
Qumoxahno[ 2.3.h ]I I .Qlhcwothlazmt I ha\ hccn alk, 
ylatcd’ hut the po\ltlon of \ubWutlon has not hccn 

cct;lbh\hcd Treatment of the performed amon of thl\ 
compound wth methyl lodldc gave two Isomcnc N 

methyl dcnvatl\c\ In a ? I ratio f%c mapr product U-P\ 

dcntlcal ulth an unamblguou+ l )nthc*lrcd (from 

~..\J~chloroquinoxalinc and N mcthyl.o.ammobcn- 

lcnethlol) sample of the I!.mcthyl compound 2. the mmor 
product, therefore. I\ the Il,mcth)l dcnvrtlve 12 

Mcthylrtlon of pyrulno[?.J-h)[ I.l)benlathurme 6 
hkcwvlrc gabt IWO product\; the mrjor I\omcr was shown to 

hc the I&methyl dcn\atlvc 7 by comparl$on wvlth an 

authentic \pcclmcn lfrom ,T.2dlchloropyrarmc and N- 
mcthyl+~~mmohcn~cncIhloll 1%~ mmor. more hIghI) 
colourcd. Iturner w;i\ Isolated b) prcparatlvc I’L(’ 
lcolumn chromdtograph) on s111ca or alumma rc\uItcd in 

cxIcn\l\c dccompo\lIlonl and II\ -+cctral data arc 
con\onanI ulth the I-mcthbl formularlon 14 

The qumoxalmo[!.I.hjI I.~~hcn~r~th~~mc ring \)tfcm 

ha\ been known for mdn) jcar\’ and In the htCrdtUrC ha\ 

been arbltrsrll) awgncd the l!H I or I IH II \IrucIurc 
Comparlu>ns of \pcrt.ra IPMR. IR. 1JVb of the parcnr 
compound ulth thotc of I[\ IWO K.mcth>l derlv&bc\ 2 

and I2 \hou that II CXI\I\ In the I2H form I. partaularl) 

tcllmg drc Ihc ultra\~olct \pccIrd 11ahlc I) The \pcclra of 
the prrcnt ha\c and iI\ IZ.mcth)l &rlvdtlW 2 drc wr) 

\Imlldr. the major dlffcrcncc hcmg a hyp\ochromlc \hlfl 
of the long uavcltngth dhWption. the mdgnltUdC of 
u-hlch I\ COqWdhlC ulth IhaI ob\crvcd upon .3’. 

mcthylatlon of phcnarhlalmc ’ Olhcr Npcctrrl drld (WC 
cxpcnmcntall ;tl\o support Ihc 1H rIructurc 

Slmllarl) ( fahlc I) the (IV \pcctra of the p)rarmohcn 
lothlazmc 6 and II\ IO mcrhbl dcrl\allvc 7 arc alike. Ihut 

\hoump. not uncxpcctcdl). Out the p&en1 thulmc cxl\t\ 
In the IOH form 6 1 hat ;yaphcnnthlrrmc\ ma) cxlst with 
the proton on the dLlnC rmg ha\ been dtmon\IraIcd in the 
c’.trc of the cmnolmo compound IS u hlch. In CIhanOl. I\ ;L 

mlrturc of the 7H dnd I>H tautomcr<’ 
Acct)l;ltlon of Ihc qumoxalmo thl.umc I g~vc a 

chromalogrdphicdll) homogcneou\ mJtcridl in CxCCllCnI 
yield Clcarl). a\ uith mcthglatlon. dcCI}ldtlcm could have 
occurred both aI poWon I I and I! and the IW ~pcctrum 
of the producr h\ a douhlc cubon) dh\orption ‘Ihc 
abtcncc of dn! lung urvclength ahwrptlon in Ihc UV 
\pccIrum. houebcr. make\ II unhkcl) that an) of the 
I I acct)l dcrlvatlbc I3 ha, hccn formed and Ihc doublet 
cdrhm)l I\ prohdbly due IO Iwo dif7crcnl rolameric form\ 
ulth the carbon)1 ux.)gcn in CWIJ and trrn\oid 
rclrIlon,hlp\ ulth the lone pair at po\lIlon I I Slmdar 

douhlct carhbnyl\ have been reported. rnkr oh. for the 

methyl and ethyl cttcrr of !qumoxahnt carboxyl~c acid.’ 

The altcmatlve posslbdlt) of the ea~\tcncc of the acctyl 
group In “extra” and “mtra” po\ltIonr lphcnothlarmc 13 

not planar)’ 1s less hkcly; various acylphcnothl;ulnc~ have 
been reported a\ cxhibltmg a \mgJc abtorptlon In the 

c&bony I region 
Treatment of the N .mcthyl pyrarmothumc 7 with 

potar,lum pcrmanganalc’ gdvc a good ylcld of the 

stdphonc 10. \Imllar treatment of the qumoxahno 
compound 2 gave d mixture of Ihc \ulphoxldc 3 and the 

~ulphonc 4 Whereas the %ulphoxldc 3 wat formed cleanly 

hy the acllon of mdobcnrcnc dlchlorldt’ upon the 
4phldc 2. ~lmllu treatment of the pyralmo compound 7 
UdS accompanied b) a small dmwnt of chlormatlon in the 

I x-s, R-H 6 x-s, R-H 

2 X-S, R-W 7 x-s, R-t& 

3 X-So, R-W 8: X-SO, R-H 

4 x-!50>, R-Me 9. X-SO. R-h+ 
3. X-S. R-& IO. X-SO,, R-h4e 

k w 

II Q-H 14 
I2 R-W 
IS. R-AC 

I5 I6 



Tahk I. t:V data (spectra taken in !X% ethanol) 

(‘ompwnd A Y. nm (0 

1 32 (73,ooo). m-i?87 (8400). 43 f 11.100) 
2 30 (535au. 28s (73al). 410 (10.900) 

I2 32 sh WlC@). 260 (1Ol.ooO). 430 sh (IR.000). 
~6 (19..Mo). 4iO sh ~l?.loO) 

6 244.5 (ZS,.3m 319 (3500). 3x6 (4200) 
7 243 (maN. 313 (3100). 3n (4900) 

pyrazinc ring giving 16 in addition to the desired 

sulphoxidc 9. PMR spectra are a useful diagnostic aid to 
the oxidation state of the sulphur bridge in the N-methyl 
compounds; the methyl protons undergo a downfield shift 

of ca 0.5 ppm upon oxidation at sulphur (little change is 

observed in going from sulphoxide to sulphone) and, with 

the pyrazines, the proton ortho to the sulphur bridge 
resonates at lower field (ra 0.3 ppm) in the sulphone 10 
than in the sulphoxides 9 and 16. 

An attempt to form the sulphoxide 9 using ammonium 
hexanitratocerate(IV)” was similarly complicated by the 

formation of by-products; in this case a mixture of 

di-nitrated compounds (inseparable by chromatography), 
unoxidised at sulphur. was obtained in addition to the 

sulphoxidc 9. ‘The use of ammonium hexanitrato- 

cerate(lV) as an oxidising agent is not normally com- 
plicated by concurrent nitration,‘“~” allho& nitrations of 

acridine and acridone by this reagent have recently been 

‘Sirnx rhc compktmn of thrs work WC have succeeded in 
prepanng the Suxmk 8. The Soride is rtabk in both aqueous acid 
and bax and is IWI considered IO hc an mtcrmcdiatc in ~hc 
rinpsontraclion rqucncc. 

6 -.-- 

reported.‘-‘ It is likely that the formation of nitro 
derivatives entails successive electrophilic attack by a 
nitratocerate anion upon the dication 30 (see Schemes 2 

and 3): a mixture of products would be expected were this 
the case. 

Upon treatment with iodobenzenc dichloride in 

aqueous acetonitrile, the pyrazinothiazine 6 did not give 
the expected sulphoxide (8).* ‘Ihc product of reaction was 

found to be benzothiazolc Z-carboxamide 17 and this may 
well arise from the reaction sequence shown in Scheme I. 
A number of benzo[ I.4jthitines” are known to undergo 
ring contraction. of particular relevance is the ready 

conversion of the indolobenzothiazine 18 to the spiroin- 
dole 19.” Also of interest is the formation of a Pummerer 

product from the pyrimidobenzothiiin 29 which gives a 
chlorinated material 21 upon treatment with thionyl 
chloride. 

The action of sodium nitrite in acetic acid upon 
phenothiazine gives the dinitro derivative 22; in marked 

contrast N-alkylphenothiazins yield sulphoxides.” 
Treatment of the quinoxalino- and pyrazino-N-H com- 
pounds 1 and 6 with sodium nitrite in acetic acid gave, in 

each cast. a mononitro derivative. ‘These nitrated 

materials were identified, by spectroscopic means. as the 
3-nitro derivatives 23 and 25. In both cases PMK 
spectroscopy demonstrated that substitution had either 

occurred at position 2 or position 3 and the pronounced 
bathochromic and hyperchromic shifts attendant upon 

anion formation showed the presence of para nitroanilinc 
type chromophores’” thus excluding nitration at position 
2. Of some interest is the nitration of the pyrarine ring, 

normally a most difficult accomplishment. 

Treatment of the two N-methyl compounds 2 and 7 
under similar conditions also gave nitrated derivatives but 

N \ Sgf) i / -7 5s 

t’ 
N 

Ii 

Scheme 
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23: R-H 
24: R-Me 

25: R-H 
26: R-Me 

in a far slower and less selective manner. Both the !- and 
3-nitro materials (27 and 26 were obtained from the 

pyra-ddnothiazinc 7; these resisted chromatographic sc- 

paration but rccrystallisation of the mixture yielded IWO 

different types of crystals, manual separation of which 

Rave impure samples of the IWO products. The major 
isomer was idcntificd as the 3-nitro derivative 26 on the 
basis of the similarity of its UV spectrum with that of its 
N-H analoguc 25 and as PMR spectroscopy had shown 
that both products were substituted in the pyrazine ring 
the minor isomer could only be the Z-nitro compound 27. 
Only the 3-nitro derivative 24 was isolated from the 
quinoxalinothiazine 2. again identified by UV and PMR 
spectroscopy. 

A probable route for the formation of these nitrated 
materials lies in the IWO electron oxidation of the 

r;cc 
27 

31 

substrate (probably in two discrete s~cps)* by nitrous acid, 
giving orthoquinonoid cations 2%3t. followed by con- 

jugate addition of nitrite ion (and/or nitrous acid) IO the 

cationic centres thus generated. In the case of the cations 
derived from the IWO F-H compounds (1 and 6) (the 

dication formally derived from two electron oxidation of 

phenothiarure is known to bc dcprotonatcd in all but the 
most acidic media)’ there is only one cationic ccntre; a 
selective reaction thus ensues (Schcmc 2). In contrast, the 
N-methyl compounds 2 and 7 afford dications 30 and 31 
upon IWO electron oxrdation and can therefore undergo 
conjugate addition not only to the sulphur but also 
LSchcmc 3) to the nitrogen. 

That this type of mechanism also occurs with phcno- 
thiazine has been shown by treating it with ferric chloride 
in the presence of nucleophiles (including nitrrtrj; this 



procedure gives 3-substituted derivatives.” Consideration 
of the probable relative oxidation potentials of these 
various azaphcnothiarines (a large number of oxidation 
potentials are known for phenothiazincs)” makes it seem 
likely that all obscrvcd features of these reactions with 
nitrous acid are explicable on the basis of the proposed 
mechanism, as indeed is the formation of dinitro 
compounds from the strong oxidizing agent ~monium 
hex~~t~erat~[V), and further work is in hand upon 
this topic. 

Y.ps art uncorrected and were determined usiq a Galknkamp 
apparatus or (where stated) a Kofkr hotsfagc. IR spcctrr were 
taken on a Utrkam SY-2fM spectrometer in Nujol or HCRD mulls. 
UV spccfra were L&en on a Unicam SP-8C0A machine in 96% 

ethanol. NMR spectra were taken using a Pcrkinklmcr REB 
spccfromcter using TMS as an infernal stamiard. Mass spectra 
were obtained using an AEI MS9 or MS 30 spccfromcler at 70cV 

and peak abundances are quoted as a percentage of fhc base peak. 
Cohnnn chromatography was carried out using Merck 7734 silica 

or lapof% alumina type H. 
12H-Quinorolino[2,3-b][ ~,4Jb~z~~~iuz~~ 1.’ 2.3~Dichloro- 

quinoxaline (13.2 0. 66 mmol), o~~i~~n~~fb~l 18.5 8. 66 
mmol), and sod&n carbonate (2og. 189 mmol) were heated tn 
refluxing” o.dichJorobcnzcnc (120 ml) for 30 min. After cooling, 
the semisolid reaction mixture was shaken with water (20 ml) and 
Ntered. Jhc rcsuhant tight yellow solid was w&cd wfth rater 
and drkd grwng the product (lS.9~. 91%): mp. 282-283” 
f1,4dioxan), hf.” B4-285’; Y,. (Nujd and HCHDl 37Jy) (NH). 
lS?Q 14885. 1415 and 1370 cm ‘; 6 @MS0 r&j 6.9-7.3 f4H. m, 
1.2.34-H) and 7.45-7.X f4H. m. 7.8.9.1fJH): m/r 2.52 f!l%). 251 
lIo(Fk. M). 250 (Iff%). 219 (19%. M-S). and I25.S fl3%, MI’); m* 
191 (Ul-+219). (l+nmd. C. 67.4: H. 3.9; N. 16.3. Calc. for 

C,.H.N,S: C. 67.0; H. 3.6; N. 16.7%). 
lOH-P~ra~urt]2.3-b]]l,4]bm~~~fhiu~Lrr 6. 2.3.Dichloropyrazine 

16 8.40 mmol), o-aminobcn?*ncthid 15.2 R* 41 mmoif, and sodium 
carbnnafe (858, 80 mmoi) were heated in refluxing” CJ- 
dichlorobenttnc (35 ml) for 30 mm. Work up as sbovc followed by 
vacuum subltmatxm (l&T; 0. I mm) gave the bright yellow product 

(5 8, 62%); m.p. 19f)-l92” (tducncvpetrol IO&I_T); Y,. (Nujol) 
322Ocm ’ (NH): d (DMSO &)6.7-7.2 (4H. m. 5.6.7.8-H). 7.75 (2H. 

s. 2.3-H). and 9.6 br (IH. NH): m/r 202 (6%). 201 flfXJ%. M). 100 
(4%). 174 (2%. M-HCN). I69 (IQ%, MS). I57 f&T?, M-CS). and 
IOO.! (4%. Mr’); m* 151 f?Ol~l74), I42 L?Ol+169). and 123 

(Ml - 157). tFound: C, 60.2; H, 3.8; N, 21.0. C,,H-N,S requires: 
C. 59.8; H. 3.5: N. 20.9%). 

l?-.~cth~fqvkluinuxafino~2.3-b)~ l.4jb~nztrfhia~ine 2. 24Dicb- 
l~~ui~x~~ (2.74 g. 13.8 mmoi). ~~~tbyi-rJ.~i~n~ 

rmnethiol” i I .9 g. 13.8 mmol) and sodium carbonaft (4 R, 38 mmoll 
were heated” a1 IfXY in udtchloroberurnc (15mIl tar 30 min. 
Work-up as above gave the crude product, mp. l7& IRfT (I.3 g. 

45%); a further 1.8 g of crude ma&al was obtained by scparafing 
fhc organic layer of the filtrate and reductng if IO dryness. 
Rccrystallisafion of the crude material from petrol f!&lo(p gave 

FIM yellow necdks; mp 182-184’; L. fNu)ol. HCBD and Ccl.1 
l%J. 147% 1435. 1405 and 1370 cm ‘; S (CLX’I,) 3.55 (3H. s. MC) 
md6.eR.0f81t.m.ArH):m/r?M~l~Q~.!65f1~,MLo.261~3146l. 
250 (24%. M-Me). 233 (7%. M-S). 232 (12%). I51 (p(k) and 132.5 
fXQ.M“);m* 231 l!33~!32)and205(!6~-.?33~.~F~~nd:C.676: 
H. 4.4: N. 15.9. C,,H,,S,S requires: C. 67.9; H. 4 2. N. IS.%%). 

l~Mct6y~pvfpvru~ino]2,3.b][ t,4lben:oliu:inr 7. !3Dichloro- 
pyradne f7 1 g. 48 mmd), M.metbyl-o-aminobenrtnethioll 

(6.6 8.48 m&l. and sodium carbonate (6 8.57 mmol) were heated 
in refluxing” odrc~~r~N~nc (35 ml) for 1 h. After co&ng, fhc 
reaction mixture was partitioned between wafer and chloroform 
and the organic phase evaporated to dryness. giving a dark brown 
solid. Rccrysfallisation from petrol 6&l#J gave the pure product 
as dull yellow crystals (6.68. 63%); m.p. 102-103”; 6 fCCL) 3.34 
(3H. s. Me). 6.7.5-7.45 fdH. m. 6.7.8.9-H) and 7.U9 (2H. s. 2.3-H); 
m/r 216 (II%). 215 flOO%. M). 214 (8%). ?oo (38%. M-Mel. 182 
(7%. M-SH). I46 (5%) and 107.5 (3%. !#‘): m* IR6 f!l.Z~200). 
(Found: C. 61.2: H. d.3; N’. 19.7. C,,H,N,S requires. C. 61.4, H, 
4.2; N. 195%). 

M~thylufron of I?H-quinoxalincll2,3-b][ I.d]btn:ur,rhiu:iru I.‘Ihe 
wdium s+lalr of 1 wac prepared by adding tht fhiazinc t-XfO mg. 0.R 
mmol) to sodium hydride (1 mmol) in dry DMF ll00ml) and 
stirring for I h at I-U. loo” under dry nitrogen. The tight red 
solution thus obtained was cooled and methyl iodide EfXl mg, I.4 
mmol) m dry DMF (.‘0ml) added dropwise, the cofour gradually 
going yellow. ~~Mfion of the product ITLCt rtveakd the 
presence of two pr&rcfs of stmilar mobihty as well as traces of 
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the lew mobile starung material. These were separated by column 

chromatography on alumina (ethyl acetate-petrol 60-W. I :9. ax 
clucnt) gtving lhc I?-methyl derivative 2. m.p. 177-l%. (84 mg. 
42%) first and subscauently I I-melylquinoxalinol!.3-b] 
[1.4]bcnzothiarine I2 (4dmg. .!C%) Thhc .idenriry of Ihe 

12-methyl compound was csrabhshed by comparison with an 
authentic spcctmen (spectra and mixed m.p. 17617F3. Rccry. 

rralhsa~mn of the I I-methyl isomer 12 from petrol W& 100: gave 
orange ruTtIcs; m p. 199-m (Kollcr); Y,. (CCL) 1545. I475 and 

I365 cm . 6 UXI,) 3.5 t3H. s. MC) and 6.857.5 (RH. m. ArHj: 
m/r 267 (16%). 266 IWG), 265 CIOW. MO. 264 (21%). 251 fl9n,l, 
2so (3cG. M-MCI. 233 (II??. M-S). 232 (II%) and 132.5 f379i. 
M’ J; m* 263 (265.+!6(). 226 (265~25Oj and 205 (26!+233). 
fFound: C. 6i.?; H. 4.5: N. 15.8. C,.H,,N,S requires. C. 67.7; H. 
4.2: N. IWZ,. 

.WrrhyJorron of IOH-p!ru~int,[!.3-b][ IA]hm:orhiu:in~ b rw-rrh 

G. Rishman). ‘I’rcatmenr of 6 f45Omg. 2.24 mmol) wirh sodium 
hydndc (3.75 mmol) and methyl r&de (3 5 mnml) as dcscnbcd in 
rhc prccedmg cxpcnmcnr afforded lwo products. Column 

chromalography on alumma (chloroform-perrol W. I : I as 
cluenr) gave I0-mrrh~/p~ru.-iru~[2,3-b][ I.4lben:orhinrinr 7. m.p 

1CXL101’ (346mg. Y%I, rdcnrifiid by companwn with an 

auIhcnItc spccuncn (spectra and mrxcd m.p. 102-103”) ‘I& less 
mobile. red. producr was no1 isolated as II decomposed m rhc 

column. A small (I.?%) amounl has been obtained by rhe use of 
prcparatrvc ‘17.C and has been idcntrftcd as I-mPrhvlp~r~ino(2.3. 

h~[l,4~hcruorhiannc I4 from the following dam 6 fCDCl,j 3 I 
(3H. s. MC). 6 3 f?H AH. q. I, ) 5 Hr. 2-H and 3.H) and 6 7-7 0 
(JH. m. 6.7.X. and 9.H); m/e !I6 llO%J, !I! floo”r. Ml. XXlIM%. 
M-Me) and 107.C (23%. M”j (Found: M,(’ 21.0517. C,:H,N.S 

rcqurrcs !I!.OSIO. 
.4crry/arion or/ I!H-quvloxoltno[2.3-bl[ I.J]hm.-ofhiu:int I. The 

lhrarmc I (2.5~. IO mmolj and s&urn acclalc (14~. 200 mm& 
were heated in rethrxing acetic anhydndc (I.50 ml) for .( h and. 
whilst her. poured onro crtuhcd ice r3oogj wtrh srrmng. The 
rcsultanr yellow solid was tihered off. washed with waler. and 
drkd grvmg a product (2 X p. POT) of m.p 19%?oo” with a doubler 

in rhe carbonyl regron of lhc IR spccVum. Rccrystallisalion from 
‘IHLb10H rarscd I~C m p to 199-201’; funher punfkauon 

[vacuum sublimaran (170”; 0.1 mm) and rccrysrallisatron CTHF- 
pcrrol cjo”)] grve a malcriaJ of m.p. 219-221’ The firtall)~ 
obraincd marcriaJ showed no rigndicanr dtffcrcnccs in IIS IR to the 

mareriaJ of m.p. iwmi=. A,. __ “8 (t !3..MOL 248 (c 33WlJ and 

MRnm re 9OW Y,. (Nujol) 1700 and I690 cm ’ ((‘41~ d 
(CDCl.l 2.37 (3H. X. MC) and 7 3-U f8H. m. ArH); m/r 291 (1%. 
MI. 252 (26%). 2’1 tlOO%. M-CH,COJ. 250 ClCm,. 219 (13%. 
H-CHLWSj and 207 (3%. M-CHLYXSj: m’ !I9-215 br 

(293-251). I91 (?I-219) and I71 (251 -207). (Found. C. 65.3: 
H.4.2; N. 14.7. C,,H, N,OS requires: C. 62.5; H. 3.g: N. 14.3%). 

Idenrical marenal was also obratncd by the action of accryl 

cNortdc upon rhc thra~rnc I rn pyndmc. rhe yield in rhrs case trCmg 
pwrer and ~hc reaction proceeding less cleanly. 

0xidorron o/ I!~mrrh~lyuinr~.talino[!.l-hl[ I,4)htn:ofh1~:mt 2 
Gfh prrorsrum permangunafc. A ~lutron of KMn0. ( I.2 g, 7.6 

m&j in waler (25 ml) u-as added. over 100 mm. IO a stirred 
suspensmn of 2 (I g, 3 g mmol) in acelic acrd (50 ml). ‘Ihc rcruhanl 
dark brown surpcn~ron. after dccolotmsmg with uxlium pyrosul. 

phirc. was drlurcd u-rth ualcr (25 mlj and Ibc bright yellow product 
Ntercd off. washed with waler. and dried TIC showed ~hc 
presence of two products: column chromatography on silica 
tCHLI, as clucnrj gave I!-methglqu~noxali~2.3~~][l.4~bcn- 

lorhlallnc-S.S.dH)tidc 4 (493 mp. 44%). m p X-293’ fbcnrcncj. 
A _. 255 sh ft ?4.@30). 273.5 re 47..Wj and 407 nm re 7100); Y,. 
I WI and I I.54 cm ’ (-SO,-); 6 (CfX‘1.j 4.0 (3H. s. Me) and i J-R.6 
@H. m. ArHj: rn!r zn! flO%). 297 (65%. MO. 233. (57%. M-SfL). 
232 tlOG. M-S02Hj. 205 (12%). I36 (21%). I?9 (16%) and lo0 
127%k); m* 23lf233 +?WamJ I82 br (297-232). fFound: C.603: 
H. 3 9. N. I3 9: M 297 OW7. C,,H,,N,O,S requrres C.606: H. S.7; 
N. 14.1%; M 297.0572) ‘Ihe krs mcbrk producr (240 mg. 23%) was 
rdcnuficd as rhc sulphox& 3 by comparison with a specimen 
prepared as described larcr. 

O).trdafron of IO.mrfhvlp~ru.-ino[2.~-h][ I.J]hm.-ofhicr:mc 2 ttifh 
pofo.r rium prrmonRonofr .A wlulicm of KMnO. (I .7 g. 10.8 mmol) 
in waler I?( ml) uu added. over 40 min. IO a utlutron of 7 (I I g, 

5.1 mmol) in acclc acid (12.5 ml) After srirring for a furlher I! 

min rhc dark btown suspcns~on was decolourised with excess 
scdium pyrosulpht~e and rhe pale yellow product Ntered off, 
u&cd with water. and dried giving the sulphon IO in a high 
degree of puriry fl.!sg, 99%). Rccryslallisarion from clhanol- 

acetone gave pale yehow cryslals (0.9 g. 71%); m.p. 2U2-W; A,. 
252 (e 19.500). 279 (t l.C.700) and 358 nm fr 4900): Y,. 1293 and 
1140 cm ’ (-SO,); 6 fCIXI,J 3.9 f3H. s, Me). 7.3.%7.9 f3H. m. 
7.g.9-H).R.37~IH.brd.J,.9Hz.6H),andX.6and8.78~each 1H.d. 
J,,! lIr.!and 3H);m!c 248fIIR).247(lOW. ML !I.<fII%).200 
(Jr%). I83 (16%. M-SO:). IR! f424j. I65 (II%;). 136 (12%). 129 

(Il%:‘r)ami I?XfII%j,m* 181fIg3+18?jand 13!brf247+I83). 
(fomtd: C. 53.7: H. 3 9; S. 16.5. C,,H.N,O,S requires: C. 53.4; H. 

3.x; N. 17.o”rL 
R~ac.fionc of m&rben:rne dichloridr (a) H’tfh I!.mr- 

fhvlyutnoxalino[2.3-b][ I,4]hmrofhiu%r~ 2. A s&lion of 

rodobcnzcr~ dichloride (I.1 g. 4 mmol) in pyridine (IOmlJ was 
added. over ! min. IO a srirred solurmn of 2 (I g. 3.8 mmol) in 
pyrihe (60 ml) and waler (IO ml) Wring was conlinued. wrth the 

addition of small anmums of mdobcnzenc dichloride until IK) 
srarting ma~criaJ was left (TLC: 2 h) The red reacuon mtxrurc was 
ncurraliscd with radium carbonarc solution and. after evaporatron 

IO dryness. partitioned bcrween waler and dichloromcrhanc. ‘Ihe 
cxuac~s wcrc dncd fMgS0.J in rhc presence of charcoal and 1h-c 

solid obramed after cvaporatwn was rccrysrallised from benzene- 
petrol 6&W giving I?-merhylqrunoxal~n~2,3~b~~1,4~henco~hiaz- 
me-Suxrdc 3 as a dull yellow loId: m.p 207-210’; A,. 276.~ It 
ValJ and 418 run (f 8400); Y,. 1039 and/or 1036 cm ’ I-So-); d 
ICIICI,) 4.0 (3H. s. Me) and 7.3-X.5 (RH. m. ArH); mlc 2lll (4%. 
Ml. 266 fIl%,l. 265 (IOWT. M-0). 264 (16Qj. !‘I IC%l. YU (1%. 
M-&MC). 233 (16%. M-SO) and 232 fIh”r). m’ 250 (281 +!hSj. 

236 (265-250. 231 (233+!3!) and 203-205 br (2654233). 
tFwnd: C.ti.0: H. 4.0, N. I4 7. C..H-S,OS rcqurrcs. C.64 0. H. 
3.9; N. 14.9%). 

fhj H’ifh I~mrfh~lp~ra:ino~2.3-bl(I,4]hm~ofhra~me 7 

lodobcnrcnc drchlorsdc (2 g, 7.3 mmd) was added IO a tolurion of 
7 (I .3 g. 6 I mmolj in acelonirnlc (MO ml) and waler ( IO0 ml) lrnd 
shrred for I h. Work up as in (a) gave a mfxlurc f’IW) of luo 

producrs; dry column chromarography” on silica ferhyl acetalc as 
cluenl) gave 2 (or !k~ro-IO-melhylpyr~r~~2.3-b][ I.JJbcn- 

rorhi.snnc~Soxdc 16 r24mg. 1.5%) as a pale yellow soltd and 
I0-me~hylp~~a~ino(!.3-bl(l.4~n?~Ih~~~~S~x~dc 9 (797 mg. 
57%); m.p fbcnzenc) Isblfl; A.,,. 2% (f ??,800) ‘(I! (f 13,aoo) 

and 364nm (f 4900). v,. lo42 and/or 10.30 cm-’ f-%X). 6 
f(‘fX1,) 3.95 (3H. s. MC). 7.57.7(!H. m.7.9.IO.7 X (IH. m.g-HJ. 

g.05 (IH. dd. I,-. g Hr. J., 2 Hr. 6-H). and 8.5 and 8.45 (each IH. 
d.J,, 2 Hz,Zand 3HJ: m/c !32f6%L231 (45%. Mj.!l6rl3%J.?ls 
flocn;.M-0,. 2I4(ISQj.?oo(4@T. MA&Me). 1X3142%. M-CLS). 

I82 (60%). 149 (40%). 85 (23%) and 83 (3%); m* 200 f23l-21s). 
lrr6.5 r!I.(+xx)I. 181 fl83-Ig2)and I<! f!l’+l93). fFound. c. 
M.9; H. 4.1: N. l7.g. C,,H.tG;,OS requires: C. 57 I. If. 3.9; N. 

lg.?Z7r). Structure assignment of the chlonnarcd marcrial 16 was 
made on rhc basks of the following spccrral data: A.... !70 and 
17.5 run; d ((XI,) 3.95 (3H, s. MC). 7.!-?.Y f3H. m. ‘I.&Y-H). X.1 
~IH,hrd.J~.6lf~.6H~andg.6l~l~t.s.!or3H):m!r267~.W.CI“). 

265 tM. Cl”j. 251 (M-0). Cl“) and 249 (M-0). Cl”). 
(c) Wifh IOH~p~ra:mo(!.3~bl~ I.4lben:orhia:inr 6. lodobcnrcne 

dichloride (I.2 p. 4.4 mmd) was added IO a slurcd solulton of 6 
(750 mp. 3 7 mmol) in acelonitrile (2C@ ml) and waler (30 ml) over 

50 mm. Afrcr sruring for a further I! mm ~hc rcacrion u’as worked 
up as in (a) giving fairly pure (PMR) bcnrorhtarok-2carboxamrdc 
17. Rccryslalhsarion from bctucnc gave 232mg 05%) of 

analyrical ma~enal. idenhfied by comparison with an aurhenrw 
spccrmen. 

A wlutron of 2ethoxycarbonyIkruorh~ok~’ (460 mgj m ether 
(I5 ml) was stirred wuh aqueous ammoma (O&JO: (0 ml) al room 
temp. ‘fhc amide starred IO prccrpirarc OUI aJmosl immcdiarcly. Ihe 
rcacrmn being complc~c CIlCJ after 3 h. The product was filtered 
off. washed wrth water and ether. and dncd. giving the pure amide 
18 ftl0mg. 77%). m.p. 229231” flit” ??g?Y) 

Rlucrion of I~mrrh!lp!_ro.-ino[!.3_bl[ I.4]hmrofhia:ine 7 wfh 
ammonium htx~nifrof~rrafr( I \?. The ccrium salr (5 p, 9. I mmol) 
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was added IO a stirred solution of 7 (500 mg. 2.3 mmol) in aqueous 
acetonirnlc (75%; 60 ml). An immcdlate Mack red colour resulted. 
passing IO a hghlcr red tn cu. 0.5 min. After slunng for IS min. 
water (25 ml) was added, ~ttc products were ex~rac~cd into ether. 
dncd (Na,SO.). and the cx~racts were evaporated to dryness. ‘Ihe 

crude producr was largely fhc desired tulpboxdc 9 bur TLC 
indicated the presence of a more n&k red compound. Isolation 
of this latter material by column chromatography on silica 
(ether-acetone. 4: I as clucnr) gave a red solid (91.4 mg, I3rk). 

spectral data on which cwresponded IO a mixture of dmrtro 
derivatives (unoxidlscd al sulphur); m.p. 246’ (KoAer; from 
tolucnc-petrol IMIZ03; A.,.. (CHCI,) ?xn. 318. 362 and 442 nm; 
Y,.. ISlO and 1325 cm ' (-NO:); m/c 305 lI@FZ. M). 259 @?. 
M-NO..); 232 tm. M-NO,HCS). 213 (44. M-!NO,). 186 (%pk. 

M-XX.. -HCN). I59 (g?t) and I35 Clm); m* 20 00.5-259). 208 
(259 -232). IK4 (MS-247). 176 (259-213) and 149 (!32-186) 
(Found: C. 43.g; H. 2.7, N. 23.0; M. 305.0221. C,,H.S,OS 
requires. C. 43 3. H. 2.3; tG. 22%; M. .!Xl5.0219). Thar thus 

material was a mixture was cvdcnr from IIJ PMR spectrum which 

also confirmed the lack of oxidation at sulphur (see Dncussron). 
Nirrorion of I?H-quino.ro/ino[2.3.b]l I,4]htn:orhio:rne I. 

Sodium mtntc (200 mg. excess) was added IO a suspension of I 

(.XXlmg) in a&c acid (I2Oml) and stirred for 50 min. the 
suspension gradually bccommg heavier. A fur&r ?00mg of 
sodium nitrite was added and. after stirring for .30 min. rhe whole 

made neutral with OXUl ammonia. The orange solid was fdtcred 

off. washed with water. amI dned gnmg the crude product 
(570 mg. %11); m.p. 3!!+33fP (dec). Rccrystallisalion from ethyl 

acetate gave 3.rutre I?Hquinoxalino[2,3-h ]I I.4jbcrvolhti 23 
as fine golden ncedks 05Omg. @Z): m.p. 32632k (Kotler). A,. 

(EtOH) 2% fc 4l.OCQ. 276 (c 19.wx)). 2x9 (t 19.ooO). 305 (c l9XQ) 
and 424 nm tt !3.300); A,. (0.05 M KOH m EIOH) 247 (6 49.ooO). 
292 (e 14.700) and 546nm (e 37.ooO). Y,.. I!23 and 1337 cm ’ 
(h’(h); 6 (1F.4) 7.4 (IH. d, J,: 9H?. 1.H). 7.74.0 (JH. m. 

~.X.9.IO-H~.A.!3~IH.4-H~andg3~IH.dd.J,,9H~.J,.!H~.!~H). 
mic!9’(ISSS~.!%(locm.M).2w,o”k,.266~!4(i;).!!l~IIQ).2~0 
(4:“r. M-NO,). !3X(SR). 223 (gR). 206fIMrl. 17X@%). 16O(IzQc) 

and13~~1!3;~.m0?11(296~!50).~Found:C.Sh.9.H.2.9;N.Ig.8. 
C’,.H.V.O,S rcquircs: (‘. 5&g: H. 2.7. h’. lg.%). 

Mifrofion o/ IOH-pyro:inol2.3-b][ I.4)hm:orhiu:int 6 Sodium 

mtnlc (!t(K) mg. cxccss) was added to a solution of 6 (SO0 mg) in 
chloroform t 35 ml) and acetic did (I ml) and stincd for 30 min. A 

further portion of acetic acid (0.5 ml) was then added and the 

rcactmn mrxturc stirred for another 30 min; this procedure was 
repeated olive more, and rhc precipitated whd aas filtered ofi. 

washed with acclic actd. c~hanol ad waler. and dried. ‘Ihe dull red 
product (250 mg. 418) war recrystallized from ethyl acetate giving 

black.rcd needles of 3-nitr~IOH-pMa7~[!.3.h][ 1,4lbcru~lhiaz- 

inc U: m.p. 274”; A,. (F.tOH) 259 (e 21.200) and 445 fbr) nm (6 

l0.m): A,. (0.05 M KOH m EIOH) 2u1 (f 19..XlO). 302 (c 1!.900) 
and $44 (br) nm (f 24.500); t,_. 3230 (NH). 1510 and 1320 cm 

IN),); A (INS0 6) 6.+7.!5 (4H. m. 6.7.g.9.H) and (3.78 (IH. s. 
!H): m/r 247 (7%). 246@4’1, MO. _y)o(CCr,, .M-NO:). 174(79). I73 

(lm. M-NO:-HCN). I60 (6%) and I46 (24%. M-NOz-2HCN); 
m* I63 086-200). 149.7 (200+173) and 123.2 (173+146). 

tFound~ C.49.l: H. 2.7; N. 2?.?. (‘,&N.&S requires: C.4tl.9; H. 

2.5. N. ??nc/r). The same nwrerial was also obtamcd by 

pcrformmg Ibe reactron in acetic acd (as for I). 
Nirrurion oj 12-m~h~lquinoralin~~[?,3-b~~1,4]btn~1rhiu:inr 2 A 

su\pcn\ion of 2 (Wo mg) in aceric acid (100 ml) was surrcd with 
the pnod~c addition of sodium rutrite (cxccs\) until T1.C 
mdlcatcd rhe abscncc of slartmg material 164 h). Tbc suspension 
was evaporated IO dryness and rhc orange residue rriluratcd with 
aqueous udium carbonate; filtration and drymg gave the crude 
product (IOY) mg) RccryslaJliul~on from lolucnc-petrol IO& 12@ 
gave 1.niu~I!.melhylqutcw,xalino[!.3-hl[ I.4~benzolhiaG~ 24 
(4lOmg. 39?G): m.p. !34-2.17; A,. 226 (e 34.!@0). 234 rh (f 
33.Mo). 275 (< 20.?00). 2% rh (e l?.yoO). 29t! sh (e l6.Ra)) and 406 
nm (e 1g.m). 19,. I52O(d)and 134Otd)cm ISO,). 6 CfF.4) 3.93 
(3H. s. MC). 7 5g (IH. d. J,: Y Hz, I-H). 7.gM.23 (4H. m. 
~.g.Y.l~ll~.R.43~l~I.d. J2, 2 Hz.J.Hjandg.53 (lH.dd. J,.,9Hz. 

264 (6%. M-NO:). 252 (I3Q). 249 (WC. M-N&-Me). 237 ( 10°C). 
232 (Ioclr) and 220 (174. M-NO,CS): m’ 23.5 (264+249). 225 
(310+264). 2OS(310+2S!)and lnj.5 (i64+!2O). (Found: CI 57.9; 

H. 3.5; N. 17.9; M(. 310.0534. C,,H,,N,O,S requires: C. SX.1: H. 
3.3; N. lg.lR; M. 310.0.(25). 

Sirroflon oj I~mclhvlpyro:m~~[2.3-b][ I,4]bm:orhia:mr 7. A 
solulwn of 7 (75Omg) in acclr acid (2Oml) was treated with 
sodium nitnre (excess) as described for 2. When the reactron was 
complele f6tl h) the mixture was poured into water and hilied 

with aqueous ammonia; the crude product was filtered off and. 
after drying, recrytdlistd from ethyl acetate. The rccrystalliscd 
maIerlal (24Omg. 2fi) was in IWO forms, bgcly fmc dark red 
needles with a smaJkr quantity of lighter red ferns; Y,. IS05 and 

I320 cd) cm ’ (NO:); 6 @MS0 6) 3.46 (3H. s. MC). 7.2s?.55 (411. 
m. 6.7.X.9-H) and 9 0 bc (IH. s. pyrazJnyl-H). (Found. C. 51.0: H. 
3.3; N. 21.3. C,,H.S.O,S rcquucs: C. 50.8; H. 3.1; N. 21..(Q). 
Manual separation of lhc Iwo lypes of crystal gave an impure 
sampk of 3-~tro-IOmerhylpyrazino[23-bII 1.4bruDthiazme t6; 
m.p. (K&r) 211-224”; A,. 2Xl and 432 run; m/r 260 (Iooclr. M). 
214 (fl’r. M-901). 187 (Crmc, M-NO,-HCN). I60 (7%. N-NOr 
ZHCN) and II6 (SO??); m* 176 (260+!14). 163.5 (214 l In) and 

137 (IM - 160); and an unpure sampk of 2-nitro-lOmethyl- 
pyrarino(2.3.b][ I.4]btrun1hiadnc 27. m.p. (Kolkr) 23G244”; A,. 

271. 360 and .3gO (tb) nm; m/r 260 (IOO??. M). 214 (-1 and Iff7 
(5%). No trace of sulpboxlde (9) was observed in this reaction 
(TLC). 

Acbo*kdgtmmfr--‘lh aurhcxs wish IO thank the S.R.C. for a 
research studentship (IO S.D.C.). 
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