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Iminodiaziridines are synthesized by (i) 1,3-dehydrochlorina-
tion with potassium tert-butoxide of N-chloroguanidines,
generated in situ from N,N�,N��-substituted guanidines with
tert-butyl hypochlorite, and (ii) base-mediated 1,3-elimi-
nation of sulfuric acid from N,N�,N��-substituted hydroxy-
guanidine O-sulfonic acids. At elevated temperatures, (alk-
ylimino)diaziridines undergo valence isomerization by 1,3-
shift, [2+1] cycloelimination to afford isocyanides and diaz-
enes, and ring-opening elimination to yield alkylideneguan-
idines. N�-Aryl-N-hydroxyguanidine O-sulfonic acids furnish
(N-arylimino)diaziridines, but no 1-aryl-3-iminodiaziridines,
instead giving rearranged isomers. Precursors containing
perdeuterated tert-butyl groups give rearranged products
that show complete scrambling. This indicates that 1-aryl-3-
iminodiaziridines are intermediates that undergo very rapid
degenerate valence isomerization. Provided that the ortho-

Introduction

High reactivity toward various reagents may make three-
membered heterocycles that contain exocyclic double
bonds[1] attractive synthetic building blocks. Indeed, many
of them react with rates, driving force, and selectivities that
resemble those of “click reactions”.[2] However, only a few
of these promising systems are readily accessible with vari-
able substitution patterns; examples include methylenazirid-
ines,[3a] alkylideneoxiranes,[1c–1f,3b,3c] alkylidenethiiranes,[4]

aziridinones,[1g] and iminoaziridines.[5] So far, iminodiazir-
idines do not belong to this group – although some of them
have been employed in syntheses[6] – because only iminodi-
aziridines containing at least two tert-butyl groups, such as
2a,[7a,7c] 2b,[7b–7d] and 2d,[7e] have been obtained in useful
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aryl positions are substituted, high yields of (arylimino)di-
aziridines are obtained, along with 2-imino-2,3-dihydro-3aH-
benzimidazoles. Otherwise, 2-amino-1H-benzimidazoles and
strongly fluorescent 3-amino-2H-indazoles, originating from
rearrangements of the elusive 1-aryl-3-iminodiaziridines,
predominate. N�,N��-Diaryl-N-hydroxyguanidine O-sulfonic
acids give only rearranged products: a 2-amino-1H-benz-
imidazole and a 6-amino-5H-dibenzo[d,f][1.3]diazepine if
aryl = phenyl, or a 2-imino-2,3-dihydro-3aH-benzimidazole if
aryl = mesityl. 3aH-Benzimidazoles slowly dimerize through
Diels–Alder reactions. 15N NMR signals were assigned to the
syn and anti ring nitrogen atoms of iminodiaziridines with
the help of a combination of homonuclear NOE and HN-
HMBC or HN-gHMBC experiments.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

quantities. The parent iminodiaziridine (1a) and monoalkyl
derivatives 1b and 1c are elusive intermediates,[8] whereas
the methyl compounds 3 have been generated in small-scale
experiments by photodenitrogenation of 5-iminodihydro-
tetrazoles.[9]

To develop synthetic applications of iminodiaziridines,
we set out to explore the scope and limitations of the cycli-
zation of guanidine derivatives, with a view to obtaining
preparative amounts of iminodiaziridines not shielded by
tert-butyl groups. An additional goal was regioselectivity of
the 1,3-elimination to furnish single isomers rather than
mixtures if different alkyl groups were present. (Arylimino)-
diaziridines were synthesized. Their ring-arylated isomers
immediately rearranged to 2H-indazoles, 1H-benzimid-
azoles, and stable 3aH-benzimidazoles. Precursors with two
aryl groups afforded 1H- and 3aH-benzimidazoles and 5H-



Syntheses and 15N NMR Spectra of Iminodiaziridines

dibenzo[d,f][1,3]diazepines. Novel routes to these heterocy-
cles and 15N NMR spectra of iminodiaziridines are re-
ported.

Results and Discussion

All guanidines in this study were synthesized by known
routes (acid-catalyzed addition of primary amines[10,11] or
N-alkylhydroxylamine O-sulfonic acids[12] to carbodi-
imides[10]), and these syntheses are detailed in the Support-
ing Information.

(Alkylimino)diaziridines

Chlorination of N,N�,N��-trialkylguanidines 4, contain-
ing only a single type of alkyl group, with tert-butyl hypo-
chlorite at low temperature gave unstable N-chloroguan-
idines 5. These were immediately dehydrochlorinated with
potassium tert-butoxide to afford iminodiaziridines 6 in
good yields (Scheme 1). In contrast with the synthesis of
2b,[7b,7c] use of an excess of base had to be avoided because
it led to substantial amounts of isocyanides. The isolation
of multi-gram quantities of pure compounds 6 shows that
shielding of the iminodiaziridine system by tertiary alkyl
groups is not necessary for convenient preparation and
handling.

Scheme 1. (Alkylimino)diaziridines 6 by cyclization of N,N�,N��-
trialkylguanidines 4.

Chlorination of unsymmetrical N,N�,N��-trialkylguanid-
ines inevitably yields mixtures of isomeric N-chloroguan-
idines and iminodiaziridines, such as 2a and 8e.[7a,7c] Obvi-
ously, the selective synthesis of a pure iminodiaziridine iso-
mer requires a guanidine derivative with a leaving group
attached to a certain nitrogen atom. We obtained such
guanidines – the hydroxyguanidine O-sulfonic acids 7
(Scheme 2) – by addition of N-alkylhydroxylamine O-sul-
fonic acids[12] to symmetrical carbodiimides.[8]

Treatment of 7 with strong bases, such as potassium tert-
butoxide in diethyl ether, sodium hydride in THF, or con-
centrated solutions of potassium hydroxide in methanol or
water, furnished iminodiaziridines in good yields
(Scheme 2). The two methods using aprotic solvents were
limited by the solubilities of compounds 7, which are gov-
erned by the size of their alkyl groups. Compound 7d did
not react with sodium hydride in THF, for example. In
other cases, however, sodium hydride was particularly con-
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Scheme 2. (Alkylimino)diaziridines by base-mediated 1,3-elimi-
nation of sulfuric acid from N-hydroxyguanidine O-sulfonic acids
7 and 9.

venient, because progress of the reaction could be moni-
tored not only by IR spectroscopy but also by the evolution
of hydrogen. To minimize solvolysis of iminodiaziridines,
cyclizations of 7 in methanol or water were carried out in
the presence of pentane, into which the products transferred
immediately after formation. The low yield of 3a is certainly
due to loss of material during the attempt to separate 3a
from the solvent. Neat 3a is quite unstable and decomposes
violently.

Use of butyllithium in hexane as base failed to give satis-
factory results; treatment of a suspension of 7e in diethyl
ether with 2 equiv. of butyllithium afforded about equal
amounts of 8e and bis(tert-butyl)carbodiimide (18), for ex-
ample. The amount of the latter product was increased to
80% when THF was the solvent.

The formation of mixtures of isomeric iminodiaziridines
from hydroxyguanidine O-sulfonic acids 9, obtained from
an unsymmetrical carbodiimide, presented the challenge of
steering the regioselectivity of 1,3-elimination by means of
the reaction conditions.

At room temperature, sodium hydride in THF slowly
converted 9a into a 97:3 mixture of 3b/3c (69 %), which cor-
responds to the thermal equilibrium between the two val-
ence isomers. High concentrations of potassium hydroxide
in methanol gave rise to the almost exclusive formation of
the more stable isomer 3b (75–80%, 3b/3c � 99:1), whereas
aqueous 1  sodium hydroxide or sodium carbonate yielded
mixtures in which substantial proportions of the less stable
isomer 3c were present (82%; 3b/3c 84:16 and 78:22, respec-
tively).

The direction of cyclization of 9b depended more
strongly on the base concentration than that of 9a, but fol-
lowed the same trend. In both cases high base concentra-
tions favored ring-closure involving the tert-butyl-substi-
tuted nitrogen atom (9a � 3b, 9b � 2a) over cyclization to
afford 3c and 8e. Because the 2a/8e thermal valence isomer-
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ization proceeds only very slowly at room temperature,[7c]

the product ratios reported below are the results of kinetic
control. Use of concentrated solutions of potassium hy-
droxide in methanol thus converted 9b mainly into the more
stable isomer 2a (2a/8e 85:15; 81%). The opposite result
was obtained when dilute solutions of alkali hydroxide were
employed (2a/8e 26:74; 88 %). Use of sodium hydride in
THF or potassium tert-butoxide in diethyl ether afforded
ratios that ranged between these extremes. Neither the reac-
tion temperature nor the nature of the cation influenced the
ring-closure of 9b.

(Alkylimino)diaziridines are colorless oils or low-melting
solids (6b and 6c), which could be stored at low tempera-
tures and were characterized by NMR and IR spectroscopy.
The latter method revealed very high C=N wavenumbers
[1792 (8c) to 1816 cm–1 (3b, 6c)]. These arise from high
levels of kinetic coupling with the symmetric ring stretching
mode, due to the large angle between the C=N bond and
the ring C–N bonds.[13] The iminodiaziridines 3b, 8c, and
8e would be expected to exist as mixtures of E and Z dia-
stereomers. Assignment of the configurations of 3b and 8c
was made with the help of asymmetric solvent-induced
shifts in their 1H NMR spectra[5,9,14] and resulted in E/Z
ratios of 47.5:52.5 and 4:1, respectively. Only a single dia-
stereomer was observed for 8e, most probably (E)-8e.[7c]

We briefly investigated the thermal stabilities and decom-
position products of (alkylimino)diaziridines (Scheme 3).
The results are summarized here; details are reported in the
Supporting Information. The long-known tri(tert-butyl)
compound 2b decomposed cleanly on heating at 150–
180 °C, in a [2+1] cycloelimination into tert-butyl isocy-
anide and bis(tert-butyl)diazene.[7c] Surprisingly, this mode
of thermal decomposition accounted for only 10% when a
solution of 6a in [D12]cyclohexane was briefly heated at
180 °C. The major product then was N-isopropylideneguan-
idine 12a (83%), the structure of which was established by
hydrolysis to acetone and the known 13a.[15] The same re-
arrangement was observed exclusively on heating of 6c at
80 °C. It was noticeable after 1 h and complete after 3 h,
affording two diastereomers of 12c (7:3). Even at room tem-
perature in the solid state, 6c decomposed over two weeks
to furnish 13c, obviously by hydrolysis of intermediate 12c
due to traces of moisture. The isomerization 6 � 12[16] may
be interpreted in terms either of base-mediated eliminative
ring fission[17a,17b] or of [1.5] sigmatropic H-shift.[17c]

At elevated temperatures, reversible valence isomeriza-
tion of the iminodiaziridines 2a/8e, 2c/8c, and 3b/3c is ob-
served, involving exchange of one of the ring nitrogen
atoms and the imino nitrogen atom in each case. Iminodi-
aziridines containing a (tert-butyl)imino group are less
stable than their valence isomers with a primary or second-
ary alkyl group at the imino nitrogen atom [e.g., 2a/8e
90.7:9.3 (60 °C)].[7c] After brief heating of solutions of 2a/
8e at 180 °C, only the [2+1] cycloelimination products 14
and 15 of the less stable isomer 8e were detected (54%).
Some surprising further products were bis(tert-butyl)car-
bodiimide (18, 46%), tetraazaadamantane (19, 46 %), and
ammonia. They may be explained if it is assumed that 2a
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Scheme 3. Thermal decomposition of (alkylimino)diaziridines.

and/or 8e rearranged to the N-methyleneguanidine 16,
which eliminated imine 17 to afford 18. Finally, 17 con-
densed to 19, concomitantly with loss of ammonia. How-
ever, the experimental results do not rule out a hypothetical
[2+1] cycloelimination of 8e into 18 and a nitrenoid frag-
ment,[18] which rearranges to 17.

The iminodiaziridines 3b and 3c equilibrated more
rapidly than 2a and 8e.[19] Neat mixtures of 3b and 3c solidi-
fied at room temperature over two weeks, probably through
polymerization, but survived heating at 80 °C for 1 h. Onset
of decomposition was observed at 100 °C. Solutions decom-
posed rapidly at 180 °C to afford the [2+1] cycloelimination
products of 3b (14 and methyl isocyanide) and 3c (dimethyl-
diazene and 15), together with compounds analogous to
those originating from the ring-opening rearrangements of
2a, 6a, 6c, and 8e described above.

(Arylimino)diaziridines

Phenyl-substituted three-membered heterocycles contain-
ing exocyclic double bonds are rare species.[1,5,16a,20a–20c]

Some have been generated photochemically in solid ar-
gon;[20d,20e] others have only been invoked as intermediates
en route to benzo-annellated five-membered heterocycles
such as 2,3-dihydroindol-2-ones[16a,21] and benzimid-
azoles.[7d,20d,22] To develop a route to iminodiaziridines
bearing aryl groups, we investigated base-induced cycliza-
tions of the hydroxyguanidine O-sulfonic acids 20 and 32
in base/solvent combinations that were successful for the
synthesis of (alkylimino)diaziridines. We obtained good to
excellent yields of mixtures of isomers, which were easily
separated by crystallization and chromatography (Scheme 4
and Scheme 7, Table 1).

The structures of the products were based on elemental
analyses, spectroscopic evidence, X-ray diffraction analyses
(21e,[23] 25f[24]), comparison with authentic samples (27a,
37, 38,[7d] 41a), and thermal (25e, 25f, 35b) or acid-mediated
degradation (26a, 26b). Prolonged heating of solutions of
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Scheme 4. Base-mediated 1,3-elimination of sulfuric acid from N-
hydroxyguanidine O-sulfonic acids 20 and sequential products. For
bases, solvents, and reaction conditions, see Table 1.

Table 1. Products of the reactions of N-hydroxyguanidine O-sul-
fonic acids 20 and 32 with strong bases.

[a] Yield [%] Products Ratios

20a A 80–89 21a, 26a, 27a 15:83:2 to 11:87:2
20b A[b] 91 21b, 26b, 27b 4:71:25
20c A[b] 86 21c, 26c, 27c 6:9:85
20d A 72 21d

B 80 21d
C 64 21d

20e A 67 21e, 25e 98:2
D 67 21e, 25e 72:28

20f A[b] 75–78 21f, 25f 98:2 to 86:14
32a A 91 37, 38 15:85

E 98 37, 38 75:25
32b A 54 35b, 39 96:4

[a] Base and solvent; A: KOH (40%) in methanol; B: KOH (50%)
in water; C: NaH in THF; D: tBuOK in diethyl ether, –78 � 25 °C;
E: aq. NaOH (2 ). [b] At 0 °C.

25f at 100 °C, for example, resulted in loss of the bridge-
head methyl group and formation of 27c. These experi-
ments and compounds are detailed in the Supporting Infor-
mation.
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The structures of the (arylimino)diaziridines 21d–f with
two ortho-methyl groups were evident from the observation
that their two tert-butyl groups could become equivalent on
the 1H NMR timescale: exchange-broadening of the two N-
tert-butyl 1H NMR signals at 400 MHz and their coalesc-
ence at ca. 35 °C in 60 MHz spectra indicated rapid inver-
sion of the imino groups. The inversion occurred more
slowly in the phenylimino compound 21a, as shown by
sharp tert-butyl signals at room temperature and their co-
alescence at 65 °C. Major products of 20a–c were the iso-
meric 3-amino-2H-indazoles 26a–c and 2-aminobenzimid-
azoles 27a–c (Scheme 4, Table 1). The former set of com-
pounds exhibit strong blue fluorescence, which allowed reli-
able distinction from the latter set. The analysis of mixtures
of 26 and 27 was facilitated by the characteristic differences
between the 1H chemical shifts of the tert-butylamino
groups (26: δ ≈ 1.35 ppm, 27: δ ≈ 1.5 ppm in CDCl3 solu-
tion).

Base-mediated elimination of sulfuric acid from 20 af-
forded mixtures that did contain (arylimino)diaziridines 21,
but no 1-aryl-3-iminodiaziridines 22 (Scheme 4). Although
useful yields of the former compounds were obtained when
the two ortho positions of their benzene rings were substi-
tuted as in 21d–f, only small amounts of 21a–c were formed
in those cases in which this condition was not met. Surpris-
ingly, 20a and 20b furnished the 3-amino-2H-indazoles 26a
and 26b, respectively, as major products, whereas 20c
mainly yielded the 2-aminobenzimidazole 27c. The yellow
color of the crude iminodiaziridines 21e and 21f was indica-
tive of the presence of byproducts, which eventually turned
out to be the 2-imino-2,3-dihydro-3aH-benzimidazoles 25e
and 25f, respectively.[25] At room temperature, 25e slowly
dimerized, but, as would be expected, the 5-(tert-butyl)
compound 25f did not. Structure 28, a novel pentacyclic
system, was assigned to the dimer on the basis of spectro-
scopic evidence and the mode of Diels–Alder cycloaddition
observed in similar systems[26] (e.g., 29 � 30; Scheme 5).[27]

The high-field 1H and 13C NMR spectra recorded for 28
indicated restricted rotation of the two encumbered tert-bu-
tyl groups attached to the imidazole rings even at room
temperature.[28]

Scheme 5.
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A number of routes that might lead to the benzimidazole

(25, 27) and indazole derivatives 26 shown in Scheme 4 are
conceivable. The (arylimino)diaziridines 21 can be ruled out
as intermediates, because 21a and 21e were stable and were
completely recovered after having been subjected to the re-
action conditions for extended periods of time. The N–N
bonds in the aminoindazoles 26 suggest that they originate
from the 1-aryl-3-iminodiaziridines 22. Conclusive evidence
as to the mode of formation of 25–27 was provided by the
use of [D9]20a and [D9]20f (Scheme 5). Their labeled tert-
butyl groups were completely scrambled in [D9]26a, [D9]-
27a, and [D9]25f.[29] This result rules out direct attack of
the electrophilic nitrogen atoms of 20 at the benzene rings
and pathways to 26 that bypass 22. It can be explained by
formation from 20 of intermediates containing two equiva-
lent tert-butyl groups (triazatrimethylenemethane diradi-
cals) that cyclize to yield 22, or by 1,3-elimination of 20
to afford 22, which undergo very rapid degenerate valence
isomerizations (22/22�). Indeed, as may be inferred from the
degenerate valence isomerization of 1-methylene-2,2-di-
phenylcyclopropane,[30] the [1.3] shifts in 22 and 22� should
be strongly accelerated by the presence of the aryl groups.

Although we have no direct evidence for the subtle mecha-
nism of the scrambling, it seems plausible to invoke a very
rapid 22/22� equilibration as a crucial step. On the basis of
this assumption, the multi-step routes to the final products
are bifurcated at two stages: (i) the competing cyclizations of
20 to afford either the stable 21 or the elusive 22, and (ii) the
ring-expansions of 22 to furnish either the 2,3-dihydro-3aH-
indazoles 23 or the 2,3-dihydro-3aH-benzimidazoles 25. The
regioselectivity of diaziridine ring-closure is mainly deter-
mined by the substitution pattern of the benzene rings of 20:
if at least one of the ortho positions is not occupied, as in
20a–c, the aryl-substituted nitrogen atoms preferentially
close the diaziridine ring. Otherwise, the tert-butyl-substi-
tuted nitrogen atoms predominantly participate in the 1,3-
elimination. In addition, the outcome of the competition be-
tween the two different modes of cyclization did depend
somewhat, but unpredictably, on the reaction conditions
(Table 1), just as in the case of the alkyl compounds 9.

Ring-expansion of compounds 22 to the 3-amino-2H-
indazoles 26 was observed only if at least one of the ortho
positions of the benzene rings was unsubstituted.[31] The
initial step may be considered a formal [1.3] shift (22 � 23).
Probably, azomethine imine 1,3-dipoles 24 are intermedi-
ates of this step,[32–34] favored by coplanarity of the benzene
rings and the azomethine imine moieties. This prerequisite
is precluded, though, by the presence of two ortho substitu-
ents. In contrast, conformations that are involved in the
Cope rearrangements of 22 to the 2,3-dihydro-3aH-benz-
imidazoles 25 appear to be less influenced by ortho substitu-
ents, if at all. It is probably for these reasons that the com-
petition between benzimidazole and indazole formation is
determined by the ortho substituents: they hinder the Cope
rearrangement much less than they disfavor ring-opening to
the azomethine imines 24. Accordingly, the isolated yield of
26c dropped to 9 %, compared with 26a and 26b, whereas
the yield of 27c reached 85% of the isolated material.
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In view of the unsatisfactory yields of 21a–c, we investi-
gated cyclization of the guanidine derivative 31 in the pres-
ence of potassium tert-butoxide and tert-butyl hypochlorite.
Gratifyingly, a reasonable yield of similar amounts of 21a
and 26a was achieved (Scheme 6). Because separation can
be conveniently achieved by chromatography, this alterna-
tive to the N-hydroxyguanidine O-sulfonic acid procedure
appears to be the method of choice for (arylimino)diazirid-
ines with unsubstituted ortho positions.

Scheme 6. Cyclization of guanidine 31 in the presence of potassium
tert-butoxide and tert-butyl hypochlorite.

Considering the fleeting existence of the 1-aryl-3-imino-
diaziridines 22, we were not surprised that no 33, let alone
1,2-diaryl-3-iminodiaziridines such as 34, could be detected
after treatment of 32 with strong bases, or that only prod-
ucts of their rearrangements were isolated (Scheme 7,
Table 1). When the diphenyl compound 32a was added to
the strong base, a deep yellow color, probably indicative of
intermediates such as 35a and 36, emerged for a short
period of time. Workup yielded mixtures of the 6-amino-
5H-dibenzo[d,f][1,3]diazepine 37 and the 2-aminobenzimid-
azole 38. The former compound predominated when dilute
aqueous sodium hydroxide was employed, whereas concen-
trated potassium hydroxide in methanol gave mainly the lat-
ter. The absence of the isomeric 2-aminobenzimidazole 40,
which we synthesized, ruled out direct attack of the electro-
philic nitrogen atom of 32a at a benzene ring. The unexpec-
ted formation of 37 can be explained most simply (i) by a
base-induced oxidative coupling mechanism (32a � 36),
which bypasses 33a,[35] (ii) by a [1.3] shift (33a � 34), fol-
lowed by a divinylcyclopropane/cycloheptadiene rearrange-
ment (34 � 36),[36] or (iii) by a [3.5] sigmatropic shift (33a
� 36).[37] However, it is difficult to explain why the reaction
conditions strongly influence the ratio of 37/38 if the forma-
tion of 37 and 38 commences with competing thermal re-
arrangements of 33.[38]

If the ortho positions of both benzene rings were substi-
tuted, as in 32b, deep yellow crystals were isolated. On heat-
ing in boiling heptane, this product lost CH2 to furnish 41b,
which was identical with 41a, synthesized independently,
except for the methyl group at the benzene ring of 41b. In
addition, the characteristic chemical shifts of tert-butyl 1H
NMR signals permitted unequivocal confirmation of the
structures of the 2-aminobenzimidazoles 38, 40, and 41.
The 2,3-dihydro-3aH-benzimidazole structure 35b was
therefore assigned to the yellow crystals, and not the hypo-
thetical isomeric structure 42, which might have resulted
from direct attack of the electrophilic nitrogen atom of 32b
at a benzene ring. A small fraction of 35b underwent di-
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Scheme 7. Base-mediated elimination of sulfuric acid from N-hy-
droxyguanidine O-sulfonic acids 32 and sequential products. For
bases and solvents, see Table 1.

merization to a pale yellow product to which the structure
39 was ascribed on the basis of spectral evidence and the
analogy with 28, 30,[27] and a similar example.[26]

15N NMR Spectra of Iminodiaziridines

So far, only 15N NMR spectra of diaziridines,[39] and imi-
noaziridines[5] have been reported. The results of the first
15N NMR study of iminodiaziridines are listed in Table 2.

Amino nitrogen atoms [15N(sp3)] resonate at higher field
(by ca. 90 ppm) than double-bonded nitrogen atoms
[15N(sp2)].[40] This well-established empirical relationship al-
lows reliable assignment of signals to the exocyclic nitrogen
atoms in iminodiaziridines. Their 15N(sp2) chemical shifts
span a range of 50 ppm and resemble those of the imino
nitrogen atoms in pentasubstituted guanidines.[41] In con-
trast, the ring nitrogen atoms resonate at significantly lower
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Table 2. Chemical shifts δ (ppm, relative to CH3NO2 as external
standard) in 40.5 MHz 15N NMR spectra recorded for solutions of
iminodiaziridines in [D6]benzene at a temperature of 22 °C.

�N–tBusyn �N–tBuanti =N–R R

2a[a] –244.0 –253.8 –190.7 Me
2b[b] –245.5[c] (NB) –264.7[c] (NA) –153.2 tBu
21a[b] –242.4 –255.6 –166.2 Ph
21b –242.4 –256.3 –167.3 4-(tBu)C6H4

21e –238.9[c] (NA) –248.9[c] (NB) –169.5 2,4,6-Me3C6H2

21f –237.5[c] –247.5[c] –168.0 4-(tBu)-2,6-
Me2C6H2

�N–Mesyn

(E)-8e[a] –278.2 –250.5 –154.5 tBu

�N–c-Hexsyn �N–c-Hexanti

6b[d] –230.6[c] –218.9[c] –141.0 c-Hex

[a] HN-HMBC. [b] HN-gHMBC. [c] The chemical shifts may be
exchanged. [d] 60.8 MHz spectrum with external aqueous NH4Cl
standard, recalculated to CH3NO2.

field than the sp3 nitrogen atoms in guanidines. The signals
of simple diaziridines[39b] are also found at higher field than
those of iminodiaziridines, but the differences are smaller
than in the case of guanidines. When the chemical shifts of
2a and (E)-8e are compared with corresponding 15N NMR
spectroscopic data for iminoaziridines,[5] the first two spe-
cies show ring nitrogen signals at lower field than the third
(∆δ ≈ 50–60 ppm) but imino nitrogen signals at higher field
(∆δ ≈ 20–30 ppm).

Resonance frequencies of 15N NMR signals are shifted
downfield by carbon atoms in β-positions. In 15N NMR
spectra of iminodiaziridines, these β-effects are particularly
large for both types of nitrogen atoms if an N-methyl group
is exchanged for an N-tert-butyl group. The signal of the
exocyclic nitrogen atom of 2b, for example, appeared at
lower field (∆δ = 37.5 ppm) than that of 2a. With the help
of the β-effect, the syn and anti ring nitrogen signals of (E)-
8e were assigned not only through 15N,1H correlation spec-
troscopy but also – and even more conveniently – by the
difference in their chemical shifts [δ(15Nanti) – δ(15Nsyn) =
27.7 ppm]. The assignment of these signals was more diffi-
cult for iminodiaziridines bearing two identical ring substit-
uents. To this end, we performed HN-HMBC or HN-
gHMBC and homonuclear NOE experiments, the last of
these with a view to assigning the 1H NMR signals.
Whereas the 15N,1H correlation spectroscopy gave unequiv-
ocal results, the NOE experiments failed to do this in some
cases. The distance between the signals of syn and anti ring
nitrogen atoms amounted to |∆δ| ≈ 10–20 ppm. Similar val-
ues have been found for N��-aryl-N,N,N�,N�-tetrameth-
ylguanidines and related compounds.[41]

Conclusions

(Alkylimino)- and (arylimino)diaziridines have been pre-
pared by cyclization of N,N�,N��-substituted guanidines in
the presence of tert-butyl hypochlorite and potassium tert-
butoxide, as well as by base-mediated 1,3-elimination of sul-
furic acid from N-hydroxyguanidine O-sulfonic acids. The
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scope and limitations of these iminodiaziridine syntheses
are reported. At elevated temperatures, (alkylimino)diazir-
idines undergo valence isomerization by [1.3] shift, by [2+1]
cycloelimination to isocyanides and azo compounds, and
by ring-opening elimination to N-alkylidene guanidines.
(Arylimino)diaziridines are persistent under the conditions
of formation. Scrambling of perdeuterated tert-butyl groups
in five-membered-ring products suggests that 1-aryl-3-imino-
diaziridines are elusive intermediates. They rearrange to
3-amino-2H-indazoles, 2-amino-1H-benzimidazoles, and, if
both ortho positions of the benzene rings are substituted,
2-imino-2,3-dihydro-3aH-benzimidazoles, which may
slowly dimerize by Diels–Alder cycloaddition. Surprisingly,
an N-hydroxy-N�,N��-diphenylguanidine O-sulfonic acid af-
forded a 6-amino-5H-dibenzo[d,f][1,3]diazepine together
with the expected 2-aminobenzimidazole, but no 3-amino-
2H-indazole. Thermal reorganization of (arylimino)diazir-
idines in cascades of pericyclic reactions and oxidation of
amino-2H-indazoles 26 to afford novel, very stable N-cen-
tered radicals will be reported separately.

Experimental Section
General: General experimental, syntheses of precursors and
authentic compounds, thermolysis and degradation experiments,
and NMR, UV/Vis, and IR spectra are reported in the Supporting
Information. Reactions in aprotic solvents were performed in dry
solvents in flame-dried glassware under N2 or Ar . Solutions were
freshly prepared. tBuOK was sublimed at 10–3 Torr. Petroleum
ether had a boiling range of 30–50 °C. Iminodiaziridines were
stored at –25 °C; liquid samples were kept in sealed vials. Ratios
of isomers and diastereomers were determined by integration of
appropriate 1H NMR singlets.

(1,2-Di-tert-butyldiaziridin-3-ylidene)(methyl)amine (2a):[7a,7c] 1H
NMR (400 MHz, NOE): δ = 1.04 (s, 9 H, tBusyn), 1.08 (s, 9 H,
tBuanti), 2.98 (s, 3 H, Me) ppm. 13C NMR (100 MHz, HC-HMBC,
C6D6): δ = 26.47 [(CH3)3, tBuanti], 27.62 [(CH3)3, tBusyn], 37.23
(CH3), 57.37 (quat. C, tBusyn), 58.21 (quat. C, tBuanti), 148.38
(C=N) ppm. 13C NMR (22.6 MHz, CDCl3): δ = 26.2, 27.4
[(CH3)3], 37.2 (CH3), 57.5, 58.2, 149.2 (quat. C) ppm. EI MS
(14 eV): m/z (%) = 183 (15) [M]+, 168 (3), 154 (2), 139 (2), 127 (20),
112 (16), 100 (4), 99 (2), 84 (3), 71 (2), 57 (100).

(tert-Butyl)(1,2-di-tert-butyldiaziridin-3-ylidene)amine (2b):[7b,7c] 1H
NMR (400 MHz, C6D6): δ = 1.08 (s, 9 H, tBuA), 1.10 (s, 9 H,
tBuB), 1.24 (s, 9 H, =NtBu) ppm. 13C NMR (100 MHz, HC-
gHMBC, C6D6): δ = 26.36 [(CH3)3, tBuA], 27.96 [(CH3)3, tBuB],
31.58 [(CH3)3, =NtBu], 53.59 (quat. C, =NtBu), 57.91 (quat. C,
tBuB), 58.16 (quat. C, tBuA), 142.66 (C=N) ppm. 13C NMR
(22.6 MHz, CDCl3): δ = 26.2, 27.7, 31.2 [(CH3)3], 53.6, 58.1, 58.3,
143.9 (quat. C) ppm.

General Procedure A. Alkyl-Substituted Iminodiaziridines 6 from
Guanidines 4: tert-Butyl hypochlorite (7.06 g, 65 mmol) was added
dropwise by syringe at –40 °C to stirred solutions of 4 (50 mmol)
in diethyl ether (150 mL) kept in the dark. Stirring was continued
at that temperature for 2 h, followed by the dropwise addition of
solutions of tBuOK (64 mmol, as titrated with 0.1  HCl) in dry
diethyl ether over 1 h. The temperature of the mixtures was raised
to –20 °C. The mixtures were stirred with cooling for 1 h and with-
out cooling for 0.5 h. A solid (KCl) precipitated, and the suspen-
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sions turned brown. Workup is described separately for each com-
pound.

General Procedure B. Products from N-Hydroxyguanidine O-Sul-
fonic Acids (7, 9, 20, 32) and Solutions of Alkali Hydroxides: N-
Hydroxyguanidine O-sulfonic acids (50 mmol) were suspended in
pentane (300 mL), petroleum ether (300 mL), or benzene. The sus-
pensions were cooled in an ice/water bath. Ice-cold solutions of
alkali hydroxide in methanol or water were slowly added to the
vigorously stirred suspensions, followed by stirring without cooling
for 1–2 h. Ice-cold water was added until the lower layers became
clear. The lower layers were extracted with pentane or petroleum
ether. The combined organic layers were dried by filtration through
short columns packed with K2CO3. The solvent was distilled in
vacuo. Alkyl-substituted iminodiaziridines were distilled at 20–
30 °C bath temp./10–2–10–3 Torr. Further workup of other products
is described separately.

General Procedure C. Iminodiaziridines from N-Hydroxyguanidine
O-Sulfonic Acids (7c, 9b, 20d) and Sodium Hydride: Suspensions of
N-hydroxyguanidine O-sulfonic acids (20 mmol) and NaH (2.40 g,
100 mmol) in THF (100 mL) were stirred for 14–16 h, followed by
removal of the solid material by filtration. Most of the solvent was
distilled in vacuo. Pentane (150 mL) was added to the concentrated
solutions. The mixtures were extracted with ice-cold water
(2�50 mL), followed by filtration through short columns packed
with K2CO3. The solvent was distilled in vacuo. Alkyl-substituted
iminodiaziridines were distilled at 20–30 °C bath temp./10–2–
10–3 Torr.

General Procedure D. Iminodiaziridines from N-Hydroxyguanidine
O-Sulfonic Acids (7e, 9b, 20e) and Potassium tert-Butoxide: N-Hy-
droxyguanidine O-sulfonic acids (50 mmol) were added to stirred
solutions of tBuOK (11.2 g, 100 mmol) in diethyl ether (300 mL).
Stirring was continued for 2–3 h, followed by addition of pentane
(200 mL) and stirring for 1 h. The resulting suspensions were
washed with ice-cold aq. Na2CO3 (0.5 , 2�200 mL). The organic
layers were filtered through short columns packed with K2CO3 and
briefly dried with NaH. The solvent was distilled off in vacuo.
Alkyl-substituted iminodiaziridines were distilled at 20–30 °C bath
temp./10–2–10–3 Torr.

(Alkylimino)diaziridines

(1,2-Dimethyldiaziridin-3-ylidene)(methyl)amine (3a): This com-
pound was produced by Procedure B from 7a (19.7 g, 0.10 mol),
aq. KOH (50%, 50 mL), and pentane (150 mL) with use of an Ul-
tra-Turrax® stirrer (IKA-Werke, 79219 Staufen, Germany). Stirring
was continued with cooling in the ice/water bath for 1 h, followed
by the usual workup. The solvent was distilled through a Vigreux
column (1 m) at –10 °C bath temp./80–100 Torr until the volume
of the residue was ca. 25 mL. Benzene (1.00 g) was added to the
colorless solution. The yield (25%) was determined by integration
of the 1H NMR signals of benzene and the N-methylimino group.
Caution: Complete removal of the solvent resulted in almost explosive
decomposition and formation of a yellow smoke! 1H NMR (90 MHz,
pentane): δ = 2.62 (q, 6JH,H = 0.47 Hz, 3 H), 2.70 (q, 6JH,H =
0.47 Hz, 3 H), 3.05 (s, 3 H) ppm. IR (pentane): ν̃ = 1855 (m), 1811
(s) cm–1.

(1-tert-Butyl-2-methyldiaziridin-3-ylidene)(methyl)amine (3b): This
compound was produced by Procedure B, from 7d and KOH in
methanol (40%, 100 mL). Colorless oil (6.20 g, 83%); (E)-3b/(Z)-
3b = 47.5:52.5. 1H NMR (60 MHz, C6D6): (E)-3b: δ = 1.13 (s, 9
H), 2.60 (s, 3 H), 3.04 (s, 3 H) ppm; (Z)-3b: δ = 1.08 (s, 9 H), 2.62
(s, 3 H), 3.06 (s, 3 H) ppm; the tert-butyl signals of (E)-3b and (Z)-
3b coalesce at Tc = 109 °C (∆ν = 4.0 Hz, ∆G‡

c = 87 kJ mol–1). 13C
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NMR (22.6 MHz, CDCl3): δ = 26.1, 27.0 [(CH3)3], 36.1, 37.2, 45.6,
45.9 (CH3), 58.4, 58.9, 151.7 (quat. C) ppm. IR (neat liquid): ν̃ =
1816 (s) cm–1. EI MS (14 eV): m/z (%) = 141 (12) [M]+, 126 (12),
112 (3), 100 (6), 85 (21), 57 (100). C7H15N3 (141.2): calcd. N 29.75;
found N 29.81.

Base-Mediated Cyclizations of 9a To Afford 3b and (tert-Butyl)(1,2-
dimethyldiaziridin-3-ylidene)amine (3c): 3c: 1H NMR (60 MHz,
CCl4): δ = 1.24, (s, 9 H), 2.68 (s, 3 H), 2.80 (s, 3 H) ppm. (a) These
compounds were produced by Procedure B, from 9a and KOH in
methanol (40%, 100 mL). Colorless oil (5.33 g, 75%); 3b/3c = 99:1.
A similar experiment with KOH in methanol (30 %, 100 mL) and
stirring at –20 °C for 4 h gave 3.56 g (50%); 3b/3c = �99.5:0.5. (b)
These compounds were produced by Procedure B, from 9a and aq.
NaOH [40 g, 1.0 mol, dissolved in water (240, 480, 950 mL, or
4.8 L)]. The mixtures were vigorously stirred for 2–3 h. Colorless
oils (5.76–5.97 g, 81–84%); 3b/3c (84�1):(16�1). (c) These com-
pounds were produced by Procedure B from 9a and aq. Na2CO3

(200 mL, 1.0 ). The mixture was vigorously stirred for 3 h. Color-
less oil (5.83 g, 82%); 3b/3c 78:22. (d) These compounds were pro-
duced by Procedure C from 9a and NaH in THF. Colorless oil
(1.95 g, 69%), 3b/3c 97:3.

(1,2-Diisopropyldiaziridin-3-ylidene)(isopropyl)amine (6a): (a) This
compound was produced by Procedure A, from 4a, tert-butyl hypo-
chlorite, and tBuOK (190 mL of 0.338  solution). Part of the sol-
vent was distilled in vacuo. The concentrated mixture was diluted
with pentane (150 mL), washed with ice-cold water (3�100 mL),
and briefly dried with K2CO3. The solvent was distilled in vacuo.
Distillation of the residue at 20–30 °C bath temp./10–2 Torr yielded
a colorless oil (6.69 g, 73%), which contained traces of isopropyl
isocyanide (IR). Distillation through a 20 cm Spaltrohr column
(bath temp. 20–35 °C/10–2 Torr, condenser at –30 °C, receiver at
–78 °C) afforded pure 6a. An experiment on tenfold scale gave the
same yield. 1H NMR (90 MHz, CCl4): δ = 1.06–1.22 (m, 18 H),
2.50, 2.77, 3.58 (sept, 3JH,H = 6.4 Hz, 1 H) ppm. 13C NMR
(22.6 MHz, CDCl3): δ = 20.3, 21.1, 21.3, 21.4, 24.7, 25.0 (CH3),
51.5, 57.5, 59.2 (CH), 150.0 (C=N) ppm. IR (neat liquid): ν̃ = 1857
(m), 1808 (s) cm–1. EI MS (70 eV): m/z (%) = 183 (1) [M]+, 168 (3),
126 (3), 114 (3), 111 (2), 99 (2), 85 (4) 84 (10), 83 (9), 70 (9), 69
(20) 43 (100). C10H21N3 (183.3): calcd. C 65.53, H 11.55, N 22.93;
found C 66.03, H 11.46, N 23.01. (b) This compound was produced
by Procedure B, from 7b and aq. KOH (40 %, 100 mL). Workup as
described under (a) yielded a colorless liquid (5.9 g, 64%).

(Cyclohexyl)(1,2-dicyclohexyldiaziridin-3-ylidene)amine (6b): This
compound was produced by Procedure A from 4b. Workup as de-
scribed for 6a and distillation of the solvent gave a very viscous,
pale brown oil (14.3 g), which was dried at 10–5 Torr. Distillation in
a sublimation apparatus at 80–90 °C bath temp./10–5 Torr yielded a
very viscous, pale yellow oil (9.5 g, 63%). Repeated sublimation
afforded colorless, waxy crystals, m.p. 37–39 °C. 1H NMR (C6D6,
600 MHz): δ = 1.02–1.70 (m, 22 H), 1.74 (m, 2 H), 1.80 (br. d,
2JH,H ≈ 13 Hz, 1 H), 1.89 (br. d, 2JH,H ≈ 13 Hz, 1 H), 1.93 (br. d,
2JH,H ≈ 12 Hz, 1 H), 1.99 (m, 2 H), 2.12 (br. d, 2JH,H ≈ 13 Hz, 1
H), 2.48 (tt, JH,H = 10.0, 4.0 Hz, 1 H, CHanti), 2.53 (tt, JH,H = 10.4,
3.9 Hz, 1 H, CHsyn), 3.57 (tt, JH,H = 9.8, 4.1 Hz, 1 H, =NCH) ppm.
1D-NOESY and 2D-TOCSY experiments show that the signals at
δ = 1.93 and 2.12 ppm belong to the syn cyclohexyl group. The
multiplet at δ = 1.99 ppm arises from 1 H of both the syn and the
anti cyclohexyl group. 13C NMR (100 MHz, C6D6): δ = 24.39
(CH2), 24.53 (2�CH2), 24.83, 24.85, 24.88, 25.92, 25.98, 25.99,
30.98, 31.81, 32.02, 32.17, 35.31, 36.16 (CH2), 59.38 (=NCH), 64.96
(CHsyn), 66.59 (CHanti), 150.29 (C=N) ppm. IR (CCl4): ν̃ = 1807
(s) cm–1. C19H33N3 (303.5): calcd. N 13.85; found N 13.34.
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[1,2-Bis(2,2-dimethylpropyl)diaziridin-3-ylidene](2,2-dimethylpropyl)-
amine (6c): This compound was produced by Procedure A, from
4c, tert-butyl hypochlorite, and tBuOK (97 mL of 0.663  solu-
tion). The mixture was diluted with pentane (150 mL), and the col-
orless precipitate was removed by filtration. The solvent was dis-
tilled in vacuo. The residue was sublimed at 20–25 °C/10–5 Torr to
afford colorless crystals (10.8 g, 81%), m.p. 50 °C (from acetonitrile
at –20 °C). 1H NMR (90 MHz, CCl4): δ = 0.92, 0.99, 1.00 (s, 9 H),
2.36, 2.93 (AB, 2JH,H = 11.2 Hz, 2 H), 2.46, 2.89 (AB, 2JH,H =
13.8 Hz, 2 H), 3.06 (s, 2 H) ppm. 1H NMR (CD3CN): δ = 0.91 (s,
9 H), 0.98 (s, 18 H), 2.37, 3.00 (AB, 2JH,H = 11.5 Hz, 2 H), 2.44,
3.03 (AB, 2JH,H = 13.4 Hz, 2 H), 3.10, 3.15 (AB, 2JH,H = 12.0 Hz,
2 H) ppm. 13C NMR (22.6 MHz, CDCl3): δ = 27.6, 27.8, 28.0
[(CH3)3], 32.0, 32.1, 32.4 (quat. C), 61.2, 70.3, 71.2 (CH2), 152.7
(C=N) ppm. IR (CCl4): ν̃ = 1816 (s) cm–1. EI MS (70 eV): m/z (%)
= 267 (4) [M]+. C16H33N3 (267.5): calcd. C 71.85, H 12.44, N 15.71;
found C 71.35, H 12.25, N 15.68. Compound 6c may be kept at
–25 °C, but decomposed at room temperature in vacuo over silica
gel during 14 d to afford a colorless powder (m.p. 155–175 °C).
Repeated recrystallization from acetonitrile yielded colorless crys-
tals, m.p. 175 °C, identical with authentic 13c.

(tert-Butyl)(1-tert-butyl-2-isopropyldiaziridin-3-ylidene)amine (8c):
(a) This compound was produced by Procedure B, from 7c and
KOH in methanol (40%, 100 mL). Colorless oil (8.14–8.75 g, 77–
83%). (b) This compound was produced by Procedure C, from 7c
and NaH in THF. Colorless oil (3.72 g, 90%). The analytical sam-
ple was obtained by repeated recrystallization from pentane at
–78 °C, followed by distillation. (E)-8c/(Z)-8c 4:1. 1H NMR
(90 MHz, neat liquid): δ = 0.97 [d, 3JH,H = 6 Hz, Me, (E)-8c], 1.07
[s, tBu, (E)-8c], 1.17 [s, tBu, (Z)-8c], 1.22 [s, tBu, (E)-8c], 1.24 [s,
tBu, (Z)-8c], 2.41 [sept, 3JH,H = 6.4 Hz, CH, (Z)-8c], 3.23 [sept,
3JH,H = 6.3 Hz, CH, (E)-8c] ppm. 13C NMR (22.6 MHz, CDCl3):
(E)-8c: δ = 18.3, 22.1 (CH3), 26.1, 31.0 [(CH3)3], 54.1 (CH), 54.3,
57.7, 144.3 (quat. C); (Z)-8c: δ = 20.5, 21.3 (CH3), 27.5, 31.0 [(CH3)
3], 59.7 (CH), 53.2, 58.2, 145.5 (quat. C) ppm. IR (neat liquid): ν̃
= 1850 (m), 1792 (s) cm–1. EI MS (14 eV): m/z (%) = 211 (14)
[M]+, 196 (24), 186 (13), 155 (18), 140 (22), 128 (19), 113 (21), 99
(73), 84 (97), 57 (100). C12H25N3 (211.4): calcd. C 68.20, H 11.92,
N 19.88; found C 67.85, H 11.87, N 20.02.

(tert-Butyl)(1-tert-butyl-2-methyldiaziridin-3-ylidene)amine (8e): (a)
This compound was produced by Procedure B, from 7e and KOH
in methanol (40%, 100 mL). Colorless oil (8.71 g, 95%); (E)-8e/
(Z)-8e �50:1. EI MS (14 eV): m/z (%) = 183 (63) [M]+, 168 (8),
154 (5), 139 (6), 127 (45), 120 (45), 112 (11), 100 (88), 84 (100).
(E)-8e: 1H NMR (400 MHz, C6D6): δ = 1.05 (s, 9 H, �NtBu), 1.19
(s, 9 H, =NtBu), 2.60 (s, 3 H, Me) ppm. 13C NMR (100 MHz, HC-
HMBC, C6D6): δ = 26.02 [(CH3)3, �NtBu], 31.61 [(CH3)3, =NtBu],
46.50 (CH3), 54.63 (quat. C, =NtBu), 58.50 (quat. C, �NtBu),
145.94 (C=N) ppm. 13C NMR (22.6 MHz, CDCl3): δ = 25.9, 31.3
[(CH3)3], 46.5 (CH3), 54.7, 58.6, 146.4 (quat. C) ppm. (b) This com-
pound was produced by Procedure D, from 7e. Colorless oil (7.33 g,
81%). An analytical sample was obtained by distillation through a
20 cm Spaltrohr column. C10H23N3 (183.3): calcd. N 22.92; found
N 22.88. (c) A stirred suspension of 7e (844 mg, 3.0 mmol) in di-
ethyl ether (30 mL) was cooled to –25 °C. A solution of butyllith-
ium in hexane (2.8 mL, 2.185 , 6.1 mmol) was added by syringe.
The mixture was allowed to come to room temp. over 3 h, followed
by stirring for 2 h. The colorless precipitate was removed by fil-
tration. Distillation of the solvent in vacuo gave a colorless oil
(509 mg, quant.), which consisted of 8e and 18 (1:1, IR, 1H NMR).
Use of THF instead of diethyl ether afforded a colorless oil (85%),
which consisted of 8e and 18 (1:4).
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Base-Mediated Cyclization of 9b To Afford 2a and 8e: (a) These
compounds were produced by Procedure B, from 9b (2.81 g,
10 mmol) and solutions of alkali hydroxides (250 mmol) in meth-
anol (a g) and pentane (200 mL). The mixtures were stirred for b h
to afford, after workup, c % of mixtures of 2a and 8e. KOH·H2O:
a = 28, b = 1.5, c = 81%; 2a/8e 85:15. NaOH: a = 40, b = 3, c =
87%; 2a/8e 56:44. NaOH, KOH·H2O or CsOH: a = 50, b = 5, c =
77–81 %; 2a/8e 59:41. NaOH or KOH·H2O: a = 550, b = 10, c
= 83–88%; 2a/8e 26:74. (b) These compounds were produced by
Procedure B, from 9b (2.81 g, 10 mmol), aq. NaOH (1 , 200 mL),
and pentane (200 mL). Colorless oil (1.08 g, 59%); 2a/8e 40:60. (c)
These compounds were produced by Procedure C, from 9b and
NaH in THF. Colorless oil (3.38 g, 92%); 2a/8e 50:50. (d) These
compounds were produced by General Procedure D, from 9b
(20 mmol) and tBuOK (4.48 g, 40 mmol) in diethyl ether (100 mL).
Colorless oil (2.93 g, 80%); 2a/8e 68:32. In a similar experiment,
the solution of tBuOK in diethyl ether was cooled to –78 °C, fol-
lowed by the addition of 9b. The stirred mixture was allowed to
come to room temp. over 26 h to afford 3.04 g (83%); 2a/8e 68:32.

(Arylimino)diaziridines

(1,2-Di-tert-butyldiaziridin-3-ylidene)(phenyl)amine (21a), 2-tert-Bu-
tyl-3-(tert-butylamino)-2H-indazole (26a), and 1-tert-Butyl-2-(tert-
butylamino)-1H-benzimidazole (27a): (a) These compounds were
produced by Procedure B, but without external cooling, from 20a
(34.4 g, 0.10 mol), KOH in methanol (40%, 0.50 L), and petroleum
ether (0.50 L). The mixture turned red. After separation of the or-
ganic layer, ice-cold water (1.5 L) was added to the aq. layer, fol-
lowed by extraction with petroleum ether (3�0.2 L). The organic
layers were filtered through a short column packed with K2CO3,
and the solvent was distilled in vacuo until a substantial amount
of crystals appeared. These were isolated by filtration and washed
with cold (–70 °C) pentane. The mother liquor and washings were
concentrated, and the resulting crystals were isolated as before.
Repetition of this procedure yielded several fractions of 26a as col-
orless needles (18.0 g, 74 %, m.p. 97–98 °C). Distillation of the sol-
vent from the mother liquor and washings then gave a pale red
solid (3.86 g, 16%) consisting of 21a, 26a, and 27a (63:25:12, 1H
NMR in C6D6). Sublimation at 35 °C/10–5 Torr gave crystals
(2.34 g, 21a/26a/27a 88:6:6). Recrystallization from pentane yielded
crystals of 21a and 26a (96:4, 1.02 g, m.p. 52–53 °C). Sublimation
raised the m.p. to 53.5–54.5 °C and the purity of 21a to �99.5%.
Yield of isolated products 89%, 21a/26a/27a 11:87:2. A similar ex-
periment with 15 mmol of 20a yielded 80%, 21a/26a/27a 15:83:2.
(b) A stirred solution of 29 (990 mg, 4.0 mmol) in diethyl ether
(30 mL) was cooled to –78 °C, followed by addition of a solution
of freshly sublimed tBuOK (1.0 g, 8.9 mmol) in diethyl ether
(25 mL). tert-Butyl hypochlorite (1.30 g, 12 mmol) was slowly
added to the cooled (–78 °C) mixture, which was stirred at that
temperature under exclusion of light for 12 h. The resulting red
solution was allowed to come to room temp., transferred into a
separatory funnel, and treated with a solution of Na2S2O4 (1.0 g,
5.7 mmol) in water (20 mL). Methanol (2–3 drops) was added until
the organic layer turned yellow. The organic layer was filtered
through a short column packed with K2CO3, and the solvent was
distilled in vacuo. The orange-colored residue was separated by
prep. TLC on Al2O3 with cyclohexane/diethyl ether (97:3) or flash
chromatography on Al2O3 with petroleum ether/diethyl ether to af-
ford 21a (blue first fraction, 0.32 g, 33%) and 26a (blue fluorescent
fraction, 0.41–0.49 g, 42–50 %). Sublimation at 25 °C/10–5 Torr
yielded 21a as colorless crystals (m.p. 48–50 °C). 21a: 1H NMR
(400 MHz, C6D6): δ = 0.94 (s, 9 H, tBusyn), 1.22 (s, 9 H, tBuanti),
6.94 [m, 1 H, p-H (Ph)], 7.14 [m, 2 H, m-H (Ph)], 7.27 [m, 2 H, o-
H (Ph)] ppm; simulation yielded 3Jp,m = 7.5, 3Jm,o = 7.9, 4Jp,o =
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1.2, 4Jm,m = 1.6, 4Jo,o = 2.2, 5Jm,o = 0.5 Hz. 1H NMR (60 MHz,
CCl4): Coalescence of the tert-butyl signals at Tc = (65�1) °C, ∆ν
= 18 Hz (25 °C), ∆G‡

c = 73 kJ mol–1. 13C NMR (100 MHz, C6D6):
δ = 26.53 [(CH3)3, tBuanti], 27.43 [(CH3)3, tBusyn], 58.85 (quat. C,
tBusyn), 59.24 (quat. C, tBuanti), 123.20 (CH, o-Ph), 124.58 (CH, p-
Ph), 129.21 (CH, m-Ph), 148.21 (quat. C, i-Ph), 149.36 (C=N) ppm.
13C NMR (22.6 MHz, CDCl3): δ = 26.4, 27.2 [(CH3)3], 58.9, 59.3
(quat. C), 122.7, 124.4, 128.8 (CH), 147.0, 150.1 (quat. C) ppm. IR
(neat): ν̃ = 1799 (s), 1594 (m) cm–1. EI MS (14 eV): m/z (%) = 245
(100) [M]+, 231 (1), 220 (1), 189 (18), 174 (15), 133 (23), 105 (7),
104 (15), 85 (3), 57 (28). C15H23N3 (245.4): calcd. C 73.43, H 9.45,
N 17.13; found C 73.52, H 9.37, N 17.35. 26a: 1H NMR (600 MHz,
CDCl3): δ = 1.351, 1.822 (s, 9 H), 2.855 (br. s, 1 H), 6.946 (ddd,
JH,H = 8.5, 6.5, 0.9 Hz, 1 H), 7.177 (ddd, JH,H = 8.7, 6.5, 1.1 Hz,
1 H), 7.596 (td, JH,H = 8.7, 0.9 Hz, 1 H), 7.660 (td, JH,H = 8.5,
1.0 Hz, 1 H) ppm. 13C NMR (151 MHz, CDCl3): δ = 30.97, 31.41
[(CH3)3], 53.94, 61.68 (quat. C), 117.76, 119.92, 120.97, 125.12
(CH), 118.11, 137.30, 146.03 (quat. C) ppm. IR (Nujol): ν̃ = 3320
(s), 1620 (m) cm–1. UV (ethanol): λmax (log ε) = 309 (3.749), 282
(3.585), 273 (3.532), 216 (4.55) nm. EI MS (70 eV): m/z (%) = 245
(24) [M]+, 133 (100). C15H23N3 (245.4): calcd. C 73.43, H 9.45, N
17.13, equiv. mass 245.4; found C 73.38, H 9.30, N 17.18, equiv.
mass 245.2. 27a: This compound was identical with the authentic
compound described in the Supporting Information.

(4-tert-Butylphenyl)(1,2-di-tert-butyldiaziridin-3-ylidene)amine
(21b), 2,5-Di-tert-butyl-3-(tert-butylamino)-2H-indazole (26b), and
1,6-Di-tert-butyl-2-(tert-butylamino)-1H-benzimidazole (27b): These
compounds were produced by Procedure B, from 20b (40.0 g,
0.10 mol), KOH in methanol (40%, 0.50 L), and petroleum ether
(0.50 L). The mixture turned red. Workup as described for 21a and
26a under (a) yielded a solid mixture of 26b and 27b (25.4 g, 84%),
which was recrystallized from acetonitrile to afford 26b (colorless
needles, 15.4 g, 51%, m.p. 219–220 °C). Concentration of the aceto-
nitrile mother liquor gave a solid (10.0 g, 33 %, 26b/27b 38:62, 1H
NMR in C6D6). The solvent was distilled from the petroleum ether
mother liquor and pentane washings. Flash chromatography of the
residue on Al2O3 with pentane/diethyl ether gave 21b (blue first
fraction, 0.95 g, 3%) and a colorless mixture of 26b and 27b (blue
fluorescent second fraction, 1.0 g, 3%, 26b/27b 3:7). Yield of iso-
lated products 91%, 21b/26b/27b 3.5:71.5:25. 21b: Sublimation at
35 °C/10–5 Torr afforded colorless crystals, m.p. 45–47 °C. 1H
NMR (400 MHz, C6D6): δ = 0.98 (s, 9 H, tBusyn), 1.22 (s, 9 H,
CtBu), 1.24 (s, 9 H, tBuanti), 7.24 (m, 2 H, HCCC), 7.28 (m, 2 H,
HCCN); simulation yielded 3Jm,o = 8.2, 4Jm,m = 2.6, 4Jo,o = 2.1,
5Jm,o = 0.5 Hz (o, m rel. N-substituent) ppm. 13C NMR (100 MHz,
C6D6): δ = 26.55 [(CH3)3, tBuanti], 27.51 [(CH3)3, tBusyn], 31.59
[(CH3)3, CtBu], 34.38 (quat. C, CtBu), 58.84 (quat. C, tBusyn), 59.17
(quat. C, tBuanti), 122.96 [CH, CCN (Ph)], 126.02 [CH, CCC (Ph)],
145.37 [quat. C, NC-i (Ph)], 147.23 [quat. C, CC-i (Ph)], 149.04
(C=N) ppm. 13C NMR (22.6 MHz, CDCl3): δ = 26.4, 27.2, 31.4
[(CH3)3], 34.3, 58.8, 59.2 (quat. C), 122.2, 125.5 (CH), 144.0, 147.1,
149.8 (quat. C) ppm. C19H31N3 (301.5): calcd. C 75.70, H 10.36, N
13.94; found C 75.64, H 10.33, N 13.91. 26b: 1H NMR (600 MHz,
CDCl3): δ = 1.351, 1.354, 1.806 (s, 9 H), 2.805 (br. s, 1 H), 7.307
(dd, JH,H = 9.1, 1.9 Hz, 1 H), 7.54–7.565 (m, 2 H) ppm. 13C NMR
(151 MHz, CDCl3): δ = 31.05, 31.32, 31.42 [(CH3)3], 34.74, 54.06,
61.58 (quat. C), 115.05, 117.25, 124.82 (CH), 117.90, 137.21,
142.37, 144.79 (quat. C) ppm. IR (KBr): ν̃ = 3250 (s), 1632 (m)
cm–1. UV (propan-2-ol): λmax (log ε) = 310 (3.87), 285 (3.62), 220
(4.41) nm. EI MS (70 eV): m/z (%) = 301 (17) [M]+. C19H31N3

(301.5): calcd. C 75.70, H 10.36, N 13.94; found C 75.60, H 10.62,
N 14.10. 27b: 1H NMR (600 MHz, CDCl3): δ = 1.355, 1.516, 1.827
(s, 9 H), 4.367 (s, 1 H), 7.130 (dd, JH,H = 8.3, 1.8 Hz, 1 H), 7.395
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(d, 3JH,H = 8.3 Hz, 1 H), 7.475 (d, 4JH,H = 1.8 Hz, 1 H) ppm. 13C
NMR (151 MHz, CDCl3): δ = 29.24, 30.66, 32.03 [(CH3)3], 34.69,
52.43, 57.21 (quat. C), 109.16, 115.85, 117.94 (CH), 133.35, 140.94,
141.56, 153.09 (quat. C) ppm.

(4-tert-Butyl-2-methylphenyl)(1,2-di-tert-butyldiaziridin-3-ylidene)-
amine (21c), 2,5-Di-tert-butyl-3-(tert-butylamino)-7-methyl-2H-in-
dazole (26c), and 1,6-Di-tert-butyl-2-(tert-butylamino)-4-methyl-1H-
benzimidazole (27c): These compounds were produced by Pro-
cedure B, from 20c (20.7 g, 50 mmol), KOH in methanol (40%,
250 mL), and petroleum ether (300 mL). The mixture turned red.
Workup as described for 21a and 26a under (a) afforded several
crystallized fractions. Recrystallization of the combined fractions
from benzene gave 27c as colorless plates (8.01 g, 51 %, m.p.
114 °C). The solvent was distilled in vacuo from the mother liquors
and washings, and the residue was separated by flash chromatog-
raphy on Al2O3 with pentane/diethyl ether. The blue first fraction
afforded 21c (0.83 g, 5%), the blue fluorescent second fraction 26c
(colorless needles, 0.87 g, 6%, m.p. 125–126 °C, from benzene), and
a blue third fraction yielded a colorless product (3.80 g) consisting
of 26c and 27c (8:92, 1H NMR). Yield of isolated products 86%,
21c/26c/27c 6:9:85. 21c: Sublimation at 35 °C/10–5 Torr gave color-
less crystals. 1H NMR (60 MHz, C6H6): δ = 0.94, 1.22 (s, 9 H),
1.25 (s, 9 H), 2.40 (s, 3 H) ppm. C20H33N3 (315.5): calcd. C 76.14,
H 10.54, N 13.32; found C 76.01, H 10.64, N 13.11. 26c: 1H NMR
(600 MHz, CDCl3): δ = 1.338 (s, 18 H), 1.801 (s, 9 H), 2.564 (s, 3
H), 2.748 (br. s, 1 H), 7.041 (br. s, 1 H), 7.384 (s, 1 H) ppm. 13C
NMR (151 MHz, CDCl3): δ = 16.77 (CH3), 31.04 (br.), 31.35, 31.41
[(CH3)3], 34.67, 54.03, 61.55 (quat. C), 112.52, 123.54 (CH), 117.74,
127.03, 137.10, 142.54, 144.86 (quat. C) ppm. IR (KBr): ν̃ = 3300
(s), 1627 (m) cm–1. 27c: This compound was identical with the
product that was obtained from 25f on prolonged heating in boiling
heptane (see Supporting Information). 1H NMR (600 MHz,
CDCl3): δ = 1.345, 1.519, 1.804 (s, 9 H), 2.523 (unresolved m, 3
H), 4.253 (br. s, 1 H), 6.947 (m, 1 H), 7.298 (m, 1 H) ppm. 13C
NMR (151 MHz, CDCl3): δ = 16.71 (CH3), 29.49, 30.60, 32.08
[(CH3)3], 34.61, 52.62, 56.95 (quat. C), 106.81, 118.64 (CH), 125.32,
132.82, 139.91, 141.30, 152.40 (quat. C) ppm. IR (Nujol): ν̃ = 3475,
1616 cm–1. UV (ethanol): λmax (log ε) = 294 (3.93), 261 (4.03) 222
(4.60) nm. EI MS (70 eV): m/z (%) = 315 (18), 259 (8), 244 (11),
228 (4), 203 (71), 188 (100), 172 (10), 160 (9). C20H33N3 (315.5):
calcd. C 76.14, H 10.54, N 13.32; found C 75.91, H 10.80, N 13.25.

(1,2-Di-tert-butyldiaziridin-3-ylidene)(2,6-dimethylphenyl)amine
(21d): (a) This compound was produced by Procedure B, but with-
out external cooling, from 20d (3.72 g, 10 mmol), KOH in meth-
anol (40 %, 40 mL), and pentane (100 mL). Yellow viscous oil
[1.96 g, 72%, �98% 21d (UV/Vis)]. Recrystallization from pentane
at –78 °C gave pale yellow crystals (1.37 g, 50 %, m.p. 26–27.5 °C).
(b) This compound was produced by Procedure B, but without ex-
ternal cooling, from 20d (3.72 g, 10 mmol), KOH in water (50%,
40 mL), and pentane (100 mL). Stirring was continued for 2 d.
Orange-colored, viscous oil (2.23 g, 80%). Recrystallization from
pentane at –78 °C gave pale yellow crystals (1.45 g, 53%, m.p. 26–
27.5 °C). (c) This compound was produced by Procedure C from
20d and NaH in THF. Orange-colored, viscous oil (3.53 g, 64%).
Repeated crystallization from pentane at –78 °C yielded pale yellow
crystals (2.19 g, 40%, m.p. 26–27.5 °C). Recrystallization from pen-
tane gave colorless crystals, m.p. 26.5–28.5 °C. 1H NMR (60 MHz,
CFCl3, –26 °C): δ = 0.88, 1.30 (s, 9 H), 2.22 (s, 6 H), 6.89 (s, 3 H)
ppm. 1H NMR (60 MHz, CCl4): Coalescence of the tert-butyl sig-
nals at Tc = (33�1) °C, ∆ν = 25.5 Hz (–26 °C), ∆G‡

c = 65 kJ mol–1.
IR (neat): ν̃ = 1798 (s) cm–1. UV (hexane): λmax (log ε) = 280 (sh,
3.24), 252 (3.756) nm. EI MS (14 eV): m/z (%) = 273 (100) [M]+,
259 (19), 243 (6), 217 (8), 202 (11), 190 (3), 188 (5), 161 (6), 133
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(19), 132 (19), 121 (3), 105 (8). C17H27N3 (273.4): calcd. C 74.68,
H 9.95, N 15.37; found C 74.92, H 9.97, N 15.57.

(1,2-Di-tert-butyldiaziridin-3-ylidene)(2,4,6-trimethylphenyl)amine
(21e) and 3-tert-Butyl-2-(tert-butylimino)-3a,5,7-trimethyl-2,3-dihy-
dro-3aH-benzimidazole (25e): (a) These compounds were produced
by Procedure B, but without external cooling, from 20e (38.6 g,
0.10 mol), KOH in methanol (40%, 0.67 L), and petroleum ether
(1.0 L). Pale yellow crystals of 21e (19.3 g, 67%, m.p. 82–92 °C,
21e/25e 98:2, UV/Vis). The solvent was distilled in vacuo from the
mother liquor. A solution of the residue in CH2Cl2 was placed on
top of a column packed with silica gel (200 g, 0.2–0.5 mm). Exhaus-
tive elution with CH2Cl2 gave a crystallized mixture (4.58 g), which
was separated into 21e (3.76 g, 13 %, soluble in pentane/diethyl
ether) and N-(tert-butyl)-N�-(2,4,6-trimethylphenyl)urea (0.78 g,
3 %, insoluble in pentane). The yellow zone was eluted with
CH2Cl2/Et3N (20:1), and the resulting yellow oil was chromato-
graphed on basic Al2O3 with petroleum ether/diethyl ether (20:1),
followed by distillation in a sublimation apparatus at 60–67 °C bath
temp./10–3 Torr to afford 25e as a yellow oil (0.23 g, 0.8 %). (b)
These compounds were produced by Procedure D, from 20e
(7.71 g, 20 mmol) and tBuOK (2.25 g, 20 mmol) in diethyl ether
(250 mL), cooled to –78 °C. The colorless suspension was warmed
slowly to room temp. The yellow color of 25e began to appear at
–27 °C. Workup yielded a yellow mixture (3.90 g, 67 %, 21e/25e
72:28, 1H NMR, UV/Vis). Separation of the components by
chromatography as described under (a) afforded 25e as a yellow oil
(0.89 g, 15%). 21e: Recrystallization from pentane (100 mL) gave
colorless needles (13.7 g, 48 %, m.p. 94.5–95.5 °C). 1H NMR
(400 MHz, C6D6, 20 °C): δ = 0.87 (br. s, 9 H, tBuA), 1.24 (br. s, 9
H, tBuB), 2.15 (s, 3 H, Ar-CH3), 2.32 (s, 6 H, Ar-CH3), 6.78 (s, 2
H, Ar-H) ppm. 1H NMR (60 MHz, CCl4): Coalescence of the tert-
butyl signals at Tc = (38�1) °C, ∆ν = 25 Hz (–22 °C), ∆G‡

c =
66 kJmol–1. 13C NMR (100 MHz, C6D6, 20 °C): δ = 19.58 (br, Ar-
CH3), 20.91 (Ar-CH3), 27.07, 27.28 [(CH3)3, tBu], 58.47, 58.57
(quat. C, tBu), 129.36 (CH, Ar-CH), 132.68 (quat. C, Ar-C-Me),
143.31 (quat. C, Ar-C-N), 145.89 (quat. C) ppm. 13C NMR
(22.6 MHz, CDCl3): δ = 19.1 (2 CH3), 20.7 (CH3), 27.1 [(CH3)3],
58.5, 128.9 (quat. C), 129.5 (Ar-CH), 132.6, 142.6, 146.1 (quat. C).
IR (neat): ν̃ = 1798 (s) cm–1. UV (hexane): λmax (log ε) = 286 (sh,
3.228), 255 (3.750), 220 (sh, 4.22), 205 (4.66) nm. EI MS (14 eV):
m/z (%) = 287 (100) [M]+, 273 (14), 231 (7), 216 (4), 202 (11), 146
(33), 85 (5), 57 (44). C18H29N3 (287.5): calcd. C 75.21, H 10.17, N
14.62; found C 75.55, H 10.07, N 14.51. 25e: 1H NMR (90 MHz,
CCl4): δ = 1.28 (s, 9 H), 1.40 (s, 3 H, 3a-CH3), 1.51 (s, 9 H), 1.77
(d, 4JH,H ≈ 1.5 Hz, 3 H, 5-CH3), 2.07 (br. d, 4JH,H ≈ 1.5 Hz, 3 H,
7-CH3), 5.98 (sept, JH,H ≈ 1.5 Hz, 1 H), 6.24 (br., 1 H) ppm. IR
(neat): ν̃ = 1662 (s), 1599 (s) cm–1. UV/Vis (hexane): λmax (log ε) =
400 (sh, 3.217), 334 (3.575), 240 (sh, 3.75), 209 (4.21) nm. EI MS
(70 eV): m/z (%) = 287 (55) [M]+, 231 (27). C18H29N3 (287.5): calcd.
N 14.62; found N 14.64.

Dimer 28 by Diels–Alder Reaction of 25e: Freshly distilled 25e
(575 mg, 2.0 mmol) was kept at 25 °C in the absence of light and
air for 3 weeks, followed by recrystallization of the product from
hexane to afford pale yellow crystals (440 mg, 76%, m.p. 135.5–
136.5 °C). 1H NMR (600 MHz, HH-COSY, HC-HSQC, HC-
HMBC, CDCl3): δ = 1.121 (s, 3 H, 10-CH3), 1.311 (s, 3 H, 16-
CH3), 1.331, 1.335 (s, 9 H), 1.355 (s, 3 H, 11-CH3), 1.416 (s, 3 H,
3-CH3), 1.554 (br. s, 18 H), 1.599 (d, 4JH,H = 1.7 Hz, 3 H, 17-CH3),
1.894 (d, 4JH,H = 1.4 Hz, 3 H, 8-CH3), 2.030 (unresolved m, 1 H,
2-H), 3.082 (unresolved m, 1 H, 1-H), 5.189 (m, 1 H, 18-H), 5.677
(unresolved m, 1 H, 9-H) ppm. 13C NMR (151 MHz, CDCl3): δ =
13.09 (11-CH3), 17.17 (8-CH3), 21.74 (10-CH3), 21.84 (16-CH3),
22.37 (17-CH3), 29.87 (3-CH3), 26–26.5, 29.5–31, 31.77, 31.95
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[(CH3)3], 49.38 (quat. C, C-11), 50.56 (CH, C-2), 51.36 (CH, C-1),
53.55, 53.59, 54.96, 55.17 [quat C, N-C(CH3)3], 53.70 (quat. C, C-
10), 69.72 (quat. C, C-3), 74.05 (quat. C, C-16), 128.87 (CH, C-18),
130.00 (quat. C, C-8), 138.96, (CH, C-9), 140.68 (quat. C, C-17),
157.83 (quat. C, C-5), 158.68 (quat. C, C-14), 180.87 (quat. C, C-
7), 193.71 (quat. C, C-12) ppm. IR (Nujol): ν̃ = 1669 (m), 1650
(m), 1613 (s) cm–1. UV (hexane): λmax (log ε) = 325 (3.69), 260
(4.20) nm. EI MS (70 eV): m/z (%) = 575 (38). C36H58N6 (574.9):
calcd. C 75.21, H 10.17, N 14.62, mol. mass 574.9; found C 75.35,
H, 9.99, N 14.46, mol. mass 582 (osmometric in CHCl3).

(4-tert-Butyl-2,6-dimethylphenyl)(1,2-di-tert-butyldiaziridin-3-ylid-
ene)amine (21f) and 3,5-Di-tert-butyl-2-(tert-butylimino)-3a,7-di-
methyl-2,3-dihydro-3aH-benzimidazole (25f): (a) These compounds
were produced by Procedure B, from 20f (8.55 g, 20 mmol), KOH
in methanol (40%, 140 mL), and petroleum ether (200 mL). Pale
yellow crystals (21f, 4.66 g, 71%, m.p. 75–77 °C). The solvent was
distilled in vacuo from the mother liquor. Chromatography of the
residue on silica gel with CH2Cl2, as described for 21e and 25e, gave
a pale yellow oil. Crystallization from pentane at –78 °C yielded 21f
as colorless crystals (0.18 g, 3%, m.p. 78–79 °C). Continued elution
with CH2Cl2/Et3N (20:1) and subsequent chromatography on basic
Al2O3 with petroleum ether/diethyl ether afforded a yellow oil,
which crystallized from pentane at –78 °C to furnish yellow cubes
(25f, 0.11 g, 2%, m.p. 84 °C). Yield of isolated products 75 %, 21f/
25f 98:2. (b) In a variation of Procedure B, 20f (8.55 g, 20 mmol)
was stirred in a solution of KOH in methanol (40%, 70 mL) for
5 min, followed by addition of petroleum ether (200 mL), stirring
for 1 h, and workup as described under (a). Colorless crystals of
21f (4.44 g, 67%, m.p. 78–79 °C) and yellow cubes of 25f (0.74 g,
11%, m.p. 84 °C). 21f/25f 86:14. 21f: Colorless needles from pen-
tane, m.p. 78–79 °C. 1H NMR (400 MHz, C6D6, 20 °C): δ = 0.87,
1.25 (br. s, 9 H, NtBu), 1.28 (s, 9 H, CtBu), 2.39 (s, 6 H, Ar-CH3),
7.11 (s, 2 H, Ar-H) ppm. 13C NMR (100 MHz, C6D6, 20 °C): δ =
19.98 (br., CH3, Ar-CH3), 27.05, 27.30 [(CH3)3, NtBu], 31.79
[(CH3)3, CtBu], 34.21 (quat. C, CtBu), 58.47, 58.56 (quat. C,
NtBu), 125.47 (CH, Ar-CH), 129.5 (br., quat. C, Ar-C-Me), 143.38
(quat. C, Ar-C), 145.88, 146.24 (quat. C) ppm. 13C NMR
(22.6 MHz, CDCl3): δ = 19.4 (CH3), 27.0 [2 (CH3)3], 31.5
[(CH3)3], 33.9, 58.4 (quat. C), 124.9 (CH), 128.8, 142.4, 146.1 (quat.
C) ppm. IR (Nujol): ν̃ = 1802 (s) cm–1. UV (heptane): λmax (log ε)
= 254 (3.78) nm. EI MS (70 eV): m/z (%) = 329 (13) [M]+, 315 (6),
314 (9), 273 (11), 258 (39), 217 (24), 202 (100), 188 (37), 161 (60).
C21H35N3 (329.5): calcd. C 76.54, H 10.71, N 12.75; found C 76.30,
H 10.52, N 12.62. 25f: Yellow cubes from pentane, m.p. 84 °C. 1H
NMR (600 MHz, CDCl3): δ = 1.061, 1.349, 1.573 (s, 9 H), 1.417
(s, 3 H), 2.092 (dd, JH,H ≈ 1.2, ≈ 0.6 Hz, 3 H), 6.316 (dq, 4JH,H ≈
1.6 Hz, 1 H), 6.349 (m, 1 H) ppm. 13C NMR (151 MHz, CDCl3):
δ = 16.47, 28.25 (CH3), 28.69, 28.83, 31.97 [(CH3)3], 34.14, 53.76,
54.99, 71.19 (quat. C), 128.46, 131.51 (CH), 130.03, 142.23, 156.10,
186.50 (quat. C) ppm. IR (Nujol): ν̃ = 1651 (s), 1598 (s) cm–1. UV/
Vis (hexane): λmax (log ε) = 390 (sh, 3.27), 331 (3.63), 235 (sh, 3.85),
207 (4.27) nm. EI MS (70 eV): m/z (%) = 329 (3), 258 (9), 216 (7),
203 (10), 202 (24), 188 (16), 187 (25), 162 (22), 161 (15), 57 (100).
C21H35N3 (329.5): calcd. C 76.54, H 10.71, N 12.75; found C 76.77,
H 10.76, N 12.69.

6-(tert-Butylamino)-5H-dibenzo[d,f][1,3]diazepine (37) and 2-(tert-
Butylamino)-1-phenyl-1H-benzimidazole (38): (a) These compounds
were produced by Procedure B, but without external cooling, from
32a (3.64 g, 10 mmol), KOH in methanol (40%, 80 mL), and ben-
zene (180 mL). The lower layers were extracted with benzene. Al-
most colorless crystals (2.42 g, 91%, m.p. 133–135 °C, 37/38 15:85,
1H NMR). Flash chromatography on Al2O3 with benzene/ethyl
acetate (1:1) yielded 38 as colorless crystals (first fraction, 2.04 g,
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77%, m.p. 140–142 °C). Elution with pure ethyl acetate afforded 37
as colorless crystals (0.36 g, 14%, m.p. 224–225 °C). Compounds
37 and 38 were identical with authentic compounds described in
the Supporting Information. (b) An experiment performed as de-
scribed under (a), but at the temperature of boiling benzene, gave
a crude product (85%) consisting of 37/38 12:88 (1H NMR). (c)
Compound 32a (3.64 g, 10 mmol) was added to a stirred solution
of KOH in methanol (40 %, 80 mL). Stirring was continued for
10 min, followed by the addition of benzene (180 mL) and workup
as described under (a). The crude product (90%) consisted of 37/
38 40:60 (1H NMR). (d) A mixture of 32a (3.64 g, 10 mmol) and
aq. NaOH (2 , 50 mL) was vigorously shaken in a 200 mL Erlen-
meyer flask for 5 min. At the onset, an intense yellow color ap-
peared and faded rapidly, followed by the precipitation of a volumi-
nous solid material. A second portion of aq. NaOH (2 , 50 mL)
was added, and the mixture was kept at room temp. for 1 h. The
solid was isolated by filtration, washed with water, and dried in
vacuo to afford a colorless product (2.60 g, 98%, m.p. 202–204 °C,
37/38 75:25, 1H NMR). Separation as described under (a) and
recrystallization from CHCl3 yielded 37 as colorless crystals
(1.41 g, 53%, m.p. 225–226.5 °C).

2-(tert-Butylimino)-3a,7-dimethyl-3-(2,6-dimethylphenyl)-2,3-dihy-
dro-3aH-benzimidazole (35b) and Dimer 39: These compounds were
produced by Procedure B, but without external cooling, from 32b
(10.5 g, 25 mmol), KOH in methanol (40 %, 100 mL), and petro-
leum ether (300 mL). Usual workup and distillation of the solvent
in vacuo gave a yellow residue, which was triturated with petroleum
ether (10 mL) to afford yellow crystals. Recrystallization from pe-
troleum ether yielded 35b as large, deep yellow crystals (4.12 g,
52%, m.p. 132–133.5 °C). The solvent was distilled from the first
mother liquor, and the residue was subjected to flash chromatog-
raphy on Al2O3 with benzene, followed by flash chromatography
of the first fraction on Al2O3 with ethyl acetate to furnish 39 as
pale yellow crystals (0.15 g, 2%, m.p. 180–181 °C). 35b: 1H NMR
(90 MHz, CDCl3): δ = 1.30 (s, 9 H), 1.38 (s, 3 H, 3a-CH3), 2.03,
2.27 (s, 3 H, Ar-CH3), 2.19 (d, 4JH,H = 2 Hz, 3 H, 7-CH3), 5.73–
6.27 (m, 3 H), 7.07 (s, 3 H) ppm. IR (Nujol): ν̃ = 1662 (s), 1626
(m), 1580 (s) cm–1. UV (hexane): λmax (log ε) = 388 (3.345), 323
(3.603), 240 (sh, 3.83), 210 (sh, 4.45) nm. EI MS (70 eV): m/z (%)
= 321 (40) [M]+, 306 (100). C21H27N3 (321.5): calcd. C 78.46, H
8.47, N 13.07, equiv. mass 321.5; found C 78.40, H 8.32, N 13.32,
equiv. mass 322. 39: 1H NMR (90 MHz, CDCl3): δ = 1.433, 1.450
(9 H), 1.74 (s, 12 H), 1.81 (s, 9 H), 1.94–2.20 (m, 12 H), 2.68 (br.
s, 2 H, 2-H, 10-H), 3.43 (d, 3JH,H = 7 Hz, 1 H, 1-H), 5.57 (d, 3JH,H

= 8 Hz, 1 H, 18-H), 5.83–6.17 (m, 2 H, 9-H, 17-H), 6.67–7.10 (m,
6 H) ppm. IR (Nujol): ν̃ = 1670 (s), 1651 (m), 1613 (s) cm–1. UV
(hexane): λmax (log ε) = 316 (3.76), 263 (4.36), 232 (4.43), 203 (4.93)
nm. C42H54N6 (642.9): calcd. C 78.46, H 8.47, N 13.07, mol. mass
642.9; found C 78.78, H 8.54, N 12.96, mol. mass 647 (osmometric
in CHCl3).

Supporting Information (see footnote on the first page of this arti-
cle): General experimental (1 page), syntheses of precursors (9
pages) and authentic compounds (4 pages), thermolysis and degra-
dation experiments (4 pages), NMR spectra (30 pages), UV/Vis
spectra (2 pages), IR spectra (3 pages).

Acknowledgments

We are grateful to the late Dr. Palle E. Iversen, University of
Aarhus, Denmark, for generous gifts of N-alkylhydroxylamine hy-
drochlorides and to the late Dr. Viktor Formáček, Bruker,
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