Molecular structure of 1-methoxymethylaziridine and
methoxymethyldimethylamine and anomeric effects
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For 1-methoxymethylaziridine 1 it is proved experimentally (GED) and theoretically that the equilibrium conformers are stabilised
by the anomeric effects n(N) - 0*(C-0) and n(O) - 0*(C-N), whereas in the case of methoxymethyldimethylamine 2 the
calculations predict the existence of a conformer appropriate to the n(N) - 0*(C-0) effect.

1-Methoxymethylaziridinel occupies a special place in the Table 2 Geometry parameters of the main conformet @ond length:
series of alkoxymethylamines because of a dramatic change # bond angles/®.
the chemical properties on the incorporation of a nitrogen atorm

into a three-membered ring. Compouhdannot be prepared Parameter Value
using a standard method for alkoxymethylamine synthesis bsiC(4)-O] 1.421
the reaction of an amine with formaldehyde in methanol. In the&[C(8)-OF 1.409] (7)
case of aziridine, this reaction gives 1-hydroxymethylaziridineg/[C(2)-NI 1.456
in almost 100% yield2 As well as1, 1-hydroxymethyl- C(4)-NP 1.434] (9)

A oy ; . ; r(C—H),, 1.098(4)
aziridine does not exhibit an aminomethylating effe€tyhich ((C-Cy 1.500(9)

is the most typical property of secondary amine derivatives c 114.3(22
such as piperidiné Aziridine 1 was prepared for the first time O:C:N 113'4512;
by the alkylation of potassium ethyleneamide with methoxy ’

methyl chloride® An interesting property of is that in the ggg:miggg 12(15_'3((2))

cleavage with acetic anhydride an electrophilic attack oceurs c _11(8)
almost equiprobably at the N and O atoms [reaction 6(1)]’<p(C—O) 167(6)
whereas ordinary alkoxymethylamines are attacked only at the (%) 67(12)
O atom [reaction (2)]. R, (%) 6.90

MeOCHN(CH,) (MeC0),0 aStandard deviations are given in parenthe8Bgpendent paramete

2 Et0,-60°C cVapour composition at 300 K. The values of independent geometry

eters of conformer |l were taken equal to the corresponding parame

MeCON(CH), + MeC(O)OCHOMe + MeC(O)OMe @ the main conformer. The torsion angles of conformer Il were refine

20% 17% 17% found to bep(C—N) = 120(7)° ang»(C—O) = 80(9)°.

(MeCO)%0 fragments were 0.3 and 40 fband 1-methoxymethylpiperidine,

ROCHNR, MeC(OJOR + MeC(O)JOCKNR,  (2) respectively. Finally, a noticeable decrease (by 3.4 kcalynol

A similar behaviour was observed in electron-impact frag-in the inversion barrier of the nitrogen atom was observed in

mentatiore In the mass spectra at 17 eV, the intensity ratiosas compared with 1-ethylaziridi§é€.A similar decrease in the
between the peaks of amine (=CH,) and oxygen (MeB-CH,) N inversion barrier was described for 2-methoxymethyl-1,2-

oxazolidine?

The above properties of can be explained by stereo-
electronic effects with the participation of lone pair electrons
B3LYP/6-31G*  B3LYP/cc-pviz MP2/6-311G* for both NP and O atoms. These effects will manifest them-

Table 1 Geometry parameters of (bond lengths/A, bond angles/°)
determined by quantum-chemical calculatiéns.

Parameter selves in different conformers as the most favourable molecular
I I | I | b conformations.
C@)—N] 1461 1461 1457 1458 1465 In this connection, we examined the structureldfy gas
r(C-C) 1.495 1.490 1.490 1.485 1.495 electror[ diffraction analysﬁsand madeab Inlth and DFT
r[C(4)-N] 1437 1459  1.434 1455  1.440 calculations forl and methoxymethyldimethylamirge
r[C(4)-0] 1.424 1401 1.423 1399  1.420 To describe the molecular geometry If the two torsion
r[C(8)-0] 1411 1421 1411 1420 1414 anglesgp(C—N) andg(C-0O), which correspond to rotation of
c-0-C 1129 1119 1128 1140 1109 molecular fragments about the exocyclic bonds,H and
O-C-N 112.7 1136 1132 1120 1127 CH,-0O, respectively, were used. The torsion agg@-O) = 0°
C(2-N-C(4) 1187 1158 1192 1159 1173 corresponds to the projection of GHD onto the endocyclic
C(2-N-C(3) 615 61.2 61.5 61.2 61.4 bond C-N. A minus sign denotes the rotation of g-@Hunit
¢(C-N) -35.7 874 358 888  -35.0 about the N—Ckbond inwards the projection of the CNC angle
¢(C-0) 179.9 67.3 1799 68.6  180.0 of the ring (see Scheme 1). The angl€-0) = 0° corresponds
n, 0.024 0.002 0.023 0.003 0.025
A, 0.013 -0.020 0.012 -0.021 0.016

T 1 was synthesised according to a published procédumé distilled
AEP/kcal mot? 0.69 0.1 2.6 with sodium metal; bp 75 °GH NMR (CDCly) ¢: 1.28 (m), 1.73 [m,

an the electron diffraction analysis, the valus= [C(2)-N] — [C(4)-N]  4H. (CH,),N], 3.44 (s, 3H, MeO), 3.70 (s, 2H, NGB)). For the gas
andA, = [C(4)-0] — [C(8)-O] were fixed at 0.023 and 0.012 A, respectively. electron diffraction experiments, sampleslofiere sealed in evacuated
bAE = E(Il) — E(l), whereE(l) andE(Il) are the energies of conformer | and (1 Torr) glass ampoules (5 mm in diameter and 50 mm in length) on
11, respectively. cooling.
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Table 3 Comparison between the main geometry parameters of molecules () RO @ H@15) O

with XCH,Y units (X, Y =0, N or F). H(3)

r(Me-Y),
xcHy  ECH e, P x-CH- e c-y-CP Reference

A H(14)
1 1.433(9) 1.410(7) 113.4(12) 114.3(22) This work |
(MeO),CH, 1.382(4) 1.432(4) 114.3(7) 114.6(5) 17 H(13)
Me,NCH,F 1.408(13) 1.410(5) 115.9(24) — 18 o) H)
Me,0 — 1.410(3) — 111.7(0.4) 19
Me,N — 1.454(3) — 110.9(6) 20
MeF — 1.391(2) — — 21

to a conformation with eclipsed Me—O and £N bonds.

To construct the full energy surface in the HF/6-31G ap-
proximation10.11 we calculated the energies of pseudo-confor-
mers with the full optimization of all parameters. The angles
¢(C—N) andp(C-0O) were fixed within the ranges —30 to 150°
and 0 to 180°, respectively, at steps of 30°. Two minima were
found on the surface of 49 models: conformer | wi(G—N) =
= 30° andp(C-0) = 180° and conformer Il wih(C-N) = 90°
andyp(C-0) = 60° (Scheme 1).

The parameters of these minima were optimised in B3LYP/
6-31G**, B3LYP/cc-pvtz and MP2/6-311G** calculations
(Table 1). Force fields for each of these conformers were thefigure 1 Molecular models: (a), conformer 1, ) 1, conformer Il andd)
obtained from the B3LYP/cc-pvtz calculations, and mean-2, conformer I.
square Vvibrational amplitudes and perpendicular corrections
were computed using the program described in ref. 12. Figure 3 shows the experimental radial distribution curve,

In the structure analysis of electron diffraction pattéme  f(r), the difference curve)f(r), and the theoretically calculated
assumed that the methyl group and the aziridine unit 8gye curve for a model witlp(C-N) = -30° [model T(2)]. It can be
and C,, local symmetries, respectively. The valence angleseen that the molecular model with the projection of the C-O
associated with H atoms were fixed at values taken from hond on the bisector of the CNC angle is inconsistent with the
guantum-chemical calculation (B3LYP/cc-pvtz). The calculatedexperimental data. In refined conformer I, the dihedral angles
difference between the C—O interatomic distances in thg0CH ¢(C-N) =-11(4)° ang(C-O) = 176(6)°j.e., the CH-O bond
and MeO units, as well as the difference in the endocyclic ant almost projected onto the N-GHond of the ring, and the
exocyclic bonds (C-N), depended only slightly on the methodziridine ring and the Me group are in almasti orientation
and basis set used (Table 1). Therefore, to decrease the cufith respect to the C-O bond.
relation between the main parameters we fixed these differencesStarting with the estimated initial ratio between conformers |
in the C-O and C-N bond lengths at values obtained frong70%) and Il (30%), a final combined refinement of all main
the B3LYP/cc-pvtz calculations. The further refinements of theparameters, including conformational composition, was per-
C-N, C-0 and (C-H) bond lengths, the C-O-C, O-C-N and formed and the results are shown in Table 2.

C-N-C (exo) valence angles and #(€—N) andyp(C-O) tor- Conformer | exhibits shortened O---H(gQ and O---(G),4
sion angles were performed using step-by-step varidtiond a  distances of 2.11 and 2.56 A, respectively. The O;;:(@)s-
least-squares techniglfe. tance to the second carbon atom of the ring is 2.99 A. The

The theoretical conformational composition of 1-methoxy-geometry of the main form (conformer I) corresponds to the
methylaziridine strongly depends on the method and the bas#omeric effectn(N) - 0*(C-O), whereas the geometry of
set used in the quantum-chemical calculations (from 100 teonformer Il is consistent with the anomeric effe¢O) —
50% of conformer | at room temperature). Therefore, the> 0*(C—N). Note that similar results were obtained previously
agreement between experimental data and theoretical data frdier 1-(tetrahydropyran-2-yl)aziridine on the basis!BfNMR
models in which only conformer | or conformer Il was presentspectroscopy and dipole moment measureniénts.
was examined. The torsion angle@C—N) were refined; they In Table 3 the main geometrical parameters for molecules
were found to be equal to ~0° for conformer | [Figur@[ldnd  containing XCHY units (X, Y = O, N or F) are compared. The
~100° for conformer Il [Figure bf]. The R-factors obtained conformation of MeOCKEDMe corresponds to a gauche—gauche
using the two models were 8.1 and 11.2%, respectively. arrangement of the Me groupsin the molecule MINCH,F,

Table 4 Calculated geometry parameters of methoxymethyldimethylamine

2 (bond lengths/A, bond angles/®).
H H H H H H
Parameter MP2/6-311++G** B3pw91/6-311++G**
r[C(4)-N] 1.439 1.431
r[C(1)-N] 1.458 1.449
r[C(3)-N] 1.456 1.446
OMe

r[C(4)-O] 1.407 1.404 OMe OMe
r[c(12)-0] 1.414 1.403 ¢(C-N) =0° p(C-N)=—11(4)°  (C-N) = 120(7)°
C(1)-N(2)-C(3) 110.7 1125

C(1)-N(2)-C(4) 110.9 112.7 Me

* Gas electron diffraction data were recorded on an EMR-100 electron N N
diffraction unit at room temperature. The electron diffraction patterns A A

were photometrically evaluated on an automatic microdensitofdeter. . . .
The averaged intensities were obtained in the ranges $<015.4 Al p(C-0)=0 9(C-0) =167(6) »(C-0) =80(9)
and 4.6< s< 25.8 A1 with the stephs = 0.2 AL, Scheme 1

N-C(4)-0O(11) 108.8 109.1 H H H H H H
C(4)-0(11)-C(12) 110.7 1124
C(1)-N(2)-C(4)-0(11) 66.0 67.7 @ Me
N(2)-C(4)-O(11)-C(12) -175.6 -173.4
N Me
VAN
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The structural analysis of both molecules shows that there is
a noticeable difference in the conformational structure of these
compounds, which, likely, is revealed in the difference in
chemical properties df and?2.

We are grateful to S. Shlykov and G. Girichev for their

f(r)

1

0 1 2 3 4 5 6 2
r/A

Figure 2 Experimental {) and theoretical2) radial distribution curves 3
with the difference curve for a mixture of two conformers. The theoretical
curve @) for a model with the arrangement of the C—N bond along the
bisector of the C—-N-C angle is also shown. 4

the C—F bond is projected onto the bisector of thgNvangle
with a pyramidal configuration of the nitrogen at&hin both
of these molecules, the conformations and bond lengths can
also be explained by the anomeric effets) - o*(C-0) and

n(N) - o*(C-F), respectively. 6

It can be seen in Table 3 that the N-(P) bond length irl
is somewhat shorter than the N-Me bond length igNVi&he
C-0 bond lengths in the molecule MeOXH/e are different 7
from each other and from the C-O bond length in®# In 8
the molecule MENCH,F, the N-CH bond is shorter than the
N—-Me bond in MgN and the C—F bond is longer than that in
MeF18.2021 The valence angles XGM in the above three
molecules, which exhibit an anomeric effect, are considerably
greater than tetrahedral angles.

A full energy surface (FES) calculation (B3LYP/6-311++G¥)
of 2 was also made in order to observe possible differences in
the structure and conformation of this molecule. The N(2)-
C(4)-0(11)-C(12) and C(1)-N(2)-C(4)-O(11) torsion angles
were varied from 0 to 330° and from O to 180°, respectively, in
steps of 30°. All remaining parameters were optimised. An,
analysis of the results showed the presence of two conformers
with torsion angles of 180 and 60° for conformer | and 90 and
90° for conformer I, respectively.

In the optimization of the two conformers, the geometrical
parameters presented in Table 4 were obtained together with an
energy difference between conformers of about 2 kcatimol
This large value for the conformer energy difference means that
even with allowance for differences in entropy practically only, ;
conformer | [Figure If)] will be present in the gas phase. In ;5
this conformer the KC—O bond is oriented in a bisector plane 13
of the MgN angle, and the $§£-N and O—Me bonds are in an
anti position. 14

The geometry of conformer | is in agreement with the
anomeric effech(N) - o*(C-0). Besides, by using the anomeric
effect it is possible to explain that the centrgCHN bond is
slightly shorter than the N—Me bond. It should be noticed tha 6
we have similar conformers for the torsion about the C—N bon
in the molecules o2 and MgNCH,F.18 The anomeric effect 7
has smaller influence on the,E-O bond. Since polar effects 1g
can also take place in the investigated molecules, the interpre-
tation of differences in the designed geometrical parameters caa
be ambiguous. The valence angle NCO is less than the tetr2®
hedral value (109.5A), as can be seen in Table 4. This &l
inconsistent with the values of XCY angles for molecules listed
in Table 3.

assistance in performing electron diffraction experiments.

This study was supported by the Russian Foundation for
Basic Research (grant no. 99-03-04004).
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