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AMract--Scveral MC substituted Imldaro(I .2-bjpyndanna have been synthcs~red and NMR data for 

some of thcrn arc mcludcd and dIscussed. tiomolyttc mcthylatlon of Imldaro(l.2-b)pyndazmc revealed 

a marked sclcc~~wry and affordcd a mlxturc of 7-methyl-. g-methyl- and 7.gduncthyl~m~dazo(l.2-b]- 

pynd&nc which could bc separated by gas chromatography. 

Is AN earlier communication’ we described the synthesis of 2-methylimidazo[l2-b]- 
pyridazinc, the only so far known representative of Me substituted imidazo[l.2-b]- 
pyridazines. Our present investigation of homolytic methylation on the parent 
azabicycle required authentic specimens of different Me substituted derivatives. 
Several of these have now been synthesized by an adaptation of a recently described 
method for the preparation of substituted imidazo[l.2-b]pyridadnes,*.’ i.e. we 
employed a properly substituted 3-aminodchloropyridne (I) and condensed it 
with a-bromoacetaldehyde or an a-bromoketone. The resulting Me substituted 
6-chloroimidazo[l.2-b]pyridazine (III) was subsequently dehalogenated over Pd-C 
as catalyst to IV. Another possibility is to start with a substituted 3-aminopyridazine 
(II) to form directly the required imidazo[1.2-b]pytidazine (IV). According to these 
methods we have prepared 2-, 6-, 7- and 8-methyl-. 2.3. 26-, 2,7-. 2,8- and 7,8- 
dimethyl-, 2,3.6-, 2,3,7-, 2,3,8- and 2,7.8-trimethyl- and 2,3.7,8-tetramethyl-imidaxo- 
[ 1.2-blpyridazine. 

In addition to NMR spectra of some imidazo[l.2-b]pyridazines recorded previ- 
ously,* in Table 1 are presented proton chemical shifts and coupling constants for 
some Me substituted imidazo[ 1.2-blpyridazines described in this paper. From these 
data the following observations and correlations can be made. It appears that the 
most deshielded proton is H, as already observed with other imidazo[ 1.2-bl-pyrida- 
zincs.’ Usually a replacement of a proton in an aromatic ring by a Me group results 
in an increase in the shielding of the proton, bound on a C adjacent to that bearing 
a Me group’* 6 and this observation holds also for Me substituted imidazo[l.2-b]- 
pyridazines under investigation. It is of interest to note that the Me groups attached 
to Cl and C, appear to have the same chemical shift and that the Me group on C, 
always appears at a higher field than does that on CI. 

Since it is known that in a fused aromatic system ring current in one ring may 
influence the proton chemical shift in the other ring,’ it was of interest to examine if 
this holds in the case of imidazo[l.2-b]pyridazines. As in the case of the related 
imidazo[l.2-blpyridine’ it might be expected that if the imidaxo[l.2-b]pyrida.zine 
ring system is expected to have truly aromatic character, tbe ring current of the 
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TABLE I. NMR srw~~~ TABUUTION OF 

Cbemial sldt -f 
.-- .__.__ -- -- - -___. 

ampouad H, H, H, H, H, ~-MC 3-k CMc -f-Me S-Me 

GCbloro-8-methyl- 2.23 2a 308 7.32 
imidm(l.2-bjpyriduiac (d) (d) (d) W 
6-chlolw7-mdlyl- 2.23 2a8 203 7.52 
imidm(l.2-b)Wride (d) (d) W W 
23.7.8-Tctnmuhyl- 1% 1.53 7.53 7.n 744 
imid~~( I .2_b)pyhdhne (1) (a) (6) (d) (d) 

6-Chbr~2.3.7.8-tetra- 1.53 7.53 764 740 
metbyliahi@ 1.2-bb w (d W (d) 
WdUillC 

~3-Dimcthy- I.74 3.12 2.20 7.51 7.Sl 
(l.2-bbydazinc (3 &I (0 0) w 
2tmimctbylifIlhm 2.35 3.17 2.26 7.51 746 
(I.2-b)pyridahe (s) (d) (d) (8) (1) 

s-singkt;d-doublet;q-quartet 

x-excessive imidazole ring would cause to shift the pyridazinc protons upf&, whereas 
the nd&icnt pyridazine ring would have an opposite ctTect and shift the imidazok 
protons downfield. This could be confirmed from a correlation of NMR spa%a of 
imidazok and pyridazint in deutcrochloroforme10 with that of imidazo[l.Zb]- 
pyridazine. There is a remarkable shift of the imidazole protons downfidd from 2.75 
in imidazok to 2.21 for Hz and 201 for H, in imidazo[1.2-blpyridazinc that enables 
to discern both protons in the parent and substituted bicyclic azaheterocyck. On the 
other hand, the proton on the C adjacent to the ring N in the 6-membered ring is 
shifted uptield from 076 in pyridazine to 1.70 in imidazor1.Zb]pyridazine. Thus, 
this ability to sustain an induced ring cumntl’ may classify imidazo[l.ZbJpyrida- 
zincs among truly aromatic compounds. 

With regard to coupling constants which arc presented in Table 1, it should be 
noted that in the NMR spectrum of 2,6dimethylimidazo[l.Zblpyridazine the long- 
range spin-spin coupling constant, JH,.“,, is not discernible since the signal for H, 
is partly overlapped with the signal for HI. 

The ~-MC protons in 6-chloro-8-methylimidazo[1J-blpyridazine arc appreciably 
coupkd to the proton H, and the same is true for the ~-MC isomer where coupling 
of the same magnitude with HI is observed. However, there are no observed couplings 
of the 6,7- or ~-MC group to otbcr ring proton% except as mentioned above. Similar 
observations have been made with heteroaromatic molecules when Me groups were 
attached to a C atom with a higher electron density.“-‘* Also in the related 
imidazo[ 1.2-alpyridine ring system such couplings were not obsc~~ai,‘* ” except for 
the ~-MC derivative. 

From a raznt review of homolytic substitutions of hetcrocyclic compoundsI it 
follows that in mcthylation studies thermal homolysis of diacetyl peroxide in solution 
at moderate temperatures was most frequently employed However, to our knowledge 
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there are no reported homolytic methylations of imidazoles or pyridazines. Known 
are homolytic phcnylations on pyridazine and these afforded Cphenylpyridazine,” 
whereas from l-methyl imidazolt a mixture of the 2- and S-isomer in the ratio of 2: 1 
has been obtained. la We have now treated imidazo[ I .2-b]pyridazine with a solution 
of peroxyacetic acid, prepared from acetic anhydridc and hydrogen peroxide, and a 
product was obtained in which the presence of methyl substituted imidazo[l.2-b]- 
pyridazines was detected by means of NMR spectroscopy. The formation of such 
products was undoubtedly due to the formation of some diacetyl peroxide as a result 
of the conversion of peroxyacetic acid in the presence of an Excel of acetic anhydride. I9 

The crude product was successfully fractionated by gas chromatography on a 
column packed with Celite and containing as liquid phase polypropylene glycol 
adipate (Reoplex 400), which has been used formerly for the separation of different 
heterocyclic bases.*” The tlution pattern revealed that the product consisted of the 
unreacted starting compound and a mixture of 7-methyl-, 7,8dimethyl- and 8- 
methylimidazo[l.2-bJpytida.zines in the ratio of about 1 :2:4. 

Methylation was repeated and a solution of excess pure diacetyl peroxide in ether 
was employed in thermal homolysis. Using the same technique for the chromato- 
graphic separation of the resulting mixture and after examining the relative retention 
times it could be shown that exactly the same three methylated imidazo[l.2-b]- 
pyridaxines were formed. There was no parent compound present and the mixture 
consisted of I-methyl-, 7-methyl- and 7,8dimethylimidaxo[ 1.2-b]pyridaxines formed 
in the ratio of about 1: 2 : 5. 

These results suggest that homolytic methylation of imidazo[1.2-b]pyridazint 
leads preferentially to an attack of the Me radical on position 8 with a subsequent 
formation of the 7.8dimethyl derivative. Evidently, under the conditions employed, 
there was no attack on the imidaxole ring since the corresponding derivatives could 
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not be identified in the reaction mixture at all. The marked positional s&ctivity 
para to the ring N of the pyridazine ring in homolytic reactions was demonstrated 
already in phenylations” whereas, contrarily, homolytic decomposition of diacyl 
peroxides in the presence of pyridine disclosed a preferential formation of 2-alkyl- 
pyridincs2’ 

81 

(-1 HN% 
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l R,CH-COR, 
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Br 
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EXPERIMENTAL 

Mp: KolIcr m.p. apparatus arc corrected; UV spectra: Beckman Model DU rpatropbotomcter; 
NMR spatn: Varian modd A-60 qxctrowta. 10% (w/w) CDCI, wlnr. TMS as an intcmal standard. 

3.6DicbloroAmcthylpyrid*‘~” was prcpwal from tbc correlpondiq pyridazonc sod upon 
amonolysia a mixture of 3-amiao-&hloro4metbylpyridazine uxl 3-unino+cblofcr5-methylpyrid&nc 
wan obtained.” Both isomera wcxe separated after aatylrtion u dtibed by Linholta n III.” 3-Amioo- 
and 3-unino&ncthylpyridazine were pmpucd raordiog to the prowdum employed by Gfundma~.~ 
wbaua for tbc rynthai~ d 3amine6chloro-4,5dimcthylpyrAzinc tbc procedure d Sat& es al was 
foU~wed.~’ Methyl I-bromocthylkctotx vu best prcpual aaordiq to the proadurc daaibcd by 
Catch et al.” 

~C~~7.8-dlmn~y/tmi~~l.2-b]pytdollN(lII. R, - R, - H. R, - R, - Me) 
A mixtw d bromoaat&k hydc dictbylaatal (6.0 r). HBr (15 ml. d - 1.38) and water (I.5 ml) was 

hatal under I&AX for 2 hr and tbcrafta poured into EtOH (50 mlr The stirred An was ncutralizrd 
with solid NaHCO, and RItered. To the aoln 3-unino-6-chloro+&nethylp~ (2.1 g 0013 mok) 
wan added and the mixture was stirral for 5 hr •~ room temp. The ractioa mixture was evaporated to 
drynm fn mew and the &due vu diuolval in water (30 ml), neutralized with wlid NaHCO, and 
tbe mixture kfI aside oa iaz ovcrnighhl The rpuatal product was filtau! 4 wasbed with few ml water 
sod dried oa air. For a&ysi~ the compound was puritlal by sublimation at 5CPpl mm Hg mp. 8M’. 
Yield d ti cnxk product was 0.7 g (29?a Ctyatallization from EtOH an bc &J wsd for pwifiitioa. 
(Found: C 5254; H. 440; N. 22.70 C,H,ClN, requires C 52.91; H 444; N. 23l4”/3; c 2260 and 
3270 A (a 29.750 and 4400). 

In armtially the same wry the lollowing compounds were prepared : 
(i) Compound 111 (R, - R, - R, - H R, - Me) WM obtained i 41 l /_ yield, mp. 108-109” (from 

H,O) (Found: C 4993; H. 401; N. 2503 C,H,ClN, requira: C 5017: H. 361; N. 2507%) 
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(ii) Compound III (R, - R. - H. R, = R, - Me) was obtaid in 47% yield, mp 190” fran EtOH: 
H,O. I :2 (Found: C. 5254; H.4.40; N. 2308. C,H,ClN, rzquiru: C. 5291; H. 444; N. 2314%., 

(iii) Compound 111 (R, - H, R, = R, = R, - Me) was obti in 38% yield, mp 142” from H,O. 
(Found: C 55.12; H. 508; N. 21.70. C,H&lN, rrquirex: C. 55.26; H, 5.15; N. 2148%) 

(iv) Compound Ill (R, - R, - R, - H. R. -Me)wuobuiaadin2l~.yidd,mp.3.%Wfrom 
n-bcuac (Found: C 5002; H. 344; N. 2492 C,H,ClN, rsquira: C 50017; H, 361; N. 25+7’/3 

(v) Compound III (Rx - R, - H. R, - R, - Me) m obW in 24% yield, mp 10~106” from 
H,O. (Found: C 5306; H, 4.71; N. 2293. C,H,ClN, requiru: C 5291; H, 444; N. 23.147& 

(vi) Gnnpound Ill (R, - Hq R, - R, - R, - Me) was obuiaal in 31% yield. mp. I-127” from 
n-hcuae. (Found: C. 55.11; H. 5.10; N. 21.29. C,H,,ClN, requites: C. 55.26; H. 5.15; N. 21487’. 

(vii) Compound Ill (R, - H, R, - R, - R, = Me) vu obtG& in 52% yield. mp. 112’ from 
Et0H:H,0.3:1.(Found:C.55~32;H,5~~;N.21~20.C,H,,~N,requi~:C55~26;~5~15;N.21~~8’/3 

(viii) Compound III (R, - R, - R, - R, - Me) vu obrrinad in 49% yield, mp. 80” from EtOH: 
H,O. 2:l. (Found: C 5702; H. 592; N. 2@22 C,,,H,&lN, nquircx: C. 57.25; H. 5.77; N. 2003yJ. 

(ix) Compound Ill (R, - R, - H, R, - R, = Me) was obtGncd in 43% yield, m.p 140-141’ from 
EtOH. (Fouod: C 5268; H 461; N. 2297. CxH,ClN, ruju~ra: C, 5291; H, 444; N. 2314%) 

In alI then axes for 001 mok of the correxponding pyridx&e 002 mola d bromormonc or 0013 
mola d methyl I-bromoetbylkctonc or brom~oct&khydc prcpxrsd from 5 g d itx dietbyLoccll were 
uxai. 

‘I.~~hyUmldar~l.2-b]pyrLiolhc(IV. R, - R, - H. R, - R, - Me) 
Compound Ill (R, - R, 0 H. R, - R, - Me. 001 mole) vu dixxolva! in McOH (SO ml) and x 

xoln d KOH (056 g) in McOH (IO ml) ti PdC (I g of 5 ‘/3 were ti The tuction mixlutz wlx 
xtirrcd in M atmo&cre of H, xt room tcmp until the required xmount of H, yu rbxorbcd. l’he adyxt 
vu tbcn maoval by filtration lad tbc xolvcnt cvapontcd to drynax in MCW xo tht tanp did oat cxcaad 
35’. ‘Ibc residue vu dixsolval in HxO (IS ml) d rcpatcdly cxtnctsd 5 tima with CHCI,. The combioul 
extraczs were drkd with MgSO,. filteral and the xolvcn~ cvspontal61 wcy) to drynax Aftu uyxt& 
IixAon from n-b- tbc pure compound wu obu m.p. 124”. yield 93% (Found: C. 65.12; H. 
6.35; N. 28.72 C,H,N, requira: C 65.28; H. 616; N. 28.55%); c 322OA (c 3870). 

Followin th above proczdurc other imid@ I .2-b]pyridAna were p-red. All compoundx with 
mp. under 80” cryxtAizz 8fta rtiing on ia for xomc time. 

(i) Compound IV (R, = R, - R, - H. R, = Me) w8x obuincd in 95 % yAd. mp. I3P from o-bcxme. 
(Found: C.6300; H. 546; N. 3lU. C,H,N, ~quira: C. 63.14; H. 5.30; N. 31560/3. 

(ii) Compound IV (R, = R, - H. R, - R, = Me) vu obtsinod in 90% yield. m.p 7Ip from n-beuac 
(Found: C. 6509; H 6.30; N. 2841. C,H,N, requira: C, 65.28; H. 6.16; N. 2855?& 

(iii) Compound IV (R, - R, - R, = H, R, - Me) vu obtained in 72% yield, m.p. 4W from 
o-hex- (Found: C. 63.10; H. 542; N. 3190. C,H,N, requires: C. 63.14; H, 5.300; N. 31.56%) 

(iv) Compound IV (R, - R, - H, R, = R, - Me) vu obttioed in 88% yicid, mp. S&W from 
0-d (Found: C. 65.12; H, 6.28; N. 28.81. C,H,N, rcquirex: C, 65.28; H. 6.16; N. 2855%). 

(v) Compound IV (R, = H. R, - R, = R, - Me) vu obtaid in 92 % y&I. mp. 129” from a-hexme 
(Found: C. 6692; H. 698; N. 2606. CvH, ,N, requira: C. 6745; H. 688; N. 2607) 

(vi) Compound IV (R, - R, - H. R, - R, - Me) wax obtained in 85% yield. b.p. 132’. (Found : 
C. 6SG2; H. 6G8)8; N. 28.36. C,H,N, requires: C, 65.28; H. 616; N. 285SyJ 

(vii) Compound IV (R, - H. R, - R, - R, - Me) WIS obtrinal in 78% yickl b.p. I4Y. (Found: 
C. 66.88 ; H. 6.8 I ; N. 26.22 C,H , , N, rcquirex : C, 6705 ; H 648 ; N. 2607 %). 

(viii) Compound IV (R, - H. R, - R, - R, = Me) vu obbincd in 97’; yield. mp. 123” from 
a-hcune (Found : C. 67.22; H. 7G22; N. 2567. C,H, ,N,*rrquiru: C. 6705; H. 6.88; N. 2607%). 

(ix) Compound IV (R, = R, - R, = R, - Me) VII obrrincd in 95% yield. mp. 127. 128’ from 
n-hcxxnc (Found: C 6fI.36; H. 766; N. 24Q4. C,,H,,N, requirrr: C. 68-14; H. 748; N. 239gQ. 

2-M~hylimidoroCl.2-b]pyrldorlnr(IV. R, - R, - R, - H. R, - Me) 
Compound II (R, - R. = H. 095 8) vu hated under rdlux with x xoln of bromcuc*onc (2 8) in 

EtOH (25 ml) for 3 hr The solvent was removed in mc~. the raiduc dissolved in wter (20 ml), the soln 
ncutralizcd with x =I. NnHCO,aq xnd exlracta! 3 tima with 25 ml CHCl,. The CHCl, lrycr was 
scpxratai xnd dred with MGO,. liltcnzd xnd evaporated In I- to dryness The oily raiduc vu treated 
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with o-hcxanc (5 ml) and left on ta overnight. Tbc separated product was idcntrul wtth the previously 

prepared compound.’ 

Using 3-amino+methylpyndnnne and the rppropnate bromocarbonyl compound, the following 

methyl substituted imiduo[l.2-blpyridtina were preparai : 
(i) Compound V (R, = R, - H) was obtamcd in 457; yield. m.p. 125” from n-bexane. (Found: C. 

6302; H. 548; N. 31.34 C,H,N, requim: C. 63.14; H. 5.30; N. 31,56’/,). 

(ii) Compound V (R, = H. R, = Me) was obtained in 36”, yield m.p. 96 from n-hcunc (Found: 

C, 65.36; H. 6.34; N. 2886 C,H,N, rquim: C. 65.28; H. 6.16; N. 28.55”,). 

(iii) Compound V (R, = Ra - Me) was obtained in 32 Y0 yield. m.p. 56. from n-hcunc. (Found. 

C. 66%; H. 7G2; N. 25.92 C,H, ,N, rquim: C. 6705; H. 6.88; N. 2607?;). 

Homolyfic mtrhyfolion ojimidozo[ I .2-blpyriduriru 

(a) A soln of pcroxyratk acid was prepared as follows: AC@ (IO0 ml) was cooled to lo’. cmc H,SO, 

(01 g) was added and thereafter to the stirred and externally cooled soln H,Or (20 ml of 30”/,, was added 

portionwise so that the tcmp dtd not exceed 50’. The soln was left aside for I hr. anhyd NaOAc (02 8) 

was added and the mixture filtered. To this soln imtduo[l.2-b]pyrida.xinc (5G g) was added and the 

mixture hated at 70‘ for 8 hr. The reactton mtxture was evaporated in uacuo at 40” and the rcmaming 

yellow oil was dissolved in water (50 ml), neutralixal wtth solid Na,CO, and extracted 5 tima with 

CHCl, (40 ml portions). The combined extracts were dried over MgSO, and the solvent evaporated 

in WCW. The rcmammg yellow 011 (2.5 g) was used wtthout further puriticatton for chrornatognphtc 

scparatton. 

(b) A soln of diaatyl peroxide in ether was prepared from Na,O, (I5 8)” and was used straight away. 

A soln of imidaxo[I 2-blpyridaxine (20 g) m glacial AcOH (a0 ml) was treated with the above soln of 

diaatyl peroxide and the reaction mixture heated at 70.. The ethereal soln of diacctyl peroxide was added 

during 2 hr and ether was at the slmc time distilled OR from the reaction mixture. After the addttion was 

complete, heating was continued for 3 hr. the solvent was evaporated In L‘OCW. the raiduc was made 

alkaline wtth 20”, NaOHaq and extracted with CHCl, (5 portions of 30 ml) The combined extracts 

were dncd over MgSO, and after the solvent was removed in racuo there remained I 7 of yellow 01) which 

was used for further invcstigatrons. 

Chrowrarographic stpararion 

Gas chromatography was carried out on a Podbiclntak Chromacron No. 9580 gas chromatograph 

quipped with stainless steel column. 100 cm long and 4 mm internal dtamctcr. Column packmg consisted 

of IS”,; (w:w) polypropyknc glycol adtpatc (Rcoplcx 400) on 60 IO ItO-mesh Cchtc 545. Column was 

preconditioned for I hr at a tcmp of 175’. Samples (I ul) were injected as a soln d IO mg of the ruction 

mixture tn 02 ml of CHCl, As mrrtcr gas argon was mrroduccd at a flow rate d 60 ml per min. 

In or&r IO asccrtam just which compounds could be present in the rcactlon mixture. relative rctcntion 

tima were determined. These have been determined from sharp. well-dcSncd peaks as follows: X-mcthyl- 

imidaxo[ I .2-b]pyndaxinc 312 sec. imtdaxo[ 1.2.blpyndaxinc 4% sec. 2&dimcthylimtdaro[ I .2-blpyrida- 

tine 529 sec. 7.8-dimcthyhmidaxo[l.2-b]pyridar.rnc 5% sec. 7-mcthylimtduo[l.Z-b]pyridarinc 692 sec. 

and 2.3.7.8-tctramcthyhm,duo[ I.2-b]pyridazinc 894 see Sma the pnncipal tmpurity normally lound m 

imidaxo[l.2-b]pyndazinc IS its 6-chloro dcrivattvc. this compound was also examined and a retention 

ttmc of 874 see established. No dlort was made IO mamtam IIK quantttattvc relationship of the mcthyl- 

imidazo[ I .2-b]pyridaxincs examined as standards IO those tn the reactton mixture. as WC were pnmatily 

interested u-r qualitative rather than quantitnttvc date. 

Chromatographic separation of both reaction products was dlcctcd as indicated above and from the 

l ru of +s the quantitattvc relationship d particular compound was evaluated. In the reaction product 

d imid@l.2-b]pyridnc and a soln of pcroxyaatic acid there WCR idcntifrcd ‘I-methyl-. 7.8dimcthyl- 

and 8mcthylimidazo[ I .2-blpyridaxinc i: the ratio d I : 2 :4.3 and a small quantity d tbc parent imidaxo- 

[l.2-blpyridaxinc. On the other hand imidu.o[l.2-b]pyridaxinc after treatment with diacctyl peroxide 

a!lordcd a product. which could be separated into R-methyl-. 7-mcthyl- and 7.8dimcthylimidaxo[l.2-b]- 

pyriduinc in the ratio d I ~143~ 5-2 This mixtum contained no unructcd parent compound 
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