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ABSTR~CT.-TWO new racemic C-benzylated flavanones (la, 2a) were isolated 
from the root bark of L-ourin chan2ae (Annonaceee) .  The structures were proposed as 
the Smethyl  ether derivatives of dichamanetin (lb) and chamanetin i2b) based on 
spectral da ta  and conversion to  known compounds. The 13C nmr data for a number of 
methyl ether derivatives of chamanetin (2b) and dichamanetin (lb) are discussed. 

Previous studies carried out on the root and stem barks of L-z'aria chamae P.  
Beauv. resulted in the isolation of several antimicrobial and cytotoxic flavonoids 
and aromatic constituents (1-6). Chamanetin (2b), isochamanetin (3a) and 
dichamanetin (lb) n-ere identified as novel C-benzylated flavanones ( 2 ) .  In  a 
continuation of attempts to isolate cytotoxic and antitumor constituents from L-. 
chamae an investigation of a cytotoxic polar column fraction (ether/methanol 
wash) of the root bark m-as undertaken and has resulted in the isolation of the 5- 
methyl ether derivatives of chamanetin (2b) and dichamanetin (lb).  

EXPERI l IESTAL3 
PLAST MATERI.IL.-The plant material' was collected in Ghana in May, 1976. 

ISOLATIOK OF (* )-CH I \ l h K E T I S  &METHI-L ETHER (2a) AND (+c )-DICHALiIAKETIS 5-METHI L 
ETHER (la).-The ether and methanol washes of the silicic acid column [EDSO 2.2 pg/ml (KB); 
70 T / C  127, 137 (PS zn ~ i r o ) ] ~  of the root bark (2) (9.9 g) were chromatographed over silica gel 
(MS, 7G270 mesh, 700 g) using chloroform and chloroform-methanol mixtures. The activity 
was concentrated in tm-o fractions (both eluted with 8% methanol in chloroform), A and B:  
ED,c(PS) 6.4 x 10-1 and 2.4  x 10-2 pg/ml, respectively. 

Fraction A (700 mg) was further column chromatographed over a silica gel G column (80 9) .  
Elution was carried out using 5% ethanol in chloroform. A total  of 100 fractions (12 ml each) 
were collected. This material a a s  
further purified by preparative layer chromatography (5% MeOH-CHC13; silica gel G precoated 
plates 1 mm).  The required zone --as located under uv, scraped, extracted with chloroform- 
acetone, and evaporated to  dryness. The residue (179 mg), after crystallization from absolute 
ethanol, afforded la as short rods (89 mg) mp 203.5-204.5'; [aIz5D=O (c 0.56 DRISO) cd (0.0057c 
hleOH) [8]400--2io=O. uv X max (hIeOH) 332 nm (e 1.05 x l O 4 ) ,  280 (E 5.80 x lo3),  258 (F 6.16 x lo3):  
ir IKBr', v max: 3160. 1660. I600 and 1468 cm-1: mass soectrum m l e  (relative abundance) ?\I+ 

Compound I was present in fractions 23-26 (510 mg). 

482 (13%), 405 (7%),' 378 (9%), 376 (64%), 375 (26%),* 299 (54%), 272 (64%;), 193 (34%), 1 i9  
(23%), 167 (1870), 166 (26%), 152 (217,), and 107 (100%): IH nmr (acetone-de,) 6 6 56-7.64 (m, 
16H), 5.6 (X of BBX, dd, l H ,  J , , , = 5  Hz, Jtrane=ll Hz), 3.96 (s, 4H), 3.76 (s, 3H) and 2.57-3.7 
(AB of BBX, m, 2H):  13C nmr (DRISO-de) 6 188.3 (s, C-4), 160.3, 160.0, 158.3 (s, C-5, 7 ,  91, 
154.4, 154.3 (s: C-2", 2"), 139.3 (s; C-l ' ) ,  128.7, 128.4, 128.1, 127.1, 126.6, 126.4, 126.0 (C-2', 3 ' ,  

]Present address: University of Rhode Island, Kingston, Rhode Island. 
2To whom inquires should be addressed. 
3,\Ielting points were determined using a Thomas-Hoover unimelt capillary melting point 

apparatus and are uncorrected. The ir spectra were obtained on a Beckman IR-33 or a Perkin- 
Elmer 257 recording spectrophotometer. Proton nmr spectra were obtained in deuterated 
solvents on a JEOL FXGO spectrometer with tetramethylsilane as internal standard. Optical 
rotation values were measured in a 1 dm cell using a Perkin-Elmer model 141 polarimeter. 
Mass spectra were recorded on a Tarian RIAT 731 mass spectrometer at  70 ev. 

4The plant material was supplied through the auspices of the Drug Research and Develop- 
ment Program of the Katlonal Cancer Institute by the Medicinal Plant Resources Laboratory, 
Agrlcultural Research Service, U.S.D.A., Beltsville, MD. A herbarium specimen documenting 
this collection is deposited in the Herbarium of the National Arboretum, ilgricultural Re- 
search Service, V.S.D.A., Washington, D.C.  

;Cytotoxicity and z n  F I L O  activit>- were assayed by the procedures described in reference 7 .  
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4l, 5l, G I ,  l",  i l l ,  GI1, ill', and 4'", G " ' ) ,  119.2, 119.0 (d: C-jl', 5 " ' ) ,  114.9, 114.6 (d: C-3", 311'), 114.6, 
110.5, 108.4 ( s :  C-6, 8, lo),  77 .8  (d: C-2), 61.0 (4: OCH,), 44.7 ( t :  C-3), 22.8, 22.5 ( t :  C-11, 121: 
EDjL(PS) >1 s 1 0 2 ~ g ' m l .  

Found C, 74.61; H, 5.48. 
Fraction B (1.82 g)  was further chromatographed on a silicic acid column (180 g) using 40yc 

ether in benzene as eluent. 4 total  of 80 fractions (13 ml each) were collected and fractions 
28-43 were combined and evaporated to  dryness (254 mg).  Repeated recrystallizations from 
absolute ethanol gave 2a as white needles (100 mg), mp 226-227°C; [aj2jD=0 (c 0.44 DMSO); 
cd (O.OOGC;, MeOH) [O]ro~,-~l~=O; IIV X mas  (MeOH) 324 nm ( E  9.71 x lo3), 286 ( E  1.02 x lo4))  255 
i e  4.29 x lo3), 223 ( e  1.65 x lo4) uv X mas (lIeOH+SaOAC) 324 nm (e 2.26 x lo4),  284 ( e  8.13 x loa), 
253 ( E  1.27 x lo4), 228 ( e  2.24 x lo4);  i r  (KBr) Y max 3345, 1645, 1615, 1572 cni-I; mass spectrum 
m e (relative abundance) hI+ 376 (loo%), 299 (33cz), 272 (JGX), 2zO (2451,  269 (23%) ,  193 
(32TC), 179 (li';), 167 f73yc), and 166 (ETc):  'H nmr iacetone-d6) 6 l.21-7.55 (m, 5H), 6.5-7.1 
(AH, m;, 6.28 ( lH,  s ) ,  5 .32  (lH, dd, X of -1BX system: J,i ,=4.5 Hz, Jt,,,,=11 Hz) ,  3.92 (2H, 
s) ,  3.78 (3H, s) ,  2.8-3.3 (2H, m, AB of ABS) :  l3C nmr (DhIPO-de) 6 187.6 (s; C I ) ,  162.2, 161.7, 
160.1 (s: C-5, 7 ,  9),  154.8 ( s :  C-2"), 139.4 (s: C-ll), 128.3, 128.0, 127.9, 126.2, 125.8 (d: C-2',  3' ,  
4', j ' ,  R ' ,  411, G " ) ,  126.8, (s; C-ll'j, 118.6 (d: C-5"), 114.5 (d: C-3'0, 106.1, 104.9 ( s ;  C-8, l o ) ,  93.2 
(d;C-6 ,77.6 (d;C-2),55.5 (q:OCH3),44.7 (t;C-3),22.0 (t:C-11). EDbo(PS)=6.7x 10lpg.ml.  

Anal. Calcd for C30H2606: C, 74.68; H ,  5.39. 

.Inal. Calcd for C2,H2UO5: C,  73.40; H ,  5 . 3 2 .  Found: C, 73.40; H ,  5.43. 

~\IETHIL.ITIOS OF l a  TO l c . - h  ethanolic solution of la (30 mg) was treated with escess 
ethereal diazomethane for 2 days a t  room temperature. After evaporation to drj-ness, the 
resulting crude residue (35 nig) was separated on precoated preparative layer plates (silica gel 
G ,  0.5 mni) using chloroforni a s  the developing solvent. The required zone (R i  0.7) n-as lo- 
cated under uv and eluted n-ith benzene-acetone mixture and upon evaporation yielded a residue 
of l e  (15 nig). Crystallization from absolute ethanol gave colorless shining plates of l e  ( 8  nig) 
nip 130--131.5'C. It had a snperimposable i r  spectrum ICHC1,) n-ith reference sample of the 
tetramethyl ether of (-)-diehamanetin (le) (2) as well as the same mobility on tlc (silica gel, 

1 I E m i - L . i T I o s  OF 2a TO 2c ASD 2d.-Excess ethereal diazoniethane n-as added to 5 nil of an 
ethanolic solution of 2a 125 nig) and the reaction niisture n-as left for 24 hours at room tem- 
perature. After the solution was evaporated to  d r p e s s ,  the residue 128 nig) x-as shown by 
tlc to contain two major spots ( R I  0.44 and 0.50, system 2yc methanol-chloroform). These 2 
spots m-ere separated on precoated tlc plates (silica gel G ,  0.25 mni):  the solvent system was 
the same as described above. Band I i R i  0.441 and band I1 ( R i  0.50) were located under uv, 
scraped off, and eluted with chloroform-acetone (1:l) and after evaporation to dryness and 
crystallization from absolute ethanol, gave 2c ( 3 . 5  mg, mp 188-189'C) and 2d (5  nig, mp 159.5- 
16O'C). Compounds 2c and 2d had superimposable i r  spectra (chloroform) and the  same 
mobilit:,- on tlc as samples (-)-5,7-diniethyl- and (- ~-5 ,~~2" - t r ime thy l  ethers of chanianetin. 
respectively ( 2 ) .  

?*IETHI-L.\TIOS OF DIcH.ui .kSETIx [ lb)  TO Id ,  le, h S D  If.-To 3 ml of an ethanolic solution of 
Id (367 mg) n-as added 8 ml of ethereal diazomethane (0.0075 gm, nil). The reaction mixture 
was left for 1 hour a t  room temperature. The solution was evaporated to  dryness to j-ield a 
residue (380 mg) which by tlc was shown to  contain four major spots i R i  0.81 and 0.77 (le 
and!'or l f ) ,  0.48 ild), and 0.34 ( lb ) ,  0.55 methanol-chloroform: silica gel G ( la  has RfO, l+ ) j .  
The different components of the reaction mixture were separated on precoated preparative 
layer plates (silica gel G ,  1 mm) ;  the solvent system was the same as mentioned above. The 
different zones were located under uv, scraped, and eluted with chloroform-acetone niisture. 

Cornpound Id (Rf 0.48) (40 mg) crystallized from absolute ethanol in fine needles (25 mg) 
mp 169-170cC, [a]D-1.2' (e 0.5, CHC131, cd (0.00355 hIeOH j :0],5~+9640, :0],24,h-1377, 

2jl.+757, [0:??(+50957: X mas  IMeOH) 357 nm ( e  4.05 x lo3),  282 i e  1.69 x lo4), 
, X niax iAIeOHfSaOAC) 360 nni (e 4.54 x lo3),  282 ( e  1.71 x lo4),  228 (e 3.06 x 

1041 i r  iKBrI Y max 3420. 1642. 1600. 1500. and 1470 ern-': mass snectrum d e  irelativp ghnn- 

CHCI,). 

131.2. 131.0. 129.2. 128.9. 127.0. 126.3. 125.6, 125.3 '(C12(.'3', 4 ' .  2 ,  6' .  1 ~ .  411.'611. l1I1. Jill . .  A l t l \ '  , -  , -  
120.41 1200.2'(d; C-5I1, til"), 116.'5, 116.'2 (d;  &3", 3 " ' ) ,  114.5,' 115.2'(s:'C-8, 6 j ,  105.9 i s :  C-lOj: 
79.6 (d: C-2),63.1 (4: C-l4), 43.4 ( t :  c-3), 24.4,23.8 ( t :  C-11, C-12). 

Anal. Calcd for C;,,H2,0s; mol m-t, 482.1783: Found: mol wt 482.1756 (LIP) .  
Compound le i R i  0.77)  (63 mg) crystallized from absolute ethanol in platelets (31 mg)  nip 

182-183T, [0rjD-6.4' ic 0.76, CHCl,); cd (c 0.0055% in RIeOH) [0]35.+3333, [0]313-3684, [elzg9 
-2280 i ,  [B,2r4-326, [ 0 : ~ ? 2 ( . b  ~ 1 3 6 8 4 ,  ,0]21,~31578, uv X max (&OH) 333 nni ( e  6.84 x 1031, 297 
( E  8 41 x 1031, 279 ( E  7.23 x lo3),  222 ( e  1 8 i  x lo4) X niax (lIeOH+SaOAC) 330 ( E  1.60 x lo*) ,  278 
( e  5.78 x l O 3 ) ,  228 ( E  2 31 x lo$) .  i r  iKBr) Y niax 3200, 1650, 1610, 1505, 1460 em-': mass spectrum 

e (relative abundance) lI+ 482 (51%), 377 1 7 . 5 5 ) ,  376 ( 3 2 ' 5 ) .  375 (23yc), 299 (10%). 272 
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(67c), 270 (4%), 269 (12%), 361 (12'%), 255 (11%),253 (20%), 193 (7%), 121 (88%), and 107 (28%). 
1H nmr (CDC1,) 6 13.1 ( lH,  s ,  exchangeable with D20), 6.6-7.63 (16H, m),  5.33 (IH, dd, X of 
ABX, J O i , = 5  Hz, Jtmns=ll Hzj,  3.93 (3H, s), 3.83 (2H, s), 3.78 (2H, s), 2.5-3.3 (2H, m, BB of 
ABX); I 3 C  nmr (CDC13) 6 196.3 (s; C-4), 161.1, 158.8, 158.6 (s; C-5, 7,  9j, 155.2, 154.4 (s; C-2", 
2"), 138.6 (s; C-llj, 131.9, 131.5, 128.9, 128.6, 128.4, 127.7, 126.4, 126.2, 125.8 (C-2', 3 ' ,  4', 5 ' ,  
6', l", 4", 6"', l" ' ,  4"', G"), 122.0, 120.0 (d; C-5", 5"), 116.4, 110.7 (d; C-3", 3" ' ) ,  108.6, 107.2 (s; 
C-6, 8), 102.9 (s; C-lo), 79.5 (d; C-2), 55.8 (9; C-15, 16), 43.3 (t ;  C-31, 22.9, 22.8 (t ;  C-11, 12). 

Anal. Calcd for C30H?606; mol wt, 482.1794; Found: mol m-t 482.1762 (MS). 
Compound I f  (Rf0.81) (41 mg) as a gum, [a]D-6.0c (c 0.66 in CHCl,); cd (c O . O O ? ~ o  MeOHj 

[8]362+1101, [8]316+1377, [8]232-18253, [E]2jo-1033, [e]22j+14807;u~ X max (MeOHj 337 nm (e 5.47 x 
lO3),29i ( B  5.37 x lO3),280 ( ~ 4 . 6 5 ~ 1 0 ~ ) , 2 2 3  (c1.34xlO4), Xmas (bleOH+NaOAC) 335nm ( ~ 1 . 2 4 ~  
104), 275 ( e  3.51 x 103)) 225 ( e  1.57 x lo4);  ir (KBrj  Y max: 3300, 1650, 1505, 1470 em-'; mass 
spectrum w i l e  (relative abundance) M+ 482 (55%), 376 (33%), 375 (22y0), 361 (21yG), 299 (9%), 
269 (13%), 253 (22%,),  121 (lOOyoj, 107 (31%); IH nmr (CDCl,) 6 12.46 ( l H ,  s, exchangeable with 
DzO), 6.4-7.6 (lGH, m) ,  5.33 ( lH,  dd, X of i lBX, J,i,=4.75 Hz, Jt,,,,=12 Hzj ,  3.98 (3H, s ) ,  
3.86 (2H, s), 3.76 (2H, s), 2.36-3.46 (2H, m, AB of ABX); nmr (CDCI;): 6 196.2 (s; C-4), 
160.3, 160.0, 158.3 ( s ,  C-5 7 9) 155 154.4 (s; C-Z", 2 " ' ) ,  138.4 (s; C-ll), 131.9, 131.8, 128.9, 128.2, 
127.9, 126.4, 125.9 (C-2','3(, 4;, 51,'G1, l", 4", G",  l l l l ,  4"',  Gill), 122.4, 120 (d; C-5", 5Il1), 116.2, 
110.7 (d;  C-3", 3I1lj, 108.0, 106.9 (s; C-6, 81, 103.2 (s; C-IO), 79.7 (d; C-2), 56.0 (9;  C-15, IG), 
43.4 ( t :  C-3), 23.7, 21.9 (t ;  C-11, 12). 

Anal. Calcd for C30H2606; mol m-t, 482.1753; Found: mol wt, 482.1741(MS). 

~IETHYL.ATIOX OF l b  TO YIELD 1g.-Treatment of 130 mg of l b  q-ith excess ethereal diazo- 
methane for 2 da?-s follo-ived by evaporation and chromatography over 20 g of silica gel in 
benzene afforded l g  (40 mg), (absolute ethanol) nip 144-147"C, [a]D-30.8" (c 1.20, benzene); 
cd ( C  0.0035% hIeOH) [B]saof5247, [8]29cT15743, [8]~+1311,  [8]23jsh+16618, j8]22s 120116. 
uv mas (MeOH) 277 nm ( e  6.50 x lo3); ir (KBr) Y max 3210, 1620, 1590, and 1570 crn-l! 
mass spectrum w / e  (relative abundance) A I +  510 (52%,)> 389 (55%),  253 (26%), and 121 (100%); 
1H nmr (CDC1,) 6 12.60 ( l H ,  exchangeable x-ith D20),  6.80-7.50 (13H, m),  5.50 ( l H ,  dd,  X of 
ABX), 4.10 (4H, s), 3.98 (3H, s) ,  3.85 (3H, s), 3.58 (3H, s), and 2.84-3.16 (ZH, m, -4B of ABX); 
13C nmr (CDC13) d 197.3 (s; C-4), 166.8, 160.6, 159.1 ( s :  C-5, 7, 9), 15!.4 ( s ;  C-2", 2 " ' ) ,  138.8 

G n l j ,  120.4 (d; C-5lIJ 5 " ' ) ,  110.2 (d: C-3", 3 " ' ) ,  111.1, 112.9 (s; c-8, G ) ,  105.5 (s; C-lo), 78.6 (d; 
C-2), 61.7 (9; C-l4)> 55.5, 55.4 (9: C-15 or 16), 43.6 ( t ;  C-3), 23.0, 22.6 (t ;  C-11 or 12). 

(s; C-1'); 129.5, 129.1, 128.9, 128.8, 128.5, 128.2, 126.6, 125.9 (C-2',  3 ' ,  4' ,  a ' ,  G I ,  l", 4", I?", l" ' ,  4"', 

Anal. Calcd for C32H3006; mol m-t 510.2060; Found: mol rrt 510.2056 (RIS). 
13C S J f R  SPECTRAL cos\'orTross.-The l3c nmr spectra m-ere obtained on a JEOL FX60 

spectrometer operating at 15.03 LIHz. The samples r e r e  run in 5 mm tubes using deutero- 
acetone, deuterochloroforni, or deuterodimethyl sulfoxide as solvent, and tetramethylsilane 
as reference. The spectra were obtained 
using a spectral width of 4000 Ha, a 45' pulse, a 5 second repetition rate, and 8K data  points. 
The chemical shift assignments were made m-ith aid of literature precedent and off-resonance 
experiments. 

13c NLIR D . I T ~  FOR FLAY.IXOSE LIETHYL ETHERS.-cOmpOundS IC, 2c! 2d, 2e, 2f, 3b, 3c, and 4 
have been reported (2); however, their I3C nmr spectral data  m-ere not reported and are listed 
here: 

129.0, 128.1, 12812, 126.6, 125.6, 121.5(s), 120.2(d), 118.3(s), 112.0(s), 109.9(d), 78.2(d), 16.9(q), 
61.6(q) 55.3(q) 55.2(qj, G . G ( t ) ,  23.4(t), 23.0(t). 

2~ \DAISO-h,); 188.0(s), 163.4(s), 160.8(s), 160.7(s), 155.0(s), 139.3(s), 128.3, 127.9, 127.6, 
126.6, 126.1, 125.9, 118.6(d), 114.5(d), l.Oi.G(s), 105.8(s), 90.l(dj, ii .G(d), 56.O(qj, 56.0 (q), 

2d (CDCl3);  189.8(s), 164.1(s), 161.7(s), 161.2(s), 157.5(s), 139.3(s), 129.4, 128.5, 128.3, 128.1, 
126.5, 125.9, 120.2(d), l lO. l (dj ,  109.1(s), 106.3(s), 88.9(d), i8 .4(djJ  5G.I(qj, 55~7(q) ,  55.4(q), 
45.6 (t ) , 22.2  (t  ) . 

2e (CDC13): 196.1(s), 165.3(s), 162.0(s), 159.1(s), 154.7(s), 138.3(s), 131.7, 129.0, 127.9, 126.5, 
126.2, 125.9, 120.1(djJ lIG.G(d), 109.1(s), 103.0(s), 91.9(d), i9 .5(d) ,  56. l (q) ,  43.2(tj, 22.7(t) .  

2f (CDCl5);  196.3(s), 166 .4(~) ,  163.1(s), 159.6(s), 157.5(s), 138.9(s), 129.4, 128.8, 128.6, 128.4, 
126.6, 125.9, 120.3(d), l lO. l (d) ,  107.8(s), 103.2(s), 92.7(d), 78.5(d), 55.9(q), 55.4(q), 43.3(t), 

The sample sizes ranged from 25-50 mg per 0.4 ml. 

IC (CDC19). 6 189 .8(~) ,  164.6(s), 160.8(s), 159.1(s), 157.1(s), 157.0(s), 138 .8(~) ,  129 .6(~) ,  

44.7(t), 22.0(tj.  

QQ n /i 
ii." (', . 

3b (CDC1,); 188.4(s), 163.7is), 163.5(s), 158.1(s), 154.8(s), 138.6(s), 131.6, 128?, 127.9, 126.2, 
125.5 119.9(d) 116.4(d), 116.4(s), 108.9(s), 96.6(d), 79.2(d), 62.7(q), 56. l (q) ,  45.o(t), 23.8(t). 

3'c (CDCl,); 195.8(s), 166.3(s), 161.9(s), 161.3(s), 157.6(s), 138.7(s), 128.9, 128.1,-126.6, 126.2, 
120.3(d) 110.3(d), 108.5(s), 103.1(s), 9 l . l ( d ) ,  i9.5(dIJ 55.9(q), 55.6(q), 43.6(t), 21.3(t). 

3d (CDCla): 188.7(s), 164.7(s), 163.5(s), 160.5(s), 139.0(s), 129.6, 128.8, 128.1, 126.6, 126.2, 
125.9, 120.3(d), 116.9(s), l lO. l (d) ,  109.1(s), 95.7(d), 79.2(d), 61.9(qjJ 55.9(9), 55.4(q), 4 5 ' 7 ( t ) J  

22.3(t). 

103.9 (s), 95.7 (d) ,  91.7 (dj, 80.0(d), 56.3 (q), 43.7 ( t ) .  
4 (Scetone-dc); 197.1(s), 169.0(s), 165.1(s), 164.0(s), 140.0(s), 129.5(d), 129.5(s), 127.3(d), 
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RESULTS ASD DISCL-SSIOS 
An investigation of the active ether-methanol \\-ash fraction of a silicic acid 

colunm of the root bark of I-zaria clianzae ( 2 )  has resulted in concentration of the 
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cytotoxic activity (PS in eitro) into two fractions from which two optically in- 
active C-benzylated flavanones (PS inactive)6 have been isolated. 

The uv and ir spectra of 2a were consistent with a flavanone nucleus (1, 2 ) .  
The band at  X max 256 shifted to  324 nm with sodium acetate suggesting the 
presence of a phenolic hydroxyl group at  C-7. The mass spectrum shoned. in 
addition to the parent ion peak at  m e 376, peaks at  299 (AI+ -77) and 272 
(AI+ -104) consistent with a flavanone nucleus n-ith an unsubstituted B ring. 
The 'H nmr spectrum showed the characteristic ABX pattern of flavanones (65.52, 
X, H-2; 6 2.8-3.3. AB. H-3). I n  addition there was a 2H singlet a t  6 3.92 (Ar- 
CHs-Ar), a 3H singlet at 6 3.78 (OCH,), and 9 aromatic protons between 6 6.7-7.5. 
,4n additional 1H singlet was evident at 6 6.28 (H-6). These data together with 
the molecular formula, C23H2005, suggested that 2a \vas a monomethylated ether 
derivative of either chamanetin (2b) or isochamanetin (3a). 

Support for the placement of the methoxj-1 group at  C-5 was deduced from 
13C nmr data. The chemical shift of the carbonyl carbon (C-4) of a 5-hydroxy- 
flavanone nucleus appears near 6 197 (5). The signal for C-4 in 2a appears at 
6 187.6. This upfield shift is consistent with placement of the methoxyl group a t  
C-5 since a similar upfield 4 i f t  upon methylation was noted in xanthone glycosides 

Other methyl ether 
derivatives of chamanetin (2b) show similar methoxyl carbon signals (2c, 55.4 and 
55.9: 2d, 55.4, 55.7. and 56.1; 2e, 56.1; 2f, 55.4 and 55.9). The methyl ether 
derivatives of isochamanetin (3a) show methoxyl carbon signals near 6 56 but a1.o 
signals near 6 62 (3b, 56.5 and 62.2; 3c, 55.6 and 55.9; 3d, 55.4, 55.9, and 61.9). 
The assignment of the carbon signal near 6 62 to the methoxj-1 group at C 5 in 3b 
and 3d follows because a methoxyl group that has a substituent at  both ortho posi- 
tions is known to appear in the range of 6 60-63 (9, 10). Several reports have ap- 
peared (1 1-14) that use this empirical observation in the assignment of molecular 
structures. Thus, since the methoxyl carbon signal appears at 6 55.5, then 2a is a 
5-methyl ether of chamanetin (2b)' rather than isochamanetin (3a). 

Compound 2a n as shown to be racemic since [a]D = 0, and [e] = 0 between 400 
and 210 nm in the cd spectrum. Optically active flavanones show intense peaks 
in the cd spectrum and these have been correlated with absolute stereochemistry 
(15). Thus, from the evidence presented, 2a can be represented as (*)-5-0- 
methyl chamanetin. Methylation of 2a with diasomethane produced t v o  ether 
derivatives which IT ere shown to be (*)-5.i-O-dimethyl chamanetin (2c) and 
(*)-chamanetin trimethyl ether (2d). 

The uv, ir and mass spectral data for l a  were also consistent with a flavanone 
nucleus with an unsubstituted B ring. The lH nmr spectrum showed signals for 
aromatic protons (6 6.56-7.64 1GH; 3H were exchangeable with DzO), 1 proton at 
6 5.60 (dd, H-2, X of ABX), two protons between 6 2.57-3.70 (H-3, AB of ABX), 
four protons a t  6 3.96 (s, 2Ar-CH2-Ar), and three protons at  6 3.76 (s, OCH,). The 
absence of an upfield aromatic signal near 6 6.0 coupled v i th  the presence of addi- 
tional aromatic and benzylic protons suggested that l a  was a dibenzylated 
flavanone (1, 2 ) .  The 
molecular formula was established as C3OH2606 (elemental analysis) and, \\-hen 
taken xvith the other data, a l lom formulation of l a  as a monomethyl ether deriva- 

( 8 ) .  
The methoxyl carbon signal appears at  6 55.5 in 2a. 

The signal at 6 3.76 was attributed to  a methoxyl group. 

!Work is continuing toward identifl-ing the active constituents in these fractions. 
'Chamanetin-?-methyl ether (Ze) has been prepared from chamanetin (2) and can be easily 

distinguished from Za by tlc. 



MAT-JCS 19T9] EL-SOHLY ET AL. : C-BESZTLATED FLAVASOSES 2 69 

tive of dichamanetin (lb).  Permethylation of l a  gave a tetramethyl ether which 
was sholvn to be (*)-diehamanetin tetramethyl ether (lcj. The 13C nnir spectrum 
of l a  shons the signal for C-4 a t  6 1SS.3 and the methoxyl carbon at 6 61.0, u-hich 
indicates that the methoxyl group can be located only a t  C-5.5 Thus, l a  can be 
formulated as ( *  )-5-O-methyl d i~haniane t in .~  

Three dichamanetin monomethyl ether derivatives (Id. le,  If) were prepared 
by careful methylation of dichanianetin (lb) u-ith diazoniethane.10 These three 
monomethpl ethers could easily be distinguished on tlc and none of them cor- 
responded to la.  They had spectral data (UT, ir, and lH nmr) consistent n i th  
their proposed btructure;. Since these niononiethyl ethers n ere prepared from 
dichamanetin n-hich has been shon-n to have the S configuration at C-2. the methyl 
ethers (Id. le ,  and If) also hare  the 2s configuration (also wpported from cd 
data). A11 three deriva- 
tives shoned the +ignal for C-4 near 6 197 (196.2, 196.3, 197.6) indicating that 
none of them n ere methylated at C-5 (5,s). One of the monomethyl ethers showed 
a signal for the methoxyl carbon at 6 63.l(q) while the other two had signals a t  
6 55.S(q) and 35.6(q). This allon-s forniulation of 7-0-methyl dichanianetin (Id) 
as the monomethyl ether derivative that has its methoxj-1 carbon signal 6 63.1 since 
this is the only methox-1 group other than C-5 that has both ortho positions sub- 
stituted (9, 10). Additionally, Id show fignals (doublets in off-resonance) for 
C-3" and C-3"' at 116.2 and or 116.5 and for C-5" and C-5I1' a t  120.2 and or 
120.4 nhile in dichamanetin (lb) these signals appear at 6 115.0, 115.9. 120.8 and 
120.9, respectively (5). These data provide additional evidence that methoxyla- 
tion ha. occurred at C-'7 and not in the 0-hydroxybenzyl moiety. The t v o  
monomethyl ethers ( l e  and If) had nearly identical I3C nmr data. Both spectra 
shon-ed 3 signal a t  6 llO.i(d), nhich is awigned to the carbon ortho to the methoxyl 
group clearly indicating that niethosylation has occurred in the 0-hydroxplbenzvl 
moiety. The other signal. (for C-3" or C-3"', 5Il. 5"') appear at 6 116.2 (116.41, 
120.0(120.1 j 3  and 122.4-122.0). The data do not allow assignment of gpecific 
structures to l e  and If. 

Dichanianetin trimethyl ether (Ig) '\T as also prepared; its 13C nmr data shoTved 
signals for C-4 a t  6 197.6, C-3" and C-3"' a t  110.2, C-5" and C-5"' at 120.4, 
and methoxyl carbons at Gl. i (C-7)  and 55.5 and 55.4(C-2" and or C-2"'). 
Dicharnanetin tetramethyl ether (IC) (2) shon-ed C-4 a t  6 189.S. C-3" and C-3"' 
a t  109.9. C-5" and C-5"' at 120.2. and rnethoxyl carbons a t  61.6 and G1.9(C-5 
and or C-7) and 55 2 and 55.3(C-2" and or C-2Il'). 

The flavanonei previou-ly isolated from I' .  c h a m a e  (1-2b. , 3a) n-ere all optically 
active and nere shon-n to have the %S configuration (I. 2 ) .  The C-5 niethoxylated 
flavanones. l a  and 2a. reported here have been shown to be optically inactive. 

When a 5-11? d r o q  1 group iq preqent in flavanones. the flavanonegchalcone 
homerism htrongly favor- the flavanone qide due to hydrogen bonding .tabiliza- 
tion of the C-3 hj-droxyl group to the c-4 carbun)] gruup (16). d methoxyl 
group at C-5 would eliminate thi, -tabilization influence and thus might lead to 
facile racemization. Thus, it may be that the flavanones have been racemized, 
although the compound. n-ere not .ubjected to extreme conditions during isolation. 

The 13C nmr data were useful in assigning ftructures. 

s-i niethcq-l carbon signal a t  6 61.0 would he consistent n i t h  placement at either c-5 or 
c-7 since both have diortho substituents (9-14) hut,  since the signal for c-4 appears a t  6 188.4 
and not d 197 ( 5 ) )  the niethos!-l carbon must be a t  C-5. 

"la is racemic since [a]D=O and shoaed no cotton effect in the cd spectrum. 
l"Onl!- the tetramethy1 ether was previously prepared (2) .  
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