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ABSTRACYT

The oxrlzinnl purpovaee of this investigation was to study the
cymnoathylation, chloromethylmtion, mand Mannich reanctions as applied
to the S-aminotetyagoles. After preliminary experimentation, re-
search was directed .exeanuinly toward a study of the rsnction of
aorylonitrile with l-benzyl-S-~aminotetrazole and S-aminotetrazols.

Since there is no evidence in the literature of the application of
the cyancethylation resction %o the S.auninctetrazoles, it wag necessary
not only to study the renction of acrylonitrile with the S-amino-
tetrascles but also to eatablish the atructurees of the products.

The renction of l-banzyl-S-~aminotetraznole and acrylonitrile in
the pressnce of bengyltrimethylammonium hydroxide yielded %wo products.
Elemental snalysie indicated that one of these wns a mono-cyanoethylated
and the other a di-cyanosthylated l-benuyl-S-aminotetyngole. The
mono-cyanoethylated derivative wuz ghown %o be 1~bwaﬂ~§-ﬂ-cma~
ethylaninotetrazola. The isomeric l-henzyl—h-p-asmathﬁn‘j-mimsn
tetrazoline wne prepared both by alkylation of l-.benzyl-H-sminotetra-
zole with @-—hMQx;mprienitruau and by bepzylation of lfi-cyanoethyle
f-aminotetrazole.

Debenzyliation of the di-cyancethylated lebenszyl-S-naninotatrazoie
produced a compound that was identiconl with 5-X, H—dd-@-cymathyla-
auinotetrazole preparad from p,ﬁ‘-»imlaedipmpisnitruc by reaction
with oyanogen bromide and hydrazole acld. These results indicated
that the di-cyancethylated lebensyl-S-aminotetrazole was lebengyl-S-

H,§-di-@-aymmthy1aminotatramla. Attenpts to synthesize the latter



compound from n-m::n—m,R'a-di-(g-mmgmyuhimu snd from M
bdnsylthiosenicarbnzide wers unsuccessful.

Cysnoethylation of YS.aminotetrazole, sgein using & denzyleri.
mathylamsonium hydroxide catalyst, resulted in the foramtion of two
mono«.cyntoethylated derivatives, as indicated by the siemental annle
yses., One o0f these wapg ldenticnl with L1?Lqyannethyb~§~aminetaﬁrnn
sole prepared by the resction of P—m&mwwmuﬂruo with oysnogen
bromide and hydrazoic acid successively. The other mono-oyancethyl.
ated S-aninotetragole was postulsted to be E1§Laynnaethy1~5~amino-
tetrasole by a process of sliminntion and by isslation of an identieal
compound from the reaction of @Qhwmpmﬁnnﬂtﬁe and Heaminotetra.
gsole in & basic medium, Also produced in this renction wmas lea-oysnte
sthyl-S.aminotetrazole. Henry and Finnegan (1) have demonstrated
thnt 1~ and 2-slikyl-S-aminotetrazoles are the chief products obisined
from the alkylation of Se.aminotetwedgole in & basic solution.

In an unsuccessful sttempd to prapere §7ﬁL¢yanasﬁhy1aminetetraznle,
1, bedibengyl-f-ininotetrazscline wns caused to react with acrylonitrile
in the presence of bensylirimethylammonium hydroxide. The product
obtained exhibited peculiar properiies and the propossd debenaylation
to yleld 5.@;omuthy&mmmtmwxe wag not effectad.

Decyanoethylation cccurred during the hydrolysis of 1-ﬂ.eyane-
athyl-S-aminotetrazole with dariaum hydroxide., Hydrolysis with concen.
trated hydrochloric nold gave sn acldic compound which wesz not charnc.

terized.



Fosnible mechanisms for the renction of morylonitrile with 5-
aminofetrazole and l-benpyl-S-aminotetragele have Desn postulated
which amploy an apparent analogy betwaeen the bnse-satalyzed cyalio=
ethylation renction and the alkylation of S.aminotetrasole in a

busic medium,
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IWTRODUCLION

The originel purpose of this study was to inveatigate the gyano-
sthylation, chlQromethylation, and the Mannich reactions applied %o
the S.aminotetrazole system with the possibility of obtaining some
interssting synthetic intermedistes. It wae hoped that these compounds
oould be ianberralated by relatively strajght.forward chenical reactions.
Howaver, after preliminary experimentation, attention was directed
axclusively toward an investigation of the oyampethylation reaction
with the S.aninntetrazoles.

Although the results of the cyancethylation of various amines and
nitrozen hetarocyclica have been recorded and discussed in the liter.
ature (1,2), there is no record of application of ihe reaction to the
Se-aminotetrazoles. Baecause of thig, it has been necessary not oaly
30 study the resction of acrylonitrile with gha Geaninotetrazoles,
but also to establish the stiructure of the productse

The gensra)l method of attack followed in this investigation has
bean that of isolating the products resulting from the eyancethylation
reactlons and then postulating structures using the results of the
elementnl analyses in conjuncition with physlonl and chemiosl properties.
Final proof of structure was saccomplishaed by synthetic and degradative
procedures whensver podsible. The preparation of derivatives of gome

of these compoundsz hag been atteupted.



HISTORICAL

An extenaive revisw of the cysnoethylation renction has bean
preparsd by Bruson (1) snd gensral deseriptions of this remction may
be foand in most treatises on orgenic chemistry., Therefore, oniy
those apecific rhases of qyannéthylatian which are pertinent to the
application to the S.aminotetrazoles are contained in this section.

The baaa~an§a1ynad cyancethylation reasction has besn referrad
to as & specific typs of Michael condensation (3,4) where a compound
containing a iabika hydrogen adds to the acrylonitrile wolscule. The
overall result is the rsplacemsnt of & labile hydrogsn with a@-ayaaon
ethyl raesidue, s.g.

=H-H + CHysOH-(EN T =HeCHpCHOSN
Addition always tskes place in such a manner ihutlﬁh- more anionic
vortion of the addend goes to ﬂm@ end of the@,3 double hona (3).

The cyanoethylstion resction has been observed to be an agui.
1ibkium renction. When equimolanr povtions of secondary amines and
aorylonitriis preact, some ﬁﬁraaet@& starting materials are aiways re.-
govered and the yleld of preduct is never as high ss when an excess
of one of the reactants is used (5). Prequently, heating & cyance
sthylated derivative near i¢s boiling point will cause gradusl dee
composition to the original compound and aorylonitriles or some polymer
thersof (1). Reversibility has been observed axtsnsively with the
eyanoethylation of alcohols. The cyanoethyleated praducts have besn

obgerved to undsrgo thermal dissociation in the presence of alkaline
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aateriales into the aoriginal slcohol and a polymer of acryloaitrile (6).

¥ith compounds containing more than one replaceable hydregem, the
products obtained are dependent upon the condivions of the reaction.
Mono-gyancathylated compounds pradomineste at lower temperatures (1).

¥hile renction of acrylonitrile with some compounds containing
iabile hydrogens is spontaneous and highly exothesrmic, in mogt in.
stances the assistance of a catalyst to hasten attainment of equi-
1ibrium 18 required. Bengyltriwmethylasmonium hydroxide is apparently
8 quite versatile cyanoethylation eatalyst (1).

Frevious applications of the cyanoethylation reaction to variowm
anines and nitrogen hetorocyclics have been tabulated by Bruson (1).
The onliy more recent refersnce directly aprlicable %o the present
investigation concerns the ayanoethylation of bezimidazole and its
P-mathyl analog. Z=Efres md'%razwrﬁnahu (2) found that both of these
conpounds gave H.cyanoethylated derivatives. Bydrolysis of these
producte 15 hot 10 percent sodium hydroxide resulted in decyancethyla~
tion with the recovery of the sorresponding benzinidarole. Hydrolysls
with barium hydroxide gave a 9% percent yieid of lebensimidagoleprop-
jonic acid as the barium malt. Decyancethylation was not encountersd

using a hydrochloric acid hydrolysis medium.



DISCUSsSIon

S.Aminotetraxole may be represented by a numhar of tautomeric
structures with the hydrogens arranged in various positions about
the tetrazole nucleus and the exocyclie mnine nitrogen. Derivatives
of the threes taoutomeric forms represanted below were encountered in

the astudy of the cyanoethylation of the S~aminotetrasols system,

4 = N
‘\\ﬁ“/’
T

An inapection of these tautomoric structuges revesls that three

mam-eyam;eﬁwlmm yroducts could arige from the reaetion of Seamino-
tetrazole wn&x saryloni trile. ?mmﬁmammhﬁ residue cowld be
attached to the } or g nuclear pesitions or the Seanine nitrogen. an
even greater number of isomesrs of die and tmncyamethylaiﬁ.&mim—
totrasole is possible. In view of the totel munber of products thaid
could conceivably reasult from the reaction of Seaninotetrszole with
acrylonitrile, separaticon difficulties appeared to Le inevitable.

In order to 1imit the numher of possibis isomers, seversl l-sabe
stituted S-aminntetrazoles were initially chosen for the atudy. With
an alkyl or an aryl substituent in the L pesition, a maxisum of $wo

hydrogens could be raplaced 'bypoaymoethyl groups. Although the
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possidbility of obtuining quite a mumber of products still existed, 4t
wns hoped that just one or two different cyancethylated S-aminotetra-
zoles would Ye produced in the resction of a l-substitutsd S-~a2mino.
tetyagole with acrylonitrile. "herefore, seversl l-substitutsd 5-
aminotetrazoles were synthesized.

leFhenyl.S-aninotatrazole was prepared from phenyl thioures
using the method of Pinnegan ed al (7), modified to parmit successive
steps without isolating the intermediates. The lecyclohexyl and le
benzyl-S-aminotatrazoles were praepared from the corresponding amines
using Wilson's modifioation (8) of the mesthod devised by Uarbrecht
and Herbat (9). In both of these methods, the Y-aninotetrazcle is

presumably formed by the ayclization of a guanyl azide intermediate.

8 ICH o HI
3
E CH, I WE,NH,,
RM~CoNHy 9 mwj:aa > xzﬁma-m

lmm |
3.
MW BNy ﬂﬁﬁ 3
RNH, —_— Rﬂﬁ(ﬁﬁ——-——a !th-lma —2 Mﬁﬁg.ms
RWHp. BBy vﬁu

/N
U U

R = alkyl or aryl
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I% $s conceivable that the guanyl aside could oyclize in either of two
vaya %0 yleld a l-substituted S-aninotetrazole or a S-gubstituted
oninotetrasole. However, & previous study (9) bas sbown that in all
fostances, even with substi tuq;sn of warying slectronegativities, the
only product obtained wiags the l-substituted S-aminotetrazcle.

I~Bensyl~S-sninotetrazole wrs also prepared by bensyladion of
S~aminotetrazole following the procedure of Herbst and Garbrecht (10).
Alwno imolated Lyom this remation were H.benasyiaminotetrazole and l-
banzyl-f-honzylaninotetrascle.

Althpugh the lephonyl, l~cyolobmxyl, snd l-bansyleS-suninetotra.
soles were prapared with the intention of inveatigeating sthe products
from the weaction of each with aarylesitrile, only the l-bensyl~S5e
aninotetrasole was actually used. The reason for this was the appare
ent ense with which the benzyl group can be removed by catalytic
hydrogenolyasis according to the mesthod of Birkefer (11). By the use
of this degradative procedurs, the products from the reaction of
acrylonitrile with l-densyl-Se-aminotetrascle could be related to S
eminotetrazoles containing only p-aymaﬂwl substituents,

" In the cynnoethylation studies, 1t wee found that intimate mixing
of 'tha reactonts and the cntalyat and the use of freshly distikled
scorylonitrile ware neceamr# conditions for reaction %0 ocour. A
survey of previous applications of the cyanocethylation ressction in.
dicated that ‘bmsyltrimﬂxﬁammnium hydroxide wag an extremely
versntile catalyst. Therefore, s U0 p«rmizt agqueocus solution of

this compound was utilized in all experiments. No nttempt wns made



T
0 deSermine mﬁm’ some ofher oatalyes would have -besd more catis-
factory. Nthylens dlchloride was used an the initial solvent for Gw
products. singe this solvent has been found to dlusoles cyanvethylated
products selscetivaly. Any polymers of aceylonitrile formed during
the renction ramained undissolved (1).

Yhen & mole-toenole ratic of l-densyl-S.aminotetrascle and
freshly distilled scrylenisrile was ocsused to react in the presence
of a N0 perosnt aguesus wmclution of benkyltrimethylaswonium hydroxide
antalynt, a eryatalling compound resulted. Blemental ansclysie showed
that monecyansethylation had acourred. The twe most ressonnble
positions for the introduction of &;o @myam«wa residus apsenred
to be in the 4 posidtion (I) or attachment to the amine nisrogen (IX).

HYON,CH, 02N

]

(1) (11)

1,4-Digubstituted S-iminotetrasolines (I) sxhibit gquite basic
properties and resdily form hydrochlorides of definite composition (12).
The mono-cyancethylated l.benzyl-S-aminotetrazols was only silightiy
basic and Zalled $o form m hydrochioride of definite composition.
Since this behavior is characteristic of the lealkyleS-alkylaminoe
tetrasnles (13), tentative mssignment of structure as l-hmzyl-S-P-
eyanoethylaminotetrazole (1) to the mono-cyanoethylated l-denzyl-

S-aminotetragzols wns made.
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For conparative purposes, the aynthesis of l-mwl-“-ﬂ- ayanoy
athyl-S-iminotetrazoline (1) was undertaken. It was felé thet the
most dessirable apyroach was the M'zylatian of 1—#- syanoathyl-5S=-
aminotetranole 1f this compound gould be prepared. Using thia method
and barring rearrangements, the attachment of thnﬁ—aymathyl gryay
at position } of the %etrazole ring would be astablished. F:rapam-
tion of le(d~ cyanoethyl-S-aminotetrasole (II1) was #eeoapli:heé in
the following manner. @»m‘impmyionﬁrila, synthesized from ammonia
and sorylonitrile {14), was used as the starting materisl. Interace
tion af@-omimzzroymnitrne with cyanogen bromide in diethyl other
gnve a cyrnamide which reacted with hydrazoic acid in hoilinﬁ Aylens,
ageording to the method of Garbrecht and Herbss(9), to glve the
desired tetrazole &s a colorless cryetalline product, m.p. 115-116C.

PThis sories of reactlions is representsd below.

o
By(EN o aﬂ3 N
WECCHp Uiy ————> ij&t}aﬁagﬁgKMK —— ﬁcw&mﬂz “
WECCHy CHoWH o o HBr N—N
(111
Pilemental analysis supported the postulation that this product
was 1-ﬁ-aymethy}.~§-mimmtmmu {111), but could notuexelude the
possibility that 5-»@-— cyancethylaninotetrazole had formed, The
noutral character of the product indiceted that the ring closure had
not produced & S-alkylaminoietraszole; ell known Sealkylsainotetraszoles
exhibit definite acidic properties. In addition, previous investign-
tions using the synthetic route eamployed in the preparation of (11I)
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have gshown that ring closure of the guanyl azide intermediate ocours

only in the direction ylelding a l-substituted S-aninosetrazcle (9).
An acetyl derivative (illa) af'1]ﬁ;~cyaaaathyi-ﬁ-amina;atrasolo
was prepared by refluxing it with acetie anhydride (10).

ﬂﬁ~@ﬂﬂ§
IEGSHQGR&; '

(1Ila)

¥hen & mixture of 1-6&-cyanaethyi—5~aminatatrasole (111) and an
equinolar quantity of YBenzyl chloride wan heated in an ofl bath (15)
an exothermic remction ensuned and the mixture solidified. Recrystalli-
zation of the crude product gave a colorlasss crystalline solid whose
elemental analysis waa correct for Iubenzyluﬂnfaocyauaathyl—ﬁ—imino—
tetrazoline hydrochloride (IV). A conmpound of identicsl infra-red
spectrus, melting point, and mixture melting point was prepared by
the alkylation of Lebenszyl-Seaminotetrazole withfd-chloroproplonitriie,
using the snme %Zachnicue (1%). Preparasion of tﬁ@ 1~hanzy1—hufa-¢yuno~
ethyl-f-iminotetrazoline hydrochloride wag also accomplished from
l-benzyl-feamino tetrasnle using hnhrawapyapinnitrila as the alkylating
reagent. In the latter case, the crude tetrazoline hydrobrouide was
tronted with squeocua sodium hydroxide $o yield an extramely basic
pale yellow oil. When this oil was caused %o reanct with gaseous
hydrogen chloride, 1-benzyl~u~f3~ayanaathy1~5~iminotetraaoline hydro=-

chloride (IV) was formed instantansously.
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After several attempts, catalytic debensylation of i-benzyl-iw
(g-eyunuathﬂc—ﬁaiuimutmmlim hydrochloride (IV) using the method
of Birkefex {11) yielded a product whose melting point was not dew
. preased by adnixture with 1-f8.cyanoethyl-S~aminotetrasoie (IIl1). The

praceding trancformmtions many be summarised schematically:

Qﬁgﬂﬁﬂs

(1v)

From this phase of the invantigation, the following interpreta-
tiones may be drasn. Since 1-bmwl-ihﬂ- cyanoethylef=ininotetra.
zoline hydrochloride (IV) was formed regardieas of the order of intro-
duction of the benayl and the .oyunosthyl groups and since 17@-
oyanoesthyl-S-aminotetrasole (I1I) resuléed from the catalytic debanzyl-
stion of this compound, it msy be conciuded that gompound {1¥) e
z-muzyl-n..la. cyano«thyl.S-1minotetrazoline hydrochioride. This con-
clusion is supported by Percivalts investigation esltablishing the

site of mono.alkylation of the l-substituted S-aminoteirmzoles (12).
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Parthermore, this series of resctions substantistes the assumption
that the Seaminotetrazole prepared fmmﬂ-amimprop; fonitriie con-
tainaed uxa{@-cynmathyl regidge in the ;. position ag previously poetu.
lated. Most imporiant, however, is the basic nature of the oil
liverated by aqueous sodiuwm hydroxids from the product of the reaction
of l-bangyl-feaninotetrazole and O-bromopropionitrile and from je-
hanwlmi&-p- cyanoothyl-S5-ininotetrazoline hydrechloride (IV). Ale
though no elemsnital analysls waa obiained for the pale ysllow oll,
the fack that 1-1::&::3;,:3.-&.{9. cyancethyl-S-iminotetrazoline hydrochioride
(1Y) wus formed mmdiateiy upen gontact of this oil with hydrogen
chloride indicnies that this substance w:s the free base, l-bengyle.
bl ayanpothyl-f=ininotetrasoline (I). From a comparison of the be-
havior of this compound with that of the wmono-cyancethylated l-benzyl-
Seaminotetrazole, {11}, 1% was apparent that these compounds wsre not
fdenticnl.

An examinstion of the structural formula of lo-/é-a:rm@thylus-
aminotetrazole (I1]1) reveals that this compound could concaivably re-
gult from the oyanoethylation of S.aminotetrazele, Alkylasion studies
invelving the sodium salt of Seamminctaetrazole (16) have demonstrated
that the formation of salts of S.aminotetrarole involves chiefly the
1 and 2 nuclear positions. This may be interpretsd as meaning that
the anion resulting from the remnval of o proton ils stabllized by
resonance and rescts ag though the free electrons are localized in

the nuclear positions.
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Since the } and U positions and the 2 and 3 positions are equivalent
in the S.aminotetrazole nucleus which contains no substituents, only
two nuclear substituted products can be formed.
The Michuel oondensation, of which base-catalyred cyanoethylation
is a speclfic Sype, involves the adaition of a compound containing a
1abile hydrogen to an activatad aarbon to carbon doudble bond. &
mechaniem ndvanced for this reaction {3) involves the abstractien of
the labile hydrogen by the brgle catalyst followed by the sddition
of the resulting anion %o the more positive end of the polarized
double bond.
HH + B (base) T Wi + HD
s+ 8~
ST ¢ CHymCH 0B T Jm-sagmr-df ¥
H-cH, S-SR ¢ HB T N OH e CSW 4 BT

In view of the predominance of the 1 and Ze.substituted Se
aninotetrazoles arising from a renstion which invelves anion fe:jm.-
tion and the mechanlam for the base-catalyzed cyanosthylation reac.
tion which also involves anion formation, it wus hoped that the number
of products resulting from the cynnoethylation of S-aminotetrasole
would be limited. With this in wmind, cyancethylation of S.aminotetra.

z0le wae attenpted.
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then a mole-to-mole ratio of acrylonitrile was added to S-amino-
tetraxole containing a few drops of a 40 percent agquecus solution of
benzyltrimethylammonive hydroxide catalyst and the mixture wag well
blended, an axotheﬁmis reaction ocourred giving a yellow solution.
After heating this solution for twelve hours at reflux temperature
followsd by chilling, & yellow crystalline solid resulted, m.p. 97«
10600., whoass melting point range wne not appreciably narrowed by
repeated reorystallizations from absolute ethanol, Mpamtion into
two components waa sccomplished, however, by extraction of the sollad
with hot ethylene dichloride. vhen the ethylene dichloride extract
was chilled, colorleses platelets, (4), precipitated. After reorys-
tallization, this material melted at 117.0-117.5%°0. Characterization
of this compound, (A), will be discussed later. The residue from
the ethylene dichloride extraction upon recrystallization from 9%
parcent ethonol gave a colorless oryatalline solid, (B8), m.p. 115~
116%¢., which was found to be identical with x..ﬁ- ayanoethylese
aminotetrazole {I11). Mixtures of (A) and (B) melted below 10096,

Plementsal analynis indioated that product (A) wns also a mono.
cyancethylated derivative of Sw-aminotetrazole. A suWay of the pos-
gible positiam t0 which the/g-qyancethyl group eould be attached
showed that three isomers were poagible: 1-ﬂ-cyanoe§hy1~6-amimtatm»
zole (11X), RefO-cymnosthyl-fH-suinotetrazole (V), and 5‘“/6‘“33“0“
ethylaminotetrazole (VI).



14

I§§§§acﬂaezu
HEQOHAOHp X

i
{(rrn (vy (v1)

fince a mixture melting point of this compound and an authentic
sample of l-O- cyanoethyl~f-auninotetrazolie (111) was depressed by
27°0, and becsnse the infra-red spectrum of the solld was unlike
that of the spectrum of le :noyanmt‘bylnﬁ-mimmtmmxe {111}, the
poesibility of the presence of thslé-»cyamstm residue in the }
position wag eliminnted. Thus, the compound could not be & poly-
morphic modification of (IIX). In addition, the acetyl derivative
of this substanae, (4), exhibited a melting point of 136-~137°C. com-
pared to that of 104.10%°C. for the acetyl derivative, (1lla), of
1=« cyanoethyl-f.nnino tetrasole (111,

The fact that different acetyl derivatives were oblained is also
evidence that the materisl, (A), could not ba %ﬁuayamsthylmim-
tetrazole (VI). I% has been demonstrated that under the conditions
smployed, l-alkyl-S-aminotetvazoles and S-alkylaminotetrazoles cone
taining the ssme aliyl group form the same acetyl derivative (10).
Algo, all known Sealkylaminotetrazoles are acidie and the results of
an attempted potentiometric titration of the sscond mono-cyansethyi-
ated derivative of S.aminotetrasmolse indicated that its agueous goluiion
wag slightly basic. Upon examining the infrawred spactrum of the

s0lid obtained from an attempted thermal rearvangement (17) of



15
compound (A), $¢ was found that the minor differences in the spectrum
compured with an infra.red specirum of the staréing material could
probadbly be attriduted to some decomposition which was observed., Un-
less the substituents are ralativaly electronegative, it has been
shown (17) that Se-gubstituted aminotetramzoles will undergoe thermal
rearrangement %o the corresponding lesubstituted S-aminotetraszoles.

On ths baais of the nbove facts, (III) and (IV) have been elim
innted as possible structures for the ethylene dichloride solnhle
product, (A), from the cyancethylasion of S-aminotetramzole. Tha
possibility that the compound ia .- anpocxamat}wluﬁ—mina%trsmlo
(V) still remained.

Independent synthasis was not attenpted since all known pro-
cedures for the syntheaslis of 2-substitded S~aminobetrezoles reguire
hydrolytic or reductive procedures $oo drastic for the nitrile group
to withstand. Instend, an slkylation of S~aminotetraszole with p-
bramopropionitrile in a basic aquecua-ethanolic medium was effected.
Henry and Pinnegen have reported {16) that spuch an alkylation yields
chiefly ] and g mhs%;imea S-aminotetrazoles with only $race amounts
of other products. %Hwo products were isolated from this renction,
one a compound, W.p. 115-216°C., that wns fdentical in all respeats
to 1~P— cyanoethyl-Senminotetrazele (111), and the other, a solid
exhibiting a melting point of 116.117°C. A mixture melting poing
of the latter with product (A) from the cyanoethylation of S-amine.
tetrasole showed no depression. In addision, their infra-red spectra
were fdentical. It 1z felt that on the basis of the evidence pre-

sented, it is reasonable to assume that compound (A) e 2-,3-- crannethyl.

Seamino~tetrazole (V).
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The oyanosthylation and the alkylation of Se-amino-tetraszcle which

have been discuased may be represented disgrammatically as follows:

g

GKE CH~-C=N ?&EGGHQW
on™

fIII)

HrQH,CHo CEN
¥ap00y
' uwcaxacm

Parther experimentation with the ayenoethylation of l-benzyl-

S=aminiotetragole revealed that by the use of an excess of acrylo-
nitrile, varying amounts of another product could be obtained in
addition to 2.~baaz;r1n6-{g ayamethy}.amimutmmm (11).  Elemental
analysis indicated the presence of two sgam@thyl ragsidues. ‘This
compound eould alzo be prepared by further reaction of l-denszyle
‘5-@. eyanosthylaminotetrazole (II) with acrylonitrile in the presence
of bensylirimethylmumonium hydroxide as a catalyst. For this come
pound, structure {YII) representing 1-benzy1~mm.m>€~wmewz-
aminotetrazols wos postulated.

cﬁfcam

1 G‘KE&E o=N ( csxacﬁzmmz
S gfzm@ Ol Ol CHyCely

(11) (viI)
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Hydrogenolysis of h‘henzyl-&ﬁ;&-di—ﬁ oyancsthylacinotetraszole
(VI1) should lead to &ﬂf%&i-ﬁ-amoathylmimtetm:ou (v1yy),

(OB CHyCEN), N(CH,_GH,02K) 5
OgRgCHy Hp | .
| | Fab, £ * “635"33
(vix) (vi1D)

However, before hydrogenolysis wau sttempted, the anticlipated prodnot
wag prepared by an independent synthstic route. ¥hon a solution of
ﬁ.ﬁ ‘~iminodipropionitrile in ethyl acetate was treated with cyanogen
bromids snd the resulting cyanamide refluxed with a Denzene solution
of hydrassic acid according %o the pronsdure of Gerbrecht and Herdbst
(18), & colorless crystalline produst was obtained whose agueous
solution was definitely aaid@m This indleated & S5-pudbstituled smino~
tetrasole. An elemental analysis was correct for %S-zw.ﬂnd!-ﬁ.-m-»
athyleminotetrazole (VIII), the desired compound. The series of re-
astions leading to the formation of this compound sre represented

balow:

N(OH, CRLOZW) ,

- BroEY Wity
(MECOHpOlg) H —— (mwzaaﬁﬁa)aﬁm ——3 Y
(mmﬁiaﬁﬂa) aﬁﬁ'ﬂ'ﬁ!‘
{viir)
It was found that the behavior of &m,zz..as-,@- cyanosthylamino.
tesrazole {VII1) in a potentiometric titration with sodiws hydroxide

wag analogous to that of o carboxylic acid. From the titration ocurve
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an equivalent welght of 191.6 was obtsined which agreed well with the
value of 19).7 ocalculated from the molecular formula. Caleulation
of the pk By the S0 percent neutralization method (19) gave an approx.
imnte value of L.85, |

AfSor severa) unsuccessful attempts, debsnsylation of the di-
eyancethylatad l-benzyl-S-aminotetraszole (VII), uasing the method of
Birkofer (11}, yielded m crystelline solid, m.p. 127-129%C. although
the melting ‘.pomt could not be raised by repemted megrystallisaiions,
s mixture melting point determination of this compound and an authen~
tic semple af'3«-&?,&:«-&178”emaahyxmimucmmu (VII1) showed no
depression. Identity of the compounds was also eatsablished by a come
parigon of infrea.red spectra. This information supported the assigo.
ment of structure (VII) for the compound.

In ordsr %o further substantiate thie assignnent of structure,
two different voules were syplored for an uneguivoenl syntheslis of
1~‘bmmy1~§«$,ﬁ-»dbﬁ# eyanoethylaminatetrazole (VI1). A)though numere
ous attempta nt ho;ch of theae methods failed, a brief sumnary of
ench of the two approaches is included.

Phe first method, that of Pinnegan gt al. (7), utilirged N«
benzyl-—ﬁ',ﬁ'-di-‘@- eyanoethylthiourea (IX) as the starting material.
This compound wns prepared from benzylissthioayanate mdﬁ,@ .
iminodipropionitrile using a modification of the method of Dyson
and Hunter (20). The following disgram {ilustrates thie synthetic

approachs



19

oHE . SCH4.HI
O g, OF MHON( 0K OH, G2N) > g OH WmCH( Uy GH ,0m1)
(1X)
HH
sy 2
OgH5 T = G 0H 05y 3 ﬂﬁngcﬂaueg( CHACH, Cam)
Hp¥ | .HNO, 2
HOL
HaNO,
¢ 63?’@&1‘“!?&;( QHQMQM)E > csxsm . f'%ﬂﬁgm 2
{(vin)

In ench of the mmzsqjﬁ#ﬁnf& attempts, the reactions appesred to
be proceeding mhisfanﬁwﬁy to the point whare silver nitrate solu~
tion was added %o metathetically replace the lodide with a nitrate
ion. Upon the addition of the silver nitrate, an insoluble plastic
material precipitatsd along with the gilver iLodide. After the pre-
-Qimkata wng removad by Lfiltration, ﬁim’simﬁm of the filtratse
gave a red oil whose infra-red spectrum w}m unlike that of l-benzyle
Sul, Hedie/) - cyanoethylanino tetrazole (VII).

The other approach to the synthesis of (VII) involved s differ.
ent procedure for the preparation of the aminoguanidine hydriodids
intermadints. Although thars is no record of this approach in the
1iterature, ‘the method seemed to be a reasonable one. Y4-Benzylthio-
samicardbrzide was used as the starting waterial. The procedure lead-

ing to the formation of the guanidine hydriodide intermsdiate may



bs reprosented as follows:

B msx ‘ I
asﬂsmam{ WHKE,, > O e
/ W CH O, 0
Ggﬁgcﬁaxag( OH,, UH,,02N) ,
Hanl «H1

Evidence Shnt Se.nsthylation ocourred was the evolution of methyl
mercaptan upon the addition otﬁ,ﬁ ‘=iminodiproplonitrile. aAfser
the preparation of a solubion of the compound assumed $o be the amino-
guaniding: = bydrwai_ﬁs. the asrme succession of steps was followed as
with the other method. Agsin, the game dlfficuities were encountered
and no h,'bmay}.-ﬁn!f.w—ﬁinﬁ- cyanpethylaminotetrazele (VII) was obtained.

Although the postudation that the struocture of the mono.cyans.
ethylated lobensyl.f-aninotetrazole is represented by (I) was ssrengbh.
ened by the fact that further cyancethylation of this compound yielded
zaumsm.,s-w,w.&s.’@- cyanosthyleminotetrasole {VII), additional proof
of structure seemed to de dasirable. Daebenzylation of this compound
should result in the formation of %ﬁnmgmnemylwim#uramic (VvI).
This compound, (VI), should Be acidic in nature, undergo therual re.
arranzemant to the lcﬂ woyanoethyl-f-aminotatrasole (I111), and form
the same scetyl derivative, {Illa). Therefore, cstalytic debeazylation

BRCHOHp 8l M OB, OH, CE
CeHg Ol . HymPdO, hent > (11X)

~—(CH300) 30— (11Ia)

~

(1)



of (1) was attempted, sgein using the method of Birkofer (11).

Hony attempts were unsuccessful and resulted in the rscovery
of starting material or a substance exhibliting the characteristic
odor of an amine which was not identified. One attempted hydrogen~
olysie using glacial acetic ncid as the solvent and palladium oxide
an the catalyet gave evidence of debenzylation having occurred. The
orange oll isolated from this renction was acldie, formed a snlt
when neulrelized with aqueous sodium hydroxides, and reacted with
nastic anhydride at reflux temperature %o yield an acetyl derivative
which was ldentical with that formed from 1—P-ayanaathy1-5—mim-
tatramls( 111) and acetic anhydride. The infra-red spectrum of the
oll was different {from that of the atarting material, 1~‘osam§f1~5~ﬂ -
cyanvethyiaminotetrazole (I). %hen thermanl rearrangement of the oil
was attempted, no rearrangement ocourred when the oll wos heated ad
1209¢. for two houra. Upon heating the oil at 165%C. for four hours,
aowe darkening ccourred and a glassy solid wng obtained. The infra-
red aspectrum of this material wes unliike that of the originel oil.
Attempta to isolate x-Pwemmathyluﬁuamimtstrasalﬁ from the glsasy
solid were unsucceszful. Although & sample of the oil from the hydro-
zenolysis of 1~banzy1-‘5-ﬁ- eyanoethylaminctetrasole (I) oould not be
purified eufficiently for elemental snalysis, it appesrs that debenzyl-
ation of (1) ytelded a substance some of whose properties were thoge
pradicted for w-wmﬁhylmimtetramw (¥1).

In ordsy to obtain a cyanosthylated Seaminotetraszole with the

P-cyamathyl residus in the § position, cyanosthlation of 1,W-dl-
benzyl-S-ininotetrazoline was attenmpted. Debenzylation of the



expected product from this reaction, 1.‘&-dib¢my1-5-f9- eyanoethyl
iminotetrazoline (X), shouid produce 'j-ﬁ- cyanoethylamino tetrasole

{VI). f%he propoasd scheme may be represented as follows:

ﬁ?fawﬁ

(vi)
A red visoous oil which eventuslly =olidified to an orange solid,

B.p. 83«150°0. wne obtained on cyanocesthylation of 1,U-dibenzyl-Ffie
infnotetragcline. Farification was attempted by solution of this
material in acetone, decolorisstion with Norite, and reprecipitation
with n-hexane. & creamy white solid resulted which darkened and was
transformed into an oll upon exposure to the air. After several days
the oll solidifled to an orange mass, m.p. gn. 123 with some decomposi.
tion., Because of this behavior, debensylation of the product was not
attempled.

Several atienpts were made to obtaisn the carboxyliec aclid derived
from x-ﬁ- cyanoethyleS-aminototrazole {11I}. Busic and acidic cone
dltions were employed to hydrolysme the nitrile group of (III) %o
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form the aorresponding acid (X1).

(X1}

Degyannethylation cacurred when barium hydroxide wes used as the
hydrolytic reagent and S~aninotetrazole was isolated from the re-
action mixture. Nacsuae of the equilibrium snature of the ayanoe
sthylation renction, eliminntion of the cyanoethyl group ia alkaline
media is not without precedent. Akkali catulyzed degyanoetbylation
has heen obmerved in other imméﬂ, {1,2,6). 4an acidic product
which underwent decomposition with gue svolution at its melting point
was obitained from one Wﬁr@lﬁuia using concentrated hydrochioric
aclid. However, a titration of this substance with agueocus sodium
hydroxide revesled an eguiwnlent weight of 14l cowpsred %o the calw
gulated value of 157 and no elemental analysis was obtained for this
sabstanae.

In an attempt to aynthesize the carboxylic ascid (XI), or some
derivative thereof, preparation of the S-aminotetrasoles framﬁ«a}.a—
nine and the ethyl ester of ﬁualanina was undertaken using the
method of Garbracht and Herbst (9). The desirsd products gould not
be isolated from Shese reaotions.

On the basis of the resulte of the lnvestigations concerning
the eyancethylation of the S-aminoteirazoles, the reagtion of acrylo-

nitrile with Se~aninotetraszole in the presence of benzyltrimeihylammonium
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bydroxide was found to produce mono-cyannethylation on the nitrogens
contained within the tetrasole nucleun, rielding ET@-ayanoathyiuﬁ-
sminotetrazoie (131) and 2- ~gyanoethylaminotetrazole (V). %he re-
agtion of serylonitrile with L.bensyleS-aminotetraszole using the same
eatalyst coused cynnoothylation of the exeooyclic amino nitrogen with
formation of lgbonzyiwﬁufauﬂyanaakhyiamznatetrnsole (1) and lebensyle
%x,m&-p. ayancethylaminoe tetragole (VII).

In view of the positions of attachment of the p-wanaeehm
residue in the reaction of reryloaitrile with Seaminodetyrazole and
with l-bangyl-f.aninotetrazole, some specolations can be nmade cone
gerning the mechanigms involved. G-aAminotetrasole is an acidic com.
pound snd readily formas salits. As previously discussed, ianvesiige.
tiona soneerning the alkylation reasctions of the S«aminotetrasole
molecuis which proceed throogh anion formation yield chiefiy 1. and
Pealkyl-Seaninotatraszsoles as the mannualkﬁlation products (16). %ince
the base-catalyzed cyanosthylation of S-aminotetrazole slso produced
1~ and 2~substituted S-aminotetrasoles, the possibility exlists that
thia resction occurred vis formation ef the anion of S-aminotetrasole.

It is conceivable that benzyltrimethylammsonium liydroxide could
abatract the labile hydrogen as & proton from S-aminotetrazole to
forn the anion. Thig anfon could induce yolariga%;an of the mcrylow
nitrile moleculs followed by attack of the anion at the more yositive
ond of the dipolar species. The resulting anlon could then réa&t
with » water molecule to give the grannethylated Sesminctetrazole
and regenerata the cntalyst. This mechaniem may be represented as

followns
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fince dialkylation of S.aminstetrazole in basic medie results
in the introduction of the second alkyl grour chiefly on the amino
grour in the § position, Henry mnd Finnegan {16) have suggested that
1. and 2. alkyl-S.aminotetragoles are formed initially and further
alkylation progeeds through thesse compounds %o yield l- and Z-allyl-
fHeallkylaminotetrazoles.

Although lealkyl-feaminotetrazcles are slightly basic, it is

possidble that in the presence of s atronger bdbase, one of the mzino
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bx;lmgsnu oan be remnved to form an anionic species. Conceivably,
contrituting structures te the resonance hybrid of the anion could
have the free pair of electrons localized at the 2, 3, or 4 nuclesr
nitrogens or the Seamine nitrogen. In view of the products formsd,

the anion behaves as though the negative charge was localised at the

Beamino position.
, E: -

Using this analogy with the base-catalyced oyanvethylation re-

agtion, a mechanism similar to the one advanced for the gyanocethylation
of S-aminotetrazole can be postulated for the reaction of l-bensyleSe.
aminotetrasole with acrylonitrile. Thie 1oy be repragsnted by the
following series of aguationss

ff‘:”’
061%5:/1 + FROR
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Po explain the formation of la-bmzyl-ﬁa}?.mdi-p ~gyancoethyl sminte
ta&ranel; the remaining hydrogen ocould be abstracted as & proton from
the mﬁnsueyaunothyiaiua 1;hnnn#lwﬁ-mmanotutraaola‘ ﬁurﬁhur rengtion
of luhansyi~5~f3;eramnathylaminoﬁetrazala with acrylonitrile produced
the di-oyancethylated compound snd lends support b this supposition.
The formation of the anion is represented below. Thie anion could

react with the scryloni$rile molecule as previously indicated to yleld

- .

:gﬁﬁ CH_ C2H
- — . 3 &
C E C}II\F + HOH

<~ “65 2

L-benzyl=5-K,Ha ai-ﬁ ~ cyanosthylaminotetrazol .

Although the preceding mechanism for the oyanvcethylation of l.
bensylefenminotetrazole sesums to be & ressonable one, the possibility
of 2t lesst one other mechanisiu remsins. In thias mechanism, the l-
benzyl-S-nminotatrazols molecule c¢ould resct with an aarylonitrile
moleaule whoae dipolar character has besn snbanced by the presence
of the basic oentalyst. This species could then undergo an intra-

molecular proton shift o produce the desired product, i.e.



Farther renction of this mslecule with gorylonitrile could pro-
duce the di.cyanoesthyiated product by an analogous path.
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Praparation of l-phenyl-f-aminotetragzole
l-Fhonyl-S-aminotetrazole was prepavred in a 75 percent yield from

phenylthiourea using the procedure of Finnegan et al, (7) modified to
allow auccessive steps without imsolation of the intermediates.

A euspsnsion of 152 g. (1 mole) of NH-phenylthioures in 300 ml.
of absolute ethanol was codled to 5°C. and treated with 150 g. (1.06
molen) of methyl iodide over & period of one~-half hour with conatant
atirring. Stirring was contimued for an additional hour and a half
a8 the ice melted and the temperature gradually rose. During this
time the slurry was Sransformed to a clear yellow solution from which
a solid precipitated. The reaction mixture was heated to reflux
temiperature and held there for one hour during which time the solid
dissolved %o form an orange solution. One hundred wmiliiliters of
4iatilliate were removed. The residual solution was diluted %o the
original volums with absolute ethanol, chilled, and 50 g. (lumole)
of 64 percent hydrazine wers added slowiy with stirring. (The methyl
meroaptan evolved was trapped in squeous potassium hydroxide.)

Following this sddition, the solution was heated to refiux and

#Al) analyses wers done by Mioro.Tech Laboratories, Skokie, Ill.

*s%he acrylonitrile used in this remearch was donated by Honsanto
Chenlcal Co. snd the 7@‘-imimdipropionitrile by American Cyan-
amid Co.



b
meintained there for an hour. Upon slight cooling, water-vacuum was
aprlied and the ethanol was removed. Three hundred millijdsers of
vatsr were added and 200 wl. of distillate were gollected to remove
sny residual ethanol. The solution was diluted with 500 ml. of dis-
tilled water and acidified to 1litmus with 15 ml. of concenirated
nieric scid. To this was added dropwise, with stirring, a soiution
of 170 g. () mole) of silver nitrate in 850 mi. of water over a
period of half an hour. Fiftaen milliliters of concentrated hydro-
ghloriac agid was added to remove excess silver ion and stirring wes
continued for an hour. The insoluble silver salts were filtered from
ths solution and weshed with hot water. Immedlately the combined
£i) trates were chilled to 5°0. in an ice - ealt mixturs and 69 g.

(1 wole) of modium nitrite in 200 ml. of water were added with stirring
at & rate such that the temparatuve did not exceed 8°C, vhen an
exceas of nitrous acid was indioated by starch - potassium lodide
papey, the mixture was stirred for an addisionsl 15 minutes, neutral-
iged with amqueous potsssium hydroxide sad stirred for 30 minmutes,
resacidified with 150 ml. concentrnted hydrochloric acid, warmed to
35“6. and aliowed %0 cool slowly. After room tenmpersturs was ate
tained, the mixture wns chilled and filtered and the solid wns washed
with o0ld water. Regryetallization woe effected from isopropyl
alcohol uaing Darco as the decolorising ageni. Seventy-eight grams
0f l~phenyi-S-aninotetrazole resulted as ocolorless platelets, m.p.
159 - 160%c. (7).
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Preparation of l-gyelohexy)-5-sminotstrasole:

One mole (99 g.) of eyclohexylamine dissolved in 500 ml. of 95
percent ethanol wns cooled to WPC. To thie sciution was added with
stirring a solution of 106 g. () mole) of ayanogen bromide in 200 ml.
of 95 peroent ethanol and 200 ml. of distilliad water at such a rate
that the temperature did not rise above 10°C. Thies addition required
about one and a half hours.

Forty groums {1 mole) of sodium hydroxide dissclved in 100 ml. of
distilled water ware added smwly with eontinued stirring keeping
the temperature %.13‘9:3. Following this addition the mﬁxture. was
atirred for two hours in an fce~water hath. 4 solution of 8) g.
(1.25 moles) of sodium azide in 250 ml. of distilled water wns then
added in one portion, One hundrsd milliliters of concentrated hydroe
chloric noid diluted with 100 ml. of dietilled watar were added
slowly meinteining » tenperature of 10°C. After this addition was
aompleted, the solution was heated at reflux for asix hours, and then
was allowsd %o stand overnight during which time crystallization oc.
curred. %he coloriese platelots were filtered from the solution and
arted. 'Tha yield of product, m.p. 217 - 219°C., was 118 g. An addi.
tionel 1B g. of materiasl of the same melting point range was obiained
by concentrating the filtrate. Reorystaliization of the combined
fractions fyom 30 percent agueous lsopropyl alcohol resulted in the
recovery of 115 g. of l-cyclohexyl-S5-aminotetrasole, m.p. 218 - 219°C,
(15).



Ereparation of )-bensyl-%-aninetetraseles

Preparation of l<bensyl~S-aminobetrasole fyom one mole of
bensyianine by a procefure analogous to shat wused for the preparasion
ef X~oyglohexyl-S-aminotetrasole resulted in an #0 percent yleld of
& white oryetallime product, m.p. 189 - 190%¢. {(15).

§$§5¥£ﬂ5l22;2£.5r inotetrnuoles

One mole (35 &) of anhydrous Seaminotetrazole wis bLenzylated
following the progedure of Herbst and SArbrecht (10) resulting in
'the ragovery of 17.1 g. {10%) ef lobensyleSeaminotetrazole, Bep. 188 «
139‘@.. 51.1 & (3%) of S-benuylaminobtetrazole, m.p. 186 - 188°C.,
and 1&.9 g« (7%) of 1-Benusyl-S-benzylaminotetrazole, m,p. 168 «
1?0“3.

tion of lebenuyleSe strasoles

Phe conditinone for the renction of aorylonitrile with l-bdenzyl.
fe.aminotetrazole wers varied somevhat with each reaction. It was
found that equimolar guantities of l-benzyleS~aminotetrsuole and
sorylonttrile produced s mono-cyancethyleted product. When an excess
of aorylonitrile was used, varying asmounts of dicyancethylatsd product
ascompanied the mono-cyanocethylated materdal. Three representative
reacticone are desaribed: One, a general method for obtaining the
mono-cyancathylatad lebengyl-S-aninotetraszole; another, a reaction
ia which & emall smount of dicyancethylated product wss obtained;
and & third which resulted in a remsonable yleld of dlcyancethylated

l=benzyl-f-auinotatrazole.
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BSeven grame (0.04 mole) of lL-bensyl-S-aminotetraszole were ine
timately mixzed with four drops of a N0 percent agueous selution of
benzyl trimethylammonium hydroxide and the mixture shilled in an ice-
bath. PTwo end twelve-hundredths grams (0.04 wole) of redistilled
aorylonitrile were added dropwise with stirring. The mixture ligue-
fied and then solidified to a yellow maes. The latter liquefied
again upon henting on o steam bath for one hour and then almost ime
medintely solidified. The solid was dissolved in hot ethylene di-
chloride and the solution wanns allowed o cool gradualliy %o room teme
veratare during which time gnowball-lilte clusters of crystals Segan
to precipitate from the orange solukion. Chilling and filtration
wore affecied and the resulting product was resrystallized from 95
percent ethanol to yileld 5.4 g. {59 ¢ of theory) of coloriess olus-
ters of 1~banny1~5mf3¢uwanaaﬁhylam&nazesrasele, BeDe 132.5~133.0°3.

snalysis: Galoulated for Gy HyoNet G, 57.9%1 H, 5.3%;

H, 36.8%.
Pound: ©C, 98.1%; H, 5.5%; N, 36.6%.

A slight modifiontion of the above procedure rasulted in the
recovery of aome dicymnoethylatved l-benzyl-b~sminotetrasole. A
small excess of acrylonitrile was used with 14 g. (0.0B mole) of
l-banzyl-fe.aninotetrazole and eight dreps of the catalyst. ‘Thie
reaction mixture wnas heated in s water bath at 75”6. for five nin.
utes after which the pale yellow solid was allowed to atand at room
tamperature for one hour. Crystallization from sﬂh&lane dichloride

gave n orude product, m.p. 79-121°C. ‘hen recrystallization from
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95 percent ethanol wue attempted, shirmering platelets separated while
the solution was still warm. GColleetion by filtration ylelded 3.2 g.
(144 of theory) of l«benwlgﬁ-ﬁ,ﬁ—dt—ﬁ*ayamaﬁhylamimtotmsolo.
m.p. B0 - 81.5°%¢,
Analysis: Calculated for 0)H N,: G, 59.7%; H, 5.34

¥, .94 '
Pound: G, 99.6%; H, 5.35%; W, 35.1%

On ohilling the filtrate, 12.0 z. (66% of theory) of orude l-
henmyl-s-p- cyanoethylaminotetrazole separated. The melting point
of the product recrystallized from 95 percent sthansl was 115-116°C.

Further experimentation regarding conditions for the reaction
revealiaed that when l.benzyl-fS-aninotetrazole was heated as roflux
for 16 hours with a five.fold exceas of acrylonitrile using bensyle
trimethylamuonivm hydroxide as the catalyst, a 4§ percent yleld of

the dicyapnethylated product was obiained.

Preparation of Lﬁ—mﬁ&«&w

To a well-atirred solution of seven grams (0.1 mole) ofﬁ-
aminoproplonitrile (1%) and 100 ml. of ashydirous aiethyl ether im-
marsed in an ipge-bath was ndded dropwise a scintion of 10.6 g.
(0.1 mole) of cyanogen bromide in 50 ml. of ashydrous ether keeping
the Semporaturs about 10°C. (During this addition & white precipi-
tate formed which presumably wns the amine hydrobromide.) Upon dom-
rletion of the addition, the reaction mixture was allowed to stand

at room temperature for two hours. The eclid was filtered by suction
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and the resultiag £514yaty wes heated undsr refiux with 40 mi. of
syletia pontsining 4.5 g. (0.1 mole) af hydraszoie mcid for twenty hours,
nm atrammlnrud solusion wo.g cxhil].-d a#nd the tan precipitate col.
lwha hy filtration. ﬂneryswnzauon was offected from absolute
ethanol using Darce as the ﬁemlnriaiﬁg agent. Your and tw-—te_nm
grams ( I%Vof theory) of colorless eryntﬂs of I-ﬁu cyanoethyl.5-amnino-
teﬁmml-, Bepe 115-116 1+ 1 were abtained.

Analysie: &a.lenlntsd for ‘%”a Gt G 34.8%; H, L.0E; N, 60.84,
medg o, 35‘26%; H, bt H. ‘60;7%.

ki -

Eroparusion of She moetyl darivative of ;.76 cyanoethyl-5-gmino~
Sstrasoles

4 mixture of 2.76 g. (0.02 mole) of i~B-oyemettyluSeaninatetra-
sole and 15 ml. of acetic anhydride wes heated at reflux for two hours.
Trenty~five miliiliters of 95 percent sthanol wers added and the
solution was eavaporated $o dryness. The resuiting yellow oil was
placed under 4ry hensene and chilled while stirring vigorously. Crys-
tnllization oocurved, Pesulting in a crude yeilow product. Hecrys-
tellization wag effected from 9% percont sthanol using Psroo as the
deoolorising agent. Two and ons-half grame of le/S«cranoethyl.S-acetyl-
eminotetrazole ware obtained me colorless orystals, m.p. A08-205%C,

miymim Calonlated for Gslléﬁﬁst o, 40.0%; B, B.54; N, bo.24.

Pounds C, 40.1%; H, M.54; ¥, H6.8%.



Exsperation of i-hensyl-b
chisrigdes
A. ﬁmcylatien of I-I@- cymethyl-‘j—m&mtetmsélai
" "4 mixture of 0.138 g (0.001 mole) of 1-/- ayanoethyl-S-amina-
tetrasole ami 0.126 g (0.001 siole) of bensyl chioride wos heated in
an ofl bath %o 125“‘@;. At this h;wpa:mtnre, two liguid iayers were
discernibie. The mixing of these layera by stirring resulted in an
exothernic renction followed by imiedliate solidificntion. A minimua
amount of hot 995 perosnt aethanol was used to dissclve the gqrude product.
Chilling $his solution followed by filsration produced a white povdery
solid. Subssquent reorystsllization from 95 percenk ethanol yielded
0.2 go (938 of theory) of }wmsﬂuu-ﬁummﬂhn%«m&mtatsrannum
hydroohloride as colorlesas needles, B.p. 215-206%C. with some degoi-
poaition.
CAnalysis: Cslowlated for ) M) HcO0ls W, 31.8%; a1, 13.44.
Foundr W, 31.8%; 01, 13.4%.

Repetitions of the above procedure with gquanbities up so 0.05

m‘hfﬁara Mu& sud, hémwar. with these 'Mtﬂ!u the reoaction

beoame quite violent and some charring of the produst occurred.

B. Renction of l.bensyl-S-aminotetrazole with p-m“wx’oxxianﬁ.trﬁlu
A mixture of 1.75 g (0.0) mole) of l-benzylS-aminotetrazols

and 0.87% g (0.01 mole) of [O-chloropropionitrile wns hested in an

0%l bath at 150%C. for ome half hour. During this Muwe, no apparent

reaction ocourred so the mixture wns heated at 156°¢. for an additional
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hour and a half. TYhe resulting melt solidified upon cooling. Hee
crystallization of this orude solid from 9% percent ethanol gnve a
white product, m.p. NI - &’15’° ¢. The product obtained was tdentionl
with that preparsd by denzylation of 1~p-m.mmmm tetrazole
as shown by a wmixture melting point dot@mimtion and correspondencs

of the infra-red spectra.

C. Reaction ef l-benzyl-Geaninotetrazole withO-bromopropionitrile:

A mixture of 1.75 g. (0.01 mole) of l-benzyl-f-aminotetrazole
and 1.3% g. (0.0l mola) of ﬁummpianwrna was heated at 145 C.
for one-half hour. An exothermle reaction occurred and the melt
wliaifiem_ e cyude hydrobromide was treated with an agueous solu-
tion of sodiwz hydroxide. Isolation of the resulting yellow oil, the
renction of this fyvee base with hydrogen chioride gns, followed by
recrystallization from 9% percent ethanol gave 1.97 g. (64E of theory)
of lummsﬂ%(}humoothylﬁsnimimtﬂmmum hydrochloride, m.p.
2142150,

hlorr H

A solution of one gram of 1~baazyl~h~ﬁ~aymethy1~5*mimtetrn—
zoline in 75 ml. of H0 percent agueous ethanol was placed in a Purgess.
Iarr hydrogenation flask. Twotenths of a gram of palladium oxide
catulyst wae added and the mixture wus shaken under sn initial hydrogen
prossurs of 49,0 p.s.i. for 2.25 hours. A tempsrature slightly above

room temperature was mainiained by means of & heating jacket controlled
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by & FPowarstas ast ad 10 volts. The catalyst was filtered from She
solubion and washed with hot 95 percent ethanal. 5o0lid socdium car-
bonate was added to the comdined filtrate, which eaitted & desestable
odox of toluene, to neutralise the hydrogen chloride relsased during
the reuction. The efhanclic sclution was fresd fyom solid material
by £i)dration and then concentyated, Chilling the soncentrate ree
sulted in the formation of colorviess crystalline material. Hecrystal-
lization of this material from 95 pergent ethanol yielded a gmall
amount of produck, m.p. 112-314°G. A mixture melting point of thie
subatance with lofg- meyl—WWtatmmlc showed no depression.
In addition, & comparison of the infra.red spectzra of these products
indicated their Ldensity.

Resction of S-aminotetraele with sozylonitriles
"i'u a rwai‘éd, &Mimiﬂ mixmre of 8.5 g (0.1 mole) of S-amino-

ﬁ#ﬁmmlé ‘md four dfbpé of a ) percent agqueous solution of bensyl.
tfﬁstmxm:&im hydroxzide ware added with stirring _‘5.3 & (0.1 mole)
of freshly distilled mcrylomitrile. After the laitial exothemic re-
action had censed, the mixture was hented o reflux and maintained
there for twelvs hours during which time the pasty mixture was trang-
foxmed into a yellowishworangs solution shich solidified to yellow
crystals, Wep. sw-mé"ss.. wvhen cooled. Reeryatallization of this
material fvom abavliute athanol did not appear 3o narrow the mwlting
point range. Upon attanpted soluntion of the aerude product in hot
sthylene dichloride, it was foumd that only abous half of the materiasl
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ﬂﬂ@@md.z Adventage was taken of this fact in obtaining two distinct
#tmdwh,' The hot ethylens dichloride extract was gooled %o room
tenperature and then chillaa, followed by ﬁl%mﬁon to remove the
eqlveﬂ.nha plates whick had préaiphataﬁ. Recrystallization of thie
mtar.‘.ax fm 35 percent athnm}. resul tad in the recovery of 3.7 &.
(87% a! thmry) of product, m.p. 117-13.?.5 Ce, which is apyarensly

.ﬁ-wqmm»gumimutmmu.
.(a-wia“‘?&%lsﬁ&&‘;i&'; Ofiglgt O SH.8%: H, 8485 N, 60.5%.
e e w - B3 B, Wb W, 60.74.

. ¥ollowing two reorystallisations fyom 95 percent sthanol, the
ethylene dichloride Snsoludlie pox'ﬁm of the crude product ylelded
4.6 g (33% of theory)-of nolorless eluaters, m.p. 138-116%. tor-
respondencs of the infraersd spectra of this compound and i-ﬂ ayans.
sthyleficamine tetrazole prepared from ﬂminﬂyﬁopﬁ&hﬁﬁut ostablished
1ts $dentity. A mixture meliing point of the two products was not
depreaned.

Repetition of this reaction under essentinlly fdentica) eonditions
444 not appresr o remult in a L£ixed ratio of the 1. and P.substituted

profucta,

Preparstion of sn ncetyl derivative u&ﬁmm-&m..s_mw
To & suspension of 1.% g. of 2wfd-cyannoethyl-S-aminotetrazole in

15 ml. of chloroform were added five milllliters of reagent grade
soetic anhydride. This suspension which graduslly became s clear
solution wes heated to reflux and maintained there for four and one-

half houra. | Aftar cooling to room temperature, the solution was
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placed in a refrigerator for 24 hours during whieh time a colorless
orystelline precipitate formed. The precipitate wns removed by fil-
tration, wnshed well with cold chloroform and then dried in an oven
at 50°0. One and seven-tenths grans (87% of theory) of znﬁ«wam« 0.
ethyl-f-acetylaninotetrazole, m.p. 136-137°C. (shrinking as 133%C.),
were obatined.
Annlysis: Caloulated Tor eéagauﬁs 6, 40.0%; 1, W.5%; ¥, h6.64,
Pound: O, 40.24; u, B.60; ¥, U6.64.

Aligkation of -aminotetrasole with (3-bromopropionitriles

Po o well-stirred solution of 8.5 g. (0.1 mole) of Heaminotetra.
zole in 150 ml. 95 pergent ethanol meintained at refiux Lsuperature
wns added dropwise 5.2 g. (0.05 mole) of sodium garbonate monhydrate
dianoived in 35 ml. of water. (Too vapid addition cansed violent
svolution of carbon dioxide.) Upon completion of this addision, the
solution was stirred on a stesm-bath for one hour, followed by the
dropwige addition of 13.4 g. (0.1 mole) of pnhmmvmginnuﬂla dis-
solved in 15 ml. of 9% percent ethanol. Stirring and refluxing were
continued for an addisionsnl two hours. The solution was then concen-
trated under a vacuum while gradually adding abaolute ethanol to re.
piace the ethanclewater solvent. 4 suall amount of a white cryetalline
precipitate, preswnadbly sodiuvm bromide, which had formed during this
process was removed by filtration. The filtrats was evaporated to
dryness and the rvesulting crude product was extracted with hot ethylens
dichloride. Aftar concentyating and chllling the #thylene dichloride
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extract, a mmpa of colorless platelets was obtained. Reorystalliszae
tion of thie material from 95 percent ethanol yieided W.2 g. (32%
of theory) of the compound sssumed to be zuﬁneym-cthm-'j-mim-
tetragole, m.p. 116-127°C.

The remaining portion of the orude product wae extracted with
acetone. Evaporation of this extract, washing the remainsing solid
materinal with dilute agnecus sodium hydroxide solution to remove any
unreacted ﬁ-mimzatmualu, followad by several recrystallizations
from 95 parcent sthanol, yielded 3.7 &. (27% of theory ) of a crystale
lins product, m.p. 115»116”6. lorrelution of infrawred spsetm'aml
mixture melting point data showed thig material to be lnlg-dyamathyl-
Beaminotetrazole, |

M ﬂ& %M&”ﬁ“ﬁc&*& ~gyanoethy

An intimnte mixture of 2.28 g. (0.0 mole) of 1—-bmsy1-'576

cyanoethylianine tetrazole, five milliliters of rediatilied acrylow
nitrile, and four drops of the N0 percent agueous bensyltrimethyl-
snmoniuw hydroxide gatalyst was heated at reflux on a atesm-bath
for two hours. The red oil which resulted was dissolved in hot
pthylens dichioride and the solution was allowed to cood gradually,
then chilled. Yellow platelets formsd which were collected nmi ra=
erystallizad from 99 percent sthanol using Darco as the decoloriz.
ing agent. After dvying, the coloriesas platelets of l-bensyl-S.N,
Bedief) =oyanoathylaminotetrozoles oxhibited a wmeliing point of 79
"819C. A comparieon of the infra-red spectra and the melting polnt
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of this cowpound and that of the dl-cyancethylated compound isolated
from the cyancethylation of l.benzyl-S-aminctetrazole established
these compounds as fdentioal.

Exeparation of ﬁ-ﬂ,g-ﬁr’é‘m syanosthylam gtrarole:

%o a well-stirred solution of 24.6 a. (0.2 mole) of ,6,/3 '.
iminodipropionitrile disvocived &in 50 wml. of athyl acetate and chilled
to about 57C. wng sdded dropwise a solution of 10.6 g. (0.1 mole) of
eyanogen bromlide and 70 ml. of ethyl acetnte at such & rate to maine
thin o temperaturs below 10%¢. Upon completion of the addition,
stirring wns continued for one hour in an ice-bath and then at room
tanmperature for a2ight hours. During this time & white precipitate,
rresumabdly the auine hydrobtromide, became svident. This precipitate
woas removed By filtration and waghed with hot ethyl ancetate. %The f4l-
trate wrs then concentrated under a vaguum to about 50 ml. to this
golution were added 100 ml. of benzene containing 1% g. of hydrazoic
neid and the resulting solution wne maintained at reflux tesperature
for eight hours. One hundred mors milliliters of the benazsne solution
of hydrazoic mcid were sdded and the reaction solution was refluxed
for an additional 16 hours. Masses of colorless crystala became dige
cernible in the pink solution. Ohilling of the solution followed
by filtration %o remove the precipitate yialded 1l.8 2. (62% of theory)
of pink tinted orystals, m.p. 129-l32°(3. After one recrystallization
from 95 percent ethanol, 9.0 g. of s‘w.s.m.lg ~gyancethylaminotetrazole

wore obtained as colorlaess crysials, m.p. 133.5—13#.9"3..
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Analysis: Caloulated for c.,g 8.t C, Wh08; 7, L.8¢; %, %51.29.

Founds 0, 43.94; H, h.s'ﬁ: ¥, 51.24.

On ocoasion vhen reaction was incomplete, attampted isolation
of the tetrasole resulted in the recovery of a low.melting aolid,
B.p. 48.507C. Mementsl analysis of this substance indicated that
this compound was probably the x,x.a-ﬁ-wmetm oyanamide.

Analysie: Cnleulatad for C,H Mg C, 56.74; H, 5.58; %, 37.8%.

Yound: ©, 86.3%; u, s.60; n, 36.84,

Detarmimation of the equivalent welght and apperent pK of 5-H.B-4i-

A mmma sampley 0.5508 g., of %ﬁ*ikdiuﬁnwamwwmtmwtw
s0le was diusolved in ‘:a:m- wle 0f distilled water., This solution wna
titrated with 0.1032 ¥ aqueous godium hydroxide ab 2’]°0. By using a
Beclman pH Meter, Model 0O, the pH was recorded after each sdditiocn of
base. From a plot of the pH versus the volume of buse added (See
Table 1 in the Appendix), %he equivalencs proint was deternined. It
was found that 27.7% ml. of 0.1032 N aquesur sodium hydroxide were
required. From thisz walue, an equivalent weight of 191.6 was calou~
lated compared with 191.2 osleulated from the moleeniar formula. The
apporent pK determined from the pH at 50 percent neutralization (19)

VB hu 8§a

One gram of lnbemyluﬁuu.%-di-‘@-cmoatbyimimtstrazalc dig~-
solved in 850 ml. of 95 psrcoent ethanol and one williliter of concentrated
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hydrochloric acid were placed in a 500 ml. Burgesz-Farr pressure bottle.
To this was sdded 0.1 g. of § percent paliadium on charcoal catelyst
and the mixture was shaken under an initiel hydrogen pressure of 49.5
pss.i. for five hours. 7The catalyst was filtered from the solution
and wmshed with hot 95 percent ethunol. A stirong odor of toluene was
sodlceable in the filtrate. Evaporastion of the solvent resulted in
the formntion of an orange pasty mass. Attempted recryastallization
of this material from 9% percent sthunol using Dareo as the decolove
indng agent yisided n olear vissems:#tl. 3y stirring this oil with
several poritions of ethar wille chilling, arystallizstion was induced.
Reoyyatallization of the white semi~z018d material yislded a small
amount of & golorlaess crystsliline selid, m.p. 127-129%C. The infra-
red speotrum of this product was identicnl with that of an independent.
1y synthesized sample af‘5~H,ﬂha&7ﬁ3ncvanoeehylamanatatrauule. A
mixtare wolting point of t&ieaa gompounds showed no depression. In an
attempt %o isolate more of he hydrogenolysis product, the ethanolie
solution was evaporated almost %0 dryness. Chilling of this solukion
vielded a solid material which liquefied on the filter paper.

Ereparation of N-bensyl-¥'.1'-gi-f3-syancethyithiourens

the bensyl Lleothiocyanate used in this synthesie waz prepared in
s T4 percent yleld from benzylamine und carbon disuiphide following
the procedure of Percival (21).

A wellestirred solution of 7i.5 g. (0.5 mols) of benzyl isothio-
oyatate m}d 2‘3 mi. of adgolute ethanol wag chilled to spproximately

10°C. in an ice-water bath. To this solution was added dropwise a
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solution of 61.5 g (0.5 mole) e!ﬂ ,ﬂ tuiminodipropionitrile in &5 ml.
of absolute ethanol while maintaining a texperaturs of less than 20°C.
Upon completion of the addition, stirring was continued whils the
temparature of the solution was gradually raized to the reflux point
and matniained there for one hour. mmu( this solution was oooled %o
room temperature and then chilled, only a fow orystals were avidend
in & syrupy solusion. Orystallisation was induced by the addition
of 500 ml. of hot absolute ethanol, allowing the solution to cool grad-
ually with periedic chilling. %The grude product was collected by
1l ration and then rwx*yutallinéd twice from abgolute athannl. One
hundred twanty-one snd three-tenths grams (89% of theory) of N-benzyle
m,m*az—p ~gyancethylshicurea wers obtained as colorless, flat crys.
tals, m.p. 25-245.5°%0.
Anslysis: Caloulated for C,,H W 8: C, 6L.7%; H, 5.928;
¥, 20.68; 8, 11.84.
Found: O, 61.8%; ¥, 5.99%; N, 20.4%; S, 11.64.

sdtenpted syntheses of L-beasl-frl,E-di-fr-granoethy
Al though nll of the many nttempts leading to the synthesis of

thia oompound weare unsuccessful, two independent routes were investi-
gated « a typianl example of each is described below. Zassentislly,
the procedure is that utilized in the preparation of the 1~M1-5.

wi}miatmmh.

As Using He-bensyl-N' .w-at.ﬁ —cyancethylthioureas
o g wellestirred solution of 10.9 g. (0.08 mole) of X-benzyl-
)I',K'-di—(?o-wmnmthyuhimrm and 150 ml. of abgolute athanol
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immersed in an ice bath 10 &. of wmethyl iodide was added in one porw
tioms Stirring at ice-bath temperaturs was continued for two hours
aﬂgr which the solution was stirred at¢ room temperature for two ad-
Mt;qml hours, and then under refiux conditions for one hour. One
bpndred milliliters of distillate were collectsd under a vacuum %o
remove any sxcess methyl fodide. Abgoluts ethanol was then added to
restore the original volume, followed by the dropwise addition of
1.28 g. (0.0M'mole) of anhydrous hydeasine dissolved in 50 ml. of
absolute ethanel. Stirring was continued for 15 mimtes at room
tevperature after which the methyl mercaptan that had formed was ez~
peiled by heating the solutlon st reflux for half an hour. The ethanol
was rewoved ulider readuced pressure, adding wster during the fins)
stages of the distiilation to flush any remaining ethanol from the oye.
tam and o effend a complate tranafersnce to an agqueous aolution with.
out allowing & sclventless gondition to intervene. This solution wae
acidified to litms with concentrated nitric acid. To this was added
dvopwise with stirring a solution of 6.8 g. (0.04 mole) of silver
nitrate in 50 ml. of dietilled water. (At this point, along with the
congulnted silver iodlde, & red plastic precipitate was formed which
solidified o an extremely hard substance for whieh only one solvent,
glaoinl acetic acid, was found. The original material could not bhe
recovered from its solution in glacial acetic aold.) After the addi-
tion of concentrated hydrochloriec seid so precipitate the exceses
silver, the ineolubdle material wae filtered from the solution and the

rogldue wags washed with hot water. Masotization of thie solution was
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effested with sodtum nitrite, but only a foulwsmelling, red oil could
bs isolatnd which gshowed ne tendency teward arystal formation. The
infye.red spectrum of $he red oi) was gquite uniike ﬂin' specirun of
hhomyl-%!l‘,!bdhﬂ—Wmthylmmtumu-.

B. n’smg h-benzyl thac.w\iomimrmadn

The b.benzylthiosemicarbnside used in this reaction was prepared
using a modification of the method amplayﬁ by Pulvermacher (22). A
mixtﬁ‘n of 29.'8 g. (0.2 mole) of Pensyl leothlocysnate and 50 ml. of
9‘3 méam‘t sthanol wes gmuw in an ice-bath. To this was added
slowly with stirring a solution of 6.6 g. of 95 percent hydrazine in
50 mle 0f 9% percent athanol. Maring this addition, s white precipi-
&ajmte. fornsd. After the addition was completed, she mlutio‘mf ws al-
léuad to stand m an ice-hath for one hour. 'ﬁxu erystals were removed
by £11tration, woshed with cold ethanol, and sir-dried. Twentyelght
éﬁd ai@zt«-tmti{n grans {807 of thhoiy) of k#bmleihiosmimrba:ida,
MePe 1311426“ a.; ware obtalned.

In the attsmpted synthesis of 1~mwx~5~ﬁ.s-m~p meyancethyle
aninotetrazole, 9.0% g. (0.08 mole) of -benayl-thicsenicarbaside
diesplved 1n 50 ml. of absolute ethanol were chilled to 4°C. To thie
gsolution was added dropwise with stirring a selusion of 7.5 a.

(0.082 mole) of methyl iodide in 75 ml. of ethanol. Upon completion
of this addition, stirring wos contimmed for one and one-half hours
at 1oe-bath tsmparature and two and one-half lwurs at reom temperature,

This solution was concenirated under a vasuws %o remove the unreacted
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#edhy) fodide. Abdwolute ethanol was used to0 restore the original vol-
ume and bhe solutien wne ohkilled. A eolubion of 6.1% g. (0.05 mole)
of ﬂ ,ﬁ teininodipropionitrile in 35 ml. of absolute eihono) was added
dropwise with n&lﬂ-iag. Stirring was continned for two hours after
the removal of the lce-dath. (The diatinct odor of methyl mercaptan
wns obaerved.) tmtag reduced pressurs, the sthanol was removed while
aradunlly replacing the sthanol with distilled water. The agueous
eolution was oooled and 3.3 ml. (gas 0.05 aq.) of gencentrated nitric
acid were added, followed by the dropwise addition whkile stirring, of
.5 a. {0.05 mole) of silver nitrate dissclved 1n 75 al. of distilled
water. Again, a plastic mmberisl precipitated along with the coagu-
lated silver iodide. When the precipiteted materisl was removed and
the filtrate dinsotized, the only product isolated was & reddish-brown
oil which was readily soluble in benzene. The 1~bamy1..§-n.-mas7€..
syanoethylaninotetrazole prepared from the cyancethylation of l-bensyl-
Seaminotetrazole exhibited very limited solubliliity in bdenszene.

Debenaylation of }~benzyl-
After mumerous atteupts to debensylate l-denzyl-f-/J-qyancethyl-

méimt&ﬁrumla using o variety of solvents and catalysts, the folloe-
ing procedure gave the best evidence that reaction had occurred. In
some of Sthe atisspts, no hydrogenolysis resulted and the starting
material wns recoverad. In others, maierial exhidbiting a definlte
smine~-like odor was rzeoverad, but not identifled.

One gean of l-bmsmnﬁa-p—cyamathxlmimwt.maole dissolved in
35 ml. of wnrm glacial acetic acid and 0.7 g. of paliadium oxide
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satalyet were shaken together in a Burgess-Farr hydrogenation flask
for five hours ander en initial hydrogen pressure of %0 p.s.i. The
catalyst was vemoved by filtration and washed with hot glacial acetic
asid. Evaporation of the solvent from the combined filtrates under
redaced pressure ylelded an orange oil which {ngrensed in viscosity
when stirred with successive portions of g~hexane, %hen this material
whe p&m«i under anhydrous benzens and allowed to stand for & few days,
needle-like crystals dispersed throughout the oil wers observed.
Complete crystallization could nmot be induced by chilling and vigorous
stirring.

fome of the ornde product was refiuxed with an exoess of ncetic
srhydride for three houra. Twenty milliliters of 95 percent ethanol
were added and the solution was concentrated to remove the unrescted
acetic ankhydride. Solution of the resulting red oll in 95 percent
ethanol was effscted followed by decolorization with Worite. Evapor.
ation of the Wihanol produced m clesar viscous oll which eventually
crystallized vhen stirred with successive porticns of anhydrous benzene.
After recrystallization of this material from absolute ethansl, a
small smount of & colorless crystaliine solid, m.p. 102.104%C., was
obtained. A mixture mslting point determination revealed that this
compound was identical to that obtained from the acetylation of l-p-
cysnosthyl-f-aminotetravole.

g2ince this indiecnted the possible presence of _tha desired compound
(10), ‘ﬁ-ﬂwamathylmim&atrmlc, further attempts were made to

obtain a pure product. The oll containing dispersed orystalline material
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was dissolved in absolute sthanel and decolorized with lNorite. ZEvapor-
atien of the Mbancl under reduced pressure yisided s pale yellow oil.
An squecus-ethanclio selution of a swall amount of this oil was
suldic and upos neutralization with aquecus sodium hydroxide, a white
precipitate formed whieh gave a residue when ignited. Another portion
of the oil wag dissolved in absoluie ethanol and petroleum ether {b.p.
30w60°0.) was added ustil the solution bessus cloudy. C(hilling prow
duged a white fiocomlent precipitate which was tmﬁﬁarma& iato a red
oil a few seconds after vemoval by filtration. Further attespte %o
fiowlate a pure sauple of this material ware unsuccessful.

In an attempt to determine whether the oil would undergo thessaal
rearrangsent to Lowm l-ﬂ»ms%&»ﬁmimﬁéammla. & stall smount
(ga. one milliliter) of thie oil was hented for two hours in an oil-
wath at 1209C. Ho change in the infra-red spectrum of the oil was
noted after this treatment. ¥When another esmple was heated at 165°C.
in an oil~bath for four houra, some darkeniag ogowrrsd. Upon cooling
%0 room tesperature, a glasey solid wae obdained fyom whiah no 179-
oyancethyleS-aminotetrasole gould be isolated. Aithough‘ the infryo-
red spoctrum of this aolid wes dAlfferent from the infra~red gpeotrum
of the original o0il and contained soms pesks siznllnor to those pregent
in an infra-red spectrum of le/[H-cyancethyl-H-aminotetrazole, the re-.

sults of the thermal rearrangeasent were inconclusive.

4 gyanoethylation of L,Y-dibensyl-S-iminotetrazolines
1,5-Dibenszyl-S-iminotetrnzoline hydrochloride ws prepared by

alkylation of lebenzyl-S.aminotetrazole with benzyl chloride (13).
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A benzens solution of the fres bass wsa prepared by dissolving 12.2 g.
m.ala mlc'ﬁ of the hydrochioride in warm water Se which a small amount
of athanol had heen added, treating this sclution with an exosss of
aquecus sodium hydroxide, and thean extracting $he iminotetrafoliine
bage with sevayal portions of densene.

The bensene solution containing 10+7 g (0.04 mole) of 1, lUwdi-
bongyleGeiminotetrasoline (nasuming quantitative resovary of the free
base) was Goncentrated o the point where solid material Jjust began
to separate. To this solution was added 25 wl. of fresbly distilied .
acrylonitrile and a few diops of 40 percent agueoes bensylsrimethyle
ammonium hydroxide catalyst. After the reaction mixture had refluxed
for 16 hours, & dark red oil, which solidified when the sclution was
chilled, boosme wvident. The solid wap collecied by filtration and
waghed with cold henzene o remove any unreacted iminotetrasoline,

In en attempt to purify the crude product, m.p. 83-1407C., 1% wase
dtesolvaed in acetone heated to its dolling point, decolorized with
Worite, and then precipitaled by the addition of p.pentane. When ths
oreamy white pracipitate wog filtered and sxposed to the air, immedi-
ate darkening and softening to an oil ocoourresd. Upon standing for
soversl days, the oil deposited an orange solid, M.p. ge. 123°C. with

some decomposition.

Attempted hydrolyels of l-/Z-gynnoethyl~J-aminotetrazole:

Ae Basic hydrolysiss (23)
Hine and sixetenths grams (0.032 mole) of bBarium hydroxide octae

hydrste ware heated on a steam bath until selif.solution had occcurred.
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This eolution wne stirred mechanically and a solution of U.1b g. of
1.ﬂ-mmnnm-5-ammmamm. 1n 50 ml. of hot water was added
dropeige while maintaining a tempersture of 85.96‘"@. Upon cowmpletion
of the addision, the renction mixlure wns hented on & steam bath for
two hours. The odor of ammonia could be detected over the reaetion
mixture. Two grams of powdersd asbestos and Z50 nl. of hot water
weare added. The mixture wng then seturated with carbon dioxide by
gradual addision of dry ice. This mixture was filtered through
flated filter paper and the filter calte was washed with several pore
tions of hot water. Tho oombined filtrates wers evaporated under re-
duced pressures. Cryatalllization of the resulsing oil was indueced by
tresntment with suocessive portions of benzene. Ignition of a porsion
of thias material on the end of o spatnla indicntad the presence of
inorgunic matter. Therefors, the crude product was diszolved in water
and successive portions of dllute aguescus sulfuric acid were added
followed each Sime by centrifugation %o remove the precipitated barium
sulfate. %hen the centrifugnte remained clear following the addition
of the sulfuric acid, 1t was concentrated on a steam bauth, then ale
iowed to cool. Chilling produced a celoriess corystalline precipitate
which wea removed by filtration. Recrystallization was effected from
distilled wnter and after drying, the product exhibited a melting point
of 200-201°C. with somo decomposition. Detonation of the material
occourred upon heating in a fres flame. This behavior and the melting
point range indicated that this meterial wns S-aminotetrazole. A mixe

ture melting point and equivalent welght determinstion confirmed this

agsumption.
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B. Acié hydrolysis:

A mixture of 5.52 g. (0.0h mole) of 1~,6-cmmashyl~5-mim-
Setrasele and 30 ml. of gongentirated hydrochloric acid was heated on
& steam bath for four hours snd Shen allowed to atand at room temper-
ature ovarnight. The colorless nesdle-like orystals were retioved by
filtration and air dried, m.p. 147-150°C. In order to determine
whather this material was free from ammoniuvm chloride, solution ia
@uomu ethanol was attempted. A emall amount of residue remained
insoluble. Some of the material was then recrystallized from absolute
ethanol, fi1tering off the insoluble ammonium chloride while the
solution was hat. Afder two recrystallizations, & colorless crye~
talline material was obtained, W.pe LH6-147°C. with mueb evolution
of gas. An aequivaient weight determination by titration of this sub-
stance with aquecus sodium hydroxide gave a wvalua of 14l compared So
the calculated value of 157. DBequuse of this dlsorspancy, no elemental

analyais was obtalned.

Infya-red nfi.;.g orption spectras
The infra-red sbsorption spectra (Bee Appendix) were obtained
neing a Perkin.Mmer Recording Spectrvophotometer, Model 21. A4Al) com-

pounde were run as Hujol mulls,



SUMMARY

1. Cyanosthylation of l-benzyl-S-aminotetrazole in the presence of
s hmzyltrimﬁhﬂmnim hydroxide catalyst produced 1-‘*:&11@1»5—,6

aymﬂhylmimﬁatmmu and 1-bauayl.-§~x.ﬂ~a176 wgyanoethylaning-
tetrasole.

2. fThe renction of S-sminotetrazole with aorylomitrile using benszyl-
trimemﬁameuim hydroxide as a ¢atalyet ylelded 178.-@:3;10.61131-5-
amimtaemmu and &-ﬁnmmethyl-ﬁnmimhtmmu.

3. Other new compounds containing tha/B ~cyancethyl residue have
been prepared during the process of esetablishing the structures of
the oysnoethylinted derivatives of S-sminotetrazols and l.bensyleS-
aminotetrazole by synthetic and degdradathve proosdures. These are
1~h¢n=y1u’$76 ~gyanoathyl-fA-iminotetrazoline hydrochloride, 5-¥,1-41-~
pnamnoeﬁhylmimkatmmlo. Hubenzyl-K' ,ﬂ"-x&iﬁ ~cyanosthylthiourea,
l-ﬁ ~cyanoethyl-S-ncesrlaminotetrazsle, and aﬁ-emoathgl-‘}-amtyl—
t-ﬁ ~gyanoethyl-S-ncetylaminotetrasole, and eﬁ-emoathyl-waetﬂ-

B. Poseible mechantigme for the cyancethylation of S~aminotetrazole

and l-bensyl-S.aminotetrazole Imve_ besn proposed.
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Dats for the Titration of 0.5%508 g. of %??,?Zoﬂi—ﬁ-c:ﬁmoethylamino-

tetrazole with 0.1032 W Aqueocus Sodium Hydroxids:

TABLZ 1

58

Yolume of Volume of
a0l (m).) pH HaOH (ml.) pH
0.00 3.k 26.00 C.1kt
2.00 3.B8 26.50 6430
4,00 Lol 27.09 be65
fa N0 L3k 2750 7.68
7,00 4,50 27.70 8.0
10.00 k.68 28 .00 G.77
12,00 4,78 22420 10.06
13.00 b gl 28.54 10.35
14,00 4,89 23.01 10.55
11,50 h,091 70400 10.82
15.00 H.q7 32,00 11.07
15.50 4,94 34400 11.19
16.00 5.01 36400 11.35
18.00 5.1% 3800 1.5
POLON 529 4000 11.5%
2.0 Kol 50400 11.71
2400 5.72
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