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Two types of new phosphobetaine compounds with aziridiniumyl and isomerised substituent at the phosphorus atom were
synthesised by the reaction of 2-halogenaldimines with dialkylphosphites.

The interaction of 2-chloroaldimines 1 with trialkylphosphites
and triphenylphosphine was described earlier.!> However, no
data on the reactions of compounds 1 with dialkylphosphites 2
are available, though the addition of the latter to halogen-
unsubstituted imines is widely known.> We assumed that the
presence of a halogen atom at the 2-position is responsible for
new reaction paths and the formation of new types of organic
compounds.

We found that the structure of the products of the interaction
of 2-halogenaldimines 14 with dialkylphosphites 2 depends
strongly on the halogen atom. When Hal = Cl, the product of
dialkylphosphite addition to the imine group 3b is formed at
holding the mixture of corresponding compounds 1 and 2 for a
short time (24 h) at room temperature. By keeping a mixture of
1a and 2a for a long-term period (14 days) at room temperature,
a new product of a phosphobetaine structure with isomerised
substituent at the phosphonate phosphorus atom 4a’ was obtained
along with compound 3a (Scheme 1). At a long-term interac-
tion of reagents 1c and 2a at 25 °C, only compound 4¢’ was
isolated from the reaction mixture, though the formation of

Me,C(Hal)CH=NR? + (R!0),PHO —
la,cd 2ab

.
Me,C(Hal)CHP(O)(OR"), + R*NH,CMe,CH(Hal)P(OR"O3
NHR? 4a,c
3a-e
a R'=Me, R?=Bu!, Hal = Cl
b R!=Et, R?=Bu', Hal = Cl
¢ R'=Et,R>=Pr, Hal = CI
d R!'=Me, R? = Pr, Hal = Br
e R' =Me, R?> =Bu!, Hal = Br

MeOH
3a + MeONa ——» Me,C— CHP(O)(OR'),
3°C \ /
N-Bu'
Sa
Et,O
3a,b + NaH Me,C=C(NHBu"P(O)(OR"),
temperature 6a.b
Scheme 1
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addition product 3¢ (Op 29.4 ppm) was detected by 3'P NMR
spectroscopy. The structures of products 3 and 4 were confirmed
by 'H and 3'P NMR spectra, and that of compound 4¢, by X-ray
single crystal diffraction analysis* (Figure 1).

T NMR spectra were recorded on a Bruker Avance-600 spectrometer
[600 MHz ('H), 150 MHz (13C), 242.88 MHz (*'P) and 60 MHz (’N)] in
CDCl, at 30 °C. Chemical shifts for 'H, 13C were measured with reference
to the residual protons of CDCl;, for 31P — with external reference to
H;PO,, for >N — with reference to CD;CN.

Mass spectra (EI) were obtained on a TRACE MS Finnigan MAT
instrument, the energy of ionizing electrons was 70 eV. The temperature
of the ion source was 200 °C. MALDI mass spectrum was obtained on
a DYNAMO MALDI TOF (Thermo Bioanalysis Finnigan, USA) mass
spectrometer and ion m/z 222 [M + H]* peak (compound 7e) was
maximum.

Reaction of N-(2-chloro-2-methylpropylidene )tert-butylamine 1c¢ with
dimethylphosphite 2a. Amine 1c¢ (6.53 g, 0.04 mol) was mixed with com-
pound 2a (4.4 g, 0.04 mol) under argon atmosphere. A slight warming-up
of the reaction mixture was observed. The mixture was kept for 14 days
at room temperature. The crystals precipitated after working-up of the
reaction mixture with diethyl ether were filtered off, washed with Et,O
and recrystallised from acetonitrile. 1.23 g of O-methyl [3-(tert-butyl-
ammonio)-1-chloro-2-methylpropyl]phosphonate 4a was obtained: yield
12%, mp 150-151 °C. 'H NMR (CDCl;) d: 1.68 (s, 9H, CMe,), 1.76
and 1.82 (s, 6H, CMe,), 3.94 (d, 6H, POMe, J 11 Hz), 4.60 (d, PCH,
J 8.5 Hz), 9.62 and 10.91 (br. d, 2H, *NH,, J 11 Hz).

After removing diethyl ether from mother solution in vacuo, 9.28 g of
0,0-dimethyl [1-(fert-butylamino)-2-chloro-2-methylpropyl]phosphonate
3a was obtained: yield 85%, mp 7677 °C. 'H NMR (CDCl,) d: 1.29 (s,
9H, CMe;), 1.83 and 1.90 (s, 6H, CMe,), 1.82-1.87 (br. s, 1H, NH),
3.37 (d, 1H, PCH, J 20 Hz), 3.93 and 3.94 (d, 6H, POMe, J 11 Hz).
3P NMR (CHCl,) 6: 29.3.

Reaction of 1c with diethylphosphite 2b. 6.8 g (0.04 mol) of 1c¢ and
5.52 g (0.04 mol) of 2b gave 9.7 g of O,0-diethyl [1-(tert-butylamino)-
2-chloro-2-methylpropyl]phosphonate 3b: yield 81%. '"H NMR (CDCl,)
0: 1.08 (s, 9H, CMe,), 1.28 (t, 6H, POCH,Me, J 7 Hz), 1.28-1.44 (br. s,
1H, NH), 1.60 and 1.64 (s, 6H, CMe,), 3.03 (d, 1H, PCH, J 19 Hz), 4.05
(quintet, 4H, POCH,, J 7 Hz). 3'P NMR (CHCl,) 0: 26.43.

Reaction of N-(2-chloro-2-methylpropylidene)isopropylamine 1d with
diethylphosphite 2b. 5 g (0.03 mol) of 1d and 4.14 g (0.03 mol) of 2b
gave 9.7 g of O-ethyl [3-(isopropylammonio)-1-chloro-2-methylpropyl]-
phosphonate 4c: yield 10%, mp 145-146 °C. 'H NMR (CDCl,) 6: 1.43
(t, 3H, POCH,Me, J 7 Hz), 1.58 and 1.63 (d, 6H, CHMe,, J 6.5 Hz),
1.67 (s, 6H, CMe,), 3.36-3.64 (m, 1H, CHMe,), 4.30 (quintet, 2H,
OCH,Me, J 7 Hz), 4.56 (d, 1H, PCH, J 9 Hz), 9.67 and 10.43 (br. d, 2H,
*NH,, J 10.5 Hz).
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Figure 1 The structure of product 4c¢. Selected bond lengths (A): P(1)-0(1)
1.478(2), P(1)-0O(2) 1.484(2), P(1)-0O(3) 1.578(2), P(1)-C(1) 1.850(3),
CI(1)-C(1) 1.788(3), O(3)-C(8) 1.443(4), N(1)-C(2) 1.508(4), N(1)-C(3)
1.522(4), C(1)-C(2) 1.550(4), C(2)-C(7) 1.512(5), C(2)-C(6) 1.532(4),
C(3)-C(5) 1.489(6), C(3)-C(4) 1.501(6), C(8)-C(9) 1.381(6).

Compounds 3 were transformed into aziridine-2-ylphos-
phonate 5a and phosphorylated enamines 6a,b (Scheme 1)% by
treatment with sodium methylate in methanol and sodium
hydride in absolute diethyl ether, respectively.

When Hal = Br, bromimine 1d appeared to be cosiderably
more active than imine 1e. In 10 h after mixing reagents 1d and
2a, two resonance signals at 26.14 and 1.17 ppm, corresponding
to the phosphorus atoms in addition product 3d and a new
product, were detected in the 3'P NMR spectrum of the reaction
mixture. In 30 h, the signal at 26.14 ppm vanished, and only

+ +
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—> MeZC—$H : MeB MCQC_(le 0
— -0 —Mebr s
Br Me<0~—P{ MeOPZ-
a_— e OMe o
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Me,C—CHNHR? Me2C|—$H
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dRZ =P b 0pLOMe BT ——= OYPZO
2 _ t | — MeBr |
¢ R%=Bu OMe OMe
10 8d.e
Scheme 2

¥ X-Ray diffraction data for 4c were collected at 20 °C on an Enraf-
Nonius CAD4 automatic diffractometer using graphite monochromated
MoKo. (0.71073 A) radiation. Crystals of compound 4¢ (CoH,,CINO;P),
monoclinic, a = 10.089(2), b = 11.865(2) and c = 11.688(4) A, B = 102.12(2)°,
V=1367.96) A%, Z=4, d_,, = 1.25 g cm™3, space group P2,/n.

X-Ray diffraction data for 7d were collected on a Bruker Smart
Apex II CCD diffractometer using graphite monochromated MoKa
(0.71073 A) radiation. Crystals of compound 7d (CgH,gNO;P-2CHCl;),
monoclinic, a = 15.452(7), b = 9.254(4) and ¢ = 16.493(6) A, 8 = 117.182(6)°,
V=2097.9(14) A3, Z=4,d_, = 1.41 g cm3, space group P2,/n.

Cell parameters and intensities of 2768 (4¢) and 4891 (7d) independent
reflections, from which 1577 (4¢) and 1929 (7d) with I = 20, were measured
in the w/26-scan mode, 6 < 26.30° for 4¢ and w-scan, 6 < 28.00° for 7d.
Absorption correction was not applied [u(MoKa) =3.86 cm™! for 4c],
[u(MoKo) =9.0 cm! for 7d]. The structures were solved by direct method
using the SIR® program and refined by the full-matrix least-squares using
the SHELXL-97° program. All non-hydrogen atoms were refined aniso-
tropically. The hydrogen atoms were calculated and refined as riding
atoms. All calculations were performed on a PC using the WinGX
program.!? The final residuals were R, = 0.046, wR,, = 0.1272 (for 4c)
and R, = 0.062, wR;, = 0.1419 (for 7d). Data collection and reductions
for 4c were performed on an Alpha Station 200 computer using the
MOoIEN program package.!! For 7d the images were indexed, integrated,
and scaled using the APEX2 data reduction package.'? All figures were
made using the PLATON program.'3

CCDC 696939 and 696940 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2008.

one of the intense signals (at 1.17 ppm) was in the spectrum.
New signals appeared in 25 h after mixing compounds 1e and 2a,
and a signal at 26.50 ppm vanished completely in three days.
Thus, in the case of bromimines 1d,e, at first addition products
3d,e were formed, which easily transformed into new com-
pounds.T Unlike primary addition compounds 3d.e, the new
products did not contain bromine. A bromine atom leaves a
reaction system as methyl bromide, as confirmed by the presence
of an intense signal at 2.6 ppm in the 'H NMR spectrum of the
reaction mixture (Scheme 2).

Two isomeric structures with either aziridiniumyl substituent at
phosphonate phosphorus atom (7d,e) or with 1,2-oxaphosphetane
cycle (8d,e) may correspond to the new isolated products,
substituted at the nitrogen atom [R? = Pr! (CgH,{NO,P) or But

§ Interaction of compound 3a with alcoholic solution of sodium methylate.
To 6.08 g (0.02 mol) of 3a in 35 ml of ice cooled methanol 2.55 g of
sodium methylate (1.2 M solution in methanol) was added mantaining a
reaction mixture temperature of 3 °C. The mixture was stirred during
24 h. Precipitated NaCl was filtered off, mother solution was steamed and
the residue was distilled. 3 g of O,0-dimethyl (1-tert-butyl-3,3-dimethyl-
aziridin-2-yl)phosphonate Sa was obtained: yield 60%, bp 74 °C (0.1 Torr),
n3 1.4532. 'H NMR (CDCl,) 6: 0.97 (s, 9H, CMe,), 1.15 (s, 1H, MeCMe)
and 1.22 (d, 3H, MeCMe, J 2.3 Hz), 1.52 (d, 1H, CH, J 22 Hz), 3.5 (d,
POMe, J 11 Hz). '3C NMR (CDCl,) d: 22.32 and 26.56 (s, CMe,), 30.17
(s, CMey), 37.91 (d, PCH, J 214.5 Hz), 44.14 (s, CMe,), 53.17 (d, OMe,
J 17 Hz), 55.75 (s, CMey).

Reaction of compound 3a with sodium hydride. Under argon atmo-
sphere by stirring to 4.32 g (0.18 mol) of NaH in 50 ml of dry diethyl
ether 15.89 g (0.06 mol) of 3a in 200 ml of dry Et,O was dropped. The
mixture was stirred at room temperature during 1 h and refluxed for 24 h.
The cooled reaction mixture was washed with 50 ml of cold warter,
extracted with diethyl ether (2x50 ml) and combined extracts were dried
with MgSO,. The solvent was removed and the residue was distilled. 9 g
of 0,0-dimethyl [1-(tert-butylamino)-2-methyl-1-propenyl]phosphonate 6a
was obtained: yield 81%, bp 66 °C (0.09 Torr), n3’ 1.4655. 'H NMR
(CDCl,) 8: 0.96 (s, 9H, CMey), 1.78 and 1.81 (d, 6H, CMe,, J 1.2 Hz),
2.39 (br. s, 1H, NH), 3.52 (d, 6H, POMe, J 11 Hz). 3C NMR (CDCl,) 6:
22.49 and 24.63 (s, CMe,), 31.78 (s, CMe;), 53.30 (d, POMe, J 4.5 Hz),
56.96 (s, CMe;), 128 (d, PC=, J 183.53 Hz), 149.28 (d, HNC=, J 30.35 Hz).
3P NMR (CHCly) 6: 22.5.

0O,0-Diethyl [ 1-(tert-butylamino)-2-methyl-1-propenyl [phosphonate 6b.

11.19 g (0.037 mol) of 3b and 2.66 g (0.111 mol) NaH gave 9.73 g of
6b: yield 70%, bp 76 °C (0.09 Torr), ng’ 1.4568. 'H NMR (CDCl,) o:
1.07 (s, 9H, CMe), 1.28 (t, 6H, POCH,Me, J 7 Hz), 1.89 and 1.92 (d,
6H, CMe,), 2.56 (br. s, 1H, NH), 4.05 (quintet, 4H, POCH,, J 7 Hz).
3P NMR (CHCly) 6: 26.4.
1 Interaction of N-(2-bromo-2-methylpropylidene)isopropylamine 1d with
dimethylphosphite 2a. Under argon atmosphere 1.44 g (0.75 mmol) of
1d was mixed with 0.83 g (0.75 mmol) of 2a. The mixture was kept
at room temperature for 33 h. The precipitated product was filtered off,
washed with diethyl ether and acetone and dried with MgSO,. 0.57 g of
O-methyl (1-isopropyl-3,3-dimethylaziridinium-2-yl)phosphonate 7d was
obtained: yield 37%, mp 125-126 °C. 'H NMR (CDCl;) 6: 1.38 and 1.42
(d, 6H, CHMe,, J 6.6 Hz), 1.47 and 1.69 (s, 6H, CMe,), 2.17 (d, 1H,
PCH, J 2.9 Hz), 2.66 (m, 1H, NCH), 3.59 (d, 3H, POMe, J 10.3 Hz), 9.90
(br. s, 1H, NH). 13C NMR (CDCl;) d: 19.08 (s) and 19.24 (d) (CMe,,
J 3.0 Hz), 19.68 (d) and 19.96 (s) (CHMe,, J 6.6 Hz), 47.7 (d, PCH,
J 161.6 Hz), 50.0 (s, CMe,), 54.3 (s, CHMe,), 51.77 (d, POMe, J 6.0 Hz).
5N NMR, 0: 46. 3'P NMR, ¢: 1.17.

O-Methyl (I-tert-butyl-3,3-dimethylaziridinium-2-yl)phosphonate Te.
2.26 g (0.01 mol) of N-(2-bromo-2-methylpropylidene)tert-butylamine
le and 1.10 g (0.01 mol) of 2a gave 1.23 g of compound 7e: yield 56%,
mp 132 °C. '"H NMR (CDCly) 0: 1.39 (s, 9H, CMe;), 1.57 and 1.73 (s,
6H, CMe,), 2.59 (d, 1H, PCH, J 2.9 Hz), 3.58 (d, 3H, POMe, J 11 Hz),
8.40 (br. s, 1H, NH). '3C NMR (CDCl,) 6: 20.87 (s, CMe,), 21.59 and
27.19 (s, CMes), 42.74 (d, PCH, J 162.8 Hz), 51.58 (d, POMe, J 5.4 Hz),
52.3 (s, CMe,), 60.66 (s, CMe;). N NMR, 0: 52. 3P NMR, ¢: 1.19.
MS, miz (%): 222 (3.6) [M + H]*, 221 (1.9) [M]*, 206 (2.9) [M — Me]*,
164 (11.4) [M -Bu]*, 138 (100.0) [C,H,,04P1", 127 (39) [CgH;NI*,
112 (66.6) [C;H|,NJ*, 96 (41.0) [C¢H (N]*, 94 (1.5) [MeOPO,]*, 70
(62.3) [C,HgN]*, 57 (53.5) [C3H;N]*, 41 (34.3) [C,H3N]*.
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— COSY 'H-'H

— HMBC 'H-"*C
- > HMBC 'H-"N
== HMBC 'H-*'P

Figure 2 Principal COSY and HMBC correlations for 7d and 8d (from
protons to carbons, nitrogen and phosphorus).

(CyH,(NO;P)] (Scheme 2). The compounds structures were
established by 2D NMR correlation methods.> The COSY and
HMBC key correlations for a compound with R2=Pr are
summarized in Figure 2. Unfortunately, these HMBC correla-
tions can correspond to both structural isomers, so they failed to
distinguish these structures.

Since the chemical shifts of a number of atoms are expected
to differ significantly in these structures [e.g., P-CH, NH, P-CH
and C(4)], the theoretical chemical shifts should be involved to
establish the isomeric structures. The quantum-chemical gauge
invariant atomic orbitals density functional theory (GIAO DFT)
calculation of chemical shifts proved to be a useful method
for establishing such spectrum—structure correlations.®’ For
this purpose, non-empirical chemical shifts calculations were
carried out [GIAO B3LYP/6-31G(d)//HF/6-31G]%® for 7d and
8d and compared with the experimental data.

Thus, we compared a discrepancy between the experimental
and calculated chemical shifts for the corresponding nuclei [e.g.,
P-CH, NH, P-CH, C(4)] for both isomers (Figure 3). As can
be seen in these diagrams, the difference in chemical shifts is
minimal only for isomer 7d, while for 8d the deviations are
obviously higher for the case of both proton and carbon.

Thus, upon the 2D NMR data and GIAO DFT chemical chifts
calculations the new products of the reaction of 1d,e and 2a are
proved to have the structure of 7d,e.

The mass-spectroscopic data’ also give evidence for the
structure of 7d,e. Finally, the structure of compound 7d was
confirmed by X-ray analysis (Figure 4).

The transformation of primary products 3d,e with methyl
bromide elimination can proceed in two ways (Scheme 2):
(a) nucleophilic substitution of bromine atom under the influence
of tricoordinated nitrogen atom with the formation of aziri-
diniumyl fragment in intermediates 9 and their demethylation
with the formation of reaction products 7d,e; (b) nucleophilic
substitution of bromine atom under the influence of phosphoryl
oxygen with the formation 1,2-oxaphosphetane fragment in
intermediates 10 and their demethylation by the scheme of
the second stage of the Arbuzov—Michaelis reaction with the
formation of compounds 8d,e, which can isomerize to products
7d,e under the influence of tricoordinated nitrogen of the
secondary amine group.

The NMR spectroscopy, mass spectrometry and elemental
analysis data correspond to the structural formulae of the
obtained compounds.’

(a) 10 NH ®) o , .
s 8
£ E -10
> 6 NH \g P-CH C4)
g 4 8 20
=] =
L2 13)
Ao P-CH P-CH 8 -30 c@
= 0 . ; ' B
A _2[ L] A 4o P-CH
-4 7d 8d 7d 8d
Isomer Isomer

Figure 3 Difference of experimental and calculated (@) 'H and (b) '3C NMR
chemical shifts for 7d and 8d.

Figure 4 Molecular structure of 7d, the disordered CHCl; molecules are
not shown. Selected bond lengths (A): O2)-P(1) 1.467(2), O(3)-C(13)
1.443(5), O(3)-P(1) 1.600(3), O(1)-P(1) 1.464(3), N(1)-C(1) 1.480(4),
N(1)-C(5) 1.489(5), N(1)-C(2) 1.501(5), C(1)-C(2) 1.496(5), C(1)-P(1)
1.813(4), C(5)-C(7) 1.497(6), C(5)-C(6) 1.502(5), C(2)-C(3) 1.496(6),
C(2)-C(4) 1.503(6).
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