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Fra le sostanze naturati, la pifl a t t iva  ~ la furocumarina 
fondamentale, psoralene, seguita da due suoi metossi- 
derivati, xantotoxina e bergaptene. Anche alcuni me- 
tilpsoraleni di sintesi sono molto attivi. 

Gli autori hanno anehe stabilito, esaminando una 
cinquantina di alimenti di origine vegetale, che le 
furocumarine fotosensibilizzatrici possono entrare nella 
nostra dicta, ponendo il problerna di una loro possibile 
funzione biologica a livello cutaneo. 

Inoltre, per affrontare lo studio del meccanismo di 
azione di queste furocumarine, essi Ie hanno confron- 
tate con altre note sostanze fotodinamiche, rispetto 
a quattro test scelti fra i pifl significativi: fotoossida- 
zione dell '~-terpinene ad ascaridolo; emolisi dei globuli 
rossi; fotoossidazione delle proteine del siero di san- 
gue; effetto ottenuto per applicazione epicutanea od 
iniezione intradermica nella cavia e successiva irradia- 
zione. 

Le furocumarine fotosensibilizzatrici hanno dimo- 
strato di possedere propriet~ particolari, diverse da 
quelle delte attre sostanze fotodinamiche, eio~ il loro 

meccanismo d'azione, a differenza di queste ultime, 
non pub essere riportato ad una fotoossidazione di sub- 
strati  proteici. 

Nonostante queste e successive rieerche degli autori 
e di altri ricercatori, il meecanismo d'azione delle furo- 
cumarine ~ rimasto oscuro. 

Solo in questi ultimi tempi gli autori sono riuseiti a 
mettere in evidenza alcuni fatti  che possono servire a 
ehiarire la complessa questione. Essi hanno t rovato che 
il flavin-mononucleotide (FMN) e le furocumarine foto- 
sensibilizzatrici per irradiazione ultraviolet ta danno 
luogo alla formazione di nuove sostanze, talune delle 
quali sono derivati flavinici complessi ed altre sono com- 
posti cumarinici derivanti  da trasformazioni che inter- 
vengono nella parte furanica delle furocumarine. 

Ci sono indicazioni per ritenere che questa fotorea- 
zione possa servire per interpretare l 'at t ivi th sulla cute. 
Solo le furocumarine at t ive infatti  fotoreagiscono con 
I'FMN, quelle inattive non danno aleuna reazione; 
inottre con I 'FMN si pub ottenere una protezione nelle 
cavie t ra t ta te  con furocumarine e poi irradiate. 

Br~ves  c o m m u n i c a t i o n s  - K u r z e  M i t t e i l u n g e n  - B r e v i  c o m u n i c a z i o n i  - B r i e f  R e p o r t s  

Les auteurs sont seuls responsables des opinions exprim6es dans ces communications. - Fiir die kurzen Mitteilungen ist ausschliesslich 
der Autor verantwortlich. - Per le brevi comunicazioni ~ responsabile solo l'autore. - The editors do not hold themselves responsible 

for the opinions expressed by their correspondents. 

O x y g e n  Heterocyc les  ~. Maackia in ,  a N e w  
N a t u r a l l y  O c c u r r i n g  C h r o m a n o c o u m a r a n  ~ 

Prev ious  papers1, ~ have  been  conce rned  wi th  the  
isolation and  e luc ida t ion  of t he  s t ruc tu r e  of sophorol ,  a 
new isof lavanone  f rom M a a c k i a  amurens is  Rupr .  e t  Ma- 
xim. var. Buerger i  (Maxim.) C. K.  Schneid.  In  a con t inued  
inves t iga t ion  of the  hea r twood  cons t i t uen t s  of the  same 
p lan t  mate r ia l ,  t h e  p r e sen t  a u t h o r  has  i sola ted  a fu r the r  
new oxygen  he terocycl ic  c o m p o u n d ,  n a m e d  maac lda in ,  
the  presence  of which  has  been  forecas t  f rom biogenet ical  
considera t ions  ~. 

Maaekiain,  [**~ -- 251.7 ° (CHCi~), R D 4 in m e t h a n o l  
(C, 0.074), 26°; [=]700 -- t 75.8 °, [~]ss9 -- 227.0°, [~]400 -- 559.0% 
[~]sa0 --684.0°,  fo rmed  colourless leaflets (m.p. 178.5 ° 
179.0 °) con ta in ing  a ha l f  equ iva len t  molecule of wa te r  
from aqueous  me thano l .  Analy t ica l  d a t a  of the  crys ta ls  
are in exce l l en t  a g r e e m e n t  w i th  t he  formula  C1nH120 s 
1/2H~O. (Found :  C, 65.68; H,  4.69; H.,O, 3.7, 3.6%. 
C~nH~zO~ ~/~H~O requires :  C, 65.53; H,  4.46; a/~H~O, 
3.6%. F o u n d :  (In a sample ,  m.p .  180.0 ° ~ 181.0 °, dr ied  
a t  100 ° ~ 110 ° i n  vacuo) C, 67.67, 67.33; H, 4.41, 4.58. 
C~sH~20 ~ requi res  C, 67.60; H,  4.26). 

Maackia in  has  a phenol ic  h y d r o x y l  group  (IR OH 
3472 cm -~ in Nujol) and  gave a mono-O-me thy l  e ther ,  
m.p.  168 ~ 169 ° . (Found :  C, 67.92; H, 4.74; OCH~, 
10.35%. C17H~40 ~ requires  C, 68.45; H, 4.37; OCHa, 
10.40%.) The  r ema in ing  four  oxygen  a toms  were indiffer-  
en t  to r eagen t s  u n d e r  s t a n d a r d  condi t ions .  The I R -  
s p e c t r u m  of maack ia in  showed charac te r i s t ic  absorp t ion  

bands  * a t  1035 cm -1 and  929 cm -~, ass igned to a m e t h y l -  
enedioxy  group.  The m e t h y l e n e d i o x y  p ro tons  were  con-  
f i rmed by  the  56.4 me/see  N.M.R.  s p e c t r u m  6 of O - m e t h y l -  
maackiain,  which  shows sharp  s inglet  l ines of the  t ype  
A r - O - C H 2 - O - A r  and  OCH 3 a t  h igher  fields of 77 cps and  
196 cps each from the  signal of so lven t  chloroform.  P te ro -  
carpin  7 as a reference c o m p o u n d  showed the  co r r e spond-  
ing singlet  peaks  a t  76 and  196 cps respect ive ly .  

On the  basis of the  above  evidence,  t he  fo rmula t ion  of 
maackia in  can be e x p a n d e d  in to  the  fo rmula  C~H~, 
- O - C H ~ - O - ,  - O - ,  - O - ,  - O H .  

Biogenet ic  cons idera t ions  and  the  above  resu l t s  sug-  
ges ted the  c h r o m a n o c o u m a r a n  skele ton,  h a v i n g  a 2, 4-di-  

1 Paper IV. Paper III in this series see H. Stm~NoraE, Tetrahedron 
Letters No. 19, 16 (1960). 

2 Read bcfore the 14th Annual Meeting of the Chemical Society of 
Japan, Tokyo (April 1961). 

8 H. SOG~NOM~, J. org. Chem. ~4, 1655 (1959}. 
4 The R.D.-curve was kindly determined by Dr. M. MARUV~,MA 

through the courtesy of Professor S. FujIs~ of Tohoku University. 
5 L. H. BRINGS, L. D. COLEn~oo~¢, H. 3I. FaLES, and W. C. WII.D- 

~fxN, Anat. Chem. gg, 90,1 (1957). 
6 Spectra were determined in chloroform solution. The band 

positions were read by the side-band method. 
A. McGoogzN, A. ROBERTSON, and W. B. WHALLZY, J. chem. Soe. 
19,10, 787; 1954~ 2794. - F. E. KZN~, C. B. COTT~RILL, D. H. 
GODSON, L. JVRD, and T. J. KIr~G, J. chem. Soc. 1953, 3693. - 
A. AKISANYA, C, W. L. B~VAN, and J. HIRST, J. chem. Soe. 1959, 
2679. 
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o x y g e n a t e d  alkyl  p h e n y l  a n d  5 -oxygena ted  6-a lky l - l ,3 -  
benzodioxole  nuclei in t h e  molecule.  

The  u l t rav io le t  abso rp t ion  spec t rum of  maack ia in  (2m~x 
280 (e; 4420), 286 (e; '5120), and  310 m[z (~; 8500)). com- 
pa red  wi th  those  of mode l  c o m p o u n d s  is compat ib le  w i th  
t h e  presence  of t h e  above  two  groupings .  However ,  t h e  
a l t e rna t i ve  poss ib i l i ty  t h a t  maack ia in  has  a 4 -oxygena ted -  
5-alkyl subs t i t u t i on  p a t t e r n  in the  1, 3-benzodioxole  r ing 
as in p t e roca rp in  (II ;  R = CHz) is no t  exc luded  since 
u l t rav io le t  abso rp t ion  spec t r a  of maack ia in  and  p te ro-  
ea rp in  are also super imposab le  (Figure).  

On t h e  basis of th i s  spec t ra l  evidence,  t he  possible 
s t ruc tu re  of maackia in  is res t r i c ted  to  formula  (I; R = H )  
or ( I I ;  R = H) .  

RO O~ RO~ 
o 

Ct~ 2 
0.,. i0 

OHz (I) (I{) 
The  following evidence  p roved  unequivoca l ly  fo rmula  I 

for t he  s t ruc tu re  of maackia in .  Ca ta ly t ic  r educ t ion  of 
O - m e t h y l m a a c k i a i n  gave rise to  a new phenol ic  subs tance ,  
d i h y d r o - O - m e t h y l m a a c k i a i n ,  CxvHl~Os, me l t ing  a t  146 ° to  
148 ° which  gave an opt ica l ly  ac t ive  m o n o - O - m e t h y l  e the r  
([~]~]° - -21 .0  °, ch loroform,  m.p .  116 ° ~ 117°). The  same 
d ihydro  c o m p o u n d  was  also p roduced  a lmos t  q u a n t i t a -  
t ive ly  b y  BIRCH reduc t ion  s w i th  t he  sodium-l iquid  
a m m o n i a - t o l u e n e  sys tem.  

On t h e  basis  of fo rmula  (I ;  R = H )  for maackia in ,  the  
s t ruc tu re  of th is  phenol ic  c o m p o u n d  is r easonab ly  ex- 

p la ined by  the  isof lavan formula  ( I I I ;  R = H),  formed 
b y  h y d r o g e n o l y s i s  of a benzilic e the r  t y p e  l inkage.  

M e O ~  M e O ~  

R°'~/--° (iv) 0~e 

The  s t ruc tu re  of the  O - me t h y l  e the r  of d ihydro-O-  
m e t h y l m a a c k i a i n  has  been  conf i rmed  b y  a syn thes i s  of 
racemic  2", 7-dimethoxy-4",  5" -methylenedioxy  isof lavan 
( I I I ,  R = CHs). Cata ly t ic  r educ t ion  of 2 ' -7 -d imethoxy-  
4', 5 ' -me thy lened ioxy- i so f l avone  gave an oily m i x t u r e  of 
the  cor responding  isoflavan-4-ol  and  isof lavanone,  Clem- 
m e n s e n  r educ t ion  of which  gave racemic  2', 7 -d ime thoxy-  
4', 5 ' -me thy lened ioxy i so f l avan  (m.p. 111 ° ~ 113 °) ( I I I ;  
R = CHs) ; t he  l a t t e r  and  O - m e t h y l d i h y d r o - O - m e t h y l -  
maackia in  gave ident ica l  in f ra red  spec t ra  in ch loroform 
solut ion,  t hus  es tab l i sh ing  s t ruc tu r e  (I ; /~ = H )  for maacki -  
ain 9. 

A l though  no d i rec t  ev idence  has  so far  been  p resen ted ,  
e x a m i n a t i o n  of t he  models  of the  feasible s t ruc tu res  t° of 
rnaaekiain  shows t h a t  maack ia in  a lmos t  ce r t a in ly  has  a 
cis conf igura t ion.  

Maackia in  is the  t h i rd  c h r o m a n o c o u m a r a n  11 so far  
d iscovered in Na tu re ,  p t e roca rp in  and  h o m o p t e r o c a r p i n  
(IV) 7,1~ being t h e  f irs t  examples .  

The absolu te  s t e r eochemis t ry  of maack ia in  (I; R = H )  
p t e r o c a r p i n  ( I I ;  R = CH3) and  h o m o p t e r o c a r p i n  (IV) is 
v e r y  p r o b a b l y  t h e  same.  

Studies  concern ing  the  absolu te  s t e r eochemis t ry  of 
maack ia in  and  re la ted  isof lavans  are now in progress  ~3,~4. 
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pterocarpin 

s A. J. BIRCH, Quart. Rev. 4, 69 (1950). - A. J. BIRCH, J. W. CLARK- 
LEWIS, and A. V. ROBERTSON, J. chem. Soc. 1957, 3586. - See also 
for 1,3-benzodioxole system: A. J.  BtRCH, j .  chem. Soe. 1947, 
102. - D. B. CLAYSON, J, chem. Soc. 1949, `2016. 

9 After the correction to the formula of pterocarpin (J. B-sos 
BREDENBERG and J. N. SHOOLVRY, Tetrahedron Letters Nr. 9, 
'285 (1961)) which showed the heterocycle to have structure (I; 
R ~ H), comparison of IR-spectra in chloroform solution con- 
firu/ed this conclusion. 

x0 E. M. PmLmN and T, S. WHEELER, Proe. chem. Soc, 1958, 167. - 
H. HART and C. R. WAGSER, Proc. chem. Soc. 1958, 234. 

xl S. ~¢VAwzoNECK in R. C. ELDnREIELD, Heterocyclic Compounds (J. 
Whiley and Sons, Inc., 1951), vol. 2̀, p. 391, - W. KAaRER, Kon- 
stitution und Vorkommen der organischen P]lanzensto]/e (Birk- 
htiuser Verlag, Basel 1958), p. 691. 

13 E. St,~TH and J. SCmA(GER, Ber. dtsch, chem. Ges. 73, I (1940). 
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i t  Note added in proo]. Subsequent to the completion of this work 
COCKER et al. 16 have published the structure of an oxygen he- 
terocyele inermin isolated from And,ira iner/nis H.B.K. Inermin 
and maaekiain are identical. Furthermore, both are the same as 
the aglycone of trifolirhizin, isolated from Tri/olium pratense, 
and shown to have structure (I; R ~ H) by BREDENBERG 
and-  HIETALA 16. 

15W. COCKER, T. DAHL, C. DEMPSEY, and T . B . H .  MCMuRRY, 
Chem. and Ind. 1962, 216. 

16 j ,  B-soN BREDENBERG and P. K. HIETALA, Acta chem. Scand. 
15, 936 (1961). 
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Zusammen/assung. Aus Maackia amurensis Rupr .  et  
Maxim. var.  Buergeri (Maxim.) C. K. Schneid wurde  
ausser dem b e k a n n t e n  Sophorol  ein Pheno l  C~H~O~ iso- 
liert. Auf  Grund  spek t roskop i scher  U n t e r s u e h u n g e n  und  
dem Vergleich mi t  e inem syn the t i s ch  herges te l l ten  Deri-  
va t  ( I I I ;  R = C H a )  wird  dem Maackiain  die S t r u k t u r  
(I; R ~ H) eines C h r o m a n o e u m a r a n s  zngeschr ieben.  

H .  SUGINOME 17 

Department o/ Chemistry, Faculty o/ Science, Hokkaido 
University, Sapporo (Japan), November 30, 1961. 

1~ Present address: University Chemical Laboratory, Cambridge 
(England). 

Sauers to f f -Heteror inge  1. Die  Konf igurat ion  
u n d  S y n t h e s e  d e s  d , l - H o m o p t e r o c a r p i n s  

Homopte roca rp in ,  ein farbloser  t n h a l t s s t o f f  des  ro t en  
Sandelholzes sowie andere r  P te roca rpus -Spez ies  ~, wurde  
bereits im Jah re  1874 yon  CAzE,~ZEUVlS 3 isoliert.  I m  J a h r e  
1940 ist  die S t r u k t u r  dieser  V e r b i n d u n g  yon  ROBERTSON 
et al. 4 sowie yon  SPXTR und  SCHLAGER 5 im Sinne der  
Formel  IV  aufgeklgr t  worden .  

An dieser  Stelle soll fiber den Kons t i t u t ionsbewe i s  
dieses Na tu rs to f fes  du rch  die Syn these  be r i ch t e t  werden.  
Wir syn the t i s i e r t en  d , l - H o m o p t e r o e a r p i n  auf  dem yon  
uns frt iher ~ mi tge te i l t en  Wege. 

Die E n t a l k y l i e r u n g  des 2', 4', 7 -Tr imethoxyisof lavons  
(I) R~ = R~ = Me4,~, ~ mi t  Alumin iumchlor id  in Benzol  s 
unter  Rtickfluss ergab das  en t sp rechende  Tr ihydroxyiso-  
flavon (I) R~ = R~ = H yore  Smp. 272 ° (Zers.) (Acetyl- 
der ivat  Stop. 148-150 ~) in gu te r  Ausbeute .  

R~O~O... ~ e 0 ~ 0 . . ]  

~OR~ ........ t~I~7~<~J~-OHoH OH 
(~) (~) 

M ~ O ~  ONe [ 

(V) 
MeO~O- MeO~O. ~ OM~ ...... ~ O H  

(~) (~) 

Bei tier se lekt iven  Methy l i e rung  des l e tz te ren  mi t  
Methyl jodid  in Ace ton  in Gegenwar t  yon K a l i u m c a r b o n a t  
bei Z i m m e r t e m p e r a t n r  e n t s t a n d  ~ ' , 4 ' -D ihydroxy-7 -me-  
thoxyisof lavon (1) Ra ~ CHa, R~ = H (Smp. 207-208 °) in 
73 % iger Ausbeute .  

Dieses par t ie l l  me thy l i e r t e  I sof tavon gab  bei de r  Re-  
dukt ion  mi t  NaBH~np in Dioxan  n u t  in sch lech te r  Aus- 
beute  das  S te reo isomerengemisch  de r  e n t s p r e c h e n d e n  Iso- 
f lavan-4-ole I I .  

Das  rohe  S te reo i somerengemisch  liess sich du rch  l s t t in -  
diges K o c h e n  in Essigs/iure le icht  in ein Gemisch  yon 
te t racyc l i scher  V e r b i n d u n g  I I I  und  e n t s p r e c h e n d e m  Iso- 
f lav-3-en i iberffihren.  Le tz te res  k o n n t e n  wir  nu r  du rch  ein 
U V - M a x i m u m  bei 327 mix charakter is ieren .  DieVerbindung 
I I I  wurde  ohne  wei tere  Rein igung d u r e h  Methy l ie rung  mi t  
Methyl jod id  in Ace ton  in d, l -Homopte roca rp in  (IV) iiber- 
gefiihrt .  

Das so e rha l t ene  d, t -Homop te roca rp in  (IV) schmolz  bei 
123-125% wi ihrend das  nati ir l iche,  op t i sch  akt ive  Homo-  
p te roca rp in  den  S c h m e l z p u n k t  87°a, ~° aufweist .  Die syn-  
the t i sche  V e r b i n d u n g  ergab  jedoch  vtillig gleiche IR-  

(Chloroform) und  U V - S p e k t r e n  (2ra~x 285 mix , e; 9250) 
wie de r  Naturs tof f .  

M o d e l l b e t r a c h t u n g e n ~  zeigen, dass  die trans-Verkniip- 
fung der  be iden  Ringe  B und  C des H o m o p t e r o c a r p i n s  
(IV), im Gegensa tz  zur cis-Verkniipfung, zu einer  s p a n -  
nungsre ichen  S t r u k t u r  f t ihrt ,  

Der  gla t te  Ringschluss  der  Subs tanz  I I m i t  S~ure 
sche in t  cis-Verkniipfung wahrsche in l ich  zu maehen .  I m  
56,4 Mhz N M R - S p e k t r u m  1~ yon  IV a3 werden  die Reso-  
nanzen des P r o t o n s  an C4~ als D u b l e t t  m i t  Z e n t r u m  bei 
99,3 C/S und die M e t h o x y l g r u p p e n  bei 196,0 C/S bei 
h6herer  Feldst~irke als das  Signal des  Chloroforms beob-  
ach te t .  Am Modell des  H o m o p t e r o c a r p i n s  (IV) mi t  cis- 
v e r b u n d e n e n  B-C-Ringen  ergeben sich ftir die Winke l  
zwischen den durch  die A t o m e  H-C4~-Co~ und  C ,u -C ,~-H 
b e s t i m m t e n  E b e n e n  W e r t e  yon ungef/ ihr  0-10 °, die nach  
CONROV ~a J = 7,7-8 C/S ergeben  wiirden. Die K u p p -  
lungskons tan te  des P ro tons  an  C4b, J = 5,9, weis t  auf  cis- 
Stel lung ~ der  Ringe B-C des H o m o p t e r o c a r p i n s  (IV) hin.  
Alle oben e rw~hn ten  Resu l t a t e  lassen sich a m  bes ten  
du rch  die Formel  V in te rpre t ie ren .  

i V. Mitteihmg. IV. Mitteihmg siehe H. SUGINO~,IE, Exper. 18, 1G1 
(1062). 

2 p. L. SAWUNEV und T. R. SESIIAORI, J. sci. industr. Res. 13B, 5 
(1954), und darin angefiihrte Literaturreferenzen. - F. E. KING, 
C. B. COTTERILL, D. H. GoDsos, L. JURD und T. J. Krz~c, J. chem. 
SOC. 1953, 3693. -- A. AKISANYA, C. W. L. BEVAN und J. HIRST, 
J. chem. Soc. t959, 2679. 

a p. CAZgNgUVE, Bcr. dtsch, chem. Ges. 7, 1798 (1874). 
4 A. McGoOKIN, A. ROBnRTSOS und W. B. W~{A~LEV, J. chem. Soc. 

19410, 787. 
s E. SeKTn und J. SCm,;(GER, Ber. dtsch, chem. Ges. 73, 1 (1940). 

H. SUGXSO.~ZE und T. IWADaR~, Bull. chem. Soc. Japan 33, 567 
(1960). 

v H. SuGIsos~, J. org. Chem. 24, 1655 (I959). 
s W. B. WUALLEV, J, chem. Soc. I953, 3366. 
9 M. MIVANO und M. MATSU~, Chem. Ber. 91, 204-1 (1958). 

~o Literatur ~ gibt als Schmelzpunkt 87-88 ° an. 
1~ Es wurden Dreiding-Modelle verwendet. 
12 j.  A. POPLE, W, G. SCHNEIDER tnld H. J. BERNSTEIN, High- 

resolution Nuclear Magnetic Resonance (McGraw Hill, New York 
1959). - J. D, ROBERTS, Nuclear Magnetic Resonance, Application 
to Organic Chemistry (McGraw Hill, New York 1959).- L. M. JACK- 
.~iau, Applications o/ Nuclear Magnetic Resonance Spectroscopy in 
Organic Chemistry (Pergamon Press, London 1957). Die Spektren 
wurden mit einem Variant-Spektrometer in Chloroform ats L6- 
sungsmittel durchgefiihrt. 
Den Herren Drs. I. YamAcucm und N. HAYAKAWA, die diese 
Messungen im japanischen Atomenergie-Forschungsinstitut dnreh- 
ffihrten, sei an d~eser Stelle bestens gedankt. 

13 T 
~ ' . . ~  ...]! Wir m6ehten vorschlagen, das Chromanocu- 

z 0 0 maranringsystern, e, das heisst 4bH,ObH, 10Ho 
3 ~ b  ( 1)-Benzopyrano-(4,3-b)-(1)-benzofuran, wie 

(' 9 (A) zu numerieren und Substanzen, welche 
0 S dasselbe Skelett haben, als ~ Pterocarpinoide~ 

zu bezeichnen. 

~4 H. CONROV, Advances in Organic Chemistry (lnterscienee Publ., 
New York 1969), vol. 2, p. 310. 

as Aus den Rotationsdispersionskurven yon Homopteroearpin, Ptero- 
carpin 4 und Maaekiain i ergibt sieh, dass diese Naturstoffe dieselbe 
Konfiguration haben. H. SUGINOME, unverSffentliehte Beobach- 
tung. 


