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HOFCH3CN, a very efficient oxygen-transfer agent made readily from fluorine and aqueous acetonitrile,
was reacted with various quinoxaline derivatives to give the correspondingiorigles and especially
the N,N'-dioxides in very good yields under mild conditions and short reaction times.

Introduction SCHEME 1. Antibacterial Quinoxaline N,N'-Dioxides

QuinoxalineN,N-dioxides and phenazine 5,NN'-dioxides ?
have found application as antibacterial agents, possessing a wide Ny_~=NNHCO,CHj
range of activitied. Methyl 3-[(2-quinoxalinyl)methylene]car- ©: j/
bazateN,N'-dioxide (), for example, known commercially as Nig
CarbadoX has proven to be an efficient antibacterial and 1 5
growth-promoting material. Another example is a series of
penicillin derivatives of quinoxaliné\,N'-dioxide carboxylic
acids such a2 which exhibit exceptional activity against

Q 0
N (CHp—G—NH s
Salmonellaand Proteusspecies (Scheme 1). @[ I( 2 N
N R o
2 &

One of the most common methods for generating some
quinoxaline mono- and\,N-dioxides consists in the total
synthesis based on the reaction of carbonyl derivatives with
benzofurazan oxideAn alternative, more general, and poten-
tially easier pathway should be the direct transfer of oxygen to
the nitrogen atoms of quinoxaline derivatives in order to obtain
the corresponding mong-oxides and particularly quinoxaline
N,N-dioxides, which are hardly reported in the literature. The
main reason for this “anomaly” is the second nitrogen of the - .
ring system, which makes the diazines less reactive than pyridinethe second nitrogen atom toward any further (_alectrophlllc_attack.
toward electrophilic substitutions, including electrophilic oxygen /e report here a general method for direct oxidation of
transfer. Electron-withdrawing substituents, such as halogens,duinoxaline derivatives using the HGEH;CN complex. This
reduce the basicity of the ring nitrogens even further. Conse- ©XY9€n transfer agent stands alone in its ability to oxidize azides

and vicinal diamines into the corresponding nitemd dinitré
(1) Haddadin, M. J.; Issidorides, C. HHeterocyclesl976 4, 767. derivatives. It was employed in the oxidation 6f=8l-containing

(2) (a) Chas Pfizer and Co. U.S. Paté®i6g 3 371 090. (b) Research i - i _dioxi iva-
Corp, U'S. Patert068 3 398 141, (¢) Haddadin, M. J.: Kattan, A, M. A. compounds,forming 1,10-phenanthrolind,N-dioxide deriva

Issidorides, C. HJ. Org. Chem1985 50, 129.

COgNa

quently, while it was difficult to make haloquinoxaline mono-
N-oxides, it was practically impossible to form haloquinoxaline
N,N-dioxides by the orthodox oxygen transfer agénthe
reason for this failure is the first step that produces the mono-
N-oxide moiety, which in turn deactivates almost completely

(3) Edwards, M. L.; Bambury, R. E.; Ritter, H. W. Med. Chem1976 (6) Katritzky, A. R.; Lagowski, J. M.Chemistry of the Heterocyclic
19, 330. N-Oxides Academic Press: New York, 1971; Chapter 2. (b) Cheeseman,
(4) Kim, H. K. U.S. Patentl972 3 644 363. G. W. H.; Werstiuk, E. S. GAdv. Heterocycl. Chem1972 14, 99.
(5) (a) Issidorides, C. H.; Haddadin, M.Jl Org. Chem1966 31, 4067. (7) Rozen, S.; Carmeli, MJ. Am. Chem. So@003 125 8118-8119.
(b) Kluge, A. F.; Maddox, M. L.; Lewis, G. SJ. Org. Chem198Q 45, (8) Golan, E.; Rozen, Sl. Org. Chem2003 68, 9170-9172.
1909. (9) Carmeli, M.; Rozen, STetrahedron Lett2006 47, 763.
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SCHEME 2. Oxygen Transfer to Some Quinoxaline
Derivatives Using HOFCH3;CN
R1 R1 ?X
> N Rz N._R
4\I F2+H20+CH3CN AN 2 4:x=1
1 - ;[ 5:x=0
N” TR :
8 HOF-CHsCN N R
3 o)
yields yields
of 4 of 5
a. R1 = R2= R3= H (95%)

b.Ry=Ra=H;Rz=Me  (90%)
c.Ry =H;Ry=Rg=Me  (95%)
d.Ri=Me;Ry=Rg=H (40%)
5d + HOF*CH3CN — 4d > 95%

(32% conversion)
e.Ri= H;R;=Rz=Ph  (65%) (35%)
5e + HOF*CH3CN — de >95%

(75% conversion)

(50%)

f. R1 =H R2 = R3 = CH2BT (90%)
tives which eluded chemists for so many decafésnsferring

oxygen atoms to sulfides, including electron-depleted dhes,
to thiophened? polythiophened? and much moré?

Results and Discussion

Direct oxidation of quinoxaline with kD, is reported in the

literature, but the yields never exceeded 50% and long reaction

times were require#f It took less than 2 min for the HOF
CH3CN complex to convert quinoxaline8§) to quinoxaline
N,N'-dioxide @a) in 95% vyield (Scheme 2). Although HOF
CH3CN is known to react even with aromatic rintjsts reaction
with both nitrogen atoms is faster and no difficulties were
encountered with the more electron-rich aromatic ring of
2-methylquinoxaline3b). This compound was transformed in
2 min to 2-methylquinoxalin@\,N'-dioxide @b) in 90% yield.

It is noteworthy that compoungb has been previously obtained

via the benzofurazane route by a multistep synthesis eventually

resulting in less than 20% yieRd.Increased substitution on the

quinoxaline skeleton was also tolerated, and when 2,3-dimeth-

ylguinoxaline @c) was reacted with 2 equiv of HOEH;CN,
2,3-dimethylquinoxalineN,N'-dioxide @c) was obtained after
3 min in 95% yield.

It was of interest to see whether the H@FH;CN could
overcome steric hindrances, and 5-methylquinioxali@d) (

Carmeli and Rozen

SCHEME 3. Oxidation of 2-Chloroquinoxaline Using
Various Popular Oxidation Reagents

HpS04, K2S20g o)
4

/ 52% N\ N_ Gl
N
o
7 N

N_ _Cl
@1\]/ MCPBA, 72h ,
~
N 63%
6

N\ Cl
\\HOACc-30%H-0, (:[ j/
%
6% N
.
Ncl ©
HOF-CH4CN ©i ]/
seconds N
. . i 30%
60% for a single reaction 9 O
> 80% overall yield 9
HOF-CH3CN

reaction mixture did not change the outcome. It seems that this
result is related to the modest steric hindrance in an indirect
way. Since the oxidation at tié-4 position is slower than that

of N-1, the small amount of protons originating from the HF
(formed simultaneously along the HOF) compete with the
electrophilic oxygen and protonate the hindered nitrogen atom
N-4. This protonation does not allow, of course, any further
electrophilic oxygen transfer at that position. However, since
the separation ofd and5d (after the appropriate workup that
regenerates the free base) is easy, the latter can be brought once
again in contact with HOf€H3;CN forming 4d in quantitative
yield, but in 32% conversion. This process can be repeated until
the original 40% yield oftd could be increased to higher than
90%.

Steric hindrance at the 2 and 3 positions did not cause any
problem. Oxidation of 2,3-diphenylquinoxalin@gj using 4
equiv of the oxidation agent for a few seconds resulted in a
35% vyield of the 2,3-diphenylquinoxaliné-oxide G€) and 65%
yield of 2,3-diphenylquinoxaliné\,N'-dioxide @€). For com-
parison, oxidation of3e with either m-CPBA for 18 h or
hydrogen peroxide in acetic acid resulted in 0.6% vyield of the
N,N'-dioxide @4e€).1718 It should be noted that here again,
separatingte from 5e makes it possible to repeat the reaction
with 5e resulting in 4e in higher than 95% vyield (75%
conversion). This brings the potential overall yield 4 to
nearly quantitative.

Benzylic halogens, which are excellent synthetic entries, are
also suitable substrates. Less than 1 min was needed for an
excess of HOFRCH3CN to transfer two oxygen atoms to 2,3-
bis(bromoethyl)quinoxaline3f) forming the corresponding 2,3-

served as a test case. Using an excess of the oxidation agenrsis(bromoethyl)quinoxalineN,N'-dioxide @f) in 90% yield

provided a mixture of only 5-methylquinoxalineNtoxide Gd)
in 50% yield and 5-methylquinioxalin®,N-dioxide @d) in
40% yield. Adding more than 5 equiv of the reagent to the

(10) (a) Rozen, S.; Dayan, &ngew. Chem., Int. EAL999 38, 3471.
(b) Carmeli, M.; Rozen, SJ. Org. Chem2005 70, 2131.

(11) (a) Rozen, S.; Bareket, ¥. Org. Chem1997, 62, 1457. (b) Toyota,
A.; Ono, Y.; Chiba, J.; Sugihara, T.; Kaneko, Chem. Pharm. Bull1996
44, 703.

(12) Rozen, S.; Bareket, Y. Chem. Soc., Chem. Commi894 1959.

(13) Amir. E.; Rozen, SAngew. Chem., Int. EQ005 44, 7374.

(14) Rozen, SEur. J. Org. Chem2005 2433.

(15) (a) Cooper, S. M.; Heaney, H.; Newbold, J. A.; Sanderson, W. R.
Synlett199Q 9, 533. (b) Kobayashi, Y.; Kumadaki. I.; Sato, H.; Sekine,
Y.; Hara, T.Chem. Pharm. Bull1974 22, 2097.

(16) Kol, M.; Rozen, SJ. Org. Chem1993 58, 1593.
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(Scheme 2). To the best of our knowledge, no direct oxidation
of 3f has been achieved before.

Using HOFCH3CN for oxidation of 2-chloroquinoxalinesy
produced the unknown 2-chloroquinoxaliNéN'-dioxide Q) in
60% yield along with 30% of 2-chloroquinoxalimM&oxide @),
whose regioselectivity was controlled by the relative basicity
of the quinoxaline nitrogens. Scheme 3 compares reactions of
several peroxy reagents which are capable of transferring an
oxygen atom td (forming either7 or 8)1° with HOFCH3CN.

(17) Nasielski, J.; Heilporn, S.; Nasielski-hinkens, R.; Geerts-Evrard, F.
Tetrahedron1987, 43, 4338.

(18) Landouist, J. K.; Stacey, G. J. Chem. Socl953 282.

(19) Mixan, C. E.; Pews, R. Gl. Org. Chem1977, 42, 1869.
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Oxidation of Phenazine Using HOFCH3CN

9
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,fl ol X HOF-CHaCN S
HyS04, K2S20g ©i I N/ 0 °C, seconds N/
e N el 16 175
N,_Cl 1 80% (90%)
@[ I _MZQL no reaction
N Cl

SCHEME 4. Oxidation of 2,3-Dichloroquinoxaline Using
Various Oxidation Agents

SCHEME 6.

o SCHEME 7. Oxidation of 6,7-Dimethyl-2,3-di(2-pyridyl)-
10 ’5 . quinoxaline
. N
seconds N cl N ~ ?
' 50% N~ "N” HOF-CHgCN Ny
45% O 12 AN >
N I A N/
Oy
85% 12 =L GF-ChsoN 18 Z C+)z

MPVw=x=y=z=1 (80%)

SCHEME 5. 20w=1;x=y=z=0 21w=x=1,y=2z=0

Oxidation of Tetrachloroquinoxaline

; ;
Cl N._Cl Cl N. _CI cl
I e O - SO0
cl N7 g 40 min 14-equiv o, ~ al T/ ol
13
14 o 15

2w=x=y=1;z=0

N SCHEME 8. Synthesis of Quinoxaline DiN-oxide with
c [18]O Isotope
55% 40% 80
{

None of the former was able to produce th&l'-dioxide 9. As
in the cases obd and 5e, adding large excess of the hypo-

C[N\ Fo + Ho'80 + CHyCN Na
)= L)
N N

fluorous acid complex td5 did not increase theé:8 ratio H'80F-CHsCN .
apparently because both steric and electronic effects prioritize 133) (95%)
the protonation vs the oxygenation birl. During the workup, 4a-{18]0

a-

however, theN-1 in 8 regained its basicity, and since the 3a

separation betweedand8 is easy, the mondl-oxide 8 could ) ) ) )

be subjected once again to a very short reaction with HOF Oxide with various polluting heavy metal cataly$$2* The

CHsCN increasing the overall yield & to higher than 80%.  reaction with HOFCH;CN proceeds smoothly without any
Dihalogenated quinoxalines are notoriously difficult to oxidize Presence of catalysts and in 90% yield (Scheme 6).

by direct oxidation, and the yields in the few successful cases ©Xidation of 6,7-dimethyl-2,3-di(2-pyridyl)quinoxalin&8

are usually lower than 5%9.Oxidation of the electron-poor 2,3-  Presented an additional challenge for the HGI:CN complex.

dichloroquinoxaline 10) was attempted by several oxidation 1HiS compound has never been fully oxidized previously.

agents® but once again only the HOEH,CN complex was Rea_ctmng at room temperature W|th_ an excess _of 6 molar

able to produce the desiréiN'-dioxide 12 in 45% yield and, ~ €Auiv of the reagent produced the 6,7-dimethyl-2,3-di(2-pyridyl)-

as in the previous examples, after deprotonatioibind a ~ duinoxalineN,N',N",N""-tetraoxide {9) in 80% yield after only

second short reaction with HOEH,CN, the overall yield of & few seconds (Scheme 7). ,

12 could be increased to 65% (Scheme 4). It Was_of interest to d_etermlne the oxygenation o_rder of_ all
Polyhalogenated diazines were practically impossible to be of the nitrogen atoms I8 To answer this question, this

converted toN,N'-dioxides. Systems such as peroxydichloro- compound was reacted with 1 equiv of .H.@H3¢N' It was i
maleic acic®! 90% H0,22 or 60% HO,23 were found to form easy to conclude that one of the pyridine rings was first

exclusively the corresponding mombéexides. Oxidation of o_xygenated fo_rmingzo, foIIowed_ l_)y th_e oxygenation of the
2,3,6,7-tetrachloroquinoxalinel®) was difficult even for the hitrogen atom in the second pyridine rirg, as an_other m_o_lar
HOF-CH:CN complex. It took a large excess of the oxidizing equivalent of the reagent was added. Continuing addition of
agent and 40 min to produce the two unknown derivatives another 1.5 equiv of the acetonitrile complex of the hypofluorous
2,3,6,7-tetrachloroquinoxalink-oxide (14) in 55% yield and acid resulted in another oxygen transfer, this time to one of the

5 7. hl ; lind.N'-dioxide in 40% viel quir!oxaline’s n.itr.o_gens formin@2, and finally, the last 2.5
(é?(’:'r?e'mteeg?c oroquinoxalin,N'-dioxide in 40% yield {5) equiv of the oxidizing agent afforded the tetdaexide (19).

Phenazine 16) was also reacted with the HEEH,CN In many cases, especially when dealing with potential drugs,

complex. The corresponding phenazine S\-dioxide (17) it is essential to have information on the metabolism of the
plex. P 9p ' . studied compound. One of the techniques toward this end is to

was obtained in a few seconds using a 2-fold excess of the oxi- A
dizina agent. There are some reported methods for obtainin label the relevant molecule, or part of it, with some uncommon
9 agent. P gisotopes. One of the advantages of the HOH;CN complex

17 usingtertamyl hydroperoxide, peracids, or hydrogen per- is that its electrophilic oxygen originates from water, which is

the best source for all oxygen isotopes. We passed fluorine
through a solution of acetonitrile and,}40, obtained as H-

(20) Palamidessi, G.; Bernardi, L.; Farmaco, A.Bd. Sci.1966 21,
805.
(21) Pollak, A.; Zupan, M.; Sket, BSynthesid973 495.

(22) Chivers, G. E.; Suschitzky, Lhem. Commuril971 28.
(23) Kyriacou, D.J. Heterocycl. Chenml971, 8, 697.

(24) Tolstikov, G. A.; Jemilev, U. M.; Jurjev, V. P.; Gershanov, F. B.;
Rafikov, S. R.Tetrahedron. Lett1971 30, 2807.
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OF-CH3CN, which was then reacted witBa. The product’s 8.36 (LH,dJ=1.8Hz)8.44 (1 H, ddJ); = 4.6 Hz,J, = 0.8 HZ)

HRMS (Cl) m/z = 167.06193 (M+ 1) (calcd for GHgN,80,, 8.68 (1 H, d,J = 1.8 Hz); *C NMR 19.7, 118.7, 130.9, 131.8,
167.059242) clearly showed that both oxygen atonaeff18]- 133.8,139.7, 140.8, 146.4, 147.2; MS (@l = 377.1 (M+ 1)*.
O are the'®O isotope (Scheme 8). Anal. Calcd for GHgN,O: C, 67.49; H, 5.03; N, 17.49. Found:

C, 67.20; H, 5.19; N, 17.34.
) The N,N'-dioxide 4d was obtained in 40% yield as a yellow
Conclusion solid: mp= 174-177°C; UV—vis (CHCL) Amax 240 € = 1.5 x

. . . - - - . . 10%, 375 € = 0.9 x 10%, 390 ¢ = 1 x 10%; 'H NMR 3.10 (3 H,
HOFCH3CN is unique in its ability to oxidize quinoxaline s), 7.55 (1 H, dJ = 3.8 Hz), 7.69 (1 H, ddJ, = 3.8 Hz,J, = 3.8

derivatives, including ste_rically hinde_red and elec':trc_)n-FiepIeted Hz), 8.11 (L H, dJ = 2.8 Hz) 8.16 (1 H, dJ = 2.8 Hz) 8.50 (1
ones to the corresponding mohbexides andN,N'-dioxides 1  j= 3.8 Hz):2*C NMR 25.6, 120.7, 131.9, 133.4, 133.5, 136.7,
and if needed to transfer the former to the latter. Expanding 136.9, 139.9, 142; HRMS (Clwz = calcd 177.066403, found
this family of compounds and simplifying their synthesis may 177.066494 (M+ 1)*. Anal. Calcd for GHgN»O,: C, 61.36; H,
provide an easy tool for synthesis of new antibiotics and other 4.58; N, 15.90. Found: C, 61.16; H, 4.85; N, 15.49. Compound
antibacterial agents. Considering the commercial availability of 4d could also be prepared by a similar procedure reacting 14 equiv
premixed fluorine/nitrogen mixtures and the technical ease of of HOFCHsCN with 5d forming 4d in quantitative yield, but with

the reaction, chemists should be encouraged to take advantag&2% conversion raising the yield of tfiN'-dioxide to nearly 60%.

of the unique synthetic abilities of HOEH;CN complex as a 2,3-Diphenylquinoxaline N-oxide (5e) and 2,3-diphenylqui-

. : . noxaline N,N'-dioxide (4e) were obtained fronBe (0.6 g, 2.1
powerful oxygen transfer agent in organic chemistry. mmol), as described above, using 4 equiv of the oxidizing agent.

) . The mixture was separated abelobtained in 35% yield as a white
Experimental Section solid: mp= 191°C; UV—vis (CHCk) Amax 249 € = 2.6 x 10%),

. 270 € = 2.5 x 10%, 334 € = 0.9 x 10%; 'H NMR 7.41-7.22
'H NMR and 3C NMR were obtained at 400 and 50 MHz, (10 |_(|€ m) 7.7X4 (134 dddiz 8 HzXJ2=)7.1 Hz,J; = 1.6 Hz)

respectively, with CDGl as a solvent and M&i as an internal 7.84 (1 H, ddd,J, = 8 H _ _
. , = z,), =7.1Hz,J; = 1.6 Hz), 8.2 (1 H,
standard. MS spectra were measured under CI, El, or FAB ddd,J, = 8 Hz, J, = 1.6 Hz,J; = 0.8 Hz), 8.65 (1 H, ddd), =

conditions. UV spectra were recorded in CHCI 8, HzJ, = 1.6 Hz,J; = 0.8 Hz); 13C NMR 119.3, 127.9, 128.2

General Procedure for Working with Fluorine. This element 1’28.9 129.2 129’_5 129.9 136 130.6. 131.4 ’135_9 ’137_9 ’140
is a strong oxidant and very corrosive material. It should be used 143.8’156.2' ’HRMS ’(Clm’zz’ calcbl 299.1,18438 ;‘ound 259.1175;83 ’
only with an appropriate vacuum lifé.For the occasional user, M +'1)+. ' '

however, various premixed mixtures ok fn inert gases are The N,N'-dioxide 4e was obtained in 65% yield as a yellow
commercially available, simplifying the process. If elementary ¢gjig: mi:)= 212-215°C; UV—Vis (CHCh) Amax 240 (€ = 2.2 x
precautions are taken, work with fluorine is relatively simple and 10%), 290 € = 1.9 x 104)’ 395 ¢ = 1.0 x 10%); 'H NMR 7.31—
we had no bad experiences working with it. 701 (10 H, m), 7.9 (2 H: ddl, = 6.7 Hz,J, = 3.2 Hz), 8.7 (2 H,
General Procedure for Producing HOFCH3CN. Mixtures of dd,J; = 6.7 Hz,J, = 3.2 Hz);13C NMR 119.1, 122.4, 126.6, 127.9,
10-20% K with nitrogen were used in this work. The gas mixture 128.7,129.8, 130.1, 131, 132, 133.5, 137.8, 142.7; MS (leﬁ)
was prepared in a secondary container before the reaction was— 315 (M+ 1)*. Anal. Calcd for GoH14N,Oz: C, 76.42; H, 4.49;
started. It was then passed at a rate of about 400 mL per minutey g 91. Found: C, 76.63; H, 4.58; N, 8.74. Compouretould
through a cold £15°C) mixture of 100 mL of CHCN and 10mL 3150 pe prepared by a similar procedure frémin quantitative
of Hz0 in regular glass reactor. The development of the oxidizing yje|q, hut with 75% conversion using 12 equiv of the reagent.
power was monitored by reacting aliquots with an acidic aqueous * 5_cpjoroquinoxaline N,N'-dioxide (9)was prepared fror (0.4
solution of KI. The liberated iodine was then titrated with o 5 43 mmol), as described above, using 2 equiv of the oxidizing
thiosulfate. Typical concentrations of the oxidizing reagent were agent resulting in the 65% vield of a yellow solid: rp198—
around 0.4-0.6 mol/L. o 199°C; UV—Vis (CHCh) Amax 240 (€ = 1.3 x 10%), 266 ¢ = 1.8
General Procedure for Working with HOF-CH3CN. A x 10%, 380 ¢ = 0.98 x 10%), 390 ¢ = 0.99 x 10%); IH NMR
quinoxaline derivative (usually 0-40.6 g) was dissolved in about 7 87-7 95 (2 H, m), 8.47 (1 H, s), 8.58 (1 H, d= 4.2 Hz), 8.65
30 mL of CHCB, and the mixture was cooled t6°G. The oxidizing 1H,d,J = 4.2 Hz);13C NMR 122.4, 122.5, 132.5, 133.8, 134.8,
agent was then added in one portion to the reaction vessel (1 equivi3g, 139.4, 139.9; MS (Chz = 197 (M + 1)*. Anal. Calcd for
means 1 molar equiv per each nitrogen). The excess of-BB§ CsHsN,O,Cl: C, 48.88: H, 2.56; N, 14.25: Cl, 18.03. Found: C,
CN was quenched with saturated sodium bicarbonate, the solutiongg 54. H 2.79: N, 13.94: CI, 18.23.
extracted with CHGJ, the organic layer dried over Mgg0and 2,3-Dichloroquinoxaline monoN-oxide (11) and 2,3-dichlo-
the solvent evaporated. The crude product was usually purified by roquinoxaline N,N'-dioxide (12) were prepared from0 (0.5 g,
vacuum flash chromatography using silica gel 60-H and increasing 5 51 mmol), as described above, using 3 equiv of the oxidizing
portions of EtOAc in PE as an eluent. Similar chromatography was agent. The mixture was separated by chromatography tojive
used for separation of the mono- aNd\'-dioxides when obtained in 50% yield as a white solid: mg 140-142°C; UV—vis (CHCE)
as a mixture. The spectral and physical properties of the known Amax 250 € = 3.5 x 10%, 325 € = 0.7 x 10¢); IH NMR 7.75—
products thus obtained were compared with those reported in the; g (2 H, m), 8.06 (1 H, ddd}, = 7.5 Hz,J, = 1.6 Hz,J3 = 1.2

literature. In every case, excellent agreement was obtained. All 4, g 5o (1 H, ddd), = 7.5 Hz,J, = 1.6 Hz,J; = 1.2 Hz);13C

known compounds were referenced throughout this work. Data for NMi? 118.9 12'92 130.7 132_2’ 136.9 140’.5 146.4- MS’ 0T)

the new compounds, or for those not well defined in the literature, — 535 +'1)+. Anal. Caled for 'QH4N26|20: C 4468 H 1.87:

is given below. _ o N, 13.03; Cl, 32.97. Found: C, 44.50; H, 2.01; N, 12.85; Cl, 33.30.
5-Methylquinoxaline N-oxide (5d) and 5-methylquinoxaline The second component proved to B2obtained in 50% yield as

N,N'-dioxide (4d) were obtained fron8d (0.62 g, 4.3 mmol), as 5 yellow solid: mp= 230-233°C; UV—Vis (CHCk) Amax 240 €
described above, using 2.5 equiv of the oxidizing agent. The mixture =2 2 « 10%), 270 ¢ = 3.5 x 10%), 370 ¢ = 1.3 x 10), 385 ¢ =

was separated, arfitl was obtained in 50% yield as a white solid: 1 5, 10%; IH NMR 7.92 (2 H, ddJ; = 3.3 Hz,J, = 1.7 Hz) 8.65
mp = 123-126 °C; UV—vis (CHCk) Amax 240 (€ = 3.8 x 107, (2 H, dd,J; = 3.2 Hz,J, = 1.8 Hz);13C NMR 120.3, 132.4, 135.4,
330 (€ = 0.8 x 10%); '"H NMR 2.80 (3 H, s), 7.627.68 (2 H, m), 136.2; MS (Clymiz = 231 (M)*. Anal. Calcd for GH4N2Cl,0,:

C, 41.59; H, 1.75; N, 12.13; CI, 30.69. Found: C, 41.43; H, 1.86;
(25) Dayan, S.; Kol, M.; Rozen, Synthesis1999 1427. N, 11.95; CI, 30.21. Compount2 could also be prepared by a
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similar procedure fromll in quantitative yield, but with 40%
conversion using 8 molar equiv of the reagent bringing the overall
yield of 12 to 65%.

2,3,6,7-Tetrachloroquinoxaline N-oxide (14) and 2,3,6,7-
tetrachloroquinoxaline N,N’-dioxide (15) were obtained as a
mixture from13 (0.5 g, 1.87 mmol) as described above, using 7
equiv of the oxidizing agent. After separation by chromatography,
compoundl4 was obtained in 55% yield as a yellow solid: mp
184°C; UV—vis (CHCk) Amax 260 € = 4.0 x 10%, 330 ¢ = 0.7
x 10%, 365 € = 0.5 x 10%); IH NMR 8.17 (1L H, s), 8.63 (1L H, s);
13C NMR 120.2, 128.7, 130, 135.5, 136.3, 137.8, 139.2, 147.9; MS
(Cl) mz= 285 (M+ 1)". Anal. Calcd for GH,N,Cl;,O: C, 33.84;
H, 0.71; N, 9.87; Cl, 49.95. Found: C, 34.21; H, 1.10; N, 9.78; ClI,
50.36. The second fraction proved to be tNeéN'-dioxide 15
obtained in 40% vyield as a yellow solid: mp188-189°C; UV—
Vis (CHCh) Amax245 € = 1.4 x 10%, 260 € = 1.2 x 10, 285 €
= 1.4 x 10%, 400 € = 0.3 x 10%); IH NMR 8.74 (2 H, s);:°C
NMR 121.7, 117.6; MS (Cljn/z= 301 (M + 1)*. CompoundL5,
which could not be obtained in analytical purity, was also prepared
from 14 by a similar procedure using 8 equiv of the reagent in
guantitative yield, but with 10% conversion only.
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6,7-Dimethyl-2,3-di(2-pyridyl)quinoxaline tetra-N-oxides (19)
was prepared frorh8 (0.6 g, 1.92 mmol), using altogether 6 equiv
of the oxidizing agent as described above, resulting in 80% vyield
of a yellow solid which proved to b&9: mp = 274°C; UV—vis
(CHCl3) Amax 240 € = 4.9 x 10%), 270 € = 4.3 x 10, 375 ¢ =
1.3 x 10%, 395 ¢ = 1.4 x 10%; 'H NMR 2.56 (6 H, s), 7.16
7.36 (4H, m), 7.63 (2H, ddl; =7.5Hz,J,=1.7 Hz), 8.24 (2 H,
dd,J; = 6.4 Hz,J; = 0.4 Hz), 8.42 (2 H, s)}3C NMR 20.4, 119.8,
125.4, 127.6, 129.1, 134.8, 136.7, 139.4, 139.9, 143.9 ppm; MS
(FAB) m/z = 377 (M + 1)". Anal. Calcd. for GoH1gN4O4: C,
63.83; H, 4.28; N, 14.89. Found: C, 63.83; H, 4.60; N, 14.51. As
described in the Results and Discussion, it was possible to observe
the formation of the mono-, di-, and trioxid@§, 21, and22 with
a recorded NMR spectrum @f1: 2.53 (6 H, s), 7.227.39 (2 H,
m), 7.85-7.91 (2 H, m), 7.95 (2 H, s), 8.638.07 (2 H, m), 8.44
8.47 (2 H, m).
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