
fetrahcdrm Vol. 43. No. 24, pi. 5761 lo 5768. 1987 
Printed in Great Erwin. 

oiMo-4m/87 s3.00 + .oo 
0 1987 Person Joumab Ltd. 

A NRW KNJTB To TRR TNDou3PTR1w- IDINR RINQ sTsIu4: 

SYNTUBSIS OF W-B~YG13b,14-DI~~NAUCLBFIWB AND 

W-BBWZYL-13b,l4-DIHYDROANOUSTINB’ 

JNIAI@IR,b HICUASL A. BRUOtI,b DAVID B. 8iACLXAhbsaad UDDBERT 1. HDLL&ND= 

aA preliminary account of a part of this work has appeared’. 
b 
Department of Chemistry, M&aster University, Usmilton, Ontario, Canada, L8S 4@il 

%epartrnt of Chemistry, Brock University, St. Catharioca, Ontario, Canada, L2S 311 

(Received in CX4 6 July 1987) 

ABSTRACT - Tha indolo[2:3,31:4~]pyrido~l,Z-b)naphthyridine riag l ystem, 
which is prslllcnt in several alkaloida, has been prapared in n single 
reaction between tbe lithio derivative of a 3-cyano-Q=thylpyridine and 
Marnsyl-3,4-dihydro-~carboline in the p’resence of trimathylsilyl 
trifluorcaethanesulfonate. .Ifriiag appropriately substituted starting 
matarials, W-banzyl-13b,14Laihydronaucl(rfine and IY-bensyl-13b,f4- 
dihydroangustine have baenmda ia thio way. A new preparation of the 
synthetic intermediate 4-bsnyl-3,Qdi~rPpcarboline is dao 
described. 

In recent years a relatively large n&er of alkaloids containing the indolopyridtuuphthyridine 

ring ayatea have been isolated and characterized. The alkaloids of this group are conaiderad to 

be derived froa aecologanin 1 and tryptaaine 2 as shown in Figure 1 and often occur together 

with the structurally related glycoalkaloids,3-S2. The structures of the alkaloids are shown in 

Figure 2 and references to their isolation are collated in Table 1. The mjority of the 

alkaloids retain the 10 carbon framawo rk of secologanin but in others this structural feature 

has been aodified. 
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15 H-5/3 Is~li~in~ 17 H-5@ Isacad~ine ~aulafin~ 

Table 1 

&&oioIZ 3 1 d I 2 1 r&v : .3*:4* tmi 0 1. -b M . e f 

3 
4 

4*5,6,? 
4,5 
8 
3 
8 
9 

10 
6 

4,6,? 
4 



Indolopyridonaphthyridine ring system 5763 

A variety of stmtegia beve been aployed in th eyntbeaie of alkaloidm of thim l eriemz. 

Theme can wnt euily be -ai by conmidering which of the five riegm is closed in ths final 

ate&w of tile mequmce. Tba approach of -tani et al. 
11.12 

ultdtely involved tbe clomure of 

ring C in e mingle C-C bad forming process under acidic conditions to form a-tine 7 ad 

nauclifine 9, reapactively. Pandit and co-workera 
13 

have also l yatbesirad q auclgfiw 9 in a 

sequence which endm with the form&id of m mingle CX bond to give ring C. In contrast, in the 

synthesis of augustidine 13, Sbafiee and Winterfeldt 
14 

added ring* mequentially, emmentially in 

alphebeticul order, finishing with the cyclization of ring E in which two C-N bondm were formed. 

In several syntheses of alkaloids of this series (e.g., oaucldfine 9) ring D is fad in the 

final step of the sequence through cyclization of an enamide. 
4.7.15-20 

We report here a new synthetic route to the ring system present in this class of alkaloids. 

In this sequence, ring D is created by the formation of a C-C and a C-N bond in the final step 

by the condensation of lithio derivatives of 3-cyano-4-rethylpyridines (ring B) with 9-benzyl-3, 

4..dihydro-P-carboline 19c (ring C), previously complexed with trimthylsilyl trifluorometbane- 

sulfonate (‘IMSOTI). The procedure used is similar to that employed by us in the synthasis of 

Afangizm alkaloids containing the isoquino[2,1-b][2,7]naphthyridine ring l yata. 1,21-23 
We also 

report a convenient preparation of 1-benryltryptamioa 20 which was converted to 9-benzyl-3,4- 

dihydro-p-carboline 19c, a key intemediate in this investigation. 

HESULTS AND DISCUSSION 

It bas been previously demonstrated by us 
1,21 

that 3,4-dihydroisoquinolines react readily 

with the lithio derivative of furo[3,4-c]pyridine-3[1H]-one 21 forming isoquino[l,l-b][2,7]- 

naphthyridinas. Our attcnpts to prepare indolo[2’,3’,3,4]-pyrido-[1,2-b][2,7]-aepbthyridinw by 

carrying out a related condensation on 3,4-dihydro-pcarboline 19a. its 9-lithio derivative 19b 

or its 9-benzyl derivative 19c were unsuccessful (Scheme 1); only starting materials wera 

recovered.24 The lithio derivatives of 3-cyano-4--methylpyridine 22a and 3-cyano-4lethyl-5- 

vinylpyridine 22b were similarly unreactive toward the saws carbolines. We found, hcuaver, that 

the complex 23 formed between S-benzyl-3,4-dihydro-p-carboline and trimethylsilyl 

trifluoromethanesulfonate reacted readily with the lithio derivatives of 22a and 22b’ affording 

in one step the pantacyclic amidines, 24a and 24b (Schams 2). Hydrolysis of the amidines was 

effected with boiling alkali; the corresponding lactams, 26a and 26b, wera isolated in high 

yield. Lactaa 26a is the W-benzyl derivative of 13b,14-dihydronauclGfine and lactam 2% is the 

M-benzylderivative of 13b,14_dihydroangustine. The spectroscopic properties ($I and 13C nmr, ir 

and mass) of 24a, 24b, 26a, and 26b agree with the structural assignmants. 

The 9-benzyl-3,4dihydro-pcarboline used in this investigatih was prepared from 

3-indolylacetonitrile by the route outlined in Schams 3. 3-Indolylacetonitrile 26 was converted 

to its N-benzyl derivative 27 in 76% yield by treatment of 26 with sodim hydride folloued by 
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benzylation with -benzyl bnmi&. N-Bmzyltryptaine 20 vu prepared by tha reduction of 27 in 

ethenolic saonia with hydrogen (2.5 ata.) over rhodium on almioa at mm taprrature. 
25 

N-fomyltryptmine, prepared by tmatmnt of 20 with ethyl forvtc at 120% in a mealed tube. 

was cyclizad to 19~ with neat poCi3. This procedure capara favourmbly with a previocaly 

reported n&hod for the synthesis of 19c. 
26 

The synthetic method c&ascribed in thin iaveutigation should be applicable to the synthe=ia 

of many of the alkaloids depicted in Figure 2. The introduction of a double bond into the 

13b,14 position of 26a or 25b by oxidation uith I2 in MeCH should proceed without colpfication 

es it does in the related iaoquinonaphthyridines 
21 

thereby providing access to alkaloida such as 

onguatina 7 and nauclc/fine 9. Modification of the vinyl side chain should provide entry into 

compounds such as 8, 10 and 11. The alkaloids, malindine 14 and imomliodine 15, should also be 

accesaibls wing the procedure reported for synthesis of alamridine 
23 , an iaoquinonaphthyridine 

analogue. The application of this reaction to the synthesis of the alkaloida themelves is 

currently under investigation. 
EXPXRIMJINTA& 

The experimental methods used in thin investigation have been reported previously (21-23). 

C nd nsation of 9-bmzvf-3.4-dihy&crD-~ 19~ *ated bv wtion with s 0 e 

ifluorooethan~ta of 3-oyio-4-aB tr’ : 
(a) 13_8enxvl-8.13.13b.14 t trahvdrpiad 

. 
-0 olo12’.3*:3:-kdzn -5i7Ri- 

irine 2Qn 

A aolution of 9-benzyl-3,4-dihydro-gcarbolinc 19c (0.54 g, 2.0 ml) in dry TM’ (8 IL) wan 

treated droprise with lMSCTf (0.45 rL, 2.2 ml). at -78% under an argon atmosphere. The 

resulting cloudy auspenaion wan stirred firmt at -78% for 1 h then at 0% for an additional 2 

h. Meanwhile a solution of n-BuLi (1.42 ml, 1.55 M in hexanc, 2.2 ml) warn added drop*ise to a 

stirred solution of 1.1,1,3,3,3.-hexamethyldinilazane (0.46 EL, 2.2 rol) in THF (3 RL) at -78’C. 

The lithiium hexamethyldisilazide (LW) solution so generated wan stirred for an additional 10 

iin at .-20*C and then cooled to -78%. A solution of 3-cyano-4lctbyfpyridine 22a (0.248 g, 2.0 

MI) in THF (2 it) was added dropwise to the above LH6 solution at -78%. and tha red solution 

so generated WEE stirred for a further 20 l in at -78%. The red anion solution was then added 

dromise at -78% to the imine-?FsOTf complex and when the addition was complete the mixture was 

alirred at -40% for 4 h. The mixture was allowed to warm to room temperature and stirred for 

ca. 12 h. The reaction mixture uaa quenched with saturated NH4Cl solution (1 mL aq.) and the 

resulting mixture was evaporated, water addad, and the contenta extracted with CHC13; the CHC13 

extract WIUI dried (Na2S04 anhyd.) and evaporated to dryness ln vacua. The crude product wan 

purified by column chromatography on neutral alumina, eluting first with CHC13 then with 

increasing concentration8 of M&H (525%) in Ci?C13. The product 24a, after the removal of the 

solvent, wan crystallized fra ethyl acetate (0.669 g, 89%); mp f90-192°C; ir (CHC13, film), 

Y _: 1615 cm-l; lH NT (500 MHz) CDC13, 6: 2.84-3.08 f5H, complex m. C-7 Haxt C-8, and C-14 

H’e), 4.71 OH, apparent d. J=11.6 Hz, C-13b W), 5.08 (lH, m, C-7 Hes) 5.11 (XH, br st -NH), 

5.32 (ZH, a, -NCi$Ar), 6.91 (IH, d, J=4.9 Ktl, C-l H), 6.99 (2H, 8. arastic H’s), 7.18 - 7.32 

(6H, coaplex a, aromatic H’s), 7.62 - 7.64 (lH, apparent d, J=7.1 Hz, aromatic H), 8.54 (lH, d, 

J=4.9 Hz, C-2 II), and 9.11 (1H, a, C-4 H); 13C nmr (125.76 MHz), 8: 21.5 (C-8), 37.2 (C-14). 

40.5 (C-7), 47.4 (-NCH#r), 51.4 (C-13b), 110.0, 118.7, 120.1, 122.2, 122.5, 126.9, 125.9. 

127.8, 129.1, 129.1 147.9, and 150.6 (12 x ArCli’~). 119.9, 125.3, 126.6, 132.6, 137.3, 138.2.d 

144.0 (7 x ArC’sf, and 159.7 OC=NH); m&RI), m/z(%): 378 (67)Mh, 377 (25), 361 (23). 267 (loo), 

266 (5), 285 (10). 261 f5), 260 (7). 259 (7). 170 (lo), 169 (23), 168 (9). 118 (7), and 91 (67); 

Exact mnaa fbru): calcd. for C251$2N4: 378.iR4; fouad: 378.181: cafcd. for fragmnt ioa 

C18Hlgn4 (Kcl$C$I5): 287.130; found: 287.128. 
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(b) /3-Benal-l-ml-8.13&&.14-tstrahvdro’ &o o12’.3’:3.41wrido12.l-b112.‘l~htbvridirr 1 

517R1- imine m 

Addition of the red anion of 3-cyano-4-methyl-Svinylpyridine 22b (288 w, 2.0 Al), 

prepemd in the eeme moner ee the anion of 3-cyeno-4mtbylpyridine, to the caplex of 

9-be.nzyl-3,4-dihydro-kcarboline 23 (542 mg, 2.0 -1) with BsOTf (0.45 n L, 2.2 loll. and 

work-up es described for the preparation of 240, gave a residue which furnished amidioe 246 (458 

mg) on crystallization fra MeOH. The mother liquor wee chrometograpbed on neutral almina, 

first eluting with CHC13, then with increuing concentrations of MeOH in CHC13. In this way 

Mother 234 mg of 24b wee obtained, [ccsbined yield (86%)); mp 276-278% (MeoH); ir (doll, 

Y -1620 cm -l; ‘11 IPI‘ (500 Ml&), CDC13 + CD30D, 8: 2.69 (Ill, dd, J=17.0 and 13.4 Hz, C-7 II=), 

3.13-3.54 (4H, ccmplex I, C-8, C-14 We), 4.65 (la, dd. J=13.0 end 3.5 Hz, C-13b H). 5.06 (IH, 

I, C-7 Heq), 5.28 (lE, d, J=17.9 Hz, -NCH2Ar), 5.32 (lU, d, J=11.2 Hz, -CR%), 5.46 (lH, d, 

J-17.9 Hz, -NCH2Ar), 5.62 (lH, d, J=l7.5 Hz, -CHX_%), 5.99 (la, dd, J=17.5 and 11.2 Hz, 

-CC=CH2), 7.03-7.04 (28, m, aromatic H’s), 7.24-7.41 (6H, complex m. erratic H’s), 7.66-7.67 

(1H. m, aromatic H), 8.80 (lH, et C-2 A), and 9.03 (lR, a, C-4 Ii); l3 C nmr (125.76 MHz), CDC13 + 

CD30D, 6: 20.9 (C-8). 32.6 (C-14), 44.5 (C-71, 47.0 (-NW+), 52.5 (C-X%). 110.0. 119.2. 

120.7, 123.5, 125.8, 125.8, 127.9, 128.4, 129.4. 146.7 and 151.7 (11 x ArCH’e + -&l=CH2), 109.5, 

120.1, 121.8, 125.7, 130.3, 131.8. 13?.0, 138.5 and 143.2 (8 x Ad's + +X--L&J, end 158.9 

(>C=NH); a(KI), m/r(%): 404 (lS)tP$ 403 (6), 313 (30), 287 (17), 286 (3). 260 (6). 259 (3), 169 

(18), 168 (7), 144 (5), 143 (12), 117 (4) end 91 (100); Exact _s (h-1: calcd. for C27H24N4: 

404.200; found: 404.192; calcd. for fregwnt ion C20H17N4 (M-CH2C6H5): 313.145, found: 313.142; 

calcd. for frmot ion C18H16N2: 260.131. found: 260.129. 

Hydrolv sia 
. . 

of amldw 24r Q& 24b to lectsr 25~ and 

(a) &j-Benryl-13b.14-d-efine 114-Beozvl-8.13. m.14-tetrehv~ndolo~ZQ’:B.‘llpyrido 
. . 

11.2-b) lwhthvrldln_517611onel 2& 

A solution of uidine 24e (250 mg) in dioxnne (30 IL) end 20% KOH solution (as., 10 mL) WAS 

gently heated under reflux for 48 h and the progrees of the reaction wee monitored by tic. When 

the reection wee complete the mixture wee evaporated ln vecuo, the residue treated with water 

(50 IL) end the solution thoroughly extracted with CH2C12. The conbined CH2C12 extracts were 

washed with brine, dried (Mg604 e&d.) end solvent removed fn VECUO affording lactam 26a (223 

mg, 89%); mp 125-127)V (KtOAc); Rf 0.52 (almina, EtOAc); ir (CHC13, film), umex: 1655 cm -l; ‘H 

nmr (500 MHz), CDrX3 6: 2.86-3.07 (5H, complex l , C-7 Hax, C-8, and C-14 H’B), 4.97 (111, 

eppareot d, J=12.6 Hz, C-13b H), 5.21-5.23 (lH, I, C-7 Heq), 5.35 (2H, II, -NCH2Ar), 6.94 (1H, d, 

J=4.9 Hz, C-l H), 7.00-7.02 (28, d, J=6.9 Hz, arometic H’s), 7.18-7.33 (6H, complex II, aromatic 

H’S), 7.62 (lH, I, aromatic H), 6.M) (la, d, J=4.9 Hz, C-2 H), end 9.26 (lH, s, C-4 H); 13C nmr 

(125.76 HRZ), 6: 21.6 (C-8), 36.0 (C-14). 39.6 (C-7), 47.6 (-NCH2Ar), 51.8 (C-13b), 111.3, 

118.9, 120.3, 121.5, 122.8, 126.0, 126.0, 128.0. 129.3, 129.3, 150.4 and 152.3 (12 x ArCR’s). 

110.1, 124.9 126.9. 133.1, 137.2, 138.2 end 145.1 (7 x At-C’s). end 163.6 (X=0); = (RI), m/z 

(x): 379 (63). 378 (lo), 288 (35), 287 (9), 260 (7). 259 (13). 169 (5)s 166 (5), 119 (14)~ and 

91 (100); Rxact us (hrm): calcd. for C25i$1N30: 379.166, found: 379.165; calcd. for fragment 

ion C18R14N30 (M-CH2C6H5): 288.114; found 288.112. 

(b)V.l4- QFhniro~~t~l13-B~~vl-l-ethenyl-8.13.l3b.14-tetrahvdroindo1o~2~.3~:3.4~ 

p~id0r2.1-blr2.7larshthvridin-6r7~1-0oel m 

The hydrolysis of aridine 24b (300 mg) wee carried out in a similar menner to that 

described mbove for oidina 24m yielding lactm 26b (283 mg, 94%); mp 226-230% (BUM); Rf 0.35 

(almine. KtOAc); ir (CHc13. film), Y_: 1650 a -1; 1 H oar (500 MHz), CDC13, 6: 2.60 (1N, dd, 
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J=16.6 and 13.0 Its, C-7 II=), 2.93-3.06 (3H, corplax I, C-8 and C-14 H’s), 3.26 (lH, dd, J=16.6 

aad 3.4 RC, c-14 II}, 4.96 (12, d, J=I1.8 8s, C-l& St, 5.19 (Hi, d, puGally ovcrrlnppnd by C-7 

Heq signal, J=11.2 8s, -CD=&). 5.27 (18, aI C-7 II,,, 5.27 (1H. d, 3=17.6 IIz, -cII=&$. 

5.46-5.52 (28, a, four lima, -NCl$Ar). 6.02 (lH, dd, J=17.6 aud 11.2 8s. -QI=CI$), 7.04 (28, d, 

J=6.6 ii?., -tic 8*6), 7.m7.35 (68, coqlex l , aruaatic 8’s), 7.63-7.65 (la, I, armstic II), 

8.67 (lH, s, c-2 II), snd 9.17 (lH, s, C-4 II); 13C imr (126.76 M8s), 8: 21.6 (C-8), 32.9 (C-14), 

39.6 (C-7), 47.5 (-NCH2Ar), 51.4 (C-13b). 109.9, 118.9, 120.4, 123.0. 125.9, 125.9, 127.8, 

129.3. 129.3, 129.8, 149.4, and 150.1 (11 x ArCII’s and -$&C82). 111.1, 119.7, 124.5, 126.4, 

130.4, 133.1, 137.4, 138.5, and 142.0 (8 x Arc’s and -f%&$, and 163.8 (X=0); a (I(I), a/a 

f%): 405 (61) H+: 404 (9). 314 (32), 313 (7), 261 (b), 260 (111, 259 (8), 169 (6). 168 (5), 145 

(3), 117 (13). and 91 (100); Bxact sass (hrn): calcd. for C27S23N30: 405.184, found: 405.183; 

calcd. for fragaent ion C20H16N30 (M-M2C6H5): 314.129, found: 314.123. 

Praoar ~ofliae I& 9 

(a) l-Bcntvl-3-indolylacstonitrila 27 

To a stirred solution of 3-iadolylacetonitrile 26 (25 g, 0.16 sol) in dry beozant (3OD NL) 

was added Na8 (9.2 g, 50% suspension ia oil. 1.2 equiv.) and the reaction rixture was heated 

under reflux for 15 min. Deneyl chloride (20 mL) was than added dropwisc at FW temperature 

with stirring, the mixture bested uoder reflux for 20 ain, and then left at ram tgsrature for 

ca. 12 h. The aixture wss poured into ice-water (200 l L), the benzene layer was separated and 

the aqueous phase extracted with iX2CL2. The cabined organic extract was dried (N$804 anhyd.) 

end evaporated yieidiug the crude product 27 which crystallized from Etch. (30.5 g, 78%); mp 

95-96% (lit.27 4, 9%96%). l8 nmr (SO MIiz), cDci3, 8: 3.38 (ZH, s, -CH2-CN), 5.28 (211, s, 

-NCI$-Ar), 7.05-7.43 (SH, m, aromstic K’s), 7.54-7.70 (LH, I, aroatic II); ms(KI), m/z(%): 246 

(35&t+: 156 (14), 155 (lS), 130 (lo), and 91 (100). 

(b) l-8ensyltryntamina 20 

A mixture containing 1-benzyl-3-indolylacetunitrilc 27 (10 g, 40.65 rol), TW (50 ILL), lD% 

ethanolic--nia (150 mL) and 5% I&-A1203 (2 g) was treated with 82 at 40 psi for 2 days. Tha 

catalyst was removed by filtration and the evaporation of the filtrate in vs&o affordad the 

desirsd l-benzyltryptamine 20 (9.7 g, %%). bp 193-lS8%/0.1 Tort (lit.28, bp 148-2OO*C/0.5 

Tort); lH NT (90 tmz), CDc13, 8: 1.15 (28. br s, -NH2 axchsnges with D,O), 2.76-3.20 (4H, m, 

-C82-C82), 5.23 (2H, a, -NCH2A~). 6.96 (IH, s, C-2 H), 7.03-7.50 (7H, m, aromatic H’s), 

7.55-7.85 (2X, I, armtic B’S); ms(BI); m/z(%): 25O(S)M+*, 221(25), 220(42). and 91(100). 

(c) 1-Benzvl~ 

A mixture of I-banzyltryptamine 20 (15 g) and ethyl for-mate (100 =I.) was heated in II sealed 

tube at 12OV for 2 h. The removal of excass ethyl formste and BtOH In vscuo gave 

1-beneyl-A-forqltryptamina 28 (16.05 g, %%) as an oil; ‘H (SO Milz), CDC13, 6: 2.86-3.05 (28, 

I, -C$2C82-)c-), 3.37-3.75 (2H, I, +X$&,-N-), 5.02 (2H, s, -tUX$Ar). 5.70 (lH, br s, -NlI), 6.95 

(18, a, C-Z H), 7.00-7.30 (8H, I, araatic H’s), 7.60-7.80 (1H. I, araatic II), and 8.06 (i8, 

br, a, -CHO); m&81), r/z(%): 278(15)W+‘, 233 (271, 220 (71), 129 (St, end 91 (100). 

fd) 9- e c 

This compound wss prepared from 1-bcnzyl-X-formyltryptamina 28 (5 gf by treatment with 

fraahly distilled RX13 (30 mi) at ice bath tapsrature in a flask protected with a CaC12 tuba. 

When the vigorous initial reaction subsidad, the mixture was warmd to room taparatwa over a 

period of l&20 min, then heated to 4O’C for 5 l in, and finally kept at room temperature for 2h. 
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Ihe ex-oefm poC13*sech3troy& oerefully byackiiticlnof the mactimmixture to cnmhedice 

at-xi the resulting aolutiar r&e Ixisic with ~01x3. aqwous NH3. Iheiixtureuaeextrsr?taiuith 

CHC13, the CHCl3 extract dried {Na2S04snh+) ad evapxd.ed, axi the residue purified by 

bulb to bulb distilleticnr. 

'Ihe prahct 19o crystallized frmn ethanol or ethyl s0et.at.e (3.58 a, 77%); mp 348-149% 

(BtQAc), and 140-141% oIt.C+I) (lit. 26 rq~ 138.C (IitCH)); Rf 0.76 (al&~, EUXc); lH m (90 

m), c=l,, 8: 2.95 (W, t, J:8.0 Hz, C-4 H's), 3.94 (2R, d of t, J=8.0 and 2.0 Hz, C-3 H's), 

5.42 (W, s, bensylic H's), 6.95-7.45 (6H, m, aramtic H's), 7.55-7.73 OH, m, ercakic Hk, 

and 8.50 (IH, IO, C-i Ii); nm(EI), m&f%): 2SOClOO)M+ , 169(36), 156(16), 142(34), 140(15), 
116t21), 115f41), 9118?), and 65f26). 
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