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Figure 7. A spin-diffusion difference spectrum of ferricytoch- 
rome c3. Signal J was irradiated for 5s. Otherwise, the conditions 
were same to the NOE difference spectra.

Since heme methyl groups represented by I, J, and K are 
located inside of the protein according to the assignment 
in Table 1, the spin diffusion from J to K is reasonable. 
However, heme methyl H is exposed to the solvent in the 
crystal structure. We checked the possibility of spill-over of 
the power by changing the power level of the irradition. But 
it was not the case. As can be seen in Figure 2b, heme 
methyl H is close to the p-methyl protons in the thioether 
bridge. This can provide a pathway of spin diffusion from 
the interior of the protein, because the structure of the brid
ge would be rigid.

Heme methyl G should be assigned to 5-CH3 of either 
heme II or III in the crystal structure. While 5-CH3 of heme 
II is exposed to the solvent, that of heme III is located in 
the interior of the protein. Moreover, 5-CH3 of heme II has 
no rigid protons in the neighborhood in the crystal structure. 

Therefore, it is unlikely that there is a path of spin diffusion 
from J to G. It leads to a tentative assignment of signal 
G to 5-CH3 of heme III. Therefore, we can tentatively assign 
hemes 2 and 4 in NMR spectra to those of III and II in 
crystal structure, respectively.
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Treatment of ethyl 4-carbethoxy-5,6-dihydro-l,l-dioxo-2H-l,2,6-thiadiazin-5-ylethanoate (3) with alkylamines produced 
N-alkyl-5-carbethoxy-2-pyridones (4) in moderate yields.

Introduction

In recent years, we have been interested in the synthesis 
of some heterocycles containing sulfamide moiety1 because 

they have been found to possess a wide range of biological 
activities such as anticonvulsant, hypoglycemic, antihyperten
sive, histamine-H2-receptor antagonistic and herbicidal activi
ties.2 Unfortunately, little is known about the ring transfer-
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mations of the unsaturated cy사ic sulfamides by alkylamines. 
The early description of conversion of thiadiazines into pyra- 
zoles by the action of hydrazine is the only example of this 
kind of conversion.3 We now wish to report a new ring trans
formation reaction of ethyl 4-carbethoxy-5,6-dihydro-l,l-dio- 
xo-2H-l,2,6-thiadiazin-5-ylethanoate (3) into N-alkyl-5-carbe- 
thoxy-2-pyridones (4).

Results and Discussion

Reaction of a trifluoroacetic acid solution of sulfamide (1) 
with ethyl 3,3-diethoxypropanoate (2) at room temperature 
produced the cyclic sulfamide 3.ld Treatment of 3 with less 
hindered alkylamines in ethanol gave N-alkyl-5-carbethoxy- 
2-pyridones (4) in 33-66% yields. However, bulky alkylamines 
such as isopropylamine and Z-butylamine afforded only ethyl 
5-alkylamino-4-carbethoxy-2,4-pentadienoates (5), instead of 
the corresponding pyridones.

Compounds 4 have been assigned as N-alkyl-5-carbethoxy- 
2-pyridones on the basis of the and 13C-NMR spectral 
data. Distinctive signals were observed in the 】H-NMR spec
tra for the m아hine protons of C-3 (8 6.48-6.53 ppm), C-4 
(8 7.74-7.99 ppm), and C-6 (8 8.05-8.31 ppm), and in the 13C- 
NMR spectra for the carbonds of C-3 (8 119.47-119.82 ppm), 
C-4 (8 138.14-138.52 ppm), C-5 (8 109.61-110.47 ppm), C-6 
(8 142.24-143.24 ppm), and 나le two carbonyl carbons (8 162.00 
-162.58 ppm and 163.89-164.22 ppm). The carbethoxy carbon
yl and amide carbonyl stretching bands of 4 were also ob
served in their IR spectra at 1770-1710 cm-1, respectively. 
However, employment of the bulky primary amines in this 
procedure afforded only ethyl 5-alkylamino-4-carbethoxy-2,4- 
pentadienoates (5). This result indicates that the reaction 
of compound 3 with primary alkylamines proceeds through 
the following reaction pathways as depicted in Scheme 1: 1) 
attack of alkylamines to the C-5 of compound 3 to produce 
ethyl 5-alkylamino-4-carbethoxy-3-sulfamido-4-pentenoates as 
intermediates, 2) elimination of sulfamide (1) from the above 
intermediates to yield 5, and 3) cyclization of 5 to give pyri
dones 4. In the cases of bulky amines, the final step may 
be prohibited due to the steric hindrance.

Experimental

General. Infrared (IR) spectra were obtained on a Per
kin Elmer 710B spectrophotometer. 】H・NMR and 13C-NMR 
spectra were recorded on Bruker AC 100 (100 MHz) and 
JMN-EX 400 FT NMR spectrometer. Chemical 마lifts (8) are 

given in parts per million (ppm) relative to TMS. Reagents 
and solvents were used without further purification.

Preparation of Ethyl 4-Carbethoxy-l 11 -dioxo-5,6-2 
H-lt2v6-thladiazin-5-ylethanoate (3)ld

A trifluoroacetic acid (10 m/) solution containing sulfamide 
(1, 0.20 mmol) and ethyl 3,3-diethoxypropanoate (2, 0.40 
mmol) was stirred at room temperature for 24 hr and con
centrated to dryness. The flash column chromatography (ch
loroform) of the crude product 3 afforded the product 3 in 
40% yield. IR (chloroform): 3285, 3220, 1720, 1700, 1360, 1145 
cm，】H・NMR (DMSO-d6): 8 1.14-1.20 (m, 6H), 2.6H (dd, 
1H,/=2.8O, 15.7 Hz), 2.98 (dd, 1H, /= 11.20-15.70 Hz), 4.05- 
4.12 (m, 4H), 4.54-4.60 (m, 1H), 7.32 (s, 1H), 7.62 ppm (d, 
1H, J=6.30 Hz, D2O exchangeable). The remaining N-H sig
nal was not detected; 13C-NMR (DMSO-d6): 6 4.16, 14.33, 
37.04, 59.26, 59.90, 61.64, 100.21, 141,93, 165.42, 170.55 ppm.

General Procedures for the Preparation of N-Alkyl- 
5*carbethoxy-2-pyridones (4) or Ethyl 5-Alkylamino* 
4-carbethoxy-2,4-pentadienoates (5)

A elution of 3 (1.00 mmol) and alkylamine (1.00 mmol) 
in ethanol (20.0 m/) was refluxed for 30 hr and concentrated 
to dryness. The residue was purified by flash column chro
matography (chloroform) to give the desired product 4 or 
5.

N-Benzyl-5-carbethoxy-2-pyridone (4a). Reaction of 
3 with benzylamine gave 4a as an oil in 62% yield. IR (chlo
roform): 1715, 1665 cm % 】H・NMR (CDC13): 8 1.23 (t, 3H, 
J=7.20 Hz), 4.20 (q, 2H, /=7.20 Hz), 5.07 (s, 2H), 6.48 (d, 
1H, /=9.50 Hz), 7.22-7.25 (m, 5H), 7.74 (dd, 1H,/=2.5O, 9.50 
Hz), 8.05 ppm (d, 1H,/=2.5O Hz)； 13C-NMR (CDC13): 8 14.21, 
52.64,60.98,110.24,119.82,128.07,128.26,128.92,135.45,138.52, 
142.50, 162.38, 164.08 ppm; Anal: Cacld for C15H15NO3： C, 
70.02; H, 5.88; N, 5.44 Found: C, 70.11; H, 5.79; N, 5.52.

N・(3,4Qlmethoxyben7yD・5・3rbethcxy・2・pymk>ne (4 
b):. Reaction of 3 with 3,4-diemethoxybenzylamine gave 4b 
as an oil in 57% yield. IR (chloroform): 1715, 1665 cm-1; 
]H-NMR (CDCh)： 8 1.25 (t, 3H,/= 7.2 Hz), 3.79 (s, 6H), 4.21 
(q, 2H, J=7.20 Hz), 5.02 (sr 2H), 6.49 (d, 1H,/=9.50 Hz), 
6.78-6.96 (m, 3H), 7.76 (dd, 1H,/=2.3O, 9.50 Hz), 8.10 ppm 
(d, 1H, J=2.30 Hz); 13C-NMR (CDC13): 8 14.19, 5238, 55.78, 
55.84, 60.94, 110.24,111.12, 11.52, 119.68,120.81,127.91,138.45, 
142.24, 149.07, 149.25, 162.43, 164.04 ppm.

N-Isobutyl-5-carbethoxy-2-pyridone (4c). Reaction of 
3 with isobutylamine gave 4c as an oil in 33% yield. IR 
(chloroform): 1721, 1670 cm1; 】H-NMR (CDC13)： 8 0.93 (d, 
6H, /=6.60 Hz), 1.33 (t, 3H,/=7.20 Hz), 2.15 (m, 1H), 3.77 
(d, 2H,/=6.30 Hz), 4.23 (q, 2H, /=9.40 Hz), 6.51 (d, 1H, 
/=9.40 Hz), 7.88 (dd, 1H, /=2.40, 9.50 Hz), 8.08 ppm (d, 
1H,/=2.4 Hz); 13C-NMR (CDC13): 8 14.22, 19.62, 27.82, 30.82, 
5748, 60.94, 109.61, 119.59, 138.32, 143.03, 162.58, 164.22 ppm.

N-Carbethoxymethyl-5-carbethoxy-2-pyridone (4d).
Reaction of 3 with glycine ethyl ethyl ester hydrochloride 

and triethylamine (1.1 mmol) gave 4d as an oil in 66% yield. 
IR (chloroform): 1740, 1710, 1675 cm-1; 】H・NMR (CDCI3): 
8 1.26 (t, 3H, J=7.00 Hz), 1.33 (t, 3H, /=7.10 Hz), 4.14 (q, 
2H, J=7.00 Hz), 4.34 (q, 2H, J=7,10 Hz), 4.67 (sf 2H), 6.55 
(d, 1H, /=9.60 Hz)r 7.99 (dd, 1H,/=2.3O, 9.60 Hz), 8.22 ppm 
(d, 1H,/=2.3O Hz); 13C-NMR (CDC13)： 8 13.92, 14.16, 50.77, 
60,97, 61.97, 110.18, 119.47, 139.14, 143.24, 162.00, 163.89, 
166.98 ppm.

N-(2-Carbethoxyethyl)-5-carbethoxy-2-pyridone (4 
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e). Reaction of 3 with p-alanine ethyl ester hydrochloride 
and triethylamine (1.1 mmol) gave 4e as an oil in 47% yi이d. 
IR (chloroform): 1735, 1720, 1665 cm"1; 】H・NMR (CDC13): 
8 1.23 (t, 3H, /=7.20 Hz), 1.35 (t, 3H, 7.10 Hz), 2.85 (t, 2H, 
/=6.20 Hz), 4.02-4.42 (m, 6H), 6.53 (d, 1H,/=9.5O Hz), 7.87 
에 1H, 7= 2.40, 9.50 Hz), 8.31 ppm (d, 1H, 7=2.40 Hz); 
13C-NMR (CDC13): 8 14.04, 14.28, 32.79, 47.07, 59.91, 61.00, 
109.90, 119.53, 138.94, 143.84, 162.40, 164.27, 170.96 ppm.

Ethyl 4-carbethoxy-5-isopropylamino-294-pentadie- 
noate (5a). Reaction of 3 with isopropylamine gave 5a as 
an oil in 65% yield. IR (chloroform): 3280, 1700, 1660 cm-1; 
】H・NMR (CDC13): 8 1.07-1.36 (m, 12H), 3.53 (m, 1H), 3.98- 
4.33 (m, 4H), 6.95 (d, 1H, 16.90), 7.17-7.43 (m, 2H), 8.79-
8.90 ppm (brd m, 1H); 13C-NMR (CDC13): 8 14.31, 23.45, 50.53, 
59.39, 59.54, 94.06, 107.27, 143.42, 155.14, 168.80, 169.05 ppm.

Ethyl 5-t-Butylamino-4-carbethoxy-2f4->pentadie- 
noate (5b). Reaction of 3 with /-butylamine gabe 5b as 
an oil in 72% yield. IR (chloroform): 3260, 1700, 1660 cm"1; 
】H-NMR (CDC13): 8 1.31 (s, 9H), 1.13-1.48 (m, 6H), 4.05-4.35 
(m, 4H), 6.99 (d, 1H, J= 15.50 Hz), 9.15-9.30 ppm (brd m, 
1H); 13C-NMR (CDC13): 8 14.10, 14.37, 29.85, 52.90, 59.48, 
59.60, 94.09, 107.15, 143.76, 153.05, 168.96, 169.14 ppm.

Conclusion

An expedient route has been developed for the preparation 
of N-alkyl-5-carbethoxy-2-pyridones from cyclic sulfamides 
and primary amines, which is a new example of ring trans
formation.
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The protonation constants of the 14-membered tetraaza macrocycles A(3,14-dimethyl-2,6,13,17-tetraazatricyclo[16.4.0118. 
0712]docosane) and B(2,3,6,13,14f17-hexamethyl-2,6,13,17-tetraazatricyclo-[16.4.0118.07l2]docosane) were measured by po
tentiometry. The formation constants of each of these ligands with copper(II) and nickel(II) were determined by 
an out-of-cell spectrophotometric method. The results indicate that the per-N-methylated macrocycle B exhibits much 
higher selectivity for complex formation with copper(II) over nickel(II) ion th쳤n A and other related 14-membered 
tetraaza macrocycles. The effects of the N-and C-substituents on the basicity and the metal ion selectivity of the 
ligands are discussed. The synthesis and properties of copper(II) and nickel(II) complexes of B are also described.

Introduction

There has been considerable interest in the synthesis of 
macrocyclic ligands which show high selectivity for a particu
lar metal ion in the complex formation/-14 since such ligands 
can be used in the fields of biochemistry, waste treatment, 

and hydrometallurgy. Crown ethers often show some size
based selectivity toward IA or IIA metal ions.1 However, most 
polyaza macrocyclic ligands form complexes with nickel(II) 
and copper(II) ions without showing considerable selectivity 
for one of the two.5^13 Although it has been reported that 
D in the Chart 1 shows some s이activity for copper(II) over


