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Ah&mct-A study of the various possibilities of nuclear substitution in a ~hy~~~~~~~n 
coin), its mhydro derivative and the related coumwilic acids is rtpwtcd. The location of the 
~u~tituc~t (bromine) is established by chmid and NMR spectral cvidmcc. 

THE behaviour of simple coumarinsl towards various types of subs~tu~on is con- 
siderably modified by the fusion of a furan or a dihydrofuran moiety. We have 
previously demo~s~ated, on chemical evidence, that bromination or nitration of 
a linear dihydrofur~oum~n, such as marmain (I) or 6,7di~hydro~~otox~n~ (II), 
first engages the C-3 position (III and IV, respectively). In swh behaviour the 
~oma~cjty is 
occupies the 

confined to the 
same position 

coumarin part of 
as in coumarin’ 

the motecufc and the entering group 
and 6,7disubs~tut~ ~~rnar~~s.~ 

We found that treating marmesin with a Jarge excess of bromine (10 moles) rds 

I: Rs = Rs = H II: R-H 
Ill: Rz m-w Br cx NO,; Rt = H IV: R=Br or NO, 
V: Rt = R1 = Br 

a dibromo derivative in which one bromine atom is Iocatcd at C-3 since it was a 
~~~n~ by a similar treatment of III. A support of this assignment was obtain 
by the ~ansfo~tion of the dibromo derivative into a monobromo coumarilic acid 
by alkali treatment which is diagnostic for a 3*br~rninat~ coumarin co~stitu~o~. 
The location of the sliclcond bromine atom at C-9 appears to be favoured by a con- 
s~deration of the known reactivities of 2-alkyl ~umaran8 and coumarin? ~ro~~a~ 
tion of such proud leads to substitution at the S-position in the first and at the 
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3, 6- and 8 (but not the 5) positions in the second. Since marmesin combines the 
features of both moieties, it appears then that the only sites of attack are the 3- and 
g-positions of the nucleus. Moreover, regarding marmesin as a phenol ester, it is 
reasonable to expect substitution to take place at the vacant position (C-9) orrho to 
the ester group by analogy with the known behaviour of phenol esters.’ The dihydro- 
furocoumarilic acid ester (VI), obtainable’ from 3-bromomarmesin (III) by alkali 
treatment, may also be regarded, on one side, as a coumarilic acid derivative and, on 
the other side, as a Zalkylcoumaran. The bromination of these compounds is known8 
to lead to substitution at the 5-position @ato to the ethereal oxygen) in both. With 
such position unavailable in VI, the bromination of this compound would reasonably 
affect the orrho position, namely C-8. The resulting compound (VII) was identical 
with the monobromocoumarilic acid resulting from V by alkali treatment. 

VI: R=H VII: R-Br 
VIII: R, - Br; R, = R, = H IX: R1 ==R, =Br; RI-H 

XI: RI=R,=R,~H XII: RI = R, - H; R, = Br 
XIII: R1 = R, - Br; R, = H XIV: R, - R, = R, - Br 

The formulation of dibromomarmesin as V finds support from a consideration 
of the NMR spectral data (cf. Table). We have recently outlined@ the various proton 
assignments in the molecule of marmesin (I) and now find the signals attributable 
to both C-3 and C-9 protons unambiguously absent in the spectrum of V. Additional 
support appears from a comparison of the spectrum of the anhydro derivative (IX) of 
V with those of 3-bromo-74sopropylpsoralene’ (VIII) and anhydromarmesinre (XI) 
(cf. Table). Dehydration of the coumarilic acid ester (VII) with phosphorus pentoxide 
gave the monobrominated furocoumarilic acid ester (X) in which the location of the 
bromine atom was again evidenced from the NMR data. 

Attention was next turned to the study of the corresponding anhydro derivatives 
in which the extension of conjugation brings about a general delocalization of the 
mobile electrons in the coumarin system. This, besides producing a paramagnetic 
shift in the location of signals from most protons (for example in anhydromarmesiniO 
(XI) as compared with marmesixP), creates a fresh aromatic centre in the fused 
furan moiety. The action of bromine (2 moles) on 74sopropylpsoralene (XI) led to a 
monobromo derivative in which the new substituent is, in all probability, located 
at C-6 (XII). This is not only because of the apparent structural analogy of XI to 
2-methylbenzofuran which is reported lc to afford the 3-bromo derivative, but also 
because of the evidence obtained from the NMR spectrum (cf. Table). 

This behaviour of XI reflects the enhanced activity at C-6, influenced by the 
neighbouring alkyl group, among all other centres. Bromination of other products 
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