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Novel Isoflavan-Pterocarpan Interconversions : Some Structural 
Requirements for Cyclization 

By PIETER J. VAN DER MERWE, GERHARDUS J. H. RALL,* and DAVID G. Roux 
(Department of Chemistry, University of the Orange Free State, P.O. Box 339, Bloemfontein, 9300 Republic of South Afyica) 

Summary Photolyses of pterocarpans in methanol and in vans, respectively, and hence to 2’,4-dihydroxy-3,4- 
acetic acid solutions provide novel synthetic access to trans- analogues; easy, if not spontaneous, reversion of 
4-methoxy- and 4-acetoxy-2’-liydroxy-3,4-trans-isofla- both 4-methoxy- and 4-hydroxyisoflavans to pterocar- 



J.C.S. CHEM. COMM., 1978 225 

pans, compared with recalcitrant 2’-hydroxyisoflav-3- 
enes, indicates the significance of a suitable leaving group 
in the benzylic 4-position combined with a reduced 
heterocyclic ring at  C-3 in promoting cyclization. 

REDUCTIVE processes similar to those postulatedl for con- 
version of pterocarpans into ’2’-hydroxyisoflavans during 
isoflavonoid biosynthesisz are induced by fungi as part of a 
phytoalexin detoxification sequence.3~4 Feeding experi- 
ments have also implicated the existence of the reverse 
process by establishing the mutual interconversion of 
demethylhomopterocarpin (1) and the 2’-hydroxyisoflavan, 
vestitol (2) . 5  

The results lend support to the suggestion5 that a common 
intermediate exists in the biogenetic pathway linking (1) and 
(2). Proposals5~6 as to the nature of such intermediates 
include isoflav-3-enes, isoflavonoid quinone methides, and 
4-carbonium ions. We now report a novel photochemical 
ring opening of pterocarpans, chemical evidence favouring a 
carbonium ion mechanism via an isoflavan-4-01, and simi- 
larly based rejection of isoflav-3-enes as likely intermediates 
in pterocarpan biosynthesis. 

Although examples of natural isoflav-3-enes have been 
reported,’ our repeated attempts at  effecting conversions of 
the 2’-hydroxyisoflav-3-enes, (1 1) and (12) into pterocarpans 
in acidic media failed, presumably owing to the degree of 
strain involved in cyclization as is evident from molecular 
models. 

However, the first photochemical fission of the ll-lla 
C-0 bond of the pterocarpans (3)-(6) (at 300 nm in MeOH) 
gave the 3,4-trans-2’-hydroxy-4-methoxyisoflavans (7)-( 10) 
via zwitterion intermediates (cf. ref. 8) as relatively unstable 
compounds owing to their reversion to pterocarpans.? One 
of these (7) left in MeOH a t  ambient temperatures slowly 
reverts to (3), while a t  50 “C conversion is complete within 
1 h. Partial conversions (35-70%) were also obtained 
when (S), (9), and (10) were heated under the same condi- 
tions. As anticipated, these cyclizations to pterocarpans 
were enhanced dramatically in the presence of acid (3N 
HCl), running to completion within 30 min in all cases. 

Similar results were observed with the 3,4-trans-2’,4- 
dihydroxyisoflavans (13) and (14), obtained by photolysis of 
their pterocarpan analogues in AcOH-Me,CO (9: 1 v/v) and 
mild hydrolysis of the resultant 3,4-trans-4-acetoxy-2-, 
hydroxyisoflavans. $ Easy conversion of isoflavans into 

(15) R = M e  

pterocarpans, therefore, appears to be primarily dependent 
on a reduced heterocyclic ring (at C-3) and aneffective leaving 
group (hydroxy, alkoxy), or on the oxidative generation of 
a (hypothetical) quinone methide intermediate. 

In view of the ease of cyclization to pterocarpans, as 
demonstrated above, it seems unlikely that ‘2’-hydroxyiso- 
flavan-4-01s will be encountered as natural products. The 
reason for the existence of the hitherto only member of this 
group, (+)-amban01 (15),9 with the C-2’ functional group 
blocked by methylation, is self-evident.1° 
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f Satisfactory 1H n.m.r. spectra of these compounds and their O-acetates were obtained. 

$ The 3,4-trans-2’-O-methyl and/or their 2’-O-acetates gave satisfactory elemental analyses. Their 3,4-trans relative configuration 
follows from 1H n.m.r. (Bruker WP-80 instrument) spectrometry [e.g., 4-O-acetate of (14) gave 7(CDC13) 3.76 (4-H, d, Js,4 5-0 Hz), 6.39 
(3-H, m), and 5.55 (CH,, d)] in comparison with the 3,442s stereochemistry of (+)-amban01 acetate [r(CDCl,) 3.75 (4-H, m, Js,4 4, 

JZep,4 1.5 Hz), 6-19 (3-H, sextet, J2Qz,3 12.5. J3,4 4.0, J,eo,s 4.0 Hz), 5-70 (2eg-Hs octet, I Jpep,acrzl 10.5, Jaeg.3 3.5, 1.5 Hz), and 5-38 
(2,,-H, q, I J2e0,2eg I 10.5, JzQx 12.5 Hz)]. The assignments are in accordance with published data on isoflavan-4-01s (S. Yamaguchi, 
S. Ito, A. Nakamura, and N.’ Inoue, Bull. Chem. SOC. Japan, 1965, 38, 2187; S. Yamaguchi, K. Kabuto, Y. Ninomiya, and N. Inoue, 
ibid., 1970, 43, 3952). 
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