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The l-methyl-5-(o-chlorophenyl)-, -5-(m-chlorophrnyl)-, and -5-( p-chloro~heny1)tctrazoles as ~vell as I-(0-chloropheny1)-, 
l-(m-chloropheny1)-, and I-( p-chlorophenyl)-5-methyltetraaolcs have t)een synthehed froin the corresponding bmzamides 
and ncetaiiilides, respectively. Ultraviolrt spectra of the tetrazoles are comptircd with those of the parent amides. Evidence 
is presented to support the first order interaction of the tctrazolc ring with an aromatic substituent in the 5- position and 
the second order interaction of the tetrazole ring with an aromatic snbstit,ucnt in the 1-position. Infrared bands a t  9.12- 
9 . 2 0 ~  and 10.05-10.25~ are assigned to the tetrazole ring system. 

There have been several reports of the ultra- 
violet absorption spectra of tetrazoles which have 
a bare or substituted benzene ring attached to  the 
1 -nitrogen or 5-carbon of the tetrazole ring. Gar- 
brecht and €Ierbst4 reported that 5-phenyltetrazole 
displays a A,,, 2400 A with a log ern,= 4.16 and that 
1-phenyl-5-methylt~etrazole has a A,,, 2200A 
with a log cmnx 3.85.6.6 They state that a phenyl 
group in the 5 position gives rise to an absorption 
in the range of 2320-2400 A, and that a phenyl in 
the 1-position appears to be without effect on the 
basic absorption characteristics of the tetrazole 
ring. Murphy and Picard’ reported t,he spectra of 
1-(3-nitrophenyl)-5-aminotetrazole, A,,, 2250 A, 
log emax 4.07, and 1-(3-mcthylphenyl)-5-amino- 
tetrazole, A,,, 2280 A, log emax 4.15. The initial 
report of ultraviolet spectra characteristics of 
tetrazoles was by Elpern and Kachod*; they eon- 
cluded that the tetrazole ring had little or no ab- 
sorption itself in the usual ultraviolet region. They 
compared 1-eyclohesyltetrazole, no absorption 
above 2050 .$, with 1-phenyltetrazole, absorption 
from 2200 to 2500 A. They also report the absorp- 
tion of l-methyl-5-phenyltetrazole, A,,, 2320 A 
and log emnx 4.02. This is in contrast to a report 
by BensonY that 1-(3’,4’-dimethylphenyl)-5-meth- 
yltetrazole showed a A,,,, 2310 with a log emax 
:3.85. On the basis of these reports it appeared pos- 
sible to prove the interaction or lack of interaction 
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of the tetrazole ring with an aromatic substituent 
either a t  the 1- or 5- position of the tetrazole ring 
by the choice of proper systems. 

This paper reports the synthesis of two series of 
1,5-disubstJituted tetrazoles wherein the interaction 
of an ortho, meta, and para chlorophenyl with the 
tetrazole ring could be shown when thc aromatic 
substituent was first in the 1- position on the tetra- 
zole ring, and second, when the aromatic substi- 
tuent was in the 5- position, the carbon, of the 
tetrazole ring. The balancing substituent, usually 
without effect, on the ultraviolet spectra, was 
chosen as the methyl group. The known o-chloro-, 
m-ehloro, and p-chloroanilines mere converted to 
the corresponding acetyl derivatives; the known 
o-chloro-, m-chloro-, arid p-chlorobenzoic acids mere 
converted to their corresponding N-methyl amides 
by way of the acid chlorides (Tablc I). Both sets 
of amides were studied in the ultraviolet and in- 
frared regions. The amides were converted to the 
corresponding 1,5-disubstituted tetrazoles by way 
of the imino chlorides (not isolated) and subse- 
quent in situ treatment with a benzene solution of 
hydrazoic acid. The tetrazoles were carefully 
purified both by recrystallization and removal of the 
contaminating amides by hydrolysis of thc latter 
in boiling 10% sulfuric acid (Table 11). The pure 

TABLE I 
A’-SUBSTITUTED AMIDES 

ItLCONHRt 

M.P 
___-____I_ 

Substituent 
R, I? 9 Yield. ?4) Found Reuortcd 

O-ClCaHI CHa 72 119-120 121. 5a 
nl-CICeI14 CHI 72 7 1-73 75 o a  
pC1CeHc CH, 65 158-159 161“ 

CHs o-ClC6H4 64 87-88 86. 7b 
CH3 m-ClCsH, 41 77-78 76 6b 
CHI P-CICOHJ 79 178-179 178 4b 

a 1’. J. Montngne, 12ec. trav. chirn., 19, 46 (1900). N. v. 
Sidgwick and H. E.  Rubie, J .  Chenz. Soc., 119, 1013 (1921). 

(10) J. von Rraun and \V. Rudolph, Ber., 74,2134 (1941). 
(11) E. K. Harvill, R. M. Herbst, E. C. Schreiner, and C. 

(12) R. M. Herbst, C. W. Roberts, H. T. F. Givens and 
W. Roberts, J .  Org. Chem., 15, 662 (1950). 

E. I<. Harvill, J .  Org. Chem., 17, 262 (195“). 



TABLE I1 
 DISUBSTITUTED TETRAZOLES 

4 %  T\j2 
\y/ 

3 

Percentage Composition 
C:wt)on Hydrogen Xitrogen 

________..___- . . _ _ _ _ I - - ~ -  - 
Yicld, __ ~ . - _ _  Sribstitwnts -.____ _____-_.-- 

Ri R, ‘,;I 1f.I’. Calcd. Found Calcd. Found Calcd. Found 

o-CICfiH4 CHI 27 6!)-70 4?.36 49.71 3.63 3.57 28.79 28.51 
m-CICe.11, CH3 79 86-88 49.36 40.29 3.63 3 .65  28.79 28.98 
~ - C I C ~ H ,  CH, 31 119-120 49.36 49.70 3.63 3.84 28.79 28.60 
CH3 o-CICfiH, 55 80.5-82 .49.36 49.55 3.fi3 3 .95  28.79 28.76 
CHI nZ-ClCsHc 73 08.5-99 49.36 49.61 3.63 3.90 28.79 28.65 
c H a  p - ~ 1 ~ 6 ~ ~ 4  72 86-88 49.36 49.61 3 . 6 3  3.75  28.79 28.86 

Suhstitrirnts Amides“ Tetrszoles“ 
c or 5 N or I A,,, A log emaX A,,,, A log snlRX 
~- __ - I_ -- - 

In 95% ethanol. Rcfcwnce 18 rrports AmSx 2400 A, 
log emnx 4.02 for o-chloroacctanilidr. Rcfcrcnce 18 reports 
A,,, 2450 D, log emnx 4.18 !or rn-chloroacrtsnilidc. R(xf- 
orence 18 reports A,,,,,x 2490 A, log snlnX 4.25 for p-rhloroac~et- 
anilide. 

tetrazoles from each series were studied in the ul- 
traviolet arid infrared regions (Tables 111 and IV). 

llltram&t spectra. For the purpose of discussion, 
the ultraviolet spectra of the amides and cor- 
responding tetrazoles are separated into the com- 
pounds belonging to each class of substituted 
tetrazoles. Thus, the results for the chloroacet- 
anilides and their 1-chlorophenyl-5-methyltetra- 
zoles will be considered apart from the N-meth- 
ylclilorobeiizaniides and the 1-methyl-5-chloro- 
phenyltetrazoles. 

l-Chlorophen~l-5-melhyltetrazoles. Perhaps the 
most informative :ma of the ultraviolet spectrum 
for consideration of the interaction of an aromatic 
substituent with either an unshared pair of clec- 
trons or an unsaturated system is that  classified 
by M o w  arid Konlcnbcrgi3 as the B band of 
beiizeric and substituted benzenes. This is also 
called the “first primary band’’ and is usually 
centered about the 2300 A. regi0n.’~-’6 The parent 

(13) C. hf. Moser and A. I. Kohlenberg, J. Chem. Soc., 

(14) L. Daub and J. 31. Vandenbelt,, J .  Ant .  Chem. Sac., 

(15) W. 17. Forbs and W. A. Mueller, Pun. J. Chenz., 33, 

804 (1951). 

69,2714 (1947). 

1145 (1956). 

chloroariilincs show spectra pcaks in the B bard 
region a t  2380 A (log 3 98) for the o-chloro- 
aniline, 2400 A (log emnx 3.87) for the rn-chl&o- 
aniline, and 2440 A (log emnx 3.95) for the p -  
chl0roaniline.~7 The derived acetanilides show 
peaks in the B band region a t  2400 (log emax 4.02) 
for the o-chloroacetanilide, 2450 A (log emax 4.19) 
for the nz-chloroacetanilide, and 2490 A (log 
emax 4.25) for the p-chloroacetanilicle.’R A compnri- 
son of these data indicates that the acetylation of 
the amino group introduces an electron withdrawing 
moiety, decreasing the availtlbility of the unshared 
electron pair on the nitrogen for interaction with the 
pi electrons of the benzene ring during a X+V 
transition, I9 but increasing the ease of the transi- 
tion to  the first excited state with the resonance 
form derivable from the spreading out of a nega- 
tive charge on the acetamino moiety. This is 
evidenced by the slight, but real, bathochromic 
and hyperchromic shifts. When the anilides are 
converted to the corresponding l-chlorophenyl-5- 
methyltetrazoles (see Table 111) large hypso- 
chromic effects with only moderate hypochromic 
effects are observed. This is to be compared with 
the fundamental absorption of the parent aromatic 
structures; if chlorobenzene, X,,, 2095 A (log 
emax 3.87) l6 is compared with o-chlorodimethyl- 
aniline, A,,,, ‘2550 if (log emnx 3.88)20 i t  Cali be seen 
that the interaction of the tetrazolc ring through 
the 1-iiitrogcn with the aromatic system is less 
than might be expected. It may also be noted, how- 
ever, that there is not an absence of interaction. 
That  there is some interaction either by the tetra- 
zole ring itself or by the unshared pair of electrons 
on the 1-nitrogen is evidenced by the higher wave 

(16) W. F. Forbes arid A. S. Iblph,  Cum J .  Chem., 34, 
1447 (1956). 

(17) P. ‘Grarnmaticakis, Bull. sac. chini. Frame, 534 

(18) H. Cngnade, J. Am. Chem. Sac., 76, 5133 (1954). 
(19) Ref. 6, pp. 278-282. 
(20) H. H. Klevcns and J. IC. l’lat,t, J .  A m .  Chein. Soc., 

(1951). 

71,1714 (1949). 



length of B band absorption in these tctrazoles or 
substitut ed chlorobenzene.; than is found in 
dichlorobctizene itself.21 It should a150 be 
noted that the tetrazole ring is effectively hypso- 
chromic when compard  to the dimethylamino 
group, it being postulated that the long unshnred 
p:Lir on nitrogen, in both series, should be nearly 
equivalently available for resonance interaction 
with the aromatic system. The apparent utiavail- 
ability of these> electrons for resonance interaction 
does not, however, apprnr to hare the same effect 
on the intensity of the 13 hmd absorption a t  these 
lower wave lengths. 

l-Methlll-n'-chlorophenyZtt.trazolcs. In the case of 
the three I-methyl-5-chlorophenyltetrazoles there 
appears to be a greater irtteraction of either the tet- 
razole ring itself or the pi rlectrons of the -C==N- 
portion of the tetrazole ring with the aromatic 
substitilerit i n  the 5-position. Chlorobenzene with a 
A,,, 2095 A (log em*, 3 S i )  has its B band shifted 
to higher wave lengths by a number of para- 
substituents. Llaub and Vandcribelt14 report p -  
c~hlorobenzoriitrilc (A,,,, 2375 A;  log cmaY 4.28) a i d  
p-chlorobeiizoic acid (A,,,,,, 2410 A; log emRI 4.21 ) ; 
both of these compounds have groups which possess 
electronic structures capable of eiitering into 
resonance iiiteractioii with the brrizrne ring, and 
hence, they produce bathochromic as well as hy- 
perchromic effects. The interaction of the carbonyl 
bond pi c.lectrons i n  the excited state obtains even 
wheii the S-methyl amide is formed (A,,,, 2360 
log E , , ) ~ , ~  4.11) from the acid, although there is a 
slight hypsochromic effect.22 On going from the N -  
methyl-p-chlorobenzamide to the corresponding 
I methyl-5-p-chlorophenyltetrazole there i s  a defi- 
nite bathochromic effect of some 50 A and a 
hyperchromic effect of some 3.47 log units. This 
contrasts with the hypsochroniic effect of some 200 
A and a hypochromic shift of some 3.79 log units 
wheii the spectrum of thc p-chloroacetanilide is com- 
pared with that of the corresponding l-p-chloro- 
pheriyl-5-mrthyltctra~ole. 

The evidence presented appcurs t o  iiidicate that 
the tetrazole ring may interact with an aromatic 
moiety when the tetrazolc ring is substituted by the 
aromatic moiety in the 5-position. The inter- 
action wheii the aromatic moiety is in the l-posi- 
tiori appears to  be less thun  the former case uiid 
in the cornpounds studied a second order effect. 
These conclusioiis support the results described 
by ('rarbreeht and ITerbst. ' 

InfrarPd spectra. Infrared spectra were obtaincd 

on both series of amides and the derivcd tetra- 
zoles. Lieber and co-workers report an extensive 
series of spectra of tctrazoles.?3 Tetrazole itself was 
assigned an absorption associated with the ring 
modes at  9.44 p ;  5-broInotetrazole, 9 . 3 6 ~ ;  5-hy- 
drazinotetrazole, 9 . 4 3 ~  and 10.09,; arid 5-amino- 
tetrazole, 9 . 4 0 ~  and 10.04,. Comparison of the 
spectra of the amides arid tetr:izoles of this report 
are in Table I\-. The bands which are absent in the 
amides but which show up in the tetrazoles are 
iiidicat ed. 

Substituents Absorptioii Maxima In Micronsn 
11 L It, Sujol Mu11 

The bands in italics are those which appear uriique to 
the tcAtrazoles but which are not unassignable to other 
strricturcs which wcrc masked in the amides. 

IEXI'ICRIMEliTAL'" 

Acefanilirks. Thc! o-chloro-, vi-c~hloro-, and p-rliloroac:c~t- 
ariilides were prrpared in a staritiard fashion from the chloro- 
anilines and aretic anhyt1ride.J' 

N-il.leth?/lbe?iznmid~.s. The N-mcthyl-o-chloro-, A'-mot,h;vl- 
ni-r hloro-, and h ' -niet t iyl-p-cl~lo~o~en~:~mi~es awe prepared 
from the rorrespondiiig arid chlorides, distilled under rediired 
pressure,Zh arid methylamine. Tho lrriown acctanilitles and 
benmniides are in T:tblc I. 

I,li-lhsuhslitzctPrl lelrazolrs. Both swirs of tc>trazoks wore 
made from the corresponding N-sub4 it,uted amides hy tlhc 
procedriro originally t1rsc:rit)ed by voii I3raun and Itudolph'" 
and frirt,hw investigated by Hert)yt,,JJ,** A t,ypiritl procwlurc., 
applicable t,o either typc of nmitlo, is prcsentd for t,he s:tlte 
of clarity. 

Preparulion of 1 -irLeth?yl-.5-( p-chlorophrn y1 )lelmzo/e.  il'-Mct.h- 
!.l-p-chlorobcngamide (35.6 g. : 0.21 mol(:) \ w s  vovrred with 
650 ml. of iinhydroris bc:nz:erie in a 3 ncrkc:d, round hottomcd 
flask equipped with a d r r e r ,  dry ndtlition port, sfid ron- 
cicrisor with a drying t l ih and c*onnc:c:tcd to t t n  opoti T 
trilic t,o a wat.c!r aspir:rt,or. Phosphorris prntwhloritlc (44.1 
g.; 0.21'2 mole) was iadtlrd port.ioti-t 
tlirough t,ho dry port. The  resultirig 

(21) G. X. Lewis arid 11. Kasha, J. Am. ('hem. Sor., 67, 
992 (1945). 

122) It should be noted that 11. Lev rind H. Spccker, Ber., 
7b, lW2 (19311) report other derivatives of benzoic acid which 
also appear to h o p  ~1 slight hypsochromic effect: benzoic 
acid (X,,, 2280 A, log emllx 4.0),13 hcnzamidc, (A,,,, 2250 
11, log :3.78), N,S-dimcthylbt.nzamide (Aliriix 2300 b, 
log tlllilX 3.75) (shoulder), and ethyl benzoate (A,,,,,, 2300 11, 

log Emnx 4.20). 

(23) E. J,iet)(~r, 11. R , Lcvering, and L. J. l'attcrson, 
f tnd.  Chenr., 23, 1504 (1051). 

(24) Melting points (rapillwy) rorrccstcd. Analysis by 
l l r .  C .  S. k'ch and Mrs. S. L. Margerum of this Department. 
Ultraviolet spwtra were obtaincd with a Cary recording 
spectrophotometer by Mr. Rot)crt Curry. Infrared spc t ra  
by 1)r. J. .4my. 

( 2 5 )  1'. P. Ihirthland, 8. R. Cartcr a i d  E. U. Adnrns, J .  
Chena. Soc., 101, 24 iO (1915). 



I hr. at room temperature and then for 15 min. at 40’. The 
mixtrirc was nearly clear at this time. A slight vacuum was 
applied to remove hydrogon chloride and the rcsuking solu- 
tion of the imino chloride was coolod to 15”. A solution of 
hydrazoic acid (330 ml.; 5.5% or 0.424 mole) was added 
dropwise from a furincl replacing the dry port. A slight 
vacuum was maintained on thc systom to prevent, escape of 
hydrazoic acid to the hood and room. The mixture was 
stirred at 25” for 2 hr. and under reflux (no vacuum) for 3 
hr. The benzene was removed by distillation (under reduced 
pressuro) rrnd the residue treated with 100 ml. of water and 
sufficicnt sodium hydroxide to make alkaline (pH 8.5). 
The resulting solid WBS filtored tiy srrctiori nnd wauheti with 

water. Therc was obtained 27.!) g. of (wide product, m.p. 
113.6-1 18.6’; on three recrystallizations from bcnzcno the 
mclting point was st,ill not sharp. It was suspected that t,Iiore 
was unrmcted amide present (in t h w :  compounds mixed 
melting points rarely show depression) , and thc t,otal crud(: 
material was boiled under roflux in 400 ml. of 10%) sulfuric: 
acid. This gave a product free of amid(:, m.p. 118.8-120.3”, 
from benzcnc. 

In  thc preparations of tho othcr ncw totrnzolos similar 
purifications wcrc followed. The data for thcw cornpourids 
are in Table 11. 
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N-Bcnzylidcric-trrl-~)iitylaminc added methyllithium and allylmagricsium bromide, but not methylniagricsium iodide. 
Tithium aluminum hydride smoothly reduced N-t)enzylidene-tert-butylarnine to N-tert-butylbc~izylamirlc. With allylmag- 
ncsium bromidc, .V-benzylidene-n-octadccylaminc formed N-n-octadecyl(cu-allylb~~nzyl)aminc. N-Benzylidcnemethylaminc 
reacted with tert-biitylrnaancsi~rm chloride to givc N-methyl( a-tert-buty1benzyl)amine and with n-octadecylmagnesium io- 
dide to  give N-methyl( a-octadecylbenzy1)amine. 

Campbell et al.’ treated a iiuniber of N-benzyli- 
denealkylamiiies with various alkylmagnesium hal- 
ides to  synthesize N-alkyl(a-alkylbcnzy1)amiries: 
C6Hs-CH:N-lL’ + lLMgX + CoHs-CH(R)-IiHIt’ 

They found t h t ,  when equimolar amounts of 
Grignard reagent and aldimines were used, satis- 
factory yields (60-75%) were obtained only with 
the most reactive Grignard reagents and the 
simplest Schiff bases. Thus with N-benzylidene- 
methylamine ethylmagnesium bromide gave a 
75% yield of N-methyl(a-ethylbenzyl)amiiie, 
but with N-beiizylidencethylamine only a 39y0 
yield of N-ethyl (a-cthy1benzyl)amine was ob- 
taincd. 

The present ivork w w  undertalwi to obtain 
some knowledge of: ( I )  the effect of bulky alkyl 
groups in the Schiff base 011 the reactivity of the 
C:N; and (2) the steric requirements of the alkyl 
Grignard re:igciit. N-Rciizylidcric-tert-butyluminc 
was selected as a bulky N-alkyl Schiff base, arid 
tert-l~utylmag~ie~iuin chloridc as a Grignard of 
high steric requirement. 

N-13eiizylideiic-tert-butylainiiie W;LY prepared by 
Hurwitz2 in a 63% yield. However, he recorded no 
phyPi(::d const:~nts. Methylmi~giicsium iodide would 
iiot add to this Schiff base even under forcing coii- 
ditioiis. This indicates that the steric requiremeiits 
of the N-tert-butyl group are appreciable. On the 
other hand methyllithium did add to give tert- 
butyl(a-methylbenzy1)amiiic. Organolithium com- 

( 1 )  K. N. Campbcll, C. H. Hclbing, RI. 1’. Florkowski, 
arid 13. K. Campbell, J .  A m .  Chem. Soc., 70, 8868 (1048). 

(2 )  M. I). Iiurwita, U. 8. I’tttcrit 2,582,128, ( J~ I I .  8, 
1952); Chem .Ibstr., 46, 8140 (I!XX). 

pounds are kiiowri to be much more reactive thaii 
the corresponding Grignard reagents. 

The failure of methylmagnesium iodide to react 
with N-henzylideue-tert-butylamiiie prompted nil 

attempt to  add allylmagnesium bromide. Gilmaii 
and Eisch4 found that this latter Grignard reagent 
added in a 1 ,Bmanner to aromatic ketimiries having 
high steric requirements. In  line with Gilman’s 
observation we found that allylmagnesium bromide 
gave good yields of N-tert-butyl( a-allylbenzyl)- 
amine. The reactivity of this Grignard reagent ab 
compared to that of methylmagncGurn iodide 
seems to confirm Gilman’s view that the mech- 
ariiem of this I ,Z:iddition to the :izomethine 
linkage proceedh by a nucleophilic attack of tho 
allyl ariioii or1 the positively polarized carbon atom 
adjacent to the nitrogen in  the Schiff base. The 
reactivity of allylmagnesium bromide was also 
shown by its addition to  the high molecular weight 
N-benzylidene-n-octadecy1:imiiic to form N-octa- 
decyl( a-allyl1~crizyl)amiiie. 

N-Beuzylideiicmcthylurniric was used to  test the 
r e d i v i t y  of tert-butylmugnesium chloridc. Iluring 
the progress of this work Thies and Schocneii- 
bergcr5 carried out the same reaction but w m ’  
unable to  isolate m y  produvt from :Ldditioii. They 
obtained only starting material mid the dimer of the 
Schiff base, N,N’-diniethyl-l,2-diphciiylethylcne- 
diamine. In this work the 1’2-addition product, 

12(i5 (1933). 
(4 )  H. Gilman arid J. 15isch. J .  Am. Chem. Soc.. 79. 2150 , ,  , ,  

(1‘387). 

408 ( 1 :Mi). 
( 5 )  1-1. Thios arid 11. Schociiciibcrger, Arch. I’harrn., 289, 


