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Sterically hindered nitrogen inversion in five-membered cyclic hydrazines®
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We found that (PriNH), with MeCHO form only pyrazoline 1 because of the competitive crotonization of the latter followed by
reaction with hydrazine; pyrazoline 2, pyrazolidinones 6 and 9, pyrazolidinol 8 and pyrazolidine 7, in which the inversion of
nitrogen atoms is hindered by bulky PriN substituents, were prepared for the first time, and the inversion barriers were determined.

An idea of the sterically hindered inversion of nitrogen? was
successfully implemented® using 1,3,4-oxadiazolidines as an
example. Enantiomers A and B were chromatographically
separated on chiral and achiral phases, respectively, followed
by studying the kinetics of racemization and epimerization,
respectively. Table 1 summarises the inversion barrier of nitro-
gen atoms in these compounds (cf. previously estimated lower
limits of the barriers2-5).

Table 1 Activation parameters of the nitrogen inversion barriers in 1,3,4-
oxadiazolidines.3

AG#, /kJ mol-!

Compound R at S%V"C AS#J K-! mol-!
A tert-Butyl 131.8 -93
B MeO,C(Et)(Me)C 112and 107.2 -

Compound A exhibited a high negative value of the entropy
of activation3 (Table 1), which is not typical of the pyramidal
inversion of nitrogen.® Thus, a dissociative mechanism of
inversion with CH,—O bond cleavage and the formation of an
intermediate methyleneiminium ion was assumed [as in the
case of the thermal enantiomerization of Troger bases (AS* =
=-168 J K-! mol-1)7]. This inversion mechanism was sup-
ported by structural data,> which are indicative of the possibility
of the anomeric effect n(N) - ¢*(CO) in A and its hydrazine-
methylating effect on amines with CH,—O bond cleavage.® The
dissociative inversion in A can be unambiguously supported
by the absence of enantiomerization of 2,5-dimethyl-1,3,4-
oxadiazolidine C with bulky N-substituents R, which prevent
the formation of the meso form# (Scheme 1).
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Scheme 1

As compared with compounds A and B, it is expected that
the configurational stability of nitrogen atoms can be increased
on the removal of the possibility of dissociative inversion in
pyrazolidines with bulky N-substituents D or E (R = Pri, But).
The inversion of nitrogen atoms in 1,3,4,5-tetraalkylpyrazo-
lidines F can be completely sterically hindered.$

T Asymmetric nitrogen. Part 86, previous communication see ref. 1.
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In this work, we attempted to synthesise some compounds
of the above types. The syntheses of 2,3,4,5-tetraalkyl-1,3,4-
oxadiazolidines C in 60-70% yields by the reactions of N,N'-
dimethylhydrazine with aldehydes RCHO (R =H, Me, Pr or
Bu)® and N,N'-diethylhydrazine with acetaldehyde!® were de-
scribed previously. However, we found that pyrazoline 1 was
formed in the reaction of N,N'-diisopropylhydrazine with acet-
aldehyde under the same conditions!? instead of expected pro-
duct C (R = Pri) (Scheme 2).

2 MeCHO H sMe i
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1

Scheme 2 Reagents and conditions: i, in n-pentane, 1 h at 7-8 °C.

This is evidently due to steric hindrances in the reaction of
a substituted hydrazine with acetaldehyde, which gives croton-
aldehyde by a more rapid competitive condensation reaction.
Crotonaldehyde with hydrazine forms product 1. Indeed, pyra-
zoline 1 can be directly prepared by the reaction with croton-
aldehyde (Scheme 2). It is interesting that a pyrazoline by-
product (in up to 5% yield) was detected in the reaction of less
sterically hindered sym-diethylhydrazine, whereas the corre-
sponding oxadiazolidine® is the main product (Scheme 3). This
is a general reaction.

The hydrogenation of pyrazolines 1 and 2 with NaBH, and
LiAlH, was studied; however, we failed to prepare desired
pyrazolidines. Therefore, we tested other reactions for the syn-
thesis of them. Pyrazolidine 7 was obtained in accordance with
Scheme 4.

Pyrazolidin-4-ol 8 and pyrazolidin-4-one 9 were prepared in
accordance with Scheme 5.

The NMR spectra of pyrazoline 1 suggest that the protons
of diastereotopic Me groups in both of the Pri substituents are
non-equivalent.T This can be explained by the fact that the ring
conformation is fixed by the methyl substituent at the asym-
metric C-5 atom. The arrangement of protons at C-3 and C-5
close to a planar W-zigzag is possible only at an unusual
a-orientation (as evidenced by the spin—spin coupling constant

# Compounds of the type C (R = Me, Et) were described.?
§ Pyrazolidines D (R = H, PhCO),!! E (X = CH,, R = CO,Et),12 (X =
=Me,C, R = CO,Et)!3.14 and F (R = H, R'= Me)!5 were described.
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Scheme 3 Reagents and conditions: i, in n-pentane, 45 min at 15-20 °C;
ii, in MeOH, 45 min at 10-20 °C.

*J3yms) = —1.5 Hz).1 Then, at the a-orientation of an isopropyl
substituent at N-1 and the planarization of the enamine atom
N-2, substituents at N-1, N-2 and C-5 are most mutually distant.
Indeed, the MM2 calculation supported the above molecular
conformation with the dihedral angle @y, cu4)cs) e = 38°
The value of 4Jy3,qs, = —1.5 Hz, which was found %rom the
angle dependence of tf\e spin—spin coupling constant,!6 is con-
sistent with the experimental value.!
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Scheme 4 Reagents and conditions: i, 3 h at 100-105 °C; ii, 3 h at 75-80 °C
in MeOH/Cat MeONay; iii, LiAlH, in THF, 2 h at 65 °C.

In the case of pyrazoline 2, a flat screen for N-1 inversion is
produced because of the flattening of the enamine N-2 atom.
Thus, according to NMR spectra, its inversion is hindered in
the NMR time scale at 20 °C ('"H NMR: 5-CH, Avy; = 160 Hz;
13C {H} NMR: 1-Pri, Avy;. - = 160 Hz, 2-Pr' broadened signal
of Me,C at 19.47 ppm). Pyrazolidinone 6 exhibits such a steric
inversion hindrance (Figures 1 and 2).1 The inversion barrier of
the 1-N atom was found at the signals coalescence temperature

20 30 25 2.0 10
d/ppm

Figure 1 "H NMR spectrum of compound 6 (400.13 MHz) in [2Hg]benzene
at 20 °C.
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Scheme 5 Reagents and conditions: i, MeCN, K,CO;, 20 h at 90 °C; ii,
DCC in DMSO, 10 h at 20 °C.

for the protons at C-4 (Av =204 Hz in [2Hg]benzene) to be
AG* = 60.8 kJ mol-! at 30 °C, which is higher by 12.2 kJ mol-!
than that of 1,2-dibenzylpyrazolidin-3-one at -32°C.!7
Previously,!8 the inversion of nitrogen in substituted diazetidin-
3-ones was studied. For example, AG* = =79.7 kJ mol-! for

1 TH and '3C NMR spectra were measured on Bruker WM-400 (400.13
and 100.61 MHz, respectively) and Bruker AM-300 spectrometers (300.13
and 75.43 MHz respectively).

1 prepared in accordance with Scheme 2, 62% yield, bp 38-40 °C
(5 Torr). 'HNMR (CDCly) 6: 0.96 (d, 3H, 1-NCHMe,, 3J 6.4 Hz), 1.03
(d, 3H, 1-NCHMeyg, 3J 6.4 Hz), 1.02 (d, 3H, 2-NCHMe,, 3J 6.6 Hz),
1.05 (d, 3H, 5-CH-Me, 3J 6.4Hz), 1.09 (d, 3H, 2-NCHMey, 3J
6.6 Hz), 2.82 (hept, 1H, 1-NCH, 3J 6.4 Hz), 2.94 (hept., 1H, 2-NCH,
3] 6.6 Hz), 3.72 (ddq, 1H, 5-CH, 3J 6.4 Hz, 3J 2.6 Hz, 4J —1.5 Hz), 4.74
(dd, 1H, 4-CH, 3J 3.8 Hz, 3J 2.6 Hz), 5.87 (dd, 1H, 3-CH, 3J 3.8 Hz,
4J —1.5Hz). 3C NMR (CDCl,) 6: 16.35 and 19.03 (2q, 1-NCHMe ,Mey,
17125.0 Hz), 18.63 and 19.74 (2q, 2-NCHMe Meg, 'J 125.0 Hz), 25.01
(q, 5-C—Me, 'J 125.0 Hz), 54.42 (d, 1-NCH, J 137.3 Hz), 56.30 (d,
2-NCH , 1J 137.3 Hz), 59.76 (d, 5-CH, J 135.4 Hz), 106.71 (d, 4-CH,
17170.7 Hz), 132.36 (d, 3-CH, 1J 175.5 Hz, 3J 7.6 Hz, 3J = 2J = 3.8 Hz).
Found (%): C, 70.85; H, 12.49; N, 16.20. Calc. for C,,H,,N, (%): C,
71.38; H, 11.96; N, 16.65.

2 prepared in accordance with Scheme 3, 43% yield, bp 56-58 °C
(20 Torr). 'HNMR (CDCl,, at 20 °C) 6: 0.98 (d, 6H, 1-NCHMe,, 3J
6.7 Hz), 1.05 (d, 6H, 1-NCHMe,, 3J 6.7 Hz), 2.77 (hept, 1H, 1-NCH,
3] 6.7 Hz), 3.02 (hept, 1H, 2-NCH, 3J 6.7 Hz), 3.69 (br. s, 2H, 3-CH,),
4.89 (m, 1H, 4-CH), 5.90 (m, 1H, 5-CH). 13C NMR ([?Hg]benzene at
20 °C) 6: 17.73 (q, 1-NCHMe,, 'J 125.7 Hz), 19.34 (q, I-NCHMey, 1J
125.7 Hz), 19.60 (q, 2-NCHMe,, 'J 125.7 Hz), 19.77 (q, 2-NCHMe,
1J125.7 Hz), 55.37 (tq, 5-CH,, 'J 139.3 Hz, 2J =3J = 4.2 Hz), 56.40 (d,
1-NCH, !J 139.1 Hz), 57.83 (d, 2-NCH, 1J 139.6 Hz), 104.40 (ddt,
4-CH, 'J 170.8 Hz, 2/ 8.9 Hz, 3J 4.4 Hz), 134.84 (ddq, 3-CH, 1J 174.3 Hz,
2J 8.9 Hz, 3J 4.5 Hz). Found (%): C, 70.30; H, 12.01; N, 17.90. Calc. for
CoH 4N, (%): C, 70.08; H, 11.76; N, 18.16.

3 prepared in accordance with Scheme 3, 69% yield, bp 70-73 °C
(30 Torr). '"HNMR ([?Hg]benzene at 20 °C) : 0.85 (d, 3H, 3-Me, 3J
6.7 Hz), 0.97 (s, 3H), 1.75 (dd, 1H, CH,, 2J 15.8 Hz, 3J 9.8 Hz), 2.18
(dd, 1H, 2/ 15.8 Hz, 3J 9.1 Hz), 3.67 (m, 1H, CH, 3J 6.7 Hz), 7.50 (s, 1H,
NH). Found (%): C, 61.39; H, 10.38; N, 28.23. Calc. for CsH,(N, (%):
C, 61.19; H, 10.26; N, 28.58.

4 prepared in accordance with Scheme 3, 89% yield, bp 67-70 °C
(31 Torr). '"HNMR ([?Hg]benzene at 20 °C) d: 0.97 (s, 6H, 5-Me), 1.02
(s, 3H, 3-Me), 1.71 (s, 2H, 4-CH,), 7.85 (s, 1H, NH). Found (%): C,
64.85; H, 10.50; N, 24.65. Calc. for C¢H;,N, (%): C, 64.24; H, 10.78; N,
24.98.

5 prepared in accordance with Scheme 4 and separated by chromato-
graphy (SiO, 40/60 u. Eluent: CHCly—acetone, 9:1 by volume), 85%
yield, n5, =1.5689. 'H NMR (CHCl, at 20 °C) : 0.90 (d, 6H, CHMe),
0.96 (d, 6H, CHMe), 2.47 (t, 2H, CH,COO), 2.68 (t, 2H, CH,N), 2.84
(q, 1H, CHMe), 2.94 (q, 1H, CHMe), 3.63 (s, 3H, OMe). Found (%): C,
59.72; H, 10.89; N, 13.87. Calc. for C,,H,,N,0, (%): C, 59.37; H,
10.96; N, 13.85.

6 prepared in accordance with Scheme 4 and separated by chromato-
graphy (SiO, 40/60 1. Eluent: ethyl acetate), 91% yield. 'H NMR
([*Hg]benzene at 70 °C) J: 0.75 (br. d, 6H, 1-NCHMe,, 3J 6.1 Hz), 1.20
(d, 6H, 2-NCHMe,, 3J 6.9 Hz), 2.07 (br. m, 2H, 4-CH,), 2.71 (br. m, 2H,
5-CH,), 2.81 (hept, 1H, 1-NCH, 3J 6.7 Hz), 4.02 (hept, 1H, 2-NCH, 3J
6.8 Hz). 3C NMR {1H} ([2Hg]toluene, 20 °C) d: 15.0 (br. s, 1-CHMe-A),
20.0 (br. s, 3H, 1-NCHMe-B), 20.0 (br. s, 6H, 2-NCHMe,), 32.2 (s, 4-C),
43.62 (s, 2-NCH), 172.84 (s, 3-C); at 80 °C: 17.6 (br. s, 1-NCHMe,) and
19.97 (s, 2-NCHMe,). Found (%): C, 63.68; H, 10.46; N, 16.78. Calc.
for CoH 4N,O (%): C, 63.49; H, 10.66; N, 16.45.
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1,2-dibenzyl-1,2-diazetidin-3-one.!8() The inversion in picrate
6 and iodomethylates 6 and 7 is blocked because of the
protonation and quaternization of the N-1 atom.

The NMR spectra of pyrazolidine 7 (Figure 3)1 are indicative
of the C, molecular symmetry (six groups of signals in the
'HNMR spectrum and five signals in the 13C {IH} NMR
spectrum) and the hindered inversion of nitrogen atoms (the
non-equivalence of geminal H, and H, protons and protons and
carbons in A-Me and B-Me groups of isopropyl substituents,
as well as in the case of 1,3,4-oxadiazolidines with bulky
N-substituents?#). The activation parameters of nitrogen inver-
sion were found from a full line shape analysis:'t AGH, =
=67.7x1.1 kI mol-! at 25 °C, AH* =61.1 kJ mol-! and AS*=
=-22.2+3.3 J K-! mol-!. The inversion barrier is higher than
that of 1,2,4,4-tetramethylpyrazolidine® by 21.2 kJ mol-!.

The NMR spectra of pyrazolidin-4-ol 8 exhibited the non-
equivalence of all ring protons and carbons, as well as of the
Pri substituents.] An analysis of the ring protons five-spin
system (Figure 4)1 demonstrated that it consists of two sub-
spectra of the ABX type associated with the long-range spin—
spin coupling constant 4J. The latter and the ratio between the
values of 3J1 suggest that the most stable molecular confor-

Iodomethylate 6: mp 190-191 °C (acetone), 77.5% yield. 'H NMR
(CD4CN at 20 °C) 6: 1.33 (d, 3H, 1-NCHMe-A, 3J 6.6 Hz), 1.45 (d, 3H,
1-NCHMe-B, 3J 6.6 Hz), 1.46 (d, 6H, 2-NCHMe, 3J 6.3 Hz), 2.76 and
2.86 (m, 2H, 4-CH,), 3.61 (s, 3H, 1-N-Me), 3.93 and 4.31 (m, 2H,
5-CH,), 4.22 (hept, 1H, 1-NCH, 3J 6.6 Hz), 4.30 (hept, 1H, 2-NCH,
3J 6.3 Hz). Found (%): C, 38.09; H, 6.48; N, 8.61. Calc. for C,H,,IN,O
(%): C, 38.47; H, 6.78; N, 8.97.

Picrate 6: mp 146-147 °C (acetone), 97% yield. '"H NMR ([?Hg]acetone
at 20°C) J: 1.33 (d, 3H, 1-NCHMe-A, 3J 6.5Hz), 145 (d, 3H,
1-NCHMe-B, 3J 6.5 Hz), 1.46 (d, 6H, 2-NCHMe,, 3J 6.2 Hz), 2.79 and
2.86 (m, 2H, 4-CH,), 4.05 and 4.15 (m, 2H, 5-CH,), 4.14 (hept, 1H,
1-NCH, 3J 6.5 Hz), 4.17 (hept, 1H, 2-NCH, 3J 6.2 Hz), 8.85 (s, 2H,
Cg¢H,). Found (%): C, 44.94; H, 5.81; N, 18.06. Calc. for C;5H,;N5O4
(%): C,45.11; H,5.29; N, 17.54.

7 prepared in accordance with Scheme 4 and separated by chroma-
tography (SiO, 40/60 u. Eluent: ethyl acetate), 81% yield. 'H NMR
([*Hglacetone at —20 °C) 0: 0.91 (d, 6H, 2Me-A, 3J 6.3 Hz), 0.98 (d, 6H,
2Me-B, 3J 6.3 Hz), 1.84 (quint, 2H, HH , 2J_. = -14.5 Hz, 3/ ,. =3/, =
=835Hz, 3J,=3J,,=744Hz, 3]y =3J,=0659Hz, 3J,=3 4 =
=6.18 Hz), 2.58 (hept, 2H, 2HC), 2.77 (m, 2H, H,H;,, 2J —11.23 Hz),
2.80 (m, 2H, H,H,, 2/ —11.23 Hz). 13C NMR ([2H¢]acetone at 20 °C) o:
20.56 (qqd, Me-A, 17 124.0 Hz, 3J 4.9 Hz, 2J 1.4 Hz), 22.07 (qqd, Me-B,
1J 125.0 Hz, 3J 5.0 Hz, 2J 2.1 Hz), 26.84 (t quint, 4-CH,, 'J 130.0 Hz,
2J 2.3 Hz), 48.25 (tdt, 3-CH,, 5-CH,, IJ 137.0 Hz, 3J=2/=3.3 Hz),
55.36 (dm, 2CHN, !J 132.0 Hz, 3J 4.2 Hz). Found (%): C, 69.40; H,
13.10; N, 17.67. Calc. for CoH,,N, (%): C, 69.17; H, 12.90; N, 17.93.

Iodomethylate 7: mp 159-160 °C (acetone), 45% yield. '"H NMR
([*Hglacetone at 20 °C) d: 1.22 (d, 3H, 1-NCHMe, 3J 6.7 Hz), 1.28 (d,
3H, 1-NCHMe, 3J 6.4 Hz), 1.45 (d, 3H, 2-NCHMe, 3J 6.5 Hz), 1.55 (d,
3H, 2-NCHMe, 3J 6.4 Hz), 2.24 and 2.36 (m, 2H, 4-CH,), 3.41 (m, 1H,
3-CH,), 3.47 (m, 1H, 3-CH,), 3.46 (s, 3H, 2-NMe), 3.73 (m, 1H, 5-CH,),
4.04 (m, 1H, 5-CH,), 3.98 (hept, 1H, 2-NCH, 3J 6.6 Hz), 4.34 (hept, 1H,
1-NCH, 3J 6.6 Hz). Found (%): C, 39.97; H, 8.01; N, 9.71. Calc. for
C,oHysIN, (%): C, 40.27; H, 7.77; N, 9.39.

8 prepared in accordance with Scheme 5, 63% yield, bp 103105 °C
(10 Torr). '"H NMR ([2Hg]acetone at —20 °C) d: 0.89 (d, 3H, 1-NCHMe-A,
3J6.5 Hz), 0.95 (d, 3H, 1-NCHMe-B, 3J 6.5 Hz), 0.94 (d, 3H, 2-NCHMe-A,
3J 6.5Hz), 1.03 (d, 3H, 2-NCHMe-B, 3J 6.5Hz), 2.61 (hept, 1H,
1-NCH, 3J 6.5 Hz), 2.94 (hept, 1H, 2-NCH, 3J 6.5 Hz), 2.72 (dd, 1H, H,,
2] —12.23 Hz, 3J, 5.40 Hz), 2.79 (ddd, 1H, H,, 2/ 4 -11.96 Hz, 3/,
3.33 Hz, 4J 0.52 Hz), 2.94 (hept, 1H, 2-NCH, 3J 6.5 Hz), 2.97 (dd, 1H,
H,, 2J,, -11.96 Hz, 3J,, 6.22 Hz), 3.09 (ddd, 1H, H,, dddd, 1H, H,,
34 6.89 Hz, 3] 4 6.22 Hz, 3], 5.40 Hz, 3J, 3.33 Hz). 13C {'H} NMR
([*Hg]DMSO at 20 °C) 6: 20.0 (1-NCHMe-A), 20.7 (1-NCHMe-B), 21.3
(2-NCHMe-A), 21.7 (2-NCHMe-B), 54.3 (1-NCH), 54.5 (2-NCH), 55.8
(1-NCH,), 56.5 (2-NCH,), 73.2 (CHO). Found (%): C, 62.87; H, 11.42;
N, 16.56. Calc. for CoH,,N,O (%): C, 62.75; H, 11.70; N, 16.26.

9 prepared in accordance with Scheme 5 and separated by chroma-
tography (SiO, 40/60 u. Eluent: ethyl acetate), 12% yield. 'H NMR
([*Hg]toluene at 20 °C) J: 0.74 (d, 6H, 2Me-A, 3J 6.4 Hz), 0.85 (d, 6H,
2Me-B, 3J 6.4 Hz), 2.50 (hept, 2H, 2Me, 3J 6.4 Hz), 2.82 (m, 4H, 2CH,,
AB spectrum, Av 100 Hz, 2J —18.4 Hz); for Pri groups, Av 24.8 Hz at
20 °C, and 18.7 at 90 °C. Found (%): C, 63.31; H, 10.60; N, 16.07. Calc.
for CoH,{N,O (%): C, 63.49; H, 10.66; N, 16.45.
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Figure 2 '3C NMR spectra of compound 6 (100.61 MHz) in [2Hg]toluene
at 20 °C.

mation of compound 8 corresponds to that shown in Scheme 5.
Similarly to compound 7, the activation parameters of nitrogen
inversion in compound 8 were found: AG* = 69.2+0.3 kJ mol-! at
25 °C, AH* =63.8+0.5 kJ mol-! and AS# =-18.0+1.0 J K- mol-1.

As judged from NMR spectra,! the nitrogen inversion in
compound 9 is hindered at 20 °C, and the molecule exhibits the
C, symmetry, as is the case in compound 7 and 1,3,4-
oxadiazolidines.

Thus, we synthesised pyrazolidines with bulky N-substi-
tuents. We found that compound 6 forms a stable picrate, and
compounds 6 and 7 form iodomethylates.! As expected, the
enantiomerization of 7 and 8 occurs at low entropies of activa-
tion, i.e., by normal pyramidal inversion rather than a dissociative
mechanism, as in the case of A (Table 1). It is well known2+#
that the nitrogen inversion barrier in A is higher than that in 3,4-
diisopropyl-1,3,4-oxadiazolidine by 50.5 kJ mol-!. Consequently,
an increase in inversion barriers up to 120 kJ mol-! or higher may
be expected in 1,2-di-tert-butyl analogues of 7-9. Thus, they are
promising for separation into enantiomers under normal con-
ditions.

(b)

2,5 1,6

MJJ{LJU
N

1 1 1 1 1 1 1
19 18 1.7 11 1.0 09 038

d/ppm

1 1 1 1 1
29 28 27 26 25

Figure 3 'H NMR spectra of compound 7: (a) experimental (300.13 MHz,
in [2Hg]acetone at —20 °C) and (b) calculated by CALM.
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Figure 4 'H NMR spectra of compound 8: (a) experimental (300.13 MHz,
in [2Hg]DMSO at 20 °C) and (b) calculated by CALM.

ftFull line shape analysis in the 13C {!H} NMR spectra (75.43 MHz)
was performed based on a Bloch equation modified for chemical ex-
change.!® The spectra of the A-Me and B-Me groups of pyrazolidines 7
(in [2Hs]pyridine) and 8 (in [2H4]DMSO) were measured at different
temperatures (Table 2).

Table 2 Temperature of spectral measurements and the life-
time of exchanged states.

Compound
7 8

T/IK /s T/IK /s

301.6 0.41671 301.9 0.16150
307.0 0.24156 307.7 0.09577
312.0 0.14942 3132 0.05831
318.0 0.09176 319.2 0.02576
324.0 0.05787 325.0 0.02343
330.0 0.03587 331.0 0.01534
336.0 0.02413 336.9 0.01005
342.0 0.01577 342.9 0.00641
347.9 0.01115 348.8 0.00455
3544 0.00780 354.6 0.00303
360.5 0.00558 360.5 0.00215
367.2 0.00412 372.5 0.00099

373.9 0.00296

The signal coalescence temperatures are 348 and 328 K for compounds
7 and 8, respectively. Temperature was calibrated using an external stan-
dard.20 Bruker software (DISNMR on ASPECT-3000 with Adacos and
XWinNMR on PC with Linux) was used for data processing. The
spectra were converted using the CODER 7 program (A. O. Krasavin:
http://nmr.ioc.ac.ru/coder7.zip). The computation was performed by the
DYNNMR integration program.2! The cross-relaxation times were meas-
ured at each temperature.
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