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Abetrect 8 Th’e structure of alamarld!ne (1) . 8 novel benaopyrldoqulno- 
lirine alkaloid. was established by spectral data. However, its stereo- 
chemtstry could only be determined now by a total synthesis fnvolvtng 
the key cycILatlen of an I-methyl-L-pyrfdylmethyl-).(-dfhydrofrop- 
llnlum salt l* in presence of plvelopl chloride and tr1ethylamlne. 
0-~hiyldehydro6lamlrtdfne t&us formed was reduced by sodium cyanoboro- 
hydride and then deprotected to obtain alamaridlne (1) and 5-epl-alamarl- 
dine (26). Isoalamarldine (27) and Its 5-eplmer (28) were also synthesised 
following the se& route. 

We earlfar reported 2,) e number of rlkalolds with the novel bentopyr1doqulnollrlne skeleton 

from the seeds of Alangium lamerckll Thw. fN.0. Alangiaceae). Hereln we describe In detall 

the isolation, structure elucidation and total synthesis of alamarfdlne (1). one more blO88ne- 

tically fascinating con8ener of the same class. a preliminary account of which has already 

been publ!shed4’5. The syntheses of 5-apt-Alamarldlne, lsoalamsridlne and Its S-eplmer still 

to be encountered In nature are also presented. 

Alamaridine, m.p.l%‘C was obtalned In ca 0.00011 yfeld 

froal the weakly basic fraction of the methanol1c extract 

Me0 10; 2 f 
of A. lamarckll seeds. The gptlcal rotation of the compound 

could not be ascertained due to paucity of material. Its 

HO II 
A’ 12bN ’ uv maxima at 258 and 286 nm 1300 nm ln alkaline medium) 

12 H’. Me 

3 - 

wore compatible wlth the presence of a pyridine and hydro- 
I3 

’ I4 
xytetrahydrolsoqufnollne moletles in 1. 

The l H NMR spectrum of the compound exhibited signals 
I 

I\ N 
2 for one secondary methyl (6 1.42) and three singlets due 

to one OMe (b 3.90) and two aromatic protons fb 6.66 and 

6.84) of the 6, ?-disubs,tituted tetrahydrolsoqulnollne, while 

a singlet at 6 8.44 ind two doublets at & 8.40 and 7.08 suggested 3,4-dfsubstituted pyrtdtne 

moiety . 

The mass spectrum of slamarldina dIsplayed peaks at mlr 177. l76 and 162, chsracter1st1c -- 
of a tetrahydroisoqufnoline bsrrfng an OH and one OMe group in the phcnyl ring and two peaks 

at m/t 120 and 119 ConccfvabIy derived from the pyridlne moiety (Scheme 1). The most note- -- 
worthy feature, WJS the base peek for the M-Me fragment. The unsually high intensity 

of the peak not only lndlcatsd the facile loss of the secondary methyl (unlike the expulsion 

of methyl from an OMe group ln the case of other closely related bensopyridoqu1not1sine 

alkaloids 3 
) but also the location of the same function l t C-5 rather than at the more usuat 

C-13 po8ltlon. Because. In 13-methyltetrahydroprotoberberlnes (eg. El the cleevsge of C-ring 
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predominates over the loss of the methyl substltuent (rel. int. 121) and the base peak 

derived from elthsr of the retro Dlels-Alder fragments 6.1 
. Evidently. the expulsion of 

methyl group in 1 leads to the stable Imlnium ion 3 (S&o-e 1). 

Is 

c-5 

The gross structure of alamaridlne thus envisaged could also be ratlonallsed biogenetlcally 

lnvoklng amlnatlon of an Intermediate derlyed from the glycoslde. 4 .(Schame 2). a precursor also 

postulated for its benzopyridoquInolizlne congeners like alan8lmarlne (5) and 1soalanglmarIne 

(6)). The relative posltions of the 064e and OH groupa in 1 at C-ib and C-11 respectively could 

be arrived at from the uu spectra of Its iodine oxldrtlon product In neutral. acidic and alkaline 

(partial shift of the 368 nm band to 408 nm) solution wblch were more akln to those of alangf- 

marine (5) than of Isoalangimarine (6). The relative stereochemIstry of 1 at C-5 and C-1Zb could. 

however, be established only by its total synthesis as descflbed In the sequel. 

-Me, 

m/z 177 -- 

1 -Me 

m/z 162 -- 

m/z 176 -- 

Scheme I 

H,Me 

CHO 

Scheme 2 

a:F?, = Me, R2=H 

6:Rl =H , R2=Me 
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The crux of th’o problem was to introduce a methyl function at C-S In a benaopyrldopulno- 

Ilrlne skeleton. Wo InItlally sought direct Insertion of the methyl group to a benropytldoqulno- 

Iltlnium Ion such ‘as 11 fif synthesis2 of S-alkyltetrahydroprotob~berine) and subsequent redwc- - 

tion of the product to obtain the target compound. However, out attempts to prepare the 

salt 11 by reduction of ths lactrm 89or the thiofactam 15 and subsequent Iodlne oxldatlon were 

unsuccessful (Scheme 3). 

We. therefore, took recourse to cyclisation of an Intermediate such as 12 with a built- 

tn C-S methyl to construct the alamatidlne skeleton 13 analogous to the recently reported 
10 

photocycllsatlon of N-benrylenatnlnes such as l*. 

The preparation of the key lntetmsdiate 19 which on base treatment would be expected 

to yield 12 Is shown In &cl&~ 4, In a typfcal experiment. the ph&ylethylamIne 15a was 

condensed with 3-acetylpyttdine and the Lntermedtatc imlne Me reduced by NaBHI to give tha 

amine 17a which was acetylated to the amlde lb, The salt 19a Isolated as blsperchlorate 

Scheme 3 

was prepared In good yield by heating 18a with PC013 at 60..70.C. Unfortunately, the modal 

enamine lti generated from 19n by treatnient with Et3H &uld not be inducdd to‘undargo photo- 

cyclisation. 

It was’then envisaged that actfvatlon of the C-4 of the pprldlne mofety In 12 by ac’ptatlon 

could facllltatd nucleophflic attack of the enamine double bond at this posltlon resulting In 

the N-acyidfhpdroppridine Intermediate 20 which could thereafter be converted to C-bensyfde- 

hydroalamarldlne (21) by oxtdatlon fSclretae II. 

In the model experiment, a su8penslon of 19c In CHC13 was stirred with Et3N and the 

rasulting &futfon treated with benxoyl chloride. Usual work-up and cotuntn chromatography 

of the &don mixture. furnished a yellow compound in $8 yield, the spectral data of whfch 

were compatlbfe with the expected compound 21~. However, the major component (2511 isolated 

was found to be 2ld. Evldsntly , the desired cycllsatlon occurred but with concomitant bensoyla- 

tfon at C-13. 

The unwanted acylatlon At C-13 could, however, be avoided by effectfng the cycllsatlon usfng 

pivaloyf chtotode, a bufkg enOuSh acptatfng agent to be hindered by the hfdrogens at C-I 

and C-12. Thus, a suapenslon of Ik fn CHCl3 with Bt,N and plvalgl chlotlde gave O-methgt- 

ddhydroalimaridine (Zlcf as the only product In 121 yield. SImfIarIy, ia afforded 2Xa in 

zs1 yield. The mass spectra of 21a and Zlc exhlbtted strong N-IS peaks and the 1H NMR 

spectra showed the ofeflnlc 13-H’s as singlets at around b 5.70. 
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I. PUCI-tJ 4Q 

2. !-ICI94 
> a: R,=Mr,R2=Bn 

b: R@=Bn, R2=Me 

c : R,=R2= Me 

H 

Scheme 4 

lnltfal attempts to reduce the double bond in Ztm were rather frustrating. For sxrmple, 

reduction with NaBH, fn methanol wad very sluggish a5 indicated by TLC; hydrogenation in 

presrnca of either PdfC or PtO2 also proved futile, However, a smooth rsductlon could be 

achieved by sodium cyrnoborohydridc In acetic acid affording a mixture of two products 22e 

and 2% in I:3 ratio, The assignment of their structures was based on comparison of the lH 

NMR spectraI data with those of known 8-methyltstr8hydroprotobsrballnes 24 and 25, which 

were reported to have the chamlcrl shift of the C-8 methyl at 6 I.40 and 1.54 rsspecttvely 11 . 
The minor compound obtalnsd by the reduction of ZIe exhibited the methyl doublat at b I.42 

4nd the major one at 6 1.58. They were occordlngly ass&ad the structures 2& and 2% 

rerpecttvely. Intarestlngty, the raductton of 218 by NABH, in acetic acid gave almost exclu- 

SlVSlY 2k. Apparently, triacetoxyborohydrida. the reducing species by vlrture of Its larger 

bulk, attacked the enamlnc moiety almost exclusively from the side opposite to that of C-5 

methyl. 

Pfniily, debenrytatfon of 228 wtth ethsnolic hydrochlorfc acid afforded a product. the 

spectral data (UV, XR. crass and ‘Ii NYR) of which ward idsntlcal wtth those of alamarldine 

(1). Simllariy, 23e was debenmylated to 8-ept-tlamuldlne (26). Recsntly f4actesn et *I, feport- -- 
12 

ad the total synthesta of 1 following a different strategy . 
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alamaridine and lsoalamaridlne 

be assigned conformatlon 3U. 

A. BHAYTA cnAnNA Cl of. 

should have the conformatlon 29 while their S-epimers could 

27 26:R,=Me,R2=H 

28: R, =H , R2=Me 

Meltlng points were detsrmlnsd ln open capillaries In sulphuric acid bath and are un- 

corrected. IR spectra were recorded on a Perktn Elmer Model 177 spectrometer. UV spectra 

were reglstered on elther Carl Zeiss Specord UV-VIS or Pye Unlcam SPB-300 W-VI.5 spactro- 

photometer. ‘H NMR spectra were measured with TMS as internal standard on Jeol PX-100 

Instrument and mass spectra on a Hltachl RMU-6L Instrument. 

Isolation of l lamarldim (1) t Alamarldlne was fsolated from the weakly basic fraction of 

the A. lamarckil seed alkaloids. The details of the extraction procedure for A. lamarckll 

and Isolation of other bentopyrldoquinolizlne alkalolds have already been descrlbad3. Brlefly. 

the methanollc extract of the seeds (5 kg) of A. I lamarckll was treated with 3N_ acetlc acid 

and the acid extract was fractionated by successive extractlon with buffers of pH 5.6 

4.6 and flnally 2N The ,?N was with aqueous NH3 and extracted 

a gummy residue (6.5 g). The latter 

14.0 8) was chromatographed over a column of deacttvated silica gel. 

Elution with petroleum ether (bO’-8v*C)-CHC13,CHC13 and CH30H-CHC13 (1199) gave a residue 

which was combined with the mother liquors of crystallisation of other bensopyridoquinollzine 

alkaloids obtalned from the fractions eluted with petroleum ether-CHCl 3 (50:50-25:75) and 

CH30H-CHC13 (1:99-2:98). This .materlal (1.8 g) was chromatographed over slllca aa1 and 

fraction elutad with CHCl3 was crystalllsad from CH30H yielding alamarldlns (1). light yellow 

needles (yield, 0.005 g. 0.00010. m.p. 196-C, IR (KBr): Zlmax: 2920. 1590. 1500. 1360. 

1330. 1260. 1130. 1020, 850. 830, 790, 730. 720 and 670 cm-l& UV: Amax (EtOH) (108 E)I 

226 sh (3.85). 258 (3.35) and 286, (3.31) nm; (0.1 g NaOH); 245 ‘sh (3.65) and 300 (3.28) 

nm; m/t (rel. int. 8); 296 (M*. 47). 295 (31), 282 (20). 281 (100). 27’3 (12). 177 (15). 176 -- 

(25). 163 (5). 162 (9). 120 (14). 119 (9) and 118 (8); ‘H NMR (CDC13) : 6 1.42 (d. J=b 

Hz. 3H). 2.60 (m. 5H). 3.90 ts. 3H). 4.08-4.20 (m. 2H). 6.66 (s. 1H). 6.84 fs. 1H). 7.08 

(d, J=b Hz. 1H) 8.40 (d\ J=b Hz , 1H) and 8.44 fs. 1H). 
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Oxldatlm .of l hmuidim (11 rltb lodlmr A solution:of (1) (0. OOlg) In ethanol ( 1 ml) was refluxed 

with lodine (0.002 g) for 3 h. Excess todlne was removed by treatment with aqueous sodium 

thlosulfate solution. The reaction mixture was purified by preparatlvt TLC : hoax (EtOH) 1 
228, 260, 285 sh and 368 nm; (0.1 N NitOH) : 231. 259. 366 and 408 nm; (0.1 N HCl) : 225. 

270. 305 sh and 425 nm. 

7-Bsnx7lor~-&wthor~-l-~h7~Z-rlcotlr~l-l.2.3.4-trtr~b7drol~ulool~ (7)r To a slurry 

of sodium nicdtlnate (9.0 g. 0.06 mol) in dry benrene (50 ml). oxalyl chloride (6ml. 0.07 

mol) was added dropwlse and the reaction mixture was rdluxed for 1 h. After dlstllllng 

off the solvent under reduced pressure. nlcptlnyl chloride was obtalncd as A vl.sco,us llquld. 

A solution of the latter In benzene (100 ml) was added to a stlrred solution of 7-benzyloxy-6- 

methoxy-1-methyl-3,4-dlhydroisoqulnollne 14 (11.0 g, 0.04 mol) in benzene (200 ml) contalnlng 

Et3N (80 ml). The reaction mixture was kept overnight at room temperature and then In ice 

water for 1 h. The precipitated triethylamlne hydrochloride was flltered and the filtrate 

distilled under reduced pressure. The solid obtalned was crystallised from CHC13-petroleum 

ether to furnish the enamlde 7 (11.5 g, 760 as light yellow needles, m.p. 142-144.C; timax 

(Nujol): 1635. 1605 end 1595cm -1, ;hmax (EtOH): 235 (4.001. 264 (4.17) and 300 (3.87) nm; m/z: -- 
386fM*. 7). 358 (241, 295 (19). 267 (96) and 91 (100); ‘H NMR fCDC13)z 6 2.98 (t. J=6 Hz, 

ZH), 3.88 (s, 3H), 4.12 (1. J=6 Hz. ZH), 4.32 (d. Jr1.5 hZ. 1H). 5.12 (s. ZH), 5.14 (d, 

Jz1.5 Hz. 1Hl. 6.66 (s. 1H). 7.02 (s, 1Hl. 7.16-7.56 (m, 6H). 7.64-7.84 (m, 1H) and 8.56- 

8.64 (m, 2H). (Calc. for C24H22N203’ C, 74.59; H. 5.74; N. 7.25. Found: C. 74.31; H. 5.521 

N. 7.49.) 

Il-Bslu7lor~-l0-wthox~-7,~-d~h~dro-5H-b~~~~lp7ridol3,4-~~q~l~zln-S~ (8) md 11-bemxyl- 

ox~-l0-wtbox~-7,&dlh~dro-SH-~l~lp7rtdol3.2-~~qol~l!xln-~~ (9): A solution of the 

enamlde 7 (2.0 g, 0.005 mol) ln benzene (340 ml) was irradiated under nitrogen for 4.5 h 

at 15-20’~ in an immersion-well type photoreactor with a 16 W low pressure mercury lamp. 

After the Irradlatlon was over, benzene was removed under reduced pressure. An addltional 

9.4 g of 7 was slmllarly Irradiated in five batches. The products from all the batches were 

combined and chromatographed over deactlvated slllca gel. Elutlon wlth CHC13 afforded a 

brown solid (4.8 g) which showed two close spots on TLC. The mixture was rechromatographsd 

over slllca gel. Elutlon with CHC13-petroleum ether (25:75-50;50) gave the faster moving lactam 

as a light brown solld which on cryetalllsation from CHC13-petroleum ether ylelded 9tO.75 8. 

70 as yellow needles. m.p. 162-164’C; gmax (NuJol): 1650. 1600, 1565 and 1512 cm -I; X max 

(EtOH): 240 (4.071, 256 sh (3.93), 275 sh (3.771 and 342 (4.38) nm; m/r: 384 fM’.101, 293 -- 
(14). 243 (10). 223 (10). 205 (101, 106 (56). 105 (SO). 102 (36). 101 (35). 92 (41) and 

91 (100); ‘H NMR (CDC13): 6 2.96 (t. 3~6 Hz. ZH), 3.92 (s. 3H), 4.34 (1. 516 Hz. ZH). 5.20 

1s. ZH), 6.76 (s, 1H). 7.04 (s. 1H). 7.12-7.58 fm, ?H), 8.64 (dd, J=8. 2Ha. 1H) and 8.87 

(dd, J-6, 2 Hz, 1H). (Calc. for CZ4HZON203: C, 74.98; H. 5.24: N, 7.29. Found: C, 75.13; 

H, 5.07; N. 7.53.) 

Elutlon with CHC13-petroleum ether (50:50-75:25) furnlshed the slower moving lsctam as 

a Ilght brown solid crystallislng from CHC13-petroleum ether to give light brown granules of 

8 (3.1 8, 270. m.p. 180-182’C; 3 max (Nufol): 1665. 1650. 1605 and 1510 cm -l; hmax(EtOH): 

245 (4.161, 280 sh (3.77). 355 (4.44) and 370 sh (4.37) nmz mlt: 384 fM*. 48). 293 (42). -- 
265 (33). 250 (II), 249 (13). 221 (35). 191 (17). 179 (17). 169 (171, 135 (24). 106 (55). 

92 (50) and 91 (100); ‘H NMR (CDC131: b 2.92 ft. 3~6 Hz. ZH). 3.90 (s. 3H). 4.30 (t. J-6 

HZ. ZH), 5.17 (s. 2H). 6.52 (s. 1H). 6.72 (a. 1H). 7.12-7.52 (m. 7H). 8.58 (d. 3~6 Hz. 1H) 

and 9.48 fs. 1H). iCal=. for C24H20N203: C. 74.98; H, 5.24; N, 7.29. Found: C. 74.69: H. 

5.49; N. 7.41.) 

ll-Bsluyloxy-lO-~etboxy-y.8-dlbydro-511-b~a~pyrldol3,4-+lqu~lIaln-5-thloae (10)~ To a stfrr- 

ed solutlon of the lactam 8 (3.0 8. 0.008 mol) in pyrldlne (75 ml) phosphorus pentasulfide 

(5.5 8) w.ss added and the mixture refluxed for 12 h. The reaction mixture was poured on 

to ice with stlrrlng and then extracted Mth CHC13 (3x100 ml). washed with water (2x150 ml) 

and dried over anhydrous Na SO 
2 4’ 

The solvent was removed under reduced pressure and the 
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material obtalned was chromatographad over daactfvrted sitlcr gel. tlutlon with CHCI3 aid 

CH3OH-CHCI3 (1199j yielded thlolactam 10 (2.0 8, 644) as a yellow solid which cryst*llised 

from CHC13-CH30H as yellow needles, m.p. -1 
186-188*Cg dmax (Nujol): 1602. 1585 and 1512 cm i 

hmax fEtOHfr 248 (4.281. 266 (4.18). 281 sh (4.171, 292 sh (4.10). 328 (4.16) and 380 (4.261 

nmg -_ mltr 400 fM+,5), 310 fll), 309 (481, 249 (15). 23’1 (37). 205 (291, 92 ((I) and 91 (IOOlr 

‘H NMR (czc13)r b 3.00 (1, Jo6 Ht. ZH), 2.92 (8, 3H). 5.00 (1, J=b Hz, 2H1, 5.20 (a. 2H). 

6.76 4s. 1H). 6.84 fs. 1Hf. 7.28-7.52 fm. fH1, 8.58 fd. J=6 Hr. 1H) and 10.08 ts. 1HI. 

(Cafe. for C24H20N202St C, 71.991 H. 5.03; N. 7.00. Foundr C. 71.751 H. 5.19; N, 7.17.) 

N-[1-(3’-~rid~1)]etb71-2-(4-~~10x~-3-~~~0~7~p~~~1~~1~~tm (17a)s A solution of t-(4- 

benryloxy-3-methoxy)phenyIathylamfna 1% (14.0 g, 0.054 mall and 3-acetylpyridfna (7.3 8, 

0.06 mot) in dry benzene (70 ml) was refluxad for 9 h ualng a Dean-Stark apparatus for remo- 

val of water. Solvent was removed inder reduced pressure and the tesldual 011 wus drled 

under vacuum. To a solution of the residue In methanol (150 ml) was added NaBH4 (3.0 8) 

in portions at 0-C. After the addition was over, the solution was kept at room temperature 

for 2 h. The reactlon mixture was diluted with water (100 ml) and extracted with chloroform 

( 3x100 ml). The organic phase was washed with water and brine. and evaporstad to give 

an oil (20.0 8). The latter was chromatographed over neutral alumina. Elutlon wlth petroleum 

ether, CHC13 and C~C13-CH30Hf90;10) gave 178 117.0 g. 860 as a VISCOUS oil; gmax (neat)8 

3300. 1605, 1590 and 1515 cm”: m/t: 362 (hi*. 141, 228 (100). 165 (551, 135 (95), 106 (95) -- 
and 91 I91)3 ‘H NMR lCDC13)r & 1.28 (d, 3~6 Hz, 3H 1, 2.70 tbs. 4H), 3.80 (9. J=6 Ht. IH), 

3.84 (s. 3H), 5.12 (6. 2X). 6.56-6.88 fm, 3Hf, 7.16-7.36 fm, 6H). 7.60 im. 1H) and 8.44- 

8.60 fm. 2Hl. 

N-~l-(3’-Pyrld~l)]eth~l-2-(3.4-dlwtbor~)ph~~l~b~l~~l~ (17c)r The amine llc was prepared 

by the same method as for 17~ I.e. by tefluxlng 2-(3.4-dImethoxy)phenyfethylamine 1% (5.4 g. 

0.02 molf, 3-acatylpyrldlne (3.8 g. 0.031 mol) ln benzene ( 50 ml). reducfng the product In 

ethanol (40 ml) with NaBH4 (2.0 8). After usual work UP, the crude amine 17c 110.0 g) was 

obtawmi as a VISCOUS 01) which was acctylated as described tatet wlthout further purlflcatlont 

Qmax (neat) t 3300, 1605. 1390 and 1515 cm -lz m/at 286 fbf’, 6). lb5 1181. 152 190 151 (TO?, -- 

135 (100) and 106 (100): ‘H NMR fCDC13): 5 1.32 (d. J=6 Hz. 3Hf, 2.72 (bs, 4H). 3.80 (9. 

3.6 HZ, 1~). 3.84 (s. bH), 6.64-6.84 (m, 3~1, 7.16-7.36 (m, 1H). 7.32-7.68 fm. 1Hf and 8.40- 

8.60 (m, 2H). 

N-Ac~t~l-N-~l-~3*-p~rid~l)llah~l-2-~4-b~ylox~-3-raethox~~pb~~~~b~~8~~~ fltifr A solution 

of the amlne 17a (17.0 g. 0.05 mot) In pyridlne (15 ml) was treated wfth acetic anhydride 

(40 ml) at 0-C and then kept at room temperature for 48 h. The reaction mixture was treated 

with water (5 ml ) and poured Into ice-water (400 ml ). Extraction with CHCl3 (3x300 ml 1. repeated 

washing of the orgsnlc phase with water, drying over anhydrous Ns2S04 and finally evaporation 

of the solvent left an 011 from which excess pyridlne was removed by dlstlllatlon under reduced 

pressure. The residual 011 was chromatographed over neutral alumina, Elutlon with petroleum 

ether-CHC13 (50:301. CHC13 and CHC13-CH30H 19812) gave an oil which soltdiffed on trfturation 

with petroleum ether to furnish I& (13.8 8, 734). Crystalllsatlon from CHC13-petroleum ether 

yielded whtte granules of I&. m.p. 128-130’Cr timax INufol) I 1630.1600, 1585.l570 and 1310 cm -I, 

m/s: 404 (M+. 3), 240 (85). 177 (8). 165 (19). 135 (801, 106 (95) and 91 (lOO)j ‘H NMR -- 
(CDCt31r 6 1.60 id, 516 Hz, 3H1, 2.16 and 2.28 (pair of singlets, 3H1, 2.32-2.92 fm. 2H1, 

3.00-3.24 (m. ZH), 3.84 (s. 3H). 5.08 (s. ZH), 5.08 and 6.00 (pafr of quartets, J=6 Hs, IIf), 

6.36-6.88 (m. 3H). 7.20-7.80 (m, ?H) and 8.48-8.72 fm. 2H). The pair of slnglets at 6 2.16 

and 2.28 for -N-COC$$, and that of quartets at b 5.08 and 6.00 for N-Cz-CH3 ate due to res- 

tricted rotation around the amlde bond. This was verified by taking the spectrum at 55.C 

In DMSO-db when both the singlets and tha quartets coalesced. (Calc. for CZ5H28N203: 

C. 74.23: H. 6.988 N, 6.93. Pound: C, ?4,4?:H, 6.89; N. 6.83.) 

N~cet~l-N-f1-f3’-pyrid~t)~eth~1-2--f3-kuu~lox~-4-methoxy)phsn~leth~la~iae IlEbl I N-[l-3’- 

Pytldyl~lathyl-2-f3-b~n~yloxy-4-mathoxy)phany~ethy~~mlne (17b) was made similarly as amine 

178 1.e -I by refluxlng Z-(3-bsnayloxy-4-methoxy)phenylethylamIne ll!ib) (lb.0 8. 0.062 mol) 
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and 3-ecetylpyridlne (8.4 (I, 0.069 mol) In benrene (80 ml) and rchlurlng the intirmedlata imine 

with Na13H4 (4.5 (I) In CH3OH (ZOO ml). The amine 17b (23 g) obtained es an 011 was converted 

wlthwt purlflcation to its N-•cetpl derivative (lab) followhg the eame procedure as for the 

preprratlon of the amide 18a. Thus s part (16.0 8) of the crude amine 17b was treated with 

ecetlc anhydride (40 ml) ln pyrldlne 175 ml). After usual work-up the amlde lab (14.3 g. 

804) was obtained ss A viscous 011; .$msx (neat): 1640. 1595. 1585 and 1515 cm -1 I mlrr -- 
404 (M+. 9). 240 (1001, 177 (8). 165 (561, 164 (571, 135 (621, 106 (82) end 91 (8211 ‘H NMR 

(CDC13)r 6 1.56 (d, 556 Hr. 3H), 2.12 snd 2.24 (pair of slnglats, 3H). 2.32-2.80 (m. 2H). 

3.00-3.32 (m. ZH), 3.84 (6. 3H). 5.08 fs. ZH), 5.08 and 6.80 fpalr of quartets, J=6 Hz. 1H). 

6.40-6.84 (m. 3H), 7.20-7.68 (m. 7H) and 8.24-8.68 (m. 2H). 

N-Acetyl-N-I1~3’-pyrldyl~~ethyl-2-(3.4-dimetboxy~phenylethyla~~ flacc): The amide lk was 

made by the same procedure as for l& using the crude amlne 17c (10.0 g), acetlc anhydrlde 

(10 ml) and pyridlne (50 ml). Chromatography of the product on silica gel and elutlon with 

CHC13 and CHC13-CH30H (99:l) gave 18~ (6.5 8. 576) as a viscous oil; If max (neat): 1630, 
-1 1590 snd 1510 cm ; m/z: 328 (MC. 20). 177 (14). 165 (80). 164 (100). 151 (68). 135 (68) -- 

and 106 (74); ‘H NMR (CDC13): d 1.60 fd, J-6 Hz, 3H), 2.16 rnd 2.24 ( pair of slnglets, 

3H), 2.40-2.96 (m. 2H). 3.00-3.60 (m. 2H) 3.84 ((1. 6h). 5.12 and 6.00 (pair of quartets, 

J=6 Hz. 1H). 6.20-6.88 (m, 3H), 7.20-7.40 (m, 1H). 7.48-7.80 (ID, 1H) and 8.48-8.72 (m, 2H). 

7-~yloxy-6-lwthosy-l-~~hyl-2-~l-(3*-pyrldyl)l~hyl-3,4-dlhydrolsopuiwlipipr blspercblorate 

fl9a)r A suspcnston of the amide 18e (1.0 8, 0.002 ~101) In POC13 (5 ml) was heated at 60- 

70.C wlth stirring. During heating. the amlde l& dissolved, but another solid appeared after 

15 to 20 min. and heatlng continued for 3 h. Excess POC13 was remdved by dlstlllatlon under 

reduced pressure. The resldusl solld after drylng under vacuum was taken in EtOH (10 ml) 

and cooled in ice-water. To this solution was sdded a solution of 60) HC104 (0.5 ml) and 

cooled. The preclpltated salt was flltared and washed with alcohol and ether and dried under 

vacuum. The material wss boiled with EtOH-MeOH (5O:SO) (5 ml), flltered and dried under 

vacuum to afford the salt 19e (1.1 8. 63t) as a pale yellow solid an allquot of which wss 

crystallised from EtOH to give pale yellow granular. m.p. 225-226.C; Jmax (KBrlr 2600, 1605, 
-1 1559 and 1510 cm I Xmax (FitOH 257 (3.88). 310 (4.07) and 360 (4.08) nmr ‘H NMR 

(DMSO-d6)r 6 1.92 (d. 316 Hz, 3H), 3.04 (a, 3H). 2.76-4.00 fm. 4H). 3.92 (8, 3H). 5.24 

(8, 2H). 6.20 (q, Jr6 Ht, lH), 7.16 (a. 1H). 7.28-7.64 (m, 5H), 7.72 (s. 1H). 7.92 (dd. J=8, 

6 Hz. 1H). 8.52 (d. J=8 Hz. 1H). 8.88 (d. 5~6 Hz. 1H) and 9.04 (8. 1H). (Calc. for 

C25H28C12N2010: C. 51.12; H, 4.80: N. 4.76. Found: C. 51.271 H, 4.651 N. 4.58.) 

6-Banxyloxy-7-metboxy-1-methyl-2-I l- (3’-pyrldyl) lethyl-3. I-dIhydroi~ulaolInIum blsperchlorete 

fl9b)r The tltle compound was prepared by the same procedure as for 19a from the amlde 

1l)b (10.0 8. 0.02 mol) and POC13 (15 ml1 and obtalned as a yellow solld (6.0 8. 51 0, m.p. 

228-23O.C; J msx (KBr): 2500. 
-1 

1605. 1550 and 1520 cm 8 hmax (EtOH): 260 (3.76). 310 (3.93) 

and 365 (3.88) nmt ‘H NMR (DMSO-d6): b 1.88 (d. 5~6 Ht. 3H). 2.76-4.00 (m. 4H). 3.08 

(8. 3H). 3.92 (s. 3H). 5.28 Is. 2H). 6.20 (4. J=6 Hr. 1H). 7.24 (s, 1H). 7.28-7.60 (m. 5H). 

7.60 (s. 1H). 7.84 (dd, J=8. 6 Hz, lH1, 8.44 (d. Jr8 Hz, 1H). 8.84 fd. J=6 Hz. 1H) and 

9.00 fs, 1H). (Calc. for C25H28C12N2010: C. 51.12; H. 4.80; N, 4.76. Found : C. 51.05; H. 

4.92; N, 4.91.) 

6.7-Dlaethoxy-1-meth~1-2-I 1-f 3’-pyrldyl) Iethyl-3. I-dihydrolsoqulnolium blsperchlorate (19~): 

The salt 19c was prepared by the same procedure as for 19e from the amide 18~ (6.5 g. 

0.02 moli and PoC13 (15 ml) and obtained as a yellgw solid (5.0 8. 496). crystslllslng from 

EtOH-MeOH sb yellow granules, m.p. 224:23O’C: Lfmax (KBr): 2550, 1605, -1 1550 and 1520 cm ; 
hmax (EtOH)t 252 (3.911, 307 (4.02) and 360 (4.03) nm; ‘H NMR (DMSO-d6): 6 1.92 fd. 

516 Ht. 3H). 2.76-4.08 (m. 4H). 3.08 (8. 3H). 3.88 fs. 6H). 6.24 (q. 3~6 Hr. 1H). 7.16 (8. 

lH1, 7.60 (s, 1Hl. 8.00 fdd. J-8, 6 Ha, lH), 8.64 (d, J=8 Hz, IH). 8.92 (d, 516 Hz, 1H) and 

9.12 (s. IH). (Calc for C19H24C12N2010: C. 44.631 H. 4.731 N. 5.48. Found: c. 44.42; H, 

4.531 N. 5.82.) 



cyc1tsat1fm qf 19c in prv of bmxoyl chlorldor To a suspenmion of the salt 19c (0.30 g. 

0.0006 mol) In CHC13 (20 ml) under nitrogen and at O*C was. added Et3N ( 1 ml). The ,resultlng 

greenish yellow solution WAS trestsd with a solutloo of bensoyl chloride (0.2 ml) ln ,CHC13 

(10 ml) at O’C and stlrred for 3 h. The deep red reaction mixture was washed with water. 

brine and dried over Na2S0,. Removal of solvent afforded l deep yellow residue whtch on 

chromatography over basic alumina and elutlon with petroelum ether-CHC13 (25r75) gav0 O-me- 

thyldehydroalamarid1ne (21~) as a gum-my residue (0.01 g, 60 showing a Single spot on TLC 

with a bright green fluorescence in UV light; $mar (KBrIrl600, 1580 and 1500 cm-‘: A Pax 

(EtOH)l 235 sh (4.03). 260 (3.68). 275 0.59). 265 (3.52). ,306 (3.02) and 403 (3.76) om; 

m/z: 308 (M*, 701, -- 

3H), 2.76-3.00 (m, 

IH), 5.76 (6. lH), 

(d. 316 Hz, IH). 

Further elution 

294 (SO), 293 (100) @nd 277 (60); ‘H NMR (CDC13)t b 1.28 (d, J-6 Hz, 

ZH), 3.16-3.68 (m. 2H). 3.88 (6, 3H). 3.92 (6, 3H). 4.64 (q. J=b Hr. 

6.68 (6. 1H). 6.80 (d. J=6 Hz. ‘IHI. 7.20 (s. 1H). 8.12 (a. lB1 snd 8124 

with CHCI 
3 

and CHC13-CH30H (99:l) yielded 0-methyl-13-bensoyldehydro- 
. 

alamaridlne (tld) (0.06 g, 25a) as a yellow Solfd. m.p. 133-135’C1 Ymax (Karl: 1605. 1580. 

1560. 1510 and 1500 cm -I; hmax (EtOH): 234 (4.10). 255 ah (3.91). 280 sh, 0.66). 332 (3.93) 

and 410 (3.70)nm; m/St 4.12 (M*. 251, and 397 (100); -- ‘H NMR (CDC13)r 6 1.60 (d. J-6 Hz, 

3H). 2.56-3.24 (m. 2H) 3.48-3.80 (m, 2H). 3.64 (s, 3H), 3.76 (s. 3H), 4.80 (q, J=6 Hz. 1H). 

6.48 (s, lH), 6.68 (s. 1H). 6.96-7.24 (m. 3H). 7.52-7.68 (m, ZH), 8.08 (d. J-6 Hz, 1H). 

8.20 (s, 1H) end 8.36 (d, S&I Hs. 1H). (Calt’. for C26H24N203: C. 75.71r k. 5.86; -N, 8.79. 

Found t C, 75.53; H, 5.67; N, 6.91.) 

Cycl18atlm of 19c ln presc~~ce of plraloyl chloride: A 6uSpension of the salt 19c (0.5 g, 

0.001 mol) in CH2C12 (20 ml) was treated with Et3N (1 ml) at O’C. To the green solutlon 

produced, a solution of plvaloyl chloride (0.15 ml) in CH2C12 (5 ml) was added at O’C with 

stirrlng and the reaction mixture wan kept at 30-C for 1 h.. The deep red mixture was concen- 

trated and chromatographsd over basic alumlna.Elutlon with CHC13 afforded 21~ as a deep yellow 

gummy residue (0.04 g. 121). 

O-Bauy3dehydroalemartdtne (Zle) t A suspension of the salt 19a (3.0 g, 0.005 mol) In CHC13 

(75 ml) was treated with Et3N (9 ml) at 0-C. To the rOSU1tlng solution waS added at O*C 

plvaloyl chloride (0.75 ml) In CHC13 (15 ml) dropwise with stlrrfng. After the addition 

was over the reaction mixture wss kept at 30-C for 2 h. The reaction mfxture waS washed 

with water (3x100 ml) Sod brine (1x150 ml). After drying over Na2S04 solvent was removed 

under reduced pressure. The deep red gummy rasldut was chromatographed over bask alumina. 

Elutlon, with petroleum ether-CHC13 (25175) and CHC13 afforded 0-benryldchydroalamarldIne 

(218) (0.48 g, 25)) as a yellow gummy residue. A pa,rt of the material was crystalllsed from 

petroleum ether to give pale yellow granule6 of Zla. m.p. 114-116.C; timax (KBr): 1600. 

1580 and 1500 cm -lz hmax (BtOH): 240 (3.77). 258 (3.82). 275 sh (3.851, 285 (3.67), 308 

(3.631, 322 sh (3.53) snd 402 (4.12) nm; m/r: 384 (M*. 20). 382 (20). 370 (22). 369 (86) -- 
and 91 (100); ‘H NMR (CDC13): 6 1.24 (d. Jr6 Ha. 3H), 2.68-3.04 (m, 2H). 3.04-3.68 (m, LH). 

3.88 (S, 3H). 4.60 (q, 5x6 Hz, lH), 5.20 (6. ZH), 5.60 (6, lH), 6.68 (6. lH1, 6.76 (d, J-6 Ht. 

1H). 7.24 (s. lH), 7.24-7.64 (m, SH). 8.08 (s, 1H) and 8.24 (d. J=6 Hr. 1H). (Calc. .for 

C25H24N202: C. 78.101 H. 6.29; N. 7.29. Found t C. 78.25; H. 6.34; N. 7.08.) 

0-Beoxyldehydrol~lamar1dina (2lb) t The title compound was prepared by the same procedure 

as for 218 from the Salt 19b (5.0 g, 0.009 mol), pivaloyl chloride (1.25 ml) and Et,N (15 ml) 

in CHC13 (110 ml). After chromatography of the reaction mixture on basic alumina, O-benrylde- 

hpdroisoalamarldine (2lb) (0.60 g. 18%) was obtslned as CI yellow gummy material: Jmax (KBrlr 

1600, 1580 and 1510 cm -‘; Amax (f&OH): 275 (4.29). 307 (4.21) and 402 (4.10) nml m/z: 

384 (M+. 4). 382 (2). 370 (6), 369 (22) snd 91 (100); ‘H NMR (CDC13)r 6 1.24 (d. 556 Hr. 

3H): 2.70-3.70 (m, IH). 3.92 (6. 3H), 4.60 (q. 5.6 HZ, lH), 5.16 (6, 2H). 5.72 (se 1H), 

6.64 (6. lH), 6.80 (d. 5-6 HS, 1H). 7.20 (6. 1H). 7.20-7.60 (m. 5H), 8.Oll (s, 1H) and 8.20 

(d. J-6 Hz, 1H). 
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0-6au~l~laurldim (Z&b uxi &bats+s-opl-etamarldta (23aI t To a soktlon of Zlm (0.20 1. 

0.005 mol) ICI glacial acetic acid (10 ml) at .5-IO’C was added In porttons sodium cyanoboro- 

hydride LO.15 g). The rsaction was monitored by TLC and w.han the latter showed complete 

dlsappurance of Zla (2 h), weter (20 ml) was added to the reactlon mlxtura and neutralised 

with solid Na2CO3. Extraction vlth CHCI3 (3x50 ml), washI~3 the orlank phase wtth water 

(2x50 ml) and brfne (100 ml). and flnally dryin over Na280, afforded l gummy reeldue (O..ZO 8) 

TLC of which showed It to be a mixture of 22a and Zk. Purlficatlon by preparative TLC 

on alllca gel In dietbylamlne-ethylacetate (0.5: 99. $1 gave O-benzyl-5-apl-alamarldlne (23a) 

(0.10 g.500. the faster moving compound as a gummy material; $max (KBr)r 1600 and 1510 cm -II 

m/s: 386 (M*, 60). 385 (391, 371 (loo), 369 (66). 295 (35). 291 (331, 280 (35). 279 (30). -- 
278 (33). 265 (19). 119 (11). 118 (13) and 91 (88); ‘H NMR (CDC13)r 6 1.56 (d, J=6 Hz, 

3H). 2.20-3.48 (m. 6H). 3.60-3.96 (m, 2H). 3.84 (s. 3H). 5.12 (6, ZH), 6.64 (6, 1H). 6.72 

(8. lH). 7.00 (d. 3.6 Ht. 1H). 7.28-7.60 (m. SHf. 6.36 (d, J=6 Hr. 1Hf and 8.48 (8, 1H). 

The slower moving compound obtalned as a gummy materlal was found to be O-benzylala- 

marldine (22a) (0.04 g. 201); $max (KBr)r 1600 and 1510 cm-l5 m/z: 386 (M+. 171, 385 (10). -- 
371 (25). 295 (10). 279 (7). 265 (7), 120 (90). 119 (60). 118 (90) And 91 (1001; ‘H NMR 

(CDC13)r 6 1.40 (d, 316 Hr. 3H). 2.72-3.20 (m. 4H). 3.88 (6, 3H). 4.08-4.40 (m. ZH), 5.16 

(8, ZH), 6.48 (6, 1H). 6.52 (6, lH), 7.04 (d, J=6 Hz. 1H). 7.28-7.60 (m, 5H), 8.36 (d. J=6 Hz, 

1H) and 8.40 (8. 1H). 

~BaeylleoelwridIae (22b) end 0-bwuylleo-5-apl-elurrldlm (23b)r The reduction of O- 

benryldehydroisoalamarldine (2lb) (0.40 8. 0.001 mol) with sodium cyanoborohydrlde (0.18 g) 

in acetic acid (5.5 ml) was carried out In the same manner as for 21a affording after preparatlve 

TLC of the crude reectlon product, O-benrylIq~lamarld1nc (22b) (0.04 8. 151) as agummy material 

which crystallised from petroleum ether, m.p. 
-1 

88-9O’Ci Jmax IKBr)r 1605 and 1515 cm 8 m/z: -- 

386 (bt+. 7). 371 18). 369 (9). 295 (191, 279 (23). 278 (12). 119 (13). 118 (8) and 91 (100); 
1 

H NMR (CDC13)r 6 1.40 (d, 5~6 Hz, 3H). 2.60-3.24 (m, 6H). 3.84 (6. 3H). 4.04-4.36 (m. 2H). 

5.12 (6, ZH). 6.64 (6. 1W. 6.70 (6, 1H). 7.00 (d. 3~6 Hz. 1H). 7.24-7.56 (m. SH). 8.32 

(d, J=6 Hz, 1H) and 8.36 (6. IH). (Calc. for C2SH26N202: C. 77.69; H, 6.781 N, 7.25. Found I 

C, 77.43; H. 6.59; N. 7.38)and 0-benryllsb-S-epi-•lamarldiaa (Z3b) (0.13 g. 330 as a gummy 

material. crystalislng from petroleum ether, m.p. 124-126’C: $max (XBr): 1600 and 1510 cm -1; 

m/r: 386 (La+, 5). 371 (6). 369 (S), 295 17). 279 (13). 278 (6). 119 (7), 118 (4) and 91 -- 

(100); ‘H NM? (CDC131; d 1.60 (d, 5~6 Hr. 3H), 2.32-3.48 (m. 6H). 3.60-3.96 (m, ZH), 3.88 

(8. 3H). 5.12 Is. 2H). 6.64 (6. 1H). 6.72 (I). IH). 7.04 (d. J=6 Hr. 1H). 7.24-7.52 (m. 5H). 

8.32 (d. 5~6 Hz. 1H) and 8.44 (8. IH). (Calc. for C2SH26N202: C, 77.69; H. 6.788 N, 7.25. 

Found C, 77.31; H, 6.891 N, 7.12.) 

Aluerldlne (1) t A solution of O-henrylalamarldine (22a) (0.04 g. 0.0001 mol) In 506 ethanollc 

HCl (1.2 ml) was refluxed for I h. The reectlon mlxtura was diluted wlth water and extracted 

wlth ether to remove the benxyl chloride formod. The l quwus part waa then mtutrallsed wlth 

NaHC03 and pxtracted with CHC13. After washlng the organic phase wltb water and brine 

the solutlon was evaporated. The aolld residue (0.01 8. 34t) obtalned was crystalllsed from 

YeOH to give (2) alamarldlne (1) as pa10 yallow (Iranulas. m.p.242-244*Cs ihe spectral data 

for the synthetic material wera idantlcal with those for ,the natural product. (Calc. for 

C18H20N202: C. 72.95; H, 6.80: N, 9.45. Found I C, 72.778 H, 6.761 N. 9.35. I 

S-lpt-el-ldlne (21) I The debenzyletlon of 0-benryl-S-epl-alamarldlns (23a) (0.06 8. 0.00015 

mol) was effected exactly as above using SO) ethanollc HCl (2 ml). 5-Epl-alamarldlne (26) 

(0.015 (1. 34)) obtained was cryatalllaed from methanol as yellow granules, m.p. ZLO-222*C1 

J max (KBr): 3120, 1615. 1595. 1570 and 1510 cm -If h max EtOH)r 225 sh (3.99). 258 (3.47). 

266 (3.52). and 285 (3.68) nmr (0.1 E NaOH)r 242 14.06) and 300 (3.80 nmf m/r I 296 (M*.28). -- 
295 (28). 282 (16). 281 (100). 279 (28). 266 (6). 265 (3). 264 (6). 178 (8). 177(22), 176 

(341. 121 (12). 120 (30). 119 (31) and 118 (3111 ‘H NMR (CDC13)r 6 1.60 (d. J=6 Ht. 3H). 

2.32-3.56 (m, 6H). 3.60-4.00 (m. ZH). 3.92 (8. 3H), 6.64 (6, lH), 6.84 (s, 1H). 7.08 (d. 

516 Ht. lHf, 8.36 (d. J-6 Hr. 1H) and 8.52 (8. 1H). (Calc. for C18H20N202~ C. 72.95: H. 6.80; 



3488 A. BNAITACNAEJYA sa ei. 

N, 9.45. Found C. 73.19~ H. 6.591. N, 9.59.) 

Ieoal~ldfne (2718 0-benrylIsoalamarldlne t2Zb) (0.02 g, 0.00005 mol) was debenrylated in 

the same manner as 2% by refluxing with 508 athanoflc HC1 ff mff to gfV8 a yelldw s+olfd 

which was crystallised from methanol to furntsh yellow granufei of Isoalamaridlna (27) (6;OOb ~1, 

411). m.p. 19b-~98°c;timax (KBr): 1600 and 1510 cm”r AmAx (EtOH)r 260 (3.401, 265 (3.39) 

and 282 (3.40 nm: (0.1 H NaOH): 260 (3.28) And 300 (3.43) nmt m/t: 296 (M*, 60). 295 (461, -- 
281 (100). I77 (24). 176 (361. 119 (14) and 106 (301 ‘H NMR (CDCi3)t 6 1.40 fd. J=b Hz, 3H). 

2.52-3.24 (m, bH), 3.84 (a. 3H), 4.04-4.36 fm. tH), 6.64 (a, 1H). 6.66 111, IHI, 7.00 td. J=b 

Hz* 1H) and 8.20-8.36 fm, ZH). (Calc. for C18H20N202: C, 72.95~ H, 6.00; N, 9.45. Found* 

C, 72.71; Ii, 6.92: N, 9.32.) 

Ie+5-epf4IaNrfdioe (28)r 0-bensylfso-S-egf-afamarfdlne (23&l (0.05 8, 0. OOOIf 6011 we6 

debenrylated as abode by refluxl~ wlth Sob ethanollc HCI (2 ml) to give after cryAtal!lsAtton 

from methanol iso-5-epi-alamarldine (26) (0.02 8. 521). m.p. 202-204.C; $max (KBrlt 1600 

and 1510 cm -18 AmAx fEtOH): 260 12.881, 261 (2.87)’ and 285 (2.831 nm;(O.l N NaOHlt265 sh 

(2.72) and 302 (2.84) nm, m/z1 296 (M+. 33). 295 (301. EEI (701, 279 (100). 264 (20). 177 (33). -_ 
176 (SO), 121 (30). 120 (40). 119 (30) and 118 (4011 ‘H NMR tCDC13): 6 1.56 (d. J=b Hr. 

3H). 2.28-3.52 fm. 6H). 3.56-4.00 im, 2H). 3.84 Is. 3H1. 6.64 (8. ZH), 7.02 td, 5x6 Hrt 1H). 

8.30 fd, J=b Hz, IH) and 8.44 (s, IH). (Calc. for C18H20N202* C, 72.951 H. 6.801 N, 9.45. 

Found t C. 72.831 H, 6.72i N, 9.31.) 
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