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Abstract—'HNMR spectra of 1-alkyl-1,2,3,4-tetrahydro-2-oxo-3-azocinecarboxylates and -car-
bonitriles indicated that the geminal protons at the 1-a-position were located in nonequivalent
magnetic environments. The difference in the chemical shifts amounted to as much as 0.73 ppm in the
case of methyl 1-ethyl-1,2,3,4-tetrahydro-2-0xo-3-azocinecarboxylate at 26°, and the free energy of
activation for the coalescence was estimated to be larger than 23 kcal/mol. The same type of
nonequivalence and coalescence phenomena were also observed even with dimethyl protons at the 1-
y-position of 1-isobutyl-1,2,3,4-tetrahydro-2-0x0-3-azocinecarboxylate (AGY =19 kcal/mol). The
situation was hardly affected by the reduction of the C=C double bonds. The nonequivalence was not
observed, however, if the substituent at the 3-position was absent. Therefore, these novel *H NMR
spectra of 1-alkyl protons in the title compounds were concluded to be due to strong coupling between
the restricted rotation around N(1)—C(a) bond and inversion of the 2-oxoazocine ring which required

high energy of activation.

An X-ray diffraction study of the crystal structure
of 1-methyl-1,2,3,4-tetrahydro-2-oxo-3-azocine-
carbonitrile (1a) revealed that the molecule takes
an extremely distorted boat conformation as shown
in Fig. 1 and Table 1.! Several interesting features

Fig. 1. Molecular structure of 1a crystal.

Table 1. Torsion angles observed with members
of the ring in 1a.
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are noticed: (1) the essential single bond between
C(5) and C(6) is fairly short (1.44 A), while the
dibedral angle concerning the bond is appreciably
large (49°); (2) the bond angles of the C atoms in
this part also show large values (ca 130°). These
data indicate the presence of extremely large rmg
strain, and 1,2,3,4-tetrahydro-2-oxo-3-azocine-
carboxylic acid derivatives (1) are expected to show
fairly complex conformational behavior as it has
been observed with unsaturated azacyclooctane
derivatives.”* In fact, extraordinary splitting pat-
terns were observed with 'H NMR signals of the
alkyl groups substituted at the 1-position.” The
NMR spectra, including the temperature-
dependence, were investigated in detail and the
conformational characteristics are discussed here.
The NMR signals show rather simple patterns
and the unambiguous assignment can be made by
the aid of decoupling techniques. An example of
the spectra is given in Fig. 2, where it is clearly
observed that the geminal protons of 1-a-
methylene group of 1b are found in magnetically
nonequivalent environments (J.. =140, J,g=
7.0 Hz). In addition to 1-homologues (1b, 1¢, 14,
1e and 1f), the partially reduced derivatives (2 and
3) were prepared and the spectra were measured at
various temperatures. The chemical shifts of the
alkyl group at the 1-position, as well as those of
methoxycarbonyl group at the 3-position, are sum-
marised in Table 2. Surprisingly large difference in
the chemical shift (Av) is observed with the geminal
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Fig. 2. 'H NMR spectrum of 1b at 160°.

protons at the a-position of the alkyl group. As to
1b, 1c and 3, the Av-values are fairly large (80~
90 Hz) at low temperatures. The value becomes as
large as 120 Hz in the case of 1e and 2. At elevated
temperature (~200°), the Av-values are diminished
to 40~ S0 Hz, but no coalescence is observed (Fig.
3). The same type of splittings are also observed
with two Me groups at the 1-B-position in 1d, as
well as with those of the 1-y-position in le at
ambient temperature. At low temperatures the Av-
values amount to 15 and 9Hz for 1d and 1e,
respectively, while coalescence of the signals is
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detected at high temperatures (140° for 1d and 90°
for 1e). In the case of 4, on the other hand, the
coalescence temperature (Tc) of 3-a-methylene
protons is 10° (J = 14.0 Hz), and the Ay-value is as
small as 25 Hz at —70°. No splitting was observed
with the 1-methyl peak of 1f even at —90°.

Thus, proton signals of methylene group at 1-a-
position of lactam appears to be split into multip-
lets when the geminal protons are located at none-
quivalent positions due to the steric hindrance as-
sociated with bulky substituents. Me groups at 1-8-
and 1-y-positions are also in the similar situation as
found in the case of 18 and 1e. The nonequivalence
may partly come from restricted rotation about
N(1)-C(a) bond. In addition, other conforma-
tional change must be also taken into consideration
in order to explain the fact that the signal at the
higher field (a—H) show much larger temperature-
dependence than the counter part at the lower field
(a—-H") as summarised in Table 2.
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Table 2. 'HNMR data of 1b, 1c, 14, 1le, 1f, 2 and 3 at various temperatures
(100 MHz).
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Comp. Temp. Chemical shifts, v(8, ppm)
Solv
(R) (°C) a-B’' a-H A"c,u' g-H v~H OCH,
1 8* 180 3.99 3.49 0.50 1.12
TB 26 3.84¢ 3.09 0.75 1.00
wP -80 3.97 3.12 0.85 1.11
1e TB 200 4.0 3.5 0.5 1.15 3.90
(-CB,CH,) T8 26 3.84 3.07 0.77 1.00 3.60
sp® -79 3.74¢ 2.91 0.83 1.02 3.54
7 | TS 140 4.80 1.17 3.70
(~CH(CH,) 5) B 40 4.8 1.13 0.98 3.63
. 1e T 200 3.73 3.28 0.45 2,05 0.85 3.81
(-CH,CH(CH,),) TB 90 3.68 2.99 0.69 1.88 0.83 3.68
SO ~30 3.79 2.76 1,03 1.80 0.8¢ 0.75 3.60
sp -90 3.8 2.6 1.2 1.74 0.8 0.7 3.6
1 TB 180 3.04s .
(-cay) 8D  -90 3.06s 3.66
2 TB 180 3.98 3.5 0.48 1.12 3.81
TB 26 3.86 2.99 0.87 1.01 3.61
sD -70 3.96 2.84 1.12 1.04 3.56
3 TB 180 3.80 3.37 0.43 1.18 3.87
TB 26 3.61 3.01 0.60 1.03 3.62
e6b -70 .3.7 2.92 0.78 1.11 3.59
21,2,4-Trichlorobenzens. hethanol-a,. Ccs,+CDC1, (311) .
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Fig. 3. Temperature-dependences of peak separations, v,

. between 1-a-methylene protons in 1-

alkyl-2-oxo-3-azocinecarboxylates. X—x, 1b; O--O, 1¢; [ ‘0, 2; A-- -A, 3. Measured with * the
methanol-d, or CS, - CDCY, (3: 1) solution, or ® the 1,2,4-trichlorobenzene solution.

As an aid for elucidating the cause for the non-
equivalent environments surrounding the geminal
protons, the difference in chemical shifts for 1-a-
methylene protons in 1b was estimated. The con-
formation of 1b was assumed to be the same as that
found in the crystal structure of 1a, and the shield-
ing effects of the following factors were evaluated
at the positions of 1-methyl protons in 1a as given
in Fig. 1.

(1) Magnetic anistropy effects. Point-dipole ap-
proximations were applied under the assumption
of the following anisotropy for each bond. Axciy o
= Axnor—con = 16.6, Axce—cen = —10, Axcn—wm
= 5.5 in the units of 10% cm® esu.® A).

As an alternative, Jackman’s graph® was used to
evaluate the magnetic anisotropy effect of N(1)—
C(1)—O group, where the susceptibility for N(1)—
C(1) was assumed to be equal to that for CO group.
(Method B).

(2) Direct electrostatic effect.” The dipole mo-
ment of the amide group, N(1)=C(1)—O, was
assumed to be 3.6 D.°

The long-range shielding effects as calculated by
Method A are summarised in Table 3. It is clearly
indicated that the proton closest to the CO group
(H_) is highly deshielded, and the estimated differ-
ence in the chemical shifts is approximately
0.4 ppm. Method B gives almost the same results:

Table 3. Calculated shielding effects due to magnetic

anisotropy of various bonds in 1a.

Shielding, 4o ( ppm )
Bond

B 8, By
c(-o -0.13 -0.34 -0.10
N(1)-c(1) -0.25 -0.42 -0.13
c(6)-c(7) +0.004 -0.05 -0.07
c(7)-K’(1) +0.09 +0.09 -0.004
Total -0.29 -0.72 -0.30

-0.4 (H,), —1.1 (H) and —0.2ppm (H,). The
predicated difference in the chemical shifts is some-
what larger than that obtained by Method A. The
electrostatic effects, as calculated by Buckingham'’s
equation® for the three protons were nearly equal
to each other: —-0.58 (H,), -0.54 (H) and
—0.55 ppm (H;).

On the basis of the above calculation, the low-
field signal (defined as a-H' in Table 2) is
suggested to be due to the proton at the position of
H, in Fig. 1. Hence, the magnetic anisotropy of the
amide group is considered to be the main factor in
deciding the chemical shifts observed with the gem-
inal protons. It is clear, however, some other fac-
tors should also be included to account for the
unexpectedly large Av-value (1.2 ppm) as obtained
with 2.

The activation parameters for coalescence of
'HNMR signals under discussion afford another
important information. The AG -values were cal-
culated by the use of T, Ay, J and Eyring’s equa-
tion.'° The data, as summarized in Table 4, indicate
that the rate process is associated with extremely
high barrier of activation. Highly restricted rotation
involving tetrahedral carbon has been reported
with 9-alkyl groups of 1,4-dimethoxy-9-alkyl-
triptycenes./!? In the case of 9-ethyl homologue,
however, AG? -value is as low as 14 kcal/mol. Since
the steric environment around 1-alkyl protons in
the title compounds is not so ‘much crowded in
comparison with those of 9-alkyl protons in the
triptycene homologues, it is really surprising that
the AGl-values for 1b, 1c, 2 and 3 exceed
22 kcal/mol.

As far as Ap-value is concerned, the geminal
protons of benzyl group in 8 are found in almost
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Table 4. Activation parameters for the coalescence of 'HNMR
spectra of the methylene and methyl groups in the alkyl substituent at

the 1-position.
e Av J I%
Comp. Protons
(*c) {Hzx) (Bxz) (kcal/mol)

1b l-a-methylene 200 a 90 14.0 »23.1
1c l-a-methylene 3 200 290 14.0 a23.1
1d 1-pf-dimethyl 140 15 0 21.6
1s l-a-methylene 3 200 2120 14.0 222.8

1-y-dimethyl 90 9 0 19
2 l-a~methylene 2200 > 120 14.0 > 22,8

l-a-methylene & 200 290 14.0 223.1
4 3-a-methylene 10 30 14.0 14

the same situation as those of the title compounds.
The coalescence of the signnls has been reported
to take place via ring inversion (AG] =
21.4 kcal/mol).'®™ Then, the present situation might
be explained by coupling between the restricted
internal rotation N(1)-—-C(a) bond and inversion of
2-oxoazocine ring. Close examinations of the
molecular structure of 1a indicate that the cyano
group at the axial position extends large steric
hindrance to the conformational change via ring
inversion.

On the basis of the above arguments, NMR
spectra of 1b homologue (6) without any sub-
stituent at the 3-position was examined. The 1-a-
methylene protons of 6 gives clean quartet signals

2
Chg

(Compound (6))

(3.54 ppm in CDCl,), which indicate the geminal
protons are completely equivalent at ambient
temperature. Then, the novel conformational be-
havior and the NMR spectra of the title compounds
are concluded to be originated from the combina-
tion between the restricted rotation around the
N(1)—C(a) bond and inversion of the 2-oxoazo-
cine ring with a substituent at the 3-position.

EXPERIMENTAL

M.ps were measured on a Yanagimoto Mel-temp ap-
paratus and are uncorrected. Spectral data were obtained
with following spectrometers: JASCO Model A-3 (IR),
JASCO Model JNM-MH-100 (100 MHz, *H NMR) and
JEOL Model JMS-OLSG (MS). NMR spectra were re-
corded with TMS as an internal standard. The temp-
dependence of 'H NMR spectra were investigated by the
use of a JEOL MH-100 spectrometer equipped with a
variable temp prob. The concentration of the samples
(1b-1e, 2, 3 and 4) were adjusted to 3-5% (w/v) in the
stated solvents. Refluxing the mixture of 2-pyridone
(0.15 mol), isobutyl iodide (0.15 mol) and potassium hyd-
roxide (10 g) in dried ethanol (150 ml) for 2 hr afforded 7
(b.p. 137°/23mm, 11% yield). 8 and 9 were similarly

obtained by the reaction between 2-pyridone and the
alkyl 1odxdec 13 The yields for 8 and 9 were
32 and 20%, y.

-Edlyl-l 2,3,4-tetrahydro-2-o0xo0-3-azocinecarbonitrile
(1b) and 3-ethyl-2-ox0-3-azabicyclo[4.2.0)oct-4-en-7-
carbonitrile (4). A soln of 8 (20 mmol) and acrylonitrile
(100 mmol) in 200ml MeOH was irradiated for 30 hr
with a 400W high-pressure mercury lamp. The solvent
was removed by the use of a rotating evaporator and the
residue was chromatographed on a silicagel column
(diethyl ether, acetone). The material obtained from the
first fraction was further purified by repeating column
chromatography (silica gel, diethyl ether) to give 1b (oil,
11% yield). The second fraction was treated in the same
way to give 4 (oil, 34% yield).

Compound 1b; IR (film): 2240, 1667-1640cm™;
NMR (CDCL): 85.9 (br.d, 1, 8-H), 5.8-5.7(m, 3, §, 6,
7-H), 4.51 (dd, 1, 3-H), 2.94 (br.d, 2, 4-H), 3.89 (sex., 1,

_H')’ 3 20 (”x-! 1 G'H), 1-08 (t’ 3’ B'H) ppm, 13_‘.’89
Jos=3, Joou=14, J o=7.0Hz; MS: m/e 176 (M",
100%). (Found: C, 67.80; H, 6.93; N, 15.80. Calc. for
C,oH;2N,0: C, 68.16; H, 6.86; N, 1590%)

Compound 4; IR (film): 2240, 1667-1650 cm™*; NMR
(CDCl,): 86.20 (d, 1, 4-H), 5.04 (dd, 1, 5—1{).34(m,2
1-H and 6-H), 3.28 (m, 1, 7-H), 2.74 (m, 2, 8-H), 3.50
(q’ 2’ G‘H)' 1.15 (tv 3: B'H) ppm, J‘,5=8'0v JS =3;
J., =7.0Hz; MS: mje 176 (M*, 6%). (Found: C, 68.11
H, 6.96; N, 15.86. Calc. for C,oH;,N,O: C, 68.16; H,
6.86; N, 15.90%).

Methyl 1-ethyl-1,2,3,4 - tetrahydro-2-oxo-3-azocine-
carboxylate (1c). After irradiation of 8 and methyl acry-
late, the same usual work-up as described in 1b gave 1c
(oil, 6% yield) from the initial fraction of the chromatog-
raphy. IR (film): 1736, 1650 cm™?;:NMR ( : 85.88
(br.d, 1, 8-H), 5.8-5.7 (m, 3, 5, 6, 7-H), 4.34 (, 1, 3-H),
2.84 (br. d, 2, 4-H), 3.90 (sex. 1, a-H"), 3.20 (sex., 1,
a-H), 3.67 (s, 3, OCH,), 1.08 (t, 3, 8-H) ppm, J, , =8,
J o= 14 Hz; MS: 209 (M*, 100%). (Found C,62.86; H,
714 N, 6.54. Calc. for C,;H,,NO;: C, 63.16; H, 7.18;
N, 6.70%).

Methyl 1 - isopropyl - 1, 2, 3, 4 - tetrahydro-2-oxo-3-azo-
cinecarboxylate (1d). The irradiated soln containing 9 and
methyl acrylate was treated in the same manner as the
above to obtain 1d (m.p 98-100°, 1% yield) from the
initial fraction of the chromatography. IR (KBr): 1726,
1636cm™!; NMR ( : 85.92-5.7 (m, 4, S, 6, 7,
8-H), 4.34 (t, 1, 3-H), 2.83 (br.d, 2, 4-H), 4.83 (sev., 1,
a-H), 3.69 (s, 3, OCH,), 1.24 (d, 3, p-H’), 1.05 (d, 3,
B-H) ppm, J, ,=7Hz; MS: m/e 213 (M*, 100%).
(Found: C, 64.62; H, 7.81; N, 6.22. Calc. for
C,,H,,NO,: C, 64.56; H, 7.67; N, 6.27%).
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Methyl 1-isobutyl-1,2,3,4-tetrahydro-2-ox0-3-azocine-
carboxylate (1e). The irradiated soln containing 7 and
methyl acrylate was treated in the same manner as the
above to obtain 1e (oil, 4% yield) from the initial fraction
of the chromatography. IR (film): 1740, 1651 cm™;
NMR (CDCl,): §5.9-5.7 (m, 4, 5, 6, 7, 8-H), 4.40(dd, 1,
3-H), 2.86 (br.d, 2, 4-H), 3.70 (s, 3, OCH,), 3.84 (dd, 1,

-H') 2.98 (“ 1 a_mo 1.80 (m, l 3"“). 0.88 (dv 3v
v-H), 0.84 (4, 3, y-H) ppm, J,..=14, ], , =7 Hz; MS:
mje 237 (M*, 100%). (Found C, 6613 H, 8.00; N,
6.06. Calc. for C,3H,;,NO,: C, 66.10; N, 7.63; N,
5.93%).

Methyl 1-ethyi-1,2,3,4,5,6-hexahydro-2-oxo-3-azocine-
carboxylate (2) and methyl 1-ethyl-perhydro-2-oxo-3-
azocinecarboxylate (3). H was introduced to a stir-
red suspension of 1e (0.77 mmol) and PtO, (25 mg) in
5mi of MecOH at room temp. After recognising the
disappearance of 1¢ by gc and removal of the catalysis
and the solvent stepwise, the residue was chromatog-
raphed on silica gel to give 2 (oil, 43% yield) as the initial
fraction (diethyl cther) and 3 (m.p 120-124°, 36% yield)
as the second fraction (diethy] ether-acetone).

Compound 2; IR (film): 1748, 1660-1635 cm~!; NMR
(CDCl,): 85.91 (4, 1, 8-H), 5.48 (q, 1, 7-H), 3.75 (dd, 1,
3-H), 2.1-1.4 (m, 6, 4, 5, 6-H), 3.64 (s, 3, OCH,), 3.89
(m, 1, a-H), 3.12 (sex,, 1, a-H), 1.13 (s, 8-H) ppm,
J;4o=4and 8,),,=8,J,,=8,)_ .,.=14,]_ 5, =THz; M5:
mie 211 (M*, 39%). (Found: C, 62.33; H. 8.05; N, 6.70.
Calc. for C,,H,,NO;: C, 62.54; H, 8.11; N, 6. 63%)

Compound 3; IR (KBr): 1743, 1637 cm“; NMR
(CDCl,): §3.35 (m, 2, 8-H), 3.75 (1, 1, 3-H), 2.0 (m, 2,
4-H), 1.7-1.5 (br, 6, S, 6, 7-H), 3.67 (s, 3, OCH,), 3.70
(m, 1, a-H), 3.11 (sex,, 1, a-H), 1.14 (¢, 3, 8-H) ppm,
J34=7, Yoo =14, J, s =T Hz; MS: m/e 213 (M*, 13%).
(Found: C 6178 H, 8.71; N, 6.69. Calc. for
C,;H,;oNO,:C, 61.95; H, 8.98; N, 6.57%).

l-E:hyl-l,2,3,4-mhydmazodn-2-onc (6) and 1-
ethyl-1,2,3,4-tetrahydro-2-oxo-3-azocinecarboxylic  acid
(10). The soln of 1b (1.1 mmol) in 3 ml EtOH was mixed
wth 20% NaOHaq (1 ml). After refluxing for 2 hr the soln
was concentrated at reduced pressure and acidified with
6N HCI. The ppt was collected, washed with water and
dried to give acid, 18 (m.p 168-170°, 75% yield). 10
(0.5 mmol) was sealed in glass tube and heated for 2 hr at
170°. The residue was chromatographed on silica gel
(diethyl ether) to give 6 (oil, 53% yicld).

Compound 6; IR (film): 1660-1630cm™!; NMR
(CDCL,): 85.95-5.75 (br, 4, 5, 6, 7, 8-H), 3.54 (g, 2,
a-H), 2.64 (br, 4, 3, 4-H). 1.08 (t, 3, B-H) ppm, J, ,=6
and 12 (by Ew(dpm),), J, o =7 Hz; MS: m/e 151 (M*,
8%). (Found: C, 71.13; B, 8.65; N, 9.01. Calc. for
CgH,3NO: C, 71.49; H, 8.67; N, 9.26%).

Compound 10; IR (KBr): 2800-2400, 1747, 1640-
1610cm™'; NMR (C{DsNO,): 810.1 (br, 1, COOH),
5.9-58(br, 4,5,6,7, 8-H), 4.35 (dd, 1, 3-H), 2.90 (m, 2,
4-H), 3.99 (sex., 1, a-H"), 3.23 (sex., 1, a-H), 1.07 (¢, 3,
8-H) ppm, J,,=6 and 10, J_, =14, J_g5=7Hz; MS:
mje 195 (M*, 30%). (Found: C, 61.32; H, 6.69; N, 7.10.
Calc. for C,oH,3NO;: C, 61.53; H, 6.71; N, 7.17%).
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