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Novel Methods for the Synthesis of 2-2-Dimethylchromens 
By ITr. M. BANDARAKAYAKE, L. CROMBIE,* and D. A. W'HITING 

[Department of Chemistry, University College (University of Wales),  Catkays Park,  Cardiff CFl  SNR] 

Sctnzma~y 2,Z-Dimethylchromens are synthesised by pyri- 
dine-catalysed condensation of 3-hydroxyisovaleralde- 
hyde dimethyl acetal (or 3-methylcrotonaldehyde) with 
appropriate phenols, and, among other examples, the 
method is applied to lonchocarpin, evodionol 7-methyl 
ether, jacacreubin, and acronycine. 

- 
THE potential of the pyridine-catalysed condensation 
between citral and phenols1 has been demonstrated by the 
synthesis of natural chromens (e.g. cannabichromene,l-* 
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flemingin ethers,6 etc.), tetracyclic phenol-bridged p-men- 
thanes (e.g. deoxybruceoll) 7 and tetracycles containing 
1,Z-fused four- and five-membered rings (e.g. cannabi- 
cyclol2Y6). The reaction can be extended by the use of 
3-methylcrotonaldehyde to  give 2,2-dimethylchromens. 
A considerable variety of these types occur in Nature, but 
synthetic work has been hampered by deficiencies in earlier 
synthetic methods8 As an example of the present 
approach, 4-acetylresorcinol (1 mol.), heated ( 140°/12 hr.) 
with 3-methylcrotonaldehyde (4 mol.) and pyridine (1 mol.) 
gave the chromen (I;  R1 = IC2 = Me) (59%). This was 
converted into lonchocarpin (111)9 (87%) by base-catalysed 
condensation with benzaldehyde. 

We have now found that acetals may be used in place of 
aldehydes. For comparison of yields, 4-acetylresorcinol 
(1 mol.) and pyridine (I  mol.) were heated ( 150°/6 hr.) with 
citral (1 mol.) or its acetal (1 mol.). The chromen (I; R1 = 
CH,CH,CH : CMe,, R2 = Me) was isolated in 84O/, yield 
from the aldehyde and 87% from the acetal. This has 
enabled us to replace the easily resinified 3-methylcroton- 
hyde by a stable and readily available reagent, S-hydroxy- 
isovaleraldehyde dimethyl acetal (11) .lo 4-Acetylresorcinol, 
heated (170-175"/12 hr.) with the latter (2 mol.) and 

t The compound of this class formed from pinocembriii and citral, and reported in our previous communication5 [formula (X) of 
the latter; the correctness of the orientation given has been confirmed by a study of the chromen intermediates], has since been shown 
to be identical with a new compound rubranine from A4 niba rosaeodova Ducke.' We thank Dr. F. Winternitz for this information. 
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pyridine ( 1  rnol.), gave the chromen (I;R1 = R2 = Me) (53%). 
Similar condensation of the appropriate acetylphloroglucinol 
monomethyl ether with (11) (4mol.) gave the chromen 
(IV; R = H) (68%) [orientations by n.rn.r. acetate shifts 
method, Gibbs reaction, and other evidence]. Methylation 
gave the known8Ju evodionol 7-methyl ether (IV; K = Me) 
(mixed m.p.). 

When heated (160-165"/12 hr.) with (11) (4 niol.), and 
pyridine (2 rnol.), the xanthone (V) gave jacareubin (VI) 
(200/,) identical with natural material.12 The acridone 
(VII), made by a one-step procedure,13b gave a mixture 
(32q4,) of linear (VIII; R = H) and angular (IX; R = H) 
products when condensed (150"/8 hr.) with (11) (3  mol.) 
and pyridine (3  mol.). On methylation, the mixture was 
readily separated to give acronycine (VIII; R = Me) (74%), 
identical with authentic material,13 and isoacronycine 
(IX; R = Me) (25%). Acronycine is a promising anti- 
tuniour agent from A cronychia baueri.l* 

Amongst other chromens prepared by the use of (111, 
5,7-dihydroxycoumarin gave (X) (457;) and 2-methyl-5,7- 
dihydroxychromone gave (XI) (25%). Erect  condensa- 
tion of 4-acetylresorcinol with crotonaldehyde in the 
presence of pyridine gave (I; R1 = Me, R2 = H) (75(3,) ,  but 
using cinnamaldehyde yields of (1  ; R1 = Ph, R2 = H) were 
poor (13%). Adjustment of reaction conditions sometimes 
effects substantial improvements in yield and those given 
are not necessarily optimal. 

(Received, June 30th, 1969; Cow. 948.) 

L. Crombie and R. Ponsford, Chem. Comnz., 1968, 368. 
L. Crombie and R. Ponsford, Chem. Comm., 1968, 894. 
L. Crombie and R. Ponsford, Tetrahedron Letters, 1968, 4557. 

717 IS. Bandaranayake, Id. Crombie and D. A. Whiting, Chem. Comm., 1969, 58. 
L. Crombie, R. Ponsford, A. Shani, B. Yagnitinsky, and R. Mechoulam, Tetrahedron Letters, 1968, 5771. 

41-. Kane and R. K. Razdan, J .  Amer.  Chem. Soc., 1968,90, 6551. 

7 G. Combes, P. Vassort, B. C. Das and F. Winternitz, Tetrahedron, 1969, in the press. 
8 Fcr recent improved approaches see, inter alia: (a) J. Hlubucek, E. Ritchie and W. C. Taylor, Tetrahedvolz Letters, 1969, 1369; 

(b) I.  PIS. Campbell, C. H. Calzadilla and N. J. McCorkindale, Tetrahedron Letters, 1966, 5107; (c) G. Cardillo, R. Cricchio and L. Merlini, 
Tetrahedron, 1968, 24, 4825; (d) R. Mechoulam, B. Yagnitinsky and Y. Gaoni, J .  Amer. Chem. Soc., 1968, 90, 2418; (e) G. Cardillo, 
R. Cricchio, L. Merlini and G. Nasini, Gazzetta, 1969, in the press; G. Cardillo, R. Cricchio, and L. Merlini, Tetrahedrofz Letters, 1969, 907. 

J. Xickl, Chem. Ber., 1958,91, 1372. 
lo L Crombie, S. H. Harper, and I<. C. Sleep, J .  Chem. Soc., 1957, 2743. 
l1JI. E. Baldwin, I. R. C. Bick, A. A. Komzak, and J. R. Price, Tetrahedroqz, 1961, 16, 206; M. D. Sutherland, Chem. Abstr., 1960, 

44, 1230. 
12 F. E. King, T. J. King, and L. C. Manning, J .  Chem. SOC., 1953, 3932; A. Jefferson and F. Scheinmann, J .  Chem. Soc. (C), 1966, 

175. 
13 (a) P. L. Macdonald and A. V. Robertson, Austral. J .  Chem., 1966, 19, 275; (b) J. R. Beck, R. Kwok, R. N. Booher, A. C. Brown, 

L. E. Patterson, P. Pranc, B. Rockley, and A. Pohland, J .  Amer.  Chem. Soc., 1968, 90, 4706; (c) cf. R. D. Brown and F. N. Lahey, 
Aust .  1. Sci. Res., 1950, A3, 593. 

l4 G. H. Svoboda, G. A. Poore, P. J. Simpson, and G. B. Boder, J .  Pharm. Sci., 1966,55, 758. 




