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Abstract - The trans lactam acid (+)-XX was isolated in good yield in the form 

of the 4-methoxybenzyl ester  (+)-XXV from an equilibrated 66 : 34 mixture of 

the t rans and cis isomers I(+)-XX and (+)-XIXI, which was obtained by ther- 

mal cis-trans isomerization of the cis lactam acid (+)-XIX at 190°C for 15 min. 

Catalytic hydrogenolysis of (+)-XXV with 10% P d 4  and Hz gave (+I-XX in  97% 

yield. This made it  possible to establish an alternative synthetic route to all 

of the I-IV-type Alangium alkaloids from ethyl cincholoiponate I(+)-XVI] , a 

degradation product of the Cinchona alkaloid cinchonine [( t ) -V1.  

The Indian medicinal plant Alangium lamarckii Thwaites (Alangiaceae) i s  s rich source of alkaloids: 

Eighteen henzoI~lquinolizidine a l k a ~ o i d s ~ ' ~  and 14 other a ~ k a l o i d s ~ ' ~  have so fa r  been isolated from 

various parts  of this plant. These henzo[~]quinolizidine-type Alangium alkaloids fall into four cate- 

gories according to their substitution patterns in the aromatic ring A : ~  (i) 9,10-dimethoxy type ( I ) ,  
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(ii) 8-hydroxy-9,lO-dimethoxy type ( I t ) ,  (iii) 9-hydroxy-10-methoxy type (111). and (iv) 10-hydroxy- 

9-methoxy type We have already shown that the racemic syntheses of all of these types of al- 

kaloids are possible through the "lactim ether route"' or "3-acetylpyridine rautenls5 and the chiral 

syntheses, through the ncincholoipon-incorporating route"' or "lactim ether route".8 (-)-Ankorine 

9 
(11: R = CH20H) was originally synthesized by us from cincholoipon ethyl ester I(+)-XVII , obtainable 

from commercially available cinchonine I(+)-V] in 50% overall yield according to the classical degrada- 

tion procedure, through a reaction sequence [ ( + ) - X V I + V I ~ V ~ I + V I I I ~ I X - X X X ~ ~ ~ ~ .  

111 involving the following five main operations: (i) introduction of an appropriate phenethyl skeleton 

into (+)-XVI at N(1). (ii) generation of the lactam carbanyl function at C(6) (by utilizing the mercuric 

scetate-EDTA oxidation method for the step VII-VIII), (iii) epimerizatian at C(4) to produce the 3.4- 

trans configuration that must match the relative and absolute configurations of the I-1V-type alkaloids 

at the 3- and 2-positions, (iv) ring closure to complete the benzolglquinolizidine system, and (v) mod- 

ification of the acetate side chain. In quite a recent alternative synthesis of (-1-11 (R = CH20H), 
8 

the Ru04 oxidation method and lactim ether method were utilized for operations (ii) and (i) , respective- 

ly, inverting the original order of operations (i) and (ii). Thus, the N-acetyl derivative (+)-XVII, 

obtained from (+)-XVI by acetylation, was oxidized with s mixture of RuOZ and 10% aqueous NaI04 to 

give the 6-piperidone (+)-XVIII and the 2-piperidone (-)-XIV in 55% and 27% yields, respectively. Al- 

kaline hydrolysis of (+)-XVIII and thermal cis-trans isamerization of the resulting cis lactam acid (+) -  

XIX at 190°C for 15 min produced an equilibrated 66 : 34 mixture of (+)-XX and (+)-XIX. However, 

separation of the desired trans isomer [(+)-XX] from the mixture was so difficult that the alteration of 

stereochemistry in (+)-XVIII had to be done at a later stage. This led us to follow the synthetic route 

(+)-XVIII-(-)-XV-XI-V11I-lX-X-XII--cII (R = CHZOH). 8 

In the present study, an extension of such a hybrid of the original "tincholoipon-incorporating route" 

and "lactim ether route" to the chiral syntheses of the remaining I- ,  I l l- ,  and IV-type Alangium alka- 

loids was achieved with some alteration in the order of the above main operations, together with im- 

provement in the cis-trans isomerization procedure. The preparation of the intermediate cis lsctam acid 

(+)-XIX from (+)-XVI [through (+)-XVII and (+)-XVIII] and thermal isomerizatian of (+)-XIX was car- 

ried out as described p rev ious~y ,~  giving a 66 : 34 mixture of the trans [(+)-XXI and cis [(+)-XIXI 

isomers. After many unsuccessful trials for separating the trans isomer I(+)-XXI from the mixture in 

the carhoxylic acid levello or in the derivative (salt or ester) level, we found that the separation in the 

farm of the 4-methoxybenzyl ester was very effective. Thus, the mixture of the two isomeric lactam ac- 

ids was treated with 4-methoxybenzyl alcohol in CH2C12 in the presence of dicyclohexylcarbodiimide 

(DCC) and 4-dimethylaminopyridine (DMAP) , and crystallization of the resulting oily ester fraction from 

hexane-AcOEt gave the 4-methoxybenzyl ester I(+)-XXV] of the trans lactam acid. The yield of (+ ) -  

X X V  reached 13% [from (+)-XIXI when the following three-step procedure was repeated twice: ( i)  de- 



benzylation of the cis lactam es te r ,  recovered from the crystallization mother liquor, with hydrogen and 

108 P d 4  catalyst, (ii) thermal isamerizetion of the resulting cis lactam acid at l9OW for 15 min, and 

(iii) esterification of the isomerized mixture with 4-methoxybenzyl alcohol as described above. Hydro- 

genolysis of (+)-XXV in EtOH with hydrogen and 108 P d 4  catalyst smoothly produced the t rans lac- 

tam acid (+)-XX (91% yield), which was identical with an authentic sample prepared by the previously 

reported1' optical resolution method. Since (t)-XX has already been converted into (-)-ankarine (11: 

R = C H ~ O H ) ~ ' ~  and other 11-type a ~ k a l o i d s ~ ~ ' ~ ' ~ ~ ' ~ ~  through ( t ) - x x l V , l l  ( + ) - x I I I , ~ ~  ( + ) - x x I ~ , '  

X X I I ~ , '  and ( + ~ ) - x x I I I ~ , ~  the above synthesis of (+)-XX through the route (+I-XVI-(+)-XVII- 

(+)-XVIII+(+)-XIX-(+)-XXV+(+)-XX is formally tantamount to alternative syntheses of these 

11-type Alaneum alkaloids from ethyl cincholoiponate [(+)-XVII. 

For the chiral syntheses of the I-type Alangium alkaloids, the t rans lactim ether (+)-XI11 was treated 

with 3.4-dimethoxyphenacyl bromide as in the case of the previously reported14 racemic series, afford- 

ing (+)-XXla in 89% yield. Reduction of (+)-XXla with NaBH4 in EtOH gave XXlIs as a diastereomeric 

mixture (98% yield), which furnished the known lactam ester ( + ) - x x I I I ~ ~ ~  (92% yield) on catalytic hy- 

drogenolysis using hydrogen and 10% P d 4  catalyst. 

Two parallel sequences of conversions starting from condensations of (+)-XI11 with 3-benzyloxy-4-me- 

thoxyphenacyl bromide and with 4-benzyloxy-3-methoxyphenacyl bromide produced (+)-XXIc (95% 

yield) and (+)-XXId (92%). XXI~C"  (96%) and X X I I ~ "  (97%). and (+)-XXIIIe (96%) and (+)-XXIIIf 

(95%). respectively. In view of the intermediary functions of ( + ) - x x I I I ~ , ~ ~  (+)-XXIIle [and (+)- 

18 X X I I I C ' ~  obtainable from (+)-XXIIIe by Q-benzylation] , and (+)-XXIllf [and (+)-XXIIId obtainable 

from (+)-XXIIIf by 2-benzylationl in the previous syntheses of the 1-.15 I I I - , ~ ~ ' ~ ~ - ~ ~  and IV- 

Alangium alkaloids by u s ,  the above syntheses of these three intermediates represent alter- 

native formal syntheses of such alkaloids. 

In summary. the present work has thus  shown that c h i d  syntheses of all of the I-1V-type alkaloids 

are possible from ethyl cincholoiponate LC+)-XVII through the synthetic route which may be regarded 

a s  s hybrid of our  original "cincholoipon-incorporating routen1 and "lactim ether  routen. I 

EXPERIMENTAL 

General Notes - A l l  melting points are corrected: See ref. 8 f o r  de ta i l s  of instrumentation Bnd 
'mnnnnnnnnnnn. 

measurements. The organic solutions obtained a f t e r  extraction were dried over anhydrous N a  SO and 2 4 

concentrated under reduced pressure. Elemental analyses were performed by M r .  Y. I t a t a n i  and his  

associates a t  Kanazawa University. The following abbreviations are used: br = broad, m = multiplet,  

q = quartet,  s = singlet ,  t = t r i p l e t .  

(4_R,5E)-5-Ethyl-2-oxo-4-piperidineaceiic Acid 4-Methoxybenzyl Ester [(t)-XXV] - The c i s  lactam 
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acid (+)-XIX~ (3.33 g. 18 mol) was heated neat in an oil bath at 1909C for 15 mi".' On cooling. 

the oily reaction mixture solidified. A mixture of this solid, dicyclohexylcarbodiimide (4.12 g, 

20 mmol). 4-dimethylaminopyridine (220 mg. 1.8 mol). and 4-methoxybenzyl alcohol (2.76 g, 20 mol) 

in CH C1 (80 ml) was stirred at room temperature in an atmosphere of N2 for 4 h. The precipitate 
2 2 

that resulted was removed by filtration, and the filtrate was washed successively with 5% aqueous 

HC1. H20, saturated aqueous NaHC03, and saturated aqueous NaC1, dried, and concentrated to leave a 

pale yellow ail. Purification of the oil by means of flash chromatographyz2 [silica gel 60 (E. 

Merck. No. 9385),CHC134tOH (40: 1, vlv)] afforded a mixture (5.05 g) of the esters of the trans 

and cis lactam acids I(+)-= and (+)-XIXI as a colorless oil. The mixture was crystallized from 

hexsneAcOEt (2 : 1, vlv) to give the trans lactam ester (+)-XXV (2.91 g). The 13c nmr speetroscop- 

ic analysisZ3 of this sample indicated that it was free from the cis isomer. The mother liquor of 

the above crystallization was concentrated to leave a slightly yellow oil, which was dis- 

~olved in EtOH (60 ml). The ethanolic solution was hydrogenated over 10% P H  (700 mg) at atmos- 

pheric pressure and 2ZDC for 1 h. The catalyst was removed by filtration, and the filtrate was con- 

centrated -. The semicrystalline residue was washed with Et20 to recover crude (+)-XIX as a 

colorless solid (1.05 g). Repetition of the above sequence of conversions starting from this solid 

was then carried out twice, giving further crops (0.82 g and 0.27 g) of (+)-XXV. The total yield of 

(+)-XXV was 4.00 g [73% from (+)-XIXI. Further recrystallization of (+)-XXV from hexan4cOEt ( 2 :  1, 

vlv) afforded an analytical sample as colorless needles, mp 79.5-30.5'C; [a]? +49.0° (2 0.50. EtOH); 
1 

ms m/z: 305 (M'); ir v z y  3210 (NH), 1721 (ester CO), 1675 (lactam CO); H nmr (CDC13) 6: 

0.88 (3H, t, J = 7 Hz. CCH2E)). 3.81 (3H. s,  One). 5.06 (ZH, s, C02CH2), 6.43 (lH, br, NH), 6.8-7.0 

[ZH, m, H(3') and H(Sr)l, 7.2-7.4 [ZH, m, H(2') and ~(6')];~~ 13c nmr (CDC13) 6: 11.0 (CCHZz), 23.5 

(CCH2Me), 33.5 [C(4)1, 35.8 (CH2C02), 38.1 [C(5)1, 38.3 [C(3)1. 44.6 [C(6)1, 55.2 (OMe), 66.3 (C02- 

CH,), 114.0 [C(3') and C(5')1, 127.8 [C(1')1, 130.2 [C(2') and C(6')1, 159.7 [C(4')1, 171.8 [C(2) - 

andG2CH21.24 w. Calcd for C H N O .  C, 66.86; H, 7.59; N, 4.59. Found: C, 66.93; H, 7.73; N, 17 23 4' 

4.64. 

- A solution of (+)-XXV (4.58 g. 15 mol) 

in EtOH (150 m l )  was hydrogenated over 10% P&C (1.5 g) at an atmospheric pressure and 23'C for 1 h. 

The catalyst was removed by filtration, and the filtrate was concentrated in. The resulting 

semicrystalline solid was triturated with Et20, and the insoluble material was collected by filtra- 

tion to yield (+)-XX (2.69 g, 97%) as a colorless solid, mp 122.5-124'C. Recrystallization of the 

solid from EtOH afforded a pure sample as colorless prisms, mp 123124'C; 1012 +82.8' (5 0.50.EtOH). 
1 

This sample was identical [by mixture melting point test and comparison of ir (Nujol) and H nmr 

(Me2SO-3) spectra and specific rotation] with authentic (+)-XX. 11 



(4R,5~)-1-(3,4-Dimethoxyphenacyl)-5-ethyl-2-oxo-4-piperidineacetic Acid Ethyl Ester [(+)-XXla] - 
A solution of (+I-xlItl' (362 mg, 1.5 mol) and 3.4-dimethoxyphenacyl bromidez5 (428 mg. 1.65 mol) 

in HCONMe2 (1 ml) was stirred at 6W5'C for 8 h. For removal of the excess bromide, the reaction 

mixture, after addition of pyridine (0.5 ml), was stirred at room temperature overnight and then 

concentrated invaeuo. The oily residue was partitioned by extraction with a mixture of benzene 

(40 ml) and H20 (10 ml). The benzene extracts were washed successively with 5% aqueous HC1, satu- 

rated aqueous NaHCO3, and saturated aqueous NaC1, dried, and concentrated to leave a pale yellow 

oil. The oil was purified by means of flash chromatography22 [silica gel 60 (E. Merck, No. 9385). 

AcOEt--hexme (2: 1, vlv)] to give (+)-XXIa (523 mg, 89%) as a colorless oil, [a]: +29.7' (5 0.50, 

1 EtOH); ms &: 391 (M'). The ir (neat) and H nmr (CDC1 ) spectra of this sample were identical 
3 

with those of authentic (*)-=la. 14 

XXIcl- A mixture of (+)-xmll (362 mg, 1.5 mol), 3-benzyloxy-4-methoxyphenaeyl bromide25b (553 
?nnnn. 

mg, 1.65 mmol), and HCONMe2 (1 ml) was stirred at 6W5'C for 8 h. After cooling, pyridine (0.5 ml) 

was added and the mixture was stirred at room temperature overnight. The reaction mixture was 

worked up as described above for (+)-XXIa, affording (+)-XXIc (663 mg, 95%) as a colorless oil, 

+ 1 [a]: +23.8' (2 0.50, EtOH); ms mjr: 467 (M ) .  The ir (CHC13) and H nmr (CDC13) spectra of this 

specimen were identical with those of authentic (?)-XXIc. 
26 

XXld] - A stirred mixture of (+)-xmll (483 mg, 2.0 mmol) and 4-benzyloxy-3-methoxyphenacyl bro- 
w 

mideZ7 (737 mg, 2.2 mmol) in HCONH~ (1 ml) was heated at 6 W 5 " C  for 8 h. After cooling, the re- 
2 

action mixture was diluted with pyridine (0.5 ml), stirred at room temperature overnight, and worked 

up as described above far (+)-XXIa, giving (+)-=Id (862 mg. 92%) as a slightly yellow solid, mp 84- 

86'C. Recrystallization o f  the aolid from hexandeOEt (2: 1, vlv) afforded an analytical sample as 

+ 
CHC13 1727 colorless prisms, mp 86-87-C; [a]: +25.6' (5 0.50, EtOH); ms m/z: 467 (M ) ;  ir V- 

(ester CO), 1688 (ArCO), 1638 (lactam CO). &&. Calcd for C27H33N06: C, 69.36; H, 7.11; N, 3.00. 

Found: C, 69.33; H, 7.14; N, 3.19. 

3- 
ter (XXIIa) - A solution of (+)-XXIa (470 mg, 1.2 -1) in EtOH (10 ml) was stirred under ice-cool- - 
ing, and N ~ B H ~ '  (45 mg, 1.2 mmol) was added portionwise. After the mixture had been stirred at room 

temperature for 4 h, acetone (0.5 ml) was added. The resulting mixture was further stirred at room 

temperature for 15 mi" and then concentrated invacuo. The residual oil was partitioned by extrac- 

tion with a mixture of benzene and H 2 0  The benzene extract8 were washed with saturated aqueous 
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NaC1, dried, and concentrated to leave a diastereomeric mixture of XXUa (461 mg, 98%) as a calor- 

less oil, [ali6 +56.9' (c 0.50. won); ms d ~ :  393 (M'); ir v z F 3  kl: 3340 (OH), 1729 (ester CO). 

1 1620 (lactam CO); H nmr (CDC13) 8 :  0.78 and 0.82 (38, t each, J = 7 Hz, diastereomeric CCH Me's), 2- 

1.26 (3H, t, J = 7 Hz. OCH Me). 3.87 and 3.90 (3H each, s, two OMeSs), 4.14 (ZH, q, J = 7 Hz. OCl&- 2- 

Me), 4.85-5.05 [IH, m, ArCg(OH)I, 6.7>7.05 (3H, m, aromatic protons). 

(4_R,5_R)-1-[2-(3-Benzyloxy-4-methoxyphenyl)-2-hydroxyethyll-5-ethyl-2-oxa-4-piperidineacetic Acid 

Ethyl Ester (XXllc) -A solution of (+)-XI= (608 mg, 1.3 mmol) in EtOH (10 ml) was stirred under 

ice-cooling, and NaBH (50 mg, 1.3 -1) was added portionwise. The mixture waa then stirred at 4 

room temperature for 4 h and worked up as described above for XXUa to give a diastereomeric mix- 

+ 
tvre of XXUc (587 mg, 96%) as a colorless oil, 1011: +46.1° (A 0.50, EtOH): ms !I<: 469 (M ). 

1 This sample was identical [by comparison of ir (CHC13) and H nmr (CDC13) spectra] with authentic 

(?)-XXn. 26 

(4_R,5R)-1-[2-(4-Benzyloxy-3-methoxyphenyl)-2-hydmxyethyll-5-ethyl-2-axo-4-piperidinescetic Acid 

Ethyl Ester (XX1ld)- A mixture of (+)-=Id (561 mg. 1.2 mol) and EtOH (10 ml) was stirred under 

ice-cooling, and NaBH (45 mg. 1.2 mmol) wae added portionwise. After stirring was continued at 4 

roam temperature for 4 h, the reaction mixture was worked up as described above for XXUa, giving a 

diastereomeric mixture of XXUd (549 mg, 97%) as a colorless oil, [a1i6 +47.6' (c 0.50, EtOH); ms 

+ 1 
mlz: 469 (M ). The ir (neat) and H nmr (CDC1 ) spectra of this sample were identical with those of - - 3 

authentic (f)-XXUd. 26 

(4~,5~)-1-(3,4-Dimethoxyphenethyl)-5-ethyl-2-oxo-4-piperidineacetic Acid Ethyl Ester [(+)-XXIIIal 

- A solucion of xxna (393 mg, 1.0 -1) in ELOH (20 ml) containing 70% aqueous nC104 (0.2 m l )  was 

hydrogenated over 10% Pd-C (300 mg) ar 3.63.8 atmospheric pressure and room temperature for 16 h. 

The catalyst was removed by filtration and the filtrate was concentrated to leave an almost 

colorless oil, which was partitioned between CHC13 and H 2 0  The CHCl extracts were washed succes- 3 

sively with saturated aqueous NaHC03 and saturated aqueous NaC1, dried, and concentrated to give 

( a  (345 mg. 92%) as a colorless oil, [a]: +66.4' (5 1.00, EtOH). This sample was identical 

1 
[by comparison of ir (neat) and H nmr (CDC1 ) spectra and specific rotation] with authentic (+)- 3 

XXma. 15 

3 
XXlIIel -A solution of XXUc (470 mg, 1.0 -01) in EtOH (20 ml) containing 70% aqueous HC104 (0.2 
vvvv"vL 

ml) was hydrogenated over 10% P H  (300 mg) at atmospheric pressure and room temperature for 20 h. 

The reaction mixture was worked up in a manner similar to that described above for (+)-XXlUa, giving 

(+)-=me (350 mg. 96%) as a colorless oil, [ a 1 2  +69.8' (c 0.50. EtOH). This sample was identical 



1 [by comparison of ir (CHC1 ) and H m r  (CDC1 ) spectra and specific rotation] with authentic (+) 3 3 

=me. 17 

(4~,5~)-5-Ethyl-1-(4-hydroxy-3-methoxyphenethyl)-2-oxo-4-piperidineacetic Acid  Ethyl Ester I ( + ) -  -- 
XXIIIfl -A solution of XXIId (470 mg, 1.0 moll in EtOH (20 ml) containing 70% aqueous HC104 (0.2 
vv"lAnA 

ml) was hydrogenated over 10% Pb-C (300 mg) at atmospheric pressure and room temperature for 16 h. 

The reaction mixture was worked up as described above for (+I-XXDIa, affording (+)-Mmf (347 mg, 

95%) as a colorless oil, [ali7 +64.3' (2 0.50, EtOH). The oil was identical [by comparison of ir 

1 (CHC13) and H mr (CDC13) spectra and specific rotation] with authentic (+I-XXDIf. 18 
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