N-Alkylation of diaziridines
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1,2-H-Diaziridines can be successfully alkylated only at one of the ring nitrogen atoms, whereas preliminary metalation is
required for introducing an alkyl substituent at the second nitrogen atom; this metalation was performed using N-sodium salts as
an example.

It is well known that alkyl derivatives of diaziridines have aalkyl chlorides, the addition of NaBr in an equimolar amount
pronounced action on the central nervous system, and this equivalent to the alkylation with alkyl bromides. In the
action depends on the structure and number of substit#®nts.alkylation with alkyl iodides at an equimolar ratio between the
Diaziridines with alkyl substituents at nitrogen atoms are

g?nr?nn;;nl%'/hgrep%%niesdhe%y d(ja{{gcgnS{Eghel\?IZI;;?amoﬁogfeslp?{]czjl)% All new compounds exhibited satisfactory elemental analyses, and
- ADISTE R “\4:4)" their structures were confirmed by IR4 and13C NMR spectroscopy.
unsubstituted diaziridines are scanty. Only an example of thfk spectra were measured on ar¥ UR-20 spectrometepr in thin 1E|)I>r,ns of
N-monoalkylation of 1,2H-diaziridines1 was describedviz,  pure substancesH and 13C NMR spectra were recorded on Bruker
the synthesis of 3,3-dimethyl-1-methoxymethyldiaziridine byWwM-250 (250 MHz) and Bruker AM-300 (75.5 MHz) spectrometers,
alkylation of 3,3-dimethyldiaziridine with methyl chloromethyl respectively (TMS was used as an internal standard). 1-Methyl-3,3-
ether? The possibility of introducing a substituent at the secondentamethylenediaziridirs, 1-propyl-3,3-pentamethylenediaziriding
nitrogen atom of 1-propyl-3,3-pentamethylenediaziridine by3,3—d|methyl—2—|soprc_)pyld|a2|'nd|néf qnd 2—bqtyl—3—methyldlazmdlnél
alkylation of theN-lithium derivative with ethyl iodide was had the characteristics consistent W|_th the ||terature3ﬂa_(a'able 1).
referred to in a reviewhowever, any experimental information ieﬁlf;er;l] dprlogegltjrri;g dtig‘;ir?('j'i‘r{('ea;'_ogt:rfﬂr’:‘é”;?;z?ﬁgﬁér?osilﬁo%f 13-
is absent. At the same time, the alkylation reaction can b ; il X : -\
extremely useful for preparing 1-(1,2)-substituted diaziridinesTas added to a suspension of powdered Na0F.2 mol) in 75 mi of

. e . . . HF in a nitrogen atmosphere at 20 °C, and the mixture was stirred until
which are difficult to synthesise directly from amines. Here, weg,o completion of ammonia evolution (6 or 18-20 h for 1,3-dialkyl-

report the results of the first systematic study on the N-alkylagjaziridines or 1,3,3-trialkyldiaziridines, respectively). Next, alkyl bromides
tion reaction of diaziridines. were added at —30 to —15°C for 10—15 min, the temperature was
The basicity of diaziridines is rather lowKp 4.5-5.58 increased to 20 °C, the mixture was stirred for several hours and left to
In this connection, the alkylation would be expected to requiretand overnight. The precipitate formed was filtered off and washed with
polar (or dipolar aprotic) solvents and the presence of inorganitHF, the solvent was distilled off in a vacuum, and the residue was
bases. On the other hand, diaziridines are cyclic hydrazinedistilled in the presence of solid KOH in a flow of nitrogen. If the
However, it is well knowhthat alkylation of hydrazines at both alkylation was performed in the presence of tetraalky_lammonl'um halides,
of the nitrogen atoms is difficult because the second moleculeS€ compounds were added to the prepared sodium salt in an amount
of an alkyl halide is directed to the alkylated nitrogen atom af, 5% of theory, and an alkyl halide was added dropwise at —40 to

- S 30 °C. If the alkylation was performed with alkyl iodides, they were
which the_ electron denSIty IS hlgher_ than that at the unalkylategdded at—40to 5y30 °C; next ?he temperature wl;ys increased toyO °C, and
atom. This was a prerequisite for this study. . . ¢

> . the reaction mixture was stirred for 1.5 h at this temperature. Thereafter,
As starting compounds we examined 3,3-pentamethylene-, e reaction mixture was poured into an equal volume of diethyl ether or
3,3-dimethyl- and 3-methyldiaziridinds—c, respectively. Alkyl  hexane, the precipitate formed was filtered off, the solvent was distilled
chlorides, alkyl bromides, alkyl iodides and dimethyl sulfateoff, and the residue was distilled over solid KOH in a flow of nitrogen.
were used for the alkylation. THealkylating agent ratio was 1-Ethyl-3,3-pentamethylenediaziridingo: bp 74-76 °C (12 Torr),
varied from 1:1 to 1:3, and the temperature, from 0 to 80 °Cn32 1.4725.2H NMR (CDCly) ¢: 1.05 (t, 3H, Me3J 6 Hz), 1.54 [br. s,
The reaction was performed in water, water—ethanol or acetdOH, (CH)g, 1.75 (br. s, 1H, NH), 2.36 (AB, dq, 2H, GHJ 12 Hz,
nitrile in the presence of KOH, £O, or NaHCQ. We found % 6 Hz). IR g/cm): 3190 (NH). .
experimentally that an increase in thelkylating agent molar ~_1-Allyl-3,3-pentamethylenediaziridird: bp 104-106 °C (18 Torr),
ratio did not result in the formation of dialkylation products.” 1-4891.1H4 NMR (CCl, + CDCIy) 0: 1.55 [br. s, 10H, (Chg], 1.92
; (br. s, 1H, NH), 3.04 (AB, dg, 2H, NGH2J 6 Hz,3J 2 Hz), 5.02 (m,
In all experiments, only monoalkylated compourtiswere H CH-= 3 2 :
! 'S, | ¢ , CH,=, 3] 9 Hz), 5.78 (m, 1H, CH=3] 9 Hz). IR g/cm): 3210
obtained, and their yields were not higher than 50% (Scheme E“H) 3085 (=CH as), 1650 (C=C), 1620 (Nitlef)
Table 1). Carbonyl compounds (precursors of the starting diazi- 1_propargyl-3,3-pentamethylenediaziridiae bp 80-82 °C (3 Torr),
ridines) were isolated as by-products (demonstrated dsiag  mp 39-40 °C (pentanedZ® 1.5005.:H NMR (CDCL) 6: 1.49 and 1.53
an example). [br. d, 10H (CH)g], 1.94 (br. s, 1H, NH), 2.14 (t, THsCH, 4J 2.6 Hz),
Among alkyl halides, alkyl bromides were found to be3.14 (AB, dg, 2H, NCK 2] 12 Hz,4J 2.6 Hz). 13C NMR (CDC}) o:
the most effective agents. The yield of alkylation prod2ict 24.8, 25.4, 30.3, 38.1 (C ingB,g), 42.0 (N-C), 61.3 (C diaziridine
decreased with the use of alkyl chlorides. In the reaction withing), (72-5 gC—:C), 80.7 C-C=). IR (v/cmr?): 3305 ECH), 3192 (NH),
2125 (C=C).
Rl H Rl H 1-Allyl-3,3-dimethyldiaziridineg: bp 42—44 °C (17 Torrya® 1.4508.
| | 1H NMR (CCl, + CDCL) 6: 1.25 (s, 3H, Me), 1.30 (s, 3H, Me), 2.08
Rﬂv N 2x RAV N (br. s, 1H, NH), 3.00 (AB, dg, 2H, N-GHJ 5.5 Hz,3J 1.5 Hz), 5.05
N/ N/ (m, 2H, CH=), 5.88 (m, 1H, CH=). IR»{cnrl): 3200 (NH), 3080
| | (=CH, as), 1640 (C=C).
R2 1-Propargyl-3,3-dimethyldiaziridin€h: bp 55-58 °C (20 Torr), nz?
1.46711H NMR (CCl, + CDCLy) 6: 1.26 (s, 3H, Me), 1.31 (s, 3H, Me),
2.05 (br. s, 1H, NH), 2.21 (t, 1HsCH, 3J 2.5 Hz), 3.11 (AB, dg, 2H,
la R+ Rl= (CHy)s N-CH,, 2J 16 Hz,3J 2.5 Hz). IR ¢/cnr): 3300 (ECH), 3200 (NH),
1b R=Rl=Me 2125 (C=C).
1c R=H,Rt=Me 3-Methyl-1-(2-nitrazapropyl)diaziridin&j: bp 89-90 °C (0.5 Torr),
X = Br, Cl, SOOMe n2? 1.49511H NMR (CDCly) &: 1.45 (d, 3H, Me3J 6.1 Hz), 2.05 (br. s,
1H, NH), 2.84 (g, 1H, CHJ 6.1 Hz), 3.63 (s, 3H, Me), 3.89 and 4.90
Scheme 1Reagents and conditionis see Table 1. (AB, 2H, N-CH,, 2] 12 Hz). IR ¢/cm™): 3250 (NH), 1510, 1525 (N{
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Table 1Conditions and results of the alkylation of Hdiaziridinesl.

Starting diaziridine  Alkylating agent (mol) Alkaline reagent (ma)C t/h Solvent End product  Yield (%)
la Me,SO, (2.5) KOH (2.5) 0-5 3 HO 238 21
la EtCl/NaBr (3.0) KOH (3.0) 60 15 O 2b 44
la PrCl (2.0) KOH (2.0) 80 12 20) 2 26
la CH,=CHCH,Br (1.1) KOH (1.1) 50-60 2 5O 2d 45
la HC=CCH,Br (1.1) KOH (1.1) 50-60 8 KO 2e 41
1b PrBr (1.2) NaHCQ (1.2) 50-60 15 HO 2f10 40
1b CH,=CHCH,Br (1.1) NaHCQ (1.1) 50-60 12 HO 29 30
1b HC=CCH,Br (1.2) NaHCQ (1.2) 50-60 15 HO 2h 30
1c BuBr (1.2) KOH (1.2) 70-80 25 JO-EtOH 21t 35
1c MeN(NO,)CH,Br (1.2) K,CO; (1.2) 5-10 2 MeCN 2j 43
20 15

reactants, desired compoung@swere not formed at all, and The rate of formation of sodium salés increased with
starting compound was decomposed. For example, cyclohexa-decreasing alkyl substitution in the molecule of starting com-
none (detected as the semicarbazone) and tetraallylammoniymund?2. Thus, 3-butyl-1-methyldiaziridingi and 1,3-dimethyl-
iodide rather thard were isolated in small yields from a diaziridine 2k rapidly react with sodium amide (heating up,
mixture of 1a, allyl iodide and KOH in water. At first glance violent evolution of ammonia). The formation of sa@igand4k

this result seems to be surprising because it is well known thatas completed in 5 to 6 h. The time taken to prepare sodium
diaziridines oxidise the iodide ion in an acidic rather thansalt 4a from 1-methyl-3,3-pentamethylenediaziridiga was
alkaline mediuniz13However, we found in special experiments 18-20 h; this is evidently due to the less acidic character of the
that 3,3-pentamethylenediaziridid@ undergoes decomposition NH unit in 2a in comparison with that i2i or 2k. Because

in the presence of Nal in neutral and weakly alkaline medidghe reaction was performed in an anhydrous medium, it was
to form cyclohexanone. We succeeded in preparing desirgabssible to use not only alkyl chlorides and bromides (alkyl
compound2d in 18% yield fromla and allyl iodide only in a bromides gave better results of the reaction than alkyl chlorides),

fivefold excess of KOH. but also alkyl iodides. In the latter case, the reaction rate
increased dramatically. After the addition of alkyl chlorides and
Rl H Rl H bromides, the reaction mixture should be stirred at 20 °C for
| | several hours, whereas the reaction with more reactive alkyl
RN, Akal RN iodides was completed in 1-1.5 h at 0 °C.
N Base Hal~ N+ The rate of alkylation of salsalso increased on the addition
/le A Al of tetraalkylammonium salts to the reaction mixture. In this
case, alkylation can be performed even in diethyl ether or
2 3 hexane. It is likely that sodium saltis undissociated under
leo water-free conditions and occurs as an intimate ion pair in
which the negative charge at the nitrogen atom is substantially

neutralised by the neighbouring sodium cation. With a tetra-
alkylammonium cation in place of a sodium cation, the distance
Scheme 2 between the ions increased, and the nitrogen anion became
significantly more accessible for the attack of the alkyl halide;

RRICO + Alk;NH + NH; + Base-HCI

The low yields of monoalkylation producg the absence B ) )
of dialkylation products and the occurrence of a carbonyg?‘tfl'(elzC‘é”d't'ons.""lﬂdlé.esqus.°f alkylation bsodium saltst of 1,3
compound, which is used for the synthesis of starting diazid'alkyl- and 1,3,3-trialkyldiaziridineg.
ridine 1, in the reaction products indicate that the behaviour ok,ping Alkyl  Tetraalkyl- End Yield
diaziridines in the alkylation reaction is really similar to the giaziridine halide ammonium salt S°/Vent product (%)

behaviour of hydrazines in this reaction. It is evident that the

second alkyl halide molecule can be directed to the alkylate :aue?r:;,l_ Bubr  — THF #g{ﬁ;ﬁmyl'& 60
nitrogen atom of the ring to form diaziridinium catiBnThis  diaziridine2i diaziridine5at4
cation decomposes in the presence of water with ring opening Bul — THF 5a 65
and formation of carbonyl compounds and amines (Scheme 2)i BuBr  EtN*Br- THF  5a 65
It is likely that, for successful alkylating the second nitrogen?i BuBr  Et;CypHyN*Br- THF  5a 7
atom inN-monoalkyldiaziridines2, the electron density at this 2i BuBr  Et;CyH,sN*Br- hexane 5a 31
atom should be significantly increased in comparison with the'_ BuBr  EtCiHpsN'Br- ELO 52 39
alkylated atom. For this purpose, we prepaYesbdium saltgt d;:;ﬁ;&?ﬁ;hy"':hc"wr ELN"Br THF i'g_%?:]ghyl_ 4
by the interaction o2 with sodium amide in anhydrous dipolar i1 diaziridine5b
aprotic solvents (THF, dioxane). Reagent-grade NaMHich 1-Methyl-  BuBr  — THE  1-Methyl- 57
was powdered in a mortar under a layer of the solvent, was useg-penta- 2-butyl-3,3-
in this reaction. The salt formation was finished upon completiormethylene- pentamethylene-
of ammonia evolution. After the addition of an alkyl halide diaziridine2a diaziridineSc

to salt4, desired 1,2-dialkyldiaziridine&* were isolated in

. T ol A zirdingh: e .
reasonable yields (Scheme 3, Table 2). 2-Benzyl-1,3-dimethyldiaziridingb: bp 56-57 °C (1 Torr), a mixture

of diastereoisomerg)3° 1.5016.2H NMR ([2Hg]DMSO) ¢: 1.26 and
1.34 (dd, 3H, Me—-C3 5.5 and 5.4 Hz), 2.32 and 2.38 (ds, 3H, N-Me),

Rl H Rl Ng R! RS 2.64 and 2.75 (dg, 1H, CH] 5.5 and 5.4 Hz), 3.40, 3.62 and 3.53, 3.58
\ < | (2AB, 2H, CH, 2J 13.6 and 9.8 Hz), 7.3 (m, 5H, PHEC NMR
RAvN iy RAvN i RAVIN (2HJDMSO) 6: 11.53 and 12.0Me-C), 39.6 and 47.3 (N-Me), 55.04
N N N and 59.4 (CH), 60.9, 63.6 (diaziridine ring), 126.5, 126.7, 128.0,
| | | 128.13, 128.25, 128.5, 138.7, 139.4 (C in Ar). #Rir-1): 3000, 3030,
R R R 3065 (CH), 1610 (Ar).
2 4 5 1-Methyl-2-butyl-3,3-pentamethylenediaziridsebp 92-93 °C (8 Torr)

n3° 1.4669.2H NMR (CCl, + CDCly) d: 0.92 (t, 3H, Me—-C3J 3.0 Hz),
Scheme 3Reagents and conditions NaNH, (1.2 mol), THF; ii, RHal 1.55 [br.s+m, 14H, (CHs, (CH,),], 2.35 (br.s+ m, 5H, N-Me,
(or R®Hal + Alk,N*Br-) (see the general procedure). N-CH,). IR (W/cm-1): 2780 (CH in N-Me).
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this fact is favourable for increasing rate of the reaction. Table 24 S. V. Varlamov, G.K.Kadorkina and R.G. KostyanovskKhim.

summarises the examples of alkylation Nsodium salts4 Geterotsikl. Soedin 1988, 390 Chem. Heterocycl. CompdEngl.

of 1,3-dialkyl- and 1,3,3-trialkyldiaziridine. An attempt to Transl), 1988, 320]. _

prepare 1,2-disodium salts from Hediaziridines1 and two ~ ° 4Hé W. T’Z‘”e'égghem' Heterocycl. CompdWiley, New York, 1983,

mOIGS. of NaNH followed by dialkylation under the conditions . 6 G.’ lf)légor,s%kova,. F. L. Kolodkin, A. A. Dudinskaya, A. E. Bova, V. A.

examlngd was un.successful. ,Only,monoalkylat'on products in Ponomarenko, L. I. Khmel'nitskii and S. S. Novikdzy. Akad. Nauk

small yields were isolated. This is likely due to the fact that the SSSR, Ser. Khinl969, 1847Rull. Acad. Sci. USSR, Div. Chem..Sci

monosodium salt produced at the first step of the reaction forms 1969,18, 1712).

a precipitate and does not further react with sodium amide. 7 A.N.Kost and R.S. SagittulinUsp. Khim, 1964, 33, 361 Russ.
Thus, full alkylation of diaziridines at both nitrogen atoms  Chem. Rey1964,33, 159).

was performed for the first time. The first nitrogen atom was 8 E. Schmitz, R. Ohme and R.-D. Schmidhem. Bet 1962,95, 2714.

alkylated by alkylating agents in the presence of bases, and th& H- J. AbendrothAngew. Chem 1961,73, 67.

; i 0 E. Schmitz and D. HabiscEhem. Ber 1962,95, 680.
second nitrogen atom was alkylated only after pre“mmaryil A. A. Dudinskaya, A. E. BoCa (I l[<hme|’nitskii and S. S. Novikov,

preparation of thél-sodium salt. Izv. Akad. Nauk SSSR, Ser. Khii971, 1523Rull. Acad. Sci. USSR,
Div. Chem. Scj 1971.20, 1419).
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