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Akrrt. Pentamethylenetctrazole (VIII) on gas-phase pyrolysis eliminates nnrogen and gives Cpentcnyl- 
cyanamide (IX). The latter undergoes ring closure to lcyano-2-methylpyrrolidine (x). Tetramcthylene- 
tctrazole (XII) similarly gives 3-butcnylcyanamide (XIII) and I-cyanopyrrolidinc (XIV). Tritncthylenctctra- 
zole (XVI) gives nitrogen, ethylene, and a compound C,H,N,, which most likely is N-cyanofortniminc. 
CH,=N-CN. 

INTRODUCTION 

THE thermal gas-phase reactions of aromatic nitrenes (I) have been described.’ Most 
important are the ring contractions to 5-membered ring nitriles (II), and the ring 
isomerisations (to IV) which proceed through an intermediate which has an arrange- 
ment of atoms as in the tropylidene (III). 
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There is at present no clear way to decide whether the bicyclic intermediates’ 
(V and VI) are involved instead of, or in addition to III. There is some evidencei’ that 
in some cases ring opening to VII may take place; this biradical intermediate readily 
provides pathways both for production of the ring contraction product (II), and for 
ring expansion to III. Ring opening pathways to ring contraction in 2-azido-p 
quinone,’ and to ring contraction and ring enlargement in phenanthridine N-oxide4 
have also been proposed. 

l Present Address: Institut de Chimie Organiquc, Universitl de Lausanne, IO05 Lausanne, Switzerland 

1281 



I282 c. WENTRIJP 

The hydroaromatic nitrenes described in the present paper are shown to undergo 
ring contraction via ring opening, at least in one case. This provides an additional 
reason for seriously considering the role of the species (VII) in aromatic nitrene reac- 
tions. 

RESULTS AND DISCUSSION 

Pyrolysis ofpentamethylenetetrazole(VII1) at 450-675” produced two compounds*, 
4pentenylcyanamide (IX) and l-cyano-2-methylpyrrolidine (X). IX is supposedly 
formed by ring opening of VIII as indicated in Scheme I. The yield of IX decreases, 
and the yield of X increases with temperature (Table 1). Furthermore, IX rearranges 
partly (10%) to X on injection onto a gas chromatography port at 210”, indicating 
that X arises from internal addition in IX. No trace of the direct nitrene ring contrac- 
tion product, I-cyanopiperidine (XI) was detected. 
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TABLE I. PYROLYSIS PRODUCTS OF PENTAMETHYLENLTETMZOLE 

Temp oC/Prcs.s mm IX Yield % X 

4so/oQ5 1 1.7 

500/0-0~ 10 18 49 

5oo/@lQ30 206 2Q6 

55o/M)5+30 30 206 

600/030 13.5 42 

6751030 8.4 44.5 

In a similar manner, tetramethylenetetrazole (XII) gave at 500”/001-0~10 mm 20% 
3-butenylcyanamide (XIII) and 4.5% lcyanopyrrolidine (XIV). The latter may arise 
directly by nitrene ring contraction or by addition in XIII. None of the strained l- 
cyano-2-methylazetidine (XV) was found. Gas chromatography revealed at least 
fourteen low boiling and poorly resolved components. The most abundant of these, 

l At very low degrees of conversion, at 40@450”, and unidentified &cyanide was formed. Hydrolysis 
gave ao unidcotilied Yormamide’ (Experimental). 
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CH, 

++-I? N \ 
CN 
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which had a strong piperidine smell and no UV spectrum was found by mass spectro- 
metry at 13 eV to consist of a mixture of piperidine and tetrahydropyridine (ca 1: 1.5). 
This result is analogous to the formation of phenyl radicals from phenyl azideslb 
and suggests that the first step in tetraxole pyrolysis may be isomerization to the 
azido-form. 

Trimethylenetetraxole (XVI) gave at SW/O10 mm 1% product with IR absorption 
at 2130, 2224 and 3200 cm- ‘, indicative of formation, in low yield, of the same type 
of products as above : 
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The main product was a polymer, the physical data of which (Experimental) are 
consistent with poly-N-cyanoformimine : 

. . . . N--H,- N-CH,.... 

CN CN 

which could arise by elimination of ethylene from XVII or XVIII. Ethylene was indeed 
formed ; it was trapped in molecular sieve at liquid nitrogen temperature and identified 
by its IR (gas) spectrum ; yield cu 10%. 

Further evidence for production of N-cyanoformimine was obtained by pyrolysis 
in the all-glass heated inlet system of the MS 9 mass spectrometer coupled with high 

resolution mass measurement of the products. 
The mass spectrum of trimethylenetetraxole, obtained by cold, direct inlet, indicates 

loss of N, and N, + H, but the main fragment peak is m/e 54 for which the formula 
C,H,N, was confirmed by high resolution measurement. Using a heated inlet at 
150” the compound decomposed completely : no ‘parent peak’ was observable; and 
the spectrum featured only ethylene (m/e 28), C,HsN1 (m/e 54), and m/e 53 which is 
formed by loss of H from m/e 54, as indicated by a me&stable peak. The compositions 
of these peaks were confirmed by high resolution, and the spectrum was also scanned 
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TARLI? 2.70ev Mm SPECTRUM OF fRlMl?THYLENm~ZOLE USLNG IiEATFD INLET 

m/e 

26 
27 
28 

53 
54 
55 

CN 
HCN 
N2 

GHN, 
GH,Nz 
G&N2 

Composition of peaks 
-----_ __--_ 

10% GH, 90% 
25% C,H3 75% 
50.5% C2H.3 465% 

CH,N 3Wl 
100% 
tW% 
40% CC’3H N 2 2 m 

Relative intensity 
-- 

24 
28 

100 

48 
38 

1.7 

at medium resolution for accurate measurement of intensities. The results are given 
in Table 2, and indicate beyond doubt that the tetrazole decomposes into nitrogen, 
ethylene, and C,H,N,. 

f 
I t 1 1 I 
I 1 1 , I 

FIG. 1. 100 MHz NMR Spectra of4-pentenylcyanamide and .1-buttnylcyanamide in CCI, 

EXPERIMENTAL 
The pyrolysis technique has been desctihed.’ A packed quartz tube was used throu~ou~ Tht recorded 

pressures are those of gases escaping the traps. The tetrazolcs were distillad into the pyrolysis tube at 
120-lW, and the pyrolysates were analyscd on a 5’ column of Carbowax 20M on Aeropak at loo”, pro- 
grammed at 2°/min to l!W; carrier gas He at 60 ml/min (F & M instrument with thermal conductivity 
detection). Retention times: l~yan~2-methylp~o~~~ (X) 30 min. ~~yanopi~in~ (Xt) 32 min, 
4-pcntcuylcyanamidt (IX) 58 min; I-cyanopyrroIidioe (XIV) 28 min, 3-butenyIcyanami& (XIil) 48 min. 

Mass spectra wcrc recorded on an AEI MS 902(high resolution) or MS WC2 (low resolution) inst~rn~t. 
~~~r~c~~on. The cyanamides M and Xfll were idcntificd by ?R, iadr of UV; NMR and high resolution 

mass spectra and by comparison with the spectra of l-hexcne and pcntytcyanamide. 
The 100 MHZ NMR spcctre are shown in Fig IX. The vinylic pattern of Xl It is almost identical with that 

of I-hexcne. For better comparison, ~nt~~~de was prepared from pcntylaminc aud cyanogen 
bromide. its NMR spectrum indicated the N-H rcsonauoc at 4.35 ppm, i.e. it wiU be hidden under the 
rcsonana lines ofthe vinylic protons in the spectra of Ix and XIII. Pcntylcyanti& shows the following 
unresolved peeks at 60 MC: 5 7ff (CH,(a), broad triplctX 86 (CH, I&y, 6)). 9.1 (CH,). 

Assuming J., = f, = J,& = 7 cs in IX and XIII, the spectra are readily interpreted as follows: 
~Fe~~ylcyo~m~e: (IX). r 4.3 (ccntrc, vinylie H), 497 (centrc, vinylic H plus NH), 698 (t, CHI (a)), 

7*&9 14. CH, W), 827 (quintet, CH2 @)I. 
3-Butenylcyanumide: @Ill). ‘I 4.3 and 49 (vinylic H + NH), 690 (t, CH2 (a)), 762 (q, CH2 (@#. 
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I R spectra 
4-Pmrenykyana~~kie (IX; CCl,, cm- I): 3220 (broad, NH), 3070 (=C-H), 2930 (CH,X 2227 (vs, CN-), 

1640 (w, 1470 (CH,), 1170,925 (=CH,), and 1850 (=CHx, 2 v). Dilution caused a new, sharp band at 
34OOcm-‘toappear( 

3-Eutettylcyananu& (XIII) identical beyond distinction with the above. 
Pentylcyanamide. 3200 (broad), 3370 (w, NH). 2223 (vvs, CN), 1170,735 (v, CNC). No UV sgectrum. 

Mass specna 
The base peaks are due to loss of 40 mass units (NCN) from the molecular ions. 
I-Cyanopyrrolidfnc (XIV) was identical with a specimen prepared from pyrrolidinc and cyanogcn 

bromide. The structure of l-oyano-2-mcthylpyrrolidine (X) follows from spectral comparison : 

NMR spectra 
I-Cyanopyrrolihe (XIV): r 660 (t, J z 7 cs. CH, ((I), 4H), 8Q7 (apparently two overlapping triplets 

with identical shift, I 2 8 and J E 4 cs, 4H). 
I-Cyano-2-methylpyrrohdine (X): 7 6.47 (q. J z 6 cs, H (2), lH), 6.58 (t, J f 6 cs, H (5), 2H), 8.1 (m. 4H), 

8.70 (d, J z 6 cs, CH,(2)). 
1-Cyanopiperidine (XI): T 6.8 (m, 4H), 8.35 (m, 6H). None of these compounds exchanged with deutcrium 

oxide. 

IR spectra 
Compound X (CCl. or liq. film, cm-‘) 2210; spectrum almost identical with that of XIV except for a new 

band at 1375 cm-’ (CH,). 
UV spectra: no absorption above 210 mu. 

Mass spectra 
Compound XIV: M + 96. looo/ [M-l] W/- [M-27] 35P’ [M-H-NCN. m/e 55126%. Compound X: 

M+ I IO, 49% [M-1] 15% [M-15] 100%~ [M-15-27, m’] 20%. [M-H-NCN. m/e 691 10. Compound XI : 

M+ 110, 100% [M-l] 82%. [M-H-NCN, m/e 69170%: 

Preparations ad pyrolyses 
(i) Pemy/cyanamtie was prepared by a variation of a known method:’ cyanogen bromide (5.3 g; W5 

mole) in ether was added with stirring to pentylamiac (8.7 g; 0.10 mole) in ether (100 ml) at 0”. The mixture 
was stirred at 22” for 30 min and filtered. The ether was removed in uacuo and the residue distill4 at 180” 
in a high vaocum to yield pcntylcyanamidc (59 g; 89”/,). Spectral data arc presented in the Identification 
section. The compound crystallisal to a white solid, m.p. 47-493aha several months at - lo”. This compound 
showed no CN-absorption in the IR, distilled with difficulty and partial decomposition at 260” in high 
vacuum, and was, according to the mass spectrum, tripentylmehunine (M+ 336: MS 902 direct inlet). 

(ii) I-Cyanopyrrolidine (IXV) and I-cyanopiperidine (XI) werr prepared9 as in (i). Physical data arc given 
in the Identification section. 

(iii) Pentamethylenetenazolo (VIII; Aldrich Chemical Co.) (a) Pyrolysis conditions arc given in Table 1. 
The reaction is synthetically useful for the preparation ofX which distils from the less volatile IX at 80”/10-’ 
mm. The sample of X so obtained was gas chromatographioally pure. The reaction can be run on a I-10 g 
scale in the present apparatus.’ 

(b) Compound VIII (1.5 g) was pyrolyscd at 4OO”/OM)5 mm in the course of 60 min. Extraction of the 
product with ether left the unreactal starting material behind and gave a trace of an ‘isooyanidc’, v_ 
2100 cm-‘. 

(c) Compound VIII (1.5 g) at SW/O05 mm in 60 min gave 0357 g of a liquid containing X (1.7x), IX 
(1%). and the “isocyanide” (ca 3x), retention time 33 min. The “isooyanide” was stable for at least 24 hr 
at room temp (neat or in CCId), had no distinct UV spcotrum, pad had a pungent but not typioal &cyanide 
smell. A distinct maas spectrum could not be obtained either with heated or direct inlet; apparently the 
compound polymcrised, giving peaks up to m/e 288. The crude product had v, 2107 (CC&) or 2125 (liq 
film) cm-‘. After gas chromatography it had v, 2135 (WI,), and also 915 (C=C) and possibly a very 
weakbandat 183Ocm-‘(2vG=C). 

(d) The crude “isocyanide” from (b) was treated with water and allowed to stand at room tcmp until the 
water had evaporated, leaving a white solid which sublimed in necdks at 105-20”. The remainder melted 
partly at 120”. The needles melted at 145-W and orystalliscd from chloroform as colourlcss needles, m.p. 
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150-152”; v, (CHCI,) 1640 ws (several narrow bands), 3200-3300 (NH, bonded) 3430 cm-’ (NH, free). 
The IB spe&um showed some similarities with that of N-formamidovaleriminc, BuCH=N-NHCHO, 
prepared from valcraldehyde and formhydrazide. The mass spectrum (MS 902, direct inlet) showed M+ 
128 = 110 + 18, which conwpoods to addition of water to an isocyanide isomeric with IX and X (neither 
IX or X added wattl under the described conditions). Apparent formation of isocyaoides by distillation of 
cyanamida has been reported.” 

N-Formamidopipcridioe and N-formamido-2.5-dimethylpyrrolidine have m.p. 74-76” and 1145-l 17” 
respectively. and the corresponding N- isocyanides have v,, 2088.-2092 cm _ ’ (Ret IO). 2.8-D~azacyclo- 
octanooe** has m.p. 270-272”. Tbe structures of the “isocyanide” and “formamide” in casu remain uo- 
certain. The retention time of the “isocyanidc” is inconsistent with N-isocyano4pentenylamine, and v, 
is inconsistent with N-isocyano-2-methylpyrrolidine. The NMR spectrum of the ‘Yormamide” was 
indistinct, showing broad, unresolved bands at r 66 and 8.4. and a sharp signal (CH,) at 8.2. 

(iv) ‘l&ramethylenercnazol (XII) was prepared I1 by reduction of tetrazolo[1.5-rrlpyridine. Conditions 
of pyrolysis are given in the text. 

(v) Trimethylenererrarole (XVI) was prepared by Boyer and Miller I3 from 2-mercaptopyrrolidioe by 
conversion to the thioether and then displacement by hydraxoic acid These workers obtained a 30% yield 
of the free thioether by extraction of the neutral&d soln d the hydriodide with ether. In the present work a 
quantitative yield was obtained by extraction from a strongly alkaline soln The thioether was treated with 
hydraxoic acid (2 moles) at 40” (stoppered) for 8 hr, and then under reflux for 5 hr. The soln was evapor- 
ated and the product recrystallised from xyleoc to give the pure tetraxole, m.p. I@1 10” (4.32 g from 8.15 g 
thioether; 55.8O/, yield). From the filtrate was obtained a second crop of 041 g (5.25%), m.p. 106” from 
chloroform/light petroleum. Thus the reported yield” wax tripled, and the reaction time reduced to one 
third. 

Pyrolysis of XVI at soo”/@lO mm gave 1% of a liquid with IR absorption at 2130.2224 and 3200 cm-‘. 
The main product (74%) was a hard, transparent, insoluble polymer with IR absorption at 2215 (CN. broad, 
strong), 1470 (C=N), 1330 (v,NCN), 1425, 1160. 1140. 1000 (v,CNC), 950, 800. 720 (v,CNC) cm-’ (cf 
Ref 5). Elemental analysis gave the approximate formula (CHN),. (Found: C, 43.29; H, 4Q7; N, 49.92. 
talc. for CHN: C, 4444; H, 3.73; N, 51.83%; Calc. for C,HsN,: C, 43.6; H, 5.45; N, 5@8%; Calc. for 
C4H,N, : C, 58.5 1; H. 7.37; N, w12%). No mass spectrum could be obtained on died inlet. The compound 
darkened abon 200” on slow heating, not melting at 360”. and exploded on fast heating to 200”. The fumes 
smelt strongly of aliphatic amine. The compound was not identical with any of the polymers of hydrogen 
cyanide.6 The data are consistent with a polymer of N-cyanoformimioe. 
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