+ ~
-
R
et
1
i
.
‘C
N
o
«
.
3
N
&
e, ¥ )
W
Y
K
. e
1
2
N
-
Al
o2

/"“

“~

A
'( &
3

\ [ 4 ' '

A S"l'UDY OF THE DIRECT CYCLIZATION OF HYDRAZINE DERfVATIVES '
TO 1,3, 4 TRLS’UBSTITUTED AZ-’I 2, 4-TRIAZOLIN Sv-ONES

. \ .
LY ' . ~ \‘ ’
. v . B
. 8 Thesis + - ' ~ "
¢ *in .. - .
T .The Deplartment -
o+ ., \ R e
. of . n

.. .Chemistry

Presented in, Partial Fulfillment of the Requirements
for the degree »of M!kter of Science-at

. Concordia University. ' .
~ - Montreal, Quebeg,-Canada ,
February, 1977 - - o “
" " ‘ P .
. \.
i ’ ;’r* -

© Salem Daniel 1977

T e et M ot it gt R Ak, S < I\ LI
N .




S+ ABSTRACT

v ‘, -
;.).3,: ' . ‘ ’( ‘ . - '
4 - N coe Ty f g
. . F + 2
. / |
R B

Co.ge . SALEM DANIEL

(4

©OK STUDY\OF THE DIRECT -CYCLIZATION OF HYORAZINE DERIVATIVES °
\ 10 1,3,8- TRISUBSTITUTED 22-1,2,4- TRIAZOL IN-5-QHES '

-

v

Theé ring closure reactlon of- a number of 1- benzoyl -2,4-

disubstltuted sen1carbaz1des and a]dehydrc 2,4-

disubstituted semucarbazones has bgen 1ﬁvest1gated:
. Cyc1izatfons of the fjrst type’of derivatives were performed
in an.alkaiinekmedi%m or, Alternative{y, by déhydration
using Eiﬁc chloridé, po]yphbsbhoric acid or molecular sieves
in benzene.: An oxidation process was involved for the
semicarbazone der1vat1ve%_employ1ng such ox1dants as
atkaline potassium ferricy;n1de, ferrlc chlormde hexahydrate,
1soamy1 n1tr1te and lead, tetraacetate. /L

- The startlng sem1carbaz1de chains were synthes1zed

thnough reactions of’the appropr1ate~monosubs}1tuted
, hydrazines with aliphatic or arbmat{clisocyanates folTowgd‘
“by benzoylétiqp of the'products accqrding to £he:Schotten- L -
'ﬁaumann méthod' Seﬁicarbazbnes-wer obt;fnealby'cquensagjqnh ‘
of Isocyanates with monmsubst1tute hydrazonds, the latter
T resu1t1ng frem the react1on of hydra 1nes with aldehydes

-~

The strucfnres of the 1ntermed1ates, products and side

¢

products were verified and studieh.by spectroscopic methods. = -
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-are the subject of this thesisa

' §3adin6'7 who was-responsibie for the, §§nthe§is of the first

=

5 " GENERAL INTRODUCTION

THE 1,8, 4- TRIAZOLE RING SYSTEM '

Nomencf‘ture - .
-
£

N

The fully unsaturated five-membered hetggocycle
containing three n;trogen atoms and twé carbon atoms i

e
known as a tr1azo]€ Two jypes are'ﬁossible; 1,2,3-triazole
hd .

or v-tr1azole (v1c1na1) and 1,2,4-triaio]g or s-triazole

. . ' 1 ~
(symmgetric).]'5 It is derivatives of the second type which
\ ; !

£

R ' . ' H :
1 | 11 188
K ‘ & .
: | - '
o 1,2,4-Triazole

‘% N . . N - '_,v.,,‘

The ‘name triazoTe was given to this ring system by

§ﬁch derivative: An alternative name for the ring,
introduced by Andreocc1,8 9 is pyrrogigigle, which. regards

it as a member of a class of compounds“analogous to Pyrno e.

2 N

N . Mrtnttnccan,




In the\presence of N-subetituents the re]ationshipnto the
parent form is s1gn1fied by describing them as 1,2,4-1H-
triazole iStructure I)or as 1,2, 4 4H- tr1azo]e (Structure I1).
This method of Q%penclature is based on the assumption that
the 1,2,4-triazole is capable gf ex1$t1ng as two tautomervc

forms 1 and II

Another repnesentatlon of the system
assumes that the imino hydrogen atom exists as a proton_

1y bound to the triazole anion as follows.

However, in thehlfght of more recent spec%roscopic

evidence this representation is 1nappropria§e;

StYucture\end Tautoméric Forms.

Energies of-fotmétion of. azoles, based on S]atez

calcu1at1‘ons,10 predict that there is-a decrease in thermo-

‘ dynamié stabi]ity\{s the hquer of ring/nitrogen

increases.

*

A




{ . ] /

; ) ' * Total energies of formation (eV)

Yy . . .
' Pyrrole | . 20,62 o :

* Imidazole - _ © 012,23
L ’ 1,2,4-Triazole 5.02
& ) s
: Tetrazole* ‘ -0.88
| : -, A i - .
, : C . Pentazole ' -6.37
f_ : *Y ’ ! . ‘ ) - - L °
' i A ‘more acgupate predii%ion of the stability of these
étructdres, however, must also 16Vo]§é the consideration of
' the c0ntn\Put1ons of resonance forms as d1ctated bJ the .
. number and pos1t10ns of the heteroatoms involved and the. ' |
“' . . electronic distribution in the ring. In the case of ],2,4«
s triazole, the followlng rescndnce hybridsﬂare possible.
b . . Tautomer I ' . ! h o
% A . * N i . ._ o )
; B H : : Coe
4 ' N N-—-N ‘ =
| — L ) ( ) k ) <« ete.
1 ‘:,:~ ' .
é . B Tautomer ITr - ' ' \ ’ S L
I S TON=N NN YCNe=N .-
4 ) > 4 /) <> & ) (-——b etc. - B
, ] N C e
‘ “ | ) . :T . N . :S ! . ):
*//J . ‘Z‘ . w W{x N ' o
! . \ . - . - : L \ > — : |
*1,2,3,5- and 1,2,3,4-tetrazole N T e

| A o
. ' - - o
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The existence of two kinds of nitrogen atoms, §N and
-NH which are 1nterconvert1b1e by the rapid proton exchange -

phenomenon is known for var1od§ f1ve membered N-heterocycles.

N

* Although an appreciable difference of\34N chemical shifts -

.should be not1ced between the two, only a single 14N‘

11'

resonance peak was observed _by Sa1to,,Tanaka, and Nagata

] in the spectra of: 1m1daone, pyrazole and 1 2, 4-triazole

' in acetone, on the basis of the coa]escence of 14
s

: by the rap1d N-H 9/bton exchanoe The 1nab111ty to o

N peaks~

dIStlngu1sh betyéenkthe ring heteroatoms suggests that
.- on.m.r. ‘'spectroscopy is not a useful technique for.studying

the tautomeric structures involved. In a proton n.m.r.

) ¢

’study of s-triazole carr1ed out in aceton1tr11e at 21°C, . ’

1.82 correspond1ng to the Cc-3 and C-5 ring protons. This ‘ .

< R \
resu]t however, has been 1nterpreted?by these authors as ,
f belng indicative of the.predom1nance of Tautomer II with & 7

i A . - ! - Al —

: ' chemical shift overlap being attribiited to the presence of

. E. - ‘ Potts~and Cr‘aw..cn”d]2 observed one 1nten=e singlet at T -vatue .
$ .
i

- a symmetry element,'rather than e‘rapfd proton efchange.

¥ *  On the .basis of infﬁdred studies of triazole and its =~ -.
3 , . “ L . .

-derivatives containing an upsubstituted NH, it has been ’ ;

RENES ~ : o -

suggeste that the/solid state structure contains a "

N pair of ions, each of which is stabilized by resonance-as

\ [ 4 M hY

" »
‘ » . shown below. - "
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The state of affairs in the abpve represeﬁtétﬁbn
being an intermolecuTar association in which the hyﬂrogen
atom of the imino group protonates an unsaturated'niﬁ$ogen

of an adjacent molecule. This suggh%tioh was ‘made as a .

K]

result of the presence of two bands in the iﬁfs\.ared " U

.spectrdm, 'Both,:a broad ammonia-type bahd at 3\5v - 4.0v

and an immonium band at 5.5y.were pre§ent.]5

‘

band is characteristic of the following structural element ’
LNt Ly
T, N—H ’ '

¢ ; (\/ ’x »

- “. . - ° .

" - b Y ; e E
: X B

» 5 I N 4 ) -

' ' { ’ - : * . ‘
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M

v ° | 6
| / |
Furfhermore,’these bands are not present in the gas -

phas spectrum, ‘ \

- - o
This gestion may.be further verified byscofiparing
the values of Wcid and base dissociation constants in the

following equilibrium, : ' : P

- " pKa not . pKa 2.30 (25°C)'6
el : *. reported : ’ -

“ .
- . T . N\
. . . \ )
" N -

A co c)usion cannot be derived on such a basis 'since

However the amphoter1c nature of the r1ng, as

described .in a subsequent section, 1mp11eSuthat the values .

. '-are of a similar order of. magnitude. ,_///

0f the two llkeJy Tag/ﬁmﬁrs I and I1,0x-ray cryst%lloﬁ

17

 graphic determ1nat1ons by Go1dste1n and coworkers - and by

, Deuschl]8 favour the uns;mmetr1ca1 Structure 1 as the ‘more

P,
stable in the solid phase at -155°C. The unsymmetrical

tadtomer was a1so found to Bredominate~in‘the vapour pheke_
as indicated by microwave spectroscopy 19 '
The tautomer1c contr1but10n of '1,2,4-triazole was

‘ estimated by Kroeger and Fre1Pergzo from Eotent1ometr1cal1y

- - v . . (]
. ’ ~ [ P » s
. . . B - . .
M
- -
.




determined idnization constants of the 1- énq 4¥a{ky] R
derivatives. The ‘tautomeric ratio of 1H- (qnsymmetrica1)'
to 4H- (symmetrical) 1,2,4-triazole was found to be about

5-10 : T, . . ‘ . - .

¥ ' : . . (
Physical Properties and Uses

The considerable polar nature of 1,2,4-triazo]elend"itsl ‘,:
ability to hydrogen-bond iS'suggested by  physical evidence '
such as melting points anq dipo{e momentSZ] and is
‘ emphasized for azoles in gene?a] as combared with other
five-membered rings such as furan, thiophene aﬁd'pyrro1e.,”
For example, the igtroduction of a methyl‘qroup"n the
_1-position of 1,2,4-triazole lowers thé boiling point by
' 82°C, whereas the introduction'of a 3-methyl substituent
shows no appreciable difference. Likewise, the me(’ing
point of the l-methyl "substituent is'nearly 100°C lower,
and that of the I-phenyl derivative 77°C lower than those
of Ege\e:¥ethcompounds, while the melting points of 3-¢

~ R > 4 .
substituted 1,2,4-triazoles are not altered greatly.

-

Solubility patterns also péfa]]el these resu]ts as increasing
the subst1tut1on on the nitrogen atoms 1ncreases the ‘
solubility in non-polar solvents. This feature of the ring
was of particular importance ¢ur%ng the isolation of the :
final cyclic produy ts synthesized during the present study&)
and is described An deta1l in the exz::?menta] section.
C1,2,48- Tr1a201es are also .amphoteric, forming salts with -

\

acids and bases. T




- »

These compounds are very weak Qa§§s capab]e of forming

1,27 o ‘

quaternary salts. Both steric and electronic ef?ects

will dictate the pattern of N- subst1tdt1on w1th Structure (A)

being the more lwkely pr%dUCt a
. \ /
- ) N o= N 0 : N =N _
D & ) B P
\+ * Y
NI
' : \ . - Nﬁ LY .

: ‘ (A)

The wide scope of applicatbons of,l,2,4-triazofes hae

1,2

been covered in numerous publications and includes.

. o

pharmaceutical, agricu]tdral, photographic and various

other areas. = .

MONO- AND DISUBSTITUTED ARYL AND ALKYL HYDROXY TRIAithE }
- ;S—Hydrexy-1,2,4-t%iazo]es are potentially tauiomeric. 4

With one substituent on nitrogen, three different systems
. : -8

N 0y
are possible. ‘ -

F——
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The above s}rqctures represent particular examples of

- .
lactqm-]actim‘tautome?jzation which 'is well known in the:

- field of heterocyclic chémjstry. In general, protomeric

equilibria between a wide7§aﬁﬁety of amides, Structure'(]f

. and the coﬁresponding_imino]s, Structure (2) have been et
| shown to favour the -amide form.Z2? R .
4 ‘ . ‘ T
: s - o ¥
. s ¢ « i ) N
0 ' b OH
T !
- ¢ N ! ) /\ <_ . /\‘ i .
- N—H — N. '
. | Y
e [ S N
: :,' Mo ()
R *The position of the éiﬁ?TThhinm4;ﬂowever, may be . °

®

substanjally influenced by the molecular environment as

{ .
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sital Keto-enoT'équfﬂigr“

{ * as,‘, ‘

2-pyridone (la) and 2-hydroxypyridine (2a).
‘[ ‘-" ! . a

N | .
- ’ \1 (J‘[
. -
! AN A ard '
AN =
Lo *I' o N o £
i " H . )
" (1a) o ‘ (2a)
“ 1

The system represente( aboveiis one of the more

v thoroughly studied examg}%s 1n the literature and, ﬁurther-’
’ (

more, is representative of the class of compounds under
, i

. , .
ﬂiscussiok. Katritzky and Lagowski strongly favour (la)

23 Structure detefmination'by X-ray

24

Jover (2a) in solution.

crystallography also supports\QJa) in the solid state.
f.(ln contrast, (2a) has been reported to predom1nata in the
- 25,26

. Qapour phase by dinfrared stydies, by mass: spectrometric

hnalysi527\and by ultraviolet spgctrosdopy over a

temperature range of 120-140°C.25;28 These results have

been included with the intention of serving as a model and

A

L
offering some insight’ to protomeric equilibria between
'“triazolinbngs‘ nd 'ydroxytriazoles. ‘

The presence of a hydroxyl or a mercapto group on the

fing carbon partially removes the basic character of the

.
e
T > a 7 T
el X N ,*:':QZT&Z:%{ (Xt wi\tﬂ_ B AR et
£ FS *



parent skeleton. | In addition,‘tﬁese derivatives’a%e soluble

r

~ ip alkaline medium, presumably through anion formgtionl:

\_j 3 . - "

TR

~ Finally, these compounds are important synthetic — — o

-'”ﬁntermeQJates since they can be readily converted to the

'pareﬁt structure with such reagents as phosphorus
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Synthetic methods ' .

N [
°

Mono- and disubstituted alkyl ahd ‘aryl 5-hydroxy-1,2,4-
triazoles have been obtained frema vapriety of methods.

, o
These can be classified under three major pathways:

e

., J. Intermolecular condensation

3
! )
v

11. Intrdholecular condensation

11, N-Atkylation of hydroxy triazoles

! . . .-Jg’ . 0
I. Intermolecular condensaﬁion

. . . \\ . s
To briefly review -this method, three distinct.catagories,
LY ' -

“ oo - EY R v
are-described~~ . - T e ; .
¢ ,

ne \\

R M L
. Two such examples include the treatment of l-aryl semi-

.carbazides with ortho esters to yield 1,5-disubstituted-3-

3? and with anhydrous formic acid to give

31

hydroxy .triazoles,
1-ary1-3-hydr9xy trIazolﬁb

wanh e N A nd TR i

A CICERERE B Sy
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g
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A o i .
° Ar /T/:' . 'Ar ”
\ \ ~ \

. *NH—NH NN +
S Y \C""O . A . \,_ r
RC(DEL); -~ /- R/Q\ )\on ’

or . CHN - N L
HCOH N

1 ? . y -
7 - ‘ N
- L ) R=H, Me
i ¢
' A - - n
i) " .
‘ P . “‘.- ""
, . % )
NN ° . NN
¢ G —> A ) e 1
I \N/ N « ; @
\4 * v a « -

4

~aThis mode is limjted b

y the %vailabi]ity of substituted

>

i -
hydrazines, and; i

s exemplified by the condensation of -phenyi-

hydrazine'ﬁith N-acetyl yrethaﬁe to gi?e 1-phenyl-3-methyl~ '

SahydrOXY'triazoles as shown below. "

1

4

»

.

t
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< . . . %
/- L7 :
. . o ! i 4 7o
-~ s ~ Y 4 . . ‘.%
) . - “J A -~ .Il?,?;" by . ‘3'
) . N . . - . \’_.....__/-7 ‘o A o ) f
- ', ihis methdd is exemplified by the action between . i :
§ ta ' “ . ‘ ' ' T v
[ amidrazone hydrochlorides and an excess of aliphatic or
'? N -~ : R , . :
‘ ., aromatic isocyana '51-32 - - /
. . . 7 . -
5 | o * |
4 . N o ) :
. - . - ( _7\,0
N . > N a 2 .- g"‘a ;
H s R T @ . K '\ * R . %
v - N — NH . N N T i
. ‘ 2 ) - - b 1
. 4 -RkH, €1 . ‘/ * ‘ !
- Hg_;—c C oD . »\\o P %
¢ ' S l 1 hr at 140°C He N O :
. NH,C17 : ' . , {
¢ . d\ T 9 7 4 hrs at 220°C . _Ph S : i
] » » v i i
=t i ¢ ® . . Ph . . L
;\ ' . * \ - ) '
! . 5, " = L ~
A - - -
. T- ° * 8 @ . ~ : i
. - < ’ ’ . RN L;-A h h - 1
© ' . : 3 " ) ) . i
o . _ 11, Intramoletular_condensation ‘ ' 3
’ N : ‘a) '\ v : I .
I .-, - Direct gyclization into .1,2,4-hydroxy triazoles has . ‘ -
= been achieved through C-N bond formati%n only, and -as™a
. . | rgsy]t; the starting chaif has been restricted to one of : y
] two types shown' below. ' e
£ ) . © ts
e e » , |
[
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5 C ~C 3 ~ 5 C c3
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L (R) ‘ (8) .

For both (A) and (B) a seﬁic%rbazide derivative may ‘

-

serveg as the starting material. /Approach (A) requires a

o 1 1
suitable substjtuent on N-1, whereas approach (B} requires

o

a substituent on N-4. An example of (B) is the cyclization

of arylhydrazones of p}ruvy]hxnroxamic.ac{d to 1-aryl-3-

) v, -
‘methyl-5-hydroxy triazole by heating the contents'ﬁm the
presence of acetic anhydride and sodium acetate.33 The 7
reaction is exﬁected to broceed via a Beckmann-fypﬁ

o ¢
rearrangement leading to an isdiij’%te intermedi%te as

follows.
" [
Ar : Arl A
. Ar A :
/ / ’/l" "
,{/N—NH o Wil “W_N
Me—c\‘ et Me—-c\' ——94 /)\ o
., C=N : N=c.= 0| , Me N OH
LN | e '
OH OH — — | ,
1 4 ’ ) [
- u
4 S

4
+ o e e A

L5 )

ko v ket per

IR P

D
RPUTY L S v T
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i - Cyclizations of type (A) are discussed in this thesis

-

- and may'be achieved by refluxing cyanohydraziﬁé derivatives

andiﬂ-aryl-N'-uredd amidines35 in base. The latter p;oceeds
) ' with the evolution of ammonia.
\ . -«
r~
) ~
i A N
5 N . L R = H .
! - : : :
- , "\N N/" . M, nethyl .-
— . N—N -
/  \_ - TOH,a B-naphthyl
o=c —_— \)\/ APty
7 v - isopropy!l
RN R YT propy e -
' phenyl
. benzyl
- T
.Y M -
N-—-N - .
o 7., N\ “OH, A A . \
Do R=C =0 — / ‘»\ S .
. \ / ~NH; R OH
. ArNH NH2
y Ar c
.8 S A" \ 1-~
Anoth::\tyclizatjon that may be regarded as belaﬁging.
to type (A) occurs when 1-[a-(mesthylthio) benzylidehe]-
' semicarhazide is pyrolyzed at 210°g*~ Methyl m€rcaptan is
< readily-eliminated with the formation of 3-phenyl-5-.
]
| © hydroxy-1,2,4-triazole.36 -
¢ \\
. , . - ‘
‘ s

34

w’

I
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- H
N N/ ' N N
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F Ph— c=0 -——-> /L ~
\ / .. Ph OH - ‘
S NH, . H
CHy o= a ‘
r, i 1
H ‘ X v {
; _ . - v v
v ' . o “
. - : o
This method has also been applied. for acid Térivatives ot
of semicarbazides. The reaction is normally carried out™n '
alkaline medium at refluxing temperatures. !
~ ' - ‘e -, [t
, v i
A : ’ \ \, ‘ {
HN—-—N ' . NN K
;0_\c/ \c 0 -Hp0 /Z\ )\ |
, = —] ” — s e ]
s N/ , R'7SNNZ oM .*
: R'" NH, B ’ :

104 T : -
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An gnalpg‘pf the above reaction is the oxidation of

a

substituted semicarbazones.

* & 4
. R 2 § r
. 7/ /R
h N.._N N—-N * ;
il Ne — A
\ 7 e RIONGP0M,
. H NHZ : > N
) r -
y F g
> ' © z{ .
AN -
R—C A C=O ‘-—-———’ l \ »
\ / s e R - OH
. H NHR P'l
4 R ¥
¥
- ) -
R and R = H, alkyl or ary] v .

u

* The above oxidation reaction has prev1ousf} been carried

out using such oxidizing agents are ferr1c ch1or1de,29'37j38’39

isoamyl n1tr1te,40

in anhydrous acet1e acid.

In the last case, however, cyc11zat1ons to-- the hydroxy*

t

triazole and to the isomeric amino pxadiazole’were observed."-

These results are shown befow.

potassium ferr1cyan1de
44,45

1

-

43742,43 aﬁﬂ bromine

[ d
-

@

E)

E
OV R

A o o




dependent on
pH of med’i um

N—-N '

Ar /étﬂi\ OH

{
Q,H

(41-51%)

N Y .

. . . . . H ‘ N a L

The yields of hydroxy triazoles were somewhat increased
‘ / ‘ :
when the reachBn was cart;fd out under ref]uxing conditions, -

Nhen the 2= methy] derivatives of the aﬂﬂve ‘'semicarbazones

were refluxed 1n‘anhydrous acgt1chade, they prqduded the

corresponding hydroxy triazoles in greater than 70% yfelds..

" + . » . . - . . ) .A‘ .
The authors envisage anitrilimine as an intermediate for
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thy rlng c]osure at the oxygen atom and a carbonium ion for

ri.ng_ closure at both the nitrogen and the oxygen atoms. ‘ LT

\ A G | - . :
Y N /\ \ :
Ar—cC, /C=0- <—>Ar—c /C—N‘H —=5 Amino 0xad1azo'|e
. W, 0 ‘ b
* - o

é‘ AN
. NN ST c .
47 \ - f) ’ s .
, Ar=—C, /C—D = ~> Amino Oxadiazole
S , " - and I
. N"Z. . ,
g . - ~ Hydroxytriazole
N\, .‘Carbonium -Ion i . ,
. . \_\. . ‘. ’ s )
. ‘ . : ,v'\

» . Other oxidants which yield oxadia'zo'lgs from the reaction

46 2 LI 3 !

with semicarbazones are sodium hypobromite, "~ iodine-

botassium igdide in aqueous sodiuﬁt\c/a«»‘“lfv/onate"'7 and lead

tetr‘aacetate.4 »48 It is c'Iear, thereﬁore, that thezhmce

. of oxidizing agpent useeL "in this reaction is of a - .

: particular importance in the ‘type of the cyéh’c product

~

obtatned. , g
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- them is carried out in alkali as has been encountered in the .

>
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I11. N-N]kylation of hydroxy friazo1e§

This method has been limited in its applicability {0
aﬁkylatinglégents contaiﬁjng;alkyl groups'such as methyl
and ethyl.~Methylation of a 1,3-disubstituted-5-hydroxy -~
\

triazole is demonstrated in the following exanﬁp]e.49 ;f/f\

&
| N\
ﬂ ) !
P & "
£ ‘ N \
’ ‘\
-
- Ph. Ph “‘
e - . R
7/
S N—N A N—N/
/ . Mezso4 : /
, P >
n-Bu N OH NaOHE 40°C n-Bu N 0-
. ! {
‘ v Me

-
~

) oo ~~ ' : i
133,4-TRISUB§TITUTED ARYL--AND ALKYL—AZ-T,2,4-TRIAZO§IN-5-ONES

The namé triazolin spegifies partial saturation anq‘Az
indicates the second bord from N-1 to be un§aturated: Unlike
thejf mono- and disubgtiiuted anangues, these dqrivati&es
are restricted to the keto form and as a -result aré
completely insoluble in base. This property facilitates
{solatioﬁ;of‘the triazolinones when the reaction leading to
present study. Details are described in the experimental
section of the thesis.

-+The reactions yielding the derivatives under jSﬁussiop

128 <@ - h P—

[a
]
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are similar. to those in which mono- and disubstituted

hydroxy triazoles are obtained. However, the degree of
& . . .
‘difficulty in achieving the previously described reactions

is expected to be higher in this case due to ste;i;
hiﬁdrance #tn the final product. i.e. the increased
bulkiness of ihe ring substituent;. -
To date, only five such derivatives have been obtainéd
by a difect cyc]izatign reaction. quthermore\ of all
1;3,4-trishbstituted-52;1,2,4-tridzo]in-510nes described
in'the 1ite;atufe, only four are suﬁstituted‘§y~a,pheny1,

¢

group at C-3 of the ring. These results .are summarized .

in Table I. A ring closure reaction to yield the C-phenyl’

analogues has been considered in this project.

& - .
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Table 1. Literature Concerning 1%3,4-trisubstituted-a2-

semicarbazide

“s .

23 S ' .

. 1,2,4-triazolin-5-ones '
R . . Cf “ ! .
B / . . B . .
. - .‘!‘ N_N <
[} ’ ‘ . Rzk'lqko Ibk" R ) N
. ‘ L . R] | ) . ey ‘
R R R, ) Method Ref .
- . % - Methylétionoéf the 3-phenyl-4- .
Me + Me Ph methyl derivative using dimethy? 50 '
S L sulphdte o _ 3 -
o* - - i v
¥ v - ‘ e L 3 ’n“
Methylation of the 3-phenyl-4-
Mg Et jﬁ? ethyl derivative using dimethyl . 50 '
. ;ulphate
. 7o o . . . o
. -Methylation of th/g_3,4—d'1pheny1
- derivative using dimethyl . :,~7
" Me Ph Ph sulphate, and condensation of 50, ;,\
E N . 1-methyl Eénzamidrazoné hydrol 32
chloride with phenyl isocyanate )
at 160-220°C | .
Y e - '
- _ .Alkaline"rjng closurg of 1-n- ~
../) i 7 ~\ .
Ph He -n-Bu - valeryl-2-phenyl-4-methyl - . 49 ‘ o
. /__/ , . i

E A e e Shab M e 1 s acal vt B

»
2
|
4
4

i
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A N .
Table I Cont. .
"R R R Method - Ref.
] 2 ¢ - o
Alkaline ring closure of 1- »
Ph Ph Me acety1-2,4—dipheny1 semi- 51 -
* carbazide v
, R
Alkaline ring‘closu?é of 1-
Ph /EE‘ Et propionyl-2,4-diphenyl semi- 51 &
. carbazide®
- @
s
]
“Alkaline ring closure of 1- °
* Ph Ph  i-Pr . i-butyryl1-2,4-diphenyl semi- 51
, carbazide ' - - ;
Oxidative ring closure of
Ph Ph Ph benzaldehyde-2,4-dipheny? 40

semicarbazone using isoamy]

nitrite

L |




- EXPERIMENTAL

- A . <

The melting points of the synthesized compounds were

determined using a Gallenkamp me1t1ng po1nt apparatus and

N v’

are uncorrected

e

Infrared spec%ra'were measured with a Perkin-Elmer 457

infrared sbectrometer. The spectra of the solid samplés
were obtained through potassium bromide discs, while

f]iquid~samp1es ﬁere run neat using/;/%ilver chloride cell.

The assjgned bands were corrected according to a polystyrene

. standard 0.05 mm in thickness.

“
b

Nuclear magnetic resonance spectra were recorded\og/a

Varian A-60A instrument operatyyug at 60 MHz with a pr&bé
4

maintained at amBient temperature. Tetramethylsiléne was

o« Used as an jnternal reference unless otherwise specified

a -

and chemical shifts are reporged in § values.

E1emEn al analyses were carried out by Galbraith
Laboratories Inc., Knox;i11e, Tennessee for those compounds
not describedsin the 1itgrature. Analyses were not
performed in the case.of nen-benzoy]ated'semicarbazideﬁ as .

,iheif structures were studied through their benzoylated

deriVatives. P}ior to g&a]yses, samp]es were dried in a
drying p1sto1 (Abderhalden type) under vacuum over

phos&ﬂgrus pentoxide at a temperature’ correspond1ng to the

a

heat carrier solvent used. - .

The identity of all intermediates and py~products were

verified by n.m.r. spectroscopy used in conJunctfon wit

;i.r{ spectrometmy Structura] ass1gnments were based on
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n.m.r:, i.r., CHN analyses, mass spectrometry and thin °
g layer ¢hromatography. '
' ., The starting materials ugzafhrellisted below.
. | . ‘ Co- '
“t - ‘ Materials @ Suppliers Grades
ISOpropyl bromide . ‘M.C. & B.‘ Reagent
; . Hydraz1ne hydrate, 85%,99% Anachemia Nechnical
%- Methy]hydrazine A1drfch ’ ‘Rgagent *
Phenylhydrazine ' - A]drich . ! fecﬁnicé]
' (d1st311ed four times under vacuum, once using a s
/?A fract1onat1ng column. A ye]]ow co1ored 1mpur1ty couif not
y/ ‘ be completely removed, b.p. 130°C/18 mm. ) .
Ethy!1 isogyanate " Aldrich - Reagent '
E Isoprop 1 1socyanatn} . Aldrich ) Reagent ‘
* tert-Butyl isocyanate ,' - Aldrich 7 Reagent
.%~ :%' Pheny] isocyanate = Baker b Reagent
N x%t. Y. " “% i ) Anachemia o (/;;;Z%ical
: k?, w oo , " Eastman ‘ Practical \
Byl ,0 ~Trifluoro-o-toly] ' T "
) isocyanate . | Aldrich ‘\‘ Reagent
l-naphthyj igbcyahate Eastman}///ﬁ ;_ Reagént -
_ .Acetaldehyde - ‘BﬁFE?/ Reagent ) ; _
) Propionaldehyde ' an Eastman Reagent u
Benzaldehyde . ’ B.D.Hl . Analar
(disti]]ation }ange not less than §5% Betwge 1?8-181°C) .
2 Benzoy] ch1oriHF (disti11ea) Anachemja 2\\//£egF€h{
| genza@idé ‘ ?3% \'M.C. & B - Practical :

—

et et it e e D 1m0 st B 2 e
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[ g following sources.

t

4

~ -

&

Oxidative, dehydratiﬁe‘and’other aé%nts were used from the.

~

T

Agents ' - Supb]ie}s ’ Grades.
- | Ferric chloride hexahydrate M.C. & B. éeégent
,é§%o L Potassium férricyanide - Fisher Techntcal
x /A\Isogmyl nitrite - M.C. & B. Reagent
% . &;‘ Zinc chloride ) B.D.H. | Rgaéent
1 Polyphosphoric acid ' K & K Technical
Sodium hydroxide, pellets ) Anachemia ° Réagent
//'j" . ' ' A.C.S.
Pyridine ’ Anachgmia Reagent
(disf}1led over barium oxide and kept dfied over molecular
. sieves, type 4A)
“Deuterated solvents/used for n.m.r. were obtained from
Merck,Sharp & Dohme {Canada) and all so]ventslwére.of<
_ miniﬁum isotopic purity of 99.5% or better, such as: = |
dimethyl-d, ggjfoxide, deuterium oxide, chloro¥?rm—d ;nd
v 4
acetpne—dG. / o
SYNTHESES OF INTERﬁEDIMTEs AND PRODUCTS |
- : ‘ \
Phenylurea ) \
<, . This product was/;repared from aniline hydrochloride
and ;otasgium cyanate’according.to the method of weith.52
Potassium éyanate was used in 20% excess and the product
"kgbtained wa§ reérystai]izéd from water’faqgive white
. \ “;>ystals melting at 1434146°‘(dec.) (1it.52 147° dec.).

oy s S A AL Far o N Sk e ey
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Acethydrazide™ -

"(a)

- -

The preparation was attempted using acetamide and an

excess of hydrazine hydrate in water. This procedu?e ﬁas,

~ -

dlscontlnued becau;e of the difficulties encountered -in

the separation process. P I

(b)

Forty four grams of ethyi acetate. (0.5 mole) were

added dr;pwise to 25 g. 'of "hydrazine ﬁy&r;te (85%)

(0.5 mole) followed by addition of absolute ethanol until_
the contents Qent‘;omb{ete1f into solution. The resu1tin@
solution. Was refluxed for*18 hours. .Diéfi]lation removed
the unreacted ester (ahout 10 ml.) and part of the solvent.
The concentrated solution, upon cooling, y1e1ded a wh1te A

50114 which was f11tered,rwashed ywth ethyl acetatgnand

ether, ‘and dried.

‘

W, 58-B8° (1it.53 77°). _ |
hl t o ' - - .‘ v
Benzhydrazide ‘ 3 ’

‘One hundred and“twe”'y bne grams of benzamvde (1.0 mole)

A

were refluxed with 65 g. of>hydraz1ne hydrate (1.1 mole, 10%

o

in exkéss) in 170 m1. of water for a per1od of 12 days, the

ref]ux perwod being d1ctated by the 1nten51ty of the

ammon1a fumes ggven off dur1ng the course of the react1on

[

. The ‘white solid separatlna out upon cooling to room

»

4
7@hperature was»f11tgred and-washed with water. ) .
65¥centrating and coeoljng the filtrate gave .a further amount

of bbnzhydraZIde. Yield asz

‘

M. p. 110- 1140 (142,54 1120). L

Cear.

IS
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“with ether (dried éver meta]]ie/SGQium ribbons) using a

L]
'“’ * ¢ ' j
\‘l—Benzoyl-2—methy1ﬁydraz1ne // C -

\

Isopropylhydrazine
Following the method of Kost and Sagitu]h’n.55 369 g. of

. L
isopropyl bromide (3.0 mole) were added with vigorous

w
B e i

stirring to 624 g. of hydrazine hydrate (85%) (i0.7 mole,

-

the above_author; used a four-fold e&cess»of 99% hydrazine

¥

'hydrate). With the use of a dropping funnel, the additio®’

A
was extended over a period of three hours while maintaining
-

the reaction température between 55° and 60°. The
resulting clear solut1dm was stirred for two additional

’ r'(

hours at this temperature range; codled down and extracted {i/

continuous extraction apparatus for'forty four hours. No
further'extraction J%s noticed after the first thirty hours
upon repet1t1on of the preparation.\ jlhe ether was then .
d1st111ed off and the residue dlst1l]ed from barium oxide.
Yield 142 g. (64%). B
B.p. 101-107°/atm. ' " ”

(4

After redlst1llat1on the product had a boiling range of
102.5-105°/atn. (11t. % 106-107°/748 mm. ). Co

N.m.r.(CCl4, §): 3.49 {3 H, singlet, N-1(H) and N72(H)

protons), 2.73 (1 H, septet, J = 6 Hz, methine proton), .
0.99 (6H, doublet, J = 6 Hz, isopropyl protons). The NH

PR S S T

protons appear at 63.51 for the commercialls available

methylhydrazine. - : A -

Fifteen grams of benzamide (0.22 mole) were completaly ~<,
- . - \

Ly

‘ fy“ ‘

= A -




dissolved in 50 m1. of warm water. A solution of 5.70 g.

[N

of. méthylhydraz1ne (0. Y2 mole) 1@/30 ml. of water was added.

The m1xture was refluxed for 71 hr. with only starting

benzamide (10.30 g., 68.7%) me]f\ng at 125-129° being - ]

recovered. N '
'\g%ﬁlenzoy1-2-phenylhydrazine

A _mole to mole ratio of benzamide and phenylhydrazine

were subjected to the conditions describéed above. Once '
again Benzamide (74.4%), melting at 125-129° was recovered. i

»

1-Benzo)1-2-isopropylhydrazine ‘K
7

This product was prepa}ed by .a three-step procedure

R 3
involving the reduction of appropriate isopropylidene
hydrazide with varying me]tiha points reported for idar

109-110°,°6 106"57 and 117°.°8

The product obtained from
the two-step procedure described in the following paragraph
was 1dent1f1ed as N-isopropyl-N,N' ~d1benzoy1hydraz1ne

To a solution of 5. 00 g. of isopropylhydrazine

" (67.4 mmo]e) in 20 ml. of cyclohexane containing 5 drops

‘ of dry pyridine, 8.58 g. of bepzoy1‘chlor1de (61.0 mmole)
were added slowly while\tooling to -5°. The formation of
™ . a4 hard gum resulted. The solvent was decanted and arother

30 ml. of /cyclohexang were added, the gum eventually

transfdrm1ng to a solid. Filtration of the solid fo11owed

PR e PN -

by water and ether washings and. recrystal]1zatﬁon from

o ) ethanol-water (7:4) gave a considerable yield of cotton-like. ﬁf

needles melting at 164.5-165.5°. ,

|
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Attempt at hydrolysis of the above product to l-benzoyl-2-

, ~-1sopropylhydrazine
An amoquaof the above .product was ref]uxed in 5%
sodium qidroxide for 30 min., The clear solution was cooled
down and precipjtaQidn was induced by acidification with
hydrochlorié acid. Only the gtarting material, melting at
162-163.5°, was isolated. Increasing the alkali concentration

and reaction time did not produce positive results.
" J

SEMICARBAZIDES

4-Phenyl semicarbazide (Compound 1-1)

A mixture of 65:05 g. of hydrazine sulfate (0.50 mole),
75.50Qg./of phenylurea (0.50 mole) énd 40 g. of, sodium
hydroxide¢ (1.0 mole) in 200 m1. of ethanol (80%) was
refluxeg on a steam bath for 12 hr, Tge miitdre was coq}ed,
filtered and the precipitate was washed with water.
Purification of tﬁe\product by conversion to the hydro-
chloride and then to the free base in an ethanolic medium
gave 24 g. (32%) of the pure product melting at 117-119°.

(19659 37-40% yield melting at 120-123°). \

The hydrochloride melts afN217°, the melting varies with
‘thg rate of heating (1it.5q 215°). ' .
L.r. (KBr, cm™'): 3306-3366. (v NH), T§80 (v CO).

2-Methyl-4-ethyl semicarbazide (Compound™1-2)

A 200-m1. round-bottomed flask containing#5.00 g. of

methy]hydrazinexi?.32 mole) in 40 ml}. of anhydfous ether
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" ‘ethanol and ether. The small, very hygroscopic needles

- was}fitted with a stirrer, thermometer, dropping funnel and

a reflux céndense&.mounted with a calcium chloride drying

tube. 22.75 g. Of ethyl isocyanate (0.32 mole) in.30 ml. RN

of ;ther were added dropwise over a‘beriod of 45 min.;\the

reaction temperature being maintained close to 0°."Solveﬁk -
removal under rgquced pressure left a yellow o0il which was |

kept under vacuum at 87° for 45 min.‘in order to completefy..,:

it

remove all traces of starting material. (No biurea was

formed as a by-product in this ngaction).-Yie]d.33.21 Jl /

(88.6%). ‘ ' ©

O SRS

Preparation of 2-methyl-4-etﬁy1 semicarbazide hydrochloride

Ethaﬁo]ic hydroch]Pric acid was added to a‘,1.00 g.

solution of the oil (8.55 millimole) in abdolute ethanok.

The solid which precipitafgh was filtered and washed with

L4

A e 3

were §€ored under vacuum over sodium hydroxide pe]léts.v

Vstres e WO

Yield 0.89 g. (69.0%)
M.p. 147.5-151.0° (1it.%0 154-155°),

-

2-Methyl-4-isopropyl semicarbazide (Compound 1-3) )
A soTution of 25.50 g. of isopropyl isocyanate (0.30

mole) in-35 ml. of anhydrous ether was added to a. solution

~(
/ -
ATt TP IINE  FFR

of 14.00 g, of methylhydrazine QB.BB mole) in 50 ml. %f
ether over-a period of 50 min. at Of\ The solution wi§4,_
then stirred at room temperature for one hour. A slight

turbidity was observed due to 1,6-di-isopropyl-3=methyl

biurea (cdmpound 2-3) and removed by filtration. The




filtrate was evaporated to give a residue which wasjfept

under vacuum' to remove all traces of golyent and starting

.materia1s. Yield 38.0 g. (96.4%). o -

M.p. 40-47°, =~} ‘ //// -
The product was further‘pur}fged by extrection“with a K;B,

minimum amount of co1d ether 4fording colorless,

transparent, crystall1ne plates melting at 49.5- 53°,

Decompos1t16n accompanied by bG?wn tolorat1on occurs when ,
» . . '\\ ’ » . - -

the product-is left expospd to the atmosphere. Attempts

to form the corresponding hydrdch]oriﬁp faiYed.

2-Methyl-4-t-butyl semicarbazide (Compound 1-4)

‘A so1utipn of 24.78 g. of t-butyl isocyanate (0.25 mole)
in 25 ml. of ether was added to a solution BT'11.52 g. of
methylhydrazine (0.25 mo]e)‘*ﬁ‘?S ml. of ether over a |
:per1od of\] hr. at -5 to 0°, fol]owed by stlrrlng for

75 min, at room temperature Fi]tratlon and concentration
»

—_—

J/A?pf the filtrate gave a crude product. - Yield 32 g. (88%)

melting at 93-100.5°. Even after repeated extractions with

~ ether the degree of purity could not he improved.

Recrystallization from water resulted in transparent -
needles me]ting/at 91-97.5°.
Biurea derivative &ompound 2-4)
»  1,6-Di-t-butyl-3-methyl biurea, 0.4 g. (1.4% based
on the isocyanate used)melting at 171.5- 172 5° was a]so
- » o * .
-~ ) o= b . ,
1 - e e
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recovered and dried for 5%5'hr; (ether).*
Lr. (KBr, cm™'): 3341 (v NH), 2973 (a]iphrtic v CH),
1660 (v CO).~ I

Anal.calcd. for C]iH24N402: C, 54.04; H, 9.89;~”, 2?.91..

0

Found: C, 54.04; H, 9.90; N, 22.88.

2-Methyl-4-phenyl semicarbazide (Compound 1-5)

[N

A solution of 88.0 g. of'pheﬁy1 isocyanate (0.74 mole) --
in 50 m1, of ether was added to a solut{on“of 34.6 g. of
methylhydrazine-{0.74 mole) in 65 ml. of ether over a ’
period of 30 min: Qith.coo1ing.\ The. solid obtained was .
’filtered cold. The.inso1u§1e biurea derj;ative was LA
separated from the §emiQarbazide‘by exfraction wiyh boiling
isopropyl alcohol. The filtrate was concentrated and
salting out wjth ether produced a pure semicarbaziﬁe,
Conversion of'the semi€arquide to the H&droch{oride and
"back to the fffe base did not improve'{ts me]tiﬁg [;oin'c.’~
Yield 37 g. (30%). r L. : .
M.p. 87-91.5° (19t.5% 93-94°). : ‘ o
I.r. (KBr, cm‘]): 3346, 3306, 3206 (v NH), 2?50 {éaiphatic g

’

" v .CH), 1625-1655 (v C0). SR .
Tﬂe nature of the pfoduct was further confirmed by - -

L ——

conversion to its semicarbazone derivative melting at

106-108° (11,50 108°).

¢

” ] ’ N

'

* indicates drying perature to be that of refluxing
- 4 - . ‘ . N

ether. ‘ Lo




ey

" process,

'(Compound 1-6)

‘1socyanate (59.1 mmole) in 20 m]. of ether was added to’

\ob a1ned Vhs further’ separated from traces of the biurea v PR !

. decomposition was noticed during the recrystall1zat1on

M.p. 97.5-99° (from water).

v n [ [ [ R .

r . »

B * ,
JORUN ‘ .

Biurea derivative (Compound_2- 5)

Y1e1d 18 g. (9% based on the ispcyanata used).
M.p. 202-206° (1it.50 204°), L )

L.r. (KBr, cm™'): 3381, 3276 (v NH), 2920 {aliphatic v CH),

A

1665 (v C0).

2-Methyl-4-a,a,a-trifluoro-o-tolyl semicarbazide

A so]ut1on of 11.06 g. of o,a,t- trifluoro 0-tolyl

2.72 g of methy]hydraz1ne (59.1 mmole) ~in 45 ml, of .
anhydrous ether over a period of 30 min. at -10 to -3°.

After stirr%ng for 90 min. at room temperature, tha'wh%te

solid which formed was filtered and jdentified as 1,6- dl-f

(a @,o- trrf]uoro -o-tolyl)-3- methy] biurea. The f11trate‘

wa evaporated to dryness under vacuum and the solid thus 4

et

derivative by recrysta111zat1on from water. A slight

The semicdrbazide,.in thé form of white needles, had
a naphthalene-1ike odor_and( was dried for 21\2r. (ether).
The yield was 11.6 g. (84,4%2Y prior to recrystallidtion.

& Al
Anal. calcd. for C9H10N3DF3- C, 46.36; H, 4.a2; N, 18.02.

Found: C, 46.47; %5 4.26; N, 18.13.

w
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Biurea derivative (Compouﬁd 2-6)

e

Further purified by recrystallization from benzene along

/

with charcaafltreatment. The final product was in the form 4

of wh1te.meedles With the same character1st1c odor as fhat
~'of the semicarbazide. The derivative was dried for 12 hr.
(ether). Yield 1.5 g. (5.9% based on the isogyana{e uéed).
M.p. 166=167°.

I.r. (KBr, cm™'): 3446, 3296 (v NH), 1702, 1667 (v CO). .

Anal. calcd. for C”H.|4N402F6 C, 48.58; H, 3.36; N, 13,33,

"Found: C, 48.64; H, 3.50; N, 13.25.

2-Isopropyl-4-ethyl semicarbazide (Compouﬁd 1-7)

A solution of 19.2 é. of ethyl isocyanate (0~2? mole)

- 1in 35 ml. of ether was added to 20.0 g. of isopfoﬁyll
nydrézine (0.27 no]e) in 45 ml. of ether over a per?dﬁ“ﬁ?:"
105 min. with coo]1ng below 0°. The slurry\was stirred for
another 90 min. th;n filtered 1eav1ng behind the biurea
derivative which was washed wWith ten n10=ml portions of
ether. Evaporation of the filtrate and the washings under
reduced pressure yielded a yq]?dw 6il which, on standing,
yielded a waxy solid. An n.m.r. sbectrum of the product
shows thgzzdssib1eéexistence of two isomers while T,L.C.
using a 5111ca gel, p]ate and ethanolas eluent shows avly
_one spot. The yield of semicarbazide was 29 7/// (75.9%). 4

Vacuum distillation ‘gave a major fract1on. b.p. 96-99°/

\
0.75 mm., meltingtat 50-63° and a minor fract1on,
"b. .p. 124- 126°/0.75 mm. Atggmpts to prepare the hydro— Y

chlor1de salt failed, howj;er a pure benzoyl der1vative was -




obtainedr

‘The crude biurea derivative (compound 2-7) was

recrystallized from'isopropyh.a]cohol énd dried for 10.5 hr.
‘(ether): Yield 5.9 g. (10% based on the isocyanate used).
< ~ . -

M.p. 178-179°, . ‘
I.r. (KBr, em™'): 3306 (v NH), 2986, 2943 (aliphatic- v CH),

Ca

1648 (v CO). ,

o — , NI .
Anal. calcd. for CgH20N402 C, 49.94; H, '9.31; N, 25.88.
Found: C, 50.01; H, 9.39; N, 26.01.

-

2,4-Di-isopropyl semicarbazide (Compound 1-8) ) '

A solution of 25.5 g. of isopropy1 isocyanate (0. 30 mole) .
in 25 ml. of ether was added to a solution of. 22. 2 g. of
1JLpropy1hydra41nc {0. 30 mo]e) in 75 ml. of cther over a
period of 50 min. at a temperature range between -8 and -2;:
The mixture was then stirrad at room temperature for 46¢R{n.
The 1,3,6-tri-isopropyl biurea‘which separated out of the
-solution was filtered and:Washed thoroughly with etﬁer.

The crude preduct was pd:;fied by extraction with hot ethyl
acetate while the fi]trate and washings;'upon concentration
and cooling, gave the semicarbazide. Both products were#

shen recrygtzllized from ethyl acetate.  The semicarbazide

was further recrysta]lized‘from 95% ethanol. _Yield 29;7.9.
(62.2%,\<.'.t'ude)’l~ 2 , ' . '

“M.p, T04-109°.- ' '

The conversion of’the'product to the.benza1dehyde .
semicarbazone derivatdve was cdrried out by the deitiqn of

benzaldehyde to the:ethy] acetate solution and heating.
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The product precipitated out as transparent needles by<¢ge \
addition of aqueous ethan01 and had a me1t1ng range

of 86.5-89.5°.
Anal. calca¥\for C11H21N3D: C, 67:93; H, 8.55; ﬂ, 16.98.

Found: C, 67.89; H, 8.61; N, 16,84,

The bjurea derivative (compoupd 2-8) was dried for -
»

18.5 hr. (ether). Yield 3.8 g. (5.2% based on the iso- -

‘\\\\;‘ cyanate used). _

~ -

M.p. 187-188°,  » ’ -
Anal. calcd. for Cf,H;,N,0,: C3 54.045 H, 9.89; N, .22.91.°

Found: C, 54.14; H, 10.02; N, 22.83.

2JIsopropy1-4-t-§ﬁty1 semicarbazide (Compound 1-9) -~

A solution of 24.78 g. of t-butyl isocyanate (0.25 mo]e)
in 45 ml. of ether was added to a solution of 18. 53 g. of
isopropylhydrazine (0.25mole) in 90 ml. of ether oVer a

period of 1 hr. at 0°. Stirring of the reaction mixture
*

“was continued for 2 hr. at room temperature. Filtration of

the suspension followed by washings with three 20-ml portion§
of ether .gave 35f§f‘of—a mixture of the semicarbazide and

the biurea derimgtive\meiting at 115-140°. Extraction with
a/Soxhlet apparatus using ethqr'§§ solvent eliminated most
ofdtbe biurea. The product me]téd at 122-137°.

Furtheﬁ attempts at separation of the two components by
extraction with different solvents, by preparat?on of the.
qurOCh]oride and sulfate salts of the semﬂ!arbazide,:and by\
recfysta]]ézatioﬂ all failed. A small amount of the nitrate

salt was succéssfully ‘prepared and its structhre was
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confirmed by n.m.r. spectroscoﬁy. ‘The nitrate salt melted

—

-’

at 111-113°, S ‘ , y'

Biurea derivative (Compound 2-9) . »

1,G-Di—isopropx113—t-buty1 biurea was recoveretaypo“

recrystallization” of the crude product from ethanol. The

. -

solid, in the form of shinj‘wqgte needles, was dried for
13 hr. (efher). , - ‘ -
- N . ; . . )

M.p. 155-155.5°,

[
£

Y

Anal. calcd. for Cf3H28N402: C, 57.30; H, 10.36; N, ?0.56.

-

\ T
Found: C, 57.28; H, 10.39; N, 20.36. ‘ *

2-Isopropyl-4-phenyl semicarbazide (Compound 1-10)

" A-solution of 31.7 g. of pheny] isocyanate (0.27 mole)
in 35 ml. of ether was ‘added to 20.0 g.'of isopropyl-
hydrazine (0.27 mole) in 55 ml. of ether over a per‘iod‘of~
2 hrl while cooling in ice. Further~s{irring with slight

. heating was’rgquired since the odor of the'isocyanate was
still pers}stent. The resulting suspension was filtered
cold, washed with nine 10-m1 portions of cold ether and

. extracted with ethanol and acetone. Evacuation of the

extracts to“dryness'afforded the semicarbazide. Yield 26 g.

(50%). -

M.p. 91.5-95°.7‘ ’ : P

~The biurea derivative (compound 2510) was dried fdr

: :
10.5 hr. (ether). Yield 12 g. (14% based'on‘the;isocyanate
used). - c T I

oy

wwr

M.p. 185.5°. _ ~

Lo

—
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Anal. cand. for C]7 20N402 C? 65.34; H, 6.45; N, 17.93.

Found: C, 65.28; H, 6.52; N, 17.93,

. When the add1t1on of the two reagents was made over a.

per1od of 20 min. and st1rr1ng was cont1nued for 75 min. at

-

niif/fgmpfrature, under the same conditions, the ratio of

'sem1carbaz1de to biurea was reduced from 78:22 to 64:36.

2- Isopropyl 4-a,a,0- tr1f1uoro o-tolyl sem ; carbazide
(Compound 1-11) -

A solution of 8.00-g. of/u,u,a-trif]uqro-o-to1y1-
is&tyapate{(42,8 mpo]e) in 10 ml. of ether was added to
3?18 g. of fsopropy]hydnazine (42.9 mmole) in 15 ml. of ether
over a period of 75 min. at a temperature range from -10 to
0°, followed by stirring at roowm temperature overnﬁéht. - The

solid which precipitated out of the solution was filtered,

‘washednwﬁfh cold ether and found to consist So]e1y of the’

\e

corresponding biurea. /{he filtrate was evaporated under
vacuum and the solid lef?“behind was treated with cyclo-
hexane. The .suspension was filtered and the insd1ub1e’
residue was extracted witg\iﬁrm‘éthano1. The insoluble
fraction was the biurea derivative whi1e/th§'a1qohol
solution, éfter concentration, Qave crystals o6f a produqt
melting'at 69-%4°ﬂ The product did not correspond to the
expected semicarbazide. The.n.m.r. spectrum of the crysta]s
in carbon tetrachloride contained the follow1ng hgnds.

4
9,04 8(1 H, singlet,'N-4(H)~proton), 6.84-8.58 & (5 H,

lmultiglg}), 3.90 6 (1 H, broad singlet), 3.10 & (1 H,

? . ~
™, .
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S@ptet, J =

Y

6 Hz, 1sopropy1 protons)

1

>The total

6.5 Hz, metb1ne proton), 1.08 § (6 H, doublet, ’

integration is

correct for 14 H

however, the spectrum does not compare

- Bjurea der1vat1ve (Compound 2-11)

.

with that of the 2-methyl analog of the above semicarbazides .

N

derivat%ve in DMSO-dg. | ‘ . : -

7

. o

Recryst&ﬁ11zed from dilute a]coho] and yielded shwny

crysta]]qne need1es w1th the character1st1c\gaphtha1ene like

odor ,of the trifluoro der1vat}ves. The product was dried for

6 hrg (ether).

M.p. 149.5-150°, , _
Anal. calcd. for C]QH]8N402F : €, 50.90; H, 4.05; N, 12.50.
Found: C, 50.82; H, 4.24; N,/ 11.98. LR

2-Phenyl-4- ethx] sem1carbaz de (Compound 1-12)

A solution of 19. 77 g. pf ethyl isocyanate (0.28 mo]e)

in 25 m]J of &ther was ddded tv 31.00 g. of phenylhy@ragine
(0.29 mole) disso]ved in 45 ml. of ether over a period of

1 hr. with the temperature kept below 20°. Stirring was R
continued for an “additiongl 30 min. at room temperature and the
11tered and washed with ten 40-m1-

- (90.6%)

resulting suspension was

portions of ether to yield 45.10 g. f a white—

T

~powder correspond1ng to the semlcarbaz\de. . B

M.p. 150.5-152°. /

The biurea derivative was not present as a by-product

~
v

in the reaction mixture
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1- BENZOYL SEMICARBAZIDES . “ o -

™

l-?eﬂ;gy]-4-phen1J semicarbaiide (Compound 3-1)
(a) To a solution of 3.00 g. of 4- phenle;em1carbaz1de

(]913 mpo]e),ih.18'm]; of anhydrous pyridine,\Z.BJ‘g. of ~
benzoyl ohuoride (Té.g mmale) were added dropwise. The
resultdnd solution was stirred for an &dditional 90 min. at
‘room temponature and the precipitate formed upon'di]ution}

with wafg;\WQS filtered, washed with water and then with.
“1sopropyl a]coho] Further purification was achreved _
{hrough f11tratkpn of the dilute a]ka11pe so]ut1on of the
product Tho fina] product was then recovered in‘a pure N
form by acidification of the alkalime filtrate. Yip]d 4.00 g.
(78.9%). - |

M.p. 201.5-203° (1it. 209-210°,5) 142.193°62),

Ii

(b) An attempt at benzoylation of 4-phenyl-semi- ¥
caﬁbaiide by the classical Schotten-Baumann method failed. |
‘ (6} A solutlon of.40.0 g. of phenylurea (0.29 mole)
nd 50.0 g. of benzhydrazide (0 37 mole) in ]20 ml. of
> "absolute ethanol was refluxed for 12 hr, The pnec1p1taté'
" formed was filtered and washed w1th Isopropyl alcohol o
’ yield mlo a. of. avproduct melting at 228 233°. The crude ) ‘Q
, product was dissolved in 5% sod1um hydrox1de, an 1nsoluble —

portion was filtered off, and the ye]low filtrate gave a

white solid wh1ch was filtered, washed. with water, drained

well and washed with‘ether. "
3 ) i - //(n$f
M.p. 233,5-237°; 237-239.5° (from ethano]ﬁ. \' \. /,///
- " go' - N ' ’ /v‘/
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"20-ml. portions of isopropyl Ftﬁer and finally with 20-ml,

43
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The formation of a brown color was observed during
melting. The structure of the product was elucidated as

*

1,2-dibenzoylhydrazine (~23%) and confitmed by comparison
with an autﬁéntic sampli’brepared as follows:

To a cold solution of 2.5 g. hydrazine hydrate 99% -
(.05 mo]e} in 80 ml. pyridine, 12.6 g. beﬁzoy} chloride

(0.09 mole) wére added dropwise. This was fo1}bwed by

'\st1rr1ng at room temperature for 5 min. and d11ut1ng w1th ' ..

150 ml. of water. 1‘be-white product precipitating out was

filtered and washed with ten 50-ml. portions of water, ‘two

»

of ethyl ether. The yield was 6.8 g. (63% based o the ~
starting hydrazine). //7 .

M.p. 237.5-238.5°; 239-240° (from ethanol)., . \
. y

The mixed melting point of the two products agquired

by both wmethods was 239.5-240.5°. ‘3.'

63

Arndt; Toewz~gnd Ergener

241°) by starting with hydrazine sulfate and benzoyl

obtained the product (m.p.

chloride in potassium hydroxide solution. When preparation .
of the product was initially attempted actording to this

method, negat1ve results were obtained.

1-Benzoyl-2- methy] 4-ethyl sem1carbaz1de (Compound 3- 2)

The turbid’ so1ut1on resulting from d15501v1ng 10.00 gq.
of 2-methyl-4-ethyl semicarbazide (85 3 mmole, he crude

product in the form of an oil was used w1thout further

o

pur1f1cat1on) 1n “45 ml. of“ﬁ?y pyridine was f1lte?ed. The,
¥ - I\k
. (>
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clear solution, was cooled in icé and 11.99 g¢. offbenzoy]

-chloride (85.fmmole) were added followed by further

stirring of the contents for 90 min. at room temperature.

Upon dilution of the reaction mixture a white product was

.formed, filtered and washed thoroughly with water. Yield

12.38 g. (65.5%).

64-166°.
Hopa 1 \

Working up the mother liquor gave 8.3% (based on benzoyl

chloride used) of benzoic acid (m.p. 117-122.5°%«confirmed from

“ ﬂ
n.m.j. and i.r spectra). The resulting filtrate, upon

acidification, gave an additional 8% of the semicarbazide

.derivative. Recrystallization of the semicarbazide from

isopropyl alcohol_followed by dryinc for & hr. (ether)
afforded'a white shiny crystalline product melting at
163.5-165°, )
Anal. caled. for € HysN 0,3 C, 59.71; H, 683 N, 18.99.
Found: C, 59.80; H, 6.85; N, 18.97. -

Similar results wef obtained when 2-qethy]-4-éthy1

semicarbazide hydrochl e (. the purified form) was used. ~__

1-Benzoyl-2-methyV-4-isoprppyl semicarbazide (Gbmpound 3-3)
b To a coo]ed solut1on~o; 16.00-9. of 2-methyl-4-isopropyl
semicarbazide (0.122 mole,gm.p. 40-47°) in 50 ﬁi. of dry
pyridine, 17.15 g. of benzoyl chloride (0.122 mole) were
addgd followéd by stirring for 90 min. at room iemperaﬁfre.
Filtration of the pyridine hydroch]oridé formed and
evacua??g;KE$ the filtrate under reduced pressure resulted
in a yellow oil. Addition of 25 ml. of water to the o0il °

f
[ .,,_;u“.“\,_ e P
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L gave as oily suspension which was once again evacuated to

; — dryhess. Repetition of the previous step two more times
resylted in a complete azeotrop1c stripping of the pyridine
and 1a wh1te solid which was washed‘{ioroughly with water,

f1ltered and re-washed with ether (the above procedure has
K}

{ been @fl]owed in all cases\ﬁhere dilution of the pyridine

: (63.1%). S
M.p. 153-157°,
. Recrystallization using.isopropy] a]c6h01 and ethy)
for 11.5 hr. {ether),

M.p. 155 5- 157 5e.

v L R R O T RN ers

] .
Agal. calcd for C]2H17N302 €, 61.26; H, 7.28; N, 17.86.
. Found: C, 61 39 ’17'34; N, 17.80.
\ .
{ 1-Benzoyl-2-methyl-4-t-butyl semicarbazide (Compound 3-4)
. ? .

% To a cold solution of 4.07 g. of 2-methyl-4-t-butyl ~
: ‘ .semicarbaziie (28.0 mmole, m.p. 89-94.5°) in 15 ml. of
L

pyridine, 3.94 g. of benzo&] chloride (28.0 mmole) were
| added. The mixture was stirred for 2 hr. and 15 min. at
% room temperature. Filtration of the suspended pyridine ‘
! hydrochloride and diluticn of the filtrate wiyg\jater gave

- ~a solid which was fi;tered, washed with ten 10- portions
of water ﬁﬁi1owéd by three 5-ml. portions qf'ether. Yield
5.83 g. (83.5%). ‘ o

M.p. 142-146.5°, -

3

react1on so]ut1on with water produced an oil). VYield 18.10 g.

7

acetate afforded shiny, sugar-like crystals which were dried . _

"
. i
o LI
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Recrystallization from benzene yielded small white

needles which were dried for 12 hr. (ethef) ‘and melted at

143.5-145.5°,
Anal. calcd. for 013H]9N302: C, 62.61; H, 7.68; N, 16.85.

e

. Found: C, 62.90; H, 7.86; N, 16.79. ‘

i

1-Benzoyl-2-methyl-~4-phenyl semicarbazide (Compound 3-5)

To a"solution of 8.00 g. of 2-methyl-4-phenyl semi- é
carbazide (48.5 mmo]e,'m.p. 87-915°) in 45 ml. of pyridine,
6.82 g. of benzoyl chloride (48.5 mmole) were added. The

-

mixture was stirred for 2 hr. and 15 min. at 25-30°. _Upon

7

dilution with 110 ml. of water a white suspension was

(92.8%) of the product. -

i

" formed, filtered and washed with water to yield 12.10 g. - 2
_ ; ?

i

M.p. 144-145.5°, : ) B 4

L
Recrystallization from isopropyl alcohol gave white

needles melting at 144.5-145,5°,

N Ra e L
. \
- I 4
.
.
.
(4

1—Benzoyl—2-methy1-4-g,a,a—trif1uoro-d-toly] semicarbazide
’ ’ '

L}

‘ (Compound 3-6)
Isolation of the pure’form of this product was extremely\
difficult. To a solution of 0.38 g. of 2<methy]:4]g,a,a-
trifluoro-o-tolyl sem%carbazide (1163 ﬁmo]e, m.p. 97-98.5°) [

i
g
\
£
%
3
g

- -
in 5 ml. of pyridine, 0.23 g. of benzoyl chloride | -

.
I MR R IR Az, vt R g |

(1.63 mmole) were added. The mixture was-refluﬁed with

-precautions against humidity from ;hg'airffor41 hr. and

50 min,{ The color of the solution gradu&ily changed from
~ }ink to a deep yellow. qun dilution of the solution with

»{;\:{}. o o ,.“’ ":»\




f - { 47

water, aAyelgpw.oil\formed which turned into a gum and was

eventually converted to a solid by stripping off all traces

F of pyridine and stirring in cold ;ater. Extraction of this
residue with 20 m}. of boiling water left" behind an 01l

~which was converted to a solid upon cooling. This solid.

¥

! proved to be the expected product. The yield (~85% crude)

ZQu]d not be precisely determined due to difficulty

”

encountered\ in the isolation process.

M. p. 117-123°,
When the above procedure was repeated with a reflux

period of 3 hr. a product corresSponding to the benzoy]ateJ

semicarbazide was isolated and had a melting range of

121- 126° The n.m,r. spectrum of this solid was identical

. to the one above (see Table X of D¥scussion), howgver the,

si£;1et at § 10.14 was missing.

L

N.m.r. (CCI4 + 3 drops of aceione, §): 6.86-7.63, 7.76-8.40

(10 H, multiple;&, 3.17 (3 H, siﬁg]et, methyl proltons?).”’
1,6-Di-(a,a,a-trifluoro-o-tolyl)-3-methyl biurea was
isolated as well and after recrystallization from ethanol
-"had an m.p. 169-170°. . ‘w
g 6): 9.04 (1 H, singlet, N-3(H) proton),
8.40, 8.54 (2H, ;wo singlets, N-1(H) and N-6(H) protons),

N.m.r. (DMSO-d

7.12-8.23 (8H, mu]tip]et phenyl protons),
3.14 (3 H, s1ng]et, methy] protons). B
. (KBr, cm ])‘ 3446, 3294 (v NH), 1703 1665 (v €O).

When the above reaction was attgmpted with on]y slight

heating in ether conta1n1ng 2 trace of pyr1d1ne, a ml‘;ﬂre




-

of braducts was once again obtained.

1-Benzoyl-2-isopropyl-4-ethyl semicarbazide (Compound 3-7)

To a cooled solution of -15.22 g. of 2-isopropyl-4-ethyl
semicarbazide (0:10§‘m01e, the distilled oil was used) in

- 60 ml. of pyridine,vls.§0 g. of benzoyl chloride (5% in
gxcéss of 0.105 mo]e} were added. At the end of the

reaction, the resulting salt was filtered and the filtrate

was concentrated to a yellow oil _which ﬁardened to ; '

ﬁ . transparent glass on standing. Ex‘traction of this material
with 70 m1. of ether left behind a white powder which was
fiftered and washed thoroughly with water and ether. The

:product obtained, stﬂﬁ] somewhat crude, Qas extracted with

- a Soxhlet apparatus using di-isopropyl ether~for 5 hr. The

ether was evaporated and the product was dried for 12 hr, '

t \

~

\~ . (methanol). Yield 11 g. (42%).
M.p. 112-114°,

197372°

Anal. caled. for CMH,gN;0,: C, 62.615 H, 7.68; N, 16.85.
Found: C, 62.65; H, 7.69; N, 16.65.

_An attempt to purify the product by distiliation

resulted in decompoéitibn to l-benzbyl-z-isoprppylhydrazine,
the structure of which was confirmed by n.m.r. and i-r. .

¢

spectra and found to be analogous to the by-product

obtained during the reflux of ]:benzoy1-2-isopropy1-4-t-

butyl semicarbazide in 5% sodfum hydroxide as described in

a subsequent synthesis. 'The decomposition product had

~-b.p. 1322138°/0.55 mm. and m.p. 107-112° {14t.109-110°%% |

106°°7),

-
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6 + CCl,, 6): 7.80-8.16, 7.24-7.60 (multiplet,

pheny] protons) 4.90-6.40 (broad singlet, N-2(H) proton),

N.m (DWSO d

3716 (septet, J = 6.5 Hz, methine proton), ™04 (doublet,
J=6.5 Hz, isopropyl protons). ,
Lr.(KBr, cn™'): 3296 (v NH), 2076 (aliphatic v CH),
"1642 (v C0).

1-Benzoy1-2,4-di-isopfgpy1 semicarbdzide (Compound 3-8)

' To a cooled so]ytio; of 9.00 g. xf 2,4-di-isopropyl
semica¥Mizide (56.6 mmole, m.p. 105-112°) in 35 ml. of (
pyr1d1ne, 8.04 g. benzoyl chloride (57. 2 mmole) were added.
The reaction mixture was then stirred for 90 min. at roonm
temperature. Fi]tration of the pyridine hydfochloride and
repeatgd evacuation and dilution of the ;iltrate followed by
. maceration gradually converted the oily product into a
white solid. .Thorough washings with 100 ml. of warm water .

f¢iTowed by 110 ml. of ether yielded 3 g. (20%) of product.
M.p. 151-157°, 3

' Tﬁe ether extracts showed a' considerable amountuoﬁ'
unreacted starting material still present. Tﬁis suggests
that opt?mi}ation of the yiel waulé neceséitafe»a 1on§er
reaction per1od and/or lower Eeﬁjﬁlon temperatures
Pecrysta111zat1on from benzene. followed by dry1ng of the
solid for 6.5 hr. (ether) gave m.p. 149.?-152°.
Anal. calcd. for €4y Na0p: €, 63.73; H, 8102 N, 15.92.
Found: C, 64.09; H, 8.17; N, 16.00.

1= Benzoy] 2-isopropyl-4-t-butyl sem1carba21de (Compound 3 9)

To a solution of 11.0 g. of crude 2- isopropy] -4- t buu<1 -

4

AN
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| . ';emicarbazide (Zé% in excess over 52 @mo]e, m.p. 122-137°)
in 35 ml. of pyridine, 7.3 g. of benz&yi chloride (52 mmole)
were added. The pink suspension wagaséjfred for 2 h;; at
room temperaéufe and the product that séparated out of the
solution was %iltered and extracted wﬁth 50 m1. of water in

‘order to remove all traces of pyridine. Dilution of theA

filtrate with water resulted-in the isolation of a secondf
S

&
.crop of product. Recrystallization from ethyl acetate

yielded ~11 g. (~70%) of a crude product with a melting \ .
’// range of 10°. This produFt was extracted with a Soxh]et'
apparatus usiqg.di-isopropyl ether for 1 hr. Upon filtration
of the extract a white, sugar—]%ke crystalline product was
- obtained and dried for 11 'hr. (ether). '
M.p. 162-166.5° (varies somewhat“with the rate of héating).

s

: .Anal. calcd. for C]5H23N302: C, 64.86;, H, 8.35; N, ]5.?3.,

N

Found: C, 65.05; H, 8.40; N, 14.97. °

iigBenzoy]-Z-isopropyl-d-pheny] semicarbazidé‘(Compound 3-10)
p "To a solution of 8.50 g} of 2-isopropyl-4-phenyl semi-

© 6.10 g. of benzdyl,cﬁ}oriqe (43.4 mmole) were added. The
initgél solution was turbid and was therefore filtered
prior to the addition of the aéid chloride. The mixture

- was then stirred for 5 hr. at 40°. Di]&tion with 15 m1. of
waper caused the separation of an oil which gradually | |

_solidified upon the addition of 10 ml. of ethanol. 10.37 g.
(81.2%) of tﬁ; product mel;ing at 148-155° were recovered.

o . }~~1Acidifjcdtion of the original filtrate with hydrochloric
N - A
/- K : S

carbazide (44.0 mmole, m:p. 91.5-95°) in 10 ml. of pyridine,’

[N
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o ,/ac1d precipitated 9.7% of a product confirmed from its “&

n.m.r. spectrum (CC14) to be benzo1c acid (m.p. 111-120°).

-

The sem1carba21de der1vat1ve was recrystallized from
60 m1. of -95% ethanol containing some activated charcoal.

- The white shiny d‘;sta11ine.solfd was then dried for 11 hr._

' ) (ether).
E . M.p. 152.5-155,5°,
. Apal.‘calcd. for C]7H]9N302: c, 68:61; H, 6.43; N, 14.12.

Found: C, 68.85; H, 6.51; N, 14.09. | Co.

1-Benzoyl-2-phenyl-4-ethyl semicarbazide (Compound 3-11)

To a solutionPof 5.00‘g. of 2-phenyl-4-ethyl semi-
- . , ~ 1

: carbazide (27.9 mmole, m.p. 150.5-152°) in 15'mi. of . X
"7 " _pyridine, 4.02 g. of benzoyl chloride (28.6 mmole} were

. "added. The temperature was brought up to 50-65° due to the
incomplete solubility of the starting semicarbazide at room
temperature The milky suspension -which resulted was left

at that temperature range for another 6 hr , filtered and,

Wit L Dy bl aitete ot w e Riadn Lo G 7 el AL

washed with water ant ether.” ﬁore product was secured by

- concentratwon and d11ut1on of the f11trate with water

2

t Yield §\71 g. (1219,
‘ M.p. 219-221° (dec. decdmpoées to a yellow-brown 1iqu{d)

~

P e e s A e

i Recrystallization from' 1sopropy] alcohal ylelged small

white needles which were dried for 12.5 hr. (ether), and -

-

'* melted at 224.5-226° (dec.). - ] .
. Anal. calcd. for_C]6H17N302: C, 66.67; H, 6.1 N, 15;?7. .
Found: C, 67.83; H, 6.05; N, 14,83, ‘ ’

-
‘ L]
‘
L ' .

N - . o |
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When .the reaction was carried out at room temperature

-

only starting material, contaminated with a trace of tmL,Q

expected product, was recovered. ‘ : <i
\

Propionaldehyde methylhydrazone (Compound 4- 2) /)

N - HYDRAZONES

Th1s compound wa% prepared according to the method of

64 To a solution of 46.07 g.

Ioffe, St0pskij and Sergeeva.
of methy]hydrazine (1.00 .mole) in 100 ml. of fréshly
_Histif]ed ether, 58.08 g. of propionaldehyde (1.00 mole)

. were added over a period of 3 hr. and 15 min. while
maintaining the reaction mixture at a temperature range
petween -8 and -5°. The two phase ;eaction mixture was-

;A transferred to_a‘separatéry funnel, After discarding the
9 ml. of water formed ds by-product (100% yield is
~’_‘*;guiVa1ént to 18 m1. of wétgr): the ether layer was dried
over anhydrous sodium sulfite. The ether was then removed
by distillation and the‘resu]ting rgsiéue pqrffied through
L ‘ fractional distillation. Two colorless fractions were
collected. Yield 38.20 g. (44.4%).

| \
B.p. 120.0-120.5°/atm.” (1it.%*

124.6-124.7°/763 mm.); the
other fraction, ~9 g. and b.p. 94.5-95.5°/atm. Qas‘not

sidentified.

A

o

Benzaldehyde methylhydrazone {Compound 4-3)|

A mixture of 1;&0 g. of methylhydrazine (0.37 mole)
4 3} )
and 39.22 g. of benzaldehyde (0.37 mole) in 30 ml. of 95%

-~ ethanol was refluxed for 4 hr. over a steam bath. The

N
.
-»

N
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- Y
ethanol was then removed under vacuum,” the residual oil

—

(yellow) dissolved in 40 ml. of ether; the solution gried

and the ether distilled off. The dry residue was distilled .
under reduced pressure to dgive a pale-yellow o0il with a

camphoraceous basic odor. Yield 20(43 g. (41.2%).

i - B.p. 132-135°/18.5 mm. (1it.'8]°/0.8.nmn<65 129-133°/20 mm.%%).
'1;1, (neat) _(AgCl cell, cm™'): broad band at 3326-3426
3 —'k\‘
(v NH), 2876-2986 (aliphatic v CH). ' -
Acetaldghyde phenylhydrazone (Compound 4-4) « €5

This compound was prepared according to the method of
Laws and Sidgwick.67 To a solution of 57.33 g. of acetalde-
hyde (1.30 mole) in 160 ml1. of 80% ethanol, 82.35 g. of
freshly distilled phenylhydrazine (0.76,mo]e) were” added ’. .
déopwise over a period of SO'Ein. The solutiph was stirred

N
. “for 90 min. at room temperature with a gradual formation of

—_—

a solid (the ‘condenser was kept very cold throughout thé
react%@n; the b.p. of acetaldehyde being 22°). The solid
was filtered—dnd washed yith ethanol to yield yellowish
‘needles.” Second and third crops were recovered by

concentration of the filtrate (the product was found to be

-«

appreciably soluble in acétaldehyde)., Yield 65 g. (643). -

—

_M.p. 65-81°. B M
The melting range undoubtedly déﬁgnds on the ’ g
'wrelative propo?tioné’of the a and B isomerides present.

The hydrazone decomposes in air to a dark; reddish-brown \

\

0il and is best stored under vacuum over sodium or .-

. ‘poiassium hydroxide.

N 0y
\ / '
. ' .
d »



: An attempt to separate the « and B8 isomers according

‘The reported melting points for the o and B forms are:

193-98° and 56°;

5 SR
54

P

67

to. the method reported in the literature was unsuccessful..

67 93.100° and 57-59°.%8
I.r. (KBr, cm™'): 3307 (v NH).

LY i

Egnzaldehyde phenylhydrazone (Compound 4-5)

€2,

‘_This product was prepared according to, standard

laboratory text pfrocedure from benzaldehyde and phenyl-

-
I

hydrazine. A :

M.p. 152-154.5°. ‘ : R

~

I.r. (KBr, cm™1): 3313 (v NH). :

& . [y

SEMICARBAZONES

Benzaldehyde semicarbazone {Compound 5-1)

This product was prépared,according to standard
.procedure from hydrazine hydrochloride, potéssium cyanate

and benzaldehyde added in that order in aqueous ethanb]. ' j

M.p. 222°. g . .
~o

-

3,
L.r. (KBr, cm™'): 3483, 3311 (v NH), 1695 (v CO).

14 e ’

. P-4
Benzaldehyde 2-methy1'semica¥bazone (Compound 5-2)

This product was.prepared by standard_proceduré from
: N . . .
methylhydrazine hydrochloride, potassium cyanate and q

benza]dehyde in .aqueous ethanol added in'that order at

t

ambient temperature.. The crystalline produé¢t was

_recrystallized from is;jopropquhcohoh '
M.p. 158-160° (11t.37 159-160°).

Mo

«
P B .
- ay T
s > 3 L -
- . .
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(kBr,"cm™V): 3456, Y283, 3216 (v NH), 1660 (v CO).

' Benza]dehyde~2—methy1-4-ethy1 semicarbazone (Compound 5-3)

A solution of 2.4 g. ‘of éthy] isodyanate (34 mmole) in
15 ml of ether was added tz 4.6 g. J%ybenzaldehyde methyl-
hydrazoneg (34 mmol€) in 25 ml.-of ether ‘over a period of
20 min. while cooling in an ice bath. A precipifate formed
%J ' durigg 3 hr. at ambient temperatures while maintaining -
Qery‘dry conditions. - Filtration of the solid at -5° (the
uso]id being appreciably soluble in‘the‘reacthpn.so1vent).
and washing wiéh two portions of cold ether yielded 5 7g. ¢
(70%) of -a purexproduct me]t{ng at 88.5-92°. Recrystallization
_ frofl ethanol-water (2:1) gave transparent needles which were
dried for 6.5 hﬁ.ﬂ(ether).\
M.p. 89.5-92°. '

{ i
Anal. calcd. for C]]H]5N30 C, 64.37; H, 7.37; N, 20.47.

¢ i . . .
Ptﬁéioné?dehyde 2-methyl-4-pheny] sémicarbazoﬁ% (Compound 5-4) °

‘ ; / To én(ice-cold solutioh of 3.10 g. of propionaldehyde

-

/ were édded‘4 30 g. of phenyl isocyanate (36,1 mmole). The- .

product was.precipitated by cooling the reaction mixture in

Qa dry ice-acetone bath, filtered and washed twice with ether
at dry ice-acetone bath temperaturg. It shga%q be

emphasized that a cohsiderable loss.of produ is due to

the "high sé]ubility of the product in ether. The crysta]1ine'

)

white solid was dried for 17 hr, at room temperature.

’

" < - N . [ R -
| -4 N 55 \ ', ’ 1 ' 5

I Found: G, 64.28; H, 7.29; N, 20.48. . ' ’;f/ -

- /// methylhydrazone (36.0 mholé) in 25 ml. anhydrous ether S

e 2 e e R i bt
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Yield 3.50 g. (48.8%).

M.p. 38.5-40°.
Anal, caYcﬁ’ for CiiMs 30 %ﬂ 31 a, 7.37; N, 20.47.
Found: €, §4.265.H, 7.31; N, 20.54. ‘ ’

LY

Benzaldehyde 2-methyl-4-phenyl semica;bazone (CompoJ;d 5-5)

(a) This;product was p}epared by stirrﬁng a solution
co%taininq,Z.?Z g. of 2- methyl~4- phenyl semicarbazide
' (16.5, mmole) and 2.12 g. of benza]dehyde (20.0 é;olg. 21%
"excess) in 25 ml. ofh951 ethanol containing 0.3 g. of
so:}um'acetate~for 45 ﬁin.‘at ambient iemperature. The
product cry?tallized out from the reaction mixture and)yag
filtered and washed with dilute alcohol. Dilution of the
ﬁlfi]trate yith”watér rgsulted in a further amount of the white
_powder. " Yield 3.79 g. (80.0%).-
M.p. 106-108° ({19t.%0 108°). | ‘
~ Lr. (KBr, cm”1): 3366 sharp band (v HHY, 1685 (v C0).
~(S)° Altern&tive]y{ thé above semicarbazone may be
prepaﬁed by the addition, wit#'slight cooling, of 11.9 g.
of pHenyl isocyanate (0.10 mole) to 13.40 g. of benzald;hyde‘
" 2-methylhydrazone (0.10 mole) in 100 ml. of anhydrous ether.

The additton is made over a period:of 40 min. and the resulting

maés is ffltered and washed with four portidns of ether.
N o ‘

Yield 16.24 g. (64.7%). '
M.p. 106.5-108.5°.

t&

-

Benza]dehxde 2 isopropyl-4- ethyl semicarbazone (Compoun(,S-G)

&
A solutton ‘of 3.00 g. of 2- -isopropyl-4-ethyl semi-

i
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carbazide (20.6 mmole, distilled oil used, b.p. 96-99°/ S
0.75 mm.) and 2.23 g. of benzaldehyde (21.0 mmole) in 15 ml.
. of ethanol, ¢containing 0.3 g. of sodium acetate, was

E T stirred at ambient temperature for one hour resulting in

a milky suspen51on Dilution with 55 ml. of wafe: induced o
\

precipitation of more product, first as-an oilgwhich was |

ey

converted to a solid on scratching the walls of thé vessel.

. — .

The product was thénvfiltered and washed-with warm water.
© Yield 3.5 g. (71.4%). ' |
) © M.p. 82-84*,

Recrystallization from gthanol-water (1:1) containing
decolorizing charcoal afforded shiny, silvery crystals
which were dried for 6 hr. (ether) and gave m.p. 82-83.5°,
Anal. calcd. for C, H, N, 0: C, 66.83; H, 8.20; N, 17.98.

1371973
Found: C, 66.84; H, 8.27; N, 17.98.

Benzaldehyde 2,4-di-isopropyl semicarbazone kéompound 5-7)

£ .
X o i
g The preparation of this product was described under the )
t heading of 2,4-di-isopropyl semicarbazide on p. 37. ’ 7 s
¥ ) . - - ! :
t Benzaldehyde 2-phenyl-4-ethyl semicarbazone (Compound 52%) P
: - o 7 . . -

b§ " A solution containing 3.00 g. of benzaldehyde phenyl- L
? hydrazone (15.3 mmole, m.p. 152-154.5°) and 1.07 g. of

ethyl isocyanate (15.1 mmole) in 40 ml. of benzene was
refrqfed for 65 hr. under rigorously dry conditions (length -

of the refluxing time was dictated by the pers1stence of

the isocyanate odor) with a gradual change of. the solution _

color to a deep red. A solid (0.13 g.) melt‘§%~at

¥
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'178-179° (dec.) was isolated but not identified. Attempts

to solidify the residual red oil failed.

Acetaldehyde ﬂ 4-dipheny]l sem1carbazone (Compound 5- 9) b

A solut1op of 0.89 g. of pheny] isocyanate (7 46 mmo1e)

.0 in 5 ml. of anhydrous ether was added to a solution of

~1.00 g. of acetaldehyde phenylhydrazone (7. 46 mmole, m.p.

78-90°, isomeric) in 20 ml. of ether. The solution color

‘l

became orange-red afte! 70 hr. of stirring at room_

L

! tgmperature'andvthé solid which precipitated out was
¥iltered and washed with ether. Yield 0.55 g.
M.p. 232-238°.
'C\\ , ‘ TwO'tecrysté1lizations from ;aqueous ethanol gqu/ﬁ
yellowish, cotton-1like matgria] melting at 233.5-23%.52.
The structure was elucidated from the n.m.r, and mass

' speggra as 1,3-diphenylurea (70.0% based on isocyanate

16

. used) (1it.'° 238°, 240°).

A When the reaction was repeated in refluxing benzene
i ' 'for 3.5 hr. :\KQe product isolated from the orange- red
o solution had a'melting no1nt range of 202-207°. The n.m.r.

spectral data are not in agreement with the expecteﬁq :

3 " structure. “ B
Nem.r. (DHSO-dg, 6): 9.44-9.84 (1M, 3 peaks )y 7.20-8.26 5 {

. +(5.5H, multiplet). . ) ‘ . )
I.r. &ker, cn'): 3401, 3;>%,‘3211, 3131, 3071, 2906, 1678, . |

1607, 1598, 1292. -

3

NS

w—?“"‘*;_" j .
e ’
MLW'M«:.;;%E_ ok e



59

r
. N

Benzaldehyde 2,4-dipheny} semicarbazone (Compound 5610)

N . A solution of 8.42 g. of beﬂzaldehyde phenylhydrazone

e
-

(43.0 mmole) and '5.75 g. of phenyl isocyanate (48.3 mmole,
“lé% in excess) in 55 ml. of anhydrous benzene was

S ' refluxed for 4.5 hr. The brown-red reaction mixture was

% . filtered and the solid recrystallized once from methanol

and twice from ethanol with charcoal treatment. A pink

i

~
powder was obtained.: Yield 2 g. (15%)

o © M.p. 164-166° (1it.%0 varies between 1163-175°).
\\3 . i
. . “Benzaldehyde 2~phenyl-4-{1-naphthyl) semicarbazone (
(Compound 5-11) ) e

- A mole:mole ratio of benzaldehyde phenylhydrazone and
l-naphthyl isocyanate .in anhydrous benzene refliuxed for

5.5 hr. under very dry conditions gave%only benzaldehyde

phenylhydrazone (50%) as the recoverable product.

.

M.p. 148.5-150° (from aqueous ethanol).

e TR R

TRIAZOLINONES BN

1H23,4-Dipheny1-42-1;2,4-triazolin-5-one (3,4-diphenyl-5v

‘ ;hydroxy-l,z,d-triazole (Compound 6~1)

Alkaline ring closure (Method A)

N~ This procedure was attempted aécording to the method of

/ 51

Gehlen and Schade”  for disubstituted semicarbazides. A

solution containing 2.50 g.'of 1-benzoyl-4-phenyl semi-
carbazide (9.80 mmole; m.p. 213-216°) in 27 m}. of 3.8%
. sodium hydroxide was refluxed for 8.5 hr. at 106°. The

colorless solution was cooled to room temperature then °

-

J
~
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\ filtered and washed with ethanol and di-isopropyl ether.

> that of an authentic sample (1lit.

" 4H-1-Methyl-3-phenyl-A%-1,2,8-triazolin-5-one (1-methyl-3-

60 o o Lo

+

neutralized with 10% hydrochloriec acid to give a so®id

which was filtered and redissolved in 80 ml. of 1 N sa\u'm -
hydroxide. The alkaline solution was then filtered and

the filtrate acidified &ith dilute ﬁydroch}oric acid. This.
process was repeated twice to yield 0.7 g. (30%) of product.
Recrystallization of 0.5 gisof the triazolinone from 17° ml.:

of ‘isopropy!l alcohol containing a trace of ethanol afforded
white’need1e§ which were dried for 12 hr. (ether).

Mip. 256.5-258° (dec, with the formation of a brown fiquid)
(1it. 258-260°,8% 252°,70 262°,51 254071 o \

> ~ -
.o .M;...-..a,...._m’-u.q,m AR e v T
[

decomposition was reported by these authors. -~

Intermolecular condensation

This process was attempted by fef]uxingIZIOG g. of 4- B S
phenyl semicarbazide (13.2 mmole, m.p. 117-119°) and 2.21-g. '
of benzoic acid (18:1 mmole, 37% in excess) in 30 ml. of
ethanol for 5.5 hr. Concentration of the reaction mixture

to 10 ml. under reduced pressure yielded a solid which was _ -

The product, melting at 232-236°, was identified as 1,6~

diphenyl biurea by comparison of its i.;. spectrhm:with
72 4p. 242-243°),
L.r. (KBr, cm™'): 3216-3301 (v_NH), 1670 (v CO).

I

phenylrS-hydrégy-l,2,4-triaiole) (Compound 6-2) /

Oxidative ring 6]qure usting pbtassium ferricyanide

14

(Method E)

.The procedure of oxidative cyclization of Srinivasan
. h‘ﬁ R ‘

y
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41,42,43 was followed. To a warm §olution‘of

and co-workers
1.0 g." of benzaldehyde 2-methyl semicarbazone (5.65 mﬁble,

. 158-159°) in 30 m1: of ethanol, 2.4 g. of,sodiuh
hydrox1de (60 mmole) in 35 ml of water were added. The °
so1ut1on temperature was brought up to reflux and 19.7 g.
of potassium ferricyanide (60 mmole) in 150 ml. of water
Qere added by portions. The solid precipitating out during
the add1t1on of the oxidant redissolved as the reflux
temperature reached 91° (its maximum).  After heating for .
39 hr. the cloudy orange-brown solution was cooléd “in ice,
filtered and the solid was pur1f1ed by extract1on w1th ether:

A second C;Lp was recovered by concentrat1on of the filtrate.
The solid consisted of the starting material (46% recovery) ‘

melting at 156-159°. The cyclic product, mel!%ng at

218-219°, was previously obtained usfng ferric chloride as
' 37 - v o

oxidizing agent. o

1-Methyl-3-phenyl-4-ethyl-A%°-1,2,4-triazolin-5-one

(Compound 6-3) ' .

Afkaline ring closure (Method A)

| The turbid solution obtained by.dissgolving 7.00 g. of
~benzoyl-2-methyl-4-ethyl semicarbazide (31.6 mmole,
m.p. 163-166°) in 60 ml. of 5.0% sodium hydrox1de was‘
f11tef§% and then brought to reflux by heating in _an oil
bath (reflux temperature, 102°), The oil bath temperature
~ was kept at 118-120° and heating was ma1nta1ned for 2 hr.”

«;

" with the formation of an oily turbidity appear1ng after the

& - N

g




first thirty minutes. Fumes of ammonia-like odor, strongly
alkaline to a dampg\ed litmus papep, were pre;ent‘throughoui
the duratiop of thejreaction. These fumes were trapped in
eth5h91 and identified as ethy]@mine.' )

Isolation of ethylamine - The reaction mixture,
composed,of a clear aakaline 1ayé} and aJlower colarlegs oil,
was' heated slowly in a fractional disti]]ation apparatus.

The f1rst few drops collected between room temperature and
55(gwere diluth.1n 020 and conf1rmed by n.m.r.
spectroscopy to contain ethy]am1ne ('L1t.73 b.p. 16.6°).
ﬂdng.f (020,'6): 2.66 (quartet, J = 6.5 Hz, methyféné
protons), 1.02 (triplet, J = 6.5 Hz, methyl protons);

Isolation of the triazolinone - The product, zr tﬁé f:
form of a yellow tinted viscous 11qu1d, was extracted with
twelve 5-ml. portions -of ether, washed with sixteen 5-ml.

s

portions of water to remove al] traces of base,rdried over::
‘ P

anhydrous sodium sulfite and evabprated under reduced
p}eskure with the precipitation of\a flaky white solid.

The solid wg;-cénverted back -to a viscous liquid with a
e W )

fai;t, but char‘A eristic odor of the trapped so]?}wt'
being detectable. Yield 1.65 g. (25.7%).

Isolation of benzopic acid hydrolysis product - The
N
alkaline layer was concentrated under vacuum and made
s]ightly ac1d1c to 1itmus using 1:1 HCY (v11.5 ml.). ,The

'result1ng solid was filtered, washed,thorough]y with water, .

,'f TMS was used as external reference.
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extracted with ether and the extracts evapora;edﬁ leaving
behind yellow needles, thE?s;ructuré of wﬁich’was confirmed
by n.m.r. VYield 0.23 g. (6.0%). )
‘; M.p. 114-118°,
) Isolation of unreacted starting materi&ﬂ - This _
fraction was the insolubte portion contained in the above - o ~'
extraction prqgeduréf/,ij;1d~0.66 gi (0.9%).

M.p. 158-164°; 163-166° (from isopropx&walcohol).
- . .o

Reducing the reflux time to 90 min. resulted in a

recovery of 6.3% of starting ma;erjal with no change in the

% yields of the triazolinone and benzoic acid. The yield of

‘the triazolinone was not improved’éVen when the reflux time
Qaé extended to 26 hr, ,‘ : S "ﬁ
Pucification of the triqzol;none -_Aftemnts-to convert

the viscous liquid to a solid product failed. The product‘
was purified by filtering the hot ether solution throtgh .
activated charcoal followed by evaporating the solvent in a

/fétatbryjevaporatbr ;Br 6.5 hr. and finally dryjmg in _the
Abderhalden apparatﬁs undér vacuum for 2 hr. (acetone) and
then for 15 hr, (ethe;). The visgous liquid was colorless
and odor]egs. .

Anal. calcd. for Cq Hy3N;0: €, 65.00; H, 6.45; N, 20.67. W
Found: C, 64.88; H, 6.43; N, 20.60. -

‘s s . '
Slight,decomposition was observed during vacuum

v
-

“distillation of the oil.
B.p. 134-140°/~0.2 mm. (1it.°0 130°/0.2 mm. The

e compound was obta\med.by methylgtion of 3-phenyl- s

. . .
Y ~ | R
. - — - . * -
2 - 4 - Ve
.
.
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4-ethyl-5-hydroxy-1,2,4-triazole). The distillate did not

solidify.

{ - - 3

Oxidative ring closure using potassium ferricyanide

(Method E) o

The requisite ;uantity of benza]déhyde 2-methyl-4-
‘ethy] semicarbazone was dissalved in ethanolic sodiu%
hydrgoxide (10-fold excess) andlan aqueous so]ution of
potassium ferricyani@e (10-fo1d‘éxcess) was added to the
ref]uxing solution, Heating was continued for 94 hr. with
on]} startimg material melting at 87-91° having been
recovered. When the reaction was car?iedfﬁut iﬁ a pressure
bomb immersed in an oil bath (140°) for 4 hr. the starting

material, 44% recovery m.p. 88-89.5°, was again obtained.

’

Oxidative ring closure using ferric chloride (Method F)

A solution of 0.60 g. of the semicarbazone (2.93 mmole)
“and 2.03 g. of ferric chIOﬁide he;ahydrate (7.50 mmole)

75 ml. of ethagol was heated in,a bomb at 120-165° for three
hours and fifteen minutes. Tﬁe ;esu1ting green suspeﬁsion
was‘evaporated»under vacuum to give a solid which wask
extracted with acetone. The extract was concengﬁated down
to a brown 0il (0.36 g.) consisting of both the tr1azo]1none
and semicarbazone (58%:42%3: This ratio was measured from’
the n.m.r. integration curve of the methyl protoﬁs. Based

on the 011 obtained; this represents a yield df 36% in

tr1azo]1none and a recovery of 25% in semicarbazone.

-
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Nm.r. (CC]4, ;):f 7.20-7.62q(multiplet-with ihe strongest
peak centered at &§7.42, phenyl protons, startlng material
andatria2011none), 3.70 (quartet, methylene protons,
d = 7 Hz, triazolinone), 3.38 (singlet, methy] protons,
triazolinone), 3.23¢(sidglet, methy] protons, starting
mdtéria}),.1.19 (distorted triplet,‘J = 7 Hz, -CH,-CH,
protons of the starting maserial and triazolinone).
Becausevof their 1dedtica1 solubility patterns

separation of the two compounds was very cumbersome and as

a result further isolation attempts were discontinuéd.

~=

) Oxidative ring closure using isoamyl nitrife (Method G)

‘Refluxing the semicarbdzone with i;oamyl nitrite (10-
fold excess) in anhydrous benzene for 113 hr. and evaporating
the solvent and most of the oxidizing agent under reduced
pressure resulted in a solid being produced wh1ch was
shown by n.m.r. (FC14) to contain the stgrting semicarbazone -

A
contaminated with a trace of isoamyl nitrite. .

1-Mefh1j-3-pheny1—4—isopropyl-A2-11214-triazo1in-5-one
(ComJound 6-4) .

Alkaline ring closure (Method A)

L4

Osing an oil batﬁ 5.00 gq. df 1- benzoy]-Z—methyd44r
1sopropyl sem1carbazide (21.3 mmole, m.p. 153-157°) wé#e
ref1uxed in 50 m1, of 6.0% sodium’ hydrox1de for 13 hr with
the formation of an oil having been‘zbserved after the

fjrst 5 hr. The basic isopropylamine fumes-which formed

Jérp trapped in ethanol qnd\EEi\r!§u1ting solution - was

N

RN

- -

@
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B.p. 32-35° (lit.

N.m.r. (CC1

66

-analyzed by thin-layer chromatography on a silica gel plate

. —— =
and found to be identical with that of an authentic sample

of 1sopropy1am1ne in ethanol. Furthermore, the amine

traces were 1so]ated from the reaction mixture by fractional

distil]ation. .

73 33.34°),
The nature of the amine was also recognized from n.m.r.
4° 5):7 2.93 (sep%et, J = 6.25 Hz, methine |
proton), 0.91 (doublet, J = 6.25 Hz, 1§opropy1 protons).

Ap agthentic sample gave the identical spectrum.

Extraction of the reaétio; mixture with twelve 10-ml.
portions of ether followed by washing with fifteen 5-ml,
portions of water, drying with anhydrous sodium sulfite, and
evaporating under reduced pressure afforded a ye1low tigted
0oil. VYield 1.19 g. (25.8% in triazolinone). from'the
acidified alkaline layer 37.5% of benzoic acidqwas recovered
and purified hy extractions with ether. . . e
M.p. 1]9.5-122°.

The nature of this product was confirmed by n.m.r.

Increasing the reflux time to 38 hr. resu1!@d in no
gpparent jncrease in the cyclization reac?ion.

Purification ©T the cyclic product 3‘Repeated cooling
in 1iquid nitrogen, e{gfuating, and scratching of the oil

g

against the walls o the vessel produced transparent

b

crystals wh{ch were washed\¥ive times with cyclohexane and

dried for 15 hr. (room temperature).and 4.5 hr. (ether).

" The product had m.p. 44-46°.and b.p. 120-121°/0.05 mm. -
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Anal. calcd. for C]2H15N30: C, 66.30; H, 6.95% N, 19.33. .

Found: C, 66.29; H, 7.02; N, 19.31.

1-Methy1-3-phefyl-4-t-butyl-a4-1,2,4-triazalin-5-one

(Compound 6-5)

Alkaline ring closure (Method A)

Refluxing a solution of 1-benzoyl-2- methyl -4-t- butyl
semicarbazide (m.p. 142-146.5°) in 4.3% sod1um hydrox;ae'
for 3 hr. gave unreacted ;tarting material only. ancreasing
the sodium hydroxide concentration to 5.0% and the
refluxing time to 30 hr., yielded a film of 0il which was
jsolated by extyactions with ether. The n.m.r. spectrqm of
the o0il in CC14 shovs a singlet at 67.50 which may corkesbgnd
tq th® phenyl protons of the cyclic prsduct ...... The low
avai1abi11ty of the product, however, prevented further
jdentification. Increasing the alkaline ;oncentration to
10% and prolonging the requxing time resulted in a 65%

recovery of benzoic acid melting at 119-122°.

1-Methyl-3-ethyl~4-phenyl-A°-1,258-triazolin-5-one

(Compound 6-6)

Qxidative'ring closure using potassium ferricyanide

(Method E)

Théeprocedure using.ethanoléc sodium hydroxidé (10-fold
éﬁcess) and an aqueous solution of potassium ferricy%nide
(10-fold excess) was repeated us1ng prop1ona1dehyde
2-methyl- 4thenyl semlcarbazone (m.p. 38.5-40° ) with no

apparent trﬁces of rlng closure having been observed even

. R
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T

after a prolonged reflux period. Treatment of the 'semi-

Q

carbazone with the same oxidizing agent,qeing a higher

boiling solvent (e.g., bis=(2-methoxyethyl) ether, .
b.p. 161-163°, 70% in water) resulted in decomposition of

the semicarbazone accompanied by green coloration.
’ Lt . )

1

< » .
Oxidative ring closure using lead tetraacetate

(Method H) c . ' ) // e

Lead tetraacetate (in excess over 1.46 mmole) in 5 mi.

of acetic acid was added to.a solution of 0.-30 g. of the (
semicarbazone (1.46 mmo}e) in 8 ml, of acetic a&ﬁgp This
‘was épirred for 20 min. at room t;mperature with the
solution color turning wine red. Addition of water . .
resulted in a brown oil which could not be further ] \
purified. The same resﬁfts we;e obtained when the reaction
was repeated in methylene chloride. 1

’The requiredtiead tetraacefaté was prepa;ed by the
action of acetic acid on lead oxide (red.lead) in acetic
anhﬁ%ride medium. Lead oxide was added by portions with
each*fresh addition beihg made only after the color due to
ﬁrecedﬁng pdﬁpion had 1arie]y disappeared. The temperature '
_was kept below 65°. The product was recrystallized from

acetic acid-acetic anhydride (4:1) containing decolorizing

charcoal and was stored in acetic acid.

- 9 ) M
1-Methyl-3,4-dipheny]-A%-1,2,4-triazolin-5-one (Compound 6-7)

This derivative was previously syn%hesiéed by heatjng

q mixture of the corresponding amidrazone hydnpch1or1de

-

3‘1~ h - ,
AET . N
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wéth‘a 10-20% excess of the‘apnznpr{ate isocyanate for 1 hr.

.at 140° and 4_hr.oat‘220°. 50% of a product melting at
18]-18] 5° were obtained. 32 The iriazolinnne w;s also |
prepared by d1rect methylat1on of 3,4- d1pheny1 -5- hyd?oxy-
1,2,4-triazole us1ng dimethyl sulfate and anhydrous ca1c1um
carbonate. The reported yield of the‘P]ky1at1on reaction
is 4%, m.p. 180°,% 174-175°.%0 "‘ '

Alkaline ring closure (Method. A)

The turbid solution obtained by dissolving 9.00 g. of

1- benzoyl -2-methyl-4-phenyl semicarbazide (33.5 mmole) in

65 ml- of 5.0% sodium hydroxide was filtered prior to P//’;:l
ref1ux1ng in an oil bath. The ref]uxino was continued fo : ’~»>//‘ v
3 hr, with an 0il turbidity forming after the f1rst 30 min.
of@heatlng. The product, in the form of an 011, gradually
Ltrangfonmed to a white solid on standing and was.filtered
And washed awith water. Yield 1.04 g. (12:4%).

- N - w
Work-up of the reaction mixture afforded a 20% recovery

in benzoic acid (m.p. 1187121.5°), 2% of starting material

(m.p. 141:55144°) and an amount of methy]hydraiine: The

[

latter was conf1rmed through its n. m r. spectrum.

The crude triazolinone (0.7 g. ) was recrystallized

from 17 m1r of abso]ute ethanol containing decolorizing

=

charcoal. 0On cooling to room temperature, the &o]ution
L it

"~ gave sma]] needles wh1chcwere filtered,*washed with .

-
,abso1ute ethanol and dried,for 3.5 hr. (acetone&(7nd for

18 hr, (room temperature)

M.p. 177 5- 178° e




s

' ) | g - )
XAna]. Fa]cd. for C‘5H13N30. F. 71.52; H,-5,20; N, ]€:68.

Found: C, 71.771; H, 5.40; N, 16.73.

ey —

The yield of triazolinone ?as not improved by

‘ éncreésing»the reflux time”to'thr. o
( \ -
Deﬂlﬂrocyclizgtlon us:ng Zinc Ehlor1de (Method B)

"‘ Sevem grams of anhydrous zinc ch\prwde were we]l mixed
wfth 0.70 g. of the semlcarba ide (2.60 mmole) and the

q%nta1ner was 1mmersed in anjoil bath at"™YR0-190° for 2 hr.
‘he mblten m1xture which hardened to a solid mass was
dissolved in 20 mi., of water The resulting suspension was
/ extracted with Sevengg portions.offetpér anq the L
comb1ned ether ext!act was washed with water and dried over
ﬂ. anhydrous sodium ?ulf1te. Concentrat1ng under reduced
pressure gave a yellqw’ggTTB which was 1dent1f1ed as the

-crude triazolinone contam1nag§d with a trace of starting

+

éamaterlal a~Thi contamlnant ‘Was completely removed by vas@ing

with dilute s dium hydrox1de Yield 0.05 g. (2%)
‘M.p. 168- 1740,
/' Reducjng the 011 bath temperature to 150 155° resulted/

in ‘a slightly beWter y1§ﬁd in triazolinone (mlﬁ%).

S

Dehydrocyclization us1ng Dolyphosphor1c acid (Method C)

o

EmpToying this rédgent resu]ted;/n the cyc]1zﬁ&1on to.

Y

‘<2-pheny] 4 methyl- Ag—1 3,4- oxad1aon1n 5-one with

~

.e11m1nat1on of aﬂl)1ne. Dne gram of 1-benzoyl-2-methyl-2&-
phenx] semicarbazide (3.72 mho]e) was'comp1et91y dissolved

) . o |
‘»in 10 g. of warm polyphosphoric acid. The solution yas

N ¢
.__.f_,__%
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left -in an 0i) bath at 60-65° for 2 hr. and at 75-80° for

ius hr. The white solid which precipitated by diluting
with water was filéered and washed with diTute sodium
hydroxide and then with water. VYield 0.5 g. (77%),

m. p:)97 100°. Starting materia] (5%) .was rgcovered from
the sod1um hydroxide washings The crude oxapiazole was'
recrystallized from 95% ethanol containing decolorizing *
charcoal and the crystailine transparent prisms obtained
-were dried for" hr. (ether) and for 2 days (rgom

. temperature), m.p. 99.5-100°.

hen the above reaction was repeated with stirr1ng at

. b

room tgmperature f\>\74 hr., 94% starting material was

L4

>
o

e recovered. - \
b B - C
r =, Oxidative ring clésure using potassium ferricyanide
t . T N .
- (Method/E) - '

To aosolution’of 9.00 g of ?eﬁza]dehxde‘z-methyl-4-

phenyl semicarbazone (35.6 mmole, m.p. 106.5-108.5°) in

.

250 - m1. of 95% ethanol, 13.2 g. of sodium hydroxide

Sy
v

(356‘mmo]e)/in 45 ml. of water were added. The mixture was

brought to reflux anq 81.9 g. of potassium ferricyanide

(249 mmo]e," T- fo]d excess) in 410 m1 of water were

s]owlyaadded w1th the formation. of a black turb1d1ty after

Phid

’each adﬁﬁt1on The\f1na1 orange so1ut1on was then refluxed
(reflux temperature being 85°) afor 8. 5 hr.k w1th the basic
o~
fumes given off trapbped in 020. The resu1t1ng suspension ’
! -

was filtered gb]d and -extracted, first wiiﬁ_350 m].,of'

4

-

«




Qatér, then with 150 m1. of water and finally with three .

b - ' §0-61. bortionS'of water. A white cotton-like solid .

. ¥ contaminated with a brown inorganic impurit} was obtainhed.

Yield 7.72 g. (86.5%). : ' s
M.p. 177-179°, ‘ C

o Ihe‘filtrate of the initial reaction mixture was ) -

1

.concentrated to 350 ml. by distillation (thé distillate was

§light]y basic to 1itmus3 to give an extra 4.3% yield .0
[ _" the triazolinone.

' Recrystallizatioﬁ of the crude triazolinone from 95%
ethanol containing decolorizing charcoal gave an 89.2%

réecovery of a pure product in the form of small white . 4 {

needles, m.p. 177.5-178°.

Oxidative ring closure using ferric chloride (Methqd F)

"A solution of the semicarbazone contqinina ferric
¢chloride hexahydrate in ethanol, heated in a bcmb foP™90 min.

.o i at 135°, gave back the starting material. ‘ 'f-

- S | 3
Oxjdative f{;; closure using isoamyl nitrite (Method G)

c J Refluxind‘the semicarbazone in benzene containing a
- - 5-fold excesé of isoamyl nitrite for 7.5 hr. yielded a non- -

. ‘
identified mixture melting at 130-165° together with» the

1 . BN
! - crude’starting material, m.p.~ 96-103°, The latter structu;z\h\\

was verified from the i.r. spectrum. 7' ‘ _
- . ) . ’ 'Y
Intermolecular condensation . ' : .

1

Two grams of 2-methy1-4-éhenyl semicarBazide;(lg.l mmole) -

) were refluxed with 1.9 4. of benzoic acid (15.6 mmole, 29%

.
%
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in excess) in 30 m].’ot 95% ethanofﬂover a period of 24 hr.
Dilution of the reaction mixture with an equal volume of}
water and cooling gave a solid which was fi]tored and
wasoed with dilute alcohol. Yield 1.3 g., m.p. 59-§9°.
Extraction of this crude product using isopropyl alcohol
gave 1,6-diphenyl¢3-methy] bf;}eshmeltjng’at 182-184.5° as

tho;insoluble portion. .

»
H.mr. (DMSO-d., €): B8.76, 8. 88 (2H, two singlets, N-1(H)

and N-G(H) protong), 8.20 (1H, s1ng1et N- 3(H) proton),
6.82-7.76 (1? ; mu1t1p1et, pheny] protons), 3.06 (3H,

3

s1ng1et, méthyl protons)

The combined o]cohq]1c extracts, by evaporation to
oryness, gaxe a wide melting rqngehsoﬁid (50-102°) which
appeared to consist of crude starting materialsaod biurea
according to the n.m.r. spectroscopic evidence. .

A second variation was attempted. Molar ratips of
2-methyl-4-phenyl semicarbazide and benzoic acid were
refJuxed in xylene for 45 hr. in an apparatus equipped wito
a Dean and Stark traﬁ; Only a minimal amount of wate{ was
isolated (100% condensat1on reaction corresponds to 0. 5 m1
of water). The so]id prec1p1tat1ng out on cooling was

_filtered, washed with woter and recrysta]]ized three times

from toluene, m.p: 155. 5—158.5°l The structure of this

n'-" o

product ‘was not 1dent1f1ed TR 1 ///~
Lir. (KBr, cm?'): 3340 (v- NH) 1655 (v €0) .
» ‘\ Lo




1-Isopropyl-3-phenyl-4-ethyl-A2-1,2,4-triazolin=-5-one

' * ° ¢ *

s ’ \

(Compound 6-8)
.
] A1ka11ne ring closure (Method A)

. - ‘o
[

» T

k " The slightly turbid solution obta1ned by d15501V1ng
. .2.75 g. of 1 benzoy} 2-1sopropy1 4 ethyl sem1carbaz1de )
‘ . (%1.Q‘mm01e, m.p. T02-110°) in 50 ml. of 5.08% sodium

hydroxide was filtered. Upon refluxing the solution for

2. 5 hr., a color1ess o11y turb1d1ty occurred rapldly as the

Br e s Wb

' react1on temperaturd reached 94°.' .The ammonia-like fumes
were ‘trapped in ethanol throughout the course of the
reaction and were §uosequent1y'idehtif1ed by n.m.r. as

i ythy]amike. The .reaction Qiiiure was then extracted with

N B - '“/ six 5-ml. portions of ethér Y

The combined ether extracts:
. A
. were washed w1th ten 5-ml. portions of water, dried over

anhydrous sod1um su1f1te and concentrated under reduced

; : : "pressure to give a faint yellowish oil. Yield 1.65 g. _ R

. (64.]%). Repeated preparation of the triazolinonengave ' "K

{ . ‘consistent yields of 75% in_crude product. . A

b ' Besides ethylamine, benzoic acid melting at 119.5;121° , _

: . | R ,

oL waé isolated from the reaction mixture. ‘ ’ :
ﬂi@b ) . . . ) - , . . .

Y : Purification of the triazolinone - The crude oil gradually 4

solidified by repetative cooling in liquid nitrogen and
} E . o : evacuating. The solid thus obtained, melting at 52-65°, was —~ =~
ﬁ fu°rther purified by filtering its cycvexane solutwn,

y g - while hot, through decolorizing charcoal and letting stand .
0 - - - ' .

|

|

|

| “overnight. The transparént,‘cubic49xd§ms which

\

'




and dﬁﬁéd’for 10.5 hr. (ether).

M.p. 66. 5-68. 5° \
Anal. calfd. for C]3H]7N3O C, 67.45; H, 7.40; N, 18.15.
Found: C, 67.59; H, 7.52; N, 18.11.

Dehydrocyclization using molecular sievqgv(Method'D)

" This attembt at ring closure was carried out by

ref]uxing-the semicarbazide in:benzene containing molecular

1

sieves for 13 hr., while maintaining anhyd}ous conditions.

onty sfarting material was recovered. A .

. R

Oxidative ring closure us1ng pota551um ferr1cyanide
-

fj}ﬁethod E)

To a.solution of 2.0 g. of beﬁiﬁdzehyde 2-isopropyl- 4-

ethy1 semicarbazone (8.57 mmole) in 100 ml. of ethanol,
3. 4 g. of sod1um hydrox1de (86 mmole) in 25 ml. of water
were added. The mixture was heated durihg the addition

of 28.3 g, of potasszum ferr1cyan1de (86 mmo]e) in 200 ' ml,

U
" of water The dark- orange soiution obtained was then

-

ref]uxed for 28 hr., cooled down somewhat, filtered, and

* the filtrate cpncgntréted down to 180 ml. The residue was

extracted with twen}y?S-ml. portions of ether‘and the
combined ether extracts were‘;géhed with eight 10-m1,
portions qf water, dried over gnhydrous sqdium sg&fite and
evaporated to drjhéss. A'trace of ye1low'soliduwas
obtained and shown by n.m.r. to coensist of a mixture of

starting material and triazolinohe. ™~

L}

¥

»

an




N.m.r. (CC14, §):

76

gggicarb;}one: 7.00-8.20 (multiplet, phenyl protons) .
a - T =
4.64{5.1¢.(mu]tip]et, methine proton)

3.14-3.36 (mu]tip1et; methylene protons)
s t <

triazo}1none. 7.46 (strong peak w1th1n multiplet,

e et AL '/,
: P “
gl h

s 4 v pheny] protons)

§.27-4.64 (multiplet, methine proton)

. 3.36-4.02 (multip]é%: methylene protons).
The remaining spectrum was overlapped.- »
1,4-Di-isoprd§y1-31pﬁenyl-A2-1,2,4-triaiolin-5-one g

M.p. 68-81°. §§;’ o

(Compound 6-9) o : .

Alkaline ring- c]qsure (Method A) .

A mixture of 1.40 g. of 1 benzoy] 2 4~d+~1soprnpy1
semicarbazide (5.32 mmole, m.p. 151-157°) was refluxed with
30 m1, of 5.0% sodiun hydvoxidé for 2 hr. end 45 min.
resulting in the formation of o0il droplets after the first
5 min. of,reflux. The o0il which sa]idifigd on céoling was
filtered, washed with water, extracted with ether.gnﬂjthe

extract, when evacuated to gryness, gave a yellow sé]id.

Yield 0.22 g. (17%). ' ,

: i ¢ .
Because of its low'yield, further purification of the %

crude triazolinone was discontioued. . .
~ The f{1trate obtained from the initial reaction mixture

was extracted with six‘101m1:‘porti0ns of ether, The

combined ether extract was washed with (seven 10-ml., portidns




17

-

. of water, dried over anhydrous sodium'§ulfiie and
evaporated to dryness. The yeJlow solid left behind wa
ident1f1ed as crude N- benzoyl N'-1sopropy1hydraz1ne
Yield 0.3 g. (32%)

M.p. 102-108° (1it. " 109- 110°56_/A05°57, 11798y, .

(7.68-7.95 (3 and 2x

Nm.r. (CC1,, 8): 7.23-7.53,
}espectiue]y, muliip]et, pﬁany] ring protons), 6.88 (2 H,

-~ broad peak, NH an&-N'H profons), 3.18 (1°H, septet,
J = 6.5 Hz, meth1ne pﬁoton) 1.07 (6 H, doublet, J = 6.5 Hz,
. isopropyl PCOJ;&Q) 4‘01

Isolation of benzoic acid was not attempted.
! / ’ 7 v
1—Isopfopy1—3:pheny1—4-t-buty1-Az-l,2,4-triazo]in15-one
/ .

”

i‘/(Compound 6-10)

r"

A\ ~Alkaline ring closure (Method A) ‘ ) ﬂ\\

A solution of 1,50 g. of@1-behzoy]-Z-fsopropy119-t- ,
butyl semicarbazide (5.41 mmole, m.p. 166-172.5°) in 30 m.
of 5.0% sodium'hydroxide containing 5 ml. of ethanol (the '
solid was not completely soluble in the abgence of
\ethhnolﬁ rgf]ux témperature, 90°) was refllxed for a
period of Bb hr‘ On cool1ng, the reactiod mixture gave &~
,prec1p1tate ﬁh1ch was filtered, washed thoroughly with A Ny
w§terzgpd:extracted w1th acetone (;he starting mater1a1 |
being insoluble in acetone). Tﬁe acetone extracts were
U, evaporated to drynesé to give white needles of N- benzoy]-

N'-isoRropylhydrazine. Yield 0.5 g. (5.2%). : N

VMop. 111-113°, . G B N

L « ,_‘,-—..)r“ . , - - -
. » - - . -

— - ' - . .
‘ - ' 2 oy

3
e e s s




- - - —_
-
y ’

The n.m.r:‘gpectrum was 1dentica1_fo the one above.
(KBr, cn™1): 329§J{”x"“): 2978 (aliphatic v CH),
1643 (v CO). : e o

.o

The filtrate from ;he‘initial reaction mixture was

- . . )
shown to contain benzoic acid (40.9% recovery) and tert-

bqty1amine. The amine was isolated by fractional

distf]la;ion'and identified using thin layer éhromatography

Y

(silica gel plates, ethano] as eluent) by compar1son with

an authentic samp]e

e

Dehydrocyclization using molecular sieves (Method D). -

One gram of the §§m1carbaznde (3.61 mmole) in benzene

ta1n1ng 15 g. of mo]ecu]ar sieves was ‘refluxed

- 67 hr. The solution was filtered and the filtrate
evaporated to drngss tb’give a mixture of ;he'initigﬂﬁ/\
semicarbazide and N-benzoyl-N'-i oprbpy]hydraziﬁé.'
Recr}sta1lizafion of\the mixture [from carbon tetrachloride
conta1n1ng deco]or;z1ng charcoal|gave 0.11 g. (17%) of the
benzoy]-1sopropy]hydrazlne melti g at 102- 110° (i.e., th1s
result see s'to'wnd1cate that the reaction system was not

‘(complete]y dry, otherw1se, decompos1t1on is a thermal

process). N.m.r. Wpd i.r, zspectra were- the same as in

previous cases:

»
¢

1-Isopropyl-3,4-dipheny1-2%:1,2,4-triaz61if-5-one -

Y}

(Compound 6-11)

A]ka11ne r1nu closure (Method A) a -

- One gram of |-benzoyl-2-isopropyl- 4aphenyl sem1cafbiv/de
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\

c , oy o ) Cl
. . (3.40 mmole, m.p. 151.5-156°) refluxed in 16 ml. of 5.0%

NaOH for 20 min. afforded an oily film which solidified
upon cooling. The mixture was filtered and the solid

- _\
washed with water. _Yield ~0.1 g., m.p. 107-180°.

Recrystallization from EtOH gave a product melting at

Sdhiair g T

185-188°.
. N .
N.m.r‘:‘(DMSO-d6 + CC]Q, 8): 8.66\ 8.54 (two singlets),

6.76-8.20 (mu1tjp]ef, strong hand at §7.44 may be dute to
, ' * ' ‘
phenyl ring protons of the‘triazo[inpne), 4.42-4,.87 (broad,

f ! ‘4 ) unresolved septet, methine proton), 1.15 (doublet, J =‘6 Hz,
é ‘ g " methyl protoﬁs). ' .
5‘ Workup of the ¥iltrate-afforded unreacted starting

v , material. ', B ’ ,

»

Extendi#g the reaction time to 2 hr. yielded 0.28 g.

(initial amount being 0.70 g., 2.35 mmole) of a yellowish

'53 0i1 which was-isolated from the react?on solution. by : #
B extractions with ether. - ) S

\ ’ ‘—)' N ’

l} - N.m.rf (CC]4, §): 7.66-7.92 (2.7 H, multiplet), 6.36-7.44 *

(19.7 H, multiplet), 4.65 (7.5 H, sTnglet), 3.16 (1 H, —

septet, J = 6.5 Hz, methine prbton), 1.44.(2\H,[doub1et, \

J = 7 Hz, methyl protons possibly due to ‘a trace of
: or

triazolinone), 1.00 (7.5 H, doublet, J = 6 Hz, methyl

i protons,'g;arting material?), S _ . J\‘ ¢

'sodiumﬂcarbonate separately, a

-—r

"10% benzoic acid was also recovered. ’ .
Carryipg out the reaction &sing sodium bicarbonate and
’ N

various concentrations’ } " 4

B .

v

4 » - T oy )
3 ~and heating times and temperatures, resulted in the

o
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isolation of starting material, benzoic acid and products

] with a wide range in m.p. ™ - . '

\

. Dehydrocyc1?>}(ipn using zinc chloride_jMethod-B)
One g™

uniformly mixed with 8)g. of anhydrous zinc chloride and the

. of the Semicarbazide {3.40 mmole) was , BN

- contents were immer€ed in an o0il bath at 210° for 20 min.
ﬂf’ and 160° for 21 .hr. Cooling of the contents followed by the
’ add1t1on of 10 ml. of water and filtration of the suspended

solid yielded 0. 9&/’/'of a white so17d melting at 170-193°.

; After recrysta111zat1on from 15 ml. of 95% EtOH the product

WP : .
melted at 231-217.5° (dec.). .The n.m.r., i.r., and mass .

é; spectral regsults obtained for this product are ddscribed on
k) } :
‘ pp. 127-128,

;’;i”.., .

Repeating this procedure at 115-125° for 2.5 hr. in one

<
P

attempt and at 170-185° for 4.5 hr. in anotﬁ.!.ﬁ1d not

< 5 -

K _ alter the results. . ©o .

¥

1,3- D1pheny1 4~ethy]-A2-1 2, 4 triazolinobo &ne (Compound 6-12)

\

‘: " Alkaline ring closure (Method A)

-~

+

E v ‘ ~ One gram ofji-benzoyl-2-pheny1-4-ethy1 semicarbazide’
¥ (3.53 mmole, m.p. 219-221°) was refluxed with 30 ml. of

5.0% sodium hydroxide for 1 hr and 45 min. The resu]?ing V¥
. ) éfange solution was’ coo]ed and/f11tered The precipitéte

? 77 - " was washed with water and then with ether to g{ve'o.lﬁ g.

»%‘ '. ,(25.4%) of 2-phenyl-4-ethyl semicarbazide melting at

L laastisoe. : 'y o~




6.44 (triplet, J = 6 Hz, N-4(H) proton), 1.00 (teiplet,
J = 7 Hz, methyl protons), ’

[ ]
L.r. (KBr, cm™'): 3386, 3236 (v NH), 2972 (aliphatic v CH),

4 1652 (y co). . . . ‘
' ) iZf\;-‘workdp of the reaction ?i]trate proQ{ded a mixture of ~

" )h\\ products, one of which being benzoic acid (47%).. ’

\ . '
I | LL3,4-Trighen1J-A2—1,214-trjazo1in-5-one (Compound 6-13)
. Oxidative ring closure usfﬁg potassium_ ferricyanide
f . (Method E)

This reaction has been carried out pfevious]y using
' 40

-

isoamyl nitrite as oxidizing agent. A solution containing

0:70 g. of benzaldehyde 3,4¢dibhényl|semicarbazone (2.22 °* -

rmmole,'m.p. 164-166°) and 0.9 g. of sodium hydroxide .

% - (22 mmole) in 60 m1. of 80% ethanol was brought to reflux”

f o | gnd‘7.20Q§, of potassium ferricyanide (22 mmole) in 65 ml.

‘ of water were slowly added. The refluxing;wgs continued for
1 hr. fo%lpwed by‘filfraf?on of the yellow solid formed and

.washing with water. Repeated recrystallizations from
.;lhanoi (four times) uFing decolorizing charcoal gave pale
orange needles which were éried for 13 hr. (eqhér).

A

Yield 0.15 g. (23%, not optimized).

! ' ¢ . -
% 81 . _ —_— N -
: . . LI s "% .
. S R PR } a—""
; N.m.ra (DMSO-<dg, §): 7.54; 7.72 (two singlets, 2 N-1(H)
- [ N " .
~ protons), 6.62-6.96, 7.04-7.44 (multiplet, pheﬁy] protons), 9

> “M.p. 220-221° (1it.%0 yield 23%, n.p. 221.5-223°), _
. T .- o .t . L3 K
g : .. This pracedure .is far more convenient ‘than the previous -
3 ' , - ¢

method using isoamyl nitrite. gy . . .

¢« i . L ey ety e T ‘ ) \
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. toxicity and high antipyretic, antinflamatory, analgesic,

wanaleptic, ‘sedative, as well as hypnotic actions was one of

" from a synthetic Doipt-‘of view. The approa& considered - - > ,*ﬁ
for the synthesis is one 1nvo]v1‘ng‘a direct ring, é]osure,.‘ i
1,3,4- Trisubsti'tuted Az-l 2,4- tm’azo'lJin 5-ones, ) . s 3
specifically tx derivatives carrying a phenﬂ\,\mety at o

deh_ydratwq processes’ of semicarbazide-type chains .

\‘starting matema'l from wh1ch these semcarbaudes ‘were.

DISCUSSION ,
SYNTHETIC APPROACH AND MECHANISTIC PATHWAYS LEADING TO THE i
INTERMEDIATES AND PRODUCJS g . .
N ‘ 'ﬂ
The p0551b111ty of encountemng b1o]og1ca1 actwity 1n
49,50

the title compounds, particularly in view of the c1a1ms

regardings their applicability as drugs possessmg very Tlow &

the reasons for promoting an invest.igati’on into this area

the 3- pos1m»»a\r;ewnot numerous, although the synthetu: S
routes leaddng to them are similar to those from which '

hydroxy trj%ﬂes are obtained. Co'nsequent‘ly it was our

a1m “to further define the scopeﬁf oxidgtwe cychzatwn,

alkahne cyclization and cyclization by various ' ) - .

“

~

. containing\hdifferen't functiona “groups. As mentioned |,

A

earher, the structure of the product requwes th1s chain
to” conta‘ln 3 sem carbazide array Unsymmetmcaﬂy

subst1tuted aryl (phenyl) and alky1hydrazines c0mprised the | .-

obtamed Nhen posit'}on 1 of the heterocych ring con-*tains

;
»
5
. ; A '_ R RN
. - - B *
T DR S .
1 POERE N
HES PR . H -
+ " :
4 .
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\9 substituents, hydraz1ne, 1n‘¥orm of a ﬁydrate or a-salt

A

15 clearly the start1ng mater1a1 . o p

Dmring the course of thlS work‘a ]1terature survey o@
monoa]kylhydraz1nes (methy]hydraz1ne being commerc1a]1y‘h, .,"
g : b avai]able) showed that the methods for preparing the series F*&

from ethyl through amy1 are few and are e1ther, tedious ~
and complicated, or g1ve‘poor yHe]ds.74 J

i [+]
Derivation of these compounds by direct and indirect

replacbment of hydrogen atoms -in hydrazine'(eg by react1on
: with a]kyl ha11des) is an appea11ng method “however when e~

app]ied to the Tower alkyl ha]ides it leads chiefly to .

. di-, tri-] and fetrasubstituted hydrazines as We11xas o iv/@
K quaternary ammonium salts. - ) ,

L Y
.n e

; ==y . P - i

i HoN-NH, HJ0 + RX~ ———>  RHN-NH,, RZN}NHQ, RHN-NHR,
. ~ ‘r . i © :’

v ‘ | Ry

.

N-NR

N-NHR, R,

N T

B
: ' i ' ~ - N “,"u

M ' Thede facts make it clear ﬁhy the view has become .

L <

2~.

3;3 . __established in the Titerature that suéh‘direct‘alkylat@ons

\' . cannot serve for the preparation of nsymmetr1ca1 monoa1ky'l-o
hydraffoesf75’76 Neverthe]ess,mthe results pub]1shed°by T

ra

Kost and Sag1tu111n5§?77 1nd1cate that po]yalky]at1on is

- - -

considerab]y diminished by slow addition c&gthe alkyl

-

ha]wde to a ten- fold extess of hydrazwne hydrate w1th

' »

- vigorous Stirring of the react1on-m1xture. Comp]ete -
. k_./n(“

= remova] 0t the resulting monoa1ky1hydraz1ne, however, 1s 4 |

.

v » (’1‘ 3 ]
. ' achieved on]y by continuous and’ pFolQnged extract1on in a

i 28 - ) - i
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s
)

suitabIe apparatus.‘ It has Been;sudgested by these. authors
that the usual part1tion of a]ijhxdpazlne bg$ween \Plvent
and hydrazlne hydrate is accompanled by equ111br1um between
a salt of the a]kylhydra21ne and the hydraz1ne itself,
ptevent1ng rap1d gxtract1on.ofxtﬁg alky]hydrazlne

v, lsopropy}hydraz1ne has been Qrepared accord1ng to the

method desc?ibed?i using i§opropil bromide and a 3.51fold'.

) g : \
excess of hydrazine hydrate with the relatively high yield

clgimed by these authors having been pytained. Phenyl—‘

. hydrazine, the only aromatic meeber <onsidered in this
project, is a. commercial product. - E

‘ In the case of alkaliﬁe ring c]osur% antring closure
using dehydrating agents, the starting hydra21ne was ©
general]y reacted with the approgr1ate 1socyanate yie]ding
a'semicarbazide as the major product accompanied in most
cases by 1,3,6-trisubstituted biurea. The extent to which
the piurea is present depends on the nature of the
substltuents on both starting materials. Isolation of the
semlcarbazfﬂe and its su(sequent'benzoylatlon afforded the

: starting chain as shown in Scheme 1.

g b
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. "~ cyclization
- ' " reaction

- ; Scheme 1. Synthetic apprqucB via -semicarbazides A
4 ‘ '

T

Oxidative cyclizations were carried out’ using aldehydic

Bemicafbazones which were obtained by action of the

N

appropriate aldehydes on the noh-beanyIated s'emicarbazidces

deécribed in Scheme 1. Al-terna_tivel_;'.‘ these intermediates




. A D
' were obtained by the initial formation of Jnydrazones ¢ -

. followed by their treatmenf with aliphatic or aromatic

’
'

3 /]
*igocyanates -as shawn below. .

s v

7

-H20,
2N-NH-R —_—

v
t ~
X

=0+ H
/

-

o

'oxiéatio

reaction

v

Shhemé,2Q~ Synthetic, approach via semicarbazones
‘ . - ¢

-

5
- 3
’

In Jynumber of instanceé‘mhe approach to the .
intermediates and heterocycles was somewhat'vdfied.‘ Such’

cases will be outlined individually. .

L d
L}
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The Reaction of Isocyanates with Hydrazines

.The classical reaction was carried out in ether, ynaer

anhydrous conditions with cooling, and dropwise addition of

thewisocyanate. JVO as%gre completion of the reaction the

. * &
.resulting mixture was further stirred at room temperature.

4
~

-
.

N-NHR v+ Ry-NCO SERERL o N-N-CoNHR,

~0° ¢

Hy,

[

2 4-disubstituted semi—
carbaz1de ~

-

RS

6.
RyHN-C-NH-N-C-NHR, *
.I‘ a. “ - ] ’

1,3,6:trisubstituted biurea

An alternative method of nomenclature for semicarbazfde

is. hydrazine carbo;yamide with the following numbering

o

v

-
{
*

HZN -NH- §-NH2

1 2 N

b

The results of thlS react1on are summafiiéd in Table II
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A number of reviews concerning organic isocyanate -

79,80,81 The reactions and T

(9

chemistry have been wr}tten.

keactjvity of.{socyihates can best be’understoqd &9 . ¢
- ' considering the.eTecpronic'structure of the isoqunate

group and the effect on this structure of various groups

attached o the niérében atom. Consideration of the

resonance stxuctures accord1ng to molecuTar orbital” theory

indicates the g]ectron,or charge density 1is greatest on the
- oxygen and least on the carbon, the nitrogen being

intermediate w%th,a net negative thafge. Potential

nucleophiles such ds the nitrogen atom of a Hydrazine\ T )

molecule w111 ‘add in a predicted manner to the polarized

azomethane linkage of the isocyanate group, w1th the most

basic compounds be1ng most react1ve. The following is .

s

, a representation of the va]eqce bond. structures. oy
. y k
- + - .‘+- - " p ;
R-NC=0<—>RNCO <——->RNCO
minor a - major . !

- - . -
If steric factors are neglected, any electron with-

drawing groups attached to NCO will increase the positivé

Ve

\ ‘ . -
charge on the carbon atom, thereby increasing the. reackivity-

_of:thé isocyanate towards nJcleophilic attack. Convefs]
electron donating‘groups/ﬁ%11 reduce the reactivity of the
NCO group: -Likewise, the reactivity of the reagent - v

. attacking the electrophilic cairbon of the isocyanate group
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will 1ncrease as 1ts nucleOph1I1city increases ¥ The latter

strated in Table II where it is ev1dent that the
)

f 1nvo1vement of the B-nitrogen of the.hydraz1ne

is dem

‘gitent

in.the'r ct1on, w1th ‘the’ format1on of the corresponding

biurea,'is_ unct1on of subst1tuent R. ‘ Th1s Q{fect

reflects the stab1 ity of the Zw1tter1on1c intermediate:

and may be summar:;za\gs/fol1ows. ’ -?~i

»
LS

',..' ) ) " "

! b ° ' .
| / | H N-NHR L .
i 4 . e i -
. 'p) ’ ‘e
N > -
} 2 Ry R;-NCO ,
1 ) : // *
[ ) ‘i//K ’ )
1 %
| /= HR - . R
=™ - ! oy - ! . ' '
* T *N-pt . FNZC-N-
* . o Ry ARG —=N-A=C-N-Ry o =N CeNoRy .
| a ;@O "HH O ) H o~
; ’ /4/ - ! o i U 3 ’
. T :23,1 , ' _— ) .
t @‘ N i . » bl ." '
biurea S semicarbazide .
Inductive » -R< ~CH(CHj), > -CHy > @
" . 'Effect : (. ‘ T .
. ,<' - . . e . . )

’ . . : . e .
: increasing yield of biutea - . /7

Scheme 3. The e{fect of R subst1tuents on the condensation

IS
»

ot 1socyanates w1th monosubst1tuted hydraz1nes

{
l

k § P




93

X

',\ . ry - €
- The intermediates in both processes rearrange via a -
. . a3

proton migration to the final products. In the case” where *

13

a . - Ny ~ ! N
R is ‘'substituted by a phenyl group The side, reaction is

'absen;, while only traces of biurea were pneéent in.the

reaction mixture when R was a methy] group. The yield of

the by product was most predom1nant w1th tge presence of
t

an 1sopropy1 group at the hydraz1dé -

.

It may also be conc1uded from the resu]ts gathered

that regardless o% the e]ectron1c nature of the

.

subsiituenﬁ, the reaction: of monoa]ky1hydrazines with
¢

aliphatic and aromatic 1socyanates takes place pr1mar11y

at the substituted (a) nltrogen atom of the hydﬁgz1ﬁe
y
mo'lecu]e Thesd@ resud®®s extend the study of Shevchenko,

Va511 evskaya and GrekovBZ who reported a 51w11ar
> e
influence of a number of electron- accept1ng ‘and electron-
5

donat1ng subst1tuents on the or&;r of reactivity of mono-

a1ky1hydraz1nes in‘their react1on with pheny1*1socyanate.
,None of the derivatives synthes1zed by. these authors ‘

\

correspond to the one$ obtained 1n the present study.

Moreover, only compounds 1-1,71-2, 1 5 and 2-5 of th1s

Pad 5 -

series were encountered in the literature. -

. The yield of biurea in all cases na: minimizéd by

canryiné out’thp reacjipn at»low tempggafureé; Eurthe}m;re, s
the high reactivity of isocyanatesiuith‘active hydrogen
'conpgunds'necgssitated anhydrous condiiions'thﬁzughouta

The products resulting from the condensation'of jsocyanates

+

with water are carbon dioxide *and the corresponding amines, ‘N
’ ] , . - ’ ' - . .

“




N [ . . .

o - ) ! Y
which in turn may further react with the isocyanate to

yield cgmppuqu not.easfly separated*from the semicarbazides

Lo LN g
in question.,” v o -

‘

» Sépqration:df the biureas from the. desired products waa

e 7 made: poss1b1e by the d1fferent so]ub111ty patterns of the.”
g S
two. However, Gt was found that when R = 1sopropy1 and

/R = t- buty], pheny] and a,a,a tr1f1uoro 0- to1y1 P

=
.

(substltuents w1th 1ncr¢as1ng]y h1gher molecular we1ghts)

L 4

- . th1s task was more, ted1ous owing to the s1m11ar1@y in the
b

4, ecd
solubitities of the two- products. Moreover,_semicarbazides
P are known to undergo decomposition on exposure to pro1onged
.
' heating. This was observed to a slight extent wher “an
attempt was made to isolate 2-methy1-4-q,a,a-trif1uoro-o- :
- & ) ;
L " tolyl semicarbazide from its biugea analog b )
o y i d \{ g by , ‘ }\ 3
recrysta111zat10n from agueous solutijon. The fo]lowing
. .. 4 -
. scheme has been postulated for the thermal decompoajt1on
‘ of unsubstituted semyearba21de.83 .
& T R
) \ , , H . 3
. 0 R ) P v . s
! f u’) | > W
, HoN-NH-C-NH, ~ ——> L Hzg-N:ij(':-Ny
| ¢ . | * THi-NH-C-NH,, .
) l ' . N i 1 ' ’ O ‘/\"
HZN-NH-ﬁ-NHZ ..4 - ’ N X »
" 5 -0 ~ . ¥ .
HoN-NH, HZN-E-NH-NH-E-NH
b . , N . . 0 0
. i - T 4 ¥
Scheme 4. Mechanism for the thermal decomposition of N
“ semd carbazide . * ‘ :
¢ . ' ﬁ - - ’




Mwas"attempted. Only the dibenzoylated product, of which

»

. . : . AN
Benzoylation Reaction ~

Tﬁe Schotten-Baumiﬁﬁ‘reaé;jom’uhtph is the most widely
used method in the bean}iatioh of amideé was employed.
Acyiation is geng;;]1} carriedfout using the acid anhyarﬁpg
while bilfoylation is ﬁorma]ly}achigved with benzoyl |
chlor{Aex An attempt to benzo&iate 4-pheny]l semicarbaziae_
viajthe-classica1 Schotten-BaQéann technique using sodium
hyd:oxidg>fai]ed. _ﬁ%hydraus/byridine gave good results and
was thereﬁoré used in all cases as so]gent (refer to

(

Scheﬁe‘]);

. : Ay : y .
A study carried out by Grekov - and Shevchenkoaﬁ gisclosgs

that4the most convenieﬁt method for the preparation of&

1,4-diststituted sémiﬁ%rbazides is the‘reactibn between

carboxylic acid -hydrazides with isocyanates:. Application
of this reaction to yield 1,2,4-trisubstituted "derivatives

rquires thét the starting caigonyig ad'id hydrazjde

contain a substituent ‘at the g-nitrogen. For this reason ™

.the synthes3s of N-bepzoy]-ﬂ;:isopropylhydrgzine(1—benzoy1-2-

1sopfopy1hydrarine) by benioylation'of i;ppropj]hydrazine

[

two isomeric structures (I) or (II) are possible, was
. \ .

recovered. _ ‘ - .
. ffr,-

HN=NHotpr  —ENCOCT o o coNn-N-coPn
) pyridine €
- . L,

(PhCO),N-NH-1:PF
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.t /.° ) N
N N R
:P/* i N.ﬁ.r. (DMSO-dm. DE 30 QA (1H, s1ng]et, NH proton),

i' )
7524, 7 96 (104, mu1tfp €t pheny] ring protons), '
- ‘ﬁ <
d & 76 (1H, septet Jjé 6. 5 Uz .. pethine proton) . 20 (sH
§ \ doublet, J =] Hz, methyL protons). | . “ .

(1) was,zss1gned as the correct strhcture on the bas1s
L 34

, of the pos1t;on of- the NH s1gna1 The env1ronment

expep1enced by th1s proton is, spmewhat silars to that .

/;/;%ger1enced by N-1(H) of 1- benzoy? 2-isopropylr4- pheny1'
|

semicarbazide (compound 3- 10) S b
e ¢ , ' 1-qr ] - .
‘ B PhCONH-N-CONHPH ol

.
. 1\

The n.m.rs Spectrum of compound 3-TO conta1ns two :

singlcte at §10.'22 and 88, 54 dug to the N-1(H) and N- 4(H)

protons respect1ve1y It is a]so ev1dent from Table X that (
all compounds conta1n1ng an -NH-1-Pr group/con51st of a~’ .
“  doublet in the regkon between 55.75 and 86.34 due to .
‘uchpltng between the NH and meth1ne protons; This further
'JUStTfTQS el1m;nat1on of structure (II). Further : : ‘ L

benzoyTatiOn‘of (1) is not expected since the remaining

L4 L A
- . - T .
o e R G . AU e S P A 0 A S S B s bR RO
El *

ul am1de NH group is only weakly nuc]eoph1]1c Attempts at
part1q1,hydr01ys1s of (I) to 1 benzoyl-e 1sopropy1hydraz1ne
‘ueing sodium hydroxide failed, * . e ,
— The preparation of this and of similarly substituted il\
) camboxylic acid hydrazideé is rathe} involved and is_: : ' .
.. usuaTh~a threeastep process, The derfvative°under :
dxscuss1on has® been ‘previously synthes1zed accordlng to — l " %
__rv £\ a ‘ . i;
— s 3
. ro\"\& ) » ( s “j
) ' H
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g TN, | VcHy),
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s O . \ 7 e . \r -
L | Hyy Pt
o g - NH-CH(CH,), 4__'_..__..
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. Schemé 5.

v o ) isopropylhydrazine

- r
Y

&z ’ 3

o

and’ phenylhydnazines in aqueous ‘medium.

T conly, was isolated in both cases.,

-

Y« . - . ‘
(//,/f’ﬁTth hydrazine hydrate. .

1y . . C.

/{W

R . .-
. K%} N ~ t
. N ”
H] : :
. . N
. .

o - In view of the difficuigy encountered_ in obtaining

(Y
C-NH-NH,,
L] Aa’\ | 2
o
i

0

J

- ¥ ‘ ‘o
Synthetic route leading to 1-benzoyl-2- -

8

€uch 1ntermed1ate§:‘£his Method was ‘discontinued.

- In a 6{;ferent approach the synthesis.of N benzoyl-N'-
- mgthylhydraz1ne aﬁ% N-benzoyl-N'-phenylhydrazine was

N attempted by pro]onged refluxing of benzamid ‘with methyl
| Starting miteria];

'was obtained, as expected, from the réAZ:?Bh ob pebzamfde

@ C-NH-N=CECH3), |

7//

»

I%,coﬁtfast, benzhydrazide

g -
N

-

&



> ©§-NH-NH2
: /0
- / .
y @,&-Nuz + HN-NHR v@jc-uu-uun

I
S 0

o

. Cor
"
.

" Another attempt extended the ‘condensation of hydrazine

|

sulfate with phenylurea to\benzhydrgzide and'phenylurea. -

The desired femction which leads to 1-benzoyl~4-pheny] "
sepicarbazide may proceed with a sidesreaction producing

1-benzoyl. sémicarbazide.- _—
. -




B
® \
b‘ NH2/

@c NH-NH \(':b(;
0 '.1:’:’ ;
o 0 OHONRY,

4

c-nn-Nn-c-nu-@ ‘ @c-nn-nn-c-m{'
T i TR
0 0 - - 0

= . - - »

»
»

Scheme 6. . Possible mechanism for the con of

benzhydrazjde with phenylurea

The high melting solid (237-239.5°) collected from,th"

reaction mixture was assigned the structure of 1,2-

dibenzoylhydrazine indicating that the reaction proceeds

via neither one of the above mechanisms. Instead, a

" - bimolecular reaction between two benzhydrazide molecules
. . . "'_ " \

-

may be envisaged.
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. P T R N .
SR B N A AU TRUIRE e UMy . e, o

100 . S

L Op @ N
3 S 0 ' EtOH ._ e

9 . o > C-NH- NH c NH-NH
e . k\\_\\‘ 12 hr. 2

reflux

3 - s 0 I
. L CNH NH- c-@ + NH -NH, .
V‘ " .’ . .‘w -'\ i I
; . ~ (~23%) |
. s , " - q
- Scheme 7. Suggested mechanism for the bimolecpiar L
: , . condensation ‘of benzhydraz1de L
? T o Nm.r. {(DMsSO- d s 8): 110.52 (2H, singlet, two NH protons),
3 -7, 83 8.16 (4H, multiplet, ortho ring protons), 7.35- 7.74
%, (6H mu1t1p]et meta and para ring protons) :
",  Lr. (KBr, cm”l): 3286 (vNH), 1670, 1635 (vCO). ) |
- ” The expected moiecular ion at m/e 240 is absent in the o
mass spectrum. The reason for this is ascribed to the
- - - ' oot 1.
decomposition of the non-volatile solid prior to electron
I . impact. The predominant fragments in.the spectrum with ‘
{ :. ' abundances relative to the base®peak are:.m/e 106.0 (12.0%);
: : L

Phco®, m/e 105.0 (1«00.07&);‘ phent, mse 103.0 (5.7%); |

- { - -0
‘
1 CT »
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S

63% yield. The Q m.r, and i.r. data qrea1dent1ca1 with the

‘and benzov1 chloride in.potassium hydroxide solution

CeHg

, m/e 77.0 (71.8%); C4H3 » m/e 51 0 (20. 3%)

The 1dent1ty of the symmetrical hydrazine is supported~

both by physical as well as—fpectroscop1c evidence. A

preparat1on of an authentic sample using hydrazine sulfate
' ‘ - 63

unsuccessful. In contrast, when benzoyl chloride was

A I

.added to a pyridine solution of hydrazine.hydrate, 1,2~

dibenzoyl hydrazine oeltind ait 2§§-240° was isolated in
above This react1on proceeded in the same manner as the
benzoylat1on of 1sopropy]hydraz1ne descr1bed on .p. 95,

It was conc]uded on the basis of the various method&
attempted that the most appropr1ate approach at der1v1ng

1- benzoy] 2 4-disubstituted sem1carbaz1des is the one -

‘descr1b§d fn Scheme 1, involving benzoylat1on of the

‘products obtained from the reaction of monosubst1tuted'

hydrazihe with jsocyahates. fhe ptoducts; most of wh;ch
have not been phevious]y describedﬁin the 1iterature, are
c]ass1fied in Tab]e III, pp. 102~ 103‘

. . Refluxing was requ1réd dur1ng the benzoylatfon
react1on of 2- methy4 4—u,a,u tr1f]uoro o- tolyr/sem1-:
carbazide (compound 1 6) Eurthermore, isolation of the
des1red product from the react1on mixture proved to be a

ted1ous procedure, with different préﬁucts being recovered

upon repet1tion of the react103 whi]e ma1nta1n1ng

was

¥

sim1lar conditions. QOne such product‘was agsigned, on the
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G € ) : \
basis- of its n.m.r. spectrum, thelstructure of 1,6-di-~
%‘ - ) (u,u,u-tnifluqro—b-to1y1)-3-methx1 biuréa. This product }'
:{ arises probably by the initial cleavage to the isocyanaie
ig as shown below, "
f;: ' -
- R PhCOCT, S
HyN-N-C-NH byridine .o H N-N-C-N
T Co
(" F3 o \ $ F3 ,
: - i [ [ ¢ T
, - . . o E
H,N-N-CH, + 0=C=N €< H,N-N-C-N
2 3 _ 2 [~
’ ]
. F - O (F..
3 . L 3=_J
E . starting ’ { ' .,
3 ’ semicarbazide g
g ‘ ‘ _ )
oL - N '/ o . H .
- & CH3' . ¢
# PH-C-NH-N-C-NH o ' . ’ >
’ “ . Il c . o« , 3
: GF3 0 0 F3 . ‘ | ’
- :
i . , T
4 - . Scheme 8. Suggested mechanism for the product obtained
ﬁi / i during the benoylation of 2—meth}1-4-a,a,a-
; triflugro-o-tolyl semicarbazide :
A ' ‘ ) >
;- The presence of both an o-trifludromethyl group as well
} | as ,a carbonyl group\makes the prdton at N-4 strongly acidic,
‘ E and exposure of this site to’nuclepphilic'attack results ih
i . .




w0\ . . ‘ ' oo 105‘

\\ . the resohance stabilized anion shown above. The absence

of this side product in all the other benzoy1at1on reactions  °
£

may be accounted for by the fo11ow1ng factors.: i) The

‘reaction always proteeded wjthout the requirement of

refluxing terpere;urei. ii) An o-trifluoromethyl is,

undoubtedly, a-much stronger e]ectron—withdrahing g;oup ﬂﬁﬂr

than anrethy1, i;opropxi,’t—butyl or é phenyl oroup. ) -~
LA Bur}fication attefpt of the ‘tzbenzoyl-2- isopropyl-4-

ethy? der1vat1ve (cbmpound 3-7) by‘ﬁ1st111at1on under

? reduced pressure resu1ted in decomposition to 1- ben20y1 -2-

isopropylhydrazine The material Which was distilted ‘at

132—134 /0.55 mm, so]1d1f1ed to cr) 1ine)needles melting f
56 .. 57 ]]705 ).

at 107 112° (14it. 109—1 The n.m.r.

-

- spectrum of the product

as identical to that of the
’ hydro]ys15'product obtained during the alkaline. reaction
.of lﬁbenzoy1-2—isoprbpy1-4-t-bdty] seﬁ}carbai%de (see

cyclization reaction .of cpfipou 3-9). The decomposition’

- most probably involves a bimofecular mechanism of the s
following sequence. Isolation of the biuret was not

attempted as this is likely to undergo further thermal

-

decomposition into moré complicated fragments. -

t




PhC-NH-N—C-NHEL

- el

i xJ - :
0 i-?n ?
:  EtN-C-N-NH-CPh : :
. N I =7 - H
1 0 s 0 ,J‘
: 3
' < o 3
: * j
- l - " L
EtNH-C-N~NH-CPh o o ;
] | -
0 - 0 . : %
. 1
! f,t i_';r “
PhC-NH-NH-i-Pr + CtNH-C-N—C—~N-NH-CPh ;
, f , It = 1.
, . 0 ' e .. 0 0 0 . , {
E _ 1-benzoyl-2- 1,3-diethy1-5-isopropyl- ki
. . . . . N ‘ i
isopropyl- . 5—ben§€m1do biuret °’ RN
hydrazine : ' ' e :
¢ . . .
B oY, - .
Scheme 9. Suggested mechanism for.thg thermal decomposition :
~ & - ‘ . - . ! \ ' . v ‘ ‘!
' ~ of 1-benzoyl<2-isopropyl-4-ethyl semicarbazige ;
. | ’ [} ;
SN ) -
: : . 3
- - t | k ".' , ‘_ . %
Reactions Leading to Substituted Semicarbazones  ~ . T,
These intermediates were prepared by the reaction of
- - . - '
suitable isocyanates with the corresponding hydrazones. o "

w ¢

The latter were readily prepared by condensation of the '
approprjaie carbonyl compounds with monosubstituféq‘

il
I -




' RN e
s +

hydraﬁ1nese1n an ether or ethanolic medium. In some cases

. - , .
the semicarbazones were synthesized directly, without
. ’

initfg] isolation of the hydrazones. 1In three instances
‘&subsgituted semifgrbazongt were obtained by the reaction .

of an aldehyde with non-Benzoy]ated sémicarbazides. A Q
summary of the ddta(fd]lowQ in Tables IV and V,‘pn[ 117-120.
\. A preparationof benzaldehyde methylhydrazone by Harries
and Hag/a\85 yielded a co]br]és§, crxsta]Wine soaﬁd with a

high melting point.(179°) and ana]ytica]\dapéf;;}EﬁTWere

not in good agreement with the calculated values. Onej

wouldﬂexpect thékcompounﬁ to be in the form of an oiy of
Tower boiling poinp (begguse of:wéaker 1ntermo]ecu1a#
h}dnogen bonding) than the ]?duid benzaldehyde hydfazone.
The samf product has beep-obtained and identified as a
:pa}e—yellow 0il by Hiley and Irick,65 b.p. 81°/0.é mm. and
. -?&Todd,66 b:p.;129-133°/20 mm. -The product we obtained
s in good agreement in its :}ysipa1 and spectroséop?c
~f. properties with the a;signed structure. ﬂ
‘ Monoa]ky]hydrgzones; in general, are&knoén tg be e

-

'coLor]ess or slightly yellowish mobile liquids which assume a

.green or yellow color in thé presence of atmospheric -

oxygen.64 Todd66

oil formation.S:j;/ﬁénzaldeﬁyde méthy]hydrazone is allowed
.‘to stand at roomtemperature in alcohol-water sclution,, and

»

reports a large amount of non-distillable
. / ,

-

attributes this to po]ymérfzation. This is fyrthef

. .- vérified by loffe, Stopskii and sergeeva® who ciiim that -
\ ‘N - . N . -

one direction of the side reactions associated withf%implex

ey

’
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. : monog]kylhydrazones.is-its tendaﬁcy“to dimerize.
\‘“\\ELT;;' and 4.r? assignments, these authors identified the
crystal]iﬁg solid thch gradually deposited during storage
, of Fhe liquid methy]h}drézone of acetaldehyde as a dimqr:

Moreover, they déscribed the dimen to be a hygroscopic solid

pi
’ wh1ch is 1mmed1ate1y converted to the dihydrate, ,and can be
ass1gned the structure of 1, 3k4‘§ tetramethy1hexahydro-'
1,2,4,5-tetrazine.
‘ r A
e - .
VL i
A .
- ’ . L .
H Lo
T 3 ’ H\ /qHa -
{ \‘ ‘ + ' |N ' ‘L‘\
N §c.,/H L » »
H.C” “H ’ | - o
g ¥ , }  CH, ~ P
\,/“ * . ’
\ o
~ & . /C /CH3
g L HN ,'.LN \
- | } "
-N
H3c/ \H_. \c/
s Vo i d \|
’ / g CH3
) ._"7“3 _ 2H30 /
CPLN/CH3
HN .
{ ! * 2HZ0 . S
NH
S S CH
. 3 — )
. Scheme 10. The dimerization of acetaldehyde methylhydrazone
I S o .«
. \\\\ J ,

Based-on -
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The phenomenon was also obseqxed for the isopropyl-"

hydrazone of forma]dehyde. In contrast, the methy]-

hydrazone of propionaldehyde prepared durmng’ph1s study

9 ) & L
was clear with no apparent solid formation when stored
. - .

fgr ?ﬁ@months."An n.m.r. spectrum of tne quuid was rerun @
after the 1nditated interval and #ound\£6 be identical to
themeriginal spectrum, with the exception of an additiofal
uninterpreted singlet at 1.99s. .
Another.side reaction is postulated by £he same
. authors when the reaction temperature is e]evatea. Thus,‘

5- methyl 1-ethyl- Az-pyrazo11ne was the product acgoUnted

for when a mixture of acetaldehyde and ethy]hydraZIne was

subjected to reflux. ook
. _ .
- “,CoH
. Y ¢ — N/ 2“5
A -Y’ -Hzo .ot H
. CH3CH=N-NHC2H5 +HCH3CH0 s .
1 N N »
. . o CH
- (E . o . , H=H 3 '
M0 ' . A
t LY 2 - It . - R
’ ’ @" . Lo . -

'CH3CHO + HZN-NHCZH5

LY . 1 . i

Scheme 11. #The reaction between acetaldehyde and ethyl-

' « . hydrazine at elevated tempegatures
o ! : .

' . < J ) \
AAn view of these .results the preparation of

propionaldehyde methy]hydrazone was carried out between o

- -
)
o

- - \, . . -
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) ~
~-8° anh ~5° with\addition of the reagehis made o&er "
. 3. 25 fours. The synthes1s of benzaldehyde methy]hydrazong,

o

on %he other hand; required refluxing in ethanol. 1-Methy!l-

hY

5-pheny1-A2prrazo1ine, if fbrmed, is expected to have a

h1gher boiling p01nt than the hydrazone and remain. in the

non-distilled. res1due . ' . 4
/e o

Isomeric Structures of Hydrazones
N A .

The following isomers are known to exist for mého- -
substituted hydrazones. ;/ .
4\ ‘ ,
. ¥ )
: R e
~ - s * \ = / \
/C--N\N/R1 . /CN R, .
4 \H H ‘ &}
sr « - N
~ < 4
I ) !
. N
i N ' - ant{“isomer
syn-isomer : 4 ’ .
/""\’ . N e
{aldehydic hydrogen and N (aldehydic hydrogen and
i ) (. P eremasr—_ . . o .
NHR, group cis) ) : g NHR, .group trans)
e :'“ o

-

s t

The ty#e f solvent, alters the relative proportions of

the two 1somers to-a slight extent as 1nd1cat€% by the

fo110wing examples.86 . . , &

-&
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Syn/anti Ratios of PhenyThydrazones in Solution (RHC=N-NHPh)

-

syn/anti at equilibrium:

95/5a d, 96/4°C

55/35“’9; 61/39°

94/6f{9“

N A .
.carbon tetrachloride, -

cetone, “benzene,

Cdimethyl sblfoxide, Tmethanol,

gmetﬁyTene bromidg.g

The values were detgrmined:from({he integration of

)
. peak areas)and are accurate to’t 5%,

‘0f the- hydraZOnes prepzred dur$pg this work, on]y

those of prop.cnaldehyde methy]hydrazonn and =cetaldehyd§

phenylhydrazone were observed to exist as, isomers. In

ef‘botg cases the syn isomer was the thenmodynamicaiﬂy more

Al a [N
stable one.

N\ o
C=N-NHMe _x_lant1 %glculated

\,
C=N-NHPh " syn/anti.calculated:

" _reported:

N~

-,

-

“~

82/18 (neat Tiquid)

82/18 (soTvent not
indicated)

61/39 (c61,)

aﬁss(cq4)
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“Autoxidation of Phenyl Substituted Hydrazones

-

1t has.begn cbncﬁuded from spectroscopic sgudies87

that in neutral solutions phenyl. hydrazane (I) readfly

' N N\
_isomerizes to the azo form (I1).
- ‘ -

(17)

- e

. A'\Einvestigation by Bellamy and Guthriesa’88

showed
no evidence for the tautomer1sm and attributed the~~

observat1ons of the other authors to autox1dat1on A

radical mechanism seems. to be plausible for such a process.’

—

“C-N=NPh
7

<

\ »

» V) ' /%-N=NPh
C w0,

T NoH J(IV)

- 1-hydroperoxy-1-phenylazoalkane

Y

s
.Scheme 12, Mechanism for the autoxidation of phenyl-

hydrazones




The géneration of a pseudo-allylic radica] {IIL) from a

phenylhydrazone using a radical initiator whose source is .
EY

unébrta1n may resu]t 1n the pheny1azoa1kane (V), if the

radical reacts at the carbon. This is expected to occur

through intermpLg&u]ar hydrogen‘absfractid%‘prbvided that
there_is no other reactjve species‘present in the medium.
Cha1n propagation v1a nitrogen rather than carbon IS
d1sproved according to n.m,r. data. 86 Pheny]hydrazones of

ketones are ngo known to undergo the abbvg‘autoxidation

-
1

LI Y

proce§s. : ' '

Exposure of aceta]dehyae phenylhydrazone (Compound 4-4)
to the atmosphere resulted in a projressive darkening of
'samb1e toa d;ep-red oil. Autoxidation of she product was.
El#minated by its storage under vaéuhm over sodium hydrox{de.
* The same behaviour was observed for ngn po]ar solutions of
benzaldehyde phenylhydrazone (Compouéﬁ 4-5).

The reaction of isocyanrates with monosuQsti'ﬁted
hydrazonZE\was most difficult to achieve for phenyT
substituted hydrazdnes as suggested in Table V. More
rigorous conditions were required in these cases than in
the cases where monoa]ky]hydrazqnes'éonstituted th
stmrt{nélmateriq1s. The\workup of the reaction miXture of
ethy*\jsocyanate and' benzaldehyde phenylhydrazon afforded
a fed oily residue purification of whicﬁ was difficult.
The color formation may be attfibutéd to augékidatjon of
;he stérting phenylhydrazone, with the resulting hydro-

peroxide brobably reacting further to yield more

, .
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‘ complicated progucts. ﬁéf]u&ing a éo]utioﬁ of Lenzéldg? '
hyde ghehylhydrazone and pheﬁylvisocyanate in benzene g;ve

:the'éxpected semicarbazéne (cOmpodnd 5410), however, anly

‘in a low.yield. The synthes#s of this compound was .

40.

thoroughly studied by Guglielmino who also obtained a

1Tow yield of the pig? co]or;d product. Finally, the
;'reaction Qet&een aqetaldehyde‘gﬁgnylhydrazone and phen§1
isocyanate J'n ether was acégmpaniedlby the orange-red
autoxidation color, .the solid iso]atéq Qginﬁ“;haracfer%zed
as sym-diphenylurea ratherhtha;,th;~éxpected‘acetaﬁdehyde
2,4-diphenyl sehicarbazoﬁe. This alternative pathway
indicates that the reaction condition$ were }otﬁcombletely
anhydrous, thus.allowing for the initial férmz{ion of
aniline via cnndensa}ion of the iso;yanate with watgr;.

“followed by its reaction with a second isoéyq??*e molecule  «

.\\\\. in the following manner. _The‘n.m.r. spectrum of this

-\, product is identical to that of an authentic ‘sample of
1,3-diphenylurea. T . .
1y v ‘ . . : ’
+ ' )
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Scheme 13.'. §ug§e$tionfor the side regction occurrinag during

the attempted condensation of acetaldehyde ¥~ )
. 'v / w W
phenylhydrazone and phenyl ‘isocyanate N
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N.m.r. (DMSO-d., 6} 8.64 (2H, singlet, N=1(H) and N-3(H)

v \ T 5 : .
protong), 6.74-7.66 (10H, multiplet, phenyl protons).
. - A i
- The more abundant fragments in the mass spectrum have been
~assigned as follows: “
Comfe - Relative Intensity (%)* ) Fragment ‘
| - o L ' R ) .
. - 212.0 ¢ 52,7 SR
L4 ) - . ' r g :’;‘ - . :
‘ ‘ T.oa12000 0 © 105 .. - PhNHCO g
| AL . 50.8 - . " _"phNcof (PhNHCO*-H)'
; | . 94 o ' o oUs53 U PENH, (via don
- ‘ .. . ) : - molecule
v . I , collisjon)
. 930 A 100,00 0+ PhNH,T (MI-PhNCO)
e | 92,0 - 56.4 B 1 T
“To1.0 . B 775 2 T T}
_ ) . K . ¢ e
S0 LS CeHe. <
Co67.0 0.4 o dlNHTHON L
- 66.0 - . 636 . mPhNH *_HeN o
..+ _  65.0 : ~ 66.9 - " PhNH*-HCN
'y B , E | 4 D i ) . . -
64d L T 36,2 % PhN--HQN’
. 5}.0 | s : 545.5 . : C4H3 .
| o 4By TegHt 1
. ) , . . l * ‘ ) ‘ﬂ
' Metastable b¥hds were otiirveﬁ for the fol]owfng -s -
’ f. deqompositions: ’ . oA R
. . i ’ . ”
m/e 212.0 '—éi 93. 0 - (40.8 calcd.) >
. m/e ..93.0 —> 66.0 (46.8 caled.) .,

- - e »
- Relative to the baSe peak .
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R R, Reaction M.
B

ct Ygeld ~Compound
‘ggndjt]ons % -

o CH, - - 412

CH,  CH,CH,  Ether, B.P. 44.4 4-2b

: . addition over 120.0- .
y o 3.25 hr. at  120.5/
-8 to ~5° étm. :

£ . .cH, - cH 95% EtOH, B~ P. 41.2
 f‘ R ‘ | reflux for 132-135/

"N\ - . 4 hr. 18.5 mm.

] RN TR o : * 4-gb
A C6H5 . CH3 ; 80% EtOH, M.P. 64 4-4

g ‘90 min. at 65-81

f ' , Lorete ' “ : |
E \ t T ’ . . -

i 'CGHSW' CGHS 95% EtOH,\<////ﬁ.P. 4-5

: e : ambient 152~ B

3 ' ’ temps. " 11545 | ’Zi ]

b v
‘ .
-/ !
; :
: )
3 s

Not isolated prior to its condensation with the isocyggéﬁes.

Isomeric. | . ' <
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Cyclization Reactions . y %
I.” Ring closure of 1-penzoy]-2,4-disubstiﬁuted semicarbazides
i) Alkaline ring closure (Method A) %
L _' It is evident from the .results in Table VI that two L -
competing react1ons are taking p]aée in this mode gg
cyclization. One of these is the-desired cycllzat1on and \\
| . ' the other is hydrolyssis. -
E
i o -
e S .
| H R HV R R
é. . N-—-N .- N-—-N '
: =/\ >=o --——->o=-\/ Ny —s =<
; "\(‘ Ve
Ph NH * Ph N
. 1 R1 , R1
\Q Ve . 'y
) ' ﬁ ‘
»’ . R
_ R \
- 7
N—-N P N-—N/
: ) <0H~ . —,
/Q * <-—-‘-——-’§Z)\—</~§>=0 s
Ph N 0 S
[ ' . Ph N
Ry \R , .
) " o,
it *;

‘Scheme 14. Suggested mechanism ‘for the.alkaline cyciizaﬁjon

; of 1-bqnipy1-2,4-disubstitdtedisemicarbbzid%s

. el . ; J : : '
\ S . | -
. . A 2o
. ! N f‘ L2 s | \
.

e
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8
“

“OH. ~ ~oH
N or¢
7 Ph-C-NH-N-C-NHR, .
I .

Q. 0

(a)and (b)

v
-

H2N-NHR////

R

PRCOOH + H,N-R-C-NHR,
| .

\

Ph-C-NH-NHR

[yl 1 M
i V\ ‘ . Y

Schwe,lSu; nggested mechanisn for the aTk”aHne hydrolysis
of 1-benzoyl-2,4-disubstituted semicarbazides

<
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Hydro1ys1s of the benzég\”mo1ety (Scheme 15-a) produces

v

benzoic ac1d and the corresponding non- benzoylated cha1n in

the form of sodium salts. Hydrolysis of the carbonyl

g function qf the semicarbazide unit (Schemg 15-b) on the
///5//// other hand is indisated by.expu¥ion of a B-substituted

?enzhydrazide, the appropriate amine and -carbon dioxide
in the form of aigar;onaté. In one instance, dufiW§ the
cyciization reactfon of 1Qbenz;L1-2-methy]-4—pheny1 semi-
cahbazide'(Compougd 3-5), the Brigina] monoalkylhydrazine
was isolated during wo}kup of the reaction mixture
‘demonstréting that hydrolysis may also proceed via

§chemes 15-a and 15-h simu]tanéous1y. '

Bécause'of‘their stronger acidic character, the
\hydrolysis;of arylamido gréup; (ArCONH,; cf. benzgmido
ggrojp, Scheqé 15-a) is easier to achigve than tbf—hydrolys{s
o¥$a1k¥1amido groups (RCONH-). Base %nduced cyclizations
.to the 3-phenyl derivatives of 1,4-disubst1tuteﬂ-A2-1,2,4-

triazolin-5-ones are not reported in the literature. In

fact, 3-phenyl-5-hydroxy- and 1,3-diphenyl-5-hydroxy-
. triazoles obtained from the cyclizations of 1-benzoyl
semicafbaz_}'.deggandj-benzoyl-Z—phenyLsemicarbazides1 were

the only two encountered dﬁring this study. The yie]dS'
are unsat%sfactory being 36% and 6%.respective1y NQ
mention is made in these publicationg regard1ng/1he

hydro]ys1s side reactions. Cyclizations leading to
<
der1vat1ves conta1n1ng alkyl groups at ‘the 3- pos1t10n of

49,51,90 , “

-

the ring are more common.
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Intramolecular condensation yielding the heterbeyc]es
is likely to be dictated by both steric and electronic
factors. Bulky groups will tend to hinder the process

while the preSence of strongly electron-withdrawing "

b A

i -
5@; . 4: subétituents at N-4 will favour afstraction of the éancggél
2 ) proton rather than hydrolysis of eitﬁer onnboth carbony]l
; %Q‘ éroups. The overall effect of the Tatter is enhancement
E of the cyc11zat1on reaction ,and moderat1on of the ' '

undesired hydrolysis reaction. The validity of such a
presumption could have been demonstrated by the relative
yi%]ds of cyclic and hydrolysis producfs obtaiﬁed in the
alkaline reaction of ]-benzoy];Z-methy] (isopropyl)-4-
asasa-trifluoro-o-tolyl - semicarbazides. Attempts to
isolate such productg, however, were unsudbegsfu]. The
o unexpected biurea formation during the benzoylation of
2-methy1-4-a:a,a-trif1uoro-oito1y1 semicarbazide
(Compound 16) is an indication that deprotonation of

>~
N-4(H) is, in fact, a faé‘ﬂe one as expected; the

benzoylation redction being performed in pj?idiné:
- hing closure by this method was carried out™in
; o refluxing sod1um~hydrox1de, normally 5.0% concentration.

Increasing the alka11ne concentrat1on was found to 1ncrease

the hydrolysis reaction and to have no effect on the
intramolecular condensation reaction. The cyclic products
\ were obtained from trace amounts to 30% yig?d, with the

exception of compound 6-8 which was recovered in a high
" : AR

yield. S, .

[y
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)r;oleeu}e brought about by the absence of a free NH-group. .-

.W v s
i ‘ _ ) , , . ‘
~ . N 3 {
. 125 R .
- - N_N/. ' . R
C . PhAN}O L /\ |
N ] _ o, , —
R=H, R . Ph (30%) (Compound 6-1)
R =Me, R]- Et- (25 7%) (Compound 6-3)
~ i-Pr- (25.8%) (Compound 6-%)s
' S t-Bu (tra:j?) > (Compound 6-5)
o Ph (12.4) (Compound 6-7) -
[N . : - N ' ’ .
o R = 1-Pr,\.R]=mEt (65- 75%) (Compound ,6-8)
’ ~ , "
i ; 1-Pr (17% crude) (Compound 6-9).
: tiBu (03) -  (Compound 6-10)
b SR " Ph (trace?) . (Comﬁ%qnd 6-11)

o

A\ cbmplete‘sgmmary of the results ingIyng the extent
— .

of the’st¥de reactions is given in Table VI, Ef is

;e ®

interesting to note the physical characteristics of this
class of compopn@é {n'reTatjon to.an earlier discussion, C
The 1'4'd1a1ky1‘3 phenyl. cyc1ic derivatives are

considerably lower melt1ng than their open chain analogs

" In fact, theggne with the 1owes% molecular we1ght

(Compound 6-3) is a viscous 0il. This property may be

g

attmbutep ‘to a decrease in the polar nature of the

w

v Furthermore, hydrogen bond1ng is' absent in these hetero- 2

cycfeeﬂ sIn contrast, the presence of a free NH is .

’ . . ' ) L v .
>assocjated with”a substantiel“increa;elin melting point as

) . . ’ !" LN



indicated bx 3,4-diphenyl-5-hydroxy-1,2,4-triazole
(C%gpound 6-1). “ N

AN
'

ii) Dehydrocyclization using zinc chloride (Method.B)

n successfully obtained 3,4-dipheny}-

Matei and, Comanita
: A
5=hydroxy-T,2,4-triazole by heating a mixture of 1-benzoyl-4-

phenyl semicarbagide in the presence of anhydrous zinc

chloride at 2063, but regort no yield for the reaction.

‘Dehydrocyclization(proceeged to a certain\ERtent when a
npmogeneous mixture of'this reégent and 1-benzoyl-2-methyl-4-
phenyl semicarbazide‘(Compouno 3\5) was heated in an oil ,
bath at 180-190°. nowever, when a similar procedure was
attenpted for the 2-isopropyl derivative (Compound 3- 10),

a solid meltmg\at 211-217.5° (d%c,) was isolated but not ,,

ident1f1ed Aside from the,isopropy] group resonance, ‘;
- fad N . L ] N
: the n.m.r. integration curve)of this product suggests the

presence of two NH(QH) protons and five protons due to a -

single phenyl ring. Furthermore, cyo]ization to either a

triazole or an qxadi zole is doubtful on the basis of the

.

.Ehemical shift of thexisopropyi group. Alkyl R and Ri

substituents have been found during this study to resonate

.

further downfiedd for’suCh cyclic products. This aspect
is described in the n.m.r. section. Q;ne\ﬁfghest molecular
7 weight fragment in the mass spectrum of the solid is at
,m/e 178 (13. l%){%&ﬁccording to the/n .m.r. spectral data

this idn may correspond to eith9w N- benzoy] N'-lsoprgpyl- ,
. ~ o -
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~

hydraz1ne (PhCONHNH-1-Pr) or 1- pbgny] 3 1sopropy1urea
) (PhNHCONH i-Pr). The former cé;pound has been described
R )earller as a by-product and 1s not in agreement, accord1ng
to 1t~‘mglllng point and n.m.r. spectrum, with the product
—‘7—‘_——-—_’—’—’_’_’— ~
under discussion. The latter is also disproved by its
\<;\mélting point (lit. 154-155°9]). It stands to reason,
however, that pa;tial decomposition of the.sample occurs

prior to electron impact,inAthewmass sbectrometer with the

> formation of either or both these fragments.
Spectnal data of the pr&duct are given below. ‘
H.m.r.) (DMsO-dg, &): 10412 (1H, singiet), 7.42-7.66 and 1\
' 1.78-8.07 (2H agawiﬁh;;spect1ve1y, mu1t1p1et ~phenyl r1ng
:f, protons), 5.16 (1H, singllet), 316 (1H, septet, J =1grﬁz,
’ methine proton), 1.04 (6H, doublet, J = 6 Hz, methy] protbns).
' * Lr.(KBr, cm’1): 3154, 2969-3078, 2873, 1605-1632.. “
~ -The most.significant peaks in the mass spectrum are
¢ listed below. - L
9. o , e
i ' - mfe’ Relative?ﬁntensity (3)° Possible fragment
: . 178.0. RERER
: | 163.0 69.1
- - . 122.0 82.1 . PhCOOK?
" 06,0 ~ Ssa9 0 encowt
%} T L X R 100.0 . . phcot =t
. © 10400 - .39.6 phHcNt
3# ©o0%.0 .80 - PhCN? . 5?.
‘ " 79.0 . N R
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! m/e .Relatfve Intensity (%)f Possible fragment
. 78.0 S 7299
" . ) . , Lo + '
| 7.0 o _ 8.9 CehHe
| 160 " 25.1 . ‘
. 1300 . se.4 /
) 58.0 81.0 NH-i-Pr® .
57.0 15.0
56.0 . 17.6 .
— . + [ . g
51.0 | 62.6 CoHy" -
. . 44,0 27.3 T
- ‘ 43.0° 60.8 1-prt
) . 42.0 | 41.4 ;
. o 41.0 . 45,8 , ”
.‘ 4 ' , +4 |
| 39.0 25.5 C4Hy
] 31,0 48.7 *.
. ’ 28.0 28.6 »
i ) - 21,0 32.7

" *Relative to the base peak

iii) Dehydrocyclization using polyphosphoric acid -

(Method C) o

¢ * cyclization of a number ef ring systems;gz

PR ' -
. Polyphosphoric acid (PPA), previously used for the

was found b&

Fu, Chinoporos and Terzian93 to be an outsfanding dehydro-

cyclization agent for the formation of purig;s from

4-amipo-5-benzamidopyrimidines.

i 7

. o LR R »
R [
-~ . - .
v A~ P .
- M -
- - -~ .
.

The aethors report the
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’

s*Pthesis‘pf a number of 8-phenylpurines by this procedure

in hi&h yields end purify.

-
n .
R . 85% PPA .
=N . 1.5 hr., 160-170° Iy
HN >—R' -3 HN \N
0 N/ -H,0 l .
. 2 W
Ph NH, PhT - SN N R'
v
. | .
R k_R_'_ ”
- E S
'CH3 « : "'H R
- ' -H ) fH
-NH, -H .
"OH , 'CH3

. -SH -SH

Subst1tut1on on the C-2 and C-6 pos1t1ons of the
pyr1m1d1ne ‘ring had 11tt1e or no influence on the
cyc]ization with the exception’!f the’ﬁ-mercapto

derivative (F SH, R'=H), where cyclization through thé

-

‘thio group occured to yield -the isomeric 2- bheny] 7-amino- -

thiazolo- [5,4-d]pyrimidine shown below.

’

}
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The effect of PPA is expected to be the same fof these
compounds as for the benz;jiated semicarbazide derivatives
prepared during this study. 1% both cases benzamido and

Sam

anilino terminal groups are involved in the, dehydro- ! i

cyclization reaction. The major difference between the

- ‘

two is the presence of a functional group'R] at N-4 of the

semicarbazides. Cyclization to an oxadiazolinone rather

. !
T R e— -

than the expected.triazolinone occured when“1-benzoyl-2-
= fhethyj;4-pheny1 semicarbazide (Compound 3-5) was heated‘v
; to 60-80° in PPA.. The identity of the product was :_ - )
% postu]atéd from the n.m.r., i.r., and'mass spectral data.
The alternative 0- cyc]wzat1on react1on is somewhat szm11ar
to that of the thio derivative described,
- ;_ The nuclear magnetic resonance spectrum of the.soTid

i consists of a multiplet rather than a singlet in the phenyl ° i

region which is“qgntrary to the 6ase where thé ring oxygen’

-

is rep1aced by N-Ph (seen.m. r. spectrum of 1- methy] 3 4-

. . dipheny] A2-1 2,4-triazolin-5-one, Compound 6- 7). = ',

P : wh 4

R IR, .
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1 ¥ . N.m.r. (Cp14, 8§): 7.66-7.98 (2H, multiplet, ortho ring
‘ protons), 7.22-7.56 (3H, multiplet, meta and‘pa}a'ring °

protons), 3.42 (3H, singlet, methy] protdns).
Lr. (KBr, cn”'): 2936 (aliphatic vCH), 1752-1780
(]actone—type vCO), 1025 (vC;O-C).. |

The molecular ion occurs at m/e 176. A'detai]ed’

Lo
analysis of the mass spectrum follows in a later section.

Oxadiazolinone formation is favoured over the formation

of ani]iﬁo oxadiazole since an anilino anion is a better
leaving grbup than a hydroxy]ianion. A reaction leading 0
to the prdduct of the latter type Has been reported in the
case of l1-benzoyl-4-phenyl semicarbazide and phosphoras

B ~ oxychloride.62 - SN f

HN=NH - . POCT R ~N—N \ T

o M=o

- Ph NHPh © -Hy0
) o - ‘ ’ i
. - -
N "¢
iv) Dehydrocyclizatipn using mqleEU*ag_;i%ves (Method D)
_ L w '
’ . The desired reaction was not observed for Compounds 3-7

and 3-9 even aftet—a prolonged reflux period in benzene.

~N-Benzoyl-N'-isopropylhydrazine was the only product

-~
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isolated in the latter case, possibly by a bimolecular
M .

thermal decomposition in the following manner.

-

-C-NH-t-Bu ’ PhC-NH-NH-i-Pr -
i e R

¥ .

— C .+ N-benzoyl-N'-isopropylhydrazine
{ , )

1

r

— > ¥
bénzene, A

t
\ ‘e t"'Bu-NH.-%-
0

P

1,3-di-t-butyl-5-isopropyl-5-

-

benzamido biuret

-,

An analogous effect was—obsgrvéd earlier during the
vacuum distillation of 1—benioy1-2-1%6propyl-4-ethy] .
Semicarbazide (see Scheme 9). Alternatively, the for??tjoﬁ
5 \ of N-benzoy]-N'Jisopropylhydra{ine may be due to a | N

' hydrolysis reaction brouéht ‘about- by the presence of traces
of water. Results of the cchi%ation reaciibn of 1- |

benzoyl-2,4-disubstituted semicarbazides are summarized

in Table \I. g S ’
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II. Oxiative Ring Closure of Aldehydic 2,4-Disubstitutqd
Semicarbazones - .

]

i) ﬂ§ing potassium ferricyanide (Method E) .

7

A1ka11ne ferr1cyan1de oxidation was attempted according

41,42,43 who

‘to the mef%od of Sfinivasan and co-workers
obtained 3-alkyt-4-aryl- and 3,4md1ary1-5-hydroxy-1,2,4-'h\
trivazoles in high yields at ordinary temperatures and ’ ’
pn!ssures; iq contrasﬁ w{th the standard ferric chloride :
reaction which reqhires high pressures. | |
Potassium férricyanide (potassium.hexacyanoferrate II1):
falls into a class of oxidizing agents in which the . T
oxﬁd?;ing species is a gompﬁex é]ectron-abs}ractingai0n.94-
Consequently, ferricyanide has been used 1in systemg which
favour the extraction: of an electron from An e1ectroq-rich'

site. The overall reaction being:

<«

2[Fe(cN)1%" + 26—  Z[Fe(ch) 3P L
When used in coﬁjﬂnétion with sodium hxﬁroxide:the . .

\- .
. 34
o LA

:

oxidizing species 1is reduced to potassium mone-sodium, ‘e

ferrocyanide, K3NaFe(CN)6. The one-electron react®on

.results in the generation of the following semicarbazone

radical,

b —

e d




"1

\0

5

\

‘ The f tion of this radical and its subsequent ‘
add1tion,ipma\eld the heterocycle is likely ‘to be favoured
bx th e.pr ence of an aromatic subst1tuen£\ad3acent to it.
A]ky]. un11ke ary% groups, are not condué1ve to resonance

stabilization of radicals and wou]d not be expected to

enhance ‘the reaction. This has been ver1f1ed to a certain

- !
RN

extent by the absence of ring closure when R] was
equivalent to either a hydrogen atom or an ethyl group.
Only a*trace af cyclic prdduct was isolated during one of

. . . 4 ’
these attempts. In contrast;fwhen the reactioh was

<

.”repeated for three d1fferent derivatives conta1n1ng a
éi
pﬁ@wyl subs'tituent at N-4, cvc]1zat1on proceeded }n two‘ofL
> -
//the three attempts. 'The 1-methyl-3,4-diphenyl- Az-l 2, 4-

triazolin-5-one (COmpound 6-7) was obtained quant1tat1ve1y h
and the’Tﬁ}.4-tr1pﬂ%ny1 derivative (Compound 6-13) was

@btained in a similar yield as previously reported fgr it
3

‘'using isdamyl nitrite as the oxidizing speéies.4° The

* inertness of 4-a1ky1-%emicarbaiqne§ to alkaline ferﬁifyanide

oxidation, was also reported by Srinivasan. and 66;workers.13

L3
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i1) Using ferric chloride hexahydrate (Method F)

5 - The pressure .reaction was caryjed out in an ethanolic
' ‘ med1um 37,38,39 Ring closure was nét achieved in the case ‘

. {:ig vy,
of benzaldehyde 2-methy@4-phenyl seticarbazone
'ﬂ (Compound 5- 5) while oxidation of the benza]dehyde 2-
methyl-4-ethyl der1vat1ve (Compound 5-3) y1eldeﬁ a brown

oil consisting, according to its(n.m.r. spectrum, of the

desired triazole contaminated‘wfth_starting material. The

cyclic compound was present in a satisfactory yield, however ~
ifs*separation(from the contaminant was difficult in Qiéw ” .
of the similar solubilities éf the two. This represents .
the on]y successful nyc1ization of a semicarbazoné '

R " derivative containﬂno an "alky) group at N-4. A éne e]ectron

| .transfer resulting in an intramolecular oxfdative coupling

jﬁ .n;} be envisaged. ' ' < . .« o

Me
/7 . A Me

‘ s ’
. AN 2FeCly-6H,0, . e |
NN T > ©—c- [F£=0 =
.; ‘ \

H N -2H(2HC1)

. N . ., N
W ke -2e(2Fecl,) . / |
| . ‘ _ e v

’N—-N Co .
* .
. R — ‘
N X ’
r§ R ' -
we N ‘;‘
~ . o
t ) \
. .
.

Scheme 17. Oxidative ring closure of benzaldehyde 2-

M=

methyl-4-ethyl semicarbazone using ferric

chloride hexahydraté ; \

[
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ContréqéLto the rationalization in a previous page;

. the above sCheme §uggests a radical formation next'to an

[

alkyl group. Somewhat similar is the cyclization reported

95

( 3 by Kametani and co-workers. The authors describe the

\_../.
formation of two indole derivatives via oxidation of the
appropriate amine analogs using ferric chloride hexahydraﬁe

3 . ' §¥\}oom temperature, ovér‘a period of 220 hours.

Ho o
R

: HO . ‘ HO
Sty further S~
* MeO ; bxiggied MeC N )
v . ' . y . ’ & . ; R~
| P L ‘R=H(10.5%) - L ’
T . =Et (crudé) ' : /,f*“@?‘*’ _ ,A'
T ) ) R : N
- . . - « .

1

Scheme 18.. The direct cyclization to indole derivatives by

oxjdation with ferric chloride he&ahydrate

P



-cyclization of a semicarbazone.

142

A]ghough_ghe structures under discussion are not

identical to the ones studied by these authors, there is an

obvious resemblance between the two cases.

'\

Mii) Using isoamyl nitrite (Method G) -
K)

N

.+ 1,3,4-Tripheny1-4%-1,2,4-triazolin-5-one is the Wy
trisubstituted der1vat1ve having been synthesized by d1rect

/ i
40 The reaction was carried

out in refluxing benzene containing isoamyl nitrite with a

iiie]d pf’23% reported for it. An NO radical may inftiate

the pr&ceSS' Only the starting materials were recovered

‘When ox1dat1on using isoamyl nitrite was attempted for

e

/

Compounds 5-3 and 5-5. ‘

3

iv) Using lead tetriacetate (Method H)
b

\ . ,
A general description of this oxidative procedure is the

transformation of lead tetraacetate (LTA) into lead acetate
by the expulfﬁon of two acetoxy groups.96 The process méy
pnoceéd Tn various ways.

1 'Two‘acetoxy radicals can be released. !

’

1

o\

-* 2. "Anjacetoxy anion and an acetoxy cation (in-which casé

the latter is the oxidative species) can be released.

!

3. Two acetate anions can ke ;eyoﬁed by the addition of

v

-

two electfon

A brown 011'consisting of various pro uctg was obtained
when propionaldehyde 2-methyl- 4 phenyl sem1carbazone ] .

(Compound 5-4) was subjectgd to LTA px1§at1on. Attempts at
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isolation of a pure component were unsuccessful. It was
suspected prior to the undertaking that O-attack leading to
.an oxadiazole would take preference over N-attack,

considering the type of reagent used,?°:48

As discLssed/,
earlier however (refer to pages 19 and 20), substituents at
N-2 of the starting semicarbazone are known to hinder
formation of the nitrilimine intermediate which is

pé1ieved to result in 0-;yc1izatio€; Results of the

oxidation reactions are given in Table VII, pp. 145-147.

I -

At}empted~lntermo]ecu1ar Condensations :

Condensations of l;phenyl and 2-phenyl semicarbazides

‘with formic acid are known to yie]d'l-ph€nyl-3-hydroxy- and .

4

¢ - , - -

Extending this method to 4-substituted semiggrbazides i&

A 1-phenyl-5-hydroxy-1,2,4-triazoles reépectively.31’97
™o : S
- Ph_ -
: A NN
Co PhNH-NH-C-NH, +  HCOOH —
I 8 "'2H204_ Q k
\ v . Co o - OH -
- 5 ' ML
. - - , /Ph
l;h ‘ " . N—N
-N-C- B .
HoN-N-C-NH, +  HCOOH ﬁ ’)\\
A N7 TOH

and benzoic acid resu]teg inbimolecular condensatioh with

the forﬂption of the corresponding.bjureas,
] L reas
»
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R e
——— 1 ¥ ‘, > N__N'/
'PRCOOK , ‘jz\ ;&§ '
EtOH, reflux ) Ph N 0
U
» Ph
R | t
HZN-&-CaNHPh‘ ne so]ated'
]
‘ " " ‘}}r i 1
R =H, Me ‘thN-ﬁ-NH-N-ﬁ-NHPh
. 0 0
- ' iso]gted <

t

The 1,6-diphenyl biurea was identified by comparing its

i.r» spectrum with that of an authentic sample whiTe the :°
3-methyl derivative was. assigned according ,to sthe spectra]

data of Compound 2-5. When ngethy1«4xpheﬁ§f‘semitarbazide
and benzoic acidfere subjected to prolonged ref?&X\in ’ i

*xylene, a solid melting at ]55.5-]58.5° was isolated. The }

nature of this product was not elucidated.

~

.\\ 1
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N . . , 7
. . NUCLEAR MAGNETIC RESONANCE AND INFRARED STUDIES %-'

‘Nuclear Magnetic Resoflance Spectra

. ' C
The experimeﬂﬁa] conditions have been déscribed

previausly. The d1st1nQU1sh1ng features in th@\? .m.r, spectra
of the cyclic products as compared w1th the starting chains
are i) the nature of the C-phenyl s1gna], ii) the chemical
‘shifts of alkyl R and Ry protons, and ii1) absence of the
signals due to the tyo NH protons (an NH and a benzy11dene’
proton in the case of the sem1carbazones)

The .phenyl ring resonance of the benzoyltmoiety, in the
case of T-benio&1-234—dia1ky] substituted seﬁ?i%rbazide§,
‘consists of a multiplet whe;e the relative shift (sm,p -

50 ) between the resonance of thé meta and para protons
(integrates'to area 3), and ‘that of the ortho proténs |
p', (integrates to area 2) is with%n a range of 0.15 to\0.206.
The multiplet due to the meti‘and pdra protons is more
sﬁiefded and appears further upfield, 7.38-8.085 then the
imuftip]et associated with the ortho prétons,‘7.82-8.506.
Where R] cor?esponds tp‘a phény] group the two mu]tip]etsl
“integrate as 8:2 and the fhémical shift separation is
xeduéed'to ~0.1068. The presence of a phehy] substituent at
N-2 (Cdﬁgﬁunp 3-11) causes an o;erlap of the two multiplets.
.Ring closure results ip coalescence to a more or less sharp

singlet(for the C-phenyl protons with resonaﬁie confined

between 7».235 and 7.48s5. The eq::rgnment experienced by

\
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r

the phenyl shbstituent“prior to and following *ting closyre
must be consldered in the in%érpretation’of such results.
This may be rat1onauyéed in terms of cop]iiﬁrxty of the.)
98

The secondvcharacteristic n.m.r., féatu;e is the down-
field shift of the alkyl groups at N-2 and N-4 brought
about by the cyclization reaction. For example, the chain
N;2 methyls resonate at a range of 3.02-3.176, while
cyc]izat{on reshfts in a downfield shift of the corresponding
§igha; to 3.34-3.535. Likewise, the doublet due to the
ﬁethy] gﬁoups of the isopropyl substituent, when at N-2 of
the chain, is shifted from 1.05-1.166 to 1.37-1.386, and
Wh;n at N-4 of the chain, is shifted from 1.06-1:076 to
1.44-1.475. This observed difference may possibly be
intqrpretéd by deshielding caused” by a weak resonance

effect in the cyclic structure.

R R R
N C N=NT N_ N
Ph w 0 Ph ? 0. Ph” ¥* 0_
’ Ry ’ R Ry

Although' the ﬁ.m.r. spectra‘of the starting chains
\ - ~
were performed: in DMSO—d6 while CC14 was the solvent used

- -

“«

‘
" ’ . N
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for the cyclic products, the validity of the above rdsults
is not i}\@Pubt.' This was concluded by examining the
effect of the two solvents on the chemical shifts of
Compound 6~7 (see Table XIII).

The NH resonances of the non-benzgylated and

v

benzoylated semicarbazides, and of the biureas are discussed

t

separately.

- -

4

i) Non-benzoylated Semicarbazides Two N-1(H) and N-4(H)°

The two N-1(H) protons give rise to a singlet at

3.40-4.97s¢ exceﬁt when R=Ph where they are split into two

’

singlets at 7.466 and 7.645. .

.
The N-4(H) resonance appears at 6.08-6.526 with a

downfield shift to 8.70-9.08s8 when R] = Ph and 9.555 when
R]=_O-CF3C6_H4. ‘ -

13) Benzoylated Semiwfrbazides 'N¥1(H) and N-4(H)

a

N-1(H) . doublet 10.38s / when R=H
singlet 10.00-10.965 ., when R=alkyl
.
singlet 8.90s6 when R=Ph-

aﬂ-’(H) o ;’ .5.33—7.086' when R]ia1ky1
‘ . with a progressive upfjeld shift with
increasing size ‘of the alkyl group \

o, 8.54-8.918 when R]?Ph'

. o
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iii) Biureas N-1(H), N-4(H’ and N-6(H)

The chemical shifts‘of the N-1(H) and N-G(H) protons
are observed within the same region upfield from the N-4(H)

signal, exceptcwhen R]—Ph where the oppos1tgwas true. A"

‘distinction between the two (N-=1(H) and N76(H))may be

established by deuterium labelling.

N-1(H) and N-6(H) 5.41-6.58s . whgk Ry=alkyl ‘: -
' 8.54-8.965 “when Ri=Ph, . !
8.30-8.5?6 when Ry=0-CF3CeH,.
N-4(H) . | 7.54-7.635  when ﬁ;éalky]"u
’ "8.046, 8.266 when Ry=Ph*
9.035, 9.085  when R =0-CF,CcH,

. The nuclear magnetic- resonance data is summarized in-
Tab]es_VIII through XIII with coupling constants reported
where possible. The chemical sﬁif;s of thg isomeric: '
hydrazones were suffio@fntly .differe permif%ing estimation -’ *

of their relative concentrations from the n.m.r. integratioﬁ
. -4

, , ) .
curves. These assignments are made in Table XI.
. T
. /
» . ‘/'
L
N x . . . ‘o ;‘
' 7 |
k;';‘ «( .
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Infrared Spectra . A

- s,

The infrared spectra were recorded on a Perkin-Elmer.

457 Spectrometeh using potassium‘broh{de discs and "

corrected according to a bo]ystyrene standard 0.05 mm. in

-

< thickness.” The data of the benzoylated semicarbazidg

dehivafives and triazolLinones aré discussed hhi]e ,
fundameﬁ?a] aseignments of bhe various -other jntermediates

;;‘“?u?‘ and by-products synthesized are inctuded {; the experimental

»

section of the thesis. e

The fo]lowihg ring deformation bands have been

LY

ca]cu]ated *for un;ubst1tuted 1,8,4-triazole us1ng~a modified

-?‘ | Urey Brad]ey ‘force field method 8962 cm 1‘1ca]cd )
-1 - (obs.).

. -965 -cm -1 (obs ) and 936 cm

N

(caled.); 930 cm

The pair of bands in the spectra of the triazolinones,

observed at 964 978 cm” (absent in Compounds 6-4 and 6-9)

and 921- 936 cﬁ*] may be re]ated in or1g1n to r1ng deformatiogn

although mor%’conclus1ve evidence is requ1red .

Three factors character1z1ng the sem1carbaz1de r1ng

) N closure are as followss i) Elimination of "the NH stretéh1ng 4
8 vibration of the substituted chain_at 3211-3470‘?E‘lr o
ii) Absencé of the associated amide I-vibration (vC0) incthe

. . cyc]ic p‘Bducts as. opposed to the starting cha1n This
’ -1

. pccurs between m]GOU to ~1650 cm~ ' and is brought about by

N the comp]ete subsg%tut1on in the heterocycle (intermolecular

Rl

: . . - . . N
.‘assocfEﬁion is also non-existent for'2,4-d1pheny]-s-hydroxy&
) : -

triazole, Compound 6-1, as indicated by the absence of -this
. ' ) “ ¢ e CE




e § vibration compr('rs/iﬁg of an NH deformation an!d a C-N stretch.
. Y

P &

.o e .
g 177

¥

-
v

band in the spectrum). ™Moreover, the ﬁ;t’g‘g&ency associated

a

vg‘th_theﬂ free amide is displaced from approximately

1650-1705 cn™! ‘prior to cyclization, to 1690-1710 cm™ ',
T iii) The amide II absorption in the region between ) -
] .

1505 to 1565 c¢cm™ ' of the semicarbazides is reduced from a

strong broad band to a weak to moderate intensity band at

{ 1542-1557 cm™'.  Thi$ absorption is ascribed to a C-N-H °

22

. . 4 3
The i.r. data is tabulated in %m following pages.
", — 5 ) "~ .
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MASS SPECTRAL STUDY‘B{ THE C[%LIC COH?{UNBS )

! ]

The mass spectra %f.gbe samples wére‘genérated %sing a
-ZHftachi Perkin-Elmer R¥Y-7 doabfe-focusing mass spectro-
meter, employing the djrect introduction technique. An
~fonizing voltage 9f770 eV. and a source a;d‘ih1et system
~of 100-150°C were us%d, The quigrometer has a maximum
resolving power of 1 part in 20,000 at m/e 28. Intensities
relative to thelbase peak (%) and relative to the total ion
current (%z) were calculated using a 21144 Hewlett ackard
ﬁomputer in conjunction §ch a 2020 digital tape unit.
Plots of intensities (%) vs. m/e values were obtained on
1ine with a Houston Instrument digital plotting system
' The program was written by Dr. Robin T. B Rye of this

, Department. R ' ”

The: 1nvest1gatfons ¥nto ‘the electron impact of 1,2,4-
triazoles are only of a recent natwve,]oo -106 A,group of
Japaneée authors07 have examfined ,the fragmentation patterns
of a number of l phenyl ~-3-alkyl- A?—l 2,4- triazolin 5-ones

(as wellghs the 1,4-diphenyl- 3-mqthy1 derivative) and 2-

alkyl-4-phenyl-82-1,3,4- oxadiazolin-5-ones. The study which

has been carrfed out §n view of the pharmacological

typortance f's the only one reported for triazolinones, . The
" modes of frag&entation of the 1,4-disubstituted-3-pheny] -
?gaazolin 5-ones and oq_the oxadiazolinone by-product.

obtafned during this study are apalogous to'those

demogstrited.]°7 Modifications must be consfdered, however,

[ . . }




N , . 184

ouing to ‘the presence of an additfonal functjonal group at
v, " the 4-position gf the ring. . One such modification takes the

form of an initfal rearrangement of the substituents prior

to the ring fragmentation. The mang cleavages takfng/giace

! in tﬁg triazole nucleus producebfragment iohs (a) to (f) as
“:g » i "y -
shown in Scheme 19, = | ) »
J ot u2+ * )

) ‘::szz]t

o - (e) we = 103 -
. / :T ' | "~\.-‘

N /

(f) n/e = ]i:///’/// ~\\\\\\\‘ *{;éi\___7 /

. @«ﬂ'

o (b) mje = 91
gd) mie = 119 - e
\T/;/( )o (d) and ( - |
| A fons (b), (¢}, (d) and g) are .
1 - . observed only when R or Ry are (c) e = 64
. . “phenyl groups - i
B ] | \\ | ) '
= Scheme 19, Skelatal Fragmentatfon of the Heié}ocycles o ' ;

under Eléctron Impact ' L,
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fi ' . Expulsfon of thelneuiral fragment niuco from the f;Zg
,produce} the stable diazirfne fon (3). A/moderate to high
. abundance of this fon fis obseerd.-uith,tﬁe exception of the
 “1-isopropyl-4-ethy) derivative (Compound 6-8) where it
constitutes only 1.8% of the base peak (0.1231). Thts
' \ variation aay be partiaily attributed to a nodified

McLafferty rearrangement invo!ving the isopropyl and et
sabstituents and resulting in the 3-phenyl-4-ethyl-5-
hydroxy— and 3-phenyl b-hydroxy~1,2,4~ triazole fons at
- m/e 189 and 161 respectively. These are demonstrated in
Scheme 20, The presence of 2 phenyl group at N-1 or -4 of
the heterocycles gfves rise to fons (b), (c), (d) and the ”
dpyﬂiy charged molécuTar, fon (g). 1lon (b) 15 also
«Wassoéfated,witﬁ 3 loss, of HCN, The origin of‘thc cyane
fragment (e) may be traced back to efther the uoiecular fon
or altcrnativeiy to the dfazirine ion (a); Rearraﬁgcucnt of
the ring substituents as shown n Scbene 20 must clearly
o " take place prioy to fragmentation to ion (f), gxcept for
.~ . the disubstituted COmpound 6-1. Finally, the base peak

~fn the mass spectra of these conpounds is_ the no1¢culnr fon.

r4

In the case of the 4-isopropyl’ ‘derivative (60qpound 6-4).
 the relative abundance of the #* foh fs 98,0% of the base
» /. peak at m/e 175 (11,5%z). The latter is obtained by a loss
of cuzcucu3 from th&npnzént fon as shown n Scpcnc 20,

=

b N
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\ N . N . ©

5 ‘ ' 1:"]+ | ‘ ]

' NN : o . .

E Pn/k X ~CHp=Chy, ' - 4
,' S i

- c“zc“s \ ;‘ i
-~ Lol ""’<n’>\°" & ':)"' R

- /( ) ~CH,=CHCH,,
“Ph ‘

CH(CH )2

m/e = 175

> Compound 6-3 §63.6%).
: . Compound 6-4 (100,0%)

m/e = 175 (33.4%) _

Scheme 20 HcLafferty—Type Rearrangements of tbe
Substituents 4t,n—l and N-4 of the Rings

((

- - Other coymonly occuring‘fragments are classified below,

" -




fragment Labe]

o Pn’lzsufjk‘o . L e

§,
. Rl .
+ N o . B . P ) O
R” (a1ky1) . = (1)
- . . S t ' | :\ o -
. ‘ ”-—-“/R ' \ . ‘.
WA e
Y : .
’ Ry (alkyl) : (k)
ChgTs e et ()5 ()
. (sromatic serjes) '- ) : LT S

I
»

The :;elgt1ve intensities of fons (a) &hroulgh (n) are -
given in Table xv'i followed by computer plots of the speétra,\'
COpies of the digitized spcctra’in % and %1 are avaﬂable
“but have not been included in thegthesis.‘ :

. , <




v ass_Specffun of 2-phenyl-4-methy1-bz;l 3 4»oxad1azolin~5-one

fragmentation pattern of this compound was similar ]

to that of the substituted triazolfnones already described

uith the exception of an additional-fragment {on Phco.

m/e 105 (73.4%); The mélecular fon, uniike in the case of

the triazolinones 'where it constitutes 98,0-100,0% of .the
~_ , [

base peak, compr?ﬁeo of only 60,1% of the base peak. Ions
.analogous to those observed in the~§peotra of the
tridzo!ioones are: PhCNNCH3+, m/e 132.0 (ioo 0%); Phehi?, ¢
m/e 104.0 (82 4%). PHCN?, m/e 103.0 (28.6%); 66"5 ,

m/e 77.0 frf 0%); C4H3 , m/e 51.0 (80,3%); 63H , m/e 39,0
3(39,51), Refer to p. 199 for the spectrum,

LN
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" SUMMARY

The scope of the direct cyclization reaction yielding
1,3,4- trisubstituted A -1 2,4~ triazolin-5 -ones has been

extended to include the fo]1owing ser1es of derivatives.

N

: o s - |
y Phk* | -
N

Semicarbazidé Semicarbazonﬁ

~B=. K .
— ring closure ring closure
H Ph. HaOH .
e Et NaOH  FeCly6H,0 -
) under pressure
Me i-Pr° NaOH T
Me ' t-Bu , " NaOH (trace?) -
Me  Ph . NaoH | KaFe(CN)g
InCl, l - . ;»
‘ PPA (oxadiazole)
f-pr ¢ NaOH KoFe(Ch)g (trace)
1 ) NaOH ‘ .
NaOH (tr&tg?) - \
- , KaFe(CN) g

P
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Direct ring closure yfelding the é-pheﬁy] analogs 1s;
uncommon in the literature, In fact, the tripheny) C
derivative is the only such example reporied. The yfelds ’
of ‘cyclic products obtained 4n this study are low,
regard1ess of the method employed, and range from traceab1%
amounts to approximately 36%, with the exception of two‘.' \

cases where yields as high as 81% were secured, - The low
yields may be attributed to steric factors and to the
numerous side reaction, Alkaline ring closure of 8 semf-
carbazide-type chain Was recognized as the most suitagle
methq¢ while potass1uﬁ'ferr1cyan1de was the most effective -
/ amona the vartous oxidizing agents when sqmicarbgiones were -
used, o ‘ \
N.m,r. aﬁd f.r, assignments of the heterocyclic products
\\\ ' have been made, Distinguishing n.ﬁ,r. features of ;Sb
- cyclization reaction Are observed in the C-phenyl reg1on and
;in the chemical shifts of the a1kyl substituents at N- 1 nnd

in the cyclic sfructures was deduced on the pasis/of the . .

ng. The absence of 1ntermolecular assoc1ation

L

elimination of the amide I band in the.f.r, region of
approximately 1600-1650 em™t, A mass spectrﬁl %tudy'revea15\\
N the ﬁost'ﬂrominept feature under eleét}pﬁ impact to be ring

‘ fragmentation involving the elimination of R,NCO a[ong with
frabments observed Qyéxto PHCN and PhHCN,. Furiheﬁmore, the “
molecular fon is present as the base peak in all but bnaﬁm

’case where it constftutes 98% of the base penk,

MclLafferty-type rearrangement of the functionsl groups .

/-



prior to ring cleavggéuts’alsd observed in cert&in cases..
> ~ The mass specirumavf only-one such der19a£1vé'éont&in1ng
an aikyf rather than a‘phenyl group_@;ﬂtbélg-positfon the
ring, 1s descr1bed in' the literature, A ; ' /
The various 1ntermedfatg€ synthesized, most of which .
are not repcrted. were obtained in good yields by classical P
“methods, and verified according to their spectroscop1c . ,fﬁ '

[

evidence in conjunction with the e!ementa1 analyses results,
§ ' ' o

.+
o
AR Y
&
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