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Abrlrocf: The total synthesis of 3.4S+%adehydm-17-hydmxycorytumi~ [(+)-41. the zwitterionic structure as- 
sigoed to an alkaloid from Aspkfospcrmc marcgruvianuw~. has beea aceomplisbcd for the fast time via a “lactim ether 
route”. l%e mute started with ao initial ax&a&on between the lactim eUvx [(+)-s] and 3-c~lindole and 
pmWeded through the lactam cetex [(+)-2X laXam alcohol [(+)-241. acetoxylactam [(+)-26J. quaternary iminium salt 
[(+)_ul. and 3.45MumdehYdm-17-hYdroxYcovuuu ‘um peachlorate [(+)-271. The ‘Ii N?vlR spectral data and the sign 
of specific rot&ion for the synthetic (+)d wem in dkagraneot with those reported for a natural sample, leaving the 
ch~11isUy0flhii A. lWC~?avicuuun alkaloid huxmplck 

isolation of 12 new alkaloids and 34 known alkaloids from the root 

bark. trunk bark, and leaves of Aspidospema rnurcgraviunum Woodson (family Apocynaceae). Most of them 

we= indolo[2,3-u]quinoliidine8 and related alkaloids, including a zwitterionic dehydroindolo[2,3-a]q~nolizidine 

alkaloid [amorphous, [U]r,-56” (c 0.57, MeOH)] isolated from the trunk bark. The French research group de- 

duced the structme and absolute configuration of this zwitterionic alkaloid to be 3.4.5,~tetradehydro-17- 

hydmxycorynsnium (4)s on the basis of spectml analysis and of its identity with a semisynthetic sample prepared 

from corynan-17-01 (dihydrocorynantheol) [(-)-l] by lead tetraacetate oxidation.2 As Gribble has recently re- 

viewed,4 8tn1cturally unique zwitterionic indolo[2,3-alquinolizine alkaloids, of which 4 is an example, constitute 

only a small subfamily in the indoloquinolizidine family and have received less attention from the synthetic chem- 

ical community than have many other classes of alkaloids. This led us to investigate the chiral synthesis of 4 in 

the present study. 

i_$“s -t Eq 

17 H,OH 2 

(-)-I: R1=R2=H 
4 (+)-5 

(-)-2: R’ = R2 = Me0 
(-)-3: R’ = H; R2 = Me0 

t Dedicated to Emeritus Professor Shun-i&i Yamada in recognition of his contribution to the chemistry of optically active can- 
pwnds. 
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OH 
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reflux, 2.5 h 

(87% yield) 7 

Scheme 1 

In designing a synthetic route to 4, our two previous synthetic studies were informative guides: (1) syn- 

theses of (-)-15 and the Neisosperma alkaloids (-)-ochropposinine [(-)-216 and (->ochtomianine [(-)-31’ from 

the lactim ether [(+)-~]*.a through the “lactim ether route”9-12 and (2) synthesis of 9.1~dimethoxy-1,2,3,4- 

tetrabyd&et@u]quinolizinium salt (7). a nicyclic congener unsaturated in the quinolixidine moiety in a manner 

similar to that in 4, from 1-[2-(3,4-dimethoxyphenyl)-2-hydroxyethyl]-2-piperidone (6)ts (Scheme 1). Thus, a 

combination of the synthetic strategies employed in these studies generated a ring C-unsaturated version of our 

chiral synthesis of Cory~ttrhe-type indoloquinolixidine alkaloids. The feasibility of this version was fast tested 

in a synthesis of the parent skeleton 18, as shown in Scheme 2. 

14:R=H 
lS:R=Et 17: X = Br 

NC104 c;;; ; 1 Lo 

4 

Scheme 2 

The key intermediate in the synthetic scheme was the known lactam alcohol 14, which was prepared from 

the lactim ether 8 through the lactam ketone 13 according to our previous procedure.t** Cyclodehydration- 

dehydration of 14 in a one-step manner would provide a shortcut leading to the penultimate tetracyclii salt (type 
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16). However, treatment of 14 with PQC!ls in boiling benmne for 2 h gave a complex mixtme. from which we 

were unable to isolate the desired tetracyclic salt. Applications of other dehydrating agents, such as PQCls/pyr- 

idine (reflux, l&15 min). polyphosphoric acid (14OYZ. 1 h), polyphosphate ester (PPE)t4 (120°C. 4 h; or in 

boiling CHCl3, 2 h), PPWPOCls (reflux, S min), P~Jpyridine/sca sand’s (reflux, 6 h). and PCl5/CHC13 

(reflux, 3 h), to 14 were also uusuccessful. Treatment of the O-ethyl derivative l!Vh with PQCIs in boiling 

benzene for 3 h also failed to give the de&ted tetracyclic salt (type 16). These diffkulties are most likely due to 

Table I. W Spectral Data for Compounds 16,18,20, (+)-27. and (+)-4 

16 18 20 (+)-27 (+)-4 

Solvent a.max EXIO-3 hmax ax10-3 h- &X10-3 a.$nax &X10-3 &x EXlO-3 
Mm) (nm) (W (nm) (nm) 

0.1 N aq. HCl 248.5 33.5 
302.5 19.9 
361 4.9 

Hz0 248.5 32.8 
302.5 19.3 
361 4.7 

0.1 N aq. NaOH 247O 18.4 
276 45.1 
309.sa 9.0 
320.5 11.2 
400.5 3.5 

Ab 252 32.1 
305 20.8 
366 4.6 

NC 252.5 32.5 
306 21.5 
366 4.9 

Bd 25oa 14.1 
282.5 51.2 
326.5 10.7 
418 3.0 

c 249 14.1 
283 51.3 
327 10.7 
420 3.1 

252 30.5 
305 19.7 
366 4.7 

252 29.9 
306 19.6 
366 4.6 

2490 13.8 
283 48.2 
327 10.4 
418 3.2 

254.5 31.0 
261.5 30.0 
306 17.5 
375 4.8 
254.5 31.0 
261.5 29.9 
306 17.4 
375 4.8 
254.5 31.1 
261.5 30.2 
306 17.6 
37s 4.9 

256.5 31.0 
263.5 31.0 
307.5 19.1 
378 5.0 
256.5 30.5 
263.5 30.8 
307.5 19.1 
378 5.0 
256.5 30.4 
263 30.7 
308 17.8 
382 4.6 
256.5 29.5 
263.5 29.8 
308 18.1 
380 4.7 

249.5 32.4 249 32.3 
304 20.5 303.5 20.5 
360 5.5 360 5.3 

249 32.5 249 31.0 
303.5 20.7 303.5 19.8 
360 5.5 360 5.1 

245’ 17.9 245.5” 17.9 
276 46.5 276 46.3 
308.5’ 9.8 311.5” 10.3 
321 13.1 321 13.0 
404 3.4 403 3.3 
252.5 32.2 252.5 30.9 
306.5 22.2 306.5 21.3 
365 6.0 365 5.4 

252.5 30.9 252.5 30.4 
306.5 22.2 306.5 21.9 
365 5.2 365.5 4.8 

248.5’ 14.2 248” 14.3 
282.5 50.7 282.5 SO.3 
327 11.5 326.5 11.8 
418 2.9 420 3.0 

a shoulder. b 95% (v/v) aqueous EtOH mntaining HCl at 0.1 N concen&ation. c 95% (v/v) aqueous EtOH. d 95% (v/v) 
aqueous EtOH containing NaOH at 0.1 N concentratim. c 95% (v/v) aquwus EtOH containing NaOH at 0.015 N con- 
centmion. 
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the high reactivity at the indolylcarbinyl carbon atom under acidic conditions, as experienced previo~sly6*~~~ 

under even milder conditions. 

Thus, we switched to a bypass following the permutation 14+9+10+11+16+18 or 14+9+10+ 

l2+16+18, in which the synthetic route to 12 fmm 14 through 9 and 10 had already been established in our 

laborat0ry.t~ In the present shdy. the crystalline quaternary immium perchlorate 11 was ptepamd from the 

crude chlori& salt 10 in 93% overall yield (from 9). On treatment with palladium black and maleic acid” in 

boiling Hz0 for 24 h. 11 produced the ring Cdehydrogenated product 16 in 97% yield The cormcmess of the 

assigned stmctum was supported by elemental analysis and the tH NMR spectrum of 16 in Me#O-da, which 

exhibited a pair of AB-type doublets (J = 6.5 Hz) at 6 8.50 and 8.69, assignable to C(7)-H and C(6)-H, 

respectively. The occurre nce ofdehydtogenation in ring C is in general agreement with what has been report&t7 

for a similar structure. Meantime, &hydrogenation of the tenacyclic base 12 was also tried according to 

precedents. Oxidation of 12 with lead tetraacetatet* in AcOH at 6ooC for 30 min gave, after tmatment of the 

product with NaUO4, the quatemary perchlorate 16, but in only 15% yield On the other hand, dehydrogenation 

of 12 with palladium black and maleic acid*9 in boiling Hfl was too slow to complete within at least 48 h. hence 

tendering the permutation 14+9+1O+lld16 most practical. 

Table II. Chemical Shifts for Aromatic Protons of the Quaternary Perchlorates 16 and (+)-27 
and the Anhydronium Bases 18 and (+)-4 

Chemical shift (8)’ 

Solvent Compound RingA Ringc 

16, ~~.~-~~~c(Ecx~I~H c(11~~8)-H c(~w~o)-H C( 10 IX 9)-H c(6>H cCI>H 
(+)-27, (+)-4*.C(9or 12>H C(12or9)-H C(lOor ll)H C(11 or 10)-H c(%-H c(6>H 

Q?W 16 7.74 8.35 7.44 7.78 8.45 8.32 
(+)-27 7.74 8.35 7.44 7.78 8.44 8.44 

(+;: 7.74 7.75 8.16 8.17 7.18 7.13 7.55 7.50 8.14 8.13 7.82 7.82 
CDsOD/NaO@ 18 7.76 8.14 7.10 7.48 8.08 7.68 

(+)-4 7.76 8.16 7.11 7.48 8.10 7.77 
mfJ3 18 7.94 8.09 7.13 7.51 7.86 7.16 

(+)-4 7.88 8.03 7.11 7.49 7.69 6.96 
C!&OD&@ 18 7.72 8.18 7.24 7.59 8.17 7.88 

(+)-4 7.78 8.18 7.16 7.54 8.11 7.79 
C.DJOD/DCI Htd 7.70 8.21 7.40 7.70 8.32 8.19 

(+)-4’ 7.77 8.33 7.45 7.80 8.43 8.43 

a Expressed in ppn downbId from internal MeqSi. b Measured in CbOD (0.4 ml) containing a 40% solution (0.01 ml) d 
NaOD m D20. c Measured in CDJOD-D20 (10 : 1, v/v). d MeasureA in a mixture of C@OD (0.4 ml). D20 (0.12 ml), 
and a 37% solution (0.04 ml) of DCI in D20. c Measured in a mlxture of CbOD (0.4 ml). D20 (0.04 ml), and a 37% 
solution (0.04 ml) of DCI in &O. 

Groves and Swan20 prepared the anhydronium base 18 by alkali-treatment of the bromide salt 17. which 

they synthesized from uyptamine hydrochloride and 5-hydroxypentanal via a multi-step route. They methylated 

18 with Me1 to obtain the 12-methylated product 19. In the present study, a parallel sequence of steps using the 
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perchlorate salt 16 instead of 17 was followed under slightly different conditions, affording 20 in 55% overall 

yield (from 16) through 18 and 19. Support for the correctness of the structure of the anhydronium base, 

represented by the two resonance structums 18 and 22, came from the pHdependent W spectrum (Table I), as 

in the case of l&dimethyl-8-carboline anhydronium base (21).21 as well as from the rH NMB spectrum. It may 

be seen from Table II that in -0D almost every aromatic proton of 18 resonates at higher field than does the 

cotresponding proton in 16 and that this tendency is particularly remarkable for the ring C protons, reflecting a 

contribution of the resonance structure 22. In cD3OD/NaOD, almost every aromatic proton of 18 resonates at 

higher field than does in aOD, and such an upfield shit is more marked in CDCls. On the other hand, the 

reverse is the case in CD3OD/D20 and CD3OD/DCI. These results, together with the dullness of the aromatic 

proton signals observed for 18 in aOD, suggest the existence of an equilibrium between 18 and its protonated 

form [e. g., type 16 (X = OH )] in a protic solvent. 

LiBH&HF 

reflux, 1 h 

Scheme 3 

With the above pilot experiment completed, we now followed a parallel sequence of reactions, as delineated 

in Scheme 3, for the chiraI synthesis of the target anhydronium base 4. The fust half [(+)-5 *(+)-23+-t, 
(-)-l] of this synthetic scheme was a mere repetition of our recent synthesis5 of (-)-dihydrocorynantheol[(-)- 

11.22 but on a gram-size scale. Selective reduction of the lactam ester (+)-23 with Lii& in boiig tetrahydro- 

fumn (THFP for 1 h produced the lactam alcohol (+)-24 (84% yield), which was then converted into the acetate 

(+)-26 (100% yield) by treatment with acetic anhydride in pyridine at room temperature for 1.5 h. Bischler- 

Napieralski cyclization of (+)-26 with KM& in boiling toluene for 1 h, followed by hydrolysis of the ester group 
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with K&O3 in aqueous MeOH at room temperature for 3 h. gave a tetracyclic alcohol, which was isolated in the 

form of the perchlorate salt (+)-25 (86% yield). On treatment with palladium black and maleic acid in boiling 

Hz0 for 8 h, (+>W afforded the dehydrogenated product (+)-27 in 91% yield. Unsaturation of (+)-27 in ring C 

was assignable on the basis of the similarities to the model compound 16 in the mode of formation (vi& supra). 

in the chemical shit values for the ring C protons (see Table II), and in the UV spectrum as shown in Table I. 

Furthermore. the same unsaturated tetracyclic alcohol I(+)-271 was obtained from synthetic (-)-15 by dehydro- 

genation with lead tetraacetate in AcOH at room temperature 24 for 2 h or by &hydrogenation using palladium 

black and maleic acid in boiling H@ for 9 h in 8% or 72% yield respectively. In addition, (+)-27 reverted to 

(-)-1 in quantitative yield when reduced with NaBI& in MeOH at room temperature for 1 h. 

Finally, treatment of (+)-27 with aqueous NaOH in EtOH furnished the ultimate anhydronium base (+)-4, 

which was characterized as a hydrate [(+)-4*2/5H20] [mp 161-1625°C (dec.); [ag8 +50.0° (c 0.53, MeOH)]. 

The correctness of structure (+)-4 was supported by elemental analysis and by the similarities to the model 18 in 

the chemical shit values for the ring C protons (see Table II) and in the UV spectrum (see Table I). Although the 

UV (in EtOH and EtOmaOH), IR (KBr), and mass spectral data for the synthetic (+)-4 were closely similar to 

those reported2 for a sample of the natural anhydronium base, the tH NMR spectral data for both samples were 

not identical and, to our surprise, the signs of specific rotation (in MeOH) for both samples were opposite. 

Unfortunately, no sample of the alkaloid, to which structure 4 was assigned,2 was available for detailed and 

direct comparison with the synthetic (+)-4, and thus its chemistry is incompletely understood. 

In conclusion, the above synthesis of (+)-4 represents a new addition to the t-angel2 of chiral syntheses of 

the indolo[2.3-a]quinolixidine system by the “la&n ether route “,9-11 which remains the best available vehicle for 

unified racemic and chiral syntheses of benzo[a]quinolixidine-type Alangium alkaloids10 It is hoped that the 

knowledge obtained on the synthetic (+)-4 will be of great help toward further isolation of this anhydronium 

base, if it is present, from natural sources. 

EXPERIMENTAL 

General Notes 
All melting points were taken on a Yamato MP-1 capillary melting point apparatus and are corrected. 

Unless otherwise noted, the organic solutions obtained after extraction were dried over anhydrous NazSO4 and 

concentrated under reduced pressure. See refs. 6 and 7 for details of chromatography, instrumentation, and 

measurements. Elemental analyses were performed by Mr. Y. Itatani and his associates at Kanaxawa University. 

The following abbreviations are used: br = broad, d = doublet, dd = doublet-of-doublets, ddd = doublet-of- 

doublets-of-doublets, m = multiplet, s = singlet, sh = shoulder, t = triplet. 

1,2,3,4,6,7-Hexahydro-12H-indolo[2,3-a]quinolizin-S-ium Perchlorate (11) 

A solution of 9th (1.15 g, 4.75 mmol) and POCls (2.7 ml, 29 mmol) in dry benzene (9 ml) was heated 

under reflux in an atmosphere of Na for 1.5 h. After cooling, the reaction mixture was kept in a refrigerator 

overnight, and the orangy-yellow solid (presumed to be 10) that deposited was filtered off, washed with benzene 

(10 ml), and dissolved in MeOH (7 ml). To the resulting methanolic solution was added a solution of 

NaC104*H20 (2.00 g, 14.2 mmol) in MeOH (4 ml). The precipitate that resulted was filtered off, washed 

successively with MeOH (1 ml) and Hz0 (2 ml), and dried to give 11 (1.43 g, 93%) as orangy-yellow needles, 

mp 220-222’C (dec.). Reuy&lixation from MeOH afforded an analytical sample as yellow needles, mp 222.5- 
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2245°C (dec.) [lit.” mp 22>227’C (dec.)]; W $it (“lv) 4* EtoH 246 nm (& llOOO), 251.5 (sh) (10500). 

351.5 (21400); IR #Z cm-t: 3290 (NH). 1627 (C=N+); 1H NMR (MezSQ-de) 6: 1.75-2.15 [4H, m, C(2)- 

H’s and C(3)-H’s], 3.1-3.4 [4H, m, C(l)-H’s and C(7)-H’s], 3.74.15 [4H, m, C(4)H.s and C(6)-H’s], 7.18 

[HI, ddd, J = 2, 6.5, and 8 Hz, C(9)-H or C(lO)-HI, 7.3-7.6 [2H, m, C(lO)-H or C(9)-H and C(8)-H or 

C(ll)-H], 7.76 [HI, dull d, / = 8 Hz, C(ll)-H or C(8)-I-II, 12.18 (lH, br, NH). At&. CaIcd for CtsH17- 

C&04: C, 55.48; H, 5.28; N, 8.63. Found: C, 55.33; H, 5.24; N, 8.34. The W spectral data for this sample 

were in agreement with those17 mported in the literature. 

1,2,3,4-Tetrahydroro-12H-indolo[2,3-alquinolizin-S-~um Perchlorate (16) 
(i) Dehydrogenation of 11 with Palladium Black and Maleic Acid. A stined mixture of ll(l.17 g, 3.6 

mmol), maleic acid (1.25 g, 10.8 mmol), and palladium black26 (450 mg) in Hz0 (70 ml) was heated under 

reflux in an atmosphere of N2 for 24 h. After cooling, the catalyst was removed by filtration and washed with 

five U&ml portions of hot MeQH. The filtrate and washings were combined and concentrated in vucuo to leave 

a yellowish solid, which was mixed with Hz0 (30 ml). The resulting aqueous mixture was neutralized with sat- 

urated aqueous NaHCOs, and then a solution of NaC104*HzO (506 mg, 3.6 mmol) in Hz0 (3 ml) was added. 

The precipitate that resulted was filtered off, washed with Hz0 (6 ml), and dried to give 16 (1.13 g, 97%) as a 

yellow solid, mp 239240°C (dec.). Recrystallization from MeOH and drying over P205 at 1 mmHg and 75’C 

for 8 h provided an analytical sample of 16 as yellowish fluffy needles, mp 229.5-233.5’C (dec.); W (Table I); 

IR ez cm-t: 3295 (NH), 1637 (C=N+); 1H NMR (Me$O-ds) 6: 1.95-2.3 [4H. m, C(2)H’s and C(3)H’sl. 

3.4-3.65 [2H, m, C(l)-H’s], 4.55-4.8 [2H, m, C(4)-H’s], 7.3-7.55 [lH, m, C(9)-H or C(lO)-HI. 7.65-7.85 

[W, m, C( 10)-H or C(9)-H and C(8)-H or C( 11)-H]. 8.45 [lH, d, J = 8 I-Ix. C(l 1)-H or C(8)-HJ, 8.50 [ lH, d, 

J = 6.5 Hz, C(7)-H], 8.60 [lH, d, J = 6.5 Hz, C(6)-HI, 12.76 (lH, br, NH); tH NMR (CDsOD) (Table II). 

Anal. Calcd for CtsHisClN204: C. 55.82; H, 4.68; N, 8.68. Found: C, 56.05; H. 4.57; N, 8.74. 

(ii) Dehydrogenation of 12 with Lead Tetraacerare. The tetracyclic base 1212* (226 mg, 1 mmol) was 

dissolved in AcOH (2 ml) at 60°C. After addition of lead tetraacetate (of 90% purity27) (1.48 g, 3 mmol), the 

solution was stirted at 60°C in an atmosphere of N2 for 30 min. The reaction mixture was concentrated in vucuo, 

and the residue was mixed with Hz0 (2 ml). The aqueous mixture was made alkaline by addition of 10% aque- 

ous NaOH, the inorganic precipitate that resulted was filtered off and washed with CHC13 (15 ml), and the 

aqueous filtrate was extracted with CHCI3 (4 x 10 ml). The CHC13 extracts were combined with the above 

CHCl3 washings, washed with saturated aqueous NaCl(2 x 10 ml), dried, and concentrated to leave a black 

glass. The glass was triturated with 10% aqueous HCl(5 ml), and the insoluble tarry substance that resulted was 

removed by fitration. To the filtrate was added a solution of NaC104*Hfl(421 mg. 3 mmol) in H@ (2 ml), and 

the precipitate that resulted was filtered off, washed with Hz0 (2 ml), and dried to give a brown solid (146 mg). 

Two recrystallizations of the solid from MeOH, including decoloration with activated charcoal powder, yielded 

16 (49 mg, 15%) as brownish yellow needles, mp 231-233V (dec.). This sample was identical (by comparison 

of the IR spectrum) with the one obtained by method (i). 

1,2,3,4-Tetrahydroindolol2,3-alquinolizine (18) 

To a solution of 16 (115 mg, 0.36 mmol) in EtOH (2 ml) was added 10% aqueous NaOH (2 ml). The 

yellow needles that resulted were filtered off, washed with H&)(2 ml), and dissolved in EtOH (2 ml). To the 
resulting ethanolic solution was added 10% aqueous NaOH (2 ml), and the yellow needles [mp 80.5-85”C (dec.)] 

that deposited were filtered off and washed with Hfi. Repeated tecrystallization in the same manner and drying 

over KOH at atmospheric pressure and room temperature for 7 days produced an analytical sample of 18*1/5Hfi 

as yellow needles, mp 167.5-17O’C (dec.); MS m/z: 222 (M+); W (Table I); IR vr:l cm-*: 1616 (C=N); tH 
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NMR (CDCls) 6: 1.85-2.25 [4H, m, C(2)H’s and C(3)-H’s], 3.r13.8 [W, m, C(l)-H’s], 4.05-4.35 [W, m, 

C(4)-H’s], 7.13 [HI, t, J = 8 Hz, C(9)-H or C(lO)-HJ, 7.16 [H-I, d, J = 6.5 Hz, C(7)-H], 7.51 [lH, t, J = 8 

I-Ix, C(lO)-H or C(9)-I-II, 7.86 [lH, d, J = 6.5 Hz, C(6)-HI, 7.94 [lH, d, J = 8 Hz. C(8)-H or C(ll)-HJ, 8.09 

[lH, d, J = 8 I-Ix, C(ll)-H or C(8)-H]; 1H NMR (other solvents) (see Table II). Anal. Calcd for CtsHl4- 

N2*1/5H@ C, 79.76; H, 6.43; N, 12.40. Found C, 79.62; H, 6.21; N, 12.15. 

1,2,3,4-Tctrahydro-l2-methyl-12H-indolo[2,3-a]quinolizin-5-ium Perchlorate (20) 

To a solution of 16 (323 mg, 1 mmol) in EtOH (2 ml) was added 10% aqueous NaOH (6 ml), and the 

yellow needles that deposited were filtered off, washed with Hz0 (2 ml), dried, and dissolved in a mixture of 

CI-IQ (3 ml) and MeCH (0.5 ml). To the resulting solution was added Me1 (2 ml), and the mixture was stirred at 

room temperatum for 2.5 h and then heated under reflux for 1 h. The reaction mixture was coocemrated in vucuo, 
and the residue was dissolved in MeOH (10 ml). To the resulting methanolic solution was added a solution of 

NaClO.t*Hfi (281 mg, 2 mmol) in MeOH (1 ml), and the precipitate that resulted was filtered off, washed with 

Hz0 (2 ml), and mcrystallixed from MeOH, giving 20 (184 mg, 55% yield from 16) as brownish prisms, mp 

238-24O“C (dec.). Recrystallization from MeOH, including decoloration with activated charcoal powder, yielded 

an analytical sample as yellow needles, mp 241.~243’C (dec.); W (Table I); IReL’ cm-i: 1627 (C=N+); tH 

NMR (Me#O-d,j) 6: 1.95-2.25 [4H, m, C(2)H’s and C(3)-H’s], 3.92 [W, dull t, J = 6 Hz, C(l)-H’s], 4.30 

[3H, s, N(12)-Me], 4.75 [2H, dull t, J = 6 Hz, C(4)-H’s], 7.47 [HI, ddd, J = 2, 6.5, and 8 I-Ix, C(9)-H or 

C(lO)-H], 7.7-8.0 [W, m, C(lO)-H or C(9)-H and C(8)-H or C(ll)-I-II, 8.47 [lH, dull d, / = 8 I-Ix, C(ll)-H 

or C(8)-H], 8.52 [lH, d, J = 6.5 Hz, C(7)Hl, 8.65 [lH, d, J = 6.5 Hz, C(6)-HI. Anal. Calcd for ClaH17- 

ClNzO4: C, 57.06; H. 5.09, N, 8.32. Found: C, 56.88; H. 5.13; N, 8.28. 

(4S,5R)-5-Ethy~-4-(2-hydroxyethyt)-l-[2-(1H-indol-3-yZ)ethyZ]-2-piperidone [(+)-241 

To a stirted, ice-cooled solution of the lactam ester (+)-235 (285 mg, 0.8 mmol) in dry tetrahydrofuran 

(IT-IF) (5 ml) was added LiBI$ (105 mg, 4.8 mmol) by portions, and the mixture was heated under reflux for 1 

h. The reaction mixture was then cooled in an ice bath, acidified with 10% aqueous HCl, and concentrated in 
vucuo. The residue was partitioned by extraction with a mixture of Hz0 (8 ml) and CH2C12 (45 ml). The 

CH2Cl2extracts were washed with saturated aqueous NaCl (2 x 10 ml), dried, and concentrated to leave a 

yellow, hard oil (257 mg). Purification of the oil by means of flash chromatography28 [silica gel, CHCl~EtCH 

(20 : 1, v/v)] yielded (+)-24 (211 mg, 84%) as a colorless solid, mp 143.5-145.5’C. Recrystallization from 

CHClphexane (2 : 1, v/v) furnished an analytical sample as colorless needles, mp 145-146.5“C; [I# +85.4’ (c 

0.50, EtOH)]; MS m/z: 314 (M+); UV ,;rx@‘“) aq’ EtoH 222.5 nm (E 37000). 274 (sh) (5400), 282.5 (6100). 

291(5200); IR v:t cm-l: 3460 (OH), 3215 (NH), 1604 (lactam CO); 1H NMR (CDCl3) 6: 0.76 (3H, t, J = 7 

I-Ix, CHzMe), 0.95-3.25 (12H. m, W2Me. C&A& C(3)H’s. C(4)-H, C(5)-H, C(6)-H’s, and C&CHaOH), 

1.85 (lH, s, CHzOH), 3.4-3.85 (4H, m, C&CH&, WaOH), 6.95-7.7 (5H. m, aromatic protons), 8.22 

(lH, br, NH). And. Calcd for Ci9H2,jN&: C, 72.58; H, 8.33; N, 8.91. Found: C. 72.29; H, 8.39; N. 8.73. 

(4S,SR)-5-EthyZ-4-(2-aceto~yelhyl)-l-[2-(lH-~ndoZ-3-yZ)ethyZ]-2-~~pe~tdone I(+)-261 

A mixture of (+)-24 (285 mg. 0.91 mmol) and Ac20 (0.26 ml, 2.8 mmol) in dry pyridine (2 ml) was 

stirred at room temperature for 1.5 h. The reaction mixture was concentrated in vacua, and the residue was 

partitioned by extraction with a mixture of Hz0 (10 ml) and CHC13 (60 ml). The CHC13 extracts were washed 

with saturated aqueous NaCl(2 x 10 ml), dried, and concentrated to leave a slightly brownish solid (328 mg). 

Purification of the solid by means of flash chromatography28 [silica gel, AcOEt-CI-ICl3 (1 : 3, v/v)] gave (+)-26 

(322 mg, 100%) as a slightly pinkish solid, mp 141.5-144°C. Recrystallization from AcOEt-hexane (1 : 1, v/v) 



Quinolizidines-XXX11 1887 

afforded an analytical sample as colorless scales, mp 144145°C; [a]: +77.0’ (c 0.50, EtQH)]; MS m/z: 356 
(M+); UV e’ (“/“) rq. EtoR 222.5 nm (E 36500), 274.5 (sh) (5300), 282 (5900), 291 (5100); IR ~22’ cm-l: 

3225 (NH), 1745 (ester Co), 1613 (lactam CO); tH NMR (CDCla) 6: 0.75 (3H, t, J = 7 Hz, CHaMe), 0.95- 

3.25 [12H, m, CHZMe, CH2Ar. C(3)Ws. C(4)-H, C(5)-H, C(6)-H’s, and CHaCHaOAc]. 2.04 (3H. s, 

CHzOCOMe), 3.4-3.85 (2H, m, CHzCHaAr), 4.07 (2H, t, J = 6 Hz, CHzOAc), 6.95-7.7 (5H, m, aromatic 

protons), 8.12 (H-I, br, NH). Amal. Calcd for C2tHzsNaOs: C, 70.76; H. 7.92; N, 7.86. Found: C, 70.60; H, 

7.90; N, 7.71. 

3,4-Didehydro-17-hydroxycorynanium Perchlorate I(+)-251 
A mixture of (+)-26 (865 mg, 2.43 mmol) and PQCla (2.24 g, 14.6 mmol) in dry toluene (9 ml) was 

heated under reflux in au atmosphere of Na for 1 h. The reaction mixture was concentrated in vacua, and the 

residue was partitioned between Hz0 (15 ml) and CHCl3 (200 ml). The CHC13 extracts were washed with 

saturated aqueous NaCl (50 ml), dried, and concentrate.d to leave a yellow glass. The glass was dissolved in 

MeQH (20 ml), and the methanolic solution was stirred at mom temperature for 3 h after addition of a solution of 

Kaco3 (672 mg, 4.86 mmol) in H& (2 ml) and then concentrated in vucuo. The residue was acidified with 10% 

aqueous HCl in a mixture of H&l (20 ml) and MeOH (5 ml), and a solution of NaC104*HzO (1.02 g, 7.3 mmol) 

in Ha0 (1 ml) was added. The crystals that deposited were filtered off, washed with Hz0 (3 ml), and recrys- 

tallized from MeQH-ether (1 : 1, v/v), giving (+)-25 (827 mg, 86%) as yellow needles, mp 192.5-194°C (dec.). 

Further recrystallization in the same manner provided an analytical sample as yellow needles, mp 193.5-195’T 

(dec.); [a]: +108.8” (c 0.50. EtQH)]; UV e” (“) q’ EtoH 

(sh) (7200), 322 (sh) (lOSOO), 353 (18300); IR;kz’ 

248 nm (sh) (E 11100). 295 (sh) (4700). 306.5 

cm-i: 3535 (OH), 3320 (NH), 1645 (C=N+); tH NMR 

(MezSO-de) 6: 0.93 (3H, t. J = 7 Hz, CHzMe), 1.05-4.2 [ 17H, m. CHaMe, CHZCH~OH, C(14)H’s. C(15)- 

H, C(20)-H, C(21)-H’s, C(S)-H’s, and C(6)-H’s], 7.19 [IH, ddd, J = 2, 6.5, and 8 Hz, C(lO)-H or C(ll)-HI. 

7.35-7.6 [2H, m, C( 11)-H or C(lO)-H and C(9)-H or C( 12)-W, 7.76 [lH, dull d, J = 8 Hz. C( 12)-H or C(9)- 

HI, 12.24 (lH, br, NH). Anal. Cakd for CtgH&lN205: C, 57.50; H, 6.35; N, 7.06. Found: C, 57.50; H, 

6.46; N, 6.79. 

3,4,5,6-Tetradehydro-17-hydroxycorynanium Perchlorate (3,4,5,6-Tetradehydrodihydrocory- 
nantheol Perchlorate) [(+)-271 

(i) From (+)-25. A stirted mixture of (+)-25 (124 mg, 0.31 mmol), maleic acid (72.4 mg, 0.62 mmol), 

and palladium black26 (60 mg) in Hz0 (12 ml) was heated under mflux in an atmosphere of N2 for 8 h. After 

cooling, the catalyst was filtered off and washed with hot MeQH (5 x 15 ml). The filtrate and washings were 

combined and concentrated in vucuo, and the residue was mixed with a solution of NaC!l04*Hfl(87.6 mg, 0.62 

mmol) in Ha0 (1.5 ml). The yellow precipitate that resulted was filtered off, washed with Ha0 (1 ml), and 

mcrystallixed from EtQH-ctber (2 : 1, v/v) to afford (+)-27 (112 mg, 91%) as yellow needles, mp 153-155T. 

Further recrystallixation from EtQH-ether (1 : 1, v/v) yielded an analytical sample as yellow needles, mp 155- 

156°C; [ag +46.6O (c 0.50, MeOH)]; UV (Table I); IR v$ cm-‘: 3505-3090 (OH, NH), 1635 (C=N+); ‘H 

NMR (MezSO-da) 6: 0.98 (3H, t, J = 7 Hz, CHzMe), 1.1-3.9 [9H, m, CHzMe, CH&HaOH, C(14)-H’s, 

C(15)-H, and C(20)-H], 4.3-4.9 [4H, m. CH#ZHzOH and C(21)-H’s], 7.35-7.6 [lH, m, C(lO)-H or C(ll)- 

H], 7.65-7.85 [2H. m, C(ll)-H or C(lO)-H and C(9)-H or C(12)-H’J, 8.46 [lH, d, J = 8 Hz, C(12)-H or C(9)- 

Hj, 8.63 [2H. s. C(5)-H and &6)-H]. 12.85 (Hi, br, NH); tH NMR (CDsOD) 6: 1.07 (3H. t. J = 7 Hz, 

CHfle), 1.15-2.35 [6H. m, CHaMe, CHaCHflH, C(15)-H, and C(20)-H], 3.1-3.9 [4H, m, C(14)H’s and 

C(21)-H’s], 4.48 (lH, dd, J = 7.5 and 13.5 Hz) and 4.81 (lH, dd, J = 4.5 and 13.5 Hz) (CH2CHaOH). 7.35- 

7.55 PH. m. C(lO)-H or C(ll)-H], 7.65-7.9 [2H, m, C(ll)-H or C(lO)-H and C(9)-H or C(12)-H], 8.35 [lH, 
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d. J = 8 Hz, C(12)-H or C(9)-H]. 8.44 [2H. s. C(5)-H and C(6)-H]. Anal. Calcd for CraH~ClNaOs: C!. 57.80; 

H, 5.87; N. 7.09. Found: C, 57.64; H. 6.00, N. 7.05. 

(ii) From (->l by Dehydrogenation with Palladium BIackliUaleic Acid. A stirred mixture of (-)-15 (44.8 

mg, 0.15 mmol), maleic acid (87.1 mg, 0.75 mmol), and palladium black26 (60 mg) in Hz0 (5 ml) was heated 

under reflux in an atmosphere of N2 for 9 h. Work-up of the reaction mixture in a manner similar to that 

described above under method (i) gave (+)-27 (42.5 mg, 72%) as yellow needles, mp 154.5-155.5”C; [a]: 

i45.9’ (c 0.48, MeOH)]. This sample was identical (by comparison of the JR spectrum) with the one obtained by 

method (i). 

(iii) From (-)-1 by Dehydrogenation with Lead Tetroacetate. Synthetic dihydrounynantheol [(-)-115 (29.8 

mg. 0.1 mmol) was dissolved in AcOH (0.5 ml) at 6O“C. After addition of lead tetraacetate (of 90% purity27) 

(148 mg, 0.3 mmol), the solution was stirred at room temperature in an atmosphere of N2 for 2 h. The reaction 

mixture was concentrated in vacua, and the residue was mixed with Hz0 (1 ml). The aqueous mixture was made 

alkaline with 10% aqueous Na#I.Q and extracted with CHCI3 (5 x 3 ml) in a manner similar to that described 

above for 16 under item (ii). The CHCla extracts were dried and concentrated to leave a reddish brown glass, 

which was dissolved in MeOH (0.5 ml). To the resulting methanolic solution was added a mixture of 70% 

aqueous HC104 (0.1 ml) and Hz0 (0.5 ml), and the precipitate that resulted was collected by filtration. washed 

with Hz0 (1 ml), and recrystallized from MeOH, giving (+)-27 (3.3 mg, 8%) as yellow needles, mp 152.5- 

154.5’C; [a$ +45’ (c 0.10. MeOH)]. This sample was identical (by comparison of the IR spectrum) with the 

one prepared by method (i). 

Conversion of (+)-27 into Corynan-17.ol [(-)-11 

To a stirred, ice-cooled solution of (+)-27 (79 mg, 0.2 mmol) in MeOH (3 ml) was added NaRH,t (113 

mg. 3 mmol) by portions. The mixture was stirred at room temperature for 1 h and then concentrated in vucuo. 

The residue was partitioned between Hz0 (3 ml) and CHC13 (20 ml). The CHCla extracts were washed with 

saturated aqueous NaCl(2 x 6 ml), dried, and concentrated to leave (-)-l(59.5 mg, 100%) as a yellowish solid, 

mp 180-182’C. Recrystallization from AcOEt-hexane (1 : 1, v/v) furnished a pure sample as colorless needles, 

mp 183-185“C; rag9 -32.8O (c 0.47, pyridine)]. This product was identical (by comparison of the IR spectrum) 

with authentic (-)-1.5 

3,4,5,6-Tetradehydro-17-hydroxycorynanium [(+)-41 

To a solution of (+)-27 (300 mg, 0.76 mmol) in EtOH (2 ml) was added 10% aqueous NaOH (2 ml). The 

yellow needles that resulted were filtered off, washed with Hz0 (3 ml), and dissolved in EtOH (3 ml). To the 

resulting ethanolic solution was added 10% aqueous NaOH (3 ml), and the yellow needles that deposited were 

filtered off and washed with Hz0 (3 ml). Repeated mcrystallixation in the same manner and drying over P205 at 

2 mmHg and room temperature for 20 h and then at 5O’C for 7 h provided (+)-4*2/5&O as yellow needles. mp 

161-162.5’C (dec.); [a$’ +50.0’ (c 0.53, MeOH)]; MS m/z (relative intensity): 294 (M+) (39), 250 (20). 249 

(100). 235 (19), 222 (16). 221 (73). 219 (31), 207 @I), 193 (15), 182 (18); UV (Table I); IR vy: cm-l: 3410 

(OH), 1620 (C=N); tH NMR (CDC13) 6: 0.87 [3H, t, J = 6.5 Hz, C(18)-H’s], 0.95-2.1 [6H, m, C(15)-H, 

C(16)H’s. C(19)-H’s, and C(20)-H], 2.9-4.05 [6H, m, C(14)H’s. C(17)-H’s, and C(21)-H’s], 4.97 (cu. 

1.7H. br, OH and HzO), 6.96 [ lH, d, J = 6 Hz, C(6)-HI, 7.11 [lH, ddd, J = 1, 7, and 8 Hz, C(lO)-H or 

C(ll)-HI, 7.49 [lH. ddd, J = 1.2, 7, and 8 Hz, C(ll)-H or C(lO)-H], 7.69 [iH, d, J = 6 Hz, C(S)-H], 7.88 

]lH, d. J = 8 Hz, C(9)-H or C(12)-HJ, 8.03 [lH, d. J = 8 Hz, C(12)-H or C(9)-Hj; tH NMR (CDsOD) 6: 1.02 

[3H, t. J = 7 Hz, C(18)-H’s]. 1.1-2.15 [6H, m. C(15)-H, C(16)H’s. C(19)H’s. and C(20)-H], 3.6-3.95 

[2H, m, C(21)-H’s], 4.23 (1H. dd, J = 7 and 13.5 Hz) and 4.54 (lH, dd, J = 4.5 and 13.5 Hz) [C(17)-H’s], 
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7.13 [lH, ddd, J = 1, 7, and 8 HZ, C(lO)-H or C(ll)-H], 7.50 [lH, ddd, J = 1.2, 7, and 8 Hz, C(ll)-H or 

C(lo)-H], 7.75 [lH, d, J = 8 Ha. C(9)-H or C(lZ)-HI, 7.82 [lH, d, J = 6.5 Hz, C(6)-HI, 8.13 [lH, d, / = 6.5 

Hz, C(5)-HI. 8.17 [lH, d, J = 8 Hz, C(lZ)-H-or C(9)-H]; tH NMR (other solvents) (see Table II). Anal. Calcd 

for C!19H~Nz0*2/SH20: C, 75.67; I-I, 7.62; N, 9.29. Found: C, 75.56; H, 7.52; N. 9.27. 
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