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X-RAY CRYSTAL STRUCTURES OF C19-DITERPENOID ALKALOIDS 

Bal awant S. Joshi and S. Wi l l iam P e l l e t i e r '  

I n s t i t u t e  f o r  Natural  Products Research and The Department o f  Chemistry, School of 

Chemical Sciences, The Univers i ty  o f  Georgia, Athens, GA 30602, U.S.A. 

Abetraot - The X-ray d i f f r ac t i on  analysis o f  30 Clg-di terpenoid a lka lo ids  i s  re- 
viewed. During the course o f  s t ruc tu re  determination, many natura l ly -occur r ing  alka- 
l o i d s  have been cor re la ted w i th  a lka lo ids  whose s t ruc tures  were establ ished by  X-ray 
c r y s t a l  studies.  The r e l a t i v e  stereochemistry o f  these a l ka lo ids  a t  a l l  the  centres can 
be assumed t o  be cor rec t .  The absolute stereochemistry has been establ ished fo r  sane of 
the alkaloids.  

Contents 

1. In t roduct ion  

2. Aconi t ine-type Clg-Diterpenoid A lka lo ids  

2.1 Aconi t ine 

2.2 Acoforest ine 

2.3 Cardiopetal ine 

2.4 Chasmanine 

2.5 Condelphine 

2.6 Celphinine, Pyrodelphinine 

2.7 Oelphisine, F u z i l i n e  

2.8 ~-Desmethyl-N-formyl-B-deacetyl-l5-~hydrox~delphinine 

2.9 Excelsine 

2.10 15-.pi-Isodelphonine 

2.11 Jesaconit ine 

2.12 Lappacanine 
3. Aconi t ine-type w i t h  6-P-Oxygen Function 

3.1 B i co lo r i d i ne  (A l ka lo id  A) 

3.2 Hetera t is ine  

4. Lycoctonine-type Clg-Diterpenoid A lka lo ids  

4.1 Lycoctonine, Des-(0xymethylene)-lycoctonlne 

4.2 Bonvalotine, Delbotine, Delboxine 

4.3 Browniine 

4.4 Cardiopetal id ine 

4.5 Delcosine 

4.6 ~ e l p h i n i f o l i n e  

4.7 ~ i c t y o c a r p i n e  

4.8 Gadeslne, 18-Hydroxy-14-0-methylgadesine 

4.9 Ibukinamine 

4.10 Pentagydine 

4.11 Tats in ine 

6. References 



1. INTRODUCTION 

P l a n t s  be long ing  t o  t h e  D e t p h i n i w n  and Aconitum genera (Ranunculaceae) and InvZa 

royZaaa (Compositae) have yielded almost a l l  known Clg-type o f  d i terpenoid a lka lo ids .  Some of 

these alkaloids,  which are esters of baies containing a number o f  acetoxyl, hydroxyl and methoxyl 

groups, have exh ib i ted  h igh t o x i c i t y  i n  mamnalian species. Because o f  t h e i r  complex s t ruc tures  

and i n te res t i ng  and diverse pharmacological propert ies,  these a lka lo ids  have a t t r ac ted  the atten- 

t i o n  of chemists and pharmacologists f o r  many years. Progress i n  the  complete s t ruc tu re  elucida- 

t i o n  o f  these a lka lo ids  by c l ass i ca l  degradation studies was very slow. I n  recent years, nmr 

spectral  methods have g rea t l y  f a c i l i t a t e d  the s t ruc tu re  e luc idat ion  o f  t h i s  complex group o f  alka- 

l o i ds .  The Clg-diterpenoid a lka lo ids  have been broadly d iv ided i n t o  th ree groups: ( i )  the  aconi- 

t ine-type, characterized by  the lack  o f  an oxygen funct ion a t  C(7) i n  the  aconitan skeleton; ( i i )  

t h e  lycoctonine-type which bears an oxygen funct ion a t  C(7); and ( i i i )  the  hetera t is ine- type which 

possesses a lactone moiety i n  r i n g  C of the aconitan skeleton. Some of the natura l ly -occur r ing  

acon i t ine  and lycoctonine a lka lo ids  and t h e i r  der iva t ives  have been subjected t o  X-ray c r ys ta l  

S t ruc ture  analysis and t h e  absolute stereochemistry has been establ ished i n  some cases. Pmong the 

v a r i e t y  of methods used, e.g. ORD, CD, chemical intervconversions i nvo l v i ng  the c h i r a l  centers, 
asflmetric synthesis, etc., the  B i j voe t  methad fo r  determining t h e  absolute conf igurat ion by X-ray 

analysis i s  the on l y  r e l i a b l e  and widely appl icable d i r e c t  method. The complete s t ruc tu re  o f  

lycoctonine was i n i t i a l l y  der ived from the X-ray analysis of des-(oxqmethy1ene)-lycoctonine hydr i -  

odide monohydrate, but  l a t e r  invest iga t ions  on other lycoctonine transformation products indicated 

t h a t  the  B-conf igurat ion assigned t o  the  C(1) methoxyl was i n  er ror .  The wrong set of m i r ro r -  

image peaks was chosen, for  the i n t e r p r e t a t i o n  of the  Four ier  synthesis. This i s  another instance 

among many of X-ray assignments of c h i r a l i t y ,  where a re-exminat ion  has shown t h a t  an e r ro r  of 

some k ind  was made i n  the  o r i g i n a l  assignment. There are many places where a s l i p  can occur and 

i t  i s  possible t h a t  s t i l l  other er rors  may have remained undetected. However, w i t h  the soph is t i -  

cated f a c i l i t i e s  and techniques ava i lab le  today, an e r ro r  i n  X-ray der iva t ion  of s t ruc tu re  i s  

h i g h l y  un l ike ly .  

2. ACONITINE-TYPE Clg-DITERPENOIO ALKALOIDS 

2.1 Aconi t ine ( 2 )  - Aconit ine known since 1833, i s  one of the most accessible and h i g h l y  

complicated a lka lo ids  of the  Clg-di terpenoid class. The s t ruc tu re  e luc ida t i on  o f  t h i s  a l ka lo id  

based on chemical degradation studies was independently supported by X-ray c rys ta l lograph ic  analy- 

s i s  of demethanolaconinone hydr iodide t r i h y d r a t e  (1).1 This i nves t i ga t i on  not on l y  confirmed 

the pos i t i on  o f  the methoxyl and hydroxyl groups i n  r i n g  A but also provided t h e  absolute configu- 

ra t i ons  of 13 out of the  15 a s m e t r i c  centres of acon i t ine  (2). Wiesner and coworkers showed 

t h a t  the C(1)-methoxyl group o f  delphinine has an .-equatorial conf igura t ion  by an X-ray c r ys ta l  

s t ruc tu re  determination o f  the  acid oxalate s a l t  of a degradation product ( 3 )  obtained from 

delphinine.2 As delphinine was cor re la ted e a r l i e r  w i t h  aconit ine3, the  conf igura t ion  o f  C(1) i n  

t h e  l a t t e r  a l ka lo id  was establ ished as shown i n  2 .  I t  was a lso  i n fe r red  tha t  r i ngs  A and 8 

are i n  the  cha i r  conformation and the methoxyl group a t  C(1) i s  equator ia l .  The five-membered 

r i n g  C i s  i n  the envelope conformation and r i n g  D i s  a d i s to r ted  chair .4 Since the conformation 

o f  r i n g  A i n  aconi t ine was not determined, a recent X-ray c rys ta l lograph ic  analysis o f  acon i t ine  

has establ ished unequivocally the  fo l lowing5: r i ngs  A, 8 and E occur i n  cha i r  form; r i n g  C i s  an 
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envelope w i t h  C(14) a t  t he  f lap;  r i n g  F i s  a ha l f - cha i r  and r i n g  D i s  a boat w i t h  t he  end a t  

C(15) f lat tened. 

The natura l l y -occur r ing  a l ka lo i ds  which have been cor re la ted  w i t h  acon i t ine  are: 3-acety laconi-  

t ine6,  acoforestinine', 14-benzoylmesaconine8, b ikhaconi t ineg,  chamacon i t ine l0 ,  chamanth in ine lo ,  

c rass i cau t i ne l l ,  3-deoxyaconi t i ne l2 ,  3.13-dia~etyl~seudaconitine13, falaconit ine13, hokbusine 

hypaconitine12, indacon i t ine ls ,  l iwacon i t ine l6 ,  mesaconitinel7.18, mi thacon i t ine l3 ,  pseudaconi- 

t i ne lg ,  veratroylpseudaconine~O and yunaconitine21. 

1 2  4: R,R = Et; R' = A s  

9: R' = Me; R 2 =  Ac; R s -  BZ 



2.2 A c o f o r e s t i n e x  - The s t r u c t u r e  and s te reochemis t ry  o f  a c o f o r e s t i n e  ( 4 )  i s o l a t e d  

from Aconitlun f o r r e s t i i  Stapf was conf i rmed by X-ray c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  us ing  

d i r e c t  methods.' Three of t h e  f o u r  six-membered r i n g s  o f  4 are i n  a c h a i r  conformat ion w h i l e  

r i n g  D has a boat  conformation. Ring A [ C ( l ) ,  C(Z), C(3), C(4), C(5). C(11) I  i s  a f l a t t e n e d  d i s -  

t o r t e d  c h a i r  w i t h  C(1) and C(4) below (0.4A) and above (0.7A) r e s p e c t i v e l y ,  o f  t h e  p lane  through 

t h e  atoms C(2), C(3), C(5) and C(11). The E r i n g  [ (C(4) ,  C(5), C(11), C(17). N, C(19) l  has a 

c h a i r  conformation w i t h  C(4). 0.781 below and C(17) 0.8b above t h e  p lane  through C(5), C(11), N and 

C(19). The six-membered r i n g  [ (C(7 ) ,  C(8), C(9), C(10), ~(11)'. C ( 1 7 ) l  i s  a l s o  a d i s t o r t e d  c h a i r  

w i t h  C(7) 0.8A below and C(10) 0.581 above t h e  p lane  through C(8). C(9), C(11). C(17). Ring D 

[C(B), C(9), C( l4 ) .  C( l3 ) .  C(16), C(15D has a ha l f -boa t  conformat ion w i t h  C(14) and C(15) forming 

t h e  end atoms above t h e  p lane  through C(8), C(9). C(13) and C(16) b y  0.8681 and 0.26A, respec t i ve -  

l y .  The five-membered r i n g s  F [C(5), C(6), C(7), C(17), C ( 1 1 ) I  and C (C(9). C(10), C(12). C(13). 

C(14) I  have a d i s t o r t e d  h a l f - c h a i r  conformat ion.  

The s t r u c t u r e  and s te reochemis t ry  of c r a s s i c a u l i n e  A, t h e  major  a l k a l o i d  o f  A .  c ~ a e s i c n u l ~  
was es tab l i shed  b y  c o n v e r t i n g  t o  acoforestine. '  C r a s s i c a u l i n e  A has been conver ted t o  crassicau-  

sine.11 

2.3 C a r d i o p e t a l i n e  ( 5 )  - T h i s  m i n o r  a l k a l o i d  f r o m  D e l p h i n m  o a r d i o p a t a l m  DC (Syn.  

D .  vetdunens6 B a l b i s )  was shown t o  have t h e  s t r u c t u r e  5 b y  an X-ray c r y s t a l  s t r u c t u r e  de- 

t e r m i n a t i o n .  It i s  t h e  f i r s t  example o f  a C lg -d i te rpeno id  a l k a l o i d  which l a c k s  an oxygen f u n c t i o n  

a t  C(16) .23 

Benzoyl h e t e r a t i s i n e ,  h e t e r a t i s i n e z 4 ,  h e t e r o p h y l l  i d i n e ,  h e t e r o p h y l l  i n e  and h e t e r o p h y l l  is ine25,  a1 l 

c o n t a i n i n g  a & - l a c t o n e  i n  t h e  C r i n g  ( o f  s t r u c t u r e  2 ) ,  are devoid of an oxygen f u n c t i o n  a t  t h e  

C(16) p o s i t i o n .  

6 :  R' = Me; R ' =  OMe; R3 -  H 

7: R : R 3 = H ; R 2 = O M e  

8: R;R'= H; R 3 =  A C  



HETEROCYCLES, Vol 26, No. 9, 1 9 8 7  

2.4 Chasmanine (6) - Because o f  the  co r re la t i on  o f  browniine and neolineZ6, chasmanine (neo- 

l ine-1-methyl ether)  was reported t o  possess a C(1,)-B-methoxyl group. However, a subsequent cor- 

r e l a t i o n  o f  neol ine w i th  delphisine27 (bears a C(1)-a-hydroxl) cast doubt on the correctness of 

t h i s  assignment. An X-ray c r ys ta l  study o f  chasmanine 14-.-benzoate hydrochlor ide establ ished 

s t ruc tu re  6 f o r  chasmanine. The A r i n g  ( o f  the  de r i va t i ve )  i s  s t a b i l i z e d  i n  a boat form by  

intramolecular hydrogen bonding and the methoxyl a t  C(1) i s  a-or ien ted.  The C(1)-hydroxyl group 

o f  neol ine (7) should there fore  have an .-configuration. 

The other natura l ly -occur r ing  a lka lo ids  which have been cor re la ted wi th  chasmanine are: acofor- 

es t i c i ne l ,  anisoezochasmaconitine28, crassicaudinel l ,  ezochasmaconitine28, ezochasmanine28, fa lco-  

nerineZ9, falconerine-8-acetateZg, f o r e ~ a c o n i t i n e ~ ~ ,  f o r e s t i ~ i n e ~ ~ ,  h~mochasmanine~~,  isodelphi-  

nine33 and pyrochasmanine28,34. 

2.5 Condelphine (8) - This a lka lo id ,  f i r s t  i so la ted  from D. c n f u ~ u l ; ( ~  and subse- 

quent ly from D. denudotum.36 has been assigned s t ruc tu re  8 from an X-ray c r ys ta l  struc- 

t u r e  determination of condelphine h ~ d r i o d i d e . ~ ~  The absolute conf igura t ion  o f  the  a l ka lo id  was 

establ ished as: 15, 45. 55, 75, 85, 95, lo!, 115, 135, 145, 165, 17! by examination o f  the  Fr iede l  

p a i r s  of ref lexions. Intramolecular hydrogen bonding between the protonated n i t rogen atom and the 

C(1)-hydroxyl group s t a b i l i z e s  r i n g  A i n  a boat form. 

The s t ruc tu re  and absolute conf igura t ion  o f  14-acetyltalatizamine38, acoforine7, aconosine39, cam- 

maconine40, co lumbian ine4 l .  columbidine42, N-deacetylscaconitine43, 14-dehyd ro ta la t i za -  

mine44,45, 8-deoxy-14-dehydroaconosine46, d o ~ a c o n i n e ~ ~ ,  g y m n a ~ o n i t i n e ~ ~ ,  i s o t a l a t i ~ i d i n e ~ ~ ,  me- 

thylgymnaconi t ind8, 8-!-methyltalatizamind1, nevadenine49, s c a ~ o n i n e ~ ~ ,  ~ c a c o n i t i n e ~ ~  and ta-  

latizamine40 aae establ ished since a l l  these a lka lo ids  have been cor re la ted wi th  condelphine 

(81. 

2.6 Delphinine (9) and Pyrodelphinine (10) - The s t ruc tures  o f  delphinine (9) and 
pyrodelphinine (10) were based on chemical evidence3 and the X-ray s t ruc tu re  o f  compound 

3 der ived from delphinine.2 In order t o  decide whether pyrodelphinine i s  a resonance hybr id  o f  



forms 10 and 11, an X-ray analysis of delphinine and pyrodelphinine was ca r r i ed  out.50 

This study confirmed the s t ruc tures  o f  delphinine and pyrodelphinine as 9 and 10, respec- 

t i v e l y .  Rings A, C, E and F have the same conformations i n  both a lka lo ids .  The D r i n g  i n  9 

i s  i n  a bent-chair  conformation w i th  C(8). C(9). C(13). C(15) and C(16) near ly  coplanar and C(14) 

forming a f lap.  I n  10, r i n g  D has a ha l f -cha i r  conformation f l a t t ened  a t  the C(8)-C(15) dou- 

b le  bond. 

2.7 Delphisine (12) and Fuz i l i ne  (131 - The s t ruc tu re  and absolute conf igura t ion  o f  

t h i s  a l ka lo id  from D. etaphisagria was establ ished as 12 by an X-ray c rys ta l lograph ic  

analysis of i t s  hydrochloride. The A r i n g  i s  i n  a boat form, s tab i l i zed  by an intramolecular 
N-H--0 hydrogen bond, and the D r i n g  i s  also i n  a boat conformation f l a t t ened  a t  ~ ( 1 5 ) . 2 7  The 

absolute conf igurat ion o f  delphis ine was shown t o  be 15, 45, 5R, 6R, 71, EL, 9 5  lo!, 115, 13!, 

14: R' = CHO; R 2 =  OH; R'- BZ 

16: R' = Me; R ~ R '  = H 

The natura l ly -occur r ing  a lka lo ids  t ha t  have been cor re la ted w i th  delphis ine are: benzoylneoline51, 

b u l l a t i n e  ~52,53, delphidine27, delphirine54, delstaphisagrine55, 15-a-hydroxyneoline56 ( f u r i -  

l ine57b, senbusine c ~ ~ ~ )  (13) and n e ~ l i n e . ~ ~  The X-ray c r ys ta l  s t ruc tu re  of f u z i l i n e  has 

a lso  been ca r r i ed  out recently57a. 

2.8 N-Desmethyl-N-Formyl-8-Deacetyl-15-p -Hydroxydelphinine (14) - . Osmium te t rox ide  

o x i d a t i o n  q f  p y r o d e l p h i n i n e  (10) a f fo rded  t h e  8 .15 -a t# -d io l  and as a minor  product ,  

N-desmethy l -N- formyl -8-deacety l -15-p  -hyd roxyde lph in ine  (14) .  t h e  s t r u c t u r e  o f  which 

was establ ished by  X-ray analysis.58 

2.9 Exce l s i ne  (15) - The s t r u c t u r e  o f  e x c e l s i n e  (15 ) .  f rom A. eioetewn Reichb 

(A. louoostornm Worosch), was establ ished by an X-ray c r ys ta l  s t ruc tu re  o f  the  monohydrate 

of i t s  hydrochloride. It i s  the f i r s t  C lpd i t e rpeno id  a l ka lo id  t o  have an epoxide r i n g  a t  the  
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C(3) - C(4) pos i t i on .  The absolute stereochemistry o f  exce ls ine  was found t o  be 15, 35, 4!, 55. 
75, 85, 75, lo?, l lR, 13&, 145, 165, 17R. (N)s." - 

2.10 1 5 - @ p i - l s o d e l p h o n i n e  (16)  - Sakai  and coworkers  s y n t h e s i z e d  1 5 - e p i - i s o d e l -  

phonine frm chasmanine (6 )  through a  se r i es  o f  t ransformat ions i nvo l v i ng  ace ty la t ion ,  oxida- 

t i o n  w i t h  potassium permanganate, formylat ion,  py ro l ys i s  t o  t h e  8.15-dehydro de r i va t i ve ,  epoxida- 

t i o n ,  d i o l  fo rmat ion  and reduc t ion  o f  t h e  N-formyl group w i t h  l i t h i u n  aluminium hydr ide  t o  

the  corresponding N-methyl d e r i v a t i v e  (16). The s t r uc tu re  o f  t h i s  a l k a l o i d  was con- 

f i rmed  by an X-ray ana lys is  which showed t h a t  t h e  C(15)-hydroxyl group i s  i n  t h e  p -conf igura-  

t ion.60 

2.11 Jesacon i t ine  (17) - When j esacon i t i ne  was f i r s t  inves t iga ted ,  t h e  C(1)-methoxyl group 

was assigned a  $ - c ~ n f i g u r a t i o n . ~ ~  However, t h e  c r y s t a l  s t r uc tu re  o f  j e sacon i t i ne  pe rch lo ra te  has 

shown t h a t  t h e  C(1)-methoxyl i s  i n  an . -conf igurat ion (17).62 The A  r i n g  assumes a  boat  con- 

fo rmat ion  and i s  s t a b i l i z e d  b y  i n t r m o l e c u l a r  hydrogen bonding between t h e  n i t r ogen  and t h e  oxygen 

subs t i t uen t s  a t  C(1) and C(3). A l j esacon i t i ne  A and a l j esacon i t i ne  863 from A. j a p a n i c m  

Thunb. and 3-deoxyjesaconit ine64 from A. subcuneatm Nakai have been co r re l a ted  w i t h  jesaco- 

n i t i n e .  

2.12 Lappaconine (19) - Lappaconi t ine (18). the  major a l k a l o i d  o f  A. septentrwnate 
K o e l l e  was ex tens i ve l y  i nves t i ga ted  b y  Marion and coworkers.65 Hydro lys is  o f  18 gave lappaco- 

n i n e  (19), t h e  s t r uc tu re  of which was confirmed by X-ray ana lys is  o f  lappaconine hydrobro- 

mide.66 The A r i n g  was shown t o  have a  boat conformat ion as i n  condelphine (8 ) .  Lapaconi- 

d i ne ,  from a. teuoostomm Worosch and A. a e p t e n t r i o n a t e  K o e l l e ,  has  been c o r r e l a t e d  

w i t h  l a p p a ~ o n i n e . ~ ~  

--"fM' &iH 
Et- -t$ _____--- 

. * ':, 



3. ACONITINE-TYPE WITH 6-p-OXYGEN FUNCTION ' 

3.1 B i co lo r i d i ne  (A l ka lo id  A) (20) - This a lka lo id ,  i n i t i a l l y  nmed 'A l ka lo id  ~ ' 6 8 ,  was 

i so la ted  f r a n  D. bwotor  Nutt. and subsequently redesignated as b i c ~ l o r i d i n e . ~ ~  An X-ray 

c rys ta l lograph ic  analysis o f  b i co lo r i d i ne  hydroiodide l e d  t o  s t ruc tu re  20 f o r  b i c ~ l o r i d i n e . ~ ~  

Most o f  the aconi t ine-type a lka lo ids  t h a t  bear an oxygen funct ion a t  C(6), have t h i s  group i n  an 

a - c ~ n f i g u r a t i o n . ~ ~  B i co lo r i d i ne  i s  unusual i n  t ha t  the  C(6) acetoxyl group i s  present i n  a  p -  
or ienta t ion .  B i co lo r i d i ne  has been converted t o  b i co lo r i ne  ( a l k a l o i d  B ) ,  and b ico lor ine-6-  

0-acetate has been hydrolysed t o  bicolor ine.69 Other aconi t ine-type a lka lo ids  t h a t  possess a  

C(6)-p oxygen funct ion are heteratisine.24 and heterophyl l id ine,25 a lka lo ids  t h a t  contain a  6 -  

lactone moiety instead o f  a  cyclopentane r i n g  C. 

3.2 Hetera t is ine  (21) - Some pre l iminary  c rys ta l lograph ic  data were co l lec ted f o r  hetera t i -  

s ine  and i t s  der iva t ives ,  but the  c r ys ta l s  o f  the hydrobranide were found t o  be unsui table f o r  

s t ruc tu re  analysis as they were ef fervescent and crumbled t o  a  powder.72 Hetera t is ine  hydrobro- 

mide monohydrate was su i t ab le  f o r  X-ray s t ruc ture  determination which showed t h a t  i n  he te ra t i s i ne  

(21) the  six-membered A r i n g  containing the methoxyl group i s  i n  a  d i s t o r t e d  boat form. The 

absolute stereochemistry o f  the  molecule was not determined; however, an ORD study o f  he te ra t i s i ne  

de r i va t i ves  ind ica ted tha t  he te ra t i s i ne  has the same absolute conf igura t ion  as de lph is ine  and 

other di terpenoid a lka lo ids  having the aconitan skeleton.73 

4. LYCOCTONINE-TYPE Clg-DITERPENOID ALKALOIDS 

4.1 Lycoctonine (24). Oes-(oxymethy1ene)-lycoctonine (22) - A la rge  m a j o r i t y  o f  Clg- 

di terpenoid a lka lo ids  are i n  t h i s  c lass which i s  character ized by  the  presence o f  an oxygen func- 

t i o n  a t  C(7). I n s p i t e  o f  a  l a rge  mount o f  work t o  e luc idate  the s t ruc tu re  o f  lycoctonine, the  

canplete s t ruc ture  def ied  chemical methods. The s t ruc tu re  was f i n a l l y  solved i n  1956 by  X-ray 

c rys ta l lograph ic  analysis o f  (t)-des-(0xjmethylene)-lycoctonine hydroidlde monohydrate, which 

establ ished the s t ruc tu re  o f  t h i s  der ivat ive.74 The absolute stereochemistry (22) o f  t h i s  

compound was determined by  the  B i j voe t  ananalous dispersion method75 and the s t ruc tu re  o f  

lycoctonine was der ived as ~ 3 . ' ~  Based on t h i s  resu l t ,  a l l  the  a lka lo ids  which were d i r e c t l y  

o r  i n d i r e c t l y  cor re la ted w i t h  lycoctonine were assigned s t ruc tures  and stereochemistry based on 

t h i s  alkaloid.77 I n  a l l  these structures,  the  C(1)-methoxyl o r  hydroxyl group was considered t o  
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23: R = CH, OH 

be i n  the p-conf igura t ion .  Recent work, however, has shown t h a t  the  assigrunent o f  a p-configura- 

t i o n  t o  C(1) i n  lycoctonine i s  an e r ro r  and lycotonine i s  c o r r e c t l y  represented as 24.78.79 

An X-ray c r ys ta l  s t ruc tu re  determination of the k e t o l a c t m  (25) and other t ransformat ion pro- 

ducts der ived f r a n  lycoctonine has shown t h a t  the  C(1)-methoxyl i s  i n  an a-conf igurat ion.  A re-  

determinat ion o f  the  X-ray c r ys ta l  s t ruc tu re  o f  22 has shown tha t  i n  the  o r i g i n a l  Four ier  

synthesis, a wrong choice was made between the r e a l  and fa lse  mirror-image peaks for  atoms of the  

C(1)-methoxyl group. Lycoctonine samples f r a n  many sources were shown t o  be i den t i ca l  and t h a t  no 

rearrangement had occurred i n  the  formation of 22.78 A l l  a lka lo ids  re la ted  t o  lycoctonine 

should there fore  have a C(1)-omethoxyl  group.78.79 Lycoctonine, browniine, and de l so l i ne  have 

been Chemically transformed t o  d e ~ ~ h a t i n e . ~ g  Since the a-conf igura t ion  o f  C(1)-hydroxyl i n  delso- 

I ne  was f i r m l y  establishedao, a l l  these cor re la ted a lka lo ids  must have a C(1)-a-methoxyl group. 

These r e s u l t s  l e d  t o  the  rev i s i on  of s t ruc tures  o f  the fo l lowing n a t u r a l l y  occurr ing a lka lo ids  
w i t h  the C(1)-methoxyl or hydroxyl group i n  an a-configuration79: 14-acety lbrownl ine~ l ,  14- 

acetyldelectine82, N-acetyldelectine83, a jac ing4 ,  anthranoy11ycoctonin&4.85, avadhari- 

dine84, 14-benroylbrowniine86, 14-dehydrobrowniineE6, d e l b i t e r i n g 6 ,  d e l e c t i n g 7 ,  d e l e c t i n i n g 8 ,  

delpheline89, delsemine84, deltaline84,89, de l taming"  dmethylene-deltamine84, dictyocarpinegO, 

dictyocarpinine90, 7,18-di-0-meth~ll~coctonine~~,~~, e l a t i n g 4 ,  gigactoninegl, lycaconi-  

t i n 8  and nethyl lycaconi t ine.a4 Other a1 ka lo ids  cor re la ted w i th  lycoctonine are: de lb i t e -  

rine79,86, delvestineg2, delvest id ine92, elatine79,84 and tats iensine.93 

4.2 Eonvalotine (26). Oelbotine (27). Delboxine (28) - The s t ruc ture  of bonvalot ine 

(261, an unusual a l ka la id  f r a n  D. bava to t i i  Franch, hydroxylated a t  the  CIS)-posit ion 

was der ived by spectral  methods and confirmed by an X-ray c r ys ta l  s t ruc tu re  determination.94,95 

The co-occurr ing a l ka lo ids  bonvalol and bonvalone have been cor re la ted w i th  bonvalot ine.  The 

s t ruc tures  of de lbot ine  (27) and delboxine (28) f r a n  the same plant94,95,96 have been a lso  

establ ished by  X-ray analysis.  



OMe 

4.3 Browniine (29) - I n  order t o  confirm the  revised assignment o f  t he  C(1)-a-methoxyl group 

based on chemical c o r r e l a t i o n  studies7g, an X-ray s t r uc tu re  determinat ion o f  browni ine perchlorate 

was ca r r i ed  out .  The s t ruc tu re  was solved by m u l t i s o l u t i o n  methods and r e f i n e d  t o  an R of 0.078 

f o r  2766 observed re f lex ions ;  browni ine has s t r uc tu re  29.97 

4.4 Card iopeta l id ine  (30) - The s t ruc tu re  (30) assigned t o  t he  . a l ka lo i d  i so la ted  f r a n  

D. oazdiopetoZm DC was der ived from spect ra l  considerat ions and confirmed by an X-ray analy- 

sts.23 Card iopeta l id ine  i s  t he  f i r s t  a l ka lo i d  w i t h  a  lycoc ton ine  skeleton t h a t  does not  have an 

oxygen f unc t i on  a t  C(16). Card iopata l id ine  has been ox id ized w i t h  KMn04 t o  g i ve  g rac i l i ne ,  an 

a l ka lo i d  i so la ted  from D. gracite ~ c . 9 8  
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4.5 Delcosine (31) - T h i s  a l k a l o i d  was i s o l a t e d  f r a n  D. rajacis99 i n  1945 and a l l  at- 

tempts by Marion and coworkers t o  c o r r e l a t e  delcosine w i t h  l ycoc ton ine  were An 

unpublished X-ray c r ys ta l l og raph i c  ana lys is  o f  de lcos ine  hydrobranide i nd i ca ted  t h a t  i n  delcosine 

(31) a l l  t h e  subs t i t uen t s  w i t h  t h e  except ion o f  C(1)-hydroxyl group are o r i en ted  as i n  l ycoc to-  

n i n e  (as then formulated w i t h  a $ - O C H ~ ) . ~ O ~  The A r i n g  of delcosine was shown t o  be i n  a boat  

conformat ion w i t h  the  C(1)-hydroxyl  forming a hydrogen bond w i t h  t h e  loan  p a i r  o f  n i t rogen,  whereas 

i n  lycoctonine,  r i n g  A e x i s t s  i n  a c h a i r  form. A recent  Russian X-ray ana lys is  has es tab l i shed 

t h a t  delcosine i s  c o r r e c t l y  formulated as 31 having t h e  hydroxyl group a t  C(1) i n  an a-configu- 

r a t i on . lD2  The r i n g s  A, B and D have a boat  conformation, r i n g s  C and F are an envelope and r i n g  E 
i s  a cha i r .  The r i n g s  A/B are tmme and a l l  t h e  o ther  r i n g  j unc t i ons  (A /E ,  B/C, BID and 

B/F) are cis. 

4.6 D e l p h i n i f o l i n e  (32) - The s t r uc tu re  o f  d e l p h i n i f o l i n e  (32). a minor a l k a l o i d  f ran  
A. de tpk i n i f o t iwn  DC, was confirmed by X-ray crysta l lography.103 It i s  a lycoctonine-type alka- 

l o i d  c l o s e l y  r e l a t e d  t o  browniine, decosine and de l so l i ne .  

4.7 D ic tyocarp ine  (33) - This  a l k a l o i d  was assigned the  s t r uc tu re  33 on the  bas i s  of nmr 

s t ud ies  and c o r r e l a t i o n  w i t h  l ycoc ton ine  v i a  a long  sequence of r eac t i ons  i n v o l v i n g  d i c t yoca rp i -  

n ine.  6.10-dimethyldeltamine, deltamine, d e l t a l i n e ,  delphel ine,  6-0-methyldelpheline and 

d e o x y l y c o c t o n i n e . ~ ~ , ~ ~  The s t r uc tu re  and stereochemistry o f  d ic tyocarp ine  have been confirmed by 

an X-ray ana lys is  o f  i t s  acetone cmplex.g7 The con f i gu ra t i on  of t h e  methoxyl group a t  C(1) i s  

shown t o  be a . I n  r i n g  A, C(2) can be loca ted  e i t h e r  c i s  o r  trmze t o  C(5) w i t h  r e fe r -  

ence t o  t h e  planes passing through C( l ) ,  C(3). C(4) and C(11); hence t h i s  r i n g  may assume e i t h e r  a 

boat  o r  a c h a i r  conformation. I n  t h e  case of browni ine perchlorate,  t h e  A r i n g  i s  a boat, whereas 

i n  d ic tyocarp ine ,  i t  i s  i n  a c h a i r  conformation. 



4.8 Gadesine (34 ) ,  18-Hydroxy-14-0-methylgadesine ( 3 5 )  - D. pentogynwn Lam. af- 
forded an i n t e r e s t i n g  a l k a l o i d  gadesine (34). the  s t r uc tu re  of which was salved by spec t ra l  
methods and confirmed b y  an X-ray analysis.104 The A r i n g  e x i s t s  i n  t h e  skew form and i s  s t a b l i r e d  

through an e ther  oxygen b r i dge  between C(1) and C(19); i t  forms a r i g i d  u n i t  C(l)-C(Z)-C(3)-C(4)- 

C(19)-N-C(17)-C(l l) br idged tw i ce  through O(1) and C(5). Two in t ramolecu la r  hydrogen bonds are 

formed between O(8)--4(8)---O(6) and O(14)-H(14)---O(16). 18-Hydroxy-14-0-methylgadesine 

(35) was i s o l a t e d  frm Consotido or i en ta t i s  Gay and i t s  s t r uc tu re  was determined by X-ray 

ana lys is  which showed t h a t  r i n g  A e x i s t s  as a skew-boat form.1°5 The na tu ra l l y - occu r r i ng  a l ka l o i ds  

which have been co r re l a ted  w i t h  gadesine are: 14-acetylgadesine106, 14-ben~oyldihydrogadesine~~~, 

14-benzoylgadesine106, dihydrogadesine107 and gadeline.106 

4.9 I buk i nam ine  (36 )  - A. ibukienas  Nakai  a f f o r d e d  a l y c o c t o n i n e - t y p e  a l k a l o i d  des- 

ignated ibukinanine.  The s t r uc tu re  o f  t h e  a l k a l o i d  (36) was determined on the  bas is  of spec- 

t r a l  da ta  and confirmed by X-ray analysis. lo8 It i s  a Z,3-dehydro d e r i v a t i v e  of d e l p h i n i f o l i n e  

(32). 
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4.10 Pentagydine (37) - The s t ruc tu re  o f  pentagydine, a const i tuent  o f  D. pentagyzm 

Lam.. was solved by  X-ray crystal lography. The s t ruc tu re  (37) was solved by  d i r e c t  methods and 

re f i ned  t o  ~ = 0 . 0 4 2 . ~ ~ ~  

4.11 Tats in ine (38) - This a l ka lo id  i so la ted  from D. t a t s i e n m s e  Franch was assigned 

s t ruc tu re  38 on the bas is  o f  1~ and 1% nmr spectral  evidence,l1° and has recen t l y  been con- 

f i rmed by an X-ray c r ys ta l  s t ruc tu re  determination of t a t s i n i n e  p e r c h l o r a t e . l l l  
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