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Ab&raet-Treatment of certain 1,5- and 1,7diazaindenes with a small molar excess of hydrogen 
peroxide in acetic acid causes opening of the pyrrole ring with loss of the 2-C atom to give amino- 
pyridyl ketones or aminopyridine carboxylic acids. The former have been used as intermediates in the 
synthesis of 3-substituted diazaindenes by reaction with ~~ylsu~ho~urn methylide. Stable iodine 
complexes with 1 ,Sdiazaindenes may be formed: 6-(4aminopyrid-3-yl)-Goxohexanoic acid gave 4-G 
methyl-l ,%diazainden-3-yl)butanoic acid. 

We have attempted to prepare the oxides, 1 and 5, 
by oxidation of 1,5- (2) and 1,7diazaindene (6) re- 
spectively, since these oxides would be useful in- 
termediates in the synthesis of analogues of the re- 
cently discovered pyrrolopyrimidine nucleoside an- 
tiiiotics. Our initial attempts to obtain the N-oxides 
were unsuccessful, but some of the results obtained 
have led to the development of a novel and poten- 
tially useful route to 3-substituted diazaindenes. 

Recently a-carboline has been converted into 
a-carboline N-oxide by treatment with hydrogen 
peroxide-acetic acid mixture.’ When 2 and 6 were 
treated separately with a similar oxidising medium 
(containing 15 molar equivalents of hydrogen 
peroxide) only 4-aminonicotinic acid and 2-amino- 
nicotinic acid, respectively were obtained. The 2-C 
atom of the diazaindene is lost in the oxidation pro- 
cess. Protection of the pyrrole N atom, by forma- 
tion of l-acetyl-1,5diazaindene (3) before attemp- 
ted N-oxidation, did not alter the course of the 
reaction: l-acetyl- 1 $diazaindene yielded damino- 
nicotinic acid. Hydrolysis of the N-acetyl group to 
produce an equilibrium concentration of 2 must 
occur rapidly in the acetic acid containing a small 
quantity of water, and this idea agrees with the 
finding’ that N-acetylcarbazole in acetic acid con- 
taining a few drops of dilute hydrochloric acid 
quickly undergoes hydrolysis to carbazole. 

The results obtained with the parent diazain- 
denes are in contrast to those reported by Crooks’ 
who, on treatment of 2V3dimethyl-l ,5sne 
(4) with an acetic acid-hydrogen peroxide mixture 
obtained 3-acetyI4acetamidopyridine l-oxide, 8; a 
product formed by N-oxidation and, presumably, 
oxidation of the pyrrole moiety without loss of the 
2-C atom. It was, therefore, of interest to try the 
oxidation of 2,3dimethyl-l&liazaindene under the 

conditions used in our experiments, and this 
yielded 3-acetyl4aminopyridine, 9. 

Application of the reaction to both 6, 7, 8, 9 - 
tetrahydro - r - carboline, 14, and its l-acetyl de- 
rivative, IS, gave the same product, which was not 
likely to be an N-oxide since its mass spectrum did 
not show an M-16 peak. Elemental analysis and MS 
data indicated a molecular formula, G,H,$I&. IR 
spectroscopy showed the presence of two CO 
groups, an NH* and an OH group. NMR spectro- 
scopy showed the presence of a saturated alkyl 
chain containing 8 H atoms and the compound was 
assigned the structure 6(4-aminopyrid-3-y&& 
oxohexanoic acid, 10. A corresponding product, 6 - 
(2 - anilo) - 6 - oxohexanoic acid, 11, has previously 
been obtained6 by the oxidation of 1, 2, 3, 4 - 
tetrahydrocarbazole, 16, in the presence of oxygen 
and a platinum catalyst. 

It seems likely that, in all the cases that we have 
investigated, cleavage of the 2,3-baud of the 
diazaindene occurs to give a dicarbonyl compound, 
e.g. U, I3 or 18, in a similar manner to that 
suggested’ for tetrahydrocarbazole oxidation. 
These intermediates then readily undergo hyd- 
rolysis of the amide to give the products. Since only 
1*5 molar equivalents of hydrogen peroxide were 
used, it was possible that the ring cleavage reaction 
was much more rapidthan N-oxidation and that the 
peroxide and peracid were removed before signifi- 
cant N-oxidation could occur. The reaction condi- 
tions used in this work were similar to those used to 
convert a-carboline to its N-oxide.’ In order to pro- 
vide some information about the ease of N- 
oxidation of the 1,5diazaindene system, this reac- 
tion was applied to a-carboline, an aromatic ring 
system which would be unlikely to undergo ring 
cleavage under these mild conditions; only the 
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1: R=R’=H, j&j-, 5: 
2: R=R’=H, X=N 6: 
3: R=H, R’=C!OCH3, X=N 7: 
4: R=R’=CHs, X=N 

8: R = COCHs, R’ = CHJ, X = G-0 
9: R-H, R’=CH,, X=N 

10: R= H, R’ = (CH&CC&X, X=N 
11: R I=: H. R’ = (CHACGH. X = CH 
12: R = C&Ha, -R’ -OH, X = N 
13: R = COCH,, R’ = CHr, X = N 

starting material (95%) was isolated. Thus, in no 
case was N-oxidation of a 1,Sdiazaindene system 
achieved using the hydrogen peroxide-acetic acid 
mixture. The difference in reactivity of Q- and 7. 
carboline may be associated with the greater basic- 
ity of the 1,Sdiazaindene compared to the 1,7- 
dia&ndene system.’ 

Recently, the synthesis of certain indoles has 
been reported9 using the reaction of 0 -aminophenyl 
ketones and aldehydes with dimethylsufphonium 
methylide. An analogous system exists in the 
diazaindene oxidation products 9 and 10, and it 
seemed possible that the ylide could be used to 
obtain other diazaindenes from them, provided that 
the 4-amine groups had sufficient nucleophilic 
power to bring about the cyclisation step. Treat- 
ment of 3 - acetyl - 4 - aminopyridine with the ylide 
readily gave the cycliscd product, 3 - methyl - 1,5 - 
diazaindene, 19. No N-methylated product was ob- 
tamed, in contrast to the result with o- 
aminoacetophenone? 

On treatment of the potassium salt of 10 with the 
ylide, a product was obtained only after acid&+ 
tion of the reaction mixture. The product was black 
and attempts to remove the colour were unsuccess- 
ful. Elemental analysis and mass spectroscopy indi- 
cated a molecular formula C1&N202+ I?; the 

R=H, X=&-o 
R=H,X=N 
R=COCH,, X-N 

14: R=H, X=N 
15: R=COCH,, X=N 
16: R=H, X=CH 
17: R==CH,, X=N 

iodine presumably being present as part of a 
charge-transfer complex with the pyridine ring and 
this being responstble for the colour of the com- 
pound. The H’ NMR spectrum indicated that a 
3-substituted-l,fdiazaindene had been formed, the 
eight protons of the alkyl chain and a low field GX- 
cw1e proton were apparent. An unexpected 
feature was the presence of a singlet at 8 398 cor- 
responding to a Me group. The m spectra of this 
compound and a number of diazaindene derivatives 
are given in Table 1. The 4-,6-, and 7-protons are 
shifted down field from their positions in the spec- 
trum of 1,Sdiazaindene and have similar chemical 
shifts to the corresponding protons in diazaindene 
me&i&ides. However, the Me group protons at- 
tached to a quaternary N atom in l,Miazaindene 
and tetrahydro-y-carboline methiodides appear at 8 
4943 and 460, which are clearly different from the 
groupat6398,butthisissimilartoapeakat6393 
due to the S-Me group in the methiodide of 17. 

The IR spectrum showed a peak at 1710cm” 
(CO&I or CCMZH,) but did not clearly show the prc- 
sence of an OH group. Closer inspection of the 
mass spectrum showed a meta-stable peak at 90.7 
due to the transition p --+ p-(CH&CQIH and con- 
&ming 210 as the structure. 

That isolable iodine complexes form with certain 

Table 1 

Chemical shift (S) Coupiing (Hz) 
1,5-Diazaindene H, Hz H, H, Hs H, H 6.7 

a 1146 11.26 7.45 7-04 6.60 8*75 8.86 %I8 8*10 ‘7+4O 7.26 ::g 
2u 12*97 7.71 9.60 8.43 8.03 6.8 

Nethiodide of 2 12977 8.03 7.03 9*43 8*50 8.00 
Me&iodide of 17 9.53 8.53 7-97 3:; 

The spectra of 4 and the methiodide of 17 were measured in CDCI, and the 
remainder in &-DMSO. 



Diazaindenes (tindoles)-_IV 477 

CH3 

(CH&.COzH 

kH, 

20 

1,5diazaindenes was shown by the precipitation of 
a complex on mixing ethanolic solutions of iodine 
and 16. The NMFI spectrum of this product in 
DMSO was similar to that of 20 and showed down- 
field shifts of signals compared with those in the 
spectrum of 16. Treatment of l,^ldiazaindene (6) 
with iodine in ethanol produced no precipitate, but 
the NMR spectrum of a mixture of iodine and 6 in 
DMSO showed a small downfield shift. 

Further investigations of the oxidation of 
diazaindenes, the uses of dimethylsulphonium 
methylide and the properties of the charge-transfer 
compIexes are in progress. 

EXPERMENTAL 

1 - Acetyl - 1,5 - diazaindene (1 - acetyi - 1H - pyrrolo 
[3,2 - cjpyridine), 3. 1,5-Diazaindene’* (1-8s) and A& 
(10 ml) were heated on a boiling water-bath for 2 h. AC& 
was distilled off under reduced pressure, water (5 ml) was 
added, and the soln was basifkl with Na&O,. Extraction 
with CHCI, yielded a solid which was cxystaIEscd from 
benzene-light petroleum (b-p. So-1oOq to give 1 - actfyl - 
1,s - &Z&&W (2*1 g, 89%), mp. 98-P (Found: C, 67.6; 
H, 4e89; N, 17~2. C&I&O, requires: C, 67.5; H, 5.00; N, 
17+5%), Y (KBr) 1709 (CO), S (CDCl,) 8.83 (iH, s, 4-H), 
848 (lH, d, 6-H), 8.20 (lH, d, 7-H), 7-43 (lH, d, 2-H), 6.67 
(lH, d, 3-H), 2-63 (3H, s, CHI), J&, = 6*1, Ju = 3*9 Hz. 

1 - Acetyl - 1,7 - diazaindene (1 - ucetyl - 1H - pywokr 
[2,3-b] pyn”dfnc), 7. 1 ,7-Diazain&ne’” (1.4 g) was similarly 
converted into 1 - acetyl - 1, 7 - diazaindenc and after 
crystallisation from benzene yielded 9+3 g (82%). m.p. 
65-66’ (lit,” 670). 

4 - AminonicoMc acid 1 - Acetyl - 1,5 - diazaindene 
(l-3 g) was added to a mixture of H&, (3Q%, 0~8 ml) and 
glacial AcOH (5 ml) and maintained at 60-70” for 3 h. A 
further O-6 ml of peroxide was then added and the soln 
maintained at 70-80“ for 5 h. The solvent was distil&d off 
under reduced pressure and the residue crystalliscd from 
aqueous EtOH (charcoal) to give 4-aminonicotinic acid 
(O-2512, 22%)* m-p. 327-8’ (dec) (lit,” mp. 330” (de@) 
(Found: C, 5291; H, 4451; N, 2@0; m/e 138.&H&I& re- 
quires: C, 52~2; H, 4.35; N, 20.3% mle 138), Y (KBr) 3298 
and 3 149 (NH& 2599 (OH), 1651 (CO). 

2-Aminonicotinic acid. 1 - Acetyl - 1.7 - diazaindene 
(l+l g) was treated in a similar manner to that descrii 
for the l,S-diazai.ndene isomer to afford a residue, which 
on crystallisation from EtOH gave 2-aminonicotini~ acid 

(O-19 g, 20%), m.p. 307-P (dec) (lit,‘l 310” (dec)), v (RBr) 
3270 (NH& 2465 (OH), 1700 (CO). 

3-Acefyl-4-am+pyMne,9.2,3-Dimethyt-1,5- 
diazaindenelJ (1 l O g), glacial AcOH (5 ml) and H,Oa (3O%, 
1 ml) were heated at (ia- for 4 h. More peroxide (O-7 ml) 
was added and the temp maintained at 60-70” for a further 
6 h. The solvent was distilled off under reduced pressure, 
water was added to the residue and the mixture was 
basified with NaOH aq. The precipitated 2,3 - dimethyl - 
I,5 - diazaindene fob43 g) was filtered off and the alkaline 
filtrate was continuously extracted with CHCL The ex- 
tract yielded a solid which was recrystallised from ben- 
zene to give 3 - acetyl - 4 - arninopyridhe (O-12 g, 13%), 
m.p. 165-166” (Found: C, 61.9; H, $83; N, 21+0. C,H,N,O 
requires: C, 61,8; H, 5.88; N, 20.6%), v (KBr) 3455 and 
3145 (NHr), 1635 (CO), 8 (CDC1,) 8+85 (lH, s, 2-H), 8.12 
(lH, d, 6-H), 6*93 (221, s, which disappears on addition of 
D,O, NH& 6.53 (lH, d, S-H), 2.63 (3H, s, CHI), Js.6 = 
6.0 Hz. 

I - Acetyi - 6,7,8,9 - tetrahydru - y - carbohe, 15. 
AGO (125 ml) and 6,7, 8,9 - tetrahydro - r - carboline” 
(25 g) were heated on a water-bath for 2 h. The soln was 
cooled in ice, and the ppt filtered off. Crystallisation from 
benzene gave 1 - acetyl - 6, 7, 8, 9 - tetrakydn, - y - 
car&&e (25 g, 81%), m.p. 152*5-154” (Found: C, 72.7; H, 
6*51; N, 12*7 C,,H,,N,O requires: C, 72.8; H, 6454; N, 
13-l%), Y (KBr) 1709 (CO) cm-‘, 6 (CDCI,) 8.58 (lH, s, 
5-H), 8.32 (lH, d, 3-H), 7.73 (lH, d, 2-H), 2.87 (W, m, 
CH2), 2.58 (2H, m, CHJ, 2-58 (3H, s, COCH,), l-81 (4H, 
m, (CH2M. 

6 - (4 - Aminopyrid - 3 - yi) - 6 - ox&exumic ah?, 10. 
Glacial AcOH acid (4 ml), H202 (30%, 0*75 ml) and 6,7,8, 
9 - tetrahydro - y - carboline” (1-O g) were heated at 
70-80” for 4 h. Additional peroxide (O-3 ml) was added and 
the heating continued for 4 h. After cooling, the ppt was 
filtered off and crystallised from EtOH as 6 - (4 - 
aminopyrid - 3 - y2) - 6 - oxohexanoic acid (O-38 g, 30%), 
m.p. 193-4’ (Found: C, 5991; H, 6*23; N, 1294; m/e 
222~1007. CLH,&O, requires: C, 59.4; H, 6.31; N, 1206%; 
m/e 222*1007), v (KBr) 3425 and 3198 (NH2), 1660 (CO) 
cm-‘, 6 (a-DMSO) 8.80 (lH, s, 2-H), 8.07 (lH, d, 6-H), 
7*74 (2H, s which disappears on addition of a0, NH& 
7-5-6.2 (lH, broad s which disappears on addition of &O, 
OH), 6.68 (lH, d, 5-H), 3.00 (2H, m, CHJ, 2.26 (2H, m, 
CH& 1.60 (4H, m, (CH&), J,., = 3-O Hz. 

Addition of NazCOs aq to the residue from evaporation 
of the aqueous filtrate yielded 6,7, 8,9 - tetrahydro - y - 
carboline (0~4g). Treatment of 1 - acetyl - 6, 7, 8, 9 - 
tetrahydro - y - carboline in a similar manner also gave 11 
(16%). 

3 - Methyl - 1,5 - diazaindene (3 - methyl - 1H - pywole 
[3,2-clpyridine), 4. A soln of dimethy)s~pho~~ 
methylide was prepared as follows: ~me~yls~pho~& 
(20 ml) was added to sodium hydride (from 1 g of a SO% 
mineral oil suspension after separation of the hydride 
from the oil after the addition of dry light petroleum) and 
the mixture heated to 70-75’ and stirred for 30 min. The 
soln was cooled to room temp, dry THF (2Oml) was 
added, and the soln then cooled to - 59 Trimethylsufph- 
onium iodide” (2W g) in DMSO (25 ml) was added to the 
stirred soln and the temp maintained below 5”. 

3 - Acetyt - 4 - aminopyridine (0+8 g) in DMSO (10 ml) 
was added to the stirred soln of the ylide with the temp 
below 0”. The stirred mixture was maintained below 00 for 
5 min and then the temp was allowed to rise to room temp. 
DMSO was distilled off under reduced pressure and water 
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(5 ml) was added to the cooled residue. The aqueous soln 
was extracted with ether to give 3 - methyl - 1, 5 - 
diazaindene (O+lZ g, 20%) which was recrystallised from 
benzene, m-p. 143-4” (lit,” m.p. 144-Y’). Y (KBr) 3150 
(NH), S (CDCd) 9*70 (lH, s which disappears on addition 
of DzO,NH-),8*93 (tH, s,4-H),8+30(lH,d, 6-H),7*27(lH, 
D, 7-H), 7~04 (lH, s, 2H), 2.40 (3H, s, CH,), J&, 4.1 
HZ. 

4 - (1 - Methy - 1, 5 - diuzainden - 3 - yZ)butu?wic 
acid-iodine compl&?x [4-(1-mefhyl-lH-pyrb [3,2-c 
pytidine - 3 - yl)bu&znoic acid-iodine complex I, 20. The 
K salt of 6 - (4 - aminopyrid - 3 - yl) - 6 - oxohexanoic acid 
(l~lg)inDMSO(25ml)wasaddeddropwisetoas~ 
soln of the ylide, similar to the one described above, main- 
tained at betow 59 The soin was then allowed to come to 
room temp and s&ing was continued until ail the solid 
had dissolved. The solvent was distilled off under reduced 
pressure and water was added to the cooled residue. 
Acidification to pH 2 with cone HCI gave a dark solid 
(148 pI 76%), which was recrystallised several times from 
EtOH (charcoal) as black 4 - (1 - methyl - 1, 5 - 
&z&&n - 3 - yl)butanoic acid-icHfine complex, m.p. 
146147” (Foundz C, 31+8; H, 3*23; N, 57; I, 52.4. 
C,,H,dUiQit requires: C, 32el; H, 3.29; N, 5.8; 52.3%), 
mle 254 and 232.1214 (Iz and C,&N,O, require 254 and 
232.1212 respectiveIy), Y (KBr) 3100, 2960, 1710 (CO) 
cm-‘, S (~-D&&X)) 1297 (IH, s (which undergoes cx- 
change with I&O], NH), 9+60 (lH, s, 4-H), 8.43 (lH, d, 
6-H), 8.08 (iH, d, 7-H). 7.71 (lH, s, 2-H), 3-98 (3H. s, 
CH,), 2-87 (2H, m, CH& 2-30 (2H, m, CH& 1967 (4H, m, 
(CH&), Ja, = 6-8 Hz. 
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