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During last few decades many quinoxaline derivatives
have been synthesized for biological, medical and industrial
purposes. For examples, 1.2-dihydro-1-polyhvdroxyalkyl-
quinoxalin-2-ones for anti-inflammation,' 2-alkoxyquinox-
alinylphosphorothioates for insecticide.” quinoxaline aceto-
phenone oximes for treatment of hypertension® and 2-acetyl-
3-(methylsulfonyl)methyl-quinoxaline-1-oxide for antibio-
sis.* There are, however, not any reports on synthesis of 1-
arenesulfonyl derivatives of 2(| H)-quinoxalinones and on
their biological activities.

On the other hand, during last decade, many benzotriazol-
1-v1 derivatives were synthesized by A. Katritzky and others
for biological activities.” industrial purpose” and simply syn-
thetic interest.” They reported that benzotriazol-1-yl (Bt-1-
y1} group acts as same manner as halogen atoms,* although
the compounds with Bt-1-y| group is more stable than those
with halogen atoms. And they have also synthesized some 1-
arenesulfonylbenzotriazoles 1.° Because it seems that 2-qui-
noxalinon-1-y| group has chemically a similar property to
Bt-1-yl group. so it is expected that |-arenesulfonyl-2-qui-
noxalinones have the biological activities and the sulfona-
tion on l-position of the corresponding compounds is
relatively easy.

This study deals with synthetic methods of some |-arene-
sulfonyl-2-quinoxalinones 2. which are valuable to be scruti-
nized on their biological activities.

X =H, Me, NO,, Cl X =H, Me, NO,, Cl
Y =H, Me Rand Y = H, Me
1 2

Results and Discussion

6-Substituted 3-methyl-2(1H)-quinoxalinones 3a-d."
6-Substituted 3-methyl-2( | #)-quinoxalinones Sa-d were
prepared by the reactions of the corresponding o-phenylene-
diamines 3 and methyl pyruvate 4'” (Scheme ). The vields
of the products Sa-d were in the range of 76-89%. Bakerman
suggested the mechanism.'" in which two amino groups of 3
stepwisely attack two carbonyl centers of 4 (first to the car-
bony| carbon)., followed by eliminating of a water and a

methanol molecule. However, there is theoretically a possi-
bility to give the compounds 7 by different attacking orienta-
tion of o-phenylenediamines 3 with a substituent such as
methyl. chloro and nitro group in the phenyl ring. But we
couldn’t isolate the compound 7 from the reaction solutions,
which means that the m-amino group of compounds 3 is
more powerful to attack the carbonyl carbon center nucleo-
philically than p-amino group of 3 is. On the other hand, it
was checked by 'H NMR and IR spectra that the compounds
5 existed only as oxo-tautomer, not fivdroxy-form.

6-Substituted 2(1H)-quinoxalinones 6a-d. Compounds
6a-d were prepared by the reactions of corresponding 3 and
glyoxylic acid 4’ (Scheme 1), which is also expected 1o pro-
ceed by nucleophilic addition of two amino groups step-
wisely and elimination of two water molecules. 1t was
checked by '"H NMR and IR spectra that the compounds 6
existed as oxo-tautomer too. The vields of the products 6a-d
were in the range of 51-82%

6-Substituted 1-chloro-2-quinoxalinones derivatives 8a-
d and 9a-d. The reactions of 5 and 6 with calcium hypochlo-
rite gave 1-chloro-3-methyl-2-quinoxalinones 8 and |-
chloro-2-quinoxalinones 9 respectively (Scheme 1). The
products were identified by elementary analysis. [R spectra
in which NH stretching bands near 3320 cm™ were disap-
peared and '"H NMR spectra in which peaks near 12.5 ppm
of 5 and 6 were gone too. The yields of products 8a-d and
Y9a-d were in the ranges of 67-87% and 80-92%. respec-
tively.

1-Arenesulfonyl-2-quinoxalinones 1la-h and their 3-
methyl derivatives 1#a-h. We used two methods to synthe-
size compounds 10 and 11. The one (method A) was by the
electrophilic substitution of arenesulfonyl chlorides (ArSO:Cl)
to the compounds 5 and 6 respectively, and the other
(method B) was by the nucleophilic substitution of sodinm

NH;, . _n-butanol I _CaOCh, I“
NEL CH;OH AcOH/H,0
2 0 Rl (and/or -H;0) n-butanol

3 4 :R1 and R2 = Me S and 6 8and 9
4':RlandR2=H

H 58/x R 69X Rl
\__o alH Me alH H
b|Me Me b/Me H
&C[:IR ¢|NO, Me c[NO, H
1 dj Cl Me dlca H
7
Scheme 1
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arcnesullinates (NaOS(—O)Ar) to the compounds 8 and 9
respectively. The yields of products 10a-h prepared by
method A were in the range ol 61-74% and by method B 49-
69% respectively, and the yields of products [la-h prepared
by method A were in the range ol 58-76% and by method B
32-75%. The one-step reactions from the quinoxalinones 5
and 6 (mcthod A) gave rather good yiclds than the two-step

reactions via 1-chloro derivatives 8 and 9 (method B) did.
Experimental Section

Apparatus for identification of compounds. '[T NMR
spectra were taken on Bruker AVANCE 400, and chemical
shilis given in ppm downficld from TMS as internal stan-
dard. IR spectra were taken on Mattson Rescarch [[ Model.
And melting points were determined on Melting Point
Apparatus (Jencons 9200) and are uncotrected.

3-Methyl-2(1H)-quinoxalinones 5a-d. A mixcd solution
ol o-phenylenediamine 3a (2.0 g, 18.5 mmol) and methyl
pyruvate 4a (2.26 g. 22.2 mmol) in #-butanol (60 mL) was
refluxed for 2 hrs in boiling water bath. After standing at
room temperature for a while. the solid formed was filtered
under reduced pressure and washed with #-hexane (20 mL)
to give light-yellow crystal ol 3-methyl-2( 1 H)-quinoxali-
none Sa (2.64 g, yield 89%:; mp 247-248 °C). 3.6-Dimethyl-
2(1 H)-quinoxalinone Sb (2.45 g, yicld 76%; mp 204-206
°C), 3-methyl-6-nitro-2(1 H)-quinoxalinone 5S¢ (3.34 g, yicld
88%: mp 229-230 °C). and 3-methyl-6-chloro-2(1 H)-qui-
noxalinone 5d (3.10 g. yicld 86%: mp 246-247 °C) were pre-
pared by similar procedure to the preparation ol Sa. All
products were reerystallized from a mixed solvent ol DMF
and ethanol (vol. 3 : 7). The 'T1 NMR and IR spectral data of
the products Sa-d arc shown in Table 1.

2(1H)-Quinoxalinones 6a-d. A mixed solution of o-phe-
nylenediamine 3a (4.32 g. 40 mmol) and glyoxylic acid 4'a
(4.6 g, 50 mmol) in r-butanol {120 mL) was refluxed lor 3
hrs. Afier standing in a freezer for one night. the solid
formed was filtered under reduced pressute and washed with
n-hexane (20 mL) to give light-yellow crystal of 2(1 H)-qui-
noxalinone 6éa (4.56 g, yield 78%: mp 236-237 °C). 6-
Methyl-2(1 H)-quinoxalinone 6b (3.24 g, yicld 51%; mp
196-197 °C). 6-nitro-2(1 H)-quinoxalinone 6¢ (6.26 g, yicld

Notes

82%; mp 224-226 °C), and 6-chloro-2(1 H)-quinoxalinone
6d (5.58 g, yield 77%; mp 239-241 °C) were prepared by
similar procedure to the preparing of 6a. All products were
reerystallized in a mixed solvent of DMF and ethanol {vol.
3:7). The "1 NMR and IR spectral data of the products 6a-
d arc shown in Table 1.

[-Chloro-3-methyl-2-quinoxalinones 8a-d. The com-
pound Sa (1.6 g. 10 mmol) was dissolved in a mixed solvent
(20 mL) of acctic acid and water {vol. 1 : 1). and »n-bulanol
(50 mL). To this solution. calcium hypochlorite solution (20
mmol} in acelic acid and water {15 mL, vol. 1 : 5) was added
dropwise, and stirred for 4 hrs. After the solid Tormed was
filtered under reduced pressure and washed with 50 mL of
walter 3 times to give the reddish-brown crystal of 1-chloro-
3-mcthyl-2-quinoxalinone 8a (1.3 g. yield 67%; mp 243-245
°C). 1-Chloro-3.6-dimethyl-2-quinoxalinone 8b (1.66 g,
vicld 80%; mp 162-164 “C), 1-chloro-3-mcthyl-6-nitro-2-
quinoxalinone 8¢ (1.81 g, yield 75%; mp 321-322 °C), and
1.6-dichloro-3-methyl-2-quinoxalinone 8d (1.99 g, yield
87%:; mp 234-235 °C) were prepared by similar procedure to
the preparation of 8a. All products were reerystallized from
a mixed solvent of DMF and cthanol (vol. 3:7). The T
NMR and IR spectral data of the products 8a-d are shown in
Table 1.

1-Chloro-2-quinoxalinones 9a-d. The compound 6a
(1.02 g, 7 mmol) was dissolved in a mixed solvent (10 mL)
of acclic acid and water (vol. 1 : 1). To this solution, calcium
hypochlorite solution (20 mmol) in acetic acid and waler (45
mL, vol. 1 : 5} was dropwiscly added. and stirred for 12 hrs.
The solid formed in the reaction mixture was liltered under
reduced pressure and washed with waler and #-hexane (20
mL) to give the reddish-brown crystal of 1-chloro-2-quinox-
alinonc 9a (1.44 g. vicld 80%: mp 228-230 °C). [-Chloro-6-
methyl-2-quinoxalinone 9b (1.67 g, yicld 86%; mp 225-227
“C). 1-chloro-6-nitro-2-quinoxalinone 9¢ (1.93 g, yicld 86%;
mp 216-217 °C). and 1.6-dichloro-2-quinoxalinone 9d {1.98
g, vicld 92%; mp 233-235 °C) were prepared by similar pro-
cedure to the preparation ol 9a. All products were reerystal-
lized from a mixed solvent of DMF and ethanol (vol. 3 :7).
The "1 NMR and [R spectral data of the products 9a-d arc
shown in Table 1.

1-Arenesulfonyl-3-methyl-2-quinoxalinones 10a-h.
Method A. To mixture of 5a (1.6 g. 10 mmol} and potas-
sium hydroxide (0.84 g. 15 mmol) dissolved in DMSO (30
mL), the solution of p-tolucnesulfonyl chloride (1.91 g, 10
mmol} in DMSO (15 mL) was dropwiscly added. The solu-
tion was stitred and heated at 130 °C for 30 hrs. Afier the
solution was poured into water (200 mL). the solid formed
was filtered under reduced pressure, and washed with water
(50 mL x 3) and n-hexane (15 mL) to give dark-brown crys-
tal of 1-toluencsulfonyl-3-methyl-2-quinoxalinone 10a (2.11
g, vield 67%; mp 229-230 °C). |-Toluencsulfonyl-3.6-dime-
thyl-2-quinoxalinone 10b (2.0 g. yicld 61%; mp 307-309
“C). I-toluenesulfonyl-3-methyl-6-nitro-2-quinoxalinone
10¢ (2.66 g, vicld 74%; mp 300-301 °C). and 1-toluencsul-
fonyl-3-methyl-6-chloro-2-quinoxalinone 10d (2.44 g. vield
70%: mp 319-320 °C) were prepared by similar procedure to
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Table 1. Spectral data of 2(1£7)-quionzalinone derivatives
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product 'H NMR {DMSQ-ds), ppm

IR (KBr.cm™)

Sa 1231 (br IIL N/ 7.09(d. /= 8.0 1Lz, 11L A-£H). 747 (1S = 6.8 11z, 111 AT-/f),

7.29(m. 211 Ar-££). 2.42 (5, 311, Cif3)

Sb 1223 (br. 111 N#{). 7.38-7.05 (m. 311, Ar-/1). 2.39(s. 311, Cff3), 2.37 (s, 3L, Cll)
S¢ 1273 (br, 1H, NH), 8.41-7.37 (m, 3H, Ar-H), 2.44 (5. 3H, CH3)

Sd 1237 (br, IH,NH), 7.71-7.25 (m. 3H, Ar-H), 2.40(d.J = 6.4 Hz. 3H.CH:)
6a 1245 (br, I1H,NH), 8.18 (s, IH, C;-A). 7.80-7.30 (m. 4H. Ar-H)
6b 1237 (br, IH.NH), 8.12 (d../=20 Hz, IH. C;-A). 7.67-7.09 (m. 3H. Ar-H). 2.39

(d./= 12 Hz, 3H.CH>)
6c 1276 (br, I1H, NH), 8.75-8.10 (m. 4H, Ar-H)

6d 1255 (br. 111 NI 8.20 (s, 111 Cs-£1), 7.85-7.30 (m, 311, Ar-/f)

Ba  7.71-7.24 (4L Ar-£1). 2,42 (s, 311 Cif3)

8b  7.74-0.94 (. 1L Ar-£f), 244 (s, 311 CL1:). 2.41 (s, 311 CLf5)

8¢ B43-7.39 (. 311 AL, 2.4 (s, 311 CLf5)
8d  7.72-7.20 (. 311 Ar-£D), 2,40 (s, 311 C{f3)
Ya B8 (s 111, Ca-f1). 7.80-7.30 (1, 411, Ar-£)

3308 (NLE), 1669 (C=O)

3312 (NI), 1667 (C=0)
3323 (NH), 1682 (C=0), 1539 (C-NO2),
1343 (C-NO1)

3306 (NH), 1669 (C=0)

3298 (NH). 1680 (C=0)

3299 (NH), 1688 (C=0)

3329 (NH). 1678 (C=0). 1320 (C-NO3y),
1332 (C-NQs)

3300 (NLI), 1692 (C=0)

1669 (C=0)

1633 (C=0)

1683 (C=0), 1340 (C-NO;), 1340 (C-NO:)
1699 (C=0), 1489

1684 (C=0)

9b 813 (d.J=20.8 11z, 111 Ca-ff), 7.67-7.09 (m, 311, Ar-£1), 2.39 (d. /=10 1 Lz, 311 C£f2) 1682 (C=0)

9¢  8.30-747 (m, 4H. Ar-H)
9d 822 (s, IH.C:-HD, 7.85-7.31 (m, 3H, Ar-H)

100 7.77-7.12 (m, 8H. Ar-E), 2.40 (s, 3H, CH). 2.37 (s, 3H. CHy)
10b  7.91-7.06 (m, TH, Ar-H), 2.30 (s, 3H, CHy), 241 (s, 3H, CH), 2.35 (. 3H, CH, ¥
10c 845740 (m, TH, Ar-H), 2.50 (s, 3H, CHy), 2.43 (s, 3H. CHy Y

10d  7.96-7.12 (m, TH, Ar-H), 2.89 (s, 3H, CH:), 2.73 (5, 3H, CHs)

10e  7.93-6.72 (m, 911l Ar-/1). 2.30 (s, 311, Cif:)

10f 7.95-6.64(m, 81L Ar-/7). 2.89 (s, 311, C1£5), 2.73 (5, 3L Ci13)

10g  8.49-7.06 (m. 811, Ar-/{), 2.50 (s, 311, C{4:)

10h  7.87-0.62 (. 811, Ar-{{), 2.31 (s, 311, Cif2)
1la  8.17-7.29 (m. 911, Ar-f1), 2.09 (s, 311 Cifz)

11b  8.15-7.09 (. 8L, Ar-1f), 2.41 (s, 311, Cif:), 2.38 (s, 311 Cify)
Mc  8.35(s, TH, C:-H), 8.40-7.06 (m, TH, Ar-A), 2.51 (d. /=9.2 Hz, 3H. CH:)

11d  8.22-7.31 (m, 8H, Ar-H), 2.09 (s, 3H, CH:)
Me  K.18-7.29 (m, 10H, Ar-H)

1Mf 7.96-6.88 (1, 9H, Ar-H), 2.30 (s, 3H, CH: )}
11g  R46-7.88 (m, 9H, Ar-H)

1Th  7.97-7.15 (m, 9H, Ar-H)

1680 (C=0), 1523 (C-NOs), 1358 (C-NO,)

1690 (C=0)

1669 (C=0). 1176 (N-805-)

1669 (C=0). 1187 (N-805-)

1698 (C=0), 1540 (C-NOs), 1340 (C-NO»),

(184 (N-SO:-)

1683 (C=0). 1178 (N-80:-)

1669 (C=0), 1182 (N-80z-)

1669 (C=0), 1190 (N-80:-)

1698 (C=0), 1522 (C-NOy), 1341 (C-NOs),

1178 (N-80-)

1669 (C=0)

1689 (C=0), 1144 (N-SOx-)

1689 (C=0), 1140 (N-SOx)

1678 (C=0). 1529 (C-NOs), 1342 (C-NOy)

1690 (C=0). 1184 (N-801-)

1679 (C=0). 1143 (N-80s-)

1678 (C=0). 11235 (N-801-)

1679 (C=0). 1584 (C-NO:), 1333 (C-NO:)
).

1688 (C=0). 1127 {N-80:-)

“solvent CDCla

the preparation of 10a. Compounds Td¢e-h were also synthe-
sized by the rcactions of the cotresponding 5 and sodium
benzenesulfinate. 1-Benzencsulfony]-3-micthy 1-2-quinoxali-
nonc 10¢ (2.2 . vicld 73%: mp 304-306 °C). 1-benzenc-
sulfonv1-3.6-dimcthyl-2-quinoxalinone 10f (2.29 g. vicld
73%: mp 334-333 °C). 1-benzencsuliony]l-3-methy-6-nitro-
2-quinoxalinonc 10g (2.36 g. vicld 74%: mp 208-209 °C).
and 1-benzencsulfonyl-3-mcthy]-6-chloro-2-gumoxalinone
10h (241 g. vicld 72%: mp 236-238 °C) were preparcd by
similar proccdure to the preparation of 10a.

Mcthod B. A mixcd solution of 8a (5.84 . 30 mmol) and
sodium p-tolucncsulfinate (3.35 g. 30 mmol) in DMSO (30
mL) was rcfluxcd lor 24 hrs. and the rcaction solution was
pourcd into watcr (200 mL). The solid formed was filtered
undcr reduced pressure and washed with water (50 mL X 3)
and s-hexane (13 mL) to give dark-brown crystal of 10a
(4.71 g vicld 30%). 10b (4.82 g. vicld 49%). 10¢ (3.39 g.

vicld 30%). and 10d (3.75 g. vicld 33%) werce prepared by
similar proccdure to the preparation of 10a. Compounds
10c-h were also synthesized by the reactions of the corre-
sponding 8 and sodium benzencsulfinate. 10e (4.86 g. vicld
54%). 10f (6.03 g. vicld 64%). 10g (6.62 g. vield 65%). and
10h (6.93 g. vicld 69%) were prepared by similar procedure
to the preparation of 10a (mcthod B). All products were
reeryvstallized from a mixed solvent of DMF and cthanol
(vol. 3:7). The '"H NMR and IR spcctral data of the prod-
ucts 10a-h arc shown in Table 1.
1-Arenesulfonyl-2-quinoxalinones 11a-h, Mcthod A. To
a mixture of 6a (2.92 g. 20 mmol) and potassium hydroxide
(1.68 g. 30 mmol) dissolved in DMSQ (50 mL). the solution
of p-tolucncsulfonyl chlonide (3.81 g. 20 mmol) in DMSO
(13 mL) was dropwiscly added. The solution was stirred and
heated at 130 °C for 24 hrs. After the solution was pourced
mto water (200 mL). the solid formed was filicred under
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reduced pressure. and washed with water (30 mL x 3) and »-
hexane (30 mL) to give reddish-brown crystal of 1-tolucne-
sulfony 1-2-quinoxalinone 11a (3.70 g. vicld 61%: mp 202-
204 °C). 1-Toluencsulfony 1-6-methy I-2-quinoxalinone 11b
(3.64 g. vicld 38%: mp 2537-239 °C). l-toluencsulfonyl-6-
nitro-2-quinoxalinone 11¢ (3.25 g. vield 76%: mp 250-251
°C). and I-toluencsulfony 1-6-chloro-2-quinoxalinone  11d
(4.69 . vicld 70%: mp 269-270 °C) were prepared by simi-
lar procedure o the preparation of 11a. Compounds 11¢-h
were also synthesized by the reactions of the corresponding
6 and sodium benzencsulfinate. 1-Benzencsulfonyl-2-qui-
noxalinone 1le (3.38 g. vield 39%: mp 234-256 °C). 1-ben-
zencsulfony I-6-methy I-2-quinoxalinone 11f (3.60 g. vicld
60%: mp 278-279 °C). 1-benzenesulfony1-6-nitro-2-quinox-
alinone 11g (4.70 g. vicld 71%: mp 181-182 °C). and 1-ben-
zencsulfony 1-6-chloro-2-quinoxalinone 11h (430 g. vicld
67%: mp 216-217 °C) were prepared by similar procedure to
the preparation of 11a. All products were recrystallized from
a mixcd solvent of DMF and cthanol (vol. 3 : 7).

Mcthod B. A mixed selution of 9a (0.90 g. 3 mmol) and
sodium p-toluencsulfinate (0.89 g. 3 mmol) in DMF (30 mL)
and diexanc (10 mL) was refluxed for 24 hrs. The solvent
was removed under reduced pressure. the solid formed was
washed with walier (30 mL x 3) and #-hexance (20 mL) to
give reddish-brown crystal of 11a (0.48 g. vicld 32%). 11b
(0.94 g. vicld 60%). 11¢ (1.19 2. vicld 69%). and 11d (1.26
g. vicld 73%) were prepared by similar procedure (o the
preparation of 11a. Compounds 11¢-h were also synthesized
by reactions of 9 and sodium benzencsullinate. 11¢ (0.86 g.
vicld 60%). 111 (0.87 g. vield 58%). 11g (1.14 g. vicld 69%).
and 11h (1.19 g. vicld 74%) were preparcd by similar proce-
durc 1o the preparation ol 11a (method B). All products were
reerystallized in a mixed solvent ol DMF and cthanol. The
'H NMR and IR speciral data of the products 11a-h arc
shown in Table 1.

Acknowledgment. 111s gratclully acknowledged that this

work was in part supportcd by Bisa Rescarch Fund of

Keimyung University (1998) and by the Basic Scicnce
Rescarch Program. Mimistry ol Education. Korca (BSR1-97-
3402).

o

]

6.

10.

L1.

Notes

References

. Wendt, G R Ledig, K. W, £0.8 Par. 1969, 3,431,262

(Chem. Abstr., 1969, 70, 106,512).

Magee, R. ). {55 Par. 1972, 3.634.425 (Chem. bsir,
1972, 76, 99,7098).

(a) Kumade, S.. Watanabe, N Yamamoto, K2 Zenno, H.
Yakugaku Zasshi 1958, 30. 635. (b) Monge, A Palop, 1.
A Femander, T Heterocyelic Chem. 1989, 26, 1623.
(a) Tanaka, A Usw. T. Chem. Pharm., Buil. 1981, 29,
11O (by Awad. T. M. A 7ud. J. Chem. 1991, 505, 89.

(a) Lalezan, 1. Gomer, 1. A: Khorshudi, M. J. Hetero-
cvel. Chem. 1990, 27,687, (b) Bochis, R. 1. J Afed. Chem.
1991, 34, 2843, (¢) Caliendo, G.. Novellino, E.. Saglio-
ceo, (5.0 Santagada, V. E. J. AMed Chem. 1992, 27, 161, (d)
Caliendo, G.: Carlo, R.: Meli, R.: Perissutti, E. J. Aed
Chem. 1993, 25, 969.

(a) Brizzi, V.: Franchi, G.:. Savini, L. Boll. Chim. Pharmna-
col. 1986, /25 100. (b) Poskocil, I Hirsch, K o Adamek,
M. Korinek, I Chem. Prum. 1982, 32, 300. (¢) Huston,
AT Scott, G WL Phys, Chem. 1987, 91, 1408 (d) 14,
S Gupta, A Albertsson, A, C: Bassett, W Vogl, O.
Polym. Budl. 1984, 12, 237 (¢) Vogl. 0.0 Albertsson, A,
C.: Janovie, 7. Polvmer 1985, 26, 1288,

- (@) Bert, C: Greer, L Andruza, R Trazza, AL g

Chem. 1982, 47, 4893, (b) Rigby, 1. 1. Holswort, D. D.:
James, K. J. Org. Chem. 1989, 34, 4019, (¢) Whitey, 8.
E.. Winters, M.. Rickborn, B. J. Org. Chem. 1990, 33,
929. (d) Lleeg-lensen, 1.. Olsen, C. E.. llolm, A. J. Org.
Chem. 1994, 539, 1257,

(a) Makine, K.. Yoshioka, Ll. [eterocyeles 1987, 20,
1215, (b) Katritzky. A. R.. Rachwal, S Hitchings, G. T.
Terrahedron 1991, 47. 2683, (¢) Katntzky. A. R Tan. Q.
W.J Fluorine Chem. 1991. 31, 33.

(a) Beveridge. S.: Huppstz, I L. dwse. J. Chem. 1972 25,
1341. (b) Katnitzky, A. R Shobana, N.: Alndi. A S, Ter-
rahedron 1992, 48, 7817. (¢) Katntzky, A, R Fan, Q. W
Steel, P ). J Org. Chem. 1992, 57, 190,

(a) L'Italien, J.: Banks, C. K. J..1m. Chem. Soc. 1951, 73.
3246, () Leese, C. L.. Rvdon, 11 N. J. Chem. Soc. 1958,
303,

Bakerman, D. G.: Abasolo, M. [.. Femandez. B. M. /.
Heterocyelic Chem. 1992, 29,129,




