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Abstract: Aldol condensation between phenylacetates and benzaldehydes affords 2,3-diaryl-3- 
hydroxypropanoates which are converted into pterocarpans via stepwise deprotection and cyclization in 
moderate to high yields. © 1999 Elsevier Science Ltd. All rights reserved. 
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I N T R O D U C T I O N  

Over the last few years pterocarpans, the second largest group of natural isoflavonoids, ~ have received 

considerable interest on account of their medicinal properties. These potent phytoalexins z are not only 

employed as antitoxins 3 but also display antifungal, 4"s antiviral 3 and antibacterial 6 properties. Recent synthetic 

endeavours towards pterocarpans comprise Heck arylation, 7,s the reduction and cyclization of the corresponding 

2'-hydroxyisoflavanones, 9 cycloaddition reactions of 2H-chromenes with 2-alkoxy-l,4-benzoquinones, ~°'H and 

1,3-Michael-Claisen annulation) z'13 Only two methods, i.e. asymmetric dihydroxylation of an isoflav-3-ene and 

subsequent 'hydrogenative cyclization') 4 and 1,4-benzoquinone cyclo- addition reactions utilizing chiral Ti(IV) 

complexes, ts'~6 permit enantioselective access to this class of compounds. We opted ~7 for a direct synthetic 

approach which is based on aldol condensation between phenylacetates and benzaldehydes with a view to 

expand the protocol to address the issue of stereocontrol at C-6a and C-11 a of the pterocarpan framework. 

RESULTS AND DISCUSSION 

The retro-synthetic sequence, 1 ~ 2 ~ 3 ~ 4+5, indicates the construction of the C6-C3-C 6 framework 

via aldol condensation between oxygenated phenylacetates 5 (C6-C2 fragment involving the D-ring) and 

benzaldehydes 4 (C6-C I fragment involving the A-ring) yielding 2,3-diaryl-3-hydroxypropanoates 3. 

Subsequent reduction and cyclization would then afford the pterocarpans, e.g. 1 (Scheme 1). 
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Protection/deprotection of the 2-hydroxyl group in 4 was a prerequisite for the construction ot'the B-ring of  the 

pterocarpan backbone. Thus, benzaldehydes of  type 4 were protected by a methoxymethyl (MOM) group, ~8 

which is labile in the presence of  Lewis acids such as tin tetrachloride (SnCl,). 19 

4 5 

R--  I - A  II a .16 .  , 

I R ! R 

10 

O) (2) 

° 

O HO" ":1" R 
HO 

(3) (4) (5) 

R = H, OMe; X = leav~g group 

Scheme 1 Retro-synthetic approach towards pterocarpans. 

The phenylacetates 8 and 9 were protected as t-butyldimethylsilyl ethers (TBDMS), because of their 

stability towards Lewis acids and potential for deprotection at a later stage) ° Since 2-hydroxy-4- 

methoxyphenylacetic acid is not commercially available, the requisite phenylacetate 8 was prepared via a 

thallium(Ill)nitrate (TTN) oxidative rearrangement 21 of  2-benzyloxy-4-methoxyacetophenone 6. Debenzylation 

of  compound 7 and silylation gave 8 in good yield (Scheme 2). Meo  
o 

(6) 

S c h e m e  2 Reagents and conditions." 

OBn 
M e O ~  L ..... 

v "OMe 

OTBDMS 

(7) 83% 

i) TTN, HCIO4, MeOH, rt; 
DMF, rt. 

(8) 7 4 %  

ii) H2/Pt, acetone, rt; iii) TBDMSCI, imidazole, 

Owing to the results reported for stereoselective aldol condensation between methyl ketones and 

aldehydes employing diisopropylethylamine and chiral boron triflates, n the amine base was first employed for 

generation of  the enolates. This system did not generate the required enolates, thus the hindered base, lithium 

diisopropylamide (LDA), z3'z4 was selected as the deprotonating agent. The efficiency of  this system to produce 

the trans-enolates 2s within 30 minutes at -78 °C was demonstrated by quenching with D20. Subsequent 

condensation between the ester enolates and the benzaldehydes 10 and 11 afforded the 2,3-diaryl-3- 

hydroxypropanoates 12-15 in moderate to good yields (67-78%) (Scheme 3). Since acid deprotection of  the 

MOM-group 2° led to decomposition, tin tetrachloride (SnC14), in the presence of benzenemethanethiol (BnSH) 

as nucleophile, was utilized as a selective deprotecting agent 19 affording the 2,3-diaryl-3- 
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benzylsulfanylpropanoates 16 -19 in 70-96% yield. 

These propanoates were smoothly converted to the corresponding 3-benzylsulfanylpropanol derivatives 

20-23 (77-97% yield) by reduction with lithium aluminium hydride (LiAIH4) in diethyl ether at room 

temperature. Under Mitsunobu cyclization conditions 26 [PPh3-diethylazodicarboxylate (DEAD)] compounds 20- 

23 were converted to the isoflavans 24-27 in excellent yields (81-93%). Subsequent cleavage of  the silyl ethers 

using tetrabutylammonium fluoride (TBAF) on silica 27 gave compounds 28-31 which were converted to the 

6a, lla-cis pterocarpans 32-35 in yields of 39-82% using the thiophilic Lewis acids, 

dimethyl(methylthio)sulfonium tetrafluoroborate (DMTSF) 2sa9 or silver trifluoromethanesulfonate 

(CF3SOsAg). s° 

R I OTI~DM S R : ~ f ~ O M O M  

~ O M e  + ~ H  

0 

(8) R1 = O M e  (10) R2f f iH 
( 9 ) R I  = H  ( I 1 ) R 2 = O M e  

R2-.,,,.j~,,~ O~ , . /OMe 

i ~ i i  • T" I1 , ] ,  OTBDMS 

3 3, 

M O ~ R I  

(12) RI = R2 = H; 78°/ .  
(13) R~ = OM¢, R2 = H; 76% 
(14)  RI = H,  R2 = O M e ;  67% 
(15) RI = R2 = OMe;  6 9 %  

R ~ . , ~  O ~ O M e  

~ DMS 

OH SBn ~t~..~,. .RL 

R 2 - , ~ 7  0 H _OH 

D, ~ D M S  

SBn ~ R  t 

(16)  RI = R2 = H; 9 6 % (20) Rl = R2 = H; 8 0 %  
(17)  RI = O M e ,  R2 = H; 8 3 %  (21) RI = O M e ,  173 = H; 97% 
(18) RI = H,  R2 ~ O M e ;  7 0 %  (22)  RI = H, R2 = OMe;  77% 
(19)  R1 = R2 = O M e ;  8 1 % (23) R1 = R2 = OM¢:  78% 

R 2 $ O 

iv IP 6 5 4 3 3' 

(24)  R~ = R2 = H; 8 1 %  
(25) R1 = OMe, ID = H; 93% 
(26) Ri = H, R2 = OMe; 82% 
(27) R1 = R2 = OMe; 86% 

V IP Vi I~ 6a 7 
2 I 8 

SBB ~ ~ R  t R t 

(28) RI = R2 = H; 9 6 % (32)  Rt = R2 = H; 8 2 %  
(29) Rt = OM©, R2 = H; 99% (33) Rt = OMe, 1~ = H; 39% 
(30) RI = H, R2 = OMe; 99% (34) RI = H, R2 = OM¢; 57% 
(31) RI = R2 = O M e ;  9 9 % (35) RJ = 17,2 = O M e ;  5 0 %  

Scheme 3 Reagents and conditions: i) LDA (1.1 eq.), Et20, -78°C, then benzaldehydes 10, 11, -78 to 0°C; ii) BnSH, 
SnCI4, CH2CI2, 0°C; iii) LiAIH4, Et20, rt; iv) PPh3, DEAD, rt; v) TBAF(silica), THF, rt; vi) AgOTf or DMTSF, 
CH2CI2, 0°C. 

The low degree of diastereoselectivity in the aldolisation step (Table 1) is in accordance with the results 

of Roush 3~ and Evans et  al. 32 using lithium as the counter-ion. 
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Table  I :  D i a s t e r e o s e l e c t i v i t i e s  a fo r  t he  c o n d e n s a t i o n  o f p h e n y l a c e t a t e s  8 a n d  9 w i t h  a l d e h y d e s  10 a n d  11. 

E n t r y  2 , 3 - d i a r y l p r o p a n o a t e  

A 12 

B 13 
C 14 

D 15 
a Determined by  I H  N M R 3 3  

threo (%)  erythro (%)  
64 

61 

77 

66  

d e ( % )  yield ( % )  

36  28 78 

39 22 76 

23 55 67  

34 32 69 

Table  2: 1H N M R  da ta  oft_he erythro- and threo-2,3-diaryl-3-hydroxypropanoates 12-15  in  CDCI3  at 300  M H z .  

Sp l i t t ing  p a t t e r n s  a n d  J - v a l u e s  ( in  H z )  are  g i v e n  in p a r e n t h e s e s ,  

12 13 14 15 
erythro threo erythro threo erythro threo erythro threo 

2-H 4.67 (d; 6.1) 4.54 (d; 10.0) 4.56 (d; 6.5) 4.46 (d; 10.0) 4.66 (d; 7.0) 4.51 (d; 10.0) 4.55 (d; 7.0) 4.45 (d; 10.0) 
5.64 5.69 5.74 5.65 5.69 5.59 5.66 5.55 

3-H (dd; 5.5, 6.1) (dd; 4.9, 10.0) (dd; 5.1, 6.5) (dd; 5.0, 10.0) (dd; 5.1, 7.0) (dd; 4.5, 10.0) (dd; 5.1, 7.0) (dd; 4.5, 10.0) 
C~-OH 3.30 (d; 5.5) 3.64 (d; 4.9) 3.27 (d; 5.1) 3.59 (d; 5.0) 3.11 (d; 5.1) 3.50 (d; 4.5) 3.11 (d; 5.1) 3.47 (d; 4.5) 
OCH2OCH3 5.20, 5.26 4.86, 4.98 5.20, 5.26 4.93, 5.03 5.18, 5.21 4.85, 4.96 5.18, 5.22 4.91, 5.02 

(2xd; 6.5) (2xd; 6.9) (2xd; 6.5) (2xd; 6.9) (2xd; 6.9) (2xd; 6.9) (2xd; 6.5) (2xd; 6.9) 
OCH2OC/(~ 3.51 (s) 3.40 (s) 3.51 (s) 3.41 (s) 3.51 (s) 3.39 (s) 3.50 (s) 3.40 (s) 

0.19, 0.22 0.20, 0.25 (2xs) 0.18, 0.22 0.20, 0.26 0.20, 0.24 0.21, 0.26 0.20, 0.24 0.23, 0.27 
SiCH~ (2xs) (2xs) (2xs) (2xs) (2xs) (2xs) (2xs) 
Bu t 0.99 (s) 1.05 (s) 0.98 (s) 1.05 (s) 1.00 (s) 1.05 (s) 1.00 (s) 1.06 (s) 

3.57, 3.78 3.70, 3.71 3.56, 3.77 3.71, 3.73 3.55, 3.77, 3.69, 3.70, 
I OCH~ 3.57 (s) 3.71 (s) (2xs) (2xs) (2xs) (2xs) 3.78 (3xs) 3.74 (3xs) 

7.07 6.94 7.07 6.95 
3'-H (dd; 1.1.8.1) (dd; 1.1, 8.5) (dd; 1.1, 8.5) (dd; l.l, 8. I) 6.69 (d; 2.2) 6.54 (d; 2.3) 6.68 (d; 2.2) 6.55 (d; 2.5) 

I- 7.19 (ddd; 7.12 (ddd; 7.19 (ddd; 7.12 (ddd; 
I 4 ' - H  1 .9 ,7 .1 ,8 .1)  1.9,7.1,8.5) 1.9,7.3,8.5) 1 .9 ,7 .0 ,8 .1)  . . . .  

5'-H 6.87 (ddd; 6.91 (ddd; 6.88 (ddd; 6.91 (ddd; 6.44 6.45 6.44 6.45 
1.1, 7.1, 7.4) 1.1, 7. I, 7.5) 1. I, 7.3, 7.5) 1.1, 7.0, 7.6) (dd; 2.2, 8.9) (dd; 2.3, 8.5) (dd; 2.2, 8.9) (dd; 2.5, 8.5) 

6'-H 7.06 7.39 7.05 7.37 6.98 (d; 8.9) 7.30 (d; 8.5) 6.99 (d; 8.9) 7.28 (d; 8.5) 
(dd; 1.9, 7.4) (dd; 1.9, 7.5) (dd; 1.9, 7.5) (dd; 1.9, 7.6) 
6.77 6.65 6.80 6.66 

3"-H (dd; I. 1, 8.1) (dd; 1.1, 8.1) 6.35 (d; 2.5) 6.22 (d; 2.2) (dd; 1.1, 8.1) (dd; 1.1, 8.0) 6.36 (d; 2.5) 6.24 (d; 2.5) 
4"-H 7.16 (ddd; 7.01 (ddd; _ _ 7.16 (ddd; 7.01 (ddd; _ _ 

1.9,7.1,8.1) 1.9,7.5,8.1) 1.9,7.5,8.1) 1.9,7.5,8.0) 
5"-H 6.96 (ddd; 6.79 (ddd; 6.55 6.36 --6~.97 (ddd; 6.79 (ddd; 6.55 ~6.37 

1.1, 7.1, 7.5) I.I, 7.5, %9) (dd; 2.5, 8.5) (dd; 2.2, 8.9) 1.1, 7.5, 7.5) 1.1, 7.5, 8.1) (dd; 2.5, 8.5) (dd; 2.5, 8.6) 
7.52 7.30 7.55 7.29 

6"-H (dd; 1.9, 7.5) (dd; 1.9, 7.9) 7.44 (d; 8.5) 7.23 (d; 8.9) (dd; 1.9, 7.5) (dd; 1.9, 8.1) 7.45 (d; 8.5) 7.24 (d; 8.6) 

A c e t y l a t i o n  o f  t he  t w o  d i a s t e r e o i s o m e r s  o f  12 led  to the  an t i c ipa ted  sh i f t ing  o f  t he  c a r b o n y l  b a n d  t o w a r d  

h i g h e r  f r e q u e n c y  (1730  c m l  to 1740 c m  ~), t h u s  imp l i ca t i ng  the  p r e s e n c e  o f  a n  i n t r a m o l e c u l a r  h y d r o g e n  b o n d  in 

the  a ldo l  p r o d u c t s .  T h e  erythro-acetate o f  12 d i s p l a y e d  an  i nc rease  in t he  3JL3- va lue  f r o m  6.1 to  8.0 Hz ,  w h i l e  

the  threo-acetate o f  12 s h o w e d  an  inc rease  f r o m  10.0 to 11.0 H z  thus  co r r e l a t ing  w i t h  the  p red ic t ed  

c o n f o r m a t i o n s  36  and  3 7  ( S c h e m e  4)  fo r  t he  ace ta tes  and  c o n f i r m i n g  the  i n t r a m o l e c u l a r  h y d r o g e n  b o n d  in a 

f a s h i o n  s im i l a r  to t he  o b s e r v a t i o n s  o f  St i les  et al. 33 

OAc OAc 

COOMe 

36 (threo) 37 (erythro) 
Scheme 4 N e w m a n  project ions for the acetylated erythro- and threo-propanoates 12. 

For  both conformat ions  02, 3 = 180 °, thus 3J2, 3 large. 
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Stereochemical assignment of the aldol diastereoisomers was thus effected by comparing the observed IH 

NMR coupling c o n s t a n t s  (3JL3 , Table 2) with the H-C2-C3-H dihedral angles of the predicted hydrogen bonded 

conformations. 33 Structures 38 and 39 (Scheme 5) represent the erythro product and display a H-C2-C3-H 

dihedral angle of 60 ° which is smaller than the corresponding average dihedral angle of the threo conformations 

40 and 41, hence leading to "small" (6-7 Hz) and "large" (ca. 10.0 Hz) 3J2, 3 values, respectively. 

H H 
O/  "'O O'" "O COOMe 

A r ~  OMe -- ~ M e O ~  H .L ~ ~ H  HH 

39 erythro 
38 

02, 3 = 60 °, thus 3J2, 3 small 

H H 
O/  "'O O'" "O COOMe 

40 41 
= 60 ° and 180°,thus 3J2, 3 02,3 large 

Scheme 5 Newman projections for the hydrogen bonded erythro- and threo-propanoates. 

The individual threo-(3J2,3 = 10.0 Hz) and erythro-(3J2.3 = 6.1-7.0 Hz) propanoates 12, 14 and 15 gave 

mixtures of threo- and erythro-3-benzylsulfanylpropanoates 16, 18 and 19, while both isomers of 13 afforded 

only the threo-3-benzylsulfanylpropanoate 17 (Table 4). A mixed SN1 / Sn2 mechanism is thus implied, the 

2,4-dioxygenated aromatic ring of compounds 14 and 15 leading to a stabilized incipient carbocation hence 

explaining the low diastereoselectivity of the 14/15 --~ 18/19 conversion (Table 3). 

Table 3: Diastereoselectivities of the BnSH/SnC14 thiolysis/deprotection of MOM-ethers 12-15. 

Entry 3-benzylthio- threo (%) erythro(%) 
propanoate 

A 16 87 13 
B 17 100 0 
C 18 77 23 
D 19 52 48 

de (%) total yield (%) 

74 96 
100 83 
54 70 
4 81 

Scheme 6 represents the possible conformations of the cis- and trans-4-benzylsulfanylisoflavans 24-27. 

~H NMR spectra (Table 6) of the isomeric pairs display small coupling constants between H-3 and H-4 (3J3.4 
3.5-4.0 Hz), as well as between H-3 and H-2eq (3J2eq, 3 = 3.0-4.8 Hz). One of the isomers, however, exhibits a 
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Table 4: IH NMR data of the erythro- and threo-3-benzylsulfanyl-2,3-diaryl-3-hydroxypropanoates 16-19 in 
CDCI3 at 300 MHz. Splitting patterns and J-values (in Hz) are given in parentheses. 

16 17 18 19 
erythro Threo threo erythro threo erythro Threo 

2-H 4.46-4.63 (m) 4.70 (d; I 1.0) 4.70 (d; 11.0) 4.38-4.55 (m) 4.61 (d; 10.9) 4.40-4.51 (m) 4.58 (d; 10.5) 
3-H 4.70-4.89 (m) 4.86 (d; 11.0) 4.77 (d; 11.0) 4.66-4.87 (m) 4.81 (d; 10.9) 4.59-4.74 (m) 4.70 (d; 10.5) 

- -  3.27, 3.39 3 .55 ,  3.66 3.55, 3.65 3.29, 3.42 3.53. 3.62 3.29, 3.41 3.51, 3.61 
A~HzS (2xd; 13.0) (2xd; 13.0) (2xd; 12.9) (2xd; 14.5) (2xd; 13.0) (2xd; 13.1) (2xd; 13.0) 
SiCH~ 0.26, 0.34 (2xs) 0.22 (2xs) 0.24 (2xs) 0.26, 0.34 (2xs) 0.22 (2xs) 0.26, 0.34 (2xs) 0.23 (2~) 

Bu t 1.07 (s) 1.06 (s) 1.06 (s) 1.08 (s) 1.06 (s) 1.06 (s) 1.05 (s) 

OCH3 3.40 (s) 3.70 (s) 3.67, 3.70 (2xs) 3.43, 3.82 (2xs) 3.69, 3.71 (2xs) 3.42, 3.80, 3.82 3.68, 3.69, 3.72 
(3xs) (3xs) 

3'-H 6.84-7.05 (m) 6.73-6.82 (m) 6.75 (dd; 1.1, 8.0) 6.55 (d; 2.9) 6.34 (d; 2.9) 6.54 (d; 2.9) 6.34 (d; 2,9) 
6.99 7.04 

4'-H 6.84-7.05 (m) (ddd; 1.9, 7.2, 8.0) (ddd; 1.9, 7r 1, 8.0) . . . .  
6.61 6.65 

5"H 6.84--7.05 (m) (ddd; 1.1, 7.2, 7.5) (ddd; t.I, 7.1, 7.2) 6.51 (dd; 2.9, 8.1) 6.16 (dd; 2.9, &5) 6.51 (dd; 2.9, 8.9) 6.37 (dd; 2.9, 8.9) 

6'-H 7.16-7.32 (m) 6.73-6.82 (m) 6.79-6.86 (m) 7.16-7.31 (m) 6.65 (d; 8.5) 7.19 (d; 8.9) 6.67 (d; 8.9) 
3"-H 6.84-7.05 (m) 6.62 (dd; 1.1, 8.0) 6.19 (d; 2.9) 6.86 (dd; 1. I, 8.0) 6.64 (dd; I. 1, 8.0) 6.42 (d; 2.2) 6.20 (d; 2.9) 

6.94 7.00 
7.02 

4"-H 6184-7.05 (m) (dad; 1.9, 7.2, 8.0) -- (dad; I. 1,711, (add; 1.9, 7.2, -- -- 
7.3) 8.0) 

6.80 
5"-H 6.84-7.05 (m) 6.73-6.82 (m) 6.35 (dd; 2.9, 8.5) 7.02-7.06 (m) (ddd; 1.1, 7.1, 6.49 (dd; 2.2, 8.5) 6.19 (dd; 2.9, 8.5) 

7.2) 
-6;-H 7".16-7.32 (m) 7.17-7.36 (m) 7.16-7.31 (m) 7.02-7.06 (m) 7.16-7.32 (m) 7.03-7.07 (m) 7.16-7.31 (m) 
AtOH 7.16-7.32 (m) 6.73-6.82 (m) 6.79-6.86 (m) 1 7.44 (m) 7.06 (m) 7.40-7.47 (m) 7.05-7.10 (m) 
,4rCH2S- 7.16-7.32 (m) 7.17-7.36(m) 7.16-7.31 (m) 7.16-7.31 (m) 7.16-7.32 (m) 7.20-7.27 (m) 7.16-7.31 (m) 

Table 5: IH NMR data of the erythro- and threo-2,3-diaryl-3-hydroxypropanols 20-23 in CDC13 at 300 MHz. 
Splitting patterns and J-values (in Hz) are given in parentheses. 

20  21 22  2 3  
Threo threo erythro threo erythro Threo 

2-H 3.91-4.06 (m) 3.82-4.01 (m) 3.70-3.82 (m) 3.89-4.02 (m) 3.61-3.71 (m) 3.77-3.96 (m) 
3-H 4.50 (d; 9.1) 4.47 (d; 9.1) 4.31 (d; 12.0) 4.40 (d; 8.9) 4.29 (d; 1 I. 1) 4.37 (d; 9.0) 
I-CH2 3.91-4.06 (m) 3.82-4.01 (m) 3.47-3.60 (m) 3.89-4.02 (m) 3.47-3.54 (m) 3.77-3.96 (m) 
C : O H  1.79-1.86 (m) 1.80-1.91 (m) 1.61 (m) 1.68-1.74 (m) 1.41-1.54 (m) 1.70-1.79 (m) 
ArCH 2 3.47, 3.60 (2xd; 3.46, 3.57 (2xd; 3.35, 3.47 (2xd; 3.46, 3.59 (2xd; 3.35, 3.47 (2xd; 3.44, 3.57 (2xd; 
S 13.0) 10.9) 13.5) 13.1) 13.5) 13.1) 
SiCH~ 0.22, 0.24 (2xs) I 0.23, 0.25 (2xs) 0.25, 0.30 (2xs) 0.2 I, 0.24 (2xs) 0.25, 0.30 (2xs) 0.22, 0.25 (2xs) 
Bu' i.04 (s) 1.03 (s) 1.01 (s) 1.02 (s) 1.01 (s) 1.02 (s) 
OCH3 - -  3.70 (s) 3.84 (s) 3.74 (s) 3.80, 3.84 (2xs) 3.71, 3.75 (2xs) 
Y-H 6.77 (dd; 1.1, 8.0) 6.79 (dd; 1.1, 8.1) 6.56 (d; 2.9) 6.36 (d; 2.9) 6.56 (d; 2.5) 6.38 (d; 2.9) 

7.06 7.08 4'-H . . . .  (ddd; 1.9, 7.1, 8.0) (ddd; 1.9, 7.1, 8.1) 

5'-H 6.69 6.71 6.54 (dd; 2.9, 8.1) 6.25 (dd; 2.9, 8.5) 6.49 (dd; 2.5, 8.5) 6.27 (dd; 2.9, 8.1) 
_ (ddd; 1.1, 7. I, 7.9) (ddd; 1. I, 7. I, 7.9) 

6'-H 6.86 (dd; 1.9, 7.9) 6.89 (dd; 1.9, 7.9) -7[09 (d; 8.1) -6.72 (d; 8.5) " 6.92 (d; 8.5) 6.74 (d; 8.1) 
3"-H 6.70 (dd; 1.1, 7.9) 6.28 (d; 2.5) 6.85 (dd; 1.1, 8.0) 6.71 (dd; l . l ,  8.1) 6.43 (d; 2.9) 6.29 (d; 2.5) 

7.01 7.16 7.03 
4"-H - -  - -  - -  (ddd; 1.9, 7.1, 7.9) (ddd; 1.9, 7.2, 8.0) (ddd; 1.9, 7.1, 8.1) 

5"'H ~ 6 . 7 5  6.91 6.77 6.53 (dd; 2.9, 8.0) 6.34 (dd; 2.5, 8.2) (ddd; 1.1, 7.1, 7.5) 6.32 (dd; 2.5, 8.1) (ddd; 1.1, 7.2, 7.5) (ddd; 1.1, 7.1, 7.1) 
6"-H 6.96 (dd; 1.9, 7.5) 6.82 (d; 8.1) 7.02 (dd; 1.9, 7.5) 6.94 (dd; 1.9, 7.1) 7.10 (d; 8.0) 6.81 (d; 8.2) 
ArOH 6.92-6.94 (m) 6.98-7.05 (m) 7.59-7.61 (m) 7.12-7.15 (m) 7.55-7.65 (m) 7.15-7.32 (m) 

7.07-7.12 (2H, m) ARCH2 7.16-7.33 (m) 7.15-7.32 (m) 7.07-7.12 (2H, m) 7.15-7.33 (m) 7.15-7.32 (m) 
S 7.24-7.31 (3H, m) 7.20-7.31 (3H m) 

large coupling between H-3 and = 11.5-11.8 Hz) and the other a small coupling = 3.0-3. I 

Hz). The small coupling between H-3 and H-4 eliminates 45 leaving 44 with its trans-diaxial benzylsulfanyl 

and phenyl groups as the preferred conformation 34 with a dihedral angle of ca. 60 ° between H-3 and both H-2~ 



T. G. van Aardt et al. / Tetrahedron 55 (1999) 11773-11786 11779 

and H-2ax. Both pairs of spectra also display W-coupling between H-4 and H-2eq (4J2eq, 4 = 1-2 Hz) which is only 

permitted for conformations 42 and 44. This data facilitated identification of the trans.isomers and thus 

differentiation of  the two isomers which could be extrapolated to determine the configuration of  structures 16- 

23 (Tables 4 and 5) and 28-31 (Table 7). 

R A O 3 H 2 
H : Hax 

~ eq 
BffS BnS 

H 4 " ~  2 ~  Heq -- -- H---~,f - 0  

SBn Hax Ar 

42 43 

03, 4 =60 ° 03, 4 =60 ° 
03,2a x = 180 ° 03,2ax = 60° 
03,2e q = 60 ° 03,2e q = 60 ° 
W-coupling between H-2eq and H-4 

Ar 

H ~ _ ~ O  

H ~  2 ~ H e  q 

SBn Hax 

R ~-~ O 3 

BnS 

44 

Hax 

A r ~ , f  ~ 0  

H 

45 

03, 4 = 60 ° 
03,2a x = 60 ° 
03,2e q = 60 ° 
W-coupling between H-2eq and H-4 

Scheme 6 Possible conformationsforc~-and trans-isoflavans. 

03, 4 = 180 ° 
03,2a x = 180 ° 
03,2e q = 60 ° 

The reactivity of the diastereomeric compounds 16, 18 and 19 was the same in all instances and the 

6a , l l a - c i s  pterocarpans 32, 34 and 35 could be generated from both the 3,4-cts- and trans- 

benzylsulfanylisoflavans, excluding trans-28 which was not isolated, in comparable yields. This presumably 

reflects a thermodynamically controlled SN1 cyclization mechanism. We cannot, however, explain the low 

yield of  formation of the pterocarpan 33. 

We have thus developed a novel synthetic route towards pterocarpans. This protocol should contribute 

substantially towards the chemistry of  pterocarpans and has the potential to address the stereoselective synthesis 

of these compounds, a process which is currently being pursued and will be reported elsewhere. 
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Table 6: tH N M R  data of  the cis- and trans-4-benzylsulfanylisoflavans 24 - 27 in C D C I  3 at 300 MHz. Splitting 
patterns and J-values (in Hz) are given in parentheses. 

2-tl., i 

4-H 
SiCH~ 

ocH, 

ArCHzS 

5-H 

6-H 

7-H 

8-H 
-~'-ti 

4'-H 

5'-H 

6'-H 
ArCH2S 

24 
C/s 
4.41 
(ddd; 2.0, 3.0, 10.5) 
4.77 (dd; 10.1, 11.5) 
3.93 
(ddd; 3.0, 3.5, 11.5) 
4.24 (dd; 2.0, 3.5) 
0.2 I, 0.34 (2xs) 
0.89 (s) 

2.71, 3.01 
(2xd; 13.1) 
7.05-7.16 (m) 
7.05-7.16 (m) 

7.05-7.16 (m) 

6.79-6.85 (m) 

6.88-6.95 (m) 

7.05-7.16 (m) 

6.79-6.85 (m) 

6.88-6.95 (m) 
7.20-7.32 (m) 

25 
cis 
4.38 
(ddd; 2. I, 3.1, 10.1) 
4.74 (dd; 10.1, 11.8) 
3.86 
(ddd; 3.1, 3.9, 11.8) 
4.19 (dd; 2.1, 3.9) 
0.23, 0.36 (2xs) 
0.88 (s) 
3.85 (s) 
2.79, 3.10 
(2xd; 13.1) 
7.08-7.35 (m) 
6.79-6.91 (m) 

6.79-6.91 (m) 

6.79-6.91 (m) 

6.52 (d; 2.9) 

6.65 (dd; 2.9, 8.5) 

7.14 (d; 8.5) 

7.08-7.35 (m) 

c b  
4.39 
(ddd; 2.0, 3.0, 10.1) 
4.75 (dd; 10.1, 11.8) 
3.90 
(ddd; 3.0, 3.8, 11.8) 
4.20 (dd; 2.0, 3.8) 
0.2 I, 0.34 (2xs) 
0.88 (s) 
3.76 (s) 
2.67, 2.96 
(2xd; 13.1) .... 
6.80 (d; 8.2) 

6.43 (dd; 2.9, 8.2) 

6.35 (d; 2.9) 

6.91 (dd; I.I, 8.0) 

7.1 I-7.18 (m) 

7.06 
(ddd, 1.1, 7.2, 7.5) 
7.11-7.18 (m) 

7.18-7.32 (m) 

26 
t r a m  
4.26 
(ddd; I.I, 4.5, 10.9) 
4.57 (dd; 3.0, 10.9) 
3.87 
(ddd; 3.0, 4.0, 4.5) 
4.08 (d; 4.0) 
0.34, 0.35 (2xs) 
1.07 (s) 
3.78 (s) 
3.69, 3.80 
(2xd; 12.9) 
7.20-7.28 (m) 

i 
6.53 (dd; 2/8, 8.8) 

6.37 (d; 2.8) 
6.76-6.90 (m) 
7.13 
(ddd; 2.2, 6.2, 8.0) 

6.76-6.90 (m) 

6.76-6.90 (m) 
7.20-7.28 (m) 

27 
C/S 
4.34 
(ddd; 2.0, 3,0, 10.1) 
4.71 (dd; 10.1, 11.9) 
3.82 
(ddd; 3.0, 3.9, 11.9) 
4.14 (dd; 2.0, 3.9) 
0.22, 0.34 (2xs) 
0.88 (s) 
3.76, 3.84 (2xs) 
2.75, 3.05 
(2xd; 13.1) 
6.78 (d; 9.0) 
6.42 (dd; 2~-5, 9.0) 

6.34 (d; 2.5) 
6.50 (d; 2.8) 

6.62 (dd; 2.8, 8.5) 

7.11 (d; 8.5) 
7.14-7.32 (m) 

trart~ 
4.24 
(ddd; 1.1, 4.8, 10.9) 
4.56 (dd; 3.1, 10.9) 
3.77 
(ddd; 3.1, 3.9, 4.8) 
4.05 ~;3 .9)  
0.35, 0.36 (2xs) 
1.07 (s) 
3.76, 3.78 (2xs) 
3.70, 3.80 
(2xd; 13.0) 
7.20-7.30 (m) 

6.53 (dd; 2.8, 8.5) 

6.38(d; 2.8) 
6A6 (d; 2.5) 

6.36 (dd; 2.5, 8.5) 

6.74 (d; 8.5) 
7.20-7.30 (m) 

Table 7: ~H N M R  data of  the cis- and trans-2'-hydroxy-4-benzylsulfanylisoflavans 28 - 31 in CDC13 at 300 
MHz. Splitting patterns and J-values (in Hz) are given in parentheses. 

2-th 

2-I-I,x 

3-H 

4-H 
ocH3 
AtCHzS 

5-H 
6-H 
7-H 
8-H 
3'-H 

4'-H 

5'-H 

6'-H 
AtCH2S 
At-OH 

28 29 3 0  31 
Cis cis cis Warts cis trans 
4.44 
(ddd; 2.0, 3.0, 10.5) 
4.76 (dd; 10.5, 11.8) 
3.96 
(ddd; 3.0, 4.0, 11.8) 
4.27 (dd, 2.0, 4.0) 

2.85, 3.08 
(2×d; 13.0) 
7.1 I-7.16 (m) 
6.80-6.89 (m) 
6.80-6.89 (m) 
6.96-7.00 (m) 
6.80-6.89 (m) 

7.11-7.16 (m) 

7.03-7.10 (m) 

7.1 I-7.16 (m) 
7.20-7.33 (m) 
5.37-5.51 (m) 

4.39 
(ddd; 2.1, 2.9, 10.5) 
4.72 (dd; 10.5, 11.5) 
3.85 
(ddd; 2.9, 4.9, 11.5) 
4.19 (dd; 2.1, 4.9) 
3.84 (s) 
2.92, 3.17 
(2xd; 13.0) 
7.08-7.19 (m) 
6.79-6.86 (m) 

6.79-6.86 (m) 
6.92-6.97 (m) 
6.46 (d; 2.5) 

6.61 (dd; 2.5, 8.5) 

7.08-7.19 (m) 
7.08-7.34 (m) 
5.38-5.44 (m) 

4.41 
(ddd; 2.0, 3.0, 10.1) 
4.75 (dd; 10.1, 11.5) 
3.92 
(ddd; 3.0, 4.0, 11.5) 
4.22 (dd; 2.0, 4.0) 

3.76 (s) 
2.81, 3.05 
(2xd; 13.1) 
6.88 (d; 8.5) 
6.46 (dd; 2.8, 8.5) 

6.36 (d; 2.8) 
6.86 (dd; 1.0, 7.9) 

7.10-7.14 (m) 

7.05 
(ddd; 1.0, 7.2, 7.5) 
7.10-7.14 (m) 
7A9-7.32 (m) 
5.16 (m) 

4.40 
(ddd; 1.1, 5.1, I1.0) 
4.61 (dd; 3.1, 11.0) 
3.74 
(ddd; 3.1, 5.1, 5.1) 
4.14 (d; 5.1) 
3.78 (s) 
3.73, 3.84 
(2xd; 13.0) 
7.21 (d; 8.5) 
6.50 (dd; 2.5, 8.5) 

6.39 (d; 2.5) 
6.81 (dd; 1.1, 7.8) 
7.14 
(ddd; 1.9, 7.2, 7.8) 
6.86 
(ddd; 1.1, 7.2, 7.8) 
7.07 (dd, 1.9, 7.8) 
7.21-7.31 (m) 
5.16 (m) 

4.37 
(ddd; 2.0, 3.0, 10.5) 
4.72 (dd; 10.5, 11.5) 
3.82 
(ddd; 3.0, 4.0, 11.5) 
4.16 (dd; 2.0, 4.0) 
3.76, 3.84 (2×s) 
2.90, 3.14 
(2xd, 13.0) 
6.86 (d; 8.5) 
6.46 (dd; 2.5, 8.5) 

6.35 (d; 2.5) 
6.46 (d; 2.5) 

6.60 (dd; 2.5, 8.5) 

7.13 (d; 8.5) 
7.14-7.33 (m) 
5.48-5.60 (m) 

4.35 
(ddd; 1.1, 5.5, 10.9) 
4.57 (dd; 3.0, 10.9) 
3.65 
(ddd; 3.0, 5.0, 5.5) 
4.06 (d; 5.0) 
3.76, 3.78 (2xs) 
3.73, 3.82 
(2xd; 13.1) 
7.21 (d; 8.5) 
6.50 (dd; 2.5, 8.5) 

6.40 (d; 2.5) 
6.40 (d; 2.5) 

6.41 (dd, 2.5, 9.0) 

6.9¢~ (d; 9.0) 
7.20-7.31 (m) 
5.35-5.41 (m) 

E X P E R I M E N T A L  

~H NMR spectra were recorded at ambient temperature on a Bruker AM-300 spectrometer for solutions in 

C D C I  3 and C6D6 with the solvent as internal standard. Infrared spectra were recorded in C H C I  3 o n  a Hitachi 

infrared model 270-50 spectrophotometer. High and low resolution EI-mass spectra were obtained on a VG 70- 

70E mass spectrometer. M.p.s. (crystals from Me2CO) were measured on a Reichert hot-stage apparatus and are 

uncorrected. Thin layer chromatography (TLC) was performed on DC-Alufolien Kieselgel 60 F254 ( 0 . 2 5  ITlm) 
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plates with visualisation by UV light and/or HCHO-H2SO 4 spray. Preparative plates (PLC), Kieselgel PF254 (1.0 

mm), were air-dried and used without prior activation. Flash column chromatography (FCC) was performed on 

Merck Kieselgel 60 (230-400 mesh) under a positive pressure by means of compressed N 2. 

2-Benzyloxy-4-methoxyaeetophenone 6 

To a suspension of Nail (2 eq., 80%, 462.1 mg) in dry DMF (50 ml) at 0°C, 2-hydroxy-4- 

methoxyacetophenone (2.00 g) was added in small portions over 20 min. After 5 min. benzyl chloride (4 eq., 

5.5 ml) was added dropwise. The reaction was stirred at 25°C for 3 h and the excess Nail was destroyed with 

ice. The mixture was extracted with EtOAc (3x50 ml), the combined EtOAc extract was washed with water 

(3x50 ml), dried (Na2SO4), evaporated to dryness and purifiedby FCC in benzene to give 6 as a yellow oil; 2.68 

g, Rf 0.24 (TLC/benzene), (87%); ~H NMR (CDC%) d 2.58 (COCH~, s), 3.86 (OCH~, s), 5.16 (OCHzAr, s), 6.54 

(3-H, d, J = 2.1 Hz), 6.56 (5-H, dd, J = 2.1, 8.1 Hz), 7.35-7.49 (5xAr-H, m), 7.87 (6-H, d, J = 8.1 Hz). 

Methyl 2-benzyloxy-4-methoxyphenylaeetate 7 

2-Benzyloxy-4-methoxyacetophenone 6 (1.66 g) in MeOH (5 ml) was added dropwise to a solution of 

TTN (1 eq., 2.88 g) and 60% perchloric acid (6 ml) in MeOH (30 ml). After stirring at r.t. for 5 h the MeOH 

was decanted, water (50 ml) was added and the mixture extracted with CHCI 3 (3x100 ml). The combined 

chloroform extract was washed with water (2x100 ml), dried (Na2SO4), evaporated and purified by FCC in 

benzene-Me2CO (9:1) to give 7 as yellow oil 1.54 g, Rf 0.72 (TLC/benzene-Me2CO 9:1), (83%); IH NMR 

(CDCI3) 5 3.64 (ARCH 2, s), 3.66 (COOC//~, s), 3.80 (OCH3, s), 5.08 (OCH2Ar, s), 6.50 (5-H, dd, J = 2.2, 8.1 

Hz), 6.54 (3-H, d, J = 2.2 Hz), 7.14 (6-H, d, J = 8.1 Hz), 7.30-7.45 (5xAr-H, m). 

2-t-Butyidimethylsilyloxyphenylacetates 8 and 9 

Methyl 2-benzyloxy-4-methoxyphenylacetate 7 (1.54 g) in Me2CO (20 ml) was treated with 15% Pd/C 

(310 mg) and stirred under H 2 for 5 h. After filtering through celite ® the Me2CO was evaporated and the product 

purified by FCC in benzene-Me2CO (9:1) to give methyl 2-hydroxy-4-methoxyphenylacetate as a light yellow 

oil; 877 mg, Rf = 0.42 (TLC/benzene-Me2CO 9:1), (83%); ~H NMR (CDCI3) 8 3.64 (ARCH2, s), 3.76 (COOCH~, 

s), 3.77 (OCH~, s), 6.46 (5-H, dd, J = 2.2, 8.0 Hz), 6.51 (3-H, d, J = 2.2 Hz), 7.00 (6-H, d, J = 8.0 Hz), 7.64 

(OH, s). 

A solution of  the 2-hydroxyphenylacetate (6 mmol) in dry DMF (10 ml) was treated with imidazole (15 

mmol) and TBDMSC1 (9 mmol) and stirred at 25°C for 16 h. Et20 (50 ml) was added and the mixture was 

washed'with water (50 ml), brine (2x50 ml) and again with water (50 ml), dried (Na2SO4) , evaporated and 

separated by PLC. 

Methyl 2-t-butyldimethylsilyloxy-4-methoxyphenylaeetate 8; 1.67 g, (90%); Rf 0.71 (benzene-MezCO 

9:1) as a colourless oil; ~H NMR (CDCI~) d 0.26 [Si(CH3)2,s ], 1.01 (Bu', s), 3.57 (ARCH 2, s), 3.69 (COOCH 3, s), 

3.79 (OCHa, s), 6.42 (3-H, d, J = 2.2 Hz), 6.50 (5-H, dd, J = 2.2, 8.1 Hz), 7.11 (6-H, d, J = 8.1 Hz). 

Methyl 2-t-butyldimethylsilyloxyphenylaeetate 9; 1.68g, (100%); Rf 0.80 (benzene-Me2CO 9:1) as a 

light yellow oil; tH NMR (CDC%) 8 0.26 [SiCH3) 2, s], 1.02 (Bu t, s), 3.64 (ARCH z, s), 3.69 (COOCH 3, s), 6.83 

(3-H, dd, J = 1.1, 7.9 Hz), 6.93 (5-H, ddd, J = 1.1, 7.5, 7.5 Hz), 7.14-7.23 (2xAr-H, m). 

2-O-Methoxymethylbenzaldehydes 10 and 11. 
2-Hydroxybenzaldehyde (8 mmol) was added to a suspension of Nail (9.6 mmol) in dry THF (50 ml) at 

0°C. After 5 min chloromethyl methyl ether (8.8 mmol) was added dropwise. The excess Nail was destroyed 
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with ice, once the starting material was consumed (TLC). The mixture was extracted with EtOAc (3x50 ml) and 

the combined organic layer was washed with water (2x100 ml), dried (Na2SO~), evaporated and separated by 

FCC. 

2-O-Methoxymethylbenzaldehyde 10; 1.43 g, (90%); Rf 0.66 (TLC/benzene-Me2CO 9:1) as a dark 

orange oil; IHNMR (CDC13) 6 3.55 (OCH2OCH3, s), 5.33 (OCH2OCH3, s), 7.11 (5-H, ddd, J = 1.0, 7.0, 8.0 Hz), 

7.24 (3-H, dd, J = 1.0, 8.5 Hz), 7.56 (4-H, ddd, J = 1.9, 7.0, 8.5 Hz), 7.87 (6-H, dd, J = 1.9, 8.0 Hz), 10.53 

(CHO, s). 

2-O-Methoxymethyl-4-methoxybenzaldehyde 11; 1.77g, (94%); Re 0.60 (benzene-Me2CO 9:1) as a 

yellow oil; IH NMR (CDCI3) ~ 3.55 (OCH2OCH3, s), 3.89 (OCH3, s), 5.30 (OCH2OCH3, s), 6.63 (5-H, dd, J = 

2.2, 8.9 Hz), 6.73 (3-H, d, J = 2.2 Hz), 7.84 (6-H, d, J = 8.9 Hz), 10.35 (CHO, s). 

Aldol condensation of phenylacetates 8 and 9 with benzaldehydes 10 and 11. 

Diisopropylamine (1.1 mmol) in dry Et~O (lml) at 0°C was treated with n-BuLi (1.1 mmol). The LDA 

mixture was cooled to -78°C and the propanoates (1 mmol) in Et20 (1 ml) were added. After stirring for 30 min 

the aldehydes in Et20 (1 ml) were added. The mixture was stirred at -78°C for 1 h and then heated to 0°(2. After 

a further 2 h, phosphate buffer (pH 7.0) (30 ml) was added and the mixture was extracted with EtOAc (3x50 

ml). The combined EtOAc layer was washed with water (2x100 ml), dried (Na2SO4), evaporated and separated 

by PLC affording the desired aldol products 12-15. 

Erytkro- and threo-methyl 2-(2"-t-butyldimethylsilyloxyphenyl)-3-hydroxy-3-(2'-O-methoxy. 

methylphenyl)propanoates (12) (Table 1, Entry A); 348mg, (78%); de, 28%; 

erythro : Re 0.69 (benzene-Me2CO 9:1) as a light yellow oil; ~H NMR (CDCI3), Table 2. 

threo: Re 0.53 (benzene-Me2CO 9:1) as yellow needles (m.p. 113°); ~H NMR (CDC13),Table 2 ; IR (CHC13) 

2940, 1734(CO), 1494, 1268 cml; El-MS found (M+H+), 447.2201; C24H3sO6Si (M+H ÷) requires 447.2203. 

Erythro- and threo-methyl 2-(2"-t-butyldimethylsilyloxy-4"-methoxyphenyl)-3-hydroxy-3-(2'-O- 

methoxymethylphenyl)propanoates 13 (Table I, Entry B); 362mg, (76%); de, 22%; 

erythro : Re 0.42 (benzene-Me2C 95:5) as a light yellow oil; ~H NMR (CDC13), Table 2 .threo: Re 0.30 

(benzene-Me2CO 95:5) as yellow needles (m.p. 91°); ~H NMR (CDCI3), Table 2 ; IR (CHCI3) 3008, 1738(CO), 

1496, 1270 cmt; El-MS found (M+H*), 477.2261; C25H37078i (M+H ÷) requires 477.2260. 

Erythro- and threo-methyl 2-(2"-t-butyldimethylsilyloxyphenyl)-3-hydroxy-3-(2'-O-methoxy- 

methyl-4'-methoxyphenyl)propanoates 14 (Table 1, Entry C); 319mg, (67%); de, 55%; 

erythro : Re 0.63 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDC13) ,Table 2. 

threo: R e 0.50 (benzene-Me2CO 9:1) as white needles (m.p. 85°); IH NMR (CDC13, Table 2 ;IR (CHC13) 2936, 

1734(CO), 1494, 1260 cm'~; El-MS found (M+H+), 477.2258; C25H3707Si (M+H ÷) requires 477.2260. 

Erythro- and threo-methyl 2-(2"-t-butyldimethylsilyloxy-4"-methoxyphenyl)-3-hydroxy-3-(2'-O- 

methoxymethyl-4'-methoxyphenyl)propanoates 15 (Table I, Entry D); 349mg, (69%); de, 32%; 

erythro : Re 0.33 (benzene-Me2CO 95:5) as a yellow oil; IH NMR (CDC13) ,Table 2.  threo: Re 0.24 (benzene- 

Me2CO 95:5) as yellow needles (m.p. 64°); ~H NMR (CDC13) ,Table 2 ; IR (CHCI3) 2940, 1736(CO), 1494, 

1265 cm~; EI-MS found (M+H+), 507.2366; C26H39088i (M+H +) requires 507.2366. 

Cleavage of the 2'-MOM derivatives. 

The separated threo- and erythro-3-(2'-O-Methoxymethylphenyl)propanoates 12-15 (0.4 rnmol) in dry 
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DCM (5 ml) at -15°C were treated with BnSH (1.6 mmol) followed by SnCI 4 (0.6 mmol) under N 2 The reaction 

was stirred at -15°C for 15 min and then at 5°C for a further 15 min. Water (20ml) was added and the mixture 

was extracted with EtOAc (3x25 ml). The combined EtOAc layer was washed with water (3x50 ml), dried 

(Na~SO4), evaporated and separated by PLC yielding the 3-benzylsulfanylpropanoates 16-19. Each time both 

isomers gave within experimental deviation the same yield. 

Erythro- and threo-methyl 3-benzylsulfanyl-2-(2"-t-butyldimethylsilyloxyphenyl)-3-(2'-hydroxy- 

phenyl)propanoates 16 (Table 2, Entry A); 195mg, (96%); de, 74%; 

erythro: Rf 0.77 (benzene-Me2CO 9:1) as dark orange oil; ~H NMR (CDCI 3 , Table 4.threo : R~ 0.76 (benzene- 

Me2CO 9:1) as light yellow plates (m.p. 108°); ~H NMR (CDC13, Table 4 ;El-MS found (M+H~), 509.2183; 

C29H3704SIS (M+H ÷) requires 509.2182 

Threo-methyl 3-be•zy•s••fa•y•-2-(2•'•t-buty•dimethy•si•y••xy-`•''-meth•xyphe•y•)•3•(2'-hydr•xy- 

phenyl)propanoates 17 (Table 2, Entry B); 178mg, (83%); de, 100%; 1~ 0.23 (benzene) as white needles (m.p. 

129°); ~H NMR (CDCI3) ,Table 4 ; EI-MS found (M+H+), 539,2287; C30H3905SIS (M+H ÷) requires 539.2287. 

Erythro- and threo-methyl 3-benzylsulfanyl-2-(2"-t-butyldimethyisilyloxyphenyl)-3-(2'-hydroxy-4'- 

methoxyphenyl)propanoates 18 (Table 2, Entry C); 150mg, (70%); de, 54%; 

erythro" P~ 0.30 (benzene-Me2CO 9:1) as a light yellow oil; JH NMR (CDCI3) , Table 4 .threo : R~ 0.35 

(benzene) as white needles (m.p. 140°); tH NMR (CDCI3, Table 4; EI-MS found (M+H+), 539.2288; 

C30H3905SiS (M+H ÷) requires 539.2287. 

Erythro- and threo-methyl 3-benzylsulfanyl-2-(2"-t-butyldimethylsilyloxy-4"-methoxyphenyi)-3-(2'- 

hydroxy-4'-methoxyphenyl)propanoates 19 (Table 2, Entry D); 184 mg, (81%); de, 4%; 

erythro : Rf 0.27 (benzene) as a yellow oil; ~H NMR (CDC13), Table 4. 

threo : Rf 0.25 (benzene) as white needles (m.p. 160°); IH NMR (CDC13) , Table 4; EI-MS found (M+H+), 

569.2393; C31H4106SiS (M+H ÷) requires 569.2393. 

Reduction of the benzylsulfanyipropanoates 16-19. 

Benzylthiopropanoates 16-19 (0.4 mmol) in dry Et20 (5 ml) at 10°C were treated with an excess of 

LiA1H 4 for 10 min. The LiA1H4 was destroyed by the addition of moist EhO (20 ml) followed by aq. NH4C1 (20 

ml). The mixture was extracted with EtOAc (3x20 ml) and the combined organic layers washed with saturated 

NaHCO 3 (20 ml) and water (2x20ml), dried (Na2SO4), evaporated and separated by PLC. 

Threo-methyl 3-benzylsulfany•-2-(2''-t-butyldimethylsi•y••xyphenyl)-3-(2'-hydr•xy-phenyl)-pr•pan- 

1-ol 20; 153mg, (80%); Rf 0.44 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDC13) ,Table 5; EI-MS found 

(M+H÷), 481.2230; C28H3703SiS (M+H ÷) requires 481.2233. 

Threo-methyl 3-benzy•su•fany•-2-(2''-t-buty•dim•thy•si•y••xy-4''-m•th•xyph•ny•)-3-(2'-hydr•xy- 
phenyl)propan-l-ol 21; 198mg, (97%); Rf 0.52 (benzene-Me2CO 9:1) as a yellow oil; tH NMR (CDC13) ,Table 

5; EI-MS found (M+H÷), 511.2338; C29H3904SiS (M+H +) requires 511.2338. 

Erythro- and threo-methyl 3-benzylsulfanyl-2-(2"-t-butyldimethylsilyloxyphenyl)-3-(2'-hydroxy'4'- 

methoxyphenyl)propan-l-ol 22; 157mg, (77%); 

erythro: Rf 0.54 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDC13), Table 5. 

threo: Rf 0.54 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDCI3) , Table 5; El-MS found (M+H+), 

511.2336; C29H3904SiS (M+H ÷) requires 511.2338. 
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Erythro- and threo-methyi 3-benzylsulfanyl-2-(2"-t-butyldimethylsilyloxy-4"-methoxy-phenyl)-3- 

(2'-hydroxy-4'-methoxyphenyl)propan-l-o123; 168mg, (78%); 

erythro: Re 0.47 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDC13) ,Table 5. 

threo: Rf 0.47 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDC13, Table 5; EI-MS found (M+H÷), 

541.2443; C3oH4~O5SiS (M+H ÷) requires 541.2444. 

Synthesis of 4-benzylsulfanylisoflavans 24 - 27 

Benzylsulfanylpropanols 20-23 (0.2 mmol) in dry THF (2 ml) were treated with a solution of TPP-DEAD 

complex [TPP (2 mmol) and DEAD (1 mmol) in dry THF 1 ml] at 25°C for 4 h. After evaporation of the THF 

the mixture was redissolved in DCM and separated by PLC affording isoflavans 24-27. 

C/s-4-benzylsulfanyl-2'-t-butyldimethylsilyloxyisoflavan 24; 75 mg, (81%); Rf 0.78 (benzene) as white 

needles (m.p. 117°); tH NMR (CDCI3) ,Table 6; EI-MS found (M+H+), 463.2127; C2sHasO2SiS (M+H +) requires 

463.2127. 

C/s-4-benzylsulfanyl-2'-t-butyldimethylsilyioxy-4'-methoxyisoflavan 25; 91 mg, (93%); Rf 0.79 

(benzene) as white needles (m.p. 92°); tH NMR (CDC13) , Table 6; EI-MS found (M+H+), 493.2234; 

C29H3703SIS (M+H +) requires 493.2233. 

C/s- and trans-4-benzylsulfanyl-2'-t-butyldimethylsilyloxy-7-methoxyisoflavans 26; 80mg, (82%); 

c/s : Re 0.79 (benzene) as a yellow oil; ~H NMR (CDCI3), Table 6. 

trans : Rf 0.79 (benzene) as a yellow oil; ~H NMR (CDC13) , Table 6; El-MS found (M+H+), 493.2233; 

C29H3703SIS (M+H +) requires 493.2233. 

C/s- and trans-4-benzylsulfanyl-2'-t-butyldimethylsilyloxy-4',7-dimethoxyisoflavans 27; 89mg, 

(86%); 

c/s : Rf 0.68 (benzene) as a yellow oil; ~H NMR (CDC13), Table 6. 

teans : Rf 0.68 (benzene) as a yellow oil; ~H NMR (CDC13) , Table 6; El-MS found (M+H+), 523.2340; 

C30H3904SiS (M+H ÷) requires 523.2338. 

Cleavage of the 2'-TBDMS ethers 24-27. 

2'-t-Butyldimethylsilyloxyisoflavans 24-27 (0.2 mmol) in dry THF (5 ml) at 25°C were treated with 

TBAF suspended on silica (0.4 mmol) for 15 min. After the addition of moist THF (5 ml) the solvent was 

evaporated and the products separated by PLC affording isoflavans 28-31. 

c/s-4-Benzylsulfanyl-2'-hydroxyisoflavan 28; 66mg, (96%); Re 0.35 (benzene) as a light yellow oil; 1H 

NMR (CDCI3), Table 7; EI-MS found (M+H÷), 349.1260; C2zH2102 S (M+H +) requires 349.1262. 

c/s-4-Benzylsulfanyl-2'-hydroxy-4'-methoxyisoflavan 29; 74 mg, (99%); Rf 0.24 (benzene) as a light 

yellow oil; ~H NMR (CDC13) ,Table 7; El-MS found (M+H+), 379.1368; C23H2303 S (M+H ÷) requires 379.1368. 

c/s- and trans-4-Benzylsnlfanyi-2'-hydroxy-7-methoxyisoflavans 30; 74 mg, (99%); 

c/s : Rf 0.41 (benzene) as a yellow oil; ~H NMR (CDCI3) ,Table 7. 

trans : Re 0.41 (benzene) as a yellow oil; ~H NMR (CDCI3) ,Table 7; El-MS found (M+H÷), 379.1368; 

C23H230 3 S (M+H ÷) requires 379.1368. 

C/s- and trans-4-benzylsulfanyl-2'-hydroxy.4',7-dimethoxyisoflavans 31; 80 mg, (99%); 

c/s : Re 0.55 (benzene-Me2CO 9:1) as a yellow oil; JH NMR (CDCI3), Table 7. 

trans : Rf 0.55 (benzene-Me2CO 9:1) as a yellow oil; ~H NMR (CDCI3) ,Table 7; El-MS found (M+H+), 
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409.1473; C24H2504S (M+H ÷) requires 409.1474. 

Synthesis of pterocarpans 32-35. 

Cyclisation with DMTSF: 

2-Hydroxyisoflavan 29 (0.1 mmol) was dissolved in dry DCM (2 ml) and treated with DMTSF (0.15 

mmol) at -10°C for 1 hour. After the starting material was consumed (TLC) moist DCM (2 ml) was added, the 

solvent evaporated and the mixture was separated by PLC to yield the desired pterocarpans 32-35. 

(+)-6a,lla-cis-9-Methoxypteroearpan 33; 9 mg, (39%); Rf 0.53 (benzene) as white plates (m.p. 112°); 

~H NMR (C6D6) ~ 3.15 (6a-H, ddd, J = 5.1, 7.1, 11.0 Hz), 3.35 (OC/t~, s), 3.55 (6-Hax, dd, J = 11.0, 11.0 Hz), 

4.00 (6-Heq, dd, J = 5.1, 11.0 Hz), 5.30 (1 la-H, d, J = 7.1 Hz), 6.51 (8-H, dd, J = 2.1, 8.1 Hz), 6.65 (10-H, d, J = 

2.1 Hz), 6.83 (7-H, d, J -- 8.1 Hz), 6.95 (2-/3-H, ddd, J = 2.5.6.0, 7.5 Hz), 7.07-7.15 (2-/3-;4-H, m), 7.60-7.64 

(I-H, m); ~C NMR (CDCI3) 6 40.15 (C-6a), 55.92 (OCH3), 66.98 (C-6), 78.89 (C-1 la), 97.31, 106,88, 117.85, 

119.46, 120.50, 122.12, 125.19, 130.48, 131.47, 155.90, 161.05, 161.56; El-MS found (M+H+), 255.1021; 

CI6HI503 (M+H ÷) requires 255.1021. 

Cyelisation with AgOTf : 

2'-Hydroxyisoflavans 28, 30, 31 (0.1 mmol) were separately dissolved in dry DCM (2 ml) and treated 

with an excess of AgOTf. When no starting material could be detected on TLC, moist Me2CO (2 ml) was 

added, the solvent evaporated and the mixture was separated by PLC. 

(+) 6a,lla-cis-Pteroearpan 32; temp., 25°C; time, 16 h; 18 mg, (82%); Rf 0.75 (benzene) as white plates 

(m.p. 102°); ~H NMR (C6D6) 5 3.13 (6a-H, ddd, J = 5.0, 7.1, 11.0 Hz), 3.50 (6-Hax, dd, J = 11.0, 11.0 Hz), 3.96 

(6-Heq, ddd, J = 0.8, 5.0, 11.0 Hz), 5.23 ( l la-H, d, J = 7.1 Hz), 6.82 (2-/3-H, ddd, J = 1.0, 7.0, 7.0 Hz), 6.90- 

6.97 (3xAr-H, m), 7.04-7.14 (3xAr-H, m), 7.57-7.62 (lxAr-H, m); ~3C NMR (CDC13) 5 40.74 (C-6a), 66.74 (C- 

6), 78.01 (C-lla),  110.62, 117.85, 120.40, 121.37, 122.16, 125.15, 127.46, 129.64, 130.48, 131.52, 155.87, 

159.68; El-MS found (M+H+), 225.0918; CI5HI302 (M+H ÷) requires 225.0916. 

(±)-6a,lla-cis-3-Methoxypteroearpan 34; temp., 25°C; time, 2 h; 14mg, (57%); Rf 0.65 (benzene) as 

white needles (m.p. 90°); ~H NMR (C6D6) 5 3.14 (6a-H, ddd, J = 5.0, 7.0, 11.0 Hz), 3.31 (OCH~, s), 3.58 (6-Hax, 

dd, J = 11.0, 11.0 Hz), 3.99 (6-Heq, dd, J = 5.0, 11.0 Hz), 5.28 (1 la-H, d, J = 7.0 Hz), 6.68-6.72 (2-H; 4-H, m), 

6.81-6.87 (8-H, m), 6.92-6.98 (7-H; 10-H, m), 7.05-7.12 (9-H, m), 7.49-7.52 (I-H, m); ~3C NMR (CDCI3) 8 

40.54 (C-6a), 55.79 (OCH3), 66.76 (C-6), 78.11 (C-11a), 102.03, 109.63, 110.62, 112.66, 121.27, 125.12, 

127.54, 129.61, 132.31, 156.99, 159.77, 161.45; El-MS found (M+H+), 255.1022; CI6Ht503 (M+H ÷) requires 

255.1021. 

(4-)-6a,lla-cis-Homopteroearpin 35; temp.,0°C; time, 7 min; 14 mg, (50%); Rr 0.48 (benzene) as white 

needles (m.p. 125 °) (lit.,a'~ m.p. 123-125°); ~H NMR (C6D6) 5 3.15 (6a-H, ddd, J = 5.0, 7.0, 10.9 Hz), 3.33, 3.35 

(2xOCH3, 2 x s), 3.63 (6-Hax, dd, J = 10.9, 10.9 Hz), 4.03 (6-Heq, dd, J = 5.0, 10.9 Hz), 5.35 (I la-H, d, J = 7.0 

Hz), 6.54 (8-H, dd, J = 2.1, 8.0 Hz), 6.68 (10-H, d, J -- 2.1 Hz), 6.71 (4-H, d, J = 2.2 Hz), 6.71 (2-H, dd, J = 2.2, 

9.0 Hz), 6.86 (7-H, d, J = 8.0 Hz), 7.52 (I-H, d, J = 9.0 Hz); ~3C NMR (CDCI3) 5 39.94 (C-6a), 55.79 (3-OCH3), 

55.91 (9-OCH3), 67.00 (C-6), 78.99 (C-11a), 97.30, 102.02, 106.75, 109.58, 112.75, 119.53, 125.15, 132.24, 

157.02, 161.12, 161.43, 161.53; El-MS calcd for CtTH~70, (M+H ÷) 285.1127; found 285.1127. 
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