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ABSTRACT
 

The purpose of this study is to determine the apparent dissociation

constants of a number of S—aryltetrazoles with systematic variation of

the position and nature of a substituent in the phenyl group.

The S-aryltetrasoles were prepared by heating the appropriately

substituted bensonitrile with a solution of acetic acid and sodiun aside

in n-butyl alcohol. The S-aryltetrasoles prepared in this work were the

5-0, s and pochlorOphenyl, Soc, 11: and pebronophenyl, 5-0 and ponethoq-

phexvl and Scphenyl.

Apparent dissociation constants were determined by potentionetric

titration of the Soaryltetrasole in aqueous nethanolic solution with

standard base. The S-phenyltetrasoles with 235.2 or as}: substituents

were stronger acids than the correspondingly substituted bensoic acids,

while the 93.22 substituted S-phenyltetrasoles were slightly weaker acids

than the correspondingly substituted bensoic acids. For the S-aryltetra—

soles with a substituent on the benzene ring the observed order of

decreasing apparent dissociation constants is M ) pg: ) me, but

in the substituted bensoic acids the order of decreasing apparent dissoci-

ation constants is or_tho > E > page.

Ultraviolet absorption spectra of the S-aryltetrazoles in 95%

ethanol were determined and found to exhibit a single strong absorption

band which appears in the range 210-250 my with the nets and 252 amb-

stituted compounds and at somewhat shorter wave length with the orthg

substituted compounds .
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INTRODUCTION

Tetraaole derivatives in which the hydrogen atom attached to tie

ring nitrogens has not been replaced generally behave as acidic sub-

stances (1. 2. 3). The apparent acidic dissociation of the conpounds

say be strongly influenced by the nature of the substituent on the

carbon atom in the 5-position of the ring. A large variety of S-sub-

stitutcd tetrasoles have been prepared and the effects of the substituent

on the apparent acidic dissociation noted.

In the S-alkyltetrasoles (R-CN‘H) the apparent acidic dissociation

has been found to be about one-fifth to one-tenth as large as that of

the corresponding aliphatic carboxylic acids (R-COOH). It has also

been found that the variations in apparent acidic dissociation with the

structure of the allql groups are generally parallel in the tetrasoles

and carboxylic acids (1).

In the S-aryltetrasoles the apparent acidic dissociation of only

Swphem'ltetrasole and the S-tolyltetrasoles had been reported (1) .

S-Phenyltetrazole was shown to be a stronger acid than bensoic acid and

the S-tolyltetrasoles were stronger acids than the corresponding toluic

acids. Furthersore, the apparent dissociation constants of the S-tolyl-

tetrasolss increased in the order £1322 ,( page < is}; while the apparent

dissociation constants of the toluic acids increased in the order

25.52. < at; ( 9319.9. . Ithese observations suggested that a study of the

apparent acidity of other S-aryltetrasoles might help to explain this

behavior.



ll'he purpose of this study is to investigate improvements in the

method of synthesizing S-aryltetrasoles, to prepare a number of Soaryl-

tetrascles with systematic variation of the position and nature of a

substituent in the phenyl group , and to deternine the apparent dissoci-

ation constants of the new cospounds. S-Chlorophenyltetrasoles,

S-broamphenyltetrasoles and S-Iethoxyphenyltetrasoles are described in

this work.



DISCU SSION

Tetrasoles with a substituent in the 5 position have been syn-

thesized tron nitriles by two general procedures. Pinner (h) deve10ped

a series of reactions that have been applied extensively to aryl

cyanides which involved stepwise conversion of these compounds into

the inino others, amidrazones, imide asides and tetrazoles as illustrated

schematically below.

c on Ho NINEirCN 3:; Arc/00' Nan. irc/ £331 [ammoa

“new. ‘33

J's

Arc\ ————->~ Ar-c—XH

\H H l
I

\ /

Recently it was shown that 5-substituted tetrssoles could be pre-

pared in a single step by heating alkyl or aryl cyanides in sealed

tubes with hydrazoic acid in benzene solution (1). It was also reported

that a similar reaction took place when the nitrile was heated under

similar conditions in isopropyl alcohol solution with equivalent. amounts

of sodium aside and acetic acid.

an
11-01! -—i-> 34 ———-—+ 3.0—“



Although the interaction of nitriles and hydrasoic acid had always

been carried out in sealed tubes at 150° C (l) , it was of interest to

attempt a simplification of this procedure. It was felt that the re-

action night proceed successfully at a somewhat lower teleperature , in

an Open system. Further simplification could be achieved if hydrasoic

acid could be liberated from sodiun aside in the reaction mixture.

The problem was essentially that of finding a solvent of sufficiently

high boiling point in which sodium aside and a weak acid such as acetic

acid would react with liberation of mdrasoic acid. Earlier work (1)

had shown that alcohols might be suitable for this purpose.

In order to determine the best conditions for the reaction a study

was undertaken of the preparation of S-phenyltetrasole frou'bensonitrile,

sodiu- aside and acetic acid in a series of alcohols of progressively

higher boiling point. Using isoprOpyl alcohol, secondary butyl alcohol

and n—butyl alcohol and keeping other conditions the same, it was found

that the yield of Sophenyltctrasole was 6M, 8141 and 911, respectively.

Furthermore, it was noted that the crude product obtained when n-butyl

alcohol was used as the “solvent was less colored and of higher melting

point than when other alcohols were used as solvents. Apparently the

main factor influencing the yield of S~phenyltetrasole was the boiling

point of the reaction mixture when various solvents were used, as the

best results were obtained at the higher temperatures.

Since this method offered the advantage of eliminating the use of

sealed tubes and thus made possible the use of larger quantities of

reactants, it was adapted to the synthesis of all S-aryltetrasoles



prepared in this study. Equivalent amounts of the aryl cyanide,

sodiun aside and acetic acid in n-butyl alcohol were heated under re-

flux for six days. To compensate for possible loss of hydrasoic acid

small amounts of sodium aside and acetic acid were added after four

days at reflux temperature. The S-aryltetrasoles prepared in this

manner are listed in Iliable 1. Of this group S-phenyltetrasole,

Soc-vchlorOphervltetrasols and S-p-methoxyphenyltetrasole have been

previously described. The first had been prepared by several procedures

(1, h, S, 6)) S-o-chlomphenyltetrazole had been prepared by the

deanination of l-amino-S-o-chlorOphenyltetrasole (7)3 Sop-nethoxyphenyl-

tetrasole had been prepared from p-methoxy’oensonitrile (8) by the

series of reactions developed by Pinner. In addition to these Loosen

had described a S-bronophervltetmole which resulted from treatment of

S-phenyltetrasole with bromine water at elevated temperature (9) , but

the position of bromine substitution had not been established. Lossen's

coupound appears to be identical with the 5-p-bron0phenyltetrasole

prepared from p-bromobensonitrile in this study.

All of the tetrasoles listed in Table I are colorless, acidic

substances. The melting points follow the same general elder found in

substituted bensoic acids, where the 23.1.3 isomer melts considerably

higher than thew isomer which in turn melts higher than the 223

issuer. ill the compounds in Table I are soluble in aqueous alkalies,

alkali carbonates and bicarbonates and aqueous amonia. 5-Pherwltetra-

A sole and the m and 9333 substituted compounds were insoluble in

cold water, slightly soluble in hot water, ether and bensene and soluble



TiBLE I

 

 

 

 

5~AHILTETRAZOLES

Substituent n. P. °c Equivalent Wm

(corr .) Cale . Found

Phanyl 217-218 1h6.2 1&6.8

p-ChlorOphemrl 262-263 180.6 180.9

anhlorophenyl l39-139.S 180.6 181.2

o-ChlorOphenyl 179-180 180.6 181.3

p-aromophenyi 278-279 dec. 225.1 225.2

nnBrcmOphenyl 15h.S-155 225.1 225.6

o-Bmophenyl 183-1835 225.1 22h.8

p-Hethoxyphenyl 238-2385 176.2 176.8

o-Hethozqrphenyl 1585-1595 176.2 176.8

 



in alcohols, acetone and dioxane. The p113 isomers were generally less

soluble than the other isomers; they were only moderately soluble in

alcohols and acetone and practically insoluble in dioxane .

The nitriles used as intermediates for the tetrasole syntheses

which were not commercially available were prepared from tin acids by

way of the acid chlorides and amides. Delvdration of the amides to

the nitriles was accomplished smoothly and in very good yields by

treatment with phosphorus ant-chloride in the presence of sodium meta-

bisuli'ite (10).

All of the S-aryltetrazoles form silver salts when silver nitrate

in aqueous alcohol is added to a hot solution of the tetrazole in

aqueous alcohol. The salts are not light sensitive but decompose with

a flash when heated on a spatula. A method of analysis of the silver

salts of S-alkylaminotetrasoles has been reported (11) in which the

salts are dissolved by digesting in hot concentrated nitric acid, di-

luted with water and the silver ion titrated by the Volhard method.

An attempt was made to apply this method to Searyltetrazoles, however

the silver salts could not be dissole by digesting in nitric acid.

Attempts were made to prepare characteristic crystalline salts

with benzylamine , ethylenediaminc , 2-minopyridine , piperidine and

n-hexylamine. The salts were formed by addition of an alcoholic solu-

tion of the amine to an ether-alcohol solution of the S-aryltetrasole.

However, the salts did not lend themselves to characterization of the

tetrasolss since well defined crystals could not be obtained and the

compounds did not possess sharp melting points.



Apparent acidic dissociation constants (Table II) and neutral-

ization equivalents (Table I) of all the S-aryltetrasoles were deter-

mined potentiometrically in 50% or 75% aqueous methanol. All the

titration curves were typical of a weak acid titrated with a strong

base. The phenyl group causes an increase in the acid strength of

Sophenyltetrazole as compared with tetrazole, while with bensoic acid

a decrease as compared with formic acid is observed. The S-phenyltetra-

soles with 2.353 and 5353 substituents were stronger acids than the

correspondingly substituted bensoic acids while the 2:32 substituted

S-aryltetrasoles were slightly weaker acids than the correspondingly

substituted benzoic acids.

The acidity of tetrasole itself may be explained on the basis of

resonance stabilisation of the anion by virtue of the increased symmetry

and number or the forms contributing to the resonance hybrid of the

anion as compared with the unionized molecule.

1 ¢ (1)

It has been suggested that tetrasole and its S-substituted de-

rivatives R-CI‘H may be considered comparable to the carbonylic acids

3—0001! (1). In such derivatives the tetrasole anion offers a greater



TABLE II

APPARENT DISSOCIATION congrats or s-mnwrmzoms

AND we CORRESPONDING cmoxmc ACIDS?l

 

 

R 2-533. 2-333-

Cefis 29 13(1 8.0

o-cacw. 15.2" 9.331D

”among 20.0b 1;.27b

p-Cflacwi 1.5.2" 3.55b

o-ClC.H.. 57 25Cl 70.8°

”010.11, 87 1h.5°

p-ClCJI‘ 32d ' 10 .0°

o-BrCJI‘ 60 70 .30

n-BrCGH‘ 92 hzd 135°

p-BrCJI. 30d 9.133"

o.cs,oc,m 1.2 6.5

Minoan, 1h 2 .8

 

a) Determined in 50% (701.) methanol at 25°C unless otherwise noted.

b) Reference 13.

e) Determined at 18-22%), Reference 114.

d) Determined in 75% (VOL) methanol.
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number of resonance forms than the carboxylate ion. If resonance

alone is considered this might cause one to predict a greater stability

for the tetrazols anion as compared with the carbonylate anion, which

would suggest that the tetrasoles should be stronger acids than the

carboxylic acids. However, since tetrazole and its 54.1w}. derivatives

.are generally weaker acids than the carbonylic acids some factor other

than resonance considerations must exert a determining influence. It

is likely that the greater electronegativity of oxygen as compared with»

nitrOgen is the controlling factor in determining the relative acidity

of the two types of acids.

Similar substituents attached to the tetrasole group or the carbonyl

group should have similar effects on the acidic dissociation of these

groups. Anw'group that increases the proton affinity of the tetrasole

group or the carbonyl group should cause a similar decrease in the

acidity of both types of compounds as compared with the parent substances,

tetrasole and formic acid. Conversely, groups that decrease the proton

affinity should cause an increase in acid strength.of the tetrasole or

carboxylic acid.

It has been observed in the case of S-alkyltetrasoles that the

apparent acidic dissociation constant is smaller than that of the unsubu

stituted ring system {1). The decrease in acidity is generally parallel

to the decrease in.acidity of the alkyi carboxylic acids as compared to

formic acid. In these cases the alkyl groups, through the Operation of

an inductive effect which causes an increase in the proton affinity



of the tetrazole ring or carboxyl group, cause a significant decrease

in the apparent acidity as compared with the unsubstituted compounds.

In the case of the S-aryltetrasoles the resonance of the tetra-

sole anion may be supplemented by ‘the resonance contribution of the

bensene ring. In addition to the forms indicated before (I) for the

parent substance, resonance forms of the following types may also

contribute to the hybrid of the Sdphexwltetrazole anion.

“IV—H N—H

O“ 'u «0/ I r~
\J—N \R:N

 

q

<34 1, ”sag; «m<34:

The increase in the number of resonance foms contributing to the

hybrid and tin resulting lessening of the proton affinity of the tetra-

sole nucleus would be reflected in a higher degree of acidity. For

bensoic acid no resonance forms such as (II) can be drawn. Resonance

forms of the bsnsoate ion involving interaction of the bensene ring

and the carboxylate group require'a charge separation (III) . Similar

resonance forms with charge separation may also be written for the

5-phsnyltetrazols anion.

 

(n

=1:

-—s

>4



12

o" + " H 0‘

Deg - C - +I<O_

 

 

”ll—ll + "h—H F—Nun)

will "" .‘C‘l "" ’.‘:H

Since the resonance isomers in (III) involve a clnrge separation it is

not likely that such toms will contribute significantly to the stabili-

aation of the anions. The inability of the phenyl group to supplement

the resonance of the benzoate ion in the same way in which it supplements

' the resonance of the S-phenyltetrasole anion may be responsible for the

observed difference in apparent acid strength of the two types of com-

pounds.

The introduction of substituents onto the benzene ring of 5-phenyl-

tetrasols produces a change in the apparent acidic dissociation constants

as noted in Table II. The electronegative bromo and chloro groups

increase the apparent dissociation as compared to the parent compound

and the electrOpositive methyl group decreases the apparent dissociation.

This is what one would expect from a consideration of the inductive or

field effects produced by these substituent groups. However, from this

point of view the decrease in apparent dissociation of the nethoxyl

substituted compounds is not compatible with the slight electronegative

elm-aster of the group.
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The position of the group on the benzene ring should influence

the magnitude of the inductive effect so that the group nearest to

_ the tetrasole ring should exert the strongest influence on the apparent

dissociation. This should produce an order of apparent acidic dissoci-

ation of 93.2.”; ) w: ) pg: with electronegative substituents and the

opposite order with electmpositive substituents. In the S-aryltetra-

soles the observed order of increasing apparent dissociation is

2232 ) 251a- ) 9.32- This observed order indicates that factors other

than the inductive or field effect are also influencing the apparent

dissociation of the S-aryltetrasoles. From a consideration of the

resonance forms indicated in II the presence of a substituent in the

252?. or p;a_r_a_ positions may influence the contribution of such forms.

The electropositive methyl group would oppose the formation of an

unshared pair of electrons on the carbon atom to which the group is

attached. Although slectronegative, the chloro, brono and nethoxyl

group would also Oppose the development of an unshared pair of electrons

on the carbon atom to which the group is attached due to the repulsion

of the electron pair by the outer electrons of the substituent group.

This would result in a decrease in apparent acidic dissociation or g_r_t_hg

am 29:}, isomers due to the lessening of the contribution of such foms

to the resonance hybrid. Another factor which nay influence the

apparent dissociation of the 25329. substituted S-aryltetrasoles is the

bulk of the group or the repulsive force of the group which may Oppose

the attainment of a ceplanar configuration of the benzene and tetrasole



rings. Since a coplanar configuration is necessary for resonance

contributions as in II the apparent dissociation would be decreased.

IF—n

my11 + , I
(IV)

0 I “——

I°<11~+~ OCT
‘l'he inductive effect and field effect of the nethonrl group in the

 
=N

£13.92 or 223 positions would be opposed by the decrease in resonance

contribution as indicated in N. iltlnugh the over-all decrease in the

apparent dissociation constants of the methamphenyltetrasoles may be

explained in this say, the large difference between the 95.29. and ELI

sethoxy derivatives nust be due to some other factor. The small

dissociation constant of S-o-eeethoxyphenyltetracole as compared to

that cf the par; isomer may be due to hydrogen bonding between the

methozwl oxygen and the acidic hydrOgen of the tetrazole ring (V) .

aC/f—I—N

\7—‘"  (v)

Own—H

CH.
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In the undissociated fans of the 5~substituted tetrasoles the acidic

hydrOgen is held at a relatively fixed angle in positions 1 or 2 due

to the rigidity of the tetrasole ring structure. When the acidic

hydrogen is located at the 1 position the rigidity of the ring would

hold the hydrogen in a position favorable for hydrogen bonding with a

substituent in the 2321p position of a phenyl group at the S-position

of the tetrasole ring. Such hydrogen bonding, as shown in V, would

increase the stability of the undissociated nolecule and thus decrease

the apparent dissociation constant of the compound.

The ultraviolet absorption spectra of the S-aryltetrazoles do not

show the sane absorption peaks as either of the parent compounds benzene

or tetrasole, as seen from Table III or Figures 1 to 10, The interaction

of the phenyl group with the tetrasole ring produces a new chrom0phore

that shows a single absorption band with a modicum at 2’41 mp. The

absorption spectrum for S-phemrltetrasole obtained here is identical

with that reported by Elpern and Nachod (12).

i bromo or chloro group introduced in the pa_r_-_a_ position of 5-pheny1-

tetrasele produces a shift of the absorption band to longer wave lengths

and an increase in the extinction coefficient while the same groups in

the £133 position produce a slight shift of the absorption band to longer

wave lengths but a decrease in the extinction coefficient. When a

chloro group is in the 253132 position the absorption band is shifted to

starter wave lengths and the absorption coefficient is decreased; a

brono group in the 23.3.39. position shifts the absorption peak to still

shorter wave lengths, below 220 up. This hypsochronic shift produced



TABLE III

WAVE LENGTHS OF mum AND EXTINCTION COFEFICIENTS

0F TEPRAZOLE AND SoARILTEIRAZOLES

 

 

Conpound Hafima (mp) Extinction

Coefficient

Tetrazole 257 11; ,000

228 21,700

S-Phenyltetrasole 2h]. 15 ,900

S~p-Chlorophemrltetrasole 2h? 203‘00

S-n-Chlorophenyltetrasole 21:2 1h,000

Soc-Chlorophenyltetrazole 231; 9 , 600

5-p-Bmophenyltetrssols 251 21,200

Swflromophenyltetrasole 2143 13 ,300

Soc-Browphem'ltetrasole 220 cu-

Sup-HOthoxyphenyltetrazole 259 16900

Sw-Hethomhexwltetrasols 29h h .900

2L6 11,600
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by the g_r_t_h_g halogens may be due to interference pith the ease with

which the two rings attain coplanarity and the resulting disturbance

of the resonance interaction of the phenyl and tetrasols rings. The

shift in absorption peak in the 25339; brcmo compound of more than 21 mp

while the chloro compound produces a shift of only 7 up may be due to

the difference in size of the two groups.

The nethoxyl group in the ml position produces a large shift

of the absorption band to longer wave lengths and a small increase in

extinction coefficient. In the case of the 233.139.. nethozy isomer a

second absorption band appears with a maxima at 29h mp and an extinction

coefficient of 1:300. The strong band at 216 n): probably corresponds

to the main band observed in the other compounds. The appearance of

the second absorption band at 29h m}: may indicate hydrogen bonding as

shown in V. '
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EXPERIMENTAL

Preparation of SUbstituted Benzoyi Chlorides

The acid chlorides were prepared by refluxing for several hours

the substituted benzoic acid with a large excess Of thionyl chloride.

The unreacted thionyl chloride was distilled off and the product

distilled in vacuo. In a typical preparation 80.h g. (O.h0 mole) of

unbromcbensoic acid and 119 g. (1.0 moles) of thionyl chloride were

mixed and refluxed for 18 hours. The excess thionyl chloride was

removed and 50 ml. Of benzene added to the residue. The benzene was

stripped Off and the n-bromobensoyl chloride distilled under reduced

pressure. Physical constants and yields are given in Table 1'.

Preparation Of Substituted Benzsmides

The amides were prepared by slowly adding the acid chloride to a

large excess of aqueous ammonia solution. In a typical exasple 83 .0 g.

(0.378 mole) of p-bromobensoyl chloride was added drOpwise with vigorous

stirring to 270 g. of 30% aqueous ammonia solution, kept at 0°C. in an

ice-salt bath. The mixture was then allowed to stand at room tempera-

ture for 2 hours. The white precipitate was removed by filtration and

washed with water until free of anmonia. The p-brcmobensamide was

dried to constant weight and not further purified. Physical constants

and yields are recorded in Table V.





SUBSTITUTED BENZOYL CHLORIDES

TABLE IV
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(3-0.3.COC1)

R B.P. OC/nm Percent Yield Reference

In-Chloro Manon/lb 92 .5 (16)

P-Bromo 123-126/15 9h .5 (18)

III-Brena 119-122/13 91.0 (18)

o-Bromo 120-122/1h 8h.5 (17)

o-Hethoxy 135-138/13 89.5 (19)

 



TABLE V

SUBSTITUTED BLINZAMIDES
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(mongoose)

R H.P. 00 Percent Iield Reference

(corr.)

n-Chloro 135.5-137 95.0 (21)

p—Bromo 192-192.; 99.1I (20)

III-Brena 153.155 99 .5 (20)

ooBrcmo 1605-1615 92 .0 (17)

o-Hethoxy 130.5431 67A (20)

 



Preparation of Substituted Benzonitriles

Dehydration of the amides was carried out by the procedure of

Fahrenbach (8). For omnpke, 55 g. (0.35 mole) of n-chlorobensanide,

38 g. (0.20 mole) of sodium metabisulfits and 216 g. (1.6 moles) of

phosphorus czqrchloride were mixed in a three-necked flask. A vigorous

reaction started immediately and the temperature rose to 70°C. After

the initial reaction subsided the temperature was slowly raised to

95°C. on a steam bath, where it was maintained for one and one-half

hours. The reaction was quenched with ice, and the solid was collected

on a filter and washed free of acids with cold water. The crude

n-chlorobensonitrile was then distilled under reduced pressure.

In the preparation of 2 and p-bromobensonitrile the crude product

was purified by steam distillation rather than distilled under reduced

pressure. Physical properties and yields are reported in Table VI.

asparation of S-Aryltetrasoles .

All of the tetrasoles were prepared in a finilar manner. The

apprOpriate nitriles, sodium aside and glacial acetic acid in about a

3IhIlI molar ratio were mixed with 100 ml. of nobutyl alcohol. After

heating the mixture under reflux for 6 days 300 ml. of water was added

to the reaction mixture which was then distilled until about 100 ml. of

liquid remained. The residue was made basic and any unreacted starting

material removed and purified. The filtrate was acidified and the

salid material removed by filtration. After thoroughly washing the

crude product with water it was recrystallised from aqueous alcohol.



TABLE VI

SUBSTITUTED BENZONITRILES
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(3-0.3631)

R B .P . 0Cfins H .P . 00 Percent Yield Reference

(corr.)

m—Chloro 99-100/15 hue 76.0 (22)

peBromo on llhsllh .5 89 .0 (23)

m-Brcmo 112-1111/114 39.5440 .5 31 .0 (23)

o-Bromo ... 55-55 .5 83 .8 (17)

o-Methoxy 1’47-1149/21; ..... 88.8 (21.)
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in example is the preparation of S-p-methonqrphenyltetrasole.

A mixture of 33 g. (0.25 mole) of p—nethoawbensonitrile, 22 g. (0.33

mole) of sodium aside, 20 g. (0.33 mole) of glacial acetic acid and

100 ml. of nobutyl alcohol was refluxed for four days. it this time

S g. of sodimn aside, 10 g. of glacial acetic acid and 10 ml. of n-butyl

alcohol was added to the reaction mixture and refluxing continued for

an additional two days. On completion of the reaction 300 ml. of water

was added to the reaction mixture and all but about 100 ml. of the

liquid was distilled under reduced pressure. The residue was made

basic by the addition of 10% sodium hydroxide solution. A small amount

of solid material was removed by filtration and the basic solution was

extracted with two 50 n1. portions of benzene. From the solid and the

benzene extracts unchanged starting was recovered. The unreacted nitrile

totaled l g. after recrystallisation from water. The basic solution

was acidified with 3 I hydrochloric acid and the precipitate collected

on a filter. After thoroughly washing with water the crude S-B-methoeqr-

phenyltetrasole was twice recrystallised from 201 aqueous isOpropyl

alcohol from which it separated as long thin needles.

Two preparations of Scphervltetrascle were made using isopropyl

alcohol and secondarybutyl alcohol as the solvent. All conditions and

reagents were the sme as described above, only the solvent being varied.

The yield of purified product was 6153 from is0pr0pyl alcohol solution

and 8M from secondary butyl alcohol solution. Both preparations gave

a product melting at 218°C after one recrystallisation from water.

The tetrasoles are described in lfables 1, VII and VIII. Analytical

data for the compounds are given in Table II.





TiBLE VII

PREPnames or 5-mrmmmzoms

3h

 

 

 

(3.0.11.ch

R. Grams Nitrile Grams Sodium Grams Acetic Grams Hitrile Yield

(moles) Aside icid Recovered rams

- (moles) (moles) (moles)

H’ h1.0 32.5 30 0 53 91

(0.h0) (0.50) (0.50)

P-Cl 55.0 32.5 30 0 63 87

(0.h0) (0.50) (0.50)

m-Cl 3M: 22 20 o hz 9b

(0.25) (0.33) (0.33)

0-01 55.0 32.5 30 13 h0 56

(0.1m (0.50) (0.50) (0.095)

p-Br hh.5 22 20 0 147 at

(0.25) (0.33) (0.33)

m-Br M5 22 20 0 52 93

(0.25) (0.33) (0.33)

o-Br 141:5 22 ‘20 18 25 :5

(0.25) (0.33) (0.33) (0.10)

p-MeO 33.0 22 20 1 3b 77

(0.25) (0.33) (0.33) (0.01)

o-Heo 33.0 22 20 26 5 11

(0.25) (0.33) (0.33) (0.195)



12:31.3 VIII

5....mYLT era .zzems

 

 

 

(Reagan)

a 24:. °c Recrystallization Percent

(corr.) Solvent Iield‘

H 217-218 water 91

p-Cl 262-263 80% isOprOpyl alcohol 87

m-Cl 139*139.5 20$ isoprOpyl alcohol 9h

o-Cl 179-180 20% ieoprcpyl alcohol . 73

p-Br 278-279 dec. 95% isoprcpyl alcohol 8h

near 15h.S-155 251 isoprcpyl alcohol 93

o-Br 183—183.S 20% isopropyl alcohol 7h

pdfieo 238-238.S 20$ isopropyl alcohol 81

omMeO 158.5-159.5 83 isopropyl alcohol 52

a) Calculated from the net amount of nitrile used.



TABLE IX

mums or S—PHMLTZH‘R 120L333

 

 

 

 

 

(R-Csfi‘CH‘H)

.malxsie k L

R Hggguuif Calculated . 1 Hfound .

p-Cl (2,341.01 146.6 2.8 31.0 19.6 1.6.7 2.9 31.1 19.6

m-Cl 0.11.1151 h6.6 2.8 31.0 19.6 h6.6 3.0 31.1 19.7

6-01 c,n.x.<:1 h6.6 2.8 31.0 19.6 1:65! 2.9 31.3 19.7

p-Br 013513.31: 37.1; 2.2 214.9 35.5 37.6 2.3 25.2 35.5

lav-Br Cyfleflfir 37.14 2.2 2h.9 35.5 37.6 2.3 211.9 36.0

o-Br C-yfiefifir 37.h 2.2 2b.? 35.5 37.6 2.3 25.1 35.7

p-Heo 9.11.013. 51.5 1.6 31.8 - 51.5 1.6 31.9 -.

9-1460 0.3.0154 51:5 h.6 31.8 - 5h.8 h.6 31.8 -

a) Analysis were done by Micro-Tech laboratories, Skokie, Illinois.
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{reparation of Silver Salts of the 5-Ary1tetrasoles

The silver salts or the S-aryltetrasoles were prepared by dissolv-

ing a weighed amount of the tetrazole in ethanol and adding an equiva-

lent amount of alcoholic silver nitrate solution. The precipitated

silver salt as washed several times with hot ethanol and then several

times with hot 50% aqueous ethanol. Attempts were made to dissolve

the silver salts by digesting in concentrated nitric acid and in 8 1‘3

nitric acid, however after 8 hours none of the salts Ind dissolved.

lone of the silver salts appeared to be sensitive to shock but they did

decompose with a flash when heated over a flame on a spatula. 0n exposure

to daylight no discoloration of the silver salts was observed.

Lreparation of Amine Salts of theAfiaix-yltetrazoles

attempts were made to prepare amine salts with several of the

tetrazoles. The amines used were etlwlenediamine, 2-min0pyridine,

bensylanine , piperidine and n-hexylamine . 0n addition of an alcoholic

solution of the amine to an alcohol-ether solution of the tetrasole a

powdery white precipitate formed which melted over a very wide and

variable range of temperatures. Recrystallization tron alcohol or an

alcohol-hexane solution gave either an oil or a product which still

melted over a very wide and variable range of temperatures.

Determination of the Apparent Dissociation Constants of the 511111-

m"

The apparent acidic dissociation constants of all the tetrasoles

prepared sere determined by titration of a veiglnd sample or the
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compound in aqueous methanolic solution with standard alkali. The

titrations were carried out in a constant temperature bath set at 25°C.:

.1°c. and the pH detemined after each addition of alkali with a

Beclman pH Meter, Model 6. From these data the apparent acidic dissoci-

ation constants were calculated using the following expression (15):

I

IS .CwfiO a

where 63* is tls hydrogen ion concentration calculated from the pH

corresponding to the addition of I ml. of alkali. The term I, expresses

the number of ml. of alkali required for neutralization of the acid.

The apparent acidic dissociation constants and equivalent weights

of all the S-aryltetrasoles are recorded in Il‘ables I and II. Each

dissociation constant is an average of eight values calculated from

different points near the region of hall neutralisation of the compound.

In every instance the titration curve exhibited the form normally

obtained for the titration of a weak acid with a strong base. The

equivalent weight of each compound was calculated from the value of Xe.

Ithe data obtained are given in Appendix I.

Since the apparent dissociation constants of g and p-methozqr-

benzoic acid in 50% aqueous methanol are not recorded in the literature

these values were determined in the manner described above and are

recorded along with the values given for the tetrasoles.

Ultraviolet Absorption Spectra of the S-Arlltetrazoles

The ultraviolet absorption spectra of tetracole and the Sand--

tetrasoles in 95% ethanol solution were determined using a Beclcuan
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Model. 941 Spectrophotometer. Tho data are given in Appendix II and

m represented graphically in Figures 1 to 10. A unwary of the

location of absorption maxim: and extinction coefficient: in given

in Table III.



ho

SUMMARY

A modification of the procedure of Mihina and Herbst for the

preparation of S-ssubetituted tetrasoles has been described whereby the

necessity of using eealed tubee and bensene eolutione of hydresoic 2'

acid in eliminated.

A group of Scaryltetraeoles has been prepared and the apparent

acidic dissociation constants determined. The effect of substituents

on the benzene ring of the 5«aryltetraeoles on the apparent dissociation

constants has been discussed in relation to both the nature and position

of the substituent.

The ultraviolet absorption spectra of the Soaryltetraeoles have

been determined and related to the observed acid strength of some of

the compounds .
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APPENDIX I

MENTIOMETRIC TITRATION DATA



Potentiometric Titration of S-Phenyltetrazole

Sample weight: 0.3175]. g.

Solvents 100 ml. 50% lath-mo]. (701.).

Sodiml hydroxides 0.1239 I

 

l1. base added pl! 101. base added pH

0.00 3.2}: 17.85 5.73

1.01: 3.53 18.71 6.61

1.96 3.72 18.83 7.18

1.65 8.12 18.88 I 7.62

7.29 17.38 18.93 8.89

7.75 11.110 18.99 9.10

8.25 h.h3 19.01 9.66

8.75 h.h8 19.05 9.82

9.2h h.52 19.15 10.07

9.65 h.56 19.25 10.25

10.19 h.59 19.3% 10.37

10.80 h.63 19.h5 10.h8

13.173 17.89 19.66 10.62

16.60 5.35 20.02 10.77

 



Potentiometrio Titration of S-Phenyltetrazole

Sample weights

Solvent: 200 ml. 75% methanol (1701.).

0.3863 g.

Sodim mdroxidel

#7

0.1239 H

 

111. base added pH n1. base added pH

0.00 3.50 20.80 6.60

1.00 3.82 21.00 6.92

9.00 b.78 21.10 7.30

9.50 b.81 21.15 7.65

10.00 h.83 21.20 8.03

10.50 h.88 21.25 8.83

11.00 b.91 21.30 9.28

11.50 17.93 21.110 9.79

12.00 b.98 21.50 10.02

12 .50 5 .02 21 .70 10 .28

20.00 6.09 22.00 10.51

20.50 . 6.33

 



Potentiometric Titration of S-g-Chlomphervltetrazole

Saraple weight: 0.11308 3.

Solvent: 100 ml. 50% methanol (101.)

Sodium hydroxide! 0.1239 n

 

121. base added pa ml. base added pH

 

0.00 3.01; 18 .50 5.96

1.50 3.37 19.00 6 .29

5 .00 3 .86 19.10 6.68

7 .00 h .03 19 .15 7 .23

8.00 8.11 19.20 8.50

3 .50 h .16 19 .25 9 .33

9.00 b.2o 19.30 9.69

9.50 14.23 19.00 10 .07

10.00 0.28 19.50 10.27

10.50 0.32 19.70 10.58

11.00 0.3? 20.00 10.68

11.50 h.hz 20.50 10.87

16.00 0.90 21.00 10.99

17.80 5.36 22.00' 11.16

18.80 5.61 20.00 11.31

18 .60 S .75



Potentiometric Titration of Soc-ChlorOphenyltetrazole

Sample weight: 0.0882

L6

 

 

861nm 200 ml. 75% 06881861 (”1.)

Sodium hydroxide: 0.1239 l

101. base added pH :01. base added pa

0.00 3.33 21.50 6.08

1.00 3.57 21.60 6.70

5.00 h.13 21.65 6.86

9.00 0.09 21.70 7.12

9.50 17.51 21.75 7.57

10.00 8.51 21.80 8.28

10.50 8.59 21.85 9.23

11.00 0.61 21.90 9.59

11.50 0.63 21.95 9.88

12.00 1.68 22.00 10.01

12.50 8.72 22.10 10.20

13.00 0.76 22.20 10.32

18.00 5.23 22.10 10.51

19.50 5.50 22.60 10.60

20.50 5.77 23.00 10.81

21.00 6.00 ,2h.00 11.03



Potentionetric Titration of S-n-Chlorophenyltetrazole

Sample weight: 0.0331 g.

Solvent! 100 ll. 50% methanol (VOL)

Sodium hydroxides 0.1239 I

:1. bass added pH :11. base added pH

 

0.00 2.90 18.50 5.38

1.00 3.12 18.70 5.50

2 .00 3.27 18.90 5.69

5.80 3.71 19.10 5.97

7.19 3.87 19.20 6.23

8.00 3.91 19.30 7 .17

8.00 3.96 19.35 8.88

9.00 0.00 19.80 9.57

9.50 17.03 19.05 9.817

10.00 1.07 19.50 10.00

10.50 1.11 19.61 10.22

11 .02 h .17 19 .70 10 .36 '

15.00 h.57 19.90 10.52

17.00 h.88 20.10 10.66

17.50 h.99 20.50 10.81

18.00 5.13 21.00 10.95

1830 5.28 22.00 11.11

 



Potentiometric Titration 01' S-poChlorOphenyltetrasole

118

 

 

mtztriggg.211? .gggbngthanol (vol .)

Sodium hydroxide: 0.1239 )7

711. base added p3 701. base added pH

0.00 3.110 16.61 5.88

0 .97 3 .57 17 .12 6.65

2.00 3.76 17.217 7.39

h .98 h .13 17 .30 8 .07

7.00 11.317 17.35 9.111

7.50 17.39 17.111 9.62

3 .00 is .173 17 .116 9 . 82

8 .50 l: .50 17 .53 10 .02

9.00 17.53 17.65 10.19

9.50 17.58 17.77 10.31

10.00 17.63 17.88 10.1.2

114 .50 5 .20 18 .01 10 .52

15 .61 5 .115 18 .21. 10.63

16.23 5 .67 13 .53 1° .73

 



Potentiometrio Titration of 5-o-Bmmophenv1tetrazole

89

 

 

22 .50 5 .118

Sample weight: 0.66115 3.

Soluntl 150 ml. 50% methanol

$68100 hydroxides 0.1239 17

ml. base added pH :01. base added pH

0.00 3.07 23.00 5.72

2.00 3.39 23 .140 6.08

10.00 8.09 23.60 6.53

10.50 17.13 23.70 7.17

11 .00 h .17 23 .76 8 .178

11 .50 h .20 23 .80 9 .27

12.00 17.23 23.85 9.5).

12.50 0.27 23.90 9.72

13.00 17.31 21. .00 10 .00

13.50 h .33 21. .20 10.27

20.00 8.93 217.50 10.56

22.00 5.31 25.00 10.76



Potentiometrio Titration of S—m-aBromOphenyltetrazole

Sample weight: 0.2125 g. ‘

Solvent: 200 ml. 75% methanol (vol.)

Sodium hydroxide: 0.1239 R

 

011. base added pH :01. base added pH

 

0 .000 3 .03 7 .1700 5 .99

0.500 3.59 7.605 7.110

3.000 1.21 7.650 8.02

3.250 17.25 7 .675 8.82

3 .500 11 .31 7 .700 9 .32

3.750 1.37 7.725 9.59

0.000 1.1.11 7.750 9.72

1.250 0.07 7.800 9.97

14.500 11.53 7 .900 10.20

1.750 0.58 8.000 10.37

7.000 5.03



Potentiometric Titration of S-gaBronophenyltetrasole

Sample weight: 0.51188 g.

Solvent: 200 ll. 50% methanol ('01.)

Sodim hydroxide: 0.1239 1!

 

:11. base added pl! :1. base added pH

0.00 3.08 19.00 5.53

0.50 3.13 19.20 5.73

1.00 3.20 19.00 6.00

5.00 3.62 19.50 6.38

7.50 3.03 19.55 6.66

8.00 3.89 19.60 7 .09

8.50 3.93 19.65 8.72

9.00 3.98 19.70 9.33

9.50 0.01 19.80 9.80

10.00 1.00 19.90 10.07

10.50 h.08 20.00 10.22

11.00 1.12 20.20 10.11

11.50 0.17 20.60 10.67 '

16.50 h.76 21.20 10.87

18.00 5.08 22.00 11.03

18.50 5.25 20.00 11.27

 



Potentiometric Titration of S-p-BromOphenyltetrazole

Sample weight: 0.2108 g.

Solvent: 200 01. 75% methanol

Sodium mdroxide: 0.1239 ll

n1. base added pl1711. base added ps

 

0.000 3.53 7.050 6.1.3

0.500 3.70 7.500 6.81

3.000 1.31. 7.525 7.09

3.250 1.110 7.550 7.1.5

3.500 17.16 7.575 7.7!:

3.750 1.51 7.600 8.31

1.000 17.56 7.625 8.63

17.250 17.61 7.650 9.12

11.500 0.67 7.700 9.61

17.750 1:372 7 .750 9.85

7 .000 5.61 7 .800 10.02

7 .200 5 .82 7 .900 10 .23

7.100 6.25 8.000 10.10

 



Potentiometrio Titration of S-o-Hethoxyplmnyltetrazole
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5.582282227272281. 7... ..
Sodium hydroxide: 0.1239 1:

:01. base added pH n1. base added pH

0.00 3.96 16.20 8.13

1.00 27.80 16.25 8.38

2.00 5.11 16.30 8.90

6.50 5.73 16.35 9.00

7.00 5.80 16.00 9.77

7.50 5.83 16.15 9.92

8.00 5.89 16.50 10.11

8.50 5.93 16.60 10.27

9 .00 5 .99 16 .80 10 .179

9.50 6.03 17.00 10.66

10.00 6.09 17.50 10.88

15 .00 6 .911 18 .00 11 .02

15.50 7.16 19.00 11.20

15.80 7.39 21.00 11.1.0

16.00 7.62 22.00 11.15

16.10 7.80



Potentiometrio Titration 01' S-p-Methoxyphexvltetrazole

Sample weight: 0.3728 g.

Solvent: 150 ml. 50% methanol (VOL)

Sodium hydroxide: 0.1239 R

 

:01. base added pH 011. base added pH

 

0.00 3 .50 16.00 6.03

0.50 3.73 16.50 6.00

7 .00 0.72 16.70 6.63

7 .50 0 .78 16.90 7 .13

8.00 0.81 17.00 8.10

8 .50 0 .87 17 .05 9 .21

9,00 0.91 17 .10 9.61

9.50 0 .96 17.15 9.81

10 .00 5 .01 17 .20 9.96

10 .50 5 .06 17 .30 10 .18

15 .00 5 .72 17 .50 10 .01

 



Fotentiometric Titration of Bonzoic Acid

Sample weight: 0.3280 g.

Solvent: 100 m1. 502 methanol (vol.)

Sodium hydroxide: 0.1239 N

 

ml. base added pH ml. base added pH.

21 .000.0.0 3.50 6.80

1.00 3.98 21.50 6.92

5.00 0.65 21.60 7.10

9.00 0.97 21 .65 7 .28

9.50 5.00 21.70 7.05

10.00 5 .03 21.75 7 .80

10.50 5.07 21.80 8.29

11.00 5.10 21.85 8.98

11.50 5.13 21.90 9.00

12.00 5.17 21.95 9.60

12 .50 5.20 22 .00 9.78

13.00 5.23 22.10 10.01

16.00 5.50 22.20 10.18

19.00 5.81 22.00 10.39

20.50 6.23 22.80 10.60

21.20 6.60 20.00 10.98
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Potentiometric Titration of o-Mcthom'benzoic Acid

Smuple might: 0.3921 g.

Solvent: 100 ml. 50% methanol (001.)

Sodium twdroxide: 0.1239 R

 

701.. base added pH :01. base added pH

 

0.00 3.58 20.00 6.67

1.00 0.08 20.00 7.20

5 .00 0 .77 20 .50 7 .53

8.50 5.05 20.55 7.80

9.00 5.09 20.60 8 .35

9 .50 5 .12 20 . 65 9 .10

10.00 5.17 20.70 9.50

10.50 5.20 20.75 9 .73

11.00 5.23 20.80 9.92

11.50 5 .28 20.90 10 .12

12.00 5.32 21.10 10.39

16.00 5 .68 21.50 10 .68

19.00 6.20 22.00 10.87

 



Potentiometric Titration of p—Methoxgdlenzoic .‘ecid

Sample weight: 0.0021 g.

Solvent: 125 ml. 502$ methanol (vol.)

Sodium hydroxide: 0.1239 N

101.. base added pH ml. base added pH

 

3.820.00 22.00 6.77

1.00 0.01 22 50 7.00

6.00 5.19 22 .90 7.58

10.00 5.09 23.00 7.87

10 .50 5 .50 23 .05 8 .02

11.00 5.52 23.10 8.36

11.50 5 .50 23.15 8.68

12,00 5.57 23.20 8.98

12.50 5.60 23.25 9.30

13.00 5 .63 23 .30 9.51

13.50 5.66 20.00 9.78

19.00 6.13 23.60 10.13

21.00 6.07 ' 20.00 10.08



APPENDIX II

ULTRAVIOLET ABSORPTION DATA



Ultraviolet Absorption Spectrum of. Tetrazole

(5.00'mg/1 in 95% ethanol)

 

 

M781) Optical e x 10‘" 0(0):) Optical e x 10”

Density Benoit} 3+

300 0.0695 0.975 207 0.852 11.93

330 0.0995 1.392 206 0.856 11.98

320 0.1305 1.829 205 0.860 12.03

310 0.1915 2.680 200 _ 0.880 12.31

305 0.2520 3.530 200 1.0285 10.39

300 0.2995 0.200 237 1.2755 17.87

295 0.3060 0.850 236 1.3525 18.93

290 0.3890 5.050 235 1.016 19.82

285 0.029 6.005 230 1.056 20.00

280 0.086 6.815 233 1.093 20.96

275 0.556 7.800 232 1.527 21.39

270 0.663 9.290 231 1.529 21.00

265 0.816 11.02 230 1.501 21.60

260 0.9795 13.70 229 1.503 21.62

259 0.9885 13.82 228 1.508 21.66

258 0.9870 13.81 227 1.526 21.38

257 0.9930 13.98 226 1.522 21.30

256 0.9785 13.68 225 1.088 20.80

255 0.968 13.53 220 1.063 20.08

250 0.880 12.31 223 1.003 20.22

209 0.862 12.07 222 1.017 19.82

208 0.850 11.89 221 1.019 19.86

220 1.3905 19.50



Ultraviolet Absorption Spectra: of S-Phenwltetrasole

(10.6 ng./1 in 951 Ethanol)

$.4—

 ——.—vv

 

an) Optical e x 10" Map) Optical e x 10"

Density Densitl

300 0 .0060 0 .0619 260 0 .620 6.03

330 0.0170 0.175 263 0.609 6.69

320 0.0125 0.129 262 0.680 7.00

310 0.0225 0.263 261 0.720 7.02

300 0.0905 0.933 260 0.758 7.81

290 0.2690 2.77 255 0.9965 10.26

285 0.3755 3.87 250 1.2915 13.30

280 0 .0895 5 .00 206 1 .006 10.90

279 0.0950 5.10 205 1.070 15.10

278 0.507 5.22 200 1.500 15.06

277 0.518 5.30 203 1.530 15.78

276 0.528 5.00 202 1.500 15.91

275 0.500 5.56 201 1.508 15.96

270 0.507 5.60 200 1.523 15.70

273 0.550 5.67 239 1.518 15.63

272 0.559 5.75 238 1.082 15.27

271 0.562 5.79 237 1.061 15 .07

270 0.563 5.80 236 1.021 10.60

269 0.566 5.80 235 1.380 10.21

268 0.570 5.87 230 1.113 11.63

267 0.579 5.96 225 0.795 8.20

266 0.592 6.10 220 0.508 5.65

265 0.598 6.16

 



Ultr1violot Absorption Spectrum of S-p-Cblorophonyltetrnlole

(16.5 mg./1 in 95% Ethanol)

 

 

Map) Optical (- x 10" Map) Optical (- x 10"

Denali; Density

300 0.0135 0.108 251 1.775 19.02

330 0.0210 0.230 250 1.838 20 .10

320 0.0230 0.252 209 1.858 20.36

310 0.0205 0.268 208 1.860 20.02

300 0.0285 0.312 207 1.866 20 .00

290 0.0015 0.055 206 1.850 20.32

285 0.0665 0.729 205 1.822 19.97

280 0.0990 1.080 200 1.789 19.60

275 0.1680 1.80 203 1.761 19.30

270 0.3335 3.67 202 1.706 18.68

265 0.718 7.86 201 1.601 17.99

260 1.186 12.99 200 1.588 17.39

255 1.631 17.88 235 1.2285 13. 3

250 1.680 18 .00 230 0.856 9.39

253 1.713 18.79 225 0.561 6.15

252 1.708 19.13 220 0.398 0.36

 



Ultrnviolot Absorption Spectral of Son-Chlorophenyltetruolo

(10 .6 ng./1 in 95% Ethanol)

 

 

00191) Optical E x 10’. M1031) Optical 6 1 10“

Density Density

300 0.0185 0.2070 202 1.101 10.00

330 0.0185 0.2070 201 1.136 13.96

320 0.0190 0.2536 200 1.130 13.90

310 0.0065 0.5715 239 1.119 13.76

305 0.0365 0.0090 238 1.100 13.58

300 - 0.0005 0.0985 237 1.073 13.20

295 0.0080 0.5900 236 1.002 12.83

290 0.0935 1.151 235 1.023 12.60

285 0.1100 1.352 230 0.987 12.10

280 0.1085 1.826 233 0.900 11.57

275 0.1560 1.919 232 0.912 11.22

272 0.1695 2 .080 231 0.870 10.70

271 0.1755 2.160 230 05832 10.25

270 0.1800 2.210 229 0.800 9.870

269 0.1935 2.378 228 0.776 9.550

265 0.2530 3.112 227 0.751 9.200

260 0.036 5.365 226 0.729 8.960

255 0.689 8.565 225 0.731 8.995

250 0.900 11.57 220 0.753 9.255

206 1.083 13.33 223 0.789 9.700

205 1.090 13.08 222 0.870 10.70

200 1.129 13.88 221 0.956 11.77

203 1.136 13.96 220 1.001 12.81
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Ultraviolet ibsorption Spectrum of SoouchlorOphenyltatrazole

. (20.6 mg./1 in 95% Ethanol)

 

 

Mmp) Optical 6 x 10" Many) Optical e x 10‘"

Density Density fi

300 0.0060 0.0526 238 1.0755 9.00

330 0.0055 0.0082 237 1.0855 9.52

320 0.0060 0.0526 236 1.0970 9.61

310 0.0050 0.0039 235 1.080 9.510

305 0.0050 0.0039 230 1.0955 9.60

300 0.0065 0.0570 233 1.0830 9.50

295 0.0110 0.0965 232 ’1.0695 9.37

290 0.0265 0.2522 231 1.0550 9.25

285 0.0065 0.0080 230 1.020 8.990

280 0.0670 0.5880 229 1.0180 8.920

275 0.0785 0.6890 228 0.9980 8.750

270 0.0825 0.7205 227 0.9805 8.605

265 0.1075 0.902 226 0.9650 8.065

260 0.200 1.750 225 10.906 8.300

255 0.360 3.072 220 0.9605 8.035

250 0.598 5.005 223 0.9730 8.500

205 0.826 7.255 222 0.9935 8.715

200 1.0135 8.895 221 1.0305 9.07

239 1.0525 9.23 220 1.091

 



Ultraviolet Absorption Spectrum of S-péBromOphonyltetrazolo

(11.6 mg./1 in 955 Ethanol)

L
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Map) apnea e x 10" Mum) Opticll e x 10"

Densifiy Density

300 0.0050 0.097 252 1.093 21.20

330 0.0065 0.126 251 1.090 21.22

320 0.0060 0.116 250 1.086 21.00

310 0.0055 0.107 209 1.015 20.80

300 0.0050 0.097 208 1.061 20.58

290 0.0125 0.202 207 1.033 20.00

285 0.0305 0.591 205 0.968 18.78

280 0.0620 1.203 200 . 0.769 10.91

275 0.1385 2.70 235 0.508 10.63

270 0.3250 6.30 230 0.3695 37;16

265 0.567 11.01 225 0.2090 0.83

260 0.856 16.61 223 0.2185 0.20

256 1.023 19.80 222 0.2080 0.03

255 1.036 20.06 221 0.2005 .96

250 1.053 20.02 220 0.2080 .03-

253 1.078 20.88

 



Ultraviolet Absorption Spectrum of S-m-Bmphenyltetrazole

(12 .0 ng./]. in 951 Ethanol)
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0(:;:) Optical e x 10" Map) option 5 x 10"

06mg; Density

300 0.0080 0.106 205 0.689 13.23

330 0.0100 0.182 200 0.692 13.29

320 0.0100 0.182 203 0.693 13.30

310 0.0110 0.200 202 0.688 13.21

300 0.0100 0.255 201 0.678 13.01

290 0.0035 0.792 200 0.669 12.80

285 0.0085 0.883 235 0.598 11.08

280 0.0515 0.936 233 0.573 11.00

275 0.0600 1.229 232 0.570 10.90

270 0 .0851 1 .630 231 0 .570 10 .90

265 0.1560 2.80 230 0.571 10.97

260 0.3005 5.50 229 0.582 11.29

255 0.070 8.55 228 0.602 11.56

250 0.619 11.88 225 0.713 13.69

207 0.673 12.92 220 0.993 18.08

206 0.681 13.09
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Ultraviolet Absorption Spectrum of S-o-Brmquhenyltetrnole

(16.0 11ng in 95% Ethanol)

 

 

M2231) Optical e x 10" M1031) Optical e x 10"

Density Density

300 0.0030 0.0023 265 0.0655 0.923

330 0.0050 0.0705 260 0.0955 1.307

320 0 .0050 0 .0705 255 0.1535 2 .16

310 0.0055 0.0775 250 0.2300 3.30

300 0.0065 0.0916 205 0.3315 0.67

290 0.0210 0.296 200 o .023 5.96

285 0.0330 0.065 235 0.097 7.00

280 0.0000 0.560 230 0.583 8.21

275 0.0510 0.718 225 0.691 9.70

270 0.0509 0.770 220 0.868 12.23



Ultraviolet Absorption Spectrum of S-pdfiethoxyphenyltetrazole

(17.7 mg./1 in 95% Ethanol)

 

Map) Optical ex 10" M2131) Optical 61 10"

Density Density

300 0.0005 0.0008 260 1.682 16.75

330 0.0055 0.0508 259 1.700 16.92

320 0.0055 0.0508 258 1.678 16.70

310 0.0005 0.0008 257 1.692 16.85

305 0.0005 0.0008 256 1.608 16.00

300 0.0005 0.0008 255 1.639 16.31

295 0.0315 0.310 250 1.081 10.73

290 0.1030 1.02 205 1.200 11.90

285 0.3230 3.21 200 0.820 8.20

280 0.621 6.18 235 0.508 5.05

275 ' 0.918 9.10 230 0.3305 3.29

270 1.2125 12.06 225 0.2190 2.18

265 1.576 15.69 222 0.2500 2.09

261 1.663 16.57 220 0.3585 3.57
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Ultraviolet Abso tion Spectrum of S-o-Metlnonqrphenyltetrazole

17.3 mg./1 in 95% Ethanol)

 

 

A0031) Optical 612 10'J Mmp) Optical G x 10-3

0 Density Density

300 0.0035 0.0356 260 0.2035 2.08

330 0.0000 0.0006 257 0.669 6.80

320 0.0060 0.0610 256 0.763 7.75

310 0.1250 1.270 255 0.780 7.92

305 0.3390 3.000 250 0.972 9.88

300 0.038 0.05 208 1.006 10.62

296 0.070 0.77 207 1.098 11.27

295 0.076 0.80- 206 1.101 11.60

290 0.078 0.86 205 1.136 11.53

293 0.077 0.85 200 1.116 11.33

292 0.069 0.77' 203 1.061 10.78

291 0.062 0.70 200 1.005 10.21

290 0.009 0.56 235 0.800 8.10

285 0.3605 3.66 230 0.586 5.95

280 0.2600 2.68 225 0.091 0.99

275 0.1760 1.79 220 0.097 5.05

270 0.1080 1.10 222 0.587 5.96

265 0.0760 0.772 220 0.791 8.00
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