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NEW APPROACHES TO THE SYNTHESIS CF SPERMINE RND SPERMlDlNE ALKALOIDS 

Harry H. Wassernan* and Ralph P. Roblnson 

Department o f  Chemistry, Yale Unlversl ty,  New Haven, CT 0651 1, USA 

W - N e w  approaches t o  the  fwmat lon of macracycllc lactams are  

described lnvo lv lng successive r l n g  expanslon o f  6-lactams and other 

heteracyc l lc  systems. These methods have been used I n  t h e  synthesls o f  a 

number o f  spermlne and spermldlne alkaloids lncludlng h a a l l n e ,  celaclnnlne, 

d lhydroper lphy l l lne ,  chaenorhlne and verbascenlne. 

I n  recent years, there  has been s t r l k l n g  progress I n  the development o f  e f f l c l e n t  methods for  

t he  forrnatlon o f  azetldlnones. as a consequence o f  the Intense a c t i v i t y  I n  i h e  synthesls of t he  

6-lactam an t l b lo t l cs .  Our a n  work I n  t h l s  area has led t o  several new procedures f o r  %- lac tan 

synthesls, from cyclopropanone precursors,' from azet ldlne carboxy l l c  aclds2 and f r a  

8-haloproplonam~des.~ Examples o f  t he  appl l ca t l on  of these methods are  found I n  syntheses o f  

(+)-3-mlnonocardlclnlc ac ld  ( ~ - A N A ) ( ~ ) . ~  

Durlng t h e  course o f  t he  above synthetic work, we becme aware o f  a speclal aspect o f  

8- lactan c h w l s t r y  whlch had prevlously recelved l l t t l e  a t tent ion.  I n  our  studles on 3-ANA, we 

observed an l n te res t l ng  rearrangement of t h l s  mater lal  I n  d5-pyrldlne/D20 t o  f c m  the  plperazane 

carboxy l lc  ac ld  (I). Thls transformatlon. previously reported by Kamlya dur ing s l l l c a  gel 

5 chromatography o f  3-ANA, was vlewed by us as shown i n  Schene 1. Here, ln t rano lecu lar  at tack o f  

t he  6-lactem carbonyl by the  carboxylate group y l e l d s  an lntermedlate 7 - m b e r e d  c y c l l c  anhydride 

(2)  whlch undergoes fur ther  t ransfwmat lon t o  (1) t h e  product of ln t rano lecu lar  acylat lon. 

1 - - 2 3 - Scheme I 

The rearrangement of 3-ANA(1) t o  (1) I S  by no means the f l r s t  exmp le  o f  t he  r e a c t l v l t y  o f  

0-lactams toward i n t r m o l e c u l a r  r l n g  expansion. In fact, as polnted ou t  by ~ o s e , ~  s a e  of t he  

ea r l y  con fus lonove r  the s t ruc tu re  of pen lc l l l l n -G  (4) was due, I n  part ,  t o  I t s  f a c l l e  
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rearrangement t o  the  &arolone (5) by an ln t rano lecu lar  at tack of t he  anlde s lde  chsln.' A number 

of other, more recent examples of t h i s  type of react lon are shorn i n  Scheme 2. I n  these 

reactions, f l v e  and six-membered t r a n s i t i o n  states leading t o  s l x  and seven-membered h e t e r a y c l l c  

products are most common. 
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In  re la ted  work, Borrnann has reported an unusual aret ldlnone r i n g  expansion whlch y ie lds  

fused b l cyc l  l c  heterocycl l c  Far example, t h e  react lon o f  2-methoxypyrroi lne (2) r l t h  

4-methy lazetldln-2-one 16) a t  1 3 0 ' ~  gave the  b lcyc l  l c  4-oxwtetrahydropyr lmidi  ne (P), presumably 

YLa t he  acyl m ld lne9  (8 )  (Scheme 3 ) .  Support f w  the  lntermedlacy o f  B was provided by the 

react ion o f  4.4-dlsubstltuted lactams r l t h  lac t lm ethers. Thus, a t  130DC the  condensatlon of 

4.4-dlmethy lazetldln-2-one (LQ) wl th  2-methoxypyrrol l ne  12) furnished t h e  s tab le  and Is01 able 

acyl m l d i n e  (11). On r a l s l n g  the  tmpera tu re  t o  180-200DC, 11 underwent rearrangement t o  form 

the fused b l c y c l l c  product (11). 

0 
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The above examples show t h a t  8 - l ac tms  represent latent sources o f  8-mlno-proplony l groups 

of potential, use I n  synthet lc  app l lca t lon .  I n  particular, one may note t h e  p o s s l b l l l t y  o f  us lng 

these systems I n  t h e  fwmat lon o f  la rge r l n g  lactams l n c o r p r a t l n g  8 -m lno  proplonamlde residues. 

Among n a t u r a l l y  a c u r r l n g  macrocycl lc systems, t h e  spermlne and sperrnldlne alkaloids Include a 

la rge number of compounds I n  whlch such resldues form par t  of t h e  macrocycl l c  backbone.1•‹ and r e  

there fore  chose several representatives o f  t h l s  group o f  cmpounds as syn the t l c  obJect lves f o r  t h e  

8-lactam r l n g  expansion studies. As I s  out1 lned I n  the f o l  l m l n g  dlscusslon, we used t h e  

aze t l d l  none-transarnldatlon reac t l on  I n  key phases o f  wr synthesls o f  h m a l  lne (11) ,'I ce lac lnn lne  

( 2 ~ ) ~ ' ~  d lhyd rope r l phy l l l ne  (z),~' and ~e rbascen lne  (46).14 I n  t h e  format lon o f  chaenorhlne 

( 7 ~ 2 ) ~ ~ ~  a v a r l a t l o n  o f  the  Bomann m u p l  lng  reac t l on  was devised I n  whlch a 6-anlno es te r  served 

a s  a %lactam equivalent.  

(-)-!jmdLM 

Our f l r e t  demonstration o f  t h e  use o f  rlng-expanslon methodology I n  t h e  format lon o f  a 

n a t u r a l l y  a c u r r l n g  spermlne a l k a l a l d  was t h e  synthesls o f  (-)-homallne IU)," a U - l a c t m  

I so la ted  from t h e  HmaUm genus o f  p l  ants.16 Slnce @-lactams were prevlousl  y known t o  undergo 

l n t r m o l e c u l a r  a t tack  by nucleophl les t o  form larger,  less s t ra lned  heterocycles, It seemed l l k e l y  

t h a t  t h e  U-8-membered system of  homallne m u l d  be mns t ruc ted  by a double 6-lactam 

transamldst lon r e a c t l o n  (Scheme 4).  
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17 18 - 13 - Scheme 4 - 

The key U - l a c t a m  lntermedlate was synthesized s ta r t l ng  frm t h e  known d l o l  (14) whlch was 

converted (BOC-0N/Et3N) t o  the  dlurethane dl01 (U) t o  p ro tec t  t h e  secondary m l n o  groups. 

Tosy l a t l o n  (TsCl/py) o f  t h e  hydroxy 1 groups and subsequent dlsplacement w l t h  t h e  sodlum s a l t  o f  

(S)-4-pheny laret ld ln-2-one provided t h e  adduct (Ih) I n  242 overal  l y l e l d  from 15. Canpound (Ih) 

was then t rea ted  w i t h  HC02H t o  remove the BOC protecting groups, forming l2. Ref lux lng 1Z I n  

q u l n a l l n e  fo r  10 hours brought about t h e  des l red transamldatlon reac t l on  t o  y l e l d  t h e  h m a l l n s  

r l n g  system (X3)125$). More e f f  l c l e n t l y ,  pyrolysis of the dlurethane l6 gave t h e  U - l a c t a m  (U i )  



d i rec t l y  (36%) by the  fragmentation sequence shown (Scheme 5 ) .  The synthesis of (-)-homal i ne  

was f i n a l l y  completed by Eschweller-Clarkemethylatlon (CH20/HCOOH) o f  w. 

Scheme 5 

For the  synthes ls  o f  ce lac lnn lne ( 2 2 1 ~ ~  t h e  rou te  deplcted i n  Scheme 6 was f l r s t  mns ldered.  

As i n  t h e  " r l pn  reac t i on  repor ted by Hesse at p1.17 t h i s  pathway would Invo lve  s tepx lse  expansion 

o f  smal ler  r l n g  lactam systems by transamidation. The formation o f  t h e  13-menbered lactam (a) 
would be promuted by l r r e v e r s l b l e  deprotonat lon o f  t h e  secondary m l d e  function. Furthermore, 21. 

would be thermodynamically favored over t h e  more s t ra ined  8 - l a c t m  and medlum r l n g  l a d a m  

precursors. 

-/-JNH - - Ph 

19 - 20 - 21 - Scheme 6 

Step b (Scheme 6) I s  analogous t o  t h e  "zip" r e a c t ~ o n l - ~  I n  whlch 6-membered t r a n s l t l o n  s ta tes  

are Involved. Step a, deslgnsd t o  form the m l n o  l a c t m  ( a ) .  would have t o  proceed through a 

7-membered t r a n s l t l o n  state.  We hoped t h a t  the6- lac tam (B) n i g h t  be s u f f l c l e n t l y  r e a c t l v e  t o  

compensate f o r  the  r e l a t i v e l y  unfavorable 7-membered t r a n s l t l a n  state.  However, I n  s tud les  on 

model systems, we f w n d  t h a t  v h l l e  t h e  prlrnary anino group I n  Z1 took p a r t  i n  t ransamldat lon t o  

form 24, other systems m n t a l n i n g  semndary anlno groups and/or la rger  r l n g  lactams d l d  no t  appear 

23 - 24 - 
t o  undergo transamldat lon through seven-membered t r a n s l t l o n  states.  Acwrd lng ly ,  the  ln termedla te  

m l n o  l a d m  ( a )  whlch would have been formed I n  step B was prepared by an alternative rou te  

lnvo lv lng  a l k y l a t l o n  o f  t h e  9-membered lactam (24) w l t h  a 3 -m lno  propyl  q u l v a l e n t .  We a l so  

found two add l t l ona l  procedures f o r  p repar ing  24. 

Us1 ng t h e  Bormann procedure,' 4-pheny l a r e t i  d l  none (2% was heated w I  t h  2-methoxypyrrol i ne (1) 

y le ld lng 4-ox~tetrahydmpyr lmldlne , whlch a u l d  be reduced w l t h  excess NaBH3CN I n  t h e  

presence o f  HOAc t o  form a ( 3 1 1 )  (scheme 71. Be t te r  r e s u l t s  were obtalned by heat tng e t h y l  

clnnamate w i th  p iper ldaz  i ne  (21) forming 2-0x0-4-pheny I - ~ . ~ - ~ I ~ Z ~ ~ I C ~ C I O C ~ . ~ . O I  nonane (28) (80%). 

Flsslan of t h e  N-N bond I n  (Na/NH3)18 y ie lded  24(80%1. 
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Scheme 7 

Se lec t i ve  a l ky  l a t l o n  o f  the  m l d e  NH group (25%) was achleved by t r ~ a l m e n t  of 24 w l t h  NaH I n  

DMP f o l  i n e d  by add i t i on  o f  N43- iodopropyl)-  phthallmlde (Schme 81. The product Ze was heated 

I n  ethanol  w l t h  H2N-NH2.HZ0 followed by warmlng I n  1N NaW t o  y i e l d  ZL (50%). Lactam ( 2 )  was 

then mnve r ted  t o  ce lac lnn lne (22)(85%1 by a q l a t l o n  wl th f.ra@5-clnnamoy l c h l o r l d e  as repor ted by 

~anern'' and by Yanmoto. 
20 
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The synthes is  o f  (+) -d lhydroper lphy l l lne  (XI was achieved I n  an e f f l c l e n t  6-step sequence 

maklng use of I n te rna l  N-N and C-N bond cleavage reactions o f  t h e  type p r e v l w s l y  employed I n  the 

ce lac lnn lne work.13 An Important aspect of the  synthesis I s  that ,  I n  m n t r a s t  t o  t h e  ce lac lnn lns  

route,  t h e  kms-c lnnamoy l  group was s p e c l f l c a l l y  Introduced a t  an e a r l y  stage, e l l m l n a t l n g  the 

need f o r  selective acy la t l on  I n  the  l a s t  step. 

2.7-Dlazacyclononanone (XI1 was obtained I n  a manner e n t l r e l y  analogous t o  t h e  preparation o f  

t h e  8-phenyl d e r l v a t l v e  (24) used i n  t h e  synthesls of celaclnnlne (Schme 91. Slow a d d l t l o n  o f  

e t h y l  ac ry la te  t o  p lper ldaz lne (U) a t  O'C led t o  formation o f  t h e  Michael adduct (11). which, on 

heat lng  t o  190aC underwent c y c l l z a t l o n  w l th  loss o f  ethanol t o  g l v e  the  b l c y c l l c  acy l  hydrar lne  

( Z ) ( 8 5 $ ) .  The 9-membered lactam (=I was then obtalned by Na/NH3 reduct ion  o f  22 (87%). Thls 

ma te r i a l  was then t reated wl th  m - c l n n m o y l  ch lo r l de  I n  t h e  presence o f  DMAP t o  prov lde t h e  

acy lan lno lac tan (XI (9521. 



0 
33 - 

ph 

34 - Scheme 9 

To prepare f o r  t h e  subsequent Inc lus ion of t h e  3-amlnoproplonyl un l t ,  t h e  acylanino lactam 

(14) was ac t i va ted  by react lon  w i th  t r lmethyloxonium te t ra f l uo roba ra te  f o l l a e d  by bas ic  aqueous 

workup t o  g i ve  t h e  lact l rn ether l25)(782) (Schme 1 0 ) .  The reac t i on  o f  t h e  lact l rn ether (Z) wi th  

4-phenylazetidln-2-one (2.5) provided t h e  f l r s t  example o f  t h e  Bormann condensation I nvo l v i ng  a 

medium r i n g  l a c t l m  ether. A f t e r  heat ing  t h e  reactants  I n  r e f l u x l n g  chlorobenzene, t h e  

4 - o x ~ t e t r a h y d r o p y r l m i d l n e  (26) was i so la ted  i n  672 y le ld .  

34 
Ph 

- 35 - 36 Ph - Scheme 10 

The f i n a l  step I n  t h e  synthesls Involved t h e  treatment o f  ih wl th  3 equ iva lents  o f  NaBH3CN I n  

acet ic ac ld  (Schme 1 1 ) .  The y i e l d  (932) o f  syn the t i c  d lhyd rope r l phy l l l ne  (2) I n  t h i s  step was a 

s l g n l f l c a n t  lmprovment over t h a t  (31%) for  a r e l a t e d  reac t i on  ( reduct ion  o f  a) I n  t h e  

ce lac lnn lne synthesls. 

0 

.Y.. AcOH fNH7 

~h ~h NH-N 

~h - Scheme 11 

( + ) - ~ h a e n o r h l ~  

I n  m n s l d e r l n g  t h e  synthesis of chaenorhlne (Z), t h e  p r o b l m  of forming fused 

macrocyclic l a c t m  r i ngs  had t o  be addressed. The a l l p h a t l c  lac tan ( r i n g  A), lncorpora t lng  a 

3-anlna-3-arylproplonyl group, appeared anenable t o  prepara t ion  yLa the r i n g  expanslon m u t e  

previously anplayed I n  t h e  syntheses of ce lac lnn lne and d l  hydroperiphy l 1 lne. These procedures 



HETEROCYCLES, Vol. 21, No 1, 1984 

were, however, n o t  appl l cab le  t o  t h e  formatlon o f  t h e  secdnd macrocycl l c  r l n g  ( r i n g  B) conta ln lng 

t h e  unsaturated residues. Thls lactam would have to  be.generated I n  a macrocyc l l ra t lon  step 

l nvo l v l ng  l n t r m o l e c v l a r  anlde band format lon,  

Leaving t h e  macrocycl l r a t l o n  step u n t l  l t h e  end o f  the synthesls, an approach t o  chaenorhlne 

was f i r s t  envls loned whlch m u l d  Invo lve  Borrnann reactlon o f  a s u l t a b l y  pro tec ted l ac t lm  e ther  

(2, R=Me o r  Et, P=protect lng group) w l t h  a 0-lactam component (IP). The aromatlc p o r t i o n  o f  t h e  

molecule could then be Introduced as p a r t  o f  t h l s  m u p l l n g  step (Schme 12). Reductive openlng o f  

t h e  4-0x0-tetrahydropyrlmldlne r l n g  (a) would then produce t h e  monomacrocycl lc system (4.U as a 

f u l l y  func t lona l lzed lntarrnedlate deslgned t o  g e n e r a t e x  I n  t h e  f l n a l  mac ro lac ta l ra t l on .  

Scheme 12 

Thls  approach t o  chaenorhlne appeared t o  have the d l s t l n c t  advantage over other approaches 

( r e q u l r l n g  two macrocycl l z a t l o n  steps) of belng h l g h l y  convergent. Synthet ic transformations used 

I n  t h e  preparation o f  each camponent could thus be carr ied ou t  r l t h  reduced r i s k  o f  In ter ference 

w i th  o ther  functional l t l e s  and p ro tec t l ng  groups. The smewhat s c l d  s e n s l t l v e  &-clnnamoy l group 

cou ld  be Introduced a t  a relatively la te  stage I n  t h e  synthesls, d lmln lsh lng t h e  oppo r tun l t l es  fa r  

GLS- t o m -  Isomerlzatlon. I n  practice, we were able t o  use the above procedure essentially as 

out1 lned, except f o r  t h e  use of t h e  0-lactam. We found tha t  t h e  6-anlno es te r  equivalent (42) o f  

t h i s  l a c t a  was much m r e  r e a d l l y  ava l l ab le  and r e  therefore chose t o  use t h l s  specles even though 

It was less r e a c t l v e  than t h e  t y p l c a l  0 - l a c t a  par t lc lpant .  

The synthes ls  I s  summarlzed I n  Schene 13 showlng t h e  use of two key fragments, t h e  

13-mrmbered lmlno ether ( X a l  and the substituted 8-anlno es te r  (42). The l n l n o  ether (=a) was 

prepared by t h e  sequence m t l l n e d  I n  Schrme 14; t h e  a l n o  es te r  (42) was formed by t h e  reac t l on  

o f  methyl &-y-bromoclnnamate r l t h  t h e  copper s a l t  shown I n  Schrme 15. Coupllng o f  the  two 

components was fo l lowed by ln t roduct lon  o f  t h e  acety l  group y l e l d l n g  41, and then reduc t i ve  r i n g  



opening t o  &, the monofycllc precursor of chaenorhlne. The f lna l  lactamlzatlan was accomplished 

by hydrolysis of the methyl ester in  d i lu te  NaOH, acHvat ion of the acid with pentafluarophsnol 

(Dm1 forming 45. removal of the trichloroethoxycarbonyl protectlng group lZn,HOAc) and 

macracycllratlon t o  12 in  pyrldlnddloxane in  the  presence of dlmethylmlnapyrldlna. 

Ac HN-N 
M.0 M.0 

Ar: 

45 - 37 - 
Scheme 13 
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The procedures employed f o r  const ruc t lon  o f  t h e  non-armat lc 17-membered lactam ( r i n g  A1 o f  

chaenorhlne m u l d  be r e a d i l y  app l led  t o  t h e  synthesls o f  r e l a t e d  polyanlne alkaloids m n t a l n l n g  

t h e  same r i n g  system, for  example, t h e  recen t l y  I so la ted  a lka lo ld ,  verbascenlne (&I. I n  t h e  

const ruc t lon  of 46, a l l  bu t  one n l t rogen a t m  o f  t h e  spermlne u n i t  cou ld  be delivered through t h e  

key macmcyc l lc  l a d i m  ether (a). 
The verbascenlne synthes ls  Involved condensation o f  the l a d l m  e thers  (=a) o r  ( X b l  w l t h  

4-~henylazet ld ln-2-one (7.51 t o  form the 4-oxetetrahydropyrlmldlne (42) (Schme 16). We found 

t h a t  t h e  y l e l d  o f  (421(59%1 uslng t h e  e t h y l  lac t lm ether I=bl was near ly  f ou r  t lmes hlgher than 

t h e  product r e s u l t l n g  from use of the  methyl de r l va t l ve  ( X a I ( l 6 b l .  I t  appears t h a t  v l t h  =a, 

regenerat lon of t h e  13-membered lactam by demethylatlon Is  a ser lous  s l d e  react ion .  

Exchange of the  BOC group far  an acety l  group was accompl lshed by standard means. A f t e r  

t reatment o f  42 w l th  HCI I n  methylene ch lor lde ,  the r e s u l t l n g  anlne was t rea ted  w i t h  acety l  

Scheme 16 



ch lor lde I n  the  presence of DMAP t o  provlde pure 48 (80%). The 17-mmbered l actam (49) was then 

obtained (88s) by reductive apenlng o f  t he  4-ox-tetrahydropyrlnldlne r l n g  w l th  NaBH3CN. Removal 

of the tr lchloroethoxycarbonyl  p ro tec t i ng  group affording the  d lmlno lac tam (a). 
Seiect lve  clnnamoylatlon o f  (TP), t he  f i n a l  step I n  the  verbascenlne synthesls, was c a r r i e d  

out under m n d l t i o n s  s l m l l a r  t o  those used for  t he  analogous acy ia t l on  I n  t h e  ce lac lnn lne 

synthesls, y l e ld lng  the  r a c m l c  a l k a l o i d  U N ( 5 8 b  from 4 9 .  
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