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Sm. A short total synthesis of the bacterial cocnzpc rthoxatin (1) 0,5- 
dfhydro_),5-dfoxo-1H-pyrrolo[2.3-f]quinolfne-2,7,9-trlca~o~lfc acid) Is described. 
The route involves the two rtrp conversion of 4-acetamido-2-knzyloxybenzaldehyde 
WI into -thy1 C-acctaaido_)-benxyloxyfndole-2-carboxylate (7b) (74%). followed 
by reafoselectfve annulatfon of the third rfnq (55%).and debenxylation and oxidation 
with 6enzoyl t-butyl nitroxfde to give the tr]cyclfc~qufnonr trfester (13) (rthox- 
atfn trfester) (83%). 

Hethylotrophfc bacteria, which can utilfse rrthane or methanol as their sole source of carbon, are 

of current importance as they are used in the production of single cell protein.' These bacteria 

contain a methanol dehydrogenasc which possesses a unique cofactor, quite different from the 

no-1 redox coenms such as flavfns and nicotinamfde.2 Although for a long time the coenxyme 

was thought to be a pteridfne,3 subsequent e.s.r. spectroscopic studies suggested that it was a 

qufnone,' and the structure was finally elucidated as 4,5-dihydro-4,5-dfoxo-lt) 

pyrrolo[2,3-f]quinoline-2,7,9-trfcarboxyllc acid (1). trivial names methoxatfn or PQQ, by an ;-ray 

crystallographic study of its aldol adduct (2. Nu = CH2COCH3) with acetone.5 Other nucleophfles 

such as amines, alcohols, and urea also readily give the corresponding hemiketal adducts (2),6 

indicating the high reactivity of C-5 in wthoxatfn. 

Once the structure of methoxatfn was known, interest in its mechanism of action as a cofactor 

rapidly developed.'l 

bacteria,' 

This interest has been fuelled by the connarcial importance of methylotrophic 

by the use of methoxatin in the non-enwfc oxldation of amfnes and alcohols.8 and by 

the discovery that rthoxatfn is more widely distributed in Nature than had been originally 

thought, occurring as the cofactor in a number of other dehydrogenases from a variety of 
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organisms.2 Recently the first example of a Illaanalian enzyme which contains methoxatfn has been 

reported.' The enzyme. bovine serum amine oxfdase. is similar to one found in humans, and is 

responsible for the conversion of spermine and spermfdine into their corresponding aldehydes. The 

biosynthetic pathway to methoxatfn remains unknown, and therefore it is not known whether the 

coenm can be synthesised by ma-Is, causing speculation as to its role as a hitherto 

unsuspected vitamin.' 

The biological interest together with the unusual trfcyclic qufnonoid structure have made 

methoxatfn an attractive target for total synthesis, particularly since only small quantities of 

the coenzyme are available from natural sources. At the outset of our work two syntheses had been 

course of our studfz."d by Weinreb*ll 

reported, by Corey whilst a third from Hendrickson 12 appeared during the 

Recently a fifth synthesis of the coenzyme, starting from derivatives of 

hypothetical biosynthetic precursors, has been published by B&hi." 

RESULTS AIID DISCUSSIOn 

The overall synthetic strategy involves, as a key step, forartfon of the indole ring from a 

readily available benzaldehyde, followed by annulatlon of the pyrfdfne ring. This conversf;; ;i 

benzaldehydes into indoles proceeds in just two steps via the corresponding azfdocinna#tes, * - 
and is far superior to the classical Reissert synthesis as a route to f;yle-2-carboxylates. The 

starting benzaldehydes (5) were prepared (Schm 1) from the known rthyl 4-acetamfdo-2- 

hydroxybenzoate (3), obtained by erterfffcatfon and -acetylatfon of cmrcfally available 

4-aminosalfcyclfc acid, by ;-alkylation followed by reduction of the ester to the corresponding 

benzyl alcohol with lithium alumfnium hydride, and reoxidatfon to the benzaldrhyde with manganese 

(1V)oxfde or barium manganate. It is noteworthy that in these particular cases, the direct 

reduction of the ester to the aldehyde using diisobutylalumfnfum hydride was much less 

satisfactory than the alternative two step procedure. The overall yields of the benzaldehydes 

(Sr) and (5b) from 4-aminosalfcylic acid were 63 and 67% respectively. 
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Schae 1. (a, R = He; b. R = CH2Ph). Reagents: I, He1 or PhCH2Br. K2C03, acetone; 

ii, LiAlH4, THF; iii, MO2 or BaRnO', CHC13. 

The aldehyde (5r) was condensed with methyl azidoacetate to glve the azidocfnnaaate (6a), 

4 5 

therwlysfs of which in boiling xylene gave the expected indole (7a) [603 from the aldehyde (WI. 

In a similar manner, the benzaldehyde (6b) was converted into the fndole (7b). although in 

slightly higher overall yield (74%). The fndole (7a) was elaborated to the required tricyclfc 

pyrroloqufnolfne (9a) In 621 overall yield by acid cleavage of the acetamfde followed by reaction 

of the resulting aniline (Da) with corarercially available dinethyl 2-oxoglutaconate In a Doebner - 

von Miller type quinolfne synthesis, similar to that used by Corey and Tramontano in their 

synthesis of mcthoxatfn.10 In an identical two step sequence the tricyclfc triester (9b) was 

prepared fram the fndole (7b) In 55% yield (Schelae 2). 

Although the C-amfnoindole (8) has two possible sites (C-5 and C-7) for cyclfsation, in neither 

experiment was there any trace of the alternative 'linear' pyrroloqufnollne (10) formed by 
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ScbaN 2. (a., R = Me; b, R = CH2Ph) I, HeO2CCH2N3, NaOMa, tieOH; ii, xylcnc. Reagents: 

reflux; iii, MeOH, HCl, heat; iv, HeO2CCOCH-CHC02He, CH2Cl2. then H+. 

cyclisation to the fndole S-posltion. The fact that cyclisatlon would occur coaplctely regfo- 

selectively to the 'I-position to give the rquired 'angular' pyrroloquinolfne (9) was expected on 

the basis of 'bond fixation' in indoles. This 'bond fixation' is also Indicated by the 

regioselectfve Claisen reJrrJn ernt of 6-allyloxyfndolc-2-carboxylates (11) to 7-allyl-6-hydroxy- 

indole-2-carboxylates (12).18s8g 

10 11 12 

The key trfcyclic intermedlate (91 Is obtalned in just four steps from the benzaldehyde (51, and 

therefore it remained only to introduce the ortho-qufnone unit by oxidation of the central ring. 

All attempts to oxfdfre the 4-arthoxypyrroloquino1Ine (9r) directly to the quinone (131 were 

unsuccessful. This compound failed to react with cerlum (IV) mnium nitrate (CAN) even under 

forcing conditions, in direct contrast to the 5-rthoxy isoarr (141 which was oxidfsed to the 

quinone (131 using the SW rcsgent under mild conditions." This marked difference in reactivity 

is ascribed to the relative stJbilitfes of the likely interardiates in the oxidation, the one (15) 

derived from the 4-methoxy IsolDcr (9JI being considerably less StJble than the isanric 

intenrdiate (161 derived from the easily oxidlsed 5-mJthoxy isotaer (141. Although CAN is probably 

the aDst ComonlY used rergent to effect oxidrtfvc darthylrtlon of nthoxyarenes, other reagents 

cm be used. However, the 4-methoxypyrroloquinoline (9~) did not rerct with nitric acidt2' 

nitrous Jcid,20 silver (II) 0x1de.~~ or Dwnganese (IV) oxide impregnated with nitric acid,22 and 

therefore no further attaRpts at direct oxidrtion of (9~1 were made. 
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Although the ~tho~p~roloquinoline (9a) could not be dfractly oxldised to the qufnone (13), the 

desfred transforaatfon could be carried out indlrrctly (Schema 3) via the I-acthoxy-Gnitro - 
compound (17). This nltro cwpound was obtained fn 41% yield after chromatographic separation 

frw the I-nitro isolller (18) and the 3,5-dinltro compound (19). by nltratlon of (9a) using 

aaaoniun nltrate in trifluoroacctic anhydride (TFM). These nltratlng condltions23 gave the 

highest proportion of the deslred B-nftro Isomer, other condltlons such as sodlw nltrate In 

concentrated sulphuric acid and standard 'mixed acid' glving high yfelds of the 3-nitro (18) and 

3,5-dinftro (19) caepounds respectively. Presumably under such conditfons the pyrrololndolr fs 

completely protonated thereby reducing electron density at C-5 more than at C-3. In essentially 

neutral TFAA, however, electron release from the methoxy group causes the reactivity of C-5 and 

C-3 to be ffnely balanced. Conversion of the 5-nitro compound (17) into the ortho-quinone(~3) was 

achieved in 682 yield by catalytic hydrogenation to the corresponding amfne (20) followed by 

oxidation with aunganese (IY) oxide In sulphuric acid at 0°C.12 

(17) R1 = H, R* = NO2 20 13 
(181 R1 = NO*, R* = H 
(19) R' = R* = NO2 

!kham 3. Reagents: 1, NH4N03, TFAA; if. H2, Pd-C, HeOH; iii, Hn02, 35% H2S04, 0°C. 

Sfnce the overall yfeld (2%) of the qufnone (13) from the 4-~tho~~roloqufnol~ne &a) (Scheme 

3) was disappointfng, an alternative was sought. Although the 4-methoxy collpound (9a) could not 

be oxidfsed directly to the qufnone (13). it seemed likely that the corresponding phenol (21) 

would be oxfdfsed more readily. After much experfmentatlon ft was found that the pyrroloquinolfne 

(91) could be demethylated by treatment wfth an excess of boron trlbraalde in dichloromathane at 

roan temperature to give, after reesterfflcatlon, the phenol (21) in poor yfcld (27%). In 

contrast, however. the 4-benxyloxypyrroloqulnoline (9b) proved to be excellent precursor for the 

phenol (21), which was obtalned In 89% yield by catalytic hydrogenolysls. Initial attempts to 

oxidise the phenol (21) using Fremy's salt, often the reagent of chofce for the oxldatlon of 
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phenols to ortho- and F-qufnones. were unsatisfactory because of the fnsolubility of the 

hydroxypyrroloquinolfne In the aqueous phosphate buffer reaction medium. However, using the 

organic-soluble nftroxfde, bentoyl i-butyl nftroxfde, 24 In dfchlororthanr-mathanol (9:1), the 

phenol (21) was efffcfently oxfdfsed to the required qufnone (13) In 931 yield (Sche 4). Thus 

the qufnone trfester (13) (rthoxatfn trfester) is available in six steps from the bentaldehyde 

(5b) G the fndole (7b) and the pyrroloquinoline (9b) in an overall yield of 34%. 

5dme 4. Reagents: i, BBr3, CH2C12, then HeOH. H+; if, H2, Pd-C, HeOH; Iii But(COPh)R& 

CH2C12-MeOH (9:l); iv, HC(C+fe)3, HeOH, Ht. then aq. K2C03, 85°C. then HCl to 

pH 2.5. 

Ffnally, a sample of the qufnone trfe$er (13) was converted into methoxatin (1) Itself using a 

Pethod described in the literature. The resulting synthetic coenzyme was Identical with 

authentic material obtained fra natural sources. 

ExPRIMEKrAl. 

For general points see refs. 16 and 18. 

(3).- Methyl 4-Acetamfdo-2-hydroxybenzoate Concentrated sulphurfc acid (34 ml) was added to a 

solution of 4-amfnosalfcyclfc acid (20 g, 0.131 mol) in methanol (550 ml), and the resulting 

solution heated under reflux for 20 h. The solution was concentrated to ca. 150 ml, water (400 - 
ml) was added, and the resulting suspension was neutralfsed with solid sodium hydrogen carbonate. 

The product was collected by filtration, washed with water (300 ml), and dried In vacua to give -- 
methyl 4-amino-2-hydroxybenroate (19.2 g, 88%) as colourless needles, m.p. 120-121°C (lit., 25 

123-125°C). 

Acetic anhydride (13.3 gr 0.13 IID~) was added dropwise to a stirred solution of the above ester 

(21.7 g. 0.13 mol) in ethanol (300 ml) at 45°C. The mixture was heated for a further 3.5 h at 

45°C. cooled, and then poured into water (1000 ml). The product was collected by filtration and 

dried in vacua to give the title cunpound (3) (25.63 g, 94%) as colourless needles, m.p. 150-153°C 

(lft.,V- 152-153°C). 

Methyl 4-Acetuido-2-=thoxybenzoate (4a).- A stirred mixture of the hydroxy ester (3) (15 g, 

0.072 mol), anhydrous potassium carbonate (49.6 g, 0.359 mol), and fodorathane (102 g. 0.718 mol) 

in acetone (300 ml) was heated under reflux for B h. After cooling, the mixture was filtered and 

the filtrate eva orated to gfve the title compound (C) (15.5 g, 97%) as a colourless solid, m.p. 

131-133oc (lit.. P7 127°C). 

4-Acetamido-2rcthoxybenzaldehyde (Sal.- A solution of the ester (4e) (3.45 g, 0.016 mol) In dry 

THF (20 ml1 was added to a stirred suspension of lfthfua alumfnfum hydride (1.15 g, 0.031 mol) in' 

THF (40 ~1) at 0°C. The mixture was stirred at O'C for 2 h, and then,quenched by the careful 

addition of saturated sodium sulphate solutlon. The solution was decanted from inorganic 

uterial. dried (MgSO,) and evaporated to give 4-acctuldo-2-methoxybenzyl alcohol (3.0 g, 98%) as 
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a pale yellow solld, m.p. 137-139*C (Found: C, 61.5; H, 6.65; N, 7.1. C,DH,3N03 requires C, 61.5; 

H, 6.7; N, 7.2%); vplax 3480, 3440, 3330, 1660. 1610, and 1600 cm"'; 6 (90 #Hz; CDC13) 2.07 iut, 

$1, 3.75 (3H, $1, 4.57 (2ii, si, 6.98 (lit, dd. 48, 2 Hz)* 7.22 (lH, d, '18 Hz), 7.40 (lit, d, 32 

Hz), and 8.99 flti, br $1; OH not observed; m/z l96 @"l and 153 {base). -- 

Activated munganese (IV) oxide 06 g, 0.56 mo1) was added to a solution of the above benxyl 

alcohol (7.17 g, 0.037 mol) in chloroform 1200 101) and Dmthrnol (6 ml). The resulting suspension 

was stirred at room temperature for 20 h, ffltered through Celite. and the ffltrate cvaporrrted to 

give a pate brown oil. This material was putfffed by chromatography (EtDAc eluant) to give the 

title cmound (51) (5.64 Q, 80%) as a pale yellow solid, m.p. 149-15PC (lit..26 141-142OC) 

(Found: C. 62.3; H, 5.75; N, 7.2. Calc. for CIOHllN03: C, 62.2; H, 5.7; N, 7.25%). 

Methyl 4-Acet~ido-2-ben~lo~benxoate (4b).- A stirred mfxture of the hydroxy ester (3) (20.75 

x mol), anhydrous potassium carbonate (68.6 g, 0.496 mol), and benxyl broafdc (21 ml, 0.177 

mol) in acetone (400 ml) was heated under reflux for 24 h, After coolfng, the mixture was 
filtered and the filtrate evaporated to an oil. Trituration with Ilqht petroleum gave the tft1e 

compound Mb) (27.34 g, 92%) as colourless prisms, a.p. 113"ll!PC (Found: C, 68.3; ti; 5.8; N,4.(i. 

C17H17N04 requfres C, 68.2; H, 5.7; N, 4.7%); vemx 3360, 1710, 1680, and 1620 cm ; 6 (90 MHz; 

CDC13) 2.14 (3H, $1, 3.90 (3H, $1, 5.10 (2H, $1, 6.95 (lH, dd, 18, 2 Hz), 7.20-7.50 (5H, II). 7.61 

(lH, d, 2 2 Hz), 7.78 (lH, d, 2 8 Hz), and 8.15 (lH, br I); I& 299 (fit), 267, and 91 (base). _- 

4-Acet~aido-2-ben~lo~benxaldehyde fSbl.- The ester (4b) (25 g, 0.084 sol) was reduced with 

llthfum aluminirn hydrfde (6.35 g, 0.168 mol) as described for (411 to gfvc 4-acetmido-2-benzyl- 

oxybenzyl alcohol (18.68 g, 83%) as co1ourless rods, m.p. 

5.2. 

115-116°C {Found: C, 70::; H, 6.3; N, 

C16H17N03 requires C, 70.85; H, 6.3; #, 5.2X1; v-x 3280, 1655, and 16lO cm ; 4 [!+D HHz; 

(CD312CO] 2.15 (3H, s), 3.35 (lH, t, J 6 Hz, 020 exchf, 4.70 (2H. d, 26 Hz), 5.10 (2H, sf, 6.97 

flH, dd, 28, 2 Hz), 7.20-7.60 (7H, @I, and 8.82 (lH, br); m/x 271 (fit) and 91 (base). -- 

Barium manganate (50 g, 0.195 mol) was added to a stirred solution of the above benxyl alcohol (5 

g, 0.019 mall in chloroform (250 all, and the resulting suspension heated under reflux for 1 n. 

After cooling, the mixture was ffltered through Celfte, and the ffltrate evaporated to give the 

title conpound (5bl fS.0 g, 100%) 8s a colourless solid, m.p. lS6-15SQC, (Found: C, 71.1; H, 6.7; 

N15.25. C16H15N03 requires C, 71.4; ti, 5.6; N, 5.2%); unax 3270, 1700. 1670, and 1585 cm-l; 21 

[250 W; CDC13) 2.2l (3H, $1, 5.18 f2H, $1, 6.77 (lH, dd, j_ 8, 2 Hz). 7.30-7.48 (5H, ml, 7.73 

(IH, br), 7.79 (lH, d, 2 8 Hz), 7.90 flH, d, J 2 Hz), and 10.42 (1X, s); atrz 269 tfi+I and 9l -- 
(base). 

Methyt 3-~4-Acctamtdo-2-feethoxyphenyl)-2-aridopropenoate (6aI.- A solution of I-acctamfdo-2- 

methoxybenraldehyde (58) (1.5 g, 7.8 renal) and methyl arfdorcetate (3.58 g, 31 mmol) in amthanol 

(15 ml) ~8s added dropwise over 45 min to a stfrred solution of sodfur methoxide [from sodfum 

(0.716 g, 31 mg atan)] fn methanol (25 ml) at -WC. After a further 2 h at -l5*C, the nfxture 

was warmed to room temperature, poured into saturated anmxkun chlorfde solution (100 ml), and 

cxtrrrcted wfth ethyl acetate (4 x 100 ml), The combined organic extracts were watbed wfth water 

f3 x 150 ml],, dried QlgSD,), and evaporated to give a brown solfd. Trituratfon wfth Ice-cold 

@than01 gave the title compound 16r) (1.65 g. 73%) as a yellow solid, a-p. 135-138OC (decomp.) 

(Found: C, 53.5; H, 4.8; N, 19.0. C 13 Me 4 H N 0 requfres C, 53.8; H, 4.8; N, 19.3%); vmax 3320, 
3260, 3200, 2130, 1720, 1675, and 1600 cm ; 6 L260 MHZ; (CD3)2SOI 2.03 (3H, $1, 3.78 (3Ha $1, 

3.82 (3H, $1, 7.14 (lH, d, 3 9 Hz), 7.21 (lH, $1, 7.47 (lH, $1, 8.13 (IH, d, d 9 Hz), and 10.18 

.(lH, brl; m/r 262 in+ -281, 193 fbase), and 150. -- 

Methy 6-Acetamfdo-l-methoxylndole-2-csrboxylate UrI.- A suspension of the azide (br) (1.26 g) in 

xylene (300 mll was heated rapldly to reflux. After 4 h at reflux, the solution was cooled to 

rooer temperature whereupon the product crystallised. Filtratfon gave the tftle cwpound (?a) 
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(0.994 g, 87%) as pale yeller prisms. a.p. 241-242°C (Found: C, 59.4; H, 5.4; N, 10.6. C13H14N204 

requires C, 59.5; H, 5.3; N, 10.7%); up#x 3420-3100, 1700, 1670, 1630. and 1600 cm-'; 6 (90 MHz; 

(CCI~)~SOI 2.08 (3H, s), 3.85 (3H, s), 3.88 (3H, s), 6.70 (lH, br 5). 7.03 (lH, d, J 3 Hz), 7.62 

(lH, br s), 9.89 (lH, br), and 11.72 (lH, br); m/z 262 (Et), 224, 193. 151, and 150 (base). -- 

Methyl 6-klno-4-rthoxyindole-2-carboxylate (&).- A solution of the Cacetamldoindole (7a) 

(0.994 g) in methanol (300 ml) presaturated with hydrogen chloride was heated under reflux for 6 

h. After cooling, the solution was concentrated to ca. 75 ml. and then poured into a mixture of 

saturated sodium hydrogen carbonate (100 ml) and ethylacetate (100 ml). The organic layer was 

separated, dried (Hg50,). and evaporated to give the title compound (8e) (0.706 g, 85%) as a 

yellow solid which rapidly darkened in air, b [90 MHz; (CD3),COI 3.84 (3H, s), 3.87 (3H, s), 6.08 

(lH, d. J 2 Hz). 6.35 (1H. d, 12 Hz), 7.15 (lH, d, J 3 Hz), and 10.90 (lH, br), NH2 not observed. 

Trimethyl 4-Hetho~-1H-p~rolo~2,3-f]gulnoline-2,7,9-tricarbo~late (9a).- Dimethyl E-oxogluta- 

conate (352 mg, 2.05 smol) was added to a solution of the C-aminoindole (Da) (300 mg, 1.36 rmnol) 

in dichlorwethane (60 ml), and the resulting mixture stirred at room temperature for 12 h. One 

drop of a saturated solution of hydrogen chloride in ether was added, and the mixture stirred for 

a further 12 h. The mixture was diluted with chloroform (20 ml), washed with saturated sodium 

hydrogen carbonate solution (50 ml), dried (HgS04), and evaporated to a brown solid. Trlturation 

with hot methanol gave the title compound (9a) (371 ag, 73%) as bright yellow microcrystals, m.p. 

270-274Y (decomp.), (Found:58.0; H, 4.3; N, 7.4. C18H16N207 requfres C, 58.1; H. 4.3; N, 

7.5%); umax 3300, 1720, and 1605 an-'; 6 (250 MHz; CDC13) 4.01 (3H. s), 4.10 (3H, s), 4.12 (3H, 

51, 4.18 (3H, s), 7.32 (lH, 51, 7.50 (lH, d, J 1 Hz), 8.78 (lH, s), and 12.58 (lH, br); m/z 372 

cn',. 
-- 

Methyl 3-(4-Acetuido-2-bensyloxyphenyl)-2-azldopropenoate (6b).- A solution of 4-acetamldo-2- 

bentyloxybenzaldehyde (5b) (5.0 g, 19 mol) and methyl atldoacetate (13.8 g. 120 llmol) in THF (50 

ml) was added dropwise to a cooled solution of sodium methoxide (from sodium (2.75 g, 120 mg 

atan)] in methanol (DO ml) oulntaining the temperature in the range -10°C to -5°C. The mixture was 

stirred for a further 2 h at -10°C and then for 16 h at 2OC. York-up as described for cwpound 

(6e) gave the tltle cwound (64) (6.13 g, 90%) as a pale yellow solld, m.p. lOl-104°C (decomp.) 

(Found: C, 62.2; H, 4.85; N. 15.05. ClgH18N404 requires C, 62.3; H, 4.9; N, 15.3%); urnax 3320, 

2120, 1700. 1665, 1605, and 1585 cm"; 6 (90 MHz; CDC13) 2.10 (3H, s), 3.82 (3H, s), 5.04 (2H, 

51, 6.75 (lH, dd, J 8, 2.5 Hz), 7.16-7.66 (8H, ml, and 8.09 (lH, d, J 8 Hz); m/r 338 Cn+ -28) and -- 
91 (base). 

Methyl L-Acetamido-4-benxyloxyindole-2-carboxylate (7b).- Therwlysls of the azlde (6b) (3.00 g) 

in xylena (350 al) under the conditions described for aride (6a) gave the title conpound (7b) 

(2.26 g, 82%) as a tan solid, m.p. 263-265=X1 (Found: C, 67.5; H, 5.4; N, 8.3. ClgH18N204 requires 

C, 67.5; H. 5.3; N, 8.3%); vmax 3320, 1720, and 1600 cm"; 6 L250 l4H~; (CD3)2SOI 2.04 (3H, 5)s 

3.82 (3H, s), 5.19 (2H, s), 6.73-7.72 (8H, m), 9.98 (lH, br), and 11.85 (1H. br); m/z 338 (!'I 

and 91 (base). 

Methyl 6-klno-4-benxyloxylndole-Z-carboxylate (Sb).- -- Acid methanolysls of the C-acetaaldoindole 

(7b) (1.85 g) under the condltlons described for compound (7r) gave, after chromatography, the 

title compound (8b) (0.944 0, 58%) as a tan solid, m.p. 217-220°C (decomp.) (Found: C, 69.05; H, 

5.5; N, 9.55. 

1580 ca-1; 

C17H16N203 requires C, 68.9; H, 5.4; N, 9.5%); vlDlx 3430, 3370, 1680, 1630, and 

6 (250 MHz; CDC13) 3.88 (I, I), 5.15 (2N, s), 6.04 (lH, br s), 6.26 (lH, br s), 

7.27-7.57 (6H, a). and 8.52 (1H. br s), NH2 not observed; gr 296 (H+) and 91 (base). 

Trimethyl 4-Benrylo~-1H-~rolo[2.3-f]gut~linr-2,7,9-tricarboxylate (pb).- Reaction of the 

6-aminoindole (8b) with dimthyl t-oxoglutaconate under the conditions described for the Indole 

(Da) gave the title collpound (95%) as a brlght yellou solid, m.p. 215-217V (Found: C, 64.65; H, 
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4.6; N, 6.3. 

cm-'; 

~2~~~~20, requires C, 64.3; H, 4.5; N, 6.251); umax (CHC13) 3310. 1720, and 1600 

6 (250 MHz; CDCl3) 4.00 (3H. s). 4.09 (3H, s), 4.14 (3H. s), 5.35 (2H. s), 7.36-7.56 (7H. 

m), 6.76 (lH, s), and 12.29 (lH, br 5); m/z 448 (I$, base). -- 

Nftratfon of the Pyrroloqufnolfne (Sa). (a) Yfth sodfum nftrate In sulphurfc acid.- Sodfw 

nftrate (12 ag, 0.14 -1) was added to a solutfon of the pyrroloqufnolfnc (9a) (50 mg, 0.13 mol) 

In sulphurfc acfd (96%; 2 ml) at 0°C. After 1.5 h at OY, the afxture was poured Into ice (10 9). 

neutralfsed with sodiu hydrogen carbonate, and extracted with chloroform (3 x 10 ml). The 

codfned extracts were dried (HgSO,) and evaporated to give trimethyl 4-lcthoxy-3- 

nitro-lH-pyrrolo[2,3-f]qufnoline-2,7,9-trfcarboxylate (18) (56 mg, 100x) as yellow crystals, m.p. 

%%D'C (Found: C, 51.7; H, 3.6; N, 10.1. C18H,5N30g requires C, 51.8; H, 3.6; N. 10.1%); vmax 

3200, 1740, 1720, 1705, 1610, 1580, 1535. and 136D cm"; IS (250 MHz; CDC13) 4.02 (3H. s), 4.06 

(3H, s), 4.13 (3H, s), 4.19 (JH, s), 7.41 (lH, s), 6.87 (lH, s), and 13.17 (lH, br); I& 417 (kJ+) -- 
277 (base), and 201. 

(b) Yfth n fxed acfd.- Fumfng nitric acid (1 drop) was added to a solutfon of the pyrroloquinolfne 

(9a) (20 mg) in sulphurfc acfd (96%; 2 ml) and the mfxture stfrred at 0°C for 0.5 h. Aqueous work 

up as above gave trfmethyl 3,5-dfnftro-4-methoxy-lH-pyrrolo[2,3-f]qufnolfne- 2.7,9-trfcarboxylate 

(19) (24.1 mg, 97%). m.p. 253-254=X (Found:462.0657. 

3210, 1750, 1710, 1610, and 1540 cm"; 

C18H14N4011 requires 462.0659); umax 

6 (250 HHz; CDC13) 4.05 (3H, s), 4.08 (3H, s), 4.19 (3H. 

s), 4.22 (3H, s), 9.01 (lH, s), and 13.37 (lH, br); m/z 462 (it), 417, 372 (base), 359, 314, and -- 
262. 

(c) Yfth awonium nitrate in TFM.- A suspension of the pyrroloqufnolfne (9a) (20 mg, 0.054 -1) 

In TFAA (3 ml) was stirred at room temperature for 2 h. Aanonfum nitrate (4.3 ng, 0.054 mol) was 

added, and the mfxture stirred for a further 3.75 h. Aqueous work-up as above gave a yellow solid 

(29.1 mg), chromatography of which gave (1) starting materfal (9a) (ca. 1.3 mg, ca. 6'2 recovery), 

(if) the 3-nftro compound (18) (5.8 mg), (111) the 3,5-dinftro co&<nd (19) (G mg) and (iv) 

trfmathyl 4-~tho~-5-nftro-1H-pyrrolo[2,3-f]guinolfne-2,7,9-trfcarboxylate (17) (8.7 IQ, 41% -- 
based on 94% conversion), m.p. 263-265.C (Found: it 417.0824. C1gH15N30grequires 417.0808); 

3280, 1720, 1610, 1535, and 1360 cm-'; 
%i3X 

6 (250 MHz; CDC13) 4.05 (6H, s). 4.20 (3H. s), 4.36 (3H, 

s), 7.67 (lH, d, J 2.8 Hz), 8.90 (lH, s), and 12.99 (lH, br); 1~75 417 (I?', base), 387, 359, and 

327. 

Trimethyl 5-kPino-4-aethoXy-lH-~rolo[2,3-f]qufnolfne-2,7.9-tricarboxylate (20).- A suspension -- 
of the nftro compound (17) (60 a~) and 101 palladfw-on-charcoal (30 mg) in methanol (120 ml) was 

shaken under an atmosphere of hydrogen for 20 h. The mixture was ffltered through Cclfte, the 

ffltrate evaporated, and the residue chromatographed to gfve the title compound (20) (52 mg, 93%) 

as a purple solid, m.p. 202-204'C (Found: C, 55.9; H, 4.5; N, 10.9. C18H17N307 requires C, 55.8; 

H, 4.4; N, 10.65%); umax 3340, 1720, and 1625 cm-'; 6 (250 MHz; CDC13) 4.00 (3H, s), 4.07 (3H, 

s), 4.09 (3H, s), 4.16 (3H, s), 4.92 (2H, br), 7.36 (lH, d, J 2 Hz). 8.82 (lH, s), and 12.24 (lH, 

br); 91/z 387 (it), 372, 355, 340 (base), and 280. -- 

Oxfdatfon of the Amino Pyrroloqufnolfne (20).- Manganese (IV) oxfde (44 mg) was added to a 

solutfon of the pyrroloqufnolfne (20) (52 mg) In sulphurfc acfd (35%; 10 ml) at 0%. The mixture 

was stirred at O°C for 45 mfn, ffltered through Celfte, and the filtrate neutralfsed wfth sodfua 

hydrogen carbonate and extracted with chloroform (3 x 10 ml). The combfned extracts were dried 

(UgSO,) and evaporated to gfve trimthy 4,5-dfhydro-4,5-dfoxo-l!-pyrrolo[2,3-gqufno- 

line-2,7,9_trfcarboxylate (13) (36.5 mg, 73%) as a brfght orange solid, q .p. 265-269°C (decontp.) 

(lft.," 260-263OC decomp., lit.," 220°C decomp.) (Found: 54.6; H, 3.2; N, 7.45. Calc. for 

C17H12N208: C, 54.8; H, 3.2; N, 7.51); vmax 1720 and 1680 cm-'; A,, (MeOH) 251, 306, and 376 

nm; 6 (250 MHz; CDC13) 3.99 (3H, s), 4.08 (3H. s), 4.19 (3H, s), 7.46 (lH, d, J 1 Hz). 8.90 (lH, 

s), and 12.98 (lH, br); m/z 372 (Et), 341, 314, 286, 282, and 254 (base). -- 
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Trfrthyl 4-Bydroxy-ftt-pyrrolo~Z,3-f]qulnolinc-2.7,9-trfcarboxYlate (21). (a) BY datWhtion Of 

(98).- Boron tribromide (llj fn CH2Cl2; 2 PI, 2 naaol) was added to the pyrroloquinoline (9a) (50 

mg, 0.134 ml) and the resulting red solution stirred at room temperature for 140 h. Methanol 

(20 ml) was added carefully. followed by sulphuric acid (%s; 1 ml), and the mixture heated under 

reflux for 48 h. After cooling, the mixture was poured onto saturated aqueous sodiu hydrogen 

carbonate solution (30 ml), and extracted with chloroform (3 x 30 ml). The combined extracts were 

dried (HgSO,), evaporated, and the residue chrmtographed to give (I) the starting Mterfal (98) 

(12 mg), and (if) the title compound (21) (9.9 mg, 272 based on consumed starting materfaT) as 

yellow microcrystals, a.p. 279-281°C (Found: C, 56.8; H, 4.1; N. 7.5. ~17H~4N207 requires C, 

57.0; H, 3.9; N, 7.82); vmax 3290, 1700, and 1590 cm-'; 6 t250 MHz; (CD3)2SO] 4.00 (3H, s), 4.07 

(3H, s), 4.18 (3H, s). 7.32 (1H. s), 7.54 (lH, d, 22 HZ), 8.67 (lH, s), and 12.48 (lH, s), OH not 

observed; a/z 358 (it, base). _- 

(b) By debenzylation of (9B).- A suspension of the pyrroloquinoline (9b) (0.677 g) and 10% 

palladium-on-charcoal (0.25 g) in Mthanol (250 al) was shaken under an atmosphere of hydrogen for 

20 h. The mixture was flltered through Celfte, and the filtrate evaporated to give the title 

ccapound (21) (0.484 g, 8%) as a bright yeller solfd identical with the material prepared a= 

Oxidation of Hydroxy P~roloquino~lne (21).- Benzoyl i-butyl nitroxide24 (536 mg, 2.79 naaol) was 

added to a solution of the pyrroloquinoline (21) (100 arg, 0.279 rmol) in a mixture of methanol (30 

ml) and chloroform (270 ml). The resulting dark green solution was stirred at room temperature 

for 16 h, evaporated, and the residue trfturated with ether to give the quinone trfester (13) 

(96.4 rag, 93%) as a brtght orange solid, Identical with material prepared previously. 

Hethoxrtln (1) (4.5-Dfhydro-4,5-dloxo-1H-p~rolo(2,3-f]qufnoline-2~7,g-trfcarbo~lfc acid) lo.- A -- 
solution of the qufnone triester (13) (10 rag) and trimethyl orthofornmte (29 ul) in dry methanol 

(25 ml) containfng a trace of toluene-4-sulphon~c acid was heated under reflux for 3 8. The 

solvent was evaporated to leave a yellow solid. Potassfum carbonate (0.5 !j; 15 ml) was added, and 

the suspension heated at 85'C for 4 h. After coolfng, the yellow solution was acidified to pH 2.5 

with hydrochloric acid (6Ij). The resulting red precipitate was collected by centrifugation and 

dried in vacua to give methoxatin (1) (7 ng, 79%). identtcal with material obtained from natural 

sources. 

Ye thank the S.E.R.C. for a studentship (to A.R.B.), Dr. J.A. Du$ne for a specfmen of natural 

nthoxatin, and Professor H.J. Perkins for a gift of ~-butylbenzhydrox~ic acid. 

ROf- 

1. J.O. Wfndass, H.J. blorsey, E.B. Pioll, D. Plolt, P.T. Barth, K.T. Atherton, E.G. Oart, 0. 
Byrom, K. Powell, and P.J. Senior, Nature (London), 1980, 287, 3%; 
Biochemistry of Hethylotrophsl, Academic Press, New York, 1982. 

C. Anthony, 'The 

2. For a review, see J.A. Dufne and J. Frank, Trends Bfochea. Scl., 1981, 6, 278. 

3. G.T. Sperl. H.S. Forrest, and O.T. Gibson, Bacterlol. Proc., 1973, 151. 

4. J. l&sterling, J. Frank, and J.A. Dufne, Biochem. Biophys. Ref. Copnm., 1979, 87, 719; R. de 
Beer, 0. van Ormondt, X.A. van Ast, R. Banen, J.A.Du$ne, and J. Irank. 3. Chw. Phys., 1979, 
70, 4491. 

5. S.A. Salisbury. H.S. Forrest, Y.8.T. Kruse. and 0. Kennard, Nature (London), 1979, 2B8, 843. 

6. !9& Deeer~g J.A. Duine, J. Frank, P.E.J. Veruiel, and J.J. Westerling, Eur. 3. Blochem., 
, . * 

7. For ex 
1986, 

le. see P.R. Sleath, J.B. Near, G.A. Eberlein, and T.C. Brufce, J. Am. Chem. Sot., 
I?, 3328, and references thereln. 

8. Y. Ohshiro, S. Xtoh, K. Kurokawa. J. Kato, T. Hfrao, and T. A aua, Tetrahedron Lett., 1983, 
24, 3465; S. Itoh, 8. nure, Y. Ohshiro, and T. Agawa, Ibid., 1!85,2WzB. 



3268 

9. 

10. 

il. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

C.L. Lobensteln-Vcrbeck, J.A. Jongljan. J. Frank, and J.A. Duine, FEBS L&t., 1984, 170, 305. 

E.J. Corey and A. Tramontano, J. A#. Cha. Sot., 1981, 103, 5599. 

J.A. Gainor and S.M. Ycinrrb, J. Org. Chem., 1981, 46, 4317; fbfd., 1982, 47, 2833. 

J.B. HendrIckson and J.G. de Vrfrs, J. Org. Chca., 1982, 47, 1148; ibld., 1985, 58, 1688. 

A. It. MAC~Zrn l r al. 

Prelfmfnary comunlcation, AR. BacKtnrie, C.J. Hoody, and C.Y. Roes. J. Char. Sot., Chea. 
C-n., 1983, 1372. 

6. Bllchl, J.H. Botkln, G.C.H. Lee, and K. Yakushijfn, J. kn. Chew Sot., 1985, 107, 5555. 

~~,Heaw;sberger, D. Knittcl, and H. Meldmann, Monatsh. Chew, 1969, 100, 1599; s 1970. 
, * 

LBienn, D.H.B. Hlckey, C.J. Moody, and C.Y. Roes. J. Chu. Sot., Perkln Trans. 1, 1984, 
* 

W&t' d'ftudes Scfentiff ues et Industriclles de l'lle de France French Patent 1 407 055 
(1965) (Chr. Abs., 1%5, &. 17987); 6. Hatsuoto, Y. Kato, 1. X;itajiu, and T. S~fnu~hi* 
Japanese Patent 72 34, 332 (Cheer. Abs.. 1973, z, 97358). 

C.J. Moody. J. Chew Sot., Perkln Trans. 1, 1984, 1333. 

T. Rartln and C.J. Moody, J. Chew Sot., Chea. Coawun., 1985, 1392. 

J.R. Luly and H. Rapoport, J. k. Chew Sot., 1983, 105, 2859. 

CD. Snyder and H. Rapoport, J. Am. Chw. Sot., 1972, 94, 227. 

R. Cassis and J.A. Valdcrrama, Synth. C-n., 1983, 13, 347. 

J.V. Crivello, J. Org. Cha., Ml, 46, 3056. 

S.A. Hussafn, T.C. Jenkfns, and W.J. Perkfns, J. Cha. Sot., Perkfn Trans. 1. 1979, 2809. 

J.A. PkCubbfn, R.Y. Mofr, and G.A. Nevflle, Can. J. Wan., 1970, 48, 942. 

R. Kuhn and H.R. Hensel, Chw. Ber., 1951. 84. 557. 


