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Abstract - The ab8olute configuration of homolaoflavanonts isolated 

from Ru8carf 8pecias was determinsd by applying the chiral excfton 

coupling method to suitable derivatives. A negative Cotton effect In 

the 287-295 nm region of the CD curve8 of the natural compounds 1118 

8hom to bs indicative of 3R-configuration. 

In the ~018-88 of our 8tudie8 $1) on the homolsoflwonoid Content Of hfU8Cui 8peCfeII 

\tifiaceae). msny compound8 of this cls88 of natural product8 have bean i8olatcd, both with the 3- 

btnsylchroman-4-one llkeleton and of the acillaaclllin type with a 3-apirocyclobutene ring, and 

thalr 8tructure has b88n elucidated sxcept for the ab8olute COnfigMWiOn at the chir81 Position 

c3. 

In a recent paper 121, N8mlkoshi et al. have determlnod the sbnolute configurations at C3 and 

C4 of 80x18 3,kdihydroxyhonoiaofl8van8 by crubli8hlng the relative configuration of the8e chiral 

center8 and then applying the Horeau partial re8olutfon method to elucidate the absolute 

configuration at C4. Comparison with the CD ourvem of theme corspounda we8 then used to 88tabli8h 

the abaoluta configuration of ho further compounda of the aam structural claaa. On the ground8 

of this corralation to 3,4_dihydroyhomoi8ofi*v~s by the CD curve8, tha absolute configuration of 

the C3 center of a 3-banrylchrom8nd-one wa8 al80 identified $31. 

In principle. th8 absolute configuration of the homof8oflavanon8e isolated from Hu8c8rl might 

have been determined by reducing them to th8 corre8ponding 4-alcohols, applying the Horeau method 

to these letter and elucidating the configuratloh of center C3 relative to C4. However, it must 

bs noted that in benzocyclanol8 of type 1 ths pr88enco of aUb8titUent8 in posltions 5 and 8 may 

give rise to uncertainty about the cla88ification of the phony1 group a8 “medium” or “large” when 

the Horeeu rule is applied ~4). Since all kI8Carf hOmOi8OflavanOne8 posse811 a hydroxyl group at 

poaltlon 5. ue applied an absolute method to the elucidation of thclr absolute conflguratton. The 

chlral exciton coupling method $5) wa8 preferred the X-ray Bijvoet method, a8 the former does 

not require cry8t8lline smpl*s. Ther*fore, ths procedure adopted for homot8oflsvanonts 2. 3, 4 

and 6 and described in thi8 paper implied Eh8 crsation of a C8rbynOlic chlral canter at C4 by 

reduction of the carbonyl group. the dstermination of the absolute conffguration at this center by 
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applying the exciton coupling method to a 4,5-di-e-bromobsnzoate derivative and, flnally. thr 

determination of the configuration at C3 relative to C4 by ‘H-nnr analysis. 

Homoisoflavanone 2 was remeted with diuonttan~/sther, that converted the hydroxyi groups 

into methoxyl groups, with the exception t6) of the S-OH chelated with the \4)C.O group. Upon 

treatment rlth lithium l luminium hydrldo, the muhyjstod derivative 6 tlH-nmr: see Table 1) WI 

convwtad to the 4-cpfmeric mixture of slcohols 7 and 8 tr*)C~Ofi: d 4.74 d, .I=4.1Ht and 

6 4.81 d, 3 = 2.1 Hr.1 rhtch. on treatment with p-bromobenzoyl chloride in pyrfdina md subsequent 

PLC separation, afforded di-E-bromobenrootes 9 and 10. 
1 
H-nmr data of 9 and 10 8.1-e summarized In 

Table 2. In the ssmc ray 4 and 5 were converted into di-E-bromobenroates 11 and 12 and into dl-e- 

bromobenroates 13 and 14. respectively t’H-nmr: see Table 2). 

Contrarily to the caswi of 2, 4 and 5, methylation at position 5 of 3 could not be avoided 

during the dlazqmsthane/ethsr treatment, even in the cold, and permrthylation product 15 was 

obtained in any owe. However , l cetylatlon of 3 In benzene with acstyl. chloride and traces of 

pyrfdine gave the desired 4‘,7-diacetste 16, whose ‘Hi-nmr spectrum displayed the signal of the 

chclatsd 5-hydroxyl proton at 612.04. The crude mixture of the 4-spimarfc rfchols 17 and 18 \lH- 

nmr csrblnol proton signals at 6 4.72 d, J = 3.7 Hz and 6 4.77 d, J = 3.6 Hz) obtsinad from 16 by 

sodium krohydrlde rcductlon was then converted into the two 4,!5-di-p.~tir~t 19 and 20, 

sepsrated by PLC. 
I 

H-nmr data of 19 and 20 are s-rfzed in Table 2. 
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1 
Table 1. n-nmr (300 llnr) data of hmoisoflwwwne &rirHirr (6, IS. 16, 26, ?7, md 28) in chlcmform-2. 

8 

n-2 4.23 dd. J-if.5. 6.1 

b.31 dd. J-11.5. 4.1 

M-3 l.83 . 

u-9 2.76 dd, J-12.7, 10.1 

3.19 dd, J.17.1. 2.9 

H-a/s-s 6.11 I. (I-6) 

u-Z'.lb(i' 7.i6 d, J-6.9 

bl'.H-5' 6.87 d. J-8.9 

Othw'r 3.76 i, 3.61 I, 3.90 1, 

13.02 8, f-06 

26 

II-2 4.19 dd, J-11.3. 6.9 

A.35 dd, J-11.3, 4.1 

n-3 2.66, . 

I-9 2.76 dd, J-13.6, 10.7 

3.16 dd. J-13.5, 4.3 

ti-6/lbfJ 

IL?'.n-6' 7.16 d. J-8.6 

n-3'.H.5' 6.67 d, ~-6.6 

I5 

LO6 dd, J-11.0, 7.0 

b.21 dd. J-11.0, 3.7 

2.72 I 

2.64 dd, J-13.2, 10.1 

3.19 dd. J-13.1, 3.3 

6.15 6. (31-61 

7.11 d. J-8.3 

6.64 d, J-6.5 

3 z OCH 
-3 

3.79 I, 3.61 I, 

3.87 S, 3.93 I, 

b I OCH 
-3 

27 

4.17 dd, J-11.3, 6.8 

4.36 dd, J-11.3, L.i 

2.79. l 

2.67 dd, J-13.5. IO,? 

3.19 dd, &13,5, 4.2 

7.11 d, J-8.7 

6.65 d. J-6.7 

16 

6.15 dd, J-11.3, 6.6 

b.40 dd, J-11.3. 4.0 

2.85 * 

I.60 dd, J-13.0. 10.5 

3.25 dd, J-13.0, 3.5 

6.16 . . w-8) 

7.35 d, J-6.8 

7.01 d. J-6.8 

3.84 st OCH 
-3 

2.30 t. 2.33 1. z I OCOCH 
-3 

12.0s *. 5-o!! 

28 

C.Ik dd. J-31.6, .'.3 

4.30 dd, ~-11.6. 3.7 

2.83 S 

2.72. dd, J-lb.0. 11.0 

3.19. dd, J.lk.0, 4.3 

5.97 616.076. J-2.6 

6.7514.81 

Othcrt 3.60 6, 3.81 I, 3.86 6, 6.10 ., 3.60 i, 3.64 f, 3.85 6, 3.90 I, 3.81 1. 3.88 6. 3.89 S, 3 t of* 
c I MU -3 

-3 
~06, 5 x Otn 

-3 
Il.*2 ‘, 5-W 

11.67 6. 5-DE 

lpprrrnt ccrpifnp corrtrntr J we qirw in HI. 

ldentific8tion of the stereofsemer with ths cfa-, and of that with the trans-ralationship 

bttueen the 3- and the 4-hydrogen in the epfnuric pairs of the 4.5..di-@romobentoates of 2 and 5 

warn achieved by ana~ly~ia of their 'H-nmr spectra, that implied conaidwatlon of the ring-C 

confonaational mobility, aa depicted in Figure 1. In the 'H-mr l pactrum of one mosbcr of each 

Pair* both the t2ICH2 protons appee to be coupled to the 3-proton with a rather small coupling 

oonotant \J 4 2.2 Hz), Indicative of the equatorial orientation of the 3-proton, whereas for the 

other member the two J 
2,3 

are 4-4.6 Hz and ca. 11 Hz, this latter being indicative of the axial 

orientation of the 3-proton. In both epimerfc paira. both epimers exhibit a J 
3,4 

value of 1.8-3.6 

nx. This rules out the b2 conformation tfigure If uttb the axial 3-proton and the pseudoaxial 4- 

proton for the trana-epimera. Thus, in each eplmeric pair the trana stereochemlatry may be safely 

assigned to th8 member that displays the 3-proton with equatorial orientation iconfomtion bl). 

Consequently, the cla member ia the compound with the axial 3-proton, with confo'oraution a2. - 

Confirming evidence for the8c conclusions comes from the Y-coupiing 11.2-1.8 Hz1 between the 2 -H 
eq 

and the 4-H displayed in the spectra of 9, 13 and 14. that is consistent only with the 

conformation a2 for the cis-apinsr and bl for the truus-cplmer. - 



1 
lr51r 2. !Lnmr (300 IIlk) data of cia- (9. 11. 13. 19. and 21) and tram-rtwaisomers (10. 12. 14. 20, and 22) in chloroform-d.’ - 

9 11 13 19 

w-2 4.00 dd. J-10.9. 11.3 

4.24 ddd. J-10.9. 4.0. I.2 

w-3 7.40 . 

I-4 6.51 dd. J-3.4, 1.2 

u-9 2.25 dd. J-14.0, 10.7 

2.92 dd. J-14.0, 3.7 

W./n-s 6.39 l (W-O 

It-2'.U.6' 7.04 d. J-B.) 

II-J',H-5' 6.61 d. J-6.1 

4.05 dd. J-11.5. 11.0 

4.21 ddd. J. 11.5. 3.7. 1.5 

2.47 . 

6.5 b 

2.25, dd. J-14.0. 10.6 

2.92, dd. J-14.0. 4.4 

7.04 d. J-9.6 

6.81 d. J-6.6 

4.06 dd. J-11.3, 11.0 

4.14 ddd. J-11.3. 4.6. 

2.50 . 

6.50 dd. J-3.6. 1.3 

2.37 dd. J-14.3. 10.6 

2.92 dd. J-14.3. 4.2 

6.35 d/6.39d. J-2.5 

6.65 (1-Z'. I-6') 

6.77 d (H-5'). J-9.6 

1.3 

4.03 dd' , J. 11.1. 11.4 
4.11 dd. J. 11.7. 2.9 

2.51 I 

6.5 b 

2.30 

2.95 dd. J-14.0, 4.0 

6.64 . (H-B) 

7.13 d. J-B.4 

7.01 d. J-B.4 

Others 3.76 s, 3.04 a. 3.06 s, 3 I OCW 3.75 . . 3.78 *. 3.91 1. 3.97 1. 3.70 1. 3.03 I, 3.16 s. 3 i OCW 
-3 

2.29 s. 2.33 1. 2 I OCOCY 
-3 -3 

4 I ocn 
-3 

7.54d. I.I?d, J-9.5. p-OrC6;COO- 7.56d. 7.62d. J-0.4, p-6rC611_COO- 3.67 1. OCH 
-3 

7.56d. 7.73d. J-9.5. p-BrC6M_COO- 7.5-7.9. 2 )I p-BrC611_cOO- 7.55d. 7.74d. J-0.4. p-Br$H_COO- 

7.5-7.9. 2 I p-9rC6n_cOO- 

10 12 14 20 

H-2 4.16 dd. J-11.0. 2.1 

4.20 dd. J-11.0. 2.1 

n-3 2.30 . 

Y-4 5.99 d. J-2.1 

H-9 2.55 dd. J-13.4. 10.4 

2.7: dd. J-13.4, 6.1 

Y-6/6-1 6.52 I 

ll-2'.Y-6' 7.15 d. J-8.5 

W-3'.ll-5' 6.05 d. J-B.5 6.05 d. J-B.5 

4.09 d, J-10.7 

4.15 d. J-10.7 

2.21 . 

5.96 br 

2.55 dd. J-13.5, 10.6 

2.01 dd. J-13.5. 5.4 

7.15 d. J-9.5 

4.05 dt. J-11.3. 1.8. 1.0 

4.15 dd. J-11.3. 2.2 

2.31 . 

5.91 1. J-1.6. I.8 

2.54 dd. J-13.9. 10.1 

2.79 dd. J-13.9. 5.5 

6.46 d/6.49d. J-2.6 

6.75 d (W-2'). J-1.9: 

6.76 dd (H-6'). J-9.0. 1.6 

6.02 d (h-5'). J-9.0 

4.02 d. J. 11.0 3.94 ddd. J-10.7. 3.3. 1.1 

4.08 d. J. 11.0 4.31 dd. J-10.7. 2.2 

2.31 . 2.23 I 

5.96 b, 4.77 dd. J-2.9, 1.1 

2.60 dd. J-13.6. 11.0 2.53 dd. J-14.0. 6.6 

2.14 dd. J-13.6. 4.6 2.63 dd, J-14.0. 7.3 

6.74 , 6.37 s 

7.25 d. J-6.4 6.96 d. J-B.4 

7.04 d. J-B.4 6.7B d. J-B.4 

Others 3.79 1. 3.90 I, 3.96 s. 3 I OCH 3.79 ,, 3.81 8. 4.00 s. 4.03 ., 3.94 s. 3.67 *. 3.66 ., 3 .? ocn 2.30 s, 2.37 8, 2 x OCOCH 
-3 -3 -3 

4 ‘ OCW 
-3 

7.491. 7.65d, J-6.5. p+C6H_COO- 7.49d. 7.72d. J-0.6. ~-9rC~H_:C00- 3.73 s. ocw 
-3 

7.47d. 7.73d. J-9.5. ~-BrC6~COO- 7.4-7.8. 2 x p-BrC6$C00- 7.47d. 7.66d. J.B.6. p-lrCAcOO_ 

7.4-7.7. 2 I pJrC61t_cOO- 

l 

’ In acctmr-d+ this s&al appears as ddd. J - 10.6. 3.9, 1.3 Hz. the 1.3 Yt constant being due to I-coupliep with H-4. 

21b 

4.01 ddd. J-10.7. 3.7. 1.1 

4.17 dd. J-10.7. 1l.B 

2.14 I 

4.84 dd. J-3.3. 1.1 

2.57 dd. J-14.0. 7.3 

2.95 dd. J-14.0. 8.1 

6.33 s (H-B) 

7.11 d. J-B.4 

6.92 6. J-6.4 

3.25 s. 3.33 8. 3.66 s, 3.70 s. 

4 I OCH 
-3 

22b 

3.27 ‘. 3.32 I, 3.71 s. 3.76 1. 

4 1 OCH 
-3 



Absolute codgur8tion of bomoisollavanoaa 

lipurn I. Conformations of the ring C of apiaeric b.S-di-e-bro~obo~xortrr (9 - @M6H~CO-. 

Ir - ring 8): a) J.r-cir-S:omw. b) 3,4-vans-isomer. - lrrour indicate chiralitf (clockrisc - 

poritirr. countrrclockrim - w9ati.e) of the arran9,rst of the tro p-brombr*matr 

chromophorrs. 

?abl. 3. CO data of di-e-bromobmort~r 

9-14 and 19-20 In .,thanol: 

9 

IO 

11 

12 

13 

14 

1) 

20 

253 -9.6 

Zb5 0 -15.7 

237 .6.1 

25k 

2&k 

237 

.9.5 

0 .I7 

-7.5 

256 -12.0 

242 0 -21.2 

23b .9.2 

251 l 13.l 

Z&2 0 .19.1 

233 -6.0 

253 -12 

I&3 0 -20.6 

236 .a.r 

252 -16.3 

242 0 .21.5 

237 -7.2 

253 

2&L 

236 

251 

242 

232 

-IS.7 

0 -22.2 

.7.5 

.12.0 

0 .Zl.b 

-9.6 

2 

3 

4 

5 

23 

24 

21 

315 0 366 2200 

292 -59&O 266 12500 

260 .3300 Z&6 6600 

316 .50 

267 -15500 

252 .6930 

330 4200 

266 16700 

325 .lO 380 4300 

293 -11550 360 4300 

262 r6930 290 17000 

316 .I65 

29L -1100 

262 .530 

325 4500 

267 19000 

312 .20 

290 _ 7920 

256 .2310 

267 2rooo 

325 0 365 3500 

295 -990 290 16200 

2 10 .330 2rr 9500 

320 .I0 

293 -20450 

256 .3960 

266 21000 

a 
Conc*nfration : IOe’-*O 

-5 
I: roe. t*.p.‘.tY~.. 

. 
All di-e-bromobrnzoatea rxkibit a UI 

absorption band at 2L6-2bl II, c - 39000-3Y500. 



hi. ADlNoLn tr al. 

The 3-proton is dlaplayed at 6 2.48-2.M In the spectra of the cla-tplmtra 9 and 13 and at ( - 

2.30-2.31 in tit spectra of the trana-tplmtra 10 e 14. In addition, the d-proton algnal appears al 

6 6.50-6.51 in the spectra of the former and at 6 5.97-5.99 In the tptctra of the latter 

compounds. The g-proton aimala also appear in the spectra of the cla- at qultt different 6 valuer - 

than in the spectra of the trana-tpimers. Dlatinction of the ciao from the trana-tpimtr in the dl- - 

e-bromobtnzoatt palrs obtained from 4 and 3 WM safely achltvtd on the grounds of this chemical 

shift cri terlon. alnct in the ‘H-nmr spectra of these compounds the algnal mult1pllcitita i att 

Table 2) are not suitable f& an aaalgnmtnt grounded on th coupling bepeon protons 2. 3, and 4, 

as above In the casts of 9 and 10 and of l3 and 14. 

Once the relative configuration of the chlral centers 3 and 4 had been tatabllahtd. the 

absolute conflguratlon of the latter was determined from the sign of the A-value of the split 

Cotton effects exhibited by 9, 10, 11, 12, 13, 14. 19 and 20 iTable 3). Positive txclton chirality 

for the trana-eplmera and negative txclton chirallty for the cla-eplmtra indicate that the chiral - 

center C4 possess the S-configuration !n the former and the R-configuration In the latter. 

Consequently, the chiral center C3 is R in all elght compounds and in the parent natural 

hanoiaoflavanonea 2, 3, 4 and 5. 

The relative “size” of the groups linked to the secondary alcohol chlral center C4 In the 

cast of presence of a Frhydroxyl group was invtatlgattd, rlth the aim of applying the Hortau 

method. 15 waa thus reduced rlth lithium aluminium hydride to the tplmtrlc d-alcohols 21 and 22. 

separated by PLC. The relative attrtochtmlatry of the centers 3 and 4 In 21 and 22 was eatabllahtd 

to be that dtplcttd in the respective formulae by analysis of the nmr coupling of protona 2-H 
2’ 

3- 

H and 4-H, exactly aa In the case of di-e-bromobenaoatta 9, 10, 13 and 14. Configuration of the C3 

center being R. that of the C4 center was R in the cla-tpimtr and S In the trana-tpimtr. Upon - 

application of the gaachronatographlc modlflcation (7) of tit Horeau partial rtaolutlon method. a 

poaltivt lncrtmtnt of the peak of ,+I-o-phtnyltthylamlde of i-)R-phenylbutyrlc acid was observed 

for the cia-tpimtr 21 and a negatlvt increment for the trana-epimer 22. Thus the phony1 ring must - 

be the “medium” aubatltubnt group, and the grouping a.t C3 “large”, in order to apply the Hortau 

rule to the atcondary kalcohola btarlng a hydroxyl group at C5. 

CD curves of homolaoflavanonta 2, 3. 4, and 5 all txhlblt a negative Cotton effect in the 

287-295 nm region (Table 4), that may be therefore taken aa ind1catIve of R-configuration at C3, 

alnct the dlhydropyranone ring C may be assumed to have the aamt conformation for all four 

compounds. In fact, In the ‘H-nmr spectra of all homolaoflavanonea kl, 6) the 3-proton appears 

coupled to one 2-proton with a J > 10 Hz and to the other 2-proton with a J < 4 Hz, that lmpllta 

equatorial orientation of the 3-btnxyl group in all casts. Measurement of the CD curves thus 

allortd the assignment of the absolute configuration of natural homoiaoflavanonta 23, 24, and 25 

also. as they all txhlblt a negative CD Cotton effect (Table 4). 

The elucidation of the absolute atertochtmlstry acillaaclllin homoisoflavanonta Isolated from 

Muacarl is In progress. 
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EXPERIMENTAL1 

1 
H-nmr spectra were recorded at 300.14 MHz with .n AM-300 Ft NMR spectroneter !Bruker) with 

T#S UI .n internal atlndlrd. UV spectra were measured in methanol with . Gary 210 spectrometer. CD 

curv.t. were measured in m.th.nol rlth . JASCO J-500 dlchropraph. PLC w.s performed on precoated 

silica gel layer. Merch F 
254’ 

0.5 mm. CLC W.II cu‘rled out with . C.rlo Erba Fractovep 4160 

chromatogrsph. 

Methyl derivatives S, 3 28 and 15. --- 2 $50 mg) in ether (5 ml) WI. treated with . solution 

of diazomethane in ether for 48 h at r.t.. PLC \5:2:3 hexane-diox.ne-ether; two runs) of ths crude 

product obtained after usual work-up gave pure 6 \41 mg). Analogously, 4 t 100 mg) waa converted 

Into 26 i25 mg) and 27 (67 mg), separated by PLC \6:1:3 hex.ne-dioxane-ether: three run.), 5 140 

mg) into 28 (37 mg), purified by PLC ichloroform: two run.). and 3 r22 mg) into 15 i20 mg). 

purlfled by PLC \7:3 chloroform-ethyl acetate; one run). 

Acetyl derivative 16. - A soln of 3 $50 mg) in dry benzene (4 ml) we. treated with acetyl 

chloride (0.5 ml) and pyridine itrace.). After 12 h at r.t., methanol 1.. added snd the mixture 

“.. evaporated. The crude product, dissolved in ethyl acetate, wpahed with water and submitted to 

PLC i4:l benzene-ethyl acetate: one run) gave pure 16 130 mg). 

Dl-p-bromobenxoates 9-14. 6 (38 mg) was treated in ether with lithium elumlnlum hydride for 

5 min .t r.t. to give the spimeric mixture of 7 and 8 i4-CHOH: 6 4.74 d. J = 4.1 Hz and b 4.81 d. 

J = 2.1 Hz) that. without purlflcation. I.. treated with e-bromobenzoyl chloride in anhydrous 

pyridine for 12 h at r.t.. Usual work-up and PLC \4:1 hsxane-ether; four runs) gave pure 9 18 mg) 

and 10 (10 mg). Upon analogous treatment, 26 ~25 mg) was converted into pure 11 $10 mg) and 12 

il2 w) {PLC: 4:l benzene-ethyl acetate; two runs), and 28 t35 mg) into pure 13 (15 mg) and 14 114 

mg) rPLC: 5:2:3 hexane-dloxane-ether: four runs). 

Di-p-bromobenzoates 19 and 20. 16 r25 mg) w.. treated In methanol with sodium borohydrlde for --- 

5 min at 0’ to give the eplmarlc mixture of 17 and 18 \4-CHOH: 6 4.72 d. J = 3.7 Hz and b 4.77 d, 

J = 3.6 Hz) that, without purification. w.s treated with e-bromobenzoyl chloride in anhydrous 

pyrldlne for 12 h .t r.t.. Usual work-up and PLC \95:5 benzene-ethyl acetate: four runs) gave pure 

19 \8 mp) and 20 \7 mg). 

Alcohol. 21 .nd 22. - --- Treatment of 15 i20 me) in ether with llthlum aluminlum hydride for 5 

min at r.t. and PLC \7:3 benzene-ethyl acetate; two runs) gave the pure l pimerlc d-alcohols 21 

i10 ~1 and 22 r8 mp). Alcohols 21 .nd 22 were treated with \t)phenylbutyric .nhydride and the 

excess of anhydride Y.S analyzed by glc (25-m fused silica c.plllary OVl column: T = 190°: flow: 1 

mL/mln, nitrogen) as $+I-R-phenylethylamldes of i-)-R- and \+I-S-phenylbutyric acid. following the 

procedure described in ref. 7. Peak Increment. of +5 and -4 for R-acid were cslculated for 21 and 

22, respectively. 

With the assistanca of Mr. It.10 Ciudlciannl. 
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