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SYNTHESIS, CONFIGURATIONAL STABILITY, AND 
RESOLUTION OF N,N-DIALKOXYAMINES INTO ANTIPODES 

REMIR G. KOSTYANOVSKY,* VLADIMIR F. RUDCHENKO, VASILII G. SHTAMBURG. 
IVAN I. CHERVIN and SHAHIN S. NASIBOV 

Institute of Chemical Physics, Academy of Sciences of the U.S.S.R., Moscow, U.S.S.R. 

(Receioed in UK 12 August 1980) 

Abstract-Alkoxyamines with tertiary N-alkyl substituents were chlorinated to N-chloro-N-alkoxyamines whose 
reaction with alcohols enabled synthesis of N.Ndialkoxyamines. The DNMR method was used lo determine the 
barriers of inversion of these compounds. Alkaline hydrolysis (13) followed by subsequent reactions with R-( t )_ 
and S-( - )-a-phenylethylamine yielded diastereomeric salts (t 29 and - 29) whose crystallization and subsequent 
esterification resulted in optically active acyclic amines (- 13 and + 13) with the asymmetric center only at the N 
atom in the open chain. 

The possibility of existence of asymmetrical trivalent N 
was predicted by Hantzsch and Werner as far back as 
1890.2 However, all attempts to obtain optically active 
compounds with the center of asymmetry at the N atom 
were unsuccessful (e.g. Refs. [3,4]). In 1924 Meisen- 
heimer’ concluded that it was impossible to resolve such 
amines because of rapid inversion of the N pyramid. 
In 1939-40 it was hoped that compounds with 
asymmetrical N in the 3-membered ring could be 
resolvedP9 but the expectations did not 
materialise,68*‘k’2 and in 1958 Roberts” proved the 
impossibility of resolution of aziridines under normal 
conditions using the PMR method. In the following 
years, owing to elucidation of the factors controlling the 
stability of the N pyramid,‘C’8 such heterocycles were 
obtained in an optically active form -N-chloroaz- 
iridines,‘e2’ oxaziridines,*“*’ diaziridines,25 and com- 
plete resolution of N-alkoxyaziridines,26 diaziridines” 
and N-alkoxyisoxazolidine? into antipodes was 
achieved. However, the question as to the possibility of 
existence of acyclic amines in an optically active form 
remained unanswered. This paper is an attempt to solve 
the problem. 

The data summarized in reviews’c’8 suggest that acy- 
clic amines with two electronegative substituents on N, 
such as dihaloamines and dialkoxyamines, must exhibit 
high configurational stability. In the presence of one, 
even the most electronegative substituent, the cotigura- 
tional stability of N is not sufficient for the resolution, in 
case of Bz(t-Bu)NF AG’ = 15.2 kcal/mole.2q Dihalo- 
amines are thermally and chemically unstable: therefore 
we selected dialkoxyamines as the subject of our in- 
vestigation. There is only one communication“’ on the 
photochemical synthesis of RN(OCFp)* dialkoxyamines, 
where R = CFa, r&F,, i-C3F7, the yields not exceeding 
5%. 

It has therefore become necessary to develop a pre- 
parative method for the synthesis of functionally sub 
stituted dialkoxyamines suitable for the introduction of 
an auxiliary chiral substituent. The reaction between 
chloroamines and alcohols, yielding alkoxyamines”-” 

tSee Ref. [I] for Part XXV. 

was used as the starting point. It was assumed that the 
use of N-chloro-N-alkoxyamines as the chloroamine 
component would enable the synthesis of dialkoxy- 
amines. N-Chloro-N-alkoxyamines had not been des- 
cribed, but it was known that monochlorination of primary 
alkoxyamines yielded products of their rearrangement: 

RONH~B[RON(H~)H _HHar ROi] 

f 

RON=BOR R=t-Bu34, Et35 

mN=o)2 Rat-Bu, EtCMe236 

That is why the scheme of rearrangement of the 
PhCH20NH2 monochlorination product through the in- 
termediate oxaziridine, proposed by Paquette?’ seems to 
be erroneous. Just as in the previous case, the inter- 
mediate product of dissociation seems to be al- 
koxynitrene: 

. . 
PhCH20N:~PhCH.$JN.0-PhCH=NOH 

1 
1 

PhCONH2 

The Nchloro-N-alkoxy-N-alkylamines could not be 
obtained due to their easy dehydrochlorination? 

EtONHEt NaoC1~ EtON(Cl)Et 
[ 1 -~c1_ EtON=CHMe 

However, we succeeded in obtaining N-chloro-N- 
methoxyamine (1) which was thermally unstable and 
readily dehydrochlorinated, giving O-methyl- 
formaldoxime (identified by PMR): 

YeONHMe a MeON(Cl)Ye x MeOB4H2 

(1) 
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It was assumed that the introduction of a tertiary 
substituent on the N atom would exclude the possibility 
of dehydrochlorination, thus ensuring the stability of 
N-chloro-N-alkoxyamines. Accordingly, alkoxyamines 
(2-4) were obtained 

NeONH2 + Me$=CHCOpe - YeONHCYe2CH2C0~ 

(9) 

MeONH2+Me2C=C(C0gt)2 -YeONHCMe2CH(C0$3t)2 

(2) 

+ (fi02C)$H2 

MeONH2 + BrCMepCOpMe - Ye0NHCYe2C02Me 

(43 

Owing to the low thermal stability of 3 it decomposes 
with breakage of the C-C bond into fragments when 
heated and exposed to bases: 

<P 
p,COEt 

YeO&e2-CH - 
\ 
cop 

[ 
YeOiH=CNe2 

P- 
+ Et02CCH=COEt 

I 
I 

bONdMe + (Et0,C),CH2 

Chlorination of alkoxyamines (2-4) under mild con- 
ditions in the presence of t-B&Cl yielded N-chloro-N- 
alkoxyamines (S-7): 

RNHOR’ 
t-BuOCl fIN(Cl 

R=Me02CCH2CMe2, II'=& (2) 

R=Me02CCble2, R'de (6) 

R=(EtOZC)2CHCMe2, R'=Ye (1) 

As expected, they are relatively stable under standard 
conditions: 5 is distilled in vacuum with heating up to 70” 
and does not change in Ccl, within I month; 6 decom- 
poses at 20“ within 12 days as follows: 

(6) 200 (Me02CCl6e2N.0)2 

(66.0%) 

+ Me02CCYe2NHOYe~HC1 

(21.8%) 

The thermal instability of Nthloro-N-alkoxyamines 
with a primary alkyl substituent at N, as well as their 
greater tendency to dehydrochlorination, as compared to 
N,N-dialkylchloroamines, seem to be due to the greater 
ionic mobility of Cl, promoted by the lone electron pair 
of oxygen: 

R'O-N-Cl 
[ 

+ 
- R’O-N-R - R&N-R Cl- 

A 
1 

This scheme makes it clear why a nitroso compound is 

formed during the decomposition of 6. Interestingly, 
when the alkoxyl substituent in N-chloro-N-al- 
koxyamines is replaced by an R,N group exhibiting a 
strong +Meffect, that is, as we go from N-chloro-N- 
alkoxyamines to N-chlorohydrazines, the ionic nature of 
the N-Cl bond becomes more pronounced. While N- 
chloro-N-alkoxyamines are mobile distillable liquids, N- 
chlorohydrazines exist in the form of diazenium salts:39 

R& = NRCI-. 

N-Chloro-N-alkoxyamines readily enter into nucleo- 
philic substitution reactions. Thus, throught interaction 
of S-7 with alcohols in the presence of a base, N,N’- 
dialkoxyamines (8-25) were synthesized (Tables 1 and 
2): 

R20H 
R'ON(Cl)R - R'ON(OR2)R + RN(O)=NR 

B 
B=Et3N, R20Na 

The reactions of 5 with t-BuOH and 6 with i-PrOH and 
t-BuOH in the presence of Et,N also yield azoxy com- 
pounds, probably, in accordance with a radical 
mechanism involving electron transfer: 

MeON(Cl)R 
Et31 

-*+c1- 
[ 

. <f&e 
MeOHR - RNfNR 1 

- RN(O)=NR 
-YrOYe 

The radical nature of this reaction has been cor- 
roborated by the presence of a radical with parameters 
aN = 15.7 and a& = 3.5 G in the EPR spectrum of a 
freshly prepared solution of Et,N and 6 in CHC!, at 20”. 
This radical is either an aminyl radical MeONR or a 
product of its oxidation MeON(O)R. 

Thus, the interaction of N-chloro-N-alkoxyamines 
with alcohols seems to involve three competitive reac- 
tions: (1) nucleophilic substitution of R”0 for Cl; (2) 
formation of a nitroso compound during the elimination 
of MeCl (indicated by the blue coloration during the 
reaction, typical of nitroso compounds); and (3) for- 
mation of an azoxy compound. 

In most cases the interaction between N-chloro-N- 
alkoxyamines and alcohols yields only dialkoxyamines 
(Table 1). However, in the case of secondary and tertiary 
alcohols the rate of nucleophilic substitution decreases, 
and the competitive reactions become predominant. It 
should be noted that in the reactions 5 forms an azoxy 
compound only with t-BuOH, whereas 6 containing a 
larger N-alkyl substituent forms an azoxy compound 
which is the only product in the reaction with t-BuOH 
and in the reaction with i-PrOH. The above pattern 
prevails in reactions in an alcohol medium. When an 
inert solvent is used, the reaction of 6 with two 
equivalents of MeOH in Et20 yields 25% of dialkoxy- 
amine (16) and 75% of azoxy compound (22). This ratio 
of products depends on the degree of dilution of the 
reaction medium. 

The proposed method for producing dialkoxyamines is 
applicable for synthesizing heterocyclic systems, such as 
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N-alkoxyisoxazolidines? 

R. G. KOSTYANOVSKY ef a/. 

(2) =4,HO(CH2)$2Me$IHOMe t-BuoC1- [ 
3 

(26) 

Scheme A. 

This is the only way to obtain alkylated N-alkoxy- (CF&CPN(CI)F.** For most of the compounds syn- 
isoxazolidines. The previously known method of syn- thesized we established the energy parameters of N 
thesis by cycloaddition of nitron esters to olefines gives inversion by the PMR method from the coalescence of 
only N-alkoxyisoxazolidines with electronegative sub signals belonging to the diastereotopic groups (Table 2) 
stituents in the cycle.” and plotted AG* vs electronegativity of the substituent 

Thus, one of the main tasks of this work has been at N for Me02CCH2CMe2N(OMe)X (Fig. 1). The derived 
accomplished-a synthesis of functionally substituted relationship permits prediction of the inversion barriers 
N,Ndialkoxyamines. To attain the principal objective, for the compounds of this series. For example, at X = F 
that is, to separate mirror isomers with an asymmetrical an unprecedentedly high inversion barrier (AG* - 
N atom in the open chain, a rational approach had to be 27 kcallmole) is expected. 
taken to the selection of the subject of resolution. A The low configurational stability of N-chloro-N-al- 
prerequisite was the sufficiently high configurational koxyamines (5-7; Table 2) makes it impossible to obtain 
stability of the selected compound (AG’ 3 23 kcal/mole). them in an optically active form under normal con- 
No data have been available on the configurational ditions. This, however, is possible in principle at tem- 
stability of acyclic amines with two electronegative sub- peratures below - 30 for in the case of 5 7112 = 13.1 hr at 
stituents at N. Only an approximate value of AG’> - 30”. Therefore, we tried to optically activate N-chloro- 
16kcal/mole was mentioned for CF,CIN(CI)F and N-methoxyamine (1) in accordance with the scheme of 

50 

Elactronegativity 

Fig. I. Inversion barriersof Nderivativesofalkoxyamines vselectronegativityofgroupX(theelectrone~tivityvalues 
ofH2.00,Me2.60,C13.15,Me03.55andF3.93aretakenfrom Ref.[45]).Tbepointfor theFwascalculatedfromthisplot. 
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asymmetric synthesis of I-chloro-2,2dimethylaziridine:*’ Thus, it took 90 yr for the prediction made by 

MeOB(CH20H)Ye (CH2CO)21JC~Me0A(Cl)Me 

(1) 

Scheme B. 

The PMR spectra of 28 at - 80” in toluene-da featured 
diastereomers (ratio 1: 1, MeNB = 11.2, MeOFAv = 
1.8 Hz) which undergo rapid epimerization under normal 
conditions. Compound 28 was chlorinated at -30”. 
assuming various rates of the reactions between these 
diastereomers, but the resulting 1 did not exhibit any 
optical activity. 

As expected,43 the configurational stability of N,N- 
dialkoxyamines is sufficient for their existence in an 
optically active form under standard conditions (Table 
2). This has been experimentally substantiated by partial 
resolution of 13 into antipodes via diastereomeric salts 
with S- and R-a-phenylethylamine (PEA; Table 3; 
preliminary communication’): 

Hantzsch and Werner to be confirmed. Chances are that 
compounds of this type exist in Nature which for some 
purposes employs N chirality. 

ExpeRIMENTAt. 
PMR spectra were taken on “Tesla-BS-487 C” (80 MHz) and 

“JNMC60HL” (6OMHz) spectrometers using HMDS as the 
internal standard; optical rotation was measured on “Polarnat A” 
and “Perkin Elmer 141” polarimeters; circular dichroism spectra 
were taken on a “Jobin-Yvon-Dichrographe-III”. Methoxy- 
amine* (yield, 69%; b.p. 49-W); N-methoxy-N-methylamine” 
(yield, 76%; b.p. 42“); &9dimethylacrylic acid methyl esteP 
(yield, 65%; b.p. 60” (50mm), n$‘, 1.4382); isopropylidene 
malonatee (yield, 22%; b.p. 140-141”: nh’, 1.44&$: a-bromo- 
isobutyric acid methyl estep [yield, 84.2%; b.p. 53-55” (21 mm)]; 

1 .KOH 

PhCH20(MeO)ITCMe2CH2C62.iiH3CH(Ph)Me PhCH20(MaO)NCMe2CH2CO;&i3CH(Ph)Me 

c-21 (+a) 

I 

single-stage cryetallization 

from C6F6 

I CH2N2 
PhCHi;"NxCH2C02tde 

Me Ye 

Ye02CCH2 

Scheme C. 

The absence of optically active impurities in + 13 and and N-hydroxymethyl-N-methoxy-N-methylamine” (yield, SS%; 
- 13 follows from their comnlete racemization at 20”. As b.p. 38” @mm); n$‘, 1.4165) were prepared according to the 
found from the kinetics of -‘la rgp*mi=rtion in MeOH at literature methods. 

20”, Kr”,=1.85*0.12~ 1 * - 7=.41* 0.03 a-Phenylethylamine was reso1ved.s’ and S_( - )-PEA of 

kcal/mole and ru2 = 5.18 hr. The optical purity of +13 was 97.4% optical purity, [a]u - 39.3” pure liquid), and R-t + PEA of 

determined by the PMR method, using a chiral shift- 
95.5% optical purity, [ok, + 38.5” (pure liquid) were used. 

reagent, Eu(tfc), (Fig. 2) and was found to approach 16%. 
N-Chloro-N-mcfhoxy-N-mclllylominc (1). To a soln of NaOCl 

In a similar manner optically active - 10 was syn- 
prepared from 19.2 g (480 mmole) NaOH and 17.0 g (240 mmole) 

thesized (Table 3; preliminary communication”): 
Cl2 in 78 ml Hz0 12.3 g (200 mmole) N-methyl-N-methoxyamine 
were added dropwise at - lo”, aad the mixture was kept at - 10” 

c-t_01 CH2N2_-(-J3 icvst. C- EtO(KeO)NCYe2Cti2CO~~&,CH(Ph)Ys-S 

( -X) 
Scheme D. 
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(a) 

- -. _ __-. __. -- -..- - 
- --- .-_A 

50 40 
Ppm 

3.0 20 

Fii.2. PMRspectra(80 MHz,C&.,6of HMDS): (a)normalspectrumofracemate(13);~)spectrumofracemate(13)in 
thepresenceof Eu(tfch,C,,, = 0.87;(c)spectrumof (+ 13)inthepresenceof Eu(tfc)&, = 0.91. lnthecaseof (b)and(c) 
the asterisk indicates the shift-reagent signals; the signature of signals of Me0 of enantiomer groups is on the left. 

Table 3. Optically active N.Ndialkoxyamines 

colnpound Yield, I Kelting polnt, OC PI ii0 (c MoOri) 

(-a) 

(+a) 

(-Jg 

(+Jg) 

(+Q) 

t-121 

C-2) 

c-y) 

t-s) 

88.0 a) 
go.6 ‘) 
28.0 

40.0 

55.7 

64.3 

97.6 

25.1 

66.5 

85-89 

82-88 

99-l 02 

98-102 

_ b) 

_ b) 

70-74 

82-84 

_ b) 

-2.840 (3.9) 

2.00° (5.5) 

-0.40° (5.2) 

0.36O (2.5) 

3.480 (5.5) cl 

-3.21° (1.7) 

-6.13O (1.6) 

-4.500 (1.4) 

-0.340 (5.8) 

*) aa calculated ror the reacted (u) 

b) eeparated ohmmatographloally on silica gel 

‘) At - -0.010 (266 nm), -0.014 (260 nm), -0.009 (254 m) and 

>-0.041 (A < 230 ml) 
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