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Abstract - The dlovrrololl.2-a:2'.l'-eloyrazines 2-9 were orepared bv base eatalvsed 
-10" of the quaternarv salt reaultinp from reaction of various 
8-methvl-7-asaindolizines with an a-halaketone. Deucerim exchange and protonation 
were shown to occur oreferentiallv at the 318)- and then t(lO)- onaftions. 

1 
In s recent note we published the svntheair of a varier" of 7-azaindolizines by Chichibahjn 

quaternisation-cvclination of methvl~vrezines with an a-haloketone. Unlike 5 - ,  6- and 

8-azaindolirines, 7-azaindolizines orotonate solely at the N-7 no"-brideehead nitroeen and resist 

deuterium In addition electron denaitv calculation.- Indicate the C-R site of 
4 

7-azaindolizines to be markedly electron deficient . Theae two factors suggeat that 8-rnethvl-7- 

azaindolizine(s) 1 should themselves readily underxo Chiehibabin quaternisation-cvellsation with an 
u-haloketone to give derivatives of the diovrrololl,2-a:7',1'-elovrazfne svstern 2 .  Indeed 

Boekelheide et a1.5 prepared one hiqhlv ruh~tituted derivative of hv reacting 1,2-dicarbomethoxy- 

5.8-dimethyl-7-azaindolirine with ohenaevl hrmide. The m l v  other dipvrrolopyrazine reported is 
6 

the parent 1 which was recently synthesi~ed by dehydrogenative bridging of dioyrroloethane . In 
this paper we report the Chichibsbin synthesis of several aimole alkvl and arvl derivatives of 1 
together with deuterium exchange and protonation studies on these emoounda. 
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The dipyrrololl,2-s:2',l'-c1~yrazineo 3-9 were readily obtained bv cvclisation of the querernarv 
salt rrsultinp from reaction of the 8-methyl-7-azaindolizine with a varietv of 0-haloketones, the 

quaternirration was invariablv exothermic. The salt 10 formed by reaction of R-methvl-Z-t-butvl-7- 
azaindolizine and bromopinaeolane was characterised, but generallv the quaternary salt was not 

isolated prior to eyclioation. Dissolution of the nalt and reflux of the bicarbonate besified 
1 solution gave the dipyrrolopyrazine in varying yields (13-60%). The H nmr spectra 

deuteriochlorofom of the dipyrrolopyrazines 3-6 consisted of four singlets, the aimplicitv of the 
spectra reflecting the ametry of the compounds and of the dipyrrololl,2-a:2',l'-e1~yrazine ring 

nystem. The ring proton absorptions were found to occur at chemical shifts corresponding to that 
b of the parent 2 occurring at progressively lover field in the order H (H ); H (H ); H (H ) (see 1 1 0  3 8  5 6  

Table I). 

Table I 'H Nmr Spectra of Diovrrololl.2-a:2',l'-elp~r~zine~ in CDCP3 ( 6  valuea! 

R2 R3 Rh R9 R10 

8 6.37 2.75(38) 6.73 6.94 6.94 7.11 to 7.63 6.73 
6H complex H-8 and Ph-9 

* 
9 6.35 2.21(38) 6.72* 6.87 6.87 6.72 1.30(9H) 6.27 

Signals marked by asterisk are broadened andlor weakly split. 

For example Z,9-dimethyldipyrrolofl,Z-~:2,1'-elp~razi 3 showed in addition to its high field 
methyl signal at 6  2.25, three lower field singlets at 6  6.40, 6.75 and 6.88 assiwed respectively 

to Hl(Hl0).H3(H8) and H5(H6). The 13~-nmr spectrum of 3 also reflected the symetrv of the system 
showing six si~nala. the "on-quaternary ring carbons occurring at 6  100. 111 and 113. These 13c 

7 shifts are eonparable with ring carbon shifts of other electron rich heteroaromntic corn~ounds and 

suggest the dipyrrolo[l,2-a:2'.I1-elpyra~lne ryctm to be a -excessive heteroeromstic involving 

14" peripheral electrons. When the deuteriochloroform solutions of 3, 4 end 5 were mixed with a 
I drop of deuteriotrifluoroacetic acid the resulting H nmr spectra ahawed the disappearance of their 

H-3 and H-8 and a slight diminution of its H-1 and H-10 signal. The unsvmmetrieal 
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I 
dipyrroloovrarines 1. 8 and 9 ,  gave more complex H nmr spectra deuterioehlorofom, signal 

assignments show in Table I, are based on a comparative examination of related spectra, on the 

proximitv of hydrogen to nitrogen, and with the assistance of deuterium exchange end double 

irradiation. 

The trifluoroacetic acid spectra of 2, 4 and 5 showed these s-etrieal dipyrrolopyrazines to 

protonate solelv at the unsubatituted 3 (R) site to Rive the eorreapondinp. 3H monocatlona, for 

example - 3 gave the 3H cation E. 2,3.8.9-Tetrameth~ldipyrro1oll.2-a:2',1'-clpvrazine 5 gave a 
oreponderanee of rhe C-3 protomated cation (60%) together with an equilibrium concentration of the 

C-1 orotonated cation 2 (40%). 

However, the 'H nmr apeetrum of the trifluoraacetie aeid aolution of the perchlorate salt of 5 
showed solel" the presence of the 3H conjugate acid cation. On the other hand the 'H nmr spectrum 

of the perchlorate of 5 in deuterated dimethyl pulphoxide shoved a spectrum identical in pattern 
and with similar chemical shifts to that of the original base 5. This point? to the weakly basic 

nature of the dipvrrolopyrarine system, and in particular it ia distinctly leas bade than its 

precursor 8-methyl-7-azaindolizineR. The unsymetrieal dipvrraloll.2-a:2.I-clpvrnzines 1, 1 and 9 
in trifluoroacetic aeid pave a mixture of the C-3 and C-R conlugate aeid cations for example 2 gave 

I 
14 (70%) and 15 (30%). The signal assignments of the H nmr spectra trifluoroacetic acid of the - 
dipyrrolopyreeines 3-9 are show in Table 11. 
These protonation and deuterium exchange studies show the dipvrrolopvrazine system to he a 

--excessive heteroaromatic with a propensity to ~referenciallr protonate at carbons 3f8) and then 

I(10). Protonation at the bridgehead nitropn is not observed as this would lead to 8 non-aromatic 

conjugate acid whereas protonatinn at carbons 318) or 1110) results in the formation of a 10- 

7-azaindolizinium moiety in a manner similar to rhe establishing of a 6- oyridinium system as Part 

of the conjugate acid cation formed on protonation of indolirine at C-3 or C-I. 



Table I1 'H Nmr Spectra of Dipyrrololl,2-a:2'.18-elpyrarinea in CF3COOH (6 values) 

Structure Cation X R, R2 R3 R5 R6 ?4 R~ %0 

6 C-3 100 7.30 2.60(38) 5.10(2H) 2.60(38) 2.35(38) 7.65 2.35(3H) 7.00 

C-3 70 2.45(38) 5.22(2H) simals between 7.10-8.30(10H) 
8 

C-8 30 2.48(3H) signals between 7.10-8.30(108) 5.70fZH) 

EXPERIMENTAL 

Melting points were determined on a Gallenkamp melting point apparatus and are uncorrected. 

Infrared Spectra were recorded for N u ? d  mulls unless otherwise stated with s Perkin Elmer 781 

Speetrophotometer. Ultraviolet Spectra were recorded on a Perkin Elmer 552 Spectrophotameter. 

Light shporption data refer to solutions in ethanol unleaa otherwise stated, inflections are given 

in parentheses. 'H and 13c m r  spectra refer to solutions in deuterioehloroform unless otherwise 

stated and were recorded with a Varian FT-8OA or a Perkin Elmer R12R SDeetrometer using 

tetramethylailme as an internal standard. Unlesn otherwise ataced values given on a 6 scale refer 

to ainglef absorption, a~oroximate cou~ling constant8 are in hertz and Integration value8 and 

signal assignment are in parentheses. For multiplet d - doublet, t - triplet and q - quartet. 
Signals marked by asterisk are broadened andlor weakly split. Mass Spectroscopic and elemental 

analysis were performed by the analytical laboratories of ICI, Pharnaceuticsl Division. 

The following general procedure was used in the Chichibabin svnthesis of the dipyrrolall.2-a:?', 

1'-elpyrazines. The bromoketone was added to the 8-methyl-7-azaindolizine followed bv a few drops 

oE ethanol to moderate the exothermic reaction and the reaction mixture WBR maintatned at 35-50°C 

for I to 7 days. Water was added and the aqueous solutjon was extracted with ether or chloroform. 
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warmed to remove dissolved solvent, before adding an excess o f  sodlum hydrogen carbonate. The 

bicarbonate solution was refluxed for 30 min and the precipitated dipyrrololl,2-a:2',l'-clpyraeine 

war collected and recystalllsed from ethanol. 

2,8-Dio1ethyl-7-araindolizine (2.0g. 0.0137 mol) and brmoacerone (1.88, 0.0137 mol) gave 2 
dimethyldipyrrololl.2-a:2',1'-elp~raaine 2 ,  1.5g (60%) as colorless evstals: mp 172-174'C; \.ax 

(246l, 254. (270), 799, 311, log c 4.65, 4.73, 4.07, 3.95, 3.93, ir 780, 1370, 1490, 3050 m-l: 'H 

nmr (See Table I); L3~-nmr: 12.12 9 - 2 ,  CH3-9): 100.49 (C-1. C-10, C-2 and C-9); 110.65 (C-3, 

C-8): 112.72 (C-5. C-6): 122.29 (C-la, C-lOa). 

Anal. Calcd for C12H12N2: C, 78.22, H, 6.51; N, 15.21. Found: C, 71.26; H, 6.52; N, 15.22: ms: - 
mlz 184 (M', 100). 

2-t-Butvl-8-methvl-7-azaindolizine (7.9g. 0.042 mol) with brmopinaealone (7.7g. 0.042 mol) gave 

2,9-di-t-butyldipyrr01~Il,2-a:Z',1'-e)oyrn 5.6g (48%) as colorless ervstala: mp 155.7-C: 

Amax 12471, 754, (269). (297). (309). log E 4.71, 4.75, 4.03, 3.93, 3.92: ir 670, 785, 1550, 1670 

m - l :  'A nmr (See Table I). 

A~al. Calcd for Cl8HZ4N2: C, 80.59: H, 8.96: N, 10.45. Found: C, 79.94; H, 8.96: N, 10.04. - 
2,3,8-Trimethyl-7-azaindolizine (3.58, 0.022 mol) with bromobutan-2-one (3.3p, 0.022 mol) gave 

2,3,8.9-tetramethyldipyrrololl,2-a:2',l-cloyrazine 5 1.88 (39%) as pale yellow ervatala: mp 
199-200DC; \ max (249), 252, (264), (290). (3O3), 1310, log E 4.66, 4.76, 4.63, 3.93, 4.60, 4.05: 

ir 762. 1445, 1670. 1715. 3100 k l ;  nmr (See Table I). 

Anal. Caled for C14H16N2: C. 79.24: H, 7.55: N, 13.32. Found: C, 78.93: H, 7.51: N, 13.22. - 
2,5,6,8-Tetramethy1-7-~zatndolizine (0.4p, 0.0023 mol) with brmoacetone (0.3g, 0.0023 mol) gave 

2,5,h,9-tetramethvldipyrrolo11,2-a:7',1'-el~vrazine 5 O.2g (41%) as pale yellow ervstals: mp 
173-174'C;k max (248). 256 (271), (296), (311), log c 4.22, 4.28, 3.67, 3.50, 3.42; ir 750, 1460, 

1540, 1560, 1600 cm-'; 'H nmr (See Table I). 

m. Calcd for Cl4Hl6NZ: C, 79.24; H, 7.55; N, 13.32. Found: C, 78.92: H, 7.69: N, 12.94. 

2-Carbethoxv-8-methyl-7-azeindoli.ine (0.4~. 0.002 mol) with brmoacetone (0.26g, 0.002 moll gave n 

solid which was sublimated (70°C, 18m) to give 9-carbethom-2-methvldipyrrol~I1,2-~:2', 1'-el 

pyrazine 7 0.208 (42%) mo 64'C,\ max (215). (23R), 261.5, 269, 297, (307.5). log c 4.57, 4.17, 

4.65, 4.60, 3.90, 3.82: ir 745, 1220, 1680, 1710, 3140 eme1; nmr (See Table I). 

Anal. Calcd for Cl4!Il4N2O2: C, 69.42; H, 5.79: N, 11.57. Found: C, 69.64: H, 5.71; N, 11.42. - 
ms: mlr 242 (M+, 100). 

2,8-Dimethyl-7-azaindolizine (3.2g, 0.022 mol) with phenaevl bromide (4.32g, 0.022 mol) gave 

?-methpl-9-phenyldipyrr~loI1~,2'-a:2'.1'-clpvrazlne 8 0.68 (16%) as pale yellow crystals: mp 

188-189'~: \ max (23h), (244), 270, f303), log E 4.32, 4.35, 4.72, 4.08: ir 740, 1220, 1540, 1740, 

3110 cm-l: 'H nmr (See Table I). 

Anal. C9led for C H N ' C, 82.93: H, 5.69, N, 11.40. Found C, 83.14; H, 5.91; N, 11.24. - 17 14 2' 
2.8-Dimethyl-7-azaindolizine (2.55g, 0.017 mol) with brmooinaeolone (2.95g. 0.017 mol) gave 

2-methpl-9-t-butyldi~yrr~1011',2'-a:2'.1'-elnvrazine 9 0.5~ (13%) as colorlens crystals: mp 

132.6'C,r max (246). 254, (270). (297). (310.5), log e 4.67, 4.75, 4.12. 4.03, 4.01: ir 750, 1240, 

1530, 1670, 3200 cm-I; IH nmt (See Table 7). 

Anal. Calcd for CI5HIRN2: C, 79.65, H, 87.96; N, 17.39. Found C, 79.14; H, 8.03; N, 12.34. 

8-Methyl-2-t-butyl-7-azaindolizine 1 (7.9g, 0.042 moll and brmopinacolane (5.5g, 0.042 mol) pave 
-I 1 salt 2. 10.2 g (66%) as colorless crystals: mp 285*C: ir 960, 1650, 1715, 3040 em ; H nmr 

(CD3)2S0 1.12 (9H, t-butvl); 1.34 (9H, t-butyl); 2.74 (3H, CF3-8): 5.80 (2H, CH2): 7.55 (d, lH, 



A-5, J - 6.0 HZ); 7.90* (lH, H-1); 8.35* f1H. 8-31: 8.56 (d ,  lH, H-6. J - 6.0 Hz). 

Anal. Caled fo r  C H N OBr: C, 58.88; H, 7.36; N, 7.63. Found: C, 58.54: H,  7.80: N ,  7.54. - 18 27 2 
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