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Abstract-Total synthesis of (k)-elaeocarpine (24 and ($-isoelaeocarpine (2b), the main constituents 
of elaeocarpus alkaloids, was accomplished by the use of the intermediate having a p-carbonyl system. 

Johns et al. have recently isolated nineteen new 
alkaloids which are collectively named “Elaeocar- 
pus alkaloids” from the plants of Elaeocarpus 
species (family Elaeocarpaceae) grown in New 
Guinea and have elucidated all of their structures? 
One of the striking features of the elaeocarpus 
alkaloids is their biogenetic pathway.t It is plaus- 
ible to speculate that a @polyketomethylene system 
combined with a nitrogen donor plays an important 
role in the formation of these alkaloids and the 
framework of individual alkaloid produced is con- 
trolled by the length of the ketomethylene “CZ- 
units” involving in the tentative precursor depicted 
as a general formula (1) in Scheme 1. 

solution on the basis of the spectral data. Since the 
compound (3b) is susceptible to dehydration to give 
the dihydroxanthone derivative (4), this reaction 
may be applicable to the synthesis of elaeocarpus 
alkaloids and the selective hydrogenation of the 
double bond formed at this point would cause the 
production of two stereoisomers corresponding to 
the C,, - C,,, relationship between elaeocarpine 
and isoelaeocarpine by one effort. 

With these considerations in hand, we com- 
menced first to connect a phenacyl and a pyrro- 
lidinyl or pyrrolyl moieties. 

The 1,3-dithiane derivative (7) was first prepared 
from I-benzyloxycarbonyl-2-pyrrolidinemethanol 

SCHEME 1 

utilizing the intermediate having a @tricarbonyl 
system. 

We now wish to present the total synthesis of 
(k)le!aeocqiFe (2a) _Fd ($)-isoelaeocarpine (2b) 

dicyclohexylcarbodiimide- 
acid-dimethyl sulfoxide6 

In 1964, we prepared 6-salicyloyl-cyclohexan- 
1,3-dione (3) by the condensation of the dianion of 
cyclohexan- 1,3-dione and sodium methyl salicylate 
according to Hauser’s procedure.4 Although ring- 
chain tautomdrism5 was suggested between 3a and 
3b in this compound, only the ring form (3b) was 
found to exist both in the solid state and in neutral 

tElaeocarpidine, an indole alkaloid, is the only excep- 
tion in this discussion. 

followed by thioketalisation of the resultant alde- 
hyde (6) in the presence of boron trifluoride-acetic 
acid in chloroform. Attempts to condense the anion 

(5) by oxidation with 

of the thiane (7)’ with 2-methoxy-6-methyl-benzoyl 

pyridine-trifluoroacetic 

chloride* failed presumably because of the steric 
repulsion by the bulky substituents on both sides of 
each reaction center. In order to avoid this serious 
disadvantage the following S&m modification was 
investigated. Benzoic acid was converted to the 
diazoketone (lOa) via the acid chloride and this 
was allowed to react with excessive pyrrole at 
50-60” in the presence of catalytic amount of 

X=O,NH 
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copper powder, giving the expected pyrrolyhnethyl 
ketone (11~1) in 30% yield. By use of the same pro- 
cedure, several diazoketones (10) having substi- 
tuents on the benzene ring were condensed with 
pyrrole or 1-(2-ethoxycarbonylethyl)_pyrrole 
effectively.9 The structures of these pyrrole deriva- 
tives were proved by their NMR spectra which 
exhibited the presence of the methylene protons 

adjacent to the CO group at 564-5.89 r (singlet) 
and the disappearance of one or-proton at the 
pyrrole ring around 3.30 7, and by their IR spectra 
which showed a CO absorption around 1670- 
1690 cm-l. 

Dieckmann condensation of the ketone (11~) in 
boiling benzene using sodium hydride afforded the 
indolizinone (12) in the expected fashion. In con- 

iI 
2a 

i-I 
2b 

cfJ&=otylio-&o 
OH 

38 3b 4 

f-+ - +ocHNs - ($-C-p 
2 2 R2 9 

9s: RI = Rz = H 10 lla: R1=R2=R3=H 
9b: RI = Me, Rz = OMe lib: R, = Me, Rp = OMe 

&=H 
llc: R, = Me, Rz = OMe 

& = CHZ-CH2-CO*Et 

12 
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?kHEME 2 (Cont.) 

formity with the structure, this compound showed 
a characteristic IR band around 1610-1589 cm-’ 
due to the conjugated chelation of p-dicarbonyl 
system. Nevertheless, attempt to cleave the OMe 
group at this stage was fruitless because of the 
unstability of the pyrrole ring towards acidic re- 
agents. Catalytic hydrogenation of 12 to obtain the 
pyrrolidine ring also failed owing to the production 
of various hydrogenated compounds. 

On the contrary, tbe pyrrole derivative (lib) was 
readily converted to the pyrrolidinylmethyl ketone 
(13) by catalytic hydrogenation over platinum oxide 
in 78% yield. Marked unreactivity of the CO group 
in 13 may be ascribable again to the difficulty of the 
catalyst surface to approach the CO function 
hindered by the neighboring bulky groups. Ethyl 
acrylate was then added to 13 in refluxing aceto- 
nitrile, yielding the aminoester (14) as a colorless 
oil in 8 1% yield. This ester was submitted to the 
Dieckmann condensation,‘0 furnishing, after 
chromatographic separation using silica gel, the 

indolizidinone (15). The structure of this compound 
was followed by the IR spectrum which showed a 
Bohhnann’s band at 2780 cm-’ and by its positive 
ferric reaction. When boron tribromide was added 
to 15 in dichloromethane at room temperature, 
fission of the OMe group took place accompanied 
with spontaneous ring closure, yielding the Cbro- 
manone derivative (16)” in 52% yield. Although 
the configuration of the OH group at C,, was not 
certain, 16 was further treated with boiling metha- 
nolic hydrochloric acid to atford the chromone (17) 
expectedly. 

Since the attempts to reduce the C,, - Cl,, 
double bond of 17 was unsuccessful, efforts were 
now made to obtain the saturated alcohol (18) as a 
preliminary step. Sodium borohydride reduction 
of 17 in refluxing ethanol gave, after chromato- 
graphic purification, two isomeric alcohols in a 
ratioofabout7: 1.12 

Opportunely, the Australian workers have ob- 
tained all of four possible stereoisomeric alcohols 
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ccnceruiag C,, C,, and C,,, t&u elaeocatpiue ad at 40” tic 2.5 6s. A&r ck hi& edutiau ae N> gas 
iscodaeocar@ne by tiution wWn s&mm bore- ceaxd, tie n&me was Tfiteti an6 fne %.nite was 

hydride or subsequent epimerisation with aqueous evaporated in vacua to give a brown oil. This was chro- 

hydrochloric acid?” matographed on silica gel using n-hexane-EhO (2 : 1). 

The NMR spectral comparison indicated our 
major (C,,-H, 7.747, d, J = 6.5 Hz.) and minor 
(C,,-H, 5.387, d, J = 7.4 Hz) products were ascrib- 
atle co C&e auC&eu<ic &o&ok (Ii?& and Ma& 
respectively. 

Finally, the alcohol (18a) was oxidized with 
chromium trioxide in acetic acid at room tempera- 
ture to give 2a, m.p. 8 l-82” identical in all respects 
with the natural product. By use of the same pro- 
cedure., the &X%&i (r&$ wi!s kd co&e CcWrXnmd 
of m.p. 75-76”, the IR spectrum of which coin- 
cided completely with that of natural isoelaeocar- 
pine. 

A fraction which showed a single spot by TLC check 
[silica gel plate, E&O-n-hexane (2 : l)] was evaporated to 
give a solid. Recrystallization from isopropyl ether gave 
llb (17.9g, 33%) as colorless needles, m.p. 91-92”; IR 
(.UjQQ cn-‘: 3350,164?, NW& (CDC$&. 5.88 @, IH), 
6.15 (s, 3H), 7.91 (s, 3H), 3.23 (m, lH), 3.82 (m, lH), 3.97 
(m, 1H). (Found: C, 73.49; H, 6.59; N, 6.02. Calcd. for 
C,,H,,NO,: C, 73.34; H, 6.59; N, 6*11%.) 

BY use of the same procedure, lla was obtained from 
lOamand pyrrole as-colorless plates (30% yield), m.p. 137”; 
IR (nuiol) cm-‘: 3300. 1661: NMR (CDC1.)7: 3.17 (m. 
1Hi .3:82 (m, 2H), 564 (s, 2H). (Found: C, 77.92; ‘H; 
5.84; N, 7.65. Calcd. for C,,H,,NO: C, 77.81; H, 599; N, 
7.560/o.) 

Incidentally, some differences on the m.ps of 
isoelaeocarpine and its reduction product (Mb) 
were pointed out between natural and synthetic 
series. This discrepancy may be due to the fact 
that the natural product was not completely 
racemic.3a 

Similarly, llc was obtained Born lob and 2-ethoxycar- 
bonylethyl pyrrole as a pale yellow oil (13% yield); IR 
(liquid) cm-‘: 1719, 1690; NMR (CDCl&: 3.33 (m, lH), 
3.91 (m, JH), 4.10 (m, lH), 5.89 (s;2H), 5.85 (t, 2H, 
J = 7.5 Hz), 585 (q, 2H, J = 7 Hz), 6.16 (s, 3H), 7.93 (s* 
3H), 8.77 (t, 3H, J = 7 Hz). 

8-(2-Methoxy-6-methyibenzoyI)-5,6-dihydro-7(8H)-in- 
dolizinone 12. A soln of llc (1.05 g) in anhyd C& (10 ml) 
was added to a suspension of NaH (63% oil dispersion, 
0.26g) in C,H, (30 ml) and the mixture was refluxed 
under N, gas for 5 hr. After being cooled, the mixture was 
neutralized with AcOH, washed with H,O and dried 
(Na&SOJ. Removal of the solvent left an oi& which was 
c~wX&grA+d QTI SiKczi ~~pb&Ssusing EC*,-n&Xine 
(1: 1) to afford a solid 12 (0.29 g, .l6*6%). Recrystalhzation 
fmm I&O-n-hexane have pale ye&w prisms, m.p. S3- 
84”; IR (nujol) cm-‘: 1610, 1580; NMR (CDCl&: 3.53 
(m, JH), 4.15 (m, lH), 5.23 (m, JH), S-89.@, 2H, J = 7 Hz), 
6.30 (s, 3H), 7.10 (t, 2H, J = 7 Hz), 7.84 (s, 3H). (Found: 
C, 72.00; H, 6.34; N, 4.91. Calcd. for C,,H1,N03: C, 
72.06; H, 6.05; N, 4*94%.) 

EXPERIMENTAL. 
M.ps are uncorrected. The IR spectra were recorded 

with a JASCO IR-E spectrometer. The UV spectaa were 
d&ti=d using a H+&zG EPSZU spec$rc+me<m. The 
NMR spectra were obtained with a JEOL JNM-MH-60 
spectrometer with TMS as the internal standard. The 
mass spectra were measured with a Hitachi RMS-4 
spectrometer. 

1-Benzyloxycarbonyl-2-formylpyrrolidine (6). To a 
mixture of I-benzyloxycarbonyl-2-pyrrolidinemethanol 
(30.6g), DMSO (163 ml), benzene (195 ml), pyridine 
(IO.4 ml) and trilluoroacetic acid (5.20 ml), was added 
dicyclohexylcarbodiimide (SO.7 g) gradually. After stir- 
ring at room temp for 16 hr, the mixture was treated with 
10% HCl and the separated N,N’-dicyclohexyl urea 
was filtered off. The tiltrate was diluted with H,O. ex- 
tracted with CBHs, washed with HZ0 and dried (N-&SO,). 
Removal of the solvent under reduced pressure left a 
brown oil which was purified by column chromatography 
om imca_g& viitaE&Q’to &o&S :TcJ3~.-Tr~W@ as a-o&e 
y&r, WE, <K<*~UX+Znl~-~~. < ??G, sxs . 

l-Benzyloxycarbonyl-2-(1,3-dithian-2-yl) pyrrolidine 
(7). A mixture of 6 (22.5 g), propane-1,3-dithiol (13.7 g), 
ctit&p&c amount d ‘B”r,reYnerme a& _&a&h XcWfi ‘m 
CHCI, (500 ml) was heated under reflux for 17 hr. After 
btr~%c~~,f~~~~~~~~e~~~~.~~,9cri~.j~ 
NaOH aq and dried (Na$O,). The residue obtained by 
evaporation of the solvent was distilled under reduced 
pressure to give 7 (21.3 g, 65.1%) as a pale yellow oil, b.p. 
189-200” (0.2mm); IR (liquid) cm-‘: 1685; NMR 
(C~l;~t;-L~‘~,~3~),~~‘~,-~~).f~~~~,=~~~~;~, 
6.64; N, 4.32; S, 19.74. Calcd. for ClsHelNOZ: C, 59.49; 
H, 6.54; N, 464; S, 19.80%). 

Condensation of Diazoketones 10 and pyrroles. A 
typical condensation was carried out as follows. To the 
diazoketone (IQb) prepared from Z-metftoxy-Bmethyi- 
benzoyl chloride (43eOg) and excessive diazomethane 
(about 4 molar equivs) in Et,0 were added pyrrole 
(% tU_gt and Cu powder < 1.U&. and the wttole was heated 

2-Methoxy-6-methylphenylpyrrolidi~2-ylmethylketone 
(13). A soln of llb (560~) in tdacial AcOH (56ml) was 
shaken with H,‘at room &mp-and atm pressure inpres- 
ence of PtOz (0.2 g). About 1.2 moles H, was absorbed 
during 7 hr and the absorption stopped. The catalyst was 
removed and the solvent was evaporated in oacuo. The 
residue was dissolved in 10% HCI aq and the water layer, 
after shaking with CsHa once, was made alkaline with 
WtBCi&. TN2 sqoar&& dtl was lzken qo ‘m lXK&. 
~~lW~~.~“~,~~‘~~~.~~~‘~ilL~~~~ffpr’ui: 
was chromatographed on silica gel using a mixture of 
CHCJ,-MeOH (3 : 1). The main fraction showed a single 
ygth try TYS. Xhna!X p 53 <WY?& lW& ‘as s1 uJK&Es 
oil; IR (liquid) cm-‘: 3280, 1680; NMR (CDCl,)r: 6.18 
&, I&!$, 7- 77 <c, 712. n.. &_yW&; EC*. C?2- c ?Y” 
(MeOH-E&O). (Found: C, 62.15; H, 7.19; Cl, 13.24; N, 
5.05. Calcd. for C,,H,,ClNO,: C, 62.33; H, 7.47; Cl, 
13.14; N,5.19%.) 

2-Methoxy-6-methylphenyll-(2-ethoxycarbonylethyl)- 
yyrf&&~-~;‘~~~~~. h~i~@&~(G~~,-iiuWliryi 
a&ate (2.06 g) in MeCN (50 ml) was refluxed for 8 hr 
and then the solvent was evaporated under reduced 
pressure. The residue was dissolved in AcOEt and the 
soln was passed through a chromate-column packed with 
silica gel. The eiuent gave f4 (3. I9g, SI.I7%) as a color- 
less oil; IR (liquid) cm-‘: 1720, 1680; NMR (CDCl& 
5.86 (q, 2H, J = 7 Hz), 6.18 (s, 3H), 7.77 (s, 3H), 8.75 (t, 
3H, J = ? Hz>.; mass spectrum = mc’e 333 <*I +>. 
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8-(2-Methoxy-6-methylbenzoyl)7-indolizidionone (15). 
To a stirred suspension of NaH (63% oil dispersion, 
0.137 g) in dry toluene (10 ml) was added under NZ a soln 
of 14 (05g) in dry toluene (loml), and the whole was 
boiled under reflux for 11 hr. After being cooled, the 
mixture was neutralized with glacial AcOH and the result- 
ing sohr was washed with H,O and dried (Na$O,). 
Evaporation of the solvent gave an oil, which was purified 
by means of column chromatography on silica gel using 
CHCl,-MeOH (9 : 1) to afford 15 (0.27 P. 62.6%) as a Dale 
yellow oil; IR ~ (liquid) cm-l: 1700-ibOO (conjugated 
chelation of B-diketones) NMR (CDCl,)r: 7.75 (br, s, 3H), 
6.20 (s, 3H)f mass spectrum = m/e 287 (M+). The picrate; 
m.u. 181-183” (MeOH). (Found: C, 53.47: H. 456: N, 
10.69. Calcd. for CZ3H.&4010: C, 53.49; ‘H,‘468;’ N; 
10.85%). 

1,2,3,5,6,6a,12a,12b--Octuhydro-6a-hydroxy-1 l-methyl- 
12H-[l]benzopyrano[2,3-glindolizin-1Zone (16). To a 
stirred soln of 15 (3*85g) in dichloromethane (15Oml) 
placed in an ice bath was added BBr, (7 ml) and the mix- 
ture was allowed to stand at room temp for 3 days. The 
mixture was poured on ice-water and made alkaline with 
NaHCO,. The organic layer was worked up in the usual 
way and the residue was recrystallized from Et,0 to give 
16 (1.90 5 1.9%) as g, colorless prisms, m.p. 139- 146.5”; 
IR (nuiol) cm-‘: 3410. 
uvi&’ 

1660: NMR (CDCl&: , “_ 7.38 (s, 3H): 
rnp (c): 256 (6600) 3 16 (2200); mass spectrum = 

m/e 273 (M+). (Found: C, 70.46; H, 6.82; N, 4.90. Calcd. 
for C,,H,,NO,: C, 70.31; H, 7.01; N, 5.31%) 

1,2,3,5,6,12b-Hexahydro-11-methyCl2H-[ llbenzopy- 
rano[2,3-glindolizin- 12-one (17). A soln of 16 (1.08 g) and 
40% methanolic HCl(50 ml) was refluxed for 3 hr. After 
evaporating the solvent in uucuo, the residue was dis- 
solved in water (50 ml). The water layer, after treating 
with decolorizing carbon, made alkaline with NaHCO, 
and the separated oil was worked up in the usual way. 
Removal of the solvent left a solid which was recrystal- 
lized from Me,CO to yield 17 (0.86 g, 87.1%) as colorless 
plates, m.p. 102-103”; IR (nujol) cm-*: 2800, 1630; 
NMR (CDCl& 7.14 (s, 3H); UV A::: rnp (6): 230 
(49000), 308 (12000); mass spectrum = m/e 255 (M+). 
(Found: C, 75.09; H, 660; N, 5.28. Calcd. for C,,H,,NO,: 
C, 75.27; H, 6.71; N, 5.49%). 

Sodium borohydride reduction of 17. A soln of 17 
(0.54 g) and NaBH, (1 .l g) in EtOH (30 ml) was refluxed 
for 8 hr with the addition of an equal amount of NaBHl 
in the middle of the reaction time. After evaporating the 
EtOH, H,O (30 ml) was added to the residue, and the soln 
was taken up in CHCl,. Removal of the solvent left an 
oil, which was purified by column chromatographic 
separation over alumina using E&O-n-hexane. From the 
first eluate, (k) 18a was obtained (0.03 g, 5.6%) as color- 
less prisms, m.p. 192-193” (Et90); IR (nujol) cm-‘; 3130, 
2740; NMR (CDCl,)r: 766 (s, 3H), 5.83 (d, lH, J = 7.5 
Hz); mass spectrum = m/e 259 (M+). (Found: C, 73.56; 
H, 8.05: N, 5.14. Calcd. for &I&NO,: C. 74.10: H, ._ __ 
8-16; N, 5.40%). The second eluate gave-(&) i8b (O*i2g; 
40.7%) as colorless prisms, m.p. 168-169” (EbO); IR 
(nujol) cm-‘: 3130, 2740; NMR (CDCl&: 7-55 (s, 3H), 
4.78 (d, lH, J = 6.5 Hz). (Found: C, 73.89; H, 8.11; N, 
5.27. Calcd. for C,,H,,NO,: C, 74.10; H, 8-16; N, 540%). 

(*)-Zsoelaeocarpine (2b). To a stirred soln of 18b 
(0.17 g) in AcOH (10 ml), a soln of CrG, (0.30 g) in AcOH 
(40 ml) was added dropwise at room temp. Alter stirring 
for 3 hr, MeOH (3 ml) was added to the mixture to 
destroy excess CrG, and then the solvent was evaporated 
in uacuo. The residue was made alkaline with NaHCO, 
and the resulting mixture was extracted with CHCls 3 
times. The combined organic layer was worked up in the 
usual way and the resulting solid was recrystallized from 
n-pentane giving 2b (O-092 g, 54.1%) as colorless prisms, 
m.p. 75-76”. (Found: C, 74.96; H, 7.54; N, 5.45. Calcd. 
for C,,H,,NO,: C, 74.68; H, 744; N, 544%). The IR 
spectrum measured in CHCl, soln and the R,value on the 
TLC (silica ael ulates, EhO-MeOH in 9 : 1) of this com- 
pound‘were &incided with those of the natural product. 

(+Elueocarpine (2a). By use of the same procedure 
described above, 18a was converted to 2a. This com- 
pound was obtained as colorless prisms, m.p. 815-82 
(n-pentane) and was identified with the natural product by 
their IR spectra and the TLC comparison. 
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