
2842 J.C.S. Perkin I 

Structure of Aristone, a Unique lndole Alkaloid from Aristotelia chilensis 
(Mol.) Stuntz, by X-Ray Crystallographic Analysis 

By Volker Zabel and William H. Watson," FASTBIOS Laboratory, Department of Chemistry, Texas Christian 

Magalis Bittner and Mario Silva, Laboratorio de Productos Naturales, Departamento de Botanica Universidad 
University, Forth Worth, Texas 761 29, U.S.A. 

de Concepcion, Concepcion, Chile 

Aristone, arktoteline, aristotelinine, and aristotelone were isolated from Aristotelia chilensis and belong to a unique 
class of alkaloids found only in the genus Aristotelia. The structure of aristone was determined by X-ray diffraction 
techniques. Crystals are orthorhombic, space group P2,2,2,, with cell dimensions a = 11.075(3), b = 18.004(4), 
and c = 7.973(1) and Z = 4. The crystal structure was determined by direct methods and atomic positional 
and thermal parameters were refined by full-matrix least-squares techniques to a R value of 3.8% utilizing 1 717 
reflexions. The molecule contains a planar indole moiety with the remainder of the molecule forming a basket-like 
cavity. There are a number of carbon valence angles less than 105" which indicate internal strain ; however, there 
are no significant intramolecular interactions. 

~RKsTo'rEr.rA presents taxonomic problems since some 
species are polymorphic with true-breeding as well as 
habit-induced forms. This is complicated furtlicr by tlic 
abundance of hybrid forms.1 

The three investigated species of A vistotelitr contain 
unique indole alkaloids which are known to incorporate 
a non-loganin derived monoterpene unit. l'lie clis- 
trihution of these alkaloids among the other rnernbers of 
the genus and the variations within a species liave not 
been reported. Alkaloids were not detected in C ' v i w -  
dendron Izookeriaizunt,2 another species of C11 ileaii 
Eleocarpaceae : however, other genera and spccics have 
not been investigated. 

A ristotelia peduncztlaris Hook., collected in  Tasmania, 

con taiiis tlie alkaloid l)~~'lniic.ulariuc ( 1) and tlircv. un- 
identified ininor coniponerits.3 Tlie Ncw %c;ilaiid 
species, A vistotelia scrratn contains tlie alkaloids pedun- 
cularine ( l ) ,  aristotcline (2), and several unidentified corn- 
prierits. Aristotclici clzilemis has yielded aristotelinc 

( 3 )  ( 4 )  R = H 
( 6 )  R = OH 

(2),5 ar is tchhi i ic  (3)," aristotc4one (4), ti ant1 aristonc 
(Lj).' I t  was postulated tliat aristone might arise zliic 
rearrangement of (3) to the +indoxy1 species (6) which is 
related to aristotelone. Models indicated that iiiter- 

action o f  tlic alipliatic arniiie with the beiizvyl function 
is possi1,lc. to give generation of ;t carboniuni ion species 
(7) ; suhscquciit intramolecular hydrogen migration 
would lead to the formation of (5).' Because of tlic 
unusual nature of aristone, we liere report details of the 
st  ruc t ul-e. 

( 5 )  ( 7 )  

1: x I'ri r< 1 M I: N T A I, 

Aristotelia cliilensib WLS culle~terl i i i  the suninier near 
Concepcion, Clde. Uried lc>aves a n t 1  stenis (12 lig) were 
extracted with warm etlianol, filtered, and the extracts 
evaporated to dryness. 'l'he residue was treated with 2 ~ -  
I-ICI, the riiisture extracted with CHCI,, and the aqueous 
layer atljusted to pH 9.5 (aq. S H & .  l'he solution was re- 
estractrcl with CHCI, which upon evaporation yielded 2.5 g 
oi solitl. 'flie solid was chromatographed over alumina, 
grade I 1 (300 g ) ,  yielding 200 iiig o f  arktoteline (2) ,  10 m;: o f  
aristotelonc (4), and traces of additional alkaloids. The 
e.itr;wtion was repeated with 10 l<g of dried leaves, parti- 
cular rttteril ion being paid to tlie isolation of arltlitionitl 
al1c:tloids. Clu-oniatograpliy yielded 7 nig of aristotcliniiic 
(3) ant1 3 nig of aristonc ( 5 ) .  Aristone was  recrystallized 
irotii benzenc-ethyl acetate to yield a white crystalline 
solid. 

Aristone ( 5 ) ,  n1.p. 240--242 "C (Found: C, 77.85; H, 
7.8. ('xoH,LN,O requires c', 77.89; H, 7.84), A,n,tx. (EtOH): 
212, 230, aiid 290 (3.69) niii; v,,~,. (Nujol) : 3 350, I 690sli, 
1 ti80, 1 615, 1 285, 1 230, I 165, 1 150, 1 075, '395, !)75, and 
7fiO (*t l l .  

A c.ryrst;iI o f  tliniensiotis 0 . 3  x 0 .2  ;,\ 0.4 iiirii was niounted 
011 ;I Syniex 1'81 tliffractonieter. Room -temperature lattice 
1xirnmetcr.; were refiiietl by a least-squares procedure 
utilizing 16 reflcctions whose itKlgleS were tiie;tsurecl by  it 

ccti tring routine associated with the S yn tex cliffractonieter. 
Cvjvfal I~nfa.--C,,H,,N,O, 111,308.42. Orthorhombic, 
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reflections \vex measured ant1 1 058 had intensities greater 
than  2 4 1 ) .  Lorentz :LIICI polarization corrections wei-e 
applied but  no absorption corrections were inxtle. A 
periodically nionitored check reflesion intlicatetl no signifi- 
cant changes in intensity during data  collection. The 
direct methods program MUL'I-AN was used to calculate 
phases for the 400 IEl values greater than 1.2 .  The phase 
set with the largest combined figure of  merit was selected, 
and the E map calculated with these phases revealed the 
positions of all atoms. Alternate least-squares refinements 
and difference Fourier calculations yielded all hydrogen 
atoms. 1 ,east-squares reiinement yielded R := 0.03S 
where R = XllFu[ - IFel~/C[F0l ant1 R,. = 0.055. The 
function minimized in the least-squares refinement was 

Cw(jF,,I - IF(,J) ~ I i c r e  ze, = [I/a(Fg)] 2 was determinetl 
from counting statistics. Hydrogen ;Ltoni theriual para- 
meters were refined isotropically. 

A final tlifferencc map sliowetl no peak larger than 0.2 
e a All paranieter shifts during the final cycle were less 
than 0.40. .ltoinic smttering factors were taken from 
I niernational Tables for X-ray Crystallography (1974) ,@ 

Atomic paranieters, with estimated standard deviations, 
are given i n  'I'able 1 .  Observed and calculated structure 
factors ;iud tlierui;il paranieters are listed in Supplementary 
1'iil)Iic:tii~jii So. 128M (18 pp.). 

T A B L E  2 
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DISCUSSIOX 

The Figure is an ORTEP drawing lo of aristone while 
Tables 2 and 3 contain bond lengths, valence angles, and 
torsion angles. The molecule contains a planar region 
cornposed of the indole moiety and a basket-like cavity 
composing the remainder of the molecule. Although, 
the large number of angles smaller than lOB",  would 
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indicate consideralde ring strain in the molecule, there 
are no significant steric interactions. C(  1 lb)-C(4a) = 
1.581(3) and C(3)-C(l3) = 1.575(3) A are significantly 
longer than the value 1.530(9) A obtained by averaging 
the remaining C(s t3) -C(sp3)  bond distances. The N(6)- 
C(13) distance of l.500(2) A is significantly longer than 
the 1.475(4) A average of the remaining two N-C(sf13) 
bonds. These elongations may be associated with relief 
of ring strain. 

The torsion angles of the five-membered heterocyclic 
ring of the indole moiety indicates a flattened envelope 
conformation with C(l1a) being the flap. The five- 
membered ring N (6),C(6a),C( 1 la),C( 12),C(5) exhibits a 
more sharply folded envelope conformation with C( 12) 

TABLE 3 
Torsion angles (”) for aristone 

C( 6a)-C (6b)-C( 1Oa)-N( 1 1) 
C(6b)-C( 1Oa)-N( 1 1)-C( 1 la) 
C( 10a)-N (1 1)-C( 1 1a)-C(6a) 
N (1 1)-C( 11 a)-C(6a)-C(6b) 
C ( 1 1a)-C( 6a)-C (6 b)-C ( 1 Oa) 

C(l1a)-C(l lb)-C(4a)-C(6) 
C,( 1 1 b)-C( 4a)-C( 5)-C( 12) 
C(4a)-C(5)-C( 12)-C(lla) 
C (  5)-C( 12)-C( 1 1a)-C( 1 1 b) 
C (1 2)-C( 1 1 a)-C( 1 1b)-C (4a) 

N (6)-C (5)-C (4a)-C (4) 
C(5)-C(4a)-C (4)-C(3) 
C (4a)-C: (4)-C( 3)-C( 13) 
C(4)-C.( 3)-C( 13)-N (6) 
C( 3)-C( 13)-N(G)-C(5) 
C ( 13)-N (6)-C( 5)-C( 4) 

C (5)-N (6)-C( 6a)-C( 1 l a )  
N( 6)-C (64-44 1 1 a)-C( 12) 
C (  6a)-C( 1 1a)-C( 12)-C( 5) 
C( l  la)-C( 12)-C(5)-N(6) 
C (  12)-C(5)-N(6)-C( 6 4  

C(5)-N(6)-C(Ga)-C(l la) 
N(6)-C(6a)-C(lla)-C(llb) 
C(sa)-C(lla)-C( 1 lb)-C(4a) 
C ( l  la)-C(llb)-C(4a)-C(5) 
C ( 1 1 b)-C (4a)-C (5)-N (6) 
C(4a)-C(5)-N(B)-C(sa) 

C(4)-C(4a)-C( 1lb)-C( 1) 
C(4a)-C(1 lb)-C(l)-C(2) 
C (1 1 b)-C( 1)-C( 2)-C(3) 

C( 2)-C( 3)-C(4)-C(4a) 
C (3)-C (4)-C (4a)-C( 1 1 b) 

C( l)-C(2)-C(3)-C(4) 

- 1.8(2) 
- 19.4(2) 

32.1(2) 
- 32.1 (2) 

21.2(2) 

3.8(2) 

59.0( 1) 
-57.8(2) 

5 1.3 ( 2 )  
- 54.9(2) 

58.5(2) 

54.7 (2) 
--51.7(2) 

1.8(2) 

- 40.4(2) 

33.6(2) 

-57.4(2) 

- 37.1(2) 

- 56.0(2) 
56.5( 1) 

35.1(2) 

1.8(2) 
70.9(2) 

- 72.1(2) 
3.8(2) 

67.8( 2) 
- 7 1.9( 2) 

6.1(2) 
34.8( 2) 

- 24.6(3) 
- 26.4(2) 

67.6( 2) 
- 57.9(2) 

being the flap. The C(5),C(l2),C(lla) and C(6a),C(lla),- 
C(12) valence angles are 92.6(1) and 99.7(1) degrees, 
respectively. The five-membered ring C(4a),C(5) ,C( lZ),- 
C( 1 la)  ,C( 1 lb)  exhibits a similar sharply folded envelope 
conformation. Alternatively, the system can be con- 
sidered to the composed of a six-membered ring N(Ci),- 
C(Sa),C( Z la),C(l lb),C(4a),C(5), exhibiting a sharply 
folded boat conformation with C(12) forming a 1,4 
bridge. The six-membered ring composed of N(6) ,C( 13) ,- 
C(3),C(4) ,C(4a),C(Fi) exhibits a regular chair conformation 

J.C.S. Perkin I 
while C(l),C(Z),C(3),C(4),C(4a),C(llb) exists as a dis- 
torted boat. C-H bonds average 0.99(6) with C(16)- 
H(16cr) = 1.19(4) being the maximum and C(a)-H(.la) 
=0.85(4) being the minimum. The shortest intermole- 
cular contact is 2.44 f i  between H(6a) and H(10). 

T ; I G I ~ R E  OlCTEl’ tlrawing of aristone. Ellipsoids drawn a t  
:Is($, probability level while 1iq”lrc)gcns arc rcprescntetl i>y 
nrbi trary size spheres. 

Although aristone may be difficult to synthesize, there 
are no significant steric interactions and ring strain mag’ 
be the main factor leading to any lowering of stability. 
The crystals are stable when exposecl to the atniospliere 
at  room temperature and no deterioration upon exposure 
to X-rays was observed. 
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