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MACROCENTRINE: AN UNUSUAL DITERPENDID ALKALOID 
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Abst ract  - Macrocentrine, a new d i terpenoid a l k a l o i d  from Delphinium macrocentrum 

Oliv., has been shown t o  possess an unusual d i c t y z i n e - l i k e  structure. 

Ue have invest igated the a lka lo ids  o f  Delphinium macrocentrum Oliv., a p l a n t  na t i ve  t o  Kenya, and 

i s o l a t e d  by conventional chromatographic procedures a new and unusual d i terpenoid a l k a l o i d  which 

we have named macrocentrine. 

Th is  a lka lo id ,  which c r y s t a l l i z e d  from EWH-H20 i n  co lour less tab le ts ,  np 207-209%. gave an el-ms 

which contained as the  base-peak an apparent molecular i o n  of conposit ion C22H35N05 (found m/z 

393.2511, calcd. 393.2516) w i t h  high-mass fragment ions a t  m/z 376 (21) and 362 (35) am. The i r  

spectrum had vmax (KBr) 3400 cml  ( b r  s, OH), but  was devoid of absorptions a t t r i b u t a b l e  t o  car-  

bony1 o r  o l e f i n i c  f u n c t i o n a l i t i e s .  The 200 MHz '~ -nmr  spectrum (C030D. TMS) revealed, i n t e r  a l i a .  

the presence o f  a quaternary methyl ( 6  0.81, 3H, s) and an e t h y l  u n i t  ( 8  1.11, 3H, t J=7Hzl, and 

the absence o f  methoxyl o r  methylenedioxy groups. 

Delphinium a lka lo ids  usual ly  conform t o  two main groups o f  diterpenoids': those w i t h  a CI9 

lycoctonine/aconitine-type skeleton (1); and those derived from a C 2 0  a t is ine- type one ( 2 ) .  The 

former i s  usual ly  methoxylated b u t  n o t  the l a t t e r ,  which i s ,  however, o f ten  o le f in i c .  The CZ2 

formulat ion o f  macrocentrine taken together w i t h  the  absence of methoxyl o r  methylenedioxy groups 

excluded a s t ruc tu re  based on lycocton ine and we therefore turned t o  considerat ion of hexacycl ic 

de r i va t i ves  o f  the C Z 0  skeleton ca r ry ing  an N-Et funct ion. 

The 50.4 MHz "C-nmr spectra o f  macrocentrine i n  pyridine-d,, o r  CD30D-CDCl, revealed resonances 

f o r  22 C (see Table), i n  accord w i t h  the molecular conposit ion deduced from the ms evidence; and. 

together w i t h  the i r  spectrum, excluded o l e f i n i c  and carbonyl funct ions. Ue hypothesised t h a t  the 

formation o f  the m/z 362 a m  fragment-ion corresponded t o  the  l o s s  of a CH,OH u n i t  and t h a t  t h i s  

was present i n  the  molecule as a r e s u l t  o f  the conversion of the exocyc l ic  methylene f u n c t i o n a l i t ~ ,  



Table: 13C  nmr data for d ictyz ine ( 2 )  
and macrocentrine (5). 

a These values may be interchanged w i th in  

a column. 

We suggest tha t  these assignments be 

reversed. 

I n  CD,OD. 

I n  ~y-d,. 
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t yp ica l  of the C2,-alkaloids. i n t o  a *.-diol system, i .e. we visual ised the fragmentation pro- 

cess as being x~'bH + ZC = O+H + C H ~ O H .  
'CH,OH 

Looking fo r  models f o r  such a system we encountered d ic tyz ine (3)2, and were struck by the very 

close correspondence o f  the I%-nmr resonances a t t r ibu ted  t o  the C/D r i n g  system, and pendant 

hydroxymethyl group, o f  t h i s  a lkalo id3 w i th  those found fo r  macrocentrine (see Table). Thus we 

deduced t ha t  macrocentrine was a dihydroxy N-ethyl homlogue of dictyzine. 

Placement of the two addit ional hydrowl  groups was more problematical. We excluded s i t es  on 

r ings  C and D i n  order t o  preserve the correspondence of the 13C-nmr data, and considered attach- 

ments t o  r ings A and 8. Returning t o  the 'H-nmr spectrum of macrocentrine, we observed t ha t  there 

were signals f o r  5 protons i n  the region 3.5-5 ppm: an A0 pair,  6 4.00 and 3.52 (each J = 11.5 

Hz); a s ing le t  a t  6 3.90; a rather  broad m l t i p l e t  a t  6 3.76 (w1I2 - z. 10 Hz); and a doublet a t  

6 3.19 (J = 4.5 Hz). We a t t r ibu ted  these t o  the diastereotopic hydrowmethyl function, the i so-  

l a t ed  H-15, and the "extra" dl01 group respectively. Select ive decouplings revealed t h a t  i r r ad ia -  

t i o n  a t  6 3.80 collapsed the doublet a t  6 3.19 t o  a s ing le t  and also s i np l i f i ed  a mu l t i p l e t  a t  

6 1.88 ppm; while i r r ad ia t i on  a t  6 1.88 ppm converted the m i l t i p l e t  a t  6 3.76 t o  a clean doublet 

(J = 4.3 Hz). We concluded t ha t  the Wo "extra" hydrowl  groups fo rmd a 2 . - d i o l  u n i t  o f  the 

type CH~CH(OH)CH(OHI-C~.  This then had t o  be acconmodated i n  r i n g  A, and we thought t ha t  the 

re l a t i ve l y  low abundance of an (M-17) i o n  i n  the ms o f  macrocentrine excluded a hydroxyl a t  C-14,  

thus leading us t o  a 2.3-diol. The magnitude o f  the observed coupling between the carbinyl pro- 

tons indicated t ha t  these could not  be i n  an axia l -ax ia l  or ientat ion. As 2a-hydroxylation o f  C-20 

diterpenoids i s  r e l a t i ve l y   omo on''^ we were inc l ined  t o  make t h i s  stereochemical asstgnment and, 

guided by the precedent provided by hetidine (4)6 ,  t o  construct a *-dial w i t h  a 3 m d H .  We had 

thus arr ived a t  s t ructure 5 fo r  macrocentrine, but  without de f in i te  proof fo r  the geometry o f  the 

d io l  system. 

We therefore resorted t o  an X-ray crysta l  lographic analysis o f  the alkaloid. This revealed7 

macrocentrine t o  indeed have the structure and re l a t i ve  stereochemistry depicted i n  5. 
Macrocentrine i s ,  to-date, an unusual alkaloid: t o  our knowledge i t  i s  only the second example. 

af ter  dictyzine, of a C Z 0  a lka lo id  i n  which the u n i t  usual ly present as an exocyclic methylene 

group has been converted t o  a 2 . - d i o l .  This suggests a biosynthetic generation, v ia  epoxida- 

t i o n  and subsequent ring-opening of the oxirane, and pronpts the thought t h a t  these a lk lo ids  may 

be clues t o  the construct ion o f  t h e i r  CI,-relatives, i.e. t ha t  t h i s  hydrorylat ion paves the way 

fo r  detachment of C-17 from the C2, System while, as o r i g i na l l y  suggested more than 30 years agoa, 

a 156-OH may provide the s i t e  fo r  a leaving group which resu l ts  i n  a rearrangement t o  the CI9- 

aconitine/lycoctonine r i n g  system. 
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