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AbrtndSeveral methods have been worked out to syntbeG.e 1 - vinyl - 4 - substituted - A’ - tetrazolin - 5 - ones. 
NMR spectra showed typical AhIX-patterns for the vinyl protons with chemical shifts and coupling constants almost 
independent of the nature of the other N-substituent. From the shielding increments, it was concluded that the 
tetrazolinone group exercises a strong inductive electron-withdrawing effect, but only a small resonance effect on the 
vinyl group. This paper also descnis the tirst cycloreversions of azide adducts, induced by electron impact. Other 
signiticant fragmentation patkrns of several mono- and disubstituted ktrazolinones are discussed. 

We reported recently’ that the reactions of alkyl azides 
with aryl isocyanates, acyl isocyanates, c&oalkoxy 
isocyanates, and sulfonyl isocyanates, as well as the 
reactions of aryl azides with sulfonyl isocyanates, provide 
a convenient method for the synthesis of 1,4 - disubsti- 
tuted - A2 - tetrazolin - 5 - ones (1). 

RN, + R’N=C=O - R-i ,&R’ 

1 

R = alkyl and R’ = aryl, acyl, sulfonyl 
R = aryl and R’ = sulfonyl 

We have now extended this investigation to the synth- 
esis of vinyl substituted tetrazolinones which constitute a 
new and interesting class of vinyl monomers for polymer- 
ization.’ This paper describes synthetic methods leading 
to vinyltetrazolinones avoiding use of the highly explosive 
vinyl azide? The tetrazolinone shielding effects on the 
vinyl protons are then determined and the phenomenon of 
cycloreversion of 1,4 - disubstituted - A* - tetrazolin - 5 - 
ones upon electron impact is discussed. 

I-Vinyl4alkyl (or a@) - A* - tetrazolin - 5 - ones 3. A 
good method of preparing aryl substituted vinyltet- 
razolinones 3 is the treatment of aryl isocyanates with a 
three-fold excess of /3chloroethyl azide, followed b’y 
dehydrcchlorination of the adducts 2 with dilute base 
(Scheme I). The results are summarized in Table 1. 

The only disadvantage of this method is the long react- 
ion time (5-6 weeks at 9p) needed to accomplish the first 
cycloaddition step. Indeed, alkyl azides have been shown’ 
to react only slowly with aryl isocyanates and not at all 
with alkyl isocyanates or aryl isocyanates bearing 
electron-donating substituents In order to obtain vinyltet- 
razolinones with alkyl substituents or electron-rich aryl 
substituents at the Cposition, an indirect method can be 
used which profits from the activating effect of a sulfonyl 
group in isocyanate cycloadditions (Scheme 2). The reac- 
tion route to be followed is further analogous to that used 
for the synthesis of N-vinylcarbazole,’ N-vinyltetrazoled 
and N-vinyl- 1 ,2,4-triazole.6 The results are given in Table 
2. 

The overall yields shown in Table 2 for the synthesis of 2 
from 4 are fairly good and the only side reaction observed 
is the formation of compounds of type 7, resulting from 
the interaction of 4 with the alcohol used (Scheme 3). 
Note also from Table 2 that method 2 is inferior to method 

I+_N _ _ - __ 
RN=C=O + N,CH,CHzCI + R-d ,N-CHKHXI 
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Table I. Synthesis of I - Vinyl- 4 - aryl - A’ - tetrazolin - 5 - ones 3 
by Scheme I 

-2- y-J- 
Tie Yield M.p. Yield Mp. 

R (weeks) (%) (“c) (%) (“c) 

aah 6 76 oil 40 35.5 
b p-C&H, 5 71 650-65.5 46 82-83 
c 0,PCl*C& 5 l/2 73 71 42 93.5-94.5 

py 

4”OH- R-N\ ,N-?R’-#S~C~H,CI-p - 

fi 
c) 

NnN 
/ 

R-N\ ,\N-R’ 

R 

+ p-CIC,H,SO,- 

7 
R’=MeorEt 

SCHEME 3. 

1 for the synthesis of 1 - vinyl - 4 - phenyl - A’ - tetrazolin - 
5 - one 3a. 

The regiochemistry of reaction +6 deserves clarifica- 
tiob especially in view of the known ambident properties 
of tetrazolinones towards diazomethane.’ In all examples 

studied, the hydroxyethylation of 5 led to a single alky- 
lated product to which the thermodynamically most stable 
1,4-structure 6 was assigned. This assignment was veritied 
by treating 1 - benzyltetrazolin - 5 - one anion (5, 
R = PhCHJ with benzyl bromide in refluxing ethanol- 
water. The crystalline alkylated product obtained was 
identical in all respects with that reported by Wadsworth* 
from base induced cycliition of 1,4 - diethoxycarbonyl- 
1,4 - dibenzyl - 2 - tetrazene 8. In addition, our benzylated 
product exhibited in the nmr spectrum a four-proton 
singlet absorption at 7494, consistent with the symmetri- 
cal structure 9 but not with the unsymmetrical structure 
10. Prior to our work in this field, Raap and Howard’ had 
reported that the reaction of tetrazolinone with ethyl 
bromoacetate in the presence of triethylamine furnished 
1,4 - dicarbethoxymethyltetrazohn - 5 - one as the only 
product. 

1 - Vinyl - 4H - A’ - tetrazolin - 5 - one 13 and 1 - Vinyl 
- 4 - sulfonyl - A’ - tetrazolin - 5 - ones 14. The synthesis 
of these vinyl monomers is outlined in Scheme 4 and 
starts with a 13dipolar cycloaddition of f3chloroethyl 
azide with sulfonyl isocyanates to give 1 - (j3 - 
chloroethyl) - 4 - sulfonyl - A2 - tetrazolin - 5 - ones 11 in 
high yields (see Table 3). Compounds of type 11, however, 
cannot be converted directly to 14 since the sulfonyl 
group is readily split off, even under solvolytic conditions. 
For instance, when 11 is refluxed in methanol or treated 
with 1 equiv of KOH in ethanol, compound 12 is obtained 
exclusively. The most obvious sequence to be followed 
for the preparation of 1Y is dehydrochlorination of 12 

Table 2. Synthesis of 1 - Vinyl - 4 -aryl (or alkyl) - A’ - tetrazolin - 5 - ones 3 by Scheme 2 

-4- -2- -3- 
Temp Time Yield h4.p. Yield” B.p. Yield M.p. 

R (“C) (days) (%) K) (%) (“c) (%) (“C) 

a CH, 77 30 39 177.5-178 46 146-147/0.9 mm see Table I 
d gCH,GH, a7 6 l/2 35 195.5-I%.5 55 l46-162/0~~I~Omm 41 68-69 
e &H&H2 81 1 al 138 62 154(1 mm) 45 48.5-49 
f nC.H, 77 4 90 80.5-81.5 59 ll5-117/1.7mm 79 oil 

“The yields of 2 are based on the overall conversion 6-2. 
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y4’J 

PhCHl -N,C,\N-CH,ph 
PKlqh - 5 (R=PhCH,) 

a 

9 Y 
8 

under more forcing basic conditions, followed by reaction 
with a sulfonyl chloride (Scheme 4). 

I - (a - sty& - 4 - sulfonyl - A’ - tetrazolin - 5 - ones 16 
and 1 - (a - sryryl) - 4H - A2 - tetrazolin - 5 - one 
18. Treatment of a - azido - /3 - iodostyrene with equimo- 
lar amounts of sulfonyl isocyanates yields 1: 1 adducts 15 
which can be dehydrohalogenated under mild conditions 
(1 equiv of NEt3) without loss of the sulfonyl group 
(Scheme 5). This two-step synthesis affords I - (a - styryl) 
- 4 - sulfonyl - AZ - tetrazolin - 5 - 01~16 in reasonable 
yields (see Table 4). To obtain 1 - (a - styryl) - 4H - AZ - 
tetrazolin - 5 - one 18, the 1: 1 adducts 15 are solvolyzed in 
methanol to give 17, followed by treatment with a base 
(Scheme 5). 

Analysis NW. The vinyltetrazolinones synthesized in 
this work show typical AMX-absorption patterns for the 
vinyl protons in the NMR spectra. The data, summarized 
in Table 5, indicate that the chemical shifts and coupling 
constants (JAW, J,+x and Jux) are almost unaffected by the 
nature of the substituents at the 4-position of the 
heterocyclic ring (TV only seems to be influenced slightly). 
If ZF, Z,. and Z,,., are the respective shielding parame- 

PhCHl, 

Table 3. Synthesis of 1 - (p _ 
chloroethyl) - 4 - sulfonyl - A’ - 

tetrazolin - 5 -ones 11 

X Yield (%) h4.p. (%) 

aH 80-85 66.5-67~5 
b Cl 80-85 117.5-I 19 
c CH, 89 103 

Table 4. Synthesis of 1 -(a - styryl) - 4 - sulfonyl - A2 - tetrazolin - 
5 -ones (16) by Scheme 5 

- 15 I 

Tie Yield M.p. 
X (weeks) (%) (“c) 

- 161 
Yield M.p. 
(%) (“C) 

aH 4 l/2 74 109~~110~5 73 99.~lW5 
bC1 5 66 133.0-133.5 77 117~0-117~5 
c CH, 5 l/2 50 120~5-121~0 76 121~0-122~0 

srtsh 
y=y 

P-K&.SO~N=C=O + N,CHKHEI T CICHKHF-N , 

fi 

/N-S0LH.X -p 

0 

11 

Meal rchu 
y=tj 

KOEW.OH Y=Y 
b CICH#ZH,-N,c/NH - CH,=CH--NYC/NH 

Rsn,cuet,N 

y=y 

l CH2=CH-N,C/N-S~R 

II 
14p: R=CH, 

b: R = p-CKZ,H, 
c: R=p-CH,C& 

scnmE4. 
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p-X&H,S~N-=C=O + N,CH-CHzI - 
artll:1 
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Et$NicH,cN 
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’ 1 

’ CH,=C-N, ,N-S~ZCLHIX-P 

Ph Ib F h 
A 

15 16 

I 

mannd\ri 

$J=y 

iCH2- CH-N, /NH 
N~OH/MeiJW 

I;l=N 

&I 
6 

AH * CHz- -N,C, 

-I h 
li 

17 18 

SCHEME 5, 

ters of a tetrazolinone substituent in the gem-, cis- and -2@).” It is also interesting to note that our &,-value is 
bus-position to a proton, the following values are de- smaller than that found for the normal N-CO substituent 
rived from Table 5 using 74.73 as the resonance position 
for ethylene.‘“*” 

(7 = -2.08).” This is in line with the observation that 
the vinyltetrazolinones exhibit ir c-0 stretching vibra- 

CDclJTMS DMSO-dJHMDS 
tions at higher wave number (~72~l~Ocm-‘, see exp. 

?&: -1~7o-c0*05 z.& -1*7orto*o3 
part) than the open-chain amides (1670-1630 cm-‘) or 

L&i.: -0.65 c O-05 z&: -0.43 z!E o-03 
lactams (cu. 17OOcm-‘). For the latter, canonical structure 

&& to.15 kO.05 Z-,: to, 17 t 0.08 -l&C- contributes more to the over-all resonance hybrid 
I 

It is evident from these data that the tetrazolinone sub- O_ 
stituent exercises a strong inductive electron-withdrawing than in tetrazolmones. 
effect on the vinyl group, Z&,, lying between that of an The positive value of &, indicates an increase in 
SOz-group (Z&, = -155)‘” and an Na-group (Z& = electron density at the /3-carbon atom due to resonance. 

Table 5. NMR Data of V~ylte~otinones (r-values) 

HM 

yr=y 
Jut= 15.5-16~5 Hz 

‘C=C’ 
NyN- substituent J,, t 9.e9.5 Hz 

H,’ ‘H, 11 
JMx=l Hz 

Compound Substituent Solvent H, H, H, Other absorptions 

3s 
3b 

Je 

3d 

3e 
3f 

13 
140 
14b 

14C p-CH,C&SO, DMSOd 3.05 4.32 4.85 

Cd% 
+X3+4 

o,p-C1,C,Ht 

p-CH,C,H, 

C,H,CH, 
n-C,H9 

CDCI, 
CDCIS 

eDa, 3a-l 4.03 4.83 

CDCI, 2.97 4.03 4.87 

CDCI, 3.08 4.13 4.94 
CD& 3.07 4.13 4.93 

DMSO-& 3.04 4.30 4.98 
DMSO& 3.01 4.27 4.82 
DMSO& 3% 4.32 4.84 

3.02 4.08 4.89 
298 4.02 4.83 

1.92-2-70 (m, SH) 
2.04 and 2.51 (two d, 4H, 
J-9Hz) 
Z-30,2.43 (m, 1H) and 2.47- 
2.63 (m, 2H) 
2.17and2.69(twod,4H, 
J=9Hz) 
2.63 (s, 5H) and 4.90 (s, 2H) 
6.03 (1, ZH, J = 7 Hz) and 
7+?@-9.30 (m, 7H) 

6.36 (s, 3H) 
I.90 and 2.20 (two d, 4H, 
J=9Hz) 
2.01 and 2.47 (two d, 4H, 
J = 8.5 Hz); 7.54 (s, 3H) 

“J,, for compd 13 is less than 0.5 Hz. 



Synthesis and spectral characteristics of vinyltetnuolinones 169 

This resonance contribution, however, is very small com- 
pared to N-vinylsubstituted amides for which Znm = 
+0*72.” Finally, the negative value of L is explained by 
the anisotropic behavior of the tetrazolinone group lo- 
cated in cis-position (compare this value with Z+, = -0.39 
for phenyl” and ZI. = -O-7+ -0.9 for a 2-triazolyl sub- 
stituent”). 

Analysis of Mass Spectra Recently, two research 
groups” reported on the electron impact induced cyc- 
loreversion of 1,3dipolar adducts. We have found that 
1 &disubstituted tetrazolin-j-ones 1 also cycloreverse in 
the mass spectrometer. The low-resolution mass spec- 
trometric decomposition of 1 leads to fragment ions 
corresponding in elemental composition to [R+42]” or 
[R’ + 421”. Since both the azide and isocyanate functions 
possess 42 mass units, theoretically two bisections of the 
ring can be considered as shown below: 

1 

High-resolution mass spectral measurements of some 
model compounds clear up the situation. The resuits, 
shown in Table 6, indicate that the two modes of decom- 
position are indeed observed. Although the ions RNCO” 
and /or R’NCO“ are always present as strong peaks, the 
azide ions RN,‘+ and/or R’N3” are less frequently seen in 
the spectra. The formation of isocyanate ions from 1 upon 
electron impact is revealed by the presence of metastable 
ion peaks. Furthermore, sulfonyl substituted tet- 
razolinones (e.g. 4a and lib), which cycloreverse readily 
on thermolysis,’ only show weak sulfonyl isocyanate ion 
peaks ( c 2%). These observations substantiate the exis- 
tence of a cycloelimination path induced by electron 
impact, although it does not exclude the possibility that 
thermal cycloelimination occurs to some (minor) extent. 
The differently substituted tetrazolinones will now be 

discussed in some more detail. In most cases studied, the 
molecular ion peaks are weak and in no case was a peak 
observed which corresponds to Fr-NJ’+ 

Fragmentation of aryl substituted tetrazolinones leads 
to base peaks of ArNCO” (including possibly ArN,“). 
These radical ions fragment by loss of 28 mass units to 
give nit&urn ions ArN”.15 Metastable peaks for both 
processes are observed in the spectra. 

When an arylsulfonyl substituent is present on the 
tetrazolinone ring, the ArS02NCO” peak is of low inten- 
sity since formation of ArSO*+ from the molecular ion 
seems to occur more readily. This ion then further frag- 
ments to aryl ion with loss of St&. 

The mass spectra of vinyltetrazolinones give rise to 
major peaks of CHrCHNCO” or RNCO” depending on 
the nature of the R substituent. The latter ion is important 
for Caryl substituted 1 - vinyltetrazolin - 5 - ones which 
then forms the base peak of the spectrum. The vin- 
ylisocyanate ion (CHrCHNCO”) at m/e 69 is important 
for other cases and can fragment to a vinyl nitrenium ion 
(CH,CHN”) or azirinium ion ( 

\,‘/ 

) of m/e 41, 

1 

although this path is not supported by a metastable peak 
at m/e 24.4 (= 41*/69). The data are listed in Table 7. 
Although we are discussing fragmentations in terms of 
isocyanate ions instead of azide ions or both, it should be. 
realized that only accurate mass measurements can estab- 
lish this point (see Table 6 for two examples). 

As expected, the mass spectra of a- 
styryltetrazolinones (16 and 18) are characterized by 
strong m le 145 peaks for styrylisocyanate ion (in&ding 
possibly styryl azide ion) and strong m/e 117 peaks for 
styrylnitrenium ion (CHiC(Ph)N”) or phenylazirinium 

ion (V- 

Ph) . In these cases, conversion m/e 145+ 

.+ 

117 is proven by the presence of metastable ion peaks at 
m/e 94.4. Another significant peak in the spectra is 
observed at m/e 103 which can be attributed to the styryl 

Table 6. Cycloelimination of Tetrazolinones 1 upon Electron Impact 

Compound R R m/e (rel. intensity) Assignment 

cd% H I 19 (93) 
43 (16) 

31 CH, CHFCH 119(100) 
69(<2) 

4s Cd% P-CIC&LS02 119(100) 

llb 

13 

217 (2) 
CICHXH, pcIcatts0, I05 (<2) 

217 (<2) 
H CHFCH 69(W) 

43 (31) 

Calcd for CJ&NCO’+: 119.0371. Obsd. 119.0375 
Calcd for HNCO”: 43.0058. Obsd. 43.OtKO 
Calcd for CJ&NCO”: 119.0371. Obsd. 119.0369 
Calcd for CH&iNCO l : 69Ql5. Obsd. 69.0216 
Calcd for CH&HN,‘+: 69.0327. Obsd. 69.0327 
(CHXHNCO ‘)/(CH+XN,“) = 4/7 
Calcd for C&NC0 +: 119*0371. Obsd. 119.0372 
Calcd for C&N,‘+: ll9Gt83. Obsd. 119.0482 
(CJI,NCO”)/(GH,N,‘+) = I4 
Calcd for p-CIC&S02NCO”: 216WJO. Obsd. 216.9598 
Calcd for CICH2CH&“: lOW084. Obsd. 105.0084 
Calcd for p-CIC&S02NCO”: 216.9590. Obsd. 216.9598 
Calcd for CH&HNCO”: 69@215. Obsd. 69.0212 
Calcd for CHKHN,“: 69.0327. Ohsd. 69.0323 
(CH~CHNCO”)/(CHFCHN,‘+) = 105 
Calcd for HNCO”: 43NkT8. Obsd. 439060 
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Tabk7. Mate Spectraof VinyltWes 

Compound 

3a 
3b 
3c 
36 
k 
3f 
13 
14a 
Mb 
Me 

CHpCXNCO’” 
mfc 69 r- RNCO‘ + s-1 

R Rel. intensity mle Rel. intensity Metastable 
ion peak 

CH#JHN‘+, m/e 41 
Rel. intensity 

<2 
<2 
<2 
<2 

3 
85 

100 
100 
23 
8 

119 100 
133 100 
187 100 
133 100 
133 15 
99 3 
43 31 

121 2 
217 5 
197 <2 

9 
<2 

9 
4 
5 

100 
62 
31 
29 
32 

ion CK=C(Ph)‘. Table 8 presents the relative abundances substituted tetrazolinones. The characteristic features of 
of these maior Desks. the spectra of n-butyltetwolinones are peaks at [M” - 

Cy~k~ve~io~ reactions are not bunt for alicy1 551, m/e 56 and [IiFS -421, and their reh&e im~~ce 

Table 8. Refative abundances of the major fragments in the mass depends on the nature of the other N-substituent as 

spectra of ff -s~R~~~es shown in Tabk 9. To account for these fragments, 

r;r=+ 
processes can be depicted analogous to those established 
for succinimides’* and maleimides” (see Scheme 6). The 

CHFC!‘: /h--R 
1 

F 

first two paths proposed in Scheme 6 involve N-C 

Ph 
d 

cleavage accompankd by transfer of one or two hydrogen 
atoms; processes which are substantiated by appropriate 
rne~s~~e peaks. in some cases (see Table 9). The 

Combed R m/c 145 m/t I17 m/c 103 Fr” -421 peak arises from a cleavage with transfer of a 

168 cdT,so, 50 30 
y-hydrogen atom. If the n-butyl group is changed for an 

16b PcledtSO, 1: 2 ; 
ethyl or ~~~0~~~1 group, this fr~en~tion path is 

MC 
impossible and, hence, the lM*+-421 peak is not 

18 pcH3:Itsoz 100’ 64 43 observed. 
The 1 - (n - phenyl - @- ~~~~yl)te~~nones (15~ 

Table 9. Mass spectral data of R-bu~~~~o~s 
N=N 
t \ 

m/t 56 
R Rel. intensity 

y&f.+ -421-y 
m/e Rel. intenstty 

6.5’ MO 27 
21 114 12 
18 128 9 

162 
CHpCH 113 M) 126 

cd%’ 163 2 <2 176 <2 
P-NOX+~ g IP If 221 <2 
p-ziE?o, 261 <2 c2 : 240 <2 

e2 
p-CH,C&SO~” 241 <T <2 <2 
pN(xcHso2* 272 9 12 28.5 <2 

‘Metastable peak at m/t 22-l; ‘Metastabie peak at m/e 1644; ‘Metastabk peak at m/e 
196.2; ‘This compound was prepared cf. ref. 1 
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0.w I 
H 

N=N 

plb* 
Y-N 

\+ 
- R-N, /N-H 

c 

+ CHdH--CH-CH, 

r=N 
pthc 

R--N,;&CHz - 
N=Y+ ,dH* 

R-I&N + CHHH-CH, 

II ‘H 

6 
[M” - 421 

pthl 

-I - i‘H2 H-NC0 
c 
Ptl 

mfe 146 

yco 

- ICH,CH-NC@’ _cnd 

&I 

m/c 273 m/e 132 

P&C 
+ ICHa*H _I 

5 

&GH 

h dh 

m/e 231 m/e 104 

9XEbfE7. 

and 17) were also synthesized in this work and exhibit 
some interesting features in the mass spectra which can 
be adequately descrii by fragmentation patterns shown 
in Scheme 7 (see also Table IO). Loss of an iodine radical 
from the rnoiec~~ ion gives a [M” -I’] fragmeat which 
further degrades by cycle-elimination to an isocyanate ion 
at m/e 146 (path a). The two steps of path a are 
established by metastabie peaks. Direct cycloreversion of 
the molecular ion also occurs, but to a minor extent (path 
b). The isocyanate ion formed at m fe 273 probably loses 
CHJ’ to give the important tropylium ion at m/e 132. (As 
already mentioned earlier, we do not in fact differentiate 
in Scheme 7 between isocyanate ions and azide ions since 
the composition of the fragments has not been established 
by high resolution mass spectrometry). A third and major 
path of fragmentation occurs via the ions at m/e 231 and 
m/e 104. The formation of a radical ion (at m fe 104) from 
an even-electron ion (at m/e 231) is uncommon. It is 
established in our case by the presence of a metastable ion 
peak at m/e 46.8 

-AL 

All m.ps were obtained on a L&z apparatus and are uncor- 
rected. Ir spectra were taken on a Perk&Elmer 521 spectrometer. 
Nmr Spcctm were recorded with a Varian A-60 or XL-100 
spectrometer using TMS as intrmal reference unless otherwise 
stated. Mass spectra were obtained with an AEI MS-12 instrument 
operating at an ionizing potential of 70eV. 

Synthesis of 1 - viny! - 4 - wyt - A’ - tetrazolin - 5 - ants 3-c by 
Scheme I. A mixture of aryl isccysnate” (0.1 mole) and p- 
chloroethyl azide’ (0.3 mole) was heated at 97” in the absence of 
solvent. After complete reaction (monitored by IR), the excess of 
azide was distilled off under reduced pressure, and tbe residual oil 
was dissolved in CHCl, and treated with activated charcoal. 2a 
was purified by distillation (bp. M-14PIO.9 mm), pale yellow oil; 
IR (CCL) 1735 cm-’ (GO); mass spectrum, m/c (%) 224 (11, M’), 
I19 (100, PhNCO” and/or PhN,“) and 105 (2, CICH2CHINCO” 
and/or CICHfHIN,” Found: C, 47.80; H, 390; Cl, 16eOO; N, 
25.05. Calc. for C&CINIO (224): C, 48.12; H, 4.04, Cl, 15.78; N, 
2494% 2b was cryMlized from 1: 1 toluenecther, m.p. 
65+65*5”; IR (KBr) 1732cm-‘; mass spectrum, m/e (%) 258 (9, 
M‘+), 153 (100, ClC&NCW’ and/or CiCJ&N;‘) and 125 (13, 
Cl&I&N’*) Found: C, 41.75; H, 3.00, Cl. 27.65; N, 21TW. CaIc. 
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for C&&N,0 (259): C, 41.72; H, 3.11; Cl, 27.37; N, 21.62%. 2e 
was crystallized from cyclohexane-CH& m.p. 71”; IR (KBr) 
1737cm-‘; mass spectrum, m/e (96) 292 (5, hi”), 187 (100, 
Cl&H,NCO” and/or Cl&H,N,‘+), 159 (8, Cl&H,N’+) and 105 
(2) (Found: C, 36.70; H, 2.35; Cl, 36.35; N, 19.20 Cak. for 
CdI,Cl,N,O (293): C, 36.83; H, 240; Cl, 36.23; N, 19G’%). 

A solution of 2 (0.1 mok) in methanol (100 ml) containing 0.2 
mole of NaOH was stirred for 1 h and then heated at reflux for 
l-3 h. After removal of solvent, water (lOOmI) is added, the 
product is extracted with ether and the combined ether extracts 
are dried over CaCh. After evaporation of the ether, the crude 
product is chromatographed on Florisil using CH& as the 
eluent. 3r is crystallized from ether, m.p. 35.5”; IR (KBr) 
1732 cm-‘; mass spectrum, M” (54%) at m/e 188, see also Table 7 
(Found: C, 57.30; H, 4.10; N, 2990. Cak. for C&N,0 (188): C, 
5744; H, 4.28; N, 29.77%). 3b is crystaUized from ether, m.p. 
82-83”: IR (KBr) 1726cm-‘: mass soectrum. M’* (26%) at m/e 
222, see also Table 7. (Found: C, 460; H,.3.00; Cl, Ib.10; N, 
2540. Calc. for C,H,CIN.O (222): C. 48.55; H, 3.17; Cl, 15.92; N, 
2517%). Jc is crystallized from n-pentane-CH& m.p. 
935-945’; IR (KBr) 1724cm-‘; mass spectrum, M” (I 1%) at m/e 
256, see also Table 7 (Found: C, 42.00; H, 2.30; Cl, 2760; N, 22.00. 
Calc. for G.HsC12N,0 (257): C, 42.04; H, 2.36; Cl, 2758; N, 
21.7%). 

Synthesis of I-Vinyl-4oryl (or alkyl) - A’ - tetrazolin - 5 - ones 
3a, 3d-1 by Scheme 2. Equimokr mixtures of arylsulfonyl 
isocyanate” and azide were heated under the conditions given in 
Table 2. The reaction mixture is then dissolved in CH,Q and 
cooled. Recrystallization from ether-CHfL gives the following 
products: C: IR (KBr) 1760 cm-‘; mass spectrum, m/e (%) 336 
(13, M”), 175 (16, CICJUO,‘), see also Table 6 (Found: C, 
46.15; H, 260; Cl, 10.70; N, 16.65. Cak. for C,,H&IN.O,S (336): 
C. 46.37; H, 2.69; Cl, 1053; N, 16.61%). 4d: IR (KBr) 1760 cm-‘; 
mass spectrum, m/e (o/c) 350 (8, M”), 175 (8, CICJI.SO1’) and 
133 (160. CH,CJI.NCO“ and/or CH,GH.N,“) (Found: C, 
47.85; H, 3.05; Cl, 1060; N, 16.05. Cak. for &Ii,,ClN.O,S (350): 
C, 4794; H, 3.16; Cl, 10.11; N, 1597%). 4e: IR (KBr) 17SOcm-‘; 
mass spectrum, m/e (%) 350 (5, M”), 175 (59, CIC,H.S02‘) and 
91 (100. PhCH,‘) (Found: C. 47.75: H. 3.00: N. 15.80: S. 9.15. 
Cak. for C,,H~,CIN,O,S (350): C, 47.94; H; 3.i6; N, ‘15.97; S, 
9.14%). 41: IR (KBr) 1754cm-‘; mass spectrum, m/e (%) 316( < I. 
hi”), 175 (91, CGH.SO,‘) and III (100). 

Compound 4 (0.2 mole) in I : 2 water-alcohol (400 ml) containing 
KOH (0*4mole) was heated during a period of 4 h. Then, 
@hloroethanol(O.4 mole) is added and the mixture is heated for 
another 12 h. The solvent is removed and the residue is extracted 
with warm CHCI,. The combined chloroform extracts are dried 
over MgSO, and then evaporated to give 6 as a viscous oil, IR 
(CHCI,) 3410 (OH) and 1710cm-’ (GO). Compound 6 (0.13 mole) 
is dissolved in CHCI, (100ml) and SOCL (0.39mole) is added 
dropwise with stirring. When SO, evolution slows down, the 
mixture is refluxed for 2-6 h. The excess of SOCL is distilled off 
and the residue is treated with water and extracted with ether. 
After drying over CaCh, the ether is removed and the residue is 
subjected to fractional distillation. The first fractions are 
composed of 2 and 7 (NMR analysis) and the following fractions 
contain pure 2 (see Table 2 for yields and b.p.). In the case of 
R = n-Bu, compound 7 was isolated in the pure state. Y is 
obtained as a pale yellow oil and is crystallized from ether to Rive 
white needles, m.p. 5159”; IR (KBr) 1731 cm-‘; mass spectrum, 
m/e (%) 238 (I, M’-), 133 (100, CH,C&NCO” and/or 
CH&H.N, *) and 105 (IS, CICH2CHINCO’+ and/or 
CICHZCH2N;’ and/or CH,C&N *) (Found: C, 50.30; H, 4.65; 
Cl, 14.65; N, 23.43. Cak. for C,.H,,CIN.O (238): C, 50.32; H.4.65; 
Cl, 14.85; N, 23.47%). 2e is obtained as a colourless viscous oil; IR 
(CCL) 1729cm-‘; mass spectrum, m/e (%)238(l,M”), 105(3),91 
(85, PhCH?‘) and 43 (100). (Found: C, 50.20; H, 460; N, 23.20. 

Cak. for C,JI,,ClN,O (238): C, 50.32; H, 4.65; N, 23.47%). Zf is 
obtained as a colorless viscous oil; IR (CCL) 1729cm-‘; mass 
spectrum, M” (16%) at m/e 204, see ako Table 9 (Found: C, 
40.85: H. 6.35: Cl. 17.5s: N. 2740. Cak. for C,H,,CIN.O (2041: C. ~. ._ 
41& H, 646; Cl, 17.32; N, 27.38%)). 7 (R=n-Bu,-R’;Me) is 
obtained in 13% yield, b.p. 62-64”/0~2-0~3mm; IR (CCL) 
1718 cm-‘; mass spectrum, M” (34%) at m/e 156, see also Table 
9. (Found: C, 46.25; H, 7.75; N, 35.65. Cak. for C&N,0 (156): 
C, 46.14; H, 7.74; N, 3587). 7 (R=n-Bu, R’=Et) is obtained in 12% 
yield, b.p. 66-70”/0.2&4mm; IR (CCL) 1727cm-‘; mass spec- 
mm. M” (28?6) at m/e 170. see also Table 9. (Found: C. 49.35: H. 
860;’ N, 33.2O.‘Calc. for C;H,.N.O (170): C; 4940; Hi 8.29;’ N; 
32.91%). 

The compounds 2&f are dehydrochlorinated by the procedure 
given for Scheme1 (see above). 3d is crystallized from n-pentane- 
CH& m.p. 68-69”; IR (KBr) 1730cm-‘; mass spectrum, M’* 
(40%) at m/e 202, see also Table 7 (Found: C, 5960; H, 4.85; N, 
27.70. Cak. for C,J&,N,O (202): C, 5940; H,498; N, 27.71%). 3e 
is crystallized from ether, m.p. 42&W’; IR (KBr) 1726cm-‘; 
mass spectrum, m/e (%) 202 (30, M”), 91 (100, PhCH,‘), see also 
Table 7. (Found: C, 5940; H, 490; N, 27.70. Cak. for C,,,H,$I,O 
(202): C. 5940; H, 498; N, 27.71%). 31 is obtained as an oil, b.p. 
72”/1.2-1.3 mm; IR (CCL) 1736cm-‘; mass spectrum, M” (76%) 
at m/e 168. see also Tables 7 and 9. (Found: C. 5OW H. 7.20: N. 
33.30. Cak for C,H,*N,O (168): C‘49.99; Hi7.19; ‘N,33.31%): 

Synthesis of I,4 - dibenzyl - A’ - tetrazolin - 5 - one 9. A 
solution of 4e (0.1 mole) and KOH (0.2 mole) in 1: 2 water-EtOH 
(200 ml) was he&d at &flux temperature fore h. After addition of 
benzyl bromide (0.2 mole), the solution is refluxed for another 
24 h. ‘Ihe solvent is then removed and the residue is extracted with 
warm CHCI, (50000) and dried over M8SO.. Removal of the 
solvent gives an oil (29.5 g) which is dissolved in ether and cooled 
to yield a white crystalline product 9 in 31% after recrystallization 
from ether, m.p. 103-104”; IR (KBr) 17l8cm-‘; mass spectrum, 
m/e (So) 266 (19, M”), 133 (3, PhCHINCO” and/or PhCHIN,“) 
and 91 (100, PhCH*‘). (Found: C, 67.65; H, 530; N, 21.20. Calc. 
for C,,H,.N.O (266): C, 67.65; H, 5.30; N, 2164%). The mother 
liquor is evaporated and the residual oil is fractionally distilled to 
8ive successively benzyl ethyl ether (3 ml), benzyl alcohol (25 ml) 
and I - benzyl - 4 - ethyl - A’ - tetrazolin - 5 - one (558, b.p. 
125-131°/O~7-O~8 mm). The latter is crystallized from ether to give 
a white crystaR& product, m.p. 3638.5”; IR (KBr) 1719cm-‘; 
NMR (CDCI,) 7264 (s, HI), 494 (s, 2H), 6.06 (q, 2H, J = 7 Hz) 
and 8.62 (t, ZH, J = 7 Hz); mass spectrum, m/e (%) 204 (20, M”) 
and 91 (100, PhCH,‘) (Found: C, 58.80; H, 590; N, 27.75. Calc. 
for &I&N.0 (204): C, 58.81; H, 592; N, 27.43%). 

Synthesis of 1 - uinyl - 4H - A2 - tetrazolin - 5 - one 
13. Equimokr mixtures of arylsulfonyl isocyanate and /3- 
chloroethyl azide are heated at 88” in the absence of solvent for 
24 h. The mixtures are then crystallized from CH2C12 and 
recrystallized from etherCH,Cl, to give pure 1la-c (see Table 3 
for yields and m.p.). 
lla: ir (KBr) 1745 cm-‘; mass spectrum, m/e (%) 288 (1, M’*), 141 
(31, PhSOz’) and 77 (100) (Found: C, 3740; H, 3.05; Cl, 12.30; N, 
19.70. Cak. for CPH&IN,O,S (288): C, 3744; H, 3.14; Cl, 12.28; 
N. 1940%. llb: IR (KBr) 1747cm-‘; mass spectrum, m/e (o/c) 323 
(3, M”), 175 (100, ClC&SO,+), see also Table 6 (Found: C, 
33.45; H, 240; Cl, 21.95; N, 17.65. Calc. for C&Cl,N.O,S (323): 
C, 33.45; H, 2.49; Cl, 2l.W; N, 17.33%). llc: IR (KBr) 1750 cm-‘; 
mass spectrum, m le (%) 302 (2, M”), 155 (89, CH&H.S02’) and 
91 (100). (Found: C. 3990: H. 3.55; Cl. 11.10: N. 184. Cak. for 
C,,H,,CiN.O,S (302): C, 39.67; H; 3.66; Cl, ‘11.71; N, 18.51%). 

Compound llb (15.3 9) was heated in methanol (200 ml) at 
retlux temp. for 4 days. The solvent was removed and the residue 
is treated with water (150ml) and extracted with CHCI,. The 
combined chloroform extracts are dried over MgSO. and then 
evaporated. After two crystallizations from toluene, white needles 
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of 12 are obtained in 44.5%, m.p. 77-78”; IR (KBr) 17lOcm-‘; 
mass spectrum, m/c (%) 148 (22; hi”) and 113.(lOOj (Found: C, 
24.15: H. 340: Cl. 23.80: N. 37.70. Cak. for C,HElN,O (148k C. 
24.26: H; 3.35; Ci, 23.8;; ti, 37.72%). - - . ’ -’ 

A methanol soln (250 ml) of 12 (0. I mole) and KOH (0.5 mole) is 
stirred at room temp. for I h and then refluxed for 7 h. After 
removal of tbe solvent, the residue is acid&d with a 4N soln of 
HCl and then extracted several times with CHCI,. The combined 
chloroform extracts are dried over MgSO, and treated with 
activated charcoal. After several crystallizations from CHCI,, a 
white product 13 is obtained in 55-70% yield, m.p. 112-115”; IR 
(KBr) 3400-2500 (br, NH), 1745, 1690 and 165Ocm-‘; mass 
spectrum, M’+ (31) at m/e 112, see also Tables 6 and 7. (Found: C, 
12.15: H, 3.50; N, 50.05. Calc. for C&N,0 (112): C, 32.15; H, 
3.60; N, 4998%). 

Synlhesis of I - vinyl - 4 - su/fonyl - A’ - terrazolin - 5 - ones 
l&e. A soln of the appropriate sulfonyl chloride (0.03 mole) in 
acetonitrile (ISml) is-added with stir&g to a solution of 13 
(0.03 mole) and NEt, (0.03 mole) in acetonitrile (l3mB. This 
results in .the format& of a white precipitate. T& mixture is 
stirred over-night and then heated for I h. After removal of tbe 
solvent, water (1OOml) is added and the reaction product is 
extracted with CH& The extracts are dried over MgSO, and 
evaponted. Crystallization from CHfl, yields white crystalline 
products (Ma-c). Ma is obtained in 46%, m.p. 142-144”; IR (KBr) 
1751 and 1652cm-‘; mass spectrum, m/c (%) I90 (24, M”), 79 (30, 
CHJOI’), see also Table 7. Found: C. 25.20; H, 3.20; H, 2940; S, 
16+Xl. Cak. for C,H&O,S (190): C, 25.26; H, 3.18; N, 29.46; S, 
16.86%). 14b is obtained in 50%, m.p. 151-152”; IR (KBr) 1749and 
1651 cm-‘; mass spectrum, m/e (%) 286 (27, M”), I75 (77. 
CICJUO,‘), 111 (IOO), see also Table 7 (Found: C, 37.70; H, 
240; N, 19.45; S, 11.20. Calc. for CPH,CIN.O,S (286): C, 37.71; H, 
246; N, 19.54; S, ll*lN%). 14~ is obtained in 50%. mp 118-120”; IR 
(KBr) 1767,1652 and I641 cm-‘; mass spectrum, m/r (%) 266 (19, 
M”), 155 (73, CH,C&SO,‘), 91 (IOO), see also Table 7. (Found: 
C, 44.45; H, 3.75; N. 21.25. Calc. for CloHloN.O,S (266): C, 45.11; 
H, 3.79; N, 21.@4%). 

Synthesis of 1 - (a - Styryl) - 4 - sulfonyl - A’ - tetrazolin - 5 - 
ones Ma-c. Equimolar amounts of arylsulfonyl isocyanate and Q - 
azido-@-iodostyrenem are heated at 55”. 7he solidified product is 
dissolved in CH& and decolorized with a sodium thiosulfate 
solution (5%). The organic layer is isolated, dried over CaCll and 
evaporated. Crystallization from ether-CH,Cl* yields a white 
crystalline product of 15 (see Table 4). 15s: IR (KBr) 176Ocm-‘; 
mass spectrum, m/e (k) 456 (I, M’*), 141 (32, PhSO*‘), see also 
Table IO. (Found: C, 39.50; H, 240; I, 27.65; N, 12.15. Cak. for 
C,,H,,lN.O,S (456): C, 39.49; H, 2.87; I, 27.81; N, 12.28%). 1% 
IR (KBr) 1750cm-‘; mass spectrum, m/c (%) 490 (< 1, M”), I75 
(40, ClC,H.SO,+), see also Table IO. (Found: C, 36.69; H, 2.53; I, 
26.03: N, 11.35; S, 6.48. Cak. for CIJHIICIIN.O~S (490): C, 36.72; 
H, 246; I, 25.86; N, 11.42; S, 6.53%). lk: IR (KBr) 175Ocm-‘; 
mass spectrum, m/e (%) 470 (I, M”). I55 (50, CH,C,H.SO,‘). 91 
(IOO), see also Table 10. (Found: C, 40.65; H, 3.05; I, 26.55; N, 
11.85. Calc. for C&,IN,O,S (470): C. 40%; H, 3.21: I, 26.98; N. 
11.91%). 

An acetonitriie solution (lOOmI) of 15 (0.02mole) and NEt, 
(0.02 mole) is stirred at room temp. for I day and then heated at 
55” for I h. After removal of solvent, the red-brown residue was 
dissolved in Cl&Cl2 and dccolorizcd by treatment with a solution 
of sodium thiosulfate (5%). The organic layer is dried over CaCll 
and then eva 

-C!Y 
rated to dryness. The crude product is crystallized 

from ether XI, to give white crystals of Ma-e. Ma: IIt (KBr) 
1760 and 1631 cm-‘; mass spectrum, m/e (%) 328 (13, M”), 141 
(17, PhSO,‘), 77 (IOO), see also Table 8. (Found: C, 54+0: H, 340; 
N, 16.85. Calc. for C,,H,2N,0,S (328): C, 54.87; H, 368; N, 
17@i%). I&: IR (KBr) 1760 and 1624.cm-‘; mass spectrum, m/e 
(%) 362 (6, M”), 175 (28, CICJLSO,‘), see also Table 8. (Found: 

C, 49.65: H, 3.05; Cl, 10.0; N, 1540. Cak. for C,,H,,CIN.O,S 
(362) C, 49.66; H, 3.06; Cl, 9.77: N, 1544%). 16~: IR (KBr) 1760 
and 1625cm-‘; mass spectrum, m/c (%) 342 (IO, M”), I55 (52. 
CHXJLSO,+l. 91 (100). see also Table 8. (Found: C. 56.15: H. 
3.90; N, 16.40; S, 9.iS. &lc. for &.H,,N.O;S (342): d, 56.131 H; 
4.12; N, 16.36; S, 9.37%). The NMR spectra (CDCI,) of l&-c show 
typical AB-patterns for the vinyl protons with absorptions at 
~4.28 and 4.36 (J,,, = I.5 Hz). 

Synthesis of I - (a - Styryf) - 4H - A’ - tctrazolin - 5 - one 
18. An equimolar mixture (0.2 mole) of p-chlor~enylsulfonyl 
isccyanate and Q - azido - f3 - iodo-styrene is allowed to react at 
55” for 4 weeks. Then MeGH (700 ml) is added and the solution is 
heated at reflux temp. for 5 days. After r&novaI of the solvent, the 
residue is treated with water (250 ml) and extracted three times 
with CHCI,. The combined chloroform extracts are dried over 
MgSO. and treated with activated charcoal. Crystallization of the 
crude product from CHCI, yklds a white crystalline product 17 in 
5796, m.p. 162”; IR (KBr) 35t&2500 (br, NH), I727 and 1688 cm-‘; 
mass spectrum, M” (6%) at m/e 316, see also Table IO (Found: C, 
34.75; H, 2.70; I, 3960; N, 17.85. Cak. for CJIJN.0 (360): C, 
34.20: H, 2.87; I, 40.15; N, 17.72%). Compound 17 (26g) is 
dissolved in MeOH (125 ml) and treated with NaGH (O-2 mole) at 
reflux te’mp. for 3 h. After removal of the solvent, the residue is 
dissolved in water (4OOml) and acidified with cont. HCI which 
results in the formation of a white precipitate. This is collected by 
filtration, washed several times with water and dried. CrystaIliza- 
tion from MeOH or ether yields pure 18 in 9046, m.p. 173-175”; IR 
(KBr) 3400-2600 (br, NH), 1740,1727,1713 and 1689cm-‘; NMR 
(100 MHz, DMSW) ~2.67 (S,SH),4.33 and 4.37 (AB quartet, 2H, 
J = I Hz); mass spectrum, M” (29%) at m/c 188, see also Tabk 8. 
(Found: C, 57.50; H, 4.30; N, 30.05. Calc. for C&N,0 (188): C, 
5744; H, 4.28; N, 2977%). 

Synthesis of 1 - n - bu$ - 4H - A’ - telrazdin - 5 - one. This 
compound was prepared by the method of Horwitz et 01.” as 
folIows. To a suspension of NaN, (0.3 mok) in dry THF (20 mI) 
containing n-butyl isocyanate (0.1 mole) is added a solution of 
AICI, (0.11 mok) in THF (1OOml). Tbe reaction mixture is 
refluxed for 24 h and then acidified with HCI aqu. After removal of 
the insoluble material, the solution is evaporated to dryness. The 
residue is treated with water and extracted with CHCI,. The 
combined chloroform extracts are dried over MgSG, and treated 
with activated charcoal. The resulting oil is distilled in wcuo (b.p. 
132-1350/05-&7 mm, yield 70%) and crystallized from toluene to 
give the pure adduct, m.p. 40+41”; IR (KBr) 35@&2404l (br, NH) 
and 1724cm-‘; mass spectrum, m/c (%) 142 (22, M’*), 99 (6, 
BUNCO l and/or BUN,‘+), 41 (100). see also Table 9. (Found: C, 
42.20; H, 7.15; N, 39.50. Calc. for C,HloN,O (142): C, 42.24; H, 
7.09; N, 39.41%). 
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