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as d e riv a tiv e s  o f 1H - o r 3 H -p y rro liz id in e  in  accordance w ith  Chemical 

A b strac ts  nom enclatu re , e . g . ,  m ethyl 5 ,6 ,7 ,8 - te t r a h y d r o -3 H -p y r r o liz id in e -

1-c a rb o x y la te .

CO0CH3

6

F u lly  s a tu ra te d  compounds are  named as p y rro liz id in e  d e r iv a t­

iv e s . The  s te reo ch em is try  o f su b s titu en ts  is in d ica ted  b y  the a and 3 

nom enclature conform ing w ith  the usual p rac tice  in  th is  f ie ld .

T h e  p y rro liz id in e  m acrocyclic d ies te rs  are num bered  in accord­

ance w ith  the system  proposed  b y  C u lv e n o r ed a l . ,  ( C . C . J .  C u lv e n o r, 

D . H . G .  C ro u t, W. K ly n e , W .P .  Mose, J . D .  R en w ick , and P .M .  Scopes,

J . Chem . S o c . ,  ( C ) ,  1971, 5653) .  F o r exam ple, usaram ine is shown

HO
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SUMMARY

P y rro liz id in e  a lkalo ids are  im p o rtan t because th e y  have a w idespread  

occurrence and many o f th e  alkalo ids are  h ep ato to x ic . T h e  w o rk  p resen ted  

in  th is  thesis is d iv id e d  in to  th re e  sections: (a ) in ves tig a tio n s  in to  the

syn thesis  of p y rro liz id in e  bases; (b )  feed ing  o f o p tica lly  ac tive  p u tresc in e  

analogues to p lan ts  w hich  p roduce p y rro liz id in e  a lkalo ids; (c ) s tru c tu ra l  

stud ies on seeds w hich p roduce p y rro liz id in e  a lka lo ids .

(A ) In v e s tig a tio n s  in to  the  syn thes is  o f p y rro liz id in e  bases

A ro u te  aimed at p ro v id in g  a ran g e  of necines, p r in c ip a lly  in  

o p tica lly  active fo rm , from  the  stereoisom eric forms of malic and ta r ta r ic  

acids was s tu d ie d . A series o f in te rm ed ia te  im ides was p re p a re d  ( e . g . A)  

from  these diacids and developm ent o f the  p y rro liz id in e  r in g  system  was 

achieved ( e . g . B )  th ro u g h  condensation o f th e  sodium salt o f these imides 

w ith  e th o xycarb o n y lc yc lo p ro p y ltrip h en y lp h o sp h o n iu m  te tra flu o ro b o ra te . 

H o w ever, attem pts to c o n v e rt the  p ro d u cts  o f th is  cyclisation  in to  the  

d es ired  p ro d u cts  (su ch  as C and D ) w ere unsuccessfu l. A b r ie f  summary 

of the ro u te  p u rs u e d  is o u tlin ed  in  Scheme I  fo r the syn thes is  from L -  

ta r ta r ic  acid d ie th y l e s te r .

A series  o f problem s beset th is  ro u te , in c lu d in g  the  fa ilu re  of 

w ell p reced en ted  reactions  in  the  la t te r  stages o f the reactio n  sequence.

In  a d d itio n , poor y ie ld s  w ere en co u n tered  fo r ce rta in  steps to g e th e r w ith  

epim erisation o f k e y  in te rm e d ia te s . A ttem pts  to m odify the s tra te g y  could  

not overcome these p rob lem s.



IX

(B ) Feed ing  of o p tica lly  ac tive  p u tre s c in e  analogues to p lan ts  which  

produce p y rro liz id in e  alkalo ids

T h e  feed ing  o f p u tresc in e  analogues to Senecio p leistocephalus  

(fam ily  Compositae) p lan ts  was u n d e rta k e n . P u tresc in e  is known to be 

in vo lved  in  the  b iosyn thes is  o f rosm arinecine (E ) , the base p o rtio n  of the  

p y rro liz id in e  m acrocyclic d ie s te r (ro sm arin in e ) produced  b y  these p la n ts . 

A ro u te  was devised  to  enable p re p a ra tio n  of o p tica lly  active  2 -m eth o xy -

HO CH.OH

- -  OH

(E)

p u tresc in es  from  the  o p tica lly  ac tive  malic acids . T h is  is illu s tra te d  in

Scheme I I  fo r  syn th es is  o f one enantiom er from  L-m alic  ac id .

For feed ing  experim ents  these s u b s titu te d  pu tresc in es  were

14successfu lly  p re p a re d  in  rad io lab e lled  form b y  the use of [ C ] m ethyl

iod ide in  the  m ethy la tion  step on the  ro u te  from  malic ac id . Feed ing  of 

14the [ C -M e ]-2 -m e th o x y p u tre s c in e s  in d ica ted  th a t n e ith e r  o f the enan tio ­

m eric form s was re a d ily  u tilis e d  in  the  b io syn th e tic  pathw ay to rosm ari­

nec in e . No ev idence o f lik e ly  in term ed ia tes  in  the b io syn th e tic  pathw ay  

or of the  form ation  o f rosm arinecine analogues was o b ta in ed . An in te r ­

mediate tra p p in g  exp erim en t dem onstrated  th a t the 2-m eth o xyp u tresc in es  

do not rem ain  in ta c t w ith in  th e  p la n t.
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(C )  S tru c tu ra l s tud ies  on seeds w hich produce p y rro liz id in e  alkaloids

Seeds o f C ro ta la r ia  lanceolata (fam ily  Legum inosae) w ere ex tra c te d  

and the  a lkalo idal m ix tu re  was separated  b y  ch rom atography. T h re e  

alkalo ids w ere p re s e n t in  the seeds in  a ra tio  of 85:10:5  ( F : G : H ) .  These  

w ere id e n tif ie d  b y  spectroscopic stud ies as the know n p y rro liz id in e  

alkalo ids usaram ine ( F ) ,  n ilg ir in e  ( G ) , and in te g e rrim in e  ( H ) .

R = CH2O H :(F ) 

R = CH3 :(H)

OH

(G)
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1

C H A P T E R  1

IN T R O D U C T IO N

1 .1  T h e  P y rro liz id in e  A lka lo ids

The p y rro liz id in e  alkalo ids com prise a su b stan tia l class of

n a tu ra l p ro d u c ts .  ̂ T h e y  have aroused much in te re s t b y  th e ir  w idespread

occurrence a n d , more s ig n if ic a n tly , b y  the  d ive rse  ran g e  of bio logical

2 -4a c tiv itie s  e x h ib ite d  b y  the g ro u p . P y rro liz id in e  d e r iv a tiv e s  are found

commonly in  p la n ts . In  excess o f 200 such a lkalo ids have been iso la ted .^

P y rro liz id in e  a lka lo id -co n ta in in g  p lan ts  are  found on all continents and

have a lib e ra l d is tr ib u tio n  th ro u g h o u t the  p la n t k ingdom . T h e  presence

o f p y rro liz id in e  a lka lo ids  in  o v e r 60 g e n e ra , spanning  13 p la n t fam ilies,

re fle c ts  th is  bo tan ica l d iv e r s ity .^  T h e  most commonly s tu d ied  o f the

2
genera a re  S enec io , C ro ta la r ia , C ynoglossum , and H e lio tro p iu m .

T h e  l-a z a b ic y c lo [3 . 3 . 0 ]octane system  (1 ) is  the s tru c tu ra l

backbone common to most p y rro liz id in e  a lka lo id s . A sm aller, b u t s izeable

grou p in g  contain  a c losely  re la te d  s tru c tu re  ( 2 ) as th e ir  n u c leu s ,

otonecine (3 )  b e ing  an exam ple. Alm ost all p y rro liz id in e  bases possess a

h y d ro x y m e th y l g roup  a t C - l .  In  a d d itio n , many are  h y d ro x y la te d  at C -7

and a few are fu r th e r  h y d ro x y la te d  at C -2  or C - 6 . T h e  s tereochem is try

o f these s u b s titu e n ts , to g e th e r w ith  th e  b rid g eh ead  p ro to n  at C - 8 , is

v a r ia b le . P y rro liz id in e s  w ith  a s a tu ra te d  r in g  system  are  kn o w n , b u t 1 ,2 -

u n s a tu ra tio n  p red o m in ates . T h e re  are  also a few exam ples o f th e  more

5 6oxid ised  p y rro le s  docum ented. ' T h e  most common ty p e  o f p y r ro liz i­

dines are  th e  diols e ith e r  s a tu ra te d  o r 1 ,2 -u n s a tu ra te d . R etronec ine  (4 )  

is  the  base p o rtio n  (n e c in e ) en co u n tered  most o ften  in  p y rro liz id in e  system s.



2

OH

6

Me

(3)

O

Me
(2)

OH

(4)

A lthough  many of these necines have them selves been iso lated , 

most are found in  the form  of es ters.^ - These can occur as monoesters 

[ lik e  ( 5 ) ] ,  d ies ters  [such as ( 6 ) ] ,  or m acrocyclic d iesters  [lik e  ( 7 ) ] ,  the 

last being the most common v a r ie ty . T h e  1, 2 -u n sa tu ra ted  m acrocycles,

HOHO

CO

OH



3

lik e  ( 7 ) ,  are recognised  as the  most to x ic  members o f the p y rro liz id in e  

4 7
fam ily . ’ Am ongst these b islactones th e  11- and 12-m em bered species

are the most common, m onocrotaline ( 8 ) and re tro rs in e  ( 9 ) are  respective

8 9exam ples. A few 13-m em bered m acrocycles are  kn o w n , ’ all of which  

contain e ith e r a cro tanecine (10)  or re tro n e c in e  (4 )  n u c leu s . R ecen tly , 

a sm aller num ber o f 14-m em bered d e riv a tiv e s  o f re tro n e c in e , such as 

parsonsine ( 7 ) ,  have been d isco vered . ^

T h e  acid moieties o f the  p y rro liz id in e  e s te rs , know n as the necic 

acids, contain fiv e  to ten  carbon atoms, are  o ften  b ra n c h e d , and are  

fre q u e n tly  h y d ro x y la te d . T h e y  e x is t as e ith e r mono or d iac ids , w ith  

most being y -  o r 6 “h y d ro x y a c id s .  ̂ Those w hich contain  ten  carbon atoms, 

such as seneciphyllic  acid  ( 11 ) ,  a re  b y  fa r  th e  most common of the  g ro u p .

Loline (12 )  is one o f a small collection o f p y rro liz id in e  a lka lo ids , 

o f novel s tru c tu re , w hich  have  been iso lated  in  n o n -e s te r if ie d  fo rm ."^

I t  should also be noted  th a t in  th e ir  n a tu ra l en v iro n m en t, p y rro liz id in e s  

often  occur as a m ix tu re  o f th e  te r t ia r y  base and the correspond ing  N -o x id e

1. 2 T o x ic ity  o f P y rro liz id in e  A lka lo ids

In  th e  pas t 20 ye a rs  th e re  has been a m arked increase in  aw are­

ness o f the physio log ica l d iso rd ers  caused b y  p y rro liz id in e  a lkalo id
4

poisoning of mammalian species. D u r in g  th is  p erio d  num erous p y r ro liz i­

d ine alkaloids have been tes ted  and many have been found  to induce  

12-14h e p a to to x ic ity . P y rro liz id in e  d e r iv a tiv e s  have also been shown to

act as an titu m o u r, h y p o te n s iv e , local an aes th e tic , antispasm odic, a n ti-
4

in flam m ato ry , and carc inogen ic  ag en ts . In  add ition  to the l iv e r ,  damage 

may also be in f lic te d  on the  lu n g s , ^  h e a r t ,  ^  an d , occasionally , the  

k id n e y s . ^



4

OH HO

(8) (9)

OH CH.O H NHMeOH

HO O -

(10) (11) (12)



5

In g es tio n  of p lan ts  contain ing p y rro liz id in e  a lkalo ids b y  livestock

18~20has long been recognised  as a serious environm enta l h a z a rd . In d e e d ,

the  f ir s t  suspected case o f p y rro liz id in e  a lkalo id  poisoning was reco rd ed

as e a r ly  as 1787, when farm ers  in  B r ita in  suspected Senecio jacobaea o f

being  h arm fu l to liv e s to c k . T h e  com plexity o f the disease and its

occurrence in  many d is ta n t locations caused the condition  to be re fe r re d

2
to b y  severa l a lte rn a tiv e  names, in c lu d in g  P ictou and W inton disease.

In  many a reas , loss of lives to ck  b y  p y rro liz id in e  a lkalo id

poisoning is of increas ing  economic concern . R ecen tly  in  A u s tra lia  fo r

in s ta n c e , a num ber o f ca ttle  d ied  and many w ere  a fflic te d  b y  re ta rd e d
21

grow th  due to consum ption of Senecio lau tu s , w hile a fa ta l o u tb re a k  of

ch icken  poisoning was d e tec ted , th is  time re s u ltin g  from  contam ination of

22fo d d er b y  seeds of H elio trop ium  europaeum . In g e s tio n  o f p y rro liz id in e

alkalo ids b y  humans is now also recognised  as a w orldw ide hea lth  problem .

23 24M o rta lity  has re s u lte d  in  A fg h an is tan  and In d ia  as a consequence o f 

contam inated food s u p p lie s . An o u tb reak  o f veno -occ lus ive  disease

developed in  A rizo n a , U . S . A .  due to consum ption o f a h e rb a l tea d e riv e d

25
from  Senecio lo n g ilo b u s . O th e r cases o f poisoning have been a ttr ib u te d  

to h e rb a l teas and tra d itio n a l rem edies w hich in co rp o ra te  p y rro liz id in e  

a lk a lo id s . ^

P y rro liz id in e  alkalo ids and th e ir  N -o x id es  are  know n to be

m etabolised b y  mammals to p y rro le  d e r iv a tiv e s , the  la t te r  ca tegory  v ia  

4
th e  basic a lka lo id . Such metabolism in v a r ia b ly  occurs in  the  l iv e r ,  b y  

oxidase enzym es, and i t  is these p y rro lic  m etabolites w hich are  responsib le  

fo r the  ad verse  e ffec ts  associated w ith  p y rro liz id in e  a lka lo id s . A lthough  

most tissue damage is confined  to th e ir  s ite  o f p ro d u ctio n  -  the  l iv e r ,
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m igration of these p y rro le s  can lead to toxic action on o ther organs.

T h e ir  to x ic ity  arises from  activation  of the  es te r groups th ro u g h

conjugation w ith  the p y rro le  (Scheme 1 ) ,  enabling these m etabolites to

behave as b ifu n c tio n a l a lk y la tin g  agents which can in itia te  ce llu lar  

27
d is tu rb an ce . N ucleoph ilic  sites of a D N A  molecule can become covalently  

bound to these p y rro liz id in e  m etabolites, leading to c ro s s -lin k in g  of the 

D N A .  Th is  can p re v e n t cell mitosis which may u ltim ately  lead to the death  

of the organism .

DNA
DNA

\ d n /  o c o r
2 2OCORR CO DNA r— OCOR

DNA
DNA DNA ,~ VW^£2!I>DNA

SCHEME 1



Essential s tru c tu ra l fea tu res  re q u ire d  fo r p y rro liz id in e  alkaloids  

to enable form ation of these toxic m etabolites are 1 , 2-u n s a tu ra tio n  of the  

basic nucleus and e s te rifica tio n  at C - 9 .  T o x ic ity  is fu r th e r  enhanced by

4esterifica tio n  at 0 7  and su b stitu tio n  in  the opposition of the acid moiety.

The  macrocyclic d ies te rs  adopt specific conform ations and th is may also

28in fluence  th e ir  b io logical a c t iv ity .

1. 3 T h erap eu tic  N a tu re  of P y rro liz id in e  A lkaloids

D espite  th e re  being a p reponderence of p y rro liz id in e  alkaloids  

know n to d isp lay  h ep a to to x ic ity  th e re  are some which have dem onstrated  

a c tiv ity  of th e rap eu tic  v a lu e . These a lka lo ids , some of which are  

discussed, e ith e r have a sa tu ra ted  p y rro liz id in e  skeleton or are q u a te rn ­

a ry  amines, p a r t ic u la r ly  N^oxides.

The m acrocyclic d ies te r p la ty p h y llin e  (1 3 ) ,  has been used

HO

(13)

ex te n s iv e ly  fo r severa l years  in  the U . S . S . R .  in  the trea tm ent of h y p e r -

29 30tension and in te rn a l u lc e rs . ’ T h e  s a tu ra ted  rin g  system is thought

to account fo r its  n o n -h ep ato to x ic  n a tu re . R ecen tly , an ophthalm ic d ru g

31became availab le w hich contains 1% p la ty p h y llin e  ta r t ra te .



T h e  N_-oxides o f in d ic in e  ( 1 4 ) ,  ech inatine  ( 1 5 ) ,  and europine

32(16) d isp lay  a n ti-tu m o u r a c t iv ity  in  experim en ta l tum our system s.

In d ic in e  N -o x id e  is the on ly  p y rro liz id in e  a lka lo id  to  have been used in  a

clin ica l t r ia l .  I t  was found to be e ffe c tiv e  against advanced cancers ,

33although side e f fects,  p r in c ip a lly  m yleosuppression, w ere o b served .

H ow ever, no acute l iv e r  damage developed a fte r  i t  was adm in istered  to

p a tie n ts . T h e  sem i-syn th e tic  p y rro liz id in e  (17)  p re p a re d  b y  Zalkow et 

34a l. , has p ro ved  to be a more p o ten t a n ti-tu m o u r agent than  in d ic ine  N -

oxide when tes ted  on s im ilar exp erim en ta l system s.

The  sem i-syn th e tic  p y rro liz id in e  (18)  is one o f a series of sim ilar

compounds w hich have d isp layed  ganglion and neurom uscular b locking  

35p ro p e rtie s  in  r a t s .  T h e  q u a te rn a ry  1, 2 -u n s a tu ra te d  p y rro liz id in e  (19)  

was the most p o ten t o f a collection o f p y rro liz id in e  th io ls  w hich in h ib ite d  

n e rv e  muscle transm issions in  m ic e .^

1 .4  Aims of P ro ject

One o f the g re a te s t challenges co n fro n tin g  the O rgan ic  Chem ist 

is in  the developm ent o f s y n th e tic  ro u tes  to n a tu ra l p ro d u c t system s.

T h e  increas in g  a v a ila b ility  o f o p tica lly  ac tive  reag en ts  as p o ten tia l syn thons, 

coupled to the considerab le  advances in  s yn th e tic  o rgan ic  ch e m is try , have  

enabled n a tu ra l p ro d u cts  to be syn thes ised  in c re a s in g ly  in  o p tica lly  active  

fo rm . T h is  tre n d  has been re fle c te d  in  the  p y rro liz id in e  a lka lo id s , w ith  a 

num ber o f syntheses o f o p tic a lly  ac tive  necines re c e n tly  re p o rte d . T h is  

w ork is rev iew ed  in  C h a p te r 2.

Most o f the s y n th e tic  ro u tes  to the  o p tica lly  active  necines are  

le n g th y . In  a d d itio n , most a re  re s tr ic te d  to the  p ro d u ctio n  o f a small 

num ber o f nec ines . C o n seq u en tly , i t  was considered  im p era tive  to t r y  to
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R =

OH

HO
R =

OH
MeO

Me

HO

HO

Me

(16) (15)

OH
OH

HO

Me
O

OH

HO

O

(17) (14)

OH

(18) (19)
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develop a concise, e ffic ie n t ro u te , capable o f y ie ld in g  a ran g e  o f necines in  

o p tica lly  ac tive  fo rm . A c c o rd in g ly , th e  emphasis of th is  p ro jec t cen tred  

on an in ves tig a tio n  in to  the fe a s ib ility  of a s yn th e tic  ro u te  from  the s te reo -  

isom eric forms o f malic and ta r ta r ic  ac ids . T h is  w ork  is described  in  

C h a p te r 4.

T h e  b iosyn thes is  o f n a tu ra l p ro d u cts  is of fundam ental in te re s t  

to the Chem ist and Biochem ist a lik e . A lthough  the o rig in  o f many n a tu ra l 

p ro d u cts  rem ains u n c le a r, considerab le  p ro g ress  has been achieved in  our 

u n d ers tan d in g  o f th e  sa lien t fe a tu res  o f p y rro liz id in e  a lkalo id  b io syn th es is . 

Th e  w ork  re p o rte d  in  th is  area  is summarised in  C h a p te r 3.

P u tresc in e  (20)  has been shown to be an e ffic ie n t p re c u rs o r in  

the  b iosyn thesis  o f the p y rro liz id in e  bases,  re tro n ec in e  (4 ) and rosm ari­

necine ( 2 1 ) .  H o w ever, no w o rk  has y e t been re p o rte d  on the feed ing  of 

su b s titu te d  p u tresc in es  to p lan ts  know n to produce p y rro liz id in e  a lka lo ids . 

T h is  may produce analogues o f p y rro liz id in e  alkaloids which can be assessed  

fo r usefu l b io log ical a c t iv ity ,  o r , i f  th e re  is in te rfe re n c e  w ith  the b io ­

s y n th e tic  p a th w a y , analogues o f b io syn th e tic  in term ed ia tes  may be 

produced  w hich w ill p ro v id e  in fo rm ation  about the b io syn th e tic  p a th w ay . 

T h u s , o p tica lly  ac tive  m eth o xyp u tresc in es  w ere p re p a re d , in  rad io labe lled  

fo rm , from the  enantiom ers o f malic acid and ad m in is tered , as th e ir  

d ih y d ro c h lo rid e s , to Senecio p le is tocephalus p la n ts . T h is  w ork  is  

discussed in  C h a p te r 5.
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HoN

(20)

OH

- -  OH

(21)

The d is tr ib u tio n  of p y rro liz id in e  alkaloids w ith in  p lan ts  is of 

increasing  im portance. T h is  arises as know ledge of the chemical co n stitu ­

ents o f p lan ts  is becoming in creas in g ly  in flu e n tia l in  the c lassification of 

p lan t species.

F u rth e rm o re , the s tru c tu ra l re la tio n sh ip  of alkaloids occu rrin g  

to g e th er may be o f va lue  in  help ing  to determ ine the biogenesis of these  

compounds. T h e re fo re , an in ves tig a tio n  o f the alkalo idal content of seed 

of C ro ta la ria  lanceolata was u n d ertaken ; th is  is outlined  in  C h ap te r 6 .
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C H A P T E R  2

S Y N T H E S IS  OF O P T IC A L L Y  A C T IV E  P Y R R O L IZ ID IN E  BASES

T h e  w ide ran g e  of b io log ical a c tiv itie s  associated w ith  p y r ro liz i-  

dine alkaloids (esp ec ia lly  those e x h ib itin g  biological a c tiv ity  o f th e rap eu tic  

va lu e) has served  to u n d e rlin e  the im portance o f develop ing  p ra c tic a l 

syn th e tic  rou tes  to  these com pounds, p re fe ra b ly  in  o p tica lly  ac tive  form .

The  f ir s t  p y rro liz id in e  bases to be synthes ised  in  o p tica lly  

active  form w ere the 1-h y d ro x y m e th y lp y rro liz id in e s , such as ( + )-s u p in id in e  

( 2 2 ) .  Soon a fte rw a rd s , s y n th e tic  ro u tes  to  o p tica lly  ac tive  d io ls , such as 

( - ) -h a s ta n e c in e  (23) and ( + )-re tro n e c in e  (4 )  w ere re p o rte d . (-‘■)-Ros- 

m arinecine ( 2 1 ) is one o f th re e  s a tu ra te d  necine tr io ls  th a t has been  

synthesised  re c e n tly  in  o p tica lly  ac tive  fo rm , w hile  two e laborate  rou tes  

to the 1 , 2-u n s a tu ra te d  t r io l ,  ( + )-c ro ta n e c in e  ( 10 ) ,  have been p u b lish ed .

(22)

OH

(23)

T h e  f ir s t  re p o rte d  syn th es is  o f a p y rro liz id in e  base was in  1931 

37b y  Cleo and Ram age. Since th is  in it ia l b re a k th ro u g h , ex ten s ive  e ffo r t  

has been expended  in  th e  developm ent o f s y n th e tic  rou tes  to th e  necine  

bases.  A lth o u g h  many rou tes  have been successfu lly  em ployed d u rin g  

th is  p e rio d , th e  form ation  o f o p tic a lly  ac tive  p y rro liz id in e s  has on ly  been
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w itnessed in  re c e n t y e a rs . P r io r  to the las t decade, p ro d u ctio n  of

o p tica lly  ac tive  forms was achieved  on ly  b y  im plem entation o f classical

38 39reso lu tion  tech n iq u es . ’

Th e  f ir s t  syn thesis  of o p tica lly  ac tive  p y rro liz id in e  a lkalo ids

40 41was re p o rte d  in  1979 b y  Robins and S a k d a ra t. ’ Em ploying the  

(_ )_ 4 _ h y d ro x y -L -p ro lin e  d e r iv a tiv e  (24)  as th e ir  ch ira l so u rce , th e y  

generated  ( + )-iso re tro n ecan o l ( 2 5 ) ,  ( + )-tra c h e la n th a m id in e  ( 2 6 ) ,  and  

( + )-s u p in id in e  ( 2 2 ) ,  all w ith  optical p u rit ie s  in  excess o f 80% (Scheme 2 ) .  

T h e  k e y  fe a tu re  is the use of the a -h y d ro x y  su b s titu e n t of the in te r ­

mediate p y rro le  es te r (27)  to con tro l the stereochem is try  o f th e  subsequent 

h yd ro g en atio n  step.

T h e  p y rro le  es ter (27)  was p re p a re d  b y  reg io sp ec ific  1 ,3 -c y c lo -

add ition  o f e th y l p ro p io la te  w ith  the N Q -d ifo rm yl d e r iv a tiv e  o f ( - ) - 4 -

42h y d ro x y -L -p ro lin e  ( 2 4 ) ,  followed b y  defo rm yla tio n . A d d itio n  o f

hyd ro g en  to the less h in d e re d  ft-face of ( 2 7 ) ,  rep lacem ent o f the  601-

h y d ro x y  g ro u p , and re d u c tio n  o f the s a tu ra te d  es te r (28 )  y ie ld ed  ( + ) -

isoretronecano l ( 2 5 ) .  Epim erisation  o f e n d o -es te r ( 2 8 ) ,  at C - l ,  gave the

therm odynam ically  more stab le  e x o -e s te r , w hich a ffo rd e d  ( + ) - tra c h e la n -

tham idine (26)  on re d u c tio n . T h e  s a tu ra te d  es te r (28)  was also

co n verted  in to  ( + )-s u p in id in e  ( 2 2 ) b y  a sequence o f se lenenyla tion  a  to the

e s te r , followed b y  red u c tio n  o f the isom eric selenide m ix tu re , o x id a tio n ,

and fin a lly  therm al elim ination o f th e  se lenoxide. T h e  same w o rkers

la te r  re p o rte d  the  syn thes is  o f the enantiom eric form s o f these alkalo ids

b y  an analogous sequence o f reactions from  es te r ( 2 9 ) ,  p roduced  from  its  

41enantiom er ( 2 7 ) .

Soon a fte rw a rd s , T an ako  ejt a l . p re p a re d  ( + ) -trach e lan th am id in e
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HO
NCHO

HCOO
(24) \  (0 Ac2 °

\ ( i i )  H C = C C 0 2Et
(29)

EtOH \ NH
HCOO - - HO - -

/  (27)

(i) H , , Pd\C , AcOH
(ii) SOCl2
(iii) H2 , Raney Ni

(i) LDA , PhSeCl
(ii) L iA lH 4
(iii) H20 2

(28)

LiAlH,
'(i) NaOEt, EtOH 
(ii) LiAlH4 (22)

(26)

H CH2OH 
i

SCHEME 2
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(26 ) o f 23% optical p u r ity  from an ach ira l p re c u rs o r (Scheme 3 ).  

Deam inative d im erisation of acetal (30) gave the sym m etrical amine (31)  

w hich underw ent asym m etric cyclisation to a ffo rd  selective ly  the exo­

a ldehyde (32) on trea tm en t w ith  a solution contain ing p y rid in iu m  ( + ) -  

cam p hor-10-su lphonate . R eduction of th is  a ldehyde w ith  sodium b o ro -  

h y d rid e  y ie lded  o p tica lly  active  trachelan tham id ine (26 ) .

MeO

MeO

(30)

Benzene

Raney Ni

2

NH

(31)

CHO PH. OH

NaBHPyridinium (+)- camphor-
10-sulphate

(32) (26)

SCHEME 3

In  1982, R iie g e r and B en n , lik e  Robins and S akdarat rep o rted  

using a L -p ro lin e  d e r iv a tiv e  to generate  op tica lly  active necines -  n am ely , 

(-)- is o re tro n e c a n o l ( 3 3 ) ,  ( - ) -trach e lan th am id in e  (3 4 ) ,  and ( - ) -s u p in id in e
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44
(35)  (Scheme 4 ) .  T h is  ro u te  em ployed a D ieckm ann cyclisa tion  to

c rea te  the  p y rro liz id in e  nu c leu s . B orane red u c tio n  o f the N -p ro te c te d

p ro lin e  ( 3 6 ) ,  th en  to sy la te  fo rm ation , followed b y  nucleophilic  displacem ent

o f the  tosylate  b y  cya n id e , y ie ld e d  the  n itr i le  ( 3 7 ) .  E xposure  o f (37) to

acidic ethano lys is  gave the  es te r (38)  w hich re a d ily  u n d erw en t N -a lk y l-

a tio n , a ffo rd in g  (3 9 ) .  D ieckm ann cyclisa tion  o f ( 3 9 ) ,  followed b y

elim ination o f e th an o l, p ro d u ced  the k e y  in te rm ed ia te  enol es te r (4 0 ) .

C a ta ly tic  h yd ro g en a tio n  o f (40) gave a m ix tu re , separab le b y  column

chro m ato g rap h y , o f the  des ired  es te r (41)  and d iastereom eric h y d ro x y

esters  (4 2 ) .  C onvers ion  of (41)  in to  ( - ) -iso re tro n ecan o l (33)  and ( - ) -

trache lan tham id ine  (34)  was accom plished b y  the sequence described  b y

Robins and S a k d a ra t. C yan o b o ro h yd rid e  red u c tio n  o f (40)  gave (43)

w hich was co n verted  in to  ( - ) -s u p in id in e  (35)  b y  a sequentia l m esylation -

e lim in a tio n -red u c tio n  schem e.

T h e  same research  team la te r  re p o rte d  the  f ir s t  syn thesis  of

petas inecine  (44)  and its  C - l  epim er (45 )  in  o p tica lly  ac tive  from  the

45in term ed ia te  enol e s te r ( 4 6 ) ,  i llu s tra te d  in  Scheme 5.

One o f the  most s ig n ific a n t co n trib u tio n s  to  p y rro liz id in e

alka lo id  syn thesis  was th e  ro u te  dev ised  b y  Geissman and Waiss to ( ± ) -  

38re tro n ec in e  ( 4 ) .  T h e y  used $ -a lan in e  as th e ir  s ta rtin g  m ateria l and  

th e  k e y  fe a tu re  o f the  syn th es is  was the  p ro d u c tio n , in  racem ic fo rm , of 

th e  b icyc lic  lactone ( 4 7 ) .  T h is  reac tio n  sequence em ployed fo r  the  

subsequent conversion  o f th is  lactone (know n  th e re a fte r  as th e  Geissm an- 

Waiss lactone) in to  re tro n e c in e  is o u tlin ed  in  Scheme 6 . A  more e ffic ie n t  

m ethod of g en era tin g  re tro n e c in e  from  (48)  has re c e n tly  been re p o rte d  b y  

N arasaka et a l . ^
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c o 2h

(i) BH3.Me2S
(ii) TsCl, Pyridine
(iii) NaCN

CHXN

- - H (i) HCMEtOH 
(ii) HoO

NZ (iii) HC1 \ EtOH

Z = Benzyloxycarbonyl 
(36) (37)

BrCH2C 02Et \ Na2CQ3 NaOEt
NH

COoEt
(39)

OEt

COoEt

AcOH , H20
OH

(40)
Rh \AE03 , H2 , AcOH\H

(42)
OH

(43)
(i) NaOEt, EtOH
(ii) LiAlH4 y

(i) MsCl,Et3N, A
(ii) DIBAL

CHoOH

(41)
LiAlH,

CH^OH

(35)(33)(34)

SCHEME 4
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COoEt

OH

(46)
NaBH.CN

OHOH

LiA lH 4

C H 2OH

LiA IH ,

OH

(45)

SCHEME 5
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O o

NH

(i) KOEt

(ii) H2 , Pt \ AcOH

(47) (48)

OHOH

OH

EtOH \ HC1

OH OH

(4)

SCHEME 6
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The Geissman-W aiss lactone has p ro ved  to be a va luab le  synthon  

47fo r op tica lly  active  necines and the  s tra te g y  developed b y  Geissman and

44 45 48-50
Waiss has c le a rly  in flu en ced  o th e r en an tioselective  syn theses . ’ *

50 51R e c e n tly , severed groups * have re p o rte d  syn thesis  o f the

Geissman-Waiss lactone in  o p tica lly  ac tive  fo rm , thus  fo rm ally  estab lish ing

a synthesis  o f ( + ) -re tro n e c in e  ( 4 ) .  T h e  most p ra c tic a l m ethod, h o w ever,

52was developed b y  N iw a e t a l. , in v o lv in g  the  syn thesis  o f the  N - (e th o x y -  

c a rb o n y l)m e th y l d e r iv a tiv e  ( 4 8 ) ,  em ployed b y  Geissman and Waiss in  th e ir  

rou te  to re tro n ec in e  (Scheme 7 ) .

S ta rtin g  from  D -m alic  ac id , N iw a et a l. eng ineered  a short 

sequence to the N -a lk y la te d  im ide ( 4 9 ) .  T rea tm en t w ith  B rC I-^ C O B r in  

p y r id in e , tran sfo rm ed  (49 )  in to  th e  brom oacetoxy im ide (50)  w hich reacted  

w ith  tr ip h e n y lp h o s p h in e  in  ac e to n itr ile  to a ffo rd  the  phosphonium  salt ( 5 1 ) .  

In tram o lecu la r W ittig  cyc lisa tion  o f ( 5 1 ) ,  followed b y  ca ta ly tic  re d u c tio n , 

y ie ld ed  the b icyc lic  lactam  ( 5 2 ) .  C onvers ion  in to  (48)  was accomplished  

b y  selective red u c tio n  o f the th io lactam  ( 5 3 ) ,  p roduced  b y  the  action of 

Lawesson's R eagent on ( 5 2 ) .

N iw a et a l. had p re v io u s ly  used th e  same s tra te g y  to generate  

( 5 4 ) ,  the k e y  in te rm ed ia te  in  th e ir  to ta l syn thesis  o f ( + ) -re tro n e c in e  (4 )  

from D -m alic  ac id . T h e  lactone (54)  was co n verted  in to  re tro n e c in e  b y  

the simple reactio n  sequence shown in  Scheme 8 .

R iie g e r and B enn em ployed th e  Geissman-Waiss lac tone , in  

op tica lly  ac tive  fo rm , as the  syn thon  fo r  the  f ir s t  enantioselective

47synthesis  o f croa lb inec ine  ( 5 5 ) ,  p la tyn ec in e  ( 5 6 ) ,  and re tro n ec in e  ( 4 ) .

Th e  sequence illu s tra te d  in  Scheme 9, also a ffo rd e d  the  o p tica lly  active  

t r io l ( 5 7 ) ,  the C - l  ep im er o f c ro a lb in ec in e . T h e  enolisable es te r (58)
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was the k e y  in te rm ed ia te  o f th is  ro u te , and was p roduced  v ia  D ieckm ann  

cyclisation  o f th e  Geissman-W aiss lactone ( 4 8 ) .

H yd ro g en atio n  o f th is  enolisable keto  es te r ( 5 8 ) ,  using 5% 

rhodium  on alum ina in  acetic a c id /w a te r  ( 1 : 1) ,  gave the  lactone (59)  

w hich was co n verted  in to  ( - ) -p la ty n e c in e  (56)  b y  red u ctio n  w ith  lith ium  

aluminium h y d r id e . H o w ever, when the h yd ro g en atio n  step was c a rrie d  

out using Adams' c a ta ly s t (P tO ^ ) and the same so lvent m ix tu re , form ation  

of the e x o -es te r (60)  to g e th e r w ith  a small q u a n tity  o f lactone (61) was 

o b served . These w ere separated  and subsequent red u ctio n  a ffo rd e d  

( - ) -c ro a lb in ec in e  (55 )  and its  C - l  epim er ( 5 7 ) ,  re s p e c tiv e ly .

(+)-Retronecine (4 )  was p roduced  from (60)  b y  m odification o f an 

estab lished p a th w a y .

A t a la te r  d a te , the same w o rk e rs , to g e th e r w ith  Y a d a v ,

49re p o rte d  the f i r s t  syn thes is  o f a p y rro liz id in e  1 , 2-u n s a tu ra te d  t r io l.

T h e y  syn thes ised  ( + )-c ro ta n e c in e  (10 ) b y  an e laborate  15-step  sequence, 

illu s tra te d  in  Scheme 10. As b e fo re , the s ta rtin g  m ateria l was the  

p ro tec ted  L -p ro lin e  and once again an in term ed ia te  b icyc lic  lactone was 

em ployed to help  develop the p y rro liz id in e  ske le ton .

D iborane  re d u c tio n  o f ( 6 2 ) ,  fo llowed b y  conversion in to  the  

d ito s y la te , th en  successive nucleoph ilic  d isplacem ents, p roduced  the  

selenide ( 6 3 ) .  O x id a tio n  o f (63 )  and therm al e lim ination o f the  selenoxide  

w hich was p ro d u c e d , gave th e  an tic ip a ted  p y rro lin e  ( 6 4 ) .  T h is  was 

tre a te d  w ith  N -iodosuccin im ide in  acetic ac id , and again reac ted  in  a h ig h ly  

reg iose lec tive  m an n er, g en era tin g  the iodoacetate ( 6 5 ) .  Solvolysis in  

acetic acid con ta in ing  s ilv e r  acetate gave a complex p ro d u c t m ix tu re  w h ich , 

on ac id ific a tio n , fo llow ed b y  N -a lk y la t io n , y ie ld ed  the  d es ired  lactone ( 66 )
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and a small q u a n tity  o f the  epim eric alcohol ( 6 7 ) .  A f te r  chrom atographic  

rem oval of the unw anted  alcohol, th e  lactone ( 6 6 ) was s ily la ted  to aid  

Dieckm ann cyclisa tion  to  g ive  th e  p y rro liz id in e  system . C yanoboro - 

h y d rid e  red u c tio n  o f enol e s te r ( 6 8 ) ,  fo llow ed b y  acylation  and then  

rem oval o f the  s ily l p ro te c tin g  g ro u p , gave the conjugated es te r (6 9 ) .  

Removed of the  acetate groups and red u c tio n  o f the  es te r was achieved by  

trea tm en t w ith  D IB A L , th u s  com pleting the  to ta l synthesis  o f (+ ) -c ro ta ~  

necine ( 10 ) .

H a r t  and his c o -w o rk e rs  have d isp layed  g re a t in g e n u ity  in

th e ir  s yn th e tic  approach to o p tica lly  ac tive  necines. H a r t  and Yang

re p o rte d  an e leg an t enan tiose lec tive  syn thes is  o f bo th  hastanecine (23)

53 54and h e lio trid in e  (70)  from  D -m alic  ac id . ' T h e  s tra te g y , ou tlin ed  in  

Scheme 11, was d ep en d en t upon th e  p ro d u ctio n  of an N -acylim in ium  ion  

capable o f in d u c in g  a co n tro lled  aza-C ope rea rran g em en t to develop the  

p y rro liz id in e  ske le to n .

In it ia l ly  (b e n zy lo x y )m e th y llith iu m  was re ac ted  w ith  3, 3 -d im e th y l-  

acrolein  to y ie ld  th e  v in y l alcohol ( 7 1 ) .  R earrangem ent o f (71)  a ffo rd ed  

the  o.o<^ ( 7 2 ) ,  w hich  was s u b seq u en tly  tran s fo rm ed  in to  the  p rim a ry  

amine (73)  b y  a simple re a c tio n  sequence. A d d itio n  o f (73)  to the  

acyla ted  a n h y d rid e  o f D -m alic  acid ( 7 4 ) ,  gave a m ix tu re  o f amic acids 

w hich cyclised  to  th e  acetoxyim ide (75)  on trea tm en t w ith  ace ty l c h lo rid e . 

S elective  red u c tio n  o f (75)  fo llow ed b y  trea tm en t w ith  form ic ac id , gave  

a m ix tu re  o f the  alcohol (76)  and  th e  correspond ing  form ate ( 7 7 ) .  The  

au thors  accounted fo r the  p ro d u c t s te reo ch em is try  b y  p roposing  th a t the  

in it ia l im inium ion re a rra n g e m e n t o c c u rre d  v ia  a tra n s itio n  state  (78)  in  

which the s te ric  in te ra c tio n  betw een  the  ( b e n zy lo x y ) m ethyl and acetoxy  

groups is m inim ised. S ubsequent cyc lisa tion  o f (78)  was consistent w ith
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c ° 2H (i) BH3.Me2S \ THF 
(ii) TsCl \ Pyridine PhSe

NZNZ (iii) NaCN \ DMF
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the  stereochem istry  o b served .

Conversion  o f the p ro d u c t m ix tu re  in to  the  d iacetate  (7 9 ) ,  then  

red u c tio n  w ith  m ercuric  oxide and iodine in  carbon te tra c h lo r id e , gave a 

m ix tu re  of the separab le  d iastereom eric iodides (80)  and ( 8 1 ) .  Reaction  

of the 3“iodide (80)  w ith  1 , 8 -d ia z a b ic y c lo [5 .4 . 0 ]u n d e c -7 -e n e  (D B U ) in  

to luene a ffo rd ed  the  lactam (82)  w hich was co n verted  in to  ( - ) -h e lio tr id in e  

(70)  on trea tm en t w ith  lith iu m  aluminium h y d r id e .

A synthesis  o f ( -)-h a s ta n e c in e  (2 3) was eng ineered  b y  the  

trea tm en t o f the iod ide m ix tu re  (80) and (81)  w ith  t r i - n -b u ty l t in  h y d rid e  

w ith  azo b is is o b u ty ro n itr ile  (A IB N ) followed b y  reaction  w ith  aluminium  

h y d r id e . The  enantiom ers o f hastanecine and h e lio trid in e  w ere also 

syn thesised  b y  s u b s titu tin g  L -m alic  acid in to  the  sequence.

H a rt and Choi re p o rte d  a fu r th e r  enantioselective  syn thesis  o f

55
both  hastanecine and h e lio tr id in e  from  L-m alic  ac id , i l lu s tra te d  in  

Scheme 12. On th is  occasion co nstruction  o f the p y rro liz id in e  nucleus  

was ach ieved , in  h ig h ly  d iastereose lective  fash io n , b y  an in tram o lecu lar  

add ition  o f an a-acylam ino rad ica l to an a lk y n e . T h e  N -a lk y la te d  lactam  

(83)  was employed as th e  ra d ic a l p re c u rs o r and was synthes ised  b y  a 

s tra te g y  re la te d  to th a t  used b y  H a rt and Y a n g .

T rea tm en t o f (83)  w ith  t r i -n -b u ty l t in  h y d r id e  and A IB N  in  

b en zen e , g en erated  the  d es ired  a-acylam ino ra d ic a l. T h is  rad ic a l u n d e r­

w ent in tram o lecu lar cyc lisa tion  to a ffo rd  a m ix tu re  o f th e  geom etric  

isomers (84)  and ( 8 5 ) ,  to g e th e r w ith  a small q u a n tity  o f the  red u c tio n  

p ro d u c t ( 86 ) w hich was subseq u en tly  rem oved b y  chrom atographic means. 

O xid a tio n  o f the re s id u a l silane m ix tu re , followed b y  trea tm en t w ith  

form ic ac id , gave a 4 :1  m ix tu re  o f the d iastereom eric a ldehydes (87)  and  

( 88 ) .  T h is  m ix tu re  was re a d ily  se leneny la ted  and th en  co n verted  in to
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( + ) -h e lio tr id in e  (70) b y  es tab lished  m ethods.

The  selenide (89) was also used to e ffe c t a syn thesis  of

( + ) -hastanec ine  ( 9 0 ) .  P erox ide  trea tm en t of (89)  followed b y  reaction

w ith  diazom ethane y ie ld e d  the  conjugated es ter (91)  as the  major p ro d u c t.

A small q u a n tity  o f the im ide (92)  was also p ro d u ced , b u t rem oved b y

chrom atographic  m eans. H yd ro g en atio n  of (91)  gave a 3 :1  m ix tu re  o f

th e  epim eric esters  from  w hich ( 9 3 ) ,  the more ab undant ep im er, was

se lec tive ly  c ry s ta llis e d . C onversion  o f (93)  in to  ( + ) -hastanec ine  (90)

was ach ieved  b y  alum inium  h y d r id e  re d u c tio n .

C ham berlin  and C hung have developed a most accomplished and

p ra c tic a l ro u te  to o p tica lly  ac tive  necines by  em ploying an N -acylim in ium

ion to e ffe c t a h ig h ly  s tereose lective  in tram o lecu lar cyc lisa tion  to the

p y rro liz id in e  r in g  system . T h e y  in it ia lly  re p o rte d  an enantioselective

56syn thes is  of ( + ) -h e lio tr id in e  (70)  and la te r  ex ten d ed  the sequence to

57produce  severa l o th e r p y rro liz id in e  diols in  o p tica lly  ac tive  fo rm . The  

ro u te  em ployed is il lu s tra te d  in  Scheme 13.

U sing L -m alic  acid as th e ir  s ta rtin g  m ate ria l, th ey  form ed the  

k e y  in te rm ed ia te  ke ten e th io ace ta l (94)  b y  a s tra te g y  sim ilar to th a t of 

H a rt  and Y o u n g . S e lec tive  b o ro h y d rid e  red u c tio n  o f (94)  was fo llow ed, 

u n d e r basic co n d itio n s , b y  an acylim inium  induced  s tereoselective  

cyc lisa tion  to a ffo rd  th e  lactam  ( 9 5 ) .  T h e  s tereo ch em is try  o f the lactam  

form ed is a consequence o f th e  acetoxy group e ffe c tiv e ly  b locking  the  

a-face  o f the  acylim inium  io n , re s u ltin g  in  a d ias tereose lective  cyclisation  

s te p .

Removed o f th e  acetate  p ro tec tio n  from  ( 9 5 ) ,  followed b y  th io -  

aceta l-ass is ted  re g io se lec tiv e  double bond m ig ra tio n , gave the th iane ( 9 6 ) .  

T h is  u n d erw en t acetal c leavage , then  re d u c tio n , to a ffo rd  ( + ) -h e lio tr id in e
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( 7 0 ) .  R aney n icke l trea tm en t o f a lly lic  alcohol (70)  y ie ld ed  the sa tu ra ted  

necine ( - ) -d ih y d ro h e lio tr id in e  ( 9 7 ) .

The  th ioacetate  (95)  was also used to p re p a re  a fu r th e r  two  

p y rro liz id in e  bases,  hastanecine (90)  and d e h y d ro h e lio trid in e  (98)  in  

o p tica lly  ac tive  fo rm . T re a tm e n t of (95)  w ith  m ercuric  ch loride  in  

ac id ified  m ethanol, fo llowed b y  lith iu m  aluminium h y d rid e  re d u c tio n , 

y ie ld ed  ( + ) -h astan ec in e  ( 9 0 ) .  T h e  p y rro liz id in e  alcohol ( 9 9 ) ,  p re p a re d  

b y  a sequentia l h y d r id e  red u c tio n  and double bond m ig ra tio n , was 

co n verted  in to  ( + ) -d e h y d ro h e lio tr id in e  ( 9 8 ) ,  b y  th ioacetal c leavage , then  

sodium b o ro h y d rid e  re d u c tio n .

T h e  7 $ -h y d ro x y  n ec ines , ( + ) -re tro n e c in e  ( 4 ) ,  ( - ) -p la ty n e c in e  

( 5 6 ) ,  and ( + )- tu rn e fo rc id in e  ( 1 0 0 ) ,  w ere  also syn thesised  from ( 9 5 ) ,  v ia  

the  m ethyl es te r (1 0 1 ) .  Sw ern  o x idation  o f alcohol (1 0 1 ) ,  followed by  

ca ta ly tic  h yd ro g en atio n  g en era ted  the d es ired  73_h y d ro x y p y rro liz id in e  

(1 0 2 ) .  H y d rid e  red u c tio n  o f (102 ) a ffo rd e d  ( + )- tu rn e fo rc id in e  (10 0 ) ,  

w hile trea tm en t w ith  e th o x id e  anion p ro d u ced  the lactone (1 0 3 ) .  Th is  

lactone was co n verted  in to  ( - ) -p la ty n e c in e  (56)  and ( + ) -re tro n e c in e  (4 )  

b y  estab lished m ethods.

Th e  n a tu ra l su g ars  have long been recogn ised  as an im portan t

source o f stereochem ically  d e fin ed  m ateria l u se fu l fo r enantioselective

s y n t h e s i s . T h r e e  g ro u p s , T a ts u ta  e t a l. , ^  N ish im ura  e t a l. , ^  and  

50B uchanan et a l. have re c e n tly  re p o rte d  e laborate  rou tes  to o p tica lly  

active  necines from  such p re c u rs o rs .

T a ts u ta  and h is  co -w o rkers  p ro d u ced  (-)-ro s m a rin e c in e  (21)  

and ( - ) -iso re tro n ecan o l (33 )  from  the fu ranose (104) illu s tra te d  in  

Scheme 14. S ily la tio n  o f th e  fu ranose ( 1 0 4 ) 61 was followed b y  a s te re o -
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selective G rig n a rd  reactio n  w ith  allylm agnesium  brom ide to a ffo rd  (105 ) .  

T h is  m ateria l was subseq u en tly  tran sfo rm ed  in to  the lactam (106) by  a 

le n g th y  series o f reac tio n s . R eduction  o f lactam (106)  enabled form ation  

of the p y rro liz id in e  ske le to n , v ia  in tram o lecu lar cyc lisa tion , and a 

subsequent depro tection  step a ffo rd ed  (-)-ro s m a rin e c in e  (2 1 ) .

A m odified sequence was used to generate  (-)- is o re tro n e c a n o l  

(33) from the fu ranose (1 0 7 ) .  W ittig  reaction  o f th is  d it r i ty l  d e riv a tiv e  

w ith  (m e th o xycarb o n y l)m eth y le n e trip h en y lp h o sp h o ran e  gave the a, $ -  

u n sa tu ra ted  es te r ( 1 0 8 ) ,  w hich was co n verted  in to  (-)- is o re tro n e c a n o l 

(33) b y  em ploying a sim ilar ex ten d ed  sequence.

N ish im ura e t a l . la te r  re p o rte d  synthesis  of ( + )-re tro n e c in e

(4 ) and its  enantiom er ( 1 0 9 ) ,  both  in  o p tica lly  p u re  fo rm , from the azide

62
(1 1 0 ) .  T h is  azide was p ro d u ced  from  D -g lucose  (Scheme 15).  

T rea tm en t o f azide (110 ) w ith  R aney n icke l p roduced  a p rim a ry  amine 

which re a d ily  a ffo rd e d  th e  fu ranose  (111) b y  in tram o lecu lar d isplacem ent. 

A series o f es tab lished  m anipulations p roduced  the glycoside (112) w h ich , 

a fte r  W ittig  reactio n  and an ensuing  h yd ro b o ra tio n -o x id a tio n  sequence, 

a ffo rd e d  the p ro te c te d  t r io l (1 1 3 ) .  N itro g e n  d epro tection  of (113)  

effec ted  cyclisa tion  to th e  p y rro liz id in e  (1 1 4 ) ,  w hich was thenm anipulated  

to enable the  p ro d u c tio n  o f b o th  op tica l form s of re tro n e c in e .

S elective  d ep ro tec tio n  o f C - l ,  b y  c a ta ly tic  h y d ro g e n o ly s is , 

a ffo rd ed  the 13“h y d ro x y p y rro liz id in e  (1 1 5 ) .  T h is  was then  converted  

in to  ( + ) -re tro n e c in e  (4 )  b y  s ta n d a rd  m ethods.

On the o th e r h a n d , se lective  rem oval o f th e  m ethoxym ethyl 

p ro tec tin g  group a t C -7  o f (114 ) p roduced  th e  7 8 "h y d ro x y p y rro liz id in e  

(11 6 ) .  A s im ilar reac tio n  sequence was then  im plem ented to y ie ld  

( - )  -re tro n e c in e  (1 0 9 ) .
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OTBDMSHO
; ° n
'OH OH

(i) TBDMS , Pyridine -  -  OH
(ii) CH2=CHCH2MgBr, ether

NHZ

OTBDMS(105)

(104)

CH.OTBDMSMOMO(i) NaI04 , KMn04 , aq t-BuOH
(ii) CHoNo, ether
(iii) MOMCl, i-Pr2EtN , CHC13 --O M O M

NHZ

OTBDMS
MOMO

(i) H2 , Pd\C , THF

(ii) Bu4NF , THF^
-  -  OMOM M OM Cl, i-Pr2EtN ,THF

NH

OH

O

MOMO

M sCl, Pyridine- - OMOM
NH

OH
HO

MOMO (i) BH3 , Me2S , THF
(ii) HC1, Dioxane

- -  OH
--O M O M

NH
(21)

OMs
(106)

SCHEME 14
(contd. over)
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TrO-----
TrO OH

OHCH^OTr rOTr

Toluene

NHZ NHZ

(107) ( 108)

(i) H2 , Pd\C , THF , AcOH
(ii) Amberlyst Resin , MeOH
(iii) MeS02C l, Pyridine

(i) BH3.Me9S , THF
(ii) KOAc, DMSO

(i) S02C1
(ii) H2 , Raney N i , EtOH
(iii) NH3 , MeOH

CH.OMs

- -  OH
NH

OMs

- -  OH

(33)

SCHEME 14
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MsO

MsO
MsO

Raney Ni , H2

EtOAc HN

(110) (111)

(i) Benzyl (S)-4,6-dimethylpyrid-2-yl
thiocarbonate , MeOH , Et? N
(ii) LiCl , DMF________  ^
(iii) Tributylstannane , Toluene
(iv) MeOH , HC1

H
i

OMe

NZ
\

H OH

PhCH2CO = Z
(112)

(i) Benzyl chloride , NaH , DMF
(ii) HCl-AcOH (1:1) 
 ►

(iii) MeP(Ph)  ̂ Br , n-BuLi, THF

OH

NZ
i
i

OCHoPh

(i) MEMC1, Imidazole ,CH2C12
(ii) 9-Borabicyclo[3.3.1]nonane , THF 
 ►
(iii) H20 2 , aq.NaOH
(iv) M sCl, Pyridine

SCHEME 15
(contd. over)

OMEM

(CH^OMs
NZ i 

H OCH2Ph

(113)
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MEMO HO

Raney N i , H2 aq. HC1
AcOEt, MeOH

(114) (116)

Raney N i , H  
EtOH '

MEMO OH

(115)

(i) M sCl, Pyridine
(ii) Na SPh , DMF
(iii) HC1, MeOH
(iv) MCPBA ,CHoClo
(v) LDA , THF ,

Benzyl chloromethyl ether
(vi) Xylene , reflux
(vii) aq. HC1
(viii) L i , NH3 (1) , THF

(i) M sCl, Pyridine
(ii) Na "SPh , DMF
(iii) HC1, MeOH
(iv) MCPBA ,CH,C1,

MEMO

SOPh

(i) LDA , THF ,
Benzyl chloromethyl ether

(ii) Xylene , reflux

HO CHoOH

(109)

MEMO CH.OHHO

aq. HC1

(ii) L i , NH3 (1) 
THF

SCHEME 15
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B uchanan e t a l. also employed a n a tu ra l sugar d e riv a tiv e  as 

s ta rtin g  m ateria l fo r syn thes is  o f the  Geissman-W eiss lactone (4  7) in  

o p tica lly  active  fo rm . S ta r t in g  from  the 2, 3 -O -iso p ro p y lid en e  d e riv a tiv e  

of ribose (1 1 7 ) , B uchanan e t a l. eng ineered  an in tr ic a te  scheme to (4 )  , 

w hich in co rp o ra ted  the  amino es te r (118) as a key  in te rm ed ia te . In  

add ition  i t  was noted th a t (118) could be used to produce crotanecine in  

o p tica lly  active  fo rm . T h is  s tra te g y , illu s tra te d  in  Scheme 16, again  

in vo lved  the use o f a D ieckm ann cyclisa tion  in  the construction  of the  

p y rro liz id in e  r in g  system .

In it ia l ly  the  amino es te r (118) was a lk y la te d , a ffo rd in g  the  

d ie s te r (1 1 9 ) . A cid  h y d ro ly s is  o f (119) gave the h yd ro xy lac to n e .

T h is  was then  s ily la te d  p r io r  to D ieckm ann cyc lisa tion . C yclisation  was 

followed b y  b o ro h y d rid e  red u c tio n  o f the in te rm ed ia te  keto  es te r (1 2 0 ),  

and the p ro d u c t was th en  acy la ted  to g ive a m ix tu re  o f diastereom eric  

diacetates (121 ) in  40% o v e ra ll y ie ld  from  (1 1 8 ) . E lim ination o f acetic 

acid from  (121) g en era ted  th e  a, $ -u n sa tu ra ted  es te r (1 2 2 ). A re d u c tio n -  

depro tection  sequence, em ploying d i-iso b u ty la lu m in iu m  h y d rid e  as 

re d u c ta n t and flu o rid e  anion as d es ily la tin g  a g e n t, was employed in  an 

e ffo r t  to co n vert (122) in to  ( + ) -c ro tan ec in e  (1 0 ) .  H o w ever, isolation of 

crotanecine in  good y ie ld  p ro v e d  to be d if f ic u lt ,  b u t Benn and R iieg er  

had employed (1 2 0 ) , (1 2 1 ) , and (123) in  th e ir  s yn th e tic  ro u te  to 

( + ) -c ro tan ec in e  from  th e  p ro lin e  (6 2 ) .  T h u s  B uchanan et a l. had  

p ro v id e d  an a lte rn a tiv e  ro u te  to  ( + ) -c ro tan ec in e  b y  using a n a tu ra l 

s u g a r.

G lin sk i and Zalkow have re p o rte d  an e ffic ie n t ro u te  to

6 3
( + )-h e lio tr id in e  (70 ) from  its  C -7  epim er ( + ) -re tro n e c in e  (4 )  (Scheme 

1 7 ). A reg io se lec tive  coupling  of ( + ) -re tro n e c in e  w ith  benzoic acid
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OHHO

/ \
/ \

o o

y
(117)

NH

0 X 0

(118)

THF
aq. Trifluoroacetic acid 
—  ►

CHoCOoEt

CHoCOoEt

HO (119)

t-BuMeoSiCl, Imidazole, 
DMF

CH2C 02Et

TBDMSiO

O

CH2C 02Et

(123)

SCHEME 16
(contd. over)

(i) KOEt \ Toluene
(ii) AcOH 1



r> °
(120)

(i) NaBH4 \ EtOH

(ii) Ac20  \ Pyridine

AcO

OAcTBDMSiO
DBU \ CHoCK

(121)

TBDMSiO

AcO

(122)

SCHEME 16
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HO

(4)

(i) PhCOoH , C D I, THF 
------------ :-------------------------- i
(ii) M eS O X l, Et3N , CH,Clo

Me- — O

OII
O

(124)

MeCH2C02 Cs, 

DMF

OII
C

HO

(70)(125)

SCHEME 17
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gave the C~9 b en zy l alcohol which was then e s te rifie d  to generate  the key  

in term ed ia te  m esylate (1 2 4 ). T h e  des ired  stereochem ical in vers io n  was 

achieved th ro u g h  nucleophilic  displacem ent of the m esylate using caesium  

prop ionate  producing  (1 2 5 ). Base h yd ro lys is  of (125) y ie ld ed  (+ ) -h e lio -  

tr id in e  (7 0 ) .

S ynthesis  of the  p y rro liz id in e  bases has advanced s ig n ific a n tly  

over the  past decade w ith  the em ergence of rou tes  to severa l necines, in  

o p tica lly  active fo rm , being  of p a rtic u la r  encouragem ent. H ow ever most 

of the  rou tes  lead ing  to o p tica lly  active necines are sim ply too le n g th y  

and o ften  too in fle x ib le  to be adopted as p rac tica l schemes to generate  a 

ran g e  o f necines in  o p tica lly  active  form . T h e re  is s till an obvious  

req u irem en t fo r im p ro ved , s h o rte r rou tes  to the more complex necines.

In  add ition  otonecine ( 3 ) ,  a base p o rtio n  common to severa l 

p y rro liz id in e  m acrocyclic d ie s te rs , has y e t to be p roduced  in  op tica lly  

active  fo rm . A n o th e r s y n th e tic  challenge of the  necines is the  p ro d u c t­

ion o f lo line (1 2 ) and the re la te d  necines in  op tica lly  active  form .

NHMe

(12)

HO

Me <3)
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C H A PTER  3

TH E  B IO S Y N T H E S IS  OF P Y R R O L IZ ID IN E  A LK A LO ID S

3 .1  In tro d u c tio n

Considerab le  resources and much e ffo rt has been devoted to the  

s tu d y  of n a tu ra l p ro d u c ts , inc lud ing  the p y rro liz id in e  a lkalo ids. These  

alkaloids are usua lly  com prised of two un its  -  a necic acid and a p y rro liz i­

d ine base. - These moieties are d e rived  from d iffe re n t b iosyn thetic  

p recu rso rs  b y  com pletely independent b io syn th e tic  pathw ays. Despite  

s ig n ifican t con trib u tio n s  which have enhanced our unders tand ing  of the  

biosynthesis  of secondary  m etabolites, p a rt ic u la r ly  over the last decade, 

the p y rro liz id in e  a lka lo id s , in  common w ith  most groups of n a tu ra l products  

have many aspects o f th e ir  b iosynthesis s till to be fu lly  u n ra v e lle d .

3 .2  The  B iosynthesis  of P y rro liz id in e  Bases

64N early  a ll the  w ork  in  th is area has been concerned w ith  

re tro n ec in e  ( 4 ) ,  the  most common base p o rtio n  of the p y rro liz id in e  

alka lo ids. R ecen tly  two o th er p y rro liz id in e  bases have undergone bio­

syn th e tic  in ves tig a tio n  nam ely, rosm arinecine (21) and otonecine (3 ) .

OH OHOH

- -  OH

(4) (21)
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E a rly  experim ents  in vo lved  the  use of rad io lab lled  compounds as

tra c e rs  to estab lish  b io syn th e tic  p recu rso rs  o f re tro n e c in e . In it ia lly

14 . 3C -la b e llin g  was em ployed b u t la te r  s tud ies u tilis e d  H -la b e llin g , o ften in

14 13conjunction w ith  a C -la b e l. C N .m .r .  spectroscopy p ro ved  im portan t

in  confirm ing the  b io syn th e tic  p a th w a y , w hile  stereochem ical aspects of
2

the process have re c e n tly  been e luc idated  b y  the  use of H n .m .r .  

spectroscopy.

In  1955 S ir  R o b ert Robinson proposed th a t the b iosynthesis  of

65
p y rro liz id in e  a lkalo ids in vo lved  two u n its  re la te d  to o rn ith in e  (1 2 5 ).

T h is  postu late  was su p p o rte d , in  1962, when Nowacki and B y e r r u m ^

14re p o rte d  an exp erim en t in v o lv in g  the  feed ing  o f [2 -  C ] o rn ith in e  to 

C ro ta la ria  s p e c ta b ilis , a p la n t know n to p roduce m onocrotaline ( 8 ) .  A fte r  

iso lation of the a lka lo id s , rad io lab e lled  m onocrotaline was obtained  which  

y ie ld ed  re tro n ec in e  (4 ) and m onocrotalic acid (126) on base h y d ro ly s is . 

Nowacki and B y e rru m  o b served  th a t almost a ll the a c tiv ity  was associated

w ith  the necine p o rtio n . S im ilar experim ents  in vo lv in g  the feed ing  of

14 14[ 1- C ] acetate and [ 1 -  C ] p rop ionate  re s u lte d  in  most o f the  label

appearing  in  the acid m oiety , m onocrotalic acid (1 2 6 ). T h is  dem onstrated

th a t n e ith e r acetate n o r p rop ionate  are  specific  p recu rso rs  fo r re tro n e c in e .

67Soon a fte rw a rd s  Bottom ley and Geissman confirm ed o rn ith in e

as a p re c u rs o r as w ell as dem onstrating  th a t p u tresc in e  (2 0 ) is also a

14 14specific  p re c u rs o r fo r re tro n e c in e . Feeding o f [ 2 -  C ] -  and [5 -  C ] -

14o rn ith in e  to g e th e r w ith  [ 1 ,4 -  C ]p u tre s c in e  to Senecio d o u g las ii, a p lan t 

prod u cin g  severa l p y rro liz id in e  a lkalo ids a ll w ith  re tro n ec in e  base p o rtio n s , 

again re s u lte d  in  almost a ll th e  a c tiv ity  being  confined  to the necine  

po rtio n  (94-98% ).
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HOHO

(8)

O

(126)

Bottom ley and Geissman extended  th is investigation  b y  trea tin g  

the  rad io labelled  re tro n ec in e  w ith  osmium te tro x id e  and sodium periodate  

to lib e ra te  the C -9  atom of re tro n ec in e  (4 ) as form aldehyde. T h e  

form aldehyde produced  was then  trap p ed  as the dimedone d e riv a tiv e  (127) 

(Scheme 18).

I t  was found th a t re tro n ec in e  d e riv e d  from all th re e  experim ents  

had approxim ately  one q u a rte r  of the a c tiv ity  associated w ith  C -9 .

T h is  suggested th a t d u rin g  the b io syn th e tic  process C -2  and C -5  of 

o rn ith in e  became e q u iv a le n t, at least d u rin g  the form ation o f r in g  B of 

re tro n e c in e .

 ̂A o
Bale and C ro u t la te r  employed -*■ 5H double labe lling  to

dem onstrate th a t a rg in in e  (128) is also a specific p re c u rs o r o f 

68re tro n e c in e . These  experim ents w ith  Senecio m agnificus p lan ts  also
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HO

HO

;c h o(i) OsO,
6

(ii) NalO,

(4)

Dimedone
CH

OH HO

(127)

SCHEME 18

revea led  th a t o rn ith in e  is a s lig h tly  more e ffic ie n t p recu rso r fo r  

re tro n ec in e  than  a rg in in e .

Sim ilar double labelling  experim ents were re p o rte d  b y  Robins

69and Sweeney in  in ves tig a tio n s  in vo lv in g  Senecio is a tid e u s . T h e  

portions o f both  sperm ine (129) and sperm idine (130) were shown to be 

specific  p recu rso rs  o f re tro n ec in e  w hereas L -g lu tam ic  acid (1 3 1 ) , 4-am ino- 

butanoic acid (1 3 2 ) , L -p ro lin e  (1 3 3 ), and the component o f sperm idine  

were incorpora ted  in to  both  the acid and base components of re tro rs in e  

( 9 ) ,  namely re tro n ec in e  (4 ) and isatinecic  acid (134) [T a b le  1 ].
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H2N(CH2)3N H (C H 2)4N H (C H 2)3N H 2 

(129)

H2N(CH2) 3NH (C H 2)4NH: 

(130)

H

H2NChivUcv\4 c - "  NH2
"j3 

(128) COoH

H

H
f

H 0 2C(CH2)2-C  

(131)

^  n h 2

CO.H

H2N(CH2)3C 0 2H

(132)

HO

(9)

COoH

H

Me
1

MeCH=CCH->CHC(OH)COoH 
I “ I 

c o 2h  c h 2o h

(134)

O rn ith in e  was found to be the most e ffic ien t p re c u rs o r, a

re s u lt in  accordance w ith  the th e o ry  of Geissman and C ro u t who suggested

70th a t pu tresc ine  follow ed o rn ith in e  in  the b iosyn thetic  p a th w ay .

Robins and Sweeney also successfully  employed a modified  

71K u h n -R o th  oxidation  to locate p a r t ia lly  labelling  in  r in g  A o f re tronecine

(Scheme 1 9 ). T h is  p ro ced u re  y ie ld ed  C (5+6+7) as 8~alanine (1 3 5 ),

isolated as its  2 , 4 -d in itro p h e n y l d e r iv a tiv e . When th is degradation  was

applied to experim ents 4 -6  and 8-10 i t  was shown th a t approxim ate ly  one

q u a rte r o f the a c t iv ity  was associated w ith  the C ( 5+6+7) frag m en t. When 

14[ 2 ,3 -  C ]p u tre s c in e  (e x p t .7 )  was adm in istered  as p re c u rs o r, the
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HO

6

(4)

CO.H

SCHEME 19

b io syn th e tica lly  p roduced  retronecine  contained 47% of the necine a c tiv ity  

in  the C ( 5+6+7) segment of re tro n ec in e .

These experim ents suggested th a t the a c tiv ity  was even ly  

d is tr ib u te d  betw een the two 'rin g s ' of the p y rro liz id in e  system . Robins 

and Sweeney accounted fo r this by  proposing th a t a la te r  sym m etrical 

in te rm ed ia te , such as homospermidine (1 3 6 ) , was invo lved  in  re tro n ec in e  

b io syn th es is .

HoN,
NH 

(136)

F u rth e r  evidence for the existence fo r a sym m etrical in term ediate

13 . 72was p ro v id ed  b y  the  feed ing  of C -la b e lle d  putrescines to S . isa tid e u s .

Khan and Robins p re p a re d  [ 1 , 4 - ^ C ] -  and [2 , 3 -^ C ]p u tre s c in e  [(1 3 7 )

and (1 3 8 )] w hich w ere adm in istered  as th e ir  d ih yd ro ch lo rid es . Base

13h yd ro lys is  of the re tro rs in e  isolated a ffo rd ed  C -lab e lled  re tro n ec in e

13w hich , in  the case of the [ 1 ,4 -  C jp u tre s c in e  feed , gave fo u r equally



57

13 1enhanced signals in  the C -{  H }  n .m .r .  spectrum  corresponding to C -3 ,

13 1
C -5 , C -8 , and C -9  of re tro n ec in e  (Scheme 20a). The C -{  H }  n .m .r .

13spectrum  fo r the [ 2 ,3 -  C jp u tre s c in e  feed  exh ib ited  a com plem entary  

labe lling  p a tte rn  (Scheme 20b ). Two p a irs  of doublets were ob served , 

corresponding  to C - l / C - 2  and C -6 /C -7 ,  w ith  the fo u r enriched  sites

d isp lay ing  n e a rly  equal enhancem ent fa c to rs .

73 13Robins la te r  rep o rted  feed ing  [ 1 ,2 -  C jp u tre s c in e  (139)

13 1d ih yd ro ch lo rid e  to S . isatideus which gave rise  to the expected C -{  H }

n .m .r .  p a tte rn  fo r the b io syn th e tica lly  p roduced re tronecine (Scheme 20c).

The  spectrum  consisted of e igh t peaks, each flan ked  b y  a do u b le t, and 

13 13fo u r sets of C -  C coup lings.

These experim ents  were again in d ica tive  of the existence of a 

la te r  sym m etrical in te rm ed ia te  in  the b io syn th e tic  pathw ay.

T h e  f ir s t  experim enta l evidence fo r a sym m etrical C ^ -N -C ^

74in term ed iate  was p ro v id e d  ind ep en d en tly  b y  G rue-S drensen  and Spenser,

75 74and b y  Khan and R ob ins . T h is  was achieved th ro u g h  the feeding of

15 13[1 -am in o - N , 1- C ]p u tre s c in e  (140) d ih yd ro ch lo rid e  to S . v u lg a r is , a 

p la n t known to p roduce severa l p y rro liz id in e  alkaloids all w ith  a 

re tro n ec in e  backbone.

HoN,

(140)
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G rue-S drensen  and Spenser had noted th a t the labelling  p a tte rn

14 14obtained in  re tro n ec in e  from  the feed ing  of [1 -  C ]p u tresc in e  and [5 -  C]

76o rn ith in e  could be exp la ined  b y  two co n flic ting  pathw ays (Scheme 21).

15 13B y employing [1 -am in o - N , 1- C ]p u tre s c in e  as a p re c u rs o r G ru e -

S<^rensen and Spenser be lieved  th a t th is am bigu ity  could be erad icated  as

13C n .m .r .  spectroscopy would be able to d is tin g u ish  w hich was the

re le v a n t pathw ay in  re tro n ec in e  b io syn th es is .

I f  re tro n ec in e  was produced v ia  a non-sym m etrical in term ediate

15 13(ro u te  ’&) then  feed ing  of [1 -am in o - N , 1- C ]p u tre s c in e  would be

13 15expected  to produce a s ingle species of in tram o lecu la rly  C , N -lab e lled

re tro n ec in e  (1 4 1 ). H o w ever, i f  re tro n ec in e  b iosynthesis proceeded v ia

13a sym m etrical in te rm ed ia te  (ro u te  A ) then  an equim olar m ix tu re  of C ,

15N -lab e lled  p ro d u c ts , (141) and (142) w ould be expected .

HO HO

(141) (142)

13 1A nalysis  o f th e  C -{  H }  n .m . r .  spectrum  of the  labelled

re tro n ec in e  re v e a le d , as exp ected , fo u r enhanced signals corresponding

to C -3 , C -5 , C -8 ,  and C -9 . C a re fu l exam ination o f the d iffe ren ce  

13spectrum  ( C -la b e lle d  -  n a tu ra l a b u n d a n c e ), ind icated  th a t the signals

at C -3  and C -5  w ere com prised of a doub let superim posed on a s in g le t.

13 15
The  d oub le ts , w hich w ere  of equal in te n s ity , are ch arac te ris tic  o f C -  N

13 14species and the s ing lets  arise from C -  N species. T h u s  the  observed
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spectrum  ind icated  the existence of a la te r  sym m etrical in term ed iate  in

re tro n ec in e  b io syn th es is .

Khan and Robins rep o rted  analogous find ings to Grue-S<tfrensen

15 13and Spenser th ro u g h  feed ing  [1 -am ino - N , 1- C ]p u tre s c in e  (140)

75d ih yd ro ch lo rid e  to S . is a tid e u s . O f g re a te r s ign ificance was th e ir

id en tifica tio n  of the sym m etrical C ^ -N -C ^  in term ed iate  as 1 , 6 , 1 1 -tr ia z u n -

14decane (hom osperm idine) (1 3 6 ). Feeding of [ 1 ,9 -  C ]hom osperm idine

(143) tr ih y d ro c h lo rid e  generated  specifically  labelled  re tro rs in e  ( 9 ) .

14A lka lin e  hyd ro lys is  y ie ld ed  C -lab e lled  re tronec ine  which when degraded  

was found to have 44% of the rad io label associated w ith  C~9 of re tronec ine  

and only 2% p erta in in g  to the C ( 5+6+7) frag m en t, again iso lated as the  

2 , 4 -d in itro p h e n y l d e r iv a tiv e  of 3_alan ine. These labelling  p a tte rn s  were  

once again consistent w ith  the in tac t incorporation  of homospermidine into  

re tro n e c in e .

(136)

In  add ition  homospermidine was shown to be p roduced  b y

14S. isatideus by means o f an in term ediate  tra p p in g  exp erim en t. D L - [ 5 -  C ] -

o rn ith in e  (144) was adm in istered  to S . isatideus and a fte r  one day the  

basic m ateria l was e x tra c te d  into aqueous trich lo roacetic  acid contain ing  

un labelled  homospermidine tr ih y d ro c h lo r id e . Subsequent form ation of 

the N -p h e n y lth io u re a  d e r iv a tiv e  of hom osperm idine, then p u rif ic a tio n ,  

y ie lded  the desired  d e r iv a tiv e  in  rad ioactive  form . T h is  ind icated  th a t  

homospermidine is p ro b a b ly  an in term ediate  in  re tro n ec in e  b iosyn thesis .
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13F u rth e r  evidence emerged when Rana and Robins fed [ 1 ,9 -  C ] -

77 13 1homospermidine (143) tr ih y d ro c h lo rid e  to S . is a tid e u s . The  C -{  H )  

n .m .r .  spectrum  o f the re tro n ec in e  generated  (145) was found to possess 

two enhanced signals correspond ing  to C -8  and C -9  (Scheme 2 2 ). M ore­

o ver a geminal coupling betw een C -8  and C -9  was observed (6  H z ) ,  

p ro v id in g  po w erfu l evidence fo r the  in ta c t conversion of homospermidine 

in to  re tro n ec in e .

With s trong  evidence lin k in g  homospermidine as a key  in te r ­

mediate in  p y rro liz id in e  a lkalo id  b iosyn thes is , emphasis now sh ifted  to 

deta iling  how homospermidine could be co n verted  into the p y rro liz id in e  

nucleus (Scheme 2 3 ). I t  was possible th a t homospermidine could be 

oxid ised  b y  diamine oxidase enzymes to a ffo rd  the d ia ldehyde (1 4 6 ),  

th o u g h t b y  Geissman and C ro u t to be in vo lved  in  re tro n ec in e  b iosynthesis . 

T h e  d ia ldehyde ex is ts  in  eq u ilib rium  w ith  its  iminium salt (1 4 7 ), which  

could undergo  cyclisa tion  to a ffo rd  the p y rro liz id in e  rin g  system .

R eduction o f the 1 -fo rm y lp y rro liz id in e  generated  (148) could p ro v id e  

1 -h y d ro x y m e th y lp y rro liz id in e  (149) which cou ld , in  tu rn , be transform ed  

to y ie ld  the necine bases.

T h e  proposed pathw ay gained more credence when Robins  

dem onstrated th a t hom osperm idine could be converted  in to  (± ) - t r a c h e l-  

antham idine (26 ) b y  the action of diamine oxidase then dehydrogenase
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enzymes u n d er physio logical conditions (Scheme 2 3 ).

79
F u r th e r  su p p o rt m ateria lised  when Rana and Robins fed

14 ^
( ± ) - [ 3 , 5 -  C ]trach e lan th am id in e  (150) and ( ± ) - [ 5 -  H ]iso re tro n ecan o l (151)

to Senecio r id d e ll i , a p la n t know n to produce r id d e llin e  (1 5 2 ). D egradation

stud ies revea led  th a t bo th  trachelan tham id ine and isoretronecanol are

in co rp o ra ted  spec ifica lly  in to  the re tro n ec in e  portion  of r id d e llin e , w ith

the  form er being  the more e ffic ie n t p re c u rs o r.

80Robins and Kunec c a rrie d  out a sim ilar in ves tig a tio n  feeding

3 3( ± ) - [ 5 -  H ]trach e lan th am id in e  and ( ± ) - [ 5 -  H ]iso re tro n ecan o l to S . isatideus

and S . p leistocephalus [th e  la t te r  is known to produce rosm arin ine (1 5 3 ) ] .  

T h is  s tu d y  revea led  th a t isoretronecano l is in corporated  considerab ly  more 

e ffic ie n tly  in to  rosm arinecine (2 1 ) ,  the base p ortion  of rosm arin ine .

In d e e d , iso retronecano l was in co rp o ra ted  approxim ately  fiv e  times more 

e ffic ie n tly  than  p u tresc in e  in to  rosm arinecine . Feeding o f these ra d io ­

labelled  p re c u rs o rs  to S . isatideus p ro v id e d  the opposite re s u lt ,  w ith  

trache lan tham id ine  being  more re a d ily  in co rp o ra ted  in to  the base portion  

of re tro rs in e , re tro n e c in e . These resu lts  suggested th a t 1 -h y d ro x y m e th y l-  

p y rro liz id in e s  are la te r  in term ed iates  in  necine b io syn th es is , and shows 

th a t the pathw ays to re tro n e c in e  and rosm arinecine d iv e rg e , p ro b a b ly  

d u rin g  cyclisa tion  to form  the  p y rro liz id in e  system .

F u r th e r  evidence fo r these pathw ays was re c e n tly  p ro v id e d  when  

81K e lly  and Robins dem onstrated  th a t the  iminium ion (154) is in vo lved  in

necine b io syn th es is . T h e  iminium salt was p re p a re d  in  rad io labe lled  form  

14( C ) and adm in istered  to both  S . isatideus and S . p leistocephalus and  

found to be a more e ffic ie n t p re c u rs o r than  p u tresc in e  fo r the resp ective  

base p o rtio n s , re tro n e c in e  and rosm arinecine . In  add ition  an in term ed iate  

tra p p in g  experim ent v e r if ie d  the presence o f the im inium ion in  

S . p le is to cep h a lu s .
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The e ffic ie n t in co rp o ra tio n  o f th is  iminium ion also suggested

th a t the oxidation  o f th e  amino groups of homospermidine proceeds in  two

d iscre te  s teps . A summary o f the b io syn th e tic  pathw ays to re tro n ec in e

and rosm arinecine is illu s tra te d  in  Scheme 24.

Stereochem ical aspects of re tro n ec in e  b iosynthesis  w ere f irs t

82re p o rte d  in  1983 b y  Robins and Sw eeney. A deta iled  s tu d y  em ploying

14 3C / H lab e llin g  estab lished  th a t re tro n ec in e  is d e riv e d  from  the  L -  

enantiom ers of a rg in in e  (155) o r o rn ith in e  (1 2 5 ) , w ith  l it t le  co n trib u tio n  

from the opposite enantiom er form s.

HoN

(125)

H

'N H 2

COoH

H

NH

(155)

\
COoH

83Rana and Robins amassed considerable stereochem ical

2
in fo rm ation  about re tro n ec in e  b iosynthesis  th ro u g h  the  feed ing  of H -

2 2labelled  p u tresc in es  in  o p tica lly  active fo rm . ( R ) - [ l -  H ] -  and ( S ) - [ l -  H ]~  

p u tresc in es  [ (1 5 6 ) and (1 5 7 )]  w ere p re p a re d  b y  an estab lished  procedure  

and fed  as th e ir  d ih yd ro ch lo rid es  to S . is a tid e u s . A nalys is  o f the

b io s y n th e tic a lly  p ro d u ced  re tro rs in e , from  the  ( R ) “enantiom er feed , b y

2 1H -{  H }  n . m . r . spectroscopy, estab lished th a t deuterium  labels were  

located at C -3 £ , C -5  a, C -8 a ,  and C -9  p ro -S  of re tro rs in e  (1 5 8 ). T h is  

lab e llin g  p a tte rn  was in te rp re te d  in  the follow ing m anner (Scheme 2 5 ).



67

In it ia l ly  enzym ic oxidation  of p u tresc in e  to 4-am inobutanal (159)

occurs . Diamine oxidases are  known to remove sp ec ifica lly  the pro~S

h yd ro g en  atom of a m ethylene group adjacent to an amine group undergoing  

84o x id a tio n . T h u s  fo r the  (R )-e n a n tio m e r the deuterium  label is re ta in e d . 

Condensation o f 4-am inobutanal w ith  a fu r th e r  p u tresc in e  molecule generates  

an im ine (160) w hich undergoes a stereospecific  re d u c tio n , w ith  h y d rid e  

being  d e liv e re d  from the  C-si_ face of the im ine. T h is  produces homo­

sperm idine (1 6 1 ). F u r th e r  amine oxidation  takes place w ith  re te n tio n  of 

the  p ro -R  h yd ro g en  and loss of the p ro -S  to y ie ld  the labelled  aldehyde  

(1 6 2 ). T h is  a ldehyde is co n verted  in to  the iminium ion (163) w hich then  

undergoes in tram o lecu lar add ition  on the C -re  face to generate  the 8a- 

fo rm y lp y rro liz id in e  (1 6 4 ). F in a lly , a stereospecific  red u ctio n  o f the  a ldehyde  

b y  d e liv e ry  o f the  h y d r id e  donor on the C -re  face of the carb o n y l group

accounts fo r the lab e llin g  p a tte rn  w itnessed in  re tro rs in e  (1 5 8 ).
2

Feeding o f th e  opposite enantiom er, ( S ) - [ l -  H ]p u tre s c in e  

2 1d ih y d ro c h lo rid e , gave a H -{  H }  n .m .r .  spectrum  of re tro rs in e  d isp lay ing

deuterium  signals a t C -3 a  and C -5B  positions (Scheme 2 6 ). Tw o few er

labels are  p re s e n t because of the rem oval of the p ro -S  h yd ro g en  atoms

d u rin g  the o x idation  o f the  p rim a ry  amino g roups.

2 1H -{  H }  N .m .r .  spectroscopy was again used to good e ffe c t in

85
fu r th e r  stereochem ical stud ies  o f re tro n ec in e  b io syn th es is . Kunec and  

Robins fed  ( R ) - [ 2 - ^ H ] -  and (S ) - [2 -^ H ]p u tre s c in e  [ (1 6 6 ) and (1 6 7 )]  

d ih yd ro ch lo rid es  to S . isatideus and estab lished th a t oxygenation  o f the  

p y rro liz id in e  system  at C -7  does not proceed v ia  a ke to  or enol in term ed iate  

because the p ro -R  h yd ro g en  is re ta in e d . T h is  also shows th a t the  

h y d ro x y la tio n  proceeds w ith  re te n tio n  of co n fig u ra tio n . T h e  1 ,2 -  

u n sa tu ra tio n  o f re tro n e c in e  arises from the rem oval o f the p ro -S  h ydrogen
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atom at the  carbon w hich becomes C -2  o f re tro n e c in e . The p ro -R  

h yd ro g en  at th is  c en tre  is  re ta in e d  d u rin g  th is  process (Scheme 2 7 ).

R ecen tly  K e lly  and Robins have p ro v id ed  add itional depth  to our 

u n d ers tan d in g  o f necine b iosynthesis  b y  im plem enting a com prehensive  

s tu d y  in to  the b iosyn thesis  o f rosm arinecine th ro u g h  the feed ing  of 

labelled  p recu rso rs  to Senecio p le is tocepha lus .

E a rlie r  experim ents  b y  Kunec and Robins had  dem onstrated th a t  

( ± )-iso re tro n ecan o l (2 5 ) is a much b e tte r  p re c u rs o r fo r rosm arinecine ( 21 ) 

than  its  C - l  epim er ( ± )-tra c h e la n th a m id in e  (2 6 ) ,  w hereas the converse was 

id e n tif ie d  fo r re tro n e c in e  (4 ) b io syn th es is . C onsequently  K e lly  and 

Robins c e n tre d  th e ir  in it ia l in ves tig a tio n s  on the e a rly  stages o f rosm ari­

necine b iosynthesis  to ascerta in  i f  th e re  is a p a ra lle l w ith  the pathw ay

86in vo lved  in  the b iosyn thesis  o f re tro n e c in e .

13Feeding  o f C -la b e lle d  p u tresc in e  d ih yd ro ch lo rid es  to

S. p le is to cep h a lu s , and subsequent analysis o f the b io syn th e tica lly

13produced  rosm arinecine b y  C n .m . r .  spectroscopy, estab lished th a t  

rosm arinecine , lik e  re tro n e c in e , is d e riv e d  b io syn th e tica lly  from two 

molecules of p u tre s c in e . T h e  observed  labe lling  p a tte rn s  w ere sim ilar to 

those encountered  in  analogous experim ents in v o lv in g  re tro n ec in e  

b io syn th es is , a lthough  incorporations  w ere much h ig h e r . T h is  ind icated  

th a t a sym m etrical C ^ -N -C ^  in te rm ed ia te  m ight also be in vo lved  in  

rosm arinecine b io s y n th e s is .
15 13

A d m in is tra tio n  o f [1 -a m in o - N , 1- C jp u tre s c in e  (140) d ih y d ro ­

ch lo ride  to S . p le is tocephalus y ie ld ed  a labe lling  p a tte rn  in  agreem ent w ith  

the conversion  o f two molecules o f p u tresc in e  in to  a sym m etrical C ^ -N -C ^  

in te rm e d ia te , such as hom osperm idine (1 3 6 ). C onfirm ation  of the in v o lv e -
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ment of homospermidine in  the b iosynthesis  of rosm arinecine was p ro v id ed

13th ro u g h  the  feed ing  o f [ 1 ,9 -  C ]hom osperm idine (143) tr ih y d ro c h lo rid e  to

13 1S . p le is to cep h a lu s . T h e  C -{  H }  n .m . r .  spectrum  o f the b io syn th e tica lly  

produced  rosm arin ine contained two enriched  signals corresponding  to C -8  

and C -9  of ro sm arin in e . T h is  dem onstrated the in ta c t conversion o f homo­

sperm idine in to  rosm arinecine and confirm ed th a t the e a rly  steps o f rosm ari­

necine b iosynthesis  are  sim ilar to those documented fo r re tro n ec in e  

b io s y n th e s is .

H aving  dem onstrated  the u n ifo rm ity  o f the e a rly  stages of

re tro n ec in e  and rosm arinecine b io syn th es is , K e lly  and Robins then changed

the emphasis o f th e ir  in ves tig a tio n  in  an e ffo r t  to estab lish  the s te re o -

87chemical fea tu res  o f rosm arinecine b io syn th es is . T h is  was prom pted by

the d ivergence  o f the  resp ec tive  b iosyn thetic  pathw ays at the 1-h y d ro x y -

m e th y lp y rro liz id in e  stage (Scheme 24) and b y  the absence o f a 1 ,2 -d o u b le

bond in  rosm arinecine . T h e  lack  o f th is  u n satu ra tio n  would enable the

stereochem is try  o f the h y d ro x y la tio n  at C -2  o f rosm arinecine to be

in v e s tig a te d  as w ell as p ro v id in g  a valuab le  in s ig h t in to  the stereochem istry

of p y rro liz id in e  r in g  form ation b y  addressing  the fa te  o f the protons

destined  to become C - l  o f rosm arinecine . These stereochem ical aspects

2were exp lo red  th ro u g h  the feed ing  o f H -lab e lled  p recu rso rs  to 

S . p le istocephalus p la n ts .

K e lly  and Robins commenced w ork  in  th is  area b y  feeding

[1 ,1 ,  4 ,4 -  H ]p u tre s c in e  (168) d ih yd ro ch lo rid e  to S . p le is to cep h alu s .

2 1The  H -{  H } n .m . r .  spectrum  o f the iso lated rosm arinecine contained th ree

main signals co rresp o n d in g  to deuterium  labelling  at C -3 6 , C -3 a , and C -9

2
p ro -S  o f rosm arinec ine . A sim ilar exp erim en t, em ploying [ 1 ,1 -  H ] -  

pu tresc in e  (169) d ih y d ro c h lo rid e  as p re c u rs o r gave rise  to rosm arin ine
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again labelled  at C ~3$ , C -3 a , and C~9 p r o -S , b u t w ith  fu r th e r  deuterium

labelling  p re s e n t at C -5 a , C -5 $ , and C -8  o f rosm arin ine .

Rana and Robins had p re v io u s ly  encountered  an analogous

2
labelling  p a tte rn  in  re tro rs in e , produced  from adm in istering  these H -

84labelled  pu tresc in es  to S . is a tid e u s . T h e y  exp la ined  th is  d is tr ib u tio n

b y  in vo k in g  th e  invo lvem ent o f deuterium  isotope effec ts  d u rin g  the

2b iosynthesis  o f re tro n e c in e . T h is  exp lanation  is ou tlined  fo r [ 1 ,1 ,4 ,4 -  H ] -

p u tre s c in e , and is illu s tra te d  in  Scheme 28.

2 2 C onversion  o f [ 1 ,1 ,4 ,4 -  H ]p u tre s c in e  (168) in to  [ 1 ,4 ,4 -  H ] - 4 -

am inobutanal (1 7 0 ) , cata lysed  b y  diamine oxidase enzym es, is know n to be

88subject to an in te rm ed ia te  deuterium  isotope e ffec t o f 1 .26 . I f  a sim ilar

appreciab le  deuterium  isotope e ffe c t operates w ith  diamine oxidases in

S . isatideus p lan ts  th en  the oxidation  of (168) is most lik e ly  to produce  

2
the H -la b e lle d  hom osperm idine (1 7 1 ). I f  th is  in term ed iate  is also subject

to a sim ilar deu terium  isotope e ffec t d u rin g  the n e x t oxidation  step then  

2th is  H -la b e lle d  hom osperm idine would be converted  in to  the  aldehyde

(1 7 2 ), w hich in  tu rn  w ould be transfo rm ed  in to  the iminium ion (1 7 3 ).

A fu r th e r  o x id a tio n , in v o lv in g  the p rim a ry  amine side ch a in , followed by

in tram o lecu lar c yc lisa tio n , w ould generate  re tro rs in e  (174) w ith  a

preponderence  o f deu terium  labe lling  in  r in g  B o f the necine.
2

K e lly  and Robins exp la ined  th e  H -la b e llin g  p a tte rn  found in  

rosm arin ine b y  en v isag ing  th e  presence of sim ilar deuterium  isotope 

effects  in  rosm arinecine b io syn th es is .

K e lly  and Robins th en  considered the s tereochem istry  of the

enzym ic processes w hich  govern  the h yd ro g en  atoms in it ia lly  located at

2 2 
C - l  and C -4  o f p u tre s c in e . T h e re fo re , ( R ) " [ l~  H ] -  and ( S ) - [ l -  H ] -
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p u tresc in e  [(1 5 6 ) and (1 5 7 )]  d ihydroch lo rides  were p re p a re d  and fed to

2 1
S . p leistocephalus p la n ts . H -{  H }  N .m .r .  spectroscopy established th a t

the (R )-is o m e r gave r is e  to deuterium  labels at C -3 3 , C -5 a , 0 8 a ,  and  

C -9  p ro -S  in  rosm arin ine  (Scheme 2 9 ), w hile feed ing  of the (S )-is o m e r  

produced rosm arin ine labelled  w ith  deuterium  at on ly  two s ites , namely  

C -5 3  and C -3 a  o f rosm arin ine  (Scheme 30 ).

These lab e llin g  p a tte rn s  w ere again consistent w ith  those  

w itnessed in  re tro rs in e  when the  same p recu rso rs  w ere fed  to S . is a tid e u s . 

T h is  dem onstrates th a t bo th  re tro n ec in e  and rosm arinecine b iosynthesis  

invo lve  the s tereospec ific  re te n tio n  of the p ro -R  and rem oval o f the  

p ro -S  pro tons d u rin g  th e  conversion o f pu tresc in e  in to  4-am inobutanal 

and the oxidation  o f th e  term ina l carbon atoms of hom osperm idine. In  

ad d itio n , both  pathw ays fe a tu re  the form ation o f homospermidine v ia  

h y d rid e  (o r e q u iv a le n t) a ttack  on the C -s i face o f the in term ed ia te  iminium  

io n , and generation  o f th e  p y rro liz id in e  nucleus occurs b y  h y d rid e  a ttack  

on the C -r e  face o f the  iminium ion (1 5 4 ).
2

The  feed ing  o f ( R ) -  and ( S ) - [ l -  H ]p u tre s c in e  d ih yd ro ch lo rid es

to S . p le istocephalus also estab lished th a t isoretronecanol (2 5 ) is

produced  v ia  h y d rid e  a ttack  on the  C -re  face of 8 c rp y rro liz id in e  aldehyde

(1 7 5 ). An analogous stereospec ific  red u ctio n  o f the  83 - a ldehyde (148)

occurs in  re tro n e c in e  b iosyn thes is  a ffo rd in g  trachelan tham id ine  (2 6 ) .

K e lly  and Robins d iscerned  the  rem ain ing stereochem ical aspects

2
o f rosm arinecine b iosyn thesis  th ro u g h  the feed ing  o f ( R ) - [ 2 -  H ] -  and

(S ) - [2 -^ H ]  p u tresc in e  [ (1 6 6 ) and (1 6 7 )]  d ih yd ro ch lo rid es  to

2 1S . p le istocephalus p la n ts . H -{  H }  N .m .r .  spectroscopy established

th a t feed ing  o f th e  (R )- is o m e r gave rise  to rosm arin ine labelled  w ith  

deuterium  at C -2  3 and C -6 a  (Scheme 3 1 ), whereas adm in istering  the
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(S )-is o m e r y ie ld ed  rosm arin ine  labelled  w ith  deuterium  incorporated  at 

C - la ,  C -6 $ , and C -7 a  (Scheme 3 2 ).

These experim ents  ind icated  th a t form ation of the 8 o rp y rro liz i-  

dine a ldehyde (175) invo lves  the stereospecific  rem oval of the p ro -R  

h yd ro g en  and re te n tio n  o f the  p ro -S  hydrogen  at the carbon atom 

earm arked to become C - l  o f rosm arin ine . F u rth e rm o re , these e x p e r i­

ments estab lished  th a t the h y d ro x y la tio n  processes at C -2  and C -7  in  

rosm arinecine b iosyn thes is  occur w ith  complete re ten tio n  of co n fig u ra tio n .

Robins and his co -w o rkers  re c e n tly  rep o rted  w ork on the

89biosynthesis  o f otonecine ( 3 ) .  Th is  in vo lved  the feed ing  of p recu rso rs  

known to be in v o lv e d  in  re tro n ec in e  b iosynthesis in  rad io labelled  form , 

to Emilia flammea (fa m ily  C om positae), a p lan t known to produce the 12- 

membered m acrocyclic d ie s te r emiline (1 7 6 ). As fo r re tro n ec in e  

b io syn th es is , i t  was estab lished  th a t p u tresc in e  (2 0 ) , homospermidine 

(1 3 6 ) , im inium ion (1 5 4 ) ,  and trachelantham id ine (34 ) are all good 

p recu rso rs  fo r  otonecine (Scheme 3 3 ). A la te r  experim ent in vo lv in g  the  

adm in is tra tion  o f H -la b e lle d  re tro n ec in e  to Emilia flammea confirm ed  

re tro n ec in e  as an e ff ic ie n t p re c u rs o r fo r otonecine. T h is  also served  to 

dem onstrate th a t  th e  N ( 4 ) - C ( 8 )  bond in  the p y rro liz id in e s  (34 ) and (4 )  

is c leaved at a la te  stage in  b io syn th etic  pathw ay to otonecine. I t  is  

th o u g h t th a t form ation  o f otonecine could arise b y  h yd ro x y la tio n  of C -8  

and N -m e th y la tio n  o f re tro n e c in e  (o r an es te r d e r iv a t iv e ) , a ffo rd in g  

(177) (Scheme 3 4 ). Subsequent ketone form ation and r in g  cleavage  

could a ffo rd  otonecine ( 3 ) .
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HO

Me

Me
(176)

The  b io syn th e tic  pathw ays to rosm arinecine and retronecine  

have been estab lished and the many sim ilarities involved in the processes 

have been h ig h lig h te d . The  d ivergence in  the two pathways has been 

estab lished . A num ber of in term ediates invo lved  in the b iosynthesis of 

these bases have been id e n tif ie d  and almost all the stereochemical aspects 

of the resp ective  pathw ays e luc idated . The  considerable knowledge and  

exp ertise  gained d u rin g  these studies should , in  tim e, help to p rov ide  a 

more deta iled  u n d e rs tan d in g  of necine b iosynthesis . A lthough the recen t 

in ves tig a tio n  o f otonecine biosynthesis is encourag ing , more p y rro liz id in e  

bases re q u ire  to be in v e s tig a te d  before a d e fin itive  understand ing  of 

necines b iosynthesis  can em erge. F u r th e r  studies may address o ther  

necines p resen t in  p y rro liz id in e  macrocyclic d ies ters , such as crotanecine  

(1 0 ) .  T h e re  is also a need to in ves tig a te  the biosynthesis of necines of 

d iffe re n t s tru c tu re , such as loline (1 2 ) .
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3. 3 The  B iosynthesis  o f Necic Acids

Studies re la tin g  to the b iosynthesis of the necic acids have

stim ulated much in te re s t .  A lthough th is  thesis involves no formal

in ves tig a tio n  in to  the b iosynthesis  of these compounds, it  is nevertheless

ap p ro p ria te  to d e ta il th e  s ig n ifican t accomplishments in  th is area .

U n til now , the  inform ation accumulated on the b iosynthesis of

necic acids has been gained th rough  the feeding of radio labelled  
1/1

precu rso rs  ( H , C ) to p lan ts  producing  p y rro liz id in e  a lkalo ids. Most 

atten tion  has been focussed on the abundant C^q d iacids, p a rtic u la r ly  

senecic (178) and sen ic ip h y llic  acids (1 1 ) ,  produced mainly by  Senecio 

species (fam ily  Com positae).

HO HO

(178) 01)



Most necic acids are C^q un its  and it  was in itia lly  thought th a t  

these compounds could o rig in a te  from the coupling of two u n its , 

re la ted  to iso p ren e , even a lthough the carbon skeletons and oxygenation  

p atte rn s  of the necic acids are d is tin c t from those of terpeno id  

compounds. ^

91H ow ever, w ork  perform ed b y  C ro u t et a l . ind icated  that

n e ith e r acetate nor m evalonate are specific p recursors  of the C^q necic 

14acids. Feeding of C -la b e lle d  acetate and mevalonate to Senecio

14douglasii re s u lte d  in  random isation of the C a c tiv ity  in  both the acid 

and base portions o f seneciphylline  (1 7 9 ), the main p y rro liz id in e  alkaloid  

produced b y  these p la n ts .

HO

(179)

A ttem pts to estab lish  the b iosyn thetic  pathw ay to the necic

acids inc luded  the  screen ing  of various amino acids as po ten tia l

p re c u rs o rs . C ro u t e t a l. found th a t isoleucine (180) and its  biological

p recu rso r th reo n in e  (181 ) are  both e ffic ie n t and specific p recu rso rs  of

.. 92
senic iphyllic  acid in  Senecio dou g las ii.
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(181) (180)

14Feeding  o f [U -  C ]-L -is o le u c in e  resu lted  in  a five  carbon u n it ,

encompassing C -4 , - 5 ,  - 6 ,  - 7 ,  and -1 0 , o f seneciphyllic  ac id , being

14labelled  most p ro m in e n tly . In  a d d itio n , when [1 -  C ] -L -iso leu c in e  was

employed as a p re c u rs o r , i t  was in co rp o rated  in to  the necic acid w ith  less

14than one te n th  o f the e ffic ie n c y  o f [U -  C ] -L -is o le u c in e . T h is  ind ica ted
(\oV

th a t C - l  o f L -iso leu c in e  w as^incorporated in to  seneciphyllic  ac id .

These re s u lts  enabled C ro u t e t a l. to propose th a t the 'le ft  hand'

C(- u n it of seneciphyllic  acid is d e riv e d  from isoleucine b y  the  rou te

outlined  in  Scheme 3 5 (a ) .

An a lte rn a tiv e  ro u te , Scheme 3 5 (b ) , was re fu te d  on the basis

14of the lab e llin g  p a tte rn  obtained  a fte r  adm in istering  [ U -  C ]-L -th re o n in e .

I f  ro u te  3 5 (b ) was adhered  to in  the b iosyn thetic  p rocess, then  equal

labe lling  at C -6 , C -7 , and C -1 0  o f seneciphyllic  acid should a ris e .

H ow ever, deg rad atio n  o f the necic acid revea led  th a t the  C -6 , C -7  u n it

contained more than  fo u r times the a c tiv ity  associated w ith  C -1 0 , hence

rou te  35 (a ) was deemed the more p lau s ib le .

E vidence became availab le  which suggested th a t th is  assessment

m ight re q u ire  re fin e m e n t. Enzyme systems are know n which could induce

14
in e q u a lity  in  th e  lab e llin g  o f carbon atoms d erived  from  [U -  C ] - L -
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th reo n in e  in  m etabolites.

T h re o n in e  dehydrogenase and o t-am ino-oxobutyrate-C oA  ligase

can o perate  on th reo n in e  to y ie ld  an equim olar m ix tu re  of acety l CoA and

93 94g lyc ine  (Scheme 3 6 (a ) ) .  ' A  sim ilar e ffec t is observed  b y  the

sequentia l action o f th reo n in e  aldolase, acetaldehyde dehydrogenase, and

95acety l CoA syn th e tase  (Scheme 3 6 (b ) ) .  I f  e ith e r , or b o th , o f these

systems is re v e rs ib le  in  v ivo  then  a d is to rtion  in  the d is tr ib u tio n  of 

14a c tiv ity  in  [ U -  C ] th reo n in e  could arise a fte r d ilu tion  of the labelled

g lycine and ace ty l CoA w ith  un labelled  m ateria l. Th is  could be

re fle c te d  in  d e fic ie n t amounts o f the rad io label at ( C - l  + C -2 )  and

(C -3  + C -4 )  positions o f th re o n in e . E v id e n tly  from the in form ation then

ava ilab le , i t  could not be estab lished which was the co rrec t incorporation

mode of L -th re o n in e  in to  seneciphyllic  acid .

C ro u t e t a l. d id , h o w ever, establish  th a t the rou te  dep icted  in

Scheme 35(b) was indeed  the  co rrec t mode of inco rp o ra tio n  o f L -iso leuc ine

92in to  the  'le ft  hand ' component o f C^q necic acids. T h is  was achieved  

th ro u g h  feed ing  experim ents  in vo lv in g  Senecio m agnificus p la n ts , a 

species know n to d isp lay  a sm all, b u t nonetheless s ig n ifican t amount of 

th reo n in e  aldolase a c t iv ity . T h e  presence o f the enzyme increased the  

p o ss ib ility  o f in co rp o ra tio n  v ia  ro u te  3 5 (b ) .

A d m in is tra tio n  o f [ 2 - ^ C ] -  [ 5 - ^ C ] - ,  and [6 -  ^C ]-iso leu c in e  

revea le d  a la b e llin g  p a tte rn  in  senecic acid consistent w ith  on ly  rou te  

35(\> ). F u r th e r  in v e s tig a tio n  o f the senecic ac id , obtained b y  h yd ro lys is  

of the p a re n t a lka lo id  senecionine (1 8 2 ), revea led  th a t the 'r ig h t  hand'

Cg u n it  o f the  necic ac id , com prising C - l ,  - 2 ,  - 3 ,  - 8 ,  and -9  is also 

d e riv e d  from  L -th re o n in e . T h e  proposed pathw ay o f in corporation  is
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HO

(182)

A gain  C - l  of L -iso leucine  was not incorporated  into the necic

acid. F u r th e r  deg rad atio n  experim ents also revealed  th a t C -2  o f senecic

14acid was in ac tive  a fte r  adm in istering  [U -  C ]-L -th re o n in e , which was

consistent w ith  the proposed scheme. T hus  i t  had been established th at

necic acids are  b iosynthesised  from two un its  d erived  from

isoleucine (Scheme 3 8 ).

C ro u t e t a l. had estab lished , in  experim ents invo lv ing  the

14biosynthesis of senec iphy llic  ac id , th a t [M e - C ]m eth ionine is a re la tiv e ly  

e ffic ien t p re c u rs o r o f C -8  o f the necic ac id . Th is  was exp lained by

assuming th a t the m ethyl group of m ethionine (183) is converted  by  

Senecio species in to  th e  m ethyl group of p y ru v a te  (184) v ia  serine (1 8 5 ). 

This supposition was su p p o rted  b y  the conversion of serine in to  p y ru v a te  

in  v ivo  (Scheme 3 9 ). ^

T an g ib le  evidence em erged to su pport th is th eo ry  when  

[M e -14C ] -  onine was fed to pea seed lings. D egradation  o f the

isolated serine rev e a le d  th a t the rad io label was confined to the h y d ro x y -  

m ethyl group of s e rin e .
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C e rta in  m icrobial species are known to u tilise  all fo u r s tereo -

97 98isomers o f isoleucine fo r  g ro w th . ’ Davies and C ro u t dem onstrated,

3 14b y  use o f H -  and C -la b e lle d  isoleucine (180) and alloisoleucine (1 8 6 ),

th a t on ly  L -iso leu c in e  (187 ) is an e ffic ie n t and specific p re c u rs o r of

senecic acid in  Senecio m agn ificus . ^

H aving  estab lished  the  amino acid basis fo r necic acid

b io syn th es is , C ro u t and co -w o rkers  endeavoured to elucidate the pathw ay

b y  w hich isoleucine is co n verted  in to  necic acids. In ves tig a tio n s  in itia lly

cen tred  on possible C^ in term ed iates  o f isoleucine metabolism, namely

2 -m ethylbu tano ic  acid (1 8 8 ) , angelic acid (1 8 9 ), and 2 -m eth y l~3-o xo -

butanoic acid (1 9 0 ) . On adm in istering  rad io labelled  forms of these

compounds to Senecio m agnificus i t  was ev iden t th a t none is a specific

p re c u rs o r of sen ec ip h y llic  ac id .

A tte n tio n  th en  sw itched to address the fa te  of the hydrogen

atoms located a t C~4 and C -6  o f iso leucine, the sites in vo lved  in  coupling

3 14to a ffo rd  the necic ac ids . A c c o rd in g ly , [6 -  H , 6 -  C ]iso leucine  was 

p re p a re d  and adm in is tered  to Senecio m agn ificus. The  senecic acid 

iso lated re ta in e d  appro x im ate ly  5 /6  o f the  tr itiu m  la b e l. T h is  ind icated  

th a t at least one o f the  h yd ro g en  atoms of C~6 of isoleucine is p reserve d  

d u rin g  its  conversion  in to  the  m ethylene group at C -4  of senecic acid .

In  a p a ra lle l e x p e rim e n t, [ 4 ,4 -  H ]iso leucine was fed  to S . is a tid e u s .

In  th is  instance h a lf  th e  tr it iu m  label was re ta in ed  in  the necic acid, 

isatinecic  acid (1 9 1 ) . These labels w ere believed  to be at H -3  and H -6  

of the d iacid  (1 9 1 ) .  T o g e th e r , these re s u lts  dem onstrated th a t a 

carb o n yl fu n c tio n  at th e  sites w hich become C -3  or C -4  of the necic acid  

is not in v o lv e d  in  the  coupling to generate  the necic ac id . M oreover it
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suggested th a t the fu n c tio n a lity  in troduced  at the C -3 , C -6  side chain of 

isoleucine p r io r  to coupling m ight be CF^OH or C =CH 2 * The la tte r  was 

reg ard ed  as the more appealing since the corresponding a-amino acid,

3-m ethy lenenorva line  ( 2-am ino-3-m ethylenepentanoic  acid) (1 9 2 ), was 

known to occur in  n a tu re . In  addition i t  was envisaged th a t the  

C=C H 2 fu n c tio n a lity  is a more ap p ro p ria te  u n it to ins tigate  the desired  

lin k a g e .

A s tu d y  was then  em barked upon to develop a viab le  synthesis

of $ -m eth y len en o rva lin e . Once estab lished , th is route was used to
3

prep are  the amino acid in  rad io labelled  form . D L -f3 -[ H ]M eth y len en o rva l-

ine was adm in istered  to S . m agnificus and found to be a specific p recu rso r

of senecic acid . H o w ever, i t  was not possible to determ ine i f  £ -m ethy lene-

norvaline  was in co rp o ra ted  into one or both  halves of the necic a c id .

A k e y  aspect o f L -iso leucine biosynthesis is the te r t ia ry  ketol

rearrangem ent o f 2 -e th y l-2 -h y d ro x y -3 -o x o b u ta n o ic  acid (193) to 3 -h y d ro x y -

102
3-m ethy l-2 -oxopen tano ic  acid (194) .

OH

(194)

HO

(193)
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The s tereochem istry  of th is  process was ingeniously  determ ined

by C ah ill et. a l. b y  the  subtle  use of rad io labelled  2-am inobutanoic acid  

103
p re c u rs o rs . These p recu rso rs  w ere stereospecifically  labelled  w ith

tr itiu m  at C -3  and adm in istered  to p lan ts  of S . isatideus and  

S. m agn ificus . I t  was assumed th a t the app ro p ria te  enzym es, such as 

amino acid tran s fe rase s  or oxidases, would operate on 2-am inobutanoic  

acid to a ffo rd  2-oxobutanoate in  s itu  (Scheme 4 0 ). Such a conversion  

would then  p ro v id e  an ap p ro p ria te  means of in ves tig a tin g  the te r t ia ry  

keto l re a rra n g e m e n t.

The  p re c u rs o rs  fed were (2 R S , 3 S )- [3 ~ ^ H ]- ,  (2 R S ) - [ 3 - ^ H ]~ ,

3 3( 2S) — [3 — H ] - ,  and ( 2 R ) - [ 3 -  H ]-2 -am in o b u tan o ic  ac id , in  conjunction w ith

14[3 -  C ]-2 -a m in o b u ta n o ic  acid .

These experim ents  revea led  th a t both (2 S ) -  and (2 R )-2 -a m in o ­

butanoic acid a re  in co rp o ra ted  spec ifica lly  in to  necic acids. O f much 

g re a te r im portance h o w ever, was th a t d u rin g  the generation  o f both  

portions of the necic ac id , the C -3  pro~S h yd ro g en  of 2-am inobutanoic acid 

was lo s t. In  c o n tra s t, the C -3  p ro -R  hydrogen  atom o f both  C^ portions  

was re ta in e d  d u rin g  the  process.

To  assess the  stereochem ical changes occu rrin g  at C -4  o f 

L -is o le u c in e , a s im ilar series o f experim ents were p u rsu ed  in vo lv in g  the

feeding o f ( 2 R S ,4 R S ) - [ 3 ,4 - 3H ] - ,  ( 2 S ,4 S ) - [ 3 ,4 - 3H ] - ,  ( 2 S ) - [ 4 - 3H ] ,  and
o 14

( 2 S ,4 R ) - [ 4 -  H jis o le u c in e , to g e th e r w ith  L - [ U -  C jiso leu c in e .

These  experim ents  disclosed th a t isoleucine is incorpora ted

in to  both  halves o f the necic acid w ith  loss o f the C -4  pro~S p ro ton  and

re ten tio n  o f the  C -4  p ro -R  h y d ro g e n , th e re b y  revea lin g  th a t the

h yd ro g en  atoms at C -1 3  and C -2 0  o f re tro rs in e  (9 )  and C~20 o f senecio-
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n in e  (18 2 ) a re  d e r iv e d  fro m  th e  C -4  p r o - R  h y d ro g e n  atom  o f L - is o le u c in e .

H0V I8CH0OH

0

(9) (182)

0

These re s u lts  are  consistent w ith  the incorporation  of 2-am ino­

butanoic acid v ia  iso leucine and established th a t the e th y l m igration step

104proceeds w ith  re te n tio n  o f co n fig u ra tio n .

S tud ies on the  b iosynthesis of monocrotalic acid (1 2 6 ), the Cg

e s te rify in g  p o rtio n  o f m onocrotaline ( 8 ) ,  established th a t both L -th re o n in e

105
and L -iso leucine  are  specific  p recu rso rs  o f th is necic acid. Feeding

14 14of [U -  C ]-L -is o le u c in e  and [ U -  C ] -L -th re o n in e  to C ro ta la ria  species

(fam ily  Legum inosae) showed th a t the u n it of monocrotalic acid, 

comprising C - l ,  - 2 ,  - 3 ,  - 6 ,  and - 7 ,  is d e riv e d  from isoleucine, 

rem aining th re e  carbon atoms may o rig in a te  from prop ionate .

V a line  (195 ) and leucine (196) are  o ther amino acids which

107
have been id e n tif ie d  as specific  p recu rso rs  of necic acids.

Echim idinic acid (1 9 7 ) , the 'r ig h t  hand' e s te rify in g  component 

of heliosupine (1 9 8 ) , was found to be d e riv e d  from valine th ro u g h  feeding
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experim ents w ith  Cynoglossum  ofic inale (fam ily  B o ra g in a c e a e ). The  

angelic acid m oiety o f he lio su p in e , was found to o rig inate  from L -iso leuc ine .

D ev lin  and R obins stud ied  the b iosynthesis of trichodesm ic acid

(199) in  C ro ta la ria  g lo b ife ra , a p la n t known to produce trichodesm ine

108(200) as the  main p y rro liz id in e  a lka lo id . Labelling  experim ents

ind icated  th a t the  'r ig h t  hand' u n it o f th is  b ranched  lactone is derived  

from th reo n in e  or iso leuc ine , w hile the 'le ft  hand' u n it orig inates from  

valine or leucine  (Schem e 4 1 ).

M any im p o rtan t aspects o f necic acid b iosynthesis have been

estab lished , p a r t ic u la r ly  fo r senecic and seneciphyllic  acids. H ow ever,

our know ledge o f the  b iosyn thes is  of these acids is incom plete. Up u n til

now the num ber of necic acids in v e s tig a te d  has been com paratively fe w .

F u r th e r  in v e s tig a tio n s , in c lu d in g  stud ies on more necic acids, are

necessary b e fo re  a more d eta iled  u n d ers tan d in g  of the b iosynthesis of

necic acids can em erge.

E xp erim en ts  to date have re lie d  upon rad io labelled  p recursors

to e x tra c t in fo rm atio n  about th e  b io syn th e tic  p a th w ays . Stable isotopes 

13 2( C , H ) have been used to good e ffe c t to enhance our unders tand ing  

of necine b io s y n th e s is . I t  is conceivable th a t these isotopes could be 

used w ith  equal success in  th e  e lucidation  o f necic acid b iosynthetic  

p a th w a y s . One o f th e  areas most lik e ly  to be in ves tig a ted  b y  th is means 

is the mode of coupling  o f the  two C,- u n its  generating  the C^q d iacids.
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CHAPTER 4

IN V E S T IG A T IO N S  IN T O  TH E SYN TH ESIS  OF 

P Y R R O L IZ ID IN E  BASES

4 .1  In tro d u c tio n

Many syn th e tic  routes to p y rro liz id in e  bases have been re p o rte d , 

includ ing  the recen t up su rg e  in  the synthesis of necines in  o p tica lly  active  

form . H ow ever, as h ig h lig h ted  in  C hap ter 2, th ere  is s till a pressing  

need for the prov is ion  o f routes which enable the production  of a range  

of necines in  op tica lly  active  form .

A c c o rd in g ly , the major aim of th is  research pro ject was in try in g  

to develop a concise, fle x ib le  rou te  capable of generating severa l necines 

in op tica lly  active fo rm . In  add ition , i t  was im portant th a t such a scheme 

should be capable o f y ie ld in g  the more h ig h ly  oxygenated p y rro liz id in e  

bases, such as crotanecine (1 0 ) .  Indeed  at the advent of th is research

47 ,49 ,59
study only a few s yn th e tic  routes to necine trio ls  were availab le .

OH

HO

(10)

The p y rro liz id in e  bases have p ro ved  to be demanding synthetic  

ta rgets  fo r the O rgan ic  Chem ist. The considerable problems associated  

w ith th e ir  syn thesis  arise  la rg e ly  from th re e  basic s tru c tu ra l character  

is tic s .
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F ir s t ly , d if f ic u lty  can be encountered in  the construction  of the  

p y rro liz id in e  skeleton  its e lf .  Th is  is often compounded b y  the need to 

develop a su itab le  s u b s titu tio n  p a tte rn , p r io r  to the developm ent o f the  

p y rro liz id in e  system , to enable production  of the desired  necine. For 

necine syn thes is  th is  is most commonly expressed b y  the in tro d u ctio n  of 

pro tection  fo r h y d ro x y l groups p r io r  to form ation of the p y rro liz id in e  

nucleus. In tram o lecu la r cyclisation is the most fre q u e n tly  encountered  

means o f g en era tin g  the  p y rro liz id in e  rin g  system . Secondly, contro l of 

the s tereochem is try  o f th e  b rid g eh ead  proton of the p y rro liz id in e  system , 

at C - 8 ,  may have to be exerc is ed . Such a consideration is o ften  c ruc ia l 

to the success o f a s yn th e tic  s tra te g y  and is fre q u e n tly  accomplished by  

the in co rp o ra tio n  o f a s tereoselective hydrogenation  s te p .

A f in a l source of d if f ic u lty  may be presen ted  b y  the need to 

develop 1 ,2 -u n s a tu ra tio n  of the  p y rro liz id in e  r in g  system -  a fe a tu re  

common to many nec ines . A lthough  th is  unsatu ra tion  is in v a r ia b ly  

in tro d u ced  a fte r  th e  developm ent of the p y rro liz id in e  nucleus any  

successful syn thes is  has to incorpora te  an ap p ro p ria te  means to fac ilita te  

the generation  o f th is  u n sa tu ra tio n  -  o ften  e a rly  in  a syn th e tic  sequence. 

P y rro liz id in e  system s b earin g  an ester su b stitu en t at C - l ,  lik e  ( 2 8 ) ,  have  

been used to good e ffe c t to b r in g  about the desired  u n satu ra tio n . Th is  

is accomplished b y  se lenenyla tion  a to the ester (a t C - l )  followed b y  a 

short re d u c tio n -o x id a tio n -e lim in a tio n  sequence (Scheme 2 ) .

O b v io u s ly  any p o ten tia l syn thetic  rou te  to the necines must 

address these problem s s a tis fa c to rily . M oreover, any scheme aimed at 

p ro v id in g  p ro d u c ts  in  o p tica lly  active form has the fu r th e r  complication in  

both id e n tify in g  an a p p ro p ria te  s ta rtin g  m aterial and then m aintain ing the
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desired  stereochem is try  th ro u g h o u t the dura tion  of a syn th e tic  sequence.

One o f th e  best ways o f constructing  the p y rro liz id in e  rin g

109system was re p o rte d  b y  Muchowski and Nelson. T h is  w ork  was based  

on e a rlie r  s tud ies b y  F u c h s w h o  dem onstrated the v e rs a tility  of e th o x y -  

carb o n ylcyc lopropy ltripheny lphosphon ium  te tra flu o ro b o ra te  (201) in  the  

form ation o f f iv e - ,  s ix - ,  and seven membered rin g s  (Scheme 42 ) .  Fuchs  

reacted  the  phosphonium  salt w ith  nucleophiles, such as anions of 

carboxy la tes  o r 3“d ike to n es , to induce rin g  opening of the cyclopropane  

r in g . An in tram o lecu la r W ittig  reaction  then  o ccu rred , e ffec tin g  

cyc lisa tion .

M uchowski and Nelson broadened the scope of th is  reaction  by

generating  the p y rro liz id in e  nucleus from imide sa lts . Reaction of

sodium succinim ide (202)  w ith  cyclopropane salt (2 0 1 ) ,  u n d er melt

conditions, g en era ted  the  expected  p ro d u c t o f cyc lisa tion , the conjugated

109ester (2 0 3 ) ,  in  50% y ie ld  (Scheme 43 ) .  T h e  es te r was subsequently  

transfo rm ed  in to  ( ± )-iso re tro n ecan o l (25)  b y  a simple h yd ro g en a tio n -  

red u ctio n  sequence (Scheme 43 ) .

F lits c h  and Wernsman la te r  m odified th is  p rocedure  to boost 

the y ie ld  of the  condensation o f im ide salt (202) w ith  (201)  to 84%. T h is  

im provem ent was ach ieved  b y  em ploying xy len e  as solvent and m ainta in ­

ing the reac tio n  u n d e r re f lu x  conditions fo r 2 i  h o u rs .

R a th e r s u rp r is in g ly  th is  novel construction  o f the p y rro liz id in e  

nucleus appears to have rece ive d  on ly  lim ited a tte n tio n . In d eed  no o ther 

s yn th e tic  ro u te  to date  has employed th is  m ethod, though P in n ick  and

Chang used a re la te d  s tra te g y  in  th e ir  conversion of im ide (204)  in to

113isoretronecanol (25) (Scheme 44).
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The lack of applications of this method is somewhat curious  

since severa l syntheses have used imides as the bu ild ing  block fo r 'r in g  

A' of the p y rro liz id in e  skeleton . However most of these routes involve  

only the p roduction  o f the simple necines isoretronecanol (25) and 

trachelantham id ine (26) from e ith er succinimide (205) or an N -su b s titu te d  

succinimide (206 ) .

R = H (205)

R = Protecting Group (206)

48In  add ition  th re e  research  teams, namely Niwa et a l . ,

56 53-55C ham berlain and C h u n g , and H art and co-w orkers dem onstrated

the value of the malic acids in  p ro v id in g  synthesis of C -7  h yd ro xy la ted

necines v ia  im ides. Necines produced included he lio trid in e  (70) and

retronec ine  ( 4 ) ,  in  op tica lly  active form . In  these studies the

p y rro liz id in e  r in g  system  was developed by in tram olecular cyclisation .

Up u n til now these routes rep resen t the only rep o rted  

examples o f imides being  used in  the synthesis of necine d io ls . However 

the scope fo r extension  of the routes to produce o ther necines is lim ited  

and none of the rou tes  have been able to p rovide  synthesis of any necine 

tr io l.

In  common w ith  these studies it  was believed th a t im ides, 

p rep ared  from the L -  and D-m alic  acids, could provide  a suitable means 

of generating  necine d io ls , such as re tronecine  ( 4 ) ,  in  op tica lly  active  

form . As befo re  the h y d ro x y l group of the malic acid could be used to
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generate  the a p p ro p ria te  oxygenation  p a tte rn  in  'r in g  A' in  the form ation  

of these necines (Scheme 4 5 ( a ) ) .  Of  g rea te r significance though was 

the consideration  th a t the  ta r ta r ic  acids could be used to generate a 

com plem entary series of in term ediate  imides which could act as suitable  

synthons fo r the  more dem anding synthetic  ta rg e ts  o f the necine tr io ls , 

such as crotanecine (10)  [Scheme 4 5 ( b ) ] .

I t  was an tic ip a ted  th a t these in term ediate  im ides, bearing  

a p p ro p ria te  p ro tec tio n  on the h y d ro x y l g r o u p ( s ) ,  could be reac ted  w ith  

ethoxycarb o n ylcyc lo p ro p y ltrip h en y lp h o sp h o n iu m  te tra flu o ro b o ra te  (201)  

to generate  the p y rro liz id in e  skeleton . The products  of th is  condensation  

could th en  be m anipu lated  to the desired  necine diol or tr io l b y  s tandard  

syn th e tic  m ethods. T h e  stereochem istry  of the b ridgehead  p ro to n , at 

C -8  in tro d u c e d  b y  h yd ro g e n a tio n , should be contro lled  by  the s u b s titu ­

ents p re s e n t on r in g  A of the cyclised p ro d u cts .

A n im p o rtan t consideration was for the production  of the key  

in term ed ia te  im ides in  a concise a m anner as possib le. The  major 

challenge faced in  th e ir  synthesis  was in  developing the desired  imide 

free  o f N -p ro te c tio n  b u t b earin g  ap p ro p ria te  p ro tection  on the  h y d ro x y l 

gro u p s. T h e  most p ra c tic a l means o f achieving th is  aim appeared  to be 

in it ia l developm ent o f an im ide complete w ith  a N ypro tecting  species which  

could be rem oved re a d ily . H aving  secured a te r t ia ry  n itro g e n , the  

h y d ro x y l p ro te c tin g  species could then  be in tro d u ced  in  a subsequent 

s te p . S e lective  rem oval of the N_-protecting species would a ffo rd  the  

desired  in te rm ed ia te  im ide. T h is  s tra te g y  is illu s tra te d  in  Scheme 46 

fo r the  conversion  o f D -m alic  acid (207)  in to  the h y d ro x y l-p ro te c te d  

imide (2 0 8 ) .
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114
Wong et a l . had re p o rte d  tre a tin g  L - ta r ta r ic  acid (209) w ith  

N -benzy lam ine  to produce ta rtr im id e  (210) in  th e ir  rou te  to d ia c e ty l-  

anisomycin (211) (Scheme 47 ) .  I t  was fe lt  th a t th is  reaction  could serve  

as a su itab le  means o f p ro v id in g  imides w ith  a N -p ro te c tin g  species which  

could be rem oved re a d ily . The  N ^benzyl p ro tection  could be rem oved by  

hydrogeno lys is  as Wong et a l. employed in  th e ir  rou te  to (211) from  

N -b e n z y l p ro te c te d  amine (2 1 2 ) .

H aving  in tro d u ced  the  N -b e n zy l p ro tec tin g  group p ro tection  

of the h y d ro x y l groups could then  be u n d e rta k e n . The  most appropria te  

form of p ro tec tio n  fo r the  h y d ro x y l groups of such imides appeared to be 

as m ethyl e th e rs . T h is  was p a rtic u la r ly  a ttra c tiv e  because of the num ber 

of m ethylation  p ro ced u res  documented and the re la tiv e  s ta b ility  of the  

e th er lin k a g e . In  a d d itio n , Yamada and co -w orkers  had re p o rte d  an 

e ffic ie n t method fo r lib e ra tin g  free  alcohols from m ethyl e th ers  un d er mild 

co n d itio n s .

T h e  ach ira l im ide (213) w hich could be generated  from meso- 

ta r ta r ic  acid (214)  possesses h y d ro x y l groups w ith  a re la tiv e  c is -s te reo - 

ch em is try . In  th is  instance a more su itab le  form of p ro tection  m ight be 

as an acetal (Scheme 4 8 ) .  A lthough  th is  linkage  is more lab ile  than  the  

m ethyl e th e r , i t  was an tic ip a ted  th a t i t  should s till be m aintained in tac t  

th ro u g h o u t th e  course o f the p lanned syn th es is . I f  th is  p ro tection  was 

found to be u n su itab le  then  m ethylation  o f the h y d ro x y l groups of (213)  

could be used as an a lte rn a tiv e . A gain  i t  was an tic ipated  th a t the  

h y d ro x y l p ro te c tin g  groups would rem ain in ta c t d u rin g  rem oval of the N_- 

b enzy l p ro tec tio n  b y  h yd ro g en o lys is .

A t th e  ad ven t o f th is  research  no synthesis of crotanecine (10)
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had y e t been re p o rte d . How ever i t  was thought th a t th is could be 

re c tif ie d  b y  em ploying a b r ie f  syn th e tic  rou te  from in term ediate  imide

(215) (Scheme 49 ) .

I t  was an tic ip a ted  th a t the condensation of the sodium salt of 

imide (215) w ith  e th o xycarbonylcyc lopropy ltripheny lphosphon ium  te t ra -  

fluo roborate  ( 2 0 1 ) ^ ^  would generate  the conjugated p y rro liz id in e  lactam

(216 ) .  C a ta ly tic  hyd ro g en atio n  o f (2 1 6 ) ,  in fluenced  b y  the acetal

grouping  on r in g  A , w ould be expected  to y ie ld  the racemic 8 a -p y rro liz i-  

12
dine (2 1 7 ) .  T h e  des ired  1 ,2 -u n s a tu ra tio n  would then  be in tro d u ced  

by estab lished  methods -  namely a se len en y la tio n /re d u c tio n /th e rm a l 

o x id a tive  elim ination  sequence p roducing  the C~9 alcohol (218 ) .  Acidic  

h yd ro lys is  w ould th en  lib e ra te  ( ± )-c ro tan ec in e  (10 ) from (218 ) .  

M odification o f th is  s tra te g y  would also enable synthesis of the satu ra ted  

necine tr io l (219)  from  ( 2 1 7 ) ,  again in  racemic form .

In  ad d itio n  to  the acetal im ide ( 2 1 5 ) ,  imides d erived  from the  

optica lly  ac tive  malic and  ta r ta r ic  acids could employ th is  ro u te  to  

generate  n e c in e s . T h is  should enable a series o f necines to be produced  

in  o p tica lly  ac tive  fo rm , b y  the same general syn th e tic  s tra te g y .

D u rin g  th is  s tu d y  P estchanker e t a l. 11 >̂ re p o rte d  isolation of 

a 13-m em bered p y rro liz id in e  macrocyclic d ie s te r, uspallatine (2 2 0 ) ,  from  

plants o f Senecio u sp a lla ten s is , grow ing in  A rg e n tin a . Base h yd ro lys is  

of (220) gave th e  u n s a tu ra te d  necine (2 2 1 ) ,  subsequently  know n as 

u sp a lla tin ec in e . T h is  nec ine , possessing a 6 , 7 - t r a n s -h yd ro xy la tio n  

p a tte rn , could be g en era ted  in  op tica lly  active form from im ide (222 ) ,  

d erived  from  L - ta r ta r ic  acid (209) (Scheme 50 ) .
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(i) NaH,Xylene 
 ►
(ii) (201), A

NH

(215)

(216)

CH.OH

(i) LDA, PhSeCl
(ii) LiAlH4

(218)(217)

(i) LiAlH
(ii)H30 +

HO HO

HO HO
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OH

HO -  -

(220)

HO

H O - -

(221)

The  m ethoxyl su b stitu en t at C -7  of (223) was expected to have

the g rea te r in fluence  on the cata lytic  hydrogenation  step leading to the

formation of 1 -en d o -es te r (224) .  D eprotection of p y rro liz id in e  (225) ,

a ffo rd ing  ( + ) -u sp a lla tin ec in e  (221 ) ,  would be accomplished by treatm ent

115with B B r^ /15 -c ro w n ~5  in  dichlorom ethane. The satu ra ted  necine 

(226) should be p roduced  b y  a red uction -depro tection  sequence from  

(224) .

Im ide (2 2 7 ) ,  d e rived  from D -ta r ta r ic  acid should generate the  

enantiom eric forms of (221)  and (226 ) ,  (228)  and (229) re s p e c tiv e ly , b y  

this r o u t e .

MeO

NH

MeO

HO

HO

(227) (228)

HO ¥T CR,OH  
i H i

-do
(229)



114

(i) NaH , Xylene MeO
(ii) (201) !

MeO
OH

NH
HO M e O --MeO " "

O (223)(222)(209)

Catalytic Hydrogenation

MeO MeO
(i) LDA , PhSeCl
(ii) LiAlH4
— ------------- t — ►
(iii) H20 2 ,Za MeO -MeO -  -

(225)(224)

BBr3
15-crown-5 
CH2C12

CH.OH

(i) LiAlH4
(ii) BBr3?l5-crown-5, CH2C1

HOHO

HO —HO -  -

(221)(226)

SCHEME 50
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Im id es , d e riv e d  from the malic acids, could be used to  

generate necine d io ls , in  op tica lly  active  form , b y  adopting the same 

syn thetic  s t r a t e g y .  H ow ever, un like  the ta r ta r ic  acid analogues, the  

in term ediate  im ides could reac t w ith  e th o xycarb o n y lc yc lo p ro p y ltr ip h en y l-  

phosphonium te tra flu o ro b o ra te  (201) to g ive two possible p roducts  on 

cyclisation (Scheme 51) .  T h e  products  even tua lly  produced would  

re fle c t the outcome of th is  cyc lisa tion , illu s tra te d  in  Scheme 51 fo r  

synthesis from L -m alic  acid (230 ) .

Two competing factors  are ev id en t on the condensation of the  

sodium salt of im ide (231) w ith  phosphonium salt ( 201 ) .  F irs t ly  the  

steric  ef fects induced  b y  a n earb y  m ethoxyl su b s titu en t may help favour  

cyclisation at the  more accessible carbonyl cen tre  o f in term ed iate  imide

(232) re s u ltin g  in  the p re fe re n tia l form ation o f the 6$ -m e th o x y p y rro liz i-

109dine (23 3 ) .  H o w ever, the presence of the m ethoxyl su b s titu en t on

(232) may fa v o u r the opposite mode of cyclisation due to increased

e lectrostatic  in te ra c tio n  betw een the oxygen of the m ethoxyl group and

the phosphorus su b s titu e n t o f (232 ) .  T h is  would generate  the  70t—

117
m eth o x y p y rro liz id in e  (234) as the major p ro d u c t. I f  the conjugated

ester (234)  was p roduced  on cyclisation then ( - ) -re tro n e c in e  (109)  and  

( + )~p latynecine  (235) could be generated  [Scheme 5 1 ( a ) ] .  How ever 

condensation g o verned  b y  s te ric  considerations [Scheme 5 1 ( b ) ]  would  

enable syn thes is  o f both  (236)  and (237) in  op tica lly  active  form . I f ,  as 

exp ected , a m ix tu re  o f p ro d u cts  was obtained on cyclisation then i t  was 

hoped th a t separation  o f the components would be e ffec ted  b y  conventional 

chrom atographic tech n iq u es . I t  was again an tic ipated  th a t stereoselective  

hydrogenation  o f the  conjugated  es te r [ (233 )  or  (2 3 4 ) ]  would be d ic ta ted
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(ii) (201)

(207)

MeO

MeO
(A)

OH

HO(B)
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b y  the m ethoxyl group p resen t on rin g  A .

T h e  com plem entary sequence is illu s tra te d  in  Scheme 52 fo r the  

possible p ro d u cts  from D -m alic  acid (207) -  the enantiom eric form o f the  

an tic ipated  p ro d u cts  from Scheme 51.

4. 2 P re p a ra tio n  o f Im ides fo r Necine Synthesis

T h e  correspond ing  N_-benzylimides were successfully  produced

by reac tin g  the  malic and ta r ta r ic  acids w ith  N -b en zy lam in e , as outlined  

114
by Wong et a l. T h e  o p tica lly  active imides generated from L -  and

D-m alic  acid (238)  and (239) re s p e c tiv e ly , together w ith  the d ih y d ro x y -  

imides (210)  and ( 2 4 0 ) ,  d e rived  from L -  and D -ta r ta r ic  acid were

14produced in  y ie ld s  comparable to th a t rep o rted  fo r (210) by  Wong e t a l.

In  co n tras t the  ach ira l imide (213 ) ,  generated  from m eso -ta rta ric  acid ,

was syn th es ised  in  a d isappo in ting  y ie ld  (27.8%). The reduced  fig u re ,

less than  h a lf  the  y ie ld  observed  fo r synthesis from the o th er d iac ids ,

m ight be accounted fo r b y  the additional w ater p resen t in  the  reaction

m ix tu re . T h is  arises because the diacid is p ro v id ed  as a m onohydrate.

A ttem pts  to p ro te c t the h y d ro x y l groups of the N -benzylim ides

p resen ted  much g re a te r  d if f ic u lty . T h re e  m ethylation p ro ced u res , each

in vo lv in g  m ethy l iod ide as the m ethylating  agent ,  were tr ie d  b u t none

enabled syn thes is  o f the  an tic ipated  p ro d u c t.

118Johnstone and Rose rep o rted  a facile method su itab le  fo r  

the a lk y la tio n  o f alcohols. T h e  reaction  was perform ed in  T H F  using  

Mel and KOH to induce m ethylation . H ow ever, attem pts to m ethylate  

( 238 ) ,  ( 2 1 0 ) ,  and (213)  b y  th is  method d id  not re s u lt in  the generation  

of the d es ired  p ro d u c ts  [ ( 2 4 1 ) ,  ( 242 ) ,  and ( 2 4 3 ) ] .  Even the in tro d u ctio n
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of e levated  tem peratu res  and prolonged reaction times fa iled  to generate  

the d es ired  p ro d u c t. In d eed  a considerable q u a n tity  of s ta rtin g  m aterial 

was reco vere d  in  all in s ta n c e s .

119A second m ethod, re p o rte d  by  D in e r et a l. , employed m ethyl 

iod ide , sodium h y d rid e  as base and DMSO as so lvent. A gain  th is  method 

p roved  u n su itab le  fo r m ethylation  o f the N -p ro tec ted  im ides. T h is  method 

is re p o rte d  to fu n c tio n  at room tem perature  b u t application of these  

conditions d id  not generate  the desired  p ro d u c t, although no s ta rtin g  

m ateria l was e v id e n t at the end of the reaction . The  re s u lt was repeated  

when the reactio n  was c a rr ie d  out at reduced tem peratures w ith  s h o rte r  

reaction  tim es .

A th ird  m ethylation  procedure invo lved  the mild A g £ 0  /m ethyl

120iodide method u tilis e d  b y  P u rd ie  and Irv in e  in  the m ethylation of 

esters o f the  ta r ta r ic  acids. However ,  th is method again fa iled  to  

p ro v id e  a su itab le  means of synthesis ing  the desired  compounds.

S evera l methods w ere p u rs u e d , w ith  contrasting  re s u lts , in  an

e ffo rt  to generate  acetonide (244) from d ihydroxyim ide (213 ) .  T h e  most

p ro d u c tive  was u n d o u b ted ly  th ro u g h  alcohol exchange w ith  excess 2 , 2 -

d im ethoxypropane in  DMF in  the  presence of a PTSA cata lys t (Scheme 53) .

The  reactio n  proceeded  in  62% y ie ld , w ith  the presence of DMF shown to

121
be c ru c ia l. Em ploying only 2, 2-d im ethoxypropane as its  own solvent 

fo r th is  reac tio n  gave l it t le  p ro d u c t, w ith  almost all s ta rtin g  m ateria l 

rem aining u n re a c te d , even a fte r  p ro trac ted  reaction  tim es. A second 

p ro d u ct was e v id e n t b y  t . l . c .  , thought to be the in term ed iate  a lky lation  

p ro d u ct (245) o f th is  reac tio n .

O th e r methods tr ie d  were acetone in  p e tro leu m -e th er w ith  PTSA
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OMe
HOH Q

OMe

DMF MeOHO
PTSA cat.

(213) (245)

(244)

SCHEME 53

R2 = OH , R1 = R3 = R4 = H (238)

R1 = OH , R2 = R3 = R4 = H (239)

R1 = R4 = OH , R2 = R3 = H (210)

R2 = R3 = OH , Rl = R4 = H (240)

R1 = R3 = OH , R2 = R4 = H (213)

R2 = O M e , R1 = R 3 = R4 = H (241)

R1 = R4 = OMe , R2 = R3 = H (242) 

R 1 = R3 = OMe , R2 = R4 = H (243)
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122cata lys t; acetone m  benzene employing PTSA cata lys t; and acetone

123in  acetic a n h y d rid e  using  H 2SC>4 ca ta lys t. H ow ever, all of these

methods were found  to be unsuitab le  fo r e ffic ie n t synthesis o f (244 ) .  

Indeed  only the  second of these methods (ace to n e /b en zen e /P T S A  c a t . )  

gave any evidence fo r the  form ation of acetal (244 ) ,  a lthough almost all 

m aterial reco vere d  was s ta rtin g  m aterial (213 ) .

H av in g  encountered  d iff ic u lty  in  the protection  o f the h y d ro x y l 

groups of the N_-benzylim ides the proposed route  became less a ttra c tiv e  

when i t  became ap p a re n t th a t the hydrogenolysis  step to remove the  

N -b e n zy l p ro tec tio n  from  the  imides d id  not proceed sm oothly, even u nder  

forcing  con d itio n s . A ttem pts  to remove the N -b e n zy l pro tection  from  

acetal ( 2 4 4 ) ,  and o p tic a lly  active  imides (238)  and (210) were unsuccess­

fu l. T h e  ca ta lys ts  em ployed fo r these reactions were PtC>2 and P d / C .

H av in g  encountered  considerable problem s in  the synthesis of 

the in te rm ed ia te  im ides, v ia  N -b e n z y l p ro tec ted  im ides, i t  was decided  

to seek an a lte rn a tiv e  ro u te  fo r th e ir  syn th es is .

A tte n tio n  was focussed on the lite ra tu re  p rep ara tio n  of

d im ethoxyim ide ( 2 2 2 ) ,  in  o p tica lly  active form , from d ie th y l L - ta r t ra te

120
(246) .  T h is  s tra te g y  is  ou tlin ed  in  Scheme 54. P u rd ie  and Irv in e  

re p o rte d  the syn th es is  o f d ie th y l d im ethoxysuccinate (247) b y  m ethylation  

of ( 2 4 6 ) ,  em ploying m ethyl iodide and A g 20 .  The  step proceeded in  h igh  

y ie ld  (91%) a n d , in  common w ith  the o th er steps o f the ro u te , the  

stereochem istry  was m ain ta ined . T h e  same re p o rt described  the  

generation  of d iac id  (248)  b y  base h yd ro lys is  o f d ies te r (247 ) .  A t  a 

la te r  date P u rd ie  and Young generated  a n h yd rid e  (249) b y  treatm ent 

of d iacid  (248) w ith  excess acety l ch lo rid e . Young la te r  re p o rte d  the
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conversion o f a n h y d rid e  (249) in to  imide ( 2 2 2 ) . 125 Th is  proceeds v ia  

the amic acid/am m onium  salt ( 25 0 ) .  H ow ever, conversion o f (250) in to  

dim ethoxyim ide (222) was re p o rte d  to proceed in  a y ie ld  o f less than  30%.

A lth o u g h  th is  rou te  is more len g th y  than id ea lly  so u g h t, i t  d id  

pro v id e  a su itab le  means o f genera ting  the key in term ed iate  imides from  

the malic and ta r ta r ic  acids. The use of op tically  active s ta rtin g  m aterials  

would enable the  k e y  in term ed ia te  imides fo r necine synthesis  to be 

p re p a re d  in  o p tica lly  ac tive  form .

T h re e  imides w ere p re p a re d  by th is  ro u te . These were  

dim ethoxyim ide (2 2 2 ) ;  m ethoxyim ide (231) from L-m alic acid (230) as 

sta rtin g  m ateria l; and the ach ira l dim ethoxyim ide (251) from meso- 

ta rta r ic  acid (2 1 4 ) .

L -M a lic  acid (230) and m eso-tartaric  acid (214) w ere converted

into  the co rresp o n d in g  d ies ters  [ (25 2 )  and (253 ) ]  b y  the es te rifica tio n

126procedure  re p o rte d  b y  Locquin  and Elghozy (Scheme 55 ) .  The  

s ta rtin g  m ateria l fo r synthesis  of im ide (222) was d ie th y l L - ta r t r a te  (246 ) .

A lth o u g h  th e  th re e  m ethoxyim ides were successfully  p rep ared  

by th is ro u te , c e rta in  problem s were apparen t in  th e ir  syn th es is .

Some ep im erisation  was noted in  the synthesis of a n h yd rid e  

(254) and im ide (251)  from  diacid (255) and amic acid/ammonium salt (256)  

re s p e c tiv e ly . T h is  re s u lte d  in  the generation  of (± )-a n h y d r id e  (249)  

and (± )- im id e  ( 2 2 2 ) .

E p im erisation  was p a rtic u la r ly  severe in  the synthesis  of imide 

(2 51 ) ,  w ith  an appro x im ate ly  equal q u a n tity  o f ( ± ) - ( 2 2 2 )  being  p roduced . 

A neg lig ib le  q u a n tity  o f meso-imide (251) was formed in  the synthesis  of 

imide (222)  from  a n h y d rid e  (249 ) .  H ow ever, the detection o f meso-imide
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(251) was on ly  ach ieved  b y  t . l . c . ,  and rec rys ta llisa tio n  of the crude  

pro d u ct o f the re a c tio n , in  benzene, y ie lded  only p u re  (222 ) .  T h ere  

was no evidence fo r the form ation o f an h yd rid e  (254) d u rin g  the  

synthesis  o f (249)  from  diacid  (248 ) .  The y ie ld  w itnessed fo r the form ­

ation of m ethoxyim ide (222)  from  an h yd rid e  (2 4 9 ) ,  64%, was a considerable  

im provem ent upon the lite ra tu re  va lu e .

T h e  syn thes is  o f the  op tica lly  active imide (231) was c h a ra c te r­

ised b y  a v e ry  poor y ie ld in g  fin a l stage [8.3% conversion o f an h yd rid e

(257) in to  im ide ( 2 3 1 ) ] .  The  reaction  generated  many u n id en tified  b y ­

products  and the d es ired  imide was isolated only a fte r  extensive  

ch ro m ato g rap h y .

T h e  in te rm ed ia te  an h yd rid es  [ ( 2 5 4 ) ,  ( 249 ) ,  and (2 57 ) ]  were all 

prone to convers ion  in to  the corresponding diacids on exposure to

m oisture. P u rd ie  and Ir v in e  had encountered a sim ilar problem  d u rin g

120synthesis o f a n h y d rid e  (249 ) .

A n o th e r problem  associated w ith  the syn thetic  rou te  was the

expense of em ploying A g 2 0  as a reag en t ea rly  in  the synthetic  sequence.

In  doing so th is  lim ited  the  q u a n tity  of in term ed iate  imides which could be

pro d u ced . Tw o o th e r m ethylation  procedures were in ves tig a ted  in  an

e ffo rt to overcome th is  problem  b u t n e ith e r p ro ved  to be a suitab le

a lte rn a tiv e  to  the  A g 2 0 /M e l m ethod.

A ttem p ts  to  p roduce  m ethylated d ies te r (247) from (246 ) ,

127
employing N a H /M e l as th e  m ethylating  re a g e n t, resu lted  in  epim eris­

ation o f the p ro d u c t (247)  as w ell as incomplete m ethylation o f (246 ) .

The use of K -C O -/d im e th y l su lphate p roved  to  be unsu itab le  w ith

incomplete m ethy la tion  o f s ta rtin g  m aterial e v id e n t, even w ith  p ro trac ted  

128reaction  tim es.
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R1 = R4 = MeO ; R2 = R3 =H (222) 

R1 = R3 = MeO ; R2 = R4 =H (251) 

R1 = R3 = R4 = H ; R2 = MeO (231)
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T h e  y ie lds  obta ined  fo r the m ethylation of the hydro xyd ies te rs

using A g 20 /M e l w ere s lig h tly  b e tte r  than the value rep o rted  for 

synthesis o f (2 4 7 ). H ow ever, the use of E t20  as solvent fo r this  

reactio n , or em ploying A g 2<D p rep ared  from AgNC>3 indicated no im prove­

ment on the l ite ra tu re  y ie ld  fo r th is reaction .

4. 3 P rep ara tio n  o f E thoxycarbonylcyclopropyltriphenylphosphonium  

te tra flu o ro b o ra te  (201)

Fuchs re p o rte d  the synthesis of (201) from cyc lo p ro p y ltr ip h en y l-  

phosphonium brom ide (2 5 8 )^ ^  (Scheme 56).

(lith ium  d iisopropylam ine) to generate the y lide  (2 5 9 ). Addition of e thy l 

chloroform ate to the reac tio n  m ixture  a ffo rds the cyclopropane ester 

(260) w hich undergoes anion exchange using excess aq. NaBF^ to complete 

the synthesis  of (2 0 1 ).

In it ia l attem pts to produce phosphonium salt (201) b y  this  

method in  s u ffic ie n t p u r ity  fo r subsequent use proved  unsuccessful, even

T h is  p ro ced u re  involves in it ia l treatm ent of (258) w ith  LDA

CICO.Et
P(Ph)3

(258)
( X = C l, Br ) *

(259) (260) (201)

SCHEME 56
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when a more thorough  experim ental procedure p rovided  by the author 

129 1
was im plem ented. A lthough  H n .m .r .  spectroscopy ind icated  the

form ation of (201) problem s were encountered on try in g  to p u r ify  the 

product b y  re c ry s ta llis a tio n . H ow ever, these d ifficu lties  were overcome 

by the in sertio n  o f a f ilt ra t io n  step into the experim ental procedure p rio r  

to anion exchange w ith  excess aq. NaBF^. The filtra te  obtained was 

dried  and then  anion exchange u n d ertaken . Th is  enabled phosphonium  

salt (2 0 1 ), of im proved q u a lity , to be produced in  a 58.1% y ie ld  from

(258) a fte r  re c ry s ta llis a tio n .

4 .4  Developm ent of the  P y rro liz id in e  R ing System from the Condensation  

of Im ides w ith  E thoxycarbonylcyclopropyltriphenylphosphonium  

te tra flu o ro b o ra te  (201)

B efo re  reactio n  of the methoxyimides produced from the malic 

and ta r ta r ic  acids w ith  phosphonium salt (201) was carried  ou t, a study  

was u n d ertaken  in  an e f fo r t  to gain a b e tte r understanding  of the  

in fluence w hich the p a re n t im ide, so lvent, and base employed e x e rt on 

the condensation w ith  (201 ) to generate the p y rro liz id in e  rin g  system .

For th is purpose two im ides were used, namely succinimide (205) and 

malemide (2 6 1 ).

CO,Et

f °
NH C/H

^ 0

(205) (261) (262)
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R eaction of malemide (261) w ith  phosphonium salt (201) gave 

the expected  p ro d u c t, the conjugated ester (2 6 2 ), b u t in  poor y ie ld .

H igh reso lu tion  mass spectrom etry  established th a t the p ro d u ct of th is  

cyclisation corresponded  to a molecular form ula o f C io H l l N° 3 # An i , r ’ 

spectrum  gave maxima at 1735, 1690 and 1650 cm 1. These peaks  

correspond to an a, 3~unsatu ra ted  e s te r , conjugated amide, and an olefin ic  

peak. A n .m . r .  spectrum  was also consistent w ith  the form ation of 

(2 6 2 ), in c lu d in g  o le fin ic  signals cen tred  at .66.38 and 6 .44  ppm .

T h e  re s u lts  of the experim ents fo r the form ation o f (262) are  

displayed in  T ab le  2.

Table 2 . P roduction  o f (262) from condensation o f malemide (261) w ith

( 201)

Base 

(no. of e q u iv .)

No. o f E q u iv . 

of (201)

Solvent R eflu x

Time

Y ie ld  o f (262) 

obtained

n -B u L i 1.0 T  oluene 2\ h 5.5%

n -B u L i 1 .0 Benzene 21 h 10.1%

n -B u L i 1 .0 X y lene 2 i h 7.0%

NaH 1.0 X ylene 21 h 2.3%

These resu lts  suggested  th a t benzene m ight be the most app ro p ria te  

solvent fo r c a rry in g  out th is  p a rtic u la r  reactio n . I t  is possible th a t the  

lower reaction  te m p e ra tu re  ensuing from  employing benzene as solvent 

enhances the  s ta b ility  o f (2 6 2 ) , though (262) was found only to be stable fo r  

a couple o f days at low tem p era tu res , enabling  spectroscopic data to be 

obtained .
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A t a la te r  date i t  was learned  th a t F litsch  and his co -w orkers  

had reacted  (S ) -2 -aceto xysucc in im id e  (263) w ith  phosphonium salt (201)

to generate  a m ix tu re  o f acetoxyesters (264) and (265) in  a combined

o 130
y ie ld  o f 2%. I t  was also noted th a t both these esters re a d ily  elim inated

the elements o f acetic acid to form (2 6 2 ), which was its e lf  re p o rte d  to be

unstable (Scheme 5 7 ).

Most o f the p re lim in a ry  w ork on th is cyclisa tion , h o w ever, used

succinim ide (205) as the imide source. In it ia lly  experim ents w ere ca rrie d

out using succinim ide (205) generated  b y  the procedure  re p o rte d  b y

131Sheng-M a and Sah (Scheme 5 8 ). Th is  generates succinim ide (205) by  

reaction of succinic acid (266) and u rea  (267) under melt conditions.

The crude  succinim ide obtained from th is  reaction  was then p u r if ie d  b y  

re c ry s ta llis a tio n  from eth an o l. A lthough th is  method p roved  successful 

fo r the syn thes is  of succinim ide (205) i t  could not be adapted fo r the  

generation  of m ethoxyim ides fo r necine synthesis from the malic and 

ta rta r ic  acids.

A series  o f experim ents assessed the in fluence w hich th ree

bases have on the  condensation of succinim ide (2 0 5 ), p rep ared  b y  the

131method of S heng-M a and S ah, w ith  phosphonium salt (2 0 1 ). The  

bases w ere sodium m ethoxide, sodium h y d r id e , and n -b u ty llith iu m . In  

addition the fusion  o f th e  sodium salt of succinimide (202) w ith  (201) was 

in v e s tig a te d , w h ile  succinim ide was sublimed before use in  some la te r  

experim ents when i t  became ap paren t th a t the presence o f w ater in  the  

reaction  m ix tu re  was in flu e n c in g  the outcome. These experim ents are  

documented in  T a b le  3.
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AcO "

COoEt OAc COoEt

NaH , Xylene

AcONH (201)

(265)(264)(263)

-AcOH

u
CO.Et

(262)

SCHEME 57

c o 2h o

(CH2)2 +
I

c o 2h

175°C

HoN \
NH-,

(266) (267) (205)

SCHEME 58
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A fu r th e r  series o f experim ents was la te r c a rried  out w ith  

succinimide ob ta ined  from  a chemical reag en t supp lier (A ld r ic h ) . The  

resu lts  ob ta ined  from  th is  experim enta l programme are illu s tra te d  in  

Table 4.

Table 4 . R eaction  o f succinim ide (205) w ith  phosphonium salt (201)

E x p t.

no.

Base 

(n o . o f e q u iv . )

No. o f eq u iv . 

o f (201)

Solvent R eflux

Time

% Y ie ld  of 

(203)

1 NaH (1 .2 0 ) 1 Xylene 2^h 36

2 NaH (1 .2 2 ) 1 Xylene 2£h 41

3 NaH (1 .2 5 ) 1 Xylene 2£h 47

4 NaH (1 .7 8 ) 1 Xylene 2h 33

5 NaH (1 .2 5 ) 1 Toluene 2h 18

6 NaH (1 .2 5 ) 1 Benzene 3h 16

7 n -B u L i (1 .0 ) 1 Xylene 2*h 18

8 n -B u L i (1 .1 ) 1 Xylene 2h 12

S NaH (1 .2 5 ) 1 Xylene 2*h 21

T added  to  reactio n

In tr ig u in g ly  i t  was found  th a t d if fe re n t p roducts  were produced on reaction  

of the two succinim ide sources w ith  phosphonium salt (2 0 1 ).

R eaction  o f succinim ide produced b y  the method of Sheng-M a  

and Sah in v a r ia b ly  gave r is e  to  a m ix tu re  o f two succinimide d erived  

products [u n kn o w n  (268 ) and es te r (2 6 9 )]  despite s ign ifican t varia tio n  in  

the experim ented co n d itio n s . In  co n tra s t, only one succin im ide-derived  

product was e v id e n t from  reaction  of succinim ide (205) supplied  by A ld rich
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in th is re a c tio n . H ow ever th is  was the expected p ro d u c t, conjugated  

ester (2 0 3 ).

Th e  p ro d u c tio n  o f conjugated esters (269) is thought to arise  

from the invo lvem ent o f w a te r in  the reaction process (Scheme 59 ). The  

presence o f w a te r , u n d e r basic conditions, can be reg ard ed  as a potential 

source of h y d ro x id e  an ion . Reaction of 'h yd ro x id e ' w ith  phosphonium  

salt (201) can a ffo rd  the  a lip h atic  y lid e  (2 7 0 ). Condensation of (270) 

with succinim ide (205 ) w ould generate the in term ediate Zw itterion  (2 7 1 ), 

from which ra p id  elim ination  of Ph^P(O ) could ensue to produce a m ixture  

of isomeric es te rs  (2 6 9 ) .

T h e  p r in c ip a l source of w ater in  th is reaction is thought to 

orig inate  from the  re c ry s ta llis a tio n  o f succinim ide, as a m onohydrate, from  

ethanol. H o w e v e r, reac tio n  o f crude succinimide produced by the method 

of Sheng-M a and Sah (b e fo re  rec rys ta llisa tio n ) again generated  a m ixture  

of unknow n (268) and (269 ) , b u t w ith  the re la tiv e  proportion  of the la tte r  

s ig n ifican tly  red u ced  (T a b le  3, Experim ent 17 ). Th is  may ind icate  the  

presence o f a red u ced  q u a n tity  o f w ater in  the crude succinimide before  

re c ry s ta llis a tio n .

A d d itio n  o f w a te r to the reaction  invo lv in g  the use of 'p u re ' 

succinimide g e n e ra te d  n e ith e r  (268) or (269) as p ro d u c t, although the  

yield o f es te r (203 ) ob ta ined  was reduced  (T ab le  4, Experim ent 9 ).

This suggests th a t  a fu r th e r  im p u rity  is responsible fo r the generation of 

(268) and (2 6 9 ) .

T h e  re s u lts  d isp layed  in  Tab le  3 ind icate  th a t succinimide 

p repared  b y  the  m ethod o f Sheng-M a and Sah y ie lds  a g re a te r q u a n tity  of 

unknown (268) w hen n -B u L i,  the  s trongest base tes ted , was used. By
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c o n tra s t , h y d ro x y e s te r  (268)  was the  dom inant p ro d u c t o f th e  m ix tu re

w hen sodium  m ethox ide  was em ployed as base in  th is  re a c tio n .

T h e  e x p e rim e n ts  u s in g  com m ercially ava ilab le  succin im ide fo r

re a c tio n  w ith  phosphon ium  sa lt ( 2 0 1 ) ,  con firm ed  x y le n e  as th e  most

e ffe c tiv e  s o lv e n t o f those em ployed and v e r if ie d  th e  optim um  le v e l o f 1 .25

e q u iv a le n ts  o f N aH  re p o r te d  fo r  th is  re a c tio n .

T h e  u n id e n tif ie d  p ro d u c t o f th e  c y c lis a tio n , ( 2 6 8 ) ,  was in it ia l ly

th o u g h t to  be e s te r  ( 2 0 3 ) .  In  common w ith  (203)  th e  u n id e n tif ie d  p ro d u c t

(268)  d em o n stra ted  a p a re n t  ion  o f m / 195 in  h ig h  re s o lu tio n  mass

s p e c tro m e try  -  c o rre s p o n d in g  to a m olecu lar fo rm u la  o f C ^ qH -^ N O ^ . In

a d d it io n , an i . r .  sp ec tru m  o f (268)  re v e a le d  maxima at 1645, 1690, and

1730 cm T h e  c o n ju g a te d  e s te r  (203)  f i r s t  p re p a re d  b y  M uchow ski and  

109
N e lso n , d em o n stra tes  m axim a in  an i . r .  spectrum  a t 1650 ( C = C ) ,  1685 

(a m id e ), and 1730 cm  ̂ ( a , £ -u n s a tu ra te d  e s t e r ) .

A ss ig n m en t was made more d if f ic u lt  b y  th e  re p o r te d  n . m . r .  

s p e c tra l ass ignm ents  fo r  e s te r  ( 2 0 3 ) .  F lits c h  and c o -w o rk e rs  had

assigned  a sp ec tru m  o f (203 )  w ith  re s p e c t to 14 p r o t o n s a n d  la te r  fo r

112 1 15 p ro to n s  in s te a d  o f th e  in te n d e d  13. T h e  H n . m . r .  sp ec tru m  o f

(268)  in d ic a te d  a m ix tu re  o f com pounds -  b y  th e  d u p lic a tio n  o f th e  e s te r

p ro to n  s ig n a ls  (F ig u re  1 ) .  In  com parison to a n . m . r .  sp ectru m  o f

(203)  [F ig u re  2 ] ,  (268 )  d is p la y e d  two p ro to n s  s h ifte d  d o w n fie ld  to  6 4 . 4 0

from  a ro u n d  3 .7 5  p p m . In  a d d it io n , tw o p ro to n s  w ere  e v id e n t up  f ie ld  a t

6 2 . 7 0 - 3 . 0 5  com pared  to  a s ig n a l at 6 3 . 0 - 3 . 1  ppm for  ( 2 0 3 ) .  T h e  u . v .

traces  fo r  (203)  and  (268 )  w ere  also s im ilar w ith  maxima a t 280 nm (203 )

and 290 nm ( 2 6 8 ) .

H o w e v e r, s ig n if ic a n t d iffe re n c e s  w ere  a p p a re n t b e tw een  th e  tw o
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com pounds. W hereas e s te r  (203 )  was re a d ily  h y d ro g e n a te d , unknow n  

(268)  p ro v e d  re s is ta n t to  re a c tio n  u n d e r  these  c o n d itio n s . T . l . c .  also 

in d ic a te d  th a t  (268)  was a c o n s id e ra b ly  less p o la r com pound th a n  es te r  

( 2 0 3 ) .  T h e  re s p e c tiv e  va lu es  w ere  0 .3 6  fo r  (203)  and 0 .69  fo r  (268)  

[ r u n  in  C H ^ C / A c O E t  ( 1 : 1 ) ] .  In  a d d itio n  (268)  was a pale ye llow  oil at 

am bient te m p e ra tu re  w h ile  e s te r  (203)  was a w h ite  solid  o f m . p .  6 0 - 6 1°C.  

E s te r (203 )  was a c o m p a ra tiv e ly  s tab le  com pound w hereas  u n kn o w n  (268)  

u n d e rw e n t decom position a t am bient te m p e ra tu re  w ith in  a few  days of 

s y n th e s is . I t  was also o b s e rv e d  th a t (268)  was re s is ta n t to tre a tm e n t w ith  

D . B . U . (1 ,  8 -d ia z a b ic y c lo [5 .4 .  0 ]u n d e c -7 -e n e ) .

N . m . r .  and i . r .  sp ectroscop ic  d a ta  in d ic a te d  th a t  (268)  d id  

not possess e ith e r  an am ine o r h y d ro x y l p ro to n . In  a d d it io n , n . m . r .  

sp ectro sco p y  s e rv e d  to  h ig h lig h t  th e  absence o f a n y  o le fin ic  p ro to n s  

from  (2 6 8 ) .

H a v in g  c a r r ie d  o u t p re lim in a ry  in v e s tig a tio n  o f th e  cyc lisa tion

w ith  m alem ide and su cc in im id e , a tte n tio n  was th e n  d ire c te d  to  re a c tio n  o f

the  m eth o x y im id e s , p re p a re d  from  th e  malic and  ta r ta r ic  a c id s , w ith  ( 2 0 1 ) .

C on d en satio n  o f d im eth o xy im id e  (222 )  w ith  phosphonium  sa lt

(201)  p ro ceed ed  sm oothly w hen N aH  was em ployed as base to  a ffo rd  th e

a n tic ip a te d  co n ju g a ted  e s te r  (223 )  in  o p tic a lly  a c tiv e  form  (Schem e 60 ) .

T h e  cyc lise d  p ro d u c t g ave  a p a re n t  ion  c o rre s p o n d in g  to a m olecular

fo rm u la  o f C ^ H ^ N O , . . In  ad d itio n  an i . r .  sp ectru m  dem o n stra ted  maxima 12 1 1 b

a t 1735, 1695, and  1650 cm \  T h ese  c o rresp o n d ed  to a, 8 ~ u n s a tu ra te d

13e s t e r ,  am ide, and  o le fin ic  peaks  re s p e c tiv e ly . In  a d d itio n , C n . m . r .  

and n . m . r .  (F ig u re  3) s p e c tra  w ere  in  agreem en t w ith  (223 )  b e in g  th e  

s tru c tu re  o f th e  c y c lis e d  p ro d u c t . No o le fin ic  p ro to n  s ig n a l was e v id e n t
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w hile  m ethoxyl p ro to n  s igna ls  w ere  a t 6 3 .40  and 3 .46  ppm in the  

n . m . r .  s p e c tru m .

T h e  re s u lt  o f th is  c y c lis a tio n  was en co u rag in g  w ith  y ie ld s  as 

h ig h  as 70% b e in g  re c o rd e d  (T a b le  5 ) .  I t  was also n o ted  th a t  th e re  was 

no ev id en ce  o f ep im erisa tio n  d u r in g  th e  re a c tio n  even  w hen excess NaH  

was u s e d .

H o w e v e r, rep lacem e n t o f N aH  w ith  n -b u ty ll ith iu m  as base fo r  

th is  re a c tio n  d id  no t g e n e ra te  th e  d e s ire d  e s te r  ( 2 2 3 ) .  M o reo ver no 

s ta r t in g  m a te r ia l, im ide ( 2 2 2 ) ,  was re c o v e re d  from  th is  re a c tio n .

T a b le  5 . Y ie ld  o f e s te r  (223)  o b ta in ed  from  condensation  o f im ide (222 )  

w ith  phosphon ium  s a lt (201)

N o . o f e q u iv . o f N aH % Y ie ld  o f (223)  o b ta in ed

1.20 40

1.23 55

1 .27 70

1.35 63

1 .97 60

R eactio n  o f th e  a c h ira l d im ethoxy im ide  (251)  w ith  phosphonium  

sa lt (20 1 )  p ro ceed ed  in  good y ie ld .  H o w e v e r, tw o condensation  p ro d u c ts  

w ere p ro d u c e d  in  th is  re a c tio n  and these  w ere  fo u n d  to be p re s e n t in  an  

ap p ro x im ate  ra t io  o f 2 :1  (Schem e 61) -  es tim ated  b y  H n . m . r .  s p e c tro ­

scopy -  and  s e p a ra te d  b y  colum n c h ro m a to g ra p h y .

T h e  m ajor p ro d u c t was th e  a n tic ip a te d  m eso -es te r ( 2 7 2 ) ,  b u t  

th is  cyc lis e d  p ro d u c t cou ld  n o t be s ep ara ted  from  th e  b y -p ro d u c t  o f th e
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c y c lis a tio n , tr ip h e n y lp h o s p h o n iu m  o x id e .

A  n . m . r .  sp ec tru m  o f th e  m ix tu re  o f (272 )  and t r ip h e n y l­

phosphonium  o x id e  gave m eth o xy l p ro to n  s ignals  a t 6 3 .45  and 3 .57  ppm .

In  ad d itio n  a d o u b le t (J  6 H z ) was o b s e rv e d  a t 6 4 .76  c o rre s p o n d in g  to  

th e  C -6  p ro to n  b e in g  coup led  to  th e  C -7  p ro to n . T h e  s ig n a l fo r  th e  C -6  

p ro to n  is  fo u n d  a t 6 4 .2 9  in  a n . m . r .  spectrum  o f ( 2 2 3 ) .

T h e  m inor p ro d u c t o f th is  re a c tio n  was ( ± ) - ( 2 2 3 )  p ro d u c e d , 

p re s u m a b ly , b y  ep im e ris a tio n  o f e ith e r  (251)  o r  ( 2 7 2 ) .  T h e  com bined  

y ie ld  o f (272)  and  (2 23 )  from  th is  re a c tio n  was in  th e  o rd e r  o f 60%.

R eactio n  o f im ide (231)  w ith  phosphonium  sa lt (201 )  gave a 

m ix tu re  b y  t . l . c .  o f p ro d u c ts  p resu m ed  to be th e  6 3 -m e th o x y - and 7 a - 

m e th o x y p y rro liz id in e  e s te rs  [ ( 2 3 3 )  and ( 2 3 4 ) ]  (Schem e 6 2 ) .  T h e  com bined  

y ie ld  o f p ro d u c t from  th is  re a c tio n  was o n ly  14% and n . m . r .  s p e c tro ­

scopy su g g e s te d  th a t  th e  com ponents w ere  p re s e n t in  a re la t iv e  ra t io  o f 

7 :2 .  T h is  es tim ate  was b ased  on th e  re la t iv e  s tre n g th  o f th e  tw o s h arp  

m eth o xy l p ro to n  s ig n a ls  in  th e  n . m . r .  spectrum  o f th e  m ix tu re . T h e  

m ethoxy  p ro to n  s ig n a ls  w ere  p re s e n t a t 6 3 .7 9  and 3 .52  ppm re s p e c tiv e ly  

w ith  th e  u p fie ld  s ig n a l b e in g  th e  more in te n s e . T h is  su g g e s te d  th a t  th e  

7 a -p y rro liz id in e  e s te r  (23 4 )  was th e  m ajor p ro d u c t o f th e  re a c tio n . A n  

i . r .  spec tru m  o f th e  m ix tu re  gave th e  a n tic ip a te d  peaks  a t 1730, 1695, and  

1650 cm

T h e  p ro d u c t m ix tu re  w itn essed  was in  accord  w ith  th e  fin d in g s  

132 133of K a y s e r and  B re a u  * who re c e n tly  re p o r te d  h ig h ly  re g io s e le c tiv e  

condensations b e tw e e n  a lk o x y -s u b s t itu te d  m a le ic /p h th a lic  a n h y d rid e s  and  

s ta b ilis e d  p h o s p h o ra n e s . T h is  is th o u g h t to  a ris e  from  th e  o x y g e n  atom  

o f th e  alkoxyl g ro u p  a c tin g  as a Lew is base to w ard s  th e  e le c tro n  d e fic ie n t



142

p h o sp h o ru s  o f th e  y lid e  (Schem e 6 3 ) .  C om plexation  b etw een  th e  o xyg en  

atom o f th e  s u b s titu e n t and th e  ph o sp h o ru s  atom o f th e  y lid e  leads to  a 

lo w er e n e rg y  tra n s it io n  s ta te  in te rm e d ia te  and  co n seq u en tly  prom otes  

p re fe re n t ia l re a c tio n  a t th e  c a rb o n y l g ro u p  ad jacen t to th e  a lk o x y  

s u b s titu e n t.

H y d ro g e n a tio n  o f e s te r  (203)  p ro ceed ed  sm ooth ly , a ffo rd in g  the

1 -e n d o -p y r ro liz id in e  e s te r  (2 73 )  b y  em ploying  e ith e r  P d / C  o r P tC ^  as

c a ta ly s t (Schem e 6 4 ) .  A ll  spectroscop ic  and p h y s ic a l da ta  fo r  (273)  w ere

112
in  agreem ent w ith  re p o r te d  v a lu e s .

H o w e v e r, w hen  s im ila r h y d ro g e n a tio n  cond itions w ere  ap p lied  to  

the  p y r ro liz id in e  e s te r  d e r iv e d  from  th e  malic and ta r ta r ic  ac id s , 

c o n tra s tin g  re s u lts  w ere  o b ta in e d .

H y d ro g e n a tio n  o f (223)  u s in g  P tC ^  in  A c O H ,  fo r  48h , gave a 

m ix tu re  o f tw o p ro d u c ts , sep arab le  b y  colum n c h ro m a to g ra p h y , in  a 3 :1  

ra tio  (Schem e 6 5 ) .  T h e  m ajor p ro d u c t was ass ig n ed  as th e  13~es te r (224)  

a ris in g  from  c is -h y d ro g e n a tio n  to th e  less h in d e re d  a -fa c e . T h is  was 

s e p a ra te d  from  th e  m inor com ponent -  th o u g h t to  be e s te r  (274)  p ro d u c e d  

b y  e p im erisa tio n  o f e s te r  (224)  u n d e r  acid ic  cond itions  -  b y  column  

c h ro m a to g ra p h y . T h e  h y d ro g e n  u p ta k e  fo r  th is  re a c tio n  in d ic a te d  th e  

re a c tio n  was com plete a f te r  6h .

H ig h  re s o lu tio n  mass s p e c tro m e try  in d ic a te d  a p a re n t io n , fo r  

b o th  (224)  and ( 2 7 4 ) ,  c o rre s p o n d in g  to  m olecu lar fo rm u la  C 12H 19N 0 5- 

I . r . s p ec tro sco p y  gave th e  a n tic ip a te d  e s te r  and  amide peaks fo r  these  

com pounds, and  co n firm ed  th a t h y d ro g e n a tio n  had  ta k e n  p lace b y  th e  

absence o f an o le fin ic  s ig n a l. ^H and N . m . r .  s p e c tra  [ C n . m . r .  

for  (274)  o n ly ] w e re  in  ag reem en t w ith  th e  p ro p o sed  s t ru c tu re . A ttem p ts
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to  co n firm  th ese  s tru c tu re s  u s ing  a N . O . E .  e x p e rim e n t w ere  u n su ccessfu l 

due to p ro d u c t in s ta b i l i t y .

T h e  use o f P d / C  in  a c id ifie d  e th an o l fo r h y d ro g e n a tio n  o f ( 2 2 3 ) ,  

ag ain  g e n e ra te d  th e  same two p y rro liz id in e  es te rs ,  b u t  th e  com position o f  

e s te r  (274)  in  th e  m ix tu re  was re d u c e d  to a ro u n d  1%. As b e fo re  th e  

p ro d u c ts  w ere  s e p a ra te d  b y  column ch ro m a to g ra p h y .

E s te r  (224)  was re a d ily  red u ced  to th e  C~9 p y r ro liz id in e  alcohol 

(275)  b y  tre a tm e n t w ith  L iA lH ^  (Schem e 6 6 ) .  H ig h  re s o lu tio n  mass 

s p e c tro m e try  gave a p a re n t  ion co rresp o n d in g  to  m olecular fo rm u la  

C 10H 19N O 3 , w h ile  an i . r .  spectrum  gave a h y d ro x y l p eak  a t 3470 cm  ̂

w ith  amide and e s te r  s ignals  a b s e n t. T h e  n . m . r .  spectrum  o b ta in ed  

was also c o n s is te n t fo r  th e  fo rm ation  o f ( 2 7 5 ) .

A lcoho l (275)  was fou n d  to d eg rad e  s lo w ly , even  a t low te m p e ra ­

tu re s  .

H y d ro g e n a tio n  o f e s te r  (272)  d id  no t p ro ceed  u n d e r  e ith e r  o f  

th e  c a ta ly tic  h y d ro g e n a tio n  p ro c e d u re s  used in  th e  re d u c tio n  o f ( 2 2 3 ) .

T h is  was th o u g h t to be a consequence o f po ison ing  o f th e  m etal c a ta ly s t  

b y  tr ip h e n y lp h o s p h in e  o x id e  w h ich  could  n o t be s e p a ra te d  e n t ire ly  from  

(272)  d e s p ite  re p e a te d  a tte m p ts .

T h e  p o o r y ie ld  o f p ro d u c t en c o u n te re d  on condensation  o f im ide  

(231)  w ith  phosphon ium  sa lt ( 2 0 1 ) ,  to g e th e r  w ith  th e  d if f ic u lty  in  

s e p a ra tio n  o f th e  m e th o x y e s te rs  [ ( 2 3 3 )  and ( 2 3 4 ) ] ,  d ic ta te d  th a t  h y d ro ­

g en atio n  was c a r r ie d  o u t on th e  m ix tu re  o f m eth o xyes te rs  p ro d u c e d  b y  

th is  c o n d en sa tio n .

H o w e v e r, i t  ap p e a re d  th a t each com ponent o f th e  m ix tu re  gave  

r is e  to  tw o p ro d u c ts  on h y d ro g e n a tio n  -  us ing  e ith e r  01 P d / C  as
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c a ta ly s t . A  H n . m . r .  spectrum  of th e  p ro d u c t m ix tu re  from  h y d ro g e n ­

ation  in d ic a te d  tw o p a irs  o f m ethoxy p ro to n  s ig n a l p e a k s .  T h ese  w ere  at 

6 3 .5 4  and 3.62  ppm and 6 3.81  and 3.88 ppm,  re s p e c tiv e ly . T h e  re la t iv e  

chem ical s h if ts , to g e th e r  w ith  th e  in te n s ity  o f th e  s ig n a ls , su g g es ted  th a t  

th e  u p fie ld  p a ir  o f m ethoxy  p ro to n  s ignals  m ight be associated w ith  C -7  

m e th o x y -s u b s titu te d  am ides [ ( 2 7 6 )  and ( 2 7 7 ) ]  w h ile  th e  d o w n fie ld  s ig n a l 

p a ir  m ig h t a rise  from  C -6  m e th o x y -s u b s titu te d  p ro d u c ts  [ ( 2 7 8 )  and ( 2 7 9 ) ] .  

I t  is  th o u g h t th a t  th e  th e rm o d yn am ica lly  less s tab le  e n d o -e s te r  is the  m ajor 

com ponent o f each p a ir  [ ( 2 7 6 )  and (2 7 8 ) ]  c o rre s p o n d in g  to m ethoxy  s ignals  

at 6 3 .62  and 3 .81  ppm,  re s p e c tiv e ly . T h e  m inor com ponent o f each p a ir  

could  be th e  e x o -e s te rs  [ ( 2 7 7 )  and ( 2 7 9 ) ]  i f  analogy is  made w ith  th e  w o rk  

o f F lits c h  and W ernsm ann. T h e  estim ated  re la t iv e  in te n s ity  o f these

p e a k s , in  ascend ing  chem ical s h if t ,  was 2: 9: 2 :1  fo r  b o th  use o f o r

P d / C .  A n  i . r .  sp ec tru m  o f th e  m ix tu re  in d ic a te d  an e s te r  p eak  a t 1730 

cm  ̂ and an am ide s ig n a l a t 1685 cm \  w ith  no ev id en ce  fo r  a s ig n a l 

re p re s e n tin g  an o le fin ic  p e a k . In  a d d itio n , h ig h  re s o lu tio n  mass s p e c tro ­

m e try  on th e  m ix tu re  gave a p a re n t ion in  accordance w ith  h y d ro g e n a te d  

p ro d u c ts . A  chrom atogram  o f th e  e x tra c t  in d ic a te d  fo u r  com pounds all o f 

s im ila r v a lu e  ( 0 . 2 3 - 0 . 2 4 )  -  r u n  in  C I ^ C ^ / A c O e  ( 1 * 1 ) *

O w ing  to  th e  po o r y ie ld s  o b ta in ed  in  b o th  th e  p re p a ra t io n  o f  

im ide (231)  and  th e  s u b s e q u e n t condensation  w ith  phosphonium  sa lt ( 2 0 1 ) ,  

to g e th e r  w ith  th e  n o n -s p e c if ic  n a tu re  o f th e  la te r  h y d ro g e n a tio n  s te p , i t  

was d ec id ed  n o t to  p u rs u e  th e  ro u te  to  th e  nec ine  diols from  malic acid  

an y  f u r t h e r .  In  a d d it io n , th e  contam ination  o f a c h ira l d im e th o x y -  

p y r ro liz id in e  (272)  w ith  tr ip h e n y lp h o s p h in e  o x id e  p re c lu d e d  fu r th e r  

in v e s tig a tio n  o f s y n th e s is  o f c ro tan ec in e  (10)  from  ( 2 7 2 ) .
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4. 5 A tte m p ts  to  P ro d u ce  U s p a lla tin e c in e  (221)  from  l g -  

p y r ro liz id in e  e s te r  (224)

A tte m p ts  to  develop  th e  d e s ire d  C -9  alcohol fu n c tio n a lity  and  

th e  1 ,2 -u n s a tu ra t io n  fo u n d  in  u s p a lla tin e c in e  (221)  c e n tre d  on th e  s e le n -  

e n y la t io n -re d u c tio n -th e rm a l o x id a tiv e  e lim ination  sequence em ployed to  

good e ffe c t  b y  R ob ins and  S a k d a ra t in  th e ir  s y n th es is  o f ( + )-s u p in id in e  

(22 )  (Schem e 2 ) .  T h e  f i r s t  s tage o f th is  process in v o lv e d  attem pts  to  

g e n e ra te  se len ide  (280)  from  th e  13-p y r ro liz id in e  e s te r  (224)  (Schem e 6 7 ) .  

T h is  in v o lv e d  th e  a b s tra c tio n  o f th e  acid ic p ro to n  a to th e  e s te r  s u b s titu e n t  

at C - l  o f ( 2 2 4 ) ,  w h ich  g e n e ra te d  the  in te rm e d ia te  anion ( 2 8 1 ) .  A d d itio n  

o f PhSeC&  o r P h 2S e2 to  (281)  should  th en  p ro d u ce  se len ide  ( 2 8 0 ) .

A lth o u g h  an im m ediate co lour change in  th e  re a c tio n  m ix tu re  

was n o ted  on a d d itio n  o f L D A  to a so lu tion  co n ta in in g  (224)  -  s u g g e s tin g  

anion fo rm atio n  -  th e  d e s ire d  p ro d u c t, ( 2 8 0 ) ,  could  no t be id e n t if ie d  in  

th e  p ro d u c t m ix tu re  o b ta in e d . A  small q u a n tity  o f s ta r t in g  m a te r ia l, 

e s te r  ( 2 2 4 ) ,  was re c o v e re d  from  th is  re a c tio n .

In  a d d it io n , tre a tm e n t o f th e  p ro d u c t m ix tu re  o f th is  re a c tio n  

w ith  L iA lH ^  gave no in d ic a tio n  fo r  the  fo rm ation  o f th e  p y r ro liz id in e  alcohol 

( 2 8 2 ) ,  a lth o u g h  a small q u a n tity  o f th e  u n s a tu ra te d  1 -h y d ro x y m e th y l-  

p y r ro liz id in e  (275 )  was re c o v e re d  from  th e  re d u c tio n  s te p . T h e  

in tro d u c tio n  o f a small q u a n t ity  o f HMPA to th e  se len en y la tio n  re a c tio n , 

in  an e f fo r t  to  p rom ote  anion fo rm a tio n , gave s im ilar re s u lts .

A tte n tio n  was th e n  d ire c te d  to w ard s  th e  s yn th es is  o f u s p a lla ti­

necine  (221 )  b y  a m o d ified  s tra te g y  (Schem e 6 8 ) .  I t  was fe lt  th a t  

rem oval o f th e  am ide g ro u p  from  (224)  m ight be b e n e fic ia l to  th e  s e le n e n y l­

a tion  p ro c e s s . A c c o rd in g ly , two ro u te s  w ere  in v e s tig a te d  w h ich
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w ould  in tro d u c e  th e  d e s ire d  selen ide  fu n c tio n a lity  a f t e r  re d u c tio n  o f the

amide had  been e f fe c te d .

Scheme 6 8 (a )  p ro p o sed  th e  se lec tive  re d u c tio n  of th e  amide

fu n c tio n a lity  o f ( 2 2 4 ) ,  g e n e ra tin g  th e  e n d o -e s te r  (283)  w h ich  could th en

be tra n s fo rm e d  in to  u s p a lla tin e c in e . T h e  a lte rn a tiv e  r o u t e ,  Scheme 6 8 ( b ) ,

w ould  p ro ceed  v ia  th a t  p y r ro liz id in e  alcohol ( 2 7 5 ) .  A Sw ern  

136 137o x id a tio n  ’ p e rfo rm e d  on (275)  could g e n e ra te  th e  C -9  a ld eh yd e

(284 )  w h ich  could  th e n  be used  to develop  th e  d e s ire d  1 ,2 -u n s a tu ra t io n

fo r u s p a lla tin e c in e  ( 2 2 1 ) ,  again  v ia  a selen ide  in te rm e d ia te .

134B ro w n  e t a l. re p o r te d  th e  use o f d ib o ran e  fo r th e  se lec tive

re d u c tio n  o f amides to am ines. H o w e v e r ,  th e  use of  th is  m ethod p ro v e d

u n p ro d u c tiv e , w ith  no ev id en ce  fo r  p ro d u c t fo rm ation  and a poor re c o v e ry

o f s ta r t in g  m a te ria l (224)  was e n c o u n te re d . I t  had  been n o ted  th a t

re c o v e ry  o f p ro d u c ts  from  such a re a c tio n  could be made d if f ic u lt  b y  th e

138fo rm atio n  o f a d ib o ra n e -n itro g e n  com plex.

T h e  o th e r  m ethod in v e s tig a te d  in  an e f fo r t  to  p ro d u ce  (283)

135
was b ased  on th e  s tra te g y  em ployed b y  P in n ic k  and C h an g  fo r  the

re d u c tio n  o f lactam  (2 85 )  to  p y r ro liz id in e  e s te r  (28)  in  th e ir  s y n th e s is  o f

( ± )- is o re tro n e c a n o l ( 2 5 )  [Schem e 6 9 ] .  H o w e v e r, th is  m ethod, fe a tu r in g

re d u c tio n  u s in g  POCJl^ anc* N a B H ^ , again  p ro v e d  to  be u n s u ita b le  fo r

g e n e ra tio n  o f ( 2 8 3 ) .

A tte m p ts  to  p ro d u c e  u s p a lla tin e c in e  b y  th e  a lte rn a tiv e  s tra te g y

136
[Schem e 6 8 ( b ) ]  w ere  ag a in  u n s u c c e s s fu l. A  S w ern  o x id a tio n  

p e rfo rm e d  on p y r ro liz id in e  alcohol (275)  d id  n o t y ie ld  th e  d e s ire d  

a ld eh yd e  ( 2 8 4 ) .
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T h e  lack  o f ava ila b le  m ateria ls  to g e th e r w ith  th e  in s ta b il ity  o f 

(275)  p re c lu d e d  c a r ry in g  ou t the  d e p ro te c tio n  to th e  s a tu ra te d  necine  

t r io l  ( 2 2 6 ) .

H o w e v e r, d e p ro te c tio n  o f d ie th y l ( 2S , 3 S )-d im e th o x y s u c c in a te

( 2 4 7 ) ,  a ffo rd in g  h y d ro x y e s te r  ( 2 4 6 ) ,  was c a rr ie d  o u t su ccess fu lly

115b y  em ploying  th e  m ethod o f Yam ada and c o -w o rk e rs . T h is  in vo lves

d e p ro te c tio n  u s in g  B B r ^  in  th e  p resen ce  o f 1 5 -c ro w n -5 -e th e r .

Sum m ary

D e s p ite  in it ia l  p rob lem s in te rm e d ia te  im ides w ere  p re p a re d  from  

th e  s tereo isom eric  malic and ta r ta r ic  ac id s . C ondensation  o f these im ides  

w ith  phosphonium  s a lt ( 2 0 1 ) ,  g en e ra te d  the  d e s ire d  p y r ro liz id in e  r in g  

s ys tem , th o u g h  a ttem p ts  to p ro d u ce  ta rg e te d  necines w ere  u n s u c c e s s fu l. 

S e v e re  p rob lem s w ere  associated  w ith  th is  w o rk , most n o ta b ly  ap p lica tio n  

o f e s ta b lis h e d  re a c tio n s  to more h e a v ily  s u b s titu te d  p y r r o l iz id in e s ; 

p ro d u c t s ta b il i ty ;  p o o r y ie ld s ; ep im erisa tio n  o f k e y  in te rm e d ia te s ; and  

th e  re s tr ic t io n s  im posed b y  e v e n tu a lly  ad o p tin g  a le n g th y  s y n th e tic  

s tra te g y  e x a c e rb a te d  b y  th e  use o f a p ro h ib it iv e ly  e x p e n s iv e  re a g e n t  

(A g ^ O )  e a r ly  in  th e  seq u en ce .
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C H A P T E R  5

F E E D IN G  OF O P T IC A L L Y  A C T IV E  2 -M E T H O X Y P U T R E S C IN E S  

TO  S E N E C IO  P L E IS T O C E P H A L U S  P L A N T S

5 .1  In tro d u c tio n

As o u tlin e d  in  C h a p te r  3 .2  th e  b io s y n th e s is  o f th e  p y r ro liz id in e  

bases re tro n e c in e  (4 )  and ro sm arin ec in e  (21)  is now w ell e s ta b lis h e d . 

H o w e v e r, as y e t ,  th e re  has been no re p o r t  co n cern in g  th e  fe e d in g  o f  

analogues o f com pounds know n  to be in v o lv e d  in  necine b io s y n th e s is  to  

p la n ts  co n ta in in g  p y r ro liz id in e  a lk a lo id s . E xp erim en ts  in v o lv in g  th e  

fee d in g  o f such  d e r iv a t iv e s  m igh t g ive  some in d ic a tio n  o f th e  enzym e  

s e le c t iv ity  associated  w ith  p y r ro liz id in e  a lka lo id  b io syn th es is  th ro u g h  

p a r t ia l  in c o rp o ra tio n  o f u n n a tu ra l s u b s tra te s  in to  th e  b io s y n th e tic  p a th ­

w a y .  H o w e v e r, i f  th e  enzym ic system s in v o lv e d  in  p y r ro liz id in e  a lka lo id  

b io s y n th e s is  d is p la y  s u ff ic ie n t f le x ib i l i ty  in  th e ir  acceptance o f abnorm al 

s u b s tra te s , th e n  fe e d in g  o f such analogues m igh t lead  to th e  p ro d u c tio n  

o f n o ve l p y r ro liz id in e  a lk a lo id  analogues w ith  u s e fu l b io log ica l a c t iv i ty .  

E v id e n tly  i t  was o f co n s id erab le  im p o rtan ce  fo r  w o rk  to  be c a r r ie d  o u t in  

th is  a re a .

139A r ig o n i and E lie l sum m arised a sim ple chem ical ro u te  to  

2
( R ) -  and ( S ) - [ 2 -  H ]s u c c in ic  acids from  th e  enan tiom eric  a s p a rtic  ac id s .

85R e c e n tly , K unec and R ob ins m odified  th is  s tra te g y  to p ro v id e

2
s y n th e s is  o f b o th  ( R ) -  and ( S ) - [ 2 -  H ]p u tre s c in e  from  the  same s ta r t in g

85
m a te r ia ls . T h e  ro u te  ad o p ted  b y  K unec and R obins is i l lu s tra te d  in

2
Scheme 70 fo r  th e  c o n vers io n  o f (S O -a s p a rtic  acid  (285 )  in to  ( R ) - [ 2 -  H ] -
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p u tre s c in e  (1 6 6 ) .  I t  was fe lt  th a t  a s im ilar s y n th e tic  s tra te g y ,  

com plem ented b y  kn o w led g e  gained  in  in v e s tig a tio n s  o f n ec ine  s yn th es is  

(C h a p te r  4 ) ,  cou ld  p ro v id e  a su itab le  basis fo r  th e  p ro d u c tio n  o f ( R ) ~  

and (S )-2 -m e th o x y p u tre s c in e  from  th e  enan tiom eric  malic a c id s .

T w o  possib le  ro u te s  to s u b s titu te d  p u tre s c in e s  from  th e  malic 

acids w e re  c o n s id e re d . T h e  p ro p o sed  sequences , i l lu s tra te d  in  Scheme 

71 fo r  th e  co n vers io n  o f d ie th y l (SO-  2 -h y d ro x y  su cc in ate  (252 )  in to  ( S ) -

2-m e th o x y p u tre s c in e  (286)  d if fe r  o n ly  in  th e  co n vers io n  o f th e  in t e r ­

m ediate  d io l (287 )  in to  th e  d e s ire d  p u tre s c in e  ( 2 8 6 ) .  Scheme 7 1 ( a ) ,  

l ik e  th e  w o rk  o f K unec and R o b in s , p roceeds  v ia  a d iaz id e  in te rm e d ia te ,  

w h ereas  Scheme 7 1 (b ) in v o lv e s  a o n e -p o t co n vers io n  o f d io l (2 87 )  in to

p u tre s c in e  (286)  b y  m aking  use o f a re c e n t re p o r t  b y  G o ld ing  and  

140c o -w o rk e rs  d e ta ilin g  th e  co n vers io n  o f p r im a ry  o r seco n d ary  alcohols

in to  th e  c o rre s p o n d in g  amines (Schem e 7 2 ) .  T h e  la t te r  m ethod in v o lv e s

141a s u b tle  com bination  o f know n  re a c tio n s , nam ely M itsu n o b u  re a c tio n

142to  c o n v e rt d io l (288)  in to  d iaz id e  ( 2 8 9 ) ,  fo llow ed b y  S ta u d in g e r

re a c tio n  o f (289 )  w ith  tr ip h e n y lp h o s p h in e  to  p ro d u ce  an im inophosphorane

in te rm e d ia te  ( 2 9 0 ) .  H y d ro ly s is  o f (290 )  lib e ra te s  th e  fre e  amine ( 2 9 1 ) .

T o  a id  th e  id e n tif ic a tio n  o f th e  fa te  o f th e  2 -m e th o x y p u tre s c in e s

to  be fe d , i t  was im p o rta n t to in tro d u c e  a d is t in c t iv e  la b e l. T h is  w ould

14be accom plished b y  u s in g  C -la b e lle d  m eth y l io d id e  in  th e  m eth y la tio n  

o f h y d ro x y e s te r  ( 2 5 2 ) .  In  u s ing  o p tic a lly  a c tiv e  s ta r t in g  m a te ria ls , th e  

malic a c id s , th is  w ould  enab le  p ro d u c tio n  o f th e  d e s ire d  m e th o x y -  

p u tre s c in e s  in  o p tic a lly  ac tiv e  fo rm . T h e  p ro v is io n  o f o p tic a lly  ac tive  

p u tre s c in e  analogues w ould  be b e n e fic ia l in  id e n t ify in g  an y  d iv e rg e n c e  

in  b e h a v io u r  b e tw e e n  th e  enan tiom eric  form s d u r in g  th e ir  tim e in  th e  

p la n ts .
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T h e  choice o f 2 -m e th o x y p u tre s c in e s  as analogues p re s e n te d

th re e  d is t in c t  a d v a n ta g e s . F ir s t ly ,  m ethoxy g roups should  be re a d ily

id e n t if ie d  b y  n . m . r .  sp ectro sco p y and th e  p resen ce  o f a ^ C - la b e l

on th is  g ro u p in g  could  also be o f b e n e fit  in  d e tec tio n  o f analogues and

p ro o f o f lo ca tio n  o f lab e ls  b y  d e g ra d a tio n . S eco n d ly , th e  p ro p o sed

14scheme w ould  in c o rp o ra te  th e  C -la b e l at a h ig h  y ie ld in g  s tage ,  nam ely

th e  m e th y la tio n  o f ( 2 5 2 ) .  I t  was a n tic ip a te d  th a t  th is  w ould  he lp  to

m axim ise th e  sp ec ific  a c t iv ity  o f the  p u tre s c in e s  to be a d m in is te re d . I f

too g re a t a q u a n t ity  o f p re c u rs o r  was fed  th e n  th is  m igh t in te r fe r e  w ith

th e  e x p e rim e n t th ro u g h  po ison ing  o f th e  p la n ts . T h ir d ly ,  i f  th e  feed in g  

14o f th e  C -la b e lle d  m e th o x y p u tre s c in e s  gave r is e  to  en co u rag in g  re s u lts

th e n  a com plem entary  series  o f exp erim en ts  could  be in tro d u c e d  in v o lv in g  

3
th e  fee d in g  o f H -la b e lle d  m e th o x y p u tre s c in e s . T h is  could be ach ieved

3
b y  s im p ly  s u b s titu t in g  H -la b e lle d  m eth y l iod ide  in to  th e  o u tlin e d

3
s y n th e tic  sequence and  H -la b e lle d  m e th o x y p u tre s c in e s  could  be p ro d u c e d  

w ith  h ig h e r  sp ec ific  a c t iv it ie s  (Schem e 71 ) .  F u r th e r  scope was p ro v id e d  

b y  th e  p o s s ib ility  o f p ro d u c in g  ra d io la b e lle d  d im e th o x y p u tre s c in e  from  

th e  ta r ta r ic  a c id s . T h is  m ig h t s e rv e  to  p ro d u ce  analogues o f th e  more 

h ig h ly  o x y g e n a te d  p y r ro liz id in e  a lk a lo id s .

I t  was in te n d e d  to feed  th e  o p tic a lly  a c tiv e  ra d io la b e lle d  

m e th o x y p u tre s c in e s  to  p la n ts  o f S . p le is to c e p h a lu s . R obins and co­

w o rk e rs  had  a d m in is te re d  la b e lle d  p u tre s c in e s  to  th ese  p la n ts  to he lp  in  

th e  e lu c id a tio n  o f th e  b io s y n th e tic  p a th w a y  to ro sm arin in e  (1 5 J-)

(C h a p te r  3 ) .  T h e s e  e xp erim en ts  w ere  c h a ra c te r is e d  b y  a h ig h  in c o rp o r ­

a tion  o f th e  la b e lle d  p u tre s c in e s  in to  th e  b io s y n th e tic a lly  p ro d u c e d  

ro s m a rin in e  ( 1 5 3 ) .  M o re o v e r, these  p la n ts  a re  kn o w n  to p ro d u c e  on ly
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one p y r ro liz id in e  a lk a lo id , ro sm arin in e  ( 1 5 3 ) .  T h is  w ould  be im p o rta n t  

in  h e lp in g  to s im p lify  th e  in te rp re ta t io n  o f s p e c tra  and p u r if ic a t io n  o f 

any no ve l com pounds w h ich  m ig h t be p ro d u c e d  from  th e  feed in g  o f the  

m e th o x y p u tre s c in e s .

I f  th e  2 -m e th o x y p u tre s c in e s  w ere  fo u n d  to be re a d ily  in c o rp o r ­

a ted  in to  the  e a r lie r  s tages o f th e  b io s y n th e tic  p a th w a y  to ro sm arin ec in e  

( 2 1 ) th e n  fo u r possib le  s ites  d is p la y in g  m eth o xy l la b e llin g  cou ld  be  

e xp e c te d  in  th e  in te rm e d ia te  im inium  ion ( 1 5 4 ) .  Scheme 73 (a )  o u tlin es

w h ere  m ethoxy  la b e llin g  w ou ld  be exp ec ted  to  be fo u n d  from  th e  feed in g

14
of [ C -M e ]-(S ^ )-2 -m e th o x y p u tre s c in e  (292)  to S.  p le is to c e p h a lu s .

Feed in g  o f th is  p re c u rs o r  cou ld  p ro v id e  va lu a b le  in fo rm a tio n  co n cern in g  

th e  la t te r  s tages o f th e  b io s y n th e tic  p a th w a y  to  ro s m arin ec in e  ( 2 1 ) .  

F ir s t ly ,  c y c lis a tio n  o f th e  im inium  ion (293)  to th e  p y r ro liz id in e  a ld eh yd e  

(294 )  in v o lv e s  th e  rem o val o f th e  p r o -R  p ro to n  from  th e  carb o n  atom  

d es tin e d  to  become C - l  o f th e  a ld eh yd e  ( 2 9 4 ) .  I t  is  possib le  th a t  th e  

s te r ic  congestion  c re a te d  b y  th e  n e a rb y  m eth o xy l g ro u p  m ay in te r fe r e  

w ith  th e  enzym ic  p ro c e s s . S eco n d ly , th e  feed in g  o f th is  p re c u rs o r  could  

be used to  p ro b e  th e  s te re o s p e c ific  h y d ro x y la t io n  a t C -2  o f th e  n e c in e . 

T h is  p ro cess  in v o lv e s  th e  rem oval o f th e  pro~S p ro to n  a t C-2  o f ( 2 9 4 ) ,  

a s ite  w h ich  cou ld  be occup ied  b y  a m eth o xy l s u b s titu e n t. F in a l ly ,  s te ric  

ef fec ts  c re a te d  b y  ad jacen t m eth o xy l g ro u p s  could  in flu e n c e  th e  enzym ic  

processes g o v e rn in g  th e  s te re o s p e c ific  h y d ro x y la t io n  a t C~7 o f th e  

p y r ro liz id in e  system  to g e th e r  w ith  th e  su b seq u en t e s te r if ic a tio n  a t C~7 

and C~9 .

14
A n  e x p e rim e n t in v o lv in g  fee d in g  o f th e  e n a n tio m e r, [ C -M e ] -  

(R )  -  2 -m e th o x y p u tre s c in e  (295 )  m igh t also g ive  r is e  to  a la b e llin g  p a tte rn



SCHEME 73
Note : these diagrams represent composite labelling patterns



160

w hich w ould  p ro v id e  v a l u a b l e  i n fo r m a t io n  a b o u t  th e  b io s y n th e tic  process  

[Schem e 7 3 ( b ) ] .  In c o rp o ra tio n  o f (296)  in to  th e  e a r lie r  stages o f th e  

b io s y n th e tic  p rocess m ig h t g ive  r is e  to im inium  ion ( 2 9 6 ) la b e lle d  at fo u r  

possib le  s ite s . C y c lis a tio n  o f (296)  to g e n e ra te  th e  p y r ro liz id in e  

a ld e h y d e  (297)  re q u ire s  rem oval of th e  p ro -R  p ro to n  from  th e  carbon  atom  

d e s ig n a te d  to  become C - l  o f ( 2 9 7 ) .  H o w e v e r, th is  could be im peded b y  

th e  p resen ce  o f a m e th o xy l s u b s titu e n t at th is  s ite . S e c o n d ly , i f  (297)  

was fo rm ed  th e n  th e  p resen ce  o f th e  C-7f3 m ethoxyl g ro u p  could  e ffe c t th e  

s u b seq u en t s te re o s p e c ific  h y d ro x y la t io n  at th is  c e n tre . T h is  process  

in v o lv e s  rem oval o f th e  p ro -S  p ro to n  at C -7  -  a s ite  w h ich  could  be 

occup ied  b y  a m e th o x y l s u b s titu e n t. In  ad d itio n  th e  p resen ce  o f a 

m eth o xy l s u b s titu e n t in  close p ro x im ity  m igh t h ave  a p ro fo u n d  e ffe c t on 

th e  s te re o s p e c ific  h y d ro x y la t io n  at C -2  and e s te r if ic a tio n s  a t C -7  and  C~9 

o f ro s m a rin e c in e .

5 .2  E v a lu a tio n  o f R o u tes  to  O p tic a lly  A c tiv e  2 -M e th o x y p u tre s c in e s

W ork on th e  s y n th e s is  o f necines (C h a p te r  4) had  e s ta b lis h e d  

th a t  m alic ac id  could  be re a d ily  c o n v e rte d  in to  th e  c o rre s p o n d in g  d ie th y l  

e s te r  ( 2 5 2 ) .  In  a d d it io n , m e th y la tio n  o f (252 )  had  been  co n firm ed  as a 

h ig h  y ie ld in g  p ro cess  w ith  re te n tio n  o f s te re o c h e m is try . F u r th e r  

in v e s tig a tio n  a s c e rta in e d  th a t incom plete  m e th y la tio n  o f (252 )  was 

e n c o u n te re d  i f  less th a n  th re e  e q u iv a le n ts  o f m e th y l io d id e  w ere  used  

re la t iv e  to  ( 2 5 2 ) .  T h e re fo re , in  o rd e r  to m axim ise th e  sp ec ific  a c t iv ity  

o f th e  m e th o x y p u tre s c in e s  to be fe d , i t  was im p e ra tiv e  th a t  th e  ra d io ­

la b e lle d  m e th y l io d id e  sh o u ld , in it ia l ly  at le a s t, be re a c te d  w ith  d ie th y l 

e s te r  (252)  in  a q u a n t ity  o f m e th y l io d id e  am ounting  to  no m ore th a n  one
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14e q u iv a le n t re la t iv e  to ( 2 5 2 ) .  T h e  C m eth y l io d id e  source to  be used  

was a 100 juCi sample o f spec ific  a c tiv ity , 59. 7 mCi mmol \  T h e  small 

volum e o f th e  ra d io la b e lle d  source (<  0 . 1  uL) d ic ta te d  th a t  th e  ra d io la b e lle d  

m a te ria l w ou ld  h ave  to be tra n s fe r re d  from  th e  s to rag e  ampoule u n d e r  

vacuum  and d is tille d  in to  a sample of in a c tiv e  m eth y l io d id e  (am o u n tin g  to  

less th a n  one e q u iv a le n t ) .  On com pletion o f th is  t r a n s fe r ,  u s in g  th e  

vacuum  lin e  a p p a ra tu s  i l lu s tra te d  in  F ig u re  4, th e  now d ilu te d  ra d io ­

la b e lle d  m eth y l io d id e  source w ould be added  to th e  re a c tio n  m ix tu re .

A f te r  an a p p ro p r ia te  d e la y , fu r th e r  m e th y l iod ide  w ould  be added  to  

e n s u re  th a t  the  m e th y la tio n  was d r iv e n  to com pletion .

2K unec and R o b in s , in  th e ir  ro u te  to th e  o p tic a lly  a c tiv e  H -  

p u tre s c in e s , had  em ployed fo u r e q u iv a le n ts  o f L iA lD ^  to  p ro d u c e  th e  

d e u te r ia te d  d io l (298)  v ia  d isp lacem ent o f ch lo rid e  from  (299)  (Schem e 70) .  

H o w e v e r, a re d u c e d  q u a n t ity  o f L iA lH ^  was s u ff ic ie n t to  enab le  e ffe c t iv e  

re d u c tio n  o f d ie s te r  (300)  in to  diol ( 2 8 7 ) .  R ep lac in g  E t w i t h  T H F  as 

s o lv e n t fo r  th is  re d u c tio n  step  ap p eared  to  enco u rag e  d isso lu tio n  o f  

lith iu m  s a lt re s id u e  w h ich  made su b seq u en t p u r if ic a t io n  m ore d if f ic u lt .  

T h e re fo re  i t  was d ec id ed  th a t Et^O was a m ore s u itab le  s o lv e n t fo r  th is  

s te p .

C o n vers io n  o f d io l (287)  in to  th e  co rre s p o n d in g  m esylate  (301 )  

was accom plished in  good y ie ld  b y  tre a tm e n t w ith  m esyl c h lo r id e /E t^ N  

in  d ic h lo ro m e th a n e . H o w e v e r, a ttem pts  to c o n v e rt (301 )  in to  th e  

d e s ire d  p u tre s c in e  ( 2 8 6 ) ,  v ia  d iaz id e  ( 3 0 2 ) ,  p ro v e d  to  be u n s u c c e s s fu l.
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CH.R

C H . O ■H

CHXHoR

R = OH (287) 

R = OMs (301) 

R = N3(302)

R = NHo(286)

r7o 2 c n =n c o 2r/

R = C2H5 (303) 

R = i-C3H7 (304)

H aving  en co u n te red  d iff ic u lt ie s  in  the  la te r  stages o f Scheme

7 1 ( a ) ,  a tte n tio n  now sw itched  to the  p o s s ib ility  of c o n v e rtin g  d io l (287)

in to  the  d e s ire d  diam ine (286)  d ih y d ro c h lo rid e  b y  th e  m ethod of G olding  

140
and c o -w o rk e rs  [Schem e 7 1 ( b ) ] .  T w o  d ic a rb o x y la te s , d ie th y l  

azo d ica rb o xy la te  (303) and d iiso p ro p y l a zo d ica rb o xy la te  (3 0 4 ) ,  w ere  

tr ie d  in  th e  reac tio n  and bo th  g en era ted  th e  d e s ire d  p ro d u c t -  ( S ) - 2 -  

m e th o x y p u tre s c in e  (286)  d ih y d ro c h lo rid e  -  in  acceptab le  y ie ld . H o w ever, 

th e  2-m e th o x y p u tre s c in e  p ro d u c e d  from  th e  use o f d ie th y l azo d ica rb o xy la te  

( 3 0 3 ) ,  was c h a ra c te r is e d  b y  an in ten se  p u rp le  co lo u ra tio n , even  a fte r  

re p e a te d  re c ry s ta llis a t io n s . In d e e d  o p tica l a c t iv ity  m easurem ents could  

not be made due to the d isco louration  o f th is  m a te ria l. H ow ever (286)  

p ro d u c e d  b y  th e  use o f th e  a lte rn a tiv e  re a g e n t, d iis o p ro p y l a zo d ic a rb o x y l­

ate ( 3 0 4 ) ,  was n o t su b jec t to n e a rly  such a severe  d isco lo u ra tio n  p ro b lem , 

en ab lin g  o p tica l ro ta tio n  values to be d e te rm in e d . C o n s e q u e n tly , 

d iis o p ro p y l a zo d ic a rb o x y la te  was used in  th e  p re p a ra tio n  o f th e  ra d io ­

lab e lled  m e th o x y p u tre s c in e s .
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5 o3 In it ia l  A tte m p t to  P re p a re  [ ^C ~M e]~ ( S ) -2 -M e th o x y p u tre s c in e

(292)  d ih y d ro c h lo r id e

T h e  h y d ro x y  d ie s te r  (252)  was p re p a re d  from  L -m a lic  acid

(2 3 0 )  b y  th e  m ethod d e s c rib e d  in  C h a p te r  4. D ie th y l [ ^ C - M e ] - ( S ) -

m eth o xysu cc in a te  (305)  was p re p a re d  b y  th e  re a c tio n  o f (252 )  w ith  A g £ 0  

14
and  [ C ~ M e]m eth y l io d id e . T h e  ra d io la b e lle d  m e th y l io d id e  was p re s e n t  

at less th a n  one e q u iv a le n t fo r  fo u r h o u rs  u n d e r  r e f lu x  cond itions  b e fo re  

a su b seq u en t m e th y l io d id e  ad d itio n  was m ade. A  th ir d  and f in a l 

a d d itio n  o f m eth y l iod ide  was made e ig h t h o u rs  in to  th e  16 h o u r r e f lu x  

used  fo r  th is  re a c tio n .

T h e  ra d io la b e lle d  d ie s te r  (305)  was iso la ted  and p u r if ie d  b y  

d is t illa t io n  to y ie ld  m ate ria l o f sp ec ific  a c t iv ity  1 .86  jiC i mmol \  T h is  

re p re s e n te d  a 25.2% in c o rp o ra tio n  o f th e  ra d io la b e l in to  th e  p ro d u c t.

T h e  d ie s te r  (305 )  was th en  tre a te d  w ith  L iA lH ^  (3  e q u iv a le n ts )  

to  g e n e ra te  ra d io la b e lle d  d io l ( 3 0 6 ) .  H o w e v e r, a ttem p ts  to  c o n v e rt (306 )  

in to  th e  d e s ire d  p u tre s c in e  ( 2 9 2 ) d ih y d ro c h lo r id e  b y  th e  m ethod o f  

G old ing  and  c o -w o rk e rs '^ ^  w ere  u n s u c c e s s fu l. N . m . r .  sp ectro sco p y

and t . l . c .  d a ta  on th e  re s id u e  from  th is  re a c tio n  gave no ev id en ce  fo r  th e  

fo rm atio n  o f ( 2 9 2 ) .

A f te r  th is  u n su ccess fu l a ttem p t to g e n e ra te  ra d io la b e lle d  

m e th o x y p u tre s c in e s  a fu r th e r  e v a lu a tio n  o f th e  ro u te  em ployed was u n d e r ­

ta k e n , u s in g  u n la b e lle d  m a te r ia l, in  an e f fo r t  to im p ro ve  th e  co n vers io n  o f 

d ie s te r  (252)  in to  p u tre s c in e  (2 8 6 ) .

I t  was o b s e rv e d  th a t re d u c tio n  o f d ie s te r  (300 )  to  d io l (287)  

could  be accom plished in  u n d e r  two h o u rs  and re q u ire d  o n ly  1 .3  e q u iv a l­

en ts  o f L iA lH ^ . In  a d d it io n , in c o rp o ra tio n  o f a con tinuous e x tra c t io n  o f
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th e  lith iu m  sa lt re s id u e  from  th is  re a c tio n  in to  th e  p rocess gave a m odest

im p ro vem en t in  y ie ld  o f (287 )  o b ta in ed  (69%). D is tilla t io n  o f (287)

a p p e a re d  to en co u rag e  th e  fo rm ation  o f a b y -p ro d u c t  ( 3 0 7 ) ,  p a r t ic u la r ly

w hen  c a rr ie d  o u t a t h ig h e r  te m p e ra tu re s  or o v e r a p ro tra c te d  tim e sp an .

T . l . c .  in d ic a te d  (307 )  to  be a much less p o la r com ponent th a n  d io l ( 2 8 7 ) .

T h e  re s p e c tiv e  va lu es  w ere  0 .0 9  fo r d io l (287)  and 0 .9 2  fo r  b y -p ro d u c t

(307)  -  w h ere  th e  s ta tio n a ry  phase was s ilica  and e lu a n t C H ^ C ^ /A c O E t  

1 13( 1 : 1 ) .  H and C N . m . r .  sp ectroscopy fa ile d  to d is c rim in a te  betw een  

th e  tw o com pounds w ith  spectroscop ic  da ta  o b ta in ed  from  th e  m ix tu re  b e in g  

in d is tin g u is h a b le  from  th a t o f p u re  ( 2 8 7 ) .  H o w e v e r, i t  shou ld  be n o ted  

th a t  th e  h y d ro x y l s igna ls  o b s e rv e d  in  th e  n . m . r .  sp ec tru m  o f (287)  

w ere  shown to be b o th  so lven t and co n cen tra tio n  d e p e n d e n t. Id e n t i f ic a t ­

ion  was fu r th e r  com plicated  b y  th e  absence o f a p a re n t ion  p e a k  fo r  (287)  

in  h ig h  re s o lu tio n  mass s p e c tro m e try . T h e  h ig h e s t v a lu e  ion peak  

o b s e rv e d  fo r  (287 )  and in  a m ix tu re  w ith  b y -p ro d u c t  (307)  was m/:z 102, 

c o rre s p o n d in g  to  a m olecu lar fo rm u la  o f i * e * th e  rem o val o f th e

elem ents o f w a te r  from  ( 2 8 7 ) .  T h e  less p o la r n a tu re  o f (307)  to g e th e r  

w ith  th e  a p p a re n t s im ila r itie s  in  spectroscop ic  d a ta  w ith  ( 2 8 7 ) ,  su g g ested  

(S ) -2 -m e th o x y fu ra n  (307)  as a possib le  s tru c tu re  fo r  th is  b y -p r o d u c t .

T h is  cou ld  a ris e  from  th e  in tra m o le c u la r c yc lisa tio n  o f ( 2 8 7 ) ,  e lim in a tin g  

w a te r  in  th e  p ro c e s s .

P re p a ra tio n  o f d io l (287)  u s ing  T H F  as so lven t ap p e a re d  to  be  

m ore s u s c e p tib le  to  fo rm ation  o f (307) on d is t illa t io n , p o s s ib ly  because o f 

th e  sm all q u a n t ity  o f lith iu m  s a lt re s id u e  w h ich  d isso lves in  T H F .

T h e re fo re , i t  was decided  to re d u c e  th e  q u a n t ity  o f L iA lH ^  used  

in  th e  re d u c tio n  o f d ie s te r  (300)  to d io l ( 2 8 7 ) .  In  a d d it io n , a continuous



166

e x tra c t io n  of lith iu m  sa lt re s id u e  from  th is  re a c tio n  w ould  be in tro d u c e d  

to boost th e  y ie ld .  A  c a re fu l d is tilla t io n  o f (287 )  could  be u n d e rta k e n  

and m eticu lo u s ly  m on ito red  fo r  th e  p resen ce  o f f u r  an (307)  in  th e  d is t il la te .

T h e  q u a n t ity  o f ra d io la b e l s u ccess fu lly  in c o rp o ra te d  in to  the  

process was also o f c o n c e rn . I t  was hoped to  im p ro ve  in c o rp o ra tio n  b y  

a llow ing  a lo n g e r re a c tio n  p e r io d  w ith  on ly  one e q u iv a le n t o f m eth y l iod ide  

p re s e n t d u r in g  fo rm atio n  o f ( 3 0 0 ) .  In  a d d it io n , i t  was a n tic ip a te d  th a t  

th e  in tro d u c tio n  o f a sm all q u a n tity  o f e th e r  in to  th e  re a c tio n  w ould  

im p ro ve  m ix ing  w ith o u t h a v in g  too a d v e rs e  an e ffe c t  on th e  y ie ld  o f p ro d u c t  

o b ta in e d .

14
5 .4  P re p a ra tio n  o f [ C - M e ] - ( R ) -2 -M e th o x y p u tre s c in e  (2 9 5 ) 

d ih y d ro c h lo r id e

T h e  d ie s te r  (308)  was p re p a re d  from  D -m a lic  acid  (207 )  b y  th e

126m ethod re p o r te d  in  C h a p te r  4 . In  an e f fo r t  to  m axim ise th e  sp ecific

a c t iv ity  o f th e  m e th o x y p u tre s c in e  to be fe d , th e  p ro c e d u re  re p o rte d  in

145 .3  fo r  th e  p re p a ra t io n  o f d ie th y l [ C -M e ]- (S ) -2 -m e th o x y s u c c in a te  (309)  

was m o d ified .

A f te r  th e  in it ia l  t r a n s fe r  o f th e  ra d io la b e lle d  m eth y l io d id e  to  

th e  re a c tio n  f la s k , a sm all q u a n t ity  o f E t2 0  was a d d e d . T h e  r e f lu x  p e rio d  

fo r  th e  re a c tio n  was e x te n d e d  to  30 h o u rs  w ith  f u r th e r  a d d itio n  o f m eth y l 

io d id e  ta k in g  p lace  a f te r  8 , 12, and 22 h o u rs  r e f lu x .  Each o f these  

s u b s e q u e n t m e th y l io d id e  ad d itio n s  was accom panied b y  a d d itio n  o f an equal 

volum e o f E t 2 0 .

T h e s e  a lte ra tio n s  in  p ro c e d u re  g e n e ra te d  (309 )  in  a y ie ld  o f  

94.9% and  in c re a s e d  th e  sp ec ific  a c t iv ity  o f th e  p ro d u c t to 2 .8 4  jaCi mmol 1 .
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T h is  re p re s e n te d  a 59% in c o rp o ra tio n  o f th e  "^ C -la b e l in to  th e  p ro d u c t  

( 3 0 9 ) .

14
C o n vers io n  o f (309)  in to  [ C - M e ] - ( R ) - 2 - m e t h o x y b u t a n - l ,4 -  

diol (310)  was c a rr ie d  ou t u s in g  th e  am endm ents in  p ro c e d u re  o u tlin e d  in  

5 .3 .  A continuous e x tra c tio n  h e lp e d  to in c re a s e  th e  y ie ld  o f (310)  

o b ta in ed  to 64.8%, a f te r  d is t il la t io n .

D is tilla t io n  o f (310 )  aga in  gave r is e  to th e  fo rm atio n  o f b y ­

p ro d u c t -  fu ra n  (3 1 1 ) .  T h is  was p a r t ic u la r ly  no ticeab le  d u r in g  th e  la t te r  

stages o f d is t il la t io n . T . l . c .  again  co n firm ed  b y -p ro d u c t  (311 )  to be  

c o n s id e ra b ly  less p o la r th a n  d io l ( 3 1 0 ) .  A  rad io scan  o f th e  d is tilla te  from  

the  la te r  stages of  the  d is tilla t io n  d em o n stra ted  tw o a c tiv e  peaks  

co rresp o n d in g  to (310)  and  ( 3 1 1 ) .  As b e fo re  a n . m . r .  spectrum  of 

th e  p ro d u c t m ix tu re  resem bled  th a t o f d io l ( 3 1 0 ) .

14D io l (310)  was c o n v e rte d  s u c c e s s fu lly  in to  [ C - M e ] - ( R ) - 2 -

m e th o x y p u tre s c in e  (295 )  d ih y d ro c h lo r id e  b y  th e  m ethod o f G o ld ing  and  

140c o -w o rk e rs . T w o  s e p ara te  p re p a ra tio n s  o f (295 )  from  d io l (310)  w ere

c a rr ie d  o u t, g iv in g  y ie ld s  o f 23 and 6.6% o f p ro d u c t , re s p e c t iv e ly . T h e  

h ig h e r  f ig u re  was o b ta in ed  u s in g  d io l (310 )  f re s h ly  d is t il le d  w h ile  the  

re d u c e d  y ie ld  was en c o u n te re d  on u s in g  d io l (310 )  s e v e ra l w eeks a f te r  

d is t il la t io n . T . l . c .  in d ic a te d  th a t  some o f d io l (310)  ap p e a re d  to  be  

c o n v e rte d  in to  ( 3 1 1 ) .
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5 . 5  P re p a ra tio n  o f [ ^ C - M e ] - ( S ) -2 ~ M e th o x y p u tre s c in e  (292)  

d ih y d ro c h lo r id e

T h e  p ro c e d u re  adopted  fo r  th e  m e th y la tio n  o f (252)  (see  5 . 3 ,

5 . 4 )  u n d e rw e n t fu r th e r  re fin e m e n t in  an e f fo r t  to  ach ieve  a h ig h e r

14
in c o rp o ra tio n  o f th e  C - la b e l in to  th e  p ro d u c t . T h is  in v o lv e d  th e  use o f

a g re a te r  q u a n tity  o f E t 2 0  to a id  m ix in g , and  ex te n s io n  o f th e  r e f lu x

associated w ith  th is  re a c tio n  to 70 h o u rs . In  a d d it io n , th e  f i r s t  su b seq u en t

ad d itio n  o f m eth y l io d id e  was d e fe rre d  u n t il  24 h o u rs  r e f lu x  h ad  e lap sed .

F u r th e r  ad d itio n  o f m e th y l iod ide  was made a f te r  47 and  60 h o u rs  r e f lu x

to en su re  m eth y la tio n  was com plete. T h ese  m o d ifications re s u lte d  in  a

1464.7% in c o rp o ra tio n  o f th e  C -ra d io la b e l in to  ( 3 0 5 ) ,  p ro d u c in g  m a te ria l o f

spec ific  a c t iv ity  3 .28  jiC i mmol

T h e  ra d io la b e lle d  d ie s te r  (305)  was th e n  c o n v e rte d  in to  d io l

( 3 0 6 ) .  As in  th e  p ro d u c tio n  o f th e  en an tio m er th e  la t te r  s tages o f th e

d is tilla t io n  o f (306)  w ere  accom panied b y  g e n e ra tio n  o f b y -p r o d u c t ,

assum ed to be ( 3 1 2 ) .  A  rad ioscan  o f a chrom atogram  o f m a te ria l from  th e

la t te r  stages o f th e  d is tilla t io n  again  co n firm ed  (312 )  to  be ra d io la b e lle d .

T h e  d io l (306)  was c o n v e rte d  in to  th e  d e s ire d  2 -m e th o x y -

p u tre s c in e  (292 )  d ih y d ro c h lo r id e  b y  th e  m ethod o f G o ld ing  and

c o -w o rk e rs . In i t ia l ly  [ ^ C -M e ] - (S ) -2 -m e th o x y p u tr e s c in e  (292)

d ih y d ro c h lo r id e  was p ro d u c e d  from  d io l (306)  in  a d is a p p o in tin g  16.6%

y ie ld . A  s u b seq u en t co n vers io n  of d io l (306)  in to  (2 92 )  in c re a s e d  th e

143y ie ld  to 36.6% on u s in g  2 .6  e q u iv a le n ts  o f H N ^ in  th is  re a c tio n . D io l 

(306 )  used  in  th is  re a c tio n  had  been d is tille d  s e v e ra l w eeks b e fo re h a n d  

and b y -p ro d u c t  (312)  was in  ev idence  from  t . l . c . .  H o w e v e r, use o f  

a d d itio n a l HN^ ap p ears  to be o f no b e n e fit  to  th e  y ie ld  o f p u tre s c in e  

o b ta in e d  w hen f re s h ly  d is tille d  dio l was u sed .
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5 .6  F eed in g  o f ( R ) - a n d  ( S ) -2 -M e th o x y p u tre s c in e  d ih y d ro c h lo r id e  to  

S . p le is to cep h a lu s

5 . 6 . 1  In tro d u c tio n

T o  assess th e  re la t iv e  in c o rp o ra tio n  o f th e  2 -m e th o x y p u tre s c in e s  

in to  the  b io s y n th e tic  p a th w a y  to ro sm arin in e  (153)  each was fe d  in

3co n ju n ctio n  w ith  a t r i t ia te d  p re c u rs o r . T h e  p re c u rs o r  used was [ 1 , 4 -  H ] ~

3p u tre s c in e  d ih y d ro c h lo r id e . F o r each e x p e rim e n t a m ix tu re  o f H -  and  

14C ~ lab e lled  p u tre s c in e s  was fed  to S . p le is to cep h a lu s  p la n ts . M e a s u re -  

3 14
m ent o f th e  H /  C ra tio s  b e fo re  and a f te r  feed in g  p ro v id e d  a d d itio n a l

re fe re n c e  d a ta . T h e  w ick  p ro c e d u re  fo r feed in g  was ad o p ted  in

p re fe re n c e  to  th e  xy lem  p r ic k in g  te c h n iq u e . T h e  w ick  m ethod en ta ils

th e  th re a d in g  o f a n eed le  and cotton  th ro u g h  th e  stem o f th e  p la n t . T h e

ends o f th e  le n g th  o f co tton  are  im m ersed in  an aqueous so lu tion  o f th e

com pounds to be a d m in s te red  to  enable  u p ta k e  b y  th e  p la n t .

T h e  ra d io la b e lle d  p re c u rs o rs  w ere  ad m in s te red  o v e r a f iv e -d a y

p e r io d  and seven  days a f te r  com pletion o f th e  feed  th e  a lk a lo id  co n ten t o f

th e  p la n ts  was e x tra c te d  b y  es tab lish ed  m ethods. A tte m p ts  w ere  also

made to iso la te  an y  m e th o x y p u tre s c in e  s t il l  in ta c t  w ith in  th e  p la n t .  T h is

was c a r r ie d  o u t b y  an in te rm e d ia te  tra p p in g  e x p e rim e n t as th e  N -p h e n y l-

144
amino (th io c a rb o n y l)  d e r iv a t iv e .

145 . 6 . 2  F e e d in g  o f [ C - M e ] - ( R )-2 -M e th o x y p u tre s c in e  d ih y d ro c h lo r id e  to

S . p le is to c e p h a lu s

[ ^ C - M e ]  (R ) -2 -M e th o x y p u tre s c in e  (295)  d ih y d ro c h lo r id e  and

3 3 14
[ 1 , 4 -  H ]p u tre s c in e  d ih y d ro c h lo r id e  w ere  m ixed to  g iv e  an in it ia l  H /  C

fe e d  ra t io  o f 1 4 .7 .  T h e  a lka lo id a l m a te ria l e x tra c te d  from  S . p le is to cep h a lu s
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p la n ts  on com pletion o f th is  ex p e rim e n t was found  to conta in  to ta l

in c o rp o ra tio n s  o f 4.94% o f  the 3H and 0.58% of the  14C a c tiv it ie s  fed .

T h e  a lka lo id a l m a te ria l iso la ted  accounted  fo r 0.16% of th e  p la n t w e ig h t

3 14p r io r  to h a rv e s tin g  and e x h ib ite d  a H / C ra t io  o f 124.

A 4H n . m . r .  spectrum  of th e  a lka lo id  e x tra c t  was c o n s is ten t

w ith  th a t  o f ro s m a rin in e  (153 )  . T h e  absence o f any  m eth o xy l p ro to n

14peaks from  th e  s p e c tru m , coupled  w ith  the  low in c o rp o ra tio n  o f th e  C -

ra d io la b e l, su g g e s te d  th a t (R )-2 -m e th o x y p u tre s c in e  is not re a d ily  u tilis e d

in  th e  b io s y n th e tic  p a th w a y  to ro sm arin in e  ( 1 5 3 ) .

A chrom atogram  o f th e  e x tra c t  gave one m ajor spot .  T h is

re s u lte d  in  a p o s itiv e  te s t w hen s p ra y e d  w ith  o -c h lo ra n il so lu tion  and

co rresp o n d ed  to  ro s m a rin in e . A rad io scan  o f a chrom atogram  o f the

e x tra c t  gave r is e  to  o n ly  one s ig n ific a n t p e a k .  T h is  again  c o rre s p o n d e d

to  ro s m a rin in e . P re p a ra tiv e  t . l . c .  es tab lish ed  th a t most o f th e  ra d io -

3
a c t iv ity  o f th e  e x tra c t  was associated w ith  ro sm arin in e  (86.8%  o f th e  H 

14and 45.4% o f th e  C ) . T h e  m elting  p o in t o f th e  c ru d e  e x tra c t  com pared

fa v o u ra b ly  to  th e  v a lu e  docum ented fo r  ro s m a rin in e .

T h e  e x p e rim e n t was re p e a te d  w ith  th e  ra d io la b e lle d  p re c u rs o rs

fed  to  S . p le is to cep h a lu s  p la n ts  w h ich  had  been  p re v io u s ly  p ru n e d  in  an

e f fo r t  to  re d u c e  th e  am ount o f endogenous ro sm arin in e  and to s tim u la te

3 14
a lk a lo id  p ro d u c tio n . T h e  ra d io la b e lle d  p re c u rs o rs  w ere  fed  in  a H /  C

ra t io  o f 1 8 .5 .  A n a ly s is  o f th e  a lka lo id  e x tra c t  o b ta in ed  from  th is
3

e x p e rim e n t in d ic a te d  an in c o rp o ra tio n  o f 4.0% of  the  H and 0.31% o f th e  

44C a c tiv it ie s  fe d . T h e  ^ H / 44C ra tio  o f th e  e x tra c t  was 239. H N . m . r .  

sp ectro sco p y  and  t . l . c .  aga in  in d ic a te d  ro sm arin in e  (153)  as th e  sole 

com ponent o f th e  e x tr a c t .  A ttem p ts  w ere  made to d e te c t an y  ( R ) - 2 -
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m e th o x y p u tre s c in e  s t ill  in ta c t  w ith in  th e  p la n t b y  means o f an in te rm e d ia te

tra p p in g  e x p e r im e n t. U n la b e lle d  (R ) -2 -m e th o x y  p u tre s c in e  was added  to

144th e  e x tra c t  and th e  p h e n y la m in o (th io c a rb o n y l) d e r iv a t iv e  was is o la te d . 

H o w e v e r, th is  d e r iv a t iv e  was in a c t iv e , su g g es tin g  th a t (R ) -2 -m e th o x y -  

p u tre s c in e  does no t rem ain  in ta c t  w ith in  th e  p la n t .

5 . 6 . 3  F eed in g  o f [ ~ ^ C -M e ] - (S )-2 -M e th o x y p u tre s c in e  (292 )  d ih y d ro ­

ch lo rid e  to  S . p le is to cep h a lu s

[ ^ C -M e ] - (S ) -2 -M e th o x y p u t r e s c in e  (292)  and [ 1, 4 -^ H ]p u tre s c in e

w ere  f e d ,  as th e ir  d ih y d ro c h lo r id e s , to  S . p le is to cep h a lu s  p la n ts . T h e

3 14H / C ra t io  o f th e  p u tre s c in e s  fed  was 27 .9 .  T h e  a lk a lo id a l m ateria l

e x tra c te d  from  th e  p la n ts  on com pletion o f th e  e x p e rim e n t accounted  fo r

3 140.2% of th e  p la n t w e ig h t b e fo re  m ascera tio n . T h e  H /  C ra t io  o f th e

3e x tra c t  was 248 and accounted  fo r  5.87% o f th e  H a c t iv ity  and  0.67% of

14th e  C a c t iv ity  a d m in is te re d  to  th e  p la n ts .

In  k e e p in g  w ith  th e  re s u lts  o b ta in e d  from  th e  fe e d in g  o f th e  

e n a n tio m e r, n . m . r .  spec tro sco p y  and  a chrom atogram  o f th e  e x tra c t  

in d ic a te d  ro s m a rin in e  (1 53 )  as th e  sole com ponent. O nce ag a in  th e re  was 

no ev id en ce  fo r  analogues o f ro sm arin in e  b e in g  p ro d u c e d  from  u tilis a tio n  

o f 2 -m e th o x y p u tre s c in e  in  th e  b io s y n th e tic  p a th w a y  to  ro s m a rin in e . A  

rad io scan  o f a chrom atogram  o f th e  e x tra c t  aga in  gave  o n ly  one s ig n ific a n t  

p e a k  -  c o rre s p o n d in g  to  ro s m a rin in e . P re p a ra t iv e  c h ro m a to g ra p h y  o f the

e x tra c t  ag a in  d em o n stra ted  th a t  most o f th e  a c t iv ity  o f th e  e x tra c t  was

3 14
associated  w ith  ro s m a rin in e  (87.7% of  H and 60.7% o f C a c t iv i t ie s ) .

T h e  m e ltin g  p o in t o f th e  c ru d e  a lka lo id  e x tra c t  com pared fa v o u ra b ly  w ith

th e  re p o r te d  va lu e  fo r  ro s m a rin in e .
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T h e  e x p e rim e n t was re p e a te d  w ith  th e  ra d io la b e lle d  p u tre s c in e s

b e in g  a d m in is te re d  to p ru n e d  S . p le is to cep h a lu s  p la n ts . T h e  ^ H / ^ C

ra tio  fo r  th is  e x p e rim e n t was 14 .7 .  T h e  a lka lo id a l e x tra c t  from  th is

3 14e x p e rim e n t d is p la y e d  a H I  C a c t iv ity  ra tio  o f 37 .4 .  T h is  re p re s e n te d

3 14
in c o rp o ra tio n  o f 2.02% of  the  H and 0.79% o f th e  C a c t iv it ie s  fe d .  As

in  th e  in it ia l  e x p e rim e n t on ly  ro s m a rin in e  ap p eared  to  be p re s e n t , w ith  no

e v id en ce  fo r  th e  fo rm atio n  o f analogues o f ro s m a rin in e . A n  in te rm e d ia te

144
tra p p in g  e x p e rim e n t in d ic a te d  th a t  (S )-2 -m e th o x y p u tre s c in e  does not

rem ain  in ta c t  w ith in  th e  p la n t a f te r  fe e d in g . T h e  v e r y  small a p p a re n t

14 14in c o rp o ra tio n  o f C la b e l in to  ro sm arin in e  su g g ests  th a t  th e  C -la b e lle d

2-m e th o x y p u tre s c in e  is b ro k e n  down and may th e n  be in c o rp o ra te d  in to

ro s m a rin in e .

Sum m ary

"^ C -L a b e lle d  sam ples o f ( R ) ~  and (S ) -2 -m e th o x y p u tre s c in e  w ere  

s u c c e s s fu lly  p re p a re d . F eed in g  o f th ese  o p tic a lly  a c tiv e  2 -m e th o x y -  

p u tre s c in e s  to S . p le is to cep h a lu s  p la n ts  in d ic a te d  th a t  th ese  s u b s titu te d  

p u tre s c in e s  a re  not u tilis e d  in  th e  b io s y n th e tic  p a th w a y  to  ro sm arin in e  

( 1 5 3 ) .  D e g ra d a tio n  o f th e  2 -m e th o x y p u tre s c in e s  ap p ears  to  o c c u r. A  

small am ount o f th e  a c t iv ity  may th e n  be in c o rp o ra te d  in to  ro s m a rin in e .
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C H A P T E R  6

P Y R R O L IZ ID IN E  A L K A L O ID S  FRO M  SEEDS O F  

C R O T A L A R IA  L A N C E O L A T A

6 .1  IN T R O D U C T IO N

A n in v e s tig a tio n  was u n d e rta k e n  to  d e te rm in e  th e  p y r ro liz id in e  

a lka lo id  c o n te n t o f seeds o f C ro ta la r ia  la n c e o la ta . C ro ta la r ia  to g e th e r  

w ith  A n d en o carp u s  and C y t is u s , re p re s e n t th e  g e n e ra  o f th e  Legum inosae  

p la n t fam ily  w h ich  have  been  shown to  con ta in  p y r ro liz id in e  a lk a lo id s .

H o w e v e r, up u n t i l  now th e  l i te r a tu r e  docum ents c o m p a ra tiv e ly  few  such

145 . 146exam ples from  A n d en o carp u s  and C y tis u s  sp ec ies . In d e e d , w ith

in  excess o f f i f t y  C ro ta la r ia  species a lre a d y  id e n t if ie d  as co n ta in in g  

p y r ro liz id in e  a lk a lo id s , o n ly  th e  genus S en ec io , (fa m ily  C om positae) 

conta ins  more species w h ich  h a v e  been  shown to  co n ta in  p y r ro liz id in e  

a lk a lo id s .

C ro ta la r ia  s p e c ie s , in d ig en o u s  to tro p ic a l o r  s u b tro p ic a l c lim a tes , 

h ave  been  show n to  p ro d u c e  a co llection  o f p y r ro liz id in e  a lka lo id s  

d is p la y in g  g re a t s tru c tu ra l v a r ie ty .  N e v e rth e le s s , most o f th e  

p y r ro liz id in e  a lka lo id s  fo u n d  w ith in  th e  species a re  e ith e r  11 - o r 12- 

m em bered m acrocyc lic  d ie s te rs  o r sim ple u n e s te r if ie d  p y r r o l iz id in e s . T h e  

p y r ro liz id in e  a lk a lo id  most common to  C ro ta la r ia  species is  m onocrotaline  

( 8 ) .  O th e r  m acrocyc lic  d ie s te rs  f re q u e n t ly  fo u n d  a re  in te g e rr im in e  (313 )  

and usaram ine  ( 3 1 4 ) .  T h e  necine  p o rtio n  o f p y r ro liz id in e  a lka lo id s  

fo u n d  in  C ro ta la r ia  species can be sim ple h y d ro x y m e th y l p y r ro liz id in e s  

o r th e  m ore e la b o ra te  n ecine  diols and tr io ls .  R e tro n e c in e  (4 )  is  th e
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most frequently encountered base portion. Many Crotalaria species have 

been shown to contain at least two pyrro liz id ine alkaloids, invariab ly  with  

the same base portion. Seeds of certain Crotalaria species are renowned 

for an unusually high pyrro lizid ine alkaloid content. For example, one 

strain of seeds of C. retusa was reported to contain in  excess of 9% of 

monocrotaline (8 ) .

6.2 Extraction of Seeds of Crotalaria lanceolata

Seeds of Crotalaria lanceolata were obtained from Natal 

Province, Republic of South A frica , by  courtesy of Professor D . A . H .  

Tay lo r. In itia lly  the seed was immersed in petroleum ether to remove any 

fa ts . A fte r removal of the fats , fu rth e r organic material was extracted  

from the seeds by blending them in methanol. The resulting ex trac t, 

after concentration, was taken up in dilute sulphuric acid and washed 

with methylene chloride to remove non-basic organic m aterial. There ­

a fte r, the acidic solution was s tirred  with zinc powder to reduce any  

N-oxides to the corresponding amines. Following removal of the zinc 

residue by filtra tio n , the solution was basified to pH9 by addition of

(8)
R = H (313) 
R = OH (314)
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conc. ammonia. T h e  a lk a lin e  so lu tion  was th e n  e x tra c te d  w ith  m eth y len e  

c h lo rid e  to  y ie ld ,  on rem oval o f s o lv e n t, th re e  a lka lo id s  o f com bined  

c o n te n t 0 . 2 % based  on th e  in it ia l  w e ig h t o f d r y  seeds.

6 . 3 A n a ly s is  o f A lk a lo id  M ix tu re  from  Seeds o f C ro ta la r ia  lan ceo la ta

A chromatogram of the extract (developed in CHCl^/M eOH/NH^;

8 5 : 1 4 : 1 )  gave r is e  to  th re e  d is tin c t p u rp le  spots w hen s p ra y e d  w ith

148o -c h lo ra n il fo llow ed b y  E h r lic h 's  re a g e n t. T h is  p o s itiv e  te s t in d ic a te d

th e  p resen ce  o f th re e  p y r ro liz id in e  a lka lo id s  a ll w ith  1 , 2-u n s a tu ra t io n  o f

th e  n ec ine  p o r t io n . T h e  most in te n s e  o f these spots was th e  most p o la r

com ponent (R ^ = 0 . 3 3 ) .  T h e  rem a in in g  spots d is p la y e d  v a lu es  o f 0 .3 8

and 0 . 4 0 ,  re s p e c t iv e ly , w ith  th e  la t te r  a p p e a rin g  to be  th e  le a s t in te n s e

o f th e  a lka lo id  e x t r a c t .  H ig h  re s o lu tio n  mass s p e c tro m e try  o f  th e  e x tra c t

d is p la y e d  a fra g m e n ta tio n  p a t te rn  co n s is ten t w ith  th e  b re a k d o w n  o f m acro -

149cyc lic  d ie s te rs  possessing  a re tro n e c in e  base p o rtio n  (Schem e 7 4 ) .  

A lly lic  p y r ro liz id in e  m acrocyc lic  d ie s te rs  p re fe re n t ia l ly  u n d e rg o  fu s io n  at 

th e  C ~ 9 ( 0 )  b o n d  in  th re e  d is t in c t  w a y s . T h is  re s u lts  in  th e  g e n e ra tio n  

o f th re e  s e p a ra te  s e ries  o f ions d if fe r in g  o n ly  b y  one mass u n i t .  S im ple  

a lly lic  fu s io n  o f (315)  g en era tes  th e  in te rm e d ia te  ion  (3 1 6 ) w h ic h  can  

u n d e rg o  d e g ra d a tio n  a ffo rd in g  a f u r th e r  th re e  ion  peaks  (Schem e 7 4 ( a ) ) .  

R e a rra n g e m e n t from  (315 )  g ives  r is e  to  in te rm e d ia te  ions (3 1 7 ) and  (318 ) 

w h ich  in  tu r n  d e g ra d e  to th e  ion ic  com ponents i l lu s tra te d  in  Schem e 7 4 ( b )  

and  ( c ) ,  re s p e c t iv e ly . A  re a rra n g e m e n t o f (31 5 )  in v o lv in g  th e  loss o f a 

h y d ro g e n  atom from  th e  p y r ro liz id in e  r in g  a ffo rd s  (3 17 )  , w h ile  re a r ra n g e ­

m ent fe a tu r in g  th e  ga in  o f a h y d ro g e n  atom g en era tes  ( 3 1 8 ) .  T h e  

in d ic a t iv e  seco n d ary  ion  peaks  o f th ese  processes w e re  e v id e n t from  h ig h
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re s o lu tio n  mass s p e c tro m e try  an a lys is  o f th e  a lka lo id  m ix tu re .

F u r th e r  s c ru t in y  o f th e  mass spectrum  in d ic a te d  p ro b a b le  

p a re n t  ion  peaks  c o rre s p o n d in g  to  C 18H 25N ° 6 » C 18H 25N ° 5 '  and  

C 17H 23N O 5 . A n  i . r .  spectrum  of th e  m ix tu re  d is p la y e d  peaks  a t 1710 

and  1735 cm \  T h e  h ig h e r  fre q u e n c y  co rresp o n d s  to  th e  c a rb o n y l 

s tre tc h in g  mode fo r  an a ft-u n s a tu ra te d  e s te r  sys tem . A lso  e v id e n t was 

an o le fin ic  p eak  a t 1650 cm A n a ly s is  o f a n . m . r .  sp ec tru m  o f th e  

m ix tu re  re v e a le d  th e  fa m ilia r AB system  associated w ith  th e  d ia s te reo to p ic  

C~9 p ro to n s  o f a 1 , 2 -u n s a tu ra te d  p y r ro liz id in e  m acrocyc lic  d ie s te r .

6 .4  S e p a ra tio n  o f th e  A lk a lo id  M ix tu re

T o  id e n t i fy  th e  com ponents o f th e  a lk a lo id  m ix tu re  th e  e x tra c t  

was s u b jec ted  to  column c h ro m a to g ra p h y , em ploying  bas ic  a lum ina as th e  

s ta t io n a ry  phase  and C ^ C ^ /M e O H  ( 9 9 : 1 )  as e lu a n t. T h e  p r in c ip a l 

com ponent o f th e  m ix tu re  (R^ = 0 .3 3 )  was re a d ily  s e p a ra te d  and  accounted  

fo r  85% o f th e  a lk a lo id  e x t r a c t .  H o w e v e r, fu r t h e r  colum n ch ro m a to g ra p h y  

was re q u ire d  to  enab le  even  a p a r t ia l s e p a ra tio n  o f th e  rem a in in g  compon­

e n ts . I t  was e s ta b lis h e d , in  co n ju n ctio n  w ith  H . P . L . C . ,  th a t  these  

com ponents w e re  p re s e n t in  a re la t iv e  ra t io  o f 2 : 1 .

6 .5  Id e n t if ic a t io n  o f U saram ine (3 1 4 )

H ig h  re s o lu tio n  mass s p e c tro m e try  e s ta b lis h e d  th a t  th e  main

com ponent o f th e  a lk a lo id  e x tra c t  (R^ = 0 . 3 3 )  co rre s p o n d e d  to  m olecular

fo rm u la  C , 0H ~ cNO/. .  In  a d d it io n , th e  fra g m e n ta tio n  p a t te rn  o b s e rv e d
lo  25 o

was in d ic a t iv e  o f a re tro n e c in e -b a s e d  m acrocyc lic  d ie s te r .  F o u r  

re tro n e c in e -b a s e d  m acrocyclic  d ie s te rs  o f m olecu lar fo rm u la  C 18H 25N 0 6
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h ave  been re p o r te d . T h ese  are  g ra n ta lin e  ( 3 1 9 ) ,  jacob ine  ( 3 2 0 ) ,  

re tro rs in e  ( 9 ) ,  and usaram ine ( 3 1 4 ) .

HO

(320)

HO

HO

(319)

R ! = H , R 2= M e  (9) 

R! = Me , R2= H (314)

1 13H o w e v e r, c o n s id e ra tio n  o f th e  H and  C n . m . r .  spectroscop ic

150
d a ta  in d ic a te d  u saram ine (314 )  as th e  l ik e ly  s tru c tu re  o f th e  a lk a lo id .

A ^H  n . m . r .  spectrum  o f th e  a lk a lo id  in d ic a te d  th e  p re s e n c e  o f 

tw o  o le fin ic  p ro to n s  a t 6 6 .5 2  and 6 .2 0 ,  re s p e c t iv e ly . T h e  fo rm e r o f these  

signa ls  ap p ears  as a q u a r te t  (J  7 H z ) and co rresp o n d s  to  th e  C - 2 0  v in y l  

p ro to n , w ith  co u p lin g  to  C - 2 1  p ro to n s  e v id e n t . T h e  re la t iv e  d o w n fie ld  

s h if t  on th is  o le fin ic  p ro to n  is  in d ic a tiv e  o f a t r a n s - a rra n g e m e n t a ro u n d
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th is  double  bond -  p ro to n s  in  such a system  a re  n o rm ally  fo u n d  in  the

ra n g e  o f 6 6 . 5 - 7 . 0 .  In  c o n tra s t a c is -a rra n g e m e n t a ro u n d  th is  double b o n d ,

as in  re tro rs in e  ( 9 ) ,  te n d s  to  re s u lt  in  th e  en su in g  q u a r te t  b e in g  c e n tre d

in  th e  ra n g e  6 6 . 0 - 6 . 2 .  T h e  m u ltip le t a t 6 6 .2 0  is fo r  th e  C - 2  p ro to n .

T h e  C -9 d  p ro to n  is  e v id e n t as a d o u b le t (o f  an AB system ) at 6 5 .4 1

(J 12 H z ) .  T h e  C - 7  p ro to n  is  a com plicated s ig n a l a t 6 5 . 0 1 .  A  com plex

m u lt ip le t , encom passing th e  tw o h y d r o x y l p ro to n s , th e  C - 8  p ro to n , and

th e  C -9 u  p ro to n  is  lo cated  a t 6 3 . 9 5 - 4 . 4 0 .  T h e  C - 3 d  p ro to n  appears  as a

m u ltip le t a t 6 3 . 9 0 .  T h e  C -1 8  p ro to n s  ap p e a r as a d o u b le t at 6 3 .6 7

th ro u g h  co u p lin g  to  th e  C -1 3  p ro to n s  (J  3 H z ) .  T h e  C - 3 u  p ro to n  s ig n a l

is  c e n tre d  on 6 3 . 4 6 ,  w h ile  th e  C -5 d  s ig n a l ap p ears  at 6 3 .2 6 .  A  com plex

s ig n a l 6 1 . 9 0 - 2 . 7 0  in c o rp o ra te s  th e  C - 5 u ,  C - 1 3 ,  C - 1 4 ,  and C - 6  p ro to n s .

T h e  m e th y l p ro to n s  a t C - 2 1  a p p e a r as a d o u b le t (J  7 H z ) a t 6 1 .7 1  th ro u g h

co u p lin g  to  th e  C - 2 0  o le fin ic  p ro to n . T h e  C -1 9  p ro to n s  a p p e a r as a

d o u b le t (J  7 H z ) c e n tre d  on 6 0 . 8 3  from  co u p lin g  to th e  C -1 3  p ro to n .

13T h e  C n . m . r .  spec tru m  o f th e  a lk a lo id  gave  a s ig n a l p a tte rn

co n s is te n t w ith  u saram in e  (314 )  as s t ru c tu re . In  a d d it io n , o p tic a l a c t iv ity

and  m e ltin g  p o in t m easurem ents w ere  in  good ag reem en t w ith  re p o rte d

150v a lu es  fo r  usaram ine  ( 3 1 4 ) .

6 . 6  Id e n t if ic a t io n  o f N ilg ir in e  (321)

H ig h  re s o lu tio n  mass s p e c tro m e try  e s ta b lis h e d  th e  m olecu lar

fo rm u la  o f th e  second com ponent o f th e  a lk a lo id  e x tra c t  (R^ = 0 .3 8 )  to  be

C -.,,H -oN 0 c . T h e  o b s e rv e d  fra g m e n ta tio n  p a t te rn  was co n s is te n t w ith  a 
17 23 5

re tro n e c in e -b a s e d  m acrocyc lic  d ie s te r . O n ly  tw o such d ie s te rs  have  been  

re p o r te d  to  be o f m olecu lar fo rm u la  C j y H 2 ^NO^. T h ese  a re  doronecine  

(322)  and n ilg ir in e  ( 3 2 1 ) .
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1 13H o w e v e r, co n s id era tio n  o f th e  H and  C n . m . r .  spectroscop ic

151d a ta  fo r  th e  a lk a lo id  in d ic a te d  n ilg ir in e  (321)  as th e  l ik e ly  s t r u c tu r e .

A  n . m . r .  spec tru m  o f th e  a lk a lo id  (F ig u re  5 ) ,  r u n  in  

d e u te r io c h lo ro fo rm , d is p la y e d  th e  C -1 9  v in y l p ro to n  as a q u a r te t  a t 6 6 .5 3  

(J 7 H z )  th ro u g h  co u p lin g  w ith  th e  C - 2 0  p ro to n s . T h e  d o w n fie ld  s h if t  o f  

th is  p ro to n  s ig n a l is  in d ic a t iv e  o f t r a n s -s te re o c h e m is try  a ro u n d  th is  double  

b o n d . T h e  com plex s ig n a l a t 6 6 . 1 5  is  fo r  th e  o le fin ic  p ro to n  a t C - 2 .  A n  

AB  system  a r is in g  from  th e  cou p lin g  o f th e  d ia s te re o to p ic  p ro to n s  a t C -9  

ap p ears  a t 6 4 . 1 1  and 5 . 3 4  (J 12 H z ) .  C o u p lin g  o f th e  C -7  p ro to n  to  th e  

C -8  p ro to n , to g e th e r  w ith  th e  n o n -e q u iv a le n t C -6  p ro to n s  g iv e  r is e  to  a 

d o u b le t o f d o u b le t o f d o u b le ts  c e n tre d  a t 6 5 . 1 5 .  T h e  b r id g e h e a d  p ro to n , 

a t C -8 , ap p ears  as a m u ltip le t 6 4 . 2 4 - 4 . 3 4 .  C o u p lin g  o f th e  C -1 2  p ro to n  

w ith  th e  p ro to n  a t C -1 3  g ives  r is e  to  a d o u b le t a t 6 4 . 0 4 .  T h e  n o n ­

eq u iva len ce  o f th e  C -3  p ro to n s  re s u lts  in  th e  s ig n a l fo r  th e  C -3 d  p ro to n  

a p p e a rin g  as a d o u b le t a t 6 3 .92  th ro u g h  cou p lin g  to  th e  C -3 u  p ro to n  

(J  16 H z ) . T h e  C -3 u  p ro to n  is  coup led  a d d itio n a lly  to  th e  C -2  and  C -8  

p ro to n s  g iv in g  r is e  to  a d o u b le t o f d o u b le t o f d o u b le ts  a t 6 3 . 3 9 .  S im ila r  

s ig n a l p a tte rn s  to  th a t  o f th e  C -3 u  p ro to n  a re  o b s e rv e d  fo r  th e  C -5  p ro to n s .  

T h e  C~5d  p ro to n  s ig n a l is  c e n tre d  a t 6 3 .25  w ith  m u tu a l c o u p lin g  b e tw een  

th e  d ia s te re o to p ic  C -5  p ro to n s  e v id e n t, to g e th e r  w ith  co u p lin g  to  th e  n on ­

e q u iv a le n t C -6  p ro to n s . T h e  C -5 u  p ro to n  is  o b s e rv e d  a t 6 2 . 5 4  w ith  

co u p lin g  to th e  C -6  p ro to n s  ag a in  o b s e rv e d . T h e  b ro a d  s in g le t 6 2 . 7 5 -  

2 .9 5  is  fo r  th e  h y d ro x y l p ro to n  a t C - 1 2 .  T h e  e la b o ra te  s ig n a l c e n tre d  a t 

6 2 .3 0  is  fo r  th e  C -1 3  p ro to n . T h e  C -1 4  p ro to n s  a p p e a r as d o u b le ts  a t 

6 2 .1 6 .  T h e  com plex s ig n a l c e n tre d  on 6 2 .0 8  is  fo r  th e  C -6  p ro to n s .

T h e  m e th y l p ro to n s  a t C - 2 0  a p p e a r as a d o u b le t a t 6 1 . 7 4  th ro u g h  coup ling  

to  th e  C -1 9  v in y l  p ro to n . T h e  C -1 8  p ro to n s  ap p e a r as a d o u b le t a t 6 1 . 0 3
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th ro u g h  coup ling  to th e  C -1 3  p ro to n s .

13
T h e  C n . m . r .  spectrum  o f th e  a lk a lo id  was ass ig n ed  on th e

basis  o f a D . E . P . T .  e x p e rim e n t (F ig u re  6 ) .  T h is  g ave  r is e  to  a p a tte rn

co n s is te n t w ith  n ilg ir in e  (321 )  as th e  s tru c tu re  fo r  th e  a lk a lo id s . In

a d d it io n , o p tica l a c t iv ity  and m elting  p o in t m easurem ents w ere  in  good

151agreem ent w ith  re p o rte d  va lues  fo r  n ilg ir in e .

T h e  s te re o c h e m is try  a t th e  C -1 2  and  C -1 3  c e n tre s  o f n ilg ir in e  

has n o t been  e s ta b lis h e d . A tte m p ts  to e lu c id a te  th e  s te re o c h e m is try  o f 

these  s ites  b y  X - r a y  c ry s ta l s t ru c tu re  an a lys is  w ere  u n s u c c e s s fu l due  to  

im p e rfe c t c ry s ta l q u a lity .

151 152T h is  is  o n ly  th e  th ir d  re p o r te d  o c c u rre n c e  o f n i lg ir in e .  *

6 .7  Id e n t if ic a t io n  o f In te g e rr im in e  (3 1 3 )

T h e  le a s t a b u n d a n t com ponent o f th e  a lk a lo id  e x t ra c t  (R^ = 0 .4 0 )  

was shown to  h a v e  a m olecu lar fo rm u la  o f b y  h ig h  re s o lu tio n

mass s p e c tro m e try . T h e  fra g m e n ta tio n  p a t te rn  o b s e rv e d  was ag a in  

co n s is te n t w ith  th a t  o f a re tro n e c in e -b a s e d  m acrocyc lic  d ie s te r . T h e  

l i te r a tu r e  docum ents fo u r  such p y r ro liz id in e  a lka lo id s  o f m o lecu lar fo rm u la  

C 18H 25N O 5 . T h e s e  a re  in te g e rr im in e  ( 3 1 3 ) ,  its  C -2 0  geom etric  isom er 

senecion ine ( 3 2 3 ) ,  s e n e c iv e rn in e  ( 3 2 4 ) ,  and  re tro is o s e n in e  ( 3 2 5 ) .

H o w e v e r, co n s id e ra tio n  o f th e  o b s e rv e d  n . m . r .  sp ec tro sco p ic  d a ta  

e n ab led  in te g e rr im in e  (313)  to  be p ro p o sed  as th e  l ik e ly  s t ru c tu re  fo r  th e  

a lk a lo id . N . m . r .  sp ec tro sco p y  (F ig u re  7) in d ic a te s  th e  p re s e n c e  o f  

tw o o le fin ic  p ro to n s , one o f w h ich  is  coup led  to  an a d ja c e n t m e th y l g ro u p . 

T h e  s te re o c h e m is try  a ro u n d  th e  double  bond  b e a r in g  th is  p ro to n  is  l ik e ly  

to be t r a n s , d e te rm in e d  b y  th e  d o w n fie ld  s h if t  o f th is  q u a r te t  a t 6 6 . 5 1 .
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T h is  co rresp o n d s  to  th e  C - 2 0  p ro to n  o f in te g e rr im in e . T h e  C -2  v in y l  

p ro to n  app ears  as a m u lt ip le t a t <5 6 . 2 1 .  T h e  AB  system  g e n e ra te d  b y  the  

m u tu a l co u p lin g  o f th e  d ia s te re o to p ic  C~9 p ro to n s  is e v id e n t a t 6 4 . 1 1  and  

5 .4 1  (J  12 H z ) .  T h e  C - 7  p ro to n  app ears  as a d o u b le t o f d o u b le t o f 

d o u b le ts  th ro u g h  co u p lin g  to  th e  b r id g e h e a d  p ro to n  a t C ~8 and  th e  n o n ­

e q u iv a le n t C - 6  p ro to n s . T h is  s ig n a l is  c e n tre d  a t 6 5 . 0 1 .  T h e  b ro ad  

s ig n a l 6 4 . 3 1 - 4 . 6 6  is  fo r  th e  b rid g e h e a d  p ro to n  a t C - 8 . T h e  C - 3 d  p ro to n  

ap p ears  as a d o u b le t a t 6 3 .9 5 .  T h e  la rg e  co u p lin g  co n s tan t a rises  from  

co u p lin g  b e tw een  th e  n o n -e q u iv a le n t C -3  p ro to n s  (J  15 H z ) .  T h e  s igna l 

o b s e rv e d  fo r  th e  C -3 u  p ro to n  is  more com plica ted . F u r th e r  co up ling  

b e tw een  th e  C -3  p ro to n  and th e  n o n -e q u iv a le n t C -5  p ro to n s  is  w itn essed . 

T h is  g ives  r is e  to  a d o u b le t o f d o u b le t o f do u b le ts  c e n tre d  a t 6 3 .39 .  T h e  

com plex s igna ls  a t 6 2 .4 6  and 3 .25  a re  f o r  the  C - 5 d  a n d  C - 5 u  p ro to n s , 

re s p e c t iv e ly . T h e  C -1 3  p ro to n  s ig n a l is  a m u ltip le t a t 6 2 . 2 0 - 2 . 3 0  w h ile  

th e  C -1 4  p ro to n  s ig n a l is  e v id e n t a t 6 2 . 0 5 - 2 . 1 8 .  T h e  C - 6  p ro to n s  ap p ear  

as a com plex p a t te rn  6 1 . 9 5 - 2 . 0 5 ,  w ith  in d iv id u a l co u p lin g s  n o t d e c ip h e re d . 

T h e  m e th y l p ro to n s  a t C - 2 1  ap p e a r as a d o u b le t a t 6 1 . 7 4  (J 7 H z )  from  

c o u p lin g  w ith  th e  o le fin ic  p ro to n  o f C - 2 0 .  T h e  C -1 9  p ro to n s  a p p e a r as a 

d o u b le t a t 6 0 .9 1  th ro u g h  co u p lin g  to th e  C -1 3  p ro to n . A  fu r th e r  d o u b le t 

a t 6 1 . 2 9  a rises  fo r  th e  C -1 8  m e th y l p ro to n s .

M e ltin g  p o in t and  o p tica l ro ta tio n  m easurem ents fo r  th e  a lka lo id

153-155
w ere  in  good ag reem en t w ith  l i te r a tu r e  va lues fo r  in te g e rr im in e .

H o w e v e r, i t  sho u ld  be  n o te d  th a t  some d is p a r ity  has b een  show n in  va lues

153o f o p tic a l a c t iv ity  fo r  in te g e rr im in e . V a lu es  h ave  ra n g e d  from  + 4 .3 °  

to - 2 2 . 1 ° ^ ^  (b o th  m easurem ents in  C H C l^ ) .
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OH
HO

z y ^ o
o '  f h

(322)

/ y ^ o  
y  i  h

/ y ^ o  
o '  I H

R^= M e , R 2=  H (313) 

R *=  H  , R =  M e (323)
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F ig u re  6 . D . E . P . T .  sp ectru m  fo r  n ilg ir in e  (321)



F ig u re  7 . XH N . m . r .  spectrum  fo r  in te g e rr im in e  ( 3 1 3 ) .
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Sum m ary

T h e  p y r ro liz id in e  a lka lo id  co n ten t o f C ro ta la r ia  lan ceo la ta  is

aro u n d  0.2%. T h re e  m acrocyc lic  d ie s te rs  co n ta in in g  re tro n e c in e  as base

p o rtio n  w ere  fo u n d  in  th e  seeds,  nam ely usaram ine  ( 3 1 4 ) ,  n i lg ir in e  ( 3 2 1 ) ,

and in te g e rr im in e  (3 1 3 ) .  T h ese  w ere  p re s e n t in  a re la t iv e  ra t io  o f

8 5 :1 0 :5  [ ( 3 1 4 ) :  ( 3 2 1 ) :  (313)  ] .  T h e  w o rk  has been  accep ted  fo r  p u b lic -  

155a t io n .
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C H A P T E R  7 

E X P E R IM E N T A L

7 . 1  G en era l

A ll m e ltin g  p o in ts  w ere  m easured  on a K o fle r  h o t-s ta g e  ap p a ra tu s  

and are  u n c o rre c te d . O p tic a l ro ta tio n s  w ere  m easured  w ith  an O p tica l 

A c t iv i ty  L t d .  A A  10 P o la r im e te r . In f r a  re d  s p e c tra  w ere  re c o rd e d  on a 

P e rk in  E lm er 580 sp e c tro p h o to m e te r. N u c le a r  m agnetic  reso n an ce  s p e c tra  

w ere  o b ta in ed  w ith  a P e rk in  E lm er R32 s p e c tro m e te r o p e ra tin g  at 90 M Hz  

a V a r ia n  X L - 100 s p ec tro m ete r o p e ra tin g  a t 25 M Hz ( & q )> and  a 

B r u k e r  W P200-SY s p ec tro m ete r o p e ra tin g  a t 200 M H z and  50 M Hz

( <5 £ ) .  S p e c tra  w e re  ru n  fo r  so lu tions  in  d e u te rio c h lo ro fo rm  un less o th e r ­

w ise s ta te d  w ith  te tra m e th y ls ila n e  a c tin g  as in te rn a l s ta n d a rd .

T . l . c .  was c a r r ie d  o u t on K ie s e lg e l G p la te s  0 .2 5  mm th ic k n e s s .

156A lk a lo id s  w ere  d e te c te d  b y  th e  m o d ified  D ra g e n d o r f f  re a g e n t , o r b y

148o x id a tio n  w ith  o -c h lo ra n il fo llow ed  b y  tre a tm e n t w ith  E rh lic h 's  re a g e n t.

Radiochem icals w ere  p u rc h a s e d  from  Am ersham  In te rn a t io n a l  

p . I . e . , w ith  ra d io a c t iv ity  m easurem ent q u a n t if ie d  w ith  a P h ilip s  PW4700 

L iq u id  S c in tilla t io n  C o u n te r  u s in g  to lu e n e -m e th a n o l s o lu tio n s . A ccum ul­

a tio n  o f s u ff ic ie n t counts  was u n d e r ta k e n  to  e n s u re  a s ta n d a rd  e r r o r  o f 

less th a n  1% fo r  each d e te rm in a tio n . R a d io a c tiv e  sam ples p re p a re d  fo r  

fee d in g  p u rp o ses  w ere  d is tille d  o r  re c ry s ta ll is e d  to  c o n s ta n t sp ec ific  

ra d io a c t iv ity  and  w e re  co u n ted  in  d u p lic a te . A  P an ax  th in - la y e r  scan n er  

R T L S -1 A  was u sed  fo r  rad io s c a n n in g  o f t . l . c .  p la te s .
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1 , 2 -D im e th o x y e th a n e  (D M E ) and te tra h y d ro fu ra n  ( T H F )  w ere  

d r ie d  b y  d is tilla tio n  from  potassium  h y d ro x id e  th e n  sodium b en zo p h en o n e . 

D ie th y l e th e r  ( E t 2 0 ) was d r ie d  b y  d is t illa t io n  from  lith iu m  alum inium

h y d r id e  w h ile  N ,N -d im e th y lfo rm a m id e  (D M F ) was p u r if ie d  b y  d is tilla t io n

° 157from  calcium  h y d r id e  and s to re d  o v e r 3A m olecu lar s ie v e s . D ic h lo ro -

m ethane and ch lo ro fo rm  w ere  p r e -d r ie d  w ith  calcium  c h lo rid e  th e n

°d is tille d  from  p h o sp h o ru s  p e n to x id e . A cetone  was d r ie d  u til is in g  3A

m olecu lar s ieves and d iiso p ro p y lam in e  was d is tille d  from  sodium  h y d ro x id e

° 158and  s to re d  o v e r 4A m olecu lar s ie v e s .

O rg a n ic  so lu tions w ere  d r ie d  o v e r e ith e r  a n h y d ro u s  m agnesium

o r sodium su lp h ate  and so lven ts  w ere  rem oved  b y  e v a p o ra tio n  u n d e r

re d u c e d  p re s s u re , below  50°C .

7 . 2  E x p e rim e n ta l to  C h a p te r  4

P re p a ra tio n  o f N -B e n z y l p ro te c te d  im ides from  stereo isom eric  malic and  

t a r ta r ic  acid

114T h is  m ethod was b ased  on th e  p re p a ra t io n  b y  Wong e t a l. 

L -T a r ta r ic  ac id  (209)  ( l O .O g ,  6 6 .7  mmol) was ad d ed  to £ -x y le n e  

(325 m l) in  a f la s k  eq u ip p e d  w ith  a D ean  and  S ta rk  a p p a ra tu s . T h e  

m ix tu re  was h ea ted  to  r e f lu x  and b en zy lam in e  ( 8 . 5  ml,  8 1 .0  mmol) was 

ad d ed  o v e r  a 30 min p e r io d . T h e  re s u lt in g  re a c tio n  m ix tu re  was m a in ta in ­

ed a t r e f lu x  fo r  a fu r th e r  3h. T h e  so lu tio n  was th e n  cooled to  0 °C  and  

th e  c ry s ta llin e  p ro d u c t was s e p a ra te d  b y  f i l t r a t io n .  R e c ry s ta llis a tio n  

from  w a te r  a ffo rd e d  ( 2 R , 3 R )-N -b e n z y l-d ih y d ro x y s u c c in im id e  (210)

( 8 . 6 8g ,  58.9%) ( l i t . , 114 60.7%) m . p .  195 -197 °C  ( l i t . , 114  1 9 6 -1 9 8 °C );

[ a ] ^ 1 + 1 3 7 . 9 °  ( C  4 . 6 ,  M eO H ) ( l i t . , 114  [ a ] p 5 + 1 2 6 ° );  v m ax (K B r  d is c )
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3300, 1710, 1665, 1525, and 1460 cm l ; 6 U (90  M H z)  [ C 0 ( C D , ) o] 4 .5 0
H 5 ^

( 2 H ,  s ) ,  4 .62  ( 2 H , s ) ,  5 . 3 0 - 5 . 6 0  ( 2 H ,  b r  s ,  20H ) and 7 . 2 0 - 7 . 4 0  ppm ( 5 H ,  

m ) ;  6 c (25 M H z )  [ C O ( C D 3) 2 ] 4 3 .9 ,  7 4 . 5 ,  1 2 8 .2 ,  1 2 8 .5 ,  1 2 9 .5 ,  139 .8 ,

and  179.8  ppm ; m /z  221 (M  + , 20.3%) ,  203, 165, 164, 133, 132, 106, 105,  

104, 92, 91 (100%),  79,  78,  and 71 (F o u n d : M + , 22 1 .0689 .  c 11h 11n o 4 

re q u ire s  M , 2 2 1 .0 6 8 8 ) .  (F o u n d : C , 59 .77 ;  H ,  4 .8 0 ;  N ,  6 . 2 6 .  

c l l H n N 0 4 re q u ire s  C , 59 .7 3 ;  H ,  5 .0 1 ;  N ,  6 .33%).

T h e  enan tiom er ( 2 S , 3 S ) -N -b e n z y l d ih y d ro x y s u c c in im id e  (240)  

was p re p a re d  in  th e  same w a y 11  ̂ from  D - ta r ta r ic  a c id , 58.3%, [ a ] 1^

-  1 3 6 .9 °  (C  5 . 8 ,  M e O H ) .

( S ) - N - B e n z y l-2 -h y d ro x y s u c c in im id e  (238)  was p re p a re d  from

114L -m a lic  ac id  (230)  b y  th e  p ro c e d u re  o f Wong e t a l. in  56.3% y ie ld ,

1 8
m . p .  1 7 9 -1 8 0 °C , [ a ] *  -  7 . 9 °  (C  7, M e O H ) ;  v (K B r  d is c ) 3300,  2980,u — max

1695, 1640, 1545, and 1455 cm "1; 6 „  (90  M H z )  [ C O ( C D , ) 0 ] 2 . 5 8 ,  2 .85
H . 5  L a

( 2 H ,  A B X  system , 15 H z ,  J_AK + fiX 9 H z ) ,  4 .3 7  (1 H , J_k x  + B x 9 H z ) ,  

4 .35  ( 2 H ,  s ) ,  5 . 4 0 - 5 . 6 0  ( 1 H ,  b r  s ,  O H )  and  7 . 1 0 - 7 . 4 5  ppm  ( 5 H ,  m ) ; 6
(j

(25 M H z )  [ C O ( C D 3) 2 ] 4 1 . 7 ,  4 3 . 8 ,  7 0 . 3 ,  1 2 8 .2 ,  128 .5 ,  1 2 9 .5 ,  1 3 9 .9 ,  1 7 2 .3 ,  

and 176 .2  ppm ; m/:z 205 ( M + 6.1%) 178, 106, 92, 91 (100%),  89 an d  65.  

(F o u n d : M + , 205 .0745;^^C3^H33N O 3 re q u ire s  M , 205 .0739 ) ,  (F o u n d : C ,  

6 4 .4 9 ;  H ,  5 .3 5 ;  N ,  6 . 9 4 .  C n H n N 0 3 re q u ire s  C ,  6 4 .3 8 ;  H ,  5 .4 0 ;  N ,  

6.83%) .

T h e  en an tio m er (R ) -N -b e n z y l-2 -h y d ro x y S u c c in im id e  (239 )  was

114p re p a re d  from  D -m a lic  ac id  b y  th e  m ethod re p o r te d  b y  Wong e t a l . , 

i n  55.9% y ie ld ;  [ a ] ^ 7 + 8 . 1 °  (C  9 . 4 ,  M e O H ).
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N B e n z y l-m e s o -2 , 3~ d ih y d ro x y s u c c in im id e  (213)  was p re p a re d  

from  m e s o -ta r ta r ic  ac id  (214 )  b y  th e  m ethod re p o r te d  b y  Wong e t a l. , 

in  28.6% y ie ld ,  m . p .  16 7 -1 6 9 °C ; Vm ax (N u jo l)  3280, 1710, 1640, and  

1460 cm "1 ; 6 R (90 M H z )  [ C O ( C D 3) 2 ] 4 .4 2  ( 2 H ,  s ) , 4 .6 5  ( 2 H ,  s ) ,  4 . 6 5 -

4 .8 5  ( 2 H ,  b r  s ,  O H ) ,  and  7 . 2 5 - 7 . 4 5  ppm ( 5 H ,  m ) ; 6 (25 M H z )

[ C O ( C D 3 ) 2J 4 3 .0 ,  7 6 . 2 ,  128 .9 ,  129 .2 ,  129 .6 ,  1 3 7 .1 ,  and 175.8 ppm;  m /z  

221 (M + , 35 .7%),  164, 106, 105, 104, 92, 91 (100%),  79, 78, and 77.

(F o u n d : M , 221 .0690 .  C^^H^^NO^ re q u ire s  M , 2 2 1 .0 6 8 8 ) .  (F o u n d :

C , 59 .8 9 ;  H ,  5 .0 1 ;  N ,  6 . 2 6 .  C^^H^^NO^ re q u ire s  C , 59 .73;  H ,  5 .0 1 ;

N ,  6 .33%).

P re p a ra tio n  o f m eso -2 , 3 -d ia c e to x y -N - b e n zy ls u c c in im id e  (244 )

T o  a so lu tio n  co n ta in in g  D M F (25 m l) and  2, 2 -d im e th o x y p ro p a n e

(25  m l) was added  d io l (213 )  (458  mg,  2 .0 7  mmol) fo llow ed  b y  P T S A  (11 mg,

0 . 0 6  m m ol). T h e  re s u lta n t  m ix tu re  was s t ir r e d  a t room te m p e ra tu re  fo r

6h and th e n  n e u tra lis e d  b y  th e  ad d itio n  o f calcium  c a rb o n a te . T h e

re a c tio n  m ix tu re  was th e n  d ilu te d  b y  ad d itio n  o f ch lo ro fo rm  (100 m l) and

w ashed  in  tu r n  w ith  5% potassium  carb o n ate  so lu tio n  (100  m l) fo llow ed  b y

w a te r  (2  x  50 m l ) .  T h e  re s u lta n t  o rg an ic  e x t ra c t  was d r ie d  and th en

s o lv e n t was rem oved  u n d e r  re d u c e d  p re s s u re . R e c ry s ta llis a tio n  o f th e

c ru d e  p ro d u c t o b ta in ed  from  aceto n e , gave a w h ite  c ry s ta llin e  solid

(336 m g, 62%), m . p .  175°C; v (K B r  d isc ) 2900, 1770, 1710, 1500, and  & r  max

1395 cm "1 ; 6 R (90  M H z )  ( C D 3O D )  1.45  ( 6 H ,  s ) ,  4 .4 3  ( 2 H ,  s ) ,  4 .6 0  (2 H ,  

s ) ,  and 7 . 2 0 - 7 . 4 0  ppm ( 5 H ,  m ) ;  m /z  261 (M , 0 .5% ) ,  246,  221,  164, 146, 

106, 105, 92, 91 (100%), 77 and  71. (F o u n d : M + 261 .1004 .  C 14H 15NC>4 

re q u ire s  M , 26 1 .1 0 0 1 ) .
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A tte m p te d  s y n th e s is  o f (2 R , 3 R ) -d im e th o x y -N - b en zy ls u c c in im id e  (242)

S y n th e s is  o f (242)  was a ttem p ted  u s ing  th e  m eth y la tio n  p ro c e d u re  

119re p o r te d  b y  D in e r  e t a l.

T o  a so lu tion  o f d io l (210 )  ( 1 . 3 2 g ,  5 .9 7  mmol) in  DME (50  ml) 

was added  m eth y l iod ide  ( 0 . 9  ml ,  14 .5  mmol) fo llow ed  b y  c a re fu l ad d itio n  

o f sodium  h y d r id e  (314 mg,  13 .7  mmol) .  T e n  m inutes a f te r  th e  com pletion  

o f th e  sodium h y d r id e  a d d itio n  a fu r th e r  q u a n tity  o f m e th y l iod ide  

( 0 . 2  ml ,  3 .21  mmol) was added  and th e  re a c tio n  was s t ir r e d  a t room  

te m p e ra tu re  fo r  2h . C o n c e n tra tio n  o f th e  re a c tio n  m ix tu re  u n d e r  re d u c e d  

p re s s u re  was fo llow ed  b y  ad d itio n  o f e th e r  (50  m l ) .  T h e  m ix tu re  was 

f i l te re d  and  th e  in o rg a n ic  re s id u e  was w ashed w ith  e th e r  (3  x  20 m l ) .

T h e  w ash ings and  f i l t r a te  w ere  d r ie d  and th e n  c o n c e n tra te d  u n d e r  re d u c e d  

p re s s u re  to  g iv e  a d a rk  b ro w n  o il. N . m . r .  sp ec tro sco p y  and t . l . c .

in d ic a te d  th a t  th is  o il co n ta in ed  s e v e ra l u n id e n tif ie d  p ro d u c ts .

E m ploying  DM F as so lven t fo r  th is  re a c t io n , us ing  re d u c e d  

te m p e ra tu re s  and  s h o rte r  re a c tio n  p e r io d s , gave s im ila r f in d in g s .

A tte m p ts  to  use th is  m ethod to  p ro te c t th e  h y d ro x y l g ro u p s o f 

im ides (238)  and (213)  gave s im ila r re s u lts .

A tte m p te d  s y n th e s is  o f ( 2 R , 3R ) -d im e th o x y - N -b e n zy ls u c c in im id e  (242)

S y n th e s is  o f (242)  was a ttem p ted  based  on th e  p ro c e d u re

118
re p o r te d  b y  Johnstone and  R ose.

T o  a so lu tion  co n ta in in g  potassium  h y d ro x id e  ( 0 . 6 2 1 g ,  11 .1  

mmol) in  DMSO (20  m l) a t 60°C  was added  d io l (210)  ( 1 . 2 0 g ,  5 .4 3  mmol) 

im m ed ia te ly  fo llow ed  b y  m eth y l io d id e  (1  m l, 16 m m ol). S t ir r in g  was 

c o n tin u e d  fo r  65 m in a t 60 °C  th e n  th e  re a c tio n  m ix tu re  was cooled to room
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te m p e ra tu re . T h e  re a c tio n  m ix tu re  was p o u re d  in to  w a te r  (20  m l) and  

e x tra c te d  w ith  d ich lo rom ethane  (3  x  30 m l ) . T h e  o rg a n ic  e x tra c ts  w ere  

com bined , w ashed w ith  w a te r  (2  x  50 m l ) ,  f i l te r e d  th ro u g h  co tton  w ool, 

th e n  d r ie d . C o n c e n tra tio n  o f th e  f i l t r a te  u n d e r  re d u c e d  p re s s u re  gave  

o n ly  s ta r t in g  m a te r ia l, w ith  no in d ic a tio n  fo r  th e  fo rm atio n  o f ( 2 4 2 ) .

T h is  p ro c e d u re  c a rr ie d  o u t o v e r lo n g e r re a c tio n  p e rio d s  gave a s im ilar  

re s u lt .  A tte m p ts  to p ro te c t th e  h y d ro x y l g ro u p s  o f N -p ro te c te d  im ides  

(238)  and (213) b y  th is  m ethod again  gave  o n ly  s ta r t in g  m a te r ia l.

A tte m p te d  s y n th e s is  o f ( 2 R , 3R ) -d im e th o x y -N - b en zy ls u c c in im id e  (242)

S y n th e s is  o f (242)  was a ttem p ted  u s in g  th e  p ro c e d u re  o f P u rd ie  

120
and  I r v in e .  [See p .  196 fo r  th e  p re p a ra t io n  o f d ie th y l ( 2 R , 3 R ) -

d im eth o xysu cc in a te  ( 2 4 7 ) ] .  H o w e v e r, n . m . r .  s p ec tro sco p y  in  

c o n ju n c tio n  w ith  t . l . c .  ev id en ce  in d ic a te d  s e v e ra l u n id e n t if ie d  p ro d u c ts  

from  re a c tio n  o f im ide (210 )  w ith  A g £ 0 /m e th y l io d id e .

A tte m p te d  s y n th e s is  o f (2R ,  3 R )-2 ,3 -d ia c e to x y s u c c in im id e  (215 )

T o  a so lu tio n  o f aceta l (244 )  (114  m g, 0 .4 4  mmol) in  e th an o l 

(10  m l) was added  a few  d rops  o f c o n c e n tra te d  h y d ro c h lo r ic  ac id  fo llow ed  

b y  5% P d / C  (20 m g ) .  T h e  re s u lta n t s lu r r y  was m a in ta in ed  u n d e r  a 

h y d ro g e n  atm osphere (1  atm . p re s s u re ) fo r  16h a t room  te m p e ra tu re  

th e n  f i l te re d  th ro u g h  C e lite . T h e  C e lite  p a d  was w ashed  w ith  e th an o l 

(2  x  10 m l) and th e  f i l t r a te  and  w ash ings w ere  com bined . Rem oval o f  

s o lv e n t u n d e r  re d u c e d  p re s s u re  gave o n ly  s ta r t in g  m a te ria l ( 2 4 4 ) .

A  s im ila r re s u lt  was o b ta in e d  fo r  th is  re a c tio n  w hen  P tC ^

(in  A c O H ) was em p lo yed . A tte m p ts  to  rem ove th e  N -b e n z y l p ro te c tio n  

from  im ides (210)  and (238)  b y  th ese  c a ta ly tic  p ro c e d u re s  ag a in  gave
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o n ly  s ta r t in g  m a te r ia l. In c re a s e d  te m p e ra tu re s  (u p  to  5 5°C )  and  

p re s s u re s  (u p  to  9 a t m . )  in  th ese  reac tio n s  ag a in  gave o n ly  s ta r t in g  

m a te ria l.

P re p a ra tio n  o f d ie th y l L -m a la te  (252)

T h is  p re p a ra t io n  was based on th e  p ro c e d u re  re p o r te d  b y  

126L o cq u in  and E lg h o zy .

To  a so lu tion  o f e th an o l (24  m l) and to lu en e  (12  m l) was added

L -m a lic  acid  (230)  ( 7 . 9 8 g ,  41 mmol) fo llow ed  b y  a few  d ro p s  o f conc.

h y d ro c h lo r ic  a c id . T h e  re a c tio n  m ix tu re  was h e a te d  to  e n s u re  th e  w a t e r /

to lu e n e /e th a n o l azeo tro p e  ( b . p .  7 4 . 4 ° C )  was f r e e ly  d is t i l l in g . Once

d is tilla t io n  o f th is  azeo tro p e  h ad  s to p p ed  s im ila r q u a n tit ie s  o f e thano l

(24  m l) and to luene  (12  m l) w e re  ad d ed  to  th e  re a c tio n  m ix tu re  and th e

azeo tro p ic  d is tilla t io n  was recom m enced. O nce th e  azeo tro p e  s topped

d is t il l in g  th e  re a c tio n  m ix tu re  was cooled and  so lven ts  w ere  rem oved  u n d e r

re d u c e d  p re s s u re  to  a f fo rd , a f te r  d is t il la t io n , a co lourless  o il ( 9 . 7 4 g ,

86 .1%) ,  b . p .  120 °C  /5mm ( l i t . , 159 2 5 3 ° C / 7 6 0 m m ) ; [ a ] 16 -  9 . 8 °  (C  6 . 8 ,

C H C 1 ,) ( l i t . , 159 [ a ] i 8 -  1 0 . 1 ° ) ;  v (n e a t)  3470,  2980,  and  1735 cm "1 ;3 D m ax

6 (90 M H z )  ( C D , O D )  1 .2 1  ( 3 H ,  t ,  J 7 H z ) ,  1 .2 4  ( 3 H ,  t ,  J 7 H z ) ,  2 .76
H o  ■

( 2 H , d ,  J 6 H z ) ,  3 . 6 5 - 3 . 8 0  ( 1 H ,  b r  s ,  O H ) ,  4 . 1 5  ( 2 H ,  q ,  J 7 H z ) ,  4 .1 7  

2H ,  q ,  J 7 H z )  and 4 .5 2  ppm ( 1 H ,  t ,  J 6 H z ) ;  6 ^  (25 M H z )  ( C D ^ O D )

1 8 . 6 ,  1 8 . 8 ,  4 4 . 2 ,  6 5 . 4 ,  6 6 . 0 ,  7 2 .7 ,  1 7 5 .5 ,  a n d  178 .1  ppm ; m /z  145 (M +

-  45 , 8 .5%) ,  127, 117, 99 , 89 , 75 , 71 (100%),  47,  45, and  43. (F o u n d :

M + - 4 5 ,  145 .0517.  C^H^O^ re q u ire s  145.0502)  (F o u n d : C ,  50 .6 9 ;  H ,

7.37. ^ 8 ^ 1 4 ^ 5  requires C, 50.52; H , 7.42%).

T h e  enan tio m er d ie th y l D -m a la te  was p re p a re d  b y  th is  m ethod
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from  D -m a lic  acid  ( 2 0 7 ) ;  [ & ] D + 9 . 7 °  (C  6 . 6 ,  C H C l ^ ) .

P re p a ra tio n  o f m e s o -ta r ta r ic  ac id  d ie th y l e s te r  (253 )

P re p a ra tio n  o f th e  t i t le  com pound, from  m e s o -ta r ta r ic  ac id  (2 1 4 ) ,

126was based  on th e  p ro c e d u re  re p o rte d  b y  L o cq u in  and  E lg h o zy .

D ie s te r  (253 )  was p ro d u c e d  in  81.3% y ie ld ,  m . p .  65 °C ;  v max (n e a t)  3380,  

2980,  and 1740 cm "1 ; (90  M H z )  [ C O ( C D 3) 2] 1 .2 5  ( 6 H ,  t ,  J 7 . 5  H z ) ,

4. 21 ( 4 H ,  q ,  J 7 . 5  H z ) ,  4 .5 4  ( 2 H ,  s ) ,  and  4. 9 0 - 5 .  30 ppm ( 2 H ,  b r  s ,  O H ) ; 

6 ^  (25 M H z )  [ C O ( C D 3) 2] 14 .1 ,  6 2 .2 ,  7 3 . 1 ,  and  171.2  ppm ; m/z^ 188 (M +

-  18, 8 .2%) ,  161, 133, 105, 104 (100%),  103, 99, 76 , 75 , 61 , 60 and  31. 

(F o u n d : M + -  18, 188.0677 .  C g H ^ O g  re q u ire s  M , 18 8 .0 6 7 4 ) .

P re p a ra tio n  o f d ie th y l ( 2R ,  3 R )~ d im eth o xysu cc in a te  (247 )

T h e  p ro c e d u re  used was m od ified  from  th a t  re p o r te d  b y  P u rd ie

, T • 120 and  I r v in e .

U n d e r  a n itro g e n  atm osphere  A g 20  ( 7 . 6 6 g ,  33 mmol) was added  

to  a so lu tio n  o f d ie th y l L - t a r t r a t e  (252)  ( 2 . 2 7 g ,  11 mmol) in  m e th y l io d id e  

(3  m l, 48 m m ol). T h e  v ig o ro u s  re a c tio n  w h ic h  en su ed  was m oderated  b y  

cooling a t 0 °C  fo r  15 min b e fo re  a fu r th e r  m e th y l io d id e  a d d itio n  ( 1 . 1  m l,

18 mmol) was made to th e  re a c tio n  m ix tu re . T h e  re s u lta n t  s lu r r y  was 

th e n  h e a te d  to  r e f lu x  and m ain ta in ed  u n d e r  th ese  co n d itio n s  fo r  16h.

T h e  re a c tio n  m ix tu re  was cooled and e th e r  (80  m l) was a d d e d . T h e  s ilv e r  

re s id u e  was rem oved  b y  f i l t r a t io n  and w ashed  w ith  e th e r  (2  x  40 m l ) .

T h e  e th e re a l e x tra c ts  w ere  com bined, d r ie d ,  an d  c o n c e n tra te d  u n d e r  

re d u c e d  p re s s u re  to  a f fo rd , on d is t il la t io n , a c le a r o il ( 2 . 5 0 g ,  96 .9%) ,  

b . p .  115°C /2m m  ( l i t . , 120 1 5 5°C /25 m m );  [ a ] J 7 + 9 2 . 8 °  <C 36, C H C lj )

( l i t . , 120 [ a l 20 + 9 8 . 7 ° ) ;  V (C H C 1 ,) 2930 and  1730 c m '1; <$„ (9 0  M H z)
* D m ax 3 H
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[C O  (C D  2  ̂ 1* 24 ( 6 H ,  t ,  J 7 . 5  H z ) ,  3. 36 ( 6 H ,  s ) , an d  4. 05 -4 .  35 ppm  

( 6 H ,  m ) ;  6 ^  (25 M H z )  1 4 .3 ,  5 9 . 6 ,  7 3 . 4 ,  8 1 .3 ,  and 169.2  ppm ; m /z

234 (M  + , 7 .4%) ,  202, 173, 161, 133, 132, 131, 117 (100%),  105, 104, 103, 89 

and  74. (F o u n d : M + , 234 .1114 .  C 10H lg O 6 re q u ire s  M , 2 3 4 .1 1 0 3 ) .

P re p a ra tio n  o f d ie th y l m eso -d im eth o xysu cc in a te

T h e  t i t le  com pound was p re p a re d  from  m e s o -ta r ta r ic  acid  d ie th y l

e s te r  ( 2 5 3 ) ,  b y  a p ro c e d u re  based  on th a t  re p o r te d  b y  P u rd ie  and I r v in e 1^0

in  94% y ie ld , b . p .  115°C /2m m ; v ( n e a t )  2980,  1735, and 1195 cm ^  max

6 U (90  M H z )  1 .2 2  ( 6 H ,  t ,  J 7 . 5  H z ) ,  3 .45  ( 6 H ,  s ) , 3 .7 3  ( 2 H ,  s ) ,  andrl —

4 .1 1  ppm ( 4 H ,  q ,  J 7 .5  H z ) ;  m / z  234 (M + , 2 .3%) ,  173, 161, 147, 145,

133, 131, 119, 118, 117 (100%),  105, 104, 103, 89, 77 and  74. (F o u n d :

M + , 234 .1109 .  ^ 1 0 ^ 1 8 ^ 6  re<4u r̂e s  M.» 2 3 4 .1 1 0 3 ) .

P re p a ra tio n  o f d ie th y l ( S ) -m e th o x y s u c c in a te  (300)

T h e  t i t le  com pound was p re p a re d  from  d ie s te r  (252)  b y  a

120p ro c e d u re  b ased  on th e  m ethod re p o r te d  b y  P u rd ie  and  I r v in e ,  in

94.5% y ie ld ,  b . p .  1 0 5 °C /1 .5 m m  ( l i t . , 160 1 26 °C /1 7 m m );  [ a ] 15 -  4 8 . 4 °

(C  5 . 3 ,  C H C 1 ,) ( l i t . , 160 [ a ] 18 -  5 0 . 1 ° ) ;  v ( K B r  d is c ) 2980 and— * 3 D max

1735 cm "1 ; 6 U (90  M H z )  1 .22  ( 3 H ,  t ,  J 7 H z ) ,  1 .25  ( 3 H ,  t ,  J 7 H z ) ,
H

2 . 6 5 - 2 . 9 0  ( 2 H ,  m ) ,  3 .4 4  ( 3 H ,  s ) ,  and 4 . 0 5 - 4 . 4 0  ppm ( 5 H ,  m ) ;  6 C (25  

M H z )  1 3 . 6 ,  1 4 .2 ,  3 7 . 9 ,  5 8 . 7 ,  6 1 . 0 ,  6 1 . 3 ,  7 6 . 9 ,  17 0 .2 ,  and 171 .3  ppm ; 

m /z  204 (M + , 0 .8% ) ,  174, 131, 117, 103, 89 (100%),  71 , 61 , and 43.

(F o u n d : M + , 204 .0 9 89 .  C „ H ^ O j  re q u ire s  M , 2 0 4 .0 9 8 1 ) .

T h e  e n a n tio m e r, d ie th y l (R )-m e th o x y s u c c in a te , was p re p a re d  

from  D -m a lic  ac id  d ie th y l e s te r ;  + 4 7 . 9 °  (C  6 . 9 ,  C H C l g) .
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A tte m p ts  to  p re p a re  d ie th y l ( 2R ,  3 R )-d im e th o x y s u c c in a te  (247 )

To  a suspension  o f K CO (2 . 12g, 15 .4  mmol) in  d ie th y l L -  
lo-s-Vj, 0 ' ^ M ]

t a r t r a te  (252) /' a t  0 °C  was added  acetone (60  m l) fo llow ed  b y  d im e th y l 

s u lp h a te  ( 0 . 5 5  ml,  5 .36  m m ol). T h e  re a c tio n  m ix tu re  was th e n  c a re fu lly  

h ea ted  to  r e f lu x  and m a in ta in ed  u n d e r th ese  co n d itio n s  fo r  18h. T h e  

re a c tio n  m ix tu re  was cooled and excess K^CO^ was rem oved  b y  f i l t r a t io n .  

T h e  re s u lta n t  so lu tion  was th e n  c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  and  

e th e r  (100 m l) was ad d e d . T h e  e th e re a l so lu tio n  was th e n  w ashed w ith  

ammonia so lu tion  (2  x  100 m l ) ,  d r ie d , and  c o n c e n tra te d . H o w e v e r, ^H 

n . m . r .  sp ec tro sco p y  and t . l . c .  da ta  o f th e  p ro d u c t in d ic a te d  incom plete  

m e th y la tio n  o f ( 2 4 6 ) ,  to g e th e r  w ith  th e  fo rm atio n  o f s e v e ra l u n id e n tif ie d  

com pounds.

A tte m p ts  to  p re p a re  d ie th y l ( 2 R , 3 R )-d im e th o x y s u c c in a te  (247)

S y n th e s is  o f th e  t i t le  com pound was a tte m p te d  b y  a p ro c e d u re

127
based  on th e  m ethod o f B ro w n  and B a r to n .

U n d e r a n itro g e n  a tm o sp h ere , a so lu tio n  co n ta in in g  d ie th y l L -  

ta r t r a te  (246)  ( 4 . 8 7 g ,  24 m m ol), m e th y l io d id e  ( 4 . 5  m l, 72 mmol) and T H F  

(20  m l) was c a re fu lly  ad d ed  to  a so lu tio n  co n ta in in g  sodium  h y d r id e  

( 1 . 4 2 g ,  59 mmol) in  T H F  (40  m l) a t 0 ° C .  T h e  re s u lta n t  re a c tio n  m ix tu re  

was th e n  h ea ted  to  r e f lu x  and m a in ta in ed  u n d e r  th ese  co n d itio n s  fo r  70 

m in . T h e  re a c tio n  m ix tu re  was th e n  cooled and  w et T H F  was c a re fu lly  

ad d ed  (30  m l ) . T h e  re a c tio n  m ix tu re  was th e n  c o n c e n tra te d  u n d e r  

re d u c e d  p re s s u re  and p a r t it io n e d  b e tw een  e th e r  (150 m l) and  w a te r  (80  m l ) .  

T h e  aqueous la y e r  was iso la ted  and w ashed w ith  e th e r  (2  x  30 m l) and  th e  

e th e re a l e x tra c ts  w ere  com bined and w ashed w ith  b r in e  (2  x  50 m l ) .  T h e
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e th e re a l so lu tion  was th e n  d r ie d  and c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re . 

S e p a ra tio n  o f th e  p ro d u c t m ix tu re  b y  cplumn c h ro m a to g ra p h y  a ffo rd e d  

(247 )  (3 .  3 9 g , 61.3% on d is tilla t io n  (1 2 0 ° C /3 m m )  ( l i t . , 120 1 55°C /2 5 m m );

[ °t]D + 2 5 .2 °  (C  25, C H C l^ ) ( l i t . , 120 [oi]20 + 9 8 . 7 ° ) .  T h e  s ig n if ic a n t  

d ecrease in  o p tica l a c t iv ity  from  th e  e a r lie r  p re p a ra tio n  o f (247 )  in d ic a te d  

th a t  ep im erisa tio n  had  o c c u rre d .

P re p a ra tio n  o f ( 2 R , 3R ) -d im e th o x y s u c c in ic  ac id  (248)

T o  a w arm  ( 7 0 ° C )  aqueous b ariu m  h y d ro x id e  so lu tion  ( 9 . 4 g ,

5 mmol in  275 ml w a t e r )  was added  d ie s te r  (2 47 )  ( 5 . 1 9 g ,  22 mmol) and  th e  

re a c tio n  m ix tu re  was m a in ta in ed  a t th is  te m p e ra tu re  fo r  90 m in . T h e  

re a c tio n  m ix tu re  was th e n  coo led , a c id if ie d  to  p H 2  b y  a d d itio n  o f conc. 

h y d ro c h lo r ic  ac id  and w a te r  was rem oved  u n d e r  re d u c e d  p re s s u re .  

n -B u ta n o l (200 m l) was added  to  th e  re s id u e  an d  th e  in o rg a n ic  com ponent 

o f th is  re s id u e  was rem oved  b y  f i l t r a t io n  th ro u g h  C e lite . R em oval o f 

s o lv e n t u n d e r vacuum  a ffo rd e d  a w h ite  c ry s ta llin e  so lid  ( 3 . 1 0 g ,  78 .4%) ,  

m . p .  153°C  ( l i t . , 120 1 5 1 °C ); [ a ] 19 + 9 5 . 4 °  ( C  3 . 6 ,  ace to n e) ( l i t . , 120

+ 9 5 . 8 ° ) ;  v (K B r  d is c ) 3430,  1730, and  1630 cm 1; <5 (90  M H z )max H

( D zO )  3 .40  ( 6 H ,  s)  and  4 .2 4  ppm ( 2 H ,  s ) ;  (25 M H z )  ( D 20 )  6 0 . 1 ,

7 2 . 1 ,  and 175.0  ppm ; m /z  178 (M  + , 1 .8%),  146, 133, 104, 90, 89 , 88 , 74,

73 (100%),  and 72. (F o u n d : M + , 178 .0475 .  C ^H ^ qO^ re q u ire d  M , 

1 7 8 .0 4 7 8 ) .

P re p a ra tio n  o f m e s o -2 ,3 -d im eth o xysu cc in ic  ac id  (255)

T h e  t i t le  com pound was p re p a re d  from  d ie th y l m e s o -d im e th o x y -

su cc in a te  b y  th e  m ethod used  in  th e  p re p a ra t io n  o f ( 2 4 8 ) ;  72.9% y ie ld ,

m .p . 160°C ; V (K B r  disc) 3420,  1725, and 1640 cm 1 ; 6 (90  M H z )
max n



200

( D 20 )  3 .25  ( 6 H ,  s ) ,  and 4 .25  ppm ( 2 H ,  s ) ;  m / z  178 (M + , 0 .8% ) ,  146,

133, 102, 89, 74,  73 (100%), 72, 61, and 45. (F o u n d : M + , 178 .0470.  

C 6H i o 0 6 re q u ire s  M , 1 78 .04 7 8 ) .

P re p a ra tio n  o f ( S ) -2 -m e th o x y  succ in ic  ac id

T h e  t i t le  com pound was p re p a re d  from  d ie th y l (S ) -m e th o x y -

succinate  (300)  b y  th e  m ethod used  in  th e  p re p a ra t io n  o f (248)  in  70.1%

y ie ld , m . p .  89 -9 0°C  ( l i t . , 160 8 9 ° C ) ;  [ a ] 16 -  3 2 . 1 °  (C  1 1 .4 ,  H 20 )

( l i t . , 160 [ a ] 11 -  3 2 . 9 ° ) ;  V (K B r  d is c ) 3420,  1725, and  1635 cm "1;D max

6 (90 M H z )  ( D ?0 )  2. 45,  2. 78 ( 2 H ,  A B X  sys te m , J 12 K z , J 9 H z ) , ̂ —A 15 —AX +BX

3 .3 9  ( 3 H , s) and 4 .1 2  ( 1 H ,  J A V ^ V 9 H z ) ;  m / z  148 (M + , 1 .3%),  133, 119,
—A X  + d  X  “  — —

104, 103, 90, 89 (100%),  61, 59, 58, 55,  and 45. (F o u n d : M + , 148 .0366.  

C^HgO^ re q u ire s  M , 14 8 .0 3 7 2 ) .

P re p a ra tio n  o f ( 2 R ,3 R )~2 ,3 - d im eth o xysu cc in ic  a n h y d r id e  (249)

T h e  t i t le  com pound was p re p a re d  b y  a m o d ified  p ro c e d u re  to

121th a t  re p o rte d  b y  P u rd ie  and Y o u n g ,

U n d e r a n itro g e n  a tm osphere  excess a c e ty l c h lo rid e  (6  m l, 84 

mmol) was added  to  d ia c id  (248)  ( 1 . 4 6 g ,  8 . 2  mmol) and  th e  re s u lta n t  

m ix tu re  was h ea ted  to r e f lu x  and  m a in ta in ed  u n d e r  th ese  cond itions  fo r  

3h. Excess a c e ty l c h lo rid e  was rem oved  u n d e r  re d u c e d  p re s s u re  and

re c ry s ta llis a t io n  o f th e  re s id u e  from  e th e r  a ffo rd e d  a w h ite  c ry s ta llin e

121 13
so lid  (249)  ( 1 . 0 9 g , 83%), m . p .  8 0 -8 2 °C  ( l i t . ,  8 0 - 8 2 ° C ) ;  [<x]£ + 1 4 8 .3 °

171 7ft
(C  3 . 4 ,  acetone) ( l i t . ,  [ a ] * U + 1 4 8 . 9 ° ) ;  ( C H C U  3030,  1760,

■— U  I D a X  J

and 1735 cm 1; (90  M H z )  [ C O X C D ^ ]  3 .4 4  ( 6 H ,  s ) , a nd  4 .2 8  ppm

( 2 H ,  s ) ;  6 C (25 M H z)  [ C O ( C D ^ ) 2 ] 5 9 . 6 ,  8 1 . 8 ,  and  170 .1  ppm ; m /z  160 

( M + , 0 .3% ) ,  146, 133, 104, 102, 89 (100%),  85,  74,  73,  72,  61,  and  45.
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(F o u n d : M , 160.0368 .  C gHgO,- re q u ire s  M , 160 .03 72 ) .

P re p a ra tio n  o f meso-2 ,  3 -d im e th o x y s u c c in ic  a n h y d r id e  (254)

P re p a ra tio n  o f th e  t i t le  com pound was c a r r ie d  o u t from  m eso-

2 , 3 -d im e th o x y s u c c in ic  a c id , b y  a p ro c e d u re  re la te d  to  th a t  re p o r te d  b y

121
P u rd ie  and Y o u n g , in  66% y ie ld , m . p .  7 1 - 7 2 ° C ;  V ( C H C l ^ )  3010,

IT 1 3 .X  j

1755, and  1730 cm "1 ; 6 R (90 M H z )  3 .4 1  ( 6 H ,  s ) ,  and 4 .2 7  ppm ( 2 H ,  s ) ;  

m /z  160 (M + , 1 .1%),  133, 119, 104, 103, 102, 90, 89 (100%),  85, 73,  72,

61 and 45.  (F o u n d : M + 160.0363 .  C 6H g0 5 re q u ire s  M , 1 6 0 .03 72 ) .

A small q u a n tity  o f a n h y d r id e  (249)  [ in  racem ic fo rm ] was 

iso la ted  b y  colum n c h ro m a to g ra p h y  and am ounted to a ro u n d  10% o f th e  

re a c tio n  p ro d u c t .

P re p a ra tio n  o f ( S ) -2 -m e th o x y s u c c in ic  a n h y d r id e  (257 )

P re p a ra tio n  o f th e  t i t le  com pound was from  (S ) -2 -m e th o x y -

succ in ic  ac id  b y  em ploying  th e  p ro c e d u re  re p o r te d  b y  P u rd ie  and Y o u n g .

121T h e  t i t le  com pound was p ro d u c e d  in  49% y ie ld ,  b . p .  145° C /  1.3mm ( l i t . ,

1 8 0°C /17 m m ); ” 8 4 . 3 °  (C  9 . 8 ,  acetone) ( l i t . , 1^1 [ a ] ^ -  8 3 . 9 ° ) ;

V (C H C 1 J  3010, 1750, and 1725 cm "1 ; 6 „  (90  M H z )  2 .5 7 ,  2 . 8 4  ( 2 H ,m ax j H

A B X  sys tem , J 12 H z , J A v . n v 9 H z ) ,  3 .45  ( 3 H ,  s ) ,  and  4 .2 1  ppm—A 15 —A X +15 X

U H ,  8 H z ) ;  m / z  130 (M + , 0 .9% ) ,  115, 103, 97 , 85 , 84 , 73 (100%),“ A X +15 X — — —

72, 59, and 45. (F o u n d : M + , 130 .0274 .  C^H^O ^ re q u ire s  13 0 .0 2 6 6 ) .

P re p a ra tio n  o f ( 2 R , 3R ) - 2 , 3 -d im eth o xysu cc in im id e  (222)

T h e  t it le  com pound was p re p a re d  b y  a m od ified  form  o f th e  

p ro c e d u re  re p o r te d  b y  Y o u n g .1^^

T o  a so lu tio n  o f d im eth o xysu cc in ic  a n h y d r id e  (249 )  ( 4 . 2 8 g ,  24
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mmol) in  d r y  e th e r  (200 m l) was passed d ry  ammonia gas. In s ta n t ly ,  a

b u lk y ,  c ry s ta llin e  d ep o s it was e v id e n t, co rre s p o n d in g  to a m ix tu re  o f the

amic ac id  (250)  and  its  ammonium s a lt . (F o r  th e  m ix tu re  o f amic acid

(250)  and  ammonium s a lt;  v ( K B r  d isc ) 3435, 3115, 2830, 1675, andm ax ’

1375 cm ^ ) . T h e  m ix tu re  was f i lte re d  and th e  c ru d e  p ro d u c t was d r ie d  

and th e n  re a c te d , u n d e r  a n itro g e n  a tm o sp h ere , w ith  excess ac e ty l 

c h lo rid e  (45  m l, 633 mmol) u n d e r  r e f lu x  cond itions  fo r  3h. T h e  re a c tio n  

m ix tu re  was cooled and excess ac e ty l ch lo rid e  was rem oved  u n d e r re d u c e d  

p re s s u re . D ich lo ro m eth an e  (100 ml) was added  to  th e  re s id u e  and th e  

in o rg a n ic  sa lt was rem oved  b y  f i lt r a t io n  th ro u g h  a flo ro s il p a d .  Rem oval 

o f s o lv e n t u n d e r  vacuum  gave an im p u re  w h ite  solid  w h ich  on re c r y s ta l l ­

is a tio n  from  b en zen e  a ffo rd e d  ( 2 R ,  3 R )-d im e th o x y s u c c in im id e  (222)  ( 2 . 7 3 g ,  

64.2%) m . p .  108 -110°C  ( l i t . , 125 1 0 8 -1 1 0 °C ); [ a ] 19 + 2 4 0 .1 °  (C  0 . 9 ,

acetone) ( l i t . , 125 [ a ] 20 + 2 3 5 . 5 ° ) ;  6 U (90  M H z )  3 .67  ( 6 H ,  s ) ,  4 .22  ( 3 H ,D H

s ) , and  8 . 8 0 - 9 .  25 ppm ( 1H ,  b r  s ,  N H ) ; 6 (25 M H z )  5 9 .7 ,  8 1 .9  and

172 .5  ppm ; m /z  159 (M  + , 11.0%),  157. 145, 144, 142, 130, 129, 127, 116, 

115, 88 (100%),  74, 73,  and  72. (F o u n d : M + , 159.0540 .  C 6H 9NC>4 

re q u ire s  M , 1 5 9 .0 5 3 4 ) .  (F o u n d : C , 4 5 .1 1 ;  H ,  5 .6 2 ;  N ,  8 .4 8 .

C ^H ^N O ^ re q u ire s  C , 4 5 .2 8 ;  H ,  5 .7 0 ;  N ,  8 .84%).

P re p a ra tio n  o f m e s o -2 ,3 -d im e th o x y s u c c in im id e  (251)

T h e  t i t le  com pound was p re p a re d  from  m e s o -d im e th o x y a n h y d rid e

125
( 2 5 4 ) ,  b y  a m od ified  p ro c e d u re  to  th a t  re p o r te d  b y  Y o u n g , in  27% y ie ld ,

m . p .  95~96°C; V ( K B r  disc) 3220, 1785, and 1720 cm 1; 6 (90  M H z )r  max n

3 .55  ( 6 H ,  s ) ,  4 . 2 0  ( 2 H ,  s)  and 8 . 6 0 - 8 . 9 0  ( 1 H ,  b r  s ,  N H ) ;  m / z  159 

( M + , 11 .5%),  144, 130, 129 (100%),  101, 88 , 85 , 73 , and 72. (F o u n d : M +,
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159.0528 .  C^H^NO ^ re q u ire s  M , 1 5 9 .05 34 ) .

T h is  re a c tio n  also g e n e ra te d  ( ± ) - 2, 3 -d im eth o xysu cc in im id e  (222)  -  

s e p a ra te d  b y  column c h ro m a to g ra p h y  -  in  an a p p ro x im a te ly  eq u a l p o rtio n  to

( 2 5 1 ) .

P re p a ra tio n  o f ( S ) - 2 - m e  th o x y s u c c in im id e  (231)

T h e  t i t le  com pound was p re p a re d  from  (S )-m e th o x y a n h y d r id e

125
( 2 5 7 ) ,  b y  a p ro c e d u re  based  on th e  m ethod of Y o u n g ,  in  a y ie ld  o f

8.3%, m . p .  8 8 - 8 9 ° C ;  [ a j ^ 6 -  5 3 . 8 °  (C  17, C H C 1 J ;  v (K B r  d isc)
D — 3 m a x

3250, 1770, and  1720 cm "1; 6 „  (90  M H z )  2 .6 4 ,  3 .01  ( 2 H ,  A B X  system,
H

—AB 15 H Z ’ i A X +BX 13 H Z ) ’ 3 ‘ 42 ( 3 H ’ S ) ’ 4 ’ 3°  ( 1 H ' J- A X +BX 1 3 H Z )  a n d  

7 . 4 0 - 7 . 8 0  ppm ( 1 H ,  b r  s ,  N H ) ;  m / z  129 (M + , 1 .8%),  115, 114, 99, 86, 85,

74 , 72, 58 , 55, 44 , and  43 (100%). (F o u n d : M + , 129.0444 .  C cH „ N 0 o
— 0 ( 5

re q u ire s  12 9 .0 4 2 8 ) .

P re p a ra tio n  o f e th o x y c a rb o n y lc y c lo p ro p y ltr ip h e n y lp h o s p h o n iu m  

te tra f lu o ro b o ra te  (201)

T h e  t it le  com pound was p re p a re d  b y  a m ethod ad ap ted  from  th a t  

re p o r te d  b y  F u c h s .

U n d e r  a n itro g e n  a tm o sp h ere , d iis o p ro p y lam in e  ( 8 . 4  m l, 60 mmol) 

was ad d ed  to  d r y  T H F  (300 ml) at  - 6 0 ° C .  A t  th e  same te m p e ra tu re  

n -b u ty ll ith iu m  ( 3 8 . 2  m l, 55 mmol, 1 .44M in  h e x a n e ) was a d d e d . T h e  

so lu tio n  was th e n  s low ly  w arm ed to  -1 5 °C  and s t ir r in g  m a in ta in ed  fo r  25 

m in . C y c lo p ro p y ltr ip h e n y lp h o s p h o n iu m  brom ide  (258)  ( 1 9 . 9 g ,  52 mmol) 

was th e n  ad d ed  to  th e  re a c tio n  m ix tu re , a ffo rd in g  a b r ig h t  o ran g e  

s o lu tio n  im m ed ia te ly  on a d d itio n . T h e  re a c tio n  m ix tu re  was th e n  cooled  

to  -7 8 °C  and  e th y l ch lo ro fo rm ate  ( 7 . 2  m l, 75 mmol) in  d r y  T H F  (5  m l) was 

added  o v e r  a 10 min p e r io d . S t ir r in g  was m a in ta in ed  fo r  a fu r th e r  3h
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a t - 7 8 ° C  b e fo re  th e  re a c tio n  was w arm ed to  room te m p e ra tu re  and s t ir re d

fo r  a fu r th e r  16h. T h e  re a c tio n  m ix tu re  was f i l te re d  and th e  p re c ip ita te

o b ta in e d  was d isso lved  in  ch lo ro fo rm  (500 m l) and w ashed w ith  w a te r

(2  x  150 m l ) .  T h e  o rg a n ic  e x tra c t  was d r ie d  and th e n  c o n c e n tra te d

u n d e r  vacuum  to a ffo rd  an am orphous so lid  ( 2 0 . 2 5 g ) .  T h e  am orphous

solid  was d isso lved  in  m ethanol (20  m l) and  added  to an aqueous N aB F^

so lu tio n  (152g of  N aB F^  in  500 ml w a te r )  and  s t ir r e d  fo r  4h a t room

te m p e ra tu re . T h e  aqueous so lu tion  was th e n  e x tra c te d  w ith  ch loro form

(3  x  200 m l) and  th e  o rg a n ic  w ash ings  w ere  com bined , d r ie d  and th e n

c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  to  a f fo rd  c ru d e  ( 2 0 1 ) ,  w h ich  on

re c ry s ta llis a t io n  from  C H C l^ -E ^ O  gave a p a le  ye llow  c ry s ta llin e  solid

(1 3 .9g , 58.1%), m . p .  178-181°C ( l i t . , 110 179~181°c); v ( K B r  d isc )max

2980,  1740, 1715, and  1440 cm” 1 ; 6 „  (90  M H z )  0 .9 1  ( 3 H ,  t ,  J 7 H z ) ,
H —

1 . 1 5 - 1 . 6 0  ( 2 H ,  m ) ,  2 . 1 0 - 2 . 3 5  ( 2 H ,  m ) , 4 .0 4  ( 2 H ,  q ,  J 7 H z ) ,  and 7 . 6 0 -

7 .9 0  ppm ( 1 5 H ,  m ) ;  6 (25 M H z )  1 3 .2 ,  1 5 .0 ,  16 .8  ( J 90 H z ) ,  6 3 . 3 ,
v  '—X  C»

117.5 (J p £  91 H z ) ,  130 .5  (Jp^, 15 .7  H z ) ,  133 .9  (Jp ^  9 .5  H z ) ,  135 .3 ,  and

167.6 ppm ( J pc 7 .2  H z ) ;  m / z  361, 278,  277 (100%),  262,  201,  199, 185,

183, 152, 108, 107, 97, and  51. (F o u n d : C , 62 .1 0 ;  H ,  5 .1 5 ;  F ,  16.11 ;

P ,  6 . 9 1 .  C 24H 240 2P B F 4 re q u ire s  C , 6 2 .3 6 ;  H ,  5 .2 3 ;  F ,  16 .91 ;  P ,  6 .70%).

P re p a ra tio n  o f succin im ide (2 0 5 )

S y n th e s is  o f th e  t i t le  com pound was b ased  on th e  p ro c e d u re

131re p o r te d  b y  S h e n g -M a  and  S ah .

S ucc in ic  ac id  ( 2 6 . 3 g ,  0 .2 2  m ol) and  u re a  ( 6 . 6 1 g ,  0 . 1 1  mol) w ere  

m ixed and  h e a te d  a t 175°C  fo r  15 m in . T h e  re s u lta n t  s lu r r y  on cooling to  

room te m p e ra tu re  a ffo rd e d  a w h ite  c ry s ta llin e  s o lid . R e c ry s ta llis a tio n  

from  e th an o l a ffo rd e d  succin im ide m o n o h yd ra te  ( 1 8 .  l g ,  69 .3%) ,  m . p .
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] 31
126-128 °C  ( l i t . ,  °  1 2 6 - 1 2 8 ° C ) ;  v ( K B r  d is c ) 3300, 1775, and  1710max

cm 6 (90  M H z )  2. 70 ( 4 H ,  s ) , and 11 .0  ppm ( 1H,  b r  s ) ; 99

(M + , 22 .9%) ,  74 (100%), 73, 56, 55, and  47. (F o u n d : M + , 99 .0310 .  

C^H ^NO ^ re q u ire s  M , 9 9 .0 3 2 0 ) .

P re p a ra tio n  o f e th y l 1, 8 - d id e h y d ro -6a , 7 3 -d im e th o x y -5 -o x o p y r ro liz id in e -

1 -c a rb o x y la te  (223)

T h e  t i t le  com pound was p re p a re d  from  ( 2 R ,  3 R )-d im e th o x y -

succin im ide (222)  b y  a p ro c e d u re  based on th e  m ethod re p o r te d  b y  F lits c h  

112and R usskam p (see T a b le  5 ) .

U n d e r a n itro g e n  a tm o sp h ere , s e q u e n tia l a d d itio n s  o f im ide

(222 )  (129 mg,  0 .8 1  mmol) and N aH  (25  m g, 1 .03  mmol) w e re  made to  a

f la m e -d r ie d  fla s k  c o n ta in in g  x y le n e  ( 8 . 2 5  m l, sodium  d r ie d ) .  A f te r

s t i r r in g  fo r  lh  a t room te m p e ra tu re , e th o x y c a rb o n y lc y c lo p ro p y ltr ip h e n y l-

phosphonium  te tra f lu o ro b o ra te  (201)  (381 mg,  0 . 8 1  mmol) was added  and

th e  re a c tio n  m ix tu re  h ea ted  to  re f lu x  and  m a in ta in ed  u n d e r  th ese

co n d itio n s  fo r  2£h. Wet x y le n e  (2  m l) was c a re fu lly  ad d ed  to  th e  cooled

re a c tio n  m ix tu re  and in o rg a n ic  re s id u e  was rem o ved  b y  f i l t r a t io n  and

w ashed  w ith  to luene  ( 2 x 5  m l ) .  T h e  o rg a n ic  e x tra c ts  w ere  com bined ,

d r ie d , and  c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re . S e p a ra tio n  o f th e

com ponents o f th e  re s id u e  a ffo rd e d  (223 )  (145 m g ,  70 .1%) ,  R^ 0 .4 1

20
( C H 2C l 2 / A c O E t ) ;  m . p .  7 0 - 7 2 ° C ;  [<x]£u + 3 1 . 1 °  ( C  36, C HC 13 ) ;  \>m ax

(C H C 1 J  1735, 1695, and  1650 cm "1 ; 6 U (90  M H z )  1 .12  ( 3 H ,  t ,  J 7 H z ) ,
3 n —

2 .9 4  ( 2 H ,  t ,  J 10 H z ) ,  3 .40  ( 3 H ,  s ) ,  3 .4 6  ( 3 H ,  s ) ,  3 .5 0  (2 H , t ,  J 10 H z ) ,

3 .9 1  ( 1 H ,  d ,  J 3 H z ) , 4 . 0 4  ( 2 H ,  q ,  J 7 H z )  , a n d  4 . 2 9  ppm  (1 H , d ,  J 

3 H z ) ;  6 (25  M H z) 1 4 .4 ,  3 2 . 0 ,  4 1 . 0 ,  6 0 . 2 ,  6 0 . 3 ,  6 5 . 5 ,  7 8 . 4 ,  8 6 . 9 ,

1 0 8 .1 , 153 .0 ,  1 6 7 .2 ,  an d  171.3  ppm ; m /z  255 ( M + , 19.2%) ,  253, 212, 210,
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209, 184, 182, 124, 122, 94,  85,  and 82 (100%). (F o u n d : M + , 255 .1114 .  

C ^ H ^ N O , .  re q u ire s  M , 255 .1107},

P re p a ra tio n  o f e th y l (± ) - l ,8 -d id e h y d r o -6 g ,7 (3 -d im e th o x y -5 -  

o x o p y r ro liz id in e - l-c a rb o x y la te  (272)

T h e  t i t le  com pound was p re p a re d  from  m eso -d im e th o x y s u c c in -

112
im ide (251)  b y  th e  m ethod re p o r te d  b y  F lits c h  and R usskam p; Vmax 

(C H C 13) 1730, 1690, and  1650 cm "1 ; 6 R (90  M H z )  [ C O ( C D 3) 2 ] 1 .22  ( 3 H ,  

t ,  J 7 H z ) ,  3 .02  ( 2 H ,  t ,  J 10 H z ) ,  3 .45  ( 3 H ,  s ) , 3 .5 7  ( 3 H ,  s ) , 3 .68  ( 2 H ,  

t ,  J  10 H z ) ,  4 . 0 0 - 4 . 2 5  ( 3 H ,  m) and 4 .7 6  ppm ( 1 H ,  d ,  J 6 H z ) .  P y r r o l iz i -  

d in e  ( 2 2 3 ) ,  in  racem ic fo rm , was p ro d u c e d  in  th is  re a c tio n  as th e  m inor 

re a c tio n  p ro d u c t . T h e  in fo rm a tio n  q u o ted  fo r  (272)  is  fo r  a m ix tu re  w ith  

tr ip h e n y lp h o s p h in e  o x id e  w h ich  could  n o t be  e n t ire ly  s e p a ra te d . T h e  

ra t io  o f ( 2 7 2 ) :  (223)  p ro d u c e d  b y  th is  re a c tio n  was a p p ro x im a te ly  2 : 1 ,  

w ith  a com bined y ie ld  o f b e tw een  50-60%.

P re p a ra tio n  o f c is / t r a n s -S ^ c a r b e th o x y ^ -h y d r o x y e th y lp y r o l id -S -e n e -

2 -one  (269)  and  u n id e n t if ie d  com pound (268)

A  m ix tu re  o f p ro d u c ts , (268 )  and  ( 2 6 9 ) ,  was p re p a re d  b y

131re a c tio n  o f succin im ide p re p a re d  b y  th e  m ethod o f S h e n g -M a  and  Sah

112w ith  e th o x y c a rb o n y lc y c lo p ro p y ltr ip h e n y lp h o s p h o n iu m  te tra f lu o ro b o ra te  

( 2 0 1 ) .  See T a b le  3 fo r  d e ta ils  o f y ie ld s  from  th is  re a c tio n  u n d e r  m odified  

c o n d it io n s :-  ( 2 6 9 ) ;  m . p .  10 1 -1 0 3 °C ; v (K B r  d is c ) 3380,  3185,  1730,
f f l c L X

1695, 1680, and  1635 cm 1 ; u v  (e th a n o l)  X (e )  285 nm ( 2 2 , 5 0 0 ) ;max

6 U (90 M H z )  1 .2 7  ( 3 H ,  t ,  J 7 H z ) ,  2 . 4 9  ( 2 H ,  t ,  J 7 H z ) ,  2 .8 7  ( 2 H ,  t ,  J
H

10 H z ) ,  2 .9 7  ( 2 H ,  t ,  J 7 H z ) ,  4 . 1 9  ( 2 H ,  q ,  J  7 H z ) ,  4 . 3 3  ( 2 H ,  t ,  J 10 H z ) ,  

a nd  5 . 8 0 - 6 . 5 5  ppm ( 2 H ,  b r  s ,  N H  and  O H ) ;  6 (25 M H z) 1 4 .5 ,  2 3 . 7 ,  2 9 . 9 ,
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3 2 . 8 ,  5 9 .8 ,  7 0 .7 ,  12 8 .3 ,  1 3 1 .8 ,  166 .3  and  172.6  ppm ; m /z  213 (M  + , 34.3%),

196, 169, 167, 139, 125, 123 (100%),  122, 97, 96,  and 95. (F o u n d : M + ,

213 .0996 .  c 10h 15N O 4 re q u ire s  2 1 3 .1 0 0 1 ) .

u n kn o w n  ( 2 6 8 ) ,  V (C H C 1 J  2975, 1730, 1690, and 1645 
m ax 3

cm u v  (e th a n o l) X (e )  290 nm ( 2 0 , 1 0 0 ) ;  6 (90 M H z )  1 .21  ( 3 H ,  t ,max H

J 7 H z ) ,  2 . 6 0  ( 2 H , t ,  J 7 H z ) ,  2 . 7 0 - 3 . 0 5  ( 4 H ,  m) , 4 .1 3  ( 2 H ,  q ,  J 7 H z ) ,  

and 4 . 3 0 - 4 . 5 0  ( 2 H ,  m ) ;  m /z  195 ( M + , 2 .3% ) ,  168, 125, 115, 101, 56 (100%),  

and 55. (F o u n d : M + , 195 .0892 .  C 1()H 13N 0 3 re q u ire s  M , 1 9 5 .08 95 ) .

P re p a ra tio n  o f e th y l 1 , 8 - 6 , 7 - te t r a d e h y d r o -5 -o x o p y r r o l iz id in e - l -

c a rb o x y la te  (262)

T h e  above com pound was p re p a re d  from  m alem ide (261 )  b y  a

112p ro c e d u re  based  on th a t  re p o r te d  b y  F lits c h  and  R usskam p (T a b le  2 ) ;  

( 2 6 2 ) ,  m . p .  1 0 4 -1 0 5 °C ; \> (C H C 1 J  2870, 1735, 1690, and 1650 cm "1 ;
n ia X  j

6 R (90 M H z)  1 .31  ( 3 H ,  t ,  J 7 H z ) ,  3 .2 7  ( 2 H ,  t ,  J 6 H z ) ,  3 .7 9  ( 2 H ,  t ,  J 

6 H z ) ,  4. 26 ( 2 H ,  q ,  J 7 H z ) , 6 . 3 8  ( 1 H ,  d ,  J 9 H z ) ,  and  6 . 4 4  ppm ( 1 H , d ,

J 9 H z ) ;  m /z  193 ( 0 . 1 % ) ,  189, 155, 153, 100, 99 (100%),  and 71; (F o u n d :

M + , 103 .0721 .  C jqH 4jNC>3 re q u ire s  M , 193. 0 73 9 ) .

P re p a ra tio n  o f e th y l 1 , 8 -d id e h y d r o -5 -o x o p y r r o liz id in e - l-c a r b o x y la te  (203)

T h e  t i t le  com pound was p re p a re d  from  succ in im ide  (205)  b y  a

112p ro c e d u re  b ased  on th e  m ethod re p o r te d  b y  F lits c h  and  R usskam p

11?
(see T a b le  4 fo r  d e ta ils  o f y ie ld ) ;  m . p .  6 0 -6 1 °C  ( l i t . ,  6 2 ° C ) ;  v3 c  m ax

(C H C 10) 1730, 1685, and  1650 cm 1 ; u v  (e th a n o l)  X (e )  280 nm 3 m ax

( 2 1 , 0 0 0 ) ;  6 (90 M H z )  1 .27  ( 3 H ,  t ,  J 7 H z ) ,  2 . 7 0 - 3 . 3 0  ( 6 H ,  m ) ,  3 .7 6H

( 2 H ,  t ,  J 9 H z ) ,  and 4 .1 9  ppm ( 2 H ,  q ,  J 7 H z ) ; m / z  195 ( M + , 18%), 167, 

154, 150, 123, 122, 105, 94, and  55 (100%). (F o u n d : M + , 195 .0888 .

^ 1 0 ^ 1 3 ^ ^ 3  recl u r̂es  1 9 5 .0 8 9 5 ) .
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P re p a ra tio n  o f e th y l 1 , 8 -d id e h y d ro -6 3 ~ m e th o x y — 5 -o x o p y r r o l iz id in e - l -  

c a rb o x y la te  (233)  and e th y l 1 , 8 -d id e h y d ro -7 g -m e th o x y -5 -o x o p y r ro liz id in e -  

1 -c a rb o x y la te  (234)

T h e  t i t le  com pounds w ere  p re p a re d  from  (S )-2 -m e th o x y s u c c in -

im ide (257)  b y  a p ro c e d u re  based  on th e  m ethod re p o r te d  b y  F lits c h  and  

112
R u sskam p . T h e  p ro d u c t m ix tu re , in  a com bined y ie ld  o f 14%, was

estim ated  to  be a 7 :2  m ix tu re  o f (2 3 4 ) :  (233)  on th e  bas is  o f m ethoxy

p ro to n  s ig n a l in  th e  n . m . r .  sp ectru m  o f th e  p ro d u c t m ix tu re , 6

(90  M H z )  O C H „ at 6 3 .52  and 3.79 ppm;  v ( C H C lJ  1730, 1695, and  — 5 L max 3

1650 cm ( f o r  m ix tu re )  -  9 . 8% (C  3 .1  C H C l ^ ) .

P re p a ra tio n  o f e th y l 6 q, 7 3 -d im e th o x y -5 -o x o -8 q -p y r ro liz id in e -1 3 ~  

c a rb o x y la te  (224)  and  e th y l 6 a ,7 g -d im e th o x y -5 -o x o -8  c t-p y rro liz id in e -  

lq -c a rb o x y la te  (274)

A s lu r r y  co n ta in in g  P tC ^  (20  m g) and  e s te r  (223)  (132  mg,  0 .52

mmol) in  acetic  ac id  (1 0  m l) was re a c te d  u n d e r  a h y d ro g e n  atm osphere

(1  a t m . )  fo r  48h w ith  s t i r r in g .  T h e  s lu r r y  was f i l te r e d  th ro u g h  C e lite

and th e  f i l t r a te  was w ashed w ith  acetic  ac id  (2  x  10 m l ) .  C om bination

o f th e  o rg an ic  e x tra c ts ,  th e n  c o n c e n tra tio n , fo llow ed  b y  colum n ch ro m a-

18
to g ra p h y  a ffo rd e d  e s te r  (224)  (8 1 g ,  60%), [ ot]^ + 6 7 . 4 °  ( C  2 7 . 6 ,  C H C l^ );

v (C H C lJ  2980,  1725, and 1670 cm "1; 6 „  (90  M H z )  1 .2 8  ( 3 H ,  t ,  J
max 3 H —

7 . 5  H z ) ,  2 . 1 0 - 2 . 4 5  ( 2 H ,  m ) , 2 . 9 5 - 3 . 3 5  ( 2 H ,  m ) , 3 .45  ( 3 H ,  s ) ,  3 .6 5  ( 3 H ,  

s ) , 3. 6 0 -3 .  95 ( 3 H ,  m ) , 4 .1 7  ( 1H,  m ) , and  4. 20 ppm ( 2 H ,  q ,  J 7 . 5  H z ) ;

6 (25 M H z )  1 4 .2 ,  2 9 . 8 ,  4 1 .0 ,  4 5 . 0 ,  5 8 . 1 ,  5 8 . 8 ,  6 1 . 1 ,  6 4 . 0 ,  8 3 . 9 ,  8 6 . 1 ,

1 7 0 .2 ,  and  171.8 ppm;  m / ^  257 (M , 32 .5%),  227,  212,  198, 196, 186, 180, 

154, 142, 126, 105, 88 (100%),  and  85. (F o u n d : M + , 257 .1 2 51 .

C 12H 19N O 5 re q u ire s  2 5 7 .1 2 6 3 ) .
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E s te r  (274)  (26  mg,  19.3%);  [ a ] j j *  + 1 0 . 5 °  (C  5, CHC13 );

(C H C 1 ,)  2990,  1725, and  1705 cm "S 6 (90  M H z )  1 .25  ( 3 H ,  t ,  Jm a x  j   ̂ ri —

7 .5  H z ) ,  1 . 9 5 - 2 . 2 0  ( 2 H ,  m ) , 2 . 6 5 - 3 . 1 0  ( 2 H ,  m ) ,  3 .36  ( 3 H ,  s ) ,  3 .5 4  ( 3 H ,  

s ) , 3. 50 -3 .  90 ( 3 H , m ) , 4. 25 ( 2 H , q ,  J 7 . 5  H z )  and 4. 3 0 -4 .  45 ppm ( 1 H , m ) ;

m /z  257 (M + , 17.8%),  228, 227,  226, 225,  212, 198, 196, 180, 142, 126, 88

(100%), and 85. (F o u n d : M , 257 .1 269 .  re q u ire s  M ,

2 5 7 .12 6 3 ) .

T h e  use of  P d / C  c a ta ly s t , em p loy ing  E tO H  as s o lv e n t, g e n e ra te d  

th e  same m ix tu re  o f p ro d u c ts , b u t  w ith  th e  c o n tr ib u tio n  from  (274)  

am ounting  to  less th a n  1% o f th e  com bined y ie ld .  T h e  com ponents w ere  

again  s e p a ra te d  b y  colum n c h ro m a to g ra p h y , w h ich  a ffo rd e d  (224)  in  85% 

y ie ld .

A tte m p te d  s y n th e s is  o f  e th y l (± ) -6 |3 ,7 3 -d im e th o x y -5 -o x o -8 q -  

p y r r o l iz id in e -1 g -c a rb o x y la te

A tte m p ts  to  p ro d u c e  th e  t i t le  com pound from  e s te r  (272 )  b y  th e  

h y d ro g e n a tio n  p ro c e d u re s  d e s c rib e d  fo r  re a c tio n  o f e s te r  (223 )  w ere  

u n s u c c e s s fu l, a lth o u g h  s ta r t in g  m a te ria l was re c o v e re d . I t  is  th o u g h t  

th a t  th e  p resen ce  o f tr ip h e n y lp h o s p h in e  o x id e  in  th e  sam ple o f (272)  

em ployed fo r  re a c tio n  m ay h a v e  h in d e re d  th e  h y d ro g e n a tio n  process  b y  

po ison ing  o f th e  c a ta ly s t . In tro d u c t io n  o f an in c re a s e d  q u a n t ity  o f  

c a ta ly s t gave a s im ila r r e s u lt .
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P re p a ra tio n  o f e th y l 7 q -m e th o x y -5 -o x o -8 $ -p y r r o l iz id in e - lq -  and  13~ 

c a rb o x y la te  [ (2 7 6 )  and (2 7 7 ) ]  to g e th e r  w ith  e t h y l - 6 $ -m e th o x y -5 -o x o -  

8 q -p y r r o l iz id in e - lq -  and lg -c a rb o x y la te  [ (2 7 9 )  and  (2 7 8 ) ]

R eaction  o f an estim ated  7 :2  m ix tu re  o f e s te rs  (2 3 3 ) and  (234 )

(th e  la t te r  b e in g  th e  m ajor com ponent) in  e ith e r  o f th e  h y d ro g e n a tio n  

p ro c e d u re s  d escrib ed  fo r  re a c tio n  o f (2 2 3 ) to  p ro d u c e  (2 2 4 ) gave  r is e  to  

a p ro d u c t m ix tu re  o f fo u r com ponents b y  t . l . c . ,  th o u g h t to  be (2 7 6 ) ,

(2 7 7 ) ,  (2 7 8 ) ,  and  (2 7 9 ) . E stim ation  o f th e  re la t iv e  ab u n d an ce  o f th e  

com ponents was made on th e  bas is  o f th e  re la t iv e  in te n s ity  o f th e  fo u r  

m eth o xy l p ro to n  s ignals  in  th e  H i n . m . r .  sp ec tru m  o f th e  m ix tu re . T h e  

tw o d o w n fie ld  m eth o xy l peaks w ere  assum ed to  b e lo n g  to  th e  6 $ -m e th o x y  

e s te rs  w h ile  th e  tw o u p fie ld  s ignals  w ere  assum ed to  b e  in d ic a t iv e  o f 7q - 

m eth o xy  e s te rs . T h e  estim ated  ra t io  o f com ponents b y  th is  bas is  was 

9 : 2 : 2 :1  [ (2 7 6 ):  (2 7 7 ):  (2 7 8 ):  (2 7 9 ) ] .  T h e  com bined y ie ld  was 80-85%.

F o r th e  m ix tu re : ( fo u r  sp o ts ) 0 .2 3 -0 .2 4  [ C ^ C ^ /A c O E t

( 1 : 1 ) ] ;  [ a l l 3 -  9 .6 °  (C  1 .7 ,  C H C 1 ,) ;  V (C H C 1 ,)  2990, 1730, andD — o m ax 5

1685 cm H  6 (90  M H z) O CH ~ peaks a t 3 .5 4 , 3 .6 2 , 3 .8 1  and  3 .8 8  ppmH “  o

[ r a t io  o f peaks is 2: 9: 2 :1  in  ascend ing  chem ical s h if t ;  m/z^ 227 (M  + , 1 .3 % )].

P re p a ra tio n  o f 6 q, 7 3 -d im e th o x y -1 3 -h y d ro x y m e th y l-8 a rp y r ro liz id in e  (2 7 5 )

U n d e r a n itro g e n  atm osphere  a so lu tio n  o f e s te r  (2 2 4 ) (31  m g,

0 .1 2  mmol) in  d r y  e th e r  (2  m l) was ad d ed  to  a s lu r r y  c o n ta in in g  L iA lH ^  

(1 5 .5  m g, 0 .4 1  mmol) in  d r y  e th e r  (8  m l) .  T h e  re s u lta n t  m ix tu re  was 

m ain ta in ed  at room te m p e ra tu re , w ith  s t i r r in g ,  fo r  3h . W et e th e r  (5  m l) 

was th e n  c a re fu lly  added  to th e  m ix tu re  fo llow ed  b y  a d d itio n  o f a few  

d ro p s  o f 1M N aO H  s o lu tio n . T h e  lith iu m  s a lt re s id u e  was rem oved  b y
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f i l t r a t io n  and w ashed w ith  lu kew arm  ch lo ro fo rm  (20  m l) .  T h e  o rg an ic  

e x tra c ts  w ere  com bined, d r ie d , and c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re
1 o

to a ffo rd  a pale ye llow  o il (21  m g, 8 6 %), 0 .1 1  (E tO A c );  [ a ] D + 2 2 .8 °

(C  2 .6 ,  C H C 1 ,);  v (C H C 1 J  3470, 3020, 1120, and  1100 cm "1; (5— 3 max 3 H

(90  M H z) 2 .5 0 -3 .0 0  (2 H , m ) , 3 .0 5 -3 .3 0  (3 H , m ), 3 .3 3  (3 H , s ) , 3 .4 6  (3 H ,  

s ) ,  3 .3 0 -3 .6 0  (5 H , m ), and 3 .7 0 -4 .2 0  ppm (3 H , m ); m /z  201 (M + , 12 .3% ), 

199, 186, 170, 168, 138, 136, 124, 113, 112, 111, 101, 82 (100%) and  71. 

(F o u n d : M , 201 .1364 . C ^ qH -^ N O ^  re q u ire s  M , 2 0 1 .1 3 6 5 ).

A tte m p te d  s yn th es is  o f e th y l 6 a, 7 g -d im e th o x y - l-p h e n y ls e le n y l-8 a -  

p y r r o l iz id in e - l -c a r b o x y la te  (2 8 0 )

U n d e r a n itro g e n  a tm osphere  a so lu tio n  o f e s te r  (2 2 4 ) (141  m g, 

0 .5 5  mmol) in  d r y  T H F  (5  m l) ,  fo llow ed  b y  HM PA ( 0 .5  m l) ,  w ere  c a re fu lly  

ad d ed  to  a so lu tion  c o n ta in in g  lith iu m  d iiso p ro p y lam in e  (58  m g , 0 .5 5  mmol) 

in  T H F  (3  m l) a t -7 8 ° C . T h e  re s u lta n t  re a c tio n  m ix tu re  was allow ed to  

s t i r  fo r  15 min th e n  a so lu tio n  o f p h en y ls e le n iu m  c h lo rid e  (130  m g, 0 .6 8  

mmol) in  T H F  (4  m l) was added  and th e  re a c tio n  was w arm ed to -3 5 °C  

and  m ain ta ined  at th is  te m p e ra tu re  fo r  a fu r t h e r  3h . T h e  re a c tio n  

m ix tu re  was th e n  w arm ed to  0 °C  and p o u re d  in to  w a te r  (30  m l) .  T h e  

re s u lta n t  so lu tion  was e x tra c te d  w ith  d ich lo ro m eth an e  (3  x  15 m l) and  

th e  o rg an ic  e x tra c ts  w ere  com bined, d r ie d ,  and  c o n c e n tra te d  u n d e r  

re d u c e d  p re s s u re . T h e  re s id u e  o b ta in e d  was d isso lved  in  b en zen e  

(25  m l) and w ashed w ith  s a tu ra te d  lith iu m  c h lo rid e  so lu tio n  (3  x  20 m l) .  

T h e  o rg a n ic  e x tra c t  was d r ie d , and c o n c e n tra te d  u n d e r  vacuum  to  a ffo rd  

a p ro d u c t m ix tu re , w h ich  a f te r  colum n c h ro m a to g ra p h y , was shown no t 

to  co n ta in  se len ide (2 8 0 ) .  A  small q u a n t ity  o f s ta r t in g  m a te ria l (2 2 4 )  

was re c o v e re d  from  th is  re a c tio n .
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T h e  same re s u lt  was o b ta in ed  w hen p h en y lse len iu m  ch lo rid e  was 

re p la c e d  b y  d ip h e n y ld is e le n id e  in  th is  re a c tio n  o r w hen HM PA was not 

in c o rp o ra te d  in to  th e  e x p e rim e n ta l p ro c e d u re  o r in  v a r ia t io n  o f the  

q u a n tit ie s  o f L D A  and se len ide  re a g e n t em p loyed .

A tte m p te d  s y n th e s is  o f 6 q, 7 3 ~ d im e th o x y -l 3 - fo rm y l-8 q -p y r ro liz id in e  (284 )

S y n th e s is  o f th e  t i t le  com pound was a tte m p te d  b y  a m ethod

137
based on th e  p ro c e d u re  re p o r te d  b y  S w ern  and  c o -w o rk e rs .

To  a so lu tio n  o f o x a ly l c h lo rid e  (0 .0 2 2  m l, 0 .2 5  mmol) in  

d ich lo rom ethane  (5  m l) ,  cooled to  ~ 6 0 °C , was added  DMSO (0 .0 4  m l, 0 .5 4  

mmol) in  d ich lo rom ethane  (2  m l) .  A f te r  s t ir r in g  fo r  5 min a so lu tion  o f  

alcohol (2 7 4 ) (45  m g, 0 .2 2  mmol) in  d ich lo ro m eth an e  (2  m l) was added  and  

th e  re a c tio n  m ix tu re  was m a in ta in ed  a t -6 0 °C  fo r  a f u r th e r  20 m in . 

T r ie th y la m in e  (0 .1 6  m l, 1 .1 2  mmol) was th e n  ad d ed  and  th e  re a c tio n  

m ix tu re  was allow ed to  warm  to  room te m p e ra tu re . W ater (15  m l) was 

added  to  th e  m ix tu re  and  th e  o rg a n ic  phase  was is o la te d . T h e  aqueous  

e x tra c t  was w ashed  w ith  d ich lo ro m eth an e  (3  x  10 m l) and  th e  o rg an ic  

e x tra c ts  w ere  com bined and  in  tu r n  w ashed  w ith  b r in e  (1 0  m l) ,  s a tu ra te d  

sodium  carb o n a te  so lu tio n  (10  m l) ,  a n d , f in a lly  w a te r  (1 0  m l) . T h e  

re s u lt in g  o rg a n ic  la y e r  was d r ie d , and  th e n  c o n c e n tra te d  u n d e r  re d u c e d  

p re s s u re  to  a f fo rd  a d a rk  b ro w n  o il. A n a ly s is  o f th is  o il in d ic a te d  th a t  

a ld e h y d e  (284 ) had  n o t been  fo rm e d . T . l . c .  in d ic a te d  a m ix tu re  o f 

s e v e ra l u n id e n tif ie d  p ro d u c ts .
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A tte m p te d  s y n th e s is  o f e th y l 6 a , 7 g -d im e th o x y -8 o rp y r ro liz id in e - l(3 -  

c a rb o x y la te  (2 8 3 )

T h is  was based  on th e  m ethod re p o r te d  b y  P in n ic k  and

C h a n g . 135

T o  flam e d r ie d  a p p a ra tu s , u n d e r  a n itro g e n  a tm o sp h ere , was 

added  p y r ro liz id in e  e s te r  (2 2 4 ) (125 m g, 0 .4 9  mmol) fo llow ed  b y  p h o s p h o ry l 

c h lo rid e  ( 0 .5  m l, 5 .4 5  m m ol). T h e  m ix tu re  was m a in ta in ed  at room te m p e r­

a tu re  fo r  40 m in th e n  excess p h o s p h o ry l c h lo rid e  was rem oved  u n d e r  

vacu u m . T h e  re s u lt in g  re s id u e  was d isso lved  in  DME (1 .5  m l) and  

cooled to  0 °C . Sodium  b o ro h y d r id e  (38  m g, 0 .9 8  mmol) in  e th an o l (10  ml) 

was added  to  th e  re a c tio n  m ix tu re  o v e r a 15 min p e r io d . T h e  re a c tio n  

was w arm ed to room te m p e ra tu re  and s t ir r e d  fo r  30 m in . T h e  re a c tio n  

m ix tu re  was a c id ifie d  to  pH 2 b y  ad d itio n  o f 5M HC1. E th an o l was 

rem oved  u n d e r  re d u c e d  p re s s u re  and th e  re a c tio n  m ix tu re  was s t ir re d  

fo r  30 m in , th e n  w a te r  (10  m l) was a d d e d . T h e  aqueous so lu tion  was 

e x tra c te d  w ith  e th e r  ( 4 x 5  m l) ,  cooled to  0 ° C , th e n  b a s ifie d  (p H 8 ) w ith  

p o w d ered  I^ C O ^ . T h e  re s u lt in g  aqueous so lu tio n  was w ashed w ith  e th e r  

( 4 x 5  m l) and th e  e th e re a l w ash ings com bined and in  tu r n  w ashed  w ith  

w a te r  (10  m l) . T h e  re s u lt in g  e th e re a l so lu tio n  was d r ie d  and concen­

t ra te d  u n d e r  re d u c e d  p re s s u re  to  a f fo rd  a d a rk  b ro w n  o il. H o w e v e r, 

an a lys is  o f th is  o il in d ic a te d  th a t  e s te r  (2 8 3 ) h ad  no t been  fo rm ed .

S e v e ra l u n id e n tif ie d  p ro d u c ts  w ere  e v id e n t b y  t . l . c .

A tte m p te d  s y n th e s is  o f e th y l 6 a ,7 g -d im e th o x y -8 q -p y r r o l iz id in e - l -  

c a rb o x y la te  (2 8 3 )

A tte m p ts  to  p ro d u c e  th e  t i t le  com pound from  e s te r  (2 2 4 ) w ere

134made u s in g  a p ro c e d u re  based  on the  m ethod re p o r te d  b y  B ro w n  e t a l.
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U n d e r a n itro g e n  atm osphere 1M b o ran e  so lu tio n  in  T H F  (0 .3  

m l, 0 .3 0  mmol) was c a re fu lly  added  to  a re f lu x in g  so lu tio n  co n ta in in g  

e s te r  (2 2 4 ) (69  m g, 0 .2 7  mmol) in  T H F  (3  m l) .  A f te r  th e  ad d itio n  was 

com plete th e  re a c tio n  m ix tu re  was m a in ta in ed  a t r e f lu x  fo r  a fu r t h e r  15 

min b e fo re  b e in g  allow ed to cool to room te m p e ra tu re , w h ereu p o n  

m ethanolic  h y d ro g e n  c h lo rid e  was s low ly  ad d ed  (0 .4 M , 0 .7 5  m l, 0 .3  m m ol). 

T h e  re a c tio n  m ix tu re  was th e n  h ea ted  to  60 °C  and  T H F  and m eth y l 

b o ra te  w ere  rem oved  b y  d is t il la t io n . H o w e v e r, sp ectro sco p ic  an a lys is  o f 

th e  c ru d e  p ro d u c t o b ta in ed  in d ic a te d  th a t  (2 8 3 ) had  no t been  fo rm ed . 

T . l . c .  in d ic a te d  th e  p resen ce  o f s e v e ra l u n id e n t if ie d  com pounds in  the  

p ro d u c t m ix tu re .

P re p a ra tio n  o f d ie th y l L - t a r t r a t e  (2 4 6 )

T h e  t i t le  com pound was p re p a re d  b y  th e  p ro c e d u re  re p o r te d  b y  

115Y am ada and c o -w o rk e rs .

U n d e r a n itro g e n  atm osphere  1 5 -c ro w n -5 -e th e r  ( 4 .8  m l, 2 4 .2  

mmol) in  d ich lo rom ethane  (80  m l, s a tu ra te d  w ith  sodium  io d id e ) was 

added  to  a so lu tion  o f e s te r  (2 4 7 ) (380 m g , 1 .6 3  mmol) in  d ich lo rom ethane  

(3  m l) a t -3 0 ° C ,  fo llow ed  b y  a d d itio n  o f B B r^  (9 .7 5  m l, 9 .7 5  mmol, 1.0M  

so lu tion  in  d ic h lo ro m e th a n e ). T h e  re a c tio n  m ix tu re  was s t ir r e d  fo r  3h at 

th is  te m p e ra tu re  th e n  w e t d ich lo ro m eth an e  (2 0  m l) was c a re fu lly  added  to  

th e  re a c tio n  m ix tu re . T h e  m ix tu re  was e x tra c te d  w ith  s a tu ra te d  b r in e  

so lu tio n  (3  x  50 m l) fo llow ed  b y  w a te r  (2  x  50 m l) .  T h e  o rg a n ic  e x tra c t  

was d r ie d  and c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  to  a f fo rd  a pale  

ye llo w  o il shown b y  t . l . c .  to  be com prised  o f s e v e ra l com pounds. 

S e p a ra tio n  o f th e  com ponents o f th e  p ro d u c t m ix tu re  b y  colum n chrom a­

to g ra p h y , fo llow ed  b y  d is tilla t io n  gave a c le a r  o il ( 2 4 6 ) ,  (6 3  m g , 18 .9% ),
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b .p .  125°C / 3 mm; [ a l + 5 . 6 °  (C 7 , C H C 1 J ;  v (C H C 1 ,) 3520 andD — 5 max 5

1730 cm- 1 ; 6 U (90 M H z) 1 .24  ( 6H , t ,  J 7 H z ) ,  3 .3 7 -3 .5 7  (2 H , b r  s , O H ) ,n —

4 .2 1  (4 H , q , J 7 H z) and 4 .4 4  ppm (2 H , s ) ;  6 (25 M H z) 1 4 .1 , 6 2 .2 ,
Ls

7 3 .1 ,  and 171.2  ppm ; m /z  161 (M + -  45, 0 .2 % ), 133, 104 (100% ), 77 , 76,

59 , and 47. (F o u n d : M + -  45, 161 .04 40 . C^H^O^ re q u ire s  M -  45, 

1 6 1 .0 4 5 0 ). (F o u n d : C , 4 6 .4 3 ; H , 6 .8 2 . C g H ^ O ^  re q u ire s  C , 4 6 .6 0 ;

H , 6 .80% ).

7. 3 E x p e rim e n ta l to C h a p te r  5

P re p a ra tio n  o f ( S ) -2 -m e th o x y b u ta n - l ,  4 -d io l (2 8 7 )

A  so lu tion  o f d ie th y l- (S )-2 -m e th o x y s u c c in a te  (3 0 0 ) (903  m g,

4 .4 3  mmol) in  d r y  e th e r  (15  m l) was added  d ro p w ise  to  a suspension  o f  

lith iu m  alum inium  h y d r id e  (222 m g, 5 .8 4  mmol) in  d r y  e th e r  (50  m l) .

A f te r  ad d itio n  o f th e  e s te r  was com plete th e  m ix tu re  was s t ir r e d  a t room  

te m p e ra tu re  fo r  l^ h . Excess lith iu m  alum inium  h y d r id e  was d e s tro y e d  

b y  th e  slow a d d itio n  o f w e t e th e r  (10  m l) fo llow ed  b y  0 .1M  N aO H  so lu tion  

(1  m l) . T h e  re s u lt in g  suspension  was f i l te re d  and th e  lith iu m  sa lt  

re s id u e  was w ashed w ith  lu kew arm  ch lo ro fo rm  (2  x  20 m l) and  th e n  

s u b je c te d  to a 12h continuous e x tra c t io n  w ith  c h lo ro fo rm . T h e  o rg an ic  

so lu tions w ere  com bined, d r ie d , and th e n  c o n c e n tra te d  u n d e r  re d u c e d  

p re s s u re  to a f fo rd , a f te r  d is t i l la t io n , a co lourless  o il (2 8 7 ) (368  m g, 69 .3% ), 

b . p .  1 0 5 ° C / l . 2 mm H g ; [ a ] 17 -  1 4 .6 °  (C  1 1 .3 , C H C l j ) ;  Vm ax ( C H C l j )  

3420, 2960, and  1090 c m "1; « H (90  M H z) 1 .7 0 -1 .9 3  (2 H , m ) ,  3 .4 5  (3 H , a ) ,  

3 .5 0 -3 .8 0  (5 H , m ) , and  4 .1 5 -4 .4 5  ppm  (2 H , b r ,  O H )^ ;

^ D is a p p e a re d  on ad d itio n  o f D ^ O . S ig n a l fo u n d  to  b e  b o th  c o n c e n tra tio n

and  s o lv e n t d e p e n d e n t.
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6 ^ (25  M H z) 3 3 .7 , 5 7 .1 ,  5 9 .1 ,  6 3 .3 , and  7 9 .9  ppm ; m /z  102 (M + -  18, 

0 .7 % ), 89, 75, 71, 59 (100% ), 45 and 41. (F o u n d : M + -  18, 102 .0670 . 

C^H-^qO^ re q u ire s  M -  18, 1 0 2 .0 6 8 1 ).

P re p a ra tio n  o f ( R ) -2 -m e th o x y b u ta n - l ,  4 -d io l

T h is  was p re p a re d  b y  th e  m ethod d e s c rib e d  fo r  th e  en an tio m er.

13
A ll p ro p e rtie s  w ere  id e n tic a l e x c e p t [ ot]D + 1 4 .8 °  (C  1 0 . 1 , C H C l^ ) •

P re p a ra tio n  o f ( S ) -2 -m e th o x y b u ta n - l ,  4 -d io l d im esy la te  (3 0 1 )

U n d e r a n itro g e n  a tm o sp h ere , m esyl c h lo rid e  (853  m g, 5 .9 0  

mmol) was added  to  a so lu tio n  c o n ta in in g  (S ) -2 -m e th o x y b u ta n - l ,  4 -d io l 

(2 8 7 ) (321  m g, 2 .6 8  mmol) and  d ry C V \xC\^(5 m l) . T h e  re a c tio n  m ix tu re  

was th e n  cooled to -7 8 °C  and  tr ie th y la m in e  (600  m g , 5 .9 0  mmol) was 

added  v ia  s y r in g e . T h e  re s u lt in g  m ix tu re  was th e n  m a in ta in ed  a t -7 8 °C  

fo r  a f u r th e r  30 m in and  th e n  a llow ed  to w arm  up  to  am bien t te m p e ra tu re . 

T h e  m ix tu re  was th e n  p o u re d  in to  w a te r  (30  m l) an d  e x tra c te d  w ith  

ch lo ro fo rm  (3  x  40 m l) .  T h e  o rg a n ic  e x tra c ts  w e re  com bined and w ashed  

w ith  b r in e  (2  x  30 m l) ,  d r ie d , and c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  

to  a ffo rd  c ru d e  (3 0 1 ) ,  w h ic h  on d is t illa t io n  gave a pa le  ye llo w  o il (3 0 1 )  

(561  m g, 76%); b . p .  1 6 0 ° C /1 .3  mm H g ; [ a ] J 5 -  3 0 .8 °  (C  6 .1 ,  C H 2C12) ;

V (C H C 1 ,) 3030, 1360, 1180, and  975 c m '1; 6 „  (9 0  M H z) 1 .7 0 -1 .9 5
max 3 H

(2 H , m ) , 2 .8 9  (3 H , s ) , 2 .9 3  (3 H , s ) , 3. 30 (3 H , s ) , an d  3. 9 5 -4 . 35 ppm  

(5 H , m ); m /z  261 (M + -  15, 6 . 6 %), 260, 167, 155, 78 , 72 , and  71 (100% ). 

(F o u n d : M + -  15, 2 6 1 .0 1 1 9 . C ^ H ^ jO _ S 2 re q u ire s  M -  15, 2 6 1 .0 1 0 3 ).
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A tte m p ts  to  p re p a re  ( S ) -2 -m e th o x y p u tre s c in e  (2 8 6 ) d ih y d ro c h lo r id e  

from  d im esy la te  (3 0 1 )

D im esy la te  (3 0 1 ) (291  m g, 1 .0 6  mmol) was diss^Ved in  DMSO  

(2  m l) and ad d ed  to  a so lu tio n  o f sodium azide  (245 m g, 3 .7 7  mmol) 

d isso lved  in  DMSO (5 .5  m l) .  T h e  re s u lta n t  m ix tu re  was allow ed to s t ir  

at room te m p e ra tu re  fo r  18h , th e n  p o u re d  in to  w a te r  (50 m l) and  

e x tra c te d  w ith  e th e r  (3  x  15 m l) ,  d r ie d , and  c o n c e n tra te d  u n d e r  red u ced  

p re s s u re  to a ffo rd  a ye llow  o il (167  m g ). T h e  o il was re d is s o lv e d  in  d r y  

e th e r  (10  m l) and  added  d ro p  w ise to  a suspension  o f lith iu m  alum inium  

h y d r id e  (102 m g, 2 .6 8  mmol) in  e th e r  (30  m l) and th e  re s u lta n t  m ix tu re  

s t ir r e d  a t room te m p e ra tu re  fo r  12h. E xcess lith iu m  alum inium  h y d r id e  

was d e s tro y e d  b y  a d d itio n  o f w e t e th e r  (5  m l) fo llow ed  b y  s a tu ra te d  

sodium su lp h a te  so lu tio n  ( 0 .5  m l) . T h e  lith iu m  sa lt re s id u e  was rem oved  

b y  f i lt ra t io n  and HC1 gas b u b b le d  th ro u g h  th e  e th e ra te  e x t ra c t .  

C o n c e n tra tio n  o f th e  e x t r a c t ,  u n d e r  re d u c e d  p re s s u re , gave a d a rk  b ro w n

o il. H o w e v e r, sp ectro sco p ic  d a ta  in d ic a te d  th a t  (2 8 6 ) was n o t fo rm ed  b y  

th is  m ethod .

P re p a ra tio n  o f ( S ) -2 -m e th o x y p u tre s c in e  (2 8 6 ) d ih y d ro c h lo r id e

T h is  p re p a ra tio n  was based  on th e  p ro c e d u re  re p o r te d  b y  

G old ing  and c o -w o rk e rs .

T o  a so lu tio n  o f d io l (2 8 7 ) (938  m g, 7 .8 2  mmol) in  d r y  T H F  

(10  m l) was ad d ed  a so lu tio n  o f 1 .36M  h y d ra z o ic  ac id  in  b en zen e  (1 3 .8  m l, 

18 .7 7  mmol) fo llow ed  b y  a so lu tio n  o f d iis o p ro p y l a zo d ic a rb o x y la te  (304 ) 

( 3 .3 1 g ,  16 .37  mmol) in  d r y  T H F  (5  m l) .  T o  th e  re s u lt in g  so lu tio n  was 

a d d e d , o v e r a 20 m in p e r io d , tr ip h e n y lp h o s p h in e  (9 .0 3 8 g , 3 4 .4 6  mmol) in
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d r y  T H F  (50 m l) .  A f te r  com pletion o f th is  a d d it io n , th e  re a c tio n  m ix tu re  

was w arm ed to 50°C  and m ain ta ined  a t th is  te m p e ra tu re  fo r  3h . W ater 

(2  m l) was added  to th e  m ix tu re  and th e  re a c tio n  m a in ta in ed  fo r  a fu r th e r  

3h p e rio d  at 5 0 °C , w ith  s t i r r in g .  T h e  re a c tio n  m ix tu re  was th e n  cooled  

and  c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  to a f fo rd  a b ro w n  o il. T h e  

o il was p a r t it io n e d  b e tw een  d ich lo ro m eth an e  (40  m l) and  1M h y d ro c h lo r ic  

acid  (40  m l) . T h e  a c id ifie d  e x tra c t  was w ashed w ith  d ich lo ro m eth an e  

(3  x  40 m l) ,  and w a te r  was rem oved  u n d e r  re d u c e d  p re s s u re . R e c ry s ta ll­

is a tio n  from  m e th a n o l-e th e r  a ffo rd e d  a cream  so lid  (2 8 6 ) d ih y d ro c h lo r id e  

(642  m g , 43%), m .p . 2 1 6 -2 1 8 °C ; [ a ] 14 -  5 3 .6 °  (C  1 .7 ,  M e O H ); \>max

(K B r  d is c ) 3000, 2020, 1610, and 1470 cm "1 ; 6 „  (90  M H z) ( D 90 )  1 .9 0 -
H u

2 .2 5  ( 2H , m ), 3 .1 0 -3 .4 5  (4 H , m ) , 3 .5 5  (3 H , s ) , and  3 .7 0 -4 .0 0  ppm  (1 H ,  

m ); 6 C (25  M H z) (E ^ O ) 2 9 .0 ,  3 6 .8 , 4 2 .0 ,  5 7 .7 ,  an d  7 5 .8  p p m . (F o u n d :  

C , 3 1 .4 8 ; H , 8 .3 6 ;  N , 1 4 .5 1 ; C l,  3 7 .2 8 . C 5H l 6N 2O C l2 re q u ire s  

C , 3 1 .4 ; H , 8 .4 4 ;  N , 14 .66 ; C l,  37 .11% ).

S u b s titu tio n  o f d iis o p ro p y l a zo d ic a rb o x y la te  (3 0 4 ) b y  d ie th y l 

a zo d ic a rb o x y la te  (3 0 3 ) in  th is  re a c tio n  gave  a p u rp le  so lid  (2 8 6 ) d ih y d ro ­

c h lo rid e  in  45% y ie ld .  H o w e v e r, o p tica l a c t iv i ty  v a lu es  fo r  th is  m ate ria l 

cou ld  n o t be d e te rm in e d  due to  th e  c o lo u ra tio n  o f th e  p ro d u c t .

P re p a ra tio n  o f ( R ) -2 -m e th o x y p u tre s c in e  d ih y d ro c h lo r id e

T h e  t i t le  com pound was p re p a re d  b y  th e  same m ethod as fo r  

th e  enan tiom er (2 8 6 ) d ih y d ro c h lo r id e . A ll  d a ta  re c o rd e d  w e re  id e n tic a l 

to  those fo r  (2 8 6 ) d ih y d ro c h lo r id e  e x c e p t m .p .  2 1 5 -2 1 8 °C ; + 5 4 .3 °

(C  5 , M e O H ).
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S ta n d a rd  P ro c e d u re  fo r  E x tra c t in g  R o sm arin in e  (1 5 3 ) from  Senecio  

p le is to cep h a lu s

F re s h  leaves and stems (7 0 0 g ) o f S . p le is to cep h a lu s  S . Moore  

p la n ts  (fa m ily  C o m p o s itae ), w ere  b le n d e d  in  m ethano l (1 2 L ) in  p o rtio n s . 

T h e  m ethanolic  e x tra c t  was c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  to  

a ffo rd  a g reen  re s id u e  (2 6 . 3 g ) .  T h e  re s id u e  was d isso lved  in  d ic h lo ro ­

m ethane (170 m l) and p a r t it io n e d  w ith  2M h y d ro c h lo r ic  ac id  (150  m l) .

T h e  o rg an ic  p o rtio n  was e x tra c te d  w ith  a fu r t h e r  q u a n t ity  o f 2M 

H 2S O 4 (150 ml) and th e  acid ic  e x tra c ts  w ere  com bined and w ashed w ith  

d ich lo rom ethane  (6  x  100 m l) . P o w d ered  zinc (1 8 g ) was added  and th e  

m ix tu re  was s t ir re d  a t room te m p e ra tu re  fo r  2h . A f te r  f i l t r a t io n  th ro u g h  

C e lite , th e  f i l t r a te  was made basic  b y  a d d itio n  o f c o n c e n tra te d  ammonia 

so lu tio n  ( p H 9 ) . T h e  basic so lu tio n  was th e n  e x tra c te d  w ith  d ic h lo ro ­

m ethane (3  x  400 m l) .  T h e  o rg a n ic  e x tra c ts  w ere  com bined , d r ie d , and  

c o n c e n tra te d  u n d e r  vacuum  to a ffo rd  c ru d e  ro s m a rin in e  (1 5 3 ) ,  w h ich  was 

re c ry s ta llis e d  from  d ic h lo ro m e th a n e /a c e to n e  ( 1 : 1 ) to  g iv e  f in e  w h ite  

c ry s ta ls  (1 .5 2 9 g ) ,  m .p .  2 03 -204 °C  ( l i t . , 161 2 0 2 -2 0 4 ° C ) ; [ a ] 18 -  8 4 .9 °

(C  2 .1  M eO H ) ( l i t . , 161 [ a ] ^ 4 -  8 5 .3 ° ) ;  (F o u n d : M + , 3 53 .18 15 .

^ 1 8 ^ 2 7 ^ ^ 6  re<4u r̂e s  3 5 3 .1 8 3 9 ).
1 13H and C n . m . r .  s p e c tra  w e re  id e n tic a l w ith  those o f an  

87
a u th e n tic  sam ple.

14P re p a ra tio n  o f d ie th y l [ C - M e ] - ( S ) -2 -m e th o x y s u c c in a te  (3 0 5 )

T h is  p re p a ra t io n  was b ased  on th e  p ro c e d u re  re p o r te d  b y  

P u rd ie  and I r v in e . 1^8

14
A  v ia l co n ta in in g  [ C ]m e th y l io d id e  (100  u C i, 5 9 .7  mCi 

mmol 1) to g e th e r  w ith  a co llec tin g  tu b e  c o n ta in in g  u n la b e lle d  m eth y l



220

io d id e  (0 .7  m l, 11 .29  mmol) w ere  a tta c h e d  to  th e  vacuum  lin e  ap p a ra tu s  

shown in  F ig u re  4. T h e  in a c tiv e  m e th y l io d id e  sample was s o lid ifie d  b y  

cooling w ith  a liq u id  n itro g e n  t ra p  ( -1 9 6 ° C )  and  a vacuum  a p p lie d  to the  

ap p a ra tu s  (0 .0 2  mm H g ) .  T h e  secil o f th e  v ia l co n ta in in g  th e  ra d io la b e lle d  

m eth y l iod ide  was b ro k e n  b y  th e  d ro p p in g  o f a m ag n et. T h e  ra d io ­

lab e lled  m eth y l io d id e  th e n  d is t ille d  along th e  vacuum  lin e  and s o lid ifie d

in  th e  co llec tin g  tu b e  co n ta in in g  in a c tiv e  m e th y l io d id e  (a t  -1 9 6 ° C ) .  T h e  

14now d ilu te d  [ C ]m e th y l io d id e  sample was d e tach ed  from  th e  vacuum  

lin e  a p p a ra tu s  and s low ly  a llow ed to  m elt th e n  t r a n s fe r re d  to a suspension  

co n ta in in g  A g 2 0  (7 .3 2 g ,  3 1 .5 8  m m ol), d ie th y l- (S ) -h y d r o x y s u c c in a te  

(2 5 2 ) (4 .0 0 g ,  21 .05  m m ol), and  d r y  e th e r  (5  m l) . T h e  co llec tin g  tu b e  

was w ashed w ith  f u r th e r  p o rtio n s  o f e th e r  (3  x  10 m l) and  these  w ashings  

w ere  added  to th e  re a c tio n  m ix tu re . T h e  re a c tio n  m ix tu re  was th en  

w arm ed to 0°C  and m a in ta in ed  a t th is  te m p e ra tu re  fo r  30 m in b e fo re  

h e a tin g  to  r e f lu x .  R e f lu x  was m a in ta in ed  fo r  70h in  to ta l w ith  ad d itio n  o f 

m eth y l io d id e  a f te r  24, 47 , and  60h r e f lu x .  Each o f th ese  la te r  ad d itio n s  

o f m e th y l io d id e  ( 1  m l, 1 6 .0 9  mmol) was accom panied b y  a d d itio n  o f e th e r  

(1  m l) to  th e  re a c tio n  m ix tu re . A f te r  70h r e f lu x  th e  re a c tio n  m ix tu re  

was cooled and th e  s ilv e r  re s id u e  was rem o ved  b y  f i l t r a t io n ,  and  w ashed  

w ith  e th e r  (4  x  100 m l) . T h e  e th e re a l e x tra c ts  w e re  com bined w ith  th e  

f i l t r a te ,  d r ie d , and  c o n c e n tra te d  u n d e r  vacuum  to  a f fo r d , on d is t il la t io n ,  

d ie th y l [ ^ C ] - (S ) -2 -m e th o x y s u c c in a te  (3 0 5 ) (4 .0 2 g ,  3 .2 8  uCi mmol \  

93 .6% ). N .m . r .  s p ec tro sco p y  d a ta  and  t . l . c .  w e re  id e n tic a l to those

o f u n la b e lle d  m a te r ia l.
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14
P re p a ra tio n  o f d ie th y l [ C - M e j - ( R ) -2 -m e th o x y s u c c in a te  (3 0 9 )

T h e  t i t le  com pound was p re p a re d  b y  th e  m ethod o u tlin e d  fo r  

120
th e  en an tio m er. H o w e v e r, a s h o r te r  r e f lu x  tim e o f 30h was adopted

fo r  th is  re a c tio n  and a re d u c e d  q u a n t ity  o f e th e r  was used  fo r  th e

14w ash ing  o u t o f th e  [ C ]m e th y l io d id e  co lle c tin g  tu b e . T h e  d ie s te r  was 

g e n e ra te d  in  a 94.9% y ie ld  w ith  a sp e c ific  a c t iv ity  o f 2 .8 4  iiC i mmol \

■̂ H N .m . r .  sp ec tro sco p y  d a ta  and t . l . c .  w ere  id e n tic a l to  those o f 

u n la b e lle d  m a te ria l.

14
P re p a ra tio n  o f [ C - M e ] - ( S ) -2 -m e th o x y b u ta n ~ l,  4 -d io l (3 0 6 )

T h e  t i t le  com pound was p re p a re d  b y  th e  m ethod d e s c rib e d  in

14th e  s y n th e s is  o f u n la b e lle d  m a te r ia l. D ie th y l [ C -M e ] - (S ) - 2 -m e th o x y -  

su ccinate  (3 0 5 ) (3 .8 9 g ,  1 .9 1  mmol) was re a c te d  w ith  1 .3  e q u iv a le n ts  o f 

lith iu m  alum inium  h y d r id e  to  a f fo rd  (3 0 6 ) (1 .4 6 g ,  3 .0 9  nC i mmol \

63 .9% ). N .m . r .  sp ec tro sco p y  an d  t . l . c .  d a ta  w e re  id e n tic a l to those

o f u n la b e lle d  m a te ria l.

P re p a ra tio n  o f [ ^ C - M e ] - ( R ) -2 -m e th o x y b u ta n - l ,  4 -d io l (3 1 0 )

T h e  t i t le  com pound was p re p a re d  b y  th e  m ethod d e s c rib e d  in

14
th e  s y n th e s is  o f u n la b e lle d  m a te ria l o f th e  e n a n tio m e r. D ie th y l [ C - M e ] - ( R ) -

2 -m e th o x y s u c c in a te  (3 0 9 ) ( 4 .2 2 g ,  2 0 .7  mmol) was re a c te d  w ith  1 .3  e q u iv ­

a len ts  o f lith iu m  alum inium  h y d r id e  to  a f fo rd  th e  t i t le  com pound (1 .6 1 g ,

2 .7 6  uC i mmol 64 .8% ).

■̂ H N .m . r .  sp ec tro sco p y  an d  t . l . c .  d a ta  w e re  in  ag reem en t 

w ith  those o f u n la b e lle d  m a te r ia l.



222

14P re p a ra tio n  o f [ C - M e ] - ( S ) -2 -m e th o x y p u tre s c in e  (2 9 2 ) d ih y d ro c h lo r id e

14T h e  t i t le  com pound was p re p a re d  from  [ C - M e ] - ( S ) - 2 -

140
m e th o x y b u ta n -1 ,4 -d io l (3 0 6 ) b y  th e  m ethod o f G o ld in g  and c o -w o rk e rs .

A n  in it ia l  p re p a ra t io n  a ffo rd e d  (292 ) d ih y d ro c h lo r id e  (123  m g, 3 .1 6  pCi 

mmol \  16 .6% ). A  la te r  p re p a ra t io n , em ploying  2 .6  e q u iv a le n ts  o f 

d iis o p ro p y l a z o d ic a rb o x y la te  (3 0 4 ) in  th is  re a c tio n , a ffo rd e d  (2 9 2 )  

d ih y d ro c h lo r id e  (394  m g, 3 .3 1  pCi mmol 36 .6% ). A ll p h y s ic a l and  

sp ectroscop ic  d a ta  w ere  in  ag reem en t w ith  u n la b e lle d  m a te r ia l.

14P re p a ra tio n  o f [ C - M e ] - ( R ) -2 -m e th o x y p u tre s c in e  (2 9 5 ) d ih y d ro c h lo r id e

14T h e  t it le  com pound was p re p a re d  from  [ C - M e ] - ( R ) - 2 -

m e th o x y b u ta n -1 ,4 -d io l (3 1 0 ) b y  th e  p ro c e d u re  re p o r te d  b y  G o ld ing  and  

140c o -w o rk e rs . A n  in it ia l  p re p a ra t io n  a ffo rd e d  (2 9 5 ) d ih y d ro c h lo r id e

(184  m g , 2 .8 7  pC i mmol \  23%). A  la te r  p re p a ra t io n  gave (295 ) 

d ih y d ro c h lo r id e  (114  m g , 2 .9 5  pC i mmol \  6 . 6 %). A ll  p h y s ic a l and  

sp ectroscop ic  d a ta  w e re  in  ag reem en t w ith  u n la b e lle d  m a te ria l.

F e e d in g  M e th o d s . -  T h e  R o ya l B o tan ic  G a rd e n , E d in b u rg h , id e n t if ie d  

and  s u p p lie d  Senecio p le is to c e p h a lu s  S . M oore p la n ts  w h ich  w e re  c u lt iv a te d  

from  stem c u ttin g s  and g ro w n  in  po ts  in  a s ta n d a rd  compost in  a g re e n ­

h o u se . T w o  w e ll-ro o te d  p la n ts  w ere  em ployed fo r  each e x p e rim e n t.
3

A  sam ple o f [ 1 , 4 -  H ]p u tre s c in e  d ih y d ro c h lo r id e  was ad d ed  to  each  

14[ C -M e ]-2 -m e th o x y p u tre s c in e  to  assess th e  re la t iv e  in c o rp o ra tio n  o f th e  

m e th o x y p u tre s c in e s . F o r each e x p e rim e n t th e  m ix tu re  o f ra d io la b e lle d  

p u tre s c in e s  was d iv id e d  in to  eq u a l p o rtio n s  and  fe d  b y  th e  w ic k  m ethod  

on f iv e  success ive  d a y s . S te r ile  w a te r  was used  fo r  u p ta k e  o f th e
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ra d io la b e lle d  p u tre s c in e s  b y  th e  p la n ts . O ne w eek  a f te r  th e  feed in g  of

th e  p re c u rs o rs  h ad  been  com pleted , th e  p la n ts  w e re  h a rv e s te d . T h e

a lk a lo id a l co n ten t was iso la ted  b y  th e  s ta n d a rd  p ro c e d u re . In  each

e x p e rim e n t rad ioscans  o f th e  t . l . c .  p la te s  show ed one ra d io a c tiv e  b and

c o in c id e n t w ith  a u th e n tic  ro s m a rin in e  [R ^ = 0 .2 9 , N H ^ /M e O H /C H C l^

( 1 : 1 4 : 8 5 ) ] .  N .m . r .  sp ec tro sco p y  o f th e  e x t ra c t  fo r  each e x p e rim e n t

was in  good agreem en t w ith  th a t  fo r  ro s m a rin in e  (1 5 3 ) .  T h e  m elting  p o in t

o f th e  a lk a lo id a l e x tra c t  from  each e x p e rim e n t was also in  good agreem ent

w ith  th a t  fo r  ro s m a rin in e . A n a ly s is  o f th e  e x tra c t  b y  p re p a ra t iv e

c h ro m a to g ra p h y  e s ta b lis h e d  th a t alm ost a ll o f th e  a c t iv ity  was associated

w ith  ro s m a rin in e . A n  in te rm e d ia te  t ra p p in g  e x p e rim e n t was c a r r ie d  o u t

in  an e f fo r t  to  tra p  a n y  2 -m e th o x y p u tre s c in e  as its  N_, N -d ip h e n y la m in o

144(th io c a rb o n y l)  d e r iv a t iv e . In c o rp o ra t io n  f ig u re s  fo r  each e x p e rim e n t  

a re  lis te d  in  T a b le  6 .

P re p a ra tio n  o f N , N - d ip h e n y la m in o ( th io c a rb o n y l)  d e r iv a t iv e  o f ( S ) - 2 -

144
m e th o x y p u tre s c in e  fo r  In te rm e d ia te  T ra p p in g  E x p e rim e n ts

14A  m ix tu re  o f [ C -M e ] - (S ) -2 -m e th o x y p u tr e s c in e  (2 9 2 ) d ih y d ro -

3
c h lo rid e  and [ 1 , 4 -  H ]p u tre s c in e  d ih y d ro c h lo r id e  w e re  fe d  to

S . p le is to cep h a lu s  p la n ts  o v e r a f iv e -d a y  p e r io d . S even  days  a fte r  

fe e d in g  was com plete th e  p la n ts  w ere  b le n d e d  in  m ethano l (5 .7 L )  and th e  

e x tra c t  was th e n  d iv id e d  in to  tw o e q u a l p o r t io n s . O ne o f th e  p o rtio n s  

was c o n c e n tra te d  and  used  in  an in te rm e d ia te  t ra p p in g  e x p e r im e n t.

In a c t iv e  (S )-2 -m e th o x y p u tre s c in e  (2 8 6 ) d ih y d ro c h lo r id e  (50  m g,

0 .2 6  mmol) and sodium  b o ro h y d r id e  (193  m g , 5 .1  mmol) w e re  added  to  th e  

c o n c e n tra te d  m ethanolic  e x tra c t  (150 m l) from  th e  fe e d in g  e x p e rim e n t,  

and th e  m ix tu re  was s t ir r e d  fo r  24h . Is o th io c y a n a to b e n ze n e  (1  m l, 8 .3 7
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mmol) was added  to  th e  re a c tio n  m ix tu re  w h ich  was s t ir r e d  fo r  a f u r t h e r  

70h a t room te m p e ra tu re . B r in e  (100  m l) was added  and  th e  r e s u l t a n t  

s o lu tio n  was e x tra c te d  w ith  d ich lo ro m eth an e  (4  x  100 m l) . T h e  o r g a n i c  

e x tra c ts  w ere  com bined, d r ie d ,  and th e n  c o n c e n tra te d  u n d e r  r e d u c e d  

p re s s u re . A ra d io scan  o f th e  p ro d u c t m ix tu re  o b ta in e d  d e v e l o p e d  in  

C ^ C ^ - M e C N  (9 :1 )  in d ic a te d  th a t  th e  b a n d  c o rre s p o n d in g  to th e  N_,N '- 

d ip h e n y la m in o (th io c a rb o n y l) d e r iv a t iv e  o f (2 8 6 ) was n o t la b e lle d .

N ,N l- D ip h e n y la m in o (th io c a rb o n y l)  d e r iv a t iv e  o f ( 2 8 6 ) . -  m . p .

1 6 5 -1 6 6 °C ; [ a ] 17 -  3 1 .9 °  (C  8 .9 ,  CH~C10 ) ;  v (C H C 1 J  3410, 1740,D — l c m ax 5

1595, 1555, 1495, 1435, and  1230 cm” 1 ; 6 U (90  M H z) 1 .6 0 -1 .8 5  (2 H , m ),
H

3 .1 2  ( 3 H , s ) ,  3 .4 0 -3 .8 5  (5 H , m ) , 6 .3 0 -6 .5 5  (1 H , b r  s , N H ) , 6 .6 5 -6 .9 0

(1 H , b r  s , N H ) ,  7 .0 5 -7 .5 5  (1 0 H , m ) , 8 .2 0 -8 .3 0  (1 H , b r  s ,  N H ) , a n d

8 .3 5 -8 .4 5  ppm (1 H , b r  s , N H ) .

S im ila r re s u lts  w e re  o b ta in e d  in  an in te rm e d ia te  tra p p in g  

14e x p e rim e n t w ith  [ C -M e ] - (R ) -2 -m e th o x y p u t r e s c in e  (295)  d i h y d r o c h l o r i d e .

144
F o r th e  u n la b e lle d  N _ ,N '-d ip h e n y la m in o (th io c a rb o n y l)  d e r iv a t iv e  w ith  

a ll sp ectro sco p ic  and p h y s ic a l d a ta  w e re  id e n tic a l to  th e  enan tio m er excep t 

[a ]J 3 + 30.4° (C 6, CH2C12) .

7.4 Experimented to Chapter 6

Standard procedure for extracting  alkaloid from seeds of C . lanceolata

Seeds (lO O g) o f C ro ta la r ia  lan ceo la ta  ( fa m ily  Legum inosae) 

w e re  im m ersed in  p e tro le u m  e th e r  ( b . p .  4 0 -6 0 °C ) (250  m l) .  T h e  seeds  

w e re  th e n  s e p a ra te d  from  th e  e th e r  w a s h in g s , d r ie d ,  and  th e n  f in e ly  

g ro u n d  u s in g  a m o rta r  and  p e s tle . T h e  c ru s h e d  seeds w e re  th e n  b le n d e d ,
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in  p o rtio n s , w ith  m ethanol ( 2 . 5 L ) ,  and th e  m ethanolic  f i l t r a te s  w ere  

c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re . T h e  re s u lt in g  re s id u e  (8 .1 8 g )  

was d isso lved  in  d ich lo ro m eth an e  (70  m l) and e x tra c te d  w ith  2M s u lp h u ric  

acid  (3  x  50 m l) . T h e  ac id ic  e x tra c ts  w ere  com bined a n d , in  tu r n ,  

w ashed w ith  d ich lo rom ethane  (6  x  50 m l) .  P o w d ered  zinc m etal (8 g ) was 

added  to  th e  a c id ifie d  so lu tio n  and s t ir r e d  at am bient te m p e ra tu re  fo r  2sh. 

T h e  m ix tu re  was f i l te re d  th ro u g h  C e lite  and th e  C e lite  p ad  was w ashed  

w ith  2M s u lp h u ric  acid  (2  x  30 m l) . T h e  a c id ifie d  f i l t ra t io n s  w ere  th en  

com bined and c o n c e n tra te d  ammonia so lu tio n  was ad d ed  to in c rease  th e  

p H  to  9. T h e  a lk a lin e  so lu tio n  was th e n  e x tra c te d  w ith  d ich lo rom ethane  

(4  x  100 m l) .  T h e  o rg a n ic  e x tra c ts  w ere  com bined and w ashed w ith  

w a te r  (100 m l) . T h e  en su in g  d ich lo ro m eth an e  e x tra c t  was th e n  d r ie d ,  

and  c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  to  a ffo rd  a m ix tu re  o f th re e  

a lka lo id s  (205  m g, 0 .2 % ). T h e  a lka lo id s  w ere  s e p a ra te d  b y  colum n  

c h ro m a to g ra p h y . B asic  a lum ina (g ra d e  3) was em ployed as th e  

s ta t io n a ry  phase and C H C l^ /C ^ C ^  (1 :1 )  as th e  e lu a n t. U saram ine  

(3 1 4 ) ,  th e  m ajor com ponent o f th e  e x t r a c t ,  was re a d ily  s e p a ra te d  b u t  

fu r th e r  column c h ro m a to g ra p h y  was n e c e s s a ry  to  ach ieve  a p a r t ia l  

s e p a ra tio n  o f th e  re m a in in g  com ponents , n i lg ir in e  (3 2 1 ) and in te g e rr im in e  

(3 1 3 ) .  T h e  a lka lo id s  w e re  p re s e n t in  a re la t iv e  ra t io  8 5 :1 0 :5

[ ( 3 1 4 ) : ( 3 2 1 ) : ( 3 1 3 ) ] .

U saram ine  ( 3 1 4 ) : R f  0 .3 3  [ N H 3 /M e O H /C H C l3 ( 1 : 1 4 : 8 5 ) ] ;

m .p .  184 -185 °C  ( l i t . , 150 1 8 2 .5 -1 8 3 .5 ° C ) ;  [ a ] * 2 + 8 .8 °  (C  3 .1 5 , E tO H )

: v (C H C 1 J  3600, 1735, 1710, and  1650 cm 1 ; 6
m ax 3 n

(9 0  M H z) 0 .8 3  (3 H , d ,  J 7 H z , 1 9 - H j ) , 1 .7 1  (3 H , d ,  J 7 H z , 2 1 - H j ) ,  

1 .9 0 -2 .7 0  (6 H , m , 5 u -H , 13H , 1 4 -H 2> an d  6 -H 2 >, 3 .2 6  (1 H , m , 5 d - H ) ,
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3 .4 6  (1 H , m, 3 u -H ) ,  3 .6 7  ( 2 H , d , J 3 H z , 1 8 -H ) ,  3 .9 0  (1 H , m, 3 d -H ) ,

3 .9 5 -4 .4 0  ( 4 H , m, 2 0 H , 8 -H , and  9 u - H ) ,  5 .0 1  (1 H , m , 7 - H ) ,  5 .4 1  (1 H ,  

d , J 12 H z , 9 d - H ) , 6 .2 0  (1 H , m , 2 - H ) ,  and  6 .5 2  ppm  (1 H , q ,  J 7 H z ,

2 0 -H ) ;  6 (25  M H z) 1 2 .3  ( C - 1 9 ) ,  1 4 .1  ( C - 2 1 ) ,  2 9 .7  ( C - 6 ) , 3 3 .7  (C - 1 4 ) ,

37 .0  ( C - 1 3 ) ,  5 3 .0  ( C - 5 ) ,  6 1 .1  ( 0 9 ) ,  6 2 .6  ( 0 3 ) ,  6 7 .1  ( 0 1 8 ) ,  7 5 .6  

( 0 7 ) ,  7 8 .3  ( 0 8 ) ,  8 1 .4  ( 0 1 2 ) ,  131 .7  ( O l ) ,  133 .5  ( 0  1 5 ), 135 .6  ( 0  2 0 ) , 

136 .6  ( 0 2 ) ,  168 .9  ( 0 1 6 ) ,  and  175 .6  ppm  ( O i l ) ;  m /z  351 (9 .4 % ), 220, 

138, 136, 120, 119 (100% ), 95, 94 , 93 , 80 and 55. (F o u n d  M + , 351 .1710 . 

^ 1 8 ^ 2 5 ^ ^ 6  re<4u *re s  3 5 1 .1 6 8 1 ).

N il ig ir in e  ( 3 2 1 ) : R f  0 .3 8  [ N H 3 /M e O H /C H C l3 ( 1 : 1 4 : 8 5 ) ] ;  

m .p . 126-128°C  ( l i t . , 151 1 2 7 -1 2 8 °C );  [ a ] ^ 1 + 2 8 .9 °  (C  1 .3 1 , E tO H )

( l i t . , 151 [ a ] 18 + 31 .5°); 6 R (200 M H z) 1 .0 3  (3 H , d ,  J 7 H z , 1 8 -H 3) , 1 .74

( 3 H , d , J 7 H z , 2 0 -H 3) ,  2 .0 8  (2 H , m , 6 -H 2 ) ,  2 .1 6  (2 H , d d , J 3 .5  Hz 

and 3 .8  H z , 1 4 -H 2 ) ,  2 .3 0  (1 H , m , 1 3 -H ) , 2 .5 4  (1 H , d d d , J 9 H z , 11 H z , 

and 6 H z , 5 u - H ) ,  2 .7 2 -2 .9 5  (1 H , b r  s , O H ) ,  3 .2 5  (1 H , d d d , J 9 H z ,

8 H z , and 2 H z , 5 d - H ) ,  3 .3 9  (1 H , d d d , J 16 H z , 6 H z , and  1 .75  H z , 3 u - H ) , 

3 .9 2  (1 H , d ,  J 16 H z , 3 d - H ) ,  4 .0 4  (1 H , d ,  J 2 H z , 1 2 -H ) ,  4 .1 1  (1 H , d ,

J , 12 H z , 9 u - H ) ,  4 .2 4 -4 .3 4  (1 H , m , 8 - H ) ,  5 .1 5  (1 H , d d d , J 4 H z , 4 H z , 

and 2 .9  H z , 7 - H ) ,  5 .3 4  ( 1H , d ,  J 12 H z , 9 d - H ) ,  6 .1 5  (1 H , m , 2 - H ) ,  and  

6 .5 3  ppm (1 H , q ,  J 7 H z , 1 9 -H ) ;  6 Q (50  M H z) 1 4 .2  ( 0 1 8 ) ,  1 6 .9  ( 0 2 0 ) ,  

2 7 .8  ( C - 6 ) ,  3 3 .7  ( C - 1 4 ) ,  3 5 .7  ( C - 1 3 ) ,  5 3 .5  ( C - 5 ) ,  6 1 .1  ( C - 9 ) ,  6 2 .7  

( C - 3 ) , 7 3 .8  ( C - 8 ) , 7 4 .9  (C -7  o r 0 1 2 ) ,  7 7 .6  ( 0 1 2  o r  C - 7 ) , 132 .0  ( 0 1 5 ) ,

133 .0  ( C - l ) ,  136 .3  ( C - 2 ) , 136 .5  ( C - 1 4 ) ,  1 6 8 .3  ( C - l l ) ,  and  175 .0  ( 0 1 6 ) ;  

m /z  321 (M + , 16 .7% ), 220, 184, 138, 136, 121, 120, 119 (100% ), 118, 117,

95, 94, 93 , 80, and  53. (F o u n d : M +, 3 2 1 .1 5 8 4 . C ^ y H ^ N O ,- re q u ire s

M , 3 2 1 .1 5 7 6 ).
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In te g e rr im in e  ( 3 1 3 ) : R 0 .4 0  [N H ^ /M e O H /C H C 1 3 ( 1 : 1 4 : 8 5 ) ] ;

154 15? 16
m .p . 168-169°C  ( l i t . ,  168 -169°C  , 171 -172 °C  ) ;  [ a ]£  -  2 0 .1 °

154
(C  1 .1 , C H C 1 J  ( l i t .  , [a ]_  -  2 1 .4 ° ) ;  6U (200  M H z) 0 .9 1  (3 H , d , J 7 H z ,
— 5 u ri 1—

1 9 -H 3) ,  1 .29  ( 3 H , d , J 18 H z , 1 8 -H 3 ) , 1 .7 4  (3 H , d ,  J 7 H z , 2 1 -H 3) ,

1 .9 5 -2 .0 5  ( 2 H , m , 6 -H 2 ) , 2 .0 5 -2 .1 8  (2 H , m , 1 4 -H 2 ) , 2 .2 0 -2 .3 0  (1 H , m,

1 3 -H ) ,  2 .4 6  (1 H , m, 5 u - H ) , 3 .2 5  (1 H , m , 5 d - H ) ,  3 .3 9  (1 H , d d d , J 

15 H z , 1 .8  H z , and  6 H z , 3 u - H ) , 3 .9 5  (1 H , d ,  J 15 H z , 3 d -H ) ,  4 .1 1  (1 H ,  

d , J 12 H z , 9 u - H ) ,  4 .3 1 -4 .6 6  (1 H , m , 8 - H ) ,  5 .0 1  (1 H , d d d , J 4 H z , 4 H z , 

and  1 .7  H z , 7 - H ) ,  5 .4 1  (1 H , d ,  J 12 H z , 9 d - H ) ,  6 .2 1  (1 H , m , 2 - H ) ,  and  

6 .5 1  ppm (1 H , q ,  J 7 H z , 2 0 -H ) ;  m /z  335 (M + , 7 .8 % ), 291, 248, 220, 153, 

149, 139, 138, 137, 136, 122, 121, 120, 119 (100% ), 118, 109, 95, 94, 93, 

80, and 67. (F o u n d : M + , 3 35 .17 38 . C ^ g H ^ N O ^  re q u ire s  M , 3 3 5 .1 7 3 3 ).
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