THE ROLE OF pH IN THE SYNTHESIS OF DIAZIRIDINES

V. V. Kuznetsov, N. N. Makhova, UDC 542.91:547.233'141:547.717
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The greatest yield in the synthesis of diaziridines from carbonyl compounds,
amines, and aminating reagents in water is achieved at a specific pH, which
shifts to less alkaline values with increasing -I effect of the substituents in
the carbonyl compound and with decreasing pKg;+ value of the amine. The role of
pH is related to the conditions for the generation of an immonium from the in-
termediate a-aminocarbinol., The nuclear Overhauser effect was used to deter-
mine the orientation of the substituents in several diastereomers of the didi-
kyldiaziridines obtained.

The yield of 3,3-dialkyldiaziridines from ketones, ammonia, and chloramine in water
depends on the pH. Azines or hydrazones are formed at pH > 12.5, while diaziridines are
formed at pH < 12 [1]. On the other hand, 1,2-dialkyldiaziridines are formed from CH,O,
RNH,, and NaQOHal in highly alkaline media [2, 3]. 1In the present work, we clarified the
effect of pH in the synthesis of diaziridines by these reactioms.

The formation of the diaziridine ring is explained by intramolecular nucleophilic
substitution in intermediate aminal C [4, 5]. The formation of C occurs through an amino-
methylation reaction (scheme 1), whose result depend on the pH of the medium [6, 7].
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If this scheme were valid, the step determining the rate of formation of C, as in the
aminomethylation reaction, would be the conversion of a-aminocarbinol A into immonium cat-
ion B, which reacts with an aminating reagent to give C. Hence, we might expect that a
decrease in the pH toward less alkaline values is necessary for diaziridine formation upon
the introduction of electron-withdrawing substituents into the starting compounds.

In order to check this hypothesis, we studied the synthesis of diaziridines from
carbonyl compounds and amines containing substituents with different ~I effects at differ-
ent fixed pH of the medium. The effect of the substituents in the amines was evaluated
relative to their pKg+ values, while this effect in the carbonyl compounds was evaluated
relative to the sum of the Taft induction constants So" of the substituents at the carbonyl
group. Hydroxylamine-O-sulfonic acid (HASA) and N-chloro- and N-bromo-alkylamines were
used as the aminating agents. The results are given in Tables 1 and 2 and Figs. 1 and 2.
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TABLE 1.
Reaction (2)

Starting Compounds, pH,,, and Diaziridine Yields in

R R NH
NC=0+4 RINH, + HASA — S| (2)
CHy” cH,” \NR!
O TN Carbonyl Amine Yield at

Experi- |Diaziri ie
ment  |dine ob-— —SomRound o PHopt | pHgped
series |tained R o] RS Y S

1 - Me ~0,98 Me %06] 11,5-12,0: 80(93)

10
2 (VD) Me —0.98]  HO(CHz)» [&% 11,0-11,3 80
10

3 (VIII) Me —0,98) AcNH(CHz): 9,05 | 10.5—-11.0 77

4 - H ~0,49 Me 10,6 11,0-114.5 60(78)

5 (VII) H —0,48| HO(CH:): 9.5 10.0-11.0 81

8 (X) | AcNHCH, | 0-0,1 Et 10.6 | 10,25-10,7, 3

{10]

7 (XI) | AcNHCH, | 0-0,4f HO(CH.): 9,5 9.5-10.0 50

8 (XII) é&OcNHCHz 0-0,1; AcNH(CHy). 9,0 9.0-9,3 50

9 | (XVID) [ >NCH2 0.8 Me 10,6 9.8-10,0 40

Cco

®The yields were not optimized relative to other parameters.

The yields obtained with an increased amount of carbonyl com-
pound are given in parentheses.
bThe pKgy+ value was determined according to Albert [11].

TABLE 2. Starting Compounds, pH

Reaction (3)

opt» and Diaziridine Yields in

R NR?
RCHO - 2RINH, -+ NaOCI (NaOBr) — > | (3)
: s Carbonyli
Experi- Diaziri-|  compound Amine Halo- Yield
ment  |dine ob- genat- PHobt  jat pH
series ltained R 2o R PEpy+ {ing Pt opt’
ol 0] {agent %
|
{ = H 0 Et 10,6 | NaOCI 11.2~121 75
':’ (XV) H 0 AcNH(CH,) - 9.0 I NaOCl 9.6-10,2 61
3 (V) Me —~49.0 Me 10.6 | NaOCl 11,5-11,9 85
il (V) Me —49.0 Me 10,6 | NaOBr 11.6—-12,0 70
h) - Me —49.0 Et 10.6 | NaOCI 11.6—11,9 80
6 (XIV) Me —49.0 AcNH(CH,). 9.0 | NaOCI | 10,25-11,0 67
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Fig. 1. Dependence of the diaziridine yield on the pH
of the reaction mixture in reaction (2). The numbers
correspond to the experiment series in Table 1.
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Fig. 2. Dependence of the diaziridine yield on the pH
of the reaction mixture in reaction (3). The numbers
correspond to the experiment series in Table 2.

In experiments with the same carbonyl compound and amines with different pKg+, the
pH,,, value decreases proportionally to the decrease in the pKg+ of the amines, while in
experiments with different carbonyl compounds and amines with the same pKgg+, the PH,,, de-
creases proportionally to an increase in Zo”" of the substituents at the carbonyl group.
This behavior is observed for HASA and N-haloalkylamines and the pH,, is the same for
N-chloro- and N-bromoalkylamines in the same reaction.

These results are in accord with scheme 1 for the formation of intermediate C. In-

deed, the shift of pH,, to less alkaline values upon the introduction of substituents
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TABLE 4. PMR Spectra of Diaziridines

Diaste-
Compound reomer
ratio H He o
1 8 0,99d 231q
Me NMe s .
Neo ! ™) (37=5,5) (¢7=55)
3/°N\i4
H Nie
1 5
& N ‘ 1,09's 1,145
2 >C<‘ 4 7 12 v
3¢ NCH,CH,0H
1 t 1,414 2.66d.9
M NH ; :
e\C/ ViD 1(3J=5,8) (J=8,1)
a /"N 4 7 (?7=35.8)
H NCH,CH,OH 287 m
Se  NH . 1,14s 1,20s
Se( | L I
2 4 - 8
ed Neh,cHNHCOMe
5
Lk _ 1,07s 1,12s
\C/l (Ix)
2 N4 1 e
i€ NCH.CH.NH,
.
Me  NH Xx) 6:1 1,07s:
> | 1125
s 10 6/N\] 47
MeCONHCH,  NCH,Me
Me  NH 4:1 1,08 s
oo (XD 112 s
9 10 8/ 4 7 12
MeCONHCH,  NCH,CH,OH
1 5 .
Me NH_ . 5:7; 1,30 s
" s>C<‘ a (X11) 41
9 4 7 8
JeCONHCH, NCH.CH,NHCOMe (6 months 1.36s
at 20°9)
o NE 6/1
e 92s:
| i / Ve
13 6 / O\ 4 7 12 ’
H.NCH,, NCHCH,NH,
1
Me  NCH,CH,NHCOAMe 1.34d
>c< 4 i1 s x1v) (7=58) 2,744
2 7 3] —
7 “NCH,CELNHCOMe (7=5.38)
§  NCH.CH,NHCOMe
et (xv) 2,565
SON) 4 T o1l s
H® NCH.CH,NHCOMe
i NCH,CH.NH, . 2,528
>C/vl 4 7 12 VD)
17 WCH,CH.NE,
1 5 . .
Ne NH 4:1 11’:?51 g

- Ne/
12 1 e 10 s/c\]\l 4 (XVID
3MeNHCOCH,CH,CONHCH, Me




§ ppm., J, Hz, CDCl,

Hl HS Bs ‘ H1 l Hﬁ ’"e HIO’ Hll Hl2‘ Hl:&
2.21s 2,18s
2.18d.t | 198s 3.49m 4,30 br.s
(2J=13,5)
3] =45
2,58 m
2.294.t 1.85d 3,77m 4,10 br.s
(:521350) (31=8,1)
=4,
~2.87m o
2.19m 1.81s 3.24m 1.80s 6,75br.s
2,62m
221d.t | 1.62br.s 2.76m 1,62 br.s
(:J=12,1)
81 =55
2.57Tm
2.23m 2,40s 2.87d.d. 0,83t 171s | 7,0 br.s
(21:12.50) (21 =14,0) (*7=1,50)
3 =75 | 3J=24,35
3,32.d.d
(37=17,32)
228m (2305 ) Z98LS | 34m 1725 |725br.s| 4hbr.s
wone (31;234)
3.26:4.4
(87=3,2)
gggm 2.32s 3,50m 350m iggss 3 gggt
- m * - t
2.64m 1.87s 2.5}21,112_ do 3.36m iggzs, g,45br_ s
(3./_;4,5 ) : 30br.s
3.75d.d
(37=6.2)
%gm 1.24br.s| 2.22; d 2.46m 124 br.s
26m 2372
(2/=135)
2.21d.t 342m | 1.98s 748 m
2J=13.0 2,92s
(3J==4,80
22J'44?it2
(51;4,5;
2.88m
2.48m 346 |2.02s 6,85br.s
2.83m ’
22.d.t 2.89m 1,44 br.s
(2J=12,3)
8J=5,0
2,63m
241 s 240s 2:9;,131%.% 251m 6.82br.s| 2744d
3.64d.d
(31=8,30)
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with an -I effect indicates difficulty in the conversion of A to B in less alkaline media
due to a decrease in the basicity of A. Above the PHope » the reaction is apparently hin-
dered and the diaziridine yield is reduced due to the decomp051t10n of the aminating re-
agents in the alkaline medium [3, 12].

Below the pH,, , the formation of B and, thus, of C is facilitated but a portion of
the amine is removed from the reaction sphere under these conditions due to protonation,
which leads to a reduction in the yield of the final products. Thus, the pH,,, obtained
when the reaction medium still has a significant amount of free amine and the acidity fa-
cilitates the generation of immonium ion B.

The structures of these compounds were confirmed by comparison with authentic sam-
ples. The new diaziridines were characterized by elemental analysis and their spectral
data (Tables 3-5). ABCD patterns were observed in the PMR spectra of (VI)-(IX) and
(X1)-(XVI) for the CH,~CH, fragments attached to the diaziridine nitrogen atom.

Products (X)-(XIII) and (XVII) were obtained as mixtures of two diastereomers. The
diastereomer with the upfield signal for the Me—C(ring) group proved thermodynamically
favored in all cases. Epimerization is observed for (XII) at 20°C (see Table 4). The
orientation of the substituents in the diastereomers was determined for (XI), (XII), and
(XVII) using the nuclear Overhauser effects (NOE), which are observed between close-lying
protons and are rapidly extinguished with increasing distance (NOE = I/R®) [13]. A nuclear
Overhauser effect is observed upon irradiation of the Me—C(ring) group only for the signal
of the CH,N(ring) group of the predominant diastereomer, which indicates cis orientation of
these substituents (Scheme 4). A nuclear Overhauser effect was observed for diastereomers
relative to the signals of the CH,C(ring) group. The magnitude of these effects was about
2%,

NOE
CH3 ~H
NOE(:\ /\H/ Hy 230 C\C/N\
- TSN~
CH . CH2 Hy
cis
trans

Hence, the thermodynamically preferred diastereomers of (X)-(XIII) and (XVII) have
trans arrangement of the bulkiest substituents. Trans arrangement probably occurs in
(VII), which was isolated as a single diastereomer.

EXPERIMENTAL

The IR spectra were taken on a UR-20 spectrometer in KBr pellets for (VIII), (XII),
{(XV), and (XVII) and neat between KBr plates for the other samples. The PMR spectra were
taken on a Bruker WM-250 spectrometer at 250 MHz relative to TMS as the internal standard.
The ¥C NMR spectra were taken on a Bruker AM-200 spectrometer at 75.5 MHz relative to TMS
as the internal standard. The thin-layer chromatography was carried out on Silufol UV-254
plates with development by I, vapor and, independently, spraying with diphenylamine in ace-
tone with subsequent heating of the plate. The eluent was 95:4:1 methanol-water-NH;. The
diaziridine yields were determined by iodometric titration. The pH of the medium was moni-
tored with an EV-74 pH-meter.

Synthesis of 1.3-Disubstituted and 1.3.3-Trisubstituted Diaziridines. General Proce-
dure. A sample of 0.1 mole carbonyl compound was added to 0.1 mole amine in 30 ml water at
0-10°C. The required pH was established by the dropwise addition of 50% ag. sulfuric acid
at 0-5°C. Then, 11.8 g (0.1 mole) 96% HASA was added, maintaining the given pH value by
the concurrent dropwise addition of amine (Table 1, series nos. 1,2,4,5,6,7,9) or
20% aq. NaOH (Table 1, series nos. 3 and 8 and 1, 2, 4, and 5 in experiments with pH > 12).
The reaction mixture was maintained for 12 h at 0-5°C, maintaining the given pH value, and
72 h at 20°C at pH 13-14. The precipitate formed was removed in the experiments in series
nos. 3 and 8 and the experiments in series 1, 2, 4, and 5 with pH > 12 and the diaziridine
yield was determined by iodometric titration of the reaction mixture.

Synthesis of 1,2-Disubstituted and 1.2 3-Trisubstituted Diaziridines. General Proce-
dure. A sample of 0.05 mole carbonyl compound (CH,0 as 20% aqueous solution and MeCHO

2503



as a 50% aqueous solution) was added dropwise to a solution of 0.1 mole amine in 30 ml
water at 0-10°C. The required pH of the mixture was established by the dropwise addition
of 15% hydrochloric acid when NaOCl was used and 15% hydrobromic acid when NaOBr was used.
Then, 0.05 aqueous NaOCl or NaOBr was added dropwise at 0-5°C at a rate such that the given
pH was maintained. The mixture was maintained for 24 h at 0°C, maintaining the given pH by
the dropwise addition of 20% aqueous NaOH. Then, an additional 5 ml 20% aq. NaOH and the
mixture was maintained for an additional 72 h at about 20°C. The diaziridine yield was
determined by iodometric titration of the reaction mixture taking account of the results of
a blank experiment.

Separation o
and 1.2-Diethyl-3-methyldiaziridines. General Procedure. The reaction mixture was satu-
rated with NaOH at 20-30°C. The upper layer was separated and dried over NaOH. This frac-
tion was thrice distilled, collecting the fraction with the corresponding boiling point.
The indices of these compounds virtually were the same as those already reported [14].

Separation of Diaziridines (VI)-(VIIT) (X)-(XIT), and (XIV)-(XVII). General Proce-
dure. The reaction mixture was brought to pH 7.0 at 0-5°C by the addition of 50% agueous
sulfuric acid and evaporated to half volume on a rotary evaporator. A fivefold excess of
methanol was added to the residue and the mixture was maintained for 30 min at 0°C. The
precipitate was filtered off and the solvent was evaporated. The precipitate was dissolved
in chloroform and dried over K,C0,. The diaziridines were separated on a column packed with
silica gel 140-100 using chloroform as the eluent. The solutions were washed twice with an
equal volume of 25% aqueous NH,. The indices of products (VI)-(XVII) are given in Tables
3, 4, and 5. The indices of (VI) are virtually identical to those described in our previ-
ous work [15]. '

Blank experiments: a) with RHNC1. A solution containing 0.05 mole NaOCl in water
was added dropwise to a solution of 0.1 mole amine in 30 ml water at 0°C. The mixture was
maintained at 0°C for 24 h and at ~20°C for 72 h. The concentration of RNHHal was deter-
mined by iodometric titration (usually 0-3% of the starting amount). b) with RNHBr. A
solution of 0.05 mole NaOBr in water was added dropwise to a solution of 0.1 mole MeNH, in
30 ml water at 0°C and maintained for 1 h at ~20°C. Iodometric titration showed the ab-
sence of MeNHBr in solution. c¢) with HASA. A 5.9 g sample of 96% HASA was added dropwise
to a solution of 0.1 mole amine in 30 ml water at 0°C and the mixture was brought to ~20°C
(HASA decomposed with vigorous gas evolution). The reaction mixture was maintained for 0.5
h. JIodometric titration indicated the absence of HASA in solution.

Alkaline Hydrolysis of Diaziridines (VIII), (XIT), and (XV). A solution of 0.05 mole
diaziridine in 50 ml 20% aqueous KOH was maintained for 4-8 h at 70°C and monitored by
thin-layer chromatography. The solution was saturated with KOH and the upper layer was
separated. The lower layer was extracted with two 50-ml portions of CH,Cl, cooled to 0°C.
The extract was added to the separated upper layer and dried over K,CO,. The solvent was
evaporated and the residue was distilled in vacuum, collecting the fraction with the corre-
sponding boiling point (see Table 5). This procedure gave 4.0 g (69%) (IX), 0.1 g (15%)
(XII1), and 2.4 g (37%) (XVI).
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COMPLEXES OF LIQUID CRYSTAL o-HYDROXYAZO
COMPOUNDS WITH Cu?*t AND Pd2%* IONS

Yu. G. Galyametdinov, P. V. Yagin, UDC 542.91:532.783:547.556
and I. V. Ovchinnikov

Liquid crystal o-hydroxyazo compounds were prepared and used to give complexes
with Cu?' and Pd?* ions. The structures of these complexes were studied by ESR,
IR, and UV spectroscopy. The relationship of the structures of these complexes
and their mesogenic properties was examined.

A whole series of liquid crystal metal complexes has recently been obtained [1-4].
Such complexes derived from o-hydroxyazomethines (Schiff bases) [1, 2], many of which have
mesogenic properties in a broad temperature range, have been studied rather thoroughly [1,
2}. Metal complexes of structurally similar o-hydroxyazo compounds presumably should also
have liquid crystal properties.
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M= Pd (24), rn=12(V); 6(VII); M=Cu(2+), n=12(VI); 6(VIII).

The structure of these compounds was indicated by PMR, IR, UV, and ESR spectroscopy.
The finding of a singlet at 13.07 ppm for (III) is in accord with the analogous PMR data
for o-hydroxyazo compounds [5], in which the o-hydroxy group participates in a strong in-
tramolecular hydrogen bond. An analogous contribution may be drawn from the IR spectral
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