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© . ABSTRACT
JOSE JUAN FUENTES

A STUDY OF ALKYLATION OF GUANAZOLE

fhe a]kylatiod reaction of 3,5-diamino-1,2,4-triazo1e
'_(guanazole) with a series of alkyl ha]ides in basfc media
has been studied.. '

GuahaZOTefWas p%egared ?rpm cyanoguanidine and
hydrazine dihydrochloride;-_Preparative.methods involving
afternafive}reaction times, solvents, and starting reagents,
produced 1dwer-yie]ds-add/or'poorer qda]ityfguanaZOIe.

"The a1kylated guanazoles were 1solated as the p1crates
and the free bases obta1ned by remova1 of the p1cr1c ac1d
using an anion exchange resin column " The free bases were
'recrysta]ltzed from the e]uates. 1- Methylguanazole was
_pkepared from methy]hydfazine dihydrdch]or1de and cyano-'
guanidine as_ an extens1on of the method of preparat1on of
the parent compound guanazo]e. 1 Phenylguanazo]e was'
prepared from phenylhydra21ne and cyanoguanid1ne in a
- similar manner. | _

Thle ‘I';d]]owi_ng 1-alkyl gquanazoles obtained in this
‘1nve;tigation‘were.new;cdmppunds; viz., |

1-n—propy1-B{E-d%amino-i,2;4-triazole,l
1- benzyi 3 5-djamino-1,2, 4 triaaole,d
"methy1 (3,5- d1am1no 1,2,4-triazol=T: y]) acetate,
(3, 5- diamino- 1 2, 4 triazol-1- y]) acetic ac1d

The mono- and d1-ben2y11dene der1vat1ves of thewl-alkyle

vi : ' .
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-

guanazoles mentioned above constitute also new compouhds,
except the mono-benzylidene derivative.of l-phenyl:-

guanazole.

* The preparation of the mono- and di-ﬁenzyﬁidene
derivatives of the a]kylated guanazoles}'and the analysis
of the a]kyTat1on products and their bé£;y11dene

der1vat1ves by PMR, IR, and. UV spectroscopy suggested that

-

alkylation takes,place‘ath-I of thg triazole ring. -

\

vii
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. | INTRODUCTION N - | T
‘The chem1ca1 aspects of guanazoie and 1- substituted.
‘quanazoles were ormgnna]]y of interest because of the
-d1fferent poss1b]e structures that cou?d be ascr1bed to

guanazole (I to V) (1)

R
@ -, III
C HN
NH o . NH
N 11 o N : 2
' ) / ' [
H Nk NH )
2 ]lq -HZN NS~

. |-

R ‘ , R

1v v

However,. a]ky]at1on has been ]1m1ted to 1- pheny]guanazole,
to produce 1,2~ d1subst1tuted guanazoles (2, ,3). Up-to the
present time, 1- subst1tuted guanazo]es have been obta1ned

from appropr1ate arylhydra21nes as one. of the components (4 8)

_1.' Preparat1on of quanazole
. Pe]]izzar1 (4)- in 1894 1solated a product from
the react1on of hydraz1ne mqpohydroch]or1de and cyano-
"guanidine in the molten state. He gave the name GUANAZOLE
' to‘thts product, to wh1éh he ass1gned the structure 3, 5-
diimine-tetrahydro-I,Z,4-tr1azo]e (or 3,5-d11m1no-1,2,4-

triazolidine) (1, R = H). " The hame_guanazolerwas'derived

B Lt



'fromrthe then formal reiatjonship:of structure I with
guanidine. - | | .

“Various Tethods have appeered'in the'litereture
for'theldreperation'of guanazo1e. Stolle and Krauch (9)
reported'the preparation of guanazole trdm\hydrezine h
h}drete and cyanoguenidinet' More receht1y, Kaiser and
Roemer (7) obtained guanazole in 97% yiefd from hydrazine
;dihydrochlhride ahd‘cyanoguenidine Franke] et al. (10)

obtained guanazo]e 1n 81% yield from bar1um cyanam1de and

- -hydraz1ne. An 1nterest1ng method has been reported by

Norr1s and Henry {11) for the preparat1on of guanazo1e in

66% y1e1d from cyanqguaqy]-ez;de and hydrazrne.

' 2. Structure of guanazole

The existence of severa1 bossfble structures for .
the guanazo]es has been mentioned ear]1er (p. 1) ‘
.Structure V is the one that presents the greatest degree of
conguget1on. On the basis of;u]traV1o1et'absorpt1on
seectre of severa1'f-arylguahazoles; Steck and Nachod (12),
suggested that these edmeounds should be formu]ated.és,3(5)é
amino-]Qaryl-5(3)-1mino-1 2*4-triazolonés (III-or Iv)t
rather than T-ary1-3,5-diimino-1,2,4- tr1azolid1nes {1). For"
the elucidation of the structure of a number of guanazo]es,
Lopyrev et al. (13) made a compar1son of their 1nfra red -
spectra ‘before and after deuteratlon at the N H bonds _Thex‘
concluded that for guanazo]e, T-methyl, and 1-pheny1
'.guanazo]es, the d1am1no structure V is the most 11ke1y in

the crysta111ne state.

T R S
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A further argument in favor of structure (V) for

: guanazo?e is given by Lopyrev et al. (55) Heat of
format1on and d1po]e moments caiculated by the MINDO/Z and_ ’
the CNDO/2 methods respectively gave va1ues'agree1ug,w1th

" measured data.

3. ‘Reactioﬁs of" guanazole
| a) Condensat1on react1ons
‘1) Reaction of guanazole and 1~ subst1tuted

guanazo]es with N, N' d1formy1hydraz1de. _

~ Products of the reaction- of guanazo]e and T-“
subst1tuted guanazo]es with N, N' d1formylhydraz:de (DFH)
have been descr1bed 1n the literature (17] However,'
d1fferent op1n1on have existed on the structures of the .

products obta1ned Beresneva et al. (17) carried out the

'condensat1on of DFH ‘with 1 methyl; and 1 pheny] - guanazo]es:~

;They observed that at a molar rat1o of the tr1azole to DFH

of 1: 2. on]y one amino group takes part 1n the react1on

and the products have the structure of 5-amino- -1- methyﬁ-;'
and 5-amino<1- pheny] 3 (1,2,4- tr1azo] 4-y1)-1,2,4- tr1azo1es,
vl and vII, respect1ve1y ‘ ‘

/_\_...
W@/

e



Hauser and'ydgush_(lﬁ) have also reported the readtidn-qf

only one amino gro

as a characteristic of many reactions
o : ' |

of gpgaazole.

ﬁi) Reactwon of guanazole and 1- subst1tuted

guanazo]es with esters, o

— Papini et a].'(f8,]9).studied the reaction-o{
guanazole end I-substituted‘guenazolesfwith ethy]l eseto-
acetate, derivatjves of formic acid and varieus esters.
The'products~obfained.were.rationa1{zed as being formed by
reaction of the "hydra21ne residue of the tr1azo]e ring
.and the ester The structures ass1gned corresponded to
. po]ycyc11c der1vat1ves of the pyrazole and pyr1m1d1ne
"ser1es, represented below by structures VIII and IX.

i

R - |

B

7

;N |

. , ¥/
HN *NH - CeHs
vIII | - s IX "

However, a complete proof of these structures was not given

'and the‘prob]em‘bf structure determination in this case is

still unsolved. -

iii) Condénsation reactions of guanazole and

‘tyanoguanidine:

‘r\\.

-

e N



Pellizzari and Roncagliolo {3) found that either

guanazole hydtochIOriqe‘with cyanoguanidine, or'hydrazine
monohydrochlor{dg wfth.twd equivalents'oficyandguéniding3
yie?ded'an ihfﬁsib]e; relati&ely_insolubig.combouﬁd which
they named guanazoguaﬁézo]e and to which they agsfgned the

structure X.

“NH NH

: )\N/’\ .
BN ] H -
NH . " NE N

X’

'
- Hofmann and Eﬁrharf foUnd that when ;yanbguanidine‘aﬁd'
either'hydraiine mbnéhy&rochloride‘§20)5_or hydréte (21):.‘
-~ Wwere heated to high temperatures, or when the isolated:
‘gdaﬁazd1g:(fl) was heated to a high temﬁe}aiure, a prdeét.
Was formeﬁ which.the5e'auihbrs fffst ca]]ed.melamazine (20)
and later, pyroguanazole tZII. Thisvcombound was assigPEd
-structure XI (21)land the b;ésénce of a s-triazine Efng

- was-demonstrated.
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XI

o

More recently, Kaiser et aj. (22) gave ev1dence for the _
'reassigment bf ‘structures to guanazoguanazole and pyro-

guanazole as XII and XIII respect1ve1y.

Y A i
e " )\/\
Hszlx .)3‘\ | géJ\\N;/Lﬁtn/é
qu’l\ )\NH ..i'\:—‘_[mz-

XI1IT
3;5,7~triamino—s~ . : 3,7,11- triamino- tris-s-
triazolo[4,3-a] : tr1azolo[4 3-a, 4,3-c, .
s-triazine. oy 4,3-e]s- tr1az1ne.

-

Based on the reass1gned structures for guanazoguanazole and
| pyroguanazo]e, Ka1ser et al. (22) postu?ated the structure
of guanazo]e as 3,5- -diamino- 4H-1 2 4-triazole (XIV), a,

structure proposed much ear11er by Sto]]e and D1etr1ch (1)

b Wlie o mm s n
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\Jl
b) .Substitutibn reactions.
i) Acetylation. _
Van den Bos {23) studied the acety]at1on of

guanazole. These react1ons are summar1zed in Sch&me I

ii) Diazotﬁzation.and autocoupling ef
; guenazole' | C | |
| St011e and. D1etr1ch (1) reported that guanazole
cou]d be d1azot1zed or tetrazot1zed The d1a20n1um salts
are. then coupled with .a pheno] to give the correspond1ng
mono- and blS-aZO compounds. These same authors also

reported that treatment of 3-amino-5- nitrosoamino- 1 2, 4-

tr1azo]e XV



- e

Acetylation of Guanazole .y

Séhemg 1

N-——N

—NH

HoN ™ N\y 7 ¥H,

| cHscocy,

'ZL\ /;l\ e
. CH3COHN NHCOCH3 ‘

(c#3c0),0

2CH3C001

heat

N—2NH

cn3cougJ<\N;;&NHcocu3'

heat

Q=0 -

WA
N~—N CHj

: . NHCOCH
qu'li\n;;&f ¢ C 3

Ho0 (HO )

N—™NH

HZQ'[:\N,;&~NHCQCH3



(prepared from guanazoIe and sodium’ n1tr1te in d1]ute acetic

2ot

acid (9)) with concentrated hydroch]or1c acid gave a
diazonium salt solution capab]e of reacting wWith a coup]er
Hauser (24) was able to prepare the dimer 1,3-bis
[3-(5-amino- 1,2,4- tr1azo]y1)] triazZene, the tr1mer 3,5- b1s
[3-(5-amino-1,2,4- tr1azo]y1)1 triazenyl, -1,2,4- tr1azo]e,
and,a ‘polymer, with the structures XVI XVII and XVIII |
respectiver When a d1azon1um'sa1t squt1on prepared from
XY -was added to an aqueous solution of an equ1va1ent amount
. of guanazo]e, compound XVI was obta1ned as the d1hydro-
ch]or1de ' D1mer XVI was converted to trimer XVII upon.
d1azot1zat1on with an equ1va]ent of nitrous acid and ~
coup]1ng with an equivalent .of guanazole The d1azon1Um
salt solution from XV self- coupIed when the so]ut1on was -
neutra11zed. The pre:1p1tate thus obta1ned Was 1dent1f1ed

as the po]ymer XVL&I

-,‘I

I LIV A PR NN
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uz»\( 7n-.u NH( ‘m NHY ?,w

10

HyN 7 N N=N-NH. AN o

XVI  C4HNy) or [(C2HaNg) (C2HN3) (NH2) 27

N—N

XVII ,cGHgaly or lIcznznﬁ)zgcznn3)(NH2)z]

.iXViII.,[(Céﬂzﬂﬁjn(CéHﬁ3)(HH2)2]- .

o
e



4. Some substituted guanazo1es

Godfrey and Kurzer (25 28), in a series of

N

pub11cat1ons, have reported the preparat1on of 3-amino- 5-

substituted guanazo1es.

'Sdhgme iI.

Scheme II

The results are summar1zed in

ISznthesis of 3-Amino-5-substitutéd—guanazoles

11

HoN-C-NH-N=CHR' -
250 : N H
NH _ .
S ‘ A LA I,N=C/
+ S HN N ST Nkt
' : | ~ ® ., H ,
. - R ‘
R_N=C=s ) ) . . L .
‘ . ;//ﬁgon .
v i - !
.'. . : . . ' ' N v .. l !
_ ﬁ N o | NHNH »
' HCl - N
— -
BN “NH | B
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3~ Am1no 5- an111noguanazoles are reported to be formed when...

.the di- 1sod1th10b1uret (29,30),

CeHg = N = C - NH - C = NH Y
1, ! ‘ T
SCH,y SCH, \ )
or‘the,isothiourea (31), : e
-cs“s“."‘f‘"“"c" . :
. j . ¢
. ’-,'. SCH3-' N .

react with hydraZIne hydrate.

5. Uses and ths1olog1ca] propert1es of guanazo1e

and 1ts derivatives.. ')' ‘ . .

The guanazoles have often beenﬂused 1n p]ast1¢s
and in color photography (32,34). Kidder et a]. (35) found

that guanazo]e adm1n1stered to rats 1nh1b1ted tumor growth.

'N1cke11-et al, (36) found that- guanazole 1nh1b1ted var1ous :

'tumor growths in in vitro exper1ments Later, K1rkpatr1ck
and Lindner (37) found that a stone fruit virus-(PLMU}n,
jnoculated into cucumber plants, .or a tobacco mosaic virus

(TMV) dinoculated, into tomato seedlings, were both markedly

12

inhibited by guanazole. More récent]y,-Brockman'et'al (38) -

~

found that guanazole 1nh1b1ts the 1ncorporat1on of aden1ne,
hypoxanth1ne, and ur1d1ne into DNA to a much greater extent

than into RNA 1n L 1210 1eukem1a ce115 in vivo.
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Hahn and Adamson (39) studied the pharmacology of

 'guanazoIe They found that guanazole has ant1tumor

act1v1t1es aga1nst mur1ne 1eukem1as L 1210 and X 1964, mast
cell tumor P 8}5, Walker: 256 carcinqsarcoma and ret1cn1um

cell sarcbma A-RGS.' In the coorSe of tneir'investjoation

they found'that sUbstitution on the 1f2 4-triazole'structure,

‘other than an amino group in position 3 and 5, resu]ted in® ' _:1'
a ]oss of cytotox1c1ty, or e]se the new compound showed |
equaT cytotoxic act1v1ty in V1tro, but unacceptab]e

toxicity in vivo. \ :

o Curd et al. (3) reported that a series of 3 a1ky1-‘

amino- 5 p. ch]oroan111no 1 2,4- tr1azo]es appears to be

| devo1d of antamalar1a] act1v1ty. - o - ._ _,‘. : i -g_.
Guanazo]e monohydroch]or1de has been tested as an | é'
"inhibitor of the reproduct1on of house f11e5. This compound ‘\-g
at a concentration of 1% in, e1ther f]y food or sugar, - 3 r}

.Icompared favorably wath the most effect1ve compound
(ethy]ene g1yco1~d1methane sulfonate) at‘a concentratfon'of S

0.25% (40).

6. The present investigation, and its backgroUndl

Atkinson and Polya (4174é) found that. alkylation of
1,2,4- tr1azo1e, and dits 3,5- d1methy1 .and 3 5-diphenyl
der1vat1ves, us1ng an alkyl hal1de in a]ka11ne media
1ntroduced an alky] group onto n1trogen atom 1. 1In the
_Vunsymmetr1ca1 compounds 3 pheny]—,and 3 methy]- 5- pheny]
'] 2, 4 triazo?e, subst1tut1on occurred on both nitrogen dS?)

~atoms 1 and’ g,gbut preferent1a11y_onto_the_n;trogen‘atom
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adjacent'to the carbon atom bearing the hydrogen-aton or the
methyl‘group respectively,.as indicated with‘an‘arfow in the
following diagram. | _
. ' f" - »

¥ . G

7
¥

H’z@/{ | . »cai

3-pheﬁy'1f1,2;4;triézole - ' '3—}néthy145—pheny1—
v o 1,?;4-tridzole-

The a1ky1at1on of severa] 3(5) aryT 5(3) -amino-s- ]

triazo]es in a]ka11ne media has been’ reported by Akerblom (43) T é'

and Van den Bos (44) The a]kylat1on aTso took p1ace at the .

- n1trogens 1 and 2 of the tr1a201e r1ng Oniy'1n the case of
fthe a1ky1at1on of 5- fury] 3 -amino- 1 2,4- tr1azo]e (43) w1th
.methyi jodide in neutra] med1a did N- 4 a]ky1at1on occur.z

| Recently, Barascut et a1 (45) reported the methy1— Co f

at1on of 3(5)-amino-s- tr1azole. They obtained 211 three = '
poss1b1e subst1tut1on products at the n1trogens of the

© triazole ring. The1r‘resu1ts are 11]ustr§ted in the,

following diagrams.



s
451 : S - f;‘
(:/N\jT’NHZ o ‘:f \7r<NH2 iy
" N—N . i N—N R
? . '\. . ’ ; \‘ : " ; 7 \
252 30z o 407 5%
. ] . . .‘ ; | o o
“Alkylation products, L A1ky]ation products,
" expressed as percentage, | expressed as - Q
_in the absence of base. ' .. percentage, in the

-presence of base.
. ' J
In the present 1nvest1gat1on the a1ky1at1on of

guanazole 1n basic med1a was' studied. -
The three major objectives of this investigation

were: \

a) To study the a1ky1at1on of guanazole us1ng

various a1kyl halides in basic media.

- . b) To establish the s1te of substztut1on in the

. -

‘\mo1ecu]e of guanazole under the above ctonditions.

¢} To prov1de 2 new metho for the preparat1on .
of 1= subst1tutéd guanazoles 1n cases where the correspond1ng
hyHraz1nes would not be read11y ava11ab1e |
) TWO minor ob;ect1ves were also present during the‘
progress of this- research o g - o o
i)‘ To compare the- var1ous methods descr1bed in - -

-

the ]1terature for the preparat1on of guanazo1e



possible preparation of fused ring systems containing the
s-triazole ring.
. .
h ) \
] u
\
o . ,
-
. - L] P
s

. . ' . ‘ . . ) B . . "
ii) To provide novel starting materials for the

v



DATA AND RESULTS

_Preparation'of guanazole
'Euanazofe'wastprepared from Cjanoguanidine and hydrazine
d1hydrochior1de accord1ng to Kaiser and Roemer (7)
high qua11ty product was obta1ned in. exce11ent y1e1d
(88-91%). ' -

A commerc1a] sample of guanazo]e (A]dr1ch étem1ca1 Co )
: (85% pur1ty) was compared with the product qb%alned in th1s

1nvest1gat1on us1ng the procedure of Kaiser and Roemer (7)

Both mater1a15 had 1dent1ca1 1nfra red spectra Th1n 1ayer .

chromatography showed, however,.some_1mpor1t1es in'the1.
commercial sample that were'oot'present in‘our'product. ‘One
of the’ 1mpur1t1es was identified as guanazoouanazo]e
Guanazo]e, as a high qua11ty start1ng material, yas ‘desired
'.for the a]kylatlon react1ons in order to avoid m151nter-'
.pretat1on of exper1menta1 results ‘due . to the. presence of
l1mpur1t1es capab]e of react1ng with the a]ky]at1ng reagent.
The obseryat1onrthat the y1e1d and_qua11ty of

guanazole were'cons{derab]y_dependent othhe heaction
conditions led us to carry out ‘a seriés of‘experihents
varying the reaction-t{me; the.501vent-and the materials
- employed. " The results are summarizedain Table I. |

| Pel1izzari(4§).obta1nedguanazolein.SO%'yie1d_frop
cyanoguanidine and hydrazioe_monohydrochloride. ‘In_this.
method the'reaction mixtire was heated in 95% ethanol at:
100 C. for 10 hours in a sea?ed tube. A;simflar yie]d'

‘(52 5%) was obtalned using the ‘conditions descr1bed for

17
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exper1ment 1 (Tab]e I). When n-butanol. wés used as the
solvent (exper1ment 2, Tab]e I), a comp11cated m1xture of
four or more components.was detected by thin Iayer
ehromatographj from which-guenazole.dnd guanazoguanazole
were identified.

: Better y1e1ds were obtained when' shorter reaction t1mes

were used (exper1ments 3 and 4, Table I). The use of a

po1ar solvent (Z-butanol.in experiment 5, Table'l)'afferded _

‘a 1ow.¥ie1d'of guanazole. _

A 1ower'temperatnre,‘and the use of hydrazine hydrate'
as one ef the COnponents} (eXperiment-G,-Table I} gave |
‘ guanezole tn moderate'yield-. A dark red impurity-was ”
present, contam1nat1ng the product formation of the |
co}orat1on was avo1ded if the product was kept under a
nitrogen atmosphere but appeared when' the-product-was

allowed to stand in the a1r. Attempted purification'ef-the

crude coIoured product by salt formatton with su1fur1c ac1d

and recrysta111zat1on of the sa]t, generated a purple co]ouri

 when the free base_was fOrmed and allowed to‘standAln the
- air. 'This.behav%onr is similar to that of guenylhydrazine
as a free base. l._ S rt R

‘- The exce]lent results obta1ned by the method of Ka1ser‘
~ and Roemer (7) with hydraz1ne dihydrochloride as one of thed
. components-1n agueous med1um and under m11d temperature
'cond{tions is quite remarkah]e. A possible mechanism is -

.postulated. in \S‘chenie I11.

The preparation of 1-methylguanqzo1e and 1-pheny1F

e AmRAE L o ne
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guanaone wa5~carried'out'under similar cenﬂitioﬁs as those
descr1bed by Kaiser and Roemer (7) for the preparat1on of
the parent compound guanazo]e. | _

1- Methy]guanazo]e has been prEV1ous1y prepared from
cyanoguany1a21de and methylhydraz1ne (11) and from barium .
cyanam1de and methy]hydraz1ne (10) The extens1on of the

method of Kaiser and Roemer (7) for the preparat1on of

‘l-methylguanezo]e, s reported in the present 1nvest1gat1on,-

~may have the advantageiof using the more rea@11y available’

cyaneguanidine as one of the_starting materials.
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Scheme iIi:
Possible Route t6 the Formation of Guanazole from
Cyanoguanidine and Hydrazine Dihydrochloride: -
| - : . B - NE
N HO : | ' 0 /N \ »
NEc-N-C C e——y, HN=C ~  ~NHz-HC1
\ . . . . .
NH . ) : ‘
Q . NH2 | ‘ - H-N—NH, - HC1
.:NH2 | C : - '
< A : _ . ,A substituted biguanide
NH? _ : ' dihydrochloride
-28C1 - S | ' l *
R GH | o . . | N. ey
2 , —
-HC1 /N“—C S L ! c\
HoN-C NHZ HCl - HyN- Hz-HC1
\N——NHZ ' . N——NHZ HCl
H - S \
I!Il AH2 T ' /N.HZ
/ C\\Q,IHZ-HCI . ‘. /N=C\ i
‘ . ° .
(HN-C NH o R HzN-*C\N-/NH |
 -HCL , o .BEC1 .  + NHze€l'
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Alkylation of guamazole . \;_‘;\\-
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The general .method uﬁed in this investigation .for the -

a]kylat1on reactions of guanazole consisted of treat1ng

guanazo]e with one or two equivalents: of the a]ky]at1ng
reagent in- the presence of an equ1valent amount of base
(sod1um methox1de) 1n methanol. . ..

The mixture was ref]uxed for several hours and the
a]ky]ated‘product wes,1solated as -the p1crete. The picrate
was absorbed on.an . anion eichenge resin (Bfo;Rad _
Laboratd(jes; AGil, x-8, eEetafE‘form) ehe resin coiumn_uas
e]ute& with water and the free base then crystallfzed‘from

the e]uafe.‘ The details ‘of the various alkylating reactions

are\described in the experimenta1‘section The resulte for

subst1tuted guanazo]es are summartzed in Tab]es II V.

-‘Mono- and d1benzy11dene derivatives of the a1ky1at1on

'products were also, prepared » The exam1nat1on of these

der1vat1ves by several spectroscop1c techn1ques afforded

ev1dence that strong1y 1nd1cated a1ky]at1on products

cons1st1ng of 1- subst{tuted guanazo]es

In order to studj-the poss1b111ty of obta1n1ng
mu1t1p]e alkylation products, several experlments were

carried out us1ng methy] 1od1de in d1fferent proport1ons

- and cond1t1ons ‘The. results are summarlzed in Table VI

The react1e:rof guanazo]e w1th methyl 1od1de in the

presence of sodium methoxide pnder var1ous conditions

{Table VI) afforded mainly l-methy]guanazele.‘ A less polar

spot than the main product was also detected by thin-layer



chromatooraphy..'This high Rf compound wasrtsoiated:oy
column chromatography"on silica gel. A mixtgre of.ethy]
acetate—ethanol {1:2 v)ri was-used as the eluting so]vent.
The isolated material had a broad absorpt1on at both

3500 cm -1
-

and 1640 cm 1‘1n the 1nfra red reg1on. Th1s
material softened at 70°C. to an 1nfus1b1e materaa] that
‘darkened dur1ng heat1ng up to 360°C. The proton magnetlc
resonance Spectrum showed an exchangeab1e peak-at about.
3.4§ ppm (DMSO-dG, TMS 1nterna1 standard) The add1t1on of
acid'turned the solut1on red. Further add1t1on 'of base
regenerated thehorigina]'yellbw solution. This solotion
contained the'same'oridinal product as detected by ‘thin-
layer chromatography. .fhe materia]_waS'recovered unchanged
| after two hours heat1ng at 90°C. ,under‘a nitrogen
atmosphere (1nfra red spectrUm thin-]ajer chromatography).
No react1on was observed “when 1- methy]guanazo]e was
refluxed for severa] hours in methan01 .in the presence of |
'one equ1ya1ent of base (sod1um methoxjde) and‘one equivalent -
of methyl iodide; rThe recovered startinp‘materia] was
.identified by thin-layer\chromatography, infra-red and_> . ;,:'
proton magnetic resonance spectroscopy. ' ' /,J;J {

PRI



Table II. - A]ky]at1on Reactions of Guanazole. Melting
P points, Re values, Yields and Melting points
of the corresponding P1crates of Substituted
' .Guanazoles - .

NH» - '

HyN ?f/N.- L

L

R M.pt., °C. R,  Yields, ¥ M..pt: of
S ' N ' + ~ Picrates, °C.

Hoo 203-204®  0.25% 88-91  245-248°
¢y, . 1es® 0.2/ 665 266-267.5°

 CH,CH,CHy  110-172 0.35% 30 - 194-195
Cels® - 175-1769 © 0.39% 41 230-232"

- AR a2l ' -
CHZCG 5 165 ' 0743 ‘61 _21?72]5
cnzcochB*-» 179-181. 0.35% .40 . 235-237
cHycoH . - 289 o.21t te0d - e
a) Solvent A3 -

b) m.pt. 206", ref. 46 .

¢) m.pt. 248-249°, ref. 11 :

~d) m.pt. 157-159°, ref. 10
e) m.pt. 273-274°, ref. 11 .

f) obtained from pheny]hydraz1ne hydroch]or1de and
cyanoguanidine ' “
g) m. pt:. 173.7-175°, ref 8
"h) m.pt. 233-235°, ref. 11 :
i) Solvent B '
j).obta1ned from hydro1ys1s of the correspond1ng esterb
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.Table III;

- Alkylation Reactions of ‘Guanazole. Infra- red
_Spectra of-Substituted Guanazoles (a).

—

N

‘H: A

. %-ggﬁs;lé ?-;

Absorption. in em™! (+5 cm™T)

. CHéCHZCH

Ces

CHLCgH,
. CH,C0,,CH

+ .

2

 CH2C0 H

2

o3

Y -

3

3400 3310, 3130, 1625, 1585, 1560, 1480,

1415, 1340, 1055, 800.

3350 (sh), 3310,. 3200, 1640,-1590, 1545,

'1495, 1430, 1410, 1125, 880, 830, 750,
- 685, 630. - . S

3395(sh), 3300, 3170, 2960, 2925, 2870,

“1635, 1585, 1550, 1480 1440, 1415,

]380(sh), 1340 1]55(broad) 1]00(broad),
1050, 895, 780, 685, 660. \ 5

3450, 3425, 3300, 3165, 1645(sh), 1620
1570, 1535, 1500, 1470, 1450,. 1390, 1320
1090, 1065, 1040, 910, 760, 695, 675. '

- 3310, 3226,\3020; 1625, 1580, 1550, 1490,
1480, 1450, 1435, 1415, 1360, 1255, 1200,

1145, 1095, 1040; 1020, 940, 875, 820, -

750, 690, 635.
3420, 3330, 3180, 3000, 2980,‘1]40 ”1630'-

1590, 1560, 1550, 1485, 1440, 1420, 1340,

J300, 1255, 1085, 1045, 1010, 955 88a,

850, 755, 685.

3580,.3280; 2980, 1705, 1665, 1605, 1580,
1525, 1465, 1425, 1395, 1385, 1310, 1080,
1010, 950, 9]0, 875,755, 675, 645.

} KBr disc
b

Obtained from pheny]hydraz1ne hydroch]orlde and‘
cyanoguan1d1ne . _ o

ATt e
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Table IV. - Alkylation Reactions of Guanazole. Proton

Nuclear Magnetic Resonance Spectra of
Subst1tuted Guanazoles

»

T o — | — )
Hz“Jéi__Qs- . ', | | . ‘ ‘.‘

Chemica] sh1fts expressed in § un1ts

\

v
|
R
‘ ‘ . ot eee ya,d
R Chemical Shifts (ppm)“
H 6.30 (b, exch.) . |
CHy 3.30.(s; 3) . 4.75 (s, 2 exch.)
| - . ' 5.85 (s, 2 exch.)
CHy (HC1) .~ 3:46 (s, 3) - 8.16 (s, 2 exch.)
N o : - 7.30 (s, 2 exch.)
CH,CH,CH, - 0.80 (t, 3) © . . 4.66 (b, 2 exch.]~
o T 1.56 (sextet 2) . 5.86 (s, 2 exch.)
| 3.60 (t, 2). . S .
Chs®  7.0-8.0 (m, 5) “5.10 (s, 2 exch.)
SRR ' ' ' b 6.13 (s, 2 exch.)
CHyCHy .4;9055,'2;“~ | 4.76.{b,'2 exéh.;,
. . 7.30 (s, 5 6.08 {s, 2 exch.) -
CH,CO,CH., 371 (s, 3) 4.81 (b, 2 exch.)
. : - 4,58 (s 2) 6.06 (b, 2‘e;ch.)
CH,CO,H® 481 (s, 2)-
a) Solvent: DMSO-d., TMS as internal standard. ~
b) Obtained from pheny]hydraz1ne hydroch]or1de and-
" “cyanoguanidine. ;
c} - Solvent: DMSO- -d¢g +'DC1/D,0. = C ‘
Abbrev1at1ons s = singlet, b = broad, t = tripiet,
) m = mu]t:p]et, exch. = exchangeable. .
d -

L i T U MU T P N
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Tab]é V. - A1ky1ation Reactions of Guanazole. U.V. Spéctfa
of-Substituted-Guanazo1es S
o Nms
. ,F‘"<§ 2
HZ”AI:/N :
. ‘R '
S R Have]ength - Mo]ar'Ext1nctidh‘ “Log ¢
¢ (nm) Coeff1g1ent : .
EBEx 10
W 212 5.0 . W &
CH, v212 - - 6.0 . 3.8
cuzcnzcny a3 6.1 o 3.8
b o . o -
Cs”s R 209 140 . 4.1
. | 268 = 7.6 - 3.9
CHZCSH5 o f210" L 13.0 | S 4.1. = |
' CH2C02H : 215 0.03 v | 1.4

a) .Solvent: ethanol. ' :
b} .Obtained from phenthydra21ne hydroch10r1de and
cyanoguan1d1ne o

e e e D L ot
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) guanazoles were pfepared according to the general

' w1th one equ1va1ent of benzaldehyde:jt room‘temperature

_ ethanol in the presence of a baseu(sod1um acetate or

-

T -

. BenzyYidene Derivatives

‘one equivalent of benzd]dehyde, in the presence of base,

in ethanol. - ‘ _ '

.29

.

Mono- and'dibenzy1idene derivatives of substituted S A

procedure descr1bed 1n the experlmental sectlon .//,.w

The react1on of guanazo]e amd subst1tuted guanazo1es

afforded only one of the two pos;1b_e~{someric mono-

benzy11dene der1vat1ves EPRE '

The use of an excess of - benza]dehyde in reflu&1ng

piperidine) yielded the oorresponding dibenzy]idene
der1vat1ve l
The dibenzy11dene der1vat1ves could also be obta1ned by : : ~-{i -

refluxing the correspond1ng monobenzy11dene derjvat1ves w1th o i

The preparation of the dibenzylidene derivative of

| I-n-propylduanazole gave_sohe,ddffjcu]ty., Whén sodium

acetate was used as a baSe, only a partial converston to the .
dibenzylidene.derivetiye was<obserned. A]mosf quantitatfve
conversion to the dibenzy]idene was obtained when a- ' %
stronger base, such as p1per1d1ne, was added to the reaction
mlxture and reflux1ng allowed to continue for 18 hours TheL
react1on mixture was evaporated to dryness, and the residue
then part1t10ned between ch]oroform and water. The chloro-
fonm‘1ayer was rinsed several times with water and.dried(

over s,odilum sulfate. The dried solution was fﬂter_éd .and

x
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evaporated to dryness on a rotary evaporator to g1ve an o11y.

cay

;“Areswdue. “In. “order to obta1n a crystalline product, it was

necessary to e11m1nate all traces of so]vent and any excess
. reagent US1ng a h]gh vacuum pump and a 11qu1d n1trogen
trap. The dxbenzy]1dene der1vat1ve s]ow]y crysta]11zed '
from the oily res1due The product was tr1turated with co]d':‘
he;ane, filtered and dried under-a nitrogen atmosphere to
avoid any poss1b1e hydrolys1s, |

During the course of the react1on for the preparat1on '
~of. the d1benzy11dene der1vat1ves, a th1rd spot was’ observed
- with an Rf value s1m11ar to those obta1ned from the mono-
benzy]idene_der1vat1ves‘1soTated in Fhe experiments at .
room temperature. This new.spot‘may correspond'tO‘the other
poss1b1e 1somer1c monobenzy]1dene der1Vat1ve (see D1scuss1on
section). : o ,' ,‘ f f_ftje ‘5' |

The resu]ts obtaﬂned for the mono- .and d1benzy11dene
.der1vat1ves of guanazo]e and a1ky1atedﬂpuana&oies are o
summar1zed in Tables NII -XIT1. A]so~1nc1uded in these Tab]es.p

are the values for the ‘moéno- and d1benzy11dene der1vat1ves

of 1 phenylguanazo]e
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Table VIII.

4 Monobenzy11dene Derivatives.of -
Substituted Guanazoles.

Infra-red Spectra

HzH

/ﬂ'

" Absorptign in cm

(5 cm™ ')

-1

CH

{CH,CH,CH
Cets
CH,CH

2765

CHZCOZCH3

-~ 3380,

" 3370,

1210

1570,
1210,
760, 675.

3450, 3310,
1445,
‘1165, 850,

3300,
1615.- 1565,
1290, 1250,

9%0, 970, 845,-765.

1565,

- 1295, 1165,
910, 875, 940, 830, 765, 760, 690.

3220,
1450,

3150

850, 765,

3400, 3330;
1575,
1310,

1620,
1345,
960, 765,

1515,
1120,

1415,

13320,
1510,

685.

1490,
1070

3130,
1375,

3160,

1515,

1210,

3145,
1490,
1140,

. 1660,
1440,
S 1175,

1375,
1105,

720, 695,

3120,
1520,
1270

1445,

1655,
1350,

770, 690, 685.

2960,
1450,
1160,

1650,

‘1450,

110,

1600,
1345,
1070,
685.

2980,
1435,

, 1225,

~1615,0 1565, 1
91’

1305,

1400,

1355,

1310, 1260

2920, 2860,
1370,

1090, 1070,

1615, 1600,
1430, 1370,
1070, ‘1010,

1520,
1290,
1020, 995,

1575,

2940, 1730
1380,
1140, 1110

1350,

3260, 31boy 2970, 2850, 2790, 1660, 1600,
1395,
, 1020, ‘970, 880, 810,

1330,
515,
220,
1645,
1020,

1575,
1310,
980,

1495,
1255,

- 970,

, 1665,

1365,

,» 1000,

1305, °

a) KBr disc.

M e m Ll L . ..
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' Table IX.

Dibenzyiidene Derivatives of Substituted
"~ Guanazoles.

Infra-red Spectra?d.,

Absorption in cm

-1 (i~5'cm"]) '

CH

__FHZCHZCH3

 C6H5

'CH206H5

CHZCOZCHZCH3

3240,
1310,

1030,

2970
1445,

1215,
-~ 980,

2860

1470,
1070,

13070
1500,

980,

3050,

1480,
1220,
970

2990

1495,
1215,

870

. 840, 765,

, 830, 770, 745, 685.

1330,
1070,

1350,
1120,

1575, 1490, 1460, 1335,
1235, 1215, 1200, 1170,
875, 765, 720, 620.

1570, 1495, 1485,
1335, 1310, 1275,
1150, 1060, 1020,
685, 680, 675.. g

(center band), 1610,
1400, 1360, 1350,
1210, 1180, 1160,
910, 830, 765,

(center band), 1615, 1580, 1500,
1450, 1350, 1340, 1305, 1210,
990, 840, 800, 770, 740, 690.

(weak), 1615, 1575, 1550, 1510,
1405, 1340, 1310, 1215, 1150,
900; 825, ‘720, 705, 685.

1155"

1055,

1575,
1290,
1065,
680.

3020, 2890, 1615
1450, 1425, 1340 1305,
1210, 1190, 1160, 1120,
730, 7]5 695,

» 1595, 1490,
1275,
1015,

1620, 1570,
1325, 1310, 1240, -
1140, 1020, 975,

(center band)
1485, 1455,
1200, 1160,

, 1740,
1375,
1150,

- a) KBrdisc.

*
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R
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Table X. .- Monobenzylidene Derivatives of Substituted
. Guanazoles. Proton Nuclear Magnetic Resonance
Spectra. : :

- | A “l ECH
™
AN
BN TN, |
¥
R
o : S SR 1a,b
R . . Chemicak Shifts {ppm)©>
H " 7.20-8. 40 (m, 5) 6.20 { , 2 exch.
: ‘ .9.20 - (s, 1) 12.23 (b, 1 exch.
CHy . 3.60 (s, 3) - | 1 6.40 (s, 2 exch.
~ " . 7.30-8.40 (m, 5) - =
N 9.13 (s, 1) |
CH,CH,CHy | 0.90  (t, 3) 6.43 (s, 2 exch.
o T -1.78 - (sextet, 2) . . ;
3.93  (t, 2)
7.33-8.40 {m, 5)
9.13 {s, 1) |
Cels  °  7.26-8.30 (m, 10) -~ - 6.70 (s, 2 exch.
> - 9.26 (s, 1) | ' - R
CH,CgHs - 5.28 (s, 2) 6.66 (s;.2 exeﬁ.

7.50(s)+7.60-8.03(m)(10)
9,20 (s, 1)

CH§C020H3 0 3.76 . (s, 3) ' 6.55 (s, 2 exch.
it - 4.91 . (s, 2) - .
7.35-8.25 {m, 5)
9.13 (g, 1)

a) .Solvent: DMSO-dG, TMS as internel‘standard.

Abbreviations: s = singlet; b = broad;
‘ t = triplet; m multiplet;
' -exch. = exchangeab]e
b) Chemical sh1fts expressed 1n § units.

g St

- e et T e et g D
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“Table XI.

" Guanazo

Spectra.

les.

- D1benzy11dene Der1vat1ves of Substwtuted
Proton Nuclear Magnetic Resonance '~

.-

’CHJ\ 3

a

R Chemycal Sh1fts (ppm)a »d
CH - 7.25.8.53 (m, '10) 9.50 (s, 2)
CH, - 4.01, (s, 3) 9.34 {d, 2)
: | 7.40-8.46 (m, 10) 9.40 |
~ CHZCHZCHB | 0.93 - (t, 3) - 9.40 (d,. 2)
: 1.90 .(sextet, 2) 9,45
4.40 ' (t;2) - .
7.30-8.35 (m, 10). .
cuzcuzchsb. .00 (t, 3) 9.40 (d, 2)
| . 2.05 (sextet, 2) 9.46 :
- 4.82 2)
7.23-8.50 (m, 10)
CH,CH,CH,© 0.98 . (t, 3) 9.26 {d, 2)
S 1.98 (sextet, 2) 9.30
S4.31  (t, 2) - .
6.98-8.61 (m, 10)
CeHs 7.35-8.36 (m, 15) 9.45 (d, 2)
. o 9.52
Cehs? . 7.26-8.36 (m, 15) 9.46 (d, 2)
| : 9.53
CH,CgH, 5.66 (s, 2) ) 9.40 (d, 2)
63 | 7.46(s)+7.60-8.55(m)(15) 9.50
-tHzcozcazcn3 1.26, Et, 3) ' 9.42 (d, 2) °
. - 4.30 q, 2) 9.48 '
5.40/ (s, 2)
7.32-8.47 (m, 10).

a) Solvent: DMSO- -dgs TMS as 1nterna1 standard unless

‘Wwise sp

ecified..

othef-
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Table XI. - 'continued

b) Solvent: CDCY,, TMS as internal standard.
c) So]vent CDZC? ,» TMS as internal standard.
' Abbrev1at ons: s singlet; d doublet;
t tr1p1et"q- quartet;
. m-= mu]t1p1et
d) Chem1ca] shifts expressed in & units.



Table

XII. - Monobenzyliderne Derivatives of Subst1tuted
: Guanazoles. Ultra-violet Spectra
L2 4
. . . . .| .' . ‘-‘ NECH
- Hz“{?)
. ¥
R Wavelength Molar Extiqction- -3"' 'Log E
' (nm)2. Coefficient, E x 10 : X
H 211 13.0 R
264 12.7 4.1
318 9.8 4.0
CH3 210 .14.0 4.1
: .218(sh) 11.4 | 4.0
264 . i2.5 4.1
320 10.6 4.0
 CH,CH,CHy - 207 - 18.2 4{.3
217 13.3 4.1
265 13.5 4.1
- 323 11.8 4.1
CeHs 209 . N . 2.2 4.3
- 262 17.0 4.2
322 . 13.6 - 4.1
CH,C.He . 209 20.0. 4.3
27675 265 1316 41
321 1.5 4.1
CH,CO,CH, 207 - 18.1 4.2
2772773 265 “14.0 4.
318 11.0 - v 4,0

‘a) So1vént§ éthanol.

»

Abbreviation: sh = shoulder. .
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Table XIII.

- Dibenzy11dene Der1vat1ves of Substituted

T Guanazo]es.

Ultra- violet Spectra.

| ) @CH N
- ‘ l

N=CH©. (

Abbreviation: sh

shoulder.

R e
R Wavelength Molar Extihction" '-.Ldng'
(nmi)2 Coeffioient, E'x 10°
B 205 4.7 3.7
274 . 3.0 3.5
340 2.4 3.4
CH,y 209 18.2 4.3
219" 19.0 4.3
273 . 22.0 4.3
| 334 21.5 4.3
CH,CH,CH, 205 25.7 4.4
= . - 217 23.5 4.4
272 23.7 4.4
. 335 26.6 ‘4.4
360(sh) 17.1 4.2
CeHg 206- 26.0 4.4
218 19.1 4.3
; 290 * 26.5 4.4
CHyCeHe 208 . 27.0 4.4 e
o . 217(sh) 23.2 4.4
. 275 ' 23.5 4.4
336 21.4 4.3
CH.,CO..CH. CH 207 "21.3 4.3
277223 218 19.5 4.3
274 21.5 . ¢ 4.3
1334 19.8 4.3
"a) Solvent: ethanol.



DISCUSSION

a

Preparatidn dt-guanazo1e
fhe-improved method of Kaiser and Roemer'(?), for the -

preparation of guanazole, as inferred from the results
presented in Table I and prebjoue nethdds described in the
Titerature (46),:most Tikely invp1vee the partiCEpationlpf
“the mineraT'acid (HC]) in the reactidn'mechénism (54)\ A
poss1b]e route to the product (guanazole) was shown in |
‘_Scheme IT11- (p 21) _ .
’ Triazoles have been prepared from biquanides qs
‘111ustrated by the react1on between p- hydroxypheny1a '
b1guan1de and hydraz1ne (47) | Numerous examp]es on the
'act1on of am1nes on cyanoguan1d1ne to g1ve subst1tuted |
biguanides of the type shown in Scheme 111 (p.21 ) occur';
'throughqut the_iiterature.(48). 'The'reaetion'is:reported.to,
have been suceesefullyxearried out hy the.conyentionai

" fusion teqhnienes (videre Pé]]izzari‘e‘method for the
. preparation of‘guanaZOIe (45)) -An excess of acid dbviates;
however, the need for fusion of the reactants and a1lows
aqueous media (v1dere &a1ser and Roemer S- method for
7.guanazo1e (7)) and other milder cond1t1ons (54) to be used.
These m11der cond1t1ons presumab1y prevent further reaction
-of guanazo1e with cyanoguan1d1ne to give guanazoguanazo]e

as dbserved in the exper1ments at h1gher temperature (22)
or by»the'fuéion'technique (3) as mentfoned-ear]ter (p.5).

‘ A h1§h1yfcoloured‘impurity was pbserved'dUring'the

1soTation and exposure to the air of the product obtained in

1 ) 40 B . |}

LT e N U TSNP
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‘experihent 6, Teb]e I. As tautomerism al]ows guanaeoTes to
be hydrazo derivatives, the format1on of these dark red
-unstab]e compounds has .been exp]alned (49 50) on ‘the
assumpt1on that thelr correspond1ng cyclic azo der1vat1ves
of unknown structures, are the products formed because of

the facile ox1dat1on of, the 5- tr1azo1e ring.
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- Aﬁkylation of quanazole - . .

A]kyTat1on of 3,5- d1am1no 1,2,4- trlaone (gyaheZoTe)-
W1thﬂsevera1 a]ky] ha11des 1n ‘the presence of sodium; |
methox1de in refluxing methano] afforded on]y one
a1ky1ated product ' .
The resu]ts reported in th1s thes1s for the benzy]:dene
i,der1vat1ves of the products, proved that the a1ky]ated
products ohta1ned correSpond to,]-alky]guanaeo]es in a]}-
cases.’ .:3 N : | . . ' '.: . ‘, : ~
Four 1somer1c products XIX to XXII (p Es ) can be )
postulated for mono- a]kylat1on, 1f we consider only the
d1am1no structure for guanazole GJ;nazo]e alky]at1on could
have been tentat1ve1y ass1gned to the number one pos1t1on by
'analogy With other 1, 2, 4 tr1azo1es as 1nd1cated in Tab]e XIV
The poss1b111ty of tautomerism in the guanaone mo]ecuTe, _
however,.wou]d ]ead to amb1gu1ty of pred1ct1on as to the * 1:£

s1te for a]ky]at1on The d1—1m1no structure could conceiv-

_any g1ve rlse to aTky]at1on products at the exocyc11c
n1trogen atoms However ne1ther in-the case of 3-amino-s- e ' -%;
,tr1azo]e (45), nor in the present 1nvest1gat1on, have |
products ar1sing from such cons1derat1on ever been observed.
: The character1st1c aromat1c1ty of the 1, 2 4- tr1azo1e in the‘
,guanazole mo]ecu]e {as 1nd1cated by d1azot1zat\on character-
istics of aromat1c amines’) and 1ts poss1b1]1ty of metal
.'sa1t formation (pK = 4,43) (5]), both would pred1ct
a]ky]atTOn at the endocycl1c n1trogen atoms of the. 1, 2 4-

‘trIazo]e r1ng Thas cons1derat1on, however, would still
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", - lead to ambiguity between N-1 and N-4 ilky]ation;

jpa—

- Alkylation of gdanazo]e with methyl iodide in a basic
medium took place at N-1 pdsitipn, since the same product
| wasrobtaineﬂ from methylhydraZine and cyahoguanidine (see

Tables II-V).

. ) . . . . - .
. i . . . . . ) . .
. - hd . v -
. .
. .
-
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3-methyl-5- .=
phenyl1-1,2,4-
~triazoles

-

3-phenyli- and
3-méthyl-5-
phenyl-1,2.4-
triazoles

.3(5)—ary1-5(3)-
‘amino-1,2,4-
triazoles:’

3(5)-amino-

1,2,4-triazole

to N atom

- adjacent to C
" atom bearing the
'H or CH3 group,
resp. '

mainly.the vicinal
" N next. to the ‘

phenyl group

‘1-alkyl and 2-
alkyl derivatives

55% at N adjacent
to C bearing NH,

group; 40% at N
vicinal to C

"bearing H atom;

5% at N-4

- 3(5)-amino-
- 1,2,4-triazole

5-furyl-3-
amino-1,2,4-
triazole

“agz at N adjacent
ta C bearing NHp
-group; 25% at N

vicinal to C

bearing H atom; -

45% at N-4
N-4 alkylation

plus methyl
jodide -

diazomethane

alkaline media.

alkaline media

~
LV S

absence of ‘base

" neutral media

Table XIV. - Alkylation Products for Several 1,2,4-

. - Triazoles , .
Starting  Alkylation Conditions Ref.
Material Products '
1,2,8-triazole l-alkyl-1,2,4- methyl iodide 41

. o triazole or diazomethane
3,5-dimethyl- 1-alkyl "Na in methanol 42
or 3,5-diphenyl- derivatives plus alkyl halide

-1,2,4-triazoles - or diazomethane
.3-phenyl- and preferentially Na in methanol 42

4z

43

45

45

.43:
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Wt
\ 4 \
- HoN N
| .
"R
XIX

l-alkyl-3,5-diamino-
1H~1,2,4~triazole

. 7- . NH, -
. N—

.. R‘y’én—/\‘i'
L

XXI1

3-amino-5-alkylamino-

1H71,2;4—triazole_

-

azuz<;§x«

'3-aiky1amiﬁ6—5-amino~

18-1,2,4-triazole

& - NE
R\N 3 2
. 4-«
L HNTN

e

XX1I

'3,5—diamino~4;alky1f

4H-1,2,4-triazole

45 .
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These results were conflrmed when the mono- and di-.
benzy]1dene der1vat1ves of the methy]ated prodwcts were .
ana]yzed by " proton nucTear magnet1c resonance (V1de Infra)

In order to have a second guanazole deruvat1ve of
known“scructure for*compar1son,_1—phenylguonazole was
prepared fromophenylhydrazine ond cyanoguanidine. The

'preparatfon of the mono—‘and'dibenzy1idéno deriratives of
this known compound, and the ana1ys1s of these der1vat1ves
by PMR spectroscopy afforded resu]ts 1ead1ng to the
ass1gnment of subst1tut1on at posrt1on ono. This rndirect;-
method of'structure e1ocidation was used for all other '
alkylat1on product& obtained from a sufficient: se]ect1on of
alkyl ha11des. In the 1atter case, no pub11shed 1nformat1on

’

‘was available for compar1son since these alkylation

h'products constitute new‘compounds;‘ fﬁx’
_'This methoo was chosen in prorerence‘to the classical
preparation of 1-subotitu£ed¢guéna201es, by the reaction
~of cyanoguan1d1ne with the correspond1ng hydra21nes, sxnce .-
most of these hydraz1nes were not eas11y ‘available and in

many. cases would 1ead to undes1red productst
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Benzylidene derivatives of the.alky1ation products’

. Evidence for N-1 substijtution .

a) Proton nuclear magnetie resonance

The fact that dibenzy]idene derivatives were
thained.for.all the  alkylation produets'of guanazole
provided‘good evidente that elkyletton did not take p]ece

‘at the primary amino groups (exocyclic nitrogen atoms).

However, these resuits stil) leave open the possibility for y

N-1 substitution and/or;N-d_substitution.
If substitution would have taken‘place at the'N-4t
p051t1on, the symmetry (C v) of the corresponding di-
benzy11dene der1vat1ves wou]d have shown equ1va]ence of the
benzy1idene protons andAindistinguishab1]ity'of these
protons by PMR. On the other hand if substitUtion had
taken place at tﬁe N-1 pos1t1on the 1oss of symmetry of the
bd1benzy11dene der1vat1ves (C ) may g1ve r1se to d1fferent.
fchem1ca] shifts for the benzy11dene protons due to non-
equivalence. Tab]es X and XI respect1ve1y contain the
complete chem1ca1 shift values of the mono- and d1benzy1—
1dene der1vat1ves of the a]PyIat1on products ‘ D1fferences
1n the chemical shifts between the two k1nd5 of benzy11dene
protons are observed dn all the d]benzy11dene der1vat1ves,
'except for the d1benzy]1dene derivative of the parent
compound (1 e., guanazo]e), where the p0551b1]1ty of
'tautomer1c Tnterchange of the ring- n1trogen proton between
positions M-1 and N-4 resu]ts in equ1va1ence of the

'benzy11dene protons under the exper1menta1 conditions used
. )
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for the determination of the spectrum The ]argest
d1fference 1n the chem1ca1 sh1ft of benzy11dene protons was
found with the.dlbenzy11dene derivative of‘1-benzy]guanaque.

Spectra of the monobenzy11dene der1vat1ves are

:character1zed by h1gh field appearance of the benzyl1depe
"protons when compared to the va]ues obtained with the' '

d1benzy11dene der1vat1ves (see Tab]e Xv). These results'
cou]d be 1nterpreted as bexng due to the 1oss of conJugat1on‘
in the monobenzy]1dene der1vat1ves._

Two #%omerjc monobenzy11dene der1vat1ves.cou1d be
postu]ated - However, ‘only orie isomer was isolated, in all
cases, under the exper1menta] cond1t1ons used One of the -
bossible reasons for th1s fact may . 1nvolve the d1fference- |
“in react1v1ty of the two ;m1no groups . in the or1glna1 1-
substituted guanazoles. .AS»mentioned ear]ier (p.3 )
:s1m11ar behavior has been observed in the reactlon of .
guanazo]e and the two am1no 1,2,4-triazoles in which onty
the 3-amino der1vat1ve reac&ed w1th an. excess of d1formy1*
hydra21ne. The 5- am1no 1,2, 4 tr1azo]e failed to give -the
react1on under the same cond1t1ons‘ Table XVI, column 4
shows differences of .the same order of. magn1tude for the
chemical sh1fts of s1m11ar N-alkyl groups .of the free base
and the monobenzy11dene der1uat1ves These resu]ts may
indicate that the same monobenzy11dene der1vat1ve has been
3 obtawned ¥n all cases. ' .
| Table XVI,,coJunn'S, shows differences of the

same order of magnitude for the chemical shifts of simiiar:

s .
SR EAE-S - U C R T



¥ Taple XV.

- Compar1son of chemical shift Qa]ues of the
vinyl protons in the mono- and dibenzylidene
derivatives of substituted guanazoles?d

‘Column 2 " Diff. in ppm

R Column 1
Monobenzylidene Dibenzylidene in Column,z
(ppm) - {ppm)
H 9.20 °  9.s0. . - " -
CHy . 9.13\ '9.36. o
. . . .9.40° . 0.04
CH,CH,CH, | 9.13 . €. 40 .
B .. 9.45 0.05
CeHs 9.26 -~ 9.45 o
' . 9.52‘ . 0.07.
- CH,C_H 9.20 9.40 R _
L 2Tes | 9.50 " 0.10
CH,CO,R' (b)  9.13 | 9.42 o
- | . 9.48 "~ 0.06
a) Solvent: DMSO- d5, TMS as 1nterna] standard.
b) R' = CH3-1n column 1 and R' = 2CH3 in column 2.

A
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Table XVI. - Comparisdﬁ of chemical shifts of the N-R

groups in similar substituted guanazoles, and
its. mone~ and dibenzylidene derivativesa

3

1 ' 2 - 3 w5
_" S AS ’ .

R 8 5 % By 88
- . Subst. °  Mono-benz. Di-benz..

' guanazole .
CHy £3.30 3.60, 4.01. - 0.30 0.71
EHQCHZCH3 - 3.60 . :-‘3.93 ) ‘4.40 0.33 0.80
CH2C6H5 4.90 B 5'28‘%,- 5.66- ‘0:38".0.76
CH,CO,R" (b) 4.58 . 4,91 5.40  0.33 0.82
a) Solventy’ DMSO- dg, TMS as 1nterna1 standard )
b} R' = CH

1n CO]UmnS 7 and 2; R' = CHZCH3 in co]umn 3

N N )
LAY R STl
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N a]ky] groups of the free base and the dibenzyl1dene
der1vat1ves These d1fferences, in a11 the examp]es of
Tab]e XVI, co]umn .5, correspond‘to at Jeast twice the
values in columnu4 These resu]ts may . 1nd1cate that

the presence of the second benzy11dene group at the

position 5 which is closer to the K- alkyl group and there-_
" fore should be expected to affect more the’ chem1ca1 sh1ft

of the vicinal group.

~During the preparat1on of all the d1benzy11dene
der1vat1ves, somewhat weak eV1dence for the presence of the

other poss1b1e 1somer1c monobenzy]1dene der1vat1ve was

_ obta1ned For 1nstance, an exper1ment was carr1ed out 1n

which a reaction: mixture conta1ning the d1benzy11dene
der1vat1ve and both (as detetted by TLC but unsuccessfu]ly

separated) monobenzy]1dene der1vat1ves of T-phenyl-

nguanazo1e was stopped before complete conversion to the
: dibenzy11dene derivative. The mixture was pur1f1ed in the-

" usual manner to obta1n pure benzy11dene mixtures and the

proton magnetic resonance spectrum was obtained for this
m1xture This spectrum was compared w1th the spectrum

corresponding to. the monobenzylidene der1vat1ve of 1- .

Apheny]guanazo]e obtalned in the expertments at room

temperature, and with the spectrum of the d1benzy11dene

derivative of 1- pheny]guanazo]e obtained in an 1ndependent

'experlment These spectra are shown in Graphs 1I- III peaks

A and c have the same chemical shifts as compared to the

- shifts observed with the isolated monobenzylidene derivative
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-

tend dibenzy]ideﬁe dehivetive;'respectiveiy ‘Peak B should

correspond to the benzylidene proton of the other 1somer1c

)
‘non-isolated monobnnzylldene derivative. The. 1ntermed1ate ‘

- 2 . I
value observed for the benzy11dene proton in the isomeric

non 1so1ated monobenzyiidene der1vat1ve B (named - after

_peak B), might be expected from the cons1derat10n that in

‘~this1Case'a deshieldtng.effect'due to the pro;imity of .the

N-1 phenyl group should be more Prqnbunced:than'dn the

\igomehic-isolated derivative A (named:after peak A) where

“the N-1 phenyl group is much more distal.

The method of .analysis uéed above has been sdbcessfully
applied to the ‘structure determ1nat10n of the mono- and L
dibenzylidene der1vat1ves of 3 4 5- tr1am1no 4YH- 1 2, 4- :K{' .
tr1azole (guanaz1ne) (52).

b)) ‘The ultra-violet sgectra'

3,5~ D1am1no 1,2,4- triazole (guanazo]e) and 1ts
a1ky& der1vat1ves prepared for this 1nvestlgat10n (Tab]e V)
have no absorpt1on bands above 215 nm. The effect of
subst1tut10n by alkyl groups do not altér cons1derab1y the
overal] spectrum. A]so 1nc1uded in Tab]e V-are the - |
absorption vdalues obta1ned for 1- pheny1guanazo]e %he_

‘band at ]onger wave]engths may be due to the presence of

‘the phenyl grcup known to cause serious changes‘1n the

spectra coﬁsequent with incfehsed conjugation'path
| The U.V. absorpt1on values for the mono- and d1—
benzy]idene dnrlvat1ves of . alkylated guanazo]es are

presented in Tables XII-XIII, The "values for the mond— and di-

»
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benzylidene derivatives of 1-phenylguanazole are:aiso
included in Tab]es XII- XIII |
S1m11ar1t1es are observed among each-type of
derivatives as well as among both groups.
. ~ The bands at 10nger wavelengths 0bta1ned for ‘the
dibenzy]1dene der1vat1ves show a hathochrom1c-hyperchrom1c
shifts. These resuIts could be cons1dered as. the d1rect

resu]tant of the extended con3ugat1on present in the"

dibenzylidene derivatives:‘

c} ‘The 1nfra red spectra _ e

The Spectra of guanazo]e and the a]kyIat1on
products from guanazo]e have strong-absorpt1on bands in the
reg1on 3400 3100 cm 1: These absorpt1ons are probably
caused by the symmetr1ca1 and ant1symmetr1cal stretch1ng
vibrations. of the -NH2 groups. and a]so, in guanazo]e,,by
‘1 the ring N-H V1brataons e' |

Strong- absorpt1on bands 1n this reg1on are also
present in the specmra of the’ monobenzy]1dene der1vat1ves
of guanazo1e and of the monobenzy11dene derivatives of 1-
“subs;1tuted guanazoles, These absorpt1ons are probably
caused‘by'the remainfng —NH2 group and also, in guanazole}
.by the ring N- H‘absorptfens . . ‘

' No absorpt1on appeared in ‘this region for the

correspondlng d1ben2y11dene der1vat1ves, whitch 1nd1cates
that both am1ne groups have reacted w1th_benza1dehyde to
giVe'tne_cdrreSponding.dduble Schiff's bases. The infra—

fed.spectrumjof the dibenzyjjdene.derjvative of guanazb]e'
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presented an absorpt1on band at 3240 cm -1 which can be
'attr1buted to the ring N-H v1brat1ons. -- '. =
The absorpt1on bands for the reg1on 1650~ 1590 cm -1 o

'_correspond1ng to the N-H deformat1on‘v1brat1ons is

simplified in the order: a]ky]ated guanazo]e, mono-
'_ben2y11dene der1vat1ve and &1benzy11dene der1vat1ve
Sy The region near ]630 cn! has been ass1gned as a
Characteristic absorpt1on of the cyc]1c C:N stretch1ng

v1brat1ons (53) " See graphs VII VIII and IX.
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Ac1d and base stabilities of benzylidene der1vat1ves of sgi

guanazo]e and of alkylated guanazo1es

The mono- and d]benzy11dene der1vat1ves of guanazole

and alkylated guanazoles have shown 1nstab111ty to mineral

. acrds even at room temperature This evadence has been .

obta1ned from proton magnet1c resonance and ultra vxo]et
‘spectroscop1es before and after add1t10n of acid to a
rso}ut1on of the der1vat1ves
‘The’ proton magnetic resgnance spectra of these

.der1vat1ves in DMSO d6 gave the. resu]ts shown in Tab]e Ix
When mineral acid (DC]/D 0) Was added to the n.m.r. tubes,
sand the Spectra re-run immediately. after the add1t1on of
acid, the characteristic =C-H absorpt1on peaks for the mono-
-and d1benzy11dene derivat1ves d1sappeared and absorpt1ons |
‘at 10.15 ppm due to the presence of free benzaldehyde .
(i.e., its 0=C-H) was observed_1nstead. .
'_Thg uftraeviofet spectrum of the dibenzylidene
h derivative of llpropylguanaZOIe was obtained in ethanol

(Table X). ‘The spectrum was re-rup after add1t1on of
‘mineral ac1d (ag. HC1). The absorptlon bands at h1gher,
' wave]engths became weaker and. the resultant spectrum o . §
resembled. that of the correspond1ng monobenzy]1dene |
der1vat1ve of - 1-n- propy]guanazo]e (Graph XV) Instab111ty
of benzy11dene derivatives of guanazole to ac1d hydro]ys1sl

'has béen previously observed (14)

Pap1ni and Checch1 (14) ‘have also reported that a

ser1es of condensat1on products obtained from guanazo]es
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and different aromatic aldehydes were stable tﬁ_aikaifs.
However, in this 1nvestﬁgati§n it wés bbsérved that upon,
‘addition of Na0D/D,0 to a solution of the dibenzylidéne
deriVatfvelpf_gdanaiole in bMSO-d_6 no épbrééﬁable chapge

was observed in the proton madneticgresdnahte spectrpm of
this comhound'when the sbectrum waé re-run immediat§1y after
the add1t1on of .the base. ‘Some decdmbosition was obsefved,;
‘however, when the proton magnet1c resonance of the same
sample was re-run after twenty -four hours. |

The proton magnet1c resonance spectrum of the di-

_ benzylidene der1vat1velof 1-n- propy]guanazgle.was taken 1n
DMSO—d6 Then NaOD/D 0 was added to the p.m. r.‘tube and the
' spectrum re-run. immediately after; the results in this case..
shows the d1sappearance of the doublet character1st1c of
the benzy11dene protons of the d1benzy11dene der1Vat1ve"
(9.40 and 9.45 ppm). Peaks_at 10.05 ppm and.at 9.13 ppm

characteristic of the aldehydic protons of benza1dehyde‘and"
of the mondbénzylidene,der#vative were observed instead.
‘Upon standing at room temperature for'é longer period of 
‘time (10 days), the absorption peak fbr the‘Honobenzylidene
derjvative also disappeared. | b

- Similar results were obpained for. the dibeﬁzy]idene

derivative of 1-methylquanazole. Ab;qrptions'at 10.65 ppm'
and-g;13.ppm for the.aﬁdéhydic protons of benzaidehyde andl
of the monobén2y1idene'dériVative,‘respettively. were
observed. Comp]ete hydro]ys1s was observed after twenty four

hours at room temperature. .



The fact that one. benzy11dene group c]eaved easier
than the other might be related to the preferent1a1
formation of one 1somer1c monobenzyl1dene derivative and
to the d1fferent react1v1t1es observed 1n the amino groups
of  the quanazoles and of the,3-am1nof and 5-amino-1,2,4-
triazo1ee o

Graphs X to X1v, the proton magnet1c resonance spectra

g1ve the ass1gnment of the peaks thus 1nd1cat1ng that

alkylation products consist of l-subst1tuted_guanazo]es.
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" . nature of the alkyl group involved. in the reaction.

* SUMMARY

A study hds been made on the a]kylat1un of 3,5-
d1am1no 1,2,4~ tr1azo]e using a series of a]ky] ha11des
in basic media, Only the npno-a]ky1ated products:
wene observed and‘iso1ated under the above conditions.
The examination of the a]kylated products and the1r
mano- and d1benzy11dene der1vat1ves by spectroscop1c
techniques (IR, ,NMR UV), e]ementa] analys1s and TLC
gave evidence that a]kylatxon had taken p1ace at N- 1
“of the tr1azo]e ring. |

A series of exper1mentsﬂnes_conducted’to study the

'prépération of gdanazo]e frem_cyandguanidine and
hydrazine dihydrochloride, hydrazine,mondhydrobhldride -

or hydrazine hydrate respectively, varying the solvents

and the reaqtien times.' It was found‘fhat the
preparation'of‘guanaiole from c}anoguanidine end
hydrazzne d1hydrochlor1de const1tuted the most |
conven1ent method taken after the patent of Ka1ser and
.Roemer (7). : S

The' aiky1ation of guanazole'in baeic media constitntes

a valuable a]ternat1ve for the preparat10n of 1- .

1

. alky]guanazo]és when the correspond1ng monoa]ky]-

hydraz1nes are not’ readily ava11ab]e or when the

react1on of the a1ky1hydraz1nes with cyanoguan1d1ne ‘

may give rise to d1fferent types of compounds 1nstead

of the desired 1-subst1tuted guanazoles due to the

Ay
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. The fo]10w1ng 1- subst1tuted guanazoles prepared in

this study const1tute new compounds, v1z

1-n- propy] 3 5- d1am1no~1 2,4-triazole,

1- benzy] 3,5- d1am1n0 1,2,4- triazole

methyl (3,5~ d1am1no -1,2,4- tr1azol -1 y1) acetate, -

(3, 5 diamino-1,2,4-triazol-1 y]) acetic acid.
Also, a series of mono- aeh d]benzy11dene derivatives
of - the above and of 1 methy]- and l-phenylguanazoles
const1tute new compounds '
Cyc11zat1on of methy1 (3,5-diamino-1,2, 4 tr1azo1 1. yl)

acetate or of (3,5- d1am1no 1,2, 4 tr1azo1 I-yl) acet1c

‘ac1d to 2-amino- 4H 1m1dazo[1 2- b] ~5- tr1azo]e 5- -one
~could not be' brought about under the vartous

'exper1menta1 conditions. used. . This result was

attrlbuted to the weak base character of the am1no
groups in guanazole The pKj va]ue for guanazo]e is

12.12 (51)
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EXPERIMENTAL

The infra-red speetratwere_teken on a Perkin E1mer.
Model 257 Grafing Infrared Spectrophetometer ‘The samples
were prepared in the form of pellets with potass1um
brom1¢e._'Ma1n absorptqon_bands are reported in Tab]es_III,
VIII and IX.
| The_Protpn Megnetie Resonance Spectra were obtained
on a 60 MHz, E M 360 NﬁR Spectrometer, Varian Anaspeet.
The sampieefwere digso]ved in DMSD—dS, uplese.qtherwise
‘speqiffed, usfng TMS as internal standard. The chemical.
shift values were expressed:in\ppm'bﬁits from the TMS peak.
| The ultra- violef speetra'were taken on-a'Perkip.EImer
Model 202 U]traviolet Visible Spectrophotometer. The |
'samp1es were d1sso1ved in absolute ethano]

Th1n Layer Chromatography (TLC) _

T.L.C. were performed on 51115a geI pTates
.prepared by Eastman Kodak w1th fluorescent 1nd1cator
- Solvents used:-‘(A) Ethyl acetate-abs. ethanol
(2, vv). |
(B) Mefhanoi-ch]droforalqdnc.
ammoqﬁum hxproxide
(4'4-1, viv/iv).
(c) Ethy] acetate.

The plates were deveToped in the appropriate

,solvent. The solvent was removed by hot air and the p1ates'

were‘placed'ln an atmosphere of iodine vapors. Guanazole

aﬁd‘the substituted guanazoles gave brown spots. The benzyl-

idene derivetives were visib1e underethe'ultra-iiolet iight.

78
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Preparation of 3,5-diamino-],2,4-triazo1e (gyanaZOIe)

This compound was prepared according to the _method of
Ka1ser and Roemer (7)
Cyanoguan1d1ne (210 g. 2 5 mo]e) and hydraz1ne d1hydro-

ch]or1de (260 g., 2.5 mole) were powdered and mixed in a

-two-1iteér three necked flask equ1pped wtth a magnet1c

stirring bar and a thermometer. Water (650 ml.) was added
to the m1xture. The magnet1ca11y st1rred suspens1on was -
warmed up to 30 C. on a steam bath An exothermic. react1on
began the heat1ng bath ‘Was removed and the reactian |

ma1nta1ned itself at approx1mate1y 50 C. for twenty m1nutes

"with 1nterm1ttent cool1ng in an ice bath until the exotherm1c

'phase subs1ded The resu1t1ng solution was heated at 50°C,

for two hours The react1on m1xture was coo]ed in an 1ce

‘-bath, and neutra]1zed w1th a- solut1on of sod1um hydroxmde '

(200 g.) in water (400 ml.}. The temperature was not a]]owed

.to'rise over 40°C. during the add1t1on of the base. The

soTution was evaporated to dryness on a rotatory evaporator

at .50°c. , The so11d res1due was dissolved in 3.7 Titers of
boi]ing methanol and f11tered hot from the salts. wThe 

filtrate was concentrated and allowed to crysta]11ze to-'

_y1e1d the f1na1 product (218 g., 88%), me1t1ng po1nt
' 203-204°C. (m.pt. 201-202°C., ref. 11). The picrate had a
‘me]ting point of 245-248°C. (m.pt.. 248~249°C ,» ref. 17),

I.f.:_- 3400, 3310, 3130, 1525 1585, 1560 1480.
| 1415, 1340, 1055, and 800 cm” 1. |

Sreanieloren S it T
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U.v.:- (nm, Tog E) (212, 3.7).
P.m.r.:-. 6.30 ppm (b, exch.).
Re:- 0.25 (solvent A).

Several attémpts_at the preparation of guanazo]érin-

various. conditions are summarized.in Table I.

LA
-

Wt r

1 s

R

ik i i L



.r-#"- -

R AR S b e e e

s

o M g A s a_ e s e

-(16.5 m1., 0.2 mo]e) was added (resultant pH sl1ght1y

8

Prebaration uf‘J—ﬁethy1-3,5-diamino-l;ZJA—triazole

.(1-methylguanazo]e)

To an ice- cooled solution of methylhydraz1ne (4. 6 g.

0.1 mo]e) in water (10 m] ), conc. hydroch1or1c acid - hd

acidic). Cyanoguan1d1ne (8.4 Ges 0.1 mo]e) was added to

this acidic solution. The suspens1on Was warmed up to 30°C.
on a steam’bath. The temperature of the exothermic reaction

‘,mixture-was allowed to rise spdntanequs]y dp'fo_50-55°c.

and then cooled. . The resultant solution was heated
approximately at_80°C. for fiye hours?'.Tﬁe reactlonAwas
then cooled to yield, upph crystal]izafion, the monohydro~
chloride_saff of the product (8.33'g., 56%) after drying in

Q . ‘ . ; N )
a vacuum oven at 50°C. for‘eighteen hours. The melting

point thus obta1ned was 215°C. (m.pt. 218-220°C., ref. llf.

The free base ‘was obta1ned from a samp]e of the mono-

-‘hydroch1or1de sa]t d1sso]ved in water The resultant

so]ut1on was rendered aIka11ne wnth 2N sod1um hydroxide a
and absorbed on a'AG- 50w B, 100 200 mesh,. cat1on exchange
res1n co]umn (excess) in the hydrogen ion form. -The _
column was rlnsed w1th water until the efquent was neutral
to’ 1nd1cator paper. E]ut1onwfrom the co]umn WIth 1.5 N

ammon1um hydroxade followed by evaporation to dryhess,

g d1ssoTut1on in methanel, dry1ng with anhydruus sodium

sulfate and concentratlon y1e]ded the free base w1tw a

melting point of 145° C (m.pt. 157.]59 C., ref. 10).

s e e e



T.r.:= 3350(sh), 3310, 3200, 1640, 1590, 1545, 1495,
1430, 1410, 1125, 880, 830, 750, 685, and
530 em™ | _ | ) o B
U.v.c< (nm, Tog E) (212, 3.8)
P.m.r. - (free-bese) 3.30(s, 3); 4.75(s, 2 exch.);
5.85(5, 2 exe%') : |
. 7. 30(5, 2 exch ). .
Ret- 0.27 (solvent A); .
To a saturated 501utionuof.picrfc acid in 95% ethano];
an ethanelic solution of the free base was added. ~ Two
recrystallizations of the p1crate afforded a mater1a1
‘melting at 267° (m.pt. 273- 274°C., ‘ref. 11).
The use of‘méthy]hydraiiﬁe'as a free base ie’ethandl
at total reflux with cyanoguan1d1ne ‘for ten hours or the
. use of methylhydraz1ne dzhydroch]or1de at Tower

temperature (50° C.) with cyanoguan1d1ne fa11ed to. g1ve the

] methylguanazo]e 1n good yle]ds o -

(monohydrochlorxde) 3.46(s, 3); 8. ]6(5, 2.-exch. ),.



8

Preparat1on of 1fphenyl 3 5- d1am1no 1,2, 4- triazole

{1- phenylguanazo]e)

To 2 suspens1on of pheny]hydraz1ne monohydrochlor1de
(14 46 g., 0.1 mo]e) in water (50 ml. ), cyanoguan1d1ne
(8.4 g., 0.1 mo]e) was added.' The m1xture waS'st1rred at
aﬁproxiﬁate]y 50°C until comp]ete solution was ach1eved
" The mechan1ca11y st1rred react1on m1xture was heated on a
steam bath for three hours. The reddish residue obtained
evaporatioh fo dryness was'treated.wfth 40% potassium

- -hydrokide;solution-and the crude‘proauct_was filtered and

0

on

dried under vacuum for eighteen hours. ‘CrystaliiZatiqn of .

"~ the crude prbduet from ethanol (100 ml.) yielded ‘the
expected product (7 g-) 41%) melting at 175- 176 C. (m.pt.

173 7- 175 C., ref. 8). The p1crate had a me]tlng ‘point of

230-232°C. (m.pt. 226-227°C., ref. 8; m.pt. 233-234°C.,
“ref. 171). |

I.r.:- 3450, 3425, 3300, 3165, 1645(sh), 1620, 1570,

1535, 1500, 1470, 1450,°1390, 1320, 1080,
1085, 1040, 910, 760, 695 and 675 e,
U.vi:- (nm, log E) (209, 4.1; 268, 3.9) o
P.m.t.:- 7.0-8.0(m, 5); 5.10(s, 2 exch.); 6.13(s, .
| 2 exch.). : | | ‘

gi-  0.39 (solvent A).

SN



B Alkylation reactions of quanazole
.. . ! . ' - . . ‘
" Reaction of guanazole with methyl iodide

Sod1um methexlde (0 6 9-, 0.011 mo]e) was added to a
st1rred so]ut1on of guanazole (1 g., ca _ 0. 0] mole) in
methanol (100 m1.). The solut1on thus obta1ned was heated _ ‘
under reflux and a'solution of methy1 1od1de (] 72 g.,

0.012° mo]e) in methanoT (15 m1. ) was added dropw1se over a

per10d of th1rty minutes. -The reaction mlxture was refluxed

\ for an additional ninety mlnutes The react1on mixture wWas

then cooled and sodijym methox1de (0 6 g., ‘0. 0]] moie) was

1od1de (1. 72 g., 0. 0]2 mole) in methano] {16 m1.). This

'; _ new mixture was then ref]uxed for three hours and the

S :”solut1on was evaporated to dryness Ethanol was added to
' ~the semf so]1d res1due then neutra]1zed w1th 2 N hydro~

. ,
-ch10r1c ac1d L " : Vo Co

if - .‘: . A solution of p1cr1c ac1d (3 4 9. ). in a minimum ;mount
.i ‘.of hot ethanol was added to the neutra11zed ethano]xc- '
solution. Upon cooling, the picrate (2. 35 9., '68.7%) of
-the product, me]t1ng at 253 258° C., was obtained. Two
recrysta]]1zat1ons of a samp]e of the crude p1crate ra1sed

. " the melting point to 266-267.5°C. (mpt. 273-274°¢C.,

z . ref. 11). The compound was 1dent1f1ed as 1- methy]guanazo]e

The infra red _spectrum was 1dentqca1 to that of the p1crate'

;) - ~ of the product prepared. from cyanoguan1d1ne and methy]—

hydrazine.

- i

R . added. fo]]owed by the addition of a solut1on of methyl -

-

-

3 X . The proton magretic resonance-stctrum is:3.43 (s, 3);

~
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The picrate was dissolved in hot water and absorbed

on AG-1, x-8, 100200 mesh, (Bio R4d Labs.) anion ‘exchange

resin column n the acetate form, which reta1ned the Wmo

ac1d ‘The co]umn was’ r1nsed with water and. the eff1uent
y

wWas evaporated The o11y res1due from the evaporat1on was -

'dtssolved in benzene and the resu1t1ng so]ut1on then

evaporated to dryness . This process was repeated three

t1mes, w1th the resu]t that traces of water were elvmlnated.

'Th1s\f1nal res1due was crysta111zed from methano] d1ethy1
‘ether to give the free base correspond1ng to 1 methy]-'
_guanazoIe {0.75 g.;‘66.3%) meltjng_at,145‘c. (m.pt.
©157-159°C. ,'rér “11). The infra-red spectrum of this
product was 1dent1ca1 to an authent1c sampTe of 1- methyl-'
guanazole Prepared from cyanoguan1d1ne and methy1hydraz1ne
Proton magn;tlt resonance, u]tra v1olet and 1nfra red | .
spectroscop1es and th1n Iayer chromatography conf1rmed

S e
)

the above results .

A]ternat1ve1y, the, picrate of’ the product and an
“!excess of the,an1on exchange‘res1n-were st1rred in ethano]‘
at r00m temperature for thirty minutes.l The resin was
filtered and the free base of the product was - 1solated upon
‘concentration of the co1or1ess f11trate . _

Other experiments for the alky!at1on of guanazo1e w1th
"emethyi iod1de under d1fferent conditions are summar1zed in

Table II. - o o
: § o | -

VR ) )

7.75 (s, excht);'8.65 (s, aromatic protons of picric acid).

eenlal PSSR I TR Bl Wt § MLY SR P S “._ ..
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»
;-~add1t1on of 2 N hydroch]or1c ac1d to the 0ily res1due. The

h isaturated so]ut1on of p1cr1c ac1d in ethano] The crude

Reaction of guanaone with‘n-propyT jodide - -

To a so]ut1on of guanaone (20. 9., ca. 0.2 moTe) in

| methanol (500 ml. ) was added sod1um methox1de (21.6 g

0.4 moTe) and n- propy] 1od1de (38 g., 0 224 moT€), The
m1xture was refluxed for three hours and a sample was

checked by TLC. No- further s1gn1f1cant change was observed

-_even after forty e1ght hours of ref]ux1ng as shown by th1n- |

) ',Tayer chromatographx The react1on m1xture was evaporated

-to dryness The pH was - adJusted to a value of 8 by the

:n;resu1t1ng solut1on was then eVaporated to dryness. This
l f1na1 res1due was dzsso]ved in ethanol methanoT (9 1, v/v)

iltand f1]tered from the salts. The f11trate was added to a h Lo

‘p1crate of the product was obtained upon coo]1ng (44 .g. )

-

.'»'Th1s mater1al was heated undeF ref]ox in ethano] methano]

-

(9 T, v/v) (800 mi. ) A so]1d (13 2 9. ) correspond{ng to’ e

. the p1crate of unreacted guanazo]e was f11tered from the

hot solut1on _ The- f11trate upon cooling afforded a

) mater1a1 (22.3 g.,‘3qame1ting at 190 C.; two

'recrysta1]1zat10ns y1e1ded the pure picrate (16 6 g. ) . pf\'
_ meTt1ng at 194 195 C 'ﬁgﬁ‘ : - \“f/? |
P.M. R.: - 0. 9(t; 3), 1.73(sextet;, 2); 3. 33?, 2) "

. ca.-8. O(exch‘), B 8(5, aromatic protons of
. S p1cr1c acid) N . |

The origina] f11trate ma1nTy conta1ned some product

and unreacted guanazo]e as 1nd1cated by thin Tayer chromato:

e

-graphy. R -
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The free fase'was:obtained from the pure picrate
dissolved in hot watéh.' The hot 561utioﬁ was absorbed on
“AG-1, x-8, 100-200 mesh, (Bio Rad Lébsg)'anion exchange.

- resin column, in the aggfate form. Tﬁe'coiumh was rinsed
with water. ‘The colorless eff]ueﬁt was evapofated; The

0ily residue was evaporated twice from benzene to remove

traces 0% water. The res1due,thus obtalned was crysta111zed

-

from ethanqﬁ d1ethy] ether to yield the free base
correspondlng :% 1-n- propyTguanazo]e me1t1ng at ]10 112°C.
© Nr.:o- 3395(5h), 3300, 3y7q,-2950, 2935, 2870, 1635,
1585, 1550, 1480, 1440,:14]55 1380(sh), 1340,
1155(broad), 1100(broad), 1050, 895, 780, 685,
and-BSO em V. . o |
“U.v.: - (nm,-log E) (213’,3-3)
PUMLR: - p;so(t,‘é); 1.56(sextet, 2); 3.60(t, 2);
4166(b,‘2‘exch.); 5.86(s, 2 exch.).

Re: - 0.35 (solvent A)
Analysis: CSH]] 53 3 N (calc'd) = 49.65; % N (found) =
49.04. . e |
¥
.lo ‘



Reaetion of benzyl iodide witH_gpanaone

Benzyl 1od1de was prepared from benzyl bromide and
sodium iodide by the standard procedure of ha]ogen exchange
in acetone (the F1nkelste1n,proeedure, Ber., 43, 1531
(1910)). .

Benzyl bromide (34.2 g;; 0.2 mole) was added to a -
"stirred-solutioh of sodium iodide (30 g, 0. 2. poie)'in‘
~acetone (300 ml. )7 The prec1p1tate of sod1um brom1de was
tiltered; The: f11trate was divided into two equa] 'volumes

and each portion was evaporated The residues'were
evaporated from methanol to eliminate the traogs of acetone.
The res1dues thus obtalned were red1sso1ved in methano]

Sodium methoxide (6 g., 0. 11 mo]e) was added to a

solution of'gﬂanaiote (1o 9. 0.1 mo]e) in methano] (500 ml. )
“Benzyl iodide (171 g' 0.7 mo]e) 1n methanol (as per above)
was added to. the stirred so]ut1on. The resu1t1ng m1xture
was refluxed for twelve hours and a second equ1va1ent of
benzy] iodide 1n‘methanol was added. The reaction mixture )
‘was refluxed for another four hours, then cooled in an

ice-bath, followed by the'adddtion of 2 N oydrochTOrjc acid
uptil a pH ot 8 'Evaporation of the soTution gave a.sol1d
' res1due which was d1sso1ved in ethanol- methano] (9:1, v/v)
and filtered hot from the sa]ts A hot so]ut1on of picric
acid in ethanol- methano1 (9 1, v/v) was added to the flltrate
* Upon coo]1ngf the p1crate of the product was ‘obtained

(24 9. 57%), melting at 212 215°C.

The proton magnetic resonance spectrum is: 3.85(brbad,

N
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exch.}: 5.05(s, 2); ca. 7.4(s, 5j;'8.7(s;-arométic protons
-bf'picric acid). } .
The free base was obtained from the above crdde‘hicrate

by dissolving in hot water. The hot solution was absorbed.

on a AG-1, x-8, 100-200 mesh,!(Biq Rad Labs.) anion exchange -

‘resin column in the acetate form, which retained the picric

acid. The column qu.rinsed'wifh hot water and the colorless

effluent was evaporated down to give a solid residue
(7.64 g., 40%) melting at 165°C. This'haterid]_upon
récrystal]ization from benzene gave'pre.T-benzylguanazo]e

(4.08 g.) melting at 169-170°C.

I.r.: - 3310, 3220, 3020, 1625, 1560, 1550, 1490, 1480, -

-1450, 1435, 1415,-1360, 1255, 1200, 1145,'1095,

1040, 1020, 940, 875, 820, 750, 690, and

635 cm ].

U.v.: - (nm, 109 E) (210, .4.1).
P.M.R.: - 4. 90(5, 2), 7. 30(5, 5); 4. 76(broad 2 exch,);
6. 08(5, 2 exch. ).

ERer - 0. 43 (so]vent A)

Analysis: C % N- (calc d) = 37.38; Z N (found)

gyl 5%
37.38.

w ¥
Y

. The conversion .of the p1crate of thx product to the
free base was more eff1c1ent1y ach1eved in the. fo]]ow1ng

way. - The p1crate of the product was d1sso]ved in ethano]

at room temperature. An excess of the anion exchange‘res1n

-

was added and the mixture stirred for.some thirty minutes.
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. . . . . ¢
1 . N .

. After'the‘resih‘Was‘fi]tered,_the'free'base was:isolatgdﬂ

from the cbfor]esﬁ filtrate upon evaporation to drynéss:

L4

and crystallization of the solid -residue from benzene. -

. N
¢

.
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Reaction of gﬁanazo]é wﬁfn'ethgl_bromoacetate”

Sodium methox1de (1.08 g.,0.02 moTe)'and ethyl bromo-
acetate (3.36 g., 0.02 mole) were added to a stirred _
solut1on of guanazole (2 g., O,QZ'mo1e) in methanol (50Im1.).
The resulting solution was refidxed'for,eighteen_nours.

The reaction mixture was then'evaporafed to'dryneSSaand fhe  -
residue was dissolved in ethanol-water (pH neutral). The-
solution thus obtained nas‘added go'a hot saturated
so1utfon of'picric acid in ethanol Upon cooling, the
.crude picrate of the product wWas obta1ned (4.96 g., 62%).
Recrysta111zat1on from ethano1 "afforded the pure p1crate
(3 1 g 38.7%) me1t1ng at 235—237 C. ' The proton magnet1c
resonance indicated ester exchange with ‘the so]vent used
‘1n'the substitution reactjon. The product obta1ned is the
picrate .of methyfl(B;S-diaminoll,2,4—triazo1y1-1)acetate,'
. and the proton magnet1c resonance for this methyl ester is:
3. 75 (s, 3), 4.8 (s, 2); 8.0 (b, exch. ),gé 65 (s, aromatlc
protons of'p1cr1c acid). '

To obtain the free base, the above methyT ester
' picrate der1vat1ve Was- disso1ved in hot water Tﬁe‘
resulting hot solution W3s absorbed on a AG-1, x;8, 100-200 ’
mesh anion exchange resin column in the acetate.form (Bio o
Rad Labs.). The‘co1umn Was rinsed.wi;h water and the
co1or1ess eluate was concentrated. Upon coo11ng, crysta]s
of ‘the product (1.2 'g., 35%) me1t1ng at 179-181°C. were

obtained These crysta1s corresponded to methyl (3 5-

d1am1no 1,2,4-tria oly] 1)acetate



RUEE S 34&0 3330, 3]80 3090"2980 1740 1530

1590, 1560, 1550 ‘1485 1440 1n20,,1340
g “.7;{1255 ‘085, “Toas, 1010"955 8807 ssq,_
“ 758, and 485 ¢ '-_lr;uff'
S Uov.: t- (nm ]og E) (215 3 8) ‘_‘
P}M.Rn -.3.71 (s— 3), 4" 58 (s, ) 4, 81 (broad
o ; 2 exch ), 6 os (b 5 exch ¥ '

R “RF:-' - 0 35 (so]uent A)

.Ana1ys1s N 02, %cN (ca]c d) = iD.QégU%jN;
(found) 40 48, 4 L |
Y
- o
-
J.‘ had
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1.Prepafat1on onLS,B-diamino~1zzlﬁetrﬁazu}yJLJ)ﬁeetabvaciqﬁ_ STt
Methy] (3,5- d1am1no 1 2, 4 tr1azo]y1 1]aceta¢e e e o

(1 7% g., 0.01 mole) was’ st1rred at .room temperature for I '_'";:

: e1gHteen hours in 2. N sod1um hydrox1de (30 mi.). The

' ?resu1t1ng 11ght co]ored so]ut1on was "adjusted to pH 7 by'
. the dropwwse add1t1on of 6 N hydroch]or1c ac1d A white
.so]1d crysta111zed 1mmed1ate1y (1.5 g., 100%) w1th a.

me1t1ng D01nt of 296 C ’ . ‘ ;' -- ‘ ‘».' \;?

A samp]e of the hydro]ys1s product Was red1sso1ved in
. ™~

2 N sod1um hydr0x1de and reprec1p1tated by ac1d1f1cat10n
w1th formic ac1d Th1s pur1f1ed product meited at 294° C.

This. product correSponded to (3,5- d1am1no 1,2, 4 tr1azo1y1 1)—

acetjc ac1d, and.waslsq]uble‘1n mineral acid;.it can be .
'.,recovered by neutralization with Bésa. _ - | : §
Y.F.: - 3380, 3280, 2980, 1705, 1665, 1605, 1580, 1525, . s
1465, 1425, 1395, 1385, 1310, 1080, 10}0, 950, P

910, 875, 755, 675, and 645 cu’ . | -

R - (%ﬁ,']og_E) {215 1.4). 5
P.M.R.: - 4.81 (s, 2) (Solvent DMSO- ds‘f DC1/0,0). ;

Rg: - 0.21 (soIvenf_B);. ' :E
Analysis: 04H7N502 172 Hy0 [ ?;

y4 (ca]c d) - : % (Found) # : “';. j;

¢ N ¢ L | .

, 30.57  5.13 42,15 31.07  5.68 - 42.50 j
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hase spectﬁUma.of (3,5-diam{no-1,2,4-tr1azoiy1-1) acetic acid-

- The mass spectrum of the- t1t1e compound was very

‘simp1e.. The isotopic analysis was in good agreement

wj?h.the theoretica] value for'C4H7N502

' ﬁZg .'. . Found ﬁf .-C4H7N502‘(theoretica1)
157 100 | 100
158 6.29 |  6.42

©159 0.75 ~0.58

The fragmentation pattern has been rationalized
1n an analogous manner to prev1ous1y reported mass'

spectra of 1,2,4- triazoles (56, 57). (Scheme Iv).
. )

a) - The mass spectrum was performed by Morgah Schaffer

Corporafion;‘Montreal, Quebec.
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Scheme IV

Possible Fragmentation Pattern for

(B;S—Diamino?l,234—triazolyl-l)acetic Acid

“HCN

CH7¥CORH
. .~

H? m/e 157




Scheme IV (cont; td)

NH, I

. ) |
N— |
H(ZN,(N /\q . .
‘ |

CH,-CO,H

M m/e 157

i
o
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Preparation of the monobenzylidene derivatives of quanazole

and 1-substituted guanazoles

General procedure:

Equimolar,amounts'of guanazoles -(position 1 where

C-H CH,-CH CH ‘CH ) and

' 33 “HprbHy-Uhgs Lglgs MHp tels> 2°C0;
benzaldehyde were st1rred in ethanol for severa] hours at

R = H; CHo; CH,-CH,-CH
rroom temperature in the presence of sodium acetate In

most cases, the product crysta]11zed from the react1on
-m1xture A]ternat1ve1y, the react1on mthure was’ evaporated.
The residue was partitfoned between ch]oroform and water.

The organ1c layer was r1nsed with water and dried over
anhydrous. sod1um sulfate. The dr1ed solution-was filtered
_and the f11trate was evaporated to dryness The crude '

g monobenzyl1dene der1vat1ve was recrysta111zed from the

appropr1ate solvent (see Tab]e VII)
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- Preparation of dibenzy1ioene‘derivatives of gquanazole ano

- 95

1-substituted quanazoles

Genera] Qrocedure:

The guanazoles and excess benza]dehyde in abso]ute'
etﬁanol were refluxed for several hours (when R = H, the
reactlon was completed 1n one hour as - shown by thin- Tayer
chromatography), in the presence of anhydrous sod1Um ,
acetate, p1per1d1ne or both bas1c catalysts. The resu1t1ng
.yellow solution was evaporated and the residue was

- partitioned between’ chloroform and water (1n the case“of
guanazo]e itself, the d1benzy11dene der1vat1ve crysta]11zed
from the reaction mixture). ~The chloroform Tayer was rinsed
w1th water and drjed over anhydrols sod1um sulfate The.
dried solut1on was f1ltered and the f11trate was evaporated
to dryness The d1ben2y11dene der1vat1ve Wwas obta1ned by
recrysta111zat1on of the residue from the appropr1ate
so]vent.(see Table VII): The d1benzy11dene derivatives of
sobstituted'guanazo1§s were‘aléo'prepared from the
corresoonding mohobenzy]idene derivatives and excé;s

benzaldehyde.



= . Elemental Analysis

Monobénzylidene deriva}ive
of l-subst. guanazoles

- 96

Dibenzylidene

"derivative of

1-subst.
guanazoles

Z N |
A calc'd found
“CHy . CyghyNg  34.80- 34.74
“CHACHe  Cqghygle 25.25 24.85
~CH,C0,CHy C]2H13NSOé 27.02 26.23
.-CH2CHéCH3 CoHyghs * 30.54  30.46
.»'Cs”s o Cglyghs - 26.14 26.59

c

Cog

c

Cyghyg

o2

H

H

19Vs:

17

19H1 785

N

N

17M15Ns

0

5

5

Z N
calc'd found
24.20 24 .46

19.16 18.97
, 20.11 1882
' 22.06 22.55

'19.92 19.31



ATTEMPTED PREPARATION OF

: TRIAZOLE '5- ONE

C, )

NH,

2~§MiN0—4H-IMIDAZO[1,2—b]-5f;

HZ;;/O‘. -

. ] i
CHy-C-R
XXIIL"
“‘Jm&' N
-_~-;
»

Severa] attempts at

~N
o= i
.*3\\ | .
< &
N
z .

XXIITa
"2—aminb;4H—imidazo-i"'.
[1,2-b7-s~-triazole-5-omne

r) . ! [+ 3

the preparation of XXIIIa fa11ed

The exper1menta1 cond1t1ons used: were as fO]]OWS"

(1)
. XXIII, (R = ocn3)
ey
) XXII11, (R =.QCH3)
(3) - . i e
XXIIL, (R.= OH)
@y
' . XXIII,. (R = QH)"
(5) S
XXIIT, (R = OH)
(s)A | . -
XXIIT, (R = OCHy)

NaH/DMFa/50°-90°

- reflux, 18'hours{

Xyﬁene/reflux No readtion (ir)

"~ Addition to
DCC with
, formation of the
" corresponding
urea (nmr) °

neeb
CHZCIZ/DCC /
room temp.

DCC/CHSCN
THFC (171}

150°/vacuum/P205‘ - Recovered,
S “starting
mater1a1 (1r)
. : - v
150°/vac_uum/P205 : Starting

material plus
some decom-. .
position St
products {(nmr) -

No reaction (ir)

No reaction (ir) -

-



- XXIII, (R = 0CH3) pyridine/refl
o - 18 hours

~

_ (a) dimethy) formamide;
(b) dicyclohexylcarbodiimide;
(c) tetrahydrofurane.

.
. L]
-
“ )
o )
)
’ "‘3&( “
:‘__‘-'-:‘.-.
\-.—
. -
’
-
x
1
.

3

ux
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No reaction (ir)
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