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Elaeocrrpine (I) and isoelaeocerpine (II), major alkaloids of Eleeocsrnus 

polydectylus Schl., h8V8 been proV8d to have 8 unique chromanoindolizidine 

Sk818tOn by the chemical and X-ray crystallographic investigetions. 
18) w8 nOU 

wish to report an effective method for constructing chromano[3,2-qlpiperidine 

ring system and 8 two-step synthesis of th8S8 alkaloids by taking 8dV8nt8g8 of 

this method, in that we want to exemplify the utility of dihydropyridines as 8 

Versstile synthetic intermediate. 

To design the Synthesis of these alkeloids~2 we h8V8 Conceived V8riOUS 

II 

*1 

*2 

Presented at the 14th Symposium on the Chemistry of Natural Products (Japan), 
Pukuoka, Oct. 28 1970. Symposium Papers, p. 127. Another Synthesis of the Bane 
alkaloids was reported simultaneously by T. Tanaka, I. Iijima and Lb. Miyazaki: 
u., P. 143. See also ref. 3. 

Concerning the biogenesis of these alkaloids Johns et al. (ref. lb) have proposed 
the route indicated by & in the following echeme. %ie<ossibility that these 
alkaloids are formed from the preoureor i and ii (or its partially reduced equivalent 
(ref. lb)) oannot be excluded, since iii (ref. la) and elaeocarpldine (iv) (ref. lc), 
the accompanying products of the same plant, conceivably originate also from i and 
ii, but neither of the mechanisms provides a direct route for the laboratory 
synthesis of these alkaloids. 
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combinations of bond disconnection of the target molecule, and examined the 

"availability" of the fragments ("synthon "*I) thus obtained. Tbe8e contemplative 
analysis hare deduced three rational manners for constructing the target molecule 

which are indicated by the "severance"*3 A, B, and C in the structure I. 

Among them) *4 an imaginative bond disconnection by B aeem8 to provide the 

simplert route for I when one envisage8 the reaction of III with IV a8 an actual 

8ynthetic method. vhile an analogous reaction elaborated by Paquette and Stucki 6) 

haa enrured the aorrectnesr of the above consideration, there still remains an 

mbiguity of whether dihydropyridines will react with 8alicylaldehyde at all a8 

normal enaminer a0. To date little ir known about the enamine or dienamine 

character of dihydropyridine8, although they are evidently promi8ing precur8ors 

in the ryntherir of naturally occurring ba8e8. Taking these into account, we 

fircrt exrmined the oonden8ation of the 8implest dihydropyridine (V) with 

Iralicylaldehyde (VI) a8 a fundamental model reaction. 

III IV 
V VII ’ 

Although the experiment8 under various condition according to a reported 

procedure 6) failed to afford the de8ired oonden8ation product (VII), we finally 

found a new reductive oonden8ation reaction of 1-methyl-1,2-dihydropyridjne (V) 

with salicylaldehyde (VI) in the presence of LiA.184 after many unsucces8ful 

attempts. The reaction ir 8peculated to aonsi8t of four different stages of 

sequential reaction8; (i) reducfi on of pyridiniun halide with equivalent mole of 

LiAl& may form dihydropyridine , 7) Lig, and Al&; (ii) addition of salicyl- 

aldohyde to the abore mixture produce8 an inrrtantaneour formation of quasi- 

w 

Q CHO 
+ LiAIH, = + LiI + AIH,. (ii) 

OH 
+ AI%= 

(iii, iv) 

(3:xy,~T& 

I H. I H 

V VIII IX X 

e3 The oonoept of “8everance ” and n8everabillty@s that would facilitate a logical 
approach to eynthe8i8 de8ign will be discu88ed elsewhere. A relevant example of 
8uch logical method wae. lllu8trated by the 8ynthetic analysis of the route to ibog 
alkaloid (see ref. 4). 
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aromatic chelate 8, (VIII), in which aluminium behaves as a Lewis acid and 

activates the aldehydic carbon; (iii) attack on the electrophilic carbon of the 

chelate (VIII) by the nucleophilic enamine carbon of dihydropyridine (V) gives 

the intermediary condensation product (IX); (iv) internal or external reduction 

of immonium intermediate (IX) yields the condensation product (X). 

Troublesome as it seems from the mechanistic explanation, the actual 

procedure of the reaction is very simple and can be conducted with ease. Thus, 

after 1-methylpyridinium iodide in anhydrous ether was reduced with equimolar 

LiAl&, an equivalent mole of salicylaldehyde in ether was added and the reaction 

mixture was stirred overnight. Isolation and purification in the conventional 

manner afforded a condensation product (XI) in 12% yield. The enalogous reaction 

of 2,3-dihydro-lH-indolizinium bromide 9) 

salicylaldehydelO) 

with salicylaldehyde and 6-methyl- 

furnished the condensation products, (XII and XIII), in the 

respective yield of 6% and 18s. Physical and spectroscopic characters of these 

products*5 are given in the following table. 

NMR spectra (6 from TMS) 

mp('C) 3.C~OH -Ct&=C&- 

::I 
137-138 5.14(d,J=2.0 

4.81(d,J=4.5 
I 

5.9l(dcl,J=ll, 4), 5.56(br.d,J=11) 
178-179 

4.78(d,J=8.0 
5.84(br.s W&h)=2.6) 

XIII 270-272 5.78(dd,J=lO, 5!, 5.25(br.d,J=10) 

X11( R=H), Xm(R=Me) 

M@\ 
N clf5IJ lie 

XIV 

The second stage of this synthesis is a selective oxidation of benzylic 

hydroxyl group and the chromanone cyclization. These were achieved simply by 

oxidation with Jones' reagent. When the model compound XI was subjected to the 

Jones oxidation, it provided the desired chromanopiperidine derivative (XIV), 

mp 127-128.5', whose structure was confirmed by the spectral data (IR: $,8'1688; 

NMR: 6 4.28-3.70(v.br.m, lH, ECHO-)). Similar oxidation of XIII afforded two 

atereoisomers which were separated by chromatography on alumina. The spectral 

properties (NMR, IR, and MS) of the less polar product (colorless plates from 

*4 The synthetic process oorreeponding to the 
(ref. 5) by the folloring reaction, 

*'severance" C had already 
but several obvious difficulties 

further atudiee along this line. 

ce+ .,,%_+$C 

0 
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benzene-hexene, mp 79-80') and of the polar ones (gum *6) were in g 00a agreement 

with the reported one8 for natural elaeooarpine (I) and isoelaeocarpine (II), 

respectively. By the direct comperi#oa of IR speofre and chromatographic 

behavior (TLC and GC), the synthesized materials were proved to be identical with 

the natural bears which were kindly supplied by Dr. Johns of Melbourne. 

The melting point of synthesized eleeocsrpine was not depressed by admixture with 

the natural specimena, fhua providing the final evidence of the identity. 

Acknowledgment 

The author expresses his hearty gratitude to Dr. M. Natsume, Director of 

this Laboratory, for his never-failing guidance 8nd valuable advice throughout 

this work. The continuing interest of Professor Emeritus E. Ochiai of the 

Uniteraity of Tokyo are gratefully acknowledged. Deep thanks are due to Dr. 

S. B. Johns of Melbourne for generous gift of natural eleeoosrpine and iso- 

elaeocarpine. 

Beferences 

1. a) S. R. Johns, J. A. Lamberton and A. A. Sioumisr Chea. Comm., 1968, 290; 
Austr. J. Chem ., 2, 775 (1969). 

b) Idema Auatr. J. Chem., 2, 793 (1969). 

c) Idemt ibid ., a, 801 (1969). 

d) S. B. Johns, J. A. Lamberton, A. A. Sioumis, Il. Sueres and R. I. Willing: 
Chem. Comm., m, 804. 

2. E. J. Corey and W. T. Wipke: Science, 166, 178 (1969). 

3. T. Ten&e and I. Iijims: Tetrahedron Letters, m, 3963. 

4. T. Onaker Shizen, 2, August p. 43 (1971). 

5. T. Oneke and M. Netsumet unpublished work. 

6. L. A. Paquette and H. Stucki: J. Org. Chem., 2, 1232 (1966). 

7. for example, E. Wenkert, B. A. Maaay-Westropp and R. G. Lewis: 
J. Am. Chem. Sot ., & 3732 (1962). 

8. J. P. Collman end E. T. Kittlemanr J. Am. Chem. Sot., a, 3529 (1961). 

9. 0. G. Lowe and L. C. King: J. Org. Chem., 24, 1200 (1959). 

10. 0. Anselmino: Ber., x, 395 (1917). 

*5 

*6 

Though the spectral data cannot eliminate 
the alternative structure XIII', the oon- 
version of XlE to elaeocarpine unequi- 
vocally confirms ite rtructure. The 
stereochemical structure of these produots 
has not been elucidated, since the 
subsequent oxidation proceer must destroy 
the oonfiguration at C-8 and C-10 to form 
the intermediate v. 

In epite of its virtual identity with natural isoelaeocarpine in N1W, IR, MS, TLC 
(Al,O,and SiO%) and DC, the synthetic product did not cryetallize. During their 
etudiea on these alkaloids, Johna et al. (ref. lb) obeerved a similar phenomenon 
and stated that isoelaeocarpine dexvx from isoelaeocarpicine and isoelaeocorpiline 
wae a gum while their IR and NMR spectra were perfectly superimpoeible with the 
naturelly occurring crystalline isoelaeocarpine. 


