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Summary 

The mtermolecular assoc&lon of 2-(ix-n-butylstannyI)tetrazoles m ben- 
zene soluhon has been evaluated by the measurement of the apparent molecular 
weight The degree of the assocmtlon LS highly dependent on the sterw effect of 
the 5-substltuent of the tetxazoles Low temperature NMR spech-a of CDC& so- 
lutlons of 2-( tn-n-butyktannyl) 5-phenyltetrazole and -5-@-nltrophenyl)teta- 
zole displayed temperature- and concentrahon dependencies As the temperature 
decreases, the benzene and tetrazole rmgs become less coplanar This may be 
attrlbuted to the closer polymerw assoclatlon of the 1-mtrogen to tm at low tem- 
perature The mtermolecuku associated form of 2-( h-l-n-butylstannyl) tetrazoles 
m less polar solvents such as benzene and chloroform IS confumed as a 1,3-struc- 
ture (A) 

introduction 

The mtermolecutar association of W-trl-n-butyltm derlvatlves of lmldazole 
[ 1],1,2,4-trlazole [l] , and 5substrtuted tetrazoles [2] m non-poke soluhon 
was demonstrated by vlscoslty measurements In our prewous paper [ 21, the 
1,3 structure (A) was proposed for the associated form of the 2-( trl-n-butyl- 
_stannyl)-5-substituted tetrazoles, and the degree of the assoclakon was found to 
be dependent on the 5-substltuent of the tetrazoles 

l For part V see ref 3 
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In this paper we present addltlonal results supportmg the 1,3&ructure (A), 
and also show that the degree of the assoclahon 1s highly mfluenced by the sterlc 
effect of the 5-subtituent rather than the electromc effect 

Results and tiussion 

(a) Apparent molecular wegh ts 
The degree of the mtermolecular assoclatlon of 2 (try n-butylstannyl)tetra 

zoles (I IX) was evalua’ti by the apparent molecular weights, which were deter- 
mined by the vapor pressure equihbnum techmque The relations of the apparent 
molecular weights to the concentrahons of the soluhons of I-IX are shown In 
?&g 1 The degree of the assoclahon of compounds I-IX has been Found to be m- 
fluenced by the 5-subsktuent of the tetrazole m the followmg order The 5 sub 
shtuent = H 9 methyl z o-chlorophenyl > o-tolyl > o-mtrophenyl > phenyl = 
p-tolyl * p arusyl > p-rutrophen>l The much higher degree of assoclahon of 2- 
(trl-n-butylstannyl)-5-unsubshtuted tetrazole (I) than the degree of the 5methyl 
analogue (il) shows that the sterlc hmdrance of the 5 substltuent greatly de- 
creases the degree of the assoclatton This IS the reverse of the expected electromc 
effect, smce the methyl group LS more electron donatmg than hydrogen The elec- 
tronic effect of the 5-subshtuent exerts a moor Influence on the assoclatlon com- 
pared unth the sterlc effect 

Comparahvely higher degrees of the assoclatlon of 5 (ortho-substituted 
phenyl)tetrazole denvahves (III-V) than the degrees of the 5-phenyl and 5 (para- 
substituted phenyt) analogues (VI-IX) afford an addItIonal confu-matlon of the 
predommance of the sterrc effect over the electroruc one m contrast to the cases 
of the 5phenyl and 5-(p-subshtuted phenyl)tetrazole derlvatlves (VI IX) m which 
both the benzene and tetrazole rmgs he m the same plane [ 21, coplanar?ty of the 
mgs does not appex to occur In the o-substituted phenyltehazole derlvatwes 
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(111-V) because of the sterlc hmdrance of the ortho-substltuent The non-coplanar- 
!ty of the both rmgs m III-V has been shown by the small anlsotroplc shifts of the 
ortho-proton of the o-substrtuted phenyltetrazoles In the NMR spectra (Table 1) 
Compared \mth the coplanar cases of VI-IX, the non-coplanarity in III-V gves the 
larger space to the l-rutrogen of the tebrazole rmg This 1s favorable for the formn- 
bon of the mtermolecular assoclatlon bond between the l-nitrogen and tm The 
higher degree of the assoclatlon of the 5-(o-mtrophenyl)tetrazole derivative (V) 
than the degree of the 5-phenyltetrazole analogue (VI) also lends strong support 
to the predommant sterrc mfiuence of the 5-substltuent on the assoclatlon 

The predommant sterlc effect of the 5 substltuent suggests that the l-m- 
trogen partlclpates m the mtermolecular assoclatlon So that, among the possible 
association forms, the 2,3-structure (B) can be excluded, since the sterlc hmdrance 
of the 5 substltuent LS consldered to be much less effective than the cases of the 
1,3&ructure (A) and 1,2 structure (C) 

The 1,2-structure (C) E also improbable, since low assoclatlon has been found in 
the cases of N-( b-n-butylstannyl)pyrazole [ 1 ] and 2-( tn-n-butylstannyl)-1,2.3- 
tnazoles [ 31, and since 1,2 du-nethyltetrazohum salts could not be produced by 
the reactions of 2-methyketrazoles with methyl iodide [ $51 or methyl tosyhte 
[6] The l,&structure (A), consequently, 1s the most. probable associated form 
m non pok solvents 

(b) Low temperature NhlR spectra 
The 1,3 structure (A) has also been confumed by the low temperature NhlR 

spectra of 2 (k n butylshnnyl) 5 phenyltetrazole (VI) and -5 @-nltrophenyl)- 
tetrazole (IX) which displayed temperature- and concentration dependencies 

(Fig 2) 
At room temperature, the orlho-phenyl protons of VI were deshlelded by 

0 6-0.7 ppm [S(rI,) 8 18, NH, P) 7 46 ppm In 2 5% CDC13 solution] due to the 
tetrazole rmg as a result of the coplanarity of the benzene and teh-azole rings [2] 
At temperatures below -40°C. the band of the phenyl protons became a broad 
slnglet ac 7 55 ppm (in 2 5 % solution) Tlus lmphes that the benzene rmg 1s not 
coplanar \wth the tetrazole rmg below -40°C The non-coplananty of the two 
nngs could be attrtbuted to the closer mtertnolecular assocration of the l-nitrogen 
to tin. 
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In the NhlR spectrum of IX., the four phenyl protons dIsplayed a sharp 
smglet [ 6( H,,) S 3s ppm) at room temperature, because of the equivalent an- 
lsotropx effects of the rutro group and the coplanar tetrazole nng [2] 4s the 
temperature was lowered to -5O’C, the smglet gradually became an AB type 
quartet [J(H,,) 9 0 Hz, 6(H,) 8 13, IS(H,, ) S 4-l ppm, at -50” rn 5% solutlon] 
The dtiferent anlsotroplc effect of the tetrazole rmg from that of the p nltro 
group suggests that the tetrazole rmg becomes less coplanar with the benzene 
rmg at lower temperrltures The non-coplanarity of the rings may arose III order 
to decrease the stew hindrance of the benzene rmg for the formatlon of the 
mtermolecular assoclatlon bond 

In dilute solutions of VI and IX, the spectral change at low temperature 15 
smaller than that In the concentrated solutions This dllutlon effect strongly 
supports the proposltlon that these spectral changes were caused by the closer 
mtermolecular association 

There 1s addItIonal evidence that the NhlR spectral change LS due to the 
mtermolecular association in the presence of an equlmolecular amount of tetra- 
hydrofuran as a llgand In the CDCl, solution of VI and IX, comparatwely smaller 
changes m the NMR spectra have been observed at lower temperatures (Fig 3) 
Tetrahydrofuran might behave as a stronger bgand than the 1-nitrogen of the 
tetrazole ring, breakmg the Intermolecular association bond between the l-nkro- 
gen and tm 
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No temperature- and concentration-dependencies have been observed m 
the low temperature NMR spectra of 2-(h-n-butylstannyl)-5-methyltetrazole 
(II) and Zmethyl-5-phenyltetrazole (X) In the former case, this mrght be attrlb- 
uted to the highly associated structure even m a ddute solution (Fig 1). The lack 
of a spectral change m the latter cse mdxates that the trl-n-butyltm group lessen 
tml for the spech-al changes 

Expenmenta! 

The apparent molecular weight was determmed u1 benzene solution at 
39 2°C by the vapor pressure equtibnum cecbnlque usmg fitachl M-115 appa- 
ratus Tius method 1s rebable tn +_3% range up to molecular weight 2000 from 60 
The concentrations of the solutions were varied from 0 005 to 0 05 mol/kg The 
results are shown m Fig 1 

1 H-NMR spectra were obtamed mth JEOL JNM-CGOHL spectrometer 
Chermcal sWts are reported m 6 uruts, ppm downfIeld from mtemal tetramethyl 
silane Deuterochloroform was used as a solvent otherwlse stated The compounds 
II and VI-X were prepared as described previously [2,4] 

Prepamtlon of 2-(trr-n-butylstannyl)tetmzole (I) 
A mrxture of 5Wtetrazole [ 71 (0.616 g, 8 80 mmol) and freshly d&&xl 

bu(ti-n-butyltm) oslde (2 623 g, 4 40 mmol) was heated m ethanol with re- 
fluxmg for 30 mm. Removal of ethanol m vacua gave 3 21 g of a pasty hquld of 
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I NMR (CDC1,) smglet 8 50 ppm (lH, 5-proton), mulhplet 0 7-l 7 ppm (27H, 
n-buty! protons) (Found C, 43 70, H, 8 06, N, 15 59 C, sH,sNJSn ca!cd C, 
43 48, H, 7 86, N, 15 60% ) 

Preparctmn of 2-(tn-n-butylstannyl)-5-(o chlorophenyl)tetra,-ale (iIt) 
A soluhon of 0 736 g (5 35 mmo!) of o-ch!orobenzonltrI!e and 1 739 g 

(5 42 mmo!) of tn-n butyltm azlde III 5 ml of benzene was heated at 95°C for 
7 days m a pressure glass bottle Benzene was dlstllled off from the reactlon rnw 
ture to give 2 510 g of crystals which were recrysta!!lzed from acetonltrde, m p 
123-124°C (Found C, 48 74, H, 6 63 C, 9HJ,CIN,Sn ca.!cd C, 48 59, H, 6 65% ) 

Freparatlon of 2-(tn-n-butylstannyt) S-(0 toiyl)tetra:ole (IV) 
Analogous treatment of an equlmolar mL\ture cf o-tolunltr~le and trl-n-butyl- 

tin azlde at 100°C for 4 days gave a pasty liquid IV rn a quantitative yield On 
standmg for two weeks at room temperature, the liquid began to crysta!ilhze very 
s!ow!y and crystallrzed completely m several months, m p 102-103°C (acetoni- 
trlle) (Found C, 53 30, H, 7 65 C:,-,HJJNqSn ca!cd C, 53 48, H, 7 63% ) 

Freparatron of 2-(trr-n butylstannvl)-5 (o nrtrophenyl)tetrazcle (V) 
Analogous treatment of an equimolar mLxt.ure of o mtrobenzomtrde and 

IXI n butyltm azlde at 95°C for 7 days gave pale yellow crystals quanhtahvely, 
m p 131-132°C (acetonltrlle) (Found C, 47 41, H, 6 38 C,sH,, N,02Sn calcd 
C, 47 53, H, 6 51% ) 
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