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Abstmet: Mansamine C(l) has been synthesisedfiom silyloxyacetylene (3) along the line : 4+5+8+18+1 The 

overall yield is 21%. The &zarboline segment (II) was obtained by the Bischler-Nq~eralski reaction ofl4followed 

by dehydrogenation. By the simdar procedure, the trans isomer (2) anddihydronuuuamine C (21) have been 

synthesized 

INTRODUCTION 

Manzamines have been a growing family of novel oncolytic marine alkaloids isolated from several Okinawan 

marine sponges by Higa and coworkers 1) since 1986. Nakamura and coworkers 2) have independently 

isolated two alkaloids (keramamine A and B) from different sponges which are ultimately identical with Higa’s 

manzamine A and F. Because of their intriguing structural features coupled with significant biological activities, 

these alkaloids have attracted considerable interests from both synthetic and biosynthetic points of view. 

Among these, manzamine C (1) is the simplest member of the six congeners known, which is essentially a 

novel fiarboline alkaloid bearing unprecedented azacycloundecene ring. Quite interestingly, it was found that 

this simplest manxamine is equally potent in antitumor activity as the more complex congener such as manxamine 

B. 

7 Dedicated to Professor Emeritus Yoshio Ban on the occasion of his 70th birthday. 
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At the very beginning of our synthetic studies toward various manzamines. we have initiated the effiient 

synthesis of 13) and related compounds with the aim of uncovering the factors involved in its activity. 

Described herein is the full detail of the synthesis of 1 and also the preparation of its geometrical isomer (2) and 

the saturated congener (21), whose biological profiles are of special interest, 
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Scheme 1 

RESULTS AND DISCUSSION 

Azacycloundecene Ring Construction 

The primary and most obvious task of the present synthesis is an expedient preparation of the requisite 6(Z)- 

or 6(E)-azacycloundecene ring system, which constitutes the lower portion of 1 and 2. Toward the 

construction of this substructure, the known silyloxyacetylene (3) 4, was alkylated with 1-iodo-4-tert- 

butyldimethylsilyloxybutane by conventional way 3) to afford the key intermediate acetylene (4a) (95 %). For 

the preparation of natural crs-azacycloundecene, 4a was subjected to hydrogenation in the presence of Lindlar 

catalyst to furnish the cis diol @a) (7 1%) after desilylation and purification by silica gel column 

chromatography. A small amount of the trans isomer (6a) (2 %) was also obtained together with l,lO- 

decanediol(O.7 %). On the other hand, this tram diol(6a) was prepared quite effectively by the following 

sequence of reactions: destlylation of 4a and subsequent reduction of the diol(4b) by LiA1l-Q in diglyme 6). 

6a was now obtained as a waxy solid in 89 % yield from 4a along with a small amount of the cis Isomer (Sa) 

(2 %). The structures of these isomers (5a and 6a) were originally deduced from the reaction conditions 

employed and unequivocally determined from the spectroscopic grounds. Especially IR spectrum of 6a 

showed the characteristic strong absorption at 965 cm-l due to the tram disubstituted olefin, which is completely 

absent in the cis isomer @a). 

For the crucial azacycloundecene ring construction, each diol was converted to the corresponding tosylates 

(5b, 6b). It was already known that azacycloundecane ring (ie. 7) was constructed from the reaction of 1, lO- 

dibromodecane and tosylamide (TsNH2) under phase-transfer conditions,7) although the yield was not 

satisfactory and undesired dimeric product was formed predominantly. To our delight, however, with our own 

substrate (5b or 6b) which contains internal olefin, this protocol was quite effective to furnish the desired 

azacycloundecene ring predominantly. Thus, N-tosyl-6(Z)-azacycloundecene @a) was obtained m up to 74 % 

yield from 5b by heating with TsNH2, n-Bu4NI and NaOH in benzene-H20 for 4 h with the formation of a 

trace of dimeric product (22,1%). For the structural confiiation 8a was unequivocally transformed to the 

known saturated azacycle (7) by usual hydrogenation. On the other hand, N-tosyl-6(E)-azacycloundecene (9a) 
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was obtained in a slightly lower yield (61%) from the same xcaction conditions along with the undesirable 

dimeric compound (23,22 %). These N-tosylazacycloundecenes @a and 9a) were fully characterized by the 

spectral data and elemental analysis. 

Reductive removal of the N-tosyl group of 8a by heating with excess Red-Al in toluene provided the 

corresponding amine (&lb) in 58 % yield. However, liberation of the free amines (Sb and 9b) from these N- 

tosylazacycloundecene @?a and 9a) was almost quantitatively canied out by treating the amides in 

dimethoxyethane with sodium naphthalenide 8). Free amines (8b and 9b) were obtained as a colorless oil after 

purification by silica gel column chromatography, in quantitative yields, respectively. 

1) WCaCO3 

6, R=H 

: 

1? \ 

9a, R=Ts 
b, R=H 

I TsNH2, nl3udNI 
NaOH, benzene-H20 
reflux, 74 % 

R 
N 

0 - 

Na, naphthalene, 

6a,, F$F, 

R”-LPoR 
Sa, R=H 

b, R=Ts 

Scheme 2 

/3-Carboline Segment Synthesis 

Having established an expedient procedure for the construction of azacycloundecene ring, we next turned our 

attention to the preparation of the other half of 1 and 2. The fiarboline derivatives (Ma, Ila and llb) were 

selected as the obvious targets. Fortunately, the alcohol (lOa) has already been isolated from the plant 

Soulumeafruxin@uliu and well characterized spectroscopically g). Toward this alkaloid, we initially examined 

the typical Pictet-Spengler reaction of ayptamine with the aIdehyde (12). It was found, after several 

experiments, that the purity of the aldehyde was a key factor to successful conversion. Thus, hyptamine was 

stuTed with aldehyde (12) in CH2Cl2 followed by a brief treatment with CF3COOH at room tempera- to 

furnish the desired tetiydro-jkarboline (13) in 60 5% yield. Prolonged maction did not give any bet&z 

results. To our further disappointment, the next aromatization faction was found to be quite difficult to 
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conduct. Typical ammatixation conditions (DDQ, 5 96 Pd-C) gave only a trace of product and even under the 

best conditions found (10 % Pd-C, p-cymene), the desired &carboline (lOa) was obtained in low yield ranging 

from lo-20 8 after usual desilylation. 

In order to explore mom efficient route to lQa, next efforts were devoted to the mom promising Bischlar- 

Napieralski reaction of the readily available amide (14b). Reaction of 14b in poc13 at room temperatme 

cleanly furnished the cormsponding enaminoester (1s) in 61% yield In the presence of some co-solvent, 

this reaction was found to be quite sluggish. The strucmre of l5b was unequivocally deuzmined on the basis 

of its 1H NMR spectrum, in which characteristic one oleflnic proton (64.90) and two NH protons (58.15, 

8.29) indicated the presence of an exocyclic double bond. We tentatively assigned its stereochemistry as shown 

(z) 10). Next, the aromatixation reaction was most effectively carried out by brief heating of 15 with excess 

10 % Pd-C inp-cymene to give 11. In contrast to the unsuccessful case mentioned above, a reproducible yield 

(67 8) was obtained in this aromatization reaction. Under more specified conditions (NBS/CH2Cl2; Sgll), 

200 “C), only a decomposition of the starting material was observed. Through the same sequence of reactions 

starting with tryptamine and methyl malonyl chloride, a substantial quantity of the ester (lla) was obtained and 

LiAlIQ reduction of these ester (lla or llb) now gave the alcohol (1Oa) as colorless prisms, mp 1955197.0 

OC (reported 9) mp 192 OC), after recrystallization ti-om MeOH. 

lOa,R=H 
b, RrSIPh,t Su 
c, RnMS 

lla,R=Me 
b, R=Et 
c, R=K 

OSiPhgtBu 

13 

tBuPh,SiO 
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12 

14a,R=Me 
b, R&t 

Rb 
lSa,R=Me 
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Scheme 3 

Synthetic Entry into Marumine C (I), its trans Isomer (2) and21 

With both segments (Sb, 9b and lOa, 11) in hand, stage was then set for the final conjunction of each 

component to the target manxamine C (1) and further to its analog. We initially surveyed the possibility of 

carrying out this transformation via the mesylate (ilk). Model studies indicated that satisfactory transformation 

of the simple mesylate (16) to the desired amine (17) was realized by heating with azacyclooctane in the 

presence of K2CO3. Thus, mote complex mesylate (10~) was heated with the above-prepared 6(Z)- 

axacycloundecene (Sb) in CH3CN for several hours. Prom the dark reaction mixture, manxamine C (1) was 

isolated, after tedious chromatography, only in poor yield (10 96) as a yellow amorphous. To secure the 
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quantity of 1. we next examined the reaction of the ester (11) and the amine (I%), which proved to be practical 

and reproducible. Thus, the amide (18) was obtained in 68 % yield from llb after heating llb and 8b in 

toluene for 7 days. However, remarkable improvement for this condensation was found when the potassium 

salt (11~) was treated with the amine (sb) in DMF employing diphenylphosphoryl axide (DPPA) 12) as a 

condensing agent together with Et3N, giving the corresponding amide (18) in 87 % yield. Likewise, 19 and 

20 were obtained from the corresponding amines (9b and axacycloundecane) in 88 % and 67 8 yields, 

respectively. Reduction of the amide (18) with LiAlH4 afforded 1. which could be crystallixed initially from 

etherCH2Cl2 to afford slightly yellow crystals (mp 79.0-83.0 “C). Further recrystallization from CHCl3- 

CH3CN gave colorless prisms (mp 90.0-92.0 “C) which were completely identical with the natural product (1). 

LiAlH4 reduction of 19 and 20 affonkd the fruns manxamine C (2), mp 145145.5 Y! and the saturated 

congener (21). mp 151-153 “C!. respectively. The synthetic manzamine C (1). its truns isomer (2), and 21 are 

now under evaluation for their biological activity. 

OMs 

16 

16 19 20 x=0 
21 XrH 

Scheme 4 

EXPERIMENTAL 

Melting points wex determined witb Yamat MP-1 and Yanagunoto micro melting point apparatus, and any uncumxted. UV 

spectra were recorded on a Hitachi 323 spectophotumeter. IR spectra were obtained with a Hitachi 2KklO spectmphotometer. Mass 

specha (MS) wm recorded on a Hitachi M-60 or a JMS-HX 100 mass spectmmeter. lH-NMR and 13C-NMR spectra were recorded 

on JEOL JNM-FX 270. JNM-GX 270, and JNM-GSX 500 appouaru~. All ckmical shifts are reported downfield from an intemal 

MeqSi standard and given as 6 values @pm). Micmanalyscz were perfoamed on a F’ezkin-Elmer 240 C. H. and N analyzer. Unless 

othenvisenoted,UVspectraQinnm)refertoasolutionin95%EtOH.IR~~toKBr~NaCIdisls,andrHNMRspectrato 
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J=6.6 Hz, 4 H, OCH2), 5.41 (m, 2 H. HC=CH); MS m/z (relative intensity) 172(hf+. 0.6); HRMS Calcd for Cl0H2f@2 m/r 

172.1464. Found 172.1470. 

l,lO-Bfs(g-toluenesulfonyloxy)-S(Z)-decene (Sb) To an icecooled stured solution of the diol (5a) (1.8 g, 10.3 mmol) in 

pyridine (20 mL) was added TsCl(9.8 g, 51.5 mmol) and the whole was kept stming at thii tempemture for 2 h The mixture was 

diluted with ether (100 mL) and H20 (50 mL). Workup gave crnde residue (10.5 g), which was fxuified by flash chromatography 

(silica gel, Fuji-BW-300,100 g, AcOEtzhexane=l:4) to give the cts dnosyhrte (Sb) (3.5 g. 99 96): IR 1595,1350,1198,1185,930 

cm-l; lH NMR 6 1.36 (m, 4 H, CH2), 1.62 (m, 4 H. CH2), 1.95 (m. 4 H, C=CCH2), 2.45 (s, 6 H, ArCH3). 4.02 (t, J=6.3 Hz, 4 

H, OCH2). 5.27 (m. 2 H, CH=CH). 7.35 (d, J=8.0 Hz. 4H. ArH), 7.78 (d. J=8.0 Hz, 4 H, ArH); MS m/r (relative intensity) 308 

(1.9). 136 (100); HRMS Calcd for Cl7H2403S (M-TsOH) m/z 308.1447, Found 308.1414. 

l,lO-Bis@-toluenesulfonyloxy)-S(E)-decene (6b) 6b was obtamed as a colorless oil (3.7 g, 95 %) according to the same 

procedure as described for Sb starting from 6a (1.5 g, 8.8 mmol), pyridine (7 mL), and TsCl(4.3 g. 22.6 mmol): IR 1600,1360, 

1190,118O. 960 sh, 940 cm-l; lH NMR 6 1.35 (m,4 H, CH2). 1.62 (m. 4 H, CHZ), 1.91 (m. 4 H, CH2), 2.45 (s, 6 H, ArCH3), 

4.01 (t, J=6.3 Hz, 4 H, OCH2), 5.28 (m. 2 H, HGCH), 7.35 (d, J=8.0 Hz, 4 H, ArH), 7.78 (d, J=8.2 Hz. 4 H, ArH); MS m/z 

(relanve mtensity) 482 (M+, 0.4); HRMS Calcd for Cl7H2403S (M-TsOH) m/r 308.1447, Found 308.1515. 

N-@-Toluenesulfonyl)-6(Z)-axacycloundecene (8a) To a mixture of the dnosylate (5b) (880 mg, 1.9 mmol) in benzene 

(1450 mL) and H20 (37 mL) was added n-BuqNI (994 mg, 2.6 mmol), TsNH2 (566 mg. 3.3 mmol). and NaOH (16 g) at rt. The 

whole mrxture was then gently refluxed (bath temp. 100 “C) for 4 h with mechanical stimng and the organic layer was separated. 

Aqueous layer was further extracted with ether (15 mL x 3) and the combii orgamc layer was washed w&i brine (100 mL x 2). drtcd 

(MgS04) and evaporated. Purification of the crude product (1.9 8) by Bash chromatography (silica gel, Fuji-BW-300,120 g, 

AcOErhexanc=l:‘l) gave 8a (442 mg, whne powder, 74 %) as a less polar major product along with small amount of more polar duner 

(22.13 mg, whtte powder, 1%) and recovered starting matenal(8 mg, 1 %). 8a: mp 117.5-119.0 “C (hexane); IR 1600,1330,1160 

cm-l; lH NMR 6 1 56 (m, 4 H, CH2), 1.67 (m, 4 H, CH2). 2.29 (d-lute, 4 H, CH2). 2.42 (s, 3 H, ArCH3). 3.14 (t. J&5 Hz, 4 

H, NCH2). 5.37 (m. 2 H, HC=CH). 7.28 (d, J=8.0 Hz, 2 H, ArH), 7.67 (d, J=8.0 Hz, 2H. A@; l3C NMR 6 21.47, 24.79, 

25.87,26.33,50.60, 127.18, 129.56, 130.71, 136.67, 142.91; MS m/z (relative intensrty), 307 Q&f+. 26.3); HRMS Calcd for 

C17H25NO2S m/z 307.1608, Found 307.1603.; Anal. Calcd for Cl7H25Nt&S: C, 66.41; H, 8.21). N, 4.56. Found C, 66.40; H, 

8.18: N, 4.48. 22: mp 141.0-141.5 “C (hexane-AcOEt); IR 2970.2890,1610,1475,1355,1155 cm-l; 1~ NMR 8 1.34 (m, 8 H, 

CH2). 1.53 (m. 8 H, CH2), 2.UZ (q-like, 8 H, CH2). 2.41 (s, 6 H, ArCH3). 3.04 (t. J=7.4 Hz, 8 H. NCH2), 5.34 (m. 4 H, 

HC=CH), 7.28 (d, J=8.2 Hz, 4 H, ArH), 7.66 (d, J=8.2 Hz, 4H, ArH); 13C NMR 8 21.47.26.53, 26.90.28.78.48.86, 127.11, 

129.59. 129.75.136.70.142.96; MS m/z (relauve intenstty), 614 (M+. 0.1); Anal. Calcd fort&H5ON204S2: C, 66.41; H, 8.20; 

N, 4.56. Found: C, 66 33; H, 8.22; N, 4.43. 

N-@-Totuenesulfonyl)-6(E)-axacycloundecene (9a) 9a was obtamed as white crystals (138 mg, 61 %) along with 23 

(22%). smng from 6b (322 mg, 0.7 mmol), TsNH2 (214 mg, 1.3 mmol), n-B&l (356 mg), and NaOH (6 9) m benzene (550 mL) 

and H20 (14 mL), according to the same proccdnm as dcscnbcd for 8a. 9a: mp 102.5-103.5 OC (hexane); IR 16f10,1335,t~j0, 

995,925, cm-‘; ‘H NMR 8 1.28 (m. 4 H, CH2). 1.44 (m. 4 H. CH2). 2.08 (m. 4 H, CH2), 2.41 (s. 3 H, ArCH3). 3.22 (t, 1~8.0 

Hz, 4 H, NCH2). 5.39 (m. 2 H. HGCH), 7.25 (d. J=6.9 Hz, 2 H, ArH). 7.68 (d. J=8.5 Hz, 2 H, ArH); 13C NMR 6 21.47, 

23.03.25.00.34 49,44.57,126.95.129.50,130.68,138.52,14270; MS m/r (relative intensity) 307 (M+, 28.0); HRMS Calcd for 

Cl7H25N02S m/z 307.1608, Found 307.1611; Anal. Cakd forC17H25NC2S: C, 66.41; H. 8.20: N.4.56. Found. C, 66.a. H, 
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8.21; N. 4.51. 23: mp 148.0-148.5 “C @zane-AcCEt); IR 2975.2800,1615,1485.1350.1170 cm-l; 1~ NMR S 1.34 (m, 8 H, 

CH2). 1.52 (m. 8 H, CH2). 1.98 (q-like, 8 H, CH2). 2.42 (s, 6 H, AtCH3), 3.04 (t. J=7.6 Ha. 8 H. NCH2), 5.33 (m. 4 IX. 

HC=CH). 7.28 (d, J=8.1 Hz, 4 H, ArH), 7.67 (d, J=8.1 Hz, 4H, ArH); 13C NMR 6 21.47.26.13.27.57, 31.73.48.11. 127.12. 

129.58,130.45,136.83, 142.93; MS m/z (relative intensity), 614 (M+, 0.1); Anal_ Calcd for C34H5oNzaQS2: C, 66.41; H, 8.20, 

N, 4.56. Foundz C, 66.43; H. 8.18; N. 4.42. 

6Q-Azacycloundecene (8b) Method i: To a stiued sohttion of the tosytamide (8~) (489 mg, 1.6 mmol) in toluene (8 mL) was 

added at rt Red-Al (70 % in tonne solution, 2.3 mL, ca. 10 eq.) under Ar atm. The mixture was heated under reflux for 12 h. Tbe 

mixture was dihtted with CH2Cl2 (10 mL) followed by atWion of 10 % NaOH (2 mL). Exn&on with CH2Cl2 (200 mL) and usual 

workup gave crude residue. Pmitication by chmmatogmpby (13 g. CHzQz:AcC&Et3N~4:1) afforded the amine (8b) (141 mg. 

58 %) as a cokxless oil: IR 3300 br. 1650 cm -*; lH NMR 6 1.54 (m. 8 H, CHZ), 2.28 (m. 4 H, CH2), 2.68 (m, 4 H, NCHZ). 5.36 

(m. 2 H, HC=CH); MS m/z (relative intensity) 153 @vi+, 30); FIRMS Cakd for Cl0Hl9N m/x 153.1519, Found 153.1530. 

Method ii: A solution of sodium naphthalenide in DME 8) was Laegm~I by adding DME (6 mL) to a mixture of sodium (0.17 g. 7.0 

mmol) and naphWene (1.2 g. 10 mmot) and stirring the resulting mixnue at rt for 2 h. A solution of the tosylamii @a) (200 mg, 

0.7 mmol) m DME (12 mL) was cooled to -78 “c. Tbe sodium naphthalenide sohrtkm (ca. 2 mL) was added dropwise to the well 

stirring tosylamide solution until a light blue color pcmi~d. The reaction mixture was stirted at -78 “c for 1 h and quenched by 

addition of &mated NaHCO3 (1 mL). Anhydtous K2CO3 (6 g) was added, and the mixtme was stirred at rt for 6 h. lbe mixtme 

wasfiltcmdandtheptecipitateswererinsedwithctbcr. Thecombinedfd~wereconcenhatedin~~,andtheresiduewas 

chromatographed (8 g. CH2Cl@t2CkHQN=?21) to give 8b (102 mg, -100 %) as a c&&as oil. 

6(g)-Azacycloundecene (9b) 9b was obtained as a colorless oil (153 mg, -100 W) starting from 9a (307 mg, 1.0 mmol) using 

the same procedure as descrii for 8b (Method ii). 9b: IR 3450,980, cm- l; lH NMR 6 1.51 (d, J=2.7 Hr., 8 H, CH2). 2.03 (d. 

J34.1 Hz. 4 H. CHZ). 2.59 (t, J=5.5 Ha, 4 H, NCH2). 5.59 (m, 2 H, HC=CH); MS m/r (relative intensity) 153 (M+, 17); HRMS 

Calcd forClOHl9N m/z 153.1519. Found 153.1505. 

l-(2-Hydroxyetbyl)-@arboline (lOa) To a stirred suspension of LiAlHq (270 mg. 7.1 mmol) in THF (20 mL) was added a 

solution of the /?carbohne (llb) (zso mg, 1.1 mmol) in THF (20 mL) at tt and tbe resulting mixture was kept snrring at rt for 2 h. 

The mtxture was quenched by additiat of brine (2 mL) and stirred for 0.5 h. Dilution wnh AcOEt (-30 mL) and addinon ofNa2SOq 

powder led to clear organic phase. Filtranon wuh repeated washing gave crude product after evaporation of the dned (MgSo4) 

solvent. F’mitication by chrcanatography (30 g. CHCl3:AcOEtMeOH=7:2:1) gave the ak?ohol (1Oa) (220 mg, 93 %), mp 178-182 

‘C, as a slightly yellow solid, which could be mcrystalhxed ftom MeOH ta furnish cokxless prisns: mp 195.5-197.0 “C (mported9) 

mp 192 “C (MeOH) ) ; UV 214.235,240,250.282,288,336,350; IR 3400,3175,750 cm-l; 1~ NMR 6 3.33 (t, J=5.3 Hz, 2 H. 

CH2). 4.10 (bs, 1 H, OH), 4.25 (t. J=5.3 Hz, 2 H, ClCH2). 7.30 (t-like, 1 H, ArH), 7.53 (t-bke, 1 H, ArH), 7.54 (m. 1 H. ArH), 

7.86 (d, J=5.2 Ha, 1 H, ArH), 8.12 (d, J=7.8. 1 H, ArH), 8.35 (d, J=5.2 Hz, 1 H, ArH), 8.63 (hs, 1 H. NH); MS m/z (relative 

mtensny) 212 (M+, 40); Anal. Calcd for Cl3Hl2N20: C. 73.57; H, 5.70; N, 13.20. Found C, 73.53; H, 5.76; N, 13.15. 

N-(Indol-3-y&ethyl)-t-methoxycarbonylacetamide (14a) To a stured and cooled (0 “C) solunon of tryptamine (8 g. 50.0 

mmol) was added simuhaueously and slowly over a penod of 30 mitt a solution of methyl malonyl chloride (7.5 g. 54.8 mmol) in 

CH2C12 (100 mL) and aqueous NaOH solutton (NaCH: 3 g + H20: 100 mL) wuh vtgorous stirring. The tesultmg mtxtme was kept 

sturing at rt for 1 h. After TLC analysts (CH2Cl2:AcCEt=3: 1). the mixture was dduted with CH2Cl2 (50 mL) and 5 96 HCl(10 mL) 
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waoadrkd. AcidicaqutouslayerwasseparatcdandarganiclaycrwpswashedwithsaanatedN~~(lOmLx2)anddricd. 

Evaporationofthcsolvcntgavcaudem(l2.0g)whichwaspaitiodby dmmatography (100 g, CH2Cl2ZAcoBW4Zl) to at&d 

the ester-amide (14a) (9.9 g. 76 46) as a slightly yeltow oil: IB 3350.3300.1730,1650.1550,1200.1100,740 cm-l; 1H NMB 8 

2.91 (I, J=6.6 Hz. 2 H, CH2). 3.02 (m. 2 H, CHZ), 3.48 (m. 2 H. N-CHZ), 3.82 (s, 3 H. CH3). 6.64 (d. Jz2.2 Hz, 1 H, NH), 

7.11 (m. 1 H. ArH). 7.21 (m. 1 H. ArH), 7.34 (m. 1 H. ArH), 7.51 (m. 1 H. ArH), 7.76 (s-like, 1 H, ArH). 8.78 (s, 1 H, NH); MS 

m/z (mtadve intensity) 260 @f+. 0.3). By the same pmcedme, starting with tryptamine (2.5 g. 15.6 mmol) and ethyl malonyl chloride 

(3.5 g. 27.2 mmol). 4.0 g (93 %) of 14b was obtained as a yellow oil: IB 3400 sh, 3300,1730,1&O, 1550 cm-t; 1H NMB 8 1.23 

(t, J==7.5 a, 3 H, CH3 ), 2.98 (t, J=7.0 Hz. 2 H. CH2). 3.24 (s, 2 H, CH2). 3.61 (q, J=7.0 Hz. 2 H. N-CH2), 4.12 (q, J~7.5 Hz, 

2 H. CCHZ). 7.00-7.20 (m. 4 H. ArH. NH), 7.35 (d. J=7.5 Hz, 1 H, Ad-I). 7.59 (d, J=7.5 Hz, 1 H. ArH). 8.35 (s. 1 H. NH); MS 

m/z (relative intensity) 274 (M+, 10). 

l(Z)-(Ethoxycarbonylmethylidene)-tetraby (Mb) The amide ester (14b) (4.3 g, 15.6 mmol) in POCl3 

(25mL)wasstirredatrtforl2h. Excesspoc13wasevaporatedinvcrcuoandtheresiduewascarefullybasificdwithsaturated 

NaHCO3 and extracted with CH2Ct2. Usual workup gave crude product (4.1 g) which was puritied by chromatography (260 g. 

CH2C12:Ac0Et~lO:l) to 8ive Mb as a yellow oil (2.5 g, 61%): IB 3330,1635.1600,1535,740 cm-l; lH NMB 8 1.30 (t, J=7.0,3 

H. CH3). 2.99 (t, J=6.9 Hz, 2 H, CH2), 3.56 (dt, J=2.47,6.87 Hz, 2 H, NCH2). 4.17 (q, J=7.14 Hz, 2 H, OCHZ), 4.90(s. 1 H, 

C=CH). 7.14 (t-like, 1 H, ArH). 7.28 (m, 1 H, ArH), 7.36 (d-like, 1 H, ArH), 7.57 (d-lute, 1 H, ArH), 8.15 (bs, 1 H, NH), 8.29 

(bs, 1 H. NH); MS m/r (relative intensity) 256 @vi+, 25). 

I-Methoxycarbony1methyl-grarboBne (lla) To a preheated (-40 “C) solution of the enaminoestcr (Ma) (2.0 g. 8.3 mmol) 

in~~~0~)wdsadded10%WC~.0g)inoneporclonandthemixturewasimmediatelyheated~1~170OC@ethtemp.) 

for 10 min wuh vigorous stirring. Aftex Tu: analysis, the mixture was cooled tort and diiuted with AcOBt (-100 mL) and fitrated to 

remove the catalyst Combined A&Et filtrates were evapomted (bath temp. -70 “C). pllrification of the residue by chmmato8mphy 

(200 g. CH2Cl2+CH2Cl2:AcOEt=l:l) afforded the pcarbohne (lla) (1.3 g. 67 96) as a yettow caramek IB 3050,1730, 1622. 

1560.15OO. 1475, 1450, 1430.1320, 1240, 1200.740 cm-l; 1 H NMB 8 3.70 (s. 3 H. CH3). 4.23 (s, 2 H. CHZ), 7.29 (m. 1 H, 

ArH), 7.54 (m. 2 H, ArH), 7.90 (d, 1 H, ArH), 8.11 (d, J=7.6 Hz, 1 H, ArH). 8.39 (d, J~5.3 HZ, 1 H, ArH), 9.43 (s, 1 H, NH); 

MS mlr (relative intensity) 242 (M+, 45). 

1-Etboxycarbonytmethyl-fiarboline (llb) llb was prepared in 32 % overall yield starting from tryptamine and ethyl 

mal~nyl chloride, accordmg to the same reaction sequence as described for lla, llb: IB 3500-2X10 br, 1730,1630,750 cm-l; 1~ 

NMB 8 1.26 (t. J=7.1 Hz. 3 H, CH3). 4.19 (m, J=7.1 Hz. 4 H, CH2). 7.29 (m, 1 H, ArH), 7.54 (m. 2 H, ArH), 7.90 (d, J=5.3 Hz, 

1 H, ArH), 8.12 (m. 1 H, ArH), 8.39 (d, J=5.3 Hz. 1 H. A@, 9.29 (s, 1 H, NH); MS m/z (relative Intensity) 254 (M+, 75.5): 

HBMSCalcdforC15H14N2~mls254.1056,Fotmd254.1041. 

Preparation of the model compound (17) To a cooled (0 “C) solution of 2-hydmxyethylpyridine (2.46 g. 20 mmol) and 

uiethylamine (4.20 ml, 30 mmol) in CH2c12 (50.0 mL) was added MsCl(2.3 ml, 30 mmol) and the resulting mtxture was kept stming 

for 15 min. Tbe mixture was then dduted with sstum@d NaHCO3 and CH2Cl2 and extracted with CH2Cl2. Organic layer was 

washed with brine and dried over Na2SO4. Evaporatum of the solvents gave crude restdue (5.10 g). which was purified by column 

chromatogmphy (2OOg. CH2C12:AcOEt=l0: 1) to afford the mesytate (16.3.87 g. 96.3 Q) as a yellow od; 16: IB 3020.2945.1595, 

1570,1480,1350,1180 cm-l; lH NMB 8 3.08 (s, 3 H, CH3). 3.30 (t, J=7.0 Hz, 2 H, CH2), 4.75 (t, J=7.0 Hz, 2 H, O-CHZ), 

7.20-7.35 (m. 2 H, ArH), 7.70 (t, J=7.0 Hz, 1 H, ArH), 8.60 (d-like, 1 H, ArH). A mixtme of 16 (730 mg. 3.64 mmol), 
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aztqclocctane (453 mg, 4 mmol) and K2CCQ (1.60 g. 12 mmot ) in CH3CN (12 ml) was heated at 100 ‘C for 5 h After dihnion 

wrth CH2Cl2, the mixture wns fdtexed to remove insoluble p@nates and the fdtrate was conce&ated to give crude residue (1.17 g), 

which was putSed by column chrcmatogrephy (50 g, CH2Cl2:AcQEtzMeOH=7:2: 1) to afford 17 (757 mg. 86.8 %) es a yellow oil; 

17: 2910,2850,2800,1590,1570,1475.1440,1360,1100 cm- 1; 1~ NMR 6 1.75 @rs, 10 H), 2.70 (m, 4 H), 2.80-3.05 (m, 4 

H). 7.10 (m. 1 I-I. ArH), 7.20 (d, 5=6.0 Hz. 1 H, ArH), 7.60 (t, J=6.0 Hz. 1 H, ArH), 8.55 (d-like, 1 H, ArH); MS m/r (relative 

intensity) 218 (M+, 5). 

N-(1-B-Carbolinylacetyl)-6(Z)-azacycloundecene (18) 

Method i: 18 from 119 A mixture of the jkarbohne methylester (lla) (132 mg, 0.5 mmol) and 6(Z)-azacy&tm&cene (8b) (79 

mg, 0.5 mmol) in toluene (5 mL) was he&xl under reflux for 132 h. Evapomtmn of the solvent end pificatmn by flash 

chromatography (silica gel, Fuji-BW-300.20 g. CH2Cl2:AcOEt=12:1) afforded the amide (18) (87 mg, 46 %) as a slightly yellow 

~XW@O~S solid along with the recovered methyl ester (lla) (15 mg, 11%). 18: IK 3450.1625.740 cm-l: 1~ NMK 6 1.46 (m. 4 

H, CHZ), 1.67 (m, 4 H, CH2), 2.19 (m, 4 H. CHZ). 3.33 (m, 2 H, NCH2). 3.56 (m, 2 H, NCH2). 4.26 (s. 2 H, CHZ), 5.34 (m. 

J=5.7 Hz, 2 H, HC=CH), 726 (m. 1 H, ArH), 7.54 (m, 2 H, ArH), 7.87 (d, J=5.2 Hz, 1 H, ArH), 8.09 (d, J=9.0 HZ, 1 H, ArH), 

8.33 (d, J=5.2 Hz, 1 H. A@, 10.14 (s, 1 H. NH); MS m/r (relative intensity) 361 (M+, 23.7); HKMS Calcd for C23H27N30 m/x 

361.2156. Found 361.2142. 

18 from llb Similar treatment of j?-carbolme ethyl eater (lib) (470 mg, 2.0 mmol) and 6(Z)-azacyclotmdrcene (8b) (250 mg, 1.6 

mmol) m toluene (5 mL) for 7 days gave 18 (400 mg, 68 W) along wuh the recovered ethyl ester (llb) (80 mg, 17 %). 

Method ii: 18 from llc To a soluoon of llb (169 mg, 0.7 mmol) in EtOH (5 mL) was added KOH (0.086 g. 1.3 mmol) m H2Cl 

(I mL). The reactron mixture was stirred at rt for 2 h and concentrated in WCIW. The residue (11~) was further evaporated by 

vacuum pump for 2-3 h at rt. To the restdue was added DMF (10 mL), 8b (102 mg, 0.7 mmol). DPPA (0.3 mL, 1.4 mmol) and 

lriethyhunine (0.2 mL. 1.4 mmol). After 12 h of stirring at rt, the reaction mixttac was basifii with 10 46 NaOH and extracted with 

AcOEt and benzene (31). The organic layer was washed wnh water, dried over sodium sulfate, and strtpped off the solvent to furrush 

a restdue (620 mg) which was purified by flash chmmatogmphy (silica gel, FuJi-BW-300.20 g, AcOEt) to yield 18 (202 mg, 87 %) as 

a colorless amorphous sohd. 

19 and 20 from llc The anudes (19 and 20) were prepared from llc (254 mg) and the corresponding amines, (9b) (153 mg, 

1.0 mmol) and azacycloundecane7) (146 mg. 0.9 mmol) accordmg to the method described for 18, in 88 % end 67 % yields, 

respectively. 19: IR 3400, 1640,990,750 cm-l; H NMR 6 1.32 (m. 4 H, CH2). 1.65 (m. 4 H, CH2), 2.13 (s-Lie, 4 H, CH2). 

3.39 (m. 2 H, NCH2). 3.52 (m, 2 H, NCH2), 4.22 (s, 2 H, CH2). 5.40 (dd, J=5.6. 6.4 Hz, 2 H, HC=CH), 7.26 (m, 1 H, ArH), 

7.54 (m, 2 H. ArH), 7.87 (d, J=5.5 Hz, 1 H, ArH), 8.10 (d, J=5.5 Hz, 1 H, ArH), 8.33 (d, J=5.2 Hz, 1 H, ArH), 10.07 (s, 1 H, 

NH); MS m/r (relauve mtensity) 361 (M+, 20.7); HKMS C&d for C23H27N30 m/x 361.2156, Found 361.2172. 

20: lK 3450.1625.740 cm-l; lH NMK 6 1.43 (m, 12 H, CH2), 1.83 (m, 4 H, CHZ), 3.32 (t.Jz5.9 Hz, 2 H, N-CH2), 3.60 (t, 

J=5.9 Hz, 2 H, N-CH2). 4.29 (s, 2 H. COCH2). 7.26 (m, 1 H. ArH), 7.55 (m. 2 H, ArH), 7.87 (d, J=5 3 Hz, 1 H, ArH). 8.11 (d. 

J=7.8 Hz, 1 H, ArH). 8.33 (d, J=5.5 Hz, 1 H, ArH), 10.18 (s, 1 H, NH): MS m/z (relattve intensity) 363 (M+, 33.7); HKMS Cakd 

for C23H29N30 m/z 363.2313, Found 363.2320. 

Manzamhre C (1) from the Mesylate (10~) To a stured soluuon of the alcohol (lOa) (150 mg, 0.7 mmol) n-t CH2Cl2 (7 mL) 

was added at 0 “C mthylemine (0.5 mL) and MsCl(O.3 mL) end the whole wes kept sturmg for 0.5 h. JIdution with ether (30 mL) 
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and saturated NaHC03 (26 mL) followed by usual workup gave crude product, whiih was purified by chromatography (50 g. 

CH~C~~:A&B~ZM~CH=~:~Z~) to afford the mesylate (ltk) (110 mg, 54 %) as a yellow amo@ous solid: IR 3500-2500 br, 1630, 

1350.1170 cm-l; ‘II NMR 8 3.16 (s. 3 H. CH3). 3.39 (m. 2 H, CHZ), 4.81 (t, J=6.4 Hz. 2 H, O-CH2), 729 (m. 1 H, ArH), 7.57 

(m. 2 H, ANT), 7.86 (m. 1 H, ArH), 8.07 (d, J=7.9 Hz. 1 H, ArH), 8.33 (t.J=5.5 Hz, 1 H. ArH), 10.24 (s, 1 H, NH). A mixture 

of the mesykue (1Oc) (110 mg, 0.4 mmol), 6(Z)-azacyckxmdecene (8b) @a. 1.5 g. 1.0 mmol), and K2CO3 (150 mg, 1.1 mmol) in 

CH3CN (3 mL) was heated at 100 “C for 3 h. After dilution with CH2C12, the mixtune was tiltrated to remove insoluble precipttates. 

Concentration of dte fdtrate gave crude reskiue which was purified by chromatography (7 g, CH2Ct2:AcOEtzMeOH=7:2:1) to give 

mansamlne C (1) (14 mg, 10 96) as a yellow amorphous solid. UV 214,234,239 sh, 248 sh, 282 sh, 288.335.349; lR 3000, 

2910,1630.1440,1425,740 cm-l; 1 H NMR 8 1.52 (m.4 H, CH2). 1.77 (m.4 H. CHi). 2.32 (m. 4 H, CH2), 2.85 (t-&e, J=7.5, 

7.5 Hz, 4 H, NCH2). 2.92 (dd-ltke, J=5.2,5.2 Hz, 2 H. CH2). 3.31 (dd-like, J=5.2, 5.2 Hz, 2 H, N-CHZ), 5.48 (m, 2 H, 

HC=CH), 7.25 (m. 1 H, ArH), 7.51 (m. 2 H, ArH), 7.81 (d, J=5.5 HZ, 1 H, AH-I), 8.11 (d, J=7.9 Hz, 1 H, ArH), 8.26 (d, J=5.2 

Hz. 1 H. ArH). 12.72 (s, 1 H,NH) ;13CNMR 8 23.33, 24.93, 26.03, 34.46.48.97, 52.77, 111.89, 113.10, 119.14, 121.71, 

121.97,127.70, 128.34,130.98, 135.56, 137.46, 140.75, 145.50; MS m/z (relative intensity) 347 (M+, 3.5); HRM8 Calcd for 

CuH29N3 m/z 347.2364, Found 347.2392. 

Manxamine C (1) from the Amide (18) To a cc&d and stirred solutton of the am& (18) (336 mg, 0.9 mmol) in THF (60 

mL) was added LtABQ (170 mg, 4.5 mmol) and the mrxtute was kept stirring at rt for 0.5 h. The mixture was then quenched by 

careful addiuon of 10 % NaOH and stimng was ccutinued to obtain a clear organic layer. The mtxtme was extracted with CH2Ct2 

(-280 mL) and dned over anhydrous K2C03. Evapomtion of the solvent gave crude product whtch was puntied by flash 

chromatography (sdica gel, Fuji-SW-360,12 g. Bt~:Me0H=401 l-& 1) to give manzamine C (1) (148 mg, 46 %) as a yellow 

caramel. Recrystalltrauon of this material from ether-CH2C12 affotdcd slightly yellow prisms, mp 79-83 “c. Further mcrystaUimtion 

from CH3CNCHCl3 fmally furnished colorless prisms of mp 90.0-92.0 “c. 

Manxamine C frans isomer: N-(l-b-Carbolinylethyl)-6(E)-axacycloundecene (2) To a soluuon of 19 (300 mg, 0.8 

mmol) m THF (50 mL) was added LiilH4 (360 mg. 9.7 mmol). The mixture was stirred at rt for 1 h and conccmrated in vacrw. lbe 

residue was basitied with 10 % NaOH and extracted with CH2Cl2. The combined organic extracts wete washed with brine, dried, 

and evaporated. The residue (350 mg) was chromatographed [(sihca gel, flash column, Fuji-BW-300.20 g, 

CH2Cl2:AcOEcMeOH=7:2:1) and (Merck-aluminiumoxide90,2O g, CH3CN)] to gave 2 (122 mg, 42 %): mp 145-145.5 “c (from 

50% CH2Cl2 m CH3CN); IR 3600-3OMl br, 1615,975,740 cm-l; 1 H NMH 6 1.39 (s-hke, 4 H, CH2), 1.68 (s-like, 4 H, CH2). 

2.19 (s-hke, 4 H, CH2). 2.84 (t-bke, J=8.0 Hz, 4 H, N-CH2). 2.92 (m. 2 H, NCH2), 3.33 (t-We, J=5.2 HZ, 2 H, NCH2), 5.51 (t- 

Ike. J=4.1 Hz, 2 H, HC=CH), 7.26 (m, 1 H, ArH), 7.51 (m. 2 H, ArH), 7.81 (d, J=5.5 Hz, 1 H, ArH). 8.11 (d, J=5.5 Hz, 1 H, 

ArH), 8.26 (d, J=5.5 Hz. 1 H, ArH), 32.74 (s, 1 H, NH); 13C NMR 6 22.97, 23.75, 29.89, 34.64, 50.26.59.76, 111.81, 113.69, 

119.53. 121 31, 121.60, 128.16, 129.31, 130.91, 133.51, 136.84, 140.45. 144.74; MS m/z (relative mtensity) 347 (M+, 0.8); 

HRMS Calcd for C23H29N3 m/z 347.2364, Found 347.2353. 

Dihydromanzamine C (21) DMromanzamme C (21) was prepared from 20 (217 mg, 0.6 mmol) by a simdar method as 

descobed for the preparauon of 1 and 2 m 62 % yreld as pate yetlow pnsms: mp 151-153 OC (from 50 % CH2C12 m CH3CN); IR 

3500-3000 br, 745 cm-l. ‘H NMR 6 1.52 (m, 16 H, CH2), 2.64 (m. 4 H, CH2). 2.99 (t. J=6.6 HZ, 2 N-CH2). H. 3.32 (t, ~=6.6 

Hx, 2 H. N-CHZ), 7.26 (m. 1 H. ArH), 7.54 (m, 2 H, ArH). 7.81 (d, J=5.2 Hz. 1 H. ArH), 8.11 (d, 5~7.7 HZ, 1 H, 8.34 AS), (d, 

J=5.2 Hz, 1 H, ArH), 10.14 (s, 1 H, NH); MS m/r (relauve intensity) 349 @I+. 4.7); HRMS Calcd for C23H31N3 m/z 349.2521& 

Found 349.2524. 
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