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Abstract—The hexane extract from the roots of Krameria cystisoides yielded besides conocarpan, licarin A,
eupomatenoids 6 and 13, and ratanhiaphenol I 16 hitherto unknown lignans, neolignans and norneolignans, among
them toltecol and olmecol. Structural elucidation was based mainly on spectroscopic investigations, especially

3CNMR.

INTRODUCTION

Krameria cystisoides is a shrub growing in Central and
South-west Mexico. The root is used for various medicinal
purposes, including the treatment of stomach and bowel
cancer [1]. Chemical investigation of root extracts re-
sulted in the isolation of 21 compounds of the lignan,
neolignan and norneolignan type. Among these are 16
hitherto unknown natural products.

RESULTS AND DISCUSSION

Repeated chromatography of the non-polar compon-
ents from the methanolic root extract yielded the known
compounds 2, 4,7, 8, 11 and the new neolignans 1, 3, 5, 6,
9, 10, 12-21.

Dihydrobenzofuranes (1-6)

The trans-2-aryl-3-methyl-2,3-dihydro-benzofuran
system can easily be recognized in these compounds from
THNMR [2-4][65.03 (d,J = 9 Hz H-2), 53.35 (m, H-3),
01.36 (d, J = 6.7 Hz, Me-3)] as can the trans-propenyl
group in 1-4 and the 3-hydroxypropyl group in § and 6.
Key fragments in the mass spectra give information on the
kind of substituents at phenyl ring A and the correct
positions were deduced from the ! 3C NMR data observed
for the isolated compounds and the shift of NMR signals
on acetylation. Recently published '*CNMR values
[5-7] easily allowed us to identify one of the isolated
compounds as licarin A (2) and helped us in the assign-
ment of ! C signals (Table 1), which were used to establish
the positions of the substituents.

5 and 6 exhibited in their NMR spectra the character-
istic features of a 3-hydroxypropyl-substituent [8].

1-4 all show positive Cotton effects at 260 nm and,

*Synonyms found in the literature include cysticioides,
cytisoides, cytissoides.

therefore, have the 2R,3R configuration [2,9-14].
However, the CD curves of 5 and 6 exhibit a negative
Cotton effect at 281 nm and a positive one at 233 nm. The
same behaviour is observed with the hydrogenation
product of 4, which gives evidence that the configuration
in 5 and 6 must also be 2R,3R.

Benzofurans (7-16)

The 2-aryl substituted benzofuran system could be
established from the electron spectra and NMR data. The
13C NMR data are shown in Tables 2 and 3. Comparison
of spectroscopic and physicochemical data show 7 to be
identical with ratanhiaphenol II [15] (= eupomatenoid 6
[16]) and 8 with kachirachirol A [17] ( = eupomatenoid
13 [18]). Treatment of the naturally occurring aldehyde 9
with sodium borohydride yields the corresponding prim-
ary alcohol. In consequence of the anisotropic effect [19]
of the aldehyde group at C-3 on the neighbouring
aromatic proton, in 'HNMR this reduction causes a
significant up-field shift of H-4 [6H-4 7.72 (in 9) - 7.26
(in aicohol)].

A general feature of benzofurans 10-15 is the ‘missing’
carbon substituent at C-3. Therefore, these compounds
belong to the norneolignan series. The assignment
of substituents R? and R? at ring A—as in 11 and 12
(=toltecol)—is based on the characteristic NMR shifts
observed after acetylation. 11 is ratanhiaphenol I, which
has recently been described from Krameria triandra [15].
The structure of olmecol (16) was easily deduced from its
spectroscopic data and comparison with the hydroge-
nation product of 7.

1-Aryl-2-phenoxy-1-propanols (17, 18)

In contrary to the above mentioned compounds, 17 and
18 exhibit [M]* ions of rather weak intensity in their
mass spectra. From 'HNMR and '*CNMR data (see
Table 4) most details of the structure of 17—including the
erythro-configuration [20-23]—could be established;
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Table 1. '3 CNMR data of 1-6, acetylation products of 1 and 3 and the hydrogenation product of 4

1 1 Ac* 2 3 3Ac 4 4 hyd s 6

c2 9302 9237 9402 9361 9283 9312 9329 9319 9347
c3 4527 4546 4625 4614 4663 4553 4621 4614  46.11
C-la 13254 132.11% 13456t 13441f 13419t 13313t 13311t 13308t 133.28+
c4 12079 12086 11443 11439 11448 12145 12447 12443 12440
c-5 13140t 13155+ 133001 13279+ 13318t 13163t 13560 13539 13545
c6 12628 12635 11141 11130 11146 12673 12878 12872  128.69
c7 10927 10931 14510 14498 14514 10940 10941 10941  109.41
C-Ta 15833 15828  147.86f 14775 14768 15902 158493 15825 15835
ok 13091+ 13084+ 13212 13204t 13204t 13163t 3825  3590° 3593
c9 12291 12281 12331 12320 12346 12272 2574 3235 3235
c-10 1828  1827f 18.48§ 1837f 18.53F 1834 1400 6191 6184
c-r 13238+ 13978 13294t 13250t 13942 13235t 13289+ 13289+ 13308t
c2 10878 11015 11083 12846 12785 12821 12848 12843  110.74
c-¥y 14687 15142 148.44 11608 12264 11593 11615 116.14  148.42
c4 14589 13878  147.603 158.15 15174 15780 158363 158383 147.55
c-s 11437 12307 11567 11608 12264 11593 11615 11614 11565
c6 119.58 11832 12026 12846 12785 12821 12848 12843  120.14
CH,-3 1776 18147 1803§ 18.11% 1837f 1792 1823 1818 1798
CH,0 5597 5599 Zg‘g 5641 5651 56.38
Ccoo 168.78 : 169.46

CH,-Ac 2055 2091

*In acetone-d,; in CDCl,.
+,3, § Similar values within a column may be interchanged.

R ( abs. config. )
R® R PR
1 H OH OMe
2 OMe OH OMe
3 OMe OH H
4 H OH H

R? ( abs. config. )
R! R?

§ OH H

6 OH OMe

Scheme 1.

characteristic fragments in the mass spectrum showed that
the phenoxy group is placed at C-8 [24].

18 has NMR data identical with those reported for the
ring B system of surinamensin [20]. Final evidence for 18
was achieved by synthesis of 1-(4-methoxyphenyl}-2-(2-
methoxy-4-propenylphenoxy)-1-propanol, which proved
to be identical with the methyl ether of 18.

Tetrahydrofurans (19-21)

NMR signals and mass spectral fragmentation showed
19 to belong to a group of 2,5-diaryl-3,4-dimethyl-
tetrahydrofurans with low symmetry [25-28].
Comparison of the 'HNMR with published data
[25, 28-30] allowed us to establish the structure, which
also is in agreement with '3C NMR.

20 carries an additional methoxy group. Its position
was determined as follows: ! 3C NMR of 19 shows slightly
different sets of shifts for all carbons in the two aryl
substituents. Because of its interaction with the cis-
standing methyl group, the resonances at higher field were
assigned to the aryl ring at C-5 [26] (Table 5). In the
13C'NMR of 20 the set of signals at higher field was
unchanged in comparison with 19. Therefore, the ad-
ditional OMe substituent had to be placed at the phenyl at
C-2 and there in the m-position to correspond with the
resonances in 1, 2 and 6.

The mass spectra of 20 and 21 are almost identical; from
the 'H NMR of 21 the relative configuration of the four
substituents at the tetrahydrofurans ring can be deduced
[20, 27, 29].

Major constituents of K. cystisoides were found to be
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Table 2. '3C NMR data of 7-9, 16, the hydrogenation product of 7and the
acetylation product of 8

7 7 hyd. 8 8 Ac 9 16*
c-2 152421 152211 15226 15167t 16656 15262t
C-3 11002 10982 11028+ 11257 12079 11002
Cla 132311 13230 13466 13499 13711 13272
c4 11700 11924 10989+ 11015 11219  119.30
[oX 13372 137.55 13395 13372 13212 13741
c6 12295 12539 10584 10637 10677 12547
c-7 11116 11087 14589 14609 14597  111.10
C-7a 15376t 153.10f 14296 14331 14312 15357+
c8 13248% 3868 13254 13248 13212 3606
c9 12448 2587 12451 12484 12600  33.13
C-10 1851 1404 1841 1844 1851 6240
c-I' 12380 12385 12377 12960 12844  124.40
c-2 12902 12902 12895 12834 13184 12921
c-¥ 11655 11658 11649 12298 11706  116.56
c4 15843 15860 15836 15108+ 16126  158.61
c-s 11655 11658 11649 12298 11706  116.56
c6 12902 12902 12895 12834 13184 12921
R-3 9.40 9.40 9.50 9.5  186.82 9.43
CH,0 5646 5650 5645
Coo 169.46
CH,-Ac 2095

*In CD,OD.

+,3 Similar values within a column may be interchanged.

Table 3. '>*CNMR data of 10-15 and the acetylation product of 11

10 11 11 Ac 12 13 14 15
c2 157.76  15451* 15443 15432 157.54 15480 154.64
c3 100.18 10454 10435 10487 10046 104.11% 104.34*
C-3a 13090 13121 13059  132.74* 13241* 13123 13276t
c4 11858 11861 11903  111.72+ 11143 11848 111493
C-s 13428 13404 13441 13499 13519 13389 13490
C6 12285% 12268 12349 10555 105.58 12245 10535
c-7 11143 11113+ 11149 14596 14605 111.04t 14583
C-7a 15483  153.89* 15340 14312 14406 15373 14293
C-8 13220 13228 13214  132.54* 13241% 13224  132.50%
c9 12473 12448 12498 12455 12471 12437 12443
C-10 1847 1847 1851 1841 1841 1847 1840
c-r 123.03* 11172+ 11708 11159+ 12305 11068+ 110714
c-2 12735 15663 14979 15657 127.29 15675  156.69
C-3 11669 10294 11055 10291 11665 10401* 104.08%
c4 15913 16202 16171 16198 15902 15968  159.69
C-s 11669 10673 11309 10673 11665 10853  108.53
o3 12735 12847 12929 12843 12729 12856  128.53
55.65,
CH,0 5565 Sel3 Lo 5643 56.41
Coo 169.30
CH;-Ac 21.30

*,t,1Similar values within a column may be interchanged.

conocarpan (4) [8], olmecol (16) and 3. All other isolated  Department of Biology, Monterrey (Reg. No. 7814).
compounds were minor components. Extraction and chromatography. The concd MeOH extract
(20 g from 120 g air dried roots) was diluted with H,O and
extracted first with petrol (60-70°) and then with CCl,. Both
extracts (2.5 g from petrol, 3.7 g from CCl,) were concd and
Plant material. Roots were collected in Vaumave, Tamaulipas  repeatedly chromatographed over silica gel using CH,Cl,,
in March 1984; a voucher specimen is kept at the herbariumof the  CHCl;, CHCl;-MeOH mixtures and cyclohexane-EtOAc mix-
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Table 4. '3CNMR data of 17-18 and the methy-

Scheme 3.

lation product of 18

17 18 18+ 18 met.
C-1 13152+ 133.72% 133.74t 134761
C-2 12872 12855 12766 12856
C-3 11562 11557 11514  114.17
C4 15743 15735 15507  159.87
C-5 11562 11557 11514  114.17
C-6 12872 12855 12766 12856
C-7 79.21 81.86 82.27 81.75
C-8 75.66 75.09 73.91 75.03
C9 14.76 14.39 13.40 14.46
C-r 13402  133.59t 13201t 133.73¢t
c-2 127.72 11128  109.81 11127
Cc-¥ 117.12 15241 15146 15239
C4 158.18  147.57 14587 14752
C-5 117.12  119.64% 119.11% 119.62%
(o8} 12772 119.73  119.763 119.73%
C-7 131.78% 13177 130.58 13175
C-8 123.65 12451 12489 12455
c9 18.40 18.39 18.25 18.39
MeO 56.46 55.96 55.45
55.50
*In CDCl;.
t,$Similar values within a column may be
interchanged.

( erythro )
R! R?
17 H OH
18 OMe OH
Scheme 4.

Table 5. !*CNMR data of 19-21

19 20 21
C-2 86.16*  86.36* 88.17*
C-3 4406t 4402t 4535t
c4 4838t 48321 4565t
C-5 85.19*  85.12%¢  87.95¢
c-r 13542 13607 13528
cY 12824 11065 11103
c-¥y 11588 14833 14830
c4 15760 14680  146.89
c-s 11588 11539 11548
c6 12824 11984 11995
C-1” 13285 13285 13444
c2 12797 12794 12853
c-¥ 11555 11556 11591
c4 15701 15697 15771
c-5 11555 11556 11591
c6" 12797 12794 12853
CH,-3 1206 1216 1295}
CH,4 9.72 975  13.12%
CH,0 56.38 5635

*.t,$ Similar values within a column may
be interchanged.

tures as eluents. Thus from the petrol extract were isolated 1-4, 7,
8, 10-13; the CCl, extract gave 5, 6, 9, 14-21.

General procedures. TLC was performed on precoated
plates (Nano plates Sil-20 UV, Macherey-Nagel), using the
systems: S-1 = CH,Cl, (at 7°); S-2 = cyclohexane-EtOAc (9:1);
$-3 = cyclohexane-EtOAc (4:1); S-4 = CHCl,;-MeOH (49:1);
§-5 = CHCl;-MeOH (19:1); S-6 = CHCl,; $-7
= CHCl;-MecOH (99:1); S-8 = cyclohexane-EtOAc (19:1); S-9
= cyclohexane-EtOAc (99: 1); detection: UV and anisaldehyde
[31] followed by heating. IR spectra were recorded in KBr unless
otherwise mentioned and UV in MeOH solns. Unless otherwise
stated, 'H NMR were recorded at 90 MHz and '*C NMR at 22.5
MHz in acetone-d,, solns; int. ref. TMS. Highfield NMR were
measured at 400 and 100 MHz, respectively, in acetone-dg. MS
were obtained by El at 70 eV.

(2R,3R)-2,3-Dihydro-2-(4-hydroxy-3-methoxyphenyl)-3-
methyl-5-(E)-propenylbenzofuran  (1). Colourless crystals
(113 mg), mp 105-107°; TLC (S8-1): R, 041, grey with anisal-
dehyde; [a]} +94° (¢ 1.10; MeOH); CD nm (Ae): 300 (+0.32),
260 (+6.55), 225 (—~5.70); IR v . cm” !: 3380 (OH), 1610;
UV, (loge): 208 (4.53), 264 (4.36), 287 (3.95, sh), 305 (3.68);
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(rel. config.)”

R? R R?
19 OH OH H
20 OH OH OMe
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o

R R

’ (rel. config.)

Rt R R

21 OH OH OMe

*Meanwhile the abwmlute configurations of 19 and 20 could
be established by comparison of the CD curves with that

of chicanine [32]

Scheme 5.

+ NaQH: 263 (4.43), 298 (4.06); 'H NMR (400 MHz). 51.37 (3H,
d,J = 7.1 Hz, Me-3), 1.83 3H, dd, J, = 64, J, = 2 Hz, Me-10),
3.35 (1H, m, H-3), 3.85 (3H, 5, MeO), 5.08 {1H, d, J = 9.3 Hz, H-
2), 6.10 (1H, dq, J, = 15.7, J, = 64 Hz, H-9), 6.38 (1H, dd, J,
=157,J, = 2 Hz, H-8), 6.70 (1H, d, J = 8.3 Hz), 6.84 (1H, d, J
=85Hz}, 691 (1H, dd, J, =85, J,=2Hz), 709 (1H, 4, J
= 2Hz2),7.13(1H, dd, J, = 8.3,J, = 1.5 Hz)}, 7.24 (1H, br 5), 765
(1H, s, OH); '3C NMR: see Table 1; MS m/z (rel. int.): 296 (100,
[M7]*), 281 (15), 267 (2), 253 (5), 171 (4), 159 (2), 151 (4), 150 (5),
137 (10), 131 (4), 115 (4), 103 (2), 91 (4).

Acetylation of 1. 1 {35.7 mg) was dissolved in a mixture of
1.5 ml Ac,O and 1.5 ml pyridinc and stirred at room temp. for
24 hr. The solvent was ¢vapd and the residue purified by CC {3 g
silica gel, S-8) yielding 38.4 mg colourless crystals, mp 98-102°;
TLC (S-2): R, 0.20, grey with anisaldehyde; [a]f +65° (c 0.29;
MeOH); CD nm (Az): 310 (+0.29), 265 (+ 7.35), 223 (- 7.13);
IRvEHCL cm =t 1765 (C=O0); UV A, (loge) 264 (4.37), 271
{4.34, sh), 305 (3.68); 'H NMR: §1.40 (3H, 4, J = 6.8 Hz, Me-3},
1.85(3H.d,J = 5 Hz, Me-10), 2.29 (3H, 5, Me-Ac), 3.20-3.56 (1H,
m, H-3), 380 (3H, s, MeO), 510 (IH, 4, J =88 Hz, H-2),
592-6.21 (1H, m, H-9), 6,35 (1H, br d, J = 16 Hz, H-8), 6.72-6.89
(2H, m), 6.95-7.16 (4K, m); *C NMR: see Table 1; MS m/z (rel.
int.): 338 (41, [M]*), 297 (21), 296 (100), 281 (15), 267 (2), 253 (5),
235(2), 178 (3), 172 (9), 171 (7), 159 (4), 151 (7), 137 (17), 123 (15),
115 (10), 103 (5), 91 (8). 77 (9.

{2R,3R)-2,3-Dihydro-2-(4-hydroxy-3-methoxyphenyl }- 7-meth-
oxy-3-methyl-5-(E}-propenylbenzofuran (2} ( = licarin A [2]).
Colourless crystals (84 mg), mp 102-104°; TLC (S-1x R, 0.28,
pale violet with anisaldehyde; [«]{} + 52° (c 0.79. McOH); CD
nm (Ag): 275 (+ 5.06), 222 (—4.04); IR v, cm ™' 3370 (OH),
1610; UV 4, (log &) 219 (4.30), 273 (4.06), 315 (3.21); + NaOH:
268 (4.16), 300 (3.81); *HNMR:51.33 (3H, 4, J = 6.8 Hz, Me-3),
1.81 (3H,brd,J = 5.1 Hz, Me-10),3.38 (1H, m, H-3), 3.81 {6H,s,2
x MeQ), 505 (1H, 4, J = 9.3 Hz, H-2), 5.89-6.26 (1H, m, H.9),
6.31 (1H, br d, J = 16 Hz, H.8), 6.77-7.07 (5H, m), 7.56 (1H, s,
OH); '*C NMR: see Table 1; MS m/z (rel. int.): 326 (100, [M]"),
311 {6),297 ( < 1), 283 (1), 202 (5), 189 (2), 163 (4}, 151 (4), 137 (6).

(2R,3R)-2, 3-Dihydro-2-(4-hydroxyphenyl }-1-methoxy-3-
methyl-5-(E}-propenylbenzofuran  (3). Colourless crystals
{229 mg), mp 100-103% TLC (S-1) R, 0.10, violet with anisal-
dehyde; [a]h + 57° (¢ 0.67; MeOH); CD nm (Az): 295 (+ 1.36),
270 (+ 5.30), 220 (~4.63); IR v, cm ~': 3460 (OH), 1610, 1600;
UV . (logek 223 (4.57), 269 (4.40), 302 (3.66); + NaOH: 252
{4.46), 270 (4.44), 302 (4.03); '"HNMR: 51.34 3H,d, J = 6.8 Hz,
Me-3}, 183 3H, brd, J = 5.1 Hz, Me-10), 3.37 {1H, m, H-3), 3.83
{3H, s, MeO), 5.09 (1H, d, J = 88 Hz, H-2), 594-6.27 (1H, m, H-
9),6.33 (1H, brd, J = 16 Hz, H-8), 6.80-6.97 (4H, m), 7.30 (2H, dm,

J = 8.5 Hz, H-2; H-6'); ' 3C NMR: see Table 1; MS m/z (rel. int.):
296 (100, [M]*), 281 (5), 267 (1), 253 (1), 202 (5), 189 (2), 165 (1),
121 (7), 119 (5), 107 (8).

Acetylation of 3. 3 (40.5mg) was acetylated in the usual
manner, CC (3 g silica gel, -8} yielded 36.8 mg oily product. TLC
(8-2): R, 0.46, violet with anisaldehyde; {21} + 14.8° (c 0.78;
MeOH), IR vEHh ecm ~1: 1750 (C=0); UV 2, (loge): 217
(4.56), 267 (4.17), 277 (4.16, sh), 300 (3.60), 314 (3.46); 'H NMR:
6139 3H, d, J = 6.8 Hz, Me-3), 1.81 (3H, br d, J = 5.1 Hz, Me-
10)2.24 {3H, 5, Me-Ac), 3.37 (1H, m, H-3), 3.84 (3H, 5, Me0), 5.20
(1H,d,J = 8.6 Hz, H-2), 5.94-6.28 (1H, m, H-9), 633 (1H, brd, J
= 16 Hz, H-8), 6.83 {1H, br d, J = 1 Hz}, 6.87 (IH, br d, J
= 1Hgz), 7.13 (2H, dm, Jj = 8 Hz, H-3', H-5"), 747 (2R, dm, J
= 8 Hz, H-2', H-6'); ' *C NMR: see Table I; MSm/z (rel. int.): 338
(71, [M1"), 296 (100}, 281 (7), 202 (13), 189 (4), 165 (4), 131 (4),
121 (8), 119 (7), 115 (7), 107 (12).

(2R,3R}-2,3-Dihydro-2-(4-hydroxyphenyl y-3-methyi-5-(E)-
propenylbenzofuran (4)( = conocarpan [8]). Colourless crystals
(293 mg), mp 133-135°% TLC (8-1): R, = 0.18, grey with anisal-
dehyde; [a]l +122° {¢ 1.03; MeOH); CDnm (Az) 300
{ +0.46), 260 (+ 11.45), 225 (—-9.97); IR v, cm ~': 3380 (OH]),
1610, 1603; UV A, (loge) 227 (4.29), 264 (4.33), 303 (3.65);
+NaOH: 262 (4.40), 305 (3.90; 'HNMR: 61.28 (3H,d,J
= 6.8 Hz, Mc¢-3), 1.78 (3H, br d, J = 5 Hz, Me-10), 3.30 (1H, m,
H-3), 5.00 (1H, 4, J = 8.8 Hz, H-2), 5.89-6.20 (1H, m, H-9), 6.30
(IH, br d, 16 Hz, H-8), 6.67 {1H, d, 7.8 Hz), 6.78 (2H, dm, J
= 9 Hz, H-3', H-5'), 6.90-7.14 (ZH, m), 7.27 2H, dm, J = 8.5 Hz,
H-2', H-6"),8.45 (1H, 5, OH); '*C NMR: see Table 1; MS m/z (rel.
int.): 266 (100, [M]*), 265 (7), 251 (12}, 237 (2), 223 (7), 171 (3},
159 (3), 131 (5), 121 (6), 119 (9), 107 (8), 91 (3), 77 (4).

Hydrogenation of 4. 4 (12mg) was hydrogenated at 14°
with PtO, as catalyst in MeOH soln. Hydrogen uptake was
completed within 20 min. The mixture was filtered and the
solvent evapd to obtain 12 mg oily product. TLC (S-3): R, 0.28,
grey-blue with anisaldehyde; [a]d) +39° (¢ 098; MeOH)
CD nm (Az): 281 (—20), 233 (+13.8); IRv SH M cm - 1 3590
(OH), 1610, 1603; UV 4, . (log €): 229 {4.26), 277 (3.64, sh), 284
(3.70}, 296 (3.52, sh), + NaOH: 245 (4.25), 289 {3.82), "H NMR:
60.92 (3H,, J = 7.4 Hz, Me-10), 1.32 (3H, d, J = 6.8 Hz, Me-3),
147-181 (2H,m,H-9), 254 (2H, 1, J=75Hz, H-8), 3.35
(1H, m, H-3), 504 (1H, d, J = 8.9 Hz, H-2), 6.61-7.11 (5H, m),
729 (2H,dm, J = 8.5 Hz, H-2', H-6'); 1 *C NMR: sce Table 1; MS
myz (rel. int.). 268 (100 [M] ), 253 (7), 240 (9), 239 (53), 221 (5),
145 (24), 121 (5), 115 (7}, 107 (13).

{2R,3R) 2,3-Dihydro-2-(4-hydroxyphenyl)-5-(3-hydroxypro-

pyly-3-methylbenzofuran (5). Colourless crystals (46mg), mp
123-125°, TLC (S<4x R, 0.10, grey-green with anisaldehyde;
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[alll +4.1° {c0.56; MeOH), CDam (Ack 281 (~0.37), 233
(+2.20); IR v, cm ™ 12 3610 (OH), 3540 (OH); UV A, (log ).
229 (4.16), 285 (3.67), 296 (3.51, sh), + NaOH: 245 (4.14), 288
(3.72;; "HNMR (400 MHz}: 5136 (3H,d,J = 6.6 Hz, Me-3),
1.77-1.83 (2H, m, H-9}, 2.64 (2H, 1, J = 7.7 Hz, H-8), 3.35 {iH, m,
H-3),3.53 (< IH, 1, J = 5.0 Hz, OH-10), .56 (2H, m, H-10), 5.05
lll-l A 1w 0Hs H. N AR U 4 _'l—,ﬂ'l Hz M. A AR7 MU

iz, A, 7 = 5.7 Taf, AatL), UG (i, 8, S.a D&, 547 D8V SR

dm, J = 80 Hz, H-3, H-5'), 699 (1H,dd. J, = 8.1, J, = 1.5 Hz,
H-6), 7.05 (1H, br s, H-4}, 7.30 (2H, dm, J = 8.0 Hz, H-2" H-6'),
8.42 (1H, s, OH); '3C NMR: see Table 1; MS m/z (rel. int.); 284
{100, [M] " 3, 269 (4), 240 (6), 239 {35), 223 (8), 165 (5), 145 (22),
133 (10, 131 {11), 121 (9}, 120 (5}, 119 (9), 1i5 (13}, 107 (22), 91

i0).

( ()2R.3R)-2,3-Dihydro-2-(4~hydroxy~3-mexhoxyphenyl)—5~|_3~

hydroxypropyl ¥ 3-methylbenzofuran (6). Oil {53 mg). TLC {S-4):
R;0.29, grey with anisaldehyde: {23 + 37" {c0.76; MeOH), CD
nm (Ag) 285 (— 1.61), 233 (+ 5.14); IR vCHCl cm = 2 3620 (OH),
3540 (OH); UV 2, (log £): 231 (4.21), 285 {3.84); + NaOH: 236
§4.11}, 252 (4.11), 291 {393}, "H NMR: 41.35 (3H,d, J = 68 Hg,
Me-3), 1.67-1.94 (QH, m, H-9), 2.65 (2H, ¢, J = 7.7 Hz, H-8),

317-3803H m MU0 H. l\ '181{'“-1 < Mnﬂl IEﬂgl(ll—l J J

\ITE, Ty Laals, aus ARy 5y VAL,

=93 Hz, H-2),5.59( <iH,s, OH),662*‘?05i6H m},?{ﬁ{m s,
OHjJ; PCNMR: see Tablie 1; MSm/z (rel. int.) 314 (106,{M]7)
299 (10), 281 ( < 1), 269 (12), 253 (4), 251 (4), 165 (4), 145(12), 137
{12), 131 6), 123 {4, 115 (8L 91 ().

2-{4-H vdroxyphenyl -3-methyl-5-(E)-propenylbenzofuran (1)
( = eupomatenoid 6 [16]; raranhiaphenol II [157). Coloutless
crystals {90 mg), mp 148-151% TLC (8-1): R, 0.33, grey-blue with
anisaldehyde; IR v, ocm ™% 3320 (OH); UVi_,, (loge) 226
{3.96), 256 {4.21), 294 (4.11), 320 (4.02, shx + NaOH: 238 (4.12),
261 (4.08), 332 (4.20%; '"HNMR: 6 1.85 (3H, br d, J = 5.0 Hz, Me-
10), 2.3% {3H, 5, Me-3), 601639 {1H, m, H-9), 6.52 {1H, br d, J
= 16.8 Hz, H-8), 7.02 (2H, dm, J = 88 Hz, H-3' H-5'}, 7.32 (2H,
m), 7.48 (1H, br 5), 7.68 (2H, dm, J = 8.8 Hz, H-2', H-6'), 8.67 (1H,
s, OH); "*CNMR: see Table 2; MS m/z {rel. int.; 264 (100,
£M7%),263 (173, 247 (2), 237 (5), 235 {2), 221 {4), 202 {2), 189 (2},
{78 (2), 165 {3), 143 (1), 141 2}, 132 (6}, 121 (3), 107 {2}

Hydrogenation of 7.7 (21.5 mg) was hydrogenated in the usual
manner with PtO, as catalyst to obtain 21.5 mg colourless
crystals, mp 1011035 TLC: {8-3% R, 0.27, grey-blue with
anisaldehyde; IRv . cm~': 3400 (OH) UV 4, (loge) 221
(4.20, sh), 242 (3.87), 280 (4.29, sh), 310 (4.46), 325 (4.22, sh);
+ NaOH: 254 (3.75), 283 {3.66, sh}, 323 (4.51} 'HNMR: 6094
(3H, 1, J = 7.3 Hz, Me-10}, 1.48-1.89 (2H, m, H-9}, 2.41 {3H, 5,
Me-3), 2,69 (2H,t,J = 7.5 Hz, H-8), 7.00 (2H, dm, J = 8.5 Hz, H-
3 H-5).713(1H,d,J = 1.7 Hz), 7.30-7.41 {2H. m), 7.67 (2H. dm,
J =89 Hz H-2" H-6); 1 3C NMR: see Table 2; MS m/z {rel. inL.}
266 {100, [M]*), 238 (15), 237 (80), 121 (1), 119 (8), 107 (2).

2-(4-Hydroxypheny! )-T-methox y-3-methyl-5-(E)-propenyl-
benzafuran (8} ( =eupomatencid 13 [ 18, kachirachirol A [17]).
Colourless crystals (50 mg), mp 193-196°; TLC (8-1} R, 0.18,
grey with anisaldehyde; IR v, cm™%: 3400 (OH), 1610, 1590;
UV, (log £} 228 (4.16), 266 {4.73), 295 (4.32); + NaOH: 237
{4.25),272 (4.285,320(4.375 'HNMR: 8 1L.85(3H, prd, J =51 Hz,
Me-10), 2.38 (3H, 5, Me-3), 399 (3H, 5, MeO), 6.09-6.40 (1H, m,
H-9),645 (1H, brd, J = 16 Hz, H-8), 6.92-7.09 (4H, m), 7.68 (2H.
dm, J =88 Hz, H-2.H-6"}, 865 {IH, 5, OH} YCNMR: see
Table 2; MS m/z {rel. int.} 294 (100, { M1 " ), 293 (10}, 267 (4), 251
(3), 235 (3), 165 (2), 147 (6), 121 (4), 107 (2).

Acetylation of 8.8 (25 mg) was acetylated in the usual manner.
CC {3g silica gel, S-1} yielded 24 my colourless crystals, mp
131-134%, TLC (S-1x R, 080, grey with anisaidehyde;
IRv ., om™1:1745(C=0) UV A (log £): 226 (3.87), 265 {4.49),
273 {4.46, sh), 295 {4.36); '"HNMR: §1.86 (3H, br d, J = 5.2 Hz,
Me-10}, 2.29 (3H, 5, Me-Ac), 2.44 (3H, 5, Me-3),4.02 (3H, 5, MeO},
6.10-6.43 (1H, m, H-9), 6.48 (1H, br 4, J = 16 Hz, H-8), 6.98 (1H,
d, J =14Hz), 712 (1H,d, J = 1.4 Hz), 127 (dm, J =9 Hz, H-
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3 H-5), 785 (2H, dm, J =9 Hz, H-2,, H-6'x *CNMR: see
Table 2; MS m/z (rel. int.x. 336 (27, [M] "), 294 (62), 293 {10), 251
(1), 235 (2), 189 (1), 178 (5), 121 {1}, 43 (100).
3-Formyl-2-(4-hydroxypheny! ¥ 7-methoxy-5-{ E}-propenyl-
benzofuran (9). Yellow solid {20 mg), mp 258-261°%, TLC (S84} R,
0.22, fluorescence at 366 nm (yellow), grey with anisaldehyde;
ey eyt L 220 (O 1480 tP_h\ vl nm. ¥ 28N
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{443}, 292 (4.06), 332 4.11) +NaOH 260 {4.42), 380 (4.28);
'HNMR: 61.89 (3H, 4, J = 5 Hz, Me-10), 405 (3H, 5, MeO),
6.16--6.66 (2H, m, H-8, H.9), 7.02-7.14 (3H, m, H-3’, H.5", H-6),
772 {1H,d, J = 1.5 Hz, H-4), 7.88 (24, dm, J = 8.5 Hz, H-2' H-
6,9.14 { < 1H, 5, OH} 10,30 (1 H, 5, H-aldehyde) 1 3C NMR: see
Table 2; MS m/z (rel. int.): 308 (100, [ M ] "}, 307 (13), 293 (6), 278
(13), 265 (1), 251 (3}, 237 (3), 221 (7), 207 (4), 194 (3), 178 (5), 165
(8), 152 {4y, 121 (15, 115 {5}, 107 (2L

Acetylation of 9. 9 (129 mg) was acetylated in the usual
manner. CC (silica gel, 5-3) yielded 5 mg colourless crystals, mp
112-115% TLC {S-3): R, 0.31, fluorescence at 366 nm, grey with
anisaldehyde; IR v, cm ™1 1730 {C=0), 1670 (C=0) UV i,
{log £) 247 (4.22), 287 (3.94), 327 (3.85); '"H NMR: 51.89 (3H,d, J
= 5.0 Hz, Me-10), 2,33 (3H, s, Me-Ac), 406 (3H, 5, MeQ),
6.13-662 2H, m, H-§ H-9) 7.12 (I1H, 4, J = 1.5 Hz, H.-), 742
(2H, dm, J = 8.5 Hz, H-3' H-5'), 7.71 (1H, d, 1.5 Hz, H-4), 806
(2H, dm, J = 8.5 Hz, H-2" H-6") 10.35 (1H, s, H-aldehyde); MS§
m/z (rel. int.): 350446, M%), 309 (18), 308 (100), 307 (11), 293 {5),
277(3).221 (3).207 {3}, 189(2), [ 78 (5), 165 (6}, 152 {31 121 (7} 115
(2), 58 (5), 43 (35).

3-Hydroxymethyl-2-(4-hydroxyphenyl }-1-methoxy-5-(E)-
propenylbenzafuran by reduction of 9. A soln of 9 {Smg,
0.0162 mmol}in 2 mi EtOH was graduaily added to a stirred soin
of NaBH, (20 mg) in 1 ml EtOH, The mixture was stirred for
20 hr at room temp. H,0 {20 ml) and some drops of HOAc were
then added and the mixture extracted with ¢-butyl Me ether (4
% 20 ml). The combined extracts were dried {Na,50,) and
evapd. CC (silica gel, $-5) produced 2.9 mg colourless crystais, mp
221-223% TLC 84k R, = 0.1], brown with anisaldehyde, no
fluorescence; IR v, cm™': 3520, 3430, 3250, 1610, 1595;
UVA,,, (logey 225 (4.37), 266 (4.61), 274 (4.58, sh), 295 (4.48);
+ NaOH: 238 (4.46), 273 (442}, 317 {4.54); 'H NMR: 61.87 {3H,
br d, J = 50 Hz, Me-10), 402 (3H, 5, MeQ), 420, (IH, 1, J
= 5.5 Hz, CH,OH),4.84 (2H, d, J = 5.5 Hz, CH,OH), 6.13-6.60
{2H, m, H-8,H-9),6.95-7.08 {3H, m, H-3 H-5" H-6), 7.26 1H,4,J
= 13 Hz,7.79{2H,dm,J = 88 Hz, H-2  H-6'}, 8.73 (1 H, 5, OH};
MS my/z (rel. int.): 310 {100, [M]7 ) 309 (3, 294 (8}, 293 (16), 280
(55 261 (3), 221 (3), 207 (3), 189 (2), 178 (3), 165 (5), 121 (20), 115
{33 107 (2).

2-(4-Hydroxyphenyl)y5-(E}propenylbenzofuran (18). Colour-
less crystals (14 mg), mp 208-211°%; TLC (8-6): R, 0.20, grey with
anisaldehyde; IRv , cm™': 3420 (OH), 1610, 1595 UV
{loge) 225 {4.23}, 254 (4.31}, 290 (4.30), 305 (.31}, 319 {4.27), 332
{4.19, sh); + NaOH: 235 (4.31), 260 (4.17), 335 (4.39); 'HNMR:
&1.85 (3H, d, J = 5.1 Hz, Me-10), 6.00-6.37 (1H, m, H-9), 6.50
{1H,brd.J = 16 Hz, H-8),6.89-6.98 (3H,m), 7.2-7.4 (2H, m)}, 7.53
(IH, brs), .77 2H, dm, J = 9.0 Hz, H-2" H-6'}, 8.70 {1H, 5, OH};
HC NMR: see Table 3; MS m/z (relint.): 250 (100, [M]*), 249
(10}, 231 (3), 223 {10), 221 {11), 202 (5), 189 (2), 178 (4), 165 (6}, 149
{8), 128 {3), 121 {123, 107 {4}.

2-(2-Hydroxy-4-methoxyphenyl )-5-(E)-propenylbenzaofuran
(11) ( =ratanhiaphenol 1 [15]). Colourless crystals (77 mg), mp
182-184% TLC {S8-1) R, 0.59, brown-yellow with anisaldehyde;
IR vpux cm ' 3500 (OH, sharp), 1620, 1595, UV 4, (log £): 233
(4.36), 255 (4.34), 275 (4.26), 288 (4.25), 313 (4.37, sh), 320 (4.44),
327{4.37), 335 (4.39);, + NaOH: 245 (4.49), 282 (4.16), 293 {4.13),
350 {4.37); 'H NMR: 61.85 (3H, dd, J, = 5.9, 7, = 1.0 Hz, Me-
10), 3.80 (3H, s, MeQ), 6.00-6.38 (1H, m, H-9), 6.48 (AH, br d, J
= 16 Hz, H-8), 6.54-6.68 (2H, m), 7.20-7.54 (4H, m), 7.89 (1H, dm,
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J =9.0Hz), 9.25 (1H, s, OH); '*C NMR: see Table 3; MS m/z
(rel. int.): 280 (100, [M ] *), 265 (35), 253 (1), 251 (4), 237 (1), 209
(1), 181 (1), 165 (4), 151 (4), 140 (7).
2-(2-Hydroxy-4-methoxyphenyl) - 7-methoxy- 5-(E)-propenyl
benzofuran (12) ( = toltecol). Colourless crystals (20.3 mg), mp
101-102°; TLC (S-6x R, 0.40, grey-green with anisaldehyde;
IR v, cm™':3500 (OH, sharp), 1630, 1595, UV 4_, (log £): 232
(4.29), 267 (4.38), 289 (4.26), 316 (4.34), 324 (4.30, sh), 331 (4.26);
+ NaOH; 245 (4.43), 280 (4.28), 290 (4.17), 342 (4.30); '"HNMR:
61.85 (3H, brd, J = 5.0 Hz, Me-10), 3.80 (3H, 5, MeO), 4.03 (3H,
s, MeO), 6.00-6.55 (2H, m, H-8,H-9), 6.57-6.68 (2H, m), 6.92 (1H,
d,J = 1.5Hz2),7.12(1H,d,J = 1.5 Hz), 7.24 (1H,s), 7.88 (1H, br d,
J = 9.4 Hz), 9.26 (1H, s, OH), '*C NMR: see Table 3; MS m/z
(rel. int.): 310 (100, [M]*), 295 (12), 281 (1), 267 (1), 251 (3), 178
(3), 165 (9), 151 (9), 115 (9), 77 (7).
2-(4-Hydroxyphenyl)-7-methoxy-5-(E)-propenylbenzofuran
(13). Colourless crystals (25 mg), mp 177-179°; TLC (S-6): R,
0.26, grey with anisaldehyde; IR v, cm™': 3330 (OH), 1610,
1595, UV 4, (log &): 225 (4.34), 266 (4.47), 295 (4.45), 305 (4.45),
317 (4.29,sh), +NaOH: 232 (4.39), 273 (4.31), 322 (4.49);
'HNMR: 185 (3H, brd,J = 5.0 Hz, Me-10), 4.02 (3H, 5, MeO),
5.98-6.30 (1H, m, H-9),6.45 (1H, brd,J = 16 Hz, H-8), 6.91-7.07
(5H, m), 7.75 (2H, dm, J = 8.8 Hz, H-2",H-6"), 8.69 (1H, s, OH);
13C NMR: see Table 3; MS m/z (rel. int.): 280 (100, [M] "), 279
(8), 265 (1), 253 (4), 237 (4), 221 (10), 207 (3), 194 (5), 165 (12), 121
9), 115 (12), 107 (1).
2-(2,4-Dihydroxyphenyl)-5-(E)-propenylbenzofuran (14).
Colourless crystals (90 mg), mp 181-184°; TLC (S-4): R, = 0.07,
brown-yellow with anisaldehyde; IR v, cm~': 3350 (OH),
1630, 1600; UV 4__ (log c): 233 (4.47), 256 (4.46), 275 (4.39), 288
(4.37), 314 (4.44,sh), 320 (4.48), 328 (3.98,sh), 335 (4.48);
+ NaOH: 240 (4.52), 256 (4.44, sh), 280 (4.29), 295 (4.27), 345
(4.53); '"HNMR: 61.83 (3H, br d, J = 5.1 Hz, Me-10), 5.99-6.50
(2H, m, H-8,H-9), 6.52-6.64 (2H, m), 7.11-7.51 (4H, m), 7.81 (1H,
d,J = 8.1 Hz), 8.63 (1H, s, OH), 9.17 (1H, s, OH); ' 3C NMR: see
Table 3. MS m/z (rel. int.): 266 (100, [M]* ), 265 (5), 251 (1), 237
(10), 223 (2), 197 (2), 181 (1), 165 (6), 152 (3), 137 (7), 128 (3), 123
(1), 115 4).
2-(2,4-Dihydroxyphenyl)y-7-methoxy-5-(E)-propenylbenzofuran
(15). Colourless crystals (72 mg), mp 172-174°; TLC (S-7): R,
0.21, grey-green with anisaldehyde; IR v, cm™': 3440 (OH),
3330 (OH), 1620, 1595, UV 4, (log £): 232 (4.39), 266 (4.45), 290
(4.36), 317 (4.43), 332 (4.36, sh); + NaOH: 239 (4.44), 275 (4.34),
342 (4.45); '"HNMR: §1.84 (3H, br d, J = 4.9 Hz, Me-10), 402
(3H, s, MeQ), 5.99-6.39 (1H, m, H-9), 642 (1H, brd, J = 16 Hz,
H-8), 6.52-6.61 (2H, m), 690 (1H,d, J = 1.5 Hz), 7.11 (1H, d, J
= 1.5 Hz), 7.22 (1H, s, H-3), 7.83 (1H, d, J = 8.5 Hz, H-6’), 8.61
(1H,s,OH),9.15 (1H, s, OH); ! *C NMR: sec Table 3; MS m/z (rel.
int.): 296 (100, [ M]*), 295 (5), 281 (2), 267 (3), 253 (5), 237 (7), 223
(1), 197 (1), 165 (3), 152 (4), 137 (6), 115 (4).
2-(4-Hydroxyphenyl)-5-(3- hydroxypropyl)-3-methylbenzo-
furan (16) (=olmecol). Colourless crystals (203 mg), mp
161-162°; TLC (S-5x R, 046, grey with anisaldehyde;
IR v, cm™':3420 (OH), 3130 (OH); UV 1, (log £): 242 (3.85),
280 (4.25, sh), 309 (4.37), 326 (4.18, sh); + NaOH: 323 (4.41);
'HNMR (CD,0D). §1.62-2.03 (2H, m, H-9), 2.35 (3H, 5, Me-3),
276 (2H, br t, J = 7.8 Hz, H-8), 3.60 (2H, ¢, J = 6.4 Hz, H-10),
4.84 (s, br, OH), 6.91 (2H, dm, J = 9.0 Hz, H-3' H-5), 6.99-7.10
(1H, m), 7.25-7.34 (2H, m), 7.61 (2H, dm, J = 9.0 Hz, H-2" H-6');
13C NMR: see Table 2; MS my/z (ret. int.): 282 (100, [M]*), 251
(1), 238 (73), 237 (51), 223 (8), 207 (3), 195 (4), 194 (3), 178 (3), 165
(10), 152 (3), 131 (2), 121 (2), 119 (4), 115 (4), 107 (2).
Erythro-1-(4-hydroxyphenyl)-2- [ 4- (E)- propenylphenoxy ]-
propan-1-ol (17). Oily substance (8.8 mg). TLC (S-6x R, 0.13,
grey-violet with anisaldehyde; [a]}; — 6.4° (c 0.44; McOH); CD
nm (Ae): 275 (—0.46), 222 (+ 1.20); IR vSHC: cm =1 3590 (OH),
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1615, 1595; UV, (loge): 218 (4.25, sh), 227 (4.06, sh), 260
{4.38), 269 (4.30, sh), 285 (3.67, sh), 297 (3.47, sh), 309 (3.27, sh),
+ NaOH: 259 (4.41) 269 (4.30, sh), 295 (3.67, sh), 309 (3.27, sh);
'HNMR: 61.22 (3H, 4, J = 64 Hz, H-9), 1.81 (3H, br d, J
=49 Hz, H-9'),4.29 (1H, d, J = 40Hz OH-7),4.49 (1H,dq, J,
=64,J, =40Hz H-8), 478 (1H, dd, J, = J, = 4.0 Hz, H-7),
5.85-6.20 (1H,m, H-8,6.31 (1H,brd,J = 16 Hz, H-7'),6.69—6.93
(4H, m), 7.18-7.38 (4H, m), 8.16 (1H, s, OH), '*CNMR: see
Table 4; MS m/z (rel. int.): 284 (13,[M]*). 162 (13), 161 (13), 134
(100), 133 (27), 123 (38), 115 (13), 105 (6), 91 (9), 77 (8).

Erythro-1-(4-hydroxyphenyl)-2-[2-methoxy-4-(E)-propenyl-
phenoxyl-propan-1-ol (18). Oil (17 mg). TLC (S4). R, 0.08,
grey-violet  with anisaldehyde; [«]p —11.6° (¢ 079
McOH), CD nm (Ag): 300 (—0.65), 250 (—1.10), 228 (+3.1)
IRvEHC em': 3590 (OH), 3500 (OH), 2950, 2870; UV 4,
(log €): 221 (4.37, sh), 259 (4.20), 266 (4.18, sh), 284 (3.85, sh), 301
(3.71, sh); + NaOH: 249 (4.33), 267 (4.25, sh), 295 (3.97, sh);
'"HNMR (400 MHz). 61.16 (3H, 4, J = 6.4 Hz, H-9), 1.83 (3H,
dd,J, = 6.6,J, = 1.4 Hz, H-9), 3.84 (3H, 5, Me0),4.15 (1H,d, J
= 4,0 Hz, OH-7), 440 (1H, dq, J, = 6.4,J, = 40 Hz, H-8), 4.80
(IH, dd, J, =J, = 40Hz, H-7), 6.17 (1H, dq, J, = 15.7, J,
= 6.6 Hz, H-8'), 6.35 (1H, dg, J, = 15.7,J, = 1.4 Hz, H-7), 6.78
(2H, dm, J = 8.6 Hz, H-3,H-5), 685 (1H, dd, J, =179, J,
=22 Hz, H-6'),694 (1H,d,J = 7.9 Hz, H-5'),7.04 (1H,d,2.2 Hz,
H-2), 7.22 (2H, dm, J = 8.6 Hz, H-2,H-6), 8.19 (1H, 5, OH);
13C NMR: see Table 4; MS m/z (relint): 314 (10,[M] *), 296 (5),
191 (6), 165 (11), 164 (100), 162 (8), 149 (10), 133 (8), 123 (8), 121
(6), 115 (7), 103 (9), 91 (10}, 77 (12).

Methylation of 18. To a soln of 1.4 mg 18 in dry Me,CO was
added 0.5 m] Mel and 25 mg dry K,CO;. The mixture was
refluxed for 20 hr, the solvent evapd and the residue purified by
CC (silica gel, S-3) to yield 0.9 mg oil. TLC (S-3): R, 0.23, violet
with anisaldehyde; [a]} —355° (¢ 009 MeOH)
IR vCHCL cm ~1: 3500; UV 4, (log e): 221 (4.4, sh), 259 (4.28),
267 (4.25, sh), 283 (3.80, sh), 292 (3.70, sh); + NaOH: unchanged;
'HNMR: 61.16 (3H, d, J = 64 Hz, H-9), 182 (3H, br 4, J
= 5.1 Hz, H-9'), 3.76 (3H, 5, MeO), 3.84 (3H, s, Mc0), 4.19 (1H, 4,
J = 40Hz, OH-7),4.27-4.52 (1H,m,H-8),482 (1H,dd,J, = J,
= 4.0 Hz, H-7), 5.90-6.44 (2H, m, H-7',H-8), 6.80-6.98 (5H, m),
7.35 (2H, dm, J = 9.0 Hz, H-2,H-6); ' *C NMR: see Table 4, MS
m/z (rel. int.); 328 (7, [M]*), 191 (3), 165 (12), 164 (100), 149 (5),
137 (14), 91 (5).

1-(4- Methoxyphenyl }-2-bromopropan-1-one. N-Bromosuccin-
imide 1.24g (0.007mol) was added to a soln of 1.04g
(0.0063 mol) p-methoxypropiophenone (EGA No. M 2480-9) in
dry CCl,. After addition of a few mg of 2,2'-azobisiso-
butyronitrile the mixture was carefully heated until the reaction
had started and then refluxed for 3 hr. The mixture was cooled,
filtered and evapd. CC (silica gel, S-8) yielded 0.891 g (597%)
colourless crystals, mp 66-67°; TLC (S-8): R, 0.20, orange with
2,4-dinitrophenylhydrazine; IRvEHChcm™': 1680 (C=O);
'HNMR: 61.83 (3H, d, J = 6.6 Hz, Me-9), 3.91 (3H, 5, MeO),
5.61 (1H, g,J = 6.6 Hz, H-8), 7.06 (2H, dm, J = 9.0 Hz, H-3,H-5),
8.06 (2H, dm, J = 9.0 Hz, H-2,H-6); MS m/z (rel. int.): 244 ( < 1),
242 (< 1, [M]*) 136 (6), 135 (100), 107 (2), 92 (6), 77 (9).

1-(4-Methoxyphenyl)-2-[ 2-methoxy-4-(E)-propenylphenoxy }-
propan-1-one. The Na salt of iso-eugenol (0.3 g, 1.60 mmol) was
added to a stirred soln of 1-(4-methoxyphenyl)-2-bromopropan-
1-one (0.34 g, 1.40 mmol) in dry DMF (3 ml). After being stirred
for 28 hr at room temp. the mixture was diluted with H,O (5 ml)
and extracted with t-butyl Me cther (4 x S ml). The combined
extracts were washed with 0.2N aq. NaOH, H,0, dried
(Na,SO,) and evapd. CC (silica gel, S-8) yiclded 0.412 g (90%)
oily product. TLC (S-9): R, 0.16, violet with anisaldehyde.
IR vEHC cm ~ 1: 1685 (C=0), '"HNMR:51.58 3H,d,J = 6.6 Hz,
Me-9), 1.80 (3H, d, J = 5.1 Hz, Me-9), 3.82 (3H, s, McO), 3.88
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(3H, 5, McO), 5.58 (1H, q, J = 6.6 Hz, H-8), 5.82-6.17 (1H, m, H-
8'), 6.28 (1H, br d, J = 16 Hz, H-7'), 6.75-6.77 (2H, m), 6.97-7.11
(3H, m), 8.13 (2H, dm, J = 9.3, ), = 2.0 Hz, H-2, H-6); MS m/:z
(rel.int.): 326 (54, [M 17, 191 (39), 164 (26), 163 (29), 162 (16), 136
(9), 135 (100), 115 (6), 107 (10), 91 (10), 77 (14).

Erythro- | - (4-methoxyphenyl)- 2-_ 2-methoxy-4-(E)- propeny!-
phenoxy]-propan-1-ol. A soln of ketone (0.129 g, 0.396 mmol), in
dry Et,0 (9 ml), was added dropwise to a stirred suspension of
LiAlH, (0.220 g, 5.80 mmol) in 13 ml Et,O. The mixture was
then refluxed for 24 hr. Excess LiAlH, was carefully destroyed by
addition of HOAc/ice and finally diluted with H,0, acidified
(10% HCl) and extracted with Et;O. The combined Et,O
extracts were washed (1 N aq. NaOH; H,0), dried (Na,SO,)and
evaporated. CC (silica gel, 8-7) afforded 27 mg oil. TLC, IR, UV,
'HNMR, MS identical with methylation product of 18.
13C NMR: see Table 4.

2,3-Trans-3,4-cis-4,5-cis-2,5-bis-(4-hydroxyphenyl)-3,4-di-
methyltetrahydrofuran (19). Colourless crystals (18 mg), mp
158-162°; TLC (S-4): R, 0.05, bright violet with anisaldehyde;
[« +78° (¢ 0.142; McOH); CD nm (Ae; 230 (+109);
IRv_, cm™':3360 (OH), 1620, 1600; UV 1 _,, (log &). 228 (4.29),
277 (3.56), 283 (3.47, sh), + NaOH: 247 (4.37), 292 (3.64), 340
(3.20); *H NMR: 50.57 (3H, d, J = 7.0 Hz, Me4),0.96 (3H,d, J
= 6.6 Hz, Me-3), 2.20-2.83 (2H, m, H-3, H-4), 460 (1H, 4, J
= 9.3 Hz, H-2), 5.40 (1H, d, J = 4.1 Hz, H-5), 6.75-6.86 (4H, m),
7.13-7.32 (4H, m), 8.12 (1H, 5, OH), 8.19 (1H, s, OH); 1*CNMR:
see Table 5; MS m/z (rel. int.): 284 (5, [M] "), 163 {11}, 162 (100),
148 (7), 147 (71), 134 (7}, 133 (9), 121 (9), 114 (3), 107 (10).

2,3-Trans-3,4-cis-4,5-cis-5-(4-hydroxyphenyl }- 2-{4-hydroxy-3-
methoxyphenyl)-3,4-dimethyltetrahydrofuran (20). Oil (40.4 mg).
TLC (S-4): 0.16, violet with anisaldehyde; [a]} + 56° (c 0.358;
McOH); CD nm (Ae): 230 (+4.64); IR vSH cm ~': 3595 (OH),
3540 (OH), 1610, 1595; UV 4, (log e} 229 (4.33), 280 (3.78);
+NaOH: 248 (4.48), 293 (4.05; 'HNMR: 50.57 (3H, 4, J
= 7.0 Hz, Me-4), 0.97 (3H, 4, J = 6.3 Hz, Me-3), 2.22-2.67 2H,
m, H-3,H-4), 3.84 (3H, 5, McO),4.61 (I1H,d,J = 9.0 Hz, H-2), 543
(1H,d,J = 4.2 Hz, H-5), 6.74-6.95 (4H, m), 7.00-7.32 (3H,m), 7.39
(1H, s, OH), 8.13 (1H, s, OH);in CDCl;: 50.60 (3H, d, J = 6.8 Hz,
Me-4),0.98 (3H,d,J = 6.4 Hz, Me-3),2.22-2.67 (2H, m, H-3,H-4),
3.84 (3H, s, Me0), 4.63 (1H,d, J = 9.0 Hz, H-2), 543 (1H,d, J
=42Hz, H-5), 580 (< IH, br 5, OH), 6.68-6.93 (SH, m),
7.10-7.25 (2H, m); 13C NMR: see Table 5; MS m/z (rel. int.x 314
(36, [M] %), 229 (3), 192 (100), 177 (30), 164 (37), 163 (20), 162 (79),
161 (17), 160 (9), 151 (9), 148 (7), 147 (65), 146 (5), 145 (41), 137 (8),
134 (8), 133 (11), 132 (5), 131 (8), 129 (9), 124 (12), 121 (15), 117 (8),
107 (12).

2,3-Trans-3,4 cis-4,5-trans-5-(4-hydroxyphenyl }-2-(4-hydroxy-
3-methoxyphenyl}-3,4-dimethyltetrahydrofuran (21). Oil (6.2 mg).
TLC (S-4) R, 0.08, grey-violet with anisaldehyde; [a1} +3.7°,
{c 0.54; MeOH); CD: no effect; IR v$HCh em ™ ': 3590 (OH), 3540
(OH), 1630; UV A, (loge) = 228 (4.00), 277 (3.67), 310 (3.36,
sh); +NaOH: 248 (4.07), 296 (3.70), 337 (3.66);, 'HNMR:
4095-1.05 (6H, m, Me-3,Me-4);, 2.25 (2H, m, H-3,H-4), 385 3H, 5,
MeO), 440 (2H, br d, J = 6.7 Hz, H-2,H-5); 6.69-6.98 (4H, m),
7.06 (1H,d,J = 1.5 Hz),7.32 (2H, dm, J = 8.5 Hz); "*C NMR:see
Table 5; MS m/z {rel. int.): 314 (33, [M]7), 193 (6), 192 (49) 177
(13), 164 (9), 163 (18), 162 (100), 161 (11), 148 (9), 147 (82), 145(19),
137 (6), 134 (8), 133 (9), 129 (8), 124 (6), 121 (7), 107 (11).
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