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Abelnct4as-pha~ thermolysia of tetrazolo[l.5a]pyrimidincs gives l-cyanopyrazoles by ring contrac- 
tion and 2-aminopyrimidinea by H-abstraction. Tetrazolo(l.5-clpyrimidines give l-cyanoimidazoles; l- 
cyanoimidazok similarly results from pyrolysis oftetrazolo@ .5-clpyrazine. Tetrazol@.5_b]pyridazine lose 
two mokcuks of N, to form C,H,N, which isomerizes to cyanoallene, tetrolonitrile, propargyl cyanide 
and 2-qancqclopropene. 

It is concluded that 2-pyrimidylnitrene and 3-pyridazinylnitrene do not interconvert on the C,H,N, 
energy surface via ring expansion. 

INTRODUCTION 

IN RECENT communications we have demonstrated isomerization of 2-pyridylcarbene 
to phenylnitrene (III)’ on the C,H,N energy surface, and N-scrambling in the con- 
version of 2-pyridylnitrene (IV) to cyanopyrroles’ on the C5H4NZ surface. In both 
cases we proposed mechanisms which involved ring expansion? (to azatropylidene 
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II and diazatropylidene V respectively). The work also showed that the products did 
not arise by concerted processes in the precursors (e.g. tetrazolo[l*5-alpyridines). 
We have now extended this work into the nitrenodiazine field, and report here con- 
clusions from the gas-phase pyrolysis of tetrazolo- and azidodiazines. 

Pyrolysis of Tetrazolodiazines 
The purpose of this work was to examine the intramolecular transformations of the 

nitrenodiazines VI, VII, VIII and IX, in which the nitrene N is offered various possi- 
bilities for insertion into a number of ring systems. Thermal decomposition of the 
tetrazole ring system was used as a routine method of nitrene generation. Pyrolysis 

l Present address : Institut de Chimk Organique, Universite de Lawanne, Lausanne 1005, Switzerland 
t Ring expansion repredents the most ekmentary hypothesis which will serve; more sophisticated 

theories might serve equally well but require further experimental evidence. 

4915 



4916 C. WENIRUP and W. D. CROW ’ 

N: 

N: 
VI 

VII VIII IX 

of tetrazolo[l.5-a] pyrimidines (X) gave 1-cyanopyrazoles (XII) and 2aminopyrimi- 
dines (XIII), accompanied in one case by loss of the CN group with formation of 
pyrazole (XIV) and HCN (Table 1). The isomeric tetrazolo[l*5-clpyrimidines (XV) 
gave 1-cyanoimidazoles (XVII) in high yield, but without the formation of any 
accompanying Caminopyrimidine (Table 2). The dimethoxyderivative XVc, which 
exists exclusively as the azide (XVIc) at room temperature,3 underwent typical4 
azide-type pyrolysis, with extensive carbonization and low yield of ring contraction 
products. 

Tetrazolopyrazine (XVIII) gave, at 380”/0*10 mm, a 65 % yield of l-cydnoimidazole 
(XIX) together with two other compounds (Experimental) which appear to arise from 
the nitrene VIII, possibly by ring cleavage to XXu (cf Ref 2) and/or XXb. Both gave 
the same mass spectrum as XIX, although the major component (25%) was a red 
glassy polymer (ycN = 2210 cm-‘, yNC - 2140 cm-‘). 

N=N 

XXa XXb 

- ON - [ clN -N, ..--CN] 

XXII XXI IX 

CH,=C=CH-CN CH3-CkXN 

XXIII XXIV 

HCc%SCH,CN CN 

xxv 
XXVI 

Tetrazolo[ 1.5-blpyridazine (XXI) gave, at 380”/0024.03 mm, a mixture of cyano- 
allene (XXIII), tetrolonitrile (XXIV), propargyl cyanide (XXV) and 2-cyanocyclo- 
propene (XXVI). The last two were identified only by NMR and IR spectra of the 
crude pyrolysate, since they rearranged to XXIII and XXIV on attempted isolation 
by GLC. There was some evidence that 2-cyanocyclopropene also rearranged to 
l-cyanocyclopropene on GLC (Experimental). There was no primary reaction product 
from the nitrene IX (e.g. XII, Rr = R, = H) detected in the pyrolysate even at 305”/ 
001 mm where only 33 % conversion of XXI occurred. At the lower temperature the 
yields of XXIV and XXV fell relative to those of XXIII and XXVI, possibly indicating 
that they arise by isomerization of these compounds. 
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RI RZ Product Yield (D/,)’ 
XII XIII XIV 

xa H 

Xb Me 

xc Me0 

Xd MeS 
Xe Cl 

H 

Me 

Me 

Me 
Me 

4OO/QlO 143 
6oop10 33 
32Opo5-@10 15.3 
4oo/W5 21 
380/O-02 trace* 
600/010 6 
380/@10 0 
380/@01 2 

17.5 IQ 
7 8 

58 - 

34 
40 - 
43 - 
17c - 
15 - 

’ All compounds were volatilized into the furnaa at loo”, and product analysis was by GLC on column 
C (Experimental) at 125” + Z’/min, He 60 ml/min. 

b Detected only by v, in tbe IR spectra of the crude product. 
c Only volatile product; also obtained as sok product emerging from GLC after injection of Xd with 

the injection port at 270“. 
’ Extensive charring was observed in all cases, 80% in the case of Xe. 

TABLJZ~. PYROLYSISOP TmTlAz0~1.5-c]PYIuWDINRs 

R, R2 R3 

Sample 
Introduction (‘C) 

% Yield 
XVII TI (mW 

XVa Me MC H 340/003 75 95 8 
:*c Me0 MC Me0 Me Me H 320/0.01+02 

34O/@loC 
50 80 100 12 25 12 

ti McS Me H 380/@01+02 60 88’ 30 

’ Retention time on Column C (Experimental); 120” + f”/min, He. 60 ml/min. 
’ Exists exclusively in the axido form XVIC.~ 
’ Pyrolyzd with extensive charring 
‘ Melts at 665-67’ with partial tautomerization to XVld 
’ Injection of XVI into the GLC port at 300” gave lOOo/, yield 

The cyanoazoles reported in Tables 1 and 2 are, with the exception of XIX,’ new, 
and structural assignments were made by NMR, IR and mass spectral data. The 
NMR and IR data are presented in Table 3; compounds XIIa, XIIb, VIIIa and XIX 
were also synthesized from the appropriate diazole and cyanogen bromide. It may be 
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seen that the chemical shifts are determined largely by the electronegative effect of 
the CN group, as in the case of the cyanocyclopentadienes,6 although substituents 
can substantially counterbalance this. The vCN bands are all very strong and at 
2250-2260 cm-’ are rather higher than for conjugated nitrile&’ (e.g. l-cyano- 
2,3,4,5tetrabromopyrrole absorbs at 2260 cm- ‘). Saturated Ncyanoheterocycles’ 
by contrast absorb at lower frequencies, reflecting the availability of the N lone pair. 

DISCUSSION 

Concerted vs nitrene reaction. Ring contraction in the tetrazoles X, XV and XVII 
could in principle be either concerted with N2 loss or a subsequent reaction of the 
generated nitrenes VI, VII and VIII. In the analogous cases of benzotriazoles* and 
tetrazolo[lGz]pyridines, ’ in which we have proposed iminocarbene and nitrene 
intermediates, discussion of this question was pointless, in that there was no possi- 
bility of distinguishing between the two mechanisms. However, in the case of the 
tetrazolo[l*5-alpyrimidines the possibility does at least exist, and we have attempted 
to design experiments to cast some light on the question. 

The isomerization of tetrazolo[ l&r]pyrimidines (X) to the 2-azidopyrimidines (XI) 
occurs at slightly elevated temperatures* (indeed, XIc is the preferred isomer at 209, 
and it seems reasonable to assume that ring opening to the azido-form could,well 
precede any other reaction in pyrolysis. Certain aspects of the pyrolysis of X (and also 
of XVc, which exists as the azide at 20”) are strongly suggestive of azide pyrolysis.4 
Thus the extensive carbonization, and the CN loss observed in Xa itself are reactions 
we have previously observed in the generation of “hot” nitrenes by violent azide 
pyrolysis. The formation of 2-aminopyrimidines from X is also a strong argument 
against a concerted N, elimination/ring contraction. The triazolo[l-5-alpyrimidine 
Xc was prepared in an attempt to provide less circumstantial evidence; the nitrene 
VIc should be capable of forming two ring contractions products (XIIc and XXVII) 
whereas concerted reaction would give only the one isolated (XIIc). 

MeoPfMe 
N+& 

_ Me0p.y 

NyN 
/ 

3 

xc Xlc 

Me0 MeO*Me _ _ 

‘I 
NCNN’N ’ Me 

XIIC Vlc XXVII 

l The factors governing the ease and extent of this isomerixation are discussed in a forthcoming paper.’ 
For our praumt purposes it sufficte to know that the energy barrier between X and M is not extraordinarily 
ligh, i.e. the interconversion may reasonably be assumed possible at 4OOAO@‘. 
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Although only one? product was isolated, the high yield of the 2aminopyrimidine 
indicated that nitrene participation must have been extensive and it is possible that 
electronic effects direct the collapse of the nitrene. Similar experiments with Xe were 
slightly more successful. Pyrolysis at 3OO”/ml mm caused 50% carbonization, the 
rest of the material being recovered in the azido-form3 XIe. Under more vigorous 
conditions (Table 1) 80% carbonization (with some chlorine loss) occurred ; the NMR 
spectrum of the resultant nitriles indicated the presence of two compounds T 3.83(H), 
7*70(3H) (75 “/,) and r 3*88(H), 7*48(3H) (25 %) which could not be readily separated. 
The chemical shifts are in good agreement with those listed in Table 3, and the mass 
spectrum indicated M+ 141/143 (consistent with C,H,N,Cl) but no m/e 107 (methyl- 
cyanopyrazole MW 107). Such evidence as there is thus indicates that the reaction 
does in fact proceed through the nitrene VII. 

In the case of tetrazolo[l*5-clpyrimidines XV, as with the tetrazolo[l*5-alpyridines, 
both nitrene and concerted reactions would lead to the same ring contraction pro- 
ducts. The absence of Caminopyrimidines in this series could be taken as evidence 
against nitrene production, were it not for the fact that XVc and d are known to exist 
as the azides. In this connection the two methylthiotetrazolopyrimidines Xd and XVd 
are of interest. Xd is stabilized in the tetrazole form, whereas XVd is stabilized in the 
azide form. In the first case, ring contraction is reduced to zero and only the 2-amino- 
pyrimidine XIIId results ; in the second case facile ring contraction results. Evidently 
these findings cannot be explained simply in terms of ring contraction in tetrazoles 
and amine formation in azides. One point of similarity, however, emerges-both 
compounds readily decompose on GLC at 300”, i.e. Nz loss is certainly facilitated by 
the presence of the MeS substituent. 

An alternative explanation of the results emerges from a consideration of the 
detailed processes which may be involved in nitrene collapse. We regard this as being 
initiated by a disrotatory motion about the 1,6- and 3,4-bonds in VI with the ultimate 
development of 1,3-overlap in the nitrenoprefulvene type intermediate VI”. From this 
point the reorganization of the electron cloud occurs to consolidate the C-N, with 
concomitant cleavage of one of the C2N, or CzN, bonds to produce XII. In the 
transformation VI + VI’ + VI” the relatively weak N-N bond (5 39 kcal mole- ‘) 
is formed, whereas in the corresponding transformation VII + VII’ + VII” a 
C-N bond (- 73 kcal mole- ‘) results. During the “cooling” of the two nitrenes by 
collision processes, the potentialities for reversal VI” + VI should be greater than the 
corresponding VII” + VII, as suggested in the energy diagram (Fig 1). With this 
reasoning we conclude that the decomposition and H-abstraction in pyrolysis of X 
are due to what is essentially a longer lifetime in the nitrene form VI. A more rapid 
transformation to VII” occurs in pyrolysis of XV, resulting in less carbonization and 
H-capture, with high yields of ring contraction products. 

While this broad generalization can be reasonably made to cover the distinction 
between the two classes of tetrazolopyrimidines X and XV, it is apparent that the 
nature of the substituents in each has a substantial effect on the processes. We have 
previously9 ascribed the ease of ring contraction in XVd to the stabilizing effect of 
MeS- upon the intermediate VII”d. 

t The crude pyrolyaatc did iu fact show an IR bamJ at 2250 cm-’ additional to that of Xllc, but only 
one product was isolated. 
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VIl’d 

FIG 1 

MeS l 

Vl”d 

NL 

MeO,. -(i MLN 
h4ed 

VII”C 

N’ 

Inspection of the corresponding intermediates VI”c,d and VII”c lead to the expec- 
tation that similar effects should be operative; Table 1 shows that this is not necessarily 
true. The effects of substituents may involve any stage of the process, from stability of 
the azide to ability of the products to survive the conditions of the experiment,* and 
clearly need more investigation.? 

Nicrene interconversion by ring expansion 
The similarity observed between pyrolysis of tetrazolo[l*5-clpyrimidine (XV) and 

tetrazolopyrazine (XVIII) raises the possibility that VII + VIII interconversion occurs 
l Note the low recovery on pyrolysis of Xd and XVc in particular. 
t This point is well illustrated by the effects of substituents on azide-tetrazok isomerisms. 
i.e., VI should remain “nitrene-like” for a greater part of its lifetime in the conversion to XII, whereas 

VII should more rapidly pass to VII”, and hena through to final product. 
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via ring expansion’ of the nitrenes (cf IV + V). In this case i5N-labelling experiments 
would be required to establish the existence of the process. The ring cleavage products,* 
which gave a clear indication in the case of tetrazolopyridines,2 are here not susceptible 
to structural assignment. In the corresponding comparison between pyrolysis of 
tetrazolo[l%a]pyrimidine (Xa) and tetrazolopyridazine (XXI), the complete absence 
of ring contraction in the latter makes us more confident that the ring expansion/ 
isomerization cycle VI + IX is not involved. Here we must assume that ring cleavage 
of IX is favoured over other reactions and that the product XXII instantly loses N2 
under the conditions of its generation. The mass spectrum of XXI offers some con- 
firmation of this belief. Even at 12 eV the base peak is the ion C4H3N. rather than the 
expected C,H,Nf* or C,H,N:*. It is of significance also to note that the ring con- 
tractions and expansions we have reported have formal analogies in the reactions of 
the heterocyclic N-oxides. lo The ring-opening of the nitrene IX which we have 
proposed above is no exception, as 3,6diphenylpyridazine-N-oxide is reported’ ’ to 
give a transient diazo-enone on photolysis. The question of ring cleavage us cyclic 

N: 

VIII VI 

reorganization in the general area of high energy intermediates is not susceptible to 
meaningful discussion at this stage. Many of the reactions could be rationalized in 
terms of acyclic biradicals (e.g. XXVIII), possibly still involving azatropylidene inter- 
mediates. Any decision on this point needs more sophisticated experimentation than 
we can currently bring to bear upon the problem. 

EXPERIMENTAL 

Pyrolysis appamtus. This consistai of a silica tube (30 x 2 cm) packed with 5-10 mm pieces of 4 mm 
silica tubing, heated by an electric furnace, which was calibrated with a ChromeI-Ahtmel thermocouple. 
The whole was evacuated with a highcapacity oil pump capable of an ultimate vacuum of lo-’ mm, the 
pressure being recorded on a Vacustat gauge near the traps. Volatile materiab were collected in liquid Nr 
cooled traps, and gasses sampled by adsorption in cooled, dcgassed Molecuhu Sieve 5k Pressures quoted 
ate self-pressure except where carrier gas was employed. 

4~lysi.r ofpyrolysir mixtures. Liquid products were extracted with ether, decolourixed with carbon or 
distilled as required, and examined by GLC using an FM 500 gas chromatograph equipped with a thermal 
conductivity detector. When preparative GLC was necessary, an Aerograph Autoprep 705 was used. In 
general, samples were collected in m.p. capillaries from the analytical instrument, and submitted to analysis 
by IR, UV, NMR and mass spectrometry. It was necessary to check by reinjection to establish the purity 
of the samples The standard column used was 20% Carbowax 20M on Embacel (Colunu, A, 12’ x 4”) 
using helium as the carrier gas In special c8scs other columns were used: Column B, SE 30 on firebrick (5’) 
gave shorter retention times and poorer resolution. Column C, 5% Carbowax 20M on Aeropak (5’) was 
used for high-boiling components. 

A typical analytical run would start at l&l”, programmed at r/min to 240”, with injection port and 
block at 250”. Identification was checked when possible by comparison of retention times with authentic 
specimens. 

l The fact that ring cleavage does occur in XVIII, but not in XV, is not n&y diagnostic of structural 
diITerence in the intermediates It may weIl be a function of the excess thermal energy carried by the genera- 
ted nitrenes,* for example. 
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Solid products usually crystallized or deposited just outside the furnace, and were cry&&x& sublimed 
or subjected to GLC as appropriate. 

UV spectra were measured on a Unicam SP800 in 96% EtOH unless otherwise stated. IR spectra were 
measured on a Unicam SPZOOG. or (where high resolution was required) on a Grubb-Parsons DBl/GS4 
instrument 60 Mhz NMR spectra were measured with a Pcrkin-Elmer R-10 spectrometer, and results are 
quoted as r-values The solvent was Ccl, unless stated otherwise. Mass spectra were recorded on AEI 
MS902 and MSlOC2 or CEC 21-490 instruments as stated; all abundances are as % base peak. Micro- 
analyses were by the Australian Microanalytical Servia at the University of Melbourne. 

Preparation qftetrazoles. These arc described in Ref 3 (following paper). 
Preparation of cyanwzoles. The method was adapted from the literature.’ Cyanogen bromide (2.27 g, 
0021 mole) in benzene (20 ml) was added with stirring to 3,5dimethylpyraxok (4.10 g. 0042 mole) in 
benzene (100 ml) at 60”, then refluxed for 1 hr. The mixture was cooled, the dimethylpyraxok hydrobromide 
(3.51 & 93 %) filtered off, the solvent removed under reduced press and the residue distilkd at 60” (bath)/ 
0001 mm to give l-cyM~3,5-dlmethylpyrasole (XIIb; 2-08 g 80%) m.p. 37-38”; &_ (C6HLz): 232 run; 
v, 2256 cm-‘; mass spectrum: M+ 121 (lOO), M-H (21), M-15 (32), M-27 (3). The NMR spectrum is 
recorded in Tabk 3. The product was >99% pure by GLC, and was in all respects identical with that 
obtained from pyrolysis of Xb. 

I-Cyonopyrozole (XIIa) was similarly prepared from pyrazole. In this case the filtered benxcne soln was 
diluted with a large volume of petroleum and evaporated, as the product co-distils with benzene, yield 
78”/ m.p. 37”, v, 2264 cm-‘; &_ (C6H,,) 231 nm; mass spectrum: M+ 93 (loo), M-27 (35), M-40 (19). 
The NMR spectrum is recorded in Table 3. 

I-Cyan~~4-dimethylfmidotole (XVa) and l-cyano-~5-dime~hylimidasole werr prepared in the same way 
as a 5 : 2 mixture from 2J-dimethylimidazole in 82 % yield The major isomer crystallized and was isolated 
by filtration, nip. 6364”; the structure XVa was assigned on the basis of the lower chemical shift of H, 
and higher chemical shift of the 4-CHs (Tabk 3), and on the expectation that steric factors would favour the 
formation ofthii isomer; &,_ (C6HIz) 233 nm; v, 2253 cm-‘; mass spectrum: M+ 121 (lOO), M-H (17), 
M-15 (l), M-27 (17b M-41 (17X M-54 (181 M-68 (60). 

The filtrate was a 1 :1 mixture of the two isomers according to NMR analysis. 

Pyrolysis of tetrazoles 
The tetrazok was sublimed into the pyrolysis tube from a heated flask under the conditions stated. The 

product yields are stated in Tables 1 and 2 and the general analytical procedure has been described above. 
Only those cases requiring special comment are described below. 

5-Methoxy-7-methyltetrazolo[l~5-a]pyrimidine (Xc) 
2-Amino4methoxy-6ethylpyrimidine was identified by its IR and mass spectra. It had m.p. 154-156” 

(lit.” 153-154”. 155-5157”). The structure of the lachrymatory XIIc was based mainly on the NMR 
spectrum (Table 3); the mass spectrum showed M+ 137 (100) M-H (a), M-29 (35). 

5-Methylthio_7+nethyltetrazolo[ 1.5-alpyrimidine (Xd) 
Pyrolysis resultad in extensive carbonization, and yielded a reddish solid with a sulphurous odour. A 

chloroform extract of this showed more than 96% as one compound on GLC. The product was identified 
as XIId from its mass spectrum and the similarity of its IR spectrum to those of other 2-aminopyrimidiues. 
The molecular ion occurred at m/e 15545139 (talc for C,H,N,S: 155-05172) and the product had m.p. 
151-152” (lit.” 1520); &_: 233.300 nm (EtOH or pH 1 in water); 232 (12,OCOb 298 (10,300)at pH 11.‘” 

5-Chloro-7-methylterrazolo[ 1.5-alpyrimidine (Xe) 
The pyrolysate was extracted with Ccl, and the soluble products were examined by mass spectrometry, 

using a direct probe. The more volatik components (unheated probe) showed m/e 141/143 and 106 (M-Cl, 
base peak); there was no peak at m/e 107 (methylcyanopyrazole~ On heating the probe to llo”, a further 
spectrum appeared, corresponding to that of Xe. Formation of HCl during pyrolysis resulted in isolation 
of the amine XIIIe as its hydrochloride. The amine (m.p. 183-183”. lit.19 182-183’) was recovered and 
showed M+ 143/145 as required for the formula. 

5,7,8-Trimethyltetrazol~15-c]pyrimidine (XVb) 
Tetrazole at 32o”/w1-2 mm (O-205 g) gave @170 g (100%) lachrymatory nitrik (XVIlb) which was 
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z-99-5’;, pure by GLC (Colunm C); NMR: (Table 3); mass spectrum: M’ 135 (loo), M-H (34) M-CH, 
(7.5) M-HCN (37), M-41 (14), M-56 (17), M-41-27 (66). 

4-Azido-~6-dimethoxypyrimidine (70’1~ + XVc) 

The lachrymatory nitrik (XVIIc) formed crystallized from ether as colourlcaa needles, m.p. 80-81’ after 
purification by GLC; IR: 3150 (sharpb 2256s cm-‘; d_ 235 nm; mass spectrum: M+ 153 (loo), M-CH, 
(68), M-CH,CG (18), MCH,CO-HCN (24); NMR: Table 3. 

7-Methyl-S-methylthiotetratolo[l.S~]pyn’midine (XVd) 
The slightly lacluymatory nitrilc (XVIId) formed had m.p. 69-70”; IR: 3100, 2255, 1160, 1095 cm-‘; 

mass spectrum: M4 153/155 (90/4.2), M-CH, (60), M-HCN (16), M-SH (5), M-40 (100). The last peak was 
due to loss of CH&N or NCN, sina the sulphur isotope peak was present; NMR : Table 3. 

Tetrazolopyrazine (XVIII) 
Tbc tetrazole (045 g) was sublimed into the apparatus at 85” over the course of 60 min at 380”/0.10 mm. 

l-cyauoimidazole’ (XIX, @224 g, 65 %) was collected in the traps and had m.p. 65”; IR : 2260 cm-’ ; J_,: 
223 mo; NMR: Tabk 3; mass spectrum: M+ 93 (lOO), M-HCN (30), M-40(13.3). Immediately outside the 
furnace there was deposited in low yield a colourless solii m.p. 175” (Possibly the unreported Z-cyanoimid- 
azole); IR (CHCI,): 2235 cm-‘; mass spectrum: as for XIX, together with a vitreous, red-orange material 
(250/, assumed to be polymeric) m.p. > 140’ dec; IR: 2140, 2210 cm-‘; mass spectrum (CEC 21-490, 
direct inlet, source 180”): as for XIX. 

Tefrazolo[lSblpyriduzine (XXI) 
(a) Tetrazolo (050 g) pyrolysed at 38o”/oo2-003 mm in 3-5 hr (sublimed in at 105”. m.p. 107-108”) gave 

0266 g (99 %) of a mixture of the nitriles XXIII-XXVI. The mass spectrum (M+ 65) of the crude pyrolysate 
was identical with that of either XXIII or XXIV. The NMR spectrum of the mixturt showed peaks due to 
cyanoalkne XXIII (46”), tetrolonitrile XXIV (E.O”A propargyl cyanide XXV (664.4 2H ; 7.74,1, Hi4* I’) 
and 3-cyanocyclopropene XXVI (2.85,4 J = 1.5, H1, H, ; 8a5,1, J = 1.5, H,. c/ data for cyclopropeneP) 
in the integrated ratio 7:1:4:1.5. The IR spectrum of the crude mixture also indicated the presence of 
XXIIl, XXIV and XXV.” Gn GLC (Column C, 60“, 2 ml min-’ He) two low-boiling nitriks were obtained. 
The first was identilial as tetrolooitrik, m.p. 17-18”;” IR (l&n): 3000-2900.2160 w, 2270 s, 2330.1430, 
1380 cm-‘; d._ (C6H11): -2#) nm; 100 Mhz NMR: 8G2 (s);‘* mass spectrum: M* 65 (lOO), M-H (54), 
M-HCN (63). ‘Ihe other was identi6ed as cyanoalknc from the IR spectrum;” &,_ (MeGH): 215 (14,200) 
om ; mass spectrum : as for tetrolonitrile Cycmoallene partly rearranged to tetrolooitrile.” A third oitrile 
was also separated in low yield, and showed two IR bands (2230 and 2265 cm-‘) for CN, presumably due 
to a mixture of l- and 3cyaoocyclopropene. The 2265 cm- 1 band was stroogcr in the crude nitrile mixture. 
At higher column temperaturea this oitrik did not appear. Its mass spectrum was the same as for the other 
isomers. 

(b) Tetrazole (050 g) pyrolysul at 305’/0@1 mm over 4 hr (sublimed in at 1OY) gave 67% recovered 
starting material and 33 y0 oitriles ; the proportion of cyanoalkne was twice as great as in (a). 
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