
QUINOXALINES AND RELATED COMPOUNDS-XI’ 

THE FORMATION OF FUSED PYRROLES BY THE CONDENSATION 
OF HALOAZINES WITH METHYLAZINES 

R K. ANDERSON,“ S. D. CARTER and G. W. H. CHEESEMAN* 
Dqartmcnt of Chemistry, Queen Elizabeth College, Campden Hill, London W8 7AH, England 

(Received in UK 2l April 1979) 

Ahatrae-2Chloroquinoxaline reacts with a series of 2-methyL3-substituted quinoxalincs (la-j) giving, in 
mo&nIte yields, asubstituted-pyrrol~l~-a: 4J-bldiqoiuoxatines (2wl). similar polycycl.ic compounds (kc; 
Ilb,c; and 13b) arc formed from 4-methylquinaxolines (Ike), I-•cthylpbthalazioes (l&c) and 2-hydroxy4 
mcthylpyrimidine (l2b); the reaction fa with 2-metbylquinaxolines and 3methylcinnolines. Polycyclic materials 
(171~) are also obtained by usb chloropyrazines (Ma&) BS the haloaziw component. Four novel ring systems 
have thus been obtained; the mechanism is discussed. 

The high m.p. orange solid (methylquinoxaline orange) 
obtained, in low yield, by heating 2-methylquinoxaline 
either alone at 2006 or with dilute hydrochloric acid3 has 
been shown to be 6-methylpyrrolo[l,2-a: 4,5- 
b’kliquinoxaline (2h)? The same material may be 
obtained, in much better yield, by the acid catalysed 
reaction of 2chloroquinoxaline with 2J- 
dimethylquinoxaline~ 

A number of apparently similar reactions are known. 
Pratt et al. have prepared, inter &a, the indoliz- 
inoquinoxaline (4) by heating 2-chloro3-(c.ar- 
bomethoxycyanomethyl)quinoxaline (3) with pyridine.J 
3-Chloro-6-methylpyridaxine in retluxing phosphoryl 
chloride forms the tricyclic compound Q;” similar 
treatment of the isomeric amides (6) gives, apart from 
the desired nitriles, two highly coloured compounds, one 
of which was shown to be 7.’ 

Wishing to investigate the scope of this type of con- 
densed pyrrole forming reaction, and at the same time to 
shed some light on the mechanism, we have examined 
the reactions of a variety of methylaxines with several 
chloroaxines. 

(See Table 1). Ten ditI~~methylquinoxalines (la- 
j) have been reacted with 2-chloroquinoxaline. With the 
exception of 2-methylquinoxaline (la) itself, all react 
smoothly in acetone at room temperature under acid 
catalysis affording the pyrrolodiquinoxalines (2&j) in 
moderate yields, there being no evident correlation he- 
hveen the nature of the substituent and either the yield 
or rate of reaction. While (la) reacts fairly rapidly with 
2chloroquinoxaline the complexity of the crude product 
is such that only a very poor yield of the parent hetero- 
cycle (2a) can be obtained. To date, the best method of 
forming (2s) is by the decarboxylation of 2j. 

4Methylquinaxolines @a-e) also react with 2- 
chloroquinoxaline giving the corresponding polycyclic 
compounds (9~); in these cases, however, it is neces- 
sary to use acetic acid as the solvent, the reaction being 
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extremely slow in acetone. Even more forcing conditions 
(acetic acid; 50-60’) are needed for the methylphthalax- 
ines (lob&. While I-methylphthalaxine itself (101) ap- 
peared to react extensively giving a highly coloured 
product (A, 49Onm) the multiplicity of products pro- 
hibited the isolation of the parent heterocycle (lla). At 
tirst sight the lower reactivity of 4-methylquinaxolines 
and I-methylphthalaxines is somewhat surprising as the 
Me groups in these compounds are normally noticeably 
more reactive than those in 2-methylquinoxalines;* we 
shall return to this point. 

Other methyl diaxines such as, inter aliu, Imethyl- 
4-phenyl6-chlorocinnoline, 2-methyl4phenylb 
chloroquinaxoline and 2-methyl4hydroxyquinaxoline 
did not give the hoped for polycycles. Chmolines were 
recovered intact even from fairly drastic conditions and 
the 2-methylquinaxolines gave only minor amounts of 
coloured materials which showed the expected long 
wavelength triplet centred at, e.g. 416~1 (for the 
product from 2-methyl4hydroxyquinaxoline) with 
considerable amounts of starting material being reco- 
vered. Mass SfXctra and tic showed that these coloured 
materials were complex mixtures of, inter dia. the 
desired pentacycle, hydrolysis products, and 2: 1 adducts 
and these reactions were not pursued. The low reactivity 
of cinnolines is not unexpected but in general a Me group 
at the 2quimuoline position is of comparable reactivity 
to one at the 2quinoxaline position.* 

Some prehminary experiments revealed, unsurpris- 
ingly that non benxo fused methyl diaxines were con- 
siderably less reactive than the benxod&nes with which 
we have so far been dealing. Methyl-pyraxines do not 
react with 2-chloroquinoxaline under those conditions 
efficacious for 2methylquinoxalines. +h4ethylpyrimSe 
(12a) reacts extensively (acetic acid; 500) the mixture 
going deep red and depositing a solid; dilution with water 
gave an encouraging transient deep blue-green colour 
(see Experimental on quinaxolines). Work-up, however, 
gave a deep brown solid, tic of which showed it to be a 
complex mixture and attempts to isolate the desired 
heterocycle (13a) were not successful. ZHydroxy4 
methylpyrimidine 0%) is far more satisfactory, giving a 
reasonable yield of the polycycle (13b) albeit con- 
taminatedwithacompoundthoughttobe14. 

ThllttbCChlOroaziae could be varied was shown by the 
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Table 1. 
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2e 

2f 
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2h 

21 
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9a 

9b 

9c 

lla 

llb 

llc 

17a 

17b 

17c 
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C H N 

-- 
R n.p. (OC) Yield (5 

---? 244-5 7 

&4 257-a 74b 

Cl 241-Z 46 67.0 3.2 16.0 

Ocle 266-7 44 72.1 4.5 16.3 

OEt 211 63 72.6 4.7 17.5 

OPh 253-4 55 76.1 3.9 15.3 

Ph 224 57 79.9 4.1 16.2 

C02Ei 203-4 30 69.2 4.1 16.6 

AC 204-5 74 73.4 4.1 17.5 

C02H 170 dec )27' 

H 312-4 30 75.1 3.8 21.0 

cte 305 46 75.9 4.1 19.8 

Ph 315 65d 79.4 4.5 16.3 

H - _ 

Me 257-a 34 76.2 4.5 19.9 

Ph '350 31 79.4 4.3 16.3 

(77)e 

Me 201-Z 10e 72.1 4.7 23.6 

R'=H 

Ph 224-5 3 76.9 3.9 la.7 

R'=H 

Ph 263 30 63.0 4.5 12.5 

R'=Pt 

Found 
x Reql;i red 

C H N 

M+found - N* 
reoujr-ed)~ro' 

67.0 3.0 la.4 

72.0 4.0 16.7 

72.6 4.5 17.6 

76.2 3.9 15.5 

79.6 4.1 16.2 

70-Z 4.1 16.3 

73.1 3.9 17.9 

75.5 3.7 20.7 

76.0 4.3 19.7 

79.8 4.1 16.2 

76.0 4.3 19.7 

79.6 4.1 16.2 

71.8 4.3 23.9 

77.0 4.1 la.9 

63.0 4.5 12.5 

5 

1 

3 

7 

4 

0 

7 

4 

5 

5 

1 

1 

5 

-- 

a) The yields here quoted are those after the first purification step (i.e. - one 
recrystalllsatlon or sublimation) and are based on the chlotiazine. 
b Crude; m.p. 254-5O. 
c Based on the amount of (2 a) obtained after vacuum sublimation. See 
experimental. 

.- 
d) Crtide; m.p. 264'. 
e) Based on unrecovered methyl azine. 

use of chloropyrazines. 2-Chloropyrazine (151) and 2- 
chloro-5,6diphenylpyrazinepyraxine (lSb) I~IVC the expected 
polcycles (17a-c) with 2,3dimethylquinoxaline (lb) 
and 2-methyl-3-phenylquinoxaline (le). The conditions 
needed are forcin8 (acetic acid; reflux) and in the case of 
17a,b the yields are very poor. 

DJSCUSION 
Several possible mechanisms exist for these cycliaa- 

tion reactions. The initial step could be quaternisation in 
a similar mechanism to that proposed by Pratt and 
Keresztesg (Scheme 1) but we felt this to be inherently 
unlikely because of the low nucleophilicity of quinox- 
alines (for which our reaction works best). The alter- 
native first step is the formation of a C-C bond, either by 
chloride displacement’ (Scheme 2) or by addition to the 
unsubstituted C-N double bond (Scheme 3). 

Were the formation of a diquinoxalinyhnethane (18 cf 

the formation of diquinolylmethanes4 the initial step, 
then a “blocked” 2-chloroquinoxaline (e.8. Ze) should 
aflord this type of intermediate (19) upon reaction with 
2Jdimethylquinoxaline (~JJ) as the normal cyclisation 
could no longer occur. However, even under forcing 
conditions (acetic acid; reflux) no such material was 
observed, starting materials (or hydrolysis products) 
bein recovered; similar negative resuIt.s were obtained 
usin several other combinations of reaction partners, 
Scheme 2 may therefore be eliminated. 

Any proposed mechanism must account for t&e kss 
facile reaction of LmethylphthaGnes and 4- 
methylquinaxolines despite indications that these Me 
groups are more reactive than those in 2-methylquinox- 
alines: This can be simply explained on the basis of 
Scheme 3 if one examines the role of the acid catalyst 
more closely. Addition of carbon acids to azines is by 
now a well established phenomenon (see particularly the 
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work of Albert d uL)’ and in certain cases is known to 
be reversible.‘o If the first (and rate deal step of 
the reaction is the addition of the methyl axine to a 
protonated molecule of 2~~o~~o~e. then the 
ease of reaction will depend upon the relative basiciies 
of the two axines; quinazolines are far stronger bases 
than quinoxahnes and phthalazmes are yet stronger, 
thus, other things being equal, one could expect the 
observed order of reactivity. Similar arguments would 
apply were the cychsation step acid catalysed and rate 
determining. 

As may have been noticed this type of reaction is not 
normally useful for the preparation of the parent 
heterocycles; as an alternative approach we therefore 
examined the reactions of 2~~or~3-~~yIq~o~e 
(lc) with quinoxaline, quinazohne, and ph~e; this 
approach (lc+za) corresponds to that type of reaction 
observed by Pratt and Keresxtesy.’ Under our con- 
ditions (acid catalysis; acetone or acetic acid at room 
temperature) ah these three reactions gave mixtures of 
highly coloured compounds and were not preparatively 
useful; that the parent heterocycles &$a) had been 
formed in the 6rst two reactions was easily established 
(accurate mass measurements; & values). The reaction 
complexity is not altogether unexpected (t&&r in~m) but 
a point of interest which emerges is the relative speeds 
of reaction of the three diazines. Quinoxaline reacts in 
acetone at room temperature giving a modera& yield 
(albeit a mixture) of cyclic products (accurate mass 
~~rnen~); the other two diaxines react not at ah 
underthese co&i&s and even in acetic acid, react&m is 
slow at room temperature. This impiies that, at least in 
these three cases, acid catalysed addition of the methyl 
group to the axine cannot be the rate determining step of 
the reaction. 

Certain of these ring forming reactions give un- 
expectedly low yields (when a product can even be 
isolated). Ah these cases have a feature in common4he 
intermediates (and the final products) possess an un- 
substituted C-N doubIe bond and are thus susceptible to 
secondary reactions such as addition of another molecule 
of methyl axine; this may explain the product complexity 
which usuahy pertains in these cases. Out of the six 
examples where the intermediate (leading to Za, h, 11~1, 
a 17a, 17b) c&d be envisaged as reacting further in 
only one case (9a) was a reasonable yield of polycyclic 
product isoh#ed (from the quinaxoline Sa) and the 1,2- 
bond of quinaxolines is not noted for its propensity to 
add nucleophiles. The complexity of the reaction of 
2-40~3-methylquinoxaline with the three diaxines 
may also be explicable on this basis. 

ExFElUWrAL 
M.ps~UliCOfECtCdMdWm:dCtCrminad~ingflGallenkamp 

apparatus or a Koitler mim8copc hostage. lit spectra were taken 

on a U&am SP-250 spectrometer ia Nujol mulls. UV specha 
were measured in !M EtOH oaiag a Unicam SP-IMOA og 
paratns. NhfR spcctta were mcaaured on a Pcrkia-Filmcr RIO or 
Rl~~~~T~~~~s~~C~~~ 
solvent ardess othelwise 8tatcd. Mass spectra were obtained 
usinganAEIMs9orMS3Oat7oevandpcakabuhmxsarc 
qootcdasapcrccntageofthcbasepeak. 

‘Care must be taken to avoid proloogcd beating as this acid 
dccarboxylates fairly readily. 

‘Ths d&h compound was resistant to ahline fenicyaoidc 
oxidatioa bfnstafa et a/. claim to have isolated UJC oaidiscd 
compound directly from the mixturc.p 

2-~~hy&-3p~~~~~ (U). 2-CbIo~3methyi- 
quiaoxaline” (3.6 a, 2OnuuoQ was added to a melt of 
sodium pbcaoxide in pbcnoi [from Na (2 g, 87 mmoi) sad phenol 
(lOO&] at 90” and the whole heated at IlO-1W for 24hr. Afta 
~~,~e~w~~~~NaOH(~~~ 
the buff coloured product fUterui off. Puritlcation by passage 
tbrougb ahina (C& as elMlIt) gave lf 88 a white solid (4.65 g, 
9896); m.p. 101-102”; II 2.8 (3H, II, Me) end 7.0-8.2 (9H, m, ArH). 
(Found: C, 76.3; H, 4.9; N, 11.8. C,JH,2Nfi requires: C, 76.3; H, 
5.1; N, 119%). 

2-Carbtihoxy-3m~hylqnino~ (1~). A soln of ethyl a- 
oximinoacctoacctate12 (32 g, 0.2 mol) ia water (150 ml) was added 
to o-pbenylencdii (21.6 g, 0.2 mol) in aqueous AcOH (SOS6 
by volume; 48 ml) and the wbok beated IN& nlhtx for 1.5 hr. 
After cooling, the mixture was thoroughly extracted with p&u1 
(40-6tP) and evapofatioll of the extracts gave the cnidc product 
(4.5 I(); ~s~n from EtOH-water (1: 3) gave le as fluffy 
white ntbdies (3.5 & 896); m.p. 73-7Y. lit.” 74*; v, 1718 em-‘; 6 
1.64 (3H, t, CH&H3), 2.98 (3H. s. ~-MC), 4.61 (2H, q. CH,) and 
7.6-8.3 (4H. m, ArH). 

3-hfethyiqnitwx&c-2-carboxyiic acid (18. A slurry of le 
(1.19) in SN NaOH (25 ml) was rclluxul for 4br. After cooling, 
themixtmewasmadeacidtocongondwithWHzSO,andthe 
crude acid filtered off (0.6g, 64%; m.p. 1ST” dec.); m.p. (water’) 
1550 kc., tit-” 1542 v, 349 and 1705 cm-‘; 8 3.2 (3H, s, Me); 
7.7-8.6 (4H, q , ArH) and 8.8 br (lH, I, OH). (FouMI: C, 63.9; H. 
4.4; N, 15.0. Cak. for C&N&: C, 63.8; H. 4.3; N, 149%). 

o-AmJw~~Uopti o-N_ (log, 6Ommol) 
in AcOH (80 ml) and water I2Omlj was hatted at loo” while 
slowly add& Fe. poivder (14 g,. 250 imol) over 2.5 hr and stirring 
vigorously; after l.Shr a fiutk 2Oml of wstcr was added. The 
mixture, after dilation with water (2OOml) was cooled and 
extracted with ctber. Afta waslkg with Na&(h aq (until ncu- 
~)~~,~e~ex~t~~~~~ 
evaporated dowa giving the amine as a light brown liquid (7.6 g. 
93%) which did aot require for&r puritication. 

Tbc acyl derivativei required foi quinazohe synthesis were 
prcpari?d ill staodard fashion. 

2-‘4celyiilmino+chlo~heJlo~ 2-Amioo-5shlo&- 
zopbenonc (23 0) and a little Zn dust were heated in A& (12 ml) 
and AcOH (10 ml) at l@Y’ for 1 hr. Addition of the nsultant soln 
towater(W)mnaavcawbiteJolidwhichwas~~off~ 
t’~~stahd fr6mEtOH givhg tine white occdks (23.4 g, 86%); 
m.p. ll7-lW, lit*’ IlP, &3Mo. 1665 and MOcm-‘; A, 238 
and 324 mu: I 2.2 13H. s. Me). 7.4-79 F7H. m. Ph and 4.&H). 8.63 
(lH,d, J,,&3_H)prrd Xi.ibr(lH,‘s,~Hj. .. 

~~~-2-rn~yi4~~~~~ Ammonia was pfx3sed 
through a suspension of 2-~~5S~~o~~~~ 
cro) in molten ~~ acetate (45& at lW for 3br. After 

giving the quinazolinc in a bigb d&c oiputity (6.i g, 98%): m.p. 
lW, lit.” 10~1oP. Reuystahtion from petrol 60-W (35 ml) 
gave a pale yellow solid (55 g, 85%); m.p. &I-lW, v, (HCBD 
mull) 1SSS and 14Wcm-‘;I’ d 29 (3H. s. Me) and 7.5-8.1 (8H, m, 
AW. 

PreparM using the same q ethodlB were the followiug 
qlliaa2oliue.s: 

CMethykptkd@” 2&lXmuhylquittawk (sS)-49% 
after vacuum distWion, 4-Methyf-2-pheayfquimzzdkc (&)- 
8996 “W, m.p. S!MU’, licit w A, 261,286,320 and 330 (i) 
~1~~~~, 7p28.1 F. m) and 8.65 (2H. qk 

hthdapn30 (411, 31mmol) in THF 
(SO~)muaddsdto~r[fmmMgfl~4lmmoi)iaTHF 
(~~~~(6&~~~~~~1~ 
tdluxcdundarN~f~6br.Ahastiniap~droomtcmp.. 
excus Grignd reagent was destroyed by tkc addition of sat 
NH&laqandtkcrudeproductextrackdintoetber.Tbe 
extracts were Washed wilh 1ON NaOH, died Ihcssor) and 
CvaporaM down giviQg l&lihydro-lghylph~” as a 
dukvhusoil.Ibecnuledihydrocompotmdwashtcdio 
rulhuhg bca?mlc (1sOml) with Mnqc.(#)g; Bhr) and Bltaed, 
wih hot, thogb Hido. washing the solits tborooghly wi& 
beazcoc. Evapomtion of the solvent gave a fairly pure sample of 
the pmdWt (MSg, 8!%). Recryatatlishn from Mucne gave 



3.35 g (53%) of a pale brown solid; m.p. 141-142o,lit.= B-141”; 
A- 279 mu; 8 7.4-M (9H, I, carbocyck ArH) and 9.65 (lH, R 
PyridazioylH). 

The same m&Xl” was used for the prepar&on of 1Q II 
(Cm, 2.95 (3H. II, Me), kObr (4H. s, 5,6,7. &HI and 9.42 (lH, s, 
4H) except that diisopropyl ether was used m the .5okent. 

l-&fhvf4~hatv&~~ IlgcL Mehfrd ffrom Mn IO.67 IX. 
28m!UOi)- io khk iE(tnl) and bred (3.6& ti mmol) -i& ether 
@ml)] was ad&d under Nz to a suspension of l-phcnyi- 
phtbaladne (3 g. 14.6 mmoll in diisopropyl ether (60 ml) and the 
whole r&xcd, under N2 with s&ring, for 16.5 hr. After leaving 
oven&t at room temp., the mixtore was worked up as above 
giving a qum&ative yield of l~-~~-l-m~h~4p~~- 
PJitkoloztf as a viscous brown oil; g 1.48 (3H, d, J 7H2, Me), 
1.35 (1H. q, J 7Hx, I-H), 6.Obr Wi. s, NH) and 7.2-7.8 (9H, m, 
ArHj. Wdation by heating with MnC& (Up; 6hr) in nfhuing 
benz8ne (15OmtI gave the desired Prodoct (lee: 3.2a 100%). 
Rccrysd fib anzenbpetd, 60-W gave a pile browi 
solid (1.6~ 5096); m.p. 123-lu”, LB 125-W; Amu 274.5 nm; 6 
3.06 (3H, 8. Me) and 7.6-8.4 (9H. m. ArID. 

l,cLkk!thro;h!t~ (I&). This waY# prepared (42% crude: 
m.p. KM-lW, lit.y 1080; 21% after recrystalWio0 from water; 
q .D. 104-1060) bv the action of MeWd upon I-bvdroxvrd&laz- 

2.1(3H, m, Cii, akl Oti: 3.3 br (W, s, NH& 6.33 (lH, d, 3’-H) 
and 6.85-7.35 0H. m. 4’. 6’ H and PI& lEc cn#le carbinol was 

alumonia,afNifil~,givingtlmcllxlcproductasmlormtgc- 
brown solid. RecrysUsation from 90% Et0H uavc Ikkloro-3- 
m+l+phal~ (25Jg, 47% from tbekartiug ketone) 
as dull Wow needlea; m.p. 165-W; A, 234.3 (c 52,100). 304 
k 60001, and 331 (c Moo): 6 (CC&) 2.65 (3H, (I, Me), 7.2-7.7 (7H, 
q ) and 8.37 (lH, d); m/c 2% (35%),255 (20%). 254 (MO%, W), 
239 (5%). 226 (4%), 22.5 (lO%), 192 (9%), 191(62%, M-N&l), 190 
(16%). 189 (SO%), 165 (lO%), m* 225 (254+239), 201(254+226I 
snd 142.5 (191+ 165’). @WI& C. 70.6; ii. 4.15; N, 10.9. 
C,,Ht,Nfl mquircs: C, 70.7; Ii, 4.3% N, 10.9%). 

b~~li~~:4~ (hf. C&o- 

8 further rc&Mk&n; A- 274 (c &a@, 304 i (t 9600). US 
i (e 7100), 370 (c lO,tW& Un (cr llJoo), 447 i (e 3200), 467 (c 
4100), and 493 nm i (c 3000); d @PA d) 7.5-9.3 (SH, m), and 9.9 
t1H. dd, 1-H); nla 306 (36%), 304 (tow6, M+), 269 (18%), 141 
0%)‘ 114 (ass), and 1@2 (10%). !WIarly pr@uled were the 
fonowiag: 

‘Kbuily &mated by Aspra Niib~ Ltd. 

~~[l~-a:4~~~~~~~ (&I. The CrlIdc solid WBP 
subIimui under vacuum (l%P; O.Smm) giving 2a (7%) as a 
yellow+range SoIii; m.p. 244-243*: 

b~~hy4y~[l~~:4~~~~~~ (2b). The crude 
product (74%; m-p. 254-Y. lit.* 2sI-80) was conveniently puritkd 
either by crysMisatiou from dimethyl sulphoxide or by vacuum 
sublimation (200”; 0.2 mm). 

bMethoxypynolo[l2-a:4J-b’ldiquinox&u @I). The crude 
solid was crystal&d from tolucne giving M (44%) as yellow. 
orange needles (m.p. 28560); two further nerytallisatioDs 
sfforded an analytical sample: A,, 267.5 i (ct 34$X@), 273.5 k 
39800). 294.5 (c 17&O), 301 i (c: 13,700). 342 i (c 5700). 360 (a 
10,900). 376 (6 12,200). 437 i (t 4200X 452 (t: 4700) and 490 nm i (c 
29001; mfe 300 WO%. hi’), 271 @I%), 2S7(23%), 167 (7%), 142 
(5%). 129 (9961, 114 (S%), 102 (22%). 90 (HP%), 76 (11%) and 75 
(10%). 

bEfhoxypy~o[l,2-a:4$-b’j diquinoxalioe (2e). The crude 
solid was rccrystallised from EtOAc giving 2e (63%) as fine 
yellow-orange needles, q .p. 21@-211O. Further recrystallisation 
gave an analytical sample; A,, 267.5 i (6 33,700), 274.5 (c 
39,600), 296 (c 16300). 3OS i (+z 13,2tlO), 345 i (c S700). 362 (c 
10,203). 378 (c 11.600). 433 i (c 3400). 455 (E 4400) and 490 mu i (e 
3Mm1: m/e 314 IlOO%. M’I. 299 115961.286 WXY6. WC&I: 270 
(69bi.257 (lg%; 2tGIco~ 167 iasai. 156 i18%),. 143 &I$ 129 
(LB), 114 (6%). 102 (24%). 90 (15%) and 76 (9%); m* 261 
(314 -b2%6). 

b~x~y~[l~-a::U-b’ldiqulnaxolinc (?#). The ende 
~~d~~s~~rn~~~~~~~~o~ 
needks (53%; m.p. 2X&30), Further Asian gave an 
an&&al sample, m.p. 253-i”; A, 273 (d sO,lOO), 364 (e lS,lOOh 
380 (c 16,000) and 466nm (c 5400); m/e 363 (28c16). 362 (NO%, 
M’), 361(36%), 181 (lS%), 113 (11%). 

b~~y~~rl~-a:4~~~~~ (2&. Tbe crude 
solid was rccrystalIistd from benzene giving 2g (57%; m.p. 222- 
4”) Bs tine OrangMd needles; fwtbcr Iwrystauisptill gave an 
analytical sample; A, 243i (e 22,7O@, 277 i (t 38,WJ), 28Q (t 
42,400), 290 i (c 38,8&I), 318 i (c 12,2@0), 362 i (c PIOO), 375 Cc 
13,400). 391 (C 15,400), 470 i (c ZOO), 1183 (e Saoo) and Mum i (E 
rsoo);nJe316(10096M+),~~)218(21%)b)aodn(696~;m*1~5 
f346+2181. 
‘- bCo~~~py~[l~-a:4f_bcf~u~~c (2b). The crude 
solid was v&Xmm subibned (2wo; O.Smm) givii 2b (30%) as 
purple ncedks; m-p. 203-204~; v,, 172Ocm”‘; A, 279 i (c 
28,7W, 284 (c 32,4tKl), 290 i fc 27,700~, 317 i (c 6OM). 361 i (E 
54001.378 Ir 86001.397 k 105001.491 i Ic 30001.507 k 32001 and 

243 (6%), 19 (6%). 167 (5961, 142 (18%), 115 (996)s 114 (1896h 102 
f27%1.90 0Mh.76 f18%) sod 73 11296k m* 213 1342+270). 

b~~~y~io[lj-a:iS_bldiqu~~c (?@:The cn& solid 
was recrystallkd from EtOAc gi* 21 as fioe purple nccdks 
04%); &u 1695 cm-‘; A, 274 i (c 3550@, 284 (c 47,600). 294 (lr 
41,600); 320.5 (c 8200), 360 i (t sooO), 378 (c ll$OO). 397 (c 
13,100), 498 i (e 3900), 516 (c. 4000) and Sh? i (c 2600); m/c 313 
(23%). 312 W%. M+), 2&( 0196, M-CO), 270 cjasb, TWO), 
269 (27%. MCH$O), 163 (If%), 113 (2.5%), 101(17%). 

~~[13g:4J_b~~u~~~~c~~~ Mid (21). 2- 
cblotuquilloxaline (315mg$ 19mmoi) and 3.mcthylquifJo~ 
2-carboxylic acid (450 mg, 2.4 mmoi) were stirred at room tcmp in 
acetone (Zomi) tog&her with cone HCI (2 drops) until UC in- 
d&ted tbc absence of 2~~~0~ (3 days). The red- 
btacksolidwasfittcndoff,~~woltr,uddried(O.3gl; 
L 281. 37& 390 and 476nm. Vacuum seen (19ao: 
0.5 mm) rfSultcd in &carboxylatioll giving fhe parent hcterocyck 
P (0.14 g. 27%). 

bM~~~~[Z~:2$~y~[lJe]q~ (9b); 2- 
Clhoqhoxalioe (1.2 g, 7.3 mm& and 2,4dimetbylqumudw 
IlAg, 8.94 BYSC stirred at room tnap. in &OH @Omi) 
toBetbcrwithcoDcHCI(lQop)untiltlc~tbe~~of 
2&oroquinoxaJi~e (6 days). The yellow-brown mixture was 
poured into water (M ml). giving a deep blue-grecu suspenrion, 
~~~0~~ TkccrtldepNxhctwastwrcd 
off~~~~~~a~~~2~~~~~ 
~O~(~O~Of~ 
pouadl). Soxbkt extra&m of this solid with EtOAc gave, upon 
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