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from this sample had less than 10% of the ionophoric
activity of an equivalent amount of salinomycin. This
degree of ionophoric activity represents the maximum
observed, while that obtained with the remaining sam-
ples was nearly negligible. The low #Rb binding levels
in the treated samples are likely due to the very low lev-
els of unchanged salinomycin in these samples and the
high degree of polarity of the salinomycin metabolites in
pig liver (data not presented) resulting in a loss of iono-
phoric activity. The levels of 8Rb binding obtained with
the two control samples were between those obtained with
the 0 and 63 ppb ['*C]salinomycin standards.

CONCLUSIONS

Even though the residue levels in liver are at the tol-
erance limit of 1800 ppb, their toxicological conse-
quences would be minimal as reflected by their lack of
ionophoric activity, since only 2 of the 12 liver samples
from treated pigs had ionophoric activity greater than
twice that observed with the control samples. Of these
two liver samples, the extractable residue had less than
10% of the ionophoric activity of an equivalent amount
of salinomyecin.
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Structure Elucidation of the Product Prepared from the Reaction of
3-Methyl-5,6-dihydro-2(1 H)-pyrazinone and Ketones or Aldehydes

Satoru Mihara® and Hideki Masuda
Ogawa & Company, Ltd., 6-32-9 Akabanenishi, Kita-ku, Tokyo 115, Japan

The condensation products prepared from reactions of 3-methyl-5,6-dihydro-2(1H)-pyrazinone (1)
and ketones or aldehydes had previously been assigned the structures 5-alkyl-3-methyl-2(1H)-pyrazi-
nones 3. Current work revealed that the formulas should be revised to 6-alkyl-3-methyl-2(1H)-

pyrazinones 2.

Some alkoxy- and (alkylthio)pyrazines derived from
2(1H)-pyrazinones (Masuda et al., 1981; Masuda and
Mihara, 1986) showed high potential use as flavor ingre-
dients (Fors, 1983). Although 5-alkyl-3-methyl-2(1H)-
pyrazinones 3 prepared from the reaction of 3-methyl-
5,6-dihydro-2(1H)-pyrazinone (1) and ketones or alde-
hydes have been reported (Masuda et al., 1981), their
chemical structures were not fully examined. Determi-
nation of the structure of these compounds by 'H NMR
spectra is not necessarily straightforward (MacDonald et
al., 1976). We now report that NOE difference experi-
ments and X-ray crystallography demonstrate that these
compounds are actually 6-alkyl-3-methyl-2(1H)-
pyrazinones 2 (see Scheme I).

EXPERIMENTAL SECTION

Instrumentation. The IR, 'H NMR, and GC/MS were
recorded on a Hitachi 260-10, a Bruker AM-400, and a Hitachi

0021-8561/90/1438-1032$02.50/0

M-80B spectrometer, respectively. GC analyses were carried
out on a Hewlett-Packard Model 5710A gas chromatograph
equipped with a flame ionization detector and a fused-silica cap-
illary column coated with Carbowax 20M or OV-101.

Synthesis of 3-Methyl-2(1 H)-pyrazinone (2’). This com-
pound was prepared by the method described by Masuda and
Mihara (1986).

Derivation of 2-Isopropyl-5-methylpyrazine (5a) from 6-
Isopropyl-3-methyl-2(1 H)-pyrazinone (2a) (See Scheme
II). Compound 2a, prepared as described by Masuda et al. (1981)
(2 g, 0.013 mol), and phosphorus oxychloride (20 g, 0.13 mol)
were refluxed for 2 h. The reaction mixture was then gradu-
ally added to ice-cooled water (100 mL). The reaction mixture
was adjusted to pH 8 with 50% NaOH. After the insoluble
material was filtered off, the filtrate was concentrated under
vacuum. The oily residue (2.3 g) was further distilled in vacuo
to give 3-chloro-5-isopropyl-2-methylpyrazine (4a; 1.7 g, 0.01 mol);
bp 68 °C (2 mm) (Karmas and Spoerri, 1952).

A dioxane solution (7 mL) of 4a (1.7 g, 10 mmol) was hydro-
genated in the presence of Pd/C (10%, 0.2 g) and sodium meth-

© 1990 American Chemical Society



6-Alkyl-3-methyl-2( 1H)-pyrazinones

J. Agric. Food Chem., Val. 38, No. 4, 1990 1033

Table I. Spectral Data of 2-Alkyl-5-methylpyrazines 5
no. IR (neat): », cm™ NMR (CDCly): & MS:m/z, % ref
5a 2950, 2920, 2860, 1480, 1450, 1.32 (6 H, d, J = 6.9 Hz, CH(CH,),), 136 (M*, 30), 135 (19), a, b
1380, 1290, 1250, 1160, 2.53 (3 H, br s, CH,), 3.08 (1 H, 122 (8), 121 (100),
1140, 1030, 830 septet, J = 6.9 Hz, CH(CHj,),), 108 (42), 94 (8),
8.36 (1 H, d, J = 1.5 Hz, ring H), 67 (6), 59 (9)
8.37 (1 H, m, ring H)
5b 2960, 2930, 2870, 1480, 1450, 0.84 3 H, t, J = 7.5 Hz, CH,CH,), 150 (M, 14), 135 (40), a
1380, 1310, 1250, 1160, 129 (3H, d, J = 6.9 Hz, CHCH,), 123 (8), 122 (100),
1140, 1030, 890, 800 1.65 (1 H, ddq, J = 13.4, 6.4, 7.5 Hz, 121 (51), 108 (26),
CHHCH,), 1.76 (1 H, ddg, J = 134, 107 (5), 94 (6),
7.5, 7.5 Hz CHHCH,), 2.53 (3 H, br s, 93 (5), 66 (4)
CH,), 2.80 (1 H, m, CHCH,), 8.31
(1 H,d, J =14 Hz, ring H),
8.39 (1 H, m, ring H)
5c 2950, 2930, 2870, 1490, 1470, 0.94 (6 H, d, J = 6.7 Hz, CH(CH,;),), 150 (M*, 9), 135 (14), a,c
1380, 1350, 1330, 1250, 2.08 (1 H, m, CH(CH,),), 2.54 (3 H, 109 (8), 108 (100),
1160, 1040, 900, 750 br s, CH,), 2.64 (2 H, d, J = 7.2 Hz, 107 (8), 80 (5)
ArCH,), 8.30 (1 H, d, J = 1.5 Hg,
ring H), 8.38 (1 H, m, ring H)
8d 2950, 2930, 2870, 1480, 1450, 0.87 (3 H, d, J = 6.7 Hz, CHCH,), 164 (M*, 2), 149 (4),

1380, 1350, 1330, 1160,
1030, 750

0.92 (3 H, t, J = 7.3 Hz, CH,CH,),
1.24 (1 H, ddq, J = 13.1, 7.3, 7.3 Hz,
CHHCHy), 141 (1 H, ddq, J = 13.1,
5.7, 7.3 Hz, CHHCH,), 1.87 (1 H, m,
CHCH,), 2.54 (3 H, br s, CH,), 2.54
(1 H, dd, J = 13.5, 8.3 Hz, ArCHH),
2.79 (1 H, dd, J = 13.5, 6.2 Hz,
ArCHH), 830 (1 H,d, J = 1.4 Hz,
ring H), 8.39 (1 H, m, ring H)

135 (6), 121 (3),
108 (100), 80 (3),
57 (2)

o Bramwell et al. (1971). ® Bondarovich et al. (1967). ¢ Vitzthum et al. (1975).
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oxide (56 mmol) (Bramwell and Wells, 1972). The calculated
amount of H, was absorbed in 4 h. After the precipitate was
removed by filtration, the filtrate was concentrated. Subse-
quent preparative TLC (eluting with 1:6 ethyl acetate-methyl-
ene chloride; R, 0.28) gave 5a (1.1 g, 80%) as a colorless oil.
The spectral data of this compound were the same as that of
5a obtained by Bramwell et al. (1971) as shown in Table 1.
2-Methyl-5-(1’-methylpropyl)-, 2-Isobutyl-5-methyl-, and
2-Methyl-5-(2’-methylbutyl)pyrazine (5b—d). Pyrazinones
2b-d were synthesized by the same reaction used to prepare 2a
(Masuda et al., 1981). The reaction mixture was extracted with
ethyl acetate. The solvent was removed from the extract, and
the residual solid, namely the crude product, was recrystallized
from ethyl acetate. The yields of the crude and pure products

Table II. Comparison of the Yields for the Crude and
Pure 6-Alkyl-3-methyl-2(1 H)-pyrazinones 2

yield, %

6-alkyl-3-methyl-2(1H)-pyrazinone crude pure®

2a  6-isopropyl-3-methyl-2(1H)-pyrazinone 25 22

2b  3-methyl-6-(1’-methylpropyl)-2(1H)- 19 17
pyrazinone

2¢  6-isobutyl-3-methyl-2(1H)-pyrazinone 69 65

2d  3-methyl-6-(2’-methylbutyl)-2(1H)- 55 52
pyrazinone

% Masuda et al. (1981).

(2a-d) are shown in Table II. 5b—d were prepared from the
corresponding pyrazinones (2b—d) by the same method to pre-
pare 5a (see Scheme II). The spectral data of 5a—d were given
in Table 1.

Crystallographic Data and X-ray Structure Analysis of
2a. (See the supplementary material.) Crystals of 2a are irreg-
ular plates from ethyl acetate, triclinic space group P1; a = 9.568
(1)A, b=10.298 (1) A, c =4.364 (1) A; o = 98.75 (1)°, B = 87.80
(1)°, v = 98.22 (1)°; V = 420.6 (1) A% Z = 2. Three-
dimensional intensity data were collected on a Rigaku AFC-
5FOS automated four-circle diffractmeter [Mo Kq radiation, A
= 0.710 679 A, graphite monochromator, 6-26 scan method,
26 . = 60°, scan range A(26)/deg = 1.4 + 0.7 tan 4, scan speed
in 26 = 12°/min]. The total number of reflections measured
was 2747, of which 1071 were used in the structure refinement.
The solution and refinement of the structure were carried out
on a FACOM 83500 superminicomputer at the Material Anal-
ysis Center, ISIR, Osaka University. The structure was reduced
by direct methods (MULTAN &4), refined by block-diagonal least-
squares methods to a final R factor of 0.060.

RESULTS AND DISCUSSION

Only one peak appeared in the gas chromatogram of
the crude condensation product of 1 and ketones or alde-
hydes. The yields of the crude and pure products are
very close each other, as shown in Table II. It may be
concluded that the reaction product is mostly one kind
of product.

High-resolution MS demonstrated that the condensa-
tion product 2a has a molecular formula of CgH;,N,0.
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Figure 1. Difference NOEs between the NH proton and other
protons in 2a~-d and 2'.

Figure 2. orTEP view of 2a. The non-hydrogen atoms were
drawn at the 50% probability level and the hydrogen atoms at
an arbitrary diameter.

The IR spectrum showed the absorption bands at 1650
and 1530 cm™! (CONHR). The 'H NMR spectrum (CD-
Cl,) showed the presence of a geminal dimethyl proton
at § 1.27 (6 H, d, J = 7.0 Hz), a methyl proton attached
to an olefinic carbon at § 2.35 (3 H, s), a methine proton
at 6 2.78 (1 H, septet, J = 7.0 Hz) and a proton adjacent
to nitrogen at 6 7.10 (1 H, s), and a hydrogen-bonded
CONH proton at § 12.55 (1 H, br s). It was concluded
from these spectral data that the structure of the con-
densation product was 2a or 3a (see Scheme I). In order
to differentiate between these two possibilities, NOE dif-
ference experiments were carried out. Irradiation of the
H-1 broad singlet at 6 12.55 gave a 5% increase of the
septet at § 2.78 assigned to the (CH;),HCC-6 proton. This
NOE interactions established that structure of the con-
densation product is best assigned as 2a. The observed
NOE values for 2a-d and 3-methyl-2(1H)-pyrazinone (2)
are given in Figure 1.

In order to confirm the structure of 2a, we have pre-
pared isopropylmethylpyrazine 5a from 2a as shown in
Scheme 1I. The ortho, para, and meta coupling con-
stants for the ring protons in 2,3-, 2,5-, and 2,8-dialkyl-

Mihara and Masuda

substituted pyrazines have shown values in the ranges
2.4-2.9, 1.3-1.6, and -0.5 to 0 Hz, respectively (Bram-
well et al., 1971). The assignment of 5a as the 2,5-iso-
mer on the basis of the coupling constant was verified
by unequivocal methods of syntheses. Similarly, 5b—d
were synthesized from the corresponding 2b—d (see Scheme
II), and their spectral data were given in Table 1.

The molecular structure of 2a was determined unam-
biguously by X-ray crystallography and in agreement with
the structure proposed by the above NMR arguments
(Figure 2). Consequently, it is shown that 6-alkyl-3-me-
thyl-2(1H)-pyrazinones 2 can be synthesized by the reac-
tion of 3-methyl-5,6-dihydro-2(1H)-pyrazinone (1) and
ketones or aldehydes.
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