o give the product in 34% yield, m.p. 202—2030,
_—

m.s. 457 (mol. ion). Anal. Calcd. for C,,H ,OSCI C, 61.54;

24719771 2°
H, 4.06; N, 8.97; S .6.84. Found C, 61.68; H, 4.04; N, 8.67; S, 6.90.
The product was identified as 2- phenylimino -3~ (di- p- chlorophenyl)

methyleneimino -4~ oxo -5~ dimethy! -1,3- thiazolidine.

2) Reacfiéns of 5,5~ Dimethy| -2- (diphenylmethylenehydrazono)
J

- A3'— 1,3,4~ oxadiazol ine.

a) With Pheny! isocyanate; The same procedure as in ]{(a) was
followed and the product isolated in 71% yield was recrystallized from

petroleum ether chloroform mixture, m.p. 222-223° (II+.5] m.p. 218-219%).

b) With p- Bromopheny! isocyanate: The product of the trapping

experiment Isolated in 68% yield was recrystallized from a mixture of
petroleum ether and chloroform, m.p. 244-246°, Elemental analysis
5 ,
wé§ not performed as the structure of the compound was determined by

single crystal X-ray diffraction.

c) With Pheny! isothiocyanate: The product was Isolated In 10%

yleld, m.p. 158—1600, m.s. 399 (mol. ion). The material was not
obtained in analytically pure form. fts i.r. (Table 7 ) and p.m.r.
(Table 10 ) were consistent wlth the proposed structure of 2- phenyl-

tmino -3~ diphenyimethyleneimino -4~ axo -5= dimethy! ~1,3~ thiazolidine.
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d) With Methanol: The oxadiazoline (8.5 g, 0.0017 mol) .was dlissolyed

tn a solution of-2 ml of methano! and 20 m! of chlorobenzene and

ref luxed for 20 hr before 18 ml of +hehsolvenf was distilled odf. The
concentrated solfution was cooled and 30 ml of petroleum ether was
added. The product which precipitated (26% yield) was recrystallized

from e+hanof,'m.ﬁ. 122° CIT+.2I'm.p. 119-120.5°)., The product was

ldentified as benzophenone methy!| carbazate.

3} Reactions of 5,5- Diphenyl -2~ (diphenylmethylenehydrazono)

- A3 - {,3,4~ oxadiazoline,

a) With Pheny! isocyanate: A white solid was isolated In 60% vyield,
m.p. 222-223°. This material was identified as the same one formed

in 2(a). ‘ -

b) With Phenyl Isofhibcyanafe a dark tar was formed and no pure

material could be Isolated.

/
4) Reaction of 5,5- Dimethy!l -2- (di- p- tolyl) methylenehydrazono

- A3 - 1,3,4- oxadiazoline: This compound when pyrélyzed in the

presence of phenyl Isocyanate gave a crystalline solid in 62% yield,

o
m.p. 228-229°. Anal. Calcd. for 030H24N403,

N, 11.47. Found: C, 73.30; H, 4.89; N, 11.49.

c, 73.77; H, 4.92;

Pyrolysis of this compound in the presence of phenyl

Isothiocyanate was not carried out.

5} Reactions of 5,5~ Dimethyl -2~ (isopropy!idenehydrazono) - A3 -

1,3,4- oxadiazoline.

a) Pyrolysjs of the above oxadiazoline in the ﬁresence of phenyl
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isocyanate produced only tar and no useful product was isolated.

b) A similar trapping experiment with phenyl isothiocyanate also gave

a crude oil which could not be purified.

6) Reaction of 5,5~ Dimethy! -2- o~ (p— bromophenyl} benzy!idene-~

hydrazono - A - i,3,4~ oxadiazoline.

Pyrolysis of this oxadiazoline in the presence of phenyl
isocyanate gave a white solid in 64% yield, m.p. 30-231°. Anal.
Caled. for C,gH gN,05Br: C, 62.34; H, 3.40; N, 10.58. Found:

C, 62.12; H, 3.71; N, 10.28.
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HYDROLYSIS OF TRAPPED PRODUCTS

I} Basic hydrolysis of the adduct formed during the pyrolysis of

5,5~ dimethy! -2- (diphenylmethylenehydrazono) - A3 - 1,3,4~

oxadlazoline in the presence of phenyl isocyanate: The above adduct

formed in the trapping experiment 2(a) (0.05 g, 0.00011 mol) was
refluxed for 1.5 hr in a solution of | ml of water in 4 ml of ethanol

containing 0.5 g of sodium hydroxide. The solution was cooled and

!
actdified with 5% HCl. The white precipitate formed on acidification

was extracted with ether and the extract was dried over anhydrous

magnesium sulfate. On evaporation of the ether a white solid was

40

Isolated In 42% yield, m.p. 164° {1it+.”" 163°). This was identified

as benzophenone -4- phenylgemicarbazone by a mixture meltling point

v

determination. .

2) Basic hydrolysis of the adduct formed during the pyrolysis of

5,5- dimethy!l -2- (di~ p- chlorophenylmethyienehydrazono) - A3 -

|,3,4- oxadiazoline in the presence of phenyl isothiocyanate: The

adduct formed in the trapping experiment 1(b) (75 mg, 0.0016 mol)
was refluxed for 3 hr with 500 mg of potassium hydroxide in a
solution of 2 m|{ of water in 10 m| of ethanol. The solution was
cooled and acidified with 5% HClI. The solld precipitated was
extracted with ether and the ether solution was dried with anhydrous
magnesium sulfafe, On -evaporation of the solvent, a pale yellow °

solld was isolated (41% yfeld), which was recrystalllzed from ethancl
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m.p. 228-229° (Ii+.36 m.p. 230-231%). A mixture m.&., as well as

comparison of the i.r. spectrum with that of an authentic sample,
confirmed that the prodoct of hydrolysis is p,p’~ dichlorobenzophenone

-4~ phenylsemicarbazone.

33 Acid hydrolysis of the adduct formed during the pyrolysis of

5,5~ dimethyl -2~ (di- p- chlorophenylmethylenehydrazono} - A3 -

oxadiazoline in the presence of phenyl isocyanate: The adduct

(75 mg, 0.0016 mol) was dissolved in 5 ml of dry benzene containing
100 mg of p~ toluene sulphonic acid monohydrate. The .solution was
refluxed for 4 hrs. It was then cooled and 20 ml of water was

added and the organic Iayer‘was extracted with ether. On evaporation
of the solvent, a white solid was obtalned in Zé% yield, m.p. 1 45°
(HT.34 m.p. 145°%).  The compound was ldentified as p,p’~ dichloro-

benzophenione.



INSTRUMENTS AND TECHNIQUES

Melting Points. All the melting points were determined by using a

Thomas Hoover Caplilary Melting Point apparatus. All the values

reported are uncorrected.

Infrared Spectra. A Beckman [R-5 Infrared Spectrophotometer was

used for this purpose. Spectra were recorded either from KBr pellets

or from a solution of the material in chloroform.

NMR Spectra. Proton spectra were recorded on a Varian T-60 or

Varian HA 100 " instrument. l30 spectra were taken on a Bruker 90 NMR

Spectrometer.

Mass Spectra. A CEC-Mode!l 21-110 Mass Spectrometer was used for

recording the low resolution spectra.

Chromatography. Plates for thin layer chromatography were prepared by

E using Baker Analyzed, Reagent Grade silica gel (60-200 mesh). The
same materlal was used for columnAchromafography also. All the

solvents used were of Analar grade.

El

Elemental Analysis. Microanalyses of all the new compounds synthesized

were performed either by Schwarzkopf.Microanalytical Laboratortes,

New York or Galbralth Laboratories, Inc., Knoxville, Tenn.
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RESULTS AND DISCUSS ION

SYNTHESIS OF 2- SUBSTITUTED OXADIAZOLINES

Oxidative cyclization of carbohydrazones is a convenlient

route for the synthesis of 2- hydrazono —A3 - 1,3,4 - oxadiazol ines.
The general synthetic scheme is as outlined below36.
0 T
. -0 - - - - - - NH
,Cszo C OCZH5 + 2 HZN NH2-—> HZN N-C-N 2
RN
b/—O
J R2
R&\—
0
R H H Ry o~ R H O H
SRR S VS SR NV Y S
R{ R R 2
2 4 2
LTA
R3 rB4
X
N 0
\\
N R2
R
(47)

!
/

o /
Previous work had been concentrated mainly on +he cycli-

zation of ketone carbonhydrazones and the reaction was found to be
fairly general. Extensive studles in this area'3’36

that the oxidation, with lead tetraacetate, of carbohydrazones wlth

alkyl .substituents at one end and aryi substituents at the other,

52

also indicated-
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resulted In selective cyclization at the methine carbon bearing
the aliphatic substituents.

The present work extends the scope of this synthetic
method to the cyclization of mixed carbohydrazones of aromatic
aldehydes with aliphatic as well as cyclic ketones. The same
selectivity of cyclization site is maintained uniess the aryl ring
is substituted with strongly electron donaTingfgiéups: Table 2

e \:
lists &2 number of 2- hydrazono - A3 - I,B,%f— oxadiazolines (47)

i
£

synthesized by this method. {

Oxidative cycllization of carbohygxazones gave only one
of the possible configurations at Thé\exocyclic C = N bond as
deduced from the sharp melting poin+syof the products, from their
p.m.r. spectra, and féom thin layer chromatograms. By analogy,
the Z- configurafion:can be assigned as the oxidation of 4- substituted
semicarbazones of ketones égways leads tao the 2- imino -A3 -1,3,4-
oxadiazollines with the Z- conflgurafionzo. From the steric point
of view, it Is also |likely that the geometry at the carbon bearing
the substituents R3 and R4
carbohydrazone, with the N - N single/bond an+i‘fo the larger

Is the same as that of the starting

substituent.

Mechanism of Oxidative Cyclization. A proposed mechanism for the

cyclization of semicarbazones20 by LTA involves the nucleophilic
attack on lead by the amido nitrogen a- to the C = N bond. An
analogous mechanism can be considered for the cyclization of the

carbohydrazones as well.
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Table 2

Oxadiazolines Synthesized by Cyclization with LTA

54

Ry LR
"
N
PN
NT O
\\
[J+R
A R2
|
CHy CHy H CeHs
\:/I
CHy CHy H p-CH ,CH
CH, CH, H 0-CyH ,Ct
CHy CHy CHy CeHs
CHy CHy H [
CH,CH, CHy H CeHs
(CH,) H CeHs
(cH,), H CeHs
CHy CH, p-CgH,Cl p-CcH,C!
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Table 2 (contd.)

CHy p~CgH,CH p=CgH,CHx
CH H © p-CgH,0CH

CH CGHS p-—C6H4Br
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OAc
T
AcO - Pb (OAc),
S _ QO0Ac
R N NP et oas ! -HOAC N=N
Y e ek B s
e 3 ! H - % N
R o . : rtr\)\ , Pb(OAC) & .
2 R, 073 N<
: 2 (&2 R4
tJ
@?Ac
N=N
R'\//N‘\QN/@(OAC)Z Ré O/KN
. —_—
e“z)*€7' 2 d R
R NH 53
0 \N \'
R
A 4
3 R

4

. Our ‘studies on the cyclization of certain carbohydrazones

derived from aromatic aldehydes and acetone provided results which

favour an alternative mechanism for this process. For example, when

benzéldehyde acetone carbohydrazone was cyclized with lead tetra-
acetate, the cycllization occurred almost exclusively at the alkyl

end of the molecule.

High yield
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OCHj
CHBO . H\ﬁ
. N/
N N__/CHS LTA A
PaliN ,/K\N/’-“\ _ N\ O, + By product
H Ny CHy
H
CH3
CHy
CH
H:I)C__N/ 3 Low yleld
5 N
\_ /lCL N_/CHS LTA N”
/7N N~ > N
H N H CH N
H 3 VN
H E;CHB
. 3
I somerizes
HSC\;MS
N
;.
N
\N__
/pH3
N‘CH
(48) 3 High yield

However, during the cyclization of p- methoxybenzaldehyde acetone
carbohydrazone, a byproduct was isohafed as a crude oil‘glong with
the expécfed oxadiazoline in lower yield. Although this byproduct
was not obtained in pure form, its p.m.r spectrum Indicated two
ﬁefhy! signals in [:} ra%io. This, presumasfy, could be due to the
Isomer resulting from the cyclization at the aryl end, which leaves
the spz carbon bearing the methy! substituents intact. When the p-

methoxy! group was replaced by a p- dimethylamino group, the only

product isolated is the oxadiazole (4B) which resulted from the

57

cycllzation at the aryl end followed by isomerization. The presence
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of an [.r absorption at 3i87 cm“l (NH) and the absence of the
exocyclic C = N stretch as well as the presence of two methyl signals
in the p.m.r spectrum are consisfgnf with this structure.

In the above experiments, we have in fact, éradually

increased the electron density in the conjugated h system of the -

starting carbohydrazone, by introducing electron donating groups, ;
keeping the steric factors nearly the same. The difference observed
In the orientiation of the cyclization, in the presence and absence
of the strongly electron donating group, prompted us to propose a
new mechanism for the cyclization. In the :absence of any electron
donating éroup, the steric effect is predominant which prevents the

lone pair on the imino nitrogen adjacent to the benzene ring from

attacking the lead. Therefore, the inltial nucleophilic attack ’ X
involves the other imino nitrogen which is less hindered leading to :
C-C’)AC ;
Pb(0AC) H [ :l
. 2 . \ :
AcO CH _ TN . -
0 o oy
N NP 2N —_— 0 : ‘
W’ NT N CHs HN . CH . ¥
H H Wit 3
. /. “CHy :
Pb(0Ac) -
|
) OAc §
¢
AcO CH . (49) . s
OAc 3 ” J
A / N d
. (OAc) Pb ~CH .
2 3 - H.C_ CH :
H.C -0A ) 3 3 ¥
3 >——N a - NN N ;
S ™
Ho o H Ao i
HF H g
. N/ .
- (0AC) Pb” i
OAc §
C_'QN""CHB o]
. 3 ;

(50)
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the Intermediate (49). But, when the benzene ring is substituted
by the p- dimethylamino group, the strong electronic effect offsets
the sfer{c effect and the infermédiafe (50) is formed, which is
better stabilized by the electron donaTiqg group. However, neither of
these intermediates can account for the sTereochemisTrf at the
Iexocyclic C=N bond in the product (N-N bond on the same side of

the oxygen in the ring). Therefore, a 1,2 shift of lead, leading

to the new intermediate (51) is postulated. The bulky Pb (OAc)3

H__~Cehs "L He et
Y e
) - OAc
OAc”~ ¥ H—NAO -H* (0ACY, PN
Pl —1— TR,
(OAc) 2Pb/\y~“\c,g3 ~cH
| 3
OAc K
(49) (51)
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group in (51) forces the side chain to eclipse the carbonyl oxygen
and hence +the stereochemistry of the product is determined. The |
preceding arguments account for the stereochemistry as wel! as the

reglochemisfryiof the cycllzazion. This seems to be consistent,
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because, in the case of p- methoxy substituerit, which [s not as
strongly electron donating as the p~ dimethylamino group, the
—cycliza+ion occurs at both the engs leading to two products. These
observations also suggest that the regiospecificity of the cycllization
Is controlled by the nature of the substituent o% the benzene ring.
Due to this regiose(ecfivj+y of the cyclization of
carbohydrazones, it was not always possible to have aryl groups at

13, 36

the 5~ position in the final oxadiazoline As a possible

alternative, the following cyclization of benzophenone -4- amino-

semicarbazone was attempted,~with a view to condensing the

CH
H.C 3
‘ NH ’ 7(
0 - 2 H30>O J(
CH HY H LTA
6 5>_—N—-N—C-—N—-NH2 N r\q\)\o HsC o N%2)
C.H N Nys/ ¢ n
65 C4Hs : 65
C.H
CeHs 6"

with the aliphatic ketone in the final step. This method, however,
was not successful because the oxidation resulted in the formation

of the azine rather than the expected cyclized material. This was
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rationalized on the basis of the possible oxidation of the .cyclized

product with 'LTA to the corresponding diazo compound (52) followed

r——

by the loss of nitrogen. The resulting conjugated Isocyanatoimine

0
C6H5\\_ H g H

/-N-N-C—N—NH2

s N
C.H \ ; L\
6> C.H N—c.H
65 6Hs
Hs

6 65
(52)
-N, C.H H,0
2 76 5N\=N—N=C=0 2 ? C&%\_W NH
-0 -2
CeMs 2 CgHs
(53)
6
- Cesn__y/  N\Cghs
CeHs

(53) is hydrolyzed to the unstable carbamic acid which is
decarboxylated to the hydrazone. The isocyanatoimPhe is presumably
stable under the reaction conditions (v 5°C), although it is unstable
at elevated temperatures. Formation of the azine by the
disproportionation of the hydrazone is generally observed during

the preparation of benzophenone hydrazone.
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PYROLYS!S OF OXADIAZOLINES - i

Warkentin and coworkers have carried out studies on the

pyrolysis of the A3 ~1,3,4 - oxadlazoline sys+em20’2|’36.

decomposition of 5,5~ dimethyl -2~ (arylimino) =~ A3 -1,3,4 ~

Thermal

. . . o) .
oxadiazolines in bromobenzene at 150 gave products arising from

two modes of decomposition. However, only the aryl isocyanate

"and acetone could be identified from their characteristic infrared

H3C +

HBC/—NIN + Ar—N=C=0

absorptions. The diazomethané as well as the isonitrile were not

stable enough to be detected in the infrared spectra, although the
odour af the Isonitrile was present in the solutfon. However, during
the decomposition of the corresponding diphenyl compound, diphenyl-

diazomethane could be detected by its characteristic infrared

absorption at 2040 cm—| 36.

Work on the decomposition of 5,5- dimethyl -2- (hydrazono)

3 21

- A" - 1,3,4 - oxadlazolines led to some interesting results The

g It WY



Ar\\w/,Ar o
N H.C 43 3
) G
N o -N Are NN
S o
CH,
CH, (54)

pyrolygis of this system produced a four membered azomethine imine
ylid (54) in about 40% yield. This is a fairly general method for
the preparation of four membered azomethine ylids. The other known
synthetic rou‘re25 to that mescionic ring system has certain
limltations and it was not possible to make compounds with two
substituents at the 4- position or wigh a hydrogen in the place of
an aryl group (see page |87,

Part of the present work deals with the invesfigafion;of
this pyrolytic process in detail. |+ was possible to synthesize
several compounds in the series which were not available by the
alternate route. The following table of compounds added to the
series indicates the scope of the present approach.

However, attempts to synfhesiie compounds where R3 or

R4 Is an alky! group were not successful. A rationale for this
H.C C_H
3\‘N|/65 CH3 o
Ve HSC

-
S
=z
=z

*&Z AT
W _A CH
CH3 |

CH3
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Table 3

Azomethine Ylids Prepared from Oxadiazolines

R 0
Ry
rR, NN
3y T
{
R4
R, R, R, R,
CH; CHy H C6"'s
CH3 CH3 H p—C6H4CH3
CH, CH,CHy H | CeHs
' J
CH, CHy H p-CgH,C!
CH, CH, p-CgH ,CH p-CgH 4 CH
CHy CHy p-CgH,Cl p-CgH,C!
*
(CH,) H CeHs

f The last compound in”the table was not isolated in pure form.

Its tdentity was based on p.m.r. and mass spectra.

64

-

PRI VTS R



65

observation is given elsewhere in the thesis (page 73 ).

Pyrolysis of 5,5- diphenyl -2~ (diphenylmethylene)
hydrazono - A3 - 1,3,4 - oxadiazoline also did not yield the
expected mesoionic compound. Instead, a ;ellow solid whose structure
is not known, was isolated In about 40% yleld. This cémpound showed
infrared absorption at 1750 cm—I and 1800 - and its mass spectrum
had the highest peak at 360, which inciden II; corresponds to the
molecular weight of benzophenone azine.

Spectral properties of the azomethi imine ylids and the

. mechanistic details of their formation will be discussed in

subsequent parts of the thesis.
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MECHANISM OF FORMATION OF AZOMETHINE IMINE YLIDS .

The formation of the four membered mesoionic compound
from the five membered oxadiazoline ring system is an interesting
problem from a mechanistic point of view. By analogy to McGreer's

work|7,I8,l9

, quoted elsewhere in this thesis (page 9 ), on the
pyrolysis of |- pyrazolines to cyclopropanes, one could reasonably
'expecf the formation of an iminooxirane (55) during the pyrolysis

of a 5,5- dialkyl -2- (hydrazono) —A3 - 1,3,4 - oxadiazoline. But,

Ar Ar - J

. N/ " :02 ,R2
N o 4 > Ar\\__N// R|
Y M2 ar”
,RZ (55)
41,42

Iminooxiranes are known to be unstable and they could either

réarrange to the a- lactam or further fragment to isonitriles and
carbony! compounds. Therefore, it is conceivable that an iminoaxirane
lnTe;medlaTe is generated in the process, which subsequently
rearranges to the azomethine iminelylid. Sevqraf mechanisms can be
considered for this pyro!f+ic process and initially, we proposed

the followling three pathways, all of them Involving the iminooxirane

Intermediate-.
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Path (a) represents a three bond cleavage which fragments
the oxadiazoline intfo a carbonyl compound, an isonitrile and molecular
nitrogen. There iIs some precedence fo} this type of fragmentation
as demonstrated by the pyrolysis of 2- arylimino - A3 - 1,3,4 -
oxadiazolineszo. Reactions of isonitriles with ketones, leading to
Imlnooxiranes have also been reported in the ll+era+ure43

However, no ketone was detected during the pyrolysis
either by infrared spectroscopy or by trapping with 2,4- dinitro-
phenylhydrazine. Another piece of evidence against path (a) was
obtained when the oxadiazol ine (Rl = R2 = CH3, R3 = R4 = C6H5) was
decomposed In the presence of 2- butanone without incorporating it

into the producTZI.

HC H

S
5°6_ "6 5 ,
e s o
e 0
)\o E-CH. CH ¢ 5 NT_NT
\l # CH;~C-CH,CHy HE ot
—éCH; . A x CeHs
CHay

According to path (b), an Iminocoxirane is formed by the
concerted loss qf nitrogen. Although, this Is mechanistically
feasible, the strong evidence obtained In favour of path (c)-makes
It less Ii&ely.

Path (c) postulates the initial fragmentation of the
oxadiazoline Into a diazoalkane and a conjugated isocyanatoimipe (56).

- These two fragments recombine to form the dipolar species (57), which
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Is transformed by loss of nitrogen, into the dipolar form (58), which
then rearranges to the azomethine imine ylid. As it ;as not
possible to Isolate and characterize %he intermediates, éxperimen?s
were carried out to trap them chemically. In order to achieve this,
pyrolysis of the oxadiazolines was carried out in the presence of
reagents |ike isocyanates and isothiocyanates.

For example, when the pyrolysis of 5,5- dimethyl -2-

(diphenymethylene) hydrazono - A3 - 1,3,4 - oxadiazoline was carried

out In the presence of phenyl isocyanate in chlorobenzene solution

~under refluxing condjtions (v ISOO), two products were isolated.

Spectroscopic data indicated that these products are formed by the
reaction of phenyl isocyanate separately with the two fragments

formed according to pafh;(c). Analysis of the p.m.r spectrum (Fig. 2)
of the ﬁajor compound isélafed from the pyrolysis of 5,5~ dimethyl

-2- (di - p ~.Tolyl) methylenehydrazono —A:5 - 1,3,4 - oxadiazol fne

In the presence of phenyl.isocyanate indicated that it is a 1:2

adduct of the intermediate isocyanatoimine and phenyl isocyanate
(aromatic to methyl p}ofon ratio of 18:6). The highest peaks .
observed In the mass spectra of all the products from trapping
experiments with Isocyanates, including the one mentioned above,
corresponded to that of a 1:1 adduct. However, an X-ray crystal
structure confirmed that |:2 adducts of Isocyanatoimines and isocyanates
are formed In the trapping experiments. The second product isolated

as an oll In the trapping experiment was identified as an oxindole (67)%
(page 80 ), which is a 1:2 adduct of the diazoalkane and the

isocyanate less one mole of nitrogen. The structure of this product

[ 4

was confirmed by comparing its spectral properties with the authentic

-
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sample ﬁrepared by a different mé+hod44.

R i o it )

tn addition to the above information, there was other

spectroscopic evidence supporting the fragmentation represented by

path (c). Mass spectra of all the oxadiazolines and the products

formed in the trapping experiments with isocyanates displayed an

Intense peak corresponding to the respective isocyanatoimine.

2, N L

Electron impact processes are offen complementary to the thermal

63’Gdand hence it is conceivable that similar inter- g

fragmentation
mediates are formed during the pyrolysis as well. A loss of 42

mass units (due to the loss of the -N = C = O moiety which is

LIERCIN 3 SN

characteristic of all the isocyanates) from +his'peak wéé also

characteristic of all these compounds. The infrared spectrum of the

PR YT
PR i

partialiy decomposed solution of 5,5 diphenyl -2- (diphenylmethylene)

hydrazono -A3 - 1,3,4 - oxagdiazoline in chlorobenzene indicated a
}

sharp peak at 2040 cm_1 suggesting the presence of diphenyidia-

TR v e

TR

zomethane which is also indicated by the pink color of the solution.

e s

The presence of diphenyldiazomethane implies the existence of

the other fragment as weil, which is the conjugated isocyanatoimine.

VRN

-ty

Further to this, when the pyrolysis of 5,5- dimethyl -2-
(diphenyimethylene) hydrazono - A3 - 1,3,4 - oxadiazoline was carried

out in the presence of methano!l, the product isoiated was identified

TR v o
N ket . L

as benzophenone methy! carbazate (59), presumably formed as a result

of the addition of methano! to the isocyanatoimine.

HSCB\H//CSHS §
/ ) B

g
‘ CH;0H H5%6N N N b — oo
| _—_—S e v 3
H-C
Y X A 576
CHy
. ©oH (59)
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" All the evidence obtalned from these trapping experiments
tends to suggest }he formation of the conjugated isocyanatoimine (55)
and the diazoalkane as the intermediates during the pyrolysis of the
oxadiazoline. On the basis of this, path (a) and (b) which do not
involve these intermediates can be ruled out and path (c) can be
considered as the actual process. Consequently, the mechanism of this

transformation can be represented as follows.

) , R3\/R4
‘ N
aN—N=C=0 +  NCY - /9'\
R 2 < . N O
4 "N_/{R
—ix,
R
R R
3~
R R Rs. R
4 4 N
N N y
N / N
NN N —
o S R~ . ——
Rl\“;/<i’ © 0
o R R
2 2
Ry (60)
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In a recent publication based on theoretical calculaﬂons45

Talaty and Zandler suggest that the isomerization of an iminooxlrane
to the a- lactam does not have to go through the dlpolar”Tnfermedlafe
(60). They consider that an intermediate (6!) involving an In

plane bending of the carbony! oxygen will have lower energy than

the charge separated structure (60), However, the calculations are

based on unsubstituted systems whereas, all the systems we have
worked with involve a ftertiary cationic cenire and 3 resonance
stabilized anionic part In the dipolar intermediate. Those features
should favour the dipolar intermediate over a transition state
similar to (é!), with its severe angle strain.

So far, only the Z- isomef of the azomethine imine ylid
has been Isolated In the pyrolysis of 2- (hydrazono) - A3 -1,3,4 -
oxadlazolines, where R3 or R4 1s a hydrogen. As the geometry of
the starting carbohydrazone is retained during the oxidative cycli-~
zation (E- configuration), in order to explain the Z- geometry of
the ylid, we have to Invoke fhg inversion of both the amido and
imino nitrogens. The inversion of the amido nitrogen could occur
in the zwifferioé (60) which has a C-N bond order less than two

due to the conjugation. The resulting configuration, however, is

not geometrically suited for closure to the four membered ring.

.
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Subsequenf inversion of the Imino nitrogen leads to the right

' : ’

geometry for closure to the Z- lIsomer. It is interesting to note that
a rotatlion around the N - N bond Instead of an inversion of the

Imino nitrogen would lead to the product with the E- configuration,

which in fact has not been isolated.

<

The isocyanatoimine Intermediate (56) postulated in the
above mechanism has not been isolated so far, but recentiy similar
conjugated isothiocyanatoimines have been detected by infrared
specTroscopy46. They undergo rapid dimerization at room Tempefafure
and the dimers have been characterized by their molecular weight
and spectroscopic properties, Certain unconjugated N- Isothiocyana-
Toam!ﬁes 3lso have been reported in the lITeraTure47’48’49.

The reason for not obtalning the expected mesoionic
compound during the pyrolysis of 5,5- di$e+hyl -2- (a- methyl!benzy-

| idene) hydrazono - 63 - 1,3,4 - oxadiazoline (62) is not well

understood. This coukd Bresumably be due to the isomerization of

H.C. _C.H
TNl CH, N o, .
) HoC e 0 :
-N 3 further
2 + _— “Teaction
\ 2 tl5063N.._N— HeCoMN—rNH reaction
e . ﬁ(
H ‘ i H _
Al 2 CH,
3

(62} d BN (63)

the Initlal product Into an enamine (63) capable of undergoing further

'reacflonsso.
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A probable reasoh for the lack of formation of the
expected mesoionic product from the pyrolysis of 5,5- dipheny! -2-
(diphenylmethylene) hydrazono - A3 - 1,3,4 - oxadiazoline could be
the lower reactivity of diphenyldiazomethane, which is one of the
products of the initial fragmentation. Under such circumstances,

the most likely choice for the isocyanatoimine is to react with

6'5 + C_H
=N+ © 2 N=N-N=C=0

5 6‘\1r/ 65 65 65

\ ~
N~€C6H5 ) dimer (?)

Jitself forming a dimer or trimer. However the strucure of this
préducf Is not yet established.

Trapping experiments using phenyl isothiocyanate led to
an interesting heterocyclic ring system whose formation also can
be explained on the basis of the proposed mechanistic pathway (c).
Structures of the products obtained from trapping experiments will

be discussed in detail In the next section of the thesis.
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STRUCTURE OF PRODUCTS FROM TRAPPING EXPERIMENTS

Although the spectral characteristics of the products

from the trapping experiments and the observation of diphenyl-
™

dlazomethane by infrared spectroscopy gave some idea about the

thermal fragmentation of 2- (hydrazono) -AS— |,3,4~ oxadiazolines,

we were interested in the actual structure of these adducts.

|socyanate Adducts: Phenyl isocyanate was found to be very

effective in ftrapping the intermediates formed in the pyrolysis.
The isolation of the mejor product was relatively easy and the
yléld was high (v 80%).\When the pyrolysis of 5,5- dimethyl -2-
(di- p- tolyl) methylene hydrazono - A3 - 1,3,4- oxadiazoline was
carried out in the presence of phenyl isocyanate, the major product
isolated appeared to be a |:2 adduct of the intermediate isocyana-
foimine and phenyl isocyanate as evidenced by the proton ratio In
the p.m.r spectrum (Flg. 2J. Spectroscopic or chemical methods
were not of much use in conclusively establishing the structure of
the adduct, although some information could be deduced from these
data. Therefore, single crystal X-ray diffraction was used for the
determination of the structure. For thls purpose, 5,5- dimethyl -2~

(diphenylmethylene) hydrazono - A3 - 1,3,4- oxadlazoline was
/

-

pyrolyzed in the presence of p- bromophenyl isocyanate. The
~ crystal lographic data confirmed the following structure (64) for

the adduct.
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(64)

Once the structure of the product was known, it was of
interest to find out the mechanism of its formation. Incidentally,
a product similar to (64), with all the benzene rings unsubstituted,

has been synthesized' as illustrated in the following equaTions5|’27.

-

&

C HeN CgH

675 HeC

:?/’ j;\;4£_ 0 ’ELSC6HS
T (6% i CeH | conco et | N Ces
IR S i LN G
q ) el
neo t , 0 ' 0 0
5°8=N=N .
7
HsCq

(66) (67)

-

A
/" Afthough this is an Interesting synthettic method with great potential,

only dompound (67) has been reported to date.” That synthests of

4

(67) provided us with an analogy; for it is H&eii?able to presume

VL apn ab e At o

My

e

Y

N

e

NN

b A et L S

N ..

Mt .

T e Faared e e,

Tl ovgr e LN

LI

S

A faT %

B L S

e 1 = A



78
that the dipolar species (66) is an intermediate In our trapping

exper}menfs as well. Therefore, the initial step in our reaction
could be the combination of the isocyanatoimine and one mole of
pheny| Isocyanate to form (66). Although, this could be a
symmetry-al lowed, concerted |,3- cycloaddition involving 6w

electrons, it is interesting to note that all the 1,3- dipoles

-

CeHg 0 6'5
(66)
known to date have charge separated. structures 52’53’54'55. If this

is the correct mechanism, it could be the flrst example in which
a molecule without a formal dipole functions |like a 1,3- dipole in
reacting with a |,3~ dipolarophile to form a |,3~ dipolar structure.
There are several examples in the liferafure56’57'58 for- the
dimerization and trimerization of Isocyanates, but nothing simliar
to the present case is known.

An alternative mechanism worth considering is the féllowing
which-involves a 2 + 2 cycloadditlon of the isocyanatolmine and

phenyl lsocyanafe: The only argument agalnst this pathway is the

formatlon of a localized anion from a delocalized one in step 3

which is less {ikely.

-
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H.C
5 5\\__ .
H.C /7 ISN=ce0 H5C6 >=n 0.
56" H5C6/:\ 40 CgHgNCO /C'—'N—Cg,Hs
—_— N —= H.C~_Y
0==C=N )__ HeCe Ne_°
N\ 0 NCoH
C_H 65
67 OéL_—N\
Ce's
HeC, O
H.C 56 C_H HsCe 9
576N\ N“65 (&;)’\N,C(DHS
— MWe—f0" “5065\N
— —_— H.c —N ——4
56~ Y 0
N\C 0
65 /
HeC CeMs o
N C_H
HiCe-N | N—"6"5
4 N
0 0
(67)
A second product isclated as an oil in the trapping

experiment with pheny! Isocyanats, §howed infrared, p.m.r., and

*
mass spectra consistent with those of an oxindole (67) synthesized

through a differd?f route™

that it is a [:2 adduct of the diazoalkane and phenyl

The spectral properties suggested

Isogyanate

' less one mole of nitrogen. There are several mechanistic

possibilitles leading to this product and the following is one

K 3

among them.
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+
HCN_ ¥ N=N  HC
N=N H.C . 3 N
) 5 N> Hc 7 Nc_H
H3Cn — H3C —3 3 O 6 5
=C=N\\ \\N—~CH
. CeM's e////////////////////
H3 H C /’
HSC

3 N
O={ &) =
NZ . H:C" o/

LR SO

o= <NH ~CHe

*
(67)

{sothiocyanate Adducts. The chemistry of the trapping experiments

with the Isothiocyanate was particularly In+ereé+ing because it was

quite different from that of the isocyanate. The pyrolysis of 5,5-

- dimgthyl -2~ (di- p- chlorophenyl) methylenehydrazono - A3 -

{,3,4- oxédiazollne in the presence of phenyl Isofhlocyénafe gave

a solld product in about 40% yield. No minor prdoduct was isolated
In thls case. The parent peak at 467 in the mass ipecfrum and'fhe |
ratio of the meThyf‘To the aromaTic protons (6:13)'in the p.m.r.
spec+fum (Fig..3) “indiceted that it is a |:| adduct of the s+ar+ing

oxadiazoline and phenyl isofhiocyanafé less one mole of nitrogen.

-
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The infrared absorption at 1650 em”!

! . 82

suggested the possible presence

of an amide funcﬂon59 and there were no other higher frequency

-

carbony! absorptions. Taking these facts Into consideration, the

*

following four possible structures were considered for further

Investigation.

HiCuf 320
NN
CIH,Cq s>§N
CIH,C
46 ‘c6H5
(68)
36H4CI
NP~ CgHC!
|
N
S§(' 0
) sN CH.
CeHs CH5 3
(70)

]

C.H,Cl

CIHC\N/64
46
N

(71)

Structure (68) could result from the trapping of the

azomethine imine, rather than another Intermediate, by the

Isothiocyanate in a 1,3~ dipolar cycloaddition. This possibility

could be ruled out on the basis of the fact that similar four

3

membered ring ylids are not reactixe towards isocyanates or

L4

L
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Isofh!ocyanafeszs. Structure (69) was not favouréd because of the
absence of any amide funcf}on. [f (69) were correct, the 1650 cm_l
absorption would have to be attributed tp an exocyclic imine
function. Although géod models for (69) could not be found, an
a~ diimine should have a high frequency symmetric stretching vibration.
Structures (70) and (71) were consistent with all the spectroscopic
data for it was not possible to distinguish between them on the
basis of the C = $ stretch expected for (70) because of the other
bands present in the region. To distinguish between these two
structures, a basic hydrolysis in 75% ethanol was carried out.
The formation of the N- phenylsemicérbézone of p,p’- dichloro-
benzophenone (72) favours (71) as the most probable structure.

The product of the hydrolysis under basic conditions can be exp|ainéd

as follows. The formation of (72):incidentally rules out structures

C6H4Cl g
N/\c H,C! /N
N=C
ClH,C J/ CH
N &_ AN 3
c’ “( /.N s—ﬁCHS
CIH,C COOH
, (71) HN,_.C6H5 )
H' transfer CIH,C —=C OH
S —_—
CIH4C6/ | _CH
Co0 '
H H
PNy A< \ﬁ/ “Cellg + Mg c>(
01H4c6/ 0 c00"

(72) i / ‘ .



(68) and (69) as well.

Mechanistically, the formation of the isothiocyanate

adduct (71) could involve the following sequence.

CIH,C

This mechanistic

476N
CIH,C C.H,Cl N—N=C=
4°6™N""6"4 s
N 4% .
X A y —
N N 30+ -
\ 0 C/—N---N
N—[/\CH3 Hy
CHy
CIH Cen, C6eC!
CIH,Cq L6 N/N ,
N . k- CHSNCS
T T N ) g
?X n._ H3C>/ O
HaC N N
= (73)
' CIH.C C.H.CI
, . j6H4CI 4 é\( 64
J06H4Cl : A~C_H CI N
NZ~_C_H CI N 64 N
l 64 } ‘
N \
N
G 0
HsCe s 0
CHy
CH H.C CH ~
3 3v Uiy HC Y

n

84
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séheme is in complete agreement with the original’mechanism
proposed for the formation of the azomethine imine ylid (page 67),
path (c). In'the present case, however, the isocyanatoimine
InTermeaiaTe is not immediately captured by the trapping agent.
This could be attributed to the lower reactivity of phenyl
Isothiocyanate towards diazopropane, which Is consumed very fast
by aryl Isocyanates. As a consequence, the fragments from
oxadiazoline decomposition react together to form the dipolar
species (73), which, in fact Is the second step in the formation
of the azomethine imine ylid. It is interesting to note that by
capturing this intermediate, a; intramolecular process i.ei closure
to the four membered ring is suppressed. This ring closure seems
to be a slow process compared to many other intramolecular reactions,
pbssibly because of the cisoid azine structure (page 71 ) that
Is necessary for closure.

A recent communication by ReviTTGo refers to an analogous
case where a negatively charged nitrogen attacks the thiocarbony!
carbon of phenyl| isothiocyanate leading to a heterocyclic system
where sulfur is part of the rin§‘sys+em. The resulting unstable$
three membered ring (74) further reacts with another mo}e of phenyl

Isothiocyanate forming the stable five membered heterocyclic

system (75). +
| A=t
_ ¥ l‘\
R—T—NZ=N + CHN = C=S ; C)Wc\s_
6M's
R /T
=N N\ N
2 C_H_NCS
2 3 SN S >~s,
S *(75)
(74)
AN
/ CeMs



SPECTRAL CHARACTERISTICS

Spectroscoplic methods have found extensive use In the
characterization of the new compounds synfhesizéd. Infrared,
p.m.r. and mass spectra of all the oxadiazolines, azomethine
imine ylids, and the products arising %rom trapping experiments
have been recorded. Spectral characferi%+ics of many of- these
compounds are interesting and a detalled discussion on this is

presented below.

Infrared Spectra. Table 4 represents the infrared stretching’

e

frequenc!és of the oxadiazolines synthesized. The exocyclic

C = N bond in 2- hydrazono - A3 - 1,3,4- oxadiazolines gave rise
o aifairly intense absorbfion around 1670 cm~’. Although the
normal C = N absorptions are weak, the intensity of the band is
much enhanced if +he bond is exocycliclB. A weak band between
1579 and 1612 cm_', present in the spectra of all the compounds
Inyfhe séries can be attributed to the other C = N bond present
in the molecuie. The absorption due 18 the cis - azo function
presumably colncides with this band as evidenced by the observed
N =N absorp+lon of oxadiazolinones near 575 cm"'6l_

The azomethine imine ylids are expected to have two

distinct absorptions In the infrared region due to the C = 0 and
+

C = N functions. Taylor and coworkers observe&zi\{haf the carbonyl

:

86

stretching fFequency of the ylids. resembles that of\cyglgfufanone

(1775 cm™ ') ‘rather than that of a 8- lactam (1730 - 1760 fm ).
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This resemblance suggésfs(fha# the resonance form (76) makes a

larger contribution than the resonance form (77), although the

0 ' ‘ g 0
T — [

— \ NN
R "R~
R2 | Ra
(76) Can

crystal structure has shown that the N - C bond is shorter than
the normal single bond indicating some amide resonance. Taylor
found that upon protonation the carbonyl frequencg incr;ases to
1845 cm_l, which-clearly Indicates that* amide resonance is
unlmporfénf or absent in this case, probably because the presence

of two adjacent positive charges makes Thé structure (78) energetical-

ly unfavourable. Therefore,; the enhanced carbonyl stretching

- 4

O : l——F
H+ .
+ —_— + —> ++

R"‘fﬂ————N 4 Rl <#____NH <;N———NH
R .

(78)

frequency In these yllds could be due to the partial inhibition of
the amide resonance as well as the effect &f a transannular

quaternary nitrogen on the carhonyl group in a four membered ring.
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Table 5 shows that the positions of the C = O and the C = N bands
Y;\bﬂg\compounds are In agreement with those reported by Taylorzs.

,AII the lIsocyanate adducts prepéred showed two types of
carbony! bands (Table 6), a sharp absorption around 1820 c:m.’| and
a2 broad intense band between 1740 and 1761 cm-'. These adducts
have three different types of carppnyls [see structure (64)] and
the broad band in the Infrared épecfrum Is probably due to the
asymmetric stretching of these carbonyl groups which is not well
resolved. The sharp absorption near 1820 cm-' can be attributed
to the symmetric stretch. The symmetric stretch qf the carbonyls

In compound (79) was observed around 1930 cm!

CH
0 N/’ 65
L | :
7
'HSC6 o)
179)

and 1t was not observed In the infrared. But, since the Isocyanate
adducts do not have a symmetric structure, it is possible to observe
this in the Infrared spectra and considering.the ring size, the

shift from 1930 cm | for (79) to 1820 cm |

is in the right direction.

The absence of any high frequency absorption in the |
Isothiocyanate adduct (Table 7) clearly indicates that ‘a d}ffereéf
type of product Is formed In thls trapping exper}menf. The ]
stretching frequency observed at 1650 cm-' is quite-normal for an
amide type of carbonyl fUﬂCT'OﬂSSu The exocyctic C = N stretch

in (71) could not be distinguished, because It absorbs in the same

A9

in The Raman spec‘l’rum62

[
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Table 7

i 7
Infrared Absorption Frequencies (KBr) of Isothiocyanate Adducts

»

} S+ruc+ureh C = O Stretch C = N stretch
’ tem™ (em™ )
' JCGHS
7N
z CeHs .
y; 1654 =~ . 1597
C6H5 é “ . /
CH3
CHs
st“:tc-' >
¥
l/T\C6H4CI . | \
N Mo 1650 ‘ 1600
ad
- CeHg S OH,
CH3




reglon as the amide band. The weak band near 1600 cm_I can be

-

assigned to the other C = N bond present in the molecule.

-

NMR Spectra. Chemical shifts of all the 5,5- Pisubsfifufed -2~
(hydrazono) - A> - 1,3,4- oxadiazolines are |isted in'Tadle 8.
Methyl substituents at the 5- position gave rise to a sharp singlet
near 2.0 &, whereas spiro systems with (CH2)4 or (CH2)5 at the 5-
position displayed a broad multiplet near 1.8 § which was not well
resalved. r;

The low fleld region of. the spectra had certain interesting
features, especially in the case of epmpounds derived from the
aldehyde carbohydrazones. The compounds prepared by the cyclization
of mixed carb&hydrazones of aromatic aldehydes and allphatic
ketones displayed a low field singlet (~’8.5’69‘In their p.m.r;
spectra (Fig. 4), suggesting that only one of the posslbie i somers
Is formed. ‘As the starting carbohydrazone is likely to have the
E- configuration due to s%eric factors, 1t is quite probable that
the same geometry is retained in the oxadiazoline, bécause the aryl
end remalins intact dUringlfhe process of cyclizZation.

The p.m.r. spectra of the azomethine imine ylids:derived
from fﬁe above oxadiazolines also indfca+é‘+ha+ only the Z- i somer
fs Isolated In the pyﬁblygls (Table 9, for they have only one
sharp signal reﬁresen*ing the hydrogen affache@ to the methine -
caébon. I+ Is alsp in+eres+iné to note +ha¢.¥he‘m$s+ significant

. . ‘ , ‘ .
change In the p.m.r. 'spectrum resulfing from the transformation of

¢

-fhe oxadiazol tne +o the azome+hlne imine ylid Is the change of

post+ion of the p.m.r. sugnal from-fhls par+1cu|ar hydrogen. That’

/ . . "‘
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signal Is shifted to higher fleld (from 8.5 § to 7.2 §) whereas .
al| the other signals remain nearly the same (F1gs: 4 and 5).
A probable rationale for thls observation is that resonance form

(80), which depicts the negative charge on the methine carbon makes

CH
y CHs o . 30
3 rl‘ r 3
e +
N+ N" N=—/—=N
H~% - H—-
(80)

a substantial contribution. As a conéequence, the siénal of the
hydrogen directly attached to fh{s carbon shifts to a Higher field
compared’fo a2 hydrogen attached to a normal Iminq carben or ifs"
protonated form. However, the bond Iengfhslqbfalned from the

crystal structure of one of the compoQ;ds in the series do not seéem

to support fﬁis'sorf of resonance. Also the presence of an.; = N

bond br}ngs additional consfrain; on an alreé&y rigld four membered
}Tng. As there is né bef+ef explanéfionnavallabfe, one has to

presume that resonénc; is'poss[bje to some extent .in solution méklpg
(80) é significant édnfribﬁting sf%ugfu?e. An glfernafive exp!anéf]on

would.be that the absorption of this hydrogen occurs at unusually

low field in the starting oxadiazoline, because of ‘the presence of

P

.
PR T g o
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a conjugated system involving an electron withdrawing azo group.
But this has been found to be incorrect because the chemical sh{ff
of a similar hydrogen (8.62 ) in benzaldehyde azine falls in the
same range although /it does not contain any azo group.

The argmatic protons of the azomethine imine ylfds also
exhibifed~some in esting characteristics. The ylids prepared
from aromatic aldehyde carbohydrazones showed two well separated
multiplets in a ratio of 2:3 in the aromatic region of the p.m.r.
spectra and when the ring was p- substituted, an AB quartet was
observed. The ylid derived from benzophenone acetone carbohydrazone,
also indicated two distinct sets of aromatic protons in the ratio
of. 2:8. From this observation, one can infer that two aryl
profohs, irrespective of the carbohydrazone it is derived from.
This phenomenon was obsérved also by Taylor's group25 and they
assigned these low fieldhslgnals to ‘the two orTh; protons facing
the negatively charged amide nitrogen in Tﬁe four membered. ring.
Low temperature |00 MHz spectra recorded at -60° and —900, of the
yl1d prepared from benzaldehyde acetone carbohydrazone, looked exactly
the same as the one recorded at room temperature, indicating that
the two ortho protons are magneticalliy equivalent eijher due to
fhelraptd rotation of fhe.phenyl ring or due to the accidental
coincidence of the signals.

It is interesting to compare the p.m,r. spectrum of +he
oxéd!azoltne (81) with that of the azomethine Imine ylid (82) derived

I

from It (Figs., 6 and 7). The two p~ methyl groupskwere only

!
.
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H,C N____N
s TSN oY
N+CH3
CH3

(81) (82)

partially resolved (1.5Hz) even in the 100 MHz spectrum of (81), .
d

whereas in (82) the two signals were clearly resolved (7Hz) in the

60 MHz spectrum. One possible explianation for this observation can
be the presumably larger steric inhibition of resonance in (82)
caused by the gem dimethyl group. The two low field signals in

(82) can be attributed TQ the ortho protons of the tolyl ring

facing the negatively chaéged nitrogen. The two meta protons in
this ring as well as the fou} protons in the other +olyl<??ng

form a multiplet which is not well resolved. The geomeT;y of

(82), as indicated by the crysfé} s%rucfure of one of.ifs analogs,
is such that the benzene ring away from the amide mitrogen is af an
angle of 90° to the plane of the ?od; membered ring. The same
geometry Is probably not retained Inﬁsolufion because there is not

a large difference between the chemical shifts of the meta hydrogens
of the two benzene rings or between the chemical shifts of the

p- methyl subsfi#uTenT;. The stmall differences that are observed
can readily be accounfeé for in terms of the slightly different
conjugating ability .of the two rings. '

*
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100 MHz 'H Spectrum (CDCl3) of

6.78> " 2:40 1.68
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Table |0

TN *
1 N
_H Chemical Shifts (CDCI) of Products from Trapping Experiments

Structure Chemical Shifts in ppm (§)

CH Aryl Protons

3

»

65 ~6 5 .
\\§; 5 2.38 (s, 6H) 7:21 (m, 18 H)
CH.C.H ‘
3%6"4  C H,CH, §
)CGH4CI
N cgH,Cl
N 1.82 (s, 6H) 7.34 (m, 13 H)
N 0 " ’ : T
C_H .
6's s G,
CHy
54
EAC6H 5 |
0 1.82 (s, 6H) 7.37 (m, 15 H)"
yd .
CeHs 5
CH,
3

* Chemlcal shifts of other products are not included as they contaln

2

only aromatic profoné which appear as a multiplet around 7.20-7.60 ppm (8)
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Table 1|
!¢ Chemical Shifts (CDCI.) of Selected Compounds
Structure _ Chemical Shifts in ppm (§)
. Aryl
/ﬁ\\ CH3 C C=N cC=0 « Carbons
N 9 22.76 118.28 - 159.70 =
N fi‘CH '
CH3 3 \
H..CH,C.
3774 G\H/CGH4CH3 ,
N .
S/A\b 21.46 123.15 139.43 - 128-132
23%.76 140.80 (sever‘al
CH3 | Tnes)
CHy )
0 (
. N
CeHs—y | Mgy 2!+20 89.14 . - 140. 40 125-13|
N\‘( 6'5 145.58 (several
CH306H4 0 ) 149,12 lines)
C_H,CH
6 43
AN
N4E:H4CI
r!l 6H4C| | .
= 0 ‘
CGH;/N\‘;’ © 27.65 96,23 129.58 135.80 127-133
CH . (several
Hy'3 ; 3046 lines)
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|3C spectra were not recorded on a roufiné basis,

because most of the structures could be identified by other means.
However, 1t was interesting to compare the spéc+rum of oxadla-
zollnone with those of some of the products of trapping (Table I1).
For example, !30 spectroscopy was quitea helpful in establiishing
the presence of a quaternary carbon, as well as C = O and C = N
functions in some of the ﬁroducfs formed in trapping experiments

by comparing their spectra with those of known compounds with such

functionalities.

Mass Spectra. Mass spectroscopy has been one of the major tools

for the identification of 4- aminosemicarbazones and carbohydrazones.
All the 4- aminosemicarbazones indicated a strong peak due to the
molecufar ifon and further fragmentation can be rationalized in the

following way.

-+

R H Oy : : R 0
l [ -
N NN G NH

R //" ; R

2 L ~ 2

-NHNH




L
Carbohydrazones also Indicated two major fragmentation
" B " - “

patterns. All

the compounds in this family indicated a strong

parent peak and the fragmentation took place by the cleavage of elther

of the C - N bonds Involving +he carbonyl carbon.

The nature of

R -
B a':>m'~" FRI\ H ¥
- N—~N-C== 0
. 0 + f e
N—N—C~-N—N
e N
Rz R4 "2')=N~NH" T+
‘R R H *
%N—-N—Cr—‘o
R
' L 4 . . J
further fragmentation was similar to that observed in 4- amino-
semicarbazonss. \
In the case of 2- arylimino - A3 - 1,3,4- oxadiazol ines,

were possib[ezo

it was reported earlier that two modes of thermal fragmentation

Tat
£,

, But all the 2- hydrazono - A3 - 1,3,4- oxadiazo—

‘~ lines.we have Investigated, Indicated that the following pathway

is predominant

in the mass spectral fragmentation, although these
+

two systems have structural simllarities. The loss of an -NCO

g -

R R
3/\( 4
X

' -

-~

'y

+

® + +
- }N:N R . - .
RS 3L e~ -NCO —
> R/_N—-N—-C--O —_— [RB——-C-_-_--N---R4
4 .

(84)

-

_ fragmenf from the Isocyanate (é#) Is analogous to the loss of ¢

~NCS fragment from the tsoThiqcyanaTonlneS46J Also, the presence

of (84) is another supbor+ing argument In favour of the mechanism -

)

be P endects e

S
| e ——— et ——r No s o5 A 4
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~ prpposed for the pyrclysis, as thermal processes are complementary
. 4

to electron Impact processes in many ca39363’6 .

Taylor and coworkers investigated the mass spectral

fragmentation of some oﬂ their azométhine imine ylidszs. They found

that, although two types of fragmentation paitterns (A and B below)

2 ' B Ra_+%5 <
—N 0 NCO
R éﬂﬁL_f—- R;/— N L 4_] .
CHé::CE:o].- BN RT‘*‘N-CH ¥
. ST 2
Ry

are Eonceivable; path A is always predominant. We have also
observed the primary fragmentation step inbclving the ejection of
the Isocyanate anfon radical, and path B was ﬁoT obéervedf .This is
somewhat surprising because all +he'compoﬁn&s we have ;Tudied had a
quaternary carbon at the 4; position In the four membered ring which
should make the fragmentation B much easier. The failure To observe
path B caﬁnof be accounted for .in terms of a still better pathway;

the loss of a substituent from C-4. Although loss of CH, fragments

3
from 4,4~ diﬁé%hyl systems was observed, it was s minor fragmentation
précess. |
lnvésfigafion of the mass spectra of the i socyanate and

Isothlocyanate adducts .was also‘inferesflng and Informative. None

of the isocyanafe adducts showed the molecular ion. Presumably, one
of the Isocyanafa_unifé Is lost readily from fhe'aqduef and the Gighés?’
peak observed in the Qass spectrum corresponds +otfhe resulting ];I-

‘

adduct of the ESOCyana%b and the isocyanatoimine. Thils can lose



Fl

W w“.'n&,

e TR

o

Qf Q
0
r— | N—R -RNCO N
N — |l
R,~7
RIN; 0 ! (\“/
2 R2 0
L j
-RNCO a +
—_— I\ ~NCO +
N—N=C=0 —_— At N
RZ/" ‘[RI C==N RZ]
(85)

another RNCO fragment, leading to the isocyanatoimine fragment,
followed by the loss of NCO. 1t.1is quite likely that the initial
\_ fragmentation leading to the loss of one isocyanate moiety could

occuf In.Threé ways with the resultant formation of the ions

(86), (87) or (88), Out of these, only structure (86) and (88)

-,

o+




can readily lose another unit of RNCO leading to the lsocyanato-
Imine. But, only structure (86) Is likely to lose a mass unlt of
84 (presumably N2 ané 2 CO) and an ion corresponding to this loss

has been observed in the spectra of all the isocyanéfe adducts.

[ @ +
:}L—N/// . R *
R—N A ~2C0, N, R—N=C{ !
—_— 4y
RTOR,

As evidenced by-the lower abundance of (89) compared to (85),

{s Itkely to be a minor process, although

(89)

it strongly supports

the argument that a mole of the isocyanate can be lost Initally

from elther of the two rings.

Mass spectra of the isothiocyanate adducts were not as

Informative as those of the isocyanate adducts.

However, they

showed a strong parent peak as well as the loss of one unit of

pheny| *¢#sothiocyanate from this, which Indicates that

‘pheny| Isothiocyanate is incorporated in the molecule. A loss of
- Y% g,
N’“\C H .
- -
. JCGHS §< Z&
Nf\.C H CH
i 65
' ’/Nﬁ(’ 0 n !
1% s, Cs H%:7=N -N—C— s
CH, > C.H CH
3, _— 3 6 5 3

112
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3

15 mass units from the molecular ion Indicated the presence of
& methyl groups in the molecule. Peaks due to further fragmeﬁfainn
were not very informative as regards to the structure of the mo{;cgle.
In general, the mass spectra of the oxadiazo!{nes and
the [socyanate adducts indicate that they can be f;agmepfed to the-
Isocyanatoimines, which were postulated as intermediates in the
formation of the azomethine imine-ylids.s As it was not possible fé
isolate these Intermediates, or observe them by other spectroscopic

methods, mass spectroscopy is an effective method for demonstrating

their existence.



SUMMARY

. The oxidative cycllization of carbohydrazones and the

‘pyrolysls of the resulting oxadiazolines have been Investigated
in detait. This has led to the synthesis of a series of 2-
hydrazono - A3 - 1,3,4- oxadiazolines and four membered ring
azomethine imine ylids. Cyclization of certain mixed ca;’é-
hydrazones of aromatic aldehydes and acetone by lead Te+5;ace+afe
indicated that the regioselectivity of this reaction is controlled
by the nature of substituents on the benzene ring. On the basis
of these results, a new mechanism.for the cyclization has been
postuddted. i .

Extensive studies have also beeﬁ ca;ried out In order
to establish the mechanism of the pyroiytic process leading to

the formation of the.azomethine imine ylids. As it was not

possibie to isolate and characterize the intermediates involved

in this process, .experiments were carried out to trap them chemically.

Trapping experiments with phenyl isocyanate and phenyl isothiocy-
anate esfa@lished the presence of an N- i§ocyana+oimine Infermediate
during the pyrolysis. :

" The structure of the products formed as a result of
trapping the Isocyanatoimine intermediate by aryl isocyanates
was solved by single crystal X—ré? diffraction of one of the
compounds in the series. The structure of the Iso}hiocyanafe adducts
was established by spectroscopic and chemical means. In order to

114
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explore the generality of these reactions, studies were carried out

using different substrates and substituted isocyanates.
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