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Abstm& As part of a study concerning benzodiazepine receptor-ligand interactions, an efficient synthesis of 

lH-pyrrdo[23_-5~~~~ates (i.e., t%azaindde-S-carboxydates, 2), structurally related to the highly 

active @arboline-3-carboxylates (I), was developed. Thus, condensation of l-(ptduenestdfonyl)pyrrde-2- 

carboxaldehyde (4) and ethyl a-omino-B,B_~~te (6) fdlowed by reduction of the resulting imine 

bond gave the amino intermediate 13 which cyclixed cleanly in the presence of titanium (IV) chloride to furnish, 

after detosylation, 2b in preparatively useful yields. This route is potentially applicable to the preparation of 

multiply-substituted 6axaindde derivatives. 

Esters of fl-carboline-3-carboxylic acids (1) are well-described high affinity ligands of the 
benxodiaxepine receptors of the central nervous system. 1 Although molecules of type 1 have been 
shown to possess activities opposite to those of the commonly prescribed 1,4-benxodiazepines (i.e., they 
are convulsant and anxiogenic instead of anticonvulsant and anxiolytic),2 introduction of various alkyl 
and aryl substituents at the 4- and 5- or 6-positions leads to ligands having therapeutically useful 
benxodiaxepine-like pharmacological profiles. 3 In an effort to further explore the structural 
requirements for fl-carboline binding to the benxodiaxepine receptor and to better understand the 
factors which determine whether a ligand is, for example, convulsant rather than anticonvulsant, we 
desired to investigate substituted derivatives of lH-pyrrolo[2,3-clpyridine-5-carboxylic acids 
(hereinafter referred to as 6-axaindole&carboxylic acids for clarity) (e.g., 2). Esters of 6-axaindole-5- 
carboxylic acids @a, 2b) contain all the structural features of B_carbolines 1 except for the aromatic A- 
ring. While 2a and 2b themselves have only relatively modest affinities for the benxodiaxepine 
receptor,4 it was hoped, moreover, that by introducing two substituents known to favor receptor binding 
in the fi-carboline series at the 4- and 2- or 3-positions, a new class of high affinity benxodiazepine 
receptor ligands could be developed. 
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1 R= Me, Et . . . 
2a R=Me 

2b R=Et 

This paper is dedicated to Professor Sir Derek Barton on the occasion of his 75th birthday. 
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In this context, we have previously described the synthesis of S-carboxy- and 2,5-dicarboxy-6- 
azaindoles from trisubstituted pyridine precursors. 5 However, this strategy was not amenable to the 
preparation of dazaindoles substituted at positions other than C-2 and C-5. We thus sought to develop 
an alternative method of synthesizing dazaindoles which would allow easy access to derivatives 
substituted at various ring positions. One such possibility involved the use of pyrroles as starting 
material for azaindole synthesis. This route seemed particularly attractive in view of the plethora of 
multiply substituted pyrrole derivatives which can be prepared. 

The preparation of dazaindoles from pyrroles has, in fact, received only scant attention in the 
literature6 and, with the notable exception of 6-&dole precursors used in the synthesis of 
porphobilinogen,’ only monosubstituted derivatives have been formed in this way. The synthesis of 6- 
azaindole-4,5-dicarboxylates has recently been reported ;8 however, the strategy employed also resulted 
in substitutions at the l- and 7-positions, incompatible with prospective benzodiazepine receptor 
binding.9 Herz and Tockerlo described many years ago the synthesis of the completely unsubstituted 6- 
azaindole 9 bv condensation of uvrrole-2-carboxaldehvde (3) with aminoacetaldehvde diethvl acetal(5) 
followed by &clization of the -r&ulting imine 7 under &nmeranz-Fritsch con&ions @PA-PO&j 
(Scheme 1). However, the expected 6-azaindole 9 was only formed in approximately 2% yield, the 

scheme 1 

Et0 x OEt 
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CHO H,N Rz 

RI 
3 RI= H 5 R,= H 
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7 RI= R,= H 1 
8 R,=Ts; R,= CO*Et lb) 4 R1=Ts 6 R,= CO,Et 

LJ2 II’ + 
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10 R,=H 12 

11 R,= C02Et 

a) Et3N, 4 8, molecular sieve, CH,CI,, rt; b) PPA, POCI,, toluene, 120’C. 

major product being pyrrolo[l,2-alpyrazine (10) arising from nucleophilic attack of the acetal group by 
the pyrrole NH. Nevertheless, since compound 6, the ethyl carboxylate analogue of the 
aminoacetaldehyde derivative 5 utilized by Herz and Tacker, has been describedll (thereby allowing 
incorporation of the requisite S-carboxylate function in 9), it appeared to us to be particularly 
worthwhile to reinvestigate this reaction. We now report that by combining a number of major 
modifications to the scheme originally described by Herz and Tacker, pyrrole-2-carboxaldehyde is, in 
fact, an excellent precursor for the preparation of derivatives of 6-azaindole-S-carboxylic acids 2. 

RESULTS AND DISCUSSION 

An obvious way of preventing competitive formation of pyrrolopyrazines of type 10 under 
Pommeranz-Fritsch cyclization conditions is to use an N-protected pyrrole-2-carboxaldehyde, for 
example, the N-tosyl derivative 4,12 as starting material. When the latter was condensed with the diethyl 
acetal derivative of a-formylglycine ethyl ester 6 in the presence of 4 8, molecular sieves and 
triethylamine,13 imine 8 was formed. Although the reaction went to completion only slowly (2 days at 
room temperature), attempts to accelerate product formation by use of higher temperatures led to 
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extensive decomposition. The sensitive imine 8 was nevertheless heated at llODC in a mixture of PPA 
and phosphorus oxychloride to give two major products, 11 and 12. The NMR spectrum of 11 showed 
absence of both the tosyl group and of a pyrrole NH, indicating that pyraxine formation had occurred as 
in the case of 3 + 5, despite the precautions taken. This surprising result was explained by the 
identification of the N-tosylaminoacrylate derivative 12 as the second reaction product. This compound 
most probably arises from cleavage of the imine bond of 8 to give starting amine 6 to which the tosyl 
group is transferred from intact 8. Subsequent elimiuation of ethanol from this product yields 12. The 
detosylation of 8 which occurs during this process then permits formation of pyrrolopyrazine 11. The 
structure of 12 was assigned on the basis of 1H-NMFI data which indicated, in addition to the presence 
of a tosyl group, a vinylic proton as a singlet at 6 7.38 as well as two dissimilar ethoxy groups. Moreover, 
the IR spectrum of 12 showed a single carbonyl absorption at 1697 cm-l, characteristic of an a,@- 
unsaturated ester. Although 12 apparently exists as a single geometrical isomer, we have not yet 
established whether this novel enol ether derivative of a-formylglycine has the E or 2 configuration. 

In view of the observed sensitivity of the imine bond of intermediate 8, responsible for formation 
of undesired 11 and 12, it was decided to saturate this bond in order to form its more stable amine. 
Thus, treatment of 8 with sodium cyanoborohydride in ethanol gave 13 (Scheme 2). This was 
immediately subjected to the same cyclixation conditions (PPA-POC13) as 8. In this case, two 
compounds, 14 and 15, were isolated. Compound 14, formed in 23% yield, showed a lH-NMR spectrum 
compatible with the desired 6-axaindole structure, showing singlets at 6 8.37 and 9.38 for H-4 and H-7, 
respectively, as well as coupled doublets for H-2 and H-3. The structure of 14 was firmly established by 
its detosylation using sodium in ethanol, giving 2b. The latter was identical in all respects with the 
compound prepared by esterification of 6-azaindole-Scarboxylic acid 16, previously synthesized via an 
unambiguous route from a pyridine precursor.& 

/ 

is 14 is 15 
d) 

fi 2b h 16 

a) NaBHsCN, EtOH; b) PPA, POCK,, toluene, 12OOC; 
d) NaOEt, EtW fl; e)EtOH, HCI, A; 

c) DDQ. dioxane, d; 
f) p-TSA, benzene, A; g) TiCI, ,benzene, A. 
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The second (and minor) product obtained from this reaction, 15, was clearly the 33dihydro 
derivative of 14. Thus, the mass spectrum of 15 showed two mass units more than 14 whereas its 1H- 
NMR spectrum indicated that the vinylic H-2 and H-3 protons of 14 had been replaced by two higher 
field triplets. Moreover, dihydro compound 15 could be transformed into the fully aromatic axaindole 
14 by treatment with DDQ in dioxane. Saturation of the 2,3double bond of 14 presumably occurs via 
disproportionation of the 4,5,6,1-tetrahydropyridine ring, initially formed upon cyclixation of 13. 

Although these results served to demonstrate that amine 13 was indeed a viable precursor for the 
synthesis of 6-axaindole-S-carboxylates (the formation of compounds 11 and 12 being completely 
suppressed), the overall yield of 14 and 15 (33%) was still somewhat too low to make this a 
preparatively useful route. Other cyclixation conditions were thus investigated. It was found that by 
refhrxing 13 in benzene in the presence of ptoluenesulfonic acid, higher overall yields of 14 and 15 
(45%) were obtained but in addition, the 4,5,6,7-tetrahydazaindole-5-carboxylate derivative 17 
(lS% yield) was also formed. In contrast to the 2,3dihydro analogue 15, the tH-NMB spectrum of 17 
showed, in particular, two doublets at 6 7.11 and 6.08, corresponding to the vinylic protons at C-2 and C- 
3, while H-4 was now observed as part of an ABM system with H-5. The presence of an alkyl NH group 
was also evident from the NMR and IB spectra of 17. As a final proof of structure, the latter was 
dehydrogenated using 2 eq of DDQ to give exclusively the fully aromatic 6-azaindole 14. 

Finally, it was found that cyclixation of 13 was best effected using a Lewis acid (i.e., titanium (IV) 
chloride) in benzene. In this case, an 80% yield of the desired axaindole 14 was obtained, with no traces 
of the dihydro or tetrahydro derivatives 15 and 17, respectively. Application of these reaction conditions 
to imine 8 led to decomposition products, again pointing to the necessity of working with the saturated 
precursor 13. 

Thus, by bringing three major modifications to the originally conceived synthetic route to 6- 
azaindoles using pyrrole-2-carboxaldehyde precursors (i.e., a protected pyrrole amine function, 
saturation of the intermediate imine bond and milder cyclixation conditions), it is now possible to obtain 
these compounds in preparatively useful quantities. Extension of this newly developed methodology to 
the synthesis of 2-, 3- and(or) 4-substituted 6-axaindole-5-carboxylates is currently being studied. 

EXPERIMENTAL 

Melting points were determined on a Biichi apparatus and are uncorrected. IB spectra of samples 
were obtained either as KBr pellets (for solids) or as films (for oils) with a Nicolet 205 IT-IB 
spectrometer. lH-NMB and UC-NMR spectra were determined on a Bruker 250 MHz instrument. 
Chemical shifts are given as 6 values with reference to Me&Ii as internal standard. Electron impact and 
chemical ionixation mass spectra were recorded on an AEI MS-50 and AEI MS-9 spectrometer, 
respectively. High-resolution mass spectra were obtained using a Kratos MS-80 spectrometer. Thin- 
layer chromatography was performed on Merck silica gel 60 plates with fluorescent indicator. The plates 
were visualixed with UV light (254 nm). All column chromatography was conducted on Merck 60 silica 
gel (230&M mesh) at medium pressure (200 mbar). Elemental analyses were performed at the ICSN, 
CNBS, Gif-sur-Yvette, France. 

Et&l pvrroro(1,2-a)pymzinc-3&xylate (21) and ethyl 2-(ptoluenesulfonyromino)-P 
ethox~ry&te (22). To a solution of l-(ptoluenesulfonyl)pyrrole-2-carboxaldehyde 4* (498 mg, 2 
mmol) and triethylamine (303 mg, 3 mmol) in anhydrous dichloromethane (8 mL) was added 4 A 
molecular sieve (1.5 g) followed by a solution of ethyl a-aminofl,fldiethoxypropionate 611 (1.23 g, 6 
mmol) in dichloromethane (2 mL). The reaction mixture was stirred for 48 h at room temperature and 
then filtered through a pad of Celite. The filtrate was washed with water, dried (Na$Q) and the 
solvents were evaporated under vacuum, leaving a dark brown, oily residue corresponding to imine 8 
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(830 mg, 95%) : IR (U- cm-l) 1627 (C=N), 1740 (C=O) ; EIMS : m/z 436 (M+) ; rH-NMR (CD@) : 
6 1.04 (t, 3H, 0CH2CH3), 1.20 (t, 3H, 0CH2CH3), 1.29 (t, 3H, 0CH2CH3), 2.39 (s, 3H, CH3 of tosyl), 
3.433.86 (m,4H, 2 x OC&CH,), 4.06 (d, lH, J = 7.4 Hz, CHCR), 4.22 (q, 2H, 0C&CH3), 4.90 (d, 
lH, CHCHC%), 6.30 (t, lH, J = 3.2 Hz, H-4’), 7.02 (dd, lH, J = 1.5 Hz and 3.2 Hz, H-3’), 7.27 (d, 2H, 
H ar0m), 7.40 (dd, lH, H-S), 7.69 (d, 2H, H,&, 8.67 (s, lH, CH=N) ; t3C-NMR (CDC13) : 6 14.31, 
15.28, 15.40, 21.68, 61.09, 63.59, 63.85, 77.23, 102.55, 112.89, 117.79, 126.14, 127.13, 130.19, 132.19, 
136.20, 145.45, 155.15, 169.58. This crude material, more than 95% pure and containing no trace of 
starting material (as evaluated by NMR and MS) was used without further purification in the following 
step. Thus, imine 8 (1 g, 2.3 mmol) was dissolved in toluene and this solution was added over a period of 
10 ruin to a mixture of polyphosphoric acid (10 g) and phosphorus oxychloride (1 mL, 11 mmol) held at 
12OOC. The reaction mixture was then stirred for S min at 120°C, cooled to O’C and ice-water (30 mL) 
was slowly added. After 1 h, the solution was made basic with saturated aqueous NaHC% and extracted 
with ethyl acetate (3 x 10 mL.). The combined organic extracts were dried (Na#04), the solvents were 
removed under vacuum and the residue was purified by column chromatography (heptane-ethyl acetate, 
l:l), yielding first 12 (250 mg ; 35%) followed by ll(31 mg ; 7%). 

Compound 12 : mp 8991° (ether) ; IR (urnax cm-‘) : 1628 (C=C), 1697 (C=O), 3400 (NH) ; EIMS : m/z 
313 (M+), 158 (M+ - Tos) ; lH-NMR (CDC13) : 6 1.11 (t, 3H, CHf13), 1.19 (t, 3H, CH2CH3), 2.39 (s, 
3H, CH3 of Tos), 3.97 (q, 2H, CH$H3), 4.03 (q, 2H, C&CH3), 5.88 (br s, lH, exchangeable with D20, 
NH), 7.27 (d, 2H, Harm), 7.38 (s, lH, H-3), 7.77 (d, 2H, Ham,,, ) * 13C-NMR (CDC13) : 6 14.02, 14.93, , 
21.34,60.71, 71.19, 106.65, 127.47, 128.99, 137.43, 143.18, 156.23, 165.17. Anal. Calcd for Ct4Htf105S : 
C, 53.67 ; H, 6.07 ; N, 4.47. Found : C, 53.88 ; H, 6.05 ; N, 450. 

Compound 11 : IR (ymax cm-r) : 1719 (C=O) ; EIMS : m/z 190 (M+), 145 (M+-0C2H5) ; rH-NMR 
(CDC13) : 6 1.43 (t, 3H, J = 7.0 I-Ix, CH2CH3), 4.49 (q, 2H, CH2CH3), 6.90 (d, lH, J = 4.5 Hz, H-7), 7.02 
(dd, lH, J = 2.2 Hz and 45 I-Ix, H-6), 755 (d, lH, H-S), 8.78 (s, lH, H-l or H-4), 8.87 (s, lH, H-4 or H- 
1). High resolution EIMS : Calcd for CIuHu&% : m/z 190.0740. Found : m/z 190.0751. 

Ethyl 2-[l-p-to~~~fonylpyrrol-2-yl)methyl]~~-3,3-d~t~x~op~~te (13). A solution of 
crude iminoacetal8 (872 mg, 2 mmol) (prepared as above) in ethanol (6 mL) was treated at O°C with 
sodium cyanoborohydride (138 mg, 2.2 mmol). After 10 min, the reaction mixture was neutralized with 
aqueous 2N hydrochloric acid and extracted with 5% ethanoiic dichloromethane (3 x 20 mL). The 
organic phase was dried (Na$Q) and the solvents were removed under vacuum, leaving 13 as a brown 
syrup (95% yield) which was used in the following steps without further purification. A small quantity of 
this sensitive compound was purified by column chromatography (cyclohexane-ethyl acetate 1:l) for 
analytical purposes : IR +max cm-*) : 1735 (C=O), 3350 (NH) ; CIMS m/z 439 (M+l)+ ; IH-NMR 
(CD@) : 6 1.13-1.24 (m, 6H, 2 x CH2CH3), 1.27 (t, 3H, J = 7.5 Hz, CO$H2C&), 3.36 (br s, lH, 
exchangeable with D20, NH), 3.39 (s, 3H, tosyl CH3), 3.43 (d, lH, J = 6.5 Hz, -CHC02), 3.53 (q, 2H, J 
= 7.75 Hz, - 0CH2CH3), 3.62 (d, lH, J,, = 15.0 Hz, -CHANH), 3.68 (m, 2H, -OCH,CH,), 3.98 (d, H-I, 
-C&NH), 4.17 (q, 2H, -CO$&), 4.62 (d, lH, O-C& 6.19 (m, 2H, H-3, H-4 of pyrrole), 7.26 (br d, 3H, 
J = 8.0 Hz, H-S of pyrrole + Harem), 7.68 (d, 2H, Harem ) - ‘T-NMR (CDC13) : 6 11.13, 14.31, 21.66, , 
43.86, 60.92, 62.29, 62.51, 63.72, 102.48, 111.55, 115.39, 123.38, 126.84, 130.05, 132.37, 136.26, 144.99, 
171.62. High resolution CIMS : Calcd for C2tHmN20eS : m/z 439.1903 (M+ + 1). Found : m/z 
439.1902. 
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Cyclization of compound 13 : Preparation of ethyl 1-(p-toluenesulfonyl)pyrrolo[2,3-c]pyridine- 
S-carboxylate (Z4), ethyl 2,3-dikydro-I-(ptol~~~fonyl)pyrrolo[2,3-c]p~~-S-c~xy~te 
(15) and ethyl 4,5,6,7-tetrahydro-l-(ptoluenesulfonyllpyrrolo[2,~]py~d~-S-c~x~ate 

(17). 

a) Using PPA/POCl3 : A solution of the crude acetal 13 (65 mg, 0.15 rnmol) in toluene (1 mL) was 
added over a period of 1 min to a stirring mixture of PPA (1.5 g) and POC13 (100 &, 1 mmol) held at 
12O’C. The reaction mixture was left at 12O’C for 3 min, then cooled to O’C and treated as above (see 
preparation of 11 and 12). Compounds 14 (12 mg ; 23%) and 15 (5 mg ; 10%) were isolated by 
preparative chromatography of the crude reaction mixture (cyclohexane-ethyl acetate 1:l). 

Compound 14 : mp 126-128OC (ethanol) ; IFt (V -cnrl) : 1357 (N-S%), 1715 (C=O) ; EIMS : m/z 344 
(M+) ; ‘H-NMR (CDC13) : 6 1.44 (t, 3H, J = 7.0 Hz, CH2CH3), 2.35 (s, 3H, CH3 of tosyi), 4.47 (q, W, 
CH2CH3), 6.77 (d, lH, J = 3.3 Hz, H-3), 7.25 (d, 2H, J = 7.7 Hz, Harm), 7.76 (d, lH, H-2), 7.81 (d, 2H, 
H,,,), 8.37 (s, lH, H-4) 9.38 (s, lH, H-7) ; 13C-NMR (CDC5) : 6 14.09, 21.24, 61.40, 108.15, 118.39, 
126.71, 130.00, 130.20, 132.54, 134.34, 135.18, 136.34, 141.42, 146.15, 165.20. Anal. Calcd for 
Ct7Ht6N204S : C, 59.30 ; H, 4.65 ; N, 8.13. Found : C, 59.14 ; H, 4.57 ; N, 7.98. 

Compound 15 : mp 128’C (ethyl acetate-cyclohexane) ; IR (vmx cm-l) : 1739 (C=O), 1357 (N-S%) ; 
EIMS : m/z 346 (M+), 274 (M+ - CeEt) ; tH-NMR (CDCl3) : 6 1.42 (t, 3H, J = 7.0 Hz, CH2CH3), 2.39 
(s, 3H, CH3 of tosyl), 3.09 (t, 2H, J = 8.6 Hz, H-3), 3.98 (t., 2H, H-2), 4.43 (q, 2H, CH2CH3), 7.27 (d, 2H, 
J = 8.0 HZ, H,,,), 7.72 (d, 2H, Harem), 7.89 (s, lH, H-4), 8.96 (s, lH, H-7) ; I*-NMR (CDC13) : 6 
14.37, 21.58, 27.54, 49.81, 61.85, 122.15, 127.36, 130.10, 133.39, 135.14, 141.39, 142.16, 143.30, 145.06, 
164.79. Anal. Calcd for Ct7Ht8N204S : C, 58.95 ; H, 5.20 ; N, 8.09. Found : C, 58.79 ; H, 5.13 ; N, 7.89. 

b) Using p-toluenesulfonic acid : A solution of ptoluenesulfonic acid monohydrate (10 g, 52.6 mmol) in 
benzene (30 mL) was refluxed in a Dean-Stark apparatus until no more water co-distilled. A solution of 
crude acetal 13 (5 g, 11.5 mmol) in benzene (5 mL) was then added dropwise and the mixture was 
reflexed for 1.5 h. The reaction mixture was cooled, the solvent was removed under reduced pressure 
and the residue was taken up in ethyl acetate (50 mL). The solution was carefully neutralized with solid 
sodium hydrogen carbonate before washing with water (20 mL) and drying (Na2SO4). Removal of the 
organic solvent under reduced pressure left an oily residue which was purified by column 
chromatography (ethyl acetate-heptane 27 followed by 1:l). In addition to compounds 14 (1.1 g, 36%) 
and 15 (356 mg, 9%) was isolated the tetrahydro derivative 17 (595 mg, 15%) ; mp 84-86°C (ethanol) ; 

IR hnax cm-l) : 3340 (NH), 1735 (C=O), 1368 (N-S02) ; EIMS : m/z 348 (M+), 275 (M+-C02Et) ; tH- 
NMR (CDC13) : 6 1.22 (t, 3H, J = 7.2 Hz, CH2CH3), 2.12 (bs, lH, NH), 2.37 (s, 3H, CH3 of tosyl), 2.51 
(dd, lH, Jh,4h = 15.8 Hz, Jda,5 = 9.6 Hz, H-4a), 2.84 (dd, lH, J4hJ = 4.6 Hz, H-4b), 3.50 (dd, lH, H-5), 
3.94 (d, lH, J7a,7b = 16.6 Hz, H-7a), 4.16 (d, lH, H-7b), 4.15 (q, 2H, CH2CH3), 6.08 (d, lH, J = 3.2 Hz, 
H-3), 7.11 (d, lH, H-2), 7.25 (d, 2H, J = 8.3 Hz, Harem), 7.63 (d, 2H, H,,,) ; t3C-NMR (CDC13) : 6 
14.22, 21.62, 27.06, 42.48, 55.31, 61.16, 112.31, 120.78, 121.14, 126.78, 127.13, 130.15, 136.18, 145.04, 
172.66. Anal. Calcd for C17H2,-&04S : C, 58.62 ; H, 5.74 ; N, 8.04. Found : C, 58.68 ; H, 5.61 ; N, 7.99. 

c) Using titanium (IV) chloride : A solution of acetal 13 (26 mg, 0.06 mmol) in anhydrous benzene (0.5 
mL) containing titanium (IV) chloride (50 &, 0.5 mmol) was refluxed for 10 h under nitrogen with 
exclusion of moisture. The reaction mixture was then cooled, ethyl acetate (2 mL) was added and the 
solution was washed with saturated aqueous NaHC03. After drying of the organic phase over Na2S04, 
the solvents were removed under reduced pressure and the crude product was purified by 
chromatography on silica gel (ethyl acetate-heptane, 1: l), yielding compound 14 (16 mg, 80%), identical 
in all respects to that obtained by methods a) and b). 
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Preparation of 14 via &hydrogenation of dihydro d&w&w 15 or tetrahydro derivative 17. A 
solution of 15 (25 mg, 0.072 mmol) and DDQ (22 mg, 0.093 mmol) in dioxane (2.5 mL) was refluxed for 
24 h under nitrogen. The reaction mixture was cooled, water (5 mL) was added and excess dioxane was 
removed under vacuun~ The aqueous residue was then extracted with dichloromethane (2 x 5 mL), the 
combined organic extracts were dried over Na$XI,t and the solution was concentrated under vacuum. 
Purification of the residue by chromatography on silica gel (ethyl acetate-heptane, 1: 1) gave compound 
14 (20 mg, 81%). 

Similarly, refluxing of a solution of compound 17 (22 mg, 0.063 mmol) and DDQ (34 mg, 0.15 
mmol) in dioxane (2 mL) gave, after 2 h, compound 14 (21 mg, 96%) isolated as described above. 

Ethyl lH-pyrrolof2,3-c]pyridine-Sazrbo~yiate (2b). 

a) From deprotection of 14 : A solution of the tosyl derivative 14 (10 mg, 0.029 mmol) in anhydrous 
ethanol (0.5 mL) at O’C was treated with a 0.17 M solution of sodium in ethanol (05 mL). After 30 min, 
water (3 mL) was added, the solution was made acidic by addition of acetic acid and then brought to pH 
9 by addition of saturated, aqueous NaHC03. The reaction mixture was then extracted with 
dichloromethane-ethanol(95:5) (3 x 5 mL), the combined organic extracts were dried (Na#G4) and the 
solvents were removed under vacuum, leaving 2b as a white powder in 90% yield. The material was 
crystallized from ethanol, mp 218~22O’C ; IR (Y- cm-l) : 3407 (NH),. 1715 (C=O) ; CIMS : m/z 191 
(M+ l)+ ; lH-NMR (DMSG+) : 6 1.42 (t, 3H, J = 7.0 Hz, CH3), 4.42 (q, 2H, CH2), 6.80 (d, lH, J- = 
2.3 Hz, H-3), 7.83 (d, B-I, H-2), 8.48 (s, lH, H-4) 8.93 (s, lH, H-7), 12.13 (s, B-I, exchangeable with &O, 
NH) ; 

dichloromethane-ethanol (91) (3 x 10 mL), the combined organic extracts were dried 
over Na2S04. Removal of the solvents under reduced pressure yielded compound 2b (33 mg, 80%), 
identical in all respects with that obtained above. 
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