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Abstract: A new construction of unsymmetri&ly 1,4disubstitued carbaxoles has been devised and used 
in the synthesis of the alkaloid olivacinc. The starting materials are gram&s and the sodium salts of 
2-cyano4-oxo~ntanonitriles. These afford 4-cyanct5-(tndol-3-yl)pentan-2-ones, which can be cyclised by 
treatment with acetic acid and then aroma&d to yield carbazoles suitably functionalised for subsequent 
conversion into 6Jf-pyrido(4,3-&zbaz.oles unsymmetrically substituted at C-5 and C-l 1. Attempts to 
develop this as a general approach to 5-alkylamincHWpyrido[4,3-b]carbazoles have, however, 
encountered a number of unforeseen problems. 

In previous work we descriw the synthesis of the 9methoxylatcd ‘dehydrodimer’ of ellipticlne (1, 

R=OMe).2 This compound which shows anticancer activity in vim comparable to 9_hydroxyelIipticine, 

one of the most cytotoxic ellipticines,3 was to have been O-demethylated to the phenol (1, R=OI-I) in the 

exptctation of a further enhancement of activity. Unfortunately the conditions needed to effect this 

conversion produce extensive decomposition of the molecule. This caused us to consider alternative 

syntheses of elliptic& ‘monomers’ containing the m easily cleaved 9-O-benxyloxy group, and rather 

than use our usual approach to such compounds,4 we chose to apply the Cranwell-Saxton route to 

pydrido[4,3-6]carba.zoles.5 This synthesis, modified by Birch and Jackson6 involves the use of carbazoles 

as starting materials, which are in turn obtained by the reaction of symmetrical 1,4diketones with indoles. 
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Unsymmetrical ketones give mixed products, and since we wished to obtain elliptic&s with different 

substitucnts at C-5 and C-11 we sought first to resolve this problem. Thus a new strategy to 

unsymmetrically carba&cs was evolved, wherein a graminc derivative (2) is reacted with ethyl 

2cyano4oxopcnt (3, Rm;R3qEt) to give the indoles (4, R*=CN; R3=CQEt). The indoles 

may be cycliscd to the 3,4dihydro-Wcarbazoles (5, Rw; R3=C&Et) by heating with 50% acetic 

acid, and these products aromatiscd to the ccmesponding carbazolcs (7) through m-actions first with lithium 

chloride in hot DMSO, and then treatment of the crude reaction products with DDQ. The carbazolcs so 

formed bear a cyan0 group at C-3 which may then be elaborated into the appropriate substitucnt to allow 

final ring closure to the required pyrido[4,3-bjcarbazolcs. This method was tested in a total synthesis of the 

alkaloid olivacine (12) (Scheme l).’ 

All steps in this reaction sequence worked well, except that in the final ring-closure rca~ti~n the 

N-tolucnesulphonyldihydroisoquinoline (11) was isolated rather than the expected fully aromatic 

pyridocarbazole olivacine. This added an extra step to the synthesis since it became necessary to m this 

product with sodium in liquid ammonia in or&r to form olivacinc. WC did not detect any trace of the 

angular isomer (13) of the alkaloid, which is possible through ring closure of the acetal(l0) at C-4 rather 

than at C-2.* 

R1 R* . 
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Scheme 1: The synthesis of olivacine 

Reagents: i DMAD;ii HOAJH2o;iii Sq;iv DIBAlu;v NH$H$H(OMe)2;vi MeLWi Tdl/Nycoj;viii WI; *m3. 

Whether the exocyclic or the endocyclic doubIy bonded product (5) or (6), respectively, is formed in the 

cyclisation of the indoles (4) seems to be a function of the substituent groups R2 and R3. Thus, for 

example, the indole (4, R’=H, R2=Ac: R3&QEt) gives predominantly the endocyclic tricycle (6, R’=H, 

R&AC: R3aEt), whereas (4, R’=H; R 2= R3= CN) affords only the exocyclic product. For the 

conversion of the last compound into the um=esponding carbaz& (8, R=CN) it is only necessary to absorb 

it onto silica and heat this material to 25oco. Contrary to a li- rem9 we note that the ketone (8, 

R-Me) dots not react with the dimethylacetal of aminoacetaklehyde to form the methyl derivative of 
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the imint (9). hence it is necessary to use the aldchydc (8, R=CHO) instead and to introduce the fimm 

C-l 1 methyl group of olivacine by reacting the imine (9) with methyl lithium. Overall the synthesis is not 

expanded, of course, since the mcthylatcd irnine dots not require reductiou. 

In or& to continue this wotk we next selected the ethoxycarbonylcarbamIe (19, R-Et) as a starting 

mat&al for further elabomtion to the dchyw (1, R-H). For the pitpamion of this carbamlt the 

gramine derivative (16, R=M ) c wasrcquircdandthiscompoundwasobtaincd~ghthc~cactionof 

5-bcnzyloxyindole (14) with NJMmcthyl~tamide in the pmcnce of phosphorus oxychIo&z. The 

intcrmtdiatc (15) was then nduccd with sodium bomhydridc without isolation. If ammonia is &lod prior 

to the reduction step the product is the primary amine (16, R=I-I). llte gramine (16, R=H or Me) was then 

to be reacted with the anion (17) of diethyl 4-cyano2-ketol,5-pentandioate and the product (18) 

converted by a series of reactions, similar to those of scheme 1, into a monomzic eIlipticinc suitable for 

elaboration to the dchydmdimcr (1, R=OH). 

(16) + 

(17) (18) 

(19) 

Unfortunately in our hands mctions of the tnolatc anions (21, R=CN or (B&Et) with ethyl 

bromopymvatc (20) failed to give the required dicstcrs (22). instead complex mixtures foxmcd. In line with 

these results Mans~ur*~ has recently shown that, although ethyl brotmpyruvate alkylates B-kctonitriles 

(23) under basic conditions, the intermediate pmducts arc kctmpoxides (24) which react further to form 
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isolable dihydrofurans (25). 

0 CN 

CN b w 
R 

(23 w> W) 
In order to avoid this problem we next formed the ethylene wetal of ethyl bmmopyru vate, but this failed 

to react with the enok anions. This is undoubtedly due to steric factors, since the 0-t~~thyloxime (26)” 

reacts with sodium ethyl cyanoacetate to form a mixtures of the mom and di-alkylated @ucts (27) and 

(28) respectively. 

(26) (27) (28) 

The first of these was reacted with the gramine (16, R=Me) in the presence of din&y1 

acttyIenedicarboxylate12 to give the indolc (29) in 17 96 yield. An alternative synthesis of this compound 

through the reaction of the gramine first with the anion of ethyl cyanoacetate, followed by reaction of the 

product (30) with the 0-methyloxime of ethyl bmmopyruvate was frustrated by the poor yield in the first 

reaction - 27%. However, the compound (30) is formed in 68% yield by heating ethyl 2-cyanobut-2-enoate 

(31) and Menzyloxyindole (14) in a mixture of acetic anhydride and acetic acid at 90°C. Monanorillite 

clay in boiling dichloromethane13 is less satisfactory in promoting this reaction and only affords the indole 

(30) in 27% yield. When the indole is treated with the bromoester (26) and potassium carbonate in dry 

DMF the desired compound (29) was formed in 74% yield as a mixture of diastemomets. 

(27) 
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Standard methods for the deprotection of the 0-methyloximo function of this product fail&l4 complex 

mixtures resulted, and treatment with hot aqueous acids leads to the diester (27) and resin which arises 

presumably from the polymerisation of 5-benzyoxy-3-vinylindole which must be the second component of 
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the retro-akylation mtion. Conversion of the indolc (29) to the required dihy mle (32) does 

occur when the compound is treated with dioxane saturated with hydrogen chloride, or when it is heated 

with ethyl polyphosphate. In both cases, however, the yields were 2025%. Aromatisation of the 

dihydrocarbazole (32) to the corresponding nitrile (33) was achieved in 45% yield by treating it with 

lithium chloride in aqueous DMSO.lS 

CN BllO 

(29) - oa( 
CN 

BllO 
;I I # (??a ) 4 7 1; \ 

N 
N 

i ciyt 
i co$a 

(32) (33) 

Although the carbazole bears all the appropriate functionalities far subsequent conversion into 

5-akylated elIipticines, several steps are still required and the low productivity of the synthesis caused us 

to consider a more direct approach in which an aminoakyl side chain of the target clIipticinc is appended 

to the carbazole precursor early in the procedure. For this purpose we selected the synthon (35), which was 

obtained from the anion of ethyl cyanoacetate and the chloroketone (34). This compound was then nacted 

with the ‘simple’ gramine (36) in the presence of diethyl acetylenedicarboxylate to glvc the indole (37) in 

an overalI yield of 65%. Cyclisation to a mixture of the dihydmcarbaxoles (38) and (39) was achieved by 

heating this product with 4-toluene sulphonic acid in toluene (combined yield 96%). 

The major component of this mixture (38) crystallised out from dichloromthane solution and we hoped 

that de-ethoxylation and aromatisation would now provide the protected carbazole (40), which would 

allow us to complete the synthesis of a model for subsequent construction of the dchydr&imer (1, R=OH). 

However, no reaction occurred between the carbazole (38) and lithium chloride in DMSO and we sought 

to obtain the corresponding methyl ester by uansesterification with a large excess of methanol containing 

Ctoluenesulphonic acid. Instead of the corresponding methyl ester, however, the ring opened compound 

(41, R=OMe) was obtained. In another attempt to de-ethoxycarbonylate the carbazole (38). it was treated 

with potassium cyanide in HMPA at 125*C. In this case the product was the nitrile (44), and it is now clear 

that the intermediate anion (42) eliminates the phthalide anion to afford the diene (43) which then 

isomerises to the nitrile (41). In a final attempt to resolve this problem we attempted to remove the 

phthalimido group which acts as a leaving group. However, reaction of the carbazole (38) with hydrazine 

in aqueous methanol gave only the semicarbazide (4 1, R=NHNH& 

Further efforts to hydrolyse and aromatise this product on to the aminocarbazole only saved to bring 

about its decomposition. It is now clear that success in this type of reaction can only be achieved if the 

substituent at C-l on the carbazole unit is a poor leaving group, and in further work we hope to solve this 

problem by selecting appropriate functionalities at this site. 
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EXPERIMENTAL 

U.V. spectra were mcordcd on a Pekin-Elmer 402 instrument for solutions in 95% ethanoL ‘H N.m.r, 

spectra were obtained at 27OMHz and t3C n.m_,r. spectra at 67.8 MHz using tetramethyk.ilane as intanal 

standard in deuteriochlorfonn solution, unless stated othe&se, The instrument used was a J.E.O.L. 

MNGXFTspectmmctcr. Mass spectra were UXSIIIWI on a VG 707OE instrument. All solvents, other than 

ethanol, WCC distilled prior to use. Petroleum ether refers to light petroleum, b.p. 60-W. 

2-Qzno-4-ux0penauwnim*le (3, RQ3= CN) 

A solution of m&no&rile (3.3g. 50 mmol) in dry THF (10 cm3) was added, dropwise, to a cooled, 

stirred suspension of sodium hydride (1.2g, 50 mmol) in dry ‘IHF (30 cr& under a nitqen atmosphere. 

After the addition, the ice bath was removed and the Wtion mixture stirred for a further 30 minutes 

before the resultant suspension was slowly inject&, via a cannula, into a cooled solution of chloroacetone 

(5.3 cm3, 66 mmol) in dry THF (30 err?). The reaction mixture was stirred for lh before the solvent was 

removed at reduced pressure. The residue was purified by bulb to bulb distillation (220°C, 0.3 mmHg) to 

yield 4.9g (79%) of colourkss crystals which we= recrystalliscd from chloroform/pet. ether, mp. 

55-56°C; q_CHCl3)cm‘* 2.200 (tiN), 1700 (C=G); SH (CDCl3) ppm 4.21 (IH, t, J = 4Hz, CH), 3.25 

(2H, d, J= 6Hz, C&), 2.30 (3H, s, CH3); m/z (70 eV) 43 (lW%), (CL), 123 [(?vI+I)+,lW%] [Found: C, 

58.6; H, 5.0: N, 22.5 C&N20 requires: C, 59.0; H, 4.95; N, 22.9%]. 

4,4_Dicyano_5-(3_in~~~~-2_one (4, R1=H; R2=R3= CN) 

A solution of the ketone (3, R2=R3= CN) (2g, 16.4 mmol) and dimethyl acetylencdicarhoxylatc (2.01 

&, 16.4 mmol) in dry THF (15 &) was added, dropwise, to a cooled solution of graminc (2.85g, 16.4 

mmol) in dry THF (40 cd), under a nitrogen atmosphm.The reaction mixture was stirred for 3h. The 

solvent was removed at reduced pressure and the residue purified by column chromatography (pet. ether: 

ethyl acetate/ 50:50, RF = 0.65). The title compound was isolati as white plates (2.9Og, 71%), which 

recrystallized from ethyl acetate&et. ether, m.p. 125-126OC, v,, (CHC13) cm-’ 3410 (N-H), 2200 (CkN), 

1680 (C=G); b (&acetone) ppm 10.40 (lH+ s, exchanges, N-H), 7.70 - 6.90 (5H, m, aromatic protons), 

3.52 + 3.35 (2 x 2H, 2 x s, 2 x CYQ, 2.10 (3H, s, CYf& m/z (7OeV) 251 (Mt. lO%), 130 (1096); Lu nm 

289,280,219 pound: C, 71.7; H, 5.2; N, 16.5 C15Ht3N30 requirts: C, 71.7; H, 5.2; N, 16.7%]. 

4-Cyano-4-etiroxycarbonyl-5~3-indo~yl)penton-2-on (4, R’=H; R2=CN; R3= CQEt) 

The same procedure was used as for the synthesis of the Mole (4, R1=H; RLR3= CN), starting this from 

the ketone (3, R2=C!N; R3= CQEt)16 (1.5g, 8.88 mmol). The title compound (2.6Og, 98%) was isolated as 

colourless crystals, which recrystallised from ethyl acetate/pet. ether, m.p. 148OC; RF = 0.9 (pet. 

etherethyl acetate: triethylamine 4:l: l), v, (Nujol) cm-l 3420 (N-H), 2250 (6N). 1730 (C!=(I), 1710 

(CXD); S, (d6 acetone) ppm 10.50 (lH, s, exchanges, N-H), 7X-6.70 (5H, m, aromatic protons), 3.92 (W, 

q, J = 6Hz, OCH&H$, 3.40-3.20 (4H, m, 2 x C.&J, 2.07 (3H, s, CH3 C=O), 1.12 (3H, t, J = 6I-k 

0CH$X3); &,,, nm @)289 (2600), 281 (3Wl), 221 (1400); m/z (7&V) 298 (W, lO%), 130 (lo%), 43 

(23%) pound: C, 68.1; H, 6.2; N, 9.4 C17H1sN2Q requires: C, 68.5; H, 6.0; N, 9.4%]. 

4-Acetyl-4-cyuno-5-(3-inhfyl)pentan-2-a ((4, R’=H; R2=CN; R3= COMe) 

To a stirred solution of gramine (4.35g, 25 mmol) in dry THF (30 cm3), under a nitrogen atmosphere, 
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was slowly added a solution of fnzhly distilled dimethyl sulphate (2.4 &, 3.14g, 25 -1) in dry ‘II-IF 

(25&). Onaddition,apinLgumfarmcdIna~~asduti~ofthek46m(3,R~;R3= 

COMe) (4.23g,25 mmol) in dry THF (35 t&) was slowly added to a stirred co&d suspension of NaH 

(O.Sg, 25 wnoi) in dry THF (15 cr&. After the addition was compkte, the ice bath was removed and the 

mixture stirred at ambient temperature for 30 minutes. Tile resultant pu.rplc sohltion was then slowly 

tran&rred_ via a cannula, into the tirst reaction vessel. The mixture was shaken until stining was 

possible, and the mixture was then stirrtd for Mb. ‘Ihe solvent was rcmoycd and the residue partitioned 

between chloroform (25 &) and 2M HCl(25 cm3). The aqueous layer was washed with chloroform (2 x 

15 d) and the combined organic layers were washed with water (2 x 25 &), brine (25 &) and dried 

(MgSO,& The solvent was removed at reduced pressure and the residue purified by culumn 

chromatography (pet. ether/ethyl acetate) to yield the title compound as a pale red oil (6.22g, 79%). RF = 

0.61 @etethe~ethyl acetate 4:l). v,, (cHcl3) cd 3400 (N-H), 1710 (GO), 1750 (C=O); & (CDClg) 

ppm 8.83 (lH, s, exchanges, N-HJ, 7.40-6.78 (5H, m, aromatic protons), 4.13 (2H, q, J = 7Hz,OCW&!H~)+ 

3.50 (2H, q, J = 4Hx, CT&), 3.05 (2H, s, C&), 2.38 + 1.92 (2 x 3H, 2 x s, 2 x cH,C=O), 1.16 (2H, t, J = 

7H2, OCH#IW3); &- (CDCl3) ppm 206.9 (GO), 205.8 (GO), 171.4 (C&Et), 135.6 (indole C-8), 127.7 

(indole C-9), 123.1 (indok C-2), 121.6, 119, 117, 111 (indole C-4, C-5, C-6, C-7), 108 (indole C-3). 62.6 

[C (COCH3) CQEt] 61.3 (0, 46.4 (CH2tXC!H3), 29.5 (CM3 GO), 28.8 (OCH&!H3), 27.4 (COCH3), 

13.5 (~$H$H3); nt/z (CL) 315 (M’, 32%), 130 (iMY%). 

The same procedure used for the synthesis of the indole (4, R1=H,RLR3=CN) was employed to convert 

the ketone (3, RL CN;R3=C0Me)t7 (1.99g, 10.84 mmol) into the indole (4, R’=H;RL CN,R3=C0Me), 

However, after the work-up procedure and column chromatography (petether/ethyl acetate), the required 

product was found to bc contaminated with dimethyl 2-(~JVdimethyl amino)butenedioate.18 Extensive 

column chromatography did not completely separate the two compounds. 

3,3-Dicyunu-3,4-&y&o-Z-methyiene-2Harbmok (5, R1=H;RLR3=CN) 

A solution of the indole (4, R1=H;RLR3=CN) ( 1.45g, 5.74 mmol) in 50% aqueous acetic acid (75 

cm3) was heated at reflux for 4h. After cooling, the solvent was removed under reduced pressure and the 

residue partitioned between saturated NaHCO3 solution (75 cm3) and ethyl acetate (3 x 50 cn?). The 

combined organic layers were washed with water (100 cm3), brine (50 cm3) and dried (MgSO4). The 

solvent was removed under recked pram to yield the title compound as a colourless solid (1.43g, 

99%), which crystallised from ethyl acetate, m.p. 215OC. RF = 0.84 (pet.etherethyl acetate 1 :l) . II,, 

(CHC13) cm-’ 2400 (N-H), 2210 (GN), 1620 (C=C); h (d6 acetone ) ppm 10.50 (lH, s, exchanges, N-H), 

7.60-6.92 (4H, m, aromatic protons), 5.66 + 5.20 (2 x lH, 2 x s+ olefinic protons), 3.64 + 3.31 (2 x 2H, 2 x 

s, 2 x Cf$); &nrn 305, 272,212; mlz (7ocV) 233 (M+, lo%), 232 (23%), 155 (57%), 149 (30%), 57 

(23%) hound: C, 76.8; H, 4.7; N, 17.7 Cr5HllN3 requires: C, 77.2; H, 4.8; N, 18.O%]. 

3-Cyarro-3-ethoxycorbonyl-2H-3,4dihydro-I-nrerhylcnccarbazolc (5, R’=H;R2=CN;R3~Et) 

The procedure used for the synthesis of the tetrahydrocarbazok (R1=W,RLR3 CN) was employed to 

convert the indole (4, R1=H;RwN;R3 CO@) (2.Og, 6.71 mmoi) into (5, R1=fiRL0QR3 aEt) 

(1.86g, 99%). The title compound was isolated as c&urkss crystals recrystallised fnxn 

chlorofot@et.ether, m.p. 133OC. RF = 0.59 (pet. ethcr:cthyl acetate 1:1), v,, (CHCl3) cm-’ 3400 (N-H), 

2250 (CnN), 1720 (GO), 1630 (0; Iju (CDC13) ppm 8.32 (lH, br s, exchanges, N-H), 7.50-7.10 (4H, 
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m, aromatic protons), 5.2G4.96 (2 x lH, 2 x s, olefinic protons), 4.30 (2H, q, J = 7Hz, OCH&H$, 3.56 + 

3.38 (2 x 2H, 2 x s, 2 x Ci-fd, 1.31 (3H, t, J = 7Hz, OCH$H~); m/z (7&V), 280 (M+, 48%), 207 (10096); 

&nm (Q 309 (54 Soo), 305 (54 900), 252 (21 700) fFound: C 72.8, H 5.7, N 9.9. Cl,H1&Q requires: 

C 72.8, H 5.8, N lO.O%]. 

3-Acetyl-3-ethoxycarbonyl-3,ddilrydro-l-~t~lc~~~ (6, R1=H+Rm;R3= COIUe). 

The procedure used for the synthesis of the 3&dihyd~We (5, R’=W;RLR3=CN;) was 

employed to convert the indole (4, R*=H,R*N,R3= CKMc) (2.Og, 6.35 mmol) into a adurc of the 

3,4dihydroc~&ok (6, R’=H;RZ=CN;R 3= CCMe) and the isomcric 3&lihydrc+Wcarbaxole (5, 

R’=H;R2=CN;R3= CUMe) (1.36g overall yield 72%). The mixture was purified by c&tmn 

chromatography (pct.cther/ethyl acetate) to yield a mixture of (6, R*=H,Rw;R3= CCMe) and (5, 

R’=H;R2=CN;R3= COMe). &&DC13)ppm; 8.80 (OS-I, s, N-H),&30 (OS& s, N-H ), 7.60 -7.00 (4H, m, 

rest of aromatic protons ), 5.88 (OS-I, d , J = 1.5 Hz, endocyclic okfmic proton ), 5.23 + 5.03 (2 x OS& 2 

x S, 2 x exocyclic okfink protons), 4.52 - 4.04 (2H, m, 2 x CXX&H3), 3.60 - 3.10 (3H, m, 3 x CHi), 2.21 

(3H, S, 2 x cocH3), 2.05 (1,5H, S, H&=CW3), 1.58 - 1.08 (2 x l.SH, m, 2 x WH$Yf3). The title 

compound was obtained as colourless crystals by crystallisation of the crude reaction product from ethyl 

acetaWpct.cthcr, m.p. 13 1 OC, Rp = 0.74 (pct.ctherzethyl ~icttate l:l), v,, (CHC13) cm-l 3420 (N-H), 1700 

(GO); S&DC13) ppm 8.10 (lH, s, exchanges, N-H), 7.56-7.08 (4H, m, aromatic protons), 5.88 (lH, d, J 

= 1.5H~, 01tfini~ proton), 4.24 (2H, q, J = ~Hz, CXZ&CH3), 3.50 (2H, d, J = 16H~, C&J 2.21 (3H, S, 

COCH3), 2.11 (3H, d, J = MHz, CH2 = CW3), 1.23 (3H, t, J = 7Hz, OCH&&); m/z (7OcV) 181 (28%), 

101 (34%), 73 (23%), 43 (100%) hound: C, 72.4; H, 6.4; N, 4.6 C1sH19N@ rcquims: C, 72.7; H, 6.4; N, 

4.783. 

3-Cyum-I -methylcadmwle (7, R’=I-I) 

The tctrahy drcx&~~le (5, R*=H;RLR3=CN) (546 mg, 2.34 mmol) was preabsorbcd onto silica gel 

(5.5g) and heated at 250°C under a stream of nitrogen. After lh, the silica was allowed to cool and then 

washed with ethyl acetate (4 x 50 cm3). The solvent was removed at reduced pressure and the residue 

ptuificd by column chromatography (pct.ethcr/ethyl acetate). The title compound was isolated as a pale 

yellow solid (198 mg, 41%), which rccrystalliscd from ethyl acetatc/pct.cthcr, m.p. 193oC, R = 0.42 

(petcthcrzethyl acetateJ80:20), v,, (Nujol) cd 3450 (N-H), 2200 (CM); &.l (d6 acetone) ppm 10.83 

W-I, brs, exchanges, N-H), 8.04 - 6.82 #I-I, m, aromatic protons), 2.50 (3H, s, CX3); & (95% ethanol) 

nm (Q 336 (12QO), 324 (MOO), 310 (1900), 273 (21900), 261 (17100); m/z (70 eV) 206 (M+, MO%), 205 

(44%), 179 (62%), 151 (31%) [Found: C, 81.4; H,4.8; N, 13.6 C1,,H1& requires: C, 81.5; I-I, 4.9; N, 

13.6%]. 

3-Ethoxycarhnyl-1-methylcurhzole (8, R=COzEt) 

The carbazok (5, R1=H;R*N;R3=QEt) (0.39g, 1.39 mmol) was preabsorbcd onto silica gel (4g) and 

heated at 2WC under a stream of nitrogen for 2h. The silica gel was then’allowcd to cool and washed with 

ethyl acetate (4 x 50 cm3). The solvent was removed and the &due purified by column chromatography 

@CL ether/ethyl acetate). The title compound was isolated as a pale yellow solid (18Omg, Xl%), 

recrystalliscd from chloroform/pet.ethcr, m.p. 133-135oC. (lit.19 151OC) RF = 0.34 (pet. ether : ethyl 

acetate 80:20), v,,,, (CHCl3) ppm 3450 (N-H), 1680 (C=C), 1600 (C=C); S, (CLX13) ppm 8.68 (lH, s, 
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H-4 of carbaxole), 8.30 (lH, s, exchanges, N-H), 8.12-725 (5H, m, rest of the aromatic protons), 4.37 (2H, 

q, J = 7H.q oC&CH$, 2.57 (3H s, W3), 1.45 (3H, t, J = 7I.k OCH@f3); & nm 278,269,235; m/z 

(7Ocv) 253 (M+, 65%). 208 (65%), 180 (29%), 68 (32%), 43 (RIO%), 28 (50%) m C, 75.9; H, 6.0; N, 

5.6 Calc. for C1,&NQ: C, 75.9; H, 5.9; N, 5.5%). 

Asccondproductwaselutedfiwnthccolumn(Rp= 0.42 (pet. etiethyl acetate 80:20) and this was 

charactuiscd as 3cyanol-methylcarb~& (7, R’=H) (3Omg, 10%). 

A solution of sodium hydride (103 mg, 4.29 mmol) in dry DMSO (3 cm3) was stirred at 60-7PC, under a 

nitrogen amphere, until the evolution of hydrogen gas had ceased and the solution had become dark 

green in colour (approx lh). Dry THF (4 cd) was added to the solution and the mixture moled in an ice 

bath. A solution of the ester (8, R-Et) (363 mg, 1.4 mmol) in dry THF (4 c&) was &led over a 

pcriodof5minutesandthe~~~x~stirredforafunher30ntinuttsatroomtc~~.Thc 

reaction mixture was then poured into aqueous HCl (pH 4, 35 cn?) and the aqueous layer thoroughly 

extracted with DCM (10 x 50 cd). Some yellow product precipitated and was filtered and washed with 

diethyl ether. The combined organic layers were washed with water (3 x 50 cm3), brine (10 c&) and dried 

(Na2S04). The solvent was removed at reduced pressure to yield a yellow solid which was tritumtcd with 

diethyl ether, f&red and combined with earlier product (287 mg, 72%), m.p. 231oC, v,,,, (Nujol) cm-l 

314o(N-H), 1650 (GO), 1015 (S=O); s, (d6 DMSO) ppm 10.00 (lH, s, exchanges, N-H), 8.60-7.27 (6H, 

m, aromatic protons), 4.58 (2H, ABq, J = 14Hz, C&),2.64 (3H, s, C&), 1.25 (3H, s, cH3); I-run 334, 

294, 275, 236, 191; m/z (7OcV) 285 (M+, 17%), 208 (45%), 194 (47%), 78 (80%)+ 63 (lCNI%) pound: 

285.1009 C1&IIsN@S requirts: 285.1001]. 

3-Amy-l-methylcarbawrbazoIe (8, R=Ac) 

Reaction of methyl lithium with the nitrile (8, R=CN) 

To a solution of the nitrile (8, R=CN) (5Omg, 0.24 mmol) in dry THF (6 cm3), cooled to -78oC under a 

nitrogen atmosphere, was slowly added a solution of methyl lithium (0.50 mmol, 1.5m in ether). After the 

fmal addition, the reaction mixture was allowed to warm slowly to mom temperature (at least 2h). The red 

solution was then c&cd in an ice bath and methanol (1 &) added. Next the solvent was removed at 

reduced pressure to leave an orange solid, which was redissolved in 50% aqueous acetic acid (9 cm3) and 

gently refluxed for 30 minutes. The solvent was removed at reduced pressure, saturated NaHCQ solution 

(20 cm3) added and extracted with ethyl acetaot (3 x 10 cm3). The combined organic layers were washed 

with water (2 x 15 &), brine (15 cm3) and dried (Na$OJ. The solvent ~8s removed and the residue 

purified by column chromatography to yield the title compound as a colowlcss solid (53 mg, 98%), which 

crystalliscd from dichlorometane$ctct as small prisms, m-p. 178-18fPC; RF = 0.72 (pct.etherzethyl 

acetate 1:l). v,, (CHCl3) cm-r 3400 (N-H), 1650 (GO), 1600 (C=C); S, (d6 acetone) ppm 11.19-10.87 

(lH, br.s, exchanges, N-H), 8.58-7.10 (6H, m, aromatic pmtons), 2.64 (3H, s, W3), 2.62 (3H, s, cH3); 

& nm 328, 288, 273,236, 196, m/z (7&V) 223 (M+, 62%), 208 (MI%) [Found: C, 80.6; H, 5.6, N, 

6.2% Ct5H13N0 requires: C, 80.7; H, 5.8; N, 6.3961. 

3-Cyam-3,4-d.ihydru-1-methylene-W-carbawle (5, R1=RLH,R3=CN) 

A mixture of the carbazole (5, R1=H;RwN;R3azEt) (300 mg, 1.08 mmol), water (25 mg, 1.39 
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lmrml) and Lx1 (45 Ing, 1.08 mmol) was s&cd in DMSO (2 cm3) at 16ooc, Uxk a nitrogen atmosphae 

for 48h. The reaction mixture was allowed to cool and then ptnn& into water (20 c&). T’he aqueous layer 

was extractad with dichlwtane (4 x 15 c&) aud the combined organic layers were wasM with water 

(3 x 15 cd), brine (10 cm3) and dried (Na#O$. ‘Ike solvent was removed and the r&due purikd by 

column chromatography to yield the tide compound as a colourkss solid (49 mg, 50%), which crystallkd 

fkom ethyl acetate/petether, m.p. 145_148@C!. b = 0.42 @et.etherethyl acetate 4:1), v,, (CHC!l$ cm*’ 

3450 (N-H), 2200 (CM), 1630 (0; S, (CDC13) ppm 8.18 (U-I, s, N-H), 7.48-7.07 (4H, m, BTomatic 

protons), 5.23 + 5.01 (2 x lH, 2 x s, olefinic protons), 3.11 (3H, m, C& + CHCN), 2.79 (2H, m, C&); 

I.- nm 308,242,239,206, m/z (7OeV) 208 (M+, 100%). 207 (28%). 155 (43%). 154 (25%) m: C, 

80.4; H, 5.7; N, 13.2 CI&N2 requksz C, 80.8; H, 5.8; N, 13.5961. This compound (25 mg, 0.12 xnmol) 

can k converted into 3cyanc+l-methyk~rbazole (7, R’=H) by stirring in dry benzene (2 cm3) undo a 

nitrogen atmosphere with DDQ (30 mg, 0.13 mmol) and the dark green solution heated at xeflux for 14h. 

The solvent was then removed and the residue pmifkd by column ctitogmphy to yield the title 

CompwtEd as a pale yellow solid [20 mg, 75% for the two steps from (5, R1=H;RwEt;R3=CN’j. 

3-Fonnyl- l+nethylc~k& (8, R=CHO) 

To a stked suspension of the nitrile (8, R&N) (345 mg, 1.67 mmol) in &y benzne (5 err?), under a 

nitrogen atmosphere, was slowly added DIBAL (1.2 c&, 1.75 mmol, 1.5M). The suspension dissolved 

aftertheaMitionandthertactionmixturcwasstirredforl4hatlroom~mpcratlrrc, giving an orange 

precipitate. Water (2 cm3) was added to the reaction mixture, the benzene was removed at reduced 

pressure and the residue gently mfluxed in dilute H$?Q (10 cm3) for 2h. The reaction mixture was 

allowed to -1, and extracted with ethyl acetate (3 x 30 L&). The combined organic layers were wasbcd 

with brine (30 &), dried (Na2SO.J and evaporated at rcduccd pressure. The residue was purified by 

column chromatography (pe~ether/ethyl acetate) to yield the title compound as a pale yellow solid (340 

mg, 94%), which crystalliscd from ethyl acetate@tether, mp. l%“C (lit.,18 206208oc); Rp = 0.70 

(pet~th~ethyl acetate 3:2); v,, (CHQ3) cm-’ 3450 (N-H), 1670 (GO); &, (d6 DMSO) ppm 11.79 (lH, 

br. s, exchanges, N-H), 10.01 (lH, s, CHO), 8.59 - 7.26 (6H, m, aromatic protons), 2.62 (3H, s, cH3); I- 

nm (c) 329 (MO), 290 (2700) 274 (3300), 236 (3000), 200 (3100); m/z (7OeV) 209 (M+, 100%). 208 

(72%), 180 (46%) [Found: C, 80.0; H, 5.2; N, 7.1 calculated for C14H11N0 : C, 80.4; H, 5.3; N, 6.7961. 

3-([N-2~-Dimetho~ethyl)ithyl~-l -methylcarbuw~e (9) 

A solution of the aldehyde (8, R=CHO) (346 mg, 1.66 mmol) and ankoacetaldehyde dimethylacetal 

(191 mg, 0,2 cm3, 1.82 mmol) in dry benzene (40 cm3) was heated to MUX, using a Dean and Stark trap. 

After 4h, the reaction mixturt was cooled and the solvent removed at reduced pressure to yield the title 

compound as an orange foam (472 mg, 96%). Attempts to crystallist the product failed and it was used 

without further pulification; v,, (CHCl3) cm-l 3450 (N-H), 1635 (C=N); S, (CDCl$ ppm 8.84 (lH, s, 

AKIf=N), 8.28 (lH, s, exchanges, N-H), 8.01-7.16 (6H, m, aromatic protons), 4.77 (lH, t, J = 5.3I-k 

CH(OCH3b), 3.83 (2H, d, J = 53H2, HC = N-W& 3.45 @I-I, s, (OCH3)3, 2.38 (3H, s, CH3); & nm (r) 

314 (15ooo), 288 (41800), 274 (48100), 238 (38100); m/z (7&V) 296 @I+, 8%), 75 (100%) Found: 

296.3680 C18H2flZ02 requires: 296.36821. 
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3-[N~2~-DimesltoxyerClyl)-N-(d-toluncsulphonyi)~t~l~~~~-l methylcarbawle (10) 

A solution of the imine (9) (150 mg, 0.51 mmol) in dry THF (3 cm3) was stirred umkr a nitrogen 

atmosphere at -78OC. To this solution was slowly added methyl lithium (0.7 cd, 1 .l 1 mmol, 1.5M 

solution in dietbyl ether). The mixtum was kept at -78OC for 40 minutes and then allowed to warm slowly 

to CPC. A solution of saturated ammonium chloride (10 &) was added and the mixm thoroughly stirred 

for 10 minutes. The two phases were separated and the aqueous layer was extracted with ethyl acetate (3 x 

10 &). Tbc combined organic phases were dried (Na$04) and evaporated, and the Icsidue was purified 

by column chromatography (pet.etber/ethyl acetate) to yield the title amine as a pak orange foam, (103 

mg, 65%). The product was used without further purification. RF = 0.23 (pet.ether : ethyl acetate/60:40); 

v,, (CHC.13) cm-’ 3420 (carbazole N-H), 3260 (aliphatic N-H), 2860 (O-CH& S, (CD&) ppm 8.20 (lH, 

s, carbazole N-H), 8.04-7.17 (6H, m, aromatic protons), 4.49 (lH, t, 3 = 5.5Hs W(OCH3)2), 3.92 (lH, q, 

J = 6.6Hz, CH$WNH), 3.35 + 3.29 (2 x 3H, 2 x s, 2 x 0W3), 2.75-2.60 (2H, m, NHW& 2.51 (3H, s, 

C-l C&), 1.47 (3H, d, J = 6.6Hz. Cf+CHNH), 1.25 (lH, s, CHQIN-H); &,,= nm (E) 339 (3500), 326 

(38OO), 295 (ISOOO), 260 (PWOO), 249 (27000), 239 (36600); m/z (70eV) 208 (lOO%), 99( 40%), 98 (28%) 

[Found: 312.1836 C1$-124N202 requires: 312.18481. 

Tosyl chloride (460 mg, 2.4 mmol) and sodium carbonate (240 mg, 2.6 mmol) were added to a solution 

of the amine (144 mg, 0.46 mmol) in THF (2 cm3) and water (4 cm3). The reaction mixture was stirred at 

ambient temperature for 48h. However, t.1.c. analysis (pet.ether : ethyl acetate/60:40) indicated the 

presence of starting material. Additional quantities of tosyl chloride (115mg, 0.6 mmol) and sodium 

carbonate (60 mg, 0.57 mmol) were added and the mixture stirred for a further 14h. The reaction mixture 

was diluted with Hz0 (14 cm3) and extracted with ethyl acetate (3 x 10 cm3). The combined organic 

layers were washed with O.lN HCl (10 cm3) H@ (10 cm3), saturated NaHCQ solution (10 cm3), water 

(10 cm’) and dried (Na$OJ. The solvent was removed at reduced pressure to give a pale yellow oil which 

was purified by column chromatography (pet.ether/ethyl acetate). The title compound was isolated as a 

very pale yellow solid (185 mg, 849b), and crystallised from chloroform&t.ether, m.p. 153-154*C, RF = 

0.52 @et.ether:ethyl acetate 3:2), v,, (CHC13) cm-* 3450 (N-H), 1590 (C=C); S, (C!IX&) ppm 7.96 (lH, 

S, N-H), 7.87-6.81 (lOH, m, aromatic protons), 5.24 (lH, q, J = 7.OHz, CH&WNTs), 4.32 (lH, m, 

CHWCH&), 3.33+ 3.16 (2 x 3H, 2 x s, 2 x OC&), 3.14 (2H, m, NC&C!H), 2.47 (3H, s, C-l CH3), 2.40 

(3H, s, tosyl C&j, 1.65 (3H, d, J = 7.1Hz, CH$HNTs); &,nm (E) 339 (63OO), 324 (6900), 295 (27500). 

260 (527001,249 (69ooo), 239 (9lOOO), 234 (8 UQO), 201 (59100); m/2(70 eV) 466 (M+, 59b), 208 (87%), 

75 (100%) [Found C, 66.6; H, 6.4; N, 5.8 C2&13&04S requires: C, ti.9; H, 6.5; N, 6-O%]. 

12-~ihydro-15-dinte~hyl-2-(4-~l~n~~p~nyl)~H~pyri~~4~-b]c~~~zoie (11) 

6M HCI (2 drops) was added to a stirred solution of the acetal (10) (97 mg, 0.21 mmol) in dry dioxane (2 

cm3), under a nitrogen atmosphere. The mixture was stirred at ambient temperature for 16h. The reaction 

mixture was heated at 6ooC for dh., then added to 2M NaOH solution (15 cm3) and extracted with ethyl 

acetate (3 x 15 cm3). The combined organic layers were washed with water (3 x 15 cd), brim (15 ct$), 

dried (Na$OJ and evaporated at reduced pressure. ‘Ik residue was purified by column chromatography 

(pet. ether:ethyl acetate) to yield the title compound as a colourless oil (34 mg, 45%); Rf = 0.79 

(pet.etherzethyl acetate 7:3); v,,,_ (CHCl3) cm-’ 3460 (N-H); S, (CDCl3) ppm 7.96 (IH, s, N-H), 7.93-6.97 

(9H, aromatic protons), 6.80 (1 H, dxd, J = 6.2Hz, TsN-C&CH), 6.3 1 (lH, dxd, J = 7.3H2, TsN-CH=CH), 

5.35 UH, m, CH3WNTs), 2.45 (3H, s, C-5 W3), 2.25 (3H, s,TsCH& 1.43 (3H, d, J = 6.6Hz, 
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CHQINTs); x,,.,= nm (e) 331 (7600). 258 (106W); m/t (7OeV). 402 (IW, lO%), 387 (30%), 247 (23%), 

232 (30%), 91 (38%), 73 (26%), 42 (lm) [Found: 402.1400 CuHnNzO$ requires: 402.1391 J. 

1,5-oimefhylpyrido[4,3-6]carbozofe (12) (Olivacinc) 

A solution of the dihydroisoquinoline (11) (20 mg, O.OSmmol) was stirred in liquid ammonia (3 &) at 

-78OC, under a nitrogen atmosphem. Sodium metal (2.0 mg, 0.075 mmol) was added and the mixture was 

stirred for 40 minutes. Ammonium chloride (10 mg) was added and the ammonia evaporated at room 

temperature, under a stxeam of nitrogen gas. The mixture was dissolved in methanol{5 cm3) and 2M 

H,SOa(l cm3) and warmed at 50 OC for lh. The methanol was then removed at reduced pressure, and the 

yellow residue was partitioned between diethyl ether (5 cm3) and 2M HCl (5 cm3). The acidic layer was 

basified with solid NaOH (with cooling) and extracted with DCM (2 x 10 cm3). The combined organic 

layers were dried (Na$O,) and evaporated to yield the title compound as a yellow solid (8.5 mg, 70%). 

The product was found to be identical with an authentic sample.20 m.p. 315-32oOC (lit.,” 320-324T); RF 

= 0.39 QC!M:ethanol:ammonia 200:8:1) [Found: 246.1151 Calculated for Ct7H14NZ: 246.1155). 

I-(5Benzybxy-3-indolyl)-fV,N-dimethylaminoethwx ( 16, R=Me) 

A solution of acetaldehyde (217 mg, 4.93 mmol) in benzene (1 cm3) was added to a mixture of 

5-benzyloxyindole (1 .Og, 4.48 mmol), dimethylamine hydrochloride (402 mg, 4.93 mol), K&C& (124 mg, 

0.9 mmol), acetic acid (2 cm3) and propenoic acid (1 cm3) at -5OC. The mixturt was kept at -ST for lh 

then stirred at 4OC for 5 days. The mixture was poured into ice water (20 cm3) and extracted with diethyl 

ether (2 x 20 cm3). The aqueous layer was made basic with 10 M NaOH and extracted with ethyl acetate 

(2 x 30 cm3). The solvent was dried (Na2S04) and removed at reduced pressure to give an off-white solid 

(0.43 g, 33%), which was crystalliscd from ethyl acetate/pet.ether, m.p. 93-%Y!. RF = 0.35 

(DCM:methanol:triethylamine 98:2: 1); v,, (Nujol) cm-t 1580 (C=C); &t (CDC13) ppm 8.69 (lH, br s, 

N-H), 7.46-6.87 (9H, m, aromatic protons), 5.04 (2H, s, OCY&HS), 3.80 (lH, q, J = 75Hz, CH3W 

NM%), 2.23 (6H, s, N(C!f&), 1.48 (3H, d, J = 7.5H2, C&CHNM~); &,,,, nm (c) 304 (7700), 294 (8400), 

214 (31000); m/z (70eV) 249 (42%), 158 (66%)+ 91 (77%), 44 (loo%), (CL) 292 (lO%), 250 (lOO%), 249 

(98%), 158 (48%). 91 (51%) Found C, 77.5; H, 7.5; N, 9.4 C19HZ2N20 requires: C, 775; H, 7.5; N, 9.5%). 

l-(5-Benzy~~-3-indolyl)ami~thane (16, R=H) 

Phosphorus oxychloridc (10.7 cm3, 0.115 mol) was added dropwise to a cooled, stirred solution of 

N,Wdimethylacetamide (10.7 cm3, 0.115 mol) in dry toluene (300 cm3), under a nitrogen atmosphem. 

After the addition, the mixture was stirred for 1 h. 5-Benzyloxyindole (25.6g, 0.115 tnol) was added and 

the mixture stirred for 17h. On leaving to settle, the mixture separated into two layers. The top layer was 

decanted off and the bottom, orange layer was washed with diethyl ether (4 x 150 cm3), decanting each 

time. The solvent was removed at reduced pressure and the remaining orange oil was dissolved in Analar 

methanol (800 cd). 0.89 NH, (16.5 cm3) was added and the solution became pale green. Sodium 

borohydride (16.5g) was carefully added, portionwisc, and the mixture stirred for a further 2.5h. The 

solvent was removed at reduced pressure and the residue partitioned between 2M HCI (400 cm3) and DCM 

(200 cm3). The layers were separated, the aqueous layer made basic with solid KOH (with cooling) and 

extracted with DCM (3 x 200 cm3). The organic layers were combined, dried (Na$OJ and evaporated to 

give a brown solid. Crystallisation from ethyl acetate/pet. ether gave the title compound as a colourless 

solid (16.4g, 54%), m.p. 125-128OC; RF = 0.2 1 (DCM:methanol:triethylamine 96:4:2); v,, (Nujol)cm-’ 
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3345 (indole N-H), 3280 (aliphatic N-H); S, (d6 DMSO) ppm 10.66 (IH, br s, exchanges, indole N-H), 

7.49-6.76 (9H, m, aromatic protons), 5.08 (2H, s, OC&C&), 4.22 (lH, q, J = 7.5Hz, CH@ NT-Ii), 1.79 

(2H, br s, exchanges NH& 1.26 (3H, d, J = 7.5Hz, W&H NH& &,,,nm (c) 274(10 la)), 250(8 700); nrfz 

(7OeV) 249 (50%), 158 (81%), 130 (28%), 91 (100%) [Found: C, 74.3; H, 6.8; N, 10.3 Ct,HtBNzO 

requires: C, 76.7; H, 6.8; N, 10.5%]. 

Ethyl-3-bromo-2-metho.qimirwpropananoate (26) 

A mixture of methoxyamine hydrochloride (3.30 g, 39.46 mmol), ethyl bm~yruvate (7.70 g, 39.46 

mmol), chloroform (120 cm3) and methanol (80 cm3) was vigorously stirred at ambient temperature for 

16h. The solvent was removed at xeduced pressure, and the residue dissolved in DCM (100 UT?), This was 

washed with water (50 cd), brine (50 cm3) and dried (Na#O,& The solvent was evaporated at reduced 

pressure to give a clear oil which was purified by bulb to bulb distillation (120W1.2 mmHg) to yield the 

title compound as a colourless oil (7.8g+ 88%). RF = 0.61 (petetherzethyl acetate 4:l); v,, (thin film) cm-t 

1720 (GO), 1592 (C=N); S, (CDCl$ ppm 4.38 (2H, q, J = 7.5H2, OCYf2CH3), 4.20 (2H, s, BrCYfd, 4.17 

(3H, s, NW.&), 1.38 (3H, t, J = 7.5H2, 0CH,W3); &,, nm (E) 234 (3,600); m/z (7&v) 225 (37%), 223 

(37%), 181 (60%). 179 (lOO%), 177 (34%), 144 (89%), 29 (100%) [Found: C, 31.7; H, 4.5; N, 5.6 

ClaHt@rN03 requires C, 32.2; H, 4.5; N, 6.3 %]. 

and Diethyi 4-cyano4-ettroxycarbonyl-2,6-di(merhoxyi-~,7-heptodioate (28) 

Ethyl cyanoacetate (504 mg, 0.47 cm3, 4.46 mmol) was added dropwise to a stirred, cooled suspension of 

sodium hydride (107 mg, 4.M mmol), in dry DMF (10 cm3), under a nitrogen atmosphere. After the final 

addition, the ice-bath was removed and the mixture stirred at ambient temperature for 30 minutes. This 

pale green solution was then slowly injected, via a cannula, into a solution of the methoxime (26) (l.Og, 

4.46 mmol) in dry DMF (10 cm3). The reaction mixture was stirred for 10 minutes at ambient temperature 

and then poured into water (60 cm3), The aqueous phase was extracted with ethyl acetate (60 cm3) and the 

separated organic phase washed with water (3 x 30 cd) and brine (30 cm3), The solvent was dried 

(Na$O,) and evaporated to give 972 mg (85%) of a yellow oil. T.1.c. analysis (hexane:ethyl acetate 2:l) 

showed the oil to be a mixture of 2 components. The mixture was separated by column chromatography 

using the same solvent mixture and the first compound eluted was shown to be the monoalkylated product 

(27). (RF = 0.56, hexane:ethyl acetate 2: 1). However, the product was contaminated by ethyl cyanoacetate, 

but was obtained pure by bulb to bulb distillation (16ooQII.3 mmHg). Subsequently, the diester (27) was 

obtained as colourless crystals (302 mg, 26%), which recrystallised from chloroform/pet.ether, m.p. 

32-33OC. v,,,, (CHC13) cm-t 2250 (C=N), 1745 (GO), 1715 (GO), 1600 (C=N); S, (CDC13) ppm 4.36 

(2H, q, J = 7.5H2, N=C-C02CH&H3), 4.26 (2H, q, J = 7.5H2, NCCHCQC&CH3), 4.12 (3H, s, NOW3), 

4.02 (lH, t, J = 7.5Hz, NCCMQEt), 3.19 (2H, d, J = 7.5Hz, CHC.&C=NOCH$, 1.37 (3H, t, J = 7.5Hz, 

N=CCO$IH&Y+), 1.32 (3H+ t, J = 7.5Hz, NCCHCO$H#f~); & nm (E) 227 (4100); nrlz (7OeV), 225 

(84%), 183 (100%). 155 (83%), 153 (52%), 137 (60%), 125 (94%). (CL) 257 [(M+l)+, lOO%], 211 (28%). 

153 (22%), 125 (43%), 114 (96%) [Found: C, 51.5; H, 6.6; N, 10.6 Ct tHt6N205 requires: C, 51.6; H, 6.3; 

N, 10.9%]. 

The second compound eluted from the column: RF = 0.42 (hexane:ethyl acetate 2: l), was shown to be the 

dialkylated product (28). This product was obtained as a colourlcss oil and was purified by bulb to bulb 

distillation (22PCKI.4 mmHg), (527 mg, yield 60%). v,,, (thin film) cm-’ 2250 (C=N), 1720 (GO), 1690 
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(GO), 1590 (C=N); S, (CDCls) ppm 4.35 (4H, q, J = 7.5I-k 2 x CHsON=CCQC!&!Hs), 4.21(2H, q, J 

= 7.5Hz, NC!CCO@f&H3), 4.07 @I-l, s, 2 x NOCW3), 3.28 (4H, ARq. J = 14Hz, 2 x CH30N = CC&), 

1.35 (6H, t, J = 7SHz. 2 x CH3ON = CCO&H&YZ3), 1.30 (3H. t, J = 7.5I-k. NCCCQCH&Zf3); k,,,= nm 

(c) 227 (7200); m/z (70eV) 399 (M+, 4%), 145 (lOO%), 29 (100%) [Found: C, 51.2; H, 6.6; N, 10.1 

C17HuN30s requires: C. 51.1; H, 6.3; N, 10.5961. 

Ethyl 4,4-dicyano-2-methoxyiminobutanoate and 

Diethyl4,4-dicyano-2,6-a%(methoxyimino)-1,7-heptadioate. 

A solution of malononitrile (221 mg, 3.35 mmol) in dry DMF (4 cm3) was added, dropwise. to a stirred, 

cooled suspension of sodium hydride (80 mg, 3.35 mmol) in dry DMF (4 cm3), under a nitrogen 

atmosphere. After the final addition, the ice bath was removed and the mixture stirred at ambient 

temperature for 30 minutes. The anion solution was then cooled again and injected into a cooled solution 

of the methoxime (26) (750 mg, 3.35 mmol) in dry DMF (8 cm3), under a nitrogen atmosphere. The 

mixture was stirred at 0°C for 1 h and then added to water (50 cm3). This was extracted with ethyl acetate 

(60 cm3) and the organic layer washed with Ha0 (3 x 30 cn?), brine (40 cm3) and dried (Na2S04). T.1.c. 

analysis of the residue revealed it to be a mixture of two components which were separated by column 

chromatography. The fust product eluted (RF = 0.51, hexane:ethyl acetate 2:l) was shown to be the 

monoalkylated product, and this was purified by bulb to bulb distillation (lWC/l.l mmHg). The product 

was isolated as a colourless oil (18 1 mg, 29%); v,,,, (thin film) cm-l 2230 (GN), 1700 (GO), 1590 

(0; S, (CDCl3) ppm 4.38 (2H. q, J = 7.5H~. OW2CH3), 4.32 (lH, t, J = 7.5I-k. CH(CN)2), 4.17 (3H, 

S, C=NOCYfs), 3.31 (2H, d, J = 7.5Hz, CX&H(CN)& 1.37 (3H. t, J = 7.5Hz. OCHaCX3); &,&m(a) 

254(3100); mlz (7OeV) 149 (20%), 136. (58%), 106 (100%). 29 (lOO%)IFound: 209.0799 C$IllN303 

requires: 209.08041. 

The second product eluted (RF = 0.35, hexane:ethyl acetate 2:l) was an off white solid (312 mg, 54%). 

which crystallised from chloroform/petether, m.p. 83-85°C. This compound was characterised as the 

dialkylated product; v,, (CHBr3) cm-’ 1720 (GO). 1600 (C=N); S, (CDCl,) ppm 4.38 (4H. q. J = 7Hz 2 

x OC&CH3), 4.18 (6H, S, 2 x NOW3), 3.40 (4H, S. 2 x W2(CN)2), 1.41 (6H, t, J = ~Hz, 2 x OCH&H,); 

k,,,,nm(s) 252(10 100); m/z (70eV) 145 (60%), 71, (lOO%), (CL) 353 [(M+l)+, lOO%], 145 (40%) [Found 

C, 51.4; H, 5.8; N, 15.7 Cl$-I&I~O6 requires: C, 51.1; H, 5.7; N, 15.9%]. 

Ethyl 5-(5-bentyloxy-3-indo3rl)-4-cyano-4-et~~carbonyl-2-(~t~~imi~~~~~e (29) 

Dimethyl acetylenedicarboxylate (333 mg, 0.29 cm3, 2.34 mmol) was added to a cooled, stirred solution 

of the gramine (16, R=Me) (760 mg, 2.59 mmol) and the diester (27) (600 mg, 2.34 mmol) in dry THF (10 

cm3), under a nitrogen atmosphere. The ice bath was removed and the mixture was stirred at ambient 

temperature for 16h. The solvent was removed and the residue partitioned between 2M HCl(40 cm3) and 

ethyl acetate (40 cm3). The organic layer was washed with water (2 x 30 cm3), brine (30 cn?) and dried 

(Na2SW. The solvent was removed at reduced pressure and the residue purified by column 

chromatography (pet.ether/ethyl acetate). The title compound was isolated as a light brown oil (487 mg. 

41%). ‘H n.m.r. indicated that the product was an equal mixture of two diastereomers. RF = 0.32 

(hexane:ethyl acetate 2:l); v,, (CDC13) cm*’ 3450 (N-H), 2200 (C=N), 1720 (GO); S, (CDC13) ppm 

8.44 + 8.31 (2 x 0.5H, 2 x br. s, 2 x N-I-& 7.51- 6.87 (9H, m, other aromatic protons). 5.12 + 5.10 (2 x 1H. 

2 x S, 2 x OcHaC6H& 4.37 (lH, q. J = 7.5Hz, OW&!H3), 4.19 (lH, q, J = 7.5Hz, OW&H3). 4.07 + 3.93 
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(2 x l.!&I, 2 x s, 2 x NCXYi& 3.68 (2H, m, 2 x C&J 3.43 (lH, m, 2 x C&W), 1.67 (lSH, d, J = 7JHz, 

C&C!H), 1.46 (1.5X, d, J = 7.5I-4 C&CH), 1.21 (MH, t, J - 75Hz, QCH$YQ, 0.70 (MI, t, J= 7.5Hz, 

OCH#X$; I,_ ttm&) 3U7(10 100). 28X13 250). 276(1S 800), 251(13 700); mlz (70 505 @I+, 2%), 

354 (8%). 250 (5O%), 145 (72%). 91 (10046). 43 (7(X), 29 (10046) [Found: 505.2162 (&Hs,N& 

lequ&K 505.2211]. 

AictlrodB: 

The ir&k (30) (150 mg, 0.41 mmol) and Kzcoj (57 mg, 0.41 mmol) were stirred in dry DMF (3 cm3) 

under a &ogcn atmosphere. Tht mGthoximt (26) (93 mg, 0.41 mmol) was added and the mixture stirred 

at ambient tern- for 24h. However, ~1.c. analysis @ct.ether : ethyl acetat&O:40) indicated the 

presence of starting mataial(30). A further amount of the mcthoti (26) (50 mg, 0.22 mmol) was added 

andthe~tion~~washeatedatlOOOCfor7h.Thc~onmixtrm:wasallowedto~landthen 

poured into water (15 d). The quwus phase was exbactcd with ethyl acetate (2 x 20 d) and the 

combined organic layers were washed with water (3 x 15 &), brine (10 &) and dried (Na#O$. The 

solvent was removed and the residue purified by column chrumatography (pct.cthcr/ethyl acetate) to yield 

a light btige oil which proved to be the title compound as a diastawnncric mixture (154 mg, 74%). 

Ethyl 3-(5-be~~xy-3-indoryr)-2-cyanobutcuuMt (30) 

Tbc olciin (31) (1.20 g, 8.6 mmol) was added to a solution of 5-benzyloxyindole (0.9 g, 4.31 mmol) in 

acetic acid (3 cuG) and acetic anhydride (1 cm3), u&r a nitrogen atmosphere. The mixture was stirred at 

9ooC for 8h and then stired at ambient temperature for 16h. The mixture was pound into water (30 CT&) 

and extracted with ethyl acetate (2 x 50 d). The combined organic extracts were washed with saturated 

NaMQ solution (2 x 50 cd), water (2 x 50 cm3), brim (50 cm3), dried (Na#O,J and evaporated at 
raiuccd pressure. The light brown residue was purified by column chromatography to yield the title 

compound (30) as a light beige oil (1 .@I g, 68%); RF = 0.65 (pet.ethcrzethyl acetate 7:3). ‘Ihe p&uct 

which is a diastcM c mixture can be used in subscqumt tractions without further purification: 

&(CD(&)ppm 8.20 W-& br. s, 2 x N-H ), 7.49 - 6.93 (9H, m , rest of aromatic protons), 5.11 @-I., s, 2 x 

OC&C&), 426 (1.3H. q, J = 7.2 Hs 0WzCH3), 3.98 (0X-L q, J = 7.15H2, OC&C&), 3.92 - 3.83 

[w, m, (2 x CHjcHcH) + (2 x CH&HCX)], 1.57 (2H, d, J = 7.14 Hz, C&CHCH), 1.53 (lH, d, J = 6.2 

Hz, c&cHcH), 1.28 @H, t, J = 7.14 Hz, OCH&Y&), 0.98 (lH, t, J = 7.14 Hz, C&C&). Qystallisation 

f&m ethyl acetate&cLether yielded a singk diastcrcomer as culourkss rrystals, mp. 84-87OC; v,, 

(CD(&) cm-’ 3450 (N-H), 2250 (CW, 1720 (GO); 8~ (CDCQ ppm 8.25 (lH, s, exchanges with DzO, 

N-H), 7.48-6.90 (9H, m, aromatic protons), 5.08 (2H, s, OC&C&), 4.24 (W, q, J = 7,2Hz, OC.&CH$, 

3.83 (2H, m, C&W + W(CN)CQEt), 1.51 (3H, d, J = 7.OH2, W&H), 1.26 (3H, t, I = 7.2H2, 

OCH&Yf& Lu nm (e) 308 (2X@, 295 (3200), 275 (4100); m/z (7&V) 362 (M+, 41%), 271 (41%), 250 

WI%), 159 (59%), 91 (82%), (low eV) 362 (M+, lOO%), 250 (33%) Found C, 72.8; H, 6.1; N, 7.6 

GH=N& requires: C, 72.9; I-I, 6.1; N, 7.7%; A. 

~Benzylo~-3-9~ne 1,3-di(erhoxycatbonyI)-3,4-dihydro4-nretirylcprborole (32) 

A solution of the diastemoisomcric mixture (29) (175 mg, 0.35 mmol) in 4M HCI in dioxanc (2 cn?) was 

stirred under a nitrogen atmosphere for 36h. The solution was basificd with saturated NaHCQ solutiot~, 

water (20 cm3) was added and the mixture extracted with ethyl acetate (30 ctr?), The organic layer was 

washed with wau~ (3 x 10 UC?) and dried (Na+OQ). The solvent was evaporated and ttat residue p&cd 
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by cohunn clutxnatogmphy (pct.ctb&thyl acctatc). Tbc title compound was isolated as a yellow oil (33 

mg, 21%). ‘H N.m.r. analysis proved the pmduct to be a mixture of 2 diastemoisomn; RF = 0.56 

(hexanc:ethyl acctatc 2:l); v,, (CHBr$ cm-’ 3440 (N-H), 2#)0 (CM), 1740 (C=o), 1710 (0); a, 

(CDCl$ ppm 9.40 + 9.39 (2 x 0.5I-I, 2 x lx. s, 2 x N-H), 7.52 - 6.93 (8H, m, aromatic protons), 6.92 + 6.70 

(2 x 0.5H, 2 x s, 2 x oleflnic protons), 5.11 (W, s, 2 x OC&C&I~), 4.38 + 4.26 @I-I, m, 2 x OCJY&H$, 

3.94 (1H, m, 2 x W&H), 1.52 (MI-I, d, J = 7-m CWQ-I), 1.41 (1.5H, t, 3 = 7.5Hz,OCH$X~), 1.24 

WI-I, t, J = 7.5Hz. OCH&&), 1.08 (M-I, d, J = 7.5I.k W&H); &+tt (c) 284(2 700), 246(3 Ooo); 

mll(7OeV) 458 (M+, 28%), 367 (25%), 149 (77%). 91 (100%) [Found: 458.1845 &7H&Q03 rcquimz 

458.1840] , 

A mixture of the dihydmcarbazole (32) (11 mg, 0.024 mmol), LiCl(1 mg, 0.024), water (0,43 mg, 0,024 

mmol) and DMSO (0.5 CXI?) was heated at lWC, under a nitrogen atmosphcrc. After 26h, the mixture 

was allowed to cool and water (5 cm3) added. The mixture was extracted with ethyl Wetatc (3 x 20 crt?) 

and the combined organic layers were washxl with water (3 x 10 cu?), brine (10 cn$) and dried (Na,SOJ. 

The solvent was removed at mduced pressure and the residue purified by column chtomatography 

(pet.ethcr/ethyl acctatc) to yield the title compound as a pale yellow solid (4 mg, 45%), recrystalliscd fmm 

ethyl a~~tatc/p~trol, m.p. 178-181°C, RF = 0.66 (hcxart~:~thyl a~etatc 2:l); v,, (CHC!l$ GIN’ 3350 (N-H), 

2210 (tiN), 1705 (C=0); s, (CDQ) ppm 10.20 (lH+ br. s, N-H), 8.29 (lH, s, C-2H), 7.74-7.23 (8H, m, 

other aromatic protons), 5.20 (W, s, OCFf&,&), 4.48 @I-I, q, J = 7.1Hz, 0C&CH3), 3.05 (3H, s, CH$, 

1.48 (3H, t, J = 7.1H2, OCH&/f& &nm (c) 371 (1800), 294 (166Ml), 263 (102W), 250 (8100); m/z 

(7OeV) 384 (M+, 46%), 293 (89%), 247 (Ml%), 149 (21%), 91 (90%) I-Found: C, 74.9; I-I, 5.1; N, 7.2 

GHfl& requims: C, 75.0; H, 5.2; N, 7.3%). 

Ethyl 3-(5-bcqyloq-3-indulyl)-2-cyanopropmotzte 

Method A: 

A solution of ethyl cyanoacctatc (806 mg, 0.76 cm?, 7.14 mmol) and dimethyl acetylcncdicarboxylate 

(0.88 cm3, 7.14 mmol) in dry II-IF (20 cm3) was slowly added to a stirred solution of 5-bcnyloxygmmine 

(2.0 g. 7.14 mmol) in dry ‘II-P (20 c&), under a nitrogcu atmosphere. The resulting yellow solution was 

stirred at ambient temperature for lh. The solvent was removed at reduced pressure and the residue 

partitioned between 2M HCl(20 cn?) and ethyl acetate (3 x 20 cn?). The combined organic layers were 

washed with water (2 x 50 &), brine (25 cn?), dried (NazSO4) and evaporated at reduced pressure. The 

residue was purified by column chromatography to yield the title compound as a pale yellow oil (480 mg. 

19%). RF = 0.45 (petetherzethyl acetate 3:2); v,,,, (CHQ) cm-’ 3450 (N-H), 2250 (0, 1735 (GO); 

S, (CDCl3) ppm 8.08 (lH, br. s. N-H), 7.50 - 6.92 (9H, m, aromatic protons), 5.11 (2H, s, O(Yf&I-I& 

4.20 (2H, q, J = 7.1H2, 0C&CH3), 3.78 (lH, dxd, J = d.OHz, W(CN)CQEt), 3.39 (2H, m, 

C.&CI-I(CN)CO~Et), 1.23 (3H, t, J = 7.1Hz. OCI-I$Yf.& kunm(c) 275(8 lo), 250(5 800); mlz (70 eV) 

348 (M+, 42%), 257 (74%), 236 (23%). 145 (26%). 91 (lW%), 68 (43%), 29 (lMl%) IFound: 348.1480 

QH&O, mquircs: 348.147 11. 

Method B: 

To 8 shed solution of 5-benzyloxygraminc (7 g, 25 ~1) in dry TIW (50 cn?) and HMPA (5 cn?), 

under a nitrogen atmosphere, was slowly added a solution of fmshly distilled dimethyl sulphate (3.15g, 2.4 
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Therwultantsllspcnsionwastbenslowlytransfatrbd.vioacannula,intothemain~vcssel. After 

the addition, the paIe yellow solution was s&cd for 2.Sh before the solvent was I#Iwwcd and the &due 

partitioned between 2M HCI (125 &) and ethyl aceate (125 &). The aqueous layer was extracted with 

ethyl -tare (2 x SO cm3) and the combined organic layers washed with water (2 x 75 cm3), brine (50 

err?), d&d (Na#OJ andevaporated atxeduccxlpressrrrc. 

T.1.c. analysis of the residue (pe~etherethyl acetate 3:2) ir&ated the presence of two coqx~&. 

Thtse were qarated by column chromatography. The first compound eluted (Rp = 0.46, petxthcrcthyl 

acetate 3:2) was a pale yellow oil (1.93g, 24%) and was chm as the title compo~L The second 

compound eluted (IQ = 0.38) was a colourkss solid (3.39g, 47%) which crystalliscd from ethyl 

acetat+et.ethcr, IILP. 93oc. This compound was characterised as ethyl 2-cyizrw- 

2&ii(5-btnrurcrxy-3-indoryl)etluuurate v,, (CHcl~) cm-’ 3450 (N-H), 2220 (C=N-), 1720 (C=o); s, 

(CDC13) ppm 8.14 (2H, br. s, 2 x N-H),7.47 - 6.86 (18H, m, aromatic protons), 5.09 (4R s, 2 x 

CXY&5H5), 3.80 (W, 9, J = 7.lHz, OC&CH3), 3.41 (4H, ABq, J = 14-l&, 2 x W&N)(B$t), 0.74 

(3H, t, J = 7*1H& oa4gff3); & nm (e) 306 (7500), 295 (106SO), 276 (13300), 248 (7800); &z (70 eV) 

91 WY%), (Cl.) 349 (76%). 348 (SW, 257 (2S%), 236 (4&G), 146 (42%), 91 (100%) Fowrd: C, 75.5; 

I-I, 5.7; N, 7.0 C37H33N30, requires: C, 76.1; H, 5.7; N, 7,2%]. 

N-(3XXori~-2-~prq~y~poxopropyllpAthalimide (34) 

N-(3-C~~2-hydroxyyl)ph~~~~ (SO.0 g, 0.21 mol) was stirred in acetone (1000 &) and 

cooled with an ice bath. Jones reagent [CrQ(132 g), Hz0 (380 cm?) and cont. H2S04 (110 c&)J was 

added, dropwise, in such a manner that the temperature did not rise above 3PC. After the addition was 

completed, the mixture was stirred at ambient tcrnperaturt for 45 minutes. The solvent was then 

evapoxxted at reduced pressure and ice water (3ooo cz$) added to the residue. ‘Ihe grctn precipitate was 

filtered and washed with water until most of the gntn colour had been removed. The solid was then 

partirimcd lnmmcn ethyl acetate (500 c&) and water (250 c&). After separation the organic layer was 

washed with water (250 cm3) and tied (Na$OJ. The solvent was lrcmoved to yield the title compound 

(23.Og, 48%) as colourlcss crystals, which recrystallised from ethyl acetate&t.ether, mp. 126126OC. RF 

= 0.74 (pct.cthcr:ethyl acetate 3:2); v,, (CHC13) cm” 1780 (C=O), 1720 (CM); S, (d6 DMSO) ppm 7.% 

- 7.84 (4I-J m, aronuttic protons), 4.83 (2H, s, W2Cl), 4.77 (2H, s, NCH,C=O); &run (e) 294 (ZSOO), 

252 (1600); m/z (7OeV) 160 (looRb), (C.I.) 238 [(M+l)+,81%], 160 (10096) Found: C, 55.6; H, 3.4; N, 6.0 

CIIHsNO$l quires: C, 55.6; I-I, 3.4; N, 5.9%]. 

Ethyl 2-cya~4-u~S-(N-pMaiim~l&n.~n~e (35) 

Ethyl cyanoacetate (0.45 cm3, 4.2 mmol) was added, dropwise, to a st&d, cooled suspension of NaH 

(100 mg, 4.2 mmol) in dry DMF (10 cd), under a nitrogen atmosphere. Aft.er the final addition, the 

ice-bath was removed and the reaction vessel stirred at ambient temperamre for 30 minutes. This solution 

was then slowly injected, via a cannula, into a co&d, stirred suspension of the ketone (34) (1.0 g, 4.21 

mmol) in dry DMF (10 cm3), under nitrogen. After the addition, the mixture was allowed to warm slowly 



2962 I. HCXIAN et al. 

toroom~.Aftcr4h*thereactionmixhncwuaddedto~~(120cm3)md~~withethy1 

acetate(2x75&). Thecambinedorgardcextracts~~withw~(4xK)cm3),brinc(1ocm3) 

aaddricd(Na2SOS.ThtsolvGntwpserapcwatadatreduced~uretoyieldthetitIe~asawhita 

solid_, This solid was colIccted, washed well with p&ether and crysU&d f&m ethyl accuW@~ether to 

yield colourless crystals, (1.09 g, 82%). m.p. 14&1426c; Rp = 0.46 (pet.ethuzethyl w 3:2); v,, 

(CIQ) cm-’ 1730 (Cd), 1720 00); s, (CDQ) ppm 7.89-7.78 (4H, m, atwlllltjc prrotoas), 4.70 @I-I, 

s, NC&), 4.31 (lH, t, I = MHz, NC!C!fC@E!t), 4.21 (2H, q, J = 7.0& W&CH$, 3.40 (2H, d, J - 

5.41-4 O=CCkf&!H), 1.28 (3H, t, J = 7.OI-4 OCH&&); &+I (r) 294 (1900), 250 (1100); M/Z (XkV) 

160 (lo%), (C.I.) 315 [(M+l)+, 4U%], 238 (62%), 160 (30%), 148 (lMt%) m: C, 60.7; H, 4.3; N, 8.7 

Ct&IIJN@s requires: C, 61.1; H, 4.5; N, 8.9%]. 

i(5-Benzyloxy-3-indo~~yl)-4-cyarro-dctAaxyl-(N-p(-2-o~ (37) 

A solution of the ketone (35) (12.8 g, 0.04 mol) and DhIAD (5.0 cm3, 0.04 mol) in dry THF (300 cd) 

was adda& dropwise, to a ~001~4 stirrul solution of the gram& (36) (11.47 g, 0.04 -1) iu dry IHF 

(2.0 LX-&, under a nitrogen atmosphcm. After the final addition, the ice bath was remo& and the reaction 

mixture stirred at ambient temperature for 3.5h. The solvent was removed, at reduced pressure, and 2M 

HCl(25cr&a&kL Thiswasexwctedwithethyl~~(2~25cm3)anddKcombiaedarganiclryen 

WQC washed with ww (2 x 40 ct&, brine (10 &) and dried (Na#O,). The solvent was med, at 

reduced pressum, to yield an orange foam Crystalkation of this foam (ethyl aceta.t&cLct.her) produced a 

pale yellow solid (18.0 g, 80%), which crystaIlised from ethyl acctat@etether. ap. 165-17oDc; Rr = 0% 

(peteth~cthyl acetate 3:2); v,, (CIQ) cm-l 3460 (N-H), 2200 (w, C=N), 1720 (Ca); h (d6 DMSO) 

ppm 10.28 (lH, br. s, N-H), 7.84-7.75 (4H, m, phthalimidyl protons), 7.48-6.80 (9H, m, other aromatic 

protorrs), 5.08 (W, s, 0W&H5), 4.59 (2H, 6 J = 2.6H2, C&phth.), 4.02 (2H, q, J = 7.2H2, CXX$H~), 

3.55-3.34 (4H. m, 2 x Ufz), 1.05 (3H, t, J = 7.2I-k OCH$X& & nm (E) 294 (6MKl), 277 (6XM)+ 253 

(4000); m/z (XkV) 160 (lCUF%), 43 (TM), (C.I.) 315 (MB), 204 (22%), 160 (85%). 148 (56%) [Found: 

C, 69.7; H, 4.9; N, 7.5 &HnN306 requites: C, 69.9; H, 5.0; N, 7.7461. 

tGBenzylo~4qmo4eth~cudmyl- lW2,3_dihydro- 1-(N-phthabakiyf methyltw)c~ok (38) 

A mixture of the indolc (37) (500 mg, 0.9 mmol) and 4-tolucnc sulphonic acid (15 mg) was heated in 

rcfluxing toluene (60 ctt?), employing Dean-Stark apparahls. The datk green solution was nllowed to cool 

afttr 30 minutes The mixture was washed with saturated NaHm solution (3 x 20 cm3), water (30 &) 

and brine (20 cn?). The dried (Na2SOJ organic phase was then evaporated at reduced pmssurc. The 

residue was purified by column cmtography (pet.cther/ethyl acetate) to yield a yellow oil (464 mg, 

96%). tH N.mr. analysis indicated that this pmduct was a mixtutc of the exo+zyclic and cndo-cyclic 

double bond compounds, (38) and (42) respectively. G,(CDCl$ppm; 8.99 (0.88H. s, N-H), 8.56 (0.12H. s, 

N-H), 7.85 - 7.71 (4H, m, phthalimidyl protons), 7.49 - 6.87 (8H, m, other aromatic protons), 6.63 (0.88H, 

s, cndocyclic olefinic proton), 6.10 (0.12H. s, exocyclic okfinic proton), 5.05 (W, s, 2 x 0C&C&), 4.35 

(O=H, q, J = 7.2 Hz, 0CJ’f&‘H3), 4.23 (1.76H. q, J = 7.14 HZ, WH#I3), 3.22 (1.76H, 8, 

CYfz-phthalimide), 3.18 - 2.% (2.24H, m, 3 x C!@, 1.35 (3H, m, 2 x ~2CYf3). Howeva, crystallisation 

fmm ethyl acetate&t.etber yielded a pale yellow solid, m.p. 24OT, dec., which was exclusively the 

exe-cyclic double bond product (38). The mixture was used in subsequent expcrimcnts. Rc = 0.64 

(pcteth~ethyl acetate 1:l); v,, (CHC13) cm” 3450 (N-H), 2210 (w, CM), 1720 (C=O), 1600 (C=C); S, 
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(d6 DMSO) ppm 10.65 (lH, br. s, exchanges with D&I, N-H), 7.94 - 7.86 4H, m, phtiulimidyl proto@, 

7.48 - 6.81 (BH, m, other ammatic pmtons), 6.18 (lH, s, olefmic proton), 5.10 (2H, s, OW&H~, 4.31 

(w, q, J = 7.3Hx,OW&I-I~), 3.44 + 3.21(2 x W, 2 x ABq, .T= 15.m 2 x CYQ, 1.29 (3H, t, J = 7.3~2, 

ocH2cH3); &ax nm (d 324 (MM), 252 (3600); m/z (70 eV) 531 (M+, 5%), 440 (8%). 155 (92%), 127 

(54%), 99 (10096) Found: C, 71.9; H, 4.7; N, 7.8 &HSN305 requires: C, 72.3; H, 4.7; N, 7.9%3. 

6-Benzyloxy4-cyano4-etlroxycarbonyl-IJ~,4-renahydro-2-~N-~2-(methox ycurbunyl)-hzoyljamino 

methylene]cw%mole (41, R=OMe) 

A solution of the indolc (42) (120 mg, 0.23 mmol) and 4-toluenesulphonic acid (10 mg) in dry methanol 

(5 cd) was s&cd, under a nitrogen atmosphere, for 24h. The solvent was evaporated at reduced p~~surc 

and the residue purifkd by column chromatography (ethyl acetate&et. ether) to yield the title compound as 

a bright yellow solid (74 mg, 93% based on recovered starting material), which crystallised iiom ethyl 

acetate/pet. ether, m.p. 145 - 148°C. RF = 0.73 (pet. etherethyl acetate 1:l); u,, (Nujol) cm*’ 3350 (N-H), 

1720 (C=O), 1445 (Cd); h (d6 DMSO) ppm; 11.25 (lH, s, indole N-H), 10.30 (lH, d, I = 10.3Hz, 

amide N-H), 7.89-6.78 (13H, m, other aromatic protons + olefinic proton), 5.09 (2H, s, OC&C&), 4.30 

(W, q, J = 7.OH2, 0C&CH3), 3.81 (3H, s, 0CH3), 3.54-2.88 (4H, m, 2 x C&), 1.31 (3H, t, J = 7.OH2, 

OCH$X3); A- nm (E) 337 (32 500), 313 (27 50(l), 250 (20 Ooo); m/z (70 tV), 279 (4%). 149 (Xl%), 119 

(39%), 105 (43%); (C.I.) 391 (5%), 149 (42%), 100 (100%). 91 (78%) Found : C, 70.1, H, 5.1, N, 7.4 

CJ3HmN30a rtquires: C, 70.3, H, 5.2, N, 7.5% 1. 

6-Benzyloxy4-cyano4-erhoxycarbonyl-123- 

2 -CN-12-(hydrazino)-bie~~c~~zole (41, R=NHNH2). 

A mix- of (42) (320 mg, 0.60 mmol) and 85% aqueous hydrazine hydrate (0.5 cm3) was heated in 

refluxing methanol (10 cm3), under a nitrogen atmosphere, for 15 minutes. The solution was cooled and 

the yellow precipitate was filtered, washed with water (5 cm3) and dried over PzOs (in vacua) to yield the 

title compound as a bright yellow solid (138 mg, 41%), m.p. 150 - 153T (dec.). ‘H N.m.r. analysis 

indicated approximately 25% conversion to the curresponding methyl ester. RF = 0.19 

(DCM:methanol:ammonia 200:8: 1); u,,,, (CHC13) cm-’ 3300 (br,m N-H), 1730 (GO); by (d6 DMSO) 

ppm; 11.29 (IH, s, exchanges with DzO, indole N-H). 10.32 (lH, d, exchanges with D20, J = 10.3Hz, 

ArcoNHC=CH), 9.67 (lH, s, exchanges with DzO, ArCONHNH2), 7.W6.79 (13H, m, other aromatic 

protons + olefinic proton), 5.10 (2H, s, OC&C&), 4.45 (2H, br, s, exchanges with D@, AKZONHN&), 

4.39 (2H, q, J = 7.OHz,OUf&H3), 3.65-2.83 (4H, m, 2 x 0, 1.28 (3H, t, J = 7.OH2, OCH&Yf3); ;;llmu 

nm (~1 337 (38 300), 34W (33 800), 247 (34 900); mlt (70 eV) 162 (lOO%), 104 (83%), (CL) 163 (la)%), 

162 (84%), 1oQ (58%). 76 (24%). 

6-Be&my-3-cyano-I-methylcadmole (44). 

A solution of (42) (212 mg, 0.4 mmol) and potassium cyanide (26 mg, 0.4 mmol) in HMPA (5 &) was 

heated at 125*C, under a nitrogen atmosphere, for 48h. The mixture was allowed to cool and added to 

water (20 cm3). This was extracted with ethyl acetate (2 x 20 cn?) and the combined organic layers were 

washed with water (3 x 10 cm3) and dried (Na+O,). The solvent was removed at reduotd pressure and 

the residue purified by column chromatography (pet.ether/ethyl aacetate) to yield the title compound as a 
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c&urless oil (15 mg. 12%); RP = 0.68 (Pet. ether:ethyl acetate 7:3); u,, (CHCl3) cm-’ 3450 (N-H), 220 

(QN); & (d6 DMSO) ppm 11.63 (HI, s, N-H), 8.50 (lH, s, C4H), 7.93 (H-I, d, J = 2.6Hz, C-W), 7.53 - 

7.17 (8I-L m, other aromatic pmtons), 5.19 (W, s, OC&C&), 2.56 (3H s, CH,); mlz(70 eV) 312 (M+, 

38%), 221(75%), 147 (100%) [Found: 312.1268 c&tH16N@ ~t@feS: 312.12613. 
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