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The role of pH in the synthesis of diaziridines 
2.* The effect of pH on the synthesis of diaziridines from amines, 

carbonyl compounds and NaOCI 
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In the synthesis of diaziridines from amines, carbonyl compounds, and NaOC1 in water, 
the yields of 1,2-dialkyldiaziridines and of 1,2,3-trisubstituted diaziridines prepared from 
amines with electron-withdrawing subsituents in the side chain are less sensitive to changes 
in pH than the yields of 1,2,3-trialkyldiaziridines with simple alkyl substituents. The 
formation of 1,5-diazabicyclo[3. [.0]hexanes is insensitive to the pH in 6.5--13.0 range. This 
difference is explained by the occurrence of two competing pathways to the key intermediate, 
N-chloroaminal. 

Key words: 1,2-dialkyldiaziridines, 1.2,3-trisubstituted diaziridines, 1,5-diazabicyc- 
lo[3. [.0]hexanes. 

Previously 1 we showed that in the synthesis of 
diaziridines from carbonyl compounds, amines, and ami- 
nating reagents in water, the highest yield is achieved at 
a certain pHopt, which shifts to the less alkaline region 
as the - / -effect  of the substituents in the carbonyl 
compound increases and the PKBH+ value of the amine 
decreases. The role of the pH was explained by the fact 
that favorable conditions for the transformation of ct- 
aminocarbinol (1) into an immonium ion (2), a precur- 
sor of N-chloroaminal (3), (Scheme I, pathway A) are 
created at a certain pH value. However, depending on 
the character of the substituents in the initial com- 
pounds, not only does the value of PHop t vary but so 
does its range. In the present study, using the synthesis 
of 1,2-di- and 1,2,3-trialkyl-substituted diaziridines from 
primary aliphatic amines, formaldehyde (or acetalde- 
hyde), and NaOC1 as an example, we attempt to eluci- 
date the reasons for these variations. 

Analysis of the correlations between the pH and the 
yields ofdiaziridine in these reactions (Fig. 1) has shown 
that the curves for compounds 5a - - c  have a less clear- 
cut maximum and a wider range of pHop t than the 
curves for diaziridines 5d,e. This means that the yields 
of 1,2-dialkyldiaziridines such as 5a or 5b and the yield 
of 1,2,3-trialkyldiaziridine 5c, which have an electron- 
withdrawing substituent in a side chain, are less sensitive 
to changes in the pH of the medium than the yields of 
1,2,3-trialkyldiaziridines 5d,e (Fig. 1). This fact is diffi- 
cult to explain in terms of merely the mechanism pro- 
posed previously. ] Apparently, it should be assumed that 
in the case of diaziridines 5a--e,  intermediate 3 can also 
arise via a different pathway that is less sensitive to the 
acid-base properties of the medium. 

This route could include prel iminary formation of 
aminal  4 followed by its ha logena t ion  to give 3 
(Scheme 1, pathway B), as has been  assumed z for the 

Scheme I 

I 5a . - -~  
OH 
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R--CH--NH'-'R" - ~: R--CH="=-=NH--R" 
I(~ +H20 HOH 2 -R "NHz (+H Q) H NH R'_t 

4 
* For Part i, see Ref. t. 
* Deceased. 
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Fig. 1. Dependence of the yield of diaziridines 5a--g on the 
pH of the medium. Designations of the curves correspond to 
the codes of the compounds. 

Table 1. Diazi~dines synthesized 

Corn- R R" B.p./~ M.p./~ Ref. 
pound [R ' - -R ' ]  (p/Tort) 

5a H Me 49 (760) -- 2 

H MeCONHCH2CH 2 -- 131--134 
(from I 

acetone) 

5c Me MeCONHCH2CH 2 Oil 
n2~ D = 1.491 1 

5d Me Me 74--76 (760) -- 4, I 

5e Me Et 53--55 (70) -- 5 

51" H [(CH2)3] 163 (760) -15 6, 7 

5g Me [(CH2)3] 79--81 (18) -- 7 

synthesis of  1,2-dialkyldiaziridines from primary ali- 
phatic amines, CH20,  and NaOCI in 2 N NaOH.  
Formaldehyde is known to be prone to forming aminals 
with primary aliphatic amines in weakly alkaline media. 
If the above assumption is true, the reaction with 
1,3-diaminopropane, which forms stable cyclic aminals 
with carbonyl compounds, 3 will occur predominantly by 
pathway B, and the yields of products, 1,5-diazabicyc- 
1013.1.0]hexanes, will depend only slightly on the pH of 
the medium. In fact, the yields of  diaziridines 5f, g are 
nearly quantitative and almost do not vary in the pH 
range of  6.5--13 (Fig. 1). 

Conversely, the immonium ion 2 formed from me- 
thylamine or ethylamine with acetaldehyde is stabilized 
due to the +/ -ef fec t  of  the alkyl groups, and, therefore, 
the reaction mostly follows pathway A, and the yields of  
the resulting diaziridines 5d,e are very sensitive to varia- 
tion of  the pH of the medium (see Fig. 1). 

The absence of  a o-donating substituent in the initial 
formaldehyde or the introduction of  an electron-with- 
drawing substituent to the 13-C atom of the initial alky- 

lamine causes the stability of  ion 2 to decrease, and 
causes aminal 4, conversely, to become more stable. 
Consequently, the contribution of  pathway B to the 
formation of  intermediate 3 increases, and the depen- 
dence of the yield of diaziridine on the pH of  the 
medium becomes less pronounced,  as observed for 
diaziridines 5a--e  (see Fig. 1). These assumptions are 
also confirmed by the fact that, according to MO LCAO 
calculations carried out in the M N D O  approximation 
with full optimization of  the geometry by a program 
reported previously, 8 the degree of charge delocaIization 
on the atoms in immonium ion 2d is higher than that in 
ion 2a. 

0.082 0.053 

H - ~ c o . o 2 7 / H  
0.140 0.226 ~-C, / 0.239 

H'-,.~.32o -0.176/,, "H 0"~=~'v'~ _o.182/,.,-H 
- - O - - N - -  0.05+ 

0 . 1 4 0 /  H "  ~.O.,~...H 
o.o7o/c ~ohoTo c o.o~/ \o,o++ 

H H H 

2a 2d 

Thus, the clear-cut maximum on the yield--pH plot 
(Fig. 1) can be regarded a_s an indication of  the contri- 
butions of  the two pathways, viz., addition of the ami- 
nating reagent to immonium ion 2 (pathway A) or 
formation of  gem-diamine 4 followed by its halogena- 
tion (pathway B), to the formation of intermediate 3. 
The more pronounced the maximum, the greater the 
contribution of  the former route to the formation of  3. 

Experimental 

IR spectra were recorded on a UR-20 spectrometer in 
pellets with KBr for ~,c,  or in thin films between KBr glasses 
for the rest of compounds. IH NMR spectra were recorded on 
a Braker WM-250 spectrometer (250 MHz), and 13C NMR 
spectra were obtained on a Braker AM-300 instrument 
(75.5 MHz). In both cases, tetramethylsilane was used as the 
internal standard. TLC was carried out on Silufol UV-254 
plates, which were visualized by 12 vapor or by spraying with a 
solution of diphenylamine in acetone followed by heating. 
Elution was carried out with a MeOH--H20--NH 3 mixture 
(95 : 4 : 1). Refractive indices were measured on an IRF-72 
refractometer. The yields of diazLddines were determined by 
iodometric titration, and the pH of the medium was monitored 
using an EV-74 ionometer. Compounds synthesized were iden- 
tiffed by comparison with samples prepared by known proce- 
dures. 

Synthesis of 1,2-disubstituted and 1,2,3-trisubstituted 
diaziridines and 1,5-diazabicyclo[3.1.O]bexanes (general pro- 
cedure). A carbonyl compound (0.05 tool) was added dropwise 
(CH20 and MeCHO were used as 20% and 50% aqueous 
solutions, respectively) to an amine (0.I moo or 1,3-diamino- 
propane (0_05 tool). The required pH value of the mixture was 
established by adding 15% HC1 dropwise. Then at 0--5 ~ 
aqueous NaOC1 (0.05 mot) was added dropwise at such a rate 
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as to maintain constant pH. The mixture was kept for 24 h at 
0 ~ and the pH value was maintained by the dropwise 
addition of  a 20,% aqueous solution of NaOH; then an addi- 
tional 5 mL of 20% NaOH was added, and the mixture was 
kept for an additional 72 h at 20 ~ in order to decompose the 
remaining chloramines. The yield of  diaziridine was deter- 
mined by iodometric titration of the mixture taking into 
account the results of blank entries. 

To isolate 1,2-dimethyl- (5a), 1,2,3-trimethyt- (Sd), 1,2-di- 
ethyl-3-methyldiaziridines (5e), 1,5-diazabicyclo[3.1.0]hexane 
(5f), and 6-methyl-l,5-diazabicyclo[3.1.0]hexane (5g), the re- 
action mixture was saturated with NaOH at 20--30 ~ and 
the upper layer was separated, dried with NaOH, and distilled 
three times. 

To isolate 1,2-di(13-acetaminoethyl)diaziridine (5b) and 
3-methyl-l,2-di(8-acetaminoethyl)diaziridine (5c), the reac- 
tion mixture was acidified at 0--5 ~ with 50% H2SO 4 to pH 
7.0, haft of the water was evaporated on a rotary evaporator, 
and the residue was diluted with a fivefold volume of MeOH. 
The mixture was kept for 30 rain at 0 *C, the precipitate was 
filtered off, and the solvent was evaporated. The residue was 
dissolved in CHCI 3 and dried with K2CO 3. Diaziridines were 
isolated on a column with silica gel L 40/100; elution was 
carried out with CHCI 3 washed twice with an equal volume of 
25,% aqueous NH 3. 

Blank entries with RaNHC1. An aqueous solution of NaOCI 
(0.05 moo was added dropwise at 0 ~ to a solution of an 
amine (0.1 tool) in 30 mL of H20. The mixture was kept for 
24 h at 0 ~ and for 72 h at -20 ~ The content of RNHCI 
was determined by iodometric titration (as a rule, it was 0--3,% 
of the initial amount). 
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Synthesis and molecular structure of 
trans-2,6-dimethallyl- 1,1-dimethyl- 1,2,3,6-tetrahydropyridinium iodide 
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The structure of trans-2,6-dimethallyl- 1,1-dimethyl- 1,2,3,6-tetrahydropyridiniurn iodide 
was established by X-ray structural analysis. The corresponding base was synthesized by 
reductive diallylation of pyridine with trimethallylborane in the presence of  2-propanol. 

Key words: altylboration, pyridine, trimethallylborane, trans-2,6-dimethallyl-1,2,3,6-tetra- 
hydropyridine, X-ray structural analysis. 

Complexes  o f  t r ia l ly lborane  with pyridine and its 
various derivat ives are stable under  an inert a tmosphere  

: Deceased in 1995. 

but  undergo comple te  r e a r r angemen t  under  the act ion 
o f  alcohols,  water,  or  R 2 N H  to fo rm the  corresponding 
trans-2,6-diallyl- 1,2 ,3 ,6- te t rahydropyr idines  (in yields of  
70--97%).  1-3 This  s te reospeci f ic  react ion occurs  with 
"destruction o f  aromatic i ty"  and  is no t  compl ica ted  by 
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