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HYDROXY-, ALKOXY-, AMINOMETHYLATION OF NH-OXAZIRIDINES* 

So V. Varlamov, G. K. Kadorkina, and 
R. G. Kostyanovskii 

UDC 541.63:547.717.07 

3,3-Dimethyloxaziridine reacts with chloral and acetaldehyde to give crystal- 
line N-(=-hydroxyalkyl)oxaziridines; the reaction with acetaldehyde is revers- 
ible. The N-aminomethylation of NH-oxaziridines is not realized, evidently 
because of the tendency of oxaziridines to iminate nucleophiles. The weakly 
nucleophilic chloromethylphthalimide and chloromethyl methyl ether give imido- 
methyl- and methoxymethyloxaziridines. 3,3-Dimethyldiaziridine reacts with 
excess chloromethyl methyl ether to give the N-monomethoxymethyl derivative. 
It is shown that =-hydroxyalkyloxaziridines and methoxymethyl-substituted oxa- 
ziridine and dizaridine do not enter into the aminomethylation of compounds 
with a labile hydrogen. 

The products of the reaction of secondary amines with carbonyl compounds - aminocarbin- 
ols - and alkoxymethylamines are active =-aminoalkylating reagents. However, their reactivi- 
ties decrease markedly when a nitrogen atom is included in the strained three'membered ring. 
Thus, aziridines and diaziridines react with carbonyl compounds to give stable aminocarbinois 
[3-5], which do not give symmetrical aminals with excess starting amine [4, 6], while alkoxy- 
methylamines are formed in the presence of alcohol [4, 7]. Stable adducts with chloral are 
used for the isolation and identification of aziridines [3, 8] and diaziridines [5]. 

In the present research the reaction of NH-oxaziridines with aldehydes was studied for 
the first time. It is shown that 3,3-dimethyloxaziridine (I) reacts with chloral or chloral 
hydrate to give adduct II in the form of one diastereomer t (according to PMR), which is a stable 
crystalline compound that does not react with excess starting oxaziridine. In contrast to 
chloral, acetaldehyde reacts with oxaziridine I reversibly. The formation of oxaziridinocar- 
bonyl III in the form of a mixture of diastereomers Ilia and lllb is observed from the PMR 

*Communication 54 of the series "Asymmetric Nitrogen" (see [i] for communication 53); communi- 
cation 35 of the series "Geminal Systems" (see [2] for communications 34). 
%Here and subsequently, the absolute configurations of the diastereomeric oxaziridines are 
shown conventionally. 

Institute of Chemical Physics, Academy of Sciences of the USSR, Moscow 117,977. Trans- 
lated from Khimiya Geterotsiklicheskikh Soedinenii, Vol. 24, No. 3, pp. 390-395, March, 1988. 
Original article submitted July 16, 1986; revision submitted February 17, 1987. 

320 0009-3122/88/2403-0320512.50 �9 1988 Plenum Publishing Corporation 



spectrum of the reaction mixture in toluene at 20~ Crystalline adduct Ilia is obtained by 
carrying out the reaction in excess acetaldehyde as the solvent withsubsequent removal of it 
in vacuo with cooling. When the crystals are dissolved (in ds-toluene at 20~ signals of 
only one diastereomer Ilia are initially observed in the PMR spectra, after which signals of 
the starting compounds appear, followed, finally, by signals of the second diastereomer lllb. 
It hence follows that dissociation of the adduct into acetaldehyde and the NH-oxaziridine 
precedes the formation of lllb. The equilibrium is shifted to favor the formation of the ad- 
duct with a decrease in temperature, during which the ratio of the diastereomers remains con- 
stant at i:i. 

Me NH Me Me~-----// CC13CH0 ~ " ~ N  CC13 
_- ~.-\/o/~<, . o ~  "o" H 

I I I  

Me"/x--~ N Me Me~Oo/N. ,~M"  
" ~0// ~ -~ I + MeCHO --4" Me "H 

Me "" "OH "~ "~--- OH 

ma nl b 

It should be noted that oxaziridinocarbinol III and oxaziridine I are simultaneously 
present in solution at 20~ However, in contrast to ordinary secondary amines, the forma- 
tion of a symmetrical aminal is not observed. This can be explained by the inability of oxa- 
ziridinocarbinols, like aziridino- and diaziridinocarbinols [3, 7, 9], to undergo aminomethyl- 
ation.~ 

It is known that NH-aziridines are readily aminomethylated by ordinary aminocarbinols 
and alkoxymethylamines, while NH-diaziridines are also readily aminomethylated by diamino- 
methanes. In this connection we studied the reactions of NH-oxaziridines with aminomethyiat- 
ing reagents. We found that the expected aminomethyloxaziridines are not formed in the reac ~ 
tion of 3,3-dimethyl- and 3-methyl-3-ethyloxaziridines (I and IV) with bis(dimethylamino)- 
methane and methoxymethylmorpholine, which readily aminomethylate diaziridines [i0], as well 
as with bis(morpholino)methane (CH2CI 2 or C~H 6 at 20~ In all of these cases the libera- 
tion of a gas from the reaction mixtures and the disappearance of their oxidizing activity 
are observed; this constitutes evidence for opening of the oxaziridine ring. The formation 
of hydrazones V (from the PMR and UV spectra of the reaction mixture) and VI (from the PMR 
spectra of the residue after removal of the solvent) was detected in the reactions of oxazi- 
ridine I. Hydrazone VI is also obtained as a result of the reaction of oxaziridine IV with 
methoxymethylmorpholine. A possible pathway to the hydrazones is through intermediate amino- 
methyloxaziridines A via the scheme of intramolecular amination proposed for the formation 
of diaziridine [ii]: 

~ 0  ~ R:,NCH2X --- 2 ~-~ --u.- CHa=N-NR Z 

-~=0 V, VI 

A 

X=NR 2, OMe V NR2=NMe2; %q NR2=N(CH2CH2)20 

Moreover, the low yields of hydrazones V and VI and the liberation of a gas during the 
reactions make it possible to propose that, with respect to NH-oxaziridines, the tertiary 
amines R2NCH2X act not as aminomethylating reagents but rather as, chiefly, N nucleophiles. 
According to [12], the formation of intermediate ylids B, which evidently decompose with the 
formation of diimide and, subsequently, nitrogen, is possible in this case. In addition, re- 
arrangement of ylids B to the corresponding hydrazines C - precursors of the hydrazones V and 
VI obtained - is possible. 

V. Vl 

i H + R2NCH2X 

! 
- + -R2NCH2X 

[ R2NNHCH2X ] ""---- [ HN-NR2-CH2X ] ~- [HN=NH] .~ N2 

C X=NR~, OMe B 
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Methyleneiminium salts have been used as aminomethylating reagents to hinder direct 
imination under the influence of oxaziridines. However, in the reactions of oxaziridines I 

+ 
and IV with Me2N~CH2CI (in MeCN at 200C), instead of the expected salts of Mannich bases, we 
obtained, in 15-20% yields, dimethyltriazanium chloride (VII), which was identical to the 
compound described in [13]. Its formation can be explained by double amination of dimethyla- 
mine, which is liberated in the hydrolysis of the methyleneiminium salt under the influence 
of traces of water in the reaction mixture,* by the NH-oxaziridines, which are active aminat- 
ing reagents with respect to amines [14]: 

MezN~'HCI I or IV + 
- -  NH-NM~-NHz C~- 

Vli 

+ 
The reactions of oxaziridines I and IV with O(CH2CH~)2N~CH2CI in the presence of an acid 

acceptor lead to a mixture of hydrazone Vl and bis(morpholino)methane. The formation of the 
latter is explained by hydrolysis of the methyleneiminium salt. As in the case described 
above, hydrazone VI can be obtained through intermediate aminomethyloxaziridine A or via ami- 
nation of the morpholine formed in the hydrolysis of the methyleneiminium salt and subsequent 
condensation with CH20. The presence of traces of moisture is sufficient for transformation 
via the latter pathway. One therefore cannot make an unequivocal choice between these possi- 
ble schemes. 

To eliminate hydrolysis and hypothetical intramolecular amination in the step involving 
aminomethyl derivative A we used weakly nucleophilic imidomethylating and alkoxymethylating 
reagents, under the influence of which the desired derivatives are formed smoothly from oxa- 
ziridine IV: 

IV CICH~X Memo0/ E t .  
K2 C03/~'~N Me / 

0 
VlXla. IXa wlIb I~b 

VIII X=phthalimid 0 IX X=,,OMe 

The previously unknown N-methoxymethyldiaziridine (X) was similarly obtained; only mono- 
alkylation occurs even under the influence of excess chloromethyl methyl ether: 

KzCO~/NeCN- Me 
H H X 

In the case of IX and X it was shown that alkoxymethyl-substituted oxaziridines and 
diaziridines do not undergo aminomethylation. Oxaziridine IX does not react with phthalimide 
(in MeOH for 3 days at 20~ and diaziridine X does not react with imidazole (in MeCN, reflux- 
ing for 2 h followed by maintenance at 20~ for 12 h); these compounds react readily with 
ordinary alkoxymethylamines. Thus, for example, methoxymethylmorpholine reacts with phthali- 
mide to give N-morpholinomethylphthalimide (XI) in 84% yield. It is known that exchange of 
the alkoxy group occurs when alkoxymethylamines are heated with alcohols [15]. However, ex- 
change with CD~OD is not observed for IX and X (5 days at 20~ for oxaziridine IX; in the 
presence of CD3COOD, refluxing for 6 h followed by maintenance at 20~ for 12 h, for dia- 
ziridine X). Thus the ban on aminomethylation is extended to all three-membered nitrogen 
heterocycles - aziridines, diaziridines, and oxaziridines. 

EXPERIMENTAL 

The PMR spectra were measured with a Bruker WM-400 spectrometer with tetramethylsilane 
as the internal standard. The melting points were determined with a Boetius PNMK 0.5 stage. 

*The synthesis of the oxaziridines was carried out in a water-organic solvent heterophase 
system [14], and the solutions of the reaction products were dried with MgSOg, which does 
not ensure complete drying. 
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3~3-Dimethyloxaziridine (I) and 3-Methyl'3-ethyl0xaziridine (IV). These compounds were 
obtained from the corresponding ketones by the method in [14]. The solutions of the products 
in CH2CI 2 or Et20 were dried with MgS04. The percentages of the oxaziridines here and subse- 
quently were determined by iodometric titration. PMR spectrum of oxaziridine I (ds-toluene): 
0.86 and 1.02 (broad s, Me); 3.0 ppm (broad s, NH). PMR spectrum of oxaziridines IV (CDCI~) 
(i:i mixture of diastereomers): 0.94 and 0.98 (t, B-Me, 3j = 7.5 Hz); 1.40 and 1.56 (s, 3- 
Me); 1.66 (m, CH 2, 2JAB = 11.0 Hz); 1.79 (q, CH2, 2JAB = 0.4 Hz); 3.51 and 3.63 ppm (broad s, 
NH). 

3~3-Dimethyl-2-(l-hydroxy-2,2~2-trichlor0ethyl)oxaziridine (II). A solution of oxaziri- 
dine I in 125 ml of CH2CI 2 was evaporated to a volume of 2 ml, and the concentrate was diluted 
with 20 ml of absolute Et20. A solution of 1.2 g (8.1 mmole) of chloral or 1.34 g (8.1 mmole) 
of chloral hydrate in 5 ml of absolute Et20 was added to the resulting solution, which con- 
tained 8.05 mmole of the oxaziridine, and the resulting mixture was maintained at -10~ for 
2 days. The ether was then removed in vacuo, and the residue - a clear greenish oil - was 
evacuated with periodic cooling until complete crystallization occurred. This procedure gave 
i.i g (62%) of a product with mp 63-65~ (from hexane). PMR spectrum (C6D6) (one diastereo- 
mer): 1.08 and 1.12 (s, Me); 1.63 (broad s, OH); 4.78 ppm (s, CH). Found, %: C 27.3, H 
3.5, N 6.3. CsHsCI3NO =. Calculated, %: C 27.2, H 3.4, N 6.4. 

3,3-Dimethyl-2-(l-hydroxyethyl)oxaziridine (III). A solution of 12 mmole of oxaziridine 
I in 125 ml of CH=CI 2 was evaporated to a volume of 1 ml, and the concentrate was added at 
0~C to 1.8 g (40 mmole) of freshly distilled acetaldehyde. The mixture was cooled to -78~ 
and maintained at this temperature for 2 h, after which it was dried at -10~ The adduct 
crystallized in the form of colorless crystals. The excess acetaldehyde was removed in vacuo 
at -70~ to -50~ after which the temperature was gradually raised to 20~ without allowing 
melting. This procedure gave 0.8 g (56%) of a product with mp 28-30~ in the form of one 
diastereomer IIIa. The product was characterized from the PMR spectrum (ds-toluene, -40~ 
0.85 and i.ii (q, 3-Me, 4j = 0.6 Hz); 1.14 (d, ~-Me, ~J = 5.9 Hz); 4.01 (q, CH); 5.68 ppm 
(broad s, OH). Signals of the second diastereomer (IIIb) appeared after establishment of 
the equilibrium IIIa ~ IIIb (i:i): 1.28 and 1.29 (q, 3-Me, 4j = 0.6 Hz); 1.54 (d, ~-Me, 3j = 
5.9 Hz); 4.05 (q, CH); 5.65 ppm (broad s, OH). 

Reacti0n of Oxaziridine I with Bis(dimethylamino)methane. A 0.03-g (0.3 mmole) sample 
of bis(dimethylamino)methane was added at 20~ to a solution of 0.27 mmole of oxaziridine I 
in 3 ml of CD2CI 2. After stirring, the liberation of a gas from the reaction mixture began. 
After 3 h, signals of hydrazone V [2.75 (s, Me2N); 6.06 ppm (broad s, CH2)] and starting bis- 
(dimethylamino)methane in a molar ratio of 1:3 were observed in the PMR spectrum. A band 
with ~max 242 nm was observed in the UV spectrum after dilution of the reaction mixture with 
50 ml of heptane. According to the PMR and UV spectra, the reaction product was identical 
to a genuine sample of the hydrazone. 

Reaction of Oxaziridine I with Bis(m0rpho$ino)methane. A 0.056-g (0.3 mmole) sample of 
bis(morpholino)methane was added to a solution of 0.27 mmole of oxaziridine I in 3 ml of 
CH2CI =. After stirring, a gas was liberated from the reaction mixture. After 5 h, the sol- 
vent was removed in vacuo, and the residue was dissolved in CDCI 3. Signals of hydrazone VI 
(see below) and starting bis(morpholino)methane in a ratio of 1:6 were observed in the PMR 
spectrum of the solution obtained. 

Reaction of Oxaziridine I with Methoxymethylmorpholine. This reaction was carried out 
as in the preceding experiment. Signals of hydrazone VI, methoxymethylmorpholine, and bis- 
(morpholino)methane in a molar ratio of 1:3:1 were observed in the PMR spectrum of a solution 
of the residue in CDCI 3. 

Reaction of Oxaziridine IV with Methoxymethylmorpholine. A solution of oxaziridine IV 
in 50 ml of Et20 was evaporated to a volume of 1 ml, and the concentrate was diluted with i0 
ml of absolute C6HG. A 0.4-g (3 mmole) sample of methoxymethylmorpholine was added with 
stirring to the resulting solution, which contained 3.5 mmole of oxaziridine IV, and the mix- 
ture was maintained at 10~ for 24 h. The benzene was removed in vacuo. A gas was liberated 
from the residue (a yellow oil). After additional maintenance at -10~ for a week and evacu- 
ation until the evolution of a gas ceased, the residue contained (according to the PMR spec- 
trum of a solution in CDCI 3) hydrazone VI and bis(morpholino)methane in a molar ratio of 2:3. 

Reaction of Oxaziridine I withN~N-Dimethylmethyleneiminium Chloride. A solution of 
oxaziridine I in i00 ml of CH2CI 2 was evaporated to a volume of 2 ml, and the concentrate 

323 



was diluted with 10 ml of absolute MeCN. The resulting solution, which contained 6.75 mmole 
of the oxaziridine, was added with stirring and cooling (to 0~ to a suspension of 0.3 g 
(3.2 mmole) of the methyleneiminium salt in 20 ml of absolute MeCN. After 3 min, all of the 
salt had dissolved; after 5-7 min, a crystalline precipitate formed. Stirring was continued 
for 2 h, and the precipitate was removed by filtration and crystallized from acetone-alcohol 
(4:1) to give 0.07 g (20% based on the salt) of triazanium chloride VII, which decomposed at 
132-135~ (see [13]). According to iodometric titration, the percentage of the principal 
substance was no less than 97%. PMR spectrum (CD3OD): 3.48 (s, Me=N); 6.37 ppm (broad s, 
NH 2) (see [13]). Found, %: C 21.5, H 9.3, N 37.7. CaHIoCIN 3. Calculated, %: C 21.5, H 
9.0, N 37.6. 

Reaction of Oxaziridine IV with N~N-Dimethylmethyleneiminium Chloride. This reaction 
was carried out as in the preceding experiment. The reaction of 8 mmole of oxaziridine IV 
and 0.3 g (3.2 m~ole) of the methyleneiminium salt gave 0.04 g (11% based on the salt) of 
triazanium chloride VII, which decomposed at 130-132~ 

Reaction of Oxaziridine IV with Methylenemorpholinium Chloride. A solution of 10 mmole 
of the oxaziridine in 150 ml of CH2CI 2 was added dropwise with stirring to a suspension of 
2.2 g (16 m~nole) of the methyleneiminium salt and 2.2 g (16 mmole) of K2CO 3 in 30 ml of abso- 
lute CH2C12, after which stirring was continued for 5 h. The mixture was then filtered, the 
solvent was removed in vacuo, and the residue was distilled to give 0.6 g (93% based on the 
oxaziridine) of hydrazone VI with bp 45-46~ (5 mm) (see [16]) [PMR spectrum (CDCI3): 3.03 
(t, NCH2, 3j ffi 5.0 Hz); 3.85 (t, OCH2) ; 6.53 and 6.37 ppm (AB, CH 2, 2JAB ffi ii.0 Hz] and 0.7 
g of bis(morpholino)methane with bp I03-I05~ (5 m/n). 

3-Methyl-2-(N-phthalimidomethyl)-3-ethyloxaziridine (VIIIa~b). A mixture of 6.8 mmole 
of oxaziridine IV, 1.0 g (5.1 mmole) of chloromethylphthalimide, and 0.8 g (6.8 mmole) of 
K2CO 3 in 50 ml of absolute MeCN was stirred at 20~ for 2 days, after which the solution was 
filtered, and the solvent was removed in vacuo to give 1.05 g (60%) of a product with mp 150- 
160~ which was identified as a mixture of diastereomers. PM_R spectrum (CDCI3): diastereo- 
mer VIIIa: 0.96 (t, B-Me, 3j ffi 7.9 Hz); 1.64 and 1.71 (m, CCH2, 2JAB = 14.0 Hz); 1.73 (s, 
3-Me); 4.55 and 4.93 (AB, NCH2, 2JAB ffi 13o4 Hz); 7.8 ppm (m, C6H4); diastereomer VIIIb: 1.23 
(t, B-Me, ~J ffi 7.9 Hz); 1.98 and 2.02 (m, CCH 2, 2JAB = 14.0 Hz); 1.44 (s, 3-Me); 4.55 and 
4.84 (AB, NCH2, 2JAB ffi 13.4 Hz); 7.8 ppm (m, C~H4). The VIIIa:VIIIb ratio was ~2:1. Found, 
%: C 63.5, H 5.6, N 11.3. C13H~N=O 3. Calculated, %: C 63.4, ~ 5.7, N 11.4. 

3-Methyl-2-methox~nnethyl-3-ethyloxaziridine (IXa~b). A mixture of ii E~ole of oxaziri- 
dine IV, 0.95 g (12 mmole) of chloromethyl methyl ether, and 1.8 g (12 mmole) of K2CO 3 in 50 
ml of absolute MeCN was stirred at 20~ for 10 h, after which the solution was filtered, the 
solvent was removed in vacuo, and the residue was distilled to give 0.95 g (66%) of a product 
with bp 55-56~ (10 m/n), which was identified as a mixture of diastereomers. PMR spectrum 
(CDCI3): diastereomer IXa: 0.97 (t, 8-Me, 3j = 7.6 Hz); 1.66 and 1.75 (m, CCH2, 2JAB = 13.9 
Hz); 1.51 (s, 3-Me); 3.99 and 4.51 (AB, NCH 2, =JAB = ii.0 Hz); 3.53 ppm (s, MeO); diastereomer 
IXb: 1.12 (t, B-Me, 3j = 7.6 Hz); 1.77 and 1.84 (m, CCH=, 2JAB = 13.9 Hz); 1.45 (s, 3-Me); 
4.01 and 4.58 (AB, NCH=, =JAB = ii.0 Hz); 3.53 ppm (s, MeO). The IXa:IXb ratio was -5:4. 
Found, %: C 55.2, H 10o2, N 9.7. %HIINO 2. Calculated, %: C 55.0, H 10.0, N 10.7. 

3,3-Dimethyl-l-(methoxymethyl)diaziridine (X).* A solution of 2.27 g (28 m_mole) of 
chloromethyl methyl ether in I0 ml of absolute MeCN was added dropwise with cooling (to 13~ 
and stirring to a solution of 1.01 g (14 mmole) of 3,3-dimethyldiaziridine and 3.9 g (28 
mmole) of K2CO ~ in 40 ml of absolute MeCN, after which the mixture was stirred for 4 h and 
then allowed to stand at 20~ for 12 h. It was filtered, the solvent was removed in vacuo, 
and the residue was distilled to give 0.88 g (54%) of a product with bp 47-48~ (12 mm). PMR 
spectrum (CD3OD): 1.34 and 1.38 (s, 3-Me); 3.45 (s, MeO); 3.84 and 4.21 ppm (AB, NCH2, 2JAB = 
9.0 Hz). Found, %: C 52.3, H 9.8, N 24.2. CsHI2N20. Calculated, %: C 52.2, H 9.6, N 24.3. 

N-(Morpholinomethyl)phthalimide (XI). A 0.27-g (2 mmole) sample of methoxymethylmorpho- 
line was added to a solution of 0.3 g (2 mmole) of phthalimide in 15 ml of absolute MeOH, and 
the mixture was maintained at 20~ for 24 h. The solvent was removed in vacuo, and the resi- 
due was recrystallized from acetone to give 0.42 g (84%) of a product with mp I17-I19~ (see 
[16]). 

*The synthesis wa~ accomplished by O. G. Nabiev. 
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STEREOCHEMISTRY AND CONFIGURATIONAL STABILITY OF CYCLIC NH- AND 

N-DIMETHYLCARBAMOYLDIALKOXYAMINES* 

I. I. Chervin, V. S. Nosova, V. F. Rudchenko, 
V. I. Shevchenko, and R. G. Kostyanovskii 

UDS 547.875'793.6:541. 
63:543.422.25 

On the basis of the data from the ZH, z3C, and ZSN NMR spectra it was estab- 
lished that perhydro-l,3,2-dioxazine has the chair conformation with the 
equatorial orientation of the NH proton; the barrier to inversion at the N 
atom is AG # = 21.9 kcal/mole. The preferred conformer of its 4-methyl de- 
rivative has the 2e,4e configuration~ Stereospecific spin-spin coupling 
constants 4Je_HCONH.e, 3JI3CONH_e, and 3JZSNOCH_ e were obtained for these 
compounds. 1,3,2-Dioxazolidine has a "bent envelope" conformation with the 
axial orientation of the NH proton; a stereospecific spin-spin coupling con- 
stant 4Je_HCONH_ e was obtained, and the invariability of the PMR spectrum at 
170~ was demonstrated. 

Earlier it was shown that the configurational stability of the nitrogen atom in 2-tert- 
alkyl-l,3,2-dioxazolidines [3] and perhydro-l,3,2-dioxazines [4] is increased in comparison 
with the acyclic dialkoxyamines [5]. In this connection there was the prospect of finding 

*Communication 58 of the Series "Asymmetric Nitrogen," for Communication 57 see [i]; Communi- 
cation 35 of the Series "Geminal Systems," for Communication 34, see [2]. 
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