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Abe&: A stcrecconmilcd formal synthis of (-)-eburnamonine 1, a tetraqclic indole alkaloid used 
as afltihyperknsive dreg has been achieved tbmugb the use of [3,31-sigmam+ RarrangeMnt 
(Chisen rearrangement) of the enantiopure p-akoxy acrylate 4, available 6rom rot-3-e@+ 
cyclohexenol3 via lipawcatalyzed transesterification 

f Ddicatcd to the memory of the late Professor L. Canonica. 

Indole alkaloids represent a formidable scenario for their rich structural diversity and close biogenetic 

relationship. Among the various structural arrays present in them, a small subgroup that shares the tetracyclic 

ebumane-core has attracted wide interest as synthetic targets and medicinal agents.’ Our interest in this area 

was stimulated by the prospect of designing an enantiosektive entry to this 

class of alkaloids, exemplified by (-)-eburnamo nine 1. The total synthesis of 

rut-1 has been completed by several diierent groups’ however, the 0 

asymmetric synthetic routes to (-)-1 have only recently been reported mainly 

through the innovative and elegant work of Tskano% and Fuji.” According 

to the strategy outlined in retrosynthetic format depicted in Scheme I, we n 

envisioned an acid-promoted condensation of B with tryptamine 2 (Pictet- EBURNANE RING SYSTEM 

Spengler reaction) to provide tetracyclic lactam A. The homochiral B would 

be available from enone C(X:O).and, hence, from cyclohexene C(X:H2) which, in turn, would be produced 

upon [3,3]-ally1 vinyl ether-type rearrsngement (Claisen reaction)3 of slcohol O-3. This strategy inherently 

permits control of the stereochemistry at C(3)’ and C(16) in the target molecule. By virtue of the 

[~2s+xZs+02s] nature of this procesqthe two-c&on pendant C(l4)-C(E) is transked suprakia& so that 

the stereochemistry at C( 16)5 in C(X:H2) will be dictated by the configuration of the starting material 3. 
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Secondly, step b (Scheme I) is based on Fuji’s earlier observatior? that a lactam A would equilibrate to give 

the desired stereochemistry at C(16) under thermodynamic control. Accordingly, the preparation of 

enantiopure (-)-1 required setting the stereochemistry of 3 in the (&xx@uration and this was et&iently 

achieved by kinetic resohrtion via enqme-catalyzed transesterification of rac3” under neutral conditions 

(Scheme II). 

The highest enantiodi xrhnination (E=69)’ was attained with immobilized Pseuhmoms cemia lipase 

in neat vinyl acetate at 45°C. After Ih, at 54% conversion, residual (S)-3 was recovered by silica gel SItration 

in 43% yield and 99.5% ee’ ( checked by GLC on a CP-cyck&xtrin tJ - 2,3,6-M-19 column). The indicated 

absotute contiguration assignment was based on the circular dichroic excitonic chirahty method’ on its p 

niuobenzoate and confirmed by 1H NMR correlation of the diastereomeric esters with (5)-(+)-O- 

methylmandelyl chloride according to Trost.” With an adequate supply of (.!+3 in hand, the task of append@ 

C( 14)-C( 15) fragment was undertaken but attempts at Claisen rearrangement of the derived vinyl ether of 3 as 

well as orthoacetate (Claisen)-Johnson procedure gave disappointing results.“*” Fiiy,we found that exposum 

of (.!+3 to methyl propiolate in the presence of N-methyhnorpholine (ether,rt) followed by tandem 

decarboxylation-rearrangement [LiI, DMF, 16O”C, sealed tube, 2.5 h]r2 of the resuhing acrylate 4 afforded 

aldehyde 5, albeit in erratic yields (30-W??). Owing to the volatility of 5, it proved to be both more 

expeditious and efficient in practice to subject the crude reaction mixture to reduction with NaBH4, a&rding 

directly the alcohol 6 in 76% overall yield from Q-3. The enantiomeric purity of 6 was estimated to be %% ee 

by GLC analysis on a permethylated g-cyclodextrin cohunn. The 1,3-transfer of chirahty in the Claisen 

rearrangement must therefore have taken place in a satisfactory mamrer. Conversion of the hydroxy group of 6 
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to its pnitrobenzoate 7, followed by allyhc oxidation according to the Pearson protocol [Cr(CO)6, terr- 

B&OH, refluxing MeCN, 36 hJ” gave the enone 8 [63% (86% after corm&on 8x recovered 7)J. The next 

step served to set up the 1.5-dicarbonyi function in B (Scheme I) which unmasks the krpenoid moiety in the 

ebtunane skeleton. Since selective excision of extra-carbon in 8 viu direct oaonolytic cleavage proved 

troublesome, an indirect route was chosen. Acxordmgly, osmylation [OsOq(cat.), N-methylmorpholine N-oxide 

(NMNO), acetone-water@ ,72 h]” of 8 followed by glycol cleavage [pb(OAc)4. bemxne-MeOH,OT, 30 

min]” produced the expected aldehydo ester 9 in 72% yield. King closure of 9 to the tetracyctic ktams 

lOa,lOb (as a nearly 1:l mixture) proceeded in good yield (83%) by retluxing 9 ( 48 h) with tryptamine 2 in 

AcOH, followed by alkaline hydrolyskw The unwanted diastereomer lOa was separated by careful silica gel 

chromatography, so that the desired 10b was recovered in 61% total yield, after m-equilibration of the 3-epi 

compound lOa using BF3 etherate in CH2C12 at 4OT for 10 h.b 

This highly enantioenriched material, mp 261-2°C. [al, -193.2°(MeOH), was shown to be identical by 

all available analytical procedures with an autkntic sample of lactant lob kindly provided by Prof. K. Fuji. 

Considering that any racemization at the quaternary stereocut ter C(16) was highly improbable in each step of 



9490 G. PALMISANO et al. 

the sequence 6-108, it can be assumed that the ee of lob is at least 96%. Since this has been transformed 

previously into (-)-1, the present approach to lob completes the formal synthesis of (-)&umamonine.” 

In summary, the strategy outlined in Scheme I represents an alternative method for constructing the 

pentacyclic skeleton common to ebumane alkaloids. In addition, the potential to incorporate functionality in the 

D and E ring systems suggests that this approach might be applicable for enantiocontroUed generation of more 

highly functional&d substrates (e.g., cuanzine” and larutensine’*) in this subgroup of indole alkaloids. 

EXPERIMENTAL SECTION 

General Methods. Melting points (uncorrected) were taken with a hot-stage microscope apparatus. JR spectra 

were recorded (unless otherwise stated) for solutions in chloroform with a Perkin Elmer 681 

spectrophotometer. 1H NMR and J3C NMR spectra with a CPX-300 for solutions in CDC13 (unless otherwise 

stated) (TMS as internal standard). Optical rotations were obtained for solutions in chloroform (unless stated 

otherwise) at room temperature (23“ C) on a Perkin Elmer 241 pohuimeter and CD measurements were carried 

out on a Jobm-Yvon Dicrograph III. EJMS (70 eV) and HRMS (R=SOOO) were recorded on a VG 707OEQ 

instrument. GC analyses were petformed on a quartz column (OV-101, 5 m, 0 2.5 mm) and H2 as gas vector: 

retention time ( in min ;ta) and cohnnn temperature are reported. Thin-layer (TLC) was performed with silica 

gel plates and the spots were detected under UV light or phosphomolybdic acidCe(SO4)2 solution followed 

by charring on a hot plate. Analytical samples were dried in wcuo at 78°C or in the presence of P205 at room 

temperature for at least 12 h. Elemental analyses were provided by Laboratorio di Microanahsi in our 

Department. 

(S,E’Methyl 3+ethyl-cyclohex-2-enylozy)acryJate (4). To a solution of methyl propiolate (5.46 n&,65 

mmol) in dry ether (20 mL) at O’C was added N-methyhnorpholine (5.5 mL, 50 mmol). The mizture was 

stirred for 20 min at O’C, and then alcohol (s)-3’ (6.30 g, 50 mmol) in ether (30 mL) was added and the 

mixture was allowed to stir for 20 h at rt. The solvent was removed in wcuo, and the residue was eztracted 

with EtOAc (3 x 25 mL) and thoroughly washed with water. Evaporation of the dried solvent tiorded a pale 

yellow oil which was subjected to silica gel filtration (hexane-EtOAc,4:1) to give 4 (8.61 g, 82%): ta 7.02 

(120°C), Rf(hezane-EtOAc,4:1) 0.37, JR 1715 cm-l(ester); 1H NMR l.O2(t, J=7.1 Hz,3H, MeCH2), 2.Ol(q, 

J=7.1 Hz, 2H, MeCZf2). 3.65(s, 3H, OMe), 4.48(m, H-J, W-O), 5.28 & 7.6O(AH syst, Jt12.5 Hz, 2H), 

5.48@r s, Hi, H-2); [a], -231.8’(c 4.95). Anal. Calcd for Cl2Hl803: C, 68.55; H, 8.63. Found: C, 68.40; H, 

8.51. 

(A’)+Ethyl-cydohex-2myl)acetaldehyde (5). To a 150 mL thick-walled glass vessel was added acryiate 4 

(1.54 g, 7.33 mmol), lithium iodide (5.0 g, 37.1 mmol) and DMF (50 ml). This was sealed under nitrogen and 

was heated at 16O’C with stirring for 2.5 h. The the dark solution was then cooled , diluted with water (150 

mL) and extracted with hezane (2 x 50 mL). The organic phases were combined, washed with brine and dried. 
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Removal of the solvent in wcuo at rt afforded the rather pure aldehyde 5 (501 mg, 45%) as a colouriess oil. A 

small amount was distilled (Kugelrohr):t, 4.38 (70°C) Rf(hexane-EtOAc, 9:l) 0.38, IR 1710 cm-l (carbonyl); 

1H NMR 0.85(t, J=7.5 Hz, MeCH2), 1.40-1.70@,4H), 1.47(q, J=7.5 Hq 2H, MeCH2), 2.32(d, J= 3.6 Hq 

CH2CHO), 554(dt; J= 10.2 Hz, 1.6 Hz, H-I), 573(dt; J =10.2 Hz, 3.6 Hz; WO). Anal. Calcd for ClOHJ60. 

C, 78.90; H, 10.59. Found: C, 78.53; H, 10.78. 

(S)- 2-(1-Ethyl-cyclohex-Zenyl)etbanol(6). On the same scale above, after opening of the glass vessel , the 

chilled crude reaction mixture was thoroughly extracted with pentane (2 x 50 nL). To the combined pentane 

extracts was the added NaBHq (3 g) in EtOH (10 mL.) and the mixture was stirred at rt for I5 min, at which 

time no aldehyde 5 was detectable by TLC. The reaction mixture was evaporated in I.WCUO at rt, diluted with 

water and extracted with ether (3 x 15 mL). Removal of dried combined organic phases afforded pure alcohol 6 

(858 mg, 76%) as colourless thick oil. This was fbrther distilled (Kugelrohr): ta 7.75(120°C), Rf (hexane- 

EtOAc, 1: 1) 0.58, 1H NMR 0.84( t, J= 7.4 Hz, 3H, MeCH2), 1.35 & 1.38( 2 x q, J=7.4 Hz, 2H, diastereotopic 

MeCHaHb ), 1.40-1.5O(m, 2H), 1.63( t, J= 7.2 Hz, 2H,CH2CH20H), 3.71(t, J=7.2 Hz, 2H, CZf2OH) 5.48(dt; 

J= 10.6 Hz,1.7 Hz; Hi), 5.6O(dt; J =10.6 Hz, 3.2 Hz; 1H); [a], +0.33O(c 3.2)Anal. Calcd for Cl0Hl80: C, 

77.87; H, 11.76.Found: C, 77.58; H, 10.96. 

(S~2-(l-cthyl-cyclohex-2-enyl)-1-(dnitrobe~ylo~)ethane (7). To a solution of 6 (750 mg, 4.87 mmol) in 

dry pyridine ( 5 rnL) at rt was added 4-nitrobenzoyl chloride (990 mg, 5.35 mmol). AtIer 5 h, the reaction 

mixture was poured into aq CuSO4 solution, extracted with chloroform ( 3 x 35 mL), dried and evaporated to 

dryness giving the pure ester 7 (1.370 g, 93%) as a low-melting glass: Rf (hexane-EtOAc, 19:l) 0.47; IR 

1720, 1605, 1450 cm-l; 1H NMR 0.84(t, J= 7.1 Hz, 3H, MeCH2 ), 1.43(q, J =7.1 Hz, 2H, MeCIYz), 1.81(t, J 

7.5 Hz, 2H,CH2CH20), 4.39(t, J= 7.5 Hz, 2H, CZf20), 5.41(dt; J= 10.2 Hz., 1.6 Hz; lH,H-2), 5.72(dt; J= 

10.2 Hz, 3.6 Hz; H-I, H-l), [a], +44.2”(c 4.85). Anal. Calcd for Cl7H2lNO4 : C, 67.31; H, 6.98; N, 4.62. 

Found: C, 67.02; H, 6.55; N, 4.99. 

@‘)-Ethyl 2(1-ethy1-4-omcyclohex-2-eoyl)-4-nitrobenzoate (8). 90% terr-Butyl hydroperoxide (1.13 mL, 7.0 

mmol) was added to a stirred mixture of compound 7 (1.060 g, 3.5 mmol) and chromium hwcacarbonyl(385 

mg, 1.75 mmol) in acetonitrile (50 mL) under nitrogen. The resulting mixture was then refluxed for 36 h and 

cooled to rt. The reaction mixture was diluted with ether (100 mL) and washed with sodium metabisulphite, 

water, and brine. After removal of the solvents under reduced pressure, flash chromatography’g (hexane.- 

EtOAc,Z:l) of the residue gave the starting material 7 (287 mg) and the pure enone 8 (699 mg, 63%) as a 

nicely crystalline solid: mp 106-PC (ether-dichloromethane), Rf ( hexane-EtOAc, 1:l) 0.44; JR 1710 (ester), 

1670 (enone) cm-l; 1H NMR 0.92 (t, J= 7.1 Hz, 3H, MeCH2). 1.63 (q, J =7.1 Hz, ZH, MeCX2), 2.Ol(t, J= 

7.0 Hz, 2H, CH2CH20), 2.48(t, J =7.1 Hz, 2H, CH2CO), 4.45& J =7.0 Hz, 2H, CH20), 5.94(d, J =10.5 Hz, 
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lH, H-2). 6.74(d, J =lO.S Hz, IH, H-3); [a&, +73.7’ (c 2.87).Anal.Cakd for C17Hl9NOS: C, 64.34; H, 6.03; 

N, 4.41. Found: C. 64.39; H, 6.05; N, 4.49. 

@)-Methyl 4_cthydCformyl-qenitrobcnzoyloxy)hernnoate (9). A solution of Aknethyhnorpholi 

oxide ( 82 mg, 0.70 mmol) in a mixture of water ( 2 I&) and acetone (4 mL) was added to a solution of 

0~04 (0.04M in tert-BuOH; 17.5 mL) in ferl-BuOH: To this 

solution was added a solution of 8 (1SO mg, 0.47 mmol) in ,.t.$ ’ LHo d’ 

acetone ( 10 mL). The reaction mixture was stirred at rt for 72 h, 

then Na2S204 ( 100 mg) was added, and the reaction mixture 

was stirred for 15 min, diluted with EtOAc ( 25 mL.) , and dried. 

we& 

The dried solution was filtered through a short pad of Florisil. The solvent was evaporated to give the crude 

diol (as a diastereomeric mixture) (150 mg) which was used in the next reaction without purikation. To a 

solution of the crude glycol (150 mg, 0.427 mmol) in benzene ( S mL) and methanol ( S mL) was added 

freshly recrystallized Pb(OAc)4 (220 mg, O.SO mmol) at O’C. The reaction mixture turned to a bright orange, 

and the solution was stirred for 30 min at 0°C. The solvent was removed, dichloromethane ( 20 mL) and water 

( 20 mL) were added, filtered and evaporated. The residue was purikd by flash chromatography ( hexane- 

EtOAc, 2:l) to give 9 (108 mg, 72%) as an oil, Rfi hexane-EtOAc, 1:l); IR 1735, 1720 cm-l; 1H NMR 

0.82(t, J = 7.8 Hz, 3H, H-9), 1.6S(q, J= 7.8 Hz, 2H, H-8), 1.93 & 1.96(2 x t, J= 6.8 Hz, diastereotopic H-3), 

2.02(t, J =7.0 Hz, 2H, H-S), 2.25 & 2.27(2 x dd; J= 9.5 Hz, 6.8 Hz; diastereotopic H-2), 3.66(s, 3H, H-lo), 

4.36(t, J= 7.0 Hz, 2H, H-6), 8.0-8.3(AA’m system, 4H, aromatic Hs). 13C NMR 7.6(C-9), 24.3(C-8), 

26.3(C-7), 28.3(C-2), 3O.O(C-5),50.5(&l), S1.7(C-6), 61.6(C-7), 123.S(C-13&C-15), 130.8(C-12&C-16), 

1351(C-ll), lSO.S(C-14), 16S.l(C-lo), 173.2(C-l), 204S(C-7).ElMS 3Sl(M+.,lS%), 320(37), 

185(1OO).AnaL Calcd for Cl7H21NO7 : C, 58.11; H, 6.02; N, 3.99. Found: C. 58.54; H, 6.19; N, 4.11. [a&, + 

6.9” (c 2.51). 

(3& 11U)-14,15-Dihydro-14-hydrosy-1,14-secoeburnamenin-l9-one (lOa) and (3& 16S)-14, 15-dihydro- 

14-bydroxy-1,14-secoebumamenin-H-one (lob). A solution of 9 (100 mg, 0.28 mmol) in AcOH ( 5 mL) 

and tryptamine 2 (48 mg, 0.3 mmol) was stirred at reflux for 48 h under a N2 atmosphere. The solvent was 

removed in W~UO, and the residue, dissolved in 10% NaOH in MeOH ( 10 mL) was kept at rt for 24 h. Afk 

addition of water (20 mL) the resulting solution was extracted with dichloromethane (2 x 10 mL.). The dried 

extracts, washed with water and brine, were dried and evaporated. The residue was subjected to silica gel 

chromatography and by elution with hexanes-EtOAc ( 6 : 1) lactams lOa ( 35 mg, 40 %) and lob ( 38 mg, 

44 %) were sequentially obtained. lOa: mp 104-6°C(aqueous EtOH) ; IR (KBr) 3250 (NH), 1620 (amide) cm- 

1; 1H NMR (DMSO&).O.65(t, J-7.5 Hz, 3H, MeCH2), 0.81(m, lH, H-20). 1.30@ H-I, H-20), 3.75(m, lH, 

H-14). 3.65@ H-i, H-14), 4.92(m,lH, H-5eq),5.08(s, lH, H-3). 6.9S(t, J-7.2 Hz, lH, H-11). 7.05(t, P7.2 
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Hz, HI, H-IO), 7.41(m, 2I-I. H-9 & H-12). 10.23 (s, H&NH); [a], + 87.2”(c 0.21,MeGH) (lit.= [ a], +88.3”); 

HREIMS: c&d for Cl9H24N2G2 312.1838 , found 312..1849. lob: mp 262-3°C(ether-EtOH); IR(KBr) 

33OO(NH), 1610 (amide) cm-l; 1H NMR(DMSO-dtj) 1.07( f J=7.5 Hz, 3H, M&H2), 2.35( br t, J=6.5 Hz, 

w, H-18), 2.50-2.75(m, 3H, H-Sax&H-6), 3.22(m, 2H., H-14). 4.19(t, J=5.0 Ha, II-I, OH), 4.82(br s, lH, H- 

3), 4.93(m, HI, H&q), 6.98(t, J=7.2 Hz, lH, H-11), 7.07(t. J=7.2 Ha, lH, H-10). 7.41(d, J=7.1 Hz, II-I, H- 

12) 7.48(d, J=7.1 Hz, HI., H-9), 10.22(br s, HI, NH); [a], - 193.2’(c 0.51, MeGH) (lit.% [a],- 195.5); 

HREIMS: c&d for Cl9H24N2CJ2 312.1838, found 312.1829. 

Equilibration of lOa. Lactam 10a ( IS mg, 4.80 mmol) was heated in dichloromethane (2 mL) containing 

BFj:Et20 (0.1 mL) at 40°C for 10 h. Alter the reaction mixture was cooled to rt. it was poured onto NaHC03 

soln: Extractive workup with chloroform, followed by preparative TLC (1 .O mm thickness) (hexane-EtOAc, 

6: 1) afforded the less polar epimer lOa ( 5.4 mg, 36 %) and the more polar lob ( 6.8 mg.45 %). 
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