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Several methods for the generation of highly strained non-
isolable cycloalkynes, for example, 1a–c, have been devel-
oped within the last decades (Scheme 1).[1] These methods

typically rely on the use of metals, metal salts or complexes,
organometallic compounds, strong bases, fluoride salts, or
oxidizing reagents. High temperatures or irradiation of the
starting material are sometimes also necessary. After their
generation, the highly reactive cycloalkynes 1a–c can be
trapped by cycloaddition reactions. Norbornyne (1d)[2–5] and
related bicyclic compounds[6] are the limiting cases of strained
cyclic alkynes that be proved experimentally by trapping
reactions.

We now report on the isolable diazirine derivatives 6, 12,
13, and 26, which lead to the alkyne 7 and the short-lived
cycloalkynes 1a, 1b, and 1d, respectively, already at room
temperature or slightly above without the need of other
reagents and without formation of any side product except
nitrogen. Originally, we planned to prepare the title com-
pounds in order to investigate the possible valence isomer-
ization yielding tetraazabenzenes. Analogous rearrangement
reactions of bi-2H-azirin-2-yls to give diazabenzenes occur
already at surprisingly low temperatures.[7]

We obtained bidiaziridin-3-yl 3 as a mixture of diastereo-
mers (ca. 10:1) upon treatment of a solution of bisimine 2a[8]

in anhydrous methanol with liquid ammonia and hydroxyl-
amine-O-sulfonic acid (Scheme 2). If one assumes that N-

bonded substituents (here H atoms) in a diaziridine ring
always adopt a trans configuration,[9] the formation of both a
C2-symmetrical (rac, R,R,R,R and S,S,S,S) and an achiral
(meso, R,R,S,S) stereoisomer should occur. Starting with
2b,[10] similar results were found. Although the workup is
more convenient, the yield of 3 is significantly lower. Early
attempts[11] to prepare 3 from butane-2,3-dione were unsuc-
cessful, and our own efforts to synthesize the bidiaziridines 3,
9, and 24 from the corresponding a-diketones, their dioximes,
or a-iminoketones also failed.[12] The structure of 3 was
supported by the usual spectroscopic methods including 15N
NMR data (Table 1) as well as by its oxidation to give the
diazirine 4. Reaction of 3 with an excess of freshly generated
silver oxide afforded the isolable[13] product 6. This compound
as well as the bi-3H-diazirin-3-yls described below slowly
eliminated nitrogen at room temperature. They can be
handled conveniently in solution and stored at �30 8C for a
long period. On warming or irradiation a solution of 6 in
chloroform, the alkyne 7 was formed quantitatively. When
this transformation was monitored by NMR spectroscopy, no
intermediate could be observed. The mild conditions of the
thermal reaction and the high yield of 7 may be the outcome
of a cooperative effect between both 3H-diazirine units of 6.
When 6 was photolyzed in the presence of a great excess of
hex-3-yne, exclusively alkyne 7 and thus no product of
intermolecular carbene trapping results. However, product
5, which was generated in only moderate yield (36% based on
1H NMR) by irradiation of 4, can be explained by insertion of
a carbene into the neighboring C�H bond.

Scheme 1.

Scheme 2.
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The spirocyclic diaziridines 9 and 10 were accessible from
the bisimines 8[14] and 11a[14] or 11b,[15] respectively. The
spectroscopic data of 9 (Table 1) point to a mixture of
diastereomers (ca. 9:5). The isolable title compounds 12 and
13, which function as precursors of cycloheptyne (1a) and
cyclohexyne (1b), were obtained by oxidation of 9 and 10,
respectively. When 12 or 13 were warmed in the presence of
the reaction partners 14, 15, or 16, the trapping products of
cycloalkynes 17–21[16] were formed in excellent yields
(Scheme 3). Similar results were achieved on irradiation of
precursors 12 or 13 in the presence of 14 or 16. Lower yields of

20 (25–35%) were obtained when trapping reagent 16 was
added after photolysis of 12 at low temperature (�90 8C in
CD2Cl2 or �120 8C in CD2ClF).

The bisimine 23, which is easily accessible from diketone
22, can also be transformed into bidiaziridines. After workup

Table 1: Selected physical data of compounds 3, 4, 6, 9, 10, 12, 13, 24,
and 26.[a]

3 :[b] White crystals; m.p. 149–1518C (CH3OH or CH2Cl2); major isomer:
1H NMR ([D6]DMSO): d=1.34 (s, 6H, CH3), 2.36 (d, 3J=8.1 Hz, 2H,
NH), 2.58 ppm (d, 3J=8.1 Hz, 2H, NH); 13C NMR ([D6]DMSO):
d=19.71 (q, CH3), 56.51 ppm (s, C-3); 15N NMR ([D3]MeNO2, also as
standard with d=0): d=�314.8 (d, 1J=64 Hz), �308.9 ppm (d,
1J=62 Hz); minor isomer: 1H NMR ([D6]DMSO): d=1.31 (s), 2.42 ppm
(br); 13C NMR ([D6]DMSO): d=20.52 (q), 56.22 ppm (s).

4 : Pale yellow crystals; m.p.=56–588C; 1H NMR ([D6]DMSO): d=0.98
(s, 3H, CH3), 1.13 (s, 3H, CH3), 2.57 (d, J=8.1 Hz, 1H, NH), 2.68 ppm
(d, J=8.1 Hz, 1H, NH); 13C NMR ([D6]DMSO): d=15.28 (q, CH3), 19.95
(q, CH3), 28.04 (s, C-3), 54.45 ppm (s, C-3’).

6 : Brown oil; IR (C6D6): ñ=2963, 2928, 1580, 1436, 1384, 1103 cm�1;
1H NMR (CDCl3): d=0.85 ppm (s, CH3);

13C NMR (CDCl3): d=15.30 (q,
CH3), 26.55 ppm (s, C-3); 15N NMR (CDCl3): d=69.7 ppm.

9 :[b] Yellow crystals; m.p. 120–1258C (hexane/Et2O); major isomer:
1H NMR ([D6]DMSO): d=1.50–1.85 (m, 10H, CH2), 2.37 (d, 3J=8.1 Hz,
2H, NH), 2.60 ppm (d, 3J=8.1 Hz, 2H, NH); 13C NMR ([D6]DMSO):
d=23.59 (t), 26.69 (t), 34.10 (t), 59.09 ppm (s); minor isomer: 1H NMR
([D6]DMSO): d=1.50–1.85 (m, 10H, CH2), 2.01 (d, 3J=7.8 Hz, 2H,
NH), 2.59 ppm (d, 3J=7.8 Hz, 2H, NH); 13C NMR ([D6]DMSO):
d=25.26 (t), 29.26 (t), 35.75 (t), 57.92 ppm (s).

10 :[b] Brown solid; m.p. 152–1548C; IR (KBr): ñ=3427, 3178, 2946, 2923,
2863, 2366, 1652, 1399, 1201, 855 cm�1; 1H NMR ([D6]DMSO): d=1.62
(brs, 8H, CH2), 2.23 (d, 3J=7.8 Hz, 2H, NH), 2.63 ppm (d, 3J=7.8 Hz,
2H, NH); 13C NMR ([D6]DMSO): d=24.14 (t), 33.79 (t), 58.06 ppm (s).

12 : Brown oil ; 1H NMR (CDCl3): d=1.30 (m, 4H, CH2), 1.70–1.86 ppm
(m, 6H, CH2);

13C NMR (CDCl3): d=24.43 (t), 29.91 (s, C-3/C-4), 30.29
(t, C-9), 32.84 ppm (t).

13 : Brown oil ; 1H NMR (CDCl3): d=1.36 (m, 4H, CH2), 1.86 ppm (m,
4H, CH2);

13C NMR (CDCl3): d=23.72 (t), 27.99 (s), 30.68 ppm (t).

24 :[b] Yellow oil; IR (CDCl3): ñ=3176, 3124, 2970, 2878, 1670, 1591, 1406,
1125 cm�1; 1H NMR (CDCl3): d=1.05–2.55 (m), 2.60–3.80 ppm (m);
13C NMR (CDCl3): d=23.51 (t), 24.95 (t), 34.77 (t), 43.00 (d), 43.20 (d),
64.34 (s), 64.79 ppm (s).

26 : Brown oil ; 1H NMR (CDCl3): d=1.50 (m, 2H, 7-H/10-H), 1.54 (dt,
2J=9.9 Hz, 4J=1.8 Hz, 1H, 11syn-H), 1.75 (m, 2H), 2.02 (m, 2H),
2.37 ppm (dm, 2J=9.9 Hz, 1H, 11anti-H); 13C NMR (CDCl3): d=24.53 (t,
C-8/C-9), 37.28 (t, C-11), 37.88 (s, C-3/C-4), 40.19 ppm (d, C-7/C-10).

[a] 1H NMR: 300 MHz; 13C NMR: 75 MHz; 15N NMR; 30 MHz. [b] The
bidiaziridines 3, 9, 10, and 24 were treated with an excess of PhNCO to
yield urea derivatives which were completely characterized (including
combustion analyses).

Scheme 3.

Scheme 4.
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by chromatography (neutral alumina), we isolated the desired
product 24 and also the isopropyl derivative 25. Based on the
13C NMR data (Table 1) and supposing that both H-N-N-H
units have a trans arrangement, we assume either an all-R
configuration (see Scheme 4) or an all-S configuration for the
four nitrogen atoms of 24. Oxidation of 24 afforded the
norbornyne precursor 26. Thermolysis of the latter compound
in the presence of 15 led to cycloadduct 27, whereas 28[17] was
formed in the presence of 16.

This clean and reagent-free generation of highly strained
cycloalkynes from bi-3H-diazirin-3-yls, which occurs under
very mild reaction conditions, could lead to new applications
for these compounds.
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