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AbetmU-“CNMR spectra of eight ptcrccatpanr are rcportcd. Assignments arc based on multiplicitrs and 
second-order features in off-resonance decoupled spectra and on chcmlcal shifrs in model compounds. (‘omparison of 
the degree of long-ran@ K. Ht couplmg in ‘H-coupled spectra is found uuful. 

Pfcrocarpans are found mainly in the heartwood of tro 
pical genera of the I.egumino~ae incl~jding some outside 
the sub-family Iotnideac. In other leguminous plants, 
pterocarpans are often found in the roots [e.g. in 
Neorctufdnertia’ and ~~n~~~~~~~~‘~. In plcrocarpan 
structure determinations extensive use hag been made of 
‘H NMR’.’ hut interpretation may not be straightforward 
and can be ambiguous, for example, in giving aromatic 
substitution patterns. It may be anticipated that the 
greater chemical shift information in “C spectra will be 
of help in structure determinations once the background 
data are available. To obtain this informalian we have 
undertaken a study of the ‘% N.VR of neodund I, 
neoduhn 2, ficinin 3. neorautenot 4, neorauten~n S. 
medicarpan 6. edunol 7, ~-acetoxypteroc~in 8 and two 
model compounds 9 and 10 f Frg. 1). 

Pterocarpans contain the c~~umaran~hroman ring 
system Il. (6a.Ila - dihydro - 6H . bcnzofurof3,kjjlf 

benzopyranf and those studied here have substituents on 
only the A- and D-rings. The Dring m~i~cations are 
relatively minor; replacement of a Shydroxy by a 9- 
merhoxy or 8,Sbridging methylene dioxy group. The 
A-ring modifications are more profound invotving a 
variety of substituents or the formation of a further ring. 

Profon noisedecoupled (PND) and single-frequency 
off-resonance decoupled (SFORD) “C spectra were re- 
corded for all compounds and in addition ‘H-coupled “C 
spectra were obtained for the plerocarpans 4.5 and 7 and 
the model compounds 9 and 19. 

A secondary characteristic of the SWRD spectra, 
useful here in assignment of aromatic and oiefinic pro- 
ton-bearing carbons, is that second-order features* were 
shown if the directly bonded proton is strongly coupled 
to another proton (at least an ARX, X f “C system). 
Where the directly bonded proton gives a singlet in the 
‘H-spectrum the SFORD signal for the carbon @art of 
an AX system) was always a simpIe sharp doublet. The 
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appearance of the second-order feaIurcs depends on the 
residual coupling and Ibe ‘H chemical shifIs involved. 

but when observed under the usual high-power decoup 
ling conditions, show Ihat the system is more complex 
than AX. 
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Increasing USC is being made of ‘H-coupled spectra 

even for complex natural producls.‘ With the spectral 

resolution usually attained in routine work on such 

compounds only the larger J(C.H) are observed. Proton- 
bearing benznoid carbons therefore show ‘J(C.H) IO 
melo proIons* ( - 7 Hz) and slightly smaller C - 5 Hz) IO 
peri protons’ reflecting Ihc respective dihedral angles of 
MO and 0”. InIramolccularly hydrogen-bonded OH pro- 
tons may also give rise IO ‘J(C.Hl in phenols.’ Other 
substituent protons will show significant ‘J(C,Hl. viz. the 

S Hr average coupling’” of toluene mcrhyl proIons IO 

C-2, if the dihedral angle is favourable. Quaternary 
benzenoid carbons show IWO- and three-bond couplings.’ 

b 

Assignments 

C-6. C-6a. C-lla. meIhyl, mcthoxyl and mcIhylenc 
dioxy carbons are all assigned directly from their 

characteristic chemical shifts and SFORD mulIiplicities 
as are C-2’ of the furan moiety and the quaternary C-2’ of 

compounds 4 and 5. The appearance of the furanoid C-3’ 
signal on SFORD is characteristically complex although 

this could be due to either secondorder effects or the 
incomplete collapse of Ihc large ‘J(C,H) which in the 

benzofuran 9 is 12.7 Hz. Assignment of the carbons of 
the isopentenyl side-chain in 7 is made by comparison 

with data for the analogous carbons of acyclic tcrpenes” 
and other KitUd products.“” 

FIR. ! ‘H.coupled “C specrra of the aromatic region (a) Corn. 
pound 5. T marks meIhylcnc dlory rriple~. (br Compound 4 

The remaining carbons are all bentenoid or olefinic hut 
for the purposes of assignment can he divided into three 
groups: proton-bearing carbons, quaternary carbons 
bonded IO oxygen. and quaternary carbons not bonded IO 

oxygen. 

Profon-beoring carbons. Assignments for both A- and 
Dring carbons in compounds I. 2 and 3 come unam- 
biguously from the shift or lack of shift accompanying 
the A- and D-ring modifications. For all Ihe other ptcro- 

carpans the D-ring assignments are therefore secure. All 

A-ring carbons of 6. 7 and 8 hut only C-t in 4 and 5 arc 
assigned on Ihe basis of the well documented” shielding 

effect of o&o oxygen functions. 

sharpest lines have widths of about 4 Hr due IO small 
unresolved long-range couplings and the limited com- 
puter memory size. In the spectrum of 5 the doublets for 
C-4. C-7 and C-IO are of this line-width whereas C-l (and 

C-3’ and C-4’) show further splirting. In the spectrum of 
4. in which a proton is now present on C-g. C-4 and C-7 

remain sharp whereas C-g and C-IO are more extensively 
coupled, and C-l (and C-3’ and C-4’) are unchanged. The 
simplest interpreration is that C-IO and C-g show coup 

ling to the meto protons H-8 and H-IO respectively. The 

alternative explanation. that the new coupling is from Ihe 

hydroxy proton, would give the same assignment 

confirmation but is unlikely for this compound. Interes- 
tingly. C-7 shows no long-range coupling although it is 

three bonds away from H6a and this can be attributed IO 
the unfavourable dihedral angle in the coumaranochro- 

man system.’ Long-range splittings in the spectra of 9 

and 10 are shown in Table I. Assignmcnl of the coupling. 

in cases of ambiguiry. is based on the large ‘J(C.Hl of 
furanoid carbons‘ and the fact thaI C-I in the !‘,3’- 
dihydro derivative of 9 shows no long-range couphng. 

Further evidence is found in the ‘H-coupled spectra No distincrion between C-l. C-3’ and C-t’ of 4 and 5 

(Fig. 2) of compounds 4 and 5. In these spectra the can be made from the degree of coupling hut in Ihc 

Table I. “C dara’ for pterocarpanr and model compounds C-l-C’-lla 

C-l C.la C.2 C-3 (‘-I (‘-Ia C-6 (‘-6a C-:a C.7 C-8 C.9 C.10 I’.IOa (‘.lla 
_- 

I 123.1 117’ - I2I.X 1cj.X 990 153.3 M! 39 4 I l9.? 124.9 106.1 IW! %! 1602 7x.5 
2 I229 II’ 2 I2I.X 154.7 9n.9 IC! 3 66.4 39 9 III30 104.9 141 I I47 3 92.x 153.5 7x.3 
3 II62 I In.6 I?? 8 14t.7 I33 3 1449 6f.7 39.9 I IR.0 I0C.l I41 I 147.4 92.9 1’3.6 7x 5 
4 IX5 II30 II~.O I'00 103.7 I.07 M.0 3xX II7 1 I!49 IO?4 I'84 974 1597 ?74 

5 I!84 1130 II56 I%0 103 7 153.7 65.lI 39.6 IIR.1 105.0 141.1 I47 5 93 0 lS3? 777 
6 132.0 III 3 109.7 I%.7 102.9 156.4 65.5 39 3 119.4 IF.0 1060 1606 ph.3 I6n.4 78. I 
7 IM.X I IO.? I?1 6 ICC 9 102.4 1539 65.6 39.6 IIR 2 1019 1.IO.n 14: 2 929 I’! 6 78.0 
g 124.2 II! I 1339 1520 IO1 4 I540 MO 39.0 IIKI IO! 3 141 2 I47 ( 93 2 I(Jh ?7.4 
9 117.1 1296 119.4 154.4 940 I'J! 639 

IO 104.X 107.7 141.4 1482 97.' - ICC I 

‘Chemical rhlfrs m ppm from T.WS.Couplmps in Hz. 
Couplings in 9 and IO 
9 (C-l. H.3’) 2 4.0; (C-2’. H-3’) = IO 8: (C-)‘.H-?) = 12.7: (C-3’. H-1) = 2 9: 
IO (C-:a. H-IO) =4.6; (C-IO. H.7a)= 6.0 




