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Vinyl Azides in Heterocyclic Synthesis. Part 8.' Synthesis of the Naturally 
Occurring Phosphodiesterase Inhibitors PDE-I and PDE-II 

Richard E. Bolton, Christopher J. Moody, Charles W. Rees, and Gabriel Tojo 
Department of Chemistry, Imperial College of Science and Technology, London, S W7 2A Y 

The synthesis of the naturally occurring pyrrolo[3,2-e] indole phosphodiesterase inhibitors PDE-I (1 ) 
and PDE-II (2) from isovanillin is described. The route involves the construction of both pyrrole rings by 
vinylnitrene cyclisations, the key cyclisation substrates being the azidoacrylates (5) and (1 1 ), prepared 
from the aldehydes (4) and (10) respectively. The tricyclic intermediate (12) is converted into both 
PDE-I and PDE-II by selective reduction, followed by carbamoylation or acetylation respectively, and 
deprotection. 

The naturally occurring pyrrolo[3,2-e]indoles (1) and (2), 
known as PDE-I and PDE-I1 respectively, were isolated from 
Sfrepfom)*ces MD769-C6 and exhibit inhibitory activity 
towards cyclic adenosine-3',5'-monophosphate phosphodi- 
esterase.' The structures, assigned by n.m.r. spectroscopy, were 
confirmed by X-ray ~rystallography,~ and by syntheses by 
classical  route^.^.^ Pyrroio-indoles very closely related to 
PDE-I and PDE-I1 also make up the central and right-hand 
units of the antibiotic CC-1065 (3),6 which because of its 
very potent antitumour activity has been the subject of 
considerable synthetic effort.' We now report the full details 
of a new route to pyrrolo[3,2-e]indoles, and the synthesis of 
the natural products PDE-I (1) and PDE-I1 (2).' 
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Results and Discussion 
The overall strategy (Scheme 1) involves, as key steps, the 
formation of both pyrrole rings by vinylnitrene cyclisations. The 
precursors are azidoacrylate derivatives readily prepared from 
aromatic aldehydes, and we have already illustrated the use of 
similar intermediates in the total synthesis of the bacterial 
coenzyme methoxatin.' Our starting material was the known l o  

5-benzyloxy-2-bromo-4-methoxybenzaldehyde (4) easily pre- 
pared on a large scale from isovanillin by benzylation and 
bromination; by increasing the amount of bromine and increas- 
ing the reaction time we were able to improve significantly the 
literature yield (777; overall, lit.," 20%). Condensation of the 
aldehyde (4) with methyl azidoacetate gave the azidocinnamate 
(5), the substrate for the first vinylnitrene cyclisation. Heating 
the azide (5) in refluxing xylene for 1 h resulted in loss of 
nitrogen and cyclisation in essentially quantitative yield to the 
indole-2-carboxylate (6). Although this material could be 

H OMe 
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Scheme 1. [Bzl = CH,Ph] Reugenrs: i, MeO,CCH,N,,  NaOMe,  
MeOH; ii ,  xylene, reflux; i i i ,  LiAIH,. ether, reflux; iv, MnO,, CH,CI,. 
reflux; v, Rh(Ph,P),(CO)CI (0.06 equiv.), dppp (0.12 equiv.), mesityi- 
ene, reflux; vi, Bu'Li, THF,  -78 -C then D M F ;  vii. toluene, reflux 

purified, it was more convenient to reduce it directly with 
lithium aluminium hydride to the alcohol (7) in 93% over the 
two steps. Oxidation of the alcohol (7) with freshly prepared 
manganese dioxide in refluxing dichloromethane for 45 min 
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gave the corresponding aldehyde (8) in 84% yield. Interestingly, 
if the oxidation reaction was allowed to run for longer periods, 
or if the isolated aldehyde was re-subjected to the oxidation 
conditions, another product, which is tentatively assigned 
structure (13), was obtained. Decarbonylation of the aldehyde 

(8) by treatment with a catalytic amount of Rh(Ph,P),(CO)CI 
and 1,3-bis(diphenyIphosphino)propane (dppp) in refluxing 
mesitylene ' ' gave the indole (9) in 70% yield. Originally it had 
been intended to remove the unwanted ester group by hydro- 
lysis and decarboxylation, but as has been reported with other 
indole-2-carboxylic acids,' ' we found that decarboxylation was 
unsatisfactory, and hence the alternative decarbonylation 
approach was employed. The problem is clearly due to the 
instability of the indole (9) under the decarboxylation 
conditions (refluxing in quinoline or glycerol or a mixture of 
acetic acid and hydrochloric acid). 

In order to introduce the new azidoacrylate side chain, it was 
necessary to convert the bromoindole (9) into the corresponding 
aldehyde. This was achieved by lithiation with an excess of 
t-butyl-lithium in tetrahydrofuran (THF) at - 78 "C without 
protection of the indole nitrogen, followed by quenching with 
dimethylformamide (DMF), to give the aldehyde (10) in 72% 
yield. Condensation of the aldehyde (10) with methyl azido- 
acetate gave the azide (11) (71%), the substrate for the second 
vinylnitrene cyclisation. Thermolysis of the azide (1 1) in 
refluxing toluene resulted in cyclisation to the key intermediate, 
the tricyclic pyrroloindole (12) in excellent (97%) yield (Scheme 
1). The lower boiling solvent was used for this cyclisation since, 
when the azide (11) was heated in xylene, another product was 
formed by rearrangement of the pyrroloindole (12). The nature 
of this rearrangement will be discussed elsewhere. 

The conversion of the pyrroloindole (12) into PDE-I and 
PDE-I1 was achieved as shown in Scheme 2. The methyl ester 

n 
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Scheme 2. [Bzl = CH,Ph] Reagents: i, PhCH,OH, PhCH,ONa, 
benzene, reflux; ii, NaBH,CN, AcOH, room temp.; iii, Me,SiNCO, 
benzene, room temp.; iv, H, (4 atm), Pd-C, MeOH; v, Ac,O, pyridine, 
room temp. 

was first transesterified by reaction with benzyl alcohol and 
sodium benzyloxide. This not only increased the solubility but 
also meant that both the carboxylic acid and phenol groups 
could be released by hydrogenolysis in the final step. The 
resulting pyrroloindole benzyl ester underwent selective 
reduction of the more electron rich indole double bond on 
treatment with sodium cyanoborohydride in acetic acid l 2  to 
give the pyrroloindole (14) [63% from (12)]. Carbamoylation of 
the pyrroloindole (14) was most conveniently carried out by 
reaction with trimethylsilyl isocyanate,' sodium cyanate in 

acetic acid being much less satisfactory. Hydrogenolysis of the 
benzyl groups gave PDE-I (1) in 65% yield from the 
pyrroloindole (14). Similarly, PDE-II(2) was obtained from the 
pyrroloindole (14) in 84% yield by acetylation with acetic 
anhydride in pyridine and hydrogenolysis. The spectra of 
synthetic PDE-I and PDE-I1 were identical to those reported in 
the literature.2 

Ex perirnen tal 
For general points see ref. 14. 

5- Benzyloxy-2-bromo-4-methoxybenzaldehyde (4).-Isovanil- 
lin (20 g, 0.132 mol) was dissolved in ethanol (120 ml) and 
potassium hydroxide (8 g, 0.143 mol) added with rapid stirring. 
Benzyl chloride (16.4 ml, 0.143 mol) was added immediately, 
and the mixture refluxed for 4.25 h with vigorous stirring. Water 
was added to dissolve the potassium chloride, and the mixture 
was extracted with ether. The ether extract was washed with 
aqueous potassium hydroxide (5%; 2 x 50 ml) and dried 
(MgSO,), and evaporated under reduced pressure to give 3- 
benzyloxy-4-methoxybenzaldehyde (3 1.2 g, 98%) as a light tan 
solid, m.p. 59-62 "C (lit.,' 62-63 "C). 

The above compound (24.25 g, 0.1 mol) was dissolved in 
acetic acid (350 ml) and sodium acetate (12 g) added. Bromine 
(6 ml) was added slowly to the mixture which was then stirred 
for 22 h at room temperature. More sodium acetate (12 g) was 
added, followed by a further amount of bromine (7 ml), and the 
stirring continued for a further 24 h. More bromine (7 ml) was 
added and the stirring continued for 20 h. The product was 
filtered, washed with a little acetic acid, and dried in uucuo to 
give the title compound (4) (22.07 g, 69%). Half the solvent was 
removed at low pressure and the solid produced filtered off. This 
solid was extracted with chloroform and the extract dried 
(MgSO,) and concentrated to give a further yield of product 
(3.2 g, 10%; total 25.27 g, 7973, m.p. 139-143 "C (lit.," 122- 
123 "C). 

Methyl 2-Azido-3-(5-benzylo.~~-2-bromo-4-methoxyphenyl)- 
propenoate (5).-Sodium (20.44 g, 0.89 mol) was dissolved in 
dry methanol under nitrogen and the mixture cooled to - 5 "C. 
A suspension of methyl azidoacetate (100 g, 0.87 mol) and the 
aldehyde (4) (40 g, 0.125 mol) in warm THF (120 ml) was added 
slowly to the methoxide over 1 h with gentle stirring. The 
temperature was maintained at - 5  "C for 5 h and then raised 
slowly to 4 "C for 48 h. The product was filtered off and washed 
with a little cold methanol until the washings were colourless to 
give the title compound (5) (36.9 g, 71%) as a pale yellow 
crystalline solid, m.p. 11 3-1 15 "C (Found: C, 51.85; H, 3.8; N, 
10.0. C,,H,,BrN,O, requires C, 51.7; H, 3.9; N, 10.05%); 
vmax,(NuJol) 2 120vs (N,), 1700s (C=O), 1610, 1590, 15OOs, 
1440, 1 390, 1 365, 1 290, 1 27Os, 1 205s, 1 17Os, 1090, 1045w, 
1030,96Ow, 910w, 890,870,845,835,810,760s, 750,735s, and 
700 cm-'; 6, (250 MHz; CDCI,) 3.90 (3 H, s, OMe), 3.91 (3 H, s, 
OMe), 5.22 (2 H, s, CH,Ph), 7.08 (1 H, s, ArH), 7.17 (1 H, s, 
ArH), 7.3-7.5 ( 5  H, m, Ph), and 7.83 (1 H, s, 3-H); m/z 419/417 
( M + ,  0.4%), 391/389 (4), 332/330 (3), 300/298 (8), 268/266 (5 ) ,  
and 91 (100). 

7- Benzylo.~y-4-bromo-6-methoxy- 1 H-indol-2-ylmethanol 
(7).-The azide (5) (27 g, 65 mmol) was dissolved in dry xylene 
(2 100 ml) under nitrogen. The solution was heated rapidly and 
refluxed for 1 h. The solvent was removed under reduced 
pressure to give the indole ester (6) which, without further 
purification, was dissolved in dry ether (250 ml). The mixture 
was cooled to 0 "C under nitrogen, lithium aluminium hydride 
(3.5 g, 92 mmol) was slowly added to the stirred mixture and the 
ether refluxed gently for 4 h. The solution was stirred overnight 
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at room temperature and then re-cooled to 0 "C. Water (10 ml) 
was added cautiously followed by aqueous sodium hydroxide 
( 5 ~ ;  10 ml). The mixture was filtered through a plug of silica and 
the precipitate washed well with warm dichloromethane until 
no more product could be detected in the washings by t.1.c. The 
solvent was removed under reduced pressure to yield the title 
compound (7) (21.8 g, 93%) as a colourless solid, m.p. 152- 
154 "C (from ether) (Found: C, 56.4; H, 4.3; N, 4.0. 
C ,  ,H1 &NO, requires C, 56.4; H, 4.45; N, 4.0%); h,,,,(EtOH) 
222 (log E 4.58), 276 (3.99), and 304 nm sh (3.70); v,,,,(Nujol) 
3 400br (NH), 3 240br (OH), 1 635,l 625,l 510s, 1 505sh, 1 430, 
1410, 1380, 1340, 1300w, 1250s, 1235, 1225, 1210, 1 140s, 
1060, 1035, 1020s, 995, 980, 970, 965, 915w, 850w, 830, 820, 
795,75Ow, 740, and 705 cm;'; 6, (250 MHz; CDCI,) 3.92 (3 H, s, 
OMe), 4.68 (2 H, br s, CH,OH), 5.14 (2 H, s, CH,Ph), 6.28 (1 H, 
d, J 2 Hz, 3-H), 7.00 (1 H, s, 5-H), 7.3G7.46 (5 H, m, Ph), and 
8.26 ( 1  H, br s, NH); m/z 363/361 (M' ,  25%), 272/270 (92), 
254/252 (19), 226/224 (8), 192 (6), 163 (lo), 145 (12), 133 ( l l ) ,  
130 (lo), 117 (6), 102 (7), and 91 (100). 

In a separate experiment, the product from the azide 
thermolysis was purified by crystallisation to give methyl 7- 
benzj*lo.u~*-4-bromo-6-metho.uy- 1 H-indole-2-carboxylate (6), 
m.p. 135-140 "C (Found: C, 55.3; H, 4.2; N, 3.45. CI8-  
H,,BrNO, requires C, 55.4; H, 4.1; N, 3.6%); A,,,,(EtOH) 246 
(log E 4.38) and 31 1 nm (4.18); v,,,,,.(NujoI) 3 420sh, 3 310br, 
3 030w. 2 950,2 840w, 1 700s, 1 630,l 570w, 1 550,l 510,1440, 
1420, 1350, 1315, 1260vs, 1205, 1180w, 1130, 1060, 1 OOO, 
930w, 910, 830, 770, 750, 730, and 700 cm-'; 6 (250 MHz; 
CDCI,) 3.90 (3 H, s, OMe), 3.94 (3 H, s, OMe), 5.17 (2 H, s, 

( 5  H, m, Ph), and 8.70 (1 H, br s, NH); m/z 391/389 ( M + ,  15%), 
298/296 (18), 266/264 ( S ) ,  175 (41), 159 (39,  120 (62), 106 (73), 
and 91 (100). 

CH,Ph), 7.09 (1 H, S, 5-H), 7.11 (1 H, d, J 2 Hz, 3-H), 7.30-7.43 

7- Ben;)~lo.uj~-4-bromo-6-methoxy- 1 H-indole-2-carbaldehyde 
@).-The alcohol (7) (10 g, 27.6 mmol) was dried in uucuo and 
then dissolved in dry dichloromethane ( 5 0 0  ml) with gentle 
heating. Finely ground, freshly prepared manganese dioxide (36 
g, 15 equiv.) was added slowly to the mixture which was then 
brought to reflux. After 45 min, t.1.c. showed that no starting 
material remained. The warm mixture was filtered through a 
pad of coarse silica and the MnO, washed well with hot 
dichloromethane. The solvent was removed under reduced 
pressure to give the title compound (8) (8.4 g, 84%) as a beige 
solid, m.p. 147-148 "C (from ether-light petroleum) (Found: 
C, 56.85; H, 3.9; N, 3.7. C,,H,,BrNO, requires C, 56.7; H, 3.9; 
N, 3.9'4); h,,,,(EtOH) 254 (log E 4.29), and 323 nm (4.24); 
v,,,,(Nujol) 3 345br (NH), 1 665vs (conj. C=O), 1 625s, 
1 570w, 1 540, 1 510, 1 430w, 1 370, 1 325s, 1 315sh, 1 250s, 
1 225,l 145s, 1 060w, 995w, 980w, 960w, 830,820,790,760,730, 
and 700 cm-'; 6, (250 MHz; CDCI,) 3.96 (3 H, s, OMe), 5.15 

7.3-7.55 (5 H, m, Ph), 8.84 (1 H, br s, NH), and 9.70 (1 H, s, 
CHO); 6, (62.9 MHz; CDCI,) 57.47, 75.36, 110.80, 113.57, 
114.66. 124.63, 128.31, 128.40, 128.55, 132.71, 133.61, 136.17, 
137.25, 150.61, and 180.86; m/z 361/359 ( M ' ,  4.1%), 333/331 
(2.2), 280 (l.O), 270/268 (9.1), 242/240 (M), 161 (9.9), 146 (4.8), 
133 (6.3), and 91 (100). 

When the aldehyde (8) was stirred at room temperature with 
MnO, for prolonged periods it gave the 7,7'-dibenzylo.uy-4,4'- 
dibromo-2,2'-diform~~l-6,6'-dimetho.uy-3,3'-bi-indole (13), m.p. 
228.5-229 "C (from ether-light petroleum) (Found: C, 56.7; H, 
3.9; N, 4.1. C34H26Br2N206 requires C, 56.8; H, 3.65; N, 3.9%); 
k,,,,(EtOH) 258 (log E 4.52), and 329 nm (4.45); v,,,,(Nujol) 
3 250br (NH), 3 085w, 3 065w, 1 660s, 1 655s, 1 645s, 1 625s, 
1 563, 1 520, 1 505, 1 430, 1 380w, 1 365, 1 335 , 1 310s, 1 265s, 
1250, 1220, 1200, 1 195, 1 135, 1 120, 1083, 1008,965, 910w, 
832, 815w, 790, 750, 7-42, and 700 cm-I; 6, (250 MHz; CDCI,) 

(2 H, S, CHZPh), 7.1 1 (1  H, S, 5-H), 7.14 (1 H, d, J 2.4 Hz, 3-H), 

3.97 (3 H, s, OMe), 5.23 (2 H, s, CH,Ph), 7.08 (1 H, s, 5-H), 
7 .3G7.45 (5 H, m, Ph), 8.90 (1 H, br s, NH), and 9.37 (1 H, s, 
CHO); 6, (62.9 MHz; CDCI,), 57.34, 76.50, 111.04, 114.88, 
117.41, 124.12, 128.59, 132.15, 133.55, 135.86, 137.12, 150.52, 
180.90; m/z 720 ( M ' ,  1.4%), 718 (2.7), 716 (1.2), 627 (4.0), 538 
(2.0), 467 (1.8), 457 (1.8), 439 (2.0), 377 (11.3), 376 (12.8), 347 
(2.6), 265 (3.9), 103 (6.2), and 91 (100) 

7- Benz~vloxy-4-bromo-6-metho.lcy- 1 H-indole (9).- 
Rh(PPh,P),CO(Cl) (443 mg, 0.64 mmol) was suspended in dry 
mesitylene (30 ml) and warmed to 80 "C under nitrogen. After 
10 min 1,3-bis(diphenylphosphino)propane (528 mg, 1.28 
mmol) was added and a yellow precipitate formed. After a 
further 10 min, 7-benzyloxy-4-bromo-6-methoxy- 1 H-indole-2- 
carbaldehyde (8) (2.88 g, 8.0 mmol) was added and the flask 
plunged into a woods metal bath at 190 "C. Vigorous reflux was 
maintained for 1.3 h after which t.1.c. showed that no starting 
material was present. The mesitylene was removed under 
reduced pressure and the crude product purified by flash 
chromatography to give the title compound (9) (1.87 g, 70%) as a 
colourless oil which crystallised with time, m.p. 82-84 "C (from 
dichloromethane-light petroleum) (Found: C, 58.0; H, 4.2; N, 
4.2. C,,H,,BrNO, requires C, 57.85; H, 4.25; N, 4.2%); 
h,,,,(EtOH) 275 (log E 3.89) and 302sh nm (3.54); vmax,(Nujol) 
3 400br (NH), 1 635, 1 508, 1 465, 1 412, 1 380, 1 345, 1 330, 
1 295, 1 250w, 1 220s, 1 135, 1 090s, 1 080w, 990, 960w, 915w, 
885,820,770,740,730,700, and 670 cm-I; 6, (250 MHz; CDCI,) 
3.93 (3 H, s, OMe), 5.15 (2 H, s, CH,Ph), 6.42 (1 H, dd, J1.3 2.6 

H), 7.04 (1  H, s, 5-H), 7.28-7.45 (5 H, m, Ph), and 8.02 (1 H, br s, 
NH); m/z 333/331 (M' ,  22.4), 242/240 (51), 228/226 (10.7), 148 
(5.8), 133 (32.9), 118 (15.3), 105 (5.2), and 91 (100). 

Hz, J 3 . 2  3.4 Hz, 3-H), 7.035 (1 H, dd, J 2 . 3  3.4 Hz, J 2 . 1  2.5 Hz, 2- 

7- Benzyloxy-6-methoxy- 1 H-indole-4-carbaldehyde (lo).-7- 
Benzyloxy-4-bromo-6-methoxy- 1 H-indole (9) (506 mg, 1.5 
mmol), previously dried in uucuo over phosphorus pentaoxide, 
was dissolved in dry THF (10 ml) under nitrogen. The solution 
was cooled to - 78 "C and t-butyl-lithium ( 1 . 8 ~  in hexane; 5 ml, 
9 mmol) added slowly with rapid stirring. The resulting yellow 
solution was stirred at -78 "C for 1 h after which time it had 
become orange. Dry DMF (4 ml) was added slowly and the 
mixture stirred for a further 1 h at - 78 "C; a yellow precipitate 
formed. Saturated aqueous ammonium chloride was added and 
the mixture allowed to warm to room temperature; it was then 
stirred for 2 h. The mixture was extracted with ether, and the 
organic layer was washed with water and dried (Na,SO,). 
Purification of the residue by column chromatography gave the 
title compound (10) (308 mg, 72%) as a yellow crystalline solid, 
m.p. 117-1 19 "C (Found: C, 72.4; H, 5.45, N, 5.1. C,,H,,NO, 
requires C, 72.6; H, 5.4; N, 5.0%); h,,,,(EtOH) 237 (log E 4.28), 
315 (3.88), and 366 nm (3.96); v,,,.(Nujol) 3 300br (NH), 3 100, 
1 650vs (C=O), 1 620,l 560vs, 1 520,l 500,l 450,l 430w, 1 410, 
1395w, 1360s, 1310s, 1240s, 1220, 1195w, 1140vs, 1 100, 
1 060w, 1 020,955s, 905, 855, 850, 785s, 770, 755,  725, and 695 
cm-I; 6, (250 MHz; CDCI,) 4.02 (3 H, s, OMe), 5.34 (2 H, s, 
CH,Ph), 7.15 ( I  H, dd, J3,2 3.2 Hz, J,,] 2.2 Hz, 3-H), 7.23 ( 1  H, 
dd,J, , ,3.2Hz,J2~, 2.5Hz,2-H),7.32-7.45(5H,m,Ph),7.40(1 
H,s,5-H),8.22(1 H,brs,NH),and 10.17(1 H,s,CHO);m/z281 
( M ' ,  140/,), 252 (1.2), 190 (16), and 91 (100). 

Methj2l 2- Azido-3-( 7-ben.~ylo.uj,-6-merhoxy- 1 H-indol-4-y1)- 
propenoate (Il).-Sodium (710 mg, 31 mmol) was dissolved in 
dry methanol (15 ml) under nitrogen and the solution cooled to 
- 15 'C. A suspension of methyl azidoacetate (3.47 g, 30.2 
mmol) and 7-benzyloxy-l -methoxy - 1 H-indole-4-carbaldeh yde 
(10) (1.06 g, 3.8 mmol) in methanol (1  1 ml) was added slowly to 
the methoxide over 25 min with gentle stirring. The stirred 
mixture was kept in the dark at - 15 'C for 6.5 h after which the 
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temperature was raised slowly to 4 "C and stirring continued for 
a further 15 h. The precipitated product was filtered off, washed 
with cold methanol, and dried in uacuo. The mother liquor was 
poured into saturated aqueous ammonium chloride and 
extracted with chloroform. The organic phase was washed with 
brine, dried (Na,SO,) and purified by flash chromatography to 
give a yellow, light sensitive solid which was combined with the 
filtered material to give the title compound (11) (1.01 g, 71%), 
m.p. 103-105 "C (decomp.) (Found: C, 63.3; H, 4.8. 
C,,H *N404 requires C, 63.5; H, 4.8%); h,,,.(EtOH) 270 (log E 

3.97) and 373 nm sh (3.65); vmax~(Nujol) 3 360br (NH), 2 130vs 
(N,), 1 688vs (M), l625,1600w, 1 570w, 1 515,1470,1440s, 
1 340, 1 320s, 1 290s, 1 260, 1 240, 1 220, 1 190w, 1 145, 1 120, 
1 095,l 070,l O20,973,96Ow, 915w, 885,840,775,760s, and 720 
cm-'; 6, (250 MHz; CDCI,) 3.94 (3 H, S, OMe), 4.01 (3 H, S, 
OMe), 5.25 (2 H, s, CH,Ph), 6.59 (1 H, dd, J3,, 3.2 Hz, J3.1 2.2 

( 5  H, m, Ph), 7.35 (1 H, s, 5-H), 7.94 (1 H, s,=€HAr), and 8.06 (1 
H, br s, NH); m/z 352 ( M +  - N, + 2,979,350 (18, M +  - N,), 

and 199 (11). 

Hz, 3-H), 7.09 (1 H, dd, J2.3 3.2 Hz, J2.1 2.4 Hz, 2-H), 7.3G7.48 

322 (7), 320 (9), 261 (52), 259 (100, M +  - 91), 227 (46), 201 (1 l), 

Methyl 4-Benzylo.uy-3,6-dihydro-5-methoxypyrrolo[3,2-e]- 
indole-7-carboxylate (12).-The azide (11) (810 mg, 2.1 mmol) 
was dissolved in dry toluene (250 ml) under nitrogen in a flask 
protected from light. The stirred solution was heated rapidly 
and refluxed gently for 1 h. The toluene was removed under 
reduced pressure and the residue purified by flash chromato- 
graphy (ether-light petroleum) to give the title compound (12) 
(730 mg, 97%) as a light yellow glassy solid, m.p. 57-59 "C 
(Found: C 68.8; H, 5.1; N, 7.75. C,,H,,N,O, requires C, 68.6; 
H, 5.2; N, 8.0%); h,,,.(EtOH) 250 (log ~4.18), and 329 nm (4.37); 
v,,,.(Nujol) 3 360br (NH), 1 690vs (C=O), 1625w, 1600w, 
1 520s, 1 495w, 1 460, 1 380s, 1 350, 1 290s, 1 270s, 1 200, 1 175, 
1 150, 1 075, 1 050, 1 OOO, 910w, 890, 830, 765s, 740, and 700 
cm-'; 6 ,  (250 MHz; CDCI,) 3.95 (3 H, s, OMe), 4.07 (3 H, s, 
OMe), 5.29 (2 H, s, CH,Ph), 6.72 (1 H, dd, J1,, 3.5 Hz, J1,3 2.4 

7.51 ( 5  H, m, Ph), 7.42 (1 H, d, J2.4 Hz, 8-H), 8.29 (1 H, br s, 
3-H), and 9.12 (1 H, br s, 6-H); m/z 350 ( M + ,  14%), 259 (loo), 
227 (53), 199 (9), 184 (15), and 149 (5) .  

Hz, 1-H), 7.11 (1 H, dd, J2,1 3.5 Hz, J2.3 3.0 Hz, 2-H), 7.3G 

Benzyl4- Benzyloxy- 1,2,3,6-tetrahydr0-5-methoxypyrrolo[ 3,2- 
e]in,,ble-7-carboxylate (14).-The methyl ester (12) (370 mg, 1.1 
mmol) was dissolved in dry benzene (2 ml) and sodium 
benzyloxide (140 mg, 1.1 mmol) added under nitrogen. Benzyl 
alcohol (1.1 ml, 10.5 mmol) was added and the solution stirred 
at 80 "C for 0.5 h. The benzene and excess benzyl alcohol were 
removed under reduced pressure and the solid dissolved in dry 
acetic acid (10 ml). Sodium cyanoborohydride (662 mg, 10.5 
mmol) was added and the mixture stirred at room temperature 
for 1 h. The crude product was cautiously added to saturated 
aqueous potassium hydrogen carbonate, extracted with 
chloroform (3 x 30 ml) and the organic phase dried (Na,SO,). 
Column chromatography (ether-light petroleum) yielded the 
air-sensitive indole (14) (285 mg, 63%) as a glassy solid, m.p. 
4 2 4  "C (Found: M + ,  428.1751. C,,H,,N,O, requires M ,  
428.1736); h,,,.(EtOH) 240 (log E 4.33), 308 (4.28), and 343 
nm (3.64); v,,,.(CHCI,) 3 460s, 3 380w, 2 950, 2 860w, 1 705vs, 
1600, 1 530, 1 505, 1450, 1420, 1250, 1230br s, 1220, 1200, 
1 155, 1 130, 1 095, 1 OOO, and 910 cm-'; 6,  (90 MHz; CDCI,) 
3.G3.3 (2 H, m, 1-H), 3.45-3.75 (2 H, m, 2-H), 4.04 (3 H, s, 
OMe), 5.15 (2 H, s, CH,Ph), 5.42 (2 H, s, CH,Ph), 7.05 (1 H,d, J 
2 Hz, 8-H); 7.25-7.60 (10 H, m, Ph), and 8.83 (1 H, br s, 6-H); 
mi: 428 ( M + ,  2273, 337 (48), 335 (17), 229 (ll), and 91 (100). 

I n  a separate experiment, the intermediate compound, benzyl 
4-benzylo.uy-3,6-dihydro-5-methoxypyrrolo[ 3,2-e] indole-7- 
c*urhosylufe was isolated and purified by chromatography, m.p. 

157--160°C (Found: C, 72.9; H, 5.1; N, 6.6. C,,H,,N,O, 
requires C, 73.2; H, 5.2; N, 6.6%); h,,,.(EtOH) 253 (log E 4.20) 
and 328 nm (4.38); v,,,,(Nujol) 3 475s, 3 320s, 1 705sh, 1 700s, 
1590w, 1510, 1455, 1340w, 1290s, 1265s, 1230w, 1 190, 
1175s, 1160, 1075, 1050, 990, 950w, 910w, 835w, 770s, 760, 
740, and 705s cm-'; 6 ,  (250 MHz; CDCI,) 4.08 (3 H, s, OMe), 
5.30 (2 H, S ,  CHZPh), 5.42 (2 H, S ,  CH,Ph), 6.71 (1 H, dd, J1,3 2 
Hz, J1,2 3 Hz, l-H), 7.10 (1 H, dd, J2.1 3 Hz, J2,3 3 Hz, 2-H), 
7.30-7.55 (10 H, m, Ph), 8.30 (1 H, br s, NH), and 9.15 (1 H, br 
s, NH); m/z 426 (M' ,  3.2%), 350 (l.O), 335 (36.6), 259 (7.1), 227 
(ll.l), 1 1  1 (8.8), 97 (14.0), and 91 (100). 

3-Carbamoyl-4-hydroxy-5-methox~- 1 ,2,3,6- tetrahydro- 
pyrrolo[3,2-e]indole-7-carboxylic Acid (PDE-I) (l).-Tetra- 
hydropyrroloindole (14) (27 mg, 0.063 mmol) was dissolved in 
dry benzene (1 ml) under nitrogen and trimethylsilyl isocyanate 
(0.2 ml, 1.5 mmol) was added. The mixture was stirred at room 
temperature for 3 days. The precipitated product was filtered off 
and washed with dry ether. The mother liquor was purified by 
flash chromatography (ether-light petroleum) to produce a 
further amount of product which was combined with the filtered 
material to give benzyl 4-benzylo~uy-3-carbamoyl-5-methoxl,- 
1,2,3,6-tetruhydropyrrolo[ 3,2-e] indole-7-carboxylate (2 1.5 mg, 
72%), m.p. 16G162 "C (Found: C, 68.7; H, 5.3; N, 9.1. 
C,,H,,N,O, requires C, 68.8; H, 5.3; N, 8.9%); h,,,.(EtOH) 
253 (log E 4.32), 296sh (3.97), and 307 nm (4.04); v,,,,(KBr) 
3 430s br, 3 351br, 1 696vs, 1 653vs, 1 583s, 1 526, 1 498w, 
1431br, 1292, 1261, 1214, 1192w, 1164, 1101, 1015, 970, 
906w, 833w, 752, and 696 cm-'; 6, (250 MHz; CDCI,) 3.07 (2 H, 
t, J8 Hz, 1-H), 4.06 (3 H, s, OMe), 4.36 (2 H, t, J8 Hz, 2-H), 5.03 
(2 H, s, CH,Ph), 5.40 (2 H, s, CH,Ph), 5.75 (2 H, br s, NH,), 7.10 
(lH,d,J2.3Hz,8-H),7.3-7.55(1OH,m,Ph),and8.97(1 H,br 
s, NH); m/z (FAB) 472 (MH'). 

The above compound (12 mg, 25 pmol) was dissolved in dry 
methanol (3 ml) and palladium<harcoal (5%; 50 mg) added. 
The suspension was hydrogenated at 60 p.s.i. for 1 h. The 
catalyst -was removed -by filtration throuhh Celite, and the 
solvent removed under reduced pressure io yield essentially 
pure PDE-I (1) (7.2 mg, 9773, m.p. 235 "C (decomp.) [lit.,' 
235 "C (decomp.)]; h,,,,(H,O) 252 (log E 4.63), and 308 nm 
(4.20); (NaOH, 0.04~) 236 (4.48), 251 (4.42), and 337 (4.32); 
(HCI, 0.01~) 257 (4.57), and 320 nm (4.26); v,,,.(KBr) 3 362, 
3 209, 2 925, 2 540, 1 670s, 1 637s, 1 569, 1 540, 1 465s, 1 331, 
1291,1257,1224,l 180,l 120,1091,1043,1022,1 OOOw,961, 
859,812,746,722,657, and 605 cm-'; 6 ,  [250 MHz; (CD,),SO)] 
3.18 (2 H, t. J 8 Hz), 3.75 (3 H, s), 3.99 (2 H, t, J 8 Hz), 6.86 (3 H, 
br s), 1 1.23 (1 H, br s), and 12.84 (1 H, s); m/z (FAB) 292 (MH +). 

3- A cetyl-4- hydroxy- 5-methoxy- 1,2,3,6- tetrahydropyrrolo[ 3,2- 
e]indole-7-carboxylic Acid (PDE-11) (2).-The tetrahydro- 
pyrroloindole (14) (16 mg, 0.037 mmol) was dissolved in dry 
pyridine (1 ml) and freshly distilled acetic anhydride (1 ml) 
added. The solution was stirred at room temperature overnight. 
Water (2 ml) was added and the mixture made slightly acidic 
with dilute hydrochloric acid. After extraction with chloroform 
(3 x 50 ml) the organic phase was washed with water and then 
brine and finally dried (Na,SO,). Flash chromatography 
(ether-light petroleum) gave benzyl 3-acet4,1-4-ben~ylo-uy-5- 
methoxy- 1,2,3,6- tetrahydropyrrolo[ 3,2-e] indole-7-carbox~date 
(16 mg, 91%) as a colourless foam, m.p. 5659 "C (Found: M + ,  
470.1833. C,,H,,N,O, requires M ,  470.1842); h,,,.(EtOH) 263 
(log E 4.47), 298sh (4.08), and 308 nm (4.17); v,,,,(KBr) 2 930, 
1 710s, 1 635s, 1 620, 1 560, 1 497, 1 445, 1 412s, 1 380s, 1 346, 
1 310w, 1 287s, 1 257s, 1 208, 1 189w, 1 160s, 1 100, 1 022, 983, 
908w, 890w, 8 15,753, and 698 cm-'; 6 ,  (90 MHz; CDCI,) 2.28 (3 
H, s, COCH,), 3.08 (2 H, t, J 7 Hz, 1 -If) ,  4.12 (3 H, s, OMe), 4.27 

7.15(1 H,d,J2Hz,8-H),7.25-7.60(10H,m,Ph),and9.05(1 
(2 H, t, J 7 Hz, 2-H), 5.02 (2 H, S, CHZPh), 5.45 (2 H, S, CHZPh), 
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H, br s, NH); ni,': 470 ( M + ,  6O,), 379 ( 5 ) ,  337 (24), 261 ( 5 ) ,  229 
(3). 149 (6), 91 (40), 71 (37) ,  57 (56), and 43 (100). 

The above compound (26 mg, 55 pmol) was dissolved in ethyl 
acetate ( 5  ml). Palladium<harcoal (5",,; 50 mg) was added and 
the mixture was hydrogenated at 60 p.s.i. overnight. The 
catalyst was filtered off through Celite and washed well with 
more warm solvent. Concentration gave essentially pure 
PDE-I1 (2) (15.5 mg, 96",,), m.p. 253 - C  (decomp.) [lit.,' 253 C 
(decomp.)]: A,,, (H,O) 263 (log E 4.56), and 309 (4.09); (NaOH, 
0 . 0 4 ~ )  265 (4.53), and 342 (4.32); (HCI, 0 . 0 1 ~ )  265 (4.52), and 
321 nm (4.16); vmaX (KBr) 3 286s, 2 926, 1668s, 1 636, 1 600w, 
1 569, 1 521, 1 458, 1 420w, 1 380w, 1 330, 1 289, 1 244, 1 210w, 
1 192. 1 175, 1 150w, 1 120w, and 1 097 cm-'; 6, [250 MH7: 
(CD3)2SOj 2.28 (3 H, s, COCH,), 3.20(2 H, t, J 8  Hz, 1-H), 3.77 
(3H,s ,OMe) ,4 .20 (2H, t ,J8Hz ,2 -H) ,6 .94 (1  H,t , J2Hz,8-H) .  
11.40 ( I  H, br s, NH), and 12.18 (1  H, s, OH); mi: 290 ( M + ,  
84",,),272(7),248(67),247(12),233(22),230(100), 215(31),204 
(8), 202 (14). 187 (17.5), and 43 (80). 

Acknowledgements 
We thank the S.E.R.C. for a studentship (to R. E. B.). 

References 
1 Part 7. C. V. Labarca, A. R. MacKenzie, C. J. Moody, C. W. Rees. 

2 Y. Enomoto, Y. Furutani, H. Naganawa, M. Hamada, T. Takeuchi, 

3 H. Nakamura, Y. Enomoto, T. Takeuchi, H. Umezawa, and Y. 

and J. J .  Vaquero. preceding paper. 

and H. Umezawa, Agric. Biol. Cheni., 1978, 42, 1331. 

Iitaka, Agric. Biol. Clieni.. 1978. 42, 1337. 

4 N. Komoto, Y.  Enomoto, M. Miyagaki. Y. Tanaka, K. Nitanai. and 
H .  Umezawa, Agric. Biol. Cheni., 1979. 43. 555. 

5 N. Komoto, Y. Enomoto, Y. Tanaka, K. Nitanai, and H. Umezawa. 
Agric. Biol. Chcni.. 1979. 43, 559. 

6 C. G. Chidester, W. C .  Krueger. S. A. Mizsak, D. J. Duchamp, and 
D. G. Martin, J .  An?. Chenr. Sor,., 1981, 103, 7629; L. H. Hurley, V. 1. 
Reynolds, D. H .  Swenson, G. 1. Petzold, and T.  A. Scahill, Scicwcc. 
1984, 226, 843. and references therein. 

7 W. Wierenga, J .  An?. Cheni. So(,., 198 1 ,  103. 5621; R. J .  Sundberg and 
T.  Nishiguchi, Tetruhcclrori Lerr.. 1983.24,4773; P. Magnus and Y .-S. 
Or. J .  Cheni. So(*. ,  Ckeni. Coniniun., 1983.26; G. A. Kraus and S. Yue. 
ihid., 1983, I 198; P. Magnus and T. Gallagher, ihid., 1984. 389; V. H. 
Rawal and M. P. Cava, ihicl., 1984, 1526: D. L. Boger and R. S. 
Coleman, J .  Org .  Chen?., 1984, 49, 2240; S. Halazy and P. Magnus, 
Tr.rru/icclron LPI~ . .  1984. 25, 1421; P. Magnus and S. Halazy, ihicl., 
1985, 25,2985; G. A. Kraus, S. Yue, and J. Sy. J .  Org .  Clieni., 1985.50, 
283; R. J.  Sundberg and B. C .  Pearce, ihid., 1985, 50, 425. 

8 Preliminary communication, R.  E. Bolton, C.  J. Moody, C .  W. Rees, 
and G. Tojo, J.  Cheni. So(.., Ckcni. Coniniun.. 1985, 1775. 

9 A. R. MacKenzie, C .  J. Moody, and C .  W. Rees. J .  Cheni. Soc., Chcni. 
Coniniun., 1983, 1372; Tetrahedron, 1986, 42, 3259. 

I0 T. Kametani, T. Terui, T. Ogino, and K. Fukumoto, J .  C k m .  Soc., 
(C) ,  1969, 874. 

I 1  M. D. Meyer and L. I .  Kruse, J .  Org .  Ckcni., 1984, 49, 3195. 
12 G. W. Gribble and J. H. Hoffman, Sjxrhe.si.s, 1977. 859. 
13 R. G. Neville, J .  Org .  Ckcwi., 1958, 23, 937. 
14 L. Henn, D. M. B. Hickey, C. J .  Moody. and C. W. Rees, J .  Clicni. 

15 E. Spi th ,  A. Orechoff, and F. Kuffner. Clioti. Ber.. 1934. 67. 1214. 
So(.., Perkin Truns. 1. 1984, 21 89. 

Rewired 13th Muj. 1986; Paper 6!920 


