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Ab&r&Gtereochemistry of cyanomaclurin is confirmed by a stereospecific synthesis of (+) epicyanomaclurin 
trimethyl ether and the solvolysis of its mesylate to the former. The earlier prediction that the dihydropyran protons 
should have small coupling in both the isomers in this cage structure is also confirmed. 

NAIR and Venkataraman had suggested in I%3 that 
cyanomaclurin has the structure and stereochemistry as 
shown in 1 and we have recently reported a stereospecific 
synthesis of its (2) trimethyl ether’ 3 in which the NMR 
spectral assignments of H-a and Hc protons are based on 
the comparison of the H-4 proton signals in flavan-3,4- 
diols with substitution pattern in ring A as in phlorog- 
lucinol and in resorcinol.2 This is particularly true in 
cyanomaclurin because depending on how the molecule is 
looked at both the dihydropyran protons belong to H-4 of 
a flavan3,4diol system, e.g. H-c in IA or H-a in IB. 

These assignments are reverse to those made by Nair et 
al.’ who, in a later publication; on the basis of an 
independent evidence have revised the assignment. By 
comparing the widths of the H-a and H-c proton signals in 
the light of the new assignments they have also altered the 
stereochemistry of H-b and suggested that cyanomaclurin 
has the stereochemistry 2.’ The key argument in both the 
papers was that J., should be larger than J.,. This would 
be valid in normal flavan-3,4diolsr but we have already 
pointed out that this is not applicable to cyanomaclurin 
because of its cage conformation. This is also true for the 
revised stereostructure 2 because, depending on how he 
drieding model is viewed, the same two protons H-b and 
H-c which appear axial-equatorial like in 2A and account 
for larger J value,’ appear equatorial-equatorial like when 
the model is viewed at as in 2B. 

Moreover the revision of stereochemistry based on 
comparison of the widths of H-a and H-c proton signals 
raises another pertinent point. Both benzylic protons H-a 
and H-c have either equatorial-axial like or equatorial- 
equatorial like relationship with H-b depending on how 
the model is viewed as in 2A or 2B. Therefore both the 
earlier assignment and the revision of stereochemistry on 
comparative data is rather unsatisfactory. Even though 
our stereospecific synthesis is based on sound comparison 
of physical and spectral properties of the synthetic and 
natural samples it may be argued that because of 
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symmetrical conformation the NMR spectra of the 
isomers 1 and 2 might be indistinguishable and cyanomac- 
lurin might in fact have stereostructure 2. 

Considering the cooccurance of morin 4 and dihydro 
morin-a trans-3-hydroxytlavanone 5 the possible path of 
biogenesis of cyanomachuin might involve the reduction 
of dihydromorin to a llavan-3,4diol leucomorindin 6 
and subsequent cyclodehydration.6 Recent isolation of 
2’,4’,5 - trihydroxyllavan - 3.4 - diol - auriculacacidin 7’ is 
pertinent from this point of view and the synthesis of 
trimethyl ether of cyanomaclurin of Seshadri et aL6 based 
on these lines is noteworthy. These considerations lead to 
the stereochemistry of cyanomachuin as in 3. However in 
order to remove the ambiguity regarding the disposition of 
the OH group at C-3 we have synthesised the stereoi- 
somer 8 and our results clearly show that this is different 
from the one derived from the natural source, and we 
regard this as the epicyanomachuin derivative. 

The obvious route to 8 is the solvolysis of 3-sulphonate 
ester of 3. TsCl in pyridine did not react with 3 but MsCl 
afforded the mesylate 9. Refluxing with NaOAc/AcOH* or 
AgOAclDMF did not effect the desired epimerisation and 
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an alternate novel synthetic route was adopted. This 
involved construction of a trans-cis FlavanJ,Cdiol with 
ring A derived from resorcinol and the ring B from 
phloroghrcinol instead of the reverse substitution pattern 
utihzed earlier for the synthesis of 3. 

Condensation of paeonai with 4,6 - dimethoxy - 2 - 
hydroxy - benzrddehyde 10 using KF/DMS09 furnished 
the 22’dihydroxy chalcone 11 (2C%), other condensing 
agents, NaOH, KOH, TiCL/THF” being unsatisfactory. 
The corresponding 2’-benzyloxy chalcone 12 was ob- 
tained from aldehyde 13 and paeonal (&I%). but this could 
not be debenzylated to 11 by triethyloxoniumfluorborate 
which was effective in the smooth (70%) conversion of 13 
to 10 by hydride abstraction.” In order to introduce a 
more labile protecting group 2-@-methoxy)-benzyloxy 
aldehyde 15 synthesised for this purpose was converted to 
chalcone 14. However, because of the low yield in its 
preparation the use of this protecting group was not 
investigated further. 

Reductive cychsation of the 2’-hydroxy chalcone 
11 with NaBHJAcOH furnished, instead of desired 
flav3ene, the corresponding 2’-hydroxyflevan 16 
[NMR(CDCI,): 6 2.1 (2H, m, H,), 2.7 (2H, m, IL), 5-l (lH, 
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OH 
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dd, J = 5 and 6Hz, HZ)]. In contrast the 2-methoxy 
chalcone 17 prepared from paeonaI and aldehyde 18 (80%) 
under similar conditions gave the flav3cne 19 (so%). 
[NMR(CCL): S 5.5 (lH, dd, J+2 = 3.5 and J,-, = 10 Hz, 
Ha), 6.16 (lH, dd, Jo = 10 Hz and Jc2 = 1 Hz, H,), 6.48 
(lH, dd, Jz-r = 3.5 Hz, JI-, = 1 Hz, H2)]. Selective de- 
methylation of the 2’-OMe group by AIBrj/PhN02’ti or 
HCL 2b did not proceed, but the reductive cyclisation of 
2’-hydroxy-2benzyloxychaIcone 12 yielded the 2’- 
benzyloxy flav3cne 26 (70%). InitiaI experiments at 
hydrolysis or hydrogenolysis of benzyloxy group in 20 
were unsuccessful and it was hoped that the correspond- 
ing flavan-3,4-diol would be more amenable. As a model 
compound the tetramethoxylktv-3-ene 19 when reacted 
with molar quantity of 0~0, (pyridine catalysis) and 
reductive work up (N&SO,) furnished the transcis 
flavan3, 4diol 21 (30%) character&d as its diacetate. 
Use of Ba(ClO& and 0~0, (small amount) expedient’ 
facilitated the isolation of the diol with enhancement of 
the yield (go%) and considerable saving of expensive 
0~0,. Similarly the flav3ene 20 afforded trans-cis 
2’-benzyloxy flavan 3-4 diol22 (90%) NMR (CDCb) S 3.8 
(lH, masked by A&Me, H,), 4.7 (lH, bd., J = 4 Hz, R) 
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X-OCB), 5.33 (IH, dd, J,-. = IO Hz, J,_z = 3 Hz, H,, 6 (2H. S, H;, 
Hi), 6.07 (IH, bs. J,,,= 1*5Hz, H,), 6.10 (lH, dd, Jo=8Hz, 
J r,n = I.5 Hz, H& 6.16 (IH, dd, J,-,= IOHz, J* = 3 Hz, H.), 
6.43 (IH. dd, J,, = 3 Hz. J,_, = 3 Hz. Hz). 6.63 (IH. d. J. = 8 Hz. 
H,), 7.2 (SH, S, -Ph) (Found: C, 74.041 Hy6.27. &Hi& requires: 
C, 74.24; H, 598%). 

~rons-cis-2’,4’,~,7-TetramethoxyPavan-3,~diol 21. A sus- 
pension of 19 (1 g) in aq. THF (I : 140 ml) was stirred with 0~0, 
(0.05 g) and Ba (CIO,), (1 g) for 24 hr. At the end of this period the 
pale yellow solh was extracted with CHCI,. The CHCI, layer was 
washed thoroughly with sat Na,SO,, brine and finally with water, 
and dried. Removal of the solvent and crystallisation from 
CHCI,-light petroleum gave white prisms m.p. 154-55” (70%), Y,.. 
3550, 345Ocm-’ (2X-OH) (Found: C, 62.55; H. 6.16. C,&,O, 
requires: C, 6297; H. 6.12%). 

Acetate. AGO/pyridine, m.p. 136” (60%); Y,, 1725 cm-’ 
(X-OCOCH,), NMR 100MHz (CCL), 8 1.75, 202 (3H each, S, 
2X_OCOH,), 366,3.74 (3H, 6H each, S, 3X-OMe). 5.66 (IH, dd, 
J = 12 and 2 Hz. H,). 594-6.1 (4H. m. H:. H:. H.. Hd 6.2 IIH. d. 
J = 2 Hz, H,), 6.32 (IH, dd, j = 8 id t Hi, a), 7.04 (IH; d; 
Jo = 8 Hz, H,) (Found: C, 61.87; H, 5.87. C2,HUIOP requires: C, 
61.95; H, 6.0%). 

rrans-cis 2’ - Benzyloxy - 4’,6,7 - trimethoxyffavan - 3,4 - diol 
22. The compd 20 (1 g) in aq. THF (I : 1 50 ml) with 0~0. (0.05 g) 
and Ba (CIO,) (0.6 g) and stirring (30 hr) was converted as above 
into diol 22 crystallized from MeOH, m.p. 82” (70%). Y,. 3490, 
3400 cm-’ (2X-OH). NMR (CDCI,), 8 2.27 (2H, bs. 2X-OH, D,O 
exchange), 3.8-3.93 (IO H, m, 3X-OMe. H,), 4.7 (Ih, d, J = 2 Hz, 
H,), 5.06 (2H, S, -OCHz), 5.77 (IH, d, J = 10 Hz, Hz), 6.16 (2H, S, 
H;, H:). 6.4 (IH. bs, Hr) 6.5 (IH, dd, Jo=8Hz, J, =2Hz, H,), 
7.23 (IH, d, Jo= 8 Hz, H,), 7.27 (SH, S,-Ph) (Found : C, 68.61; H. 
6.23. CUH,O, requires: C, 68.48; H, 5.98%). 

Acetate 23. AhO/Pyridine, m.p. 58-59” (65%); Y, 1720 cm-’ 
(X-OCOCH,), NMR 100MHz (CCL), 6 1.78, I.% (3H each, S, 
2X-OCOCH,), 364,366,3.7 (3H each, S, 3X-OMe). 4.98 (2H, S, 
-OCH*), 5.82 (IH, dd, J = 12 and 3 Hz, H,), 5.9-6.06 (4H. m, H;, 
H;, H., Hz). 6.2 (IH, d, J = 3 Hz, H,), 6.32 (IH, dd. Jo = 8 Hz, 
J, = 2 Hz. Hs), 7 (IH, d, Jo = 8 Hz, H,), 7.1-7.34 (SH. bs, -Ph) 
(Found: C. 66.74: H. 5.98. C,H,O. reauires C. 66.65: H. 5.7%). 

trans - cis - 2’ - fiydroxy - 4’,6’,7 - &melho;yflaod -‘3,4 - dial 
diacetate ?A. A soln of 23 (0.4 g) in EtOAc (20 ml) and few drops 
of NEt, was stirred with 10% Pd/C (0.25 g) in an atmosphere of Hz 
for l/2 hr. The catalyst was filtered off and the solvent removed. 
The residual gum was crystailised from EtOAc-light petroleum, 
m.p. 79-&o” (55%), Y, 342Ocm-’ (X-OH), 1710 (ZX-OCOCH,), 
NMR (CDCI,), 6 1.83,2.13 (3H each, S, 2X_OCOCH,), 3.7 (9H, S, 
3X-OMe), 5.84 (IH, dd, J = 8 and 2 Hz, H,) 6.06 (3H, bs, Hi, H;, 
HI) 6.15 (IH, d. J = 8 Hz, Hz), 6.5 (IH, bs, H.), 6.6 (IH, dd, J = 8 
and 2 Hz, Ha), 7.2 (IH, d, J,, = 8 Hz, H,) (Found: C, 61.15; H, 6.03. 
CnH,OP requires: C, 61.1: H, 5.5%). 

(2) TtimeBylepicyanomac/urin acetate 25. A mixture of 24 
(0.2 g) aq. EtOH (I : I, 20 ml) and H,BO, (0.5 g) was refluxed for 
IS hr. cooled and extracted with CHCI,. The CHCI, layer was 
washed with NaOH, H20, dried and evaporated. Removal of the 
solvent furnished a solid, purified by chromatography on SiO,. 
CdCdEtOAc (49: I) eluate ifforded a solid, m.p. 152” (50%). v, 
1725 cm-’ (X-OCOCH,): A,. 276.284 nm (lop c 3.58.3.53): NMR 
(CDCI,) Si.1 (3H, S, X-OCOCfi,), 3.7, j.84 (6H, 3H &ch. S. 
3X-OMe). 5.07 (IH, dd, J = 2 and 3 Hz. Ha or H-b), 5.23 (IH, 1. 
J = 2.5 Hz, H-b or H-a), 566 (IH, 1, Jbr = I., = 2.5 Hz, H-c), 5.97 
(2H, dd, J = 2 Hz, H;, H;), 646 (IH, S, Ha), 6.56 (I H, d, J = 8, Hs), 
7.2 (IH. d, J = 8 Hz, H,) (Found: C. 64.76: H. 5.56. C,H,O, 
requires: C, 64.41; H, 5.41%). 

(2) Trimethylepicyanomaclurin 8. A mixture of 25 (120 mg) and 
IN methanolic KOH (10 ml) was stirred at room temp for I2 hr 
under N,. It was concentrated on a stream bath and diluted with 
water, and extracted with CHCI,. The residue obtained after 

removal of solvent was purified by chromatography on SiO,. The 
CsHdEtOAc (49: I) eluate furnished a solid, m.p. 87-88” (5@%) 
v,..-3450cm-’ (X-OH); NMR (CDCI,), 8 2.1 (IH. S, -OH, a0 
exchange), 3.73. 3.9 (6H. 3H each, S, 3X-OMe). 4.2 (IH, t, 
J = 3 Hz, H-b). 4.93 (IH, dd unresolved. J = 3 and 2 Hz. H-c). 546 
(1 H, dd, unresolved, J = 3 and 2 Hz, H-a), 6 (2H, dd, J, = 2 l&, H;, 
H;), 6.46 (IH. S. Ha). 6.56 (IH, d, Jo=8Hz, Hs), 7.23 (IH, d, 
Jo = 8 Hz, H,) (Found: C. 6554: H. 5.21. C,.H,.O. reauires: C. 
6544; H, 5.4ti). 

Ttimerhylcyanomaclutin mesylate 9. Cyanmnnclurin trimethyl 
ether (0.1 g) in dry pyridine (1 ml) was cooled at 0”. To a cc&d 
soln was added mesylchloride (0.12 g) in pyridine (0.5 ml). It was 
kept at 0” for 1 hr then at room temp for 12 hr. After pouring into 
ice cold HCI, a solid separated and was filtered off and crystalliscd 
from MeOH to give white plates, m.p. 181-182” (60%); (Found: C, 
55.59; H, 4.7. C,&OsS requires: C, 55.8; H, 4.93%). 

Trimethyl epicyanomaclurin mesylate 26. The compound 2 
(0.1 g) in dry pyridine was treated with mesylchloride as above. 
The product was crystallised from MeGH to give white shining 
plates, m.p. 172” (60%). (Found: C, 55.80; H, 5.03. &&O,S 
requires: C, 55.8; H, 4.93%). 

Cyanomaclurin Lrimethylether (epimerisation) 3. Mesylate 26 
(50mg) was refluxed with methanolic KOH for 12 hr. It was 
concentrated on a water bath, diluted with water and extracted 
with CHCI,. The CHCI, layer was washed with H20, dried and 
evaporated. The solid obtained was mstallised from CHCL-liaht 
pe&oleum m.p. 81-85” (lit.’ 82-850) (40%). IR superimposiblc 4th 
that of synthetic cyanomachnin trimethyl ether. (Found: C, 65.71; 
H, 5.60. CllHlsOa requires: C, 6544; H, 5.4%). 

Acetate. Ac2/pyridine, m.p. 168-69” (lit.’ 168-69). 
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