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L a c t a r i ~ ~ s  r u C u s  e x t r a c t s  yielded along with t r i c y c l i c  l ac t a ro -  

r u f i n s  a  novel t e t r a c y c l i c  secquiterpsne lac tone  with cyclo- 

propsne r i n g  condecsed v i t h  l s c tone  r i n g  - i so l ac t a ro ru f in  (1). 
I ts  s t r u c t c r e  was established. on t h s  bas i s  of chenical  t r ans -  

forirations and f u l l  spec t r a l  analysis .  

20 l ~ o l a c t ~ r o r u f i n  C15~220,, (i), mp. lalola], = +n.uO ( i n  

StOH, c  -1.) was i so ls t?d .  from e thsnol ic  e x t r a c t s  of Lac ta r ius  

r u f u s  by ptendard procedure a lons  with o ther  l t lc tarane deriva- 

t i v e s  (2,3) i n  very low yie ld .  

It i s  isomeric n i t h  l a c t a r o r s f i n  A (8); however, it d i f f e r s  

from t h e  l a t t e r  by t h e  l ack  of  s i c g i f i c a n t  UV absorption above 

200 nm and by hic*er vslue of I R  l a c t o n i c  carbonyl frequency 

(1768 cm-I), thus  showing t o  be a  sa tura ted  r - lac tone .  The FMR, 

1 3 ~ - ~ ~ ~  a s  well a s  I R  spectra  of i s o l a c t a r o r u f i n  po in t  t o  i t s  

f u l l  s a tu ra t ion ,  hence it m u s t  have a  t e t r a c y c l i c  s t ruc tu re .  

I n  t h e  I R  spectrum a  s t rong band a t  3600 cm-I ( h y d r o ~ y l  groups) 

i s  v i s i b l e ,  and t h e  presence of two a lcohol ic  groups was a l s o  

confirmed. by t h e  PblR spectrum of 1 measured in  pyridine-D ex- 5' 
h i b i t i n g  a  d ipro tonic  hydroxyl-proton s igna l  a t  6.34 ppm. Iso-  

l a c t a r o r u f i n  could be e a s i l y  ace ty la ted  a t  room temperature t o  



the  monoacetate C1754@5 (z), whose I B  s.pectrun st i l l  contained 
-1 

a  hydroxyl band a t  3500 cm . 
These f a c t s  prove t h a t  i so l ac t a ro ru f in  (1) i s  l i k e  l ac t a ro -  

r u f i n  A (8) a  dihydroxy-pactone. 

The P?<!!T( spectrum of  i s o l e c t a r o r u f i n  r evea l s  fu r the r  s imi l a r i -  

t y  with l a c t a r o r u f i n  A. It e x h i b i t s  t h r e e  methyl groug s i b g a l s  

a t  0.36, 1.1? and 1.90 ppm ( i n  pyricljne-D,). The f i r s t  two si- 
i 

gnals  were ascribed. t o  two geminal methyl groups, t h e  third.  

one t o  t h e  ae thy l  group on carbon atom b s a r i n ~  t h e  t e r t i a r y  

hydroxyl group, s ince t h i s  s igna l  was s h i f t e d  d.ovmfield i n  t h e  

dehydrated ?roducts  5 and 5. The broad s i n g l e t  a t  4.52 ppm was 

assigned t o  t h e  =ethylene ~ ~ r o t o n s  i n  r - l ac tone  r ing;  a s  it can 

be expected t h i s  s i p a l  becomes a  very well resolved qua r t e t  

i n  t h e  PER spectrum of t h e  monoacetate 2. I ts  l a r g e  cougling 

cons tant  JAB = 1 0  Hz i s  very c h a r a c t e r i s t i c  f o r  saturated. ZJ-- 

-1aotones of t h i s  type (4). The doublet  a t  4.78 ppn was asc r i -  

bed t o  H-8, which -!as f u r t h e r  subs t an t i a t ed  by i t s  downfield 

s h i f t  i n  t h e  PER spectrum of t h e  a c e t a t e  2. The r e l a t i v e l y  

l a r g e  coupling constant  J = 9  Iiz demonstrates t h e  t r a n s  r e l a -  

t i o n s h i p  between H-6 and t h e  bridge proton H-9. I n  t h e  PI2 

spectrum of t h e  syn the t i c  isomer ep i - i so l ac t a ro ru f in  (la) t h e  

s igna l  of H-8 i s  a  broad s i n z l e t ,  proving t h e  c i s  r e l a t i c n -  

sh ip  between H-8 and H-9. The remaining P:JR s i g n a l s  s e r e  over- 

lapping  themselves and even t h e  P;2? spectrum of i so l ac t a ro ru -  

f i n  a c e t a t e  measured with t h e  addi t ion  of Eu(dpm). d id  n o t  
3  

permit f u r t h e r  s t r u c t u r a l  a s s i w e n t s .  

The m o s t  important f e s t u r e  of  t h e  13c KMR spectrum of 1 we- 

r e  the s i g n a l s  of  t h r e e  carbon bonded quaternary carbon atoms 

a t  38.7, 33.9, 38.2 ppm. The f i r s t  one was assigned t o  C - l l  

wi th two geminal methyl groups, t h e  next  one t o  C-7, a s  t h e  
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l ac ton ic  methylene ~ ~ r o t o n s  i n  t h e  FMR :;pectrum mere s p l i t  only 

by t h e  seminal coupling and t h e  !?-8 s i p d  nas a douolet  (cou- 

pled. with I!-9). h e  l a s t  s i ~ n a l  was a s s i s e d  t o  C-5 s ince  t h e  

P!v!R d i d  no t  shorn t h e  3resence of any proton i n  o s i t i c n a  t o  

t h e  carbonyl a t  C-4. The I5c NL:R spx t rum of revealed. fu r the r  

t h e  presence of four inethylene groups; consequently one of then 

i . e .  t h a t  a t  t h e  h i s b e s t  f i e l d  (1.1 p i n  had t o  be assigned 

t o  cydlopropsne methyl.ene carbon atom C-5. The ~ e a i . n a l  coupling 

cons tant  of I?-5 protons wos found t o  be 5.5 lie i n  t h e  well re -  

solved spectrum of t h e  dehydrated conpoxnd 5 meamred i n  t h e  

presence of Eu(f0d) which i s  i n  exce l l en t  agreei:lent with t h e  3' 
knovm ( 2 )  l i t e r a t o r e  da ta  ( F i z .  1). Thus t h e  s . t ructure of t h e  

l a c t o n i c  p a r t  and. i t s  environinent of  isolacl-arorufin ,was e s t a -  

b l i s h d  - :iessu.med t h a t  t h e  hjiirocarbon p a r t  of i so l ac t a ro -  

r u f i n  was t h e  same a s  t h s t  of l a c t a r o r u f i n  A (S) a s  both i n u s t  

have t h e  same b iogenet ic  o r ig in ,  and a l s o  because the 13c AmR 

s i g n a l s  of  t h i s  p a r t  i n  t h e  relevont l ac t a ranes  (6)  are  p r a c t i -  

c a l l y  i d e n t i c a l  a s  i l l u s t r a t e d  i n  t h e  Table I. 

Tabl~  1 

The chemi'cal r eac t ions  confirmed t h i s  s t r u c t u r a l  working 



liyi~otl-esig. "be a c t i o n  of t b iony l  ch lor ide  i n  .i!yridine conver- 

ter] i s o l o c t a r o r u f i n  ace ta t e  (2 )  i n t o  th-e o l e f i n i c  compound 5 

~ i t h  t e t r a s u b s t i t u t e d  double bond. The hydrolys is  of t h e  ace- 

toxy :sroup yielded t h e  f r e e  alcohol  5, !Ci~(fod)~  s k i f t e d  

?::R spectrum save t h e  f j n a l  evidence of  t h e  ex is tence  of cyc- 

lvp ropme  r i n g  a s  xentioned above. Jones oxida t ion  of 1 pro- 

duced t h e  keto-derivct ive 2 and i-ts deiiyd ca t ion  with th ionyl  

ch lo r ide  i n  pyr id ine  Zave t h e  &$-unsaturated, ketone 3 with 

a  !:V absorpt ion a t  237 and 255 nm. 

LAK reduct ion  of t h e  new a c e t a t e  _6 gave the  t r i o 1  2 ,  vhose 

P)AR spectrum revealed. very c l e a r l y  t h e  s i s a l  of Hb-5 proton 

( cyc lo .~ ropy l  methylene) a t  0.75 ppm (geminal coupling cons tant  

wi th  H,-5, J=5 Hz); H -5 proton s igna l  was found a t  1.34 ppm 
B 

overlapping with o t h e r  s i @ e l s  (Scheme 1 ) .  

Fig. I p resen t s  t h e  b e s t  resolved,  Eu ( fod)? s h i f t e d  PMR 

spectrum of dehydrated i s o l a c t a r o r u f i n  (i), where s i w a l s  of 

a l l  p ro tons  a r e  c l e a r l y  v i s ib l e .  IThe s t r u c t u r a l  assic;nnents 
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shorn on t h e  f igu re  vere confirmed by a l l  poss io le  clecouyling 

experinents.  

Fig. 1 
However, a l l  these  da ta  discussed above do not  permit t o  

dram f a r  soing conclusions concerning t h e  geometry of i so l ac -  

t a r o r u f i n  and. t h e  l a c t o n i c  carbonyl pos i t ion .  $'s assume by ana- 

logy t o  a l l  l ac t a rane  l ac tones  t h a t  t h e  carbonyl p a u p  ?:as t o  

- be located on t h e  same s ide  a s  t h e  methyl group (C-12). This 

ascumi.tion i s  supported by t h e  observotion t h a t  any cheniical 

change involving t h e  secondary alcohol group ( a t  C-8) had a 

d i s t i n c t  influence on t h e  s igna l  of l a c t o n i c  methylene protons. 

F ~ . ~ r t h e r ,  i n  analogy t o  a l l  l ac t a ranes  we accepted t h e  cis-geo- 

metry of t h e  cyclopentane/cyclohexane r i n g  junction; and a s  it 



?!as proved. above t h e  P-configurat ion of the  secondary alcohol  

grouy. It follows from the exaninabion of Dreiding models t h a t  

t h e  more favo~ired. c o a f i g ~ r a t i o n  of t h e  t e r t i a r y  alcohol  group 

i s  beta.  

The coinparison o:T t h e  observed. and ca lcula ted  2u(fod) in -  3 
Buced chemical s h i f t s  revealed a very good consis tency f o r  a l l  

p ro tons  of dehydrated i s o l a c t a r o r u f i n  with t h e  cyclopropane 

(3-methylene; hence t h e  s p a t i a l  s t r u c t u r e  of  i s o l a c t a r o r u f i n  (1) 
i s  a s  shown: 

Fig. 2 
?he co-occurence of i s o l a c t a r o r u f i n  with l a c t a r o r u f i n s  i s  a 

puzzl ing problem Prom t h e  b iogenet ic  po in t  of  view. The bioge- 

n e t i c  pathway l ead ing  t o  l a c t a r a n e  ske le ton  with a cyclobutane 

interned i a t e  A, connon t o  most of  poly c y c l i c  sesquiterpenes 

with a sem-dimethyl cyclopentane r i n g  was sucgested before 

(3,7). The cyclobutane r i n g  con t rac t ion  of A with t h e  forma- 

t i o n  of B would l ead  t o  v e l l e r a l  (7) and t h e  cyclopropane r i n g  

cleavage t o  i s o v e l l e r a l  and l ac t a ranes  (C a s  an intermediate) .  

One could a l s o  assume another  cyclopropane r i n g  cleavage (along 

t h e  do t t ed  l i n e )  wi th  hydride s h i f t  from C-7 t o  C-4, followed 

by t h e  reproduct ion of  cyclopropane r i n g  on C-6/C-7, g iv ing  

r i s e  t o  i so l ac t a rane  skeleton. Another p o s s i b l i t y  i s  represen- 

t e d  by t h e  sequence A+ E k -  F-i- D ,  ( o r  A+ P+- D), in 
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which t h e  intermediate  6 l e a d s  t o  t h e  formation of i l l u d i n s  

(5).  I n  t h i s  case a cyclobutane compound P should be t h e  next  

intermediate ,  but  t o  our knowled~e none of t h e  knovm,sesquiter- 
i 

penes has  such a skeleton.  Therefore v:e propose t h e  sequence 

A+ E-+ D a s  t h e  poss ib l e  b ioeenet ic  pathviay fo r  i so l ac t a ro -  

r u f i n s  (Scheme 2).  

lactarorufins 

E ( illudins F l unknown 
skeleton 

Scheme 2 

P u l l  r epor t  on i so l ac t a ro ru f in  includinu, absolu te  configu- 

r a t i o n  determinat ion w i l l  apvesr i n  t h e  Po l i sh  journal Roczniki 

Chemii. 
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