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ALSTRACT

The alkylation of l=-substituted=S-aminotetrazoles by
the method of Herbst, Roberts and Harvill (1) has been
shown to yield 1l,4-disubstituted-5-iminotetrazolines (2),
with the original substituent remaining in the l=-position
and the alkylating agent attacking the 4-position to form
the appropriate disubstituted iminotetrazoline. However,
in the alkylation of 1-(1',1',3',3'-tetramethylbutyl)=-t-
aminotetrazole with p=-chlorobenzyl chloride, the product
was not the expected 1-(1',1',3',3'~tetramethylbutyl)-l=
(p-chlorobenzyl)=-5-iminotetrazoline, The tertiary alkyl
group was displaced during the course of the reaction with -
the formation of 1,h-di-(p-chlorobenzyl)-S-iminotetrazoline.

To show the fate of the tertiary alkyl group and also
to determine if the reaction is characteristic of l=terti-
ary alkyl-=S-aminotetrazoles, l-tertiary butyl-5-aminotetra-
zole was prepared and alkylated with benzyl chloride; two
products were isolated. The solid product of the reaction
was l,4-dibenzyl=-5-iminotetrazolinej the displaced tertiary
butyl group appeared as isobutylene.

1-(1',1',3",3'=Tetramethylbutyl)=-5-aminotetrazole was
alkylated with benzyl chloride and the products of the
reaction shown to be l,4=-dibenzyl-5-iminotetrazoline and a
mixture of 2,4,4-trimethyl-l-pentene and 2,4%,Yt-trimethyl-2-

pentene closely corresponding to the commercial mixture of
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the two isorneric trimethylpentenes known as "diisobutylene',
To demonstrate that the displacenent reaction is a

function of tertiary alkyl groups only, and not merely one
of size, 1l=(3'=heptyl)=-S-aminotetrazole was synthesized and
alkylated with benzyl chloride. Normal alkylation occurred
with the formation of 1l-(3'=heptyl)-i4-benzyl-f-iminotetrazo-
line.

The displacement of tertiary alkyl groups on alkylation
was shown to be a general reaction by the use of ethyl p-
toluenesulfonate as an alkylating agent for l-tertiary butyl-
S-aminotetrazole. Isobutylene and 1,H-diethyl—5-iminotetra-
zoline were the products of the alkylation.

S5-Hydroxytetrazoles have hitherto been prepared from
tetrazoles containing a sulfur atom attached to the 5-posi-
tion of the tetrazole ring. An attempt to prepare l-substi=-
tuted=-5=-hydroxytetrazoles by proceeding through the l-alkyl-
L-benzyl=-5-ketotetrazolines was made. Also investigated at
the same time were the preparation and properties of a group
of le-alkoxyalkyl and le-aryloxyalkyl=5-aminotetrazoles.,

The following tetrazoles were prepared using a proce-
dure adapted from Garbrecht and Herbst (3): l-(3'-isopro-
poxypropyl)-5-aminotetrazole, l-(3'-methoxypropyl)-5-amino=-
tetrazole, 1-(2'-methoxyethyl)-5-aminotetrazole, 1-(2'=
phenoxyethyl)=-5-aminotetrazole and 1-(3'=phenoxypropyl)-S-
aminotetrazole. The tetrazoles were prepared from the cor-

responding alkoxyalkyl or aryloxyalkylamines by interaction



with cyanogen bromide in aquecus ethanolic solution, fol-
lowed by treatment with hydrazoic acid.

All of the above compounds, except 1-(3'-methoxypro-
pyl)=5-aminotetrazole were benzylated to form the corres-
ponding l-alkoxyalkyl-t-benzyl-5-iminotetrazolines. 1-(3'-
Methoxypropyl)=-5-aminotetrazole was alkylated with 2-phen-
oxyethyl bromide to form 1-(3'-methoxypropyl)-4#-(2'-phen-
oxyethyl)=S=-iminotetrazoline.

Conversion of the iminotetrazoclines to the correspond-
ing ketotetrazolines was done by acetolysis in a manner
similar to the method of Percival (4). Attempted hydro-
genolysis of 1-(2'=phenoxyethyl)-lt=benzyl-5-ketotetrazoline
failed to cleave the benzyl group from the ketotetrazcline

and produce the desired 5-hydroxytetrazole,
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HISTORICAL INTRODUCTION



Historical Introduction

The first report of the synthesis of S-aminotetrazole
was made by Thiele (1) who prepared guanyl azide by inter-
action of aninoguanidine and nitrous acid. The guanyl azide
was then heated with an agueous solution of sodium carbonate

or sodiurm acetate to bring about the desired ring closure to

Seaminotetrazolec.
NHy=C-WE-NH,  HNO NHy-G-N3  NayCO3  H-N C-IH,
. Tk MR
] !
Ny’

Thiele, in collaboration with Ingle (2), reported on
the products obtained from the direct alkylation of F-amino-
tetrazole. Methylation, ethylation and benzylation gave
mixtures of products containing both mono and disubstituted
aminotetrazoles. Some of these compounds were again pre-
pared by Herbst and Percival (3) and it was found that the
conpounds reported by Thiele and Ingle as the "dimethyl",
"diethyl" and "'alpha' dibenzyl S-aminotetrazoles" were
actually l,4-disubstituted-5-iminotetrazolines,

Sodiun azide and hydrazeic acid have been used in the
Preparation of substituted T-cminotetrazcles. Cyanamide
(%) or dicyandiamide (5), which is known to dissociate to
cvananide, will react with hydrazoic acid to form S-amino=-

tetrazole.



NH>-CN + HN3 > H-N——ﬁ-NHg

[
N§§N !

NHy=G-NH-C &—— IIi,-CN HN H-N -I'H,
il — T

NH Nae A
Xy

Stolle, in 1932 (6), reported the preparation of l-
methyl-5~-aminotetrazole by interaction of N-methylthiourea

with sodium azide and lead carbonate In a carbon dioxide

atmosphere.
CH3 -1 H-il:-I‘»IHg NaN 3 CH3 -i.T |C-NHQ
—_—
S PbCO N.
C023 \N

In the same manner he also prepared a number of le-aryl-‘=-
aminotetrazoles from the corresponding li-arylthioureas.

A procedure, developed by von Braun zand Keller (7),
elininates the use cf lead carborate in the preparation of
lesubztituted-5-amrinotetrazoles. Hitriles and hydrozoic
acid react in the presence of concentrated sulfuric acid as

follows:



R-Cil 4 2 mly _ H,80, R-)"I——('I-}IH?_ + lip

N§§N//N

The mechecnism which was prenoses by von DBraun ond Keller
involved a decomnosition oi hydresoic acid to the free imine
radical, followed by addition of the iiine radical to the
nitrile to form o substituted corbodiimide., The carbodi-
inicde was then attaclied by another molecule of hydirazcic
acid to form a substituted guanyl azide which cyeclized 1o

the l=substituted=Teaminotetrazole,
Hiy — o N5

R-CN + i< — R-ﬁ-ﬁ( ——> R-II=C=IH

NH
R-ll=C=NH HIY R=ll=C=N H2 R}y ——— C—I'IH2
—3 I _ ]

Herbst, Roberts and Harvill (8), proposed a mechanism
which did not invelve %he use of the free imine radical
Tirst postulated by Schmidt (9) and used in the mechanism
°f von Braun and Keller. The mechanism sugrested by Eerbst,

&% al., involved the addition of hydrazoic acid to *he



L

nitrile, folloved by an acid catalyzed rearranzerent sinilar
to a Curtius rearrangement of acic zzidecs. The rearrange-
rment, accorpanied by the loss of nitrogen, resulted In the
same carbodiimide vostulated as an Intermediate by von Braun
and Keller, Upon the adcition of another molecule of hycra=-
zolic acid, the substituted carbcaiimice was ccnverted to a
substituted guanyl azide which cyclized to forrm the lesub-

stituted=S=aminotetrazole,

R-CN + Hl, ——— R-C=IlH H-S R-Il=C=NH <« N
I3

R-I=C=NH + Hi3 —> R-N=(|3~NH2 ——» R-l———C-iiHp
|

N3 N§§N//N

The work of Hantzsch and Vagt (4) has been expancded by
Garbrecht and Herbst (10), whc fcund thai the reaction of
ronosubstituted cyanamides with hydrazoic acid in ethereal
or aqueous alcoholic solution resulted in the formation of

lesubstituted=-5=-aninotetrazoles.

RE-ON 4 MYy ——> Reli— Gittp



Herbst, Roberts and Harvill (5, 11) have develcped
several methods for alkylaticn of l-substitutedeSeamino-
tetrazoles. Alkyl or aralkyl halides, alkyl sulfatecs or
alkyl sulfonates are used as alkylating arents to produce
1,%~disubstituted=5-iminotetrazolines,

The first preparation of f-hydroxytetrazole was re=-
ported by Freund and Paradies (12) in 1901, who prepared
the compound by fusion of 5=-tetrazolesulfonic acid with
potassiun hydroxide. The S-tetrazolesulfonic acid was pre=-
pared through a series of reactions from S-methylthiosemi-

carbazide. The complete reaction sequence is as follows:

NHp=NH-C~-S=-CH HINO H-N ——C=~S8-CH HI
0 3 —= | N 3 HOAc

NH N\§N//N

H-I'\I —_— ('Z|:-SH KMpOy, | H-Ili —_— ﬁ-SO3K KOH o H-ll‘I f—OH

Stolle (5) also prepared S=hydroxytetrazole, but used
S-aminotetrazole as his starting material., The diazonium
sulfate formed by diazotization of Se-aminotetrazole was
treated successively with cupric hydroxide, hydrogen sulfide
and barium chloride, Stolle also prepared S-hydroxyteirae

Z2ole by the hydrolysis of S=-iodotetrazole with 60 scdium

hydroxide,



Freund and Hempel (13) prepered l-phenyl=-S-mercapto-
tedrazole from thiocarbanilic acid azide and partially con-
verted it to l-phenyl=fe~hydroxytetrazole by oxidation with

basic permanganatee.

CgHg=l{H=-C=8 &=—= CgHg=-N=C~SH 1332003 CgHp=N———C=SH
N N
3 3 \N/

céHS'If _— (I'i‘-SH KMOy, 06}15-1'\1-— ﬁ-OH C6Hr/:-1}1

¥5C0
N 2¥"3

N\N/ N\N/N + ln\N/N .

In an analogous manner, Stolle and Henke-Stark (1)
prepared l-phenyl-5-mercaptotetrazole and converted it to
l-phenyl=5=hydroxytetrazole by preparing the S-methyl ether
with diazomethanej oxidizing the thioether with acid per-
manganate to the sulfone and hydrolyzing the sulfone with

10Z sodium hydroxide.

C6H5-I|I—C-SH .12. ;;121135% C6H5-1\;——Cu:-802-CH3

N\N/N N\N/N

C6H5-Ii7—- ﬁ'SOZ-CFB NaOf C6H5-I'I—-——(li2-0H
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Stolle and Henke-Stark (14) also prepared l-methyl=5e

hydroxytetrazole from l-methyl-S-nmercaptotetrazcle by oxi-

dation to l-methyl-S-tetrazolesulfonic acid with basic per=-
manganate and cleaving the sulfonate with concentrated potas-

sium hydroxide. l=-lMethyl-5-mercaptotetrazole was obtained

by interaction of methyl isothiocyanate and sodium azide.

CH3=N=C= S + Nalig COg CH3-II\T———— ﬁ-SH

atm,
N: N
N
CH3-I-I ——— C=SH K;té% CH3-N——ﬁ-SO3K KCH CH3-I|€-——ﬁ-0H
N\N/N N\N/N N\N/N

Percival (15) treated l,4-dibenzyleS-iminctetrazoline
with acetic anhydride and obtained, instead of the expected

acetylimino compound, l,4=-dibenzyl-f-ketotetrazoline.

(':6 H5CH2-1;I-—|C=NH (CH3CO)20 CéH5CH2-IiI—- (':-:0

N\N/I‘I-CH2C6H5 N\N/N-CHzcéHs

The acetolysis technique of Percival and the hydrogenolysis
techniques of Herbst and Percival (3, 16) were used as a

basis for the experimental work of this thesis.,



DISCUSSION
PART ONE



Discussion

It was found that the benzylation of 1-(1',1',3',3'-
tetramethylbutyl)=5=-aminotetrazole caused displacement of
the tertiary alkyl groupj; the product of the reaction was
not the expected 1-(1',1',3',3'=-tetramethylbutyl)-t=benzyl-
Seiminotetrazoline, but was instead 1l,4=-dibenzyl-f=imino-
tetrazoline. Accordingly, the first part of this investi-
gation was to deterniine if the displacement of the "terti-
ary octyl" group was unique or if this type of displacement
was characteristic of any l-tertiary alkyl=-f-aminotetrazole,

The simplest of the l=-tertiary alkyl-f-arinotetrazoles,
l-tertiary butyl-S5-aminotetrazole, was prepared by inter-
action of tertiary butylamine with cyanogen bromide in
by treatment with sodiun

~

aqgueous alcoholic sclution followed b;

The procedure was analogous to

azide and hydrochloric acid,

the one perfected by Garbrecht and Herbst (10),.
R-NH2 + Br-CN ————> R-NH-CN -+ HBr
R-NE-CN -+ HN3 ———» R-Iil——ﬁ-NHz

N N
\\N//

R= tertiary butyl



The alkylation of l=tertiary butylef-aminotetrazole
wvas carried out by the proccdure of Herbsi, Roberts and
Harvill (8, 11). The S=-awminctetrazole was treated with
enough benzyl chloride not only toc alkylatc the compound
tc a 1,lk-disubstituted=-5-iminotetrazoline, but also tc re-
place the tertiary butyl group, if it cculd be replaced,
The apprarztus in which the allzylation was carricd cut was
modified in such a vay that any effluent gases woull Se cone
densed in a crap which was cccled in a dry ice-acetcine bath,
The reaction mixture was naintained at a temperature of 140e
145° C. for five and one half hours, during which time the
mixture became hcerogeneous. A gas was evcolved and condenscd
in the cold trap as a clear colorless liguid. The volatile
material absorbted bromine with the formntion ol =2 product
identical with an authentic sarple of isobutvlenec dibromide,
The solid product of the reaction proved to he 1,4-dibenzyl-
S=dninctetrazolire, which was iscloted and idenvified as the
hydrochloride, A mixturec rmelting voint with an authentic
sar:ple of l,4=dibenzyl-F=iminotetrazoline hydrochloride
shovred no depression of melting point, The elemental analye-
Sis of the henzrlation product was in conformity with the
dibenzyl derivative,
The results of this segucnce of reactions led to the
hypothesis that a tertiary 2llyl group would be disnrlaced
during the course of the benzylation and would apnear as the

Corresponding olefin. Accordinsly, the benzylation of
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1-(1',1',3',3'=tetranethylbutyl)=S-aninotetrazele was car-
ried out under similar circumstnncess the dry ice-acetone
bath wvas replaced with a salt-ice bathj the temperature held
between 145-150°0 C, The rcaction mixture turned tc a clear
melt and the volatile product evolved was caught in the cold
trap. The s01id product of the benzylation proved to be
1,4=dibenzyl=5=-iminotetrazoline hydrochloride, The melting
point of the pure compound isolated from the alkylation
mnixture and a mixture melting point with an authentic sample
of 1l,4=-dibenzyl-5-iminotetrazoline hydrochloride were iden-
tical. Thus benzyl chloride was also capable of displacing
the tertiary octyl group from the f-aminotetrazole,

The volatile product from the alkylation decolorized a
solution of bromine in carbon tetrachloridej the rapid de-
colorization of the solution suggested an unsaturated pro-
duct, possibly a hydrocarbon. Therefore, the material was
oxidized with permanganate to determine, if possible, the
position of the double bond. After refluxing the olefine
Permanganate mixture for thirty minutes (17), the reaction
mixture was slovly distilled into a solution of 2,h-dinitro-
Phenylhydrazine in perchloric acid. A precinitate formed,

vhich on recrystallization from 95% ethanol melted at 12%-
126° ¢, The melting point corresponded to that of acetone
2,4~dinitrophenylhydrazone, demonstrating thnt the end of

the olefin consisted of an isopropylidene unit.
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Since the olefin was produced by the disnlacement of
the 1,1,3,3-tetramethylbutyl ¢roup from the E-aminotetrazole;
it was assumed to have the molecular formula of CgHyg, and
the molecular structure corresponding to either 2,4 ,k-tri-
methyl-l-pentene or 2,4,4=trimethyl-2-penten=s, Accordinrly,
a determination of the de-ree of unsaturaticn and bromine
number was performed. A modification of MeIlhiney's tech-
nique (18) was used. A bromine number of 144 was obtained
as the average of four deterninations, compared to the theo=-
retical bromine number of 143 for a C8H16 hydrocarbon. The
average molecular weight of the hydrocarbon calculated from

the bromine number, assuming one double bond, was 1lll com-
pared to a molecular weizht of 112 for an octene.

Infrared spectra of 2,4,4-trimethyl-l-pentene and 2,4,4=
trimethyl-2-pcontene werc compared with the spectrum of the
unknowm hydrocarbon. Similar bands in the spectra of all
three hydrocarbons led to the conclusion theot the displaced
1,1,3,3-tetramethylbutyl group from 1-(1',1',3',3'-tetra-
me thylbutyl)-5S=-aninotetrazole was a mixture of the two iso-
mexr ic hydrocarhbons., A comparison with the spectrum of di-
isobutylene, a commercially available mixture of the two
isomeric octenes, also showed the same bands.

To demonstrate that the displacerent of the alkyl group
Was a function of the tertiary character of the group and

Not merely one of size, a primary amine with a large second-
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ary alkyl rroup was prepared and the corresponding l-sec=-
ondary alkyleS-aminotetrazole was synthesized.

The primary amine chosen was 3-aminoheptane and was
synthesized from 2-ethylhexanoic acid by the following
sequence of rcacticns. The amide of 2=-ethylhexcnoic acid
was preparecd from the acid by first making the acid chloride
by interaction with thionyl chloride and treating the acid

chloride with concentrated aqueous armmonia.

-CH,=CH,=CH,=CH—C=~ Hy=CHy=CHy=CHyr=CH—C=-
CH3-Cly-CHy~CH, ?H cl:l OH 80012 C‘-I3 Hy=CHy=Cls (IJH ﬁ Cl
CH3-CHy O CH3-CHp O

CH3=CHp=CHp=CHy=CH—C=Cl  NH3  CH3=CHp=CHp=CHo=CH— C=NHp
3 T I—— i
CH3-CH2 0 CH3-CH2 0

The amide was then caused to undergo a Hofmann rear-
rangenent using bromine and sodium methoxide to form the
methyl carbamates the carbarate was hydrolyzed by refluxing
for 14 hours with constant boiling hydrochloric acid.

Gt CuFon

CH=C=NH. NaOCH CH-NH=-C=0~-CH
C2H5 0 Bro CZH5‘ 0
Q+H9\ C)+H9\
‘/CH?NHAR-O-CH3 LICli ‘,CH&NH2°HCI
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The 1-(3'=heptyl)=f-aminotetrazole was prepared from
the 3-aminoheptane by interaction with cyanogen bromide in

aqueous ethanol, followed by treatment with sodium azide and

hydrochloric acid.

O g G

CH-11H2 _Brci CH-NE-CN
\
CMHQ CH-UH-CN HN GMHQ H-N-———-C-NHQ
A N

When the benzylation of 1l-(3'<heptyl)-S-aminotetrazole
vras carried out in a fashion similar to the previous cases,
talzing similar precautions to trap volatile products, the
normal benzylation product, l=(3'=heptyl)-lt=benzyl=5-imino=-
tetrazoline, was obtained and chaoracterized as the hydro-
chloride. No volatile material was evolved., This indicates
that the displacement reaction observed in the cases of l=-
ter tiary butyl-f-aminotetrazole ond 1-(1',1',3',3'-tetra=-
e thylbutyl)=f-aninotetrazcle is due to the presence of the
tertiary allivl group on the l-position of the tetrazole
ring, and not nerely due to the size of the alkyl eroup.

To further demonstrate that the displacement of the
tertjﬁlry allzyl groups 1s a characteristic of the alkyl

groups only, and not dependent in part upon the benzyl
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group, the following experinent was perforrmed., Ethyl p-tol-
uenesulfonate was used in the allzylation of l-tertiary butyl-
S-aminotetrazole. When the allylation mixture was heated to
a temrerature of 140-145° C,, the evolution of a gaseous
material was oEserved, and on subsequent analysis, the gas
was shovmn to be isobutylene. The 1,h-dialkyl-ﬁ-iminotetrae
zoline proved to be 1l,4-diethyl-5-iminotetrazoline, A mix-
ture melting point with an authentic sample of 1l,4-diethyl-
Se-iminotetrazoline hydrochloride showed no depression.,

The above alkylations of l=tertiary alkyl-f-aminotetra-
zoles with various alkylating agents indicate that the dis-
placement of the tertiary allyl group is a function of the
tertiary character cf the group alone, and not o function
of the alkylating agent or the size of the alltyl grcup of

either reactant. This conclusion is horne ou' by the {finde
ings that both tertiszry butyl and “tertiary octyl"™ (1,1,3,3-
tetrarethyloutyl) groups arc displaced with equal facilit:
D7 allylating agents such as benzyl chloride, p-chlorobenzyl
chlcride and ethyl p-toluenesulfonate,

A possible mechanicsm which could be postulated for the
eliminaticn of the tertinry allvl group with the formation
of an olefin and o symretrically diclizylated iminctetraszoline
can be illustrated using l=tertiary butyl=S-amirotetrazole
as an ex.mple. The l=tertinry butyl-S-aninctetrazoele could
De alliyloted according to the miechanism proposed by Percival

(15)e  This mechanism involves the l-substituted-5-aminc-
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tetrazole in its polar rescnance fornm, which is converted

to the 1l,4-disubstituted-f-iminctetrazcline salt,

|3 ?H3 (+)
CT13=C — K ——— C-ITF7 CH3=C —1X c=nz,
U0 e ]
CH3 1\:\N /I\- CH3 I\\N /N $(=)
CH CH
3 ) | 3 (+) (=)
CH3-(|: —_ IiT —_— ?—"—NII2 RX 5 CH3-(|: —_— T'T ?=NH2 + X
CH3 " §N/N (=) CH3 N\ N/N-R

R = CgleClp=, CpHs-
X = Cl, p-CH3-CgR;S03

The cztion of the l=tertiary alkylett-alliyleSeiiiino-
te traczcline salt disscelates into a tertizry oalkyl carbonium
l1orxr and a nmoleculs of l-alkyle=S=aminotetrazolec, This step
Iray be exrplained by an electronic shift brourht about by the
infJuence of the positively chorged imino group and aided
by +the knowm tendency of terticry alkyl compounds to under-
€0 donic dissociation to form the relatively stable tertie-
ary carbonium ion and associated anion. The tertiary butyl
carbonium icn can statilize itself by the ejection of a pro-

ton and the formotion of the corresponding olefin,
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CH3 (+) CH3
CH3-|-—I|I-—-(l:=NH2 R CH3-<|:® + :Ilz?-zmg
CH3 N\N /N-R CH3 IT\N /N-R
CH CH

CH3-C|® _ cz—:3-ﬁ 4+ H
CH3 CH,

After a resonance shift into the dipolar ionic form,
the l-alkyleSe-aninotetrazole could undergo a second alkyla-
tion in the manner suggested by Percival to form a symmetri-
cally substituted 1,M-dia1ky1-5—iminototrazcline salt,.

(=) + 8] =)
-NHo !:¥———?=MQ Rxamﬁ ?=M@-+ X
N-R

- - \T
R N\N/N R I\§N/

The abcve mechanism can be used to explain the fact
that the elimination of tertiary alkyl groups is independent
off the size of the alkyl group in the l=tertiary alkyleSa

aminotetrazole or the nature of the alkylating arent,



EXPERIMENTAL
PART ONE



Experinentall??

SYNTHESIS OF 1l-ALKYL-5-ANTICTETRAZOLES

These compounds were preparec by methods only slightly

different t-an those used by Garbrecht and Herbst (10).

tetrazole.
A solution of 129 g. (1 mole) of 1,1,3,3-tetramethyl-

butylamine in 800 ml. of 95% ethanol was cooled to about

50 C, in a three liter three necked flask equipped with a
stirrer, dropping funnel, alcohol thermometer and an exit
tube. With continued stirring and cooling, a solution of
106 g. (1 mole) of cyanogen bromide in 200 ml, of 95%
ethanol and 200 ml, of distilled water was added at such a
rate that the temperature of the reaction mixture did not
rise above 10° C. Subsequently a solution of 40 g. (1 mole)
of sodium hydroxide in 100 ml, of water was added with

cooling and stirring again at such a rate that the tempera=~

1. Microanalyses were done by liicro-Tech Laboratories,
Skokie, Illinois.
2. Melting points were taken in open capillary tubec

and were uncorrected.
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ture did not rise above 10° C. he resulting solution was
stirred in the ice bath for two anc one half hours, after
which a solution of €1 ¢. (1.25 nmoles) of sodiur azide in
250 ml., of water was added, followed by 103 ml, of concen-
trated hydrochloric acid diluted with 100 ml. oi water,
both at such a rate that the temperaturce of the reaction
mixturc remained below 10° C, The reaction flask was then
transferred tc a steanm bath, equipped with on efficient
reflux condenser and boiled uncder reflux for six hours.

On cooling the mixture, the product separated as a
rass of needles, which were separated on a DBuchner fuinel,
Concentratisa of the mother liquor gave a further quantity
of crude product. The combined crude fractions (140 g.)
were recrystallized fron one liter of 755 isopropyl alccrol,
Lror which the product scparated first as long, glistening

necdles that changed to heavy, glistening rods on further
cooling. A total of 117 g. (60% of theory) of product,
I'e De 201-202° C, was recovered,

The analytical sample was rccrystallized again from
99% isopropyl alcohol and melted at 202-202,.5° C. The
Product is moderately soluble in hot alcohols and aquecous
alcohol, only very slightly soluvle in water, benzene, ether
Or retroleun ether,

Analysis. Calculated for CcHygNgs Cy e85 H, $.73
N, 35.5. Found: C, 5%.9; H, 9.65 N, 35.8.



19

Preparation of letertiary butvlebeaminotetrazole.
A solution of 73.1 g. (1 mole) of tertiary butylamine

in 800 ml. of $9% ethanol was treated dropwise, while stir-
ring and cooling, with a solution of 106 r, (1 mole) of
cyanogen bromide in 200 ml, of 95% ethanol and 200 ml, of
distilled water., The cyanosen bromide solution was added
at such a rate that the temperature did not exceed 10° C,
After the cyanogen bromuide had been added, a solution of
%0 go. (1 mole) of sodium hydroxide in 100 ml, of distilled
water was added, keeping the temperature below 10° C,
Following the addition of the sodium hydroxide, the
reaction mixture was stirred for one and one half hours,
maintaining the low temperaturec. Next, a solution of 78 g.
(1.2 moles) of sodium azide in 2%C ml, of distilled water
was added over a period of five minutes, followed by 100
ml, (1.2 moles) of concentrated hydrochloric acid diluted
with 100 ml, of distilled water, Addition was done at such
a rate that the temperature did nbt exceed 10° C., and the
reaction mixture was stirred for one hour after the acdition
of the hydrochloric acid, keeping the temperature below
10° c,

The reaction mixture was boilcd under reflux for six
hours and allowed to stir at room temperature for an addi-
tional eignt hours, at which time approximately one liter of
Solvent was renoved by distillation. After cooling, the

Crude product separated and was collected by filtration.,
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The crude l=tertiary butyl-S-aminotetrazole was washed with
500nml, of distilled water and was recrystallized from dis-
tilled water. The yield was 10% g., 73% of the theoretical,
and the purified compound melted at 185-186° C.
Analysis. Calculated for CgHyjNg: C, 42,55 H, 7.9;
N, 49,6, Found: C, 42,73 H, 7.C2; i, 42.8,

The acetyl derivative of l=tertiary butylefeaminotetra-
zole was prepared by heating one gram of the tetrazole with
10 ml, of acetic anhydride for two hours. Thec compound,
l-tertiary butyle-Se-acetylaminotetrazcle, was recrystallized
from a mixture of ethyl acetate and petroleum ether and
relted at 98.5-95.5° C.

Analysis. Calculated for CyHy3NsO: C, 45,93 H, 7.2

N, 36,2. Found: C, 46,0; H, 7.23 N, 38,0,

Synthesis of 1-(3%'<hentvl)=S=aminotetrazole.
Ag Preparation of 2-ethvlhexanoyl chloride.

A one liter three necked flask was fitted with a con-

denser, mechanical stirrer and dropping funnel and placed
in a water bath. Two hundred sixty-eight grams, (2,25
moles) of thionyl chloride was placed in the flask and 2£8
e (2 moles) of 2-ethylhexzanoic acid was added dropwise
With stirring, using the cold water bath as a means of ab-
Sorbing the initial heat of the reaction. After all of the

acid was added, the cold water bath was replaced by a heate

ing rmantie and the reaction mixturec was heated at 850 C. for



21

30 nminutes.s At the end of the heating pericd, no more fumes
of hydrogen chloride and sulfur dioxide were evolvedj; there-
fore the reaction mixture was cooled to room temperature,

The apparatus was modified for distillation under
reduced pressure and the 2-etylhexanoyl chloride distilled
at 74=76° C., at 16 nm., pressure (19). The yield of acid

chloride was 278.5 g., 35.C% oif the thcoretical arount,

B, Preparation of 2-ethylhexanamide.

A three liter three necked flask was fitted with a
riechanical stirrcr, dropping funnel and therromecter. In the
flask was placed €00 ul, of concentrated aqueous anmonia,
and the flask was cooled in an ice bath to 10° C., Then
278.,5 go (171 moles) of 2-ethylheranoyl chloride was added
dropwvise while stirring, keeping the temperature below 15° C.
Af ter all the acid chloride was added, the reaction mixture
was stirred for one hour at 10° C. The contents of the
flasi: vere filtered with suction and washed with three 500
nle portions of ice cold distilled water to remove ammonium
Cchloride; the 2-ethylhexanamide was recrystallized from dis-
tilleq water and dried overnight in the oven ot a temperature
of approximately 70° C. Tae yield of 2eethylhexanamide was
210 £, (86% of theory) of muterial melting at 101-102° C,

(2c).
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Ce Prevaration of nethyl N=3'-heptyl carbamate.

A rodified Hofiann reaction (21) was used to prenare
nethyvl M=3%=heptyl carbarate. A three liter tiree neciied
flaslk was fitted with a reflux condenser, dronping ITurnael
ané a nechanical stirrer. Anhydrous methanol (1500 ml,)
was placed in the flaslk and 57.% ¢. (2.93 nmoles) of metallic
sodiun was dissolved in the metheoncl,e After tie solium had
dissolved, 210 g, (1.47 moles) of 2=-ethylheranamide dissolved
in 1000 ml, of anhydrous rethanol was aidecd. At this point,
234 r, (1L.47 1cles) of bromine was added dropwise with cone-
stant stirring, and the rcaction mixture was boiled under
reflux for 30 minutes on the steam bath after the addition
of the broiine, e reaction mixture was acidified with
acetic acid and the methanol wes removed by distillation
under dininished pressure, The residue in the flask vms a
pasty mixture of methyl N-3'<heptyl carbamate, sodium hro-
mide and sodiun acetate, The mixture was washed with two
500 ml, portions of distilled water to remove the inorganic

salts, The crude urethane was a light yellow oil.

Dy Preparation of 3-aminoheptane hvdrochloride.

The crude methyl N-3'-heptyl carbamate was boiled under

Teflux for aprroximately 1% hours with 20% hydrochloric acid.
At the end of the reflux period, alrost all of the crude
Urethane had gone into solution. The agueous layer was sepa=-

Tated ang evaporated 2lmost to dryness under diminished pres-
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sure. The remaining water wos removed by azeotropic distil-
lation with anhydrous ethancl. The crude 3-aminoheptane
hydrochloride was dissolved in absolute ethanol and precipi-

tated by the addition of anhydrous ether. Yield was 109 g.

(72% of theory).

E eparation of I-(3%-heptyl)-9-aminotetrazole.

A tvo liter three necked flask was fitted with an alco-
hol thermormeter, mechanicnl stirrer, dropping funnel and re-
flux condenser. In the flask was placed a solution of 75,8
~e (0.5 mole) of 3-aminocheptane hydrochloride in 400 ml. of
95% ethanol and the resulting solution was cooled to 0° C,
in an ice=-salt bath. A solution of 53 g. (0.5 mole) of
cyanogen bromide in 100 ml. of 95% ethanol and 100 ml, of
distilled water was added while stirring, keeping the tem-
perature of the reaction below 10° C. Stirring was con-
tinued during the whole seaquence of the reaction. After the
addition of the cyanoren bromide solution, 40 g, (1 mole) of
sodium hydroxide, dissolved in 100 ml, of distilled water,
Was added while the temperature of the reaction mixture was
held below 10° C. Following the addition of the sodium
hydroxide solution, the reaction mixture was stirred for
one angd one half hours, keeping the temperature below 10° C.

A solution of 3¢ ¢, (0.6 mole) of sodium azide in 120
Ble of aistilled water was “hen added over a five minute

Period, rollowed by the addition of 50 ml. (0.6 mole) of
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concentrated hydrochloric acid diluted with 50 ml, of dis-
tilled water. During the addition of the sodium azide solu-
tion and the hydrcchloric acid, the temperature of the rezc-
tion mixture was not allowed to rise above 10° C., The ice
bath was removed and the reaction mixture was stirred at
room temperature for three hours, followed by boiling under
reflux on the steam bath for three hcurs, after which the
reaction nixture was allowed to stand for eight hours.

The ethanol was removed by distillation and the rcac-
tion mixture was stirred in an ice-salt bath until crystal-
lization occurred. The crude 1-=(3'-heptyl)-5-aminotetrazole
was recrystallized from heptane. The yield was 45,2 g.
(49,5% of theory) of material which melted at 145-146° C,
(8). No depression in melting point was observed on admix-
ture with an avthentic sample of 1-(3'-heptyl)-5-aminotetra-

2o01le.

ALKYLATICI OF 1-ALKYL-5-AMINOTETRAZOLES

The l=-substitutedeS-aminotetrazoles were alkylated by
Procedures only slightly modificd from those of Herbst,
Rober ts and Harvill (8).

AlkyJation of 1-(1',1',3" o3 =tetramethylbutyl )eS=amino=-
tetrazole with p=chlorobenzyl chloride.

A mixture of 2.9 g. (0.0%5 mole) of 1-(1',1',3',3'-
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tetramethylbutyl)=-Seaninctetrazole and 8.9 g. (0,055 mole)
of p-chlorobenzyl chlorice was heated in an oil beth at
135-140° C, for 138 hours. The reactants liguified come
pletely to for:m a tuo phace system in which there wos ebule
lition and apparently cas evolution, After cocling, the
crude solid product was talzen up in about 100 ml, cf hot
ot% ethanol, the solution diluted with 500 ml., of water and
distilled to renove ethanol and excess p=chlorobenzyl chlo-
ride. The aqueous sclution was made alkaline with 1% g. of
sodiwr hydroxide to liberate the iminotetraozoline bose,

The latter was extracted with twc 100 ml., ang two fO
111, portions of warnm beinzenc, Warn extracticn wus ncces-
sary to prevent crystallization of the base. Evaporation
of <the conbined benzene extracts left the base as a sclid
residue.

One ¢ram of the crude bzse wos recrystallized first
frorn: tolucne=-cyclohoxune ixture, then from 99,7 isopronyl
alcohol and then fror: tolucnc-cycloherane nixiure arain,.
The pure base was obtained as coarse, glistening prisms,
repe 148-149° C,

Analysis. Colculated for CpgHy3CloNgs C1, 21.235 N,
2l.0. Found: c1i, 21.1, 20,93 N, 21.2, 21.2.

The composition of the base indicated, in addition to
the expected ring benzylation, that the 1,1,3,3-tetramethyl-
butyl group had becen displaced by a p-chlorobanzyl group.
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The remaiinder of the ecrule base was tzken up in 0 rl.
of 9¢% isopronyl alcohcl and convert-d into the hyirochloride
by the addition of 19 ml. of concmiroted hydrochloric =cid.
The crude hyrdrociiloride, 12,9 £y Of tan crystals, was cus-
pended in 50 rl, of beiling toluenc, After cooling, the
solid was filtered off by suctionj 9 z. of hydrcchloride,
eDe 214-215° €, rermained. The matarial was reerystallized
frorm £0% iscpropyl alcohol fron which it separnted as glis-
tening ncedles of a dihydrate, r.p. 214%-215° C,
Analysis. Calculated for CygHyyCliNge2 HpO: Cl, 26.2;
N, 17.2; Hy0, 7.9. Found: Cl, 26,6, 26.5; N, 17.5, 17.5;
Hs0, 7.9,
A sarple of the dihydrate was dried at 80° C, in a
vacuum; the melting point was not changed,
Analysis. Calculated for CygHy,ClyNs: Cl, 28,73 I,
18.9. Found: Cl, 28,65 N, 18.9,

eTrazole with be chloride.

A rixture of 9.85 g. (0.05 mole) of 1-(1',1',3',3t-

tetramethylbutyl)=5-arinotetrazole and 15 . (0.12 mole) of
benzy 1 chloride was placed in a side-arm test tube fitted
Vith a pechanical stirrer and connected to a trop which wes
Co0led by a crushed ice-water bot'i., The reaction nixture
Y2S heated to a terperature of 14+5-155° C. in an oil bath

for tiro hours. The reaction mixturc first turned to a cleor
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melt and a volatile product distilled into thc cold trap.
After slizhtly more than an hour, the melt bogan to solidify
end at the end of two hours, the recaction mixture was solid
and no more ratsrial could he distillecd into the cold trap.
The cold trap was disconnected, sealed and steored in the
refrigerator for further worlr=up.

The solid moterial vas dissolved in hot 95% ethancl and
placed in a one liter three necked flask fitted with a
riechaniccl stirror, a2 distillztion hend and a Jdropping
funnel, Five hundred milliliters of distilled weter was
added to the aprroximately 300 ml. of 95% ethancl and the
ethanol was removed by distillationj after which roughly
400 ml. of water was steam distilled to remove the excess
benzyl chloride. When the distillate was no longer cloudy,
the reaction mixture was cocled in an ice bath, 25 g. of
s01lid potassium hydroxide was added and the nixture stirred
for two hours. The cold suspension was stirrcd fecr one half
hour with 150 ml, of cther and the ether layer was separated.
The aquecus portion was extracted with threce 50 ml, portions
Oof ether and the ethercal extracts were combined and dried
OVer anhydrous potassium carbonate.

The ether solution was decanted from the potassium
carbonate and =zvaporated to dryness on the steam bath with
the aid of an air jete The 01l which remained was taken up

in 100 nl, of benzene and w:s treated with hydrogen chloride
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gas to precipitate the 1l,t=dialkyl-f=-iminotetrazoline as the
hyvdrochloride,

The crude tetrazoline hydrochloride was a light tan
solid and was recrystallized from 50% ethancl, The material
had the sarme relting point as 1,’+-d1b911zy1-5-in:i110te‘crazol:‘me
hydrochloride and the melting point was not dzpressed on
adnixture with an authentic sample of 1,4-dibonzyleSeinino-

tetrazoline hydrochloride (1%),

r butyleS=aninotetrazols with benzvl

chloride.
A nixture of 7 g. (0.75 mole) of l-tertiary butyl-S-

aminotetrazole and 15 g. (0,12 mole) of benzyl chloride
was placed in a urea tube which was connected to a cold
trap immersed in a dry icee-acetcne bith. The urea tube
vas "eated in an oil bath to o temperaturc of 140-145° C.
for five and one half hours. During the heating period,
the reaction nixture liguified to a clear melt and a gas
vias evclved, which condensed in the cold trap to a clear,
coloriless liquid. The melt solidified in the later stages
°of the heating period.

The solid material was dissolved in 250 ml, of hot 25%
ethanol and the resulting solution was placed in a flask
fitted for steam distillation. Three hundred milliliters
°f distilled water vas acdeds the alcohol distilled, and

aPProximately 500 ml, of water was distilled to remove any
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excess benzyl chloride, After cooling, 27 r. of solid
potassium hydrcxide was added and the reaction mixture was
stirred for one and one half hours, follcowed by extraction
of the free base with three 100 nrl., portions of ether. The
ether extracts were combined and dried over anhydrous potas-
sium carbonate,

The ether extract was decanted from the potassium car-
bonate and evaporated to dryness. The dark brovn resicdue
was taken up in benzene and the benzene solution was varti-
ally decolorized with Norite., Gaseous nydrogen chloride
was passed into the benzene solution until precipitation was
complete. The crude l,4=-dibenzyl-S-iminotetrazoline hydro-
chloride was recrystallized from 70% ethanol,

The purified compound mclted at 212-213° C. with
decomposition and showed no depression in melting point when
nixed with an authentic sample of l,lt=dibenzyleSeiminotetra-

zoline hydrochloride (1%).

Alkcvlation of letertiarv buiyleS-aminotetrazole wi

D=toluenecsulfcnate.

A mixturc of 7 g. (0.0°% mole) of letertiary butyl=t-

aninotetrazole and 25 go (0,125 mole) of ethyl p-toluence
Sulfonate was placed in a urea tutc which was connected to
a cola trap iumersed in a dry ice-acctone bath, The urea
tube was placed In an oil bath and heated for six hours at

& temperature of 140-145° C, During the course of the
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liecting period, the reaction mixture turncd to a clear melt
and after a few minutes at 140° C., evolutiocn of ras com-
menced. The volatile material was condenscd in the cold
+rap and preserved for further study.

At the end of the heating period, the reaction mixture
was poured into 200 rl, of distilled water. A brown oil
separated, which wvas found to be excess ethyl p-toluene=-
sulfonate, Fiftecen grams of sodiw: hydroxide was added to
the reaction mixturc in order to frece the l,Y%=-dialkyl-Se
dminotetrazoline from its p-tclucnesulfonic acid salt, fol=-
dowed by the addition of 100 g, of potassium czrbonate which
viaas added in one portion to salt out the free vase., The
frce base was extracted from the water by two 100 ml, por-
tions and two 50 ml, porticns of ether. The ethereal ex-
tracts ware dried over anhydrous potassium carbonate. After
evaporation of the solvent, the l,4-dialkyl-S-iminotetrazo-
line rerained as an oily residue,

The material was dissolved in isopropyl alcohol, de-
colorized with carbon, treated with 10 ml., of concentrated
hydrochloric acid, an? the solution cvaporated to dryness.
The resulting solid was rcerystallized from an isopropyl
alcohcl-cther nixture,. The reltia: point of %A wobtorial
ien rized with an sutlontic sarple of l,h-dicthyl-S-in;j_‘zo-

Aatva - . ~ o - n
veirazoline 'vrirochleride (C).
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Alvlotion of l=-(3'=hoptl)=“=.minctetrezole with benzvl

chilorifo,.

A sije=arr test tube wos placed in an oil Lot and
cornlected to o trup which wos ceooled by on ice-salt miztturc,
The side-arrm tes®t tube was charsed with 9.2 g. (0,05 mole)
of 1-(3'-heptyl)=5S=aninotetrezole and 15 g. (0.12 mole) of
benzyl chloride. A mechanical stirror sealed the top of the
test tube and the reaction mirture was heated, while stir-
ring, for five hours. No gascous product cvolved, even
tiacugh the terperature of the oil bath was held at 1%5° ¢,
The rcaction uwixbture foried a clear uelt which later par-
tially solidified,

The partially solidificd reaction nixture was dissol-
vead in hot 95% ethanol and placed in a one liter three
necked flask which was fitted with a distillation apraratus,
drovnping funnel and mechanical stirrer. Enough alcohol was
added to rmake a volume of 300 ml. Five hundred milliliters
of distilled water was added and the solution was slowly
distilled tc remove the alcohcl and the excess benzyl chlo-
ride, Another 500 ml, of distilled water was added thrcugh
the dropping fwuel at the sare rate at which it was being
removed by distillation., This procedure was necessary to
Temove unchanced benzyl chiloride and bhenzyl alcohol,

When the steam distillation was completed, the aquecus
solution of 1-(3'~heptyl)=tr=benzyl=5-ininotetrazoline hydro-

chloride was ccoled in an ice bath, 20 g. (2.5 mole) of
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sodiun hydroxide was added and the rezction mnixture stirred
for two hours. At the end of this tiwe, 150 nl, of ether

was added to dissolve the brown, gurty frce l=(3'=heptyl)-

-

L obenzyl=S-iminotetrazoline whiceh had separated frowm the
acgueous rzaction mixture, The mixture woes stirred for one
half hour and the cther layer wus separated. The aqucous
dayer was extracted with three 20 nl, portions of ether;
the ethercal layers combined and dried over anhydrous potas—
siun carbonate,

The ethereal solution was decanted from the potassiwnm
carbonate and evaporated to dryness on the steam bath with
the aid of an air jet. The o0ily, crude tetrazoline was
taken up in 1C0 ml., of 957 ethanol and its hydrochloride
PTrecipitated with the addition of 20 ml. of ccncentratad
hydrochloric acid. The impure 1-(3'-heptyl)-4=-baonzyl-5-
Iminotetrazoline hydrochloride was redissolved in hot 70%
ethancl and decolorized with charcoal, after which crystal-
lization was allowed to occur., The reacticn gave 12 g,
(71.4% of theory) of material melting at 150-151° C.

Analysis. Calculated for CysHoyClNg: C, SC€.135 H, 7.&;
Cl, 11.4; N, 22,6, Found: C, 50.1; H, 7.93 Cl, 11.3;

N, 220 E‘o

dentification of the gaseous product of the benzylation
of l-~tertiary butyl-S-aminotetrazole.

The cold trap containing the clear, colorless product
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from the benzylation of l-=tertiary butyl-S-arinctetrazole
was removed from the dry ice-acctone both and connectzd to
a nitrogen cylinder. A strean of nitrogen wes usod to sweep

the volatile material into a sclution of bromine in ether,

which was partially decolorized. The excess bromine was
removed withh a solution of sodiun bisulfite and the organic
layer was separated, washed with three 20 ml, portions of
water and dried cover anh;"drous sodium sulfate., The ether
vras evaporated anc the boiling point, density, index of
refraction and infrared spectrum of the residual materic
vrere detcrnmined,

An authentic sample of isobutylene dibromide wzs pree-
pared by dehydrating tertiary butyl alcohol with sulfuric
acid and passing the isobutylenc into a brominc-ether solu-
tion, The isobutylcne dibromide was purificd as in the

above case, and the sume physical properties were determinec,

Table I
Isobutylene dibromide (22) Unlmown material
bep. 149-151° C, bep. 149-150° C.
DE®  1.7287 01,7284

n2  1.51186 ng0 11,5118
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The infrarcd specira of iscbutylene dirromide and the
mnlnovm material showed the same bonds at appreximately

cqual intensities,

dentification of the guscous product frow the allylation
of l-tertiarv butyvl-“—aninotetrazole with ethyl p-toluene-
§gl£ Onatgo

The volatile material from the above alkylation was

passed into a solution of bromine in ether, and after puri-
fication, the brominated product was shown to be isobutylene

dibronmide,

cation t VO ile product from the alkylatio

of 1-(1',1',3!',3'=tetramethylbutyl)=9=aminotetrazole with

benz chloride,

A, Oxidat J dation.

The oxidation was done according to procedure B, as
recorrmended by Shriner and Fuson (17).

Onc gram of the volatile material was added to 20 nml.
orf water which contained four granis of votassiur perran-

ganate., One rilliliter of 104 scdiww hydroxide was added

~

and the rcacticn nixture wes refluxed for 30 minutes. At

ct
jo
o)
QO

2nd of tiie heating poriod, the apraratus weas recifiied
for dAistillation and th: rcoction nixture wos distilled

very slowly into a tect 4uhe which coniained a 5% sclubion



35
of 2,W=cinitroprenylinydrazine in 20% perchloric acicd. A
precipitate formed, vhich after recrystallization Irom 053
ethainol, melted at 125-126° C, This melting point corres-
ponied to the melting point of acetone E,H-dinitrophenyl-
nydrazorie and indicated tne volatile materinl contained a

grouping which could be converted to acetone on oxicdation,

Be Degree of unsaturation and Sromine Ngmber.

The volatile nmaterial decolorized a solution of bromine
in carbon tetrachloride, so this tecinique was used to de=-
termine the molecular weight of the compound., A modifica-
tion of McTIlhiney's technique (18) was used, The results

are as follows:

Table II
% Bronine Bromine lolecular
Determination Uptake Number Weight
I 102,9 146,7 108,9
1T 100,3 143,1 111.7
ITI 2% 41,9 112,56
IV 101, 14, 5 110,6
Average 101,0 44,1 111.0
Theoretical* 100,20 42,6 112.1

* Based on the assumption of molecular formula of CgHyg
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The infrarcd specirum of the olefin was corpared wita
the lmown spectra of 2,4,h=trimetiyl-lepertone and 2,4 k4=
trimethyl=2-ponteae (23), In addition, the snectrum of
diisobutylenz, a cenmiercially availlable nivture of the two
isomeric hydrocarbons, was deterrined and compared with the
infrarcd spectrum of the olefin, Sinilar bands, both in

intensit;” and position, were found in all spectra,
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DISCUSSION
PART TWO



Discussion

Many different methods have Dbeen erployed in the prepa-
ration of 5=hydroxytetrazoles (24%), These methods, however,
almost without exception, have used a tetrazole which has
been substituted by a sulfur containing group in the f=posi-
tion with the sulfur atom attached directly to the tetrazole
ring. The purpose of this part of the investigation was
twofold: to explore the possibility of preparing a group of
1 -substituted=5=-hydroxytetrazoles and to determine the effect
of an alkoxyalkyl or aryloxyalkyl group on the reactiocns of
a l-substituted=S-aminotetrazole,

A group of lealkoxyalkyleS-aninotetrazocles and learyl-
oxyalkyl=-f-aminotetrazoles was prepared from the correspcnd=-
Ing alkoxyalkylamines or aryloxyalkylamines by interaction
with cyanogen bromide and hydrazoic acid in aqueous ethanolic
solution (10), The compounds chosen for study weres l-(3'-
1 sopropoxypropyl)-5S-aminotetrazole, l=(3'-methoxypropyl)=~t-
aminotetrazole, l-(2'=methoxyethyl)-S-aminotetrazole, 1l-(2'=-
Phenoxyethyl)=5-aninotetrazcle and 1-(3'-phenoxypronyl)-5=-
aminotetrazole.

The proposed route of synthesis of the various l-sub-
Stituted-F-hydroxytetrazoles wass (1) Preparation of the
aPPropriate l-substituted=-S-aminotetrazole, (2) Alkylation

Of <+the S-aminotetrazole with benzyl chloride to form the
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l-allyl-t-henzrl-5-iminctetrazoline, (3) Acetolysis of the
S-iminotetrazoline tc the corresponding 5S-ketotefrazoline
and finally, (4) Hvdrogenolysis to the l-substituted=-f-
hrdroxvtetrazole.

The l=alkoryvalkylef-arinotetrazoles were prepared by a

1nodificaticn of the procedure of Garbrecht and Herbst (10).
R-lH, + BrCN ————> R-NH-CN <4 HBr

R-NH-CN <+ HN 3 —_—> R-IiT—- ﬁ-N Ho

N N
Ny
CH3-0-CL2-CH2-, CH3-07CH2-CH2-CH2-
C¢Hy=0-CHp=CHp~, CgHg~0-CHp~CHp~CHp~

CH3\
/CH-O-CHz-CHg-CHQ_-

NG

Due to the nature of the compounds, some changes had to be
hade in the separation techniques.
1-(3*-Isorroroxypropyl)=-S-aminctetrazole was prepared
from 3-isopropoxypropylamine by interaction with cyanogen
bromide in agueous ethanolic solution. The reaction was
conducted at temperatures between 0-10° C. to minimize side
Teactions due to the reactivity of the monoall:ylcvenamide.

The hydrazeic acid wns gererates in situ from scdium azide
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and hydrochloric acid. At the end of the reaction the
tetrazole was sufficiently insoluble in water to crystallize
from the cold reaction mixture after removal of the ethancl
by distillation.

The sccond member of the sroup, l-(3'-methoxypropyl)-
S-aminotetrazcle was prepared in ruch the sare fashion as
1-(3'=isopronoxypropyl)=5=antinotetrazole, Interaction of
cvanogen bromide and 3-rethoxypropylamine produced the cor-
responding ronosubstituted cyanamide which was not isolated,
The cyanaride was treated with sodiwm azide and hydrochloric
acid as before and the reaction mixture was subjected to
distillation to remove the ethanol pcrtion of the solvent,
On cooling, however, the l-(3'=methoxypropyl)=5-arinotetra-
zole could not be inducec¢ to crystallize from the agueous
nixture. The solution was taken to dryness and the mixture
of crude tetrazole and inorgenic salts was extracted repeat-
edly with hot anhydrous methanol in order to scparate the
tetrazole fror the inorgnnic residuc, As isolated, the crude
1= (3'=nicthoxypropyl)=S=arinctetrazole was = thicl:, viscous
o1l which would not crystallize smontonccocusly. Vorious sol-
venits and corbinations of solvents were used in atterpts to
erystallize the tetrazcle. The most successful nmethod was
treatment of the viscous o0il with hot benzene, The hot bene
zene solution was decanted frem the residunl oil and chilled,
1-(3tlothorypronyl)=F=arinotatrazecle crystrllizad from the

hot YLenzene extract on cooling,
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1-(2t'=lethexyethrl)=Ff=arinotetrazole wns prépired frem
2-methoxyathylamine by the sare sequence of renctions, It
too did not precipitate from agucous selution cn remecval of
the ethanol portion of the solvent. The proluct was ob-

taince? by cvaporatins the reaction mixture to dryness and

extracting the 1=-(2'-nethoxyethyl)=5=-arinotetrazole from

P A

~

the residue cf Inorgenic salts with anhydrous ether in z
Soxhlet extraction annaratuse.

Both 1={2'-phenoxyecthyl)=-5-aninotetrazole and 1-(3'-
phenoxvoropyl)-S-amninctetrazole were sufficiently insoluble
in water sco that they precinitated on removal of ethanol
fror. the reaction mixture,

2=Methoxyyethylanine, 3-methoxypropylamine and 3-iso-
propoxypropylamine werc available from comrercial sources.,
2=Prenoxyethylamine and 3-nheroxypropylamine were preparcd
by an adantation of the generz2l method of Sheechan and Bol-
hofer (25)., Potassiur nhthalimide was alkvlated with the
avprepriate phenoxyalkyl bromides hydrazinolysis of the re-
sulting phthalimidoalkyl phenyl ether pave the desired phen-
oxyalkylamine, Conversion of the anine tc the corresponding
tetrazole was dono by interaction with cyancc-en bronide in
agueous ethanclic sclution followed by treatment with sodium
az ide and hydrochloric acid in the manner previously
describead,

The 1l,lt=disubstituted-f-iminotetrazclines were prepared

by application of the reneral procedure outlined by Herbct,
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Roberts and Harvill (8, 11). The l-alkoxyalkyl-f-amino-
totrazole or l-aryloxyalkyl-S5-aminotetrazole was heated with
a slight excess of the alkrlating agent at a tempercture of
140-145° ¢, for several hcurs during which time & mildly

exothermic reaction usually took place.

R-N—— C-NH> R'X R-IiI — ('§=I‘IH- X

| Il
N R!

T -
§§N”L N§§H//N

R = alkoxyallyl or aryloxyall7yl (see p. 40)
R'::05H5CH2-, C6H5-0-CH2-CH2-
X=¢Cl, Br

When benzyl chloride wos used as the alkylating agent,
the reaction mixture was dissolved in ethanol at the end of
the heating pericd and steam distilled to remove any unre-
acted benzyl chloride. In the case of 1-(3'-methoxypropyl)-
Y~ (2"-pheroxyethyl)=-5-iminotetrazoline, the excess alkyl-
ating agent, 2=-phenoxyethyl bromide, was removed hy extract=-
ing an zqueous solution of the tetrazoline hydrobromide with
ether,

All 2llkylation products were treated with base to free
the 1,4-disubstituted=-5-iminotetrazolines from theair salis
with the hydroren halidesj; the free tectrazoline bases were
extracted from their woter suspensions with ether and the

ether solutions were dried over anhydrous pctassium carbon-
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ate. The 1,k-disubstituted-F-iminotetrazoline hydrochlorides
were preparced fror: the free bases in one o three ways: pre-
cinitation from an etherenl sclution with gaseous hydrogen
chloride, precipitation from a tenzecne solution in the same
manner or precipitation from an ethanolic solution by the
addition of concentrated hydrochloric acid. All of the 1,4-
disubstituted-5-iminotetrazoline hydrochlorides were color-
less crystalline solids,

The next phase of the Investization wcs the conversion
of the various l,4-disubstituted=-5-iminotetrazolines to the
correspondings 5-ketotetrazolines., Acetolysis techniques,
similar to those of Percival (15) were used in %he conver-

sion of the iminotetrazolines to the desired keto compounds,

R-IiT——le=NH 1. (CH:LCO)20 R-I|I——C|!=O
>
2 CH,COO0H
-R! . 3 _R?
LN AN

R = alkoxyalkyl or aryloxyalkyl (sce p. 40)
R® =C6HFCI‘TQ-, C6H5_0-CH2-CH2-

Of the five ketotetrazolines vhich were prepared, only
one was isolable as a solide. 1-(2%-Phenoxyethyl)-l-benzyl-
S5-ketotetrazoline was prepared from the similarly substi-
tuted 5-iminotetrazoline by beciling with acetic anhydricde.

for one hour followed by treatment with glacial acetic acid.
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The ccetic acid solution was cvanorated to drimess. The

0ily residue was extracted with water to remove acetamide,
The residual ketotetrazolines were talen up in warm cyclo-
hexane in which they were only moderately soluble, The l-
(2% -phecnoxrethyl)-k-benzvl-F-kectotetrazoline separated from
solution as an o0il which sclidified slowl: on long standing,
The four other 9-ketotetrazolines, prepared in analogous
fashien, could not be induced tc crystallize and were puri-
fied by mclecular distillotion under diminished pressure.
The ketotetrazolines solidifisd on the dry ice-isopronyl
alcohol ccoled condensing surfacc but mclted on warming to
roon terperaturc,

The final phase cf the Investigation wes the attemnted
hydrogenolysis of 1-(2'=phenoxyethyl)=b=benzyl-5-ketotetra-

zoline in order tc prepire the 1-(2'-phenoxycthyl)-5-hydroxy-

tetrazole,
R-=———— C=0 P3o R-ll=————C=0H 4 CcH
| —H i 6715CH3

R = alkoxyalkyl or aryloxyalzyl (sce n. 40)
A Burgess-Parr low nressure aydrogonation apparatus wvas used,
with absolute cthancl as solvint and palladium oxide as cata-

lyste Reacticn time was coxtended for as lJong os twelve hours
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wvithout effecting the desired hydrogenolysis, The hylrogen-
olysis wi.s also atterpted using platinunr oxide or nalladium
black as cotalysts. Results vere negative in all three
cases., 1=(2'-Phencxvathyl)-lt=bonzyl-5=letctctrazoline was
rcceovered wnchanged from the rceaction mixturce,

It has Meen obscrved by Birkof»r (16) that Il=benzylurea
and =benzyluretiane ctructures failed to underzso catolytic
hydrogenclysis of *tha Ii=benzyl group. The l-substituted-b-

bonzrl="=lzetotetrazelines show a similar linkage,
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PART TWO



Experirental

SYIITHESIS OF PHTFALIMIDOALKYL PFELYL ETHERS

These compounds were prepared in a manner which corres-

ponded very closely to the method of Shechan and Bolhofer
25).

Preparation of 2-phthalimidoalkyl phenyl ether.

A solution of 40.2 g. (0.2 mole) of 2-phenoxyethyl
bromide in 150 rl, of N,N~dimethylformamide was nlaced in a

500 ml. three necized flask fitted with a2 mechanical stirrer

—

and thernometer. The flask was placed in an oil bath and

37 ~. (0,2 mole) of potassiurm phthalinide was added. The
reaction mivture was heated, with stirring, at eo® ¢, for
one hour and then 2llowed to cool to roon: temperature, still

with constant stirrin

q

.
After the rexction mixture had cooled, 1°0 ml, of
chloroform was 2dded and the soluticn was stirred for ten
minutes, The reaction nixture wos poured into 300 ml, of
distilled waterj; the chloroform layer was seporated and the
aqueous luyer was extracted wita thiree 50 wml, portions of
chloroforis The chloroforn extracts were comdined wid
vashed with three £0 ml, portions of 0,2 N sodium hy rexidie
to remove any unrcacted potassium phthalirmide, then washed

Y1ith three 0 11, porticns of cictilled woter to ronove the



L8
residual sodiur hydrexide, The chloroform scluticn weos
dried over anhydrous scdiur sulfate. The chloroform wvas
evaporated on the steum bath with the aid of an 2ir Jjet and
the remaining solid was ground with 100 ml., of ether to
remove any occluded chloroform. The ether wis evaporated
on the steam bLath and the 2-phthalimidoethyl phenyl ether
was dried at 20° C,

The vield was 5246 g. (90.4% of theory) of material

relting at 127-128° C, (26),

aration of 3-phthalimidopropyl phenyl ether.

A 500 ml, three neclked flask was fitted with a mechanie
cal stirrer and thermoncter and charged with a mixturce of
46e2 5o (0e25 mole) of potussima phthaliride, 5348 ge (0.25
mole) of 3=-bromopropyl phenyl ethicr znd 200 rl, of NyNedie
methylformamide, The reaction mixture was heated with stir-
ring at 80° C. in an oil bath for two hours, then allowed to
cool to room temperaturc, still with constant stirring, Two
hundred milliliters of chloroform was addeé anc the mixture
wvas stirred for ten minutes, after which it was poured into
200 ml, of distilled water. The chloroform layer was sepa=
rated and the aqueous layer was extracted with three 50 ml,
portions of chloroform. The chloroform layers were combined
and extracted with three 50 ml, portions of 0,2 Il sodium
hydroxide to remove any unrecacted potassiun prthalimide and

then wzshed with three 50 ml, portions of distilled water
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to renove traces of sodium hydroxide. The wet chloroform
solution was dricd over anhydrous scdiws sulfate, then
gvaporated to dryness on the steam bath wvith the aid of a
jet of air., The crude 3-phthalinidopropyl phenyl ether vas
recrystallized from cthancl to vicld 33 g. (£G.6% of theory)

of material melting at §5=09° €. (27).

SYNTHESIS OF PHEIIOXYALKYLALIWNE HYDROCLLORIDZES

The hydrazinolyses of the phthalimidozlkyl phenyl
ethers were accomplished In a fashicn similar to the method

of Sheehan andé Bolhofer (25),

Preparation of 2=-phenoxyethvlamine aydrochloride.

A solution of 107 g. (0.4 mole) of 2-phthalimidoethyl
Phenyl ether in 1000 ml, cf methanol was placed in a two
liter flask and treated with 24 ml. (0.4 mole) of &7% aque=-
ous hydrazine hydrate. The reaction nixture was boiled
under reflux for two hours. After cooling, 500 r.l, of dis-
tilled water was added and the methanol was remcved by dis-
tillation under reduced pressure. The residual aqueous
Suspension was treated with 100 ml. of concentrated hydro-
chloric acid, at which time a very voluminous precipitate
of phthalhydrazide formed. The rcaction mixture was heated
on the steam bath to a temperature of 50° C, for one half

hour, cooled to 0° C., and filtered with suction. The
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precipitate of phthalhydrazide was washed with distilled
water until the washings were no longer acidic to litmus,
and the filtrate and washings were combined and evaporated
almost tc dryness under diminished pressurc., The white
slurry of 2-phenoxyethylanine hydrociiloride was washed from
the flask with absolute ethanol and the alccnol-=water mixe
ture was renoved by heating on the steam bath with the aid
of a jet of air. The colorless amine nhydrochloride was
washed with ether and dried to yield 60,4 g. (£7%Z of theory)
of material melting at 213-214° C. (26).

paration o =phenoxypropylamine hydrochloride.

A solution of 63 ge (0.22 mole) of 3-phthalimidopropyl
phenyl ether in 3°0 ml, of methanocl was placed in a one
1iter flask fitted with a reflux condenser. To this solution
was added 13,7 ml. (0,22 mole) of &5% hydrazine hydrate and
the resulting mixture was boiled under reflux for two hours
on the steam bath. The reaction mixture was cooled to room
temperature and 100 ml. of distilled water wcs added. The
methanol was then removed by distillation under reduced
pressure, After the methanol was removed, 2% ml. of concen-
trated hydrochloric acid was added to the residual suspen-
sion, causing a veluminous precipitate of phthalhydrazide to
form, The reaction mixture ww.s heated on the steam bath at
a temperaturc of 50° C. for one hour, cooled to 0° C,, and

filtersd with suction. The precipitate of phthalhydrazide
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was washed with distilled water until the washings were no
longer acidic to litrus anc the wochings were combined with
the original filtrzte. The combined washings and filtrate
vere then cevaporated tc dryness, first by means of a reduced
pressure distillaticia and then on a steam bath by means of
an air jet. The colorless amine hydrochloride was washed
with anhycrous ether and dried. The yield of 3-phenoxypro-
pylauine hydrochloride was 37.9 ge (E9% of theory) of mate-

rial nelting at 16%5=166° C. (27).

SYIITHESIS OF l-ALKOAYALKYLS5-Al'IIICTETRAZOLES

These compounds were prepared by methods only slightly

different than those used by Garbrecht and Herbst (10).

SOPropo:ypropyl)=S=aminotetrazole.

A onc liter thrce necked flask fitted with a rechanical

aration of l=

stirrer, dropping funnel, reflux condonser and alcohol ther=-
morieter was charzed with a solution of 23.4 ge (0,2 mole)

of 3=iscoropoxyrropylamine in 160 nl, of 95% ethancl and the
solution was cooled to 0° C. A solution of 21.2 e (D62
ole) o cyanogea srowmide in 40 nl, of distilled woter and
l*'O:‘ul. of 957 cthanol was added with stirring at such a rate
that the temperature did not citceed 10° C, After all the
Cyanogen bromile solution had been acdded, a sclution of 3 g,

(0.2 101lc) of sodium hydroxide in 20 rl, of distilled water
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was added dronwice witl stirring, keeping the temperature

< Je

balow 10° C., After the coinlcte additvion

()

c+

of the sodaiun
hydroxide solution, the reacticn mixture was stirred for one
and one half hours with the temperature held below 10° C,

A solution of 15,6 ge (0.2% mole) of sodium azide in
50 nle of distilled witer was added with stirring over a
period of five minutes, followed by 20 ml. (Q.24 mole) of
concentrated hydrochloric acid diluted with 20 ml, of dise
tilled water, The diluted acid was acdded at such a rate
that the temperature did not exceced 10° C. After the addi-
tion of tie hydrochloric acid, the rcaction mixture was
stirred for three hours, during vhich time it was 2llowed to
warm to room temperaturc. At the end of that time, the
reaction wixture was neated wider reflux on the sleawm bath
for an additional tihree hours, still with constont stirring,
and then allowed to stand overnight,

The ethanol and part of the water were removed by dis-
tillation. The tetrazole precipitated on cooling the solu=-
tion, The solid product was separated by filtration and the
filtrate was further concentrated to obtain a second crop of
the crude tetrazole, The crude l-=(3'=isopropoxypropyl)=F=
aminotetrazole was recrystallized fron distilled water., The
vield was 24 g. (65% of theory) of material meliing at 128-
129° ¢,

Anzlysis. Calculated for C,HysNgO: C, Loty Hy 8,23

Ny 37.8, Found: C, W5.1; H, 7.2; M, 37.C.



Preparation of l-(3'-nethoxypronyl)-f-aminotetrazole.

A solution of 09 g. (1 mole) of 3-rethorypropylarine
in 800 ml. of 9% ethanol was placed in ¢ three liter three
aecled flask which wis fitted with a dropping fumel, reflux
condenser, mcchanical stirrer and alcolol thermometer. The
solution was cooled to 0° C. and a solution of 106 g. (1 mole)
of cyanogen bromide in 200 nl, of distilled water and 200 nl,
of 95% ethanol was added dropwise, with stirring, at such a
rate that the temperature of the reaction mixture did not
exceed 10° C. A solution of 40 g. (1 mole) of sodium hydrox-
i1de in 100 1l, of aistilled water wes then added dropwise,
with stirring, while holding the temperature below 10° C,
Af ter the addition of the sodium hydroxide, the solution was
sStirred for one and one half hours while holding the temperae-
ture belovw 10° C,

A solution of 78 g. (1.2 moles) of sodium azide in 240
ml . of distilled water wns added over a period of apnroxie-
ma tely five minutes and then a mixture of 100 ml. (1.2
MO 3 es) of concentrated hydrcchloric acid and 100 ml., of dis-
tilled water was added %to the reaction mixture at such a
rate that the tewperaturc did not exceced 10° C. After the
hyArocaloric acid solution had been added, the reaction mix-
ture was boiled under reflux on the steam bath, with stir-
I‘ing, for six hours and then allowec to stand overnight,

The solution was evaporated to dryness and the residue,

2 paste of mineral salts suspended in the oily, crude tetra-
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zole, vas treated witih threc 100 ml. portions of icc-cold
anhydrous methanol to remove the tetrazole frew: the inor-
ganic salts. The methanol solution was decclorizecd with
charcoal and the nethaenol was removed under diminished
pressure, The tetrazole remained as an o0il, and was ine
duced to crystallize by trecating with hot benzene and cool-
ing the benzene solution. The yield was 6% g, (63.4% of
theory) of material melting at a temperature of 92-93° C,

Analysis, Calculated for CgHyjlis0: C, 3%.25 H, 7.1
N, 4,6, Found: C, 38.2; H, 7.03 N, 44,6,

4.

'aiicthoxyvethvl )=S=aninotetrazole,

A two liter thrce necked flask was fitted with a mecha-
Nnical stirrer, dropping funael, alcohol thermoneter and re-
fl1ux conéenser., In the flask was placed a solution of 58 g,
Capproximately ¢.5 mole) of an aqueous solution of 2-meth-
OXyethylamine (65-70%) in 500 ml, of 95% ethanol and the
Tesulting mixture was cooled to 0° C, in an ice bath. A
Sodution if 93 g. (C.5 mole) of cyanogen bromide in 100 ml.
of 959 ethanol and 100 ml., of distilled water was added
dropwise with stirring, keeping the temperature below 10° C.
dar ing the course of the addition. Following the addition
Of +the cyanogen bromice sclution, 20 g, (0.% mole) of sodium
hy&roxide dissclved in 50 11, of distilled water was added
Yith stirring, keeping the tewpercture of the reaction below

o e a . ' .
10 C. Aftcr complete addition of the sodium hydroxide
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solution, the reacticn rixfure was stirred for one and one
half hours, maintaining the low tUemperaturc,

A solution of 39 g. (0.6 nole) of sodiun azide in 170
mle of distilled water was added over a periocd of five min-
utes, follcwed by the addition of £0 nl. (0,56 mole) of con-
centrated hydrochloric acid diluted writh an erual volune of
distilled water. The hydrochloric acid sclution was added
at such a rate that the tompercture of the recction mixture
did not exceced 10° C. Following the addition of the hydro-
chleoric acid, the reaction nixture was stirred for three
hours, during which time it was allowed to warnm to room
tewperature, after which it was boiled under rceflux for four
nourse.

The apparatus was modifiecd for distillation and th

W)

1
ethanol was rouoved by distillation under diminished prcse-
sure. The recaction mixture wis cooled in an ice buth, but
no product precipitateds The remainder of the solvent s
remeved by distillation under recuced pressurej the residue

was transferred to a Sorhlet apparastus and continuously

L
'y
t
H
Q
0
t
)
o
—
(-3-

h anhydrous ether for tvelve hours,
Tho cruda 1=(2'—rcthcnrethvl)="=arninotetrazole which
W&s cnly very sparingly scluble in ether was recrystillized
fron ~n absolubte ethanol=ether mixture to vield 22.7 r.
(31. 5% of theory) of proiuct meltiang at 112-113°
Analysis. Colculated for QuHollg0: C, 33.65 H, 5.3

Uy 4t,0, Found: C, 33.5; H, 6.3; N, 48,0,

0.



Prevaration of l1-(2'=phenoxvetavl)=S=aminotetrazole.

A one liter three necked flask fitted with a dropping
funnel, mechanical stirrer, low temperature alcohol ther-
mometer and reflux condenser was charged with a solution of
43,5 g. (0.25 mole) of 2-phenoxyethylamine hydrochloride in
200 nil, of 954 ethanol. The solution was cooled to 0° C.

)

and a solution of 26,5 r. (0.29 mole) of cyanogen bronide

o

~

in 50 rl. of 95% ethcrol and 50 nl, of distilled water wzs
added at such a rate that the tazrmerature did not e:iceed
10° C. After the cranoren bromide had booa wdded, & solue-
tion of 20 r. (0.5 mole) of sodiun hydroxide in 0 rl, of
distillecd water was adied at such a rate that the reaction
terperoture did not exceed 10° C, Following %he addition
of the scodiilun hyrdroxide solutio:n, the reaction mixture was
stirred for an additional one and onc half hours, keeping
the terperature below 10° C,

A solution cf 1%.% ge (0.3 mole) of scdium czide in

“

7 : D 37 b
00 171, of @istilled water was added, followed by 2% 11,

(Ce3 n0le) of coiucentrutad hydroclhiloric acid 2iluted with
an ejuval volume of distilled water. The two solutions werc

LR

adad2ad at sveir o rate that U e teuperature cf the mixture

bk

did not exceed 129 C., The rexction mixiure wos slhen stirred

overnigny at rooin torperaturce In the morning, 2 crude y2l-
low product had ecrystallizel Trew the solutiorn., The solisd
was removed by filtraticn oand the rother liquor was concene

trated to obtzin a seccad crop ol crude product,
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Tac crude 1=-(2'=phancxyethyl)=5-aninotetrazoles was
recrystallized froh absolute ethanol 1o give 20 z. (5773
of theory) of material melting at 174=175°
Tl

o
)

Analysis. Calculated for CgHpNg0: C, 02.735 H,

N, 3%.1., Founl: C, £2,23 H, ©.5; N, 34.2,

A soluticn of 47 ¢ (0.25 mole) of 3-phenoxypropylarine
hydrochiloride in 200 rl. of 9% ethanol wos placed in a
Liter three necked flasik fitted with an alcohol thermometer,
reflux condenscr, kechanical stirrer, and drupping funacl,
The contents of the flask were cooled to 0° C., and a sclu-
tion of 26,5 ¢. (0.27 riole) of cvanogen bronide in 50 ml,
of 2%7 ethanol and 0 ml, of distilled wator was added at
such a rate That the temperaturc did not exceed 10° c, A
sodlution cf 20 g. (0.7 mole) of sodium hydroxide in £0 ml,
of distilled water was then added, keeping the temperature
below 10° C., anc the reaction mixture was stirred for one
and one half hour: at the low temperature,

llext, a solution of 1%.Y g. (0.3 mole) of sodium azide
in 50 nl, of distilled water was added, keeping the temvera-
ture Dbolow 10° C. Twenty-Tive nilliliters (2.3 role) of
concentrated hydrochloric acid diluted with 27 11, of dis-
tilJ ed water was then added, maintaining the lowered tenperae-
ture 5, and the rezction mixturc was stirred for tirce hours,
which time it was allowed to reach roorn tenperciure,

durin -~

<



After the varn-up pericd, the reaction mixture was heated
to reflur temperature and this teuperature was maintained
for twelve hours.

At the end cf the reflux period, the ethanol vas re=-
moved by distillation and the solution was cooled until the
crude l=(3'=phenoxypropyl)-Seaminctetrazcle precipitated.
The precipitate was removed by filtration and the aqueous
mother liquor was concentrated and a second crop of material
was obtained, The crude tetrazole was recrystallized from
absolute ethanol to yield 29 g. (537 of theory) of material
which melted at 163-169° C.

Analysis, Calculated for CypHy3N50: C, H.85 H,y 6403
N, 32,0, Found: C, 4,9; H, 6.2; N, 31.7.

SYIITIIESIS OF 1,M-DISUESTITUTED-5-IHINOTETRAZOLINES
The 1l,4%=-disubstituted=5-iminotetrazolines werec pre-

parcd by procedurcs only slightly rodified from those of

Herbst, Roberts and Harvill (3).

tetrazoline.
A mixture of 18,5 g. (0,1 mole) of l=(3'=isopropexy-

propyl)=-S=aminotetrazole and 17.2 g. (0,12 mole) of benzyl
chloride was placed in a urea tube and heated in an oil bath

to a temperaturce of 140-145° C. for a period of four hours.
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The matericl first turned tc a clear melt whic!i solidified
during the later stages of heating. At the end of the heat-
ing period, the crude reaction mixture vas washed out of the
reaction tube with hot 95% ethanol and transferred to a one
liter three ncclied flausk fitted with a mechanical stirrer,
dropning funnel and distillation apparatus. The ethanol
solution was diluted with 500 1il. of distilled water and
the ethanol wes reroved by distillation, Following the re-
noval of the ethanol, awproximately 50C rl. of water was
steam distilled to remove any excess benzyl chloridees The
reaction mixture was cooled and 10 g. (0,25 mole) of sodium
hydroxide was added to convert the crude 1-(3'-is¢propoxy-
propyl)=b=benzyl-5-ininotetrazoline hydrochlorice to the
free tetrazoline base. The reaction mixture was stirred for
one half hour following the addition of the sodium hydroxide.
One hundred milliliters of ether was added to the flask and
the mixturc was stirred for one half hcur, after which thre
ethereal layer wos separatsd and the agueous layer was eXe
tracted further with two 50 ml, portions of ether. The
etheresl extracts were conbiiied and dried over anhydrous
potassium carbonate. The dry cther solutiocn was decanted
from the potassium carbonate and evaporated to dryness on
the steam bath with the aid of an air jet.

The oily, residual l-(3'=-isopropoxypropyl)=l-benzyl=‘-
irinctetrazoline was talten up in 50 ml. of ¢5% ethanol and

Precipitated as the hydrochloride by the 2ddition of 20 nl,






of concentrated hydrochloric acid. The 1li;ht tan solid was
redissolvad in hot etlianol and the resulting solutica was
decolorized with charcoal, After rcerystollization from
ethanol, the yiold of l-(3'=iscprovoxyproryl)-t-benzyl-S-
ininotetrazoline hydrochloride wis 21.3 . (60,7 of theory)
of rmaterial nelting at 163-104° C,

Analysis. Calculated for CquH,5CLIgC: Cy 53,95 Hy 7.13
Cl, 1l.4; II, 22,5, Found: C, 3.9, 53.2; H, 7.1, 7.0
c1, 11.6, 1l.6; il, 22,4, 22,6,

Preparation of l-(2%-metheyethvl)=l=berzylefaiiinctetra

N

A urea tube was chargoel with I%.3 . (0.1 ncle) of
le(2tariothcrrothyl)=fenninotetrazole 2:d 17,2 7o (0,12 riole)
cf benzcyl crloride, A nechunical stirrer was introduced and
the reaction mixture was heated to a temperature cf 1+0-144°
Ce for a pericd cf four hours. The mixture first turned to
a clear nmelt and later partially solilified, At the end of
the heating pericd, the prrticlly sclidifiod reaction mixe
ture was wacsbed from the tube with hot €55 ethinol onnd trans-
ferred to a one liter three nseclicd flask fitted with a dis=-
tillation apparatus, mechanical stirrer and dropping funnel,
Five hmundred milliliters c¢f distillad wator was added and

he alconol wes renoved by distillation. Following the ree

noval of the alcoholy 500 ml, of water was steaw distilled

to renove any wnrezcted brnzyl calerides the roaction mix-



ture was coclol o btrestol wilts 10 ge (C.2%5 1:2le) of sodiun
hydroxide to liburzte the free teirazoline base., After stir-
ring lor onc holf hcur, 100 11, of etier wos odded und ctir-
ring was continued for an acditional one half hour. The
ethercal layar wis separcted and tiic aquecus larer wWis CXe
tracted with three £C 111, portions of ether. The etherecl
extracts were combined and dried over anhydrous potassium
carmonate. The ctlier was rerovad oy evapcraticn on the
stezi bath with the aid of a Jet of airy the residual 1-(2!

ethorvethyl)=lt=bonzyl=C=irinotetrazoline was dissclved in
20 :1le. of 9574 ethancl and decclorized with charcoal.

The alcoholic sclution wus treated with 12 ml, of con-
centrataed nydrochleric acid and the precipitated l=(2'-methe
oxyethyl)e=l=benzyl-F-ininotetrazoline hydrochloride was re=
crystallized freon ethancl to yield 17.2 go (845 of theory)
of wmaterial relting at 161- 162° ¢,

Analysis, Caleulated for CppHpsCliis0: C, LC.25 H, 6,05
Cl, 13.1; N, 26.0. Found: C, 40.0; H, 6.13 Cl, 13.4;

Preparation of 1-(7'-pneAOJVQf'Vl) i=benzyle=f=iminotetra=

zoling,

A virture =f 104 2. (2,09 mole) of 1-(2t'=phcnoxicthvl)-
S-aminotatrazole and 7.6 go (0,06 mcle) of benzyl chloride
was placed in a ures tule and heated in an oil buth at 140-

145° C. for five hours., The reactica mixture was cooled,
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and the crude bdenzylation procduct was washed Iroir the tube
with 100 »1l, of hot alcohol. The crude matericl was placcd
in a one liter threc neclicd flask Titted with a mechanical
stirrer, dropping funnel and distillaticn apparatus. Two
hundred milliliters of distillced water was adced and the
ethancl was rcuoved by distillation. After the rercval of
the etiiancl, 3CO0 w1l. cof water was steam distilled to remnove
unreacted beanyl chlerides, Tihe reaction mixture was cooled
and 10 z. (0,25 nole) of sodiux hydroxide was added to liler-
ate the 1-(2'=phenoxyettyl)='t-tenzyleS=iminotetrazoline Irom
its hydrochloride. The nivture wos stirred for one half
hour, fcllowaed by cxtraction of the free base with three 50
nl, portions of ether. The cthereal extracts vere coirbined
and dried over anhylrous potassium carbonate. The dry ether
solution wns decanted from the potassium carbonate and satu-
rated witnh dry hydrogen chloride, The desired compound,

1=(2%=phenoxyethyl)=lt=benzyl=S=ininctetrazoline hydrochlor-

8

dcy precipitated frem solution and was recrystallized from
ethanol. The yicld was 15 g. (E3.2% of theory) of rmatarial
melting at 17%+-175° C,

Analysis. Calculated for CyghysCliicO: C, £7.95 K, Z.53
ci, 10,73 N, 21.1. Found: C, 57.73 H, £.33; Cl, 10.63
N, 21.1.
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Preparation cf 1-(3'=phenc:oprooyl)=t-tonzyl-f=irivotetra=-

.

zoline,

A nmixture of 7.2 ge (0.033 1:0le) of 1l=(3'=-phenoxy-
propyl)=Ff-aninctotrazole and 4.9 o (0.035 role) of benzyl
chlroide wes placed in a urea tuve and heated to a tempera-
ture of 14+0-145° C, in an oil bath for five hours. The
nixture first liquified to a clear nelt which solidified
during the later stages of heuting., At the cend of the
heating period, the reaction mixture wis wished out of the
urea tube with 12Q xl. cof ot 9% cethanol wnd pluced in a
one liter three nzcied flask Titted with a dropning funnel,
rrechanicel stirrer cnd Jdistillaticn arraratus. Two hundred
milliliters of distilled rator was acced ond the ethanol
wvas reroved by distillaticn. Approximately 400 nl, of water

-

va aded Cropwise at the sanie rate it was rercoved by distile

0
£

1

lation, Any unreacted benzyl chloride was renoved by this
procccure, The reasction nixture was then cocled 2and 10 ¢,
of potassium hydroxide was added to liberate the frece 1-(3'-
phenoxypropyl)=ti=benzyl-S=irinotetrazeline, One hundred
1nilliliters of ether was added and tle basic rezction mixe-
ture was stirred for cne hour, while ccoling in an ice bath
to minimize the cvaporstion of =2ther, Taie cthereal layer
was scparated and the aqueous layer was extracted three

r.ls portions of ether, Tho etherczl extracts

were coubined

£
s
v

(o

Jricd over anhydrous pouvassium curbonate,
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The cried ether solution of 1=(3'=phonoiypropyl)=tt="cnzyl=-
Feiminotetrazolene was decanteld {rorn the potascium carbonate
and anhydrous hydrogen chloride w.s passed intce the ctherezl
solution uantil precipitation ves complete, The crude 1l=-(3'-
phenoxvnropVI)-h-) cnzyl="=iminotetrazoline hydrochloride was
recrystallized from ethanol to yiecld ¢.¢ go (65.04 of theoory)
of materizl melting a2t 175-176°

Analysis. Calculuted for CynHpnClilsC: C, 5C.0, H, 7.5;
Cl, 17.33 I, 20.3. Found: C, 5C.73 H, 5.23 Cl, 10.3;
T, 20.5,

Preparcation of 1-(3'=tethoxipropyl)=tie(2"<phonoyethyl)-

iniinocetrozolivic.

A ureca tube vas choroad vith 1.7 re (0.1 role) of

- SRR - - P T iyt ). . \
l=(3'=icthouyprenyl)=F=aninoizirazele and 2,1 o (C,12
riole) of 2-phemoiny2tiyl brotida, The tube was placal ia

~ 3 ~ ! P b B . A v d- ~ !

an 0il bhath and herted ¢ a2 tanporature of 10-1%5° ¢, for
five hourse. Thz rencticn nixture furned to o cla0r relt
which darizonet clowly Jurdlis tho cours2 of the heating

Je Ly ~ .7 N S N " £ - o~ k3 P . L8
e AT the cnd of tho e ting pericl, the rencticn

froir the urea tube Hr rmeans of 100 rl,
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of hot 5% ethinol ond the cthoncl szlution was tronsfarred

water., The ethincl wos rcroved by distillationg the con-
tents of the flask were coole? ~nl extracted with two EO

nl, portions of cther to reuove any unreacted 2-phenoxyethyl
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bromide, The etherenl extracts were discorded and the
aqueous portion was treated with 10 ge (Ce25 mole) of sodium
hyiroride in order to free l=(3'-ethoxypropyl)-k-(2"-phen-
cirrrethyl)=5=iminotetrazoline from its hy’robrowidn, The
free tetrazcline bose wias citracted from Zts agqueous sus-
pension with three 70 1.1l. portions of cther and the ctherea
layers were ccibined and drie? cver cahrdrous potassiun
carbonate, The dry ether solutisa was docont

a1 U . T im am e e S 1 PR | hi
potassivy carhonabe 2ad satursted with gogcous hydrogen

prenorvethrl)=5-iminot2irazecline hy’rochloride vos recrys-
tallizod from cthanol to 7ield 17,6 ge ( 56% of theory) of
noterial meltine ot 145-146°

Anclysis. Caleulated for Cpaf,aClis0,: Cy H42.%; Hy 643

\

Cl, 11.3; Ii, 22,3, Found: C, 42,33 1, 6.,°+; Cl, 11,73

o

[S2]
.-
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PHZYLTZICURZA DERIVATIVES CF 1,'+~DISULSTITUTED=-
5=-ILTICTEIRATCLITES

Poounylisiouroa derivativ, ol 1-(3'=iscpronczproprl)etia

e sran of le(3'eicopronorrpropyl)ehelanzylaS-irino-
tetrazoline hydrcenlorile was aisscolved in 10 wl, of Jdis-
tilled water ond treated with approximately two grams of

potassium hyiroxide. The aqucous suspension of the cily



66
iminotetrazoline base was extracted with three 10 ml, por-
tions of ether and the ethereal extracts were combined and
dried over potassium carbcecnate. The ethereal solution of
the free base was evaporated to dryness on the steam bath
with the aid of a stream of air and the residual oil was
treated with 0.5 ml. of phenyl isothiocyanate and warmed
on the steam bath for ten minutes. The crude product was
cooled and washed successively with two 5 ml. portions of
petroleum ether and two 5 ml, portions of 50% isopropyl
alcohol. The crude product, a viscous o0il, was chilled in
a dry ice-isopropyl alcohol bath and stirred until crystal-
lization took place. The crude phenylthiourea derivative
was recrystallized from isopropyl alcohol and melted at
121-122° c,

Analysis. Calculated for C,yHpglig0S: C, 61,45 H, 6.k4;
N, 20.5; S, 7.8, PFound: C, 61.4; H, 6,25 N, 20,75 S, 7.8,

Phenylthiourea derivative of 1l-(2'=-methoxyethyl)-t-benzyl-
S=iminotetrazoline.

A golution of one gram of 1l-(2'-methoxyethyl)-l-benzyl-
S5=-iminotetrazoline hydrochloride in 10 ml. of distilled
water was treated with two grams of potassium hydroxide and
the resulting suspension of the free iminotetrazoline base
was extracted with three 10 ml, portions of ether., The
ethereal extracts were combined, dried over anhydrous potas-

sium carbonate and the ether removed on a steam bath with
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the aid of a current of air. The residual 1-(2'-methoxy-
ethyl)-t=benzyl=5-iminotetrazoline was treated with 0.5 ml.
of phenyl isothiocyanate and the resulting reaction mixture
was warmed on the steam bath for ten minutes. The material
was allowed to cool and then was washed with two 5 ml. por-
tions of petroleum ether and two 5 ml., portions of 50% iso-
propyl alcohol. The crude phenylthiourea derivative was
chilled in a dry ice-isopropyl alcohol bath to induce crys-
tallization. Recrystallization from 75% isopropyl alcohol
gave a material melting at $9.5-100.5° C.

Analysis. Calculated for C,gHyollg0S: C, 58,75 H, 5.53
N, 22.8; 8, 8.7. Found: C, 58.9; H, 5.63 N, 22.9; S, 8.5,

P rivative of l-(2'-phenox ) -
S=iminotetrazoline.

Two grams of potassium hydroxide was used to liberate
the free base from a solution of one gram of l-(2!'-phenoxy=-
ethyl)=l=benzyl=5-iminotetrazoline hydrochloride in 10 ml,
of distilled water. The free base was extracted with three
10 ml, portions of ether and the combined ethereal extracts
vwere dried over anhydrous potassium carbonate. The ether
was removed on a steam bath with the aid of a current of air
and the residual free tetrazoline base was treated with 0.5
ml, of phenyl isothiocyanate. The reaction mixture was
warmed for ten minutes on the steam bath, cooled and washed

with two 5 ml., portions of petroleum ether and two 5 ml,
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portions of 50% isopropyl alcohol. The crude phenylthiourea
derivative was chilled in a dry ice-isopropyl alcohol bath
to promote crystallization and the solid was recrystallized
from 75% isopropyl alcohol to give a substance melting at
118-119° c,

Analysis. Galculated for CZ3BQ2N6OS: C, 64,25 Hy 5.23
N, 19.5; S, 7.5. Found: C, 6%.1; H, 5.5; N, 18,95 S, 7.3.

Phenylthioure rivative of 1-(3'-phenoxypro <t-benzyl-
S=iminotetrazoling.

A solution of one gram of l-(3'-phenoxypropyl)-it=~benzyle
S=iminotetrazoline hydrochloride in 10 ml, of distilled water
was treated with two grams of potassium hydroxide and the
resulting agueous suspension of the tetrazoline base was
extracted with three 10 ml, portions of ether. The ethereal
extracts were combined, dried over anhydrous potassium car-
bonate and the ether removed by heating on a steam bath
with the aid of an air jet. The residual l-(3'=-phenoxy-
pPropyl)-#=benzyl-5-iminotetragoline was treated with 0.5 ml.
Oof phenyl isothiocyanate and warmed on the steam bath for
ten minutes., The reaction mixture was cooled, washed with
two 5 ml. portions of petroleuw ether and two 5 ml. portions
of 504 isopropyl alcohol and then chilled in a dry ice-
isopropyl alcohol bath to induce crystallization. The crude
Phenylthiourea derivative was recrystallized from 75% iso-

propyl alcohol to give a material melting at 89-90° C,
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Analysis. Calculated for CpyH,sNg0S: C, 64.33 Hy T.43
N, 18.9; S, 7.2. Found: C, 61*'09; H’ 505; N, 18.9; S’ 7020

Phenylthiourea derivative of 1-(3t ~methoxypropyl)-i-(2"-

noxyethyl)eb= etrazoline.

One gram of 1-(3'-methoxypropyl)-t-(2m™-phenoxyethyl)-
Se-iminotetrazoline hydrochloride was dissolved in 10 ml, of
distilled water and treated with two grams of potassium
hydroxide. The agqueous suspension of the free tetrazoline
base was extracted with three 10 ml., portions of ether and
the ethereal extracts were combined and dried over anhydrous
potassium carbonate. The ether was removed with the aid of
an air jet by warming on the steam bath and the residual
free base was treated with 0.5 ml. of phenyl isothiocyanate,
The reaction mixture was heated on the steam bath for ten
minutes, cooled and then washed with two 5 ml, portions of
petroleun ether and two 5 ml., portions of 50% isopropyl
alcohol. The crude phenylthiourea was chilled in a dry ice=-
isopropyl alcohol bath to ald crystallization and the solid
was recrystallized from 75% isopropyl alcohol to yield a
material melting at 92.5-93.5° C.

Analysis. Calculated for CooH,,Ng05S: C, 58.235 H, 5.9
N, 20,43 S, 7.8, PFound: C, 58,43 H, 5.93 N, 20.25 S, 7.6.
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SYNTHESIS OF 1,4~DISUBSTITUTED-5-KETOTETRAZCLINES

These compounds were prepared by a slight modification

of the procedure of Percival (15).

Preparation of 1-(3'-isopropoxypropyl)-lt=benzyle5-keto~
tetrazoline.
One gram of l=(3'-isopropoxypropyl)-t=benzyl=5-imino-

tetrazoline was obtained from its hydrochloride by dissolu-
tion of the hydrochloride in 10 ml, of distilled water and
treatment of the water solution with two grams of potassium
hydroxide. The aqueous suspension of the free iminotetra-
zoline base was extracted with three 10 ml., portions of
ether and the ethereal solution was dried over anhydrous
potassium carbonate. The ethereal solution of the free
base was evaporated to dryness on the steam bath with the
aid of a current of air and the residual oil was boiled
under reflux for ocne half hour with 10 ml. of acetic anhy-
dridey after which the acetic anhydride was removed by evap-
oration on the steam bath. The oily residue was treated
with 10 ml, of glacial acetic acid and the mixture was
boiled under reflux for thirty minutes, at which time the
acetic acid was removed by evaporation on the steam bath
with the aid of an air Jet. The process was repeated with
another 10 nrl. portion of glacial acetic acid and, after

evaporation of the acid, the residue was washed with two
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5 ml. portions of distilled water to remove acetamide,

The 1-(3'-isopropoxypropyl)--benzyl-5-ketotetrazoline
was subjected to molecular distlillation at a temperature of
130-135° C./ 1 mm. pressure. The compound solidified on
the cold finger, which was chilled with dry ice=-isopropyl
alecchol, but liquified on warming to room temperature.

Analysis. Calculated for Cy,H,,M,05: C, 60.85 H, 7.3;
N, 20.4. Found: C, 60.8; H, 7.13 N, 20.%5.

Preparation of 1-(2'-methoxyethyl)-l-benzyl=-5-ketotetra-
zoline.

An amount of 1-(2'-methoxyethyl)-h-benzyl-f-iminotetra-
zoline hydrochloride sufficient to prepare one gram of the
free iminotetrazoline base was dissolved in 10 ml, of dis=-
tilled water and treated with two grams of potassium hydrox-
ide. The agueous suspension of the free base was extracted
with three 10 ml., portions of etherj the ethereal extracts
were combined and dried over anhydrous potassium carbonate.
The dried solution was warmed on the steam bath in a current
of air to remove the ether and the residual iminotetrazoline
was boiled under reflux for thirty minutes with 10 ml. of
acetic anhydride. The reaction mixture was evaporated to
dryness an the steam bath with the aid of an air jet and the
residual oil was heated under reflux with 10 ml. of glacial
acetic acid for one half hour, after which the solution was

taken to dryness on the steam bath. The process was
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repeated with another 10 ml, portion of glacial acetic acid
and taken to dryness as before. The crude 1-(2'-methoxy-
ethyl)-4-benzyl-5-ketotetrazoline was washed with two 5 ml.
portions of cold distilled water tc remove acetamide and
subjected to molecular distillation at a temperature of
130-135° C, The ketotetrazoline solidified on the cold
finger, which was cooled with dry ice-isopropyl alcohol,
but melted on warming to room temperature.

Analysis. Calculated for CyyH;,M,05: C, 56.435 H, 6.0;
N, 23.9., PFound: C, 56,23 H, 6.13 N, 23,8,

Preparation of 1-(2'-phenoxyethyl)-bt-benzyl-5-ketotetra-

zoline.
A water solution of 11 g. (0,033 mole) of 1-(2'-phen=-

oxyethyl)-l-benzyl-5-iminotetrazoline hydrochloride was
treated with potassium hydroxide to liberate the free
Iminotetrazoline base and the aqueous suspension was ex-
tracted with three 50 ml, portions of ether. The ethereal
solution was dried over anhydrous potassium carbonate, de-
canted from the potassium carbonate and the ether removed
by warming on the steam bath., PFifteen milliliters of acetic
anhydride was added and the mixture was boiled under reflux
for one hour, at which time 25 ml, of isopropyl alcohol was
added and the mixture was distilled until approximately one
half of the volume was removed. The reaction mixture was

transferred to a steam bath and the remainder of the liquid
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was removed with the aid of an air jet. The residual oil
was treated with glacial acetic acid and warmed on the
steam bath for one hour, after which the acetic acid was
removed with the aid of an air Jet.

The residual oil was washed with cold distilled water
to remove acetamide, and the non-aqueous portion was taken
up in cyclohexane and chilled. The crude 1l-(2!-phenoxy-
ethyl)-Y-benzyl-5-ketotetrazoline was recrystallized from
cyclohexane to yield 7 g. (71% of theory) of material melt-
ing at 84-85° C,

Analysis. Calculated for CqgHygNyOo: C, 64,83 H, S.l3
N, 18.9. PFound: C, 65.0; H, 5.5; N, 18.9,

Preparation of 1-(3'-phenoxypropyl)-k-benzyl-S-ketotetra-
zoline.

Enough 1=-(3'-phenoxypropyl)=t-benzyl=5=iminotetrazoline
hydrochloride to prepare one gram of the free tetrazoline
base was dissolved in 10 ml., of distilled water and treated
with two grams of potassium hydroxide. The aqueous suspen-
sion of the free base was extracted with three 10 ml, por-
tions of etherj the ethereal extracts were combined and
dried over anhydrous potassium carbonate. The ethereal
solution of 1l=(3'-phenoxypropyl)=t-benzyl-5-iminotetrazoline
was evaporated to dryness and the residue was boiled with
20 ml, of acetic anhydride for one hour, then the reaction

mixture was evaporated to dryness on the steam bath. The
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residual o0il was mixed with 10 ml..of glacial acetic acid
and evaporated to dryness on the steam bath. The procedure
was repeated with an additional 10 ml, of glacial acetic
acid; the residual oil was washed with 10 ml, of ice-cold
distilled water to remove acetamide and the oil was finally
subjected to molecular distillation at a temperature of 130=-
135° C./ 1 mm. pressure. The 1l=(3'-phenoxypropyl)-t-benzyl-
f-ketotetrazoline solidified on the cold finger, but liqui-
fied on coming to room temperature.

Analysis, Calculated for CpnpHigM;,05: C, 65.85 H, 5.8;
N, 18.5. PFound: C, 63.5, 63.8; H, 6.0, 6,03 N, 18.3.

The anomalous values for the percentage of carben in
this determination may be accounted for by the presence of
acetamide in the amount of 5-104. This quantity of acetamide
could lower the value of carbon without raising the value of
hydrogen and nitrogen percentages out of the bounds indicated

by the above values,

Preparation of 1-(3'-methoxypropyl)=k-(2"-phenoxyethyl)=5~

ketotetrazoline.
An amount of 1-(3'-methoxyprooyl)-l-(2®-phenoxyethyl)-

S=iminotetrazoline hydrochloride sufficient to prepare one
gran of the free tetrazoline base was dissolved in 10 ml. of
distilled water and treated with two grams of potassium
hydroxide to liberate the frce base. The agueous susnension

of the iminotetrazcline wos extracted with three 10 ml. por-
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tions of etherj; the ethereal extracts were combined and
dried over anhydrous potassium carbonate., The dried ethe-
real solution was heated on the steam bath in a current of
air to remove the ether and the residual 1-(3'-methoxy-
propyl)<t-{2¥-phenoxyethyl)-5-iminotetrazoline was boiled
under reflux for thirty minutes with 10 ml. of acetic anhy-
dride. The reaction nixture was cvaporated to dryness on
the steam bath with the aid of an air jet; the residual oil
was warmed with 10 mnl, of glacial acetic acid for thirty
minutes and the acetic acld was removed by evaporation on
the steam vath with the aid of a current of air. The pro-
cess was repeated with another 10 ml, portion of glacial
acetic acid and the 1=(3'-methoxypropyl)-lt=(2"~phenoxy-
ethyl)-5-ketotetrazoline was washed with two 5 ml, portions
of distilled water to remove acetamide.

The ketotetrazoline was subjected to molecular distil-
lation at a temperature of 130-135° C./ 1 mm. pressure,
The compound solidified on the cold finger, which was
chilled with dry ice=isopropyl alcohol, but liquified on
warming to room temperature,

Analysis. Calculated for Cj3HigN,03: C, 56.15 H, 6.5;
N, 20,1. Found: C, 56,03 H, 6,63 N, 20,0,



76
ATTENPTED SYiTHESIS OF 1-(2'-PHENOXYETHYL)=5-
HYDROXYTETRAZOLE

The procedure used was only slightly modified from
that of Herbst and Percival (3).

A solution of 2,96 g. (0,01 mole) of l-(2'-phenoxy-
ethyl)=k=benzyl-5-ketotetrazoline in 100 ml. of absolute
ethanol was shaken with 0.1 g. of palladium oxide at a
hydrogen pressure of 50 pes.i. in a Burgess-Parr low pres-
sure hydrogenation apparatus. After shaking for twelve
hours, the catalyst was filtered off, washed with hot
ethancl and the ethanol solution was evaporated to dryness,
The residue was recrystallized from cyclohexane to give a
material which melted at 8+=05° C. No depression of the
melting point was observed on admixture with an authentic
sanple of 1=(2'=phenoxyethyl)-lt=benzyl=S-ketotetrazoline.,

The hydrogenolysis was attempted under the same exper-
imental conditions with platinum oxide and palladium black

as catalysts. Ilo hydrogenolysis was observed,



SUMMARY



Sunrnary

1. The allkylation of 1l-(1',1',3',3'-tetramethylbutyl)-
S=aminotetrazole with p=chlorobenzyl chloride resulted in
the displacement of the 1,1,343=tetramethylbutyl group and

the formation of 1l,Wt-di=-(p=chlorobenzyl)-5-iminotetrazoline,

2, l=Tertiary butyl=f-aminotetrazole was prepared and
alkylated with benzyl chloride. Products of the reaction

were l,4t-dibenzyl-S-iminotetrazoline and isobutylene.

3. Alkylation of letertiary butyle=S-aninotetrazole
with ethyl p~toluenesulfonate also displaced the tertiary
alkyl group to give l,4=-diethyl-=5-iminotetrazoline and iso-

butylene as prcducts.

4, Alkylation of l=(1',1',3',3'=tctramethylbutyl)=5=
ariinotetrazole with benzyl chloride gave 1l,%-dibenzyle=t-
iminotetrazoline and an olefin which was shown to be a mixe
ture of 2,4,U=trinmethyl-l-pentene and 2,4,4-trimethyl-2-

pentene,

e Preparation and alkylation of l=(3'<heptyl)=S-
aminotetrazole with benzyl chloride gave no displacement
of the secondary alkyl group. The normal alkylation pro-

duct, l=(3'=heptyl)=lt-benzyl-5-iminotetrazoline was formed,
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6. A group of l-alkoxyalkyl-S5-aminotetrazoles and
l-aryloxyalkyl=S-aninotetrazoles wecre prepared by inter=-
action of the corresponding alkoxy- or aryloxyalkylamines
with cyanogen bromide and treatment of the resulting cyan-

amide with hydrazoic acid.

7. Alkylation of the l=-alkoxyilkyle‘-aminotetrazoles
with either benzyl chloride or 2-phenoxyethyl bromide pro-
duced the desired 1l,4-disubstituted=-5-iminotetrazolines.
The iminotetrazolines were characterized as their hydro-

chlorides and phenylthiourea derivatives.

8. Acetolysis of the iminotetrazolines produced the
corresponding ketotetraéolines. Attempted hydrogenolysis
of l=(2'=phenoxyethyl)-t-benzyl=S~ketotetrazoline failed
to remove the benzyl group and produce the desired -

hydroxytetrazole,
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