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The Homo-  Isoflavones III. Isolation and Structure of Punctatin,  3 ,9-Dihydro-  Punctatin,  4'- O- Methyl-  
3 ,9-Dihydro-Punctat in ,  4"-Demethyl-Eucomin and 4"-Demethyl -5-O-Methyl -3 ,9-Dihydro-Eucomin 

In  earl ier  communica t ions  the  isolat ion and  s t ruc ture  
of eucomin  and eucomol  f rom Eucomis  bicolor Bak. 1 and  of 
eucomnal in ,  3 ,9 -d ihydro-eucomnal in  and 4 ' -O-methyl -  
p u n c t a t i n  f rom Eucomis  au tumnal i s  Graeb. 2 were de- 
scribed. In  th is  paper  5 addi t iona l  new homo-isof lavones,  
isolated f rom the  bulbs  of Eucomis  punctata  L'H6r i t .  
(Liliaceae) are repor ted .  

P u n c t a t i n  (1), C17H1406, orange coloured needles,  m p  
189-190 ~ The U V - s p e c t r u m  (EtOH) exh ib i t s  a ma in  
b road  absorp t ion  b a n d  at  368 n m  (log e = 4.49). Addi-  
t ion  of A1C13 and  anhydrous  Na-ace ta t e  causes red shif ts  
of 28 and 31 n m  respect ively ,  which  are charac ter i s t ic  of 
h y d r o x y l  groups  in the  5 and  7 pos i t ions  a,4. The NMR-  
spec t rum a t  100 MHz (d6-DMSO) reveals  the  presence  of 
one m e t h o x y l  group (singlet, d = 3.64 ppm),  3 hyd ro x y l  
groups (sharp singlet  of the  hyd rogen  bonded  OH at  
12.60 p p m  and  2 b road  b a n d s  be tween  10.60 and  9.80 
ppm) and  5 a romat ic  pro tons .  The C-6 p ro ton  occurs as a 
sharp  s inglet  a t  5.98 p p m  and the  o the r  4 form a per- 
t u rbed  A A ' B B '  sys t em cen t red  a t  ca. 7.35 and  6.88 p p m  
(J ~ 9 Hz). The C-9 p ro ton  a t  7.69 p p m  is spl i t  in to  a 
t r ip le t  by  coupling wi th  t he  two C-2 p ro tons  which  appear  
as a doub le t  a t  5.40 p p m  (J ~ 2 Hz). The mass  spec t rum 
shows peaks  a t  m/e  314 (M +, 100%), 299 (M + " 1 5 ,  35.5%), 
183 (31.5%), 182 (25%), 167 (182-15, 100%), 133 (48%), 
132 (25.5%) and  131 (28%), ind ica t ing  a t y p e  D frag- 
m e n t a t i o n  5a. 

4 ' -O-Methy l -punc ta t in  (2), ClsH1606, has  been  pre-  
viously descr ibed 3. In  addi t ion ,  the  cis isomer (amorphous  
yellow compound)  was isolated and  we believe th is  is no t  
an ar tefac t .  

T r e a t m e n t  of I and  2 wi th  d ime thy l  sulphate/K2CO 3 in 
acetone  led to the  fully m e t h y l a t e d  der iva t ive  3, C20H2006, 
m p  147-148 ~ In  t he  NMR-spec t rum,  the  4 m e t h o x y l  
groups a p p e a r i n g  at  3.95, 3.95, 3.86 and 3.80 p p m  in 
CDC1 a are sh i f ted  to 3.80, 3.57, 3.35 and  3.28 p p m  in 
C6De, which  is cons is ten t  w i th  a 5, 7, 8-oxygenat ion  pa t -  
t e rn  of r ing A ~, 7. 

4 ' -Demethy l - eucomin  (4), C16H~2Oa, yel low coloured 
needles,  m p  209-213 o. The ma in  absorp t ion  band  of the  
U V - s p e c t r u m  (364 nm,  log e = 4.47) undergoes  red shif ts  
of 32 and  18 n m  on add i t ion  of A1C1 a and Na-ace ta te ,  
respect ively,  to t he  e thanol ic  solution.  The NMR-  
spec t rum  is very  s imilar  to  t h a t  of eucominL The mass  
spec t rum shows peaks  a t  m/e  284 (M +, 100%), 153 
(100%), 132 (35.5%), 131 (39.5%). 

3 ,9 -Dihydro -punc t a t i n  (6), C17H1806, pale  yellow cry- 
stals, m p  204-206 ~ [e]~ = - -37  ~ (dioxan), is the  ma in  
homo-isof lavonoid  c o m p o n e n t  of Eucomis  punctata  
L'H6r i t .  Add i t ion  of A1C13 and  Na-ace t a t e  shif ts  t he  m a i n  
absorp t ion  band  of the  U V - s p e c t r u m  (293 nm, log e -  
4.53) to  315 (+ 22) and  331 (+ 38) n m  respect ively.  The 
N M R - s p e c t r u m  (60 MHz, d6-DlV[SO ) shows the  presence  
of 1 m e t h o x y l  group (singlet, 3.62 ppm) and  3 hyd ro x y l  
groups (sharp s inglet  of the  hyd rogen  bonded  OH at  
11.90 p p m  and  2 broad  bands  a t  10.56 and 9.18 ppm).  The 
C-6 p ro ton  appears  as a s inglet  a t  5.94 p p m  whi ls t  t he  4 
a romat ic  p ro tons  of r ing B form a pe r tu rbed  A A ' B B '  
sy s t em  cen t red  at  ca. 7.01 and  6 .67  p p m  (J ~ 9 I-Iz). 
Mul t ip le ts  a t  4.4-3.8 ppm,  3.1-2.8 p p m  and  2.8-2.5 p p m  
are assigned to t he  p ro tons  a t  C-2 (2H), C-3 (1H) and  
C-9 (2H). The  mass  s p e c t r u m  shows the  molecular  ion, 
m/e  316 (51.5%), t he  ve ry  s tab le  h y d r o x y - t r o p y l i u m  ion, 
m/e  107 (100%), and fu r the r  peaks  a t  m/e  210 (37%) and  
195 (210-15, 21.5%) indica t ing  a t ype  A 4 f r agmen ta t i on  5b. 

4 ' -O-Methy l -3 ,9 -d ihydro -punc ta t in  (7), ClsHlsO6, iso- 
la ted  as amorphous  yel lowish compound ,  c o n t a m i n a t e d  

wi th  t races  of 2. In  the  U V - s p e c t r u m  the  main  absorp t ion  
band  a t  293 n m  is sh i f t ed  to 311 (+ 18) and  335 ( + 4 2 ) n m  
on t r e a t m e n t  wi th  A1C1 a and  Na-ace ta t e  respect ively.  The 
N M R  d a t a  are s imilar  to those  of 6, whereas  the  mass  
spec t rum shows m/e  330 (13%) as molecular  ion and  the  
m e t h o x y  t ropy l ium ion m/e  121 as base peak, 

T r e a t m e n t  of 6 and  7 wi th  d i me t h y l  sulphate/K2CO 2 in 
acetone  gave the  fully m e t h y l a t e d  der iva t ive  8, C20H2206, 
mp  99-100 ~ Ee]~ 4 = --2 ~ (CHC13). In  the  N M R - s p e c t r u m  
4 m e t h o x y l  groups appear ing  at  3.94, 3.92, 3.80, 3.80 p p m  
in CDC13 are shif ted to  3.75, 3.48, 3.34, 3.34 pp ln  in C6D e 
which  is cons i s ten t  w i th  a 5, 7, 8-oxygenat ion p a t t e r n  of 
r ing A 6, 7. 

4'- D e m e t h y l -  5 - O - m e t h y l -  3, 9 - d ihydro  - eucomin (9), 
C17I-I1605, colourless crystals,  m p  196-197 ~ [ ~  = - -38  ~ 
(dioxan) exhib i t s  an UV-absorp t ion  m a x i m u m  a t  285 n m  
(log s -  4.51) which  is no t  shif ted wi th  A1C13 b u t  is 
sh i f ted  wi th  Na-ace ta t e  (322 nm, +37) .  The NMR-  
s p ec t ru m (100 MHz, d6-DMSO ) shows the  presence  of 
1 m e t h o x y l  group (singlet, 3.74 ppm),  2 h y d ro x y l  groups  
(broad bands  be tween  10.4 and  9.0 ppm),  6 a romat ic  
p ro tons  (C-6 and  C-8 p ro tons :  AB sys tem,  6.07 and 5.92 
ppm,  J ~ 2.5 Hz;  p ro tons  of r ing B: A A ' B B '  sys tem,  7.01 
and  6.68 ppm,  J ~ 9 Hz) and 5 a l iphat ic  p ro tons  as 
mul t ip le t s  be tween  4.4-3.8 p p m  (2H), 3.1-2.8 p p m  (1H) 
and  2.8-2.5 p p m  (2H). In  t he  mass  spec t rum,  the  m o s t  

1 R t 
2 R ~ 
3 R ~ 
4 IR ~ 
5 R ~ 
6 R ~ 
7 R ~ 
8 R ~ 
9 R 1 

R a 
10 R 1 

R 3 
R z 81 O a' R ~ 

R a 
R ~  R~ 

= R  2 - R  ~ - O H ;  R 3 - O C H  a Punctatin 
= IR 2 - OH; R 3 = R 4 - OCH 3 4'-O-Methyl-punctatin 
_R2  = R  a = R  4 =OCH a 
= R 2 - R 4 - OH; R a = H 4'-Demethyl-eucomin 
- R  2 - R  4 - O C H 3 ;  R a - H  
= R 2 - IR 4 - OH; R a - OCH a 3,9-Dihydro-punctatin 
- R 2 = OH; R a = R 4 = OCH 3 4'-O-Methyl-3,9-di- 
- R 2 = R 3 - R a = OCH a hydro-punctatin 
= OCH2; R 2 = R 4 = OH; 4'-Demethyl-5-O- 
- H methyl-3,9-dihydro- 
= R 2 = R 4 - OCH3; R 3 - H eucomin 

1 p. B•HLER and CH. TAMM, Tetrahedron Letters 1967, 3479. 
2 W. T. L. SIDWELL and CH. TAM•, Tetrahedron Letters 1970, in 

press. 
3 T. A. GEISSMAN, The Chemistry o] Flavonoid Compounds (Perga- 

mon Press, Oxford, London, New York, Paris 1962), p. 107. 
4 L. JURD and R. M. HOROWITZ, J. org. Chem. 22, 1618 (1957); 

R. M. HOROWITZ and L. JURD, 26, 2446 (1961). - L. JURD, Phyto- 
chemistry 8, 445 (1969). 

5 K.  BIE~ANN, Mass Spectrometry (McGraw-Hill Book Co. Inc., 
New York, San Francisco, Toronto, London 1962) a) p. 102; 
b) p. 84. 

6 R. G. WILSON, J. H. BowiE; D. H. WILLIAMS, Tetrahedron 24, 
1407 (1968). 

7 A. PELTER and P. I. AMENECHI, J. chem. Soe. (C), 1969, 887. 



15.5. 1970 Specialia 473 

s ign i f i can t  p eak s  are a t  m /e  300 (M +, 75%),  193 (50%), 
167 (100%), 166 (57%) and  107 (41.5%). 

T h e  c o m p o u n d s  3 (mp 147-148 ~ a n d  5 (mp 141-144 ~ 
were s y n t h e s i z e d  b y  c o n d e n s i n g  t he  co r r e spond ing  
c h r o m a n - 4 - o n e s  w i th  p - m e t h o x y - b e n z a l d e h y d e  in d ry  
HC1 an d  acet ic  acid. Ca ta ly t i c  h y d r o g e n a t i o n  of 3 a n d  
5 wf th  R a n e y - N i  in e t hano l  led to r acemic  8 (mp  99-  
100 ~ a n d  racemic  10 ( amorphous )  respec t ive ly .  The  IR-  
a n d  N M R - s p e c t r a  of t he  s y n t h e t i c  m a t e r i a l s  8 a n d  10 
were iden t ica l  w i t h  those  of t he  p e r m e t h y l a t e d  der iva-  
t i ves  of t h e  n a t u r a l  p r o d u c t s  6, 7 a n d  of 9 respec t ive ly .  

W i t h  t h e  c o m p o u n d s  descr ibed  in th i s  pape r  10 m e m -  
bers  of t h e  n ew  f a m i l y  of t he  h o m o - i s o f l a v o n e s  are  now  
known.  T h e y  differ  f r om each  o the r  no t  on ly  b y  va r i a -  
t ions  in t h e  o x y g e n a t i o n  a n d  m e t h y l a t i o n  p a t t e r n s  of t h e  
a r o m a t i c  r ings  b u t  also by  v a r y i n g  s t a t e s  of o x i d a t i o n  a t  
C-3 an d  C-9. T h e  b iogenet ic  imp l i ca t i ons  of t hese  f i nd ings  
are be ing  i n v e s t i g a t e d  s, 9. 

Zusammen/assung.  A us  den  Zwiebe ln  v o n  Eucomis 
punctata L'H6r i t .  (Liliaceae) w u r d e n  5 ne ue  H o m o i s o -  
f l avone  isoliert  u n d  ihre S t r u k t u r  aufgekl / i r t .  
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P e r i l l a r t i n e  a n d  S o m e  D e r i v a t i v e s :  C l a r i f i c a t i o n  of  S t r u c t u r e s  

Th e  swee ten ing  a g e n t  per i l la r t ine  is t he  a-syn-oxime 1 
of per i l la ldehyde,  a n d  shou ld  be recognized as t he  syn 
isomer,  t h o u g h  it  is c o m m o n l y  called 'a-anti' in com-  
merce  an d  in review l i t e ra ture .  T h e  d e s i g n a t i o n  'a-anti' is 
i ncon s i s t en t  in t e r m s  of m o d e r n  n o m e n c l a t u r e  a n d  de- 
r ives  f rom th e  work  of FURUKAWA and  TOMIZAYVA l, 
pub l i shed  a t  a t i m e  w h e n  t he  t r ue  s t r u c t u r e  of e -ox ime s  2 
as syn i somers  an d  of f l -oximes 2 as anti i somers  was  j u s t  
b e c o m i n g  clear. Earl ier ,  t h e  reverse  corre la t ion  was  
accepted ,  an d  t h e  r e s u l t a n t  con fus ion  and  error in n a m e s  
ha s  pers i s ted  in t h e  case of per i l lar t ine .  S o m e t i m e s  t he  
correct  (syn} s t r u c t u r e  is g i v e n s  despi te  t he  n a m e  c~-an/i, 
b u t  s o m e t i m e s  4 in consequence  t he  wrong  (anti) s t r u c t u r e  
2 is d rawn.  The  t rue  syn s t r u c t u r e  of per i l la r t ine  is now 
nicely  conf i rmed  by  t he  e legan t  N M R  t e c h n i q u e  ~ w h ic h  
s t a t e s  t h a t  for a l d o x i m e s  in d i m e t h y l s u l f o x i d e - d  8 solut ion,  
t he  difference ~  aCH=N is ~ 3 p p m  for syn i somers  
and  ~ 4 ppln for anti i somers .  For  per i l lar t ine,  t h i s  dif- 
ference is 3.02 p p m .  

OH OH OH Off I I I H\C~/N 
H-~.c~N H ~c~N'-.OH H~c~N H~c~N 

I ~, Ct 
3 g 5 

i t  was  c l a imed  1 t h a t  t he  fl- isomer of per i l la r t ine  (called 
'fl-syn', b u t  p r e d i c t a b l y  the  anti i somer  2) was  f o r m e d  
c o n v e n t i o n a l l y  t h r o u g h  t he  HC1 sa l t  of I and  was  t a s t e -  
less - un l ike  1, sa id  to be 2000 t i m e s  sweeter  t h a n  sugar .  
Th i s  resu l t  h a s  been c i ted  6 (with some  confus ion  in names )  
as an  e x a m p l e  of s t r i k ing  di f ference in t a s t e  p roper t i es  of 
geomet r i ca l ly  i somer ic  oximes .  However ,  r e i nves t i ga t i on  
ha s  now s h o w n  t h a t  t he  c o m p o u n d  ob t a ined  on a t t e m p t e d  
i somer iza t ion  of per i l la r t ine  1 is no t  2, b u t  r a t h e r  t he  tert- 
chloride 3, fo rmed  by  lV[arkovnikov add i t i on  of the  ele- 
m e n t s  of HC1 to t h e  i sop ropeny l  group.  

W h e n  D, L-peri l lar t ine 1 in m e t h a n o l  so lu t ion  was  t rea-  
ted  w i th  h y d r o g e n  chloride,  add i t i on  of e t he r  p r ec ip i t a t ed  

the  hyd roch lo r ide  7 of 3, m p  127 129 ~ C10H17CI2NO, w i th  
one ionic C1. T r e a t m e n t  of a n  a q u e o u s  s l u r ry  of t he  sa l t  
w i th  s o d i u m  carbona te ,  or w i th  1 M  s o d i u m  hydrox ide ,  
ge ne ra t e d  4-(2-chloro-2-propyl)-  1-cyclohexene-  1-carbo- 
x a l d e h y d e  syn-oxime 3, m p  133-134 ~ C10H16CINO, 
no ionic CI (mp 129 ~ was  r epo r t ed  1 for t he  p r o d u c t  
called t he  fl-isomer). A l t e rna t ive ly ,  u p o n  so lu t ion  of peril- 
l a r t ine  in c o n c e n t r a t e d  hydroch lo r i c  acid, d i lu t ion  w i th  
w a t e r  p r ec ip i t a t ed  3. The  s t r u c t u r e  was  c on f i rme d  in t he  
N M R - s p e c t r u m  (CDC1 a so lu t ions)  by  t he  absence  of t he  
i sopropenyI  s igna ls  of per i l la r t ine  (i.e., n a r r o w  doub le t s  a t  
64 .75  a nd  1.74 for =CH 2 a nd  CHaC= , respec t ive ly ,  
J = 1.0 Hz) and  by  the  a p p e a r a n c e  of a 6 -p ro ton  s ingle t  
a t  6 1.53 (CHa-CC1-CHa). I den t i ca l  s igna ls  in b o t h  1 a nd  3 
were obse rved  for the  olefinic r ing  p r o t o n  (6 5.95 6.15) 
and  for t he  ox ime  CH=N (singlet,  d 7.71). i t  was  clear  
t h a t  no i somer iza t ion  of t he  ox ime  g roup  h a d  occurred,  
and  t he  difference dOH ~CH for 3 in d i m e t h y l s u l f o x i d e -  
d~ of 2.99 p p m  conf i rmed  t h a t  3 was  a syn-oxime.  

In  a f u r t h e r  a t t e m p t  to fo rm the  anti-oxime 2, peril- 
l a r t ine  1 was  t r e a t e d  w i th  B F  a by  t he  p rocedure  of 
HAUSER a nd  HOFFENBERG s. A pure  i somer ,  m p  54-57 ~ 
was  ob t a ine d  af te r  1-2 days ,  b u t  was  s h o w n  to be t he  
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