
HEERlXYCLES, Vol. 32, No. 3, 1991 499 

REVISED STRUCTURES OF ALBANINS D AND E, GERANYLATED FLAVONES 

FROM HORUS ALBA' -- - 

* 
Toshio Fukai and Taro Nomura 

Faculty of Pharmaceutical Sciences, Taho University, 

2-2-1, Miyama, Funabashi, Chiba 274, Japan 

A b s t r a ~ t  The chemical shifts of the proton signals of the 

hydrogen-bonded hydroxyl groups of albanins D and E, isolated 

from Morus alba L. (Moraceae), were compared with those of the -- -- 

hydroxyl groups of 6- or 8-isoprenaid substituted flavones to 

doubt the location of the geranyl groups of albanins D and E. 

The proposed structures ( 3 )  and (41 for albanins D and E were 

revised to the structures (1) and ( 2 1 ,  respectively, on the 

basls of the syntheses of 6-geranylated flavones (1 and 2) and 

8-geranylated flavones ( 3  and 4). 

In the previous papers,2'3 we reported that the chemical shifts of hydrogen-bonded 

hydroxyl groups of 6-isoprenoid substituted flavanones and isofla~ones appeared 

more dawnf ield than those of 6-nonsubstituted f lavanones and isof lavones, 

respectively. In this paper, we report the observation on the chemical shifts of 

the hydrogen-bonded hydroxyl groups at the C-5 position of the 6- or 8-isoprenoid 

substituted flavones, and also describe the revision of the proposed structures ( 3  

and 41 for albanins D and E isolated from M o m s  alba L . ~ ' ~  -- -- 

We examined the 'H nmr spectra (in acetone-d I of 19 kinds of the known 6- or 8-  
6 

isoprenoid substituted flavones. The hydrogen-bonded hydroxyl groups of the 

6-prenylated flavanes were observed in the range of 613.18 - 13.43, while the 

chemical shifts of hydroxyl groups of the 8-prenylated or geranylated flavones were 

classified into the two groups: 1) 612.84 - 13.15 (data from the four compounds), 

2) 613.25 - 13.32 lalbanins D and E from alba) (Table I). In the case of -- 

pyranoflavones, the hydrogen-bonded hydroxyl groups of the angular type flavanes 

were observed in the range of 612.98 - 13.29, while the relevant proton signals of 

the linear type flavones in the range of 613.26 - 13.51 (Table 2). 
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Table 1. Chemical s h i f t s  of 5-OH i n  acetone-dG a t  23.c 1400 MHz) 

t r i v i a l  name chemical s h i f t  p r e n y l a t i a n  i soprenoid  group OH p o s i t i o n s  o t h e r s  r e f .  
of 5-OH sh i f t* .  on A-ring 

a lban in  A 

cudraflavone C 

kuwanon C 

chrys in  

no name 

no name 

kuwanon S 

gancaanin Q 

gancaonin 0 

cudraflavone D 

c a m i f l a v i n  B* 

canniflavone-1. 

b r o ~ i m o n e  H* 

apigenin 15) 

a lban in  D 

1icofla"o"e B§ 

none 

-0.27 6-preny 1 

+o. 07 a -preny~ 

none 

-0.27 6-prenyl 

r0 .07  8-preny 1 

n o r a r t o c a r p e t i n  16) 13.15 none 5 , 7 , 2 ' , 4 '  

a l b a n i n  E + ' *  13.32 -0.17 ( 8 - g e r a n y ~ )  5 , 7 , 2 ' , 4 '  

a l b a n i n  E# 13.09 10.06 8-geranyl 5 , 7 , 2 ' , 4 '  

"*: Induced s h i f t  by p r e n y l a t i a n  ( g e r a n y l a t i o n )  a t  C-6 or C-8 p o s i t i o n .  a :  613.29 190 MHz. 3 5 ' ~ ) .  

b: 613 .04  ( 9 0  MHz. 3 5 . ~ 1 .  c :  612.69 190 MHz, 3 5 . ~ 1 .  d :  613.17 ( 9 0  MHz, 3 5 ' ~ ) .  e :  d13 .12  1100 MHz, 

r e f .  6 )  *:  Data fmm corresponding re fe rence .  5 :  i s o l a t e d  from AFtocarpus venenosa ( r e f .  211, +: 
i s o l a t e d  from M. a l b a .  (measured i n  DMSO-d -acetone-dG=l:2) .  #:  i s o l a t e d  from B . o b l o n g i f a l i a  -- - 6 
( c o u r t e s y  of F. F e r r a r i ) .  

Table 2 .  Chemichal s h i f t s  of 5-OH of pyranoflavane i n  acetone-d6 a t  2 3 ' ~  I400 MHz) 

W i v i a l  name chemical s h i f t  s h i f t  value* s t r u c t u r e  of  OH p o s i t i o n 6  o t h e r s  r e f .  
of 5-OH A- and D-ring 

m o r u s i n  112)  13. ~5~ -0.09 angula r  5 . 2 ' , 4 '  3-prenyl 14 

cudraflavane B (13)  13.57 -0.41 l i n e a r  5 . 2 ' , 4 '  3-prenyl 1 4  

bmsimone G 
§ 13.25 -0.09 angula r  5 . 2 ' , 4 '  5"-C-prenyl - 7 

cyclornorusin ( 1 5 )  12 .98  angula r  5,U'  14 

cudraflavone A ( 1 6 )  13.26' l i n e a r  5.4' 14 

*:  Dif fe rence  of chemical s h i f t s  between t h e  pyranoflavane and a l b a n i n  A .  5: Data from 

Corresponding r e f e r e n c e .  a :  613.20 I90 MHz, 3 5 ' ~ ) .  b :  613 .24  190 MHz, 35.~1.  c :  613.21 1400 MHz, 

5 0 ' ~ ) .  



HETEROCYCLES, Vol. 32, No. 3, 1991 5M 

5-OH ?OH 
R =R =H 
1 2  613.01 R =R =H 

1 2  612.18 
ibiochanin A) ieriodictyol) 

R =Prenyl, R =H 613.29 (-0.28 ppm)' 1 2 R 1- -prenyl, R2=H 612.47 (-0.29 ppm)' 
igancaonin A) 

R1=H, R =prenyl 612.95 i+0.06 ppm)+ 
2 R1=H, R 2 =prenyl 612.14 1+0.04 ppm)* 

lgancaonin M) 

Figure 1. Chemichal Shifts of 5-OH proton of isoflavones and flavanones. 

*: Induced s h i f t  by prenylation at 6-  or 8-position. 

OH 
14 15 

Figure 2. 
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On the other hand, the chemical shifts of hydrogen-bonded hydroxyl groups at the 

C-5 position of isoflavones and flavanones show the remarkable dawnfield shift lca. - 

-0.3 ppm) by prenylation at the C-6 position, while those of the hydroxyl groups 

show the slight upfield shift (ca. - +0.05 ppm) by prenylatron at the C-8 position 

(Figure 1) .2'3 In the case of some flavones, the similar shifts were observed by 

prenylation at the C-8 or C-6 positions (Table 1). In comparison between the 

chemical shifts of the hydroxyl groups of apigenin (5) and albanin 0, the 

remarkable downfield shift (-0.23 ppm! were observed. The similar downfield shift 

(-0.17 ppm) was observed by comparing norartocarpetin ( 6 )  with albanin E (Table 1). 

The above downfield shift values (-0.23 and -0.17 ppm) are inconsistent with the 

slight upfield shift value 1% +0.05 ppm) observed in some flavones prenylated at 

the C-8 position. To elucidate the inconsistency we synthesized 8-geranylapigenin 

(31 and its 6-isomer (11 as well as 8-geranylnorartocarpetin (4) and its 6-isomer 

( 2 )  (Scheme 1). The location of the geranyl groups in the structures (1, 2, 3, and 

4) was confirmed by the 13c nmr spectra (gated decoupling with NOEI and long-range 

selective proton decoupling (LSPD) experiment (Table 31. The synthetic flavones 

were identified with albanins D and E an the fact that the physical and spectral 

data (melting points, uv and 'H nmr spectral of synthesized flavones 1 and 2 were 

in agreement wlth the relevant data of albanins D and E , ~  respectively. From the 

above results, the proposed structures (3) and (4) for albanlns D and E isolated 

from M. alba should be revised to the structures (11 and ( 2 1 ,  respectively. -- -- 

On the other hand, Ferrari et a l .  reported the isolation of 8-geranyi- -- 

norartocarpetin from Brosimopsis oblongifolia (Moraceae) and described as "albanin 

E".' Albanin E from oblong~folia was identical with the synthetic 4 in 

comparison of the 'H nmr spectra and tlc a n a l y ~ i s . ~  As the structure of albanin E 

from M. alba was revised, the trivial name "albanin E" for the flavone isolated -- --- 
from -- B. oblonglfolia should be changed to the other one. 

EXPERIMENTAL 

Abbreviations; s = singlet, d = doublet, dd = double doublet, t = triplet, m = multiplet, br = 

broad. The general procedures and the instruments used are described in our previous 

5.7.4'-Tris(methoxymethoxy1flavanane (Ba) 

A mixture of 2'-hydroxy-4,4',6'-tris(methoxyrnethoxy)chh1conn l7a, 1 g, 2.5 r n r n o l ~ ' ~  and sodium 
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3'  

OOQ 
___) 

OH 0 
R1 O 

7a: R1=OEH20CH3, R =H 2 
Ba: R1=OCH20CH3, R =H 2 

7b: R =R =OCH CCH 8b: R =R =OCH 0CH3 
1 2  2 3 1 2  2 

la: R =R =R =H, R =geranyl 1 3 4  2 
2a: R1=R3=H, RZ=geranyl, R4=0CH20CH3 

3a: R1=R =R =H, R =geranyl 
2 4 3 

4a: R 1 2  =R =H, R3=geranyl, R =DCH CCH 4 2 3  
lla: R1=geranyl, R 2 3 4  =R =R =H 

llh: R1=geranyl, R 2 =R 3 =H, R 4 =OCH 2 0CH3 

Scheme 1. 
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m b l e  3. 13c Nmr d a t a  of s y n t h e t i c  f l avones  (1 - 4 )  i n  acetone-d, (100.4 M H Z ) '  

2 164.79 (Sdt  ' 5 4 ,  3 ~ = 6  Hz)* 165.07 !br 
3 104.04 ( D ,  'J=167 Hz) 103.89 ( 0 ,  J = l 6 8  Hz) 
4 183.13 ( S )  183.45 (S)  
4a 105.24 (Sml 105.41 (Sm) 
5 160.21 ( S t d ,  2~50H_C5=3~H1,,-C5 =4 Hz) 161.01 ( S t ,  1 ~ =  ~ = n  p) 
6 112.39 (Sm) 99.36 (Dd, J=I6O, J50H-C6=7 Hz1 
7 162.44 ( s t d l  3 ~ = 4 ,  2 ~ = 2  H Z )  162.25 (br S I  
8 94.10 I D ,  $=I64 Hz) 107.47 ( b r  3 )  
8 a  156.56 (Sd,  3=4 Hz) 156.08 ( S t ,  J =4 Hz) 
1 '  123.43 ( S t d ,  J = 8  a d 3 Hz1 123.66 (Sm) 1H1"-C8a 
2 ' , 6 '  129.14 (Dd. :=161, '$=7 Hz) 129.26 (Dd, 1J=161, :5=7 Hz) 
3 ' , 5 '  116.84 (Dd, i=162 ,  2J=4 Hz) 116.89 [Dd, J=161 J = 4  Hz) 
4' 161.79 ( S t t ,  J = 1 0 ,  2J=4 Hz1 161.94 (5 t t I35=9,  '$=2 Hz) 
1" 21.95 (Td, :5=124, J = 4  Hz1 22.28 (Td, J=129, J = 4  Hz) 
2" 123.16 (Dm, J== 1 %  Hz) 123.62 (Dm, overlapped with C7"l 
3" 135.34 (Sml 135.74 ( b r  S1 
4" 16.27 ( O m ,  'J=ca. 125 Hz) 16.55 ( Q m ,  J = c a .  124 Hz) 
5" 40.52 (Tm, 'J== 125  Hz1 40.35 (Tm, 'J=Z 125 Hz) 
6"  27.41 (Tm, 'J== 125 Hz) 27.33 (Tm, 'J=% 126 Hz) 
7,' 125.15 (Dm, 'J=& 150 Hz) 125.02 (Dm, overlapped wi th  C2") 
8" 131.56(Srn)  131.66 (br S1 
9" 17.69 (Urn, '5=ca. 125 Hz) 17.66 ( O m ,  l J = ~  124 Hz) 
10" 25.79 !Om, 'J=Z 124 Hz) 25.73 ( Q m ,  J=* 124 Hz) 

2 162.61 ( S t ,  2 ~ = 3 ~ = 4  Hz) 162.82 ( S t ,  2 ~ = 3 J = 4  Hz) 
3 108.59 ! D ,  'J=170 Hz) 108.44 ( D ,  '5=166 Hz) 
4 183.51 ( 5 )  183.81 ($1 
4, 105.13 ( S ,  o v y l a p p e d  ~ i t h  C3'1 105.38 (Sm) 
5 160.18 ( S t d ,  J50H-C5= JH1,,-C5=4 Hz) 161.00 ( S t ,  : J = ~ J = ~  p) 
6 112.05 (Sm) 99.06 (Dd, 5 4 6 0 ,  

J 5 0 ~ - ~ 6  
=6 Hz) 

7 162.34 ism, overlapped wi th  C4'1 161.96 (Sm) 
8 93.89 !D, '$=163 Hz) 107.23 (Sml 
8 a  156.65 !Sd, 5=4 Hz1 156.21 1st. 35 =4 Hz1 
1, 110.97 (sm) 111.26 ( ~ d d ,  $iY@ H Z )  

2 159.19 (Sdd,  2 ~ = 3 ,  33=1~ Hz) 159.23 (Sdd,  J = 3 ,  $=I0 H i )  
3 '  104.39 (Dd, 'J=158, J = 5  Hz) 104.41 (Dd, 15=158,3 J = 4  Hz) 
4 '  162.43 Ism, p v e r l a p q d  wi th  C7) 162.45 ( S t d ,  J=3,  1 0  Hz1 
5' 109.09 (Dd. J=160,  J = 5  Hz) 109.13 ( O d , l l ~ = l ~ ,  ';=5 Hz) 
6 '  130.86 !D, '$=160 Hz& 131.02 I D ,  j=161 Hz& 
1" 21.94 (Td, 1J=128. 5=4  HZ) 22.30 (Td, 1J=128, J=4 Hz) 
2" 123.30 (Dm, J== 150 Hz) 123.72 (Dm, J = s  145 Hz) 
3" 135.24 (Sml 135.69 (Sm) 
4" 16.26 (Om, '5=ca. 125 Hz) 16.52 (Om, 'J=ca,  125 Hz1 
5" 40.53 (Tm, ',I== 125 Hz) 40.39 (Tm, '.I== 125 Hz)& 
6" 27.44 (Tm, 'J=Z 125 Hz1 27.37 ( Q m .  'J=Z 125 Hz) 
7" 125.17 ( D m ,  '.I=-- 150 Hz) 125.07 (Dm, J=ca.  1 I45  Hz) 
8" 131 .56ISm)  131.66 !Sm) 
9" 17.69 (Om, 'J=ca. 125 Hz) 17.68 (Om, l.l=ca. 125 Hz) 
10" 25.79 ( O m ,  'J=% 125 Hz) 25.75 l ~ m ,  J = c e .  1 125 Hz1 

5 :  The fol lowing r e s u l t s  were observed wi th  t h e  LSPD experiments  by i r r a d i a t i o n  of t h e  5-OH pro ton ,  
3 1; C4a (Sm -4 St .  3 ~ = 4  H z ) ,  C5 ( S t d  + S t ,  JHi,,_C5=4 Hz),  C6 (changed) ,  2 ;  C5 ( S t d  --t S t ,  

3 2 
JHl,,-C5=4 Hz) ,  C6 (changed) ,  3; C4a (Sm -+ St .  5=4 Hz) ,  C5 ( S t  4 Sd, JH6-C5=4 Hz),  C6 (Dd - 

D. J=160 H Z ) ,  4;  c4a (Srn + st. 3 ~ = 4  H Z ) ,  c 5  (st - s d ,  2~H6_C5=4 H Z ) .  C6 ( ~ d  4 D, 'J=160 H Z ) .  

*:  C a p i t a l  l e t t e r s  r e f e r  t o  p a t t e r n  r e s u l t i n g  from d i r e c t l y  bonded p r o t o n ( s 1  and lower case l e t t e r s  

t o  long-range 1 3 c - l ~  coupling.  
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acetate (1.7 g, 20.7 mmoll in methanol (20 ml) was refluxed for 2 h, and then treated as usual. The 

reaction product was chromatographed on silica gel with benzene containing increasing amount of 

acetone as an eluent to give 8a I580 mg. 58%). Compound (8a) shoved the following data: mp 102'~ 

(colorless prisms. crystallized from n-hexane). Anal. Calcd far C H 0 . C, 62.37; H, 5.98. Found: 
21 24+8' 

C, 62.60; H, 6.03. EI-Ms. (rsl. Int.) : 405 [Mil]' (?A), 404 [M] 181, 389 (61, 373 (51, 359 
1 

(101, 331 (51, 240 (6). 195 1101, 164 (12). 45 (100). H Nmr (CDCI3, 90 MHzI: 62.73 ( l H ,  dd, J = 4 

and 16.5 Hz, C-3-HI, 3.03 (IH, dd, J = 12 and 16.5 Hz, C-3-HI, 3.48 (6H, 8, OCH OCH x2), 3.54 (3H, 
2 3 

s ,  0CH20Cc3), 5.15. 5.18. 5.27 leach ZH, s ,  0C_H20CH31, 5.35 (IH, dd. J = 4 and 12 Hz, C-2-HI. 6.35, 

6.43 leach IH, d, J = 2 HZ, C-6-H Or C-%HI, 7.05 (2H, d, J = 9 Hz, C-3'-H and C-5'41, 7.37 12H, 

d, J = 9 Hz. C-2'-H and C-6'-H). 

A mixture of 8a (624 mg, 1.5 mmal), 2,3-dichloro-5,6-di~y~~~-p-benzo~uiiiii (DDQ, 360 mg, 1.6 mmol) 

and dry dioxane (0.5 mll in dry benzene (10 ml) was refluxed for 5 h, and then treated as usual. 

The reaction product was chromatographed on silica gel with benzene as an eluent to give 

7,4'-bis(methoxymethany)-5-hyd~oxyflavan 1%. 75 mg, 13.5%) and 10a (260 mg,  47%). Compound (9a) 

showed the fallowing data: mp 88 - 89'~ (colorless prisms, crystallized from methanol). FeC13 test: 

reddish brown. EI-Ms, r e  int.): 361 [M+I]* (1781, 360 [MI+ (76). 329 (41, 315 (71, 254 (51, 

241 141, 223 (91, 196 141, 182 (31, 164 (lo), 151 (38). 147 1111, 121 (41, 45 (1001. HR-Ms, ;A: 
360.1196 [MI* fC19H2007 rewires: 360.1209). 'H Nmr (CDC13, 90 MHzI: 62.75 (IH, dd, J = 3.5 and 17 

H i ,  C-3-HI, 3.09 (IH, dd, J = 12 and 17 Hz, C-3-HI, 3.43, 3.47 (each 3H, s ,  OCH OCH 1, 5.13, 5.17 
2 -3 

(each 2H, a ,  0CH20CH3), 5.34 (IH, dd, J = 3.5 and 12 Hz, C-2-H), 6.15 (ZH, s, C-6-H and C-8-HI, 

7.05 (2H, d, J - 9 Hz. C-3'-H and C-5'-HI, 7.35 (2H, d, J - 9 Hz. C-2'-H and C-6'-H), 11.83 IlH, 6 ,  

C-5-OH). Compound (10a) showed the following data: mp 152- 153'~ (pale yellow needles, 

crystallized from methanol). Anal. Calcd for C H 0 : C, 63.68; H, 5.09. Found: C, 63.27; H, 5.07. 
19 I$ 7 

€1-MS. !iz (rel. int.1: 359 [Mil]+ 110%). 358 [M] 149), 343 (31, 327 (51, 326 (71, 45 1100). 'H 

Nmr (CDC13, 90 MHz): 63.50 (6H, s ,  0CH20CH3x2), 5.23 l4H, s, OCH OCH x2), 6.43 IlH, d, J = 2 Hz, 
-2 3 

C-6-H), 6.54 (lH, s ,  C-3-HI, 6.62 (lH, d, J = 2 Hz, C-8-H), 7.11 IZH, d, J = 9 Hz, C-3'-H and 

C-5'-HI, 7.78 (ZH, d, J = 9 Hz, C-2'-H and C-6'-H), 12.62 (IH, s ,  C-SOH). 

Preparation of 8-geranylapigenin (3) and 6-geranylapigenin (11 from 10a 

A mixture of 10a (267 mg, 0.8 mmal), geranyl bromide (0.5 ml, 2.3 rnrnol), and KOH (0.3 g. 5.4 rnmol) 

in methanol (50 mll was allowed to stand for 4 h. After treated as usual, the reaction product was 

purified by preparative tlc (silica gel, solvent system: - n-hexane-acetone=U:l. CHCl only) to give 
3 

7.4'-dimethoxymethyl-8-geeanylapigenin (3s, 9 mg, 2.4%1, 7,4'-dimethoxymethyl-6-geeanylapigenin 

(la. 9 mg, 2.4%). 7.4'-dimethonymethyl-5-9-gei-anylapigenin (lla. 18 mg, 5%), and starting material 

(lo=. 120 mg. 45%). A mixture of la (9 mg) and 3N HC1 (0.5 ml) in methanol (5 ml) was refluxed far 

15 mi". The mixture was diluted with water (20 ml) and treated as usual. The reaction product was 

purified by preparative tlc (silica gel, benzene-acetone=5:11 to give 1 13 mg, 41%). A mixture of 

3a (9 mg) and 3N HC1 (0.5 ml) in methanol I5 ml) was refluxed for 15 min. The mixture was diluted 

with water (20 ml) and treated as usual. The reaction product was purified by preparative tlc 

(silica gel, benzene-acetone=5:1) to give 3 (5 mg, 68%). Compound (3al showed the following data: 

mP 117 - 118'~ (pale yellow needles, crystallized from methanol). FeC13 test: greenish brown. Gibbs 
test: negative. EI-~s, ;nz (pel. int.): 495 [M+I]+ (781, 494 [MI+ (23). 449 (41, 425 (51, 393 (8). 
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381 ( 4 1 ,  371 (151,  358 (101,  339 ( 6 1 ,  327 ( 9 1 ,  45 (100) .  HR-Ms, if: 494.2296 [MI' (C29H3407 

r e q u i r e s :  494.2304).  'H ~rnr ( C D C I ~ ,  90 M H Z ) :  6 1 . 5 2 ,  1.61 (each 3H, b r  5 ,  C-8',-CH ) ,  1.82 (3H, b r  s ,  
3 

C-3"-CH 1 ,  2.00 ( U H ,  b r  s ,  C-5"-Hx2 and C-6"-Hx2), 3 .51  (6H, s ,  OCH OCH n 2 ) ,  3.57 (2H, b r  d ,  J = 7 
3 2 -3 

Hz, C-I"-Hx2). 5 . 0  - 5.3 (2H, m ,  C-2"-H and C-7"-H), 5.27 (UH, s ,  0C_H20CH3x2), 6.58 I l H ,  b r  a ,  

C-6-H), 6.59 ( l H ,  s ,  C-3-HI, 7.14 (2H, d ,  J = 9 Hz, C-3'-H and C-5'-H), 7.84 (ZH, d ,  J = 9 Hz, 

C-2'-H and C-6'-HI, 12.64 ( l H ,  S ,  C-5-OH). Compound (la) showed t h e  fol lowing d a t a :  mp 8 5  - 8 7 ' ~  

( p a l e  yel low need les ,  c r y s t a l l i z e d  from methanol ) .  FeCl t e s t :  g reen .  Gibbs t e s t :  p o s i t i v e  (navy 
3 

b l u e ) .  El-Ms. ;if ( p e l .  i n t . ) :  495 [ ~ + l ] +  ( I % ) ,  494 [MI' ( 2 9 ) ,  479 ( 3 ) .  449 ( 4 1 ,  425 ( 2 5 ) .  393 

(81 ,  383 (151,  371 ( 6 9 ) .  327 (111 ,  283 ( 6 ) .  45 ( 1 0 0 ) .  HR-Ms, !/z 494.2310 [MIi (C2gH3407 r e q u i r e s :  

494.2304).  'H N m r  (CDCI3, 90 MHz): 6 1.58.  1.64 (each 3H, b r  s. C-8"-CH ) .  1 . 8 1  (3H, b r  s, 
3 

C-3"-CH3), 2 .00  l4H, b r  5 ,  C-5"-Hx2 and C-6"-Hx2), 3.41 ( Z H ,  b r  d ,  J = 7 Hz, C-1"-Hx2), 3.50 (6H, 

s ,  0CH20Ct13x2), 5.1 - 5.3 (2H, m ,  C-Z3>-H and C-7"-HI, 5.24, 5.30 (each 2H, s ,  0Ct120CH3), 6.57 ( l H ,  

5 ,  C-3-H), 6.72 (IH, br S ,  C-&HI, 7.12 (LH. d ,  J = 9 HZ, C-3'-H and C-5'-H), 7 .83  (ZH, d ,  J = 9 

Hz, C-2'-H and C-6'-HI, 12.79 ( IH,  s ,  C-5-OH). Compound ( l l a )  was ob ta ined  as a yel low o i l  and 

showed t h e  fo l lowing  da ta .  FeC13 t e s t :  nega t ive .  EI-Ms, --- m/z  ( r e l .  i n t . ) :  495 [M+I]+ ( 4 % ) ,  494 [ M I i  

(131 ,  479 (21 ,  449 (31 ,  426 ( 3 1 ,  425 ( 9 ) .  412 (101,  393 ( 3 ) .  371 (71 ,  367 (151,  359 (131 ,  358 (451,  

327 ( 7 ) .  326 ( 7 1 ,  69 (131,  45 ( 1 0 0 ) .  HR-Ms, !/r 494.2309 [MI+ (C29H3407 r e q u i r e s :  494.2304). 'H Nmr 

(CDCI3, 90 MHz) : 6 1.60,  1 .67  (each 3H, b r  s ,  C-8"-CH 1 ,  1.77 (3H, b r  5 ,  C-3"-CH 1, 2.18 ( U H ,  b r  s ,  
3 3 

C-5"-Hx2 and C-6"-Hx21, 3.49.  3.52 (each 3H, s ,  OCH OCH 1 ,  4 .75  (ZH, b r  d ,  J = 6 .5  Hz, C-1"-Hx2). 
2 -3 

5.0 - 5.25 ( IH,  m, C-7"-H), 5 .25  (4H. s ,  OCH OCH x 2 ) ,  5 .58 ( IH,  b r  1. J = 6 .5  Hz. C-2"-H), 6.46 
-2 3 

( l H ,  d .  J = 2 Hz, C-6-HI, 6.55 (IH,  s ,  C-3-HI. 6.74 (IH,  d ,  J = 2 Hz. C-8-H). 7.11 (ZH, d ,  J = 9 

Hz, C-3'-H and C-5'-H), 7 .81  2 d ,  J = 9 Hz, C-2'-H and C-6'-HI. Compaund (3) showed t h e  

fa l lowing  d a t a :  mp 147 - 1 5 0 ' ~  ( p a l e  yel low pr i sms ,  c r y s t a l l i z e d  from a c e t o n e ) .  FeCl t e s t :  o l i v e .  
3 

Gibbs t e s t :  nega t ive .  El-Ms, m / z  ( r e l .  i n t . ) :  407 [ ~ + l ] +  ( 1 7 % ) ,  406 [MI+ (601 ,  349 ( 6 1 ,  337 (801,  

323 (211,  321 ( 1 6 ) ,  309 ( 8 1 ,  295 ( 1 8 ) .  283 ( l W ) ,  270 (291,  254 (21,  219 ( l o ) ,  165  ( 1 7 ) .  HR-Ms, !/z 
406.1785 ! C  H 0 r e q u i r e s :  406.1780). Uv 2;:: nm ( l o g  E l :  205 (4.081,  220 (sh 3.931, 274 (3.751, 

25 26 5 
300 (3 .641 ,  325 ( 3 . 6 7 ) .  360 ( i n f l .  3 .46) .  Uu 2::PIC13: 230 ( s h  3.961,  282 (3.741,  308 (3.741, 

346 (3 .741 ,  395 ( 4 . 4 4 ) .  'H N m r  (acetone-d6, 400 MHz): 61.49 (3H, b r  d ,  J = 0 . 7  Hz, C-8"-CH 1 ,  1.55 
3 

l3H, bl. d ,  J = 1 H Z ,  C-8"-CH 1 ,  1 .84  (3H, b r  d ,  J = 1 Hz, C-3"-CH ) ,  1.89 - 2.10 (4H, rn, C-5"-Hx2 
3 3 

and C-6"-Hx2), 3.58 (2H, b r  d ,  J = 7 Hz, C-1"-HxZ), 5.03 (IH, b r  1 ,  J = 7 Hz, C-7"-HI, 5.32 ( l H ,  br 

t ,  J = 7 Hz, C-2"-HI, 6 . 3 5  ( l H ,  b r  s ,  C-6-HI, 6.64 ( IH,  s ,  C-3-HI, 7 .05  (2H, d ,  J = 9 Hz, C-3'-H 

and C-5'-HI, 7.97 (2H, d ,  J = '3 He, C-2'-H and C-6'-H), 9 .50  (2H, b r  s ,  OHxZ), 12 .97  ( l H ,  s, 

C-5-OH). Compound (1) showed t h e  fo l lowing  d a t a :  mp 205 - 7 0 7 ?  ( p a l e  yellow prisms,  c r y s t a l l i z e d  

from a c e t o n e ) .  FeC13 t e s t :  dark green .  Gibbs t e s t :  p o s i t i v e .  El-Ms. ;/z ( p e l .  i n t . ) :  407 [M+I]+ 

( l a ) ,  406 [MI' ( d l ) ,  363 ( 7 ) ,  340 (21, 337 (IOU), 323 ( 7 ) .  322 ( 6 ) .  321 ( 1 2 ) ,  309 18) .  295 (201,  

284 (431 ,  283 ( 9 3 ) .  270 ( 7 ) .  254 ( 1 1 ,  165 ( 1 0 ) .  HR-Ms. 406.1787 [MI+ (CZ5Hz6O5 x'equires: 

406.1780). Uv bk:!H nm ( l o g  El: 205 ( 4 . 1 3 ) .  217 ( 4 , 1 7 1 ,  255 ( s h  3 .65) .  275 ( 3 . 8 9 ) .  305 (3 .761 ,  335 

( 3 . 9 6 ) .  Uv b:i:H+A1C13: 205 (4.181,  219 ( 4 . 1 2 ) .  260 (3.611, 285 ( s h  3 . 8 6 ) ,  304 (3.891,  354 (3.971, 

390 ( s h  3 . 6 9 ) .  'H Nmr (acetone-d6, 400 MHz): 6 1 . 5 5  (3H, b r  d ,  J = 0 . 5  Hz, C-8"-CH ) ,  1.60 (3H, b r  
3 

d ,  J = 1 Hz, C-8"-CH3), 1.80 (3H, b r  d ,  J = 1 Hz, C-3"-CH3), 1 .94  - 2.10 (4H, rn, C-5"-Hx2 and 

C-6"-Hx2), 3.37 (2H, b r  d ,  J = 7 Hz, C-1"-Hxz), 5 .08 ( l H ,  br t ,  J = 7 Hz, C-7"-H), 5.33 ( l H ,  b r  t ,  

J = 7 Hz, C-2"-HI, 6 . 6 1  ( IH,  b r  s ,  C-8-HI. 6.62 ( IH,  s, C-3-H), 7.02 (2H, d ,  J = 9 Hz, C-3'-H and 

C-;'-HI, 7 .91  (LH, d ,  J = 9 Hz, C-2'-H and C - L 1 - ~ ) ,  9 .44 ( Z H ,  b r  s ,  OHxZ), 13.29 ( lH,  s, C-5-OH). 
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11 
A mixture of 2',4'-bis(methoxymethoxy)-6'-hydr0xy~~etpheoe (1.1 g, 4.3 rnrnoll, 2,4-bislrnethoxy- 

12 
rnethoxy lbenzaldehyds (1.7 g, 7.5 mmal), and KOH (2 g. 35.7 mmol) in methanol (5 ml) was allowed 

to stand for 3 h. The mixture was diluted with water (30 ml), neutralized with acetic acid, and 

treated as usual. The reaction product was chromatographed on silica gel with benzene containing 

increasing amount of acetone as an eluent to give 7b (1.6 g, 80%). Compound (7b) showed the 

following data: mp 95 - 96-c (yellow needles, crystallized from methanol). FeCI3 test: olive. 

Anal. Calcd for C H 0 : C, 59.48; H, 6.08. Found: C, 59.34; H, 6.10. El-Ms, m/z (rel. int.): 465 
23 28 10 

[M+I]+ (a), 464 [MI' (161, 419 (131, 402 !11), 387 (121, 241 (81, 197 (101, 45 !1001. 'H Nmr 

(CDC13, 90 MHz): b3.48, 3.51 (each 6H, s ,  OCH OCH x2), 5.18, 5.25 (each 4H, s ,  0CH20CH3x2), 6.20, 
2 -3 

6.28 (each IH, d, J = 2 Hz, C-3'-H or C-5'-HI. 7.52 (lH, d, J = 8 Hz, C-6-HI, 7.70 (IH, dd, J = 2 

and 8 Hz, C-5-HI, 7.82 (IH, d, J = 15 Hz, C4-HI, 7.84 (IH, d, J = 2 Hz, C-3-HI, 8.15 (lH, d, J = 

15 Hz, C-R-H), 13.79 (lH, s ,  C-2'-OH). 

A mixture of m (0.9 g, 1.9 mmol) and sodium acetate (1.6 g, 19.5 mmoll ~n methanol (20 m l )  was 

refluxed for 6 h, and treated as usual. The reaction product was chromatographed on silica gel with 

benzene containing increasing amount of acetone as an eluent to give 8b (263 mg, 29%). Compound 

(8b) showed the following data: mp 95 - 96'C (colorless needles, crystallized from acetone). FeCl 
3 

test: negative. Anal. Calcd for C23H28010: C, 59.48; H, 6.08. Found: C, 59.34; H. 6.10. EI-Ms. mjz 

(rel. int.): 465 [Millt (281, 464 [MI' (8). 419 (15). 402 (17), 387 (9), 241 ( 6 ) ,  224 I S ) ,  179 17). 

45 (100). 'H Nmr (CDC13, 90 MHz):  62.75 (1H. dd, J = 5 and 16 Hz, C-3-HI, 3.03 (IH, dd, J = 13 and 

16 HZ, C-3-HI, 3.48 (9H, s, 0CH20CH3x3), 3.55 (3H, s ,  OCH OCH 1, 5.17 (6H, s ,  0CH20CH x31, 5.27 
2 -3 3 

(2H, a ,  OCH OCH I ,  5.72 (lH, dd, J = 5 and 13 Hz, C-2-HI, 6.37, 6.42 (each lH, d, J = 2 HE, C-6-H 
2 3 

o r  C-&HI, 6.75 (IH, dd, J = 2.5 and 9 Hz, C-5'-HI, 6.83 IlH, d, J = 2.5 Hz, C-3'-HI, 7.45 (1H. d, 

J = 9 Hz, C-6'-HI. 

A mixture of 8b (1.8 g, 3.9 mrnol), DDQ (710 mg, 3.1 moll, and dry dioxane (1 mll in dry benzene 

120 ml) was refluned for 5 h, and treated as usual. The reaction product was chromatographed an 

Silica gel with benzene as an eluent to give 5-hydraxy-7,2',4'-tris(methoxymethoxy)flavannnn (9b. 

318 mg, 20%) and lob (695 mg, 43%). Compound (9b) showed the following data: rnp 69 - 70'~ 

(colorle~s needles, crystallized from methanoll. FeC13 test: reddish violet. Anal. Calcd for 

C H 0 .:H 0. C, 58.74; H, 5.87. Found: C, 59.04; H, 5.70. El-Ma, (rel. int. I :  421 [M+l]+ 
2 1 2 4 9 2 2 '  

1 
(5%), 420 1.1' (22), 402 (201, 375 (311, 358 (141, 197 (81, 45 (100). H Nmr (CDCI3, 90 MHz):62.78 

(IH, dd, J = 4 and 15 Hz. C-3-H), 3.03 !1H, dd, J = 12 and 15 Hz, C-3-H), 3.47 (6H, s, 0CH20CH3x2), 

3.48 !3H, s ,  DCH OCH I, 5.17 14H, 5 ,  0C_H20CH3x21. 5.18 (2H, s ,  0CH20CH3), 5.70 (1H. dd, J = 4 and 
2 -3 

12 HZ, C-2-HI, 6.18 (2H, 5 ,  C-6-H and C-8-HI, 6.72 (lH, dd, J = 2 and 9 Hz, C-5'-H), 6.82 !1H, d, J 

= 2 Hz, C-3'-HI, 7.44 (lH, d, J = 9 Hz, C-6'-HI, 11.84 (lH, s, C-5-OH]. Compound (lob) shawed the 

following data: rnp 106 - 108'~ (pale yellow prisms, crystallized from methanol). FeC13 test: 

reddish brown. Anal. Calcd for C21H2209: C, 60.29; H, 5.30. Found: C, 60.04: H, 5.32. El-Ms, 

(El. int.): 419 [M+l]+ (5%1, 418 [MI+ (19). 403 (31, 402 (31, 388 (21, 387 (31, 386 (31. 375 (5). 

341 (51, 197 (21. 'H Nmr (CDC13, 90 MHz): 63.50 (9H, s ,  0CH20CH3x3), 5.24 (4H, s, 0C~20CH3x21, 5.28 

(ZH, s ,  OCH20CH31, 6.43 (IH, d, J = 2 Hz, C-&HI, 6.58 (lH, d, J = 2 Hz, C-8-HI, 6.80 (lH, dd, J = 

2 and 9 Hz, C-5'-HI, 6.90 (lH, s, C-3-HI, 6.90 (IH, d, J = 2 Hz, C-3'-HI, 7.79 (1H, d, J = 9 Hz, 

C-6'-HI. 12.68 (IH, s, C-5-OH). 
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preparation of 8-~ranylnorartacarpetin (4) and 6-geranylnarartacarpetin (2) from lob 

A mixture of lob (765 mg, 1.8 mmal), geranyl bromide (1 ml, 4.6 rnmol), and KOH (0.5 g, 8.9 mrnol) in 

methanol (70 ml) was allowed to stand for 3 h. After treated as usual, the reaction product was 

chromatographed on silica gel with benzene containing increasing amount of acetone as an eluent. 

The fraction eluted with benzene (530 mg1 was purified by preparative tlc (silica gel. 

n-hexane-acetone=4:1. CHC1- only) to give 8-geranyl-7,21,4'-trimethoxy~ethyln~~aatcrpeti (4a, 50 - 
mg, 5%). 6-geranyl-7,2',4'-trimethoxymethylnorartacarpetin (za, 31 mg, 3%), and the starting 

material (lob, 236 mg, 41%). The fraction eluted withe benzene-acetone (49:l) I310 mg) was purified 

by preparative tlc (silica gel, n-hexane-acetone=4:1) to give 5-0-geranyl-7,2',4'-tri- - 

methoxymethylnorartocccpetin (llb, 35 mg. 3.5%). A mixture of 4a I16 mg) and 3N HCI (0.5 ml) in 

methanol (5 ml) was refluxed for 15 min. The mixture was diluted with water (20 ml) and treated as 

usual. The reaction product was purified with preparative tlc (silica gel, n-hexane-acetone=3:l) to 

give 4 I6 mg, 5096). A mixture of 2a (20 mg) and 3N HC1 (0.5 ml) in methanol 15 ml) was refluned for 

15 min. The mixture was diluted with water (20 ml) and treated as usual. The reaction product was 

purified by prepa~ative tlc (n-hexane-acetane=2:1) - to give 2 (4 mg, 27%). Compound (4a) showed the 

following data: mp 101 - 1 0 3 ~ ~  (pale yellow needles, crystallized from acetone-methanol). FeCl 
3 

test: green. Gibbs test: negative. Anal. Calcd far C H 0 .AH 0: C, 66.06; H, 6.97. Found: C, 
31 38 9 2 2 

66.18; H, 6.91. EI-MS, -- m/z (=el. int.): 555 [M+I]+ (4%).  554 [MI+ (111, 509 IIU), 486 (61, 485 

(161, 471 (71, 453 (13). 432 (171, 431 (631, 418 (18). 399 (11). 387 (231, 386 (13). 355 (9). 343 

(81, 311 (41 ,  45 (100). 'H Nmr (CDC13, 90 MHz) : 6 1.54, 1.61 (each 3H, br s ,  C-8"-CH3), 1.79 (3H, br 

s, C-3"-CH 1 ,  1.99 l4H, br s ,  C-5"-Hx2 and C-6"-HxZ), 3.48 l3H, s ,  OCH OCH 1 ,  3.51 (6H, 5 ,  OCH OCH 
3 2 3 2 3 

~ 2 1 ,  3.55 (ZH, br d, J = 6 HZ, C-1"-Hx2), 5.00 - 5.40 (ZH, rn, C-2"-H and C-7"-H), 5.22, 5.26, 5.29 

(each 2H, s, 0CH20CH3), 6.58 (lH, br s, C-6-HI, 6.80 (lH, dd, d = 2 and 9 Hz, C-5'-HI, 6.95 (lH, s,  

C-3-HI, 6.98 (IH, d, J = 2 Hz, C-3'-HI, 7.82 (IH, d, J = 9 Hz, C-6'-HI, 12.72 (lH, s ,  C-SOH). 

Compound (2.3) showed the following data: mp 78 - 81'c (pale yellow needles, crystallized from 

methanol). FeC13 test: green. Gibbs test: positive. Anal. Calcd for C H 0 . C, 67.13; H. 6.91. 
31 38 9 

Found: C, 66.87; H, 6.94. El-Ms, _mLz lrel. int.): 555 [~+l]+ 1 554 [MI' (40). 509 (51, 486 

(11). 485 (361, 471 (21, 457 (7). 453 (5), 443 (121, 432 (201, 431 (671, 418 (41, 417 (8). 399 (81, 

387 (8). 386 (2), 355 (4), 343 (21, 311 (31, 45 (100). Nmr (CDC13, 90 MHz): 61.58, 1.65 (each 

3H, br s ,  C-8"-CH 1. 1.81 (3H, br s ,  C-3"-CH3), 2.00 (UH, br s.  C-5"-HxZ and C-6"-Hx2), 3.42 (2H. 
3 

br d, J = 7 Hz, C-1"-Hx2), 3.50 (9H, s ,  OCH OCH n3), 5.0 - 5.4 (2H, m, C-2"-H and C-7"-HI, 5.21 
2 3 

(2H, s .  0CH20CH3), 5.28 (4H, 8 ,  0CH20CH3x2), 6.67 IlH, br s ,  C-8-HI, 6.80 (lH, dd, J = 2 and 9 Hz, 

C-5'-H), 6.93 (1H. d, J = 2 Hz, C-3'-H), 6.94 (lH, s ,  C-3-H), 7.81 (lH, 6 ,  J = 9 Hz, C-6'-H), 12.87 

IlH, s ,  C-5-OH). Compound (llb) was obtained as pale yellow oil and showed the following data. 

FeC13 test: negative. EI-MS, r e  int.): 555 [Mil]' ( 3 ~ 1 ,  554 [MI* 17). 485 (71, 472 (51, 457 

(41, 418 (48), 403 (71, 387 (71, 386 (9), 341 (131, 149 (61, 139 (61, 137 (17). 121 (10). 93 (50). 

69 (68). 45 (100). HR-Ms. !I 554.2521 [MI+ (C31H3g09 requires: 554.2516). 'H Nmr (CDC13, 90 MHz): 

61.60, 1.67 (each 3H, br 8 ,  C-8"-CH 1 ,  1.77 (3H, br s ,  C-3"-CH 1 ,  2.18 (4H, br s, C-5"-Hx2 and 
3 3 

C-6"-HnZ), 3.50 (9H, s ,  0CH20CH3x3), 4.72 (2H, br d, J = 6 Hz. C-1"-Hx2). 4.95 - 5.20 IlH, m, 

C-7"-HI, 5.20, 5.23, 5.27 ((each 2H, s ,  OCH OCH 1 ,  5.60 (lH, br t, J = 6 Hz, C-2"-HI, 6.43 (IH, d, J 
-2 3 

= 2.5 Hz, C-6-HI, 6.69 (lH, d, J = 2.5 Hz, C-8-HI, 6.75 (lH, dd, J = 2.5 and 9 Hz, C-5'-H), 6.87 

ilH, s, C-3-H), 6.92 (lH, d, J = 2.5 Hz, C-3'-HI, 7.76 (lH, d, J = 9 HE, C-6'-H). Compound (4) 

showed the following data: mp 260 - 263'~ (pale yellow needles, crystallized from benzene-acetone). 
FeC13 test: olive. El-Me, -- / 1 int.): 423 [M+l]+ (12X). 422 [MI+ (42). 379 (1). 365 (51, 353 

(471, 339 (15). 337 (131, 325 (41, 311 (10). 299 (1001, 286 1221, 2 1 4  5 7 HR-Ms. !/z 
422.1723 [MIt (CZ5Hz6O6 requires: 422.1729). Uv )EtOH nm (log E): 205 (4.241, 252 (3.71). 271 

max 
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( 3 . 8 3 ) .  288 (3 .571 ,  355 (3 .84) .  Uv ~ E l + ~ ~ ~ ~ 3 :  237 (sh 3.811, 258 ( s h  3.741, 279 (3.841, 298 

( 3 . 6 6 ) .  361 (3.841,  397 ( 3 . 7 5 ) .  'H Nrnr (acetone-d6,  400 MHz): 61 .50  (3H, b r  d ,  J = 0.7 Hz, 

C-8"-CH 1 ,  1 .56  (3H, br d ,  J = 1 Hz, C-8"-CH 1 ,  1 .82  (3H, b r  d ,  J = 1 He, C-3"-CH 1 ,  1.90 - 2.10 
3 3 3 

(4H, ~ n ,  C-5"-Hx2 and C-6"-HxZ), 3.56 (2H, b r  d ,  J = 7 Hz, C-1"-Hx2). 5.04 ( lH,  b r  t ,  J = 7 Hz, 

C-7"-HI, 5.30 ( l H ,  br t ,  J = 7 Hz, C-2"-H), 6 .33  ( l H ,  br s, C-6-HI, 6.58 ( IH,  dd, J = 2 and 8 . 5  Hz, 

C-5'-HI, 6.62 (IH,  d ,  J = 2 Hz, C-3'-HI, 7.08 ( IH,  s ,  C-3-HI, 7.88 ( l H ,  d ,  J = 8 . 5  Hz, C-6,-H), 

9 . 5 8  (3H, b r  s .  OHx21, 13.09 ( I H ,  a ,  C - S O H ) .  Compound (2) showed t h e  fo l lowing  d a t a :  mp 

174 - 1 7 7 ' ~  ( p a l e  yellow prisms, c r y s t a l l i z e d  from benzene-acetone) .  FeCl t e s t :  dark green. El-Ms. 
3 

!/Z ( = e l .  i n t . ) :  423 [ ~ + l ] +  (11%). 422 [MI' (351 ,  379 ( 4 1 ,  353 (551,  337 (151 ,  325 ( 5 ) ,  311 1131, 

299 ( 1 0 0 ) .  286 ( 7 ) ,  219 ( 4 1 ,  165 ( 1 5 ) .  HR-Ms, 422.1728 [ M I +  (CZ5Hz6O6 requires: 422.1729). Uv 

%::OH m ( l o g  t ) :  205 l sh  4.131, 213 (4 .161 ,  252 (3.721,  271 ( 3 . 7 8 ) .  285 (sh 3 . 6 0 ) ,  351 ( 3 . 9 4 ) .  Uv 
hEt0H+A'C'3: max 

205 ( s h  4.151, 215 (4.171,  260 (3.681,  281 ( 3 . 7 6 ) ,  292 (3.751. 369 ( 3 . 9 2 ) ,  390 ( sh  

3.851. 'H Nmr (DMSO-d -acetone-d =1 .2 ,  400 MHz): 61.56 (3H, b r  s ,  C-8"-CH ) ,  1.61 (3H, b r  d ,  J = 1 
6 6 '  3 

Hz, C-8"-CH 1 ,  1.78 (3H, b r  d ,  J = 1 Hz, C-3"-CH I ,  1 .90  - 2.10 (4H, m ,  C-5"-Hx2 and C-6"-Hx21, 
3 3 

3.30 (2H, br d ,  J = 7 Hz, C-1"-Hn2). 5.08 I l H ,  b r  t ,  J = 7 Hz, C-7"-HI, 5.27 ( 1 H ,  b r  t ,  J = 7 Hz, 

C-2"-HI, 6.47 (1H, dd,  J = 2 and 9 Hz, C-5'-H), 6 . 5 5  ( IH,  b r  s ,  C-8-HI, 6.59 (IH,  d ,  J = 2 Hz, 

C-3'-HI, 7.77 ( I H ,  d ,  J = 9 Hz, C-6'-H), 10.02 ( l H ,  br s ,  O H ) ,  10.65 (2H, b r  s, OHx2). 13.40 (IH, 

s ,  %-OH);  (acetone-d6, 400 ~ ~ z ) : & 1 3 . 4 0  ( IH,  s ,  C-SOH). 
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