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Abdrac+-Attempts lo prepare cinnolinc-3.4dicarboxyfic acid from 3.4dime~hykinnofioc faikd owing IO the 
unreactivity of the 3.me group. Successive freatmcnl of 3.~orno4c~r~in~ii~ w&h sodium toiuenc-p. 
sulphinatt and potassium cyanide in di~Ihylfo~am~e (DMR gave etolutm-p-sutphonykinnolin-3carbonitrik 
and then cin~li~-3,~~ni~~ (82%). Hydrolysis yielded cin~~~-3.~~xylk acid 03%). Cinndinc-3, 
Mica&mirrik undergoes nuckophtiic displacement of either the C or the kyano group by ammonia or amine lo 
give Cam+ and ~~~ylarni~i~i~-3~a~n~~k but 3dimethylamino&ndin4carboni~rik. 

Cinnotine-3.4-dicarbonitrik and -dicarboxylic acid ap 
parently have not been descrihd. The dinitrile has now 
been prepared in order to examine some of its reactions. 
We first attempted to obtain the diacid from 3.4- 
dimethykinnoline’ but this approach failed because the 
3-me group is very unreactive. Thus oxidation of 3.6 
dimethykinnoline with selenium dioxide gave 3-mcthyl- 
cinnoEne&arboxaldehyde. Although 4-methykinnoline 
was converted into ~t~ch~romethylci~line by action 
of sodium hypochloritc solution,’ 3.~imethykin~line 
gave only the 3-methyl4~dehyde in low yield. Other 
~~enating agents also attacked 3,~dimethylcin~line 
only at the Qsubstituent: bromine in acetic acid fur- 
nished 4-dibromomcthyl-3.methylcinnolinc and N- 
chlorosuccinimide yielded 4-chloromethyL3-methylcin- 
noline. These results suggested that 4-methykinnoline-3- 
carbonitrile would be a useful intermediate for the pre- 
paration of the 3.6dicarboxylic acid. 3_(o-Nitrophenyl) 
but-Z-cnonitrik (la) was prepared from o-nitroaceto- 
phenone and diethoxphosphonoacetonitrile by a 
modified Wittig reaction. Reduction with iron and water 
gave 3-(o-aminophcnyl) but-2-enonitrik (lb) but diazo- 
tisation then yielded phenol (1~) rather than 4-mcrhyl- 
cin~i~-3-~~nilrile. 

~in~line~~nit~lc has been prepared from 4- 
methylsulphonylcinnoli~ and cyanide ion in DMHF’ or in 
dimethyl sulphoxide.’ 3-Bromo4chlorocinnolinc was 
condensed with sodium tolucnt -p-sulphinate in DMF at 
Y and the intermediate 3-bromo4toluene-p-sulphonyl 
cinnoline was treated with cxccss of potassium cyaoidc 
at 5”. Cinnoline-3.4dicarbonitrilc was isolated in KEG 
yield. When one molar proportion of potassium cyanide 
was used, 4-toluenc-p-sulphonylcinnolinc-3carbonitrile 
was obtained. This was also prepared from ethlorocin- 
nolint-3-carbonitrilc and sodium toluene-p-sulphinate in 
DMF at 5”. The reaction sequence is thus as shown in Ihe 
Scheme with the 3~rom~substituent surprisingly 
u~ergoing displacement before the Ctolucnt-p-sul- 
phony1 group. The IWO nitriles did not show distinct CrN 
bands in the iR spectra but strong bands at about 
2240 cm ’ were observed in the Raman spectra. 

Hydrolysis of cinnolinc-3,4dicarbonitrile with cold, 
cont.’ sulphuric acid yielded the diamide whereas heating 
with hydrochloric acid afforded cinndinc-3,4dicar- 
boxylic acid (53%). 

Rothkopf tt al.* have shown that quinoxahne-2,3- 
dicarbonitrilc reacts with ammonia to give I-amino-3- 
imino-3H-pynolo-13,4-b] quinoxaline (2). When cin- 

noiinc-3,4dicarbonitrile in methanol containing a trace of 
copper sulphate was treated with ammonia, however, 
nuckophilic displacement of the dcyano-youp occurred 
to form 4-amino-cinnoline-3-carbonitrilc. Similarly the 
dinitrile reacted with bcnzylamine in tctrahydrofuran to 
give 4bcnzylaminocinnoline -3-carbonitrilc, which was 
also obtained from bcnzylamine and 4-chlorocinnoline-3- 
carbonitrik. In contrast, dimethylamine displaced the 
3cyano group of the dinitrile to form 3dimethylamino- 
cin~li~~~~nit~le, which was different from the 
known ~imethylamin~innoline-3~a~nit~le obtained 
from the 4-chloro compound and dimethylaminc. 
Presumably the secondary amine reacts at the 3.position 
as there is less steric hindrance to formation of the 
transition state and intermediate than for Qsubstitution. 

Nucleophilic displacement of a cyanide group by am- 
monia or amine has apparently not been reported for 
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other azine or diazine nitriles but 4-cyano-I-methyl- 
pyridinium iodide has been shown to give Cmethylamino 
and 4-hydrazino-l-methylpyridinium salt on reaction 
with methylamine and hydrazinc respectively.’ 

Pyridazino-3.4dicarbonitrile condenses with hydrazinc 
to form 5,8-diamiuopyridazino [4,5x] pyridazine (3) and 
related dinitrilcs behave similarly.*” Treatment of cin- 
noline-3,4dicarbonitrilt, however, again involved 
nucleophilic displacement of the Ccyarm group forming 
2,3dihydro-3-imino-IH-pyrazolo [l.k] cinnolinc (6) 
previously prepared from 4-chlorocinnolineEcarboni- 
trile.” Phenylhydrazine similarly gave the corresponding 
2-phenyl derivative (4b). 

u-+TAt. 

Mps (capillary) are uncorrected. NMR spectra were detcr- 
mined at 60MHr on a Perkin-Elmer RI?6 spectrometer in 
DMSO with TMS as inkrnal sIandard. Mass spectra were 
determined on an AEI MS902 specIrorneIer. Raman spectra 
were obramed by Dr. A. S. Gilbcr1 IWellcome Research Laboca- 
tories) using a Spcx 1301 specrophoromettr with argon ion laser 
excilalion. 

OxidaIion of 3.4dimerhrlcinnoline wifh selenium dioxide fwifh C 
J. A. Bymf) 

The cinnoline f2Sg) and selenium dioxide (Jg) in AcOH 
140 ml) were heated under redux for 4 hr and lead acetate f0.S n) 
was added. The mixture was filtered and (he filrrare was 
evaporated IO yield a brown oil. Repeated txrraction with peaol. 
cvoporahon. and crysIallisaIion from petrol gave >mtihy/cin- 
nolinecorboxoldehyde (0.7 g; 26%). m.p. 143-145” (Found: C. 
69.3; H. 4.7; N. 16.1. C&N.4 requcres: C. 69.7; H. 4.7; N. 
16.3%). Y,... 169Ocm ’ K=O). 6 ICDCII) 3.1 (3H. s, Me). 7.98.9 
14H. m. ArH) and II I IIH. I. CHO). When the proporrion of 
selenium dioxide was doubled. Ihc same prcducr was obtained in 
lower yield (14%). 

AcIion of sodium hyporhlotire on mcrhykirnolines (wifh Miss B. 
Piarrok) 

Chfethylcinnolinc II g) and sodium hypochlorite soln IlOOml; 
0.515 MO were stirred under N: for 7 days. The solid was colkc- 
fed. washed wiIh wafer. dried, and extracfed with ho1 benzene- 
perrol (8tLlCV) G?Oml: I: I). Conccntralion gave Ctrirh- 
IoromeIhylcinnoline (I.32g; 77%)). m.p. 137-138: (Found: C. 43.4; 
H. 2.2; Cl. 42.7; N. I I.!. CoHCIiS: requires: C. 43.7; H. 2 0; Cl. 
43.0; N. 11.3%:. Hydrolysis wiIh boiling 4M NaOH. followed by 
acidihcabon. gave cinnolinc4carboxylic acid, identical tIR) with 
an aullknlic sample. 

3.4.DimcIhylcinnolin fO.498g) and sodium hypochkrire soln 
scmilarly gave 3-methylcmnolim karboxaldchydc IO.085 g; 
16%). m.p. and mixed m.p. 143-145’. 

4-LXbromomerhyl-3-mnhykinnoline 
Br: (I ml) in AcOH I5 ml) was added dropwise IO a stirred 

soln of 3.4dimtthykinnolinc II 0) in AcOH IlOml). FiJIration, 
and washing wiIh AcOH gave Ihe prodacf fl g; m). yellow 
prisms from ErOH. decomposing above 139’ IFound: C. 38.0: H. 
2.5; Br. 51.0: N. 8.7. ClOH&:N: rcquncs: C. 37.9; H. 2.5; Br. 
sO6: N. 8.9%). 6 3.1 (3H. s. ~-MC). 7.9-8.2 (3H. m. ArH + 
CHBr:). and 8.5 - 8.9 I!H. m. ArH). 

4-Chloromerhvl-3-merh~lrinnoline 
3.4Dimcrhykinndme (1.6g). tichlorosuccinimide (2.7 g). 

bcnzoyl peroxide (wmg) and Ccl, (3Oml) were healed under 
retlux for 30 min. The solid was filtered off and washed with hot 
solvent and rhe combined filrrates were cvaporarcd. Recrystal- 
lisalions from EIOH gave the chloro-rompound (0.75g; 40%). 
yellow. m.p. 139MU’ (Found: C. 62.3; H. 4.5: Cl. 18.4; N, 14.6. 
C,,HIClN: requires: C. 62.3; H. 4 i: N. 145%). 6 3.0 OH. s. 
~-MC). 5.3 I!H. s. 4CH.CI). and 7.9- 8.5 (4H. m. ArH). There is 
a marked nuclear Overhauser enhancemen fapprox. 2X) of (he 
S-H when Ihc CH: signal is inadialcd wiIh a second radio- 

frequency signal whereas (he CHI shows IitIk enhancemenI. This 
indicates thar (he CH.CI group is adjacen1 IO (he 5-H ad musI be 
in Itk Qposition. 

E-Wo-Nifrophenyl) buf-2-enonirrile 
DkItmxyphosp~ceIoniIrilc (8.99) in dry I .2- 

dimerhoxyethanc (50 ml) was IrcaIed with NaH (I .2 g) ia portions 
over 20min. The mixlure was sIirrcd until all the NaH had 
reacted and was then IrtaIed wi1h o-ni1roaccIophcnone (8.50) 
dropwix over 5 min. After 30min (he mixture was cvaporarcd; 
addition of waler and isolation wiIh ether gave the nitrik (60: 
64%). m.p. 969r. from ErOH IFound: C. 63.7: H, 4.~; N. 14.7. 
C&ltN& requires: C. 63.8; H. 4.3; N. 14.9%). Y,,.. 2_m)cm-’ 
ICN). 8 ICDCI,) 2.4 I3H. dJ 0.92 Hz. Me). 5.2 IIH. q. CH) amI 
7.25 - 8.2s (4H. m. ArH). 

E-WoAminophenyl) buI-2-enonirrile 
Fe powder (IO.75 0, was added in portions to ni1romtrik (6 g) 

in water (193 ml) and AcOH (6 ml) and 1hc mixture was relluxcd 
vigorously for 4 hr. The cookd mixture was filtered. Ihc solid 
being washed rcpaalcdly wiIh ElOAc. Isolation wirh E1OAc and 
crysIaJlisa1ion from ether-petrol (w) gave the amino-&rile 
(4.80; 95%). m.p. 6869” (Found: C. 75.9; H. 6.5; N. 17.7. 
CloHloN: requires: C. 7S.9; H. 6.4; N. 17.7%). Y-, 3380. 3330 
(NH:) and 22OOcm-’ ICN): 6 ICDCIi) 2.42 (3H. d JH.Y~ 0.9 Hz. 
Me). 3.90 f2H. bes. NH:). 5.~7 lIH. q. CH) and 6.67.4 (4H.m. 
ArH). 

This amine (2 g) in 2M.HCI (12.5 ml) was diazotixd a1 0” wiIh 
NatiOr (0.9 g) in waler (IO ml). The soln was kept a1 room temp. 
for 2 days. lsolarion with eiher and chromatography on silica 
using heplane-EIOAc (IO: I) as solvenl yielded E-3fo-hydmxy. 
phnyl) bur-2-no&i/e (0.9g; 45%). m.o. 59-6U’ from EtOH. 
(Found: C. 75.4; H. 5.7; N. 8.8. C&N6 requires: C. 75.4: H, 
5.7; N. 8.8%) Y.-. 3350 be (OH) and !?lOcm ’ KIN): b ICDCIi) 
2.4 I3H. d Ju UI 6.9 Hz. Me). 6.0 (IH. q. CH). and 6.7 - 7.4 (4H1 
m. ArH). 

Cinnoline-3,Cdicarbonirrfle 
3-Bromokhkrocinnoline (23.5 g) was dissolved in dry DMF 

UOOml) at t? and treated with dry sodium ro&ne-p-sulphinate 
(I8 g) in one portion. The mixture was stirred vigorously a1 U’ for 
40 min under N: and finely-powdered KCN (l5.6g) was added. 
AfIer Ihc mixfurc had betn stirred at 5-V for 4 hr. it was left 
overnighf and then poured into kc-wafer (4 I). Filfrafkn gave a 
solid which was dissolved in CHCII; (he soln was washed four 
rimes wi1h water. IrcaIcd wiIh charcoal, dried fMgSO,) and 
evaporated IO give cirnoline-3,CdirarboniIrile (14.5 g; 82%). 
m.p.IRS-186’ from Iolucne (Found: C. 66.?; H. 2 3: h’. 30.7%; M’ 
180. CloH&, requires: C. 66.7: H. 2.2; N. 31.1% M 180). A,. 
254 nm Cf. 4493l). h, 2245 cm ’ in Raman spectrum ICN). 

CToluene-psulphonylrinnoline -3-carbonifrile 
(a) 3-Bromo4chlorocinnolinc (1.6 g) in dry DMF 00 ml) at 0’ 

was (realed with sodium Iolutne-p-sulphinate (I.25 g). The mix- 
ture was stirred under N: for 40min and KCN (0.430) was 
added. The mixlure was stirred aI IIY for 2 hr and IcfI ovemighr. 
Addition of ice-water (I00 ml). f&ration. and crystallisaarion from 
Iolucm gave the sulphonyl-nirrile (0.65 g; 33%.). m.p. 229-?31’. 
(Found: C. 62.2; H. 3.C: N. 13.3. CI.HIIN\O:S requires. C. 62.1; 
H. 3.6: N. 13.6%). A . . 252nm le. 38CQO). or.,.. IIR) 1340 and 
II55 cm ’ GO:) and IRaman) 2235 cm” ICN). 6 ICDCII) 2.45 
I3H. s. Me) and 7.2 - 8.9 (8H. m. ArH). 

lb) CChlorocinnoline-3sarbonirrilc”’ 10.50) in dry DMF was 
treated at (P wiIh sodium ~olucne-p-sulphinatc (0.50, and the 
mixture was sfirxed aI J’ for 3hr lsolarion as above gave the 
sulphonylnitrik. m.p. and mIxed m p. 229-231”. 

Cinnoline-3.4-dirarboxylic acid 
The dinitrik I! g) and cone HCI t30ml) were healed under 

r&x for 4 hr. The roln was evaponrcd and (ha residue was 
dissolved in 2M NaOH IlOml) and decolouriscd with charcoal. 
Acdifkafion with HCI gave cinnoline-3,Cdicarboxylic acid 
hydrafe Il.4g; 53%). m.p. 178% dcc. (Found: C. 50.9; H. 3.3; N. 
II.9 C&N.&H<) requires: C. 50.9; H. 3.4; N. 11.9%): the 
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mass spectrum gave M’ 218 corresponding IO rk anhyd diacid; 
Y-. 352Obr (OH). 268&28mbr (COOH) and 17OOcm ’ CC&); 
A-. 238 and 299 nm (e. 4looO and roo0). 

Cinnolint-3,4-dicorboxomidt 
A soln of cinnoiinr-3.Cdicarbonirrik (I p) in cone H$O, 

(1Oml) was kcpl al room temp. overi& and then poured onfo 
KC. Filtration and crystallisafion from 2-mcthoxyethanol gave 
pak yellow diomidr tl.?g) m.p. w (sealed tube). (Found: C, 
55.2; H. 3.6; N, XIR; hi’ 216 C&N,O: requires: C, 55.5; H. 
3.7: N, 2i.R: M, 216). 

The din&rile (0.728) was dissdved in THF (12..Cml) and 
McOH (12.5 ml) contnining one drop of CusO,aq. Ammonia was 
passed through tk soln for Mmin. Tk solid was colkctcd and 
cryslallised from 2-methoxyelhand IO &c tk amino&rile 
(0.4g; J9st). m.p. above MO” (IL above 3603 (Found: C. 63.1: H. 
3.S; h’. 32.7. Calc. for CVH&. C. 63.5: H. 3.5; N. 32.M). Tk 
same produc! (IR idcnrical) was obtained by warming dchloro. 
cinnoline3.carbonirrik with cthanolic ammonia. fthering, and 
crysratlising from 3mcthoxycthand. 

Bcnzylaminc (2.3 ml) was added fo a soln of dinilrik (0.25 g) 
in THF (3 ml) and kfr oveminht. The DDI was coliccfcd and 
crystallized from McOH ro giv; tk ~rni~~~~if~t (0.260; 7%). 
m.p. 231-232” (Found: C. 73.5: H. 4.5: N. 21.541r: N’, 265. 
CILH& requires: C. 73.8. H. 4.6; ti. 21.5%; M, 2@I). vN1 
222Ocm ’ ICN). 6 (CDCII) 3.18 (IH. I. NH). $25 (2H. I. CH:) 
and (9H. m, ArH). T?K same product was ob~aintd by rcaclion in 
boiling EIOH bul methylamine. ethylamine. and dicthylaminc. 
failed 10 react under either co&tins 

3~Dimtrhylaminnrinnolint4~corbonirrilt 
Cinnolinc.3.4dicarbonirrik (O.ISg) m THF (3 ml) was treated 
wirh ethanolic dimclhylaminc (2 ml; 334 w/v) and afrr 2 hr tk 
soln was evaporated. Cryslallisation from McOH gave tk 
nmino-nirtilt (O.I?g; f&S). orange necdks. m.p. 13&139”, 
(Found: C, 66.6; H, 5.3; N. 28.3%; M’ 198. Cg,H&& requires: C. 
66.6; H. 5.1: N. 28.3%; M. 1%). Y-. 22lNIcm ’ ICN); 6 (CDCII) 
3.6 f6H. 1, NMe:), 7.3 - 8 5 (4H. m. ArHt. 

4-DimtIhylaminorinnolint-3-rorSonirrikt 
4-chlorocinnoline~3- carbonitrik (0.36) and dimclhylaminc in 

EtOH (5 ml: 33% w/v) were heated under r&x for IOmin. 

Evapotation ud crysrallisalion from ErOH gave the producf 
(0.25g: 809t), pak yellow nccdks. m.p. 1~181’. (Found: C, 
66.6: H. 4.8; N. 28.49E) which was dii?eren~ from rk isomer 
described. Under tk same conditions. knzylamine gave tk 
knzylamino-nitrile described above. 

Rcacrion of cinnolint-3&diccrbonilrilr with hydro:inr 
Ihc nitrile (0.1 g) in THF (3 ml) was treated with hydrazinc 

hydrate (0.1 ml) and kit overnight. Tk ppt was collected am’ 
cryslailixd from &OH-knzene lo give 2.3d~ydro~3.imin~lH. 
pyrazolo 143-c-f cinnolim, m.p. 32S-328”. The product was idcn- 
&I with i sample obfaincd f&m Cchlorocinndlim-3carbonitrile 
and hvdrazim.” tk m.o kinn 325-328’ flit.” 292-2939. 

Similarly the dinitrik’and p~nylhydr& gave 2.3dihydro.3- 
imin*2-pkn,yl-IH-pyrazolo [4.3+] cinnoline. m.p. and m.m.p. 
236238” (III. ’ 236.23’29. 
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