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CONSTITUENTS OF DRAGON'S BLOOD. PART 111. DRACOOXEPINE, A NOVEL TYPE OF BIFLAVANOID 

~ l b e r t o  ~ r n a n e  and Glan luca  Nas in i  

Cen t ru  del  CNR p e r  l e  S o s t a n r e  Organiche N a t u r a l i ,  D lpa r t rmen to  di  Chimlca del 

P o l ~ t e c n l c n ,  P.ca  Leonardo da  Vinci  32,  20133 Mllano. I t a l y  

Luclo M e r l l n i  

D i p a r t m e n t o  di  Sclenzc Moleca la r i  A g r o a l l m e n t a r i ,  Sezlone Chlmica,  U n i v e r s i t s  d l  

Mllano. Via C e l u r i a  2 .  20133 Milano,  I t a l y  

A b s t r a c t  - From "Dragon 's  blood" resln ( f rom Daernonorops d raco  Blurnel a new b l f l a v a n o ~ d  

w i t h  an unusual  benzudloneplne moiety  was i s o l a t e d .  I t s  s t r u c t u r e  was established by 

chemical  and spectroscopic means. A p o s s i b l e  meclianlsm o f  f r>rmat lon i n  t h e  r e s i n  rs 

proposed.  

 any p l a n t s  of d i f f e r e n t  families produce r e d  r e s i n s  o r  e x u d a t e s .  Although t h e y  have  been known 

f a r  a long  t i m e  i n  fo lk lc , r e  o r  used i n  p o p u l a r  med ic ine ,  t h e r r  chemical i n v e s t l g a t l o n  s t a r t e d  only 

r e c e n t l y ,  due t o  t h e  complexj ty  of t h e l r  c o n s t i t u e n t s .  

 rago on's blood r e s i n  was fo rmer ly  used  in p o p u l a r  m e d ~ c l n e  a g a i n s t  dysen te ry  and as an astringent, 

whereas  its p r e s e n t  u s e  i s  most ly  a s  a v a r n l s h  f o r  muslcal i n s t r u m e n t s .  I t  i s  most probably 

o b t a l n e d  from f r u i t s  of Daemonorops d r a c o  Blume (Palmael  ~n South  E a s t  Asla.  I t  was i n v e s t i g a t e d  

2  3 
f i r s t  by t h e  s c h o n l s  of  Brockrnann a n d  R o b e r t s ~ i n  and Whalley , who elucidated t h e  s t r u c t u r e s  of 

t h e  r e d  f l a v o n o i d  pigments d r a c o r h o d i n  and d r a c o r u b i n .  

1,4-7, 
~ n v e s t i g a t i n n  of t h e  r e s i n  showed t h e  p r e s e n c e  of a number of o t h e r  c o n s t i t u e n t 8  . 
p a r t i c u l a r l y  s i g n i f i c a n t  was t h e  l s o l a t l o n  of t h e  two f l a v a n s  I l l  and ( 2 1 ,  as t h e y  appea r  now t o  

be t h e  p r e c u r s o r s  of t h e  whale series of b l f l a v a n o ~ d s  so  f a r  found in t h e  r e s i n ,  % v a r i o u s  

l , 5  
" x i d a t i v e  Orocesses . 

A f u r t h e r  example of t h e  v a r i e t y  of t h e  o x l d a t l o n  pathways i n  t h e  r e s l n  is shown by t h e  l s o l a t l o n  

o f  t h e  compound (31 f o r  whlch we  p ropose  t h e  name d racaoxep ine .  Th i s  pape r  d e a l s  w i t h  the  

s t r u c t u ~ a l  e l u c i d a t i o n  of this compound. 

~ r a c u o x e p i n e  was obtained as w h l t e  c r y s t a l s ,  mp 1 0 3 - 1 o s ~ c .  [a]25078 = + l , a 0  ( c  0 , 2 ;  CHCl I :  uv 
3  

spec t rum A m_ 224, 271, and 302sh h m  ( e  55.300, 13 ,600  and 2 , 2 0 0 ) .  The mass spec t rum i n d i c a t e d  

t h e  fo rmula  C  H 0  ( M ~ ,  m/z 538)  s u g g e s t i n g  a b ~ f l a v o n u l d  s t r u c t u r e ,  w h i l e  t h e  l o s s  o f  t h e  
33 30 7 

1  
f r agment  w ~ t h  m/z 256 auppar t ed  t h e  ~reaence of a s u b s t ~ t u t e d  methonyflavanol  rnolety . T h i s  was 

c o n i ~ r m e d  by t r e a t m e n t  of ( 3 )  w l t h  d i l u t e d  HCL w h ~ c h  a f f o r d e d  a c r y s t a l l i n e  compound, rnp 8 7 O  C, 



4 
that was shown to be identical wlth (2s)-5-methoxyflavan7-ul (11 . 
The presence of one phenolic hydruxy group in the molecule was provided by the formation of the 

monoacetate (3al (M+, m/z 580; C H 0 1 and the monomethyl ether l3bl (M*. m/z 552; C H 0 I. 
1 

35 32 8 34 32 7 
The H nmr spectrum of l3al (Table 11 showed the expected resonances for the flavan portion and 

3 R =  H 

80 
12 IS 

3a R = C O M ~  
OMe 

I' 3 b  R =  Me 

1 
Table 1 - H Nmr data for compound 3a in CDC~ 

3 

Proton d / p ~ ~ ~ ' ~  JiH,Hl/Hr Proton 6 / ~ p r n ~ ' ~  J(H.H)/HZ 

a 
H-2" and H-6" resonate at 7.70 ppm and the remaining eight aromatic protons between 7.2 
and 7.4 ppm. 

b 
The 11, 13, 2 ' ,  3'0 , 6' 8' and 9' protons present each two signals, attributable to two 
diastereoisamers (see  later), which differ between 0.001 and 0.010 ppm. 



HETEROCYCLES, V o l  29, No. 6, I989 

signals attributable to the protons cof a pentasubstltuted (A) and a munosubstltuted (C) aromatic 

rings, tc, two protone on a 2-1.2-disubstltuted alkene (J = 8.0 Hz), and to <>ne OMe, one 0Ac and 
4.5 

One aromatlc methyl group, resonating at 6 3.69, 2.27 and 2.06 respectively. 

13 
Table 2. - C Nmr data for cumpound 3a in CDCl 

3 

a b , r  
Carbon 

1 
6 'PP~ 

>1 
J(C,H)/HZ JIC.HI/Hz 

Sddd 

Dd 

Dd 
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Sdq 
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Dm 
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Trn 

Srn 

Srn 

Dd 

Sdd 

Dd 

Srn 

05 

8.51H-41, ca. 4lH-2'1, ca. 4lH-6") 

4.5fH-5) 

9.5(H-4) 

9.5lH-41, 5.OtH-9) 

4.OlH-51, 4.OlH 10). 4.01~ -11) 
3 3 

5.5lH-91, 6.OlH -11) 
3 

5.0lH-91, 4.51H -11)  
3 

a 
The aromatic carbons I", 2" and 6", 3', and 5", 4" resonate at 6137.42, 126.88, 128.42, 129.51 

and I " ' ,  2 " '  and 6 " ' ,  3"' and 5"'. 4"' at O 141.56, 125.99, 128.12, 127.75. 

b~apita~ letters refer to the pattern resu~t~ng from directly bonded (c,H) couplings and small 

letters to that from (C,H) couplings over more than one-bond. s or 6 = s~nglet, D or d = doublet, 

T = triplet, 0 or q = quartet. m = multlplet, and br = braad. 

2, 2,, 3,, u l ,  4,a, s,, 6', 8'. ~ ' a ,  98, I " ,  1 ,  2"' and 6"' carbons present each t w o  

s~gnals, attributable to two diastereoisomers (see  later), whlch dlffer between 0.02 and 0.07 ppm. 



The I3c nrnr spectrum confirmed and extended these findlngs through the appearance of 31 signals, 

four of them (C-2" and C-6", C-3" and C-5". C-2"' and C-6"', C-3"' and C-5'-') were clearly of 

twlce the intensity of the others, thus giving 35 carbon5 in the molecule. Chemical shift criterla 
13 

and analysis of 'H-'~c coup~lng constants as corroborated by C- {'H) low-power specific 
13 1 13 1 

decuuplings and by one-bond C- H and long-range C- H shift correlated 20 nrnr spectra (COLOC) 
8 

permitted the~r ajjignment (Table 21. 

From the above spectral data the following partla1 structure (41 could be constituted. 

The substltutlon of ring A could be established as follows. The carbon bearlng the 0Me group (C-6) 

was identifled as the one resonat~ng at 155.28 ppm by selective lrradiation of the O-methyl 

protons. H -10, whlch sirnpllfled the complex pattern of the C-6 slgnal to a quartet of doublets. 
3 

p he remaining three-bond coupl~ngs of 4 HZ were remclved by lrradlatlan of the 11-methyl protons 

and of the vlnyllc proton, H-5, resonating at 5.99 ppm. This fact, coupled wlth the observatlun of 

the presence of NOES between H -10 and H -11 (2.5%) and H 1 0  and H-5 (9%), led us to place the 
3 3 3 

C-11 methyl group at C-7 and the C(5)=C(4) double bond at C-5a. The s~ngle proton of the ring 

could only be allocated at C-9, slnce it presented three-band coupl~ngs of 5.0 and 5.5 Hz with the 

meta-disposed C-5a and C-7. The slgnals at 148.49 and 151.28 ppm were asslgned to C-8 and C-9a - 

since they presented three-band couplings with H 1 1  and H-5, respect~vely, and were both coupled 
3 

to H-9. The 0Ac group must then be placed at C-8 or C-9a as H-9 underwent a downfleld shlft of 

0.30 ppm with respect to (31 upon acetylation. 
13 

Moreover the C nrnr spectrum or (3al conta~ned the slgnal uf a quaternary carbon at 113.11 ppm, 

C-2, which presented couplings of 8.5 Hz w ~ t h  H-4 and of 4 He wlth both H-2" and H-6". The 

chemical. shlft value9 suggests that it 1 s  a part of an ortho ester rnalety as shown in ( 4 ) ,  while 

the above (C,Hl couplings not only indicate that this group 1s the srngle substltuent on ring C, 

but also that, of the three possible OR groups of the artho ester, one must be the O-C(41=C(5)H- 

one. The oxygen atoms of the two remaining OR groups must then constitute the bridges between C-2 

and C-7' of the flavan molety (11 and between C-2 and C-9a o r  C-8. Inspection of the D r e ~ d ~ n g  

model of ( 4 )  clearly lndlcates that it would be impossible to llnk C-2 and C-8, this fact 

permitting us to attribute the structure ( 3 )  to dracouxepine. 

Conflrrnatory evldence was pruvlded by the following reactions. AcOH hydrolysis of the monoacetate 
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3a 

AcOH 

7 

e c o o ~ ~ ~  . l  + 1 

M e  MeOv M e  CH20R 

OMe OMe 
6 R = H  

6a R = C O M e  

(3a) and hydrogenolysis of the methyl ether (3b) gave the two key compuunds (5) and (6) 

respectively, together with the f lavan (1). The presence of the 4-acetoxy and 4-methoxy groups in 

(5) and (61, respectively, confirms that the only free OH group in (3) must be located at C-8.  The 

formation of (5) and (6) can be explained i f  the startlng compound (3)  contains thz ortho ester 

OMe OMe 

I 
OMe 

Scheme 



function shown; this formulation is completely consistent with the mass spectrum, which requires 

seven oxygen atoms, with the presence of a CH=CH(OI fragment, with the absence of C=O 

ab~orptlon in the ir spectrum, and vlth the chemical shlft of the quaternary carbon (C-21 in the 
13 9 
C nrnr spectrum . 

A possible mechanism of formation of the unusual compound 131 is shown in the Scheme. This 

~xidatlve PTOCBSS, which must have occurred in the resln, follows the pathway already proposed by 
10 

Jurd in 1966 for the H 0 oxidation of flavyl~um salts, where a structure similar to (31 was 
2 2 

postulated as an intermediate. In our case, the diaxepin~um ion is trapped by the other f lavan 

unlt. The dissymmetric dimeric structure of (31 can be explained on the basis of the ascertained 
1 

easier vxidatlon of the methyl-substituted flavan (2) wlth respect to the nor-compound (11 . The 
mechanism would also require a non-stereospecific formation of the asymmetric center at C-2. 

~lthough we have not been able ta see more than one peek in the hplc of (31, the fine spl~ttlng of 
13 

some slgials in the 'H and C nrnr spectra of 131 lends support to the hypothesis that (31 LS 

indeed a mixture of two dlastereuisomers. 

EXPERIMENTAL 

All melting polnts are uncorrected. Uv spectra were measured for salutlons i n  95% EtOH on a JASCO 

uvidec 510 spectraphotometer; ~r spectra were taken with a perkin-Elmer 177 instrument. ~ m r  

spectra were recorded on a Bruker CXP-300 spectrometer ujing TMS as an internal standard; ms were 

measured wlth a VG-ZAB2 mass spectrometer. 

Isolation procedure---We have already reported the extraction procedure from the resin to obtain 

several flavanoid the rsolatlon of the m m o r  compound I31 was carrred out during the 

same chromatographic separation. Compound (31 was uetected on tlc plates (Bakerflex 10-ZFI by 

spraying with ceriumIIV1 in ~ulphuric acid (red colour on heatlngl; Rf 0.3 in hexane- EtOAc (3:Il 

and 0.7 in CH c1 -M~OH (30:11, respectively. 
2 2 

Dracooxeplne (31---Mp 103-105'C, [ a ] z 8  = r1.4" (c 0.2, CHCl I; (~ound: C, 73.4; H, 5.7; C H 0 
3 33 30 7 

requlres C, 73.6; H, 5.6%1, ms (m/z1: 538 ( M + ) ,  360, 283.0993 (calcd for C H 0 283.0970 
17 15 4 

0.002). 256.1095 lcalcd for C H 0 256.1099 0.0031, and 152. ' H - N ~ ~ I  d .  CDC1 I: 7.72 12H, 
16 16 3' 3 

rn. H-2" and H-6"l, 7.2-7.5 i8H. m, Phl, 6.44 (IH, d. J=8.0 Hz, H-41, 6.41 (IH, br s. H-91, 6.12 

(IH, d, J=2.2 Hz, H-8'1, 5.96 (IH, d, J.8.0 Hz, H-51, 5.86 ilH, br d, J-2.2 Hz, H-6'1, 4.90 (IH, 

br dd, J=9.5 and 2.5 Hz, H-2'1, 3.69 (3H, 5 ,  H -101, 3.55 (3H, br s ,  H -9'1, 2.9-1.8 (4H, rn, 
3 3 

H -3' and H -4'1, and 2.13 (3H. br s. H -111. 
2 2 3 

~ ~ ~ ~ ~ ~ ~ t ~ l d ~ ~ ~ ~ ~ ~ ~ ~ i n e  (3al---Acetylation IAc 0-pyrldlne) of compound 3 gave the monoacetate 3a, 
2 

mp 104-107°C; tala = -4.7' (C 0.2; CHCl31; (Found: C. 72.2; H. 5.7; C H 0 
D 35 32 8 

-1 
requires C, 72.4; H, 5.6%); ir IKBrI ( v m a x  cm I: 1770 IAc band), 1640, and 1600; uv [ 

A r n a x ,  nml: 266 and 299 sh I 8 12,400 and 1,200); ms(mlz1: 580 (M, 14%). 325(1001, 283(641. 

256(181, and 1051361. 'H and 13c-nmr data are collected in Tables 1 and 2 respectively. 
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Mnnometh~ldracoux~piii (3bl--4ethylation (MeI. K2C03, acetone) of compuund 3 gave the monomethyl 

ether 3b, mp 83-85'C; (Found: C, 73.6; H, 5.7: C H 0 requires C, 73.9; H, 5.8%); uv (A 
34 32 7 

max, nm): 272, 280sh, and 300sh r 10,000, 8,600, and 1,500); mslrn/z):  552(~+), 360, 343, 

297, 281, 270, and 256. 

Hydrolysis of compound (3a)---(3a)(50 mg) was kept with AcOH (3 ml) at 70°C for 2 h. Evapn of the 

solvent gave, after preparat~ue tlr (hexane EtOAc, 2 :  two main compounds 1 and 5; the 

4 4 
(2s)-flavan 1 was identified by direct cornpar~snn with an authentic sample ; [a] = -6,:O (Ilt. 

-6.3e1. The same compound 1 could be isolated *hen dracooxepine 3 was treated wlth a mixture of 
-1 

MeOH-HC1 (9:ll for 20 h at room temperature. 5, vlscous  oil, has ir (CHC13)( v max c m  I: 

1770(Ac), 1740 and 1730 (ArCOO- and RCHO); m s ( r n / i ) :  342(Mi), 324(~*-181, 282(324-Ac), 267. 220. 

I 
205, 191, 178, and 1771282-COPh). H-Nmr ( d ,CVC1 1: 9.66 (lH, t, J = 3 Hz, CHO) , 8.13 and 7.54 

3 
(5H, m ,  PhC021, 6.71 (IH, br s ,  ArH), 3.74 (3H, s ,  OMel, 3.64 (2H, d, J=3Hz, CH 1, 2.33 (3H, s ,  

2 
OAcl, and 2.16 (3H. br s, ArMeI. 

Hydrogenolysls of compound (3b)---l3b)(50 mg), dissolved in EtOAc-MeOH (1:I) (5 mi) was reduced 

for 20 h with 10% Pd on BaSO4 (25 mgl to obtain compound 6 together with the f l a v a n  1; 6 was 

successively isolated (Ac 0 - Pyrldine) as the acetate 6a. 
2 

(6) M/z: 212(~~), 194(~* - 181, 181, 165, 151, and 136. 

'H-~rnr ( O , CDCl I: 6.34 (IH, br s ,  ArH), 3.97 (2H, m ,  CH OH), 3.78 and 3.66 (6H, a ,  2 OMe), 2.92 
3 2 

(ZH, m ,  ArCH2), and 2.08 13H, br s ,  ArMel. 
+ 1 

(6a) Oil, mslm/zl: 254 IM I :  H-nmr( O ,  CDCl 1 :  6.39 (lH, br s ,  ArH), 4.17 (ZH. m, CH OH), 3.78 
3 2 

and 3.73 (6H, 5 ,  20Me1, 2.82 (ZH, rn, ArCH 1 ,  2.33 and 2.03 (6H, 5 ,  2 OAc), and 2.12 (3H, br 8 ,  
2 

ArMe I .  
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